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imODUCTIOS

During th« past oantury milk has bsocmw on« of tho most impor

tant foods used in tho oi-vilisod world* Tho primary roaaon for this is

peiiiaps duo to tho inoroasod knowledgo of its oxoollont food raluo*

Sanitary nothods and hottor transportation facilities also have helped

to establish it* In the study of milk as a food* three things must bo

consideredj namely, food value* purity* and flavor*

As to tho first two oonaidorations* milk oan well hold its own

with other foods* The phrase* tho most nearly perfect food* idiioh is

ocomonly used when speaking of milk* well illustrates tho general aooept-

anoo of milk as one of tho best foods in its nutritional value* Knowl

edge of herd teeting axui pasteurisation have eliminated any need for im

pure milk to be sold* and the average conswor now buys milk with a

justified oonfidenco* It is true that thare are a few eases in which

^estlonable milk is sold* but these oases oan not be oorreoted by further

research* They eon be oorreoted toily by further eduoation and regulation*

The main problem before the milk industry today is that of flavors*

llilk plant operators have been slow to realise this* believing that if

the other two qualifications* food value and purity* are fulfilled* their

work is done* The oppoeite ie true with the oonsumer whose first im

pression of the milk is the taste and smell—this often-timse being an

important factor in determining the amount that the oonsumer will uee*

Although lauch more has bean done in the field of flavor researeh

than the plant operators have knowledge of* the field is still relatively

new and much work remains to be done* Bach group of workers in the dairy

field has its particular problem to laeet* For i^ose interested la hwrd
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aiftnftg«Bient« there are the flavors due to the care of the oattlet for

the haeterlologlst, -&e effects of oertain strains of organisms, for

the ohemist, that large group of flavors that oan be attributed only to

the oheaiioal breakdown of milk* It is not possible to separate these

-three Into distinct classes, but all are interdependent upcm eaoh other*
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ORIENTATIOH

Milk hM A raild« pleasantly siroet flavor that appeals to xaost

people* but at times other flavors ooeur t^at are not natural and make

the milk less palatable* An attempt has been made to classliy these

flavors* Hoeever* at times flavors ooour that eaanot be explained or put

in any one class* In gKieral it can be said that objeotionable flavors

may be divided into tee main classeei those found in the milk at Idie time

of milking and those that develop later*

Host flavors found in milk at the time it is drama may be attri*

buted to the feed the oo«r eats or the air she breathes* Roadhouse and

Henderson^ did intensive work to prove this and found that only a short
time was required for the flavor to pass from the eow into her milk* In

their work they failed to account for the difference of individual oowa

that were treated at the mme time under similar conditions* This would

indicate that there are other faetors which influoneo the flavor of milk

that have not yst boon noted*

After the milk has been drawn* off flavors may develop due to con-

taot with foreign laaterials* bacterial action* or ehemioal ohsnges in the

milk* Those flavors that are eaused by oontaadnation by foreign materials

(e.g* kerosene or boiler steam) are not the problem of the research

worker* but rather of the plant operator who should sock to reaonre those

souroos of contamination*

That flavors develop in milk duo to the action of bacteria ie

usually well known to the consumer* In due time he expects the milk to

sour. In addition baoteria may eauso other d^eets In milk suoh as

elMesy* gassy* malty* stringy* eto* However* milk is usually kept at
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reXatlTely low temperatures so that bacteria do not grow rapidly and the

problem is thus minimised*

Flavors that develop due to a ohemioal breakdown of the milk are

not as readily reoognised and offer one of the greatest problems in fluid

milk industry* The breakdown of the oomponents of milk are* in some eases*

due to ensyaes* Rancid flavor is one that several workers

claim is due to the lipase, or fat splitting ensymes* found in milk*

Oxidised flavor is also due to some ehenical reaction involving some part

of the milk, but it is doubtful if there is an ensysmtic influence*

Ocourrenee* Helsoa and Cahle^^^ reported* ^'Oxidised flavor is
recognised as the siost serious defect in fluid milk*" This statement

(8)was confirmed by Roland et al*^ ' in a study on the quality of coBseroial

pasteurised milk* They also noted that premium milk was more likely to

have this defect* Martin^^^ examined may samples of oonmeroial pae«
teurised milk and reported that ten to twenty per e«it of the milk was

erltlcised for being oxidised* It is also interesting to note that this

difficulty is msdnly encountered in market milk and that* aooording to

Tracyi^^ no oases have been reported in cand^ised or evaporated milk*
Corbett and Tracy^^^ later made a similar observation*

Consiimption* Oxidised flavor is significant beoause of its

•eonoaie effeot on the industry* If the oonsumere, especially children*

do not like the flavor of milk they will not drink as much of it* The

effeot is twofold* First there will be lees oonsumption of milk imrnedi**

ately* and second* some oonsumers will shift to using other products and
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1^X1 not use as meh milk even after the objeotionable flaror !• m longer

present*

iPeflnitlon* The oiddlsed flavor in milk Is difficult to define he*

cause it is different from other flavors* It has been deserlbed as being

oappgr (i*e* the sensation produced by licking a milk bottle cap)« tallowy*

eardboard* and metallio* The metallic flavmr enooimtered is similar to

that sensation given to the tongue by a tamidted piece of copper* These

four flavors are noir reoognlsed as being the same* the only varianee

being due to the Intensity of oxidation* Helson and Dahle^^^ have sug*
gested a possible nomenclature for these varying intensities* From

"astringent", vrhich is the first indloation* they proceed thi>ougb "papery",

"metallic", and "metallio and oily" to the most intense or "tallowy"* Sinee

at the present time the only means of identifying this flavor is by taste,

it is likely that suoh a proposed standard will be adopted. Until this is

done it will be difficult to ooapare the results of others end it will be

more difficult to oheok -ttie work between laboratories* As yet any other

method that would eliminate the human element and leesen the ohanoe for

error has not been found*

Scops* Oxidised flavor does ziot develop in all milk and is de»

pendent on several factors* In the words of Barkworth^^^^
Oxidised flavor in milk may be induced by copper contamination,

but some milks are more ouseeptible to oxidation than oilers*
Moreover it is possible for the flavor to develop spontaneously*
Diet of the cow plays a part both for and against oxidation*
Green feeds tend to yield a more stable milk* Since the milk
sertsB appears to carry the activity factors and since these are
apparently heat labile, it is believed that ensymes are in*
volved* Exposure of milk to sunlight catalyses ths oxidation
of the fat*
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Nelson and Dahle^^^ and Thurston^^^^ also mention the effeots of

light and eopper as well as the Tarying susoeptibility of different milkst

In the light of these and other obserrations, Thurston^^^) raised

the following ̂ estions as possible keys to the problemi

1» Xs the milk constituent that is oxidised the lecithin,
the butterfat, or some other compound in milk?

2* What is the "^ohanina" affeoted by hl^ heat treatment?

S« Is an eBSjme eonoemed in the derelepBent of oxidised
flavor?

4* Xn mhat manner do agitation, freesing and thawing, and
homogenisation have their effects?

5* Why does eopper added to milk before pasteurisation have
less effect in the production of oxidised flavor than copper
added after pasteurisation?

6« Why are 8<xns milks susoeptible to the development of
oxidised flavor following the addition of copper whereas other
milks are not susceptible while still other milks develop
oxidised flavor without the addition of copper?

