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GilAJTES I 

urmoDucncw 

■fb® proce8««8 involved In Cl^ddar cbeeao ripening are a nystory 

into iB&ich light la slow3y being cast# It ia gonerally aoo^Jted that 

ran sillk cha<^e la ripaied by mesrmB native to the cheese edlk and by 

EdcjxKWganifiBsjB accid^rfcly or purposely incorpojratod into the cheese# 

Pastetalsatictfi of jallk for cheeaeaaking is a practice coaing into wide 

acceptance and cerbain3y 1ms its Merits# But the heat treatmrnt of 

pasteuriaatioa inactivates many desixablo Hicrooj:ganisns and destroya 

isdlk ansynes tdiieh could be important ia cheese ripening# Pasteurised 

lailk cheese could be siade equal to the finest raw mIUc cheese if the 

agaits responsible for flavor and body developcjsnt In the aging cheese^ 

^ch are destroyed by the heat treatraent, could be added back to the 

isilk after pastcmriaation. On© of the ag^ta destroyed by pimteuriza-

tioa is the lipolytic ansiTnes# It has Icnig been believed that fat 

bydrolynia by a rdlk lipaae was one pimse of Cheddar cheese ripening# 

fbesrefore^ it seesaed desirable to Investigate the lipas® (or lipasee) 

in lisilk iddch BJlght be related to Cheddar cheese ripening# 



 ; CHAPTER 11 

BMim OF UTERATURE 

Id.po3j8is hias been recognised as a factor catielng a ctesirablo 

or an andesirablo change in dairy prodncts# Fouts and V/eavor (0) and 

Weaver (^8) have shown that frtaa lO.U to lli,3 per cent of the cows 

studied gave rallk which beoanie rancid in approacimtely hours. 

According to Weaver (58) an objectionable rancid flavor was noted as 

being third in frequaicy in fluid milk, Ilansen and Theophilus (18) 

and Jack, Tarassuk, and Scararaella (27) found the enzyias lipase respon 

sible for rancid or other Iwss easily defined off flavors in butter# 

Hiynfca and Hood (26) showed that lipolytic activity caused rancid 

flavor to develop in raw railk Cheddar cheese# In 1935* HilsEian and 

Courtney (23) recognlaod the presence of lipase in rav; creara shipped 

for butteimking: to be responsible for a rancid flavor# I'vidonce haa 

been presented by Ime and Hammer (lil) that controlled amounts of the 

enayme added to pasteuriBed milk used in making Cheddar cheese could 

influ^ce the develojvaent of a desirable flavor in the finislied prod 

uct# Inccmplete destruction of the m«jm by insufficient pz^eating 

prior to dryii^ was found to cause dried whole milk powder to become 

rancid (17)# Rice (ii7) found that as little as one part of raw milk 

added to three hundred siscty-six parts of j^reheated millf would cause 

rancidity to develop in sweetened condensed milk# 

The presence of lipase in adik is now an accepted fact# In 19X3 

Sckles and Shaw (7) reeogniaed a rancid flavor developing in cold-

stored cdlk of certain cows# In 1922 Rice and Markley (US) proved the 
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pemmim of lipasa ia noiKaal Mlk by incubatlE® nm atllk in a sitgar 

satumted c^aaa stibstrata# Hica (1^7) later showad the m%:/m to bo t}^ 

cause of rancidity in sneotoned o<mdQnsed allk* Palraer (Mi) also 

showed that lipase waa responsible for a bitter flavor defect in tho 

rallk of cows in late liustation* 

TIte ensymatic hydrolysis of idlk fat has been ostlmted in a 

variety of ways# Whan adlk fat is hydrolyaed, free fatty acids and 

raono* and diglycerides are the products# Tlie work of Johnson and Gould 

(2S) has shown that water soluble fatty acids released frc»a the fat tgr 

a lipase were capable of imparting a rancid flavor to sdlk fatw Thiai 

fact foxtaed basis for ox^anoleptic SKaEainatim of nLlk as a means 

of detecting lipolysis# Several workers have used this method alone 

(8, 17, 18, 58)* Tho woric of Doan and Minster (5) and Tarassuk and 

JMth (55) has £d)Oun that the hydrolyaed fatty acids were surface 

active corapounds, and ̂ dsen released in milk, taided to lower the 8UJ> 

face tensitm. As hydrolysis of the fat proceeded, Tarassuk and Saith 

(55) fotaid that the surface t«i8i.ca» of the milk decreased from m origi 

nal valtmt of 50-52 djme/cia*^ 37-38 dyiw/cra#2^ Hetrlok (22), workiag 

with haaogeniaed sdllc, used (tooreases in surface tension per unit time 

as a measure of llpolysis and coagjared his rosults with a flavor test# 

Hlynka and Hood (2U) correlated randld odor defects in milk to de«* 

creases in surface tension# fhejfound a positive correlation of 0*23, 

which they tertrsed significaiit# 

Several investigators have used titration methods to estimate 

lipase activity# fhese nssthods measured Uie free fatty acids released 

from tl» fat# fhe techniques which have been used differ mainly in the 

https://t�i8i.ca
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laothod of obtaining the fatty acid# fos* titration «lth # etandajr^ 