Since Thurston raised these questions seme of them have been

answered, but the problem as a whole has not been solved*

CQRREUTIOHS

Ifttoh work has been done to find what correlation there is beseem

the following variable factors and the eeeurrenoe of ttie oxidised flavor

in milk. By a etudy of these oorrelatione it might be possible to find

the cause, and than work omild be started on the oorrection of the diffi

culty, Factors studied vary from the bacterial quality of the milk to

its ohemioal makeup and the presence of foreign matter such as copper*

Copper, It has long been known that oopper in milk has scaos

effect on its susceptibility to beeosiing oxidised. The first labora-
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tOl7 nttiiod uced to add oeppar to milk vas that desoribad by Rolaad tad

Trabler^^^^ aho usod strips of aistalllo copper* these strips were all

eut so that the same surfaoe area aas exposed and iamersed la the milk

as it was being pastetirlsed* In sane eases, the oopper was weighed be

fore and after to determine the amounts that had been absorbed* A more

satisfactory method of determining the amounts of oopper absorbed is the

(14)Rltter*s test as used by Turgeon, Stebnits, and Semmer. ' They also

recommended this test to check the susceptibility of milk to become

oxidised* Eendersoa^^^^ and Broeolaier^^^^ also reported their finding
(17)that oopper induced oxidation of milk* Brown, Thurston, and Dustman^ '

used oopper sulfate solution to add known aiiK>unts of the metal end in

that way were able to determine more nearly the effect of increasing

copper contamination. They concluded that up to 1*3 p* p* a* the more

oopper added the more susoeptible the milk would be, and the stronger

the dereloped flavor* Howerer, adding more than this did not increase

the flavor developnent.

In 1939 Roadhouse^^^^ oai^pared strips of metallic oopper to certain
alloys to determine if more or leas oopper would be absorbed* The results

indicated that milk absorbs more copper from the pusw metal than from

alloys containing sine or tin* As would bs expeeted, the milk that ab

sorbed the most oopper developed the strongest oxidised flavor* From

this lead Roadhouee and Henderson^ did further work in attempting to

find an alloy that would be suitable for dairy plants and eliminate

oopper absorption* They found that those alloys containing tin «aid sine

were the most suitable for the dairy industry in respect to casting.
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fitting, vMtrlng qunlity, and ease in cleaning, as irell as to copper con*

tesiination.

Brotm, Thurston, and Dustaum^^^^ imported that milk eontamimted
irith copper after pasteurisation mas more active than that added before

pasteurisation and that copper added to raeir tailk developed oxidised

flavors at about the same rate as copper added to milk after it had been

pasteurised*

Idghto It has long been realised that light has a catalytic effect

ia tite developomnt of an off flavor in milk that is similar te tdwt eaused

by oopper* Velson and Dahle^^) eaapared this flavor te the oxidised fla*
vors caused by the addition of coppw and thoss that developed spontaneously,

and o<nioluded that they mere all the same* They did not give any possible

reascm mhy themi three should be the same, but did suggest a possibility

of an oxidation of the fat*

Cows* Broen, Thurston, and Dustnoan^^^^ found that there is a

great difference in the milk from different eows* Some ̂ ve milk that

developed an oxidised flavor spontaneously mhlls others gavs milk that

never beoame oxidised even with the addition of copper* In 19S6 Henlng

and Dahlberg^^^^ reported that heifers ssansd to give milk that mas more

susoeptibls to oxidation and indioated that an iavmstigation mould be

made alcmg that lins* The results of this experiment mere publiihed a

year later*^^'^ Only the cows of ths collegs hsrd mere included in this
saEperiaent and of this group only six mere heifera* In this case the

milk of the heifers maa nueh more susceptible to oxidation than the milk

from the eovs* Heeever* slaee there mere so fern animals in the experl*
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amxtf th* t.uthorc irould not mk» a definite oonolusio&*

The breed of the cow ssay also be an important factor eince Beekn

Whitaahf and Martin^ noted •ignifioant differenoes in the milk that
th«y studied* In 928 samples of milk studied* oxidised flavor was

found in 6*1^ of the Jersey* 7*8^ of the Guernsey, 15*^ of the Holstein*

and 19*4^ of the Ayrshire milk* Sinoe only fifty to sixty oows were

used* t^se data cannot be taken as oonolusive*

Feed* It is generally agreed that the feed of oov has some

effect on the milk* It may be that some compound in idie feed diffuses

from the stomaoh of the oow into the milk* which later is the cause of

the oxidised flavor* Although the work of Davies^^®^ with trimethyl-

amine oxide did not deal directly with oxidised flavors it did illus**

trate how compounds in the feed diffuse into the milk* Further, he

fovind that this oxide did not give an offensive flavor, but later* on

breaking down* it made the milk rancid*

Stebnits and Sasnwr^^^^ observed that oows on poor rations gave

asLlk that was generally more susceptible to the development of the oxidised

flavor* They also attributed a possible reason for the production of

such milk due to the presence of certain unsaturated fatly acids* Al

though they found the summer milk more stable* they felt that its fat

was more susceptible and that it was due to the presence of certain

antibodies that the flavor did not develop as readily* Beck* Whitnah*

and Martin(24) also found that pasture seemed to help prevoot the devel

opment of oxidised flavor*

The works of Henlng and Oahlberg^^^^ are in direct disagree-
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»«at nrlth St«bnitc and and indioata that tha leval of feadisg

haa no affaot on t^a foallty of tha aiUe* Sueh a finding aoggaata

possibility of tha kind of feed being the causa of the diffioulty* Both

Gaxrett and Bandw^^^^ and Bhitnah» Peterson* and Atkeson^^^^ eooipared
siilk from ooirs on varying rations as to its susceptibility to beoosie oxi*

diced* These rations included beet*pulp* com silage* and A*I*7* silage

as mtll as pasture as the source of roughega* Garratt and Bendar^^*'^

found tha feeding of grass silage lassanad tha tmodanoy of the milk to he*
/£0\

eosie oxidised* IVhitnah and ooaorkers^ * found a oorralatioa of oxidised

f]ayor to the carotene level* but contended this uas not Idia <»ily factor*

Because of the wide use of beet«palp and the seeming relationship

of oxidised flavor to its feeding* Hening and Bahlberg^^^^ investigated
this* but found that neither mangles nor beot<>fulp affooted Ihe milk in

this meaner* Liebseher^^^ eoB^ared the milk of oows fed beet tops with
the milk of those fed beet tops and eei^psr sulfate* Be found no differ*

enoe in the oopper content or the flavor score of the miUc from the two

different sources* Thus* in view of such varied results* more work is

needed to detenaine the part that feed plays in the development of (mci*

dised flaveor in milk*

Composition* The eamposltion of the milk is another point to oon*

sider in seeking a possible eorrelaticm that might indicate the reason

for oxidised flavor in milk* Early indicated

that there was some relationship to the amoimt of vitamin G in the milk

to its susceptibility to beoome oxidised* Beoh* Vhi'toah* and

in a more recent study contradicted this oontentlom* Implying that the
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correlation na* closer to tho irltasda k content szid intensity of yellosr

color# In connection with the vitanin A, Stebnitz and Swanor^^®^ found

no relationship to the oarotene level and the oxidation of the fat in

miUc* Although Cave# Martin* and Beofc^®®^ fed oarotene up to 800*000
international units dally* no i]]Q>roToment vas noted In the nilk flavor*

On the other hand, Garrett* Tueker* and ftitton^ ' claimed that hi^

oarotene content in milk is *ooinoidmtal with good flavor" and Dhitnah,

Peterson* and Atkcson^^^^ indicated that there was soae correlation to
oxidised flavor and low oarotene content in sxilk* Beck* Whitnah* and

Martin^^) prevented the oeourrenoe of oxidised flavor in milk by the

feeding of 206 mgm* of carotene daily* These disorepanoies may be due

in part to the different feeds used as a souroe of vitamin A* Praps

and Treiohler^''^^ found that feed is the souroe of vitamin A in milk*

but did not try different feeds* Later Rauge* Wilbur, and Hilton^^^
reported that the feeding of certain substances suppressed the KBCunt

of vitamin A in butterfat even thou|^ the cow was on a higji vitaoiin A

intake.

Much work has been done on the color in respect to the flavor

of mm. .U lltorotur. («»)(»)(«) («)(«) reoog-

nised such a correlation* The intensity of the color is measured in the

laboratoiy by a photoelectric spectroscope* Light waves between 876 and

460 millamiorons is passed through milk and the asMnint of absorbed light

indicates the aanount of yellow color in the milk. The American Ouemsey

Cattle Club has now perfeoted a simplified machine to mMtsure this color*

It works on the same basic principle* but since it is made only to measure

the color of milk* it is not as ocsnplex or as expensive as the i^oto-

electric speetrosoope* Thus* it is possible for many more laboratories
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tt ailB» oolor gtudieg*

It found by Garrott* Arnold* and Bartnan^^^ that tha ooloi* of
tha stlk aaa affaotad by feading diffarant rou^iagaa* Ooaa fad graaa

allaga produoad a nuOh yallowar milk tiian did thoaa fad corn silaga or

boat pulp, fuokar, Qarratt* and Bandar^^^^ also obaarrad that pastura

incraasad tha yalloir color of milk and daoraatad ita suaceptibllil^ ta

become oxidised.

Stebnits and Sonmar^^^^ la their atudy of the color and oarotma
content of the milk recognised these as factors and added that there

jBight still be another eoasideration"—tha saturati<m of tha fat* In

their studies they felt that sunraar pastura made tha milk more suseep-

tibia to oxidation, and it mas due only to tha antibodies in i^a milk

that it was not oxidised. Oarrett, Bandar, and Tucker^ did not find
any relationship to ocs^sition of tha fat and tha darelopsMsxt of Idia

oxidised flavor.

Andaraon, Doad, and Stuewer^^^^ found that winter milk of higher
acidity waa irora auaoeptibla to oxidation than aumaar milk of lower

acidity, and concluded that there might be aosa relationship to natural

acidity and occurrence of oxidised flavor. However, idien Brown and

( 44^
Bustman^ ' tried to duplicate this work they failed to oheok these re«

suits. They also tried to prevent tha oocxurrenoa of this flavor by

standardizing milk to .15^ acidity, but were unsuccessful in this*

Graanbank^^^^ olaima that there ia a oloaa correlation of tha

oxidation-raduotion potential of milk and tha ooeurranoa of the («!•

disad flavor. Ha further statea^^^^ that a quick oheok on the suacepti*
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blllty oan ho made on the milk by adding copper sulfate and noting Idie

iiraediate ehange in tiie oxidation»reduction potential* Zhie ie a rel<*

atively new idea ehioh may prove of value in eeleoting aiilk in the future*

Prooeafling. Proceasing in the milk plant also has a great deal
(Af)

to do eith the ooeurrenoe of the oxidised flavor* Zhuraton et al*^ '

did eome of the first eork in this field* Zhey studied homogenisation,

agitation, freesing, and thaeing. Samples of milk mere passed through a

single stai^ honogeniser at pressures ranging from sero to five thousand

pounds per square inoh* Zhere mas suffioient copper socposed in the maehine

so that milk put through with no pressure developed oxidised flavor, but

as the pressure was increased up m five hundred pounds a deorease in the

occurrence of this flavor was observed* All milk that was homogenised

over three thousand pounds per square inoh failed to develop any oxi-

dised flavor.

Zhey also (decked the off set of agitation at low tsji^ratures

and found that this, too, lessened the ooeurrenoe of the flavor* Frees*

ing and thawing also had the effect of lessening the susoeptibility*

However, the milk treated in this way had a twidenoy to have a oreaa

plug. 'Kie authors felt that the reason for suoh results was that the

lecithin was rstaoved from the fat globule and held in the eensa*

Koland and Trebler^^®^ reported that separation and standardisation
reduoed susoeptibility, which again may be linked to the relation of

the lecithin to the fat globule*

Corbett and Zraoy^^^ noted that condensed siilk never developed
an oxidised flavor and wondered if the heating of milk in a vaeruum pan
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would ellniiDa.t« «ddis«d fluvcn^i* Milk ml hmtid at 1S0'*140 ditrmi

F* at 24 to 25 Inchoa Taouum* Ooppir waa addad and air waa bubbled

through tha milk. Under thaaa wmditiona tha aacldiaad flarar fiallad

to datrelop if t^ adUc vaa condenaad to half Ita original rolum. Al«>

thou^ laaa eondenaing did not eliminate the ooourrenoa of thla flaror.

It ma not aa prevalent aa in unheated milk. Barknorth^^^^ found that
heating tha allk to 160 dagraea for thirty minutea aooompllahed tha aaaa

reaults. fhua« both^^^ eonoludad that an antibody mat be fonaad

In the milk at theae taaqparaturea.

JToaephaaon and Doan^'^^ did more Intanalva work along thia Una.
Aa a reault of their experlmenta. they atated tha folloalngt

Mhan milk. oreaa« aklm milk* and acme other dairy produota
are heated to a auffiolently high temperature or held for
aiiffiolent period of time at lower ten^raturea, aulphydryl
eoanpounda are formed from one or more of the proteina
present.

Thaaa aulphydryl ompounda seem to be adiolly reaponsible
for tha cooked flavor of heated milk and milk produota.
They are also responsible for the daoreaae in the oxidatlm*
reduction potential noted in heated dairy produota, sinoa
they are aotive iwduoing aubatanoea.

The sulphydiryl compounds are aotive antioxidanta
and appeaur to be responsible for the inhibition of tha
development of tallowy or oxidised flavors in milk heated
to tflB^raturea over 170 degrees F.

In beooming oxidised (spontaneously or due to oopper)
the eulphydryls apparently lose their flavor oharacter-
istios and the milk or milk produot whioh previously ex
hibited a eo<^ed flavor beoaaea indiatinguiahable from
aiadlar unheated milk.

In additim, they found that milk heated to these high tea4>er<-

aturea retained more of ita vitamin C.
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attaggBWU mth th* limited materiel arailable, sefToral men hava

attieq^tad to axplaia the prasanea of the oxidlsad flavor in milk*

Barkworth^^^) en finding that heat pravantad tha davelopaent of tdiia

flavor attributed the reaotian to ansjfaatia inflsnaoaaa but zm» oat baa

o<mfinied hie suggestion*

Fatty Aeids* Stebnlts and Somnar^^^^ and Valaon and Dahle^^^
thought that the developewnt of this flavor aaa oausad by -the cacidation

of the double bonds in eertain fatty aelds* fha la-ttar^^^ did further
work on this* They horaogenltad a phos^iolipid free fat into milk and

found that It developed the -t^ioal oxidlsad flavor* Thus they felt

^stifled in olaiming that it mas the fat azid not the phosj^lipids that

aauaad oxidisad flavor in milk*

Phospholipids* nohaps the most raewit and thorough aork along

this line is by Saanson and Soasaar^^^^ aho attsmptad to datarmina shathar
pheapholipida or the fat aas responsible far the flavor* By using a

oomplex o-ihor extraction method thsy aaro able to separate the fats trm

the phospholipids. A largo sample of milk aas pasteurised and divided

in-to -two parts* One -aas alloaad -to set -three dajm to develop an oxidised

flavor* and then it aas churned to obtain the fat and phospholipide* The

other sample aas churned at enoe* The iodine nnmbera of the fats and

phospholipids in each case aara found and ctnaparad*

Id appraclabla diffaranea wta noted in the iadina nuahar of the

fats* but that of the phospholipids aas muoh loaar from the milk that

aas alloaad to develop an oxidised fla-vor* This experiment aas rsH*
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using orssB lastsnd of milk, snd idsntloaJL results usrs obtninsd*

Beo&uss ths ohsnge in the iodine number of the phosj^lipids oo*

inoided with the developoKit of oxidised flnvor, they oonoluded that the

phospholipids were responsible for the development of this flavor*

Another point of interest was that the purified phospholipids dhanged

fron their usual white oolor to a gray« indicating a ohemioal change*

It has been suggested that sunlight will have the sssm effeot tax the phos*

]^lipids in the milk and develop the "simshine" flavor idiish is con*

sidered the same as oxidised*

On the surface, it seems that various .uthor.(«) (««) C«) are not

in agreemmt as to the oause of the flavor* lowever* each of thMO

authors may he partly right* It nay be possible that the first notloeable

oxidised flavor is due to the ohange in the ̂ tospholipids, and this flavor

later intensified by an oxidation of ̂ e double bonds of the unsaturated

fatty acids present*

HiSVS8fl09

Copper* Progress has also been made along the lines of pyevent*

ing ths dsvelopmont of oxidisod flavor in milk even though the oxaet

oause is not kna«&* It has long been knoen that a wiuiwmw of this copper

and iron contsiaination will do sueh to curb tho flavor* looping tho milk

froo from this metallie oontamination is mainly a problem of tho milk

plant operator* Ho should keep suri^ess of equipment, whioh oorao into

oontaet with tho milk, froo from exposed oopper* With the use of mox^

ef the alloys mentioned by Henderson and Roadhouse^ this will be aneh

eeeier to do*
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y—61ng« 9h« vlM f*«ding of dairy oattlo also sesBta to bo of

raluo in jnrerenting Hie devalopnoat of oxidisod flavor. Sororal vorkors

(24) (58)(39) (27) (21) vitamins A and C with very good rosults*

Althoiigh Hendorson^^) did roport that oarotono soeoiod to holp tho flavor«
ho did not roconmond that It bo uaod* Bo gavo no roason for such a stato*

nont, but perhaps it was boeauso ho was not sure Idiat it would bo the best

practice in all eases.