alkali* Bewlngton and Krukovsly (15?) raade fat acidity d«t«mlnations 

by chiiming the fat* then diseolviag batter oil in alcohol and titrat* 

ing the acidity* CJoald and JoIma<m (13* lli) recovered S?7"«^0 per cent 

of tb« fatty acids frosa churned rancid fat by wasMng 50 gi^xijB of fat 

in an ether solution with sis 20 lal* portions of 0»C^ IJaOil. They 

state that tlie free adcte obtained frcra churned fat were water in 

soluble* Johnson end Gould (28) develG^jed a solvent eoctraction raethod* 

The fat was eactracted tvam uitlk using a 2*3 laticture of ethyl ether and 

SkeUysolve F« The fat thus obtaJjaed was 30 per o«ait higher in acidity 

tISKS fat obtained by churning* and it gave a higher peroontage lecovery 

of fatty acids* The recovery of volatile acids '»®s also math higher 

than by churning* The mm workero (29) foumi that the rocovery of 

short chain fatty acids was further ii!5>roved by acidifying the fat so-

latlm to pH 2.0 »4th VOj,. 

Rice aral fSarklfiy (li8)j^ and later Hair (h3)$ titrated acidity 

directly without roraovlng the fat from the fat-sHk mlscture* The 

method used was originated by Rice and Marldey* It consisted of incu 

bating row laillc in a std)strate of boiled crema saturated tdith suorose* 

i^rect titiatdons with standard alkali of measmred amounts of the incu-

bati<m raixture were made at the beglanijsg and sod of the intndMttion 

tdme* The difference in the t\«> titrations represented the extent of 

lipolysis* Bacterial groirtli was iiihibited by the osmotic effect of 

sucrose* Psterson* Johnson* and Price (i45)* u^Lng tributyrin as a sub 

strate* measured lipase activity by direct titration of a controlled 

amount of skim ndlk-tributyrln Bdxtures with standard alkali. 
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HesMval of wlatil« fatty acids fro® lipolyaed fat by stoaia dis 

tillation has also bom lusod* Eoabsn and Somsr (U?) naod this method 

for obtainii^ fatty acids fro® iacobaticm nlxtijres of sucrose saturated 

croaia and raw inilk* liattick and Kay (ii2) used etefa® distillation to 

rcsnoTO hydrolyaed butyric acid fro® a tributyrin substrate acted \;5xm 

by milk lipaso. 

Breaseale and Bird (3) ccrnqpared four methods for meastiring the 

acidity of butterfat# They used the AOAC methodj^ Clarke's laethod# 

titration with 0«05 H alicali in petroleum ether - absolute alcohol so-

lutim of weighed amounts of fat^ and a method in which the fatty acids 

were saponified, rehydiolyaed with and eatractod with a petro 

leum ethor•absolute alcohol mixture after vddch the acids were ti 

trated with 0,05 N alcoholic KOH, Tlie last two methods described gave 

coTKparablo results wliich w®re higher than either the AOAC or darks's 

0®?thod« To examine butter for lipolysis, Davies (k) aiJ3?>2y weighed a 

portion of fat, dissolYed it in ether, and titrated t!»9 fatty acids in 

the ether solution* Greenbank (16) recentlj'^ reported a colorimetric 

method of determining lipase activity# He dwacmstrated the preerarice of 

a Hl^e, or esterase, in ndlk which would hydroSyze a-na|^thyl esters 

of fatty acids# 2,6-dibr<MJjoqiJiaone cliloroimine conbined with a-nfiqphthol 

liberated by the lipase, iraparting a purple color to the solution# The 

amount of color that developed in a given amount of tiiae was raeasured 

Quantitatively and was taken as an indicatitm of the extent of ester 

hydroljrsis by the eaayme# Th® author stated that one pound of raw milk 

mixed with two tliousand poxmds of heated rdlk could be detected by this 

procedure# 
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Another aethod for estiaetiiig 2±pe8e activity was presented by 