There is little that the lallk plant operator ean do about tho food

that the oow receives. He has to find other smnuis of preventing tho

(7)developoent of oxidised flavor la tho milk. Martin^ ' nnaitions several

possible means of eontrolllng this flavor. In addition to reoonmiendlng

a Tnlnlmum of exposed copper he ouggosted that (1) only milk of normal

oaq^sltlon» oopoelally in respect to oarotene oontent« and of low apparent

acidity, bo used, (2) milk should bo protected from sunli^^t and froeaing,

and (8) a short storage period bo used for all dadry produeta.

aecMval of Oxya<m. ©uthrie. Hand, and Sharp(®^) suggested that
the removal of oxygen from the milk would prevent the oxidation from

oocTuring. Dahle^^^ found thle to help to aome extoat. but it did not
eliminate the trouble. In additicm he reconmiRided the uee of heat. oul«»

ture. hcsnogenisatlon. and antioxidanta. He ftnud that hydro^inone.

aaleio aeid, and vitamin C were the best antioxidants atudied. Re did

not aeoiire very good results with tiie direct addition of oarotene.

Antl(»cidants. I}ahle and Josephson^^^) tell of suooeasfully usiaag

oat flour to prevent the oxidised flavor in butter* They indicated that

this mi^t also be useful in milk. Later they reported^ that use of
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paper milk bottle* lined ed'Ui eat flour did audh to prevent tlie eaddlsed

flavor from developing* and that thle method waa more desirable than

adding the floiir to the milk itself* Garrett^^^^ obtained similar re

sults using paper bottles treated with the oat flour*

Joaino Acids* Corbett and Traoy^^^) had reason to believe that the

proteins in the milk might be the factor that acted as an antibody to pre

vent the oxidized flavor from ooeurring* They added several amlno aoids

to milk that would ordinarily beoome oxidised and noted their effect*

Most of those added gave objectionable flavors* However* tyrosine and

tyrosine ethyl ester did not affect the flavor and jrevent the oocurrenoe

of oxidised flavor even when added at the rate of *02 to *09 per cent*

Bnigyast* Al^ou^ dz^erson^^) Is the enly author reporting the
use of panoreatio enzyme* his results are so o<8iolusive thi^ should be

considered* This ensyme eliminated the oocurrenoe of oxidised flavor In

the plants where it was used as well as in the laboratory* He reeoge-

mended the addition of the ensyme In 8u<di eonoentrations neeessary to

irevent the flavor* Usually he found that 12*5 p*p*m* was sufficient

and that more than 25 p*p*m was never required. The ensyme was added to

the milk before pasteurising so tihat it was destroyed on pasteurisation

and could not develop other off flavors* He also warned against leaving

the mazyrte in warm milk as this would eauso the developsMttt of other off

flavors*

Although the literature cited seeas to indicate that the problem

in genwral is quite well in hand, there are several phases of the problem
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(57)that are yet to he solved* Buehe^ ' iasBti«ied a twm of these that

need to be cleared up before there will be a thorough understanding of

the eause end prevention of oxidised flavor. In tihie first plaoe eows

on the same ration give different milk* Then, too* oows that are fed

the same throughout the year still show differenoe due to the seasons*

He also fuestioned the effect that baoteria and neather have on the

milk*

SECMT LITEEATUHH

A review of oxidation flavors la milk by Brown and Thurstoa^®®^
ms published too late to be ineluded in the review of literature in Ihe

appz*opriate place* but since it is perhaps the most recent and the most

inclusive of all the literature available* it chould be sMntiened* Sbv»

ever* they reported no new findinge in tho field* but ra^or reviewed

what others have found* 1%ey wmt into great detail m certain points*

but nothing that has not ali>aady bsm discussed wae brought up*
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FROCEDI}RE

Mooh r«*earoh work ha« b««n coaducted «a dairy products, but llttls

of this work has boon doao in tho South* fhis cliioato results in diff

erent feeding praetioes and h«rd oaro, producizig milk that is different

in Bsmy jrospeots frosi idtat found elsewhere* For this reason some original

investigations Should be carried out in the South to meet the problems

of the dairy industry of this section* Since milk is the basie product

fron which all other dairy products are made, investigations should first

be loade cemeeming it*

fhis project, started in the foil of 1939, is part of a researeh

program to study the quality and composition of milk and other dairy prod

ucts at the Thtiversity of Tennessee* In this field of investi^tion it

seemed to the author that the flavor of milk was the most important |a*Qb-

Isn confronting the industry at -the present time, axid of the off flavors

present in milk, oxidised flavor seemed to be the most objectionable*

Accordingly, the following procedure was planned in order to make a stud^

of oxidised flavor in milk*

Occurrence* Samples of milk from the local milk plants, from the

herds furnishing milk to the thiiversity Oreamery, and from the individual

cows of the Uni-rersity hei>d wwre examined to note the occurrence of coci-

dised flavor* In -this survey it was also hoped that some indication as

to the cause of the flavor ml^t be evident*

The quality of the milk of different local plants was Judged by

pint sauries collected once a week during the winter of 1939-40* An

attempt was naide to secure the saiqples in such a manner that the milk

would be comparable to that which reached the consumer* The rmitsmsn of
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the or*aawry was Instructed to pick up pints of milk from the trucks of

the ether plants as he met them on ti!ie streets* He kept this milk in his

truck until he returned from the route* at idiich time he pl&oed the saa^les

in the milk storage room at 40 to 45 degrees F« The milk remained here un*

til the following morning* at aiiioh time it was warmed to 80 degrees and

scored for flavor* The milk was scored organoleptioally ty two instructors

of the Dairy Department* At first the opinions of both were takMi* but

their soores looked so well it was necessary for only one to Judge the

sauries* Oeeasi«aally both would examine the milk at the same time to be

sure that they would etill agree* Special attention was paid to tho

ocourronoe of oxidised flavors*

Sevoral different dairy farms sold milk to tho Hnivorsil^ Croam<ay

for market milk and eheoso* Each week half pint sax^les were taken trm

the milk from each of these farms* As eaeh shipper*s milk ms duii^psd into

the vat and weighed* the cample was taken* In thie manner it was possible

to get a composite from eaoh herd that furnished the Crmmery with racw

milk* In oase all the milk oould not bo dus^md at one timo* two saa^los

were taken* After all the eas^les had been taken they were cooled In

the milk storage room to 46-50 degrees F*

At this time* usually about two hours after the aea^lec were taken*

they were warmed to 80 degreee F« end eeored for flavor* Tho remaining

milk was then pasteurised in the bottles at 148 degrees F* for thirty

minutos* Tho milk was hoatsd to the pasteurimition teo^rature in about

ten miantes by plaoing tho bottles in a sizdc filled with hot water* Ihsn

tho idlk in the bottles reached 142 degrees F* cold water was added to

that In the sixik to bring tho tsaqooraturo to 142 degrees F* so that tdie
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sdUe vould r«mala at this tamperaturo* A circulating pump turned a

amaXl eleetrie motor kept the temperature of the mater bath the aame at

all points, ahile the milk la the bottles mis agitated shaking them

by hand erery fire admtes*

At l^e end of the pastetirlsation period the sink mat filled «i1^

eold mater and the samples of milk oooled to below room t«ei^p«raturet Xtt

the susBoer it was necessary to add iee to the mater to aeoompli^ this*

After the milk had oooled, to allow some of i^e oooked flavor to eseape

it mas again warmed to 80 degrees F« and scored for flavor*

During all this preeessing ̂ >e milk did not oome in eentaot with

enough exposed oopper to induce the deveXopment of oxidised flavor* For

that reason it mas neoessary to add oopper in the form of oopper eulfate

at the rate of 2*5 to 9*0 p*p*m* A solution of one per omt oopper cul*

fate mae added at the rate of *25 ml* per 200 ml* of milk* The milk mae

'Uiea plaoed la the oold storage room for tmenty-four hours, warmed, and

fudged again* This time only the amomts of oxidised flavor present mwre

indioated* A soore of aero mas given if no oxidised flavor oould be de*

teeted* One plue aaik mas givsn for atilk that mas slightly acidised end

tme marks mere given if the flavor mas definitely notioeable* Three plcie

marke mere given to all milk that mae ctrongly oxidised sdiile four plue

marks indicated that the milk had beecsne eo oxidised that it wfas uzuTit

for human consumption*

The milk mae again ooeled and stored for an additional forty«ei|^t

kocirs, when it mae maxmed and Judged again for oxidised flavor* The milk

mas eoored as described in the above paragraph* During iAi9 first part of

the experiment the milk mae also Judged for oxidised flavor on the fifth
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Howvver, b«eAU8« other flavors Aovolopod, and booauso the results of

tho first and third days oloarly indicated the degree of susceptibility of

the milk to beoome oxidised, Idiis sras disoontinued*

A study of the milk of the individual eomi of the Ibiiversity vas

conducted along the same lines* The only differenos being the method of

collecting the samples. At the time of milking, samples of milk more

collected in half pint bottles* fhs milk mas talnm directly tr<m tho pail

or milking machine Sjasediately after oaeh oov mas milked* unthla tso hours

after the first earn mas milked, the samples were takMi to the cold storage

room to cool* Aftwr this they vere treated exactly the same as those

samples taken at the oreamety*

One set of samples from individual cows eas secured from vo» of the

dairy farms shore the milk usually became oxidised* The sauries vrere

taken in the same manner as those taken fron the Uhiversity herd and re«

oeived the same treatment*

Feeding practices, lactation periods, and age of the cove sere

secured from the records kept on the tMiversity herd in an attempt to

find aome oorrelation to the oceurrence of the oxidised flavor*

Prevention. In an attsBpt to find a means shsreby the ooourrsnee

ef oxidised flavor could bo preventod, tho sffoots of oortain antioxidants

tvsro studied* Limited faeilitiea made it possible to study aaly tee of

those and after some review of the literaturo, it waa docided to uso

vitamin C and Avenex, vhioh is an oat flour extract* Preliminary trials

indicated that Idie Avenex oould not be used in this study as off flavors

resulted when enough of it wae added to prevent the ooourrenoe of oxi*
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dlMd flaror* B»d It Immhi possible to prooesf the ailk In « different

manner this difficulty ai^t haTO been eliminated* Wcnmnr, beoauee of

this* sodium thlosulfate aas used instead*

By the tlxoe this vork eas started* the Investigations on the milk

from the shippers to the University Creamery and from the cows of the Ttel-

versity herd had progressed far enough so that it was possible to seoure

Billk that was known to develop an oxidised flavor* Two^uart samples of

milk wore pasterulsed at 142 degrees for thirty minutes In a taro-llter

beaker* The beaker was heated by a spray of hot water running down its

sides and the milk was agitated by a glass stirring rod eonneot^ to an

eleetrlo motor* Tho milk was eooled with oold water in a similar manner*

After the milk had cooled* it was placed in el^t half pint bottlee and

treated as followsa

One of these was ussd as a control and nothing was added*

Copper was added to the seven other bottles at the rate of 2*5

p*p*m« To six of these* antioxidants were added* but the seventh received

no further treatment to that a ehook oould bo made to soo that the oxi*

diced flavor would develop in tho milk* Half of the remaining samples

were treated with the vitamin C in the form of tablets* Apin-oximately 6

mgm** 12 mgm** and 18 mgm* wers addsd per 100 ml* of milk*

The sodium thlosulfats was added to the other three at the rate of

ia|' msKUt 25 mgm** and 50 mga* per 100 ml* of milk. Bocauso tho ISl^ mgm*

eemsed to have no effeot* 100 mgn* of the thlosulfate was added to this

sample instead*

These eamples were then stored at 40^6 degrees F* for twenty*

four hours* At tho end of this time thsy were examined organoleptleally
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for oxidisad flavor &• var* the t«Biple« of l^e ladiyidual horde end eoo*

for the presence of oxidised flavor* The adUc oaa again placed in storage

end scored en the third aisl fifth dajrs after pasteurisation* Although the

milk oas not scored on other flavors* if a noticeable flavor dsrveloped

that might have been due to the antioxidants* maotion mas made of it

the score oax^*

asssm^s

Market Milk* In 12ie survey of the milk frcaa the plants of Xnoxville*

Tennessee* during the vdnter of 1939<-^* <me hundrod and fotnrte«a ssmplos

vero soorod* ^ thie numbor the sooree of only ninety*<n»s aro listed ae

the rsBHkining teeni^thres represent samplee from fourtema different dis*

tributors and it le probable tliat a good Indioation of tho milk of these

plants eamMTt be obtained from these limited data* The ninety«ODe sables

used repreeent the milk of eleven different distrlbutore in tixa oll^*

table I lists the ooeurrenoe of the oxidised flavor in the milk

frem the different plonte* Of the ntoety*4»ie samples* 18*7^ showed eigne

of a slight oxidised flavor that mas not serious and mould not likely bs

noticeable to tho eonsumer* Boemver* it ie very probable that tho oon*

eentration of the flavor in these samples mould have inox*oased as time

msnt on* In addlti<»i« thoro mwrs 18*75« that Indioated a dsfinito oxida-

tl<m that mould maks tho milk objootionabls to the consumsr* In all*

thoro mould thMz bs about thirty*oight per osnt of tho milk that mas

orltioissd as oxidlssd* This is higher than found by Martin^^^ mho re
ported from tma to twenty per cent of the smrket milk he soored mas oriti-

siffi as being oxidised* This differenos tends to point out that the
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ZABIE I* OCCURREKCB OF OXIDIZED FL&TOR IH MII£ FR(»f MX14C
PUUTS IN INOXVIU:^ IN THE WINTER OP 1939-40

Plant

Sanqples
eoored

Sligl
oxidi

itly
Lzed

Defin:
OxidJ

•tely
Lzed

Total oxidized

Number Per oent Number Per cent Number Per cent

1 9 S 33 6 67 9 100

2 9 2 22 6 67 8 89

8 10 4 40 2 20 6 60

4 5 8 60 0 0 8 60

5 9 0 0 2 22 2 22

6 9 2 22 0 0 2 22

7 5 1 20 0 0 1 20

8 8 0 0 1 1^ 1

9 9 1 11 0 0 1 11

10 10 1 10 0 0 1 10

11 8 0 0 0 0 0 0

Total 91 17 18*7 17 18*7 34 87.4

problem Is not the seme in ell looelitlee*

When the values listed on Table I are put in graphic form (Figure

1) it is easy to see that four plants ware responsible for most of the

oxidised flavor* Although only thirty-seven per oent of the samples were

taken from these four plants, they were responsible for over of idie

oxidised flavor* Three of these plants, one, two, and three, represent

ing about thirty per oent of the saaqples, wore responsible for eighty-tee

per cent of these sauries that were oxidised to the extent that they would

be objectionable to the consumer*
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Although it tmt possible to laepoot only four of these planta,

the condition* of these plants partially Indioated the degree the sdlk

vould beeoaw oxidised* Plant t«ro is a eoall dairy operated sone distance

fron the oity, proeessing milk fron nearby fanos* The plant had recently

been remodeled and -^e first impression is that there mould be little

danger of the milk developing an oxidised flavor* Bomever, oloss inspeo*

tion revealed that most of the tinning fron the sanitary |dpe lines mas

mom ottg leaving snuih exposed copper to oome in contact with the milk*

Plant four la a small plant that specialises In producing loilk of high fat

content and of lorn baoterial count* There is 33ot any great amount of

oopper exposed to the milk and there is m> apparent reason for -the develop*

ment of the oxidised flavors in this milk* This is not unusual, homcvsr,

as Roland st al*^ ^ reported ̂ at oxidise milk occurs more often in milk

of hi^ fat content and lorn bacterial count*

Plant six is the University Creaaiery -where an attempt is made to

keep the oopper ccmtamlnation in milk -to a minimum* This is reflected in

the small percentage of milk from this plant that mas oxidised* Only two

of the nine samples taken had any oxidised flavor present* and of theee

-two, nei-ther mas eritlois«id as being objectionable to -the oonstOMT*

Samples of milk from plant tea indicated that this milk mas less

likely to become oxidized than that from the o-ther three* This plant is

one of -the largest in -the city, distributing more milk than the other

-three plants oorabined* Cars mas taken to izisure a minimun of copper eoiv*

-tamimtlon whioh is about all that any plant docs at the present time -to

check -the oxidised fla-ror* The milk for this plant is bought from farmers
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other three get e large part of their supply from their own

l^ds* For that reaeen it might be tiiat the milk delivered to plant ten

hae a hi^er bacterial count* another factor thought to be aesociated

irith the prevention of oxidised flavor* Bowever* it caamot be definitely

stated that this is the reason plant ten had less oxidised id.U;»

Herd C<ntq?osites» Over four hundred samples were talcmi fron the

milk received the University Creamery during the period of «Eanuary to

#uly« 1940« In eases where more than ten samples were obtained from me

herd* the average oxidised score for the first and third days was ealcn**

lated and is recorded in Table II* Gmphs (Figures 8 and 5) of the first

and third days* oxidised flavor score slumr more clearly the varianee in

XABIH II. OCCUBREHOE OP QXIDIZEO FUVOR IH MILK FROM
IRK[VERsm creamer; patrons* jani[ART TO JHLT. 1940

laate
Oxidised flavor-»lst. day Oxidised flavor<-«3rd. day

Ho. saiqples Mean of scores No. samples Mean of scores

AS2 16 .6 16 1.2

D12 21 1,2 19 1.6

D20 18 •7 IS 1.2

D28 21 2.2 21 8.8

D41 14 •6 12 .9

Gl 19 •8 19 1.8
09 17 1.1 18 2.0

64 14 .8 14 1.1

05 15 •8 17 .9

06 13 1.2 14 1.4

014 17 1.1 17 1.8

019 20 1.4 20 2.2

B5 14 •9 16 1.7

El 19 .7 19 1.1

H4 19 1.6 19 2.2

E9 15 ♦« 18 1.5
HID 16 •6 16 1.4
H12 15 1.4 16 1.3
HIS 13 1.S 15 1.8
Pet. 20 .8 21 1.8
HI 24 1.4 25 2.0
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tia dlfforont herdt* On both grnpho tho nilk trm th« hord 028 if jsttoh

hlghor than any of the others* Although there ere e feer wbote eoores

seitt to be eppreciably higher than the eTerage* ae trlth 619$ M$ and tJl«

the difference is not so great ae la the ease of 026#

Xmrestlgatiim rerealed that the herd 028 inas ooo^eed of two groups

of «o«8# one of ifhioh eae on offieiaX test* To eeeure the naxinsm adIk

the test cove vere fed all that th^ would eat of a ration rich la grain

and beet'pulpj with good qmlity alfalfa hay* The other cows received a

United enonnt of grain mcA hay* The eenplef of the individual oowe from

thie herd gave results which Indloate that herd care la an Important fao<»

tor* All the oowe that were on test, with the exeeptlon of (me just

fresh, gave milk that would baoome seriously oxidised shen treated with

eepper in the ueual manner* All the rest of the oowe in the herd gave

milk that was apparently normal with respect to the developaent of the oxi*

dised flavor* Table III gives the oxidised eoores for the one trial en

herd C28* Sines only one trial was o^iduoted to dheok the milk of these

eows, and sinoe there are sany variable faotors, it would be ii^sslble

to reaoh any definite oonolusiona ae to the eause of the flavor* Cows

<me to nine, inclusive, are test eows, the nlnish being fresh only a few

days, end the rest are eowe fed on the limilMid grain ration* The preduo*

tion of milk susceptible to <nddatlon oannot be attributed to the loer earo-

tene intake of the test eows as they received a good hay and also had

aeoees to paature# S«iui other factor that can be linked with the feed or

feeding praetleee seems to be the cause of the oowe producing milk that

is susoeptible to oxidation* In the stu^ of the results frost the milk
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I&BI£ III. OCCUKBENCE OF OXIDIZES FIAVOR IH MILC FROM
IRDIVIDTI&L COliS OF HERD D28

my 28. 1940

Cow

Oxidised score

1st. day 8rd. day

1 2 4

2 8 8

2 3 4
4 2 4

6 1 4
6 8 4
7 2 8
8 1 8
9 0 1
10 2 2

11 0 1
12 1 2

18 2 2

14 1 2
15 1 1
16 1 2

17 1 2

18 0 1

of iadiTldual ecms of tho Dbiverslty hord, thi« will bo dlocuased furl^or.

Indlvldmil Cowo. In o otady of tho allk trm tlio oowo of tho

^adversity herd« thero were so xoox^ Tariable :foetors that It WM i»*

possible to e.ttribute the eauso of the eusoeptibillty of milk to booomo

oxidised to any one faetor. In tho six oonths that tho herd was tuidor

observation* over five hundred sasqples of milk were studied. This

aaKnmtod to about twwsty saoples frosi oaok oow that vao in millc.

Figure 4* drawn fron original data on file in tho dairy offioo^

illustrates the oxidised flavor score on the first and third days for

every sssiple of milk that was takma* Baoh box oontains tho scores of

one cow. Ber name* ago* and group olassification are la tho top of the
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box* Dots Indicate the tete that naaqplee were taken* IRieee are (xmneeted

Ta^ lines te gire the general trend of the flavor developsaent* Qreen dote

and lines indicate the score for tie first day, and red the third day after

pastevurisaticn*

tkhle 17, giving tie average oxidised flavor seores for eats eeir

7ABI£ 17, ATSKAGB Q1ID1Z&D FU7GR SCORE OP 7BE MILK FRCU IX#
DI7OTiIL COWS OF THE OTIVEBSITy HERD, d&HDAKr TO dCEB. 1940

First day Third day

Cost Samples Average Samples Average
Judged Bcoi>e Judged score

Belle 20 .6 20 1.2
BcKsiana 8 .8 9 1.0
Carolyn 8 1*7 6 3.0

Daisy 21 1*9 18 2*7
Duehess 18 .6 17 •9
fvxmy 16 •8 14 1*6
Panoy Flo 19 *4 17 .8

Flora 21 .6 18 1*1
Joy 19 •9 18 1*3
Lass 15 1*0 IS 1*8

Lily 18 2,0 16 3*0
Louise 21 1,8 19 3*0

Pansy 17 •9 15 1*7
Pet 7 *3 6 1.0
Roberta n .2 8 .8

Sally 21 1,7 18 2*8
Spot 17 1,5 16 2*6

Sultans 18 •5 10 .9
Sunshine 14 .6 12 1*1
81 18 ,6 16 1*0
99 19 •5 17 .9

243a 10 1*3 9 2*2
24Sb 8 ,6 8 1.5

293 20 .6 17 1*1
293 17 *6 15 1*1

294 18 ,8 16 1*8

299a 17 2*8 16 3*3

299b 4 ,5 3 1,0

302 21 2,6 19 3,2

303 21 1.7 19 2,9

804 18 ,9 17 1.2
310 20 1,6 18 2*8
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dxiring th« period of iznrostlg&tiont Indloatea that thare i« a gi*eat diff*

•renca ia tha iadividual oowa a« to the milk they produce* 11191110 the ndlk

from somo aas •troagly' oxidized on the first day* that from others had

little of this flaTor on the third day* Baoausa two oom were changed ta

different rations Idiey are listed tiriee* For tha tlaa that eosr 299 mas

on test the soore is listed under 299a and when she want off offioial

test* tha soora is listed under 299h* la the same manner eov £43 is

scored under 24Sa and 245b for the times she was on official test and

in tha com silage group respectively* All other cows were treated ̂ e

same throughout tha period that samples were taken*

Figure 6* made from Him results of Table XV* gives a mooh better

indication of the susceptibility of the milk from different eows to be*

come oxidized* It will be noted that the scores fmr ihe first and third

days are closely correlated* In all eases where "^e average score for

the first day is more than one* the average score for the third day is

more than two* Likewise* those scores that are low wl the first day are

also lew on tha third day* Tha eov 299a has the highest average soore on

both the first end third days* while Roberta has the lowest average eeore

on bo'Ui days* This oorrelati^ holds true for most of the cows and both

graphs appear to much the same*

In an attseqpt to find if there is any possible correlation be*»

tweea the eare of the cows and the susceptibility of their milk to become

oxidised* the eove wtre divided into groups acoording to the nrnimer in

vhioh they were fed* There were four of ihese groups in addition te the

regular herd tdiioh was fed a limited amount of grain, hay* and a sueouleat
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Figiura 6* Milkizie parlor ahore cows wero milked

Ot oom flilage ia the winter and pasture in the soianer* group of oows

on official teat were fed all the grain and beet pulp mixture they could

eat without InJujry to thmselTeSf aa well ae good quality hay and aucou*

lent* During the winter an ̂ periment was conducted to oeoBpare the value

of com» sericea« and alfalfa silages* fwelwe cows were divided into

three groups of four* Each of these groups was fed a different kind of

silage* A grain mixture with a higher per oent protein was fed to tdmi

corn silage group to insure that all three groups would receive the same

sawtmt of total pirotoia* The animls were fed ia the open stalls idiere

they ware housed* The test oows, however, were fed the grain sad beet
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falp ttiactur* in ̂  silking pnrlor at tha tin« of miUdLng.

&ble 7 givei tha avaraga oxidised soora of the silk frett tkatMl

diffarent groups mia and three days after tha silk sas treated vltk

eoppar* Shesa averages are based on at least fifty sauries taken during

XABI£ 7. ATESAdB OXIDIZED PU70B SCOBE OF MILE FROM COIUS
CLASSIFIED AS TO METHOD OF FEEDING, JAMARY TO JDME, 1940

Croup
First day Third day

Rumber

samples
Average
aoore

number

aamples
Avemge
score

Regular herd . 87 •72 74 1*S8

Zest oows 226 1*62 201 2,68

Seriesa sllags group 80 .78 64 1.29

Alfalfa silags group 78 .65 67 .97

Com silage group 59 ,56 51 1*07

a period of six months, and for that reason it se«ns that a fair^ aeeurata

indieation of tha affects of the feeding praetices should be evident* Zt

ean be seen shen these data are plotted (Figure 8) that the oowt sdvieh

sere on official test gave milk that developed a stronger oxidised flavor

than the eoirs of the other groups* Although there is a difference in the

average oxidised score of the milk from the other groups* the differenee

is not great enough to be oonsidered of signifioanoe* Since the test

eoirs receive beet pulp and molasses, as mill as more grainn this mi^t

be the factor that is responsible* Hoeever* it is likely that the flavor

could be due to the "speeding up" of the produoti<ni of the animal by

fweed feeding* Oesr 299 produoed milk tdiat vae very eueeeptible to oxi*>
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d&tlaaa vhon she us.* on test, but as soozt as she eas fed less and produced

less milk, milk no longer dereleped an <»cidised flaror* This is

clearly illustrated in Figure d (see oaw 299) mlum she mas taksn off test

i&io latter part of Msy* Idimnriso, eov tdS produced milk that eas more

susceptible to beecatlng oaidised after i&e eas taloia frcm the com silage

group and placed on official test the latter part of Iteroh, It is also

of interest to note Table 111 shoeing the data of the other herd studied*

In this the oees on test milk that eas rery susceptible ehile the

milk of the Other coes had little tendenoy to become oxidised*

A«o is also another faetor that is thought to haTo some offoot*

For that reason Table 71 wis otui^ted to giro the arorago sooros of the

ooes in the different age groups* This tabls indicates that the youngar

TiSlk VI* FUVOR SCORE OF MILK FRC»1 COWS CIASSIFIE]}
AS TO AGE, JAMART TO JCNE, 1940

Age group
f

amsamwBBaamaaaemhlM ii wjiimniir,

First day Third day

Vundier

studies
ATerage
soore

Hundjer
samples

Average
soore

1 to 6 yrs* 129 1*39 133 2.60

4 to 8 yrs* 261 1*07 240 1*68

9 to 16 yre. 94 *62 86 1*16

eoes are more likely to glee milk that will become oxidised* Boeerer, it

aeast be kept in mind in considering these figures, that ̂  younger ecm

are the ones usually plaoed on offiolal test* Only four of ths thirtesa

test cows ars in the middle age group azxd only ozw is in the old eoar

group* Hosnrror, it is interesting to note that Beok, 'dhitnah, and liartin^^)
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mii4« •imilar findings in th* sscssdnation of ths allk trtfA ooli«s«

hsrd.
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rlguro Xsim 4?ii.«i;eujfi«ius, jiaii-^JXiro s»«?.plo8 of rllk# dottles
ars hsatsd ty hot natsr floving fron the xap throu^ iiie rubber
tube into the sink* The otrerflov in the center keeps the eater
level abive the ailk in bottles* A centrifugal pUBSp turned
by an eleotrie i&otor keeps the heating muter olroulatlng*

Antiojcidants* Of the eleren samples of milk used to detezmine

the effects of certain antioxidants« all produoed a definite onidised

flavor in one day with the addition of co^er at the rate of 2*6 p*p.BU

By the fifth day all but mae of the aaaqples had developed the flavor so

strong that they were unfit for use* Thus, it eaa be seen that the

samples were susceptible to beconing oxidised and that tiie value of the

anti<»Eidants could be determined auoh eaeiw*

Colunna 4« end 6 of Tables Til* Till, and IX give the results
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Figure 11* Pftcteiirising two-quart samplea* Tho hot water
from the tap le forced throu^ the rubber tube into a eopper
tube which circlet a glass beaker filled with i&ilk* Holes in
the copper tube allow the hot water to spray on the sides of
the beaker end heat the milk* the isilk is stirred with a glass
rod connected to an electric motor to maintain a unifom teBi>er-
ature throughout*

of the oxidised flawor scores of milk that was treated with varying

asMMmts of witamin C* In all cases it can be seen that the occurrence

of oxidised flavor in these samples is not as great on any day at any

eoneeittration as is the milk that has no antioxidant added* Inereasing

the anoimts of the vitamin in i^e milk eeened to leessoi tiie flavcu'f

especially on the fifth day« but the differenee is not great enough to be

of aaieh eignifioanee ainoe there are eo few eaaea.
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TABLE VII. QXIDIZEB PUVOR SCORE ON FIRST DAT OF NIUC TO
NHICB ANTICCCIDANTS HAVE SEEN ABI^

Ooi^per added, 2.5 p. p.m.

Trial Noth No an- Vitamin C added Sodium thioaulfate added

ing tioxi- 6 mgm 12 mgm 18 tttga 12i- m^a 25 mgm 50 mgm 100 m@Bi
added daat per per per per per per per

added 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml

1 0 2 1 0 0 4 2 I mm

2 0 4 2 0 0 4 4 Z mm

8 0 2 0 0 0 2 1 0

4 0 2 0 1 0 1 0 0
8 0 8 1 8 1 1 1 0 mm

6 0 8 1 1 3 1 0 0

T 0 4 2 1 2 oMe 1 1 0

8 0 2 2 1 1 0 0 0

9 0 8 1 1 2 — 0 0 0

10 0 4 2 0 0 2 0 0
U 0 4 1 0 1 **• 1 0 0

At. •0 8.0 1.2 .7 .9 2.8 1.2 .4 .0

SABXE VIII. OXIDIZED PIAVCffi SCORE ON THIRD DAT OF MILK TO
WHICH ANTIQXXD&NTS HAVE BEEN ADDED

Trial

1
2
8
4

8
6
T
8
9

10

11

At.

Noth

ing
addod

0

0
0

0

0

0

0

0

0

0

0

•0

Coppor added, 2.5 p.p.ia.

No an-

tioxl-
dant

added

8
4

4
1
4
4

2

4
4

4

8.4

Vitmln C and
01^04 added

ir6' agta
per
100 ml

2

S

8

1

8

1
4

4

4

2.6

per
100 ml

1
8

8

8
4

8
2

1
4
3

4

2.8

per
100 ml

0

1
2

2

4

8

8

0

2

4

1

2.0

Sodium thioeulfate and ̂ ^^4
wns12r^ mgm

per

100 ml

3

4

4

3.5

2^ ZBglB'
per
100 ml

2

4
8

1
a

2
2

1
4
8
4

2.5

gS"
p«r
100 ml

1
2

2
0

2
2

1
0

1
2

1.4

100 mgn
per

100 ml

0

0

0

0

1
0
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As ahsnm In Yabl« XS* tbsrs la as appraaiabla differanea in tha

oacidiaad flavor aoore <m tiia flf^ day dua ta tha addition of Titaadn G*

Any adlk that has a aoora of mora than thraa would ba oonaidorad objeo*

tionabla by tha oonaiuaar.

SABLB DC. OXIDIZED FLAVOR SCORE ON FIFTH DAY OP MILK TO

Copper added« 2*5 p.p*m>

Trial Noth No an- Viteinin C added Sodiin thiosulfate added

ing tioxi- 6 wigm 12 mgn 18 m^a 12|- mpa 26 mpi 60 m@a 100 mga
added dant per per 'per per per per per

added 100 ml 100 ml 100 ml 100 ml 100 xta 100 ml 100 ml

1 0 8 2 2 2 3 3 2

8 1 4 3 4 2 4 4 4
S 0 4 4 3 8 3 3 2 mm

4 0 4 8 4 8 4 8 0
S 0 4 4 4 4 3 8 8
6 0 4 4 4 3 4 8 1
7 0 4 4 4 3 — 3 0 0
8 0 4 4 3 4 — 4 2 2
9 0 a»a» «a«e ■M* aa«a mm 4 mm 0

10 0 4 4 8 5 mm 4 8 1
11 1 4 4 4 4 mm 4 8 0

At* • 2 3.9 3,6 3*5 3*1 3*3 3*6 2*4 .6

Tha addition of vitaiain C tablets to the milk also was reaponaibla

for an off flavor deaoribed aa being "stale"* Since tablets containing

tha vitamin C and not the purs vitamin vara addad to the milk* it oannot

be said that the flavor was caused by liia vitaadn* More work xoust ba

done with tha two forma to datermina slather the aaoorbio aoid or aono

othar part of tha tablet gives this off flavor*

Beeausa sodium thiosulfate is used in titrationa of indol*phenol
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to 4«t«ndJM its Tltamin C tltre» it ••oMd that tbo reducing qualitiei

of vitamin C and the thiosulfate would be about the eame* Of the eleven

trials made« four samples had 12|^ nga* of thiosulfate added pw 100 ml*

of milk, eleven sai^les each had 25 and 50 agsu of thiosulfate, and seven

saaq^les had 100 sgm* of thiosulfate added per 100 ml* of milk* fhe last

foiu* eolumns in fables VII, VIII, and IX give the results of 'ttie addition

of this antioxidaut* At the end of the first four trials it beeswe evi*

dent that the eonoentration of 1^ mgn* of thiosulfate per 100 ml* ef

milk would not be enough to prevent the flavor development* therefore,

the amounts of sodium thiosulfate added to the rest of the samples were

inereased* For the first and third days, the eoneentzvition of 26 m^*

seemed to give sufficient protection, but on the fifth day oxidised

flavor developed to make the milk unfit for use* In the case of 50 mpi*

per 100 ml*, the oxidised flavor occurring in the milk was much less

ev«B on the fifth day, but it still was noticeable in most of the oases*

However, it should be noted that on the fifth day there were soae of the

samples that had no oxidised flavor at all, while others were very

definite, fhe addition of 100 m^* per 100 ml* (or *1^ prevented the

flavor from beocming objectionable in all eases, even on ̂ le fifth di^

after the copper had be«a added* In all ̂ e milk that h»A thiosulfate

added, a eooked or oustard flavor was noted* this flavor teemed to

disappear with the developmsnt of the oxidised flavor* dosepheson and

also reported ihat the oooked flavor in the milk disappeared

with the oecurrenoe of oxidised flavor, whieh algh^ indioate that seasi

form of a thiosulfate is formed to give lailk its ooihwd flavor.



smattHi

7hir<7>^lght per oent of the eaaplee of milk t«k»n, la thlt in*

▼eeti^tion, from elevwa milk dletributore in Ihozrllle* f«Bne«M«a dur*

Ing the winter of I939«40« were found to hare an oxidised flavor* The

eamples from four plants were frequently oxidised while the others had

few oases of oxidised milk.

A surrey of adlk from different herds furnishing the tblversi'^

Creamery with milk* indloated that there is a great varianoe In the

eopper*lixdueed oxidised flavor frcsi differmt herds* This varianoe was

also noted in the milk from different eows of the University herd*

lihen the oows of 1d\e Thiiversity herd were classified as to the

method of feedixig* those eows on official butterfat test ration produced

sdlk anuA more susceptible to oxidation than other oows in ihe sssm herd.

Xdttle difference was apparent in the groups of cows fed com* alfalfa*

or serioea silages. When classified ae to age* the younger cows pro*

duoed milk that was more eusoeptible to oxidation than the ethera*

Whether this is due to the dlfferenoe in age or that the heifers were*

in most cases* placed on official test* is not known.

Ths addition of vitaiain 0 tablets at ths rate of 6 aigm«» If mgm**

and 18 m^a* per 100 ml. helped to prevent the development of oxidised

flavor up to the fifth da^* at whioh time little effeot was notsd*

She addition of sodium thlosulfate at the rate of 13^ Ofis** 86

Bsgm** 60 m0S.* ai^ 100 m^* per 100 ml* prevsnted the flavor <hi the first

day* but only the 100 ztgw* per 100 ml* prevented the flavor en the fifth

day* The sodium thlosulfate gave the milk a cooked or oustard taste



iriiloh dliMippoared «h«n th« ozidisad flavor dovolopckl*

During th« work <m thi« projoot sevoral queotion* havo oooo up

that daaervo furthor oonslderation* Som* of thaco aro of suoh laportanoo

that thoy oould h« usod for developing a further research problem*

1* Is beet pulp the cause of oxidised flavor? Would the sub*

stitution of citrus pulp eliminate "tiie difficulty with test cows?

Does the high production level of cows have any effect on the

occurrence of oxidised flavor in milk?

3« What are the best antioxidants to use?

4« What cozrelation is there beteeen color and carotene in milk

and the occurrence of oxidised flavor?

5« fiov does the feeding of certain feeds rich in vitaadne A imA

0 affect iSie occurrence of oxidised flavor?

IWmld it be possible to eliminate trouble with oxidised milk

by use of higher pasteurisation temperatures?

Since the problem of oxidised flavor in milk is so great and idiis

investi^tion was started only one year ago* it does not seem wise to

attes^rt to draw any general oonclusions at this time* However, as a

result of this work, there were several indications as to the cause and

prevention of oxidised flavor* Ths above questions attempt to point

the way for a further study of these with the hope that work will be

omtinued along some of these epecifio lines*
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