Archibald and Ortla (1), They tested the activity of pancreatic lipase 

on Tweoa 20, an aqueoxis solution of a polyorayallQdene derivative of 

sorbitan raaiolaurate which is soluble ±a water* However, the aethod 

was not allied to lallk lipase# 

There is son© question in the literatxae as to whether the 

lipase in ijdlk is a single or a sdjcture of raany aizymos# Her* 

rington and Kruljovslsy OS) postulated at least tv«) enajmios on the basis 

of forrjaldehyde sensitivity* Tliis was substantiated by the work of 

Peterson, Johnson, and Price ih$) and Roahffii and Sointaer (li?)# The 

latter authors also showed the possibility of two enzyaos Igr the fact 

that a part of the lipase activity of milk disaiipeared after 5 » 10 

hours of holding# The lipase in «rtlk has bean found to hydroiyae a 

number of different fats and fatty acid esters* Gould (12) showed 

that Edlk lipase would i^droHyae butterfat, cottonseed cdl, castor oil, 

coconut oil, com oil, ll3U3oed oil, olive oil, laai^ailne, hydrogenated 

coolcing fat, and lard, Kol3y (31, 33) found nilk lipase able to hydro* 

lyae tributyrin, trlo^roin, triacetia, tripalMtin, butter oil, ethyl 

oleate, and dlacetin* The rate of hydrolysis of the pure fats varied 

invemely laith the length of tlie fatty add chains, Hedor (^6), I-lattick 

and Kay (12), Hoahen and Sotsner (l9), and Peterson, Johnson, and 

Price (15) have also demonstrated the ability of milk lipase to hydro* 

lyne tributyrin, Grombank (16) has shown «»t toe lipase in hhiv 

could hydrolyse a-n^hthyl eaters of fatty acids# 

Chedcal and physical cwidtions either limit or intensify the 

activity of enzpies# This is true of sdlk lijmse# In 1932 Domer and 
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Idtfeer (6) showed th&% hOErogenised lailk boccmKs I'ancid much laoro re^idZjT 

at the ph^aolphthalcin ̂ id^int than at the reaction of noiraal ndllc* 

They also fotind that idieo the of laiik lowered with lipo3y-

eis was greatly inhibitedU Since that tin® Roahen and Soaaracr ih?) have 

found a pil optiraua of 8«It » 8»6 for raw oreaiat and Gould (12) demons 

stratcd a i^! i^timaa of 8*0•9*0 for the hydrol^reis of butterfat hotao* 

geniaed into rennet whey fron raw nllk» Hattick and Kay ()42)j» u®ins a 

tributyrin substratei found an c^^iiaaa pH for lipase action at 8#2 •» 

8#7# Later Feteiwonj Joraasoni and Price (145) daaonstrated an optirama 

at pll 8#5 for the hydrolysio of tributyrin ly milk lipase^ The work of 

Lane and ̂ lairaor (lil) indicated that lipase in desslcated boviiwt laanpiary 

tissue could be active at the pH of cxaring Cheddar oheese« Gould (12) 

and Fetersonji Johnfl<my and Price (1^5) have found very little or no 

activity for railk llpaso in the range of pH 5*0•5#5« 

The effects of certain salts on the activity of ailk lipase have 

also been studied, Raviea (I4) studied the effects of certain heavy 

jaetals <m lipolysis In butter# Salts of the rsetals were incorporated 

into the butter with HaCl, Ills results were as followst 

Oroiq? GroDqped Sar:ples Per C®it Loss 
Lipase Activity 

1# Control Salted| Control Cnsolted 0 

2# Sa 10,^ Sn 50,ia ID, A1 50 5 

I# Fe 5, Go 5# Hi 5,Ma 5# Cr 5 1$ 

h* m 25, Fa 25, Cr 25, Ag 5 

indicate i^io# 

1 tJ 



e 

Co 2$, U 2$, Cu 2, Ag so 70 

6, Ou 10, past» control, PCu 2,» 
PGu 10, PFe S, PFe 2S 300 

Ifetjick and Tracy (22) and Gould (11) rc^jortod tliat ccpper had no sig*» 

nlflcaat ■effect on lipolyBi® In rm hoiaogenieed sdlic# ilowver, Ki-ukov^ 
oIq^ and Shasp (hO) puhllehed data ^lich indicated that copper (in 
a^^a up to 3^ ppm) inhihitod lipolysis in the presence of dissolved 

mygm» In the abaenee of dissolved oxygen, copper had no inldbitory 

influence on the activity of lipase* Herrin£jt<»» and Krukovi^ {1S>) 

sliowod th&t ffiaall oaounts of coppw to mh ppeO reduced tlie activity 

of aUk lipaee by 20 per coat# Peterson, Johnson, and Price (IfS) found 

potassium cyanide, manganoue sulfate, laagnesium chloride, and acmonium 

chlorido-earaoniua iiydrcoclde Bilxtiu:«0s to inhibit lipase actim at a pH 
of 8*^0 ZiiK5 chloride, sodium barbital, phosphate buffer mixtures, 
and borate wore not found to inliibit lipase action by these imriceiti* 

Tuckay and Huehe (5?) have shown tliat flaCl can be a Idjalting factor in 
lipolysis. Their woji: showed that increasing the ealt content of 

Cheddar ch^MMee to 1»7 per cent or laore jawmited the develepBaaast of a 

bitter flavor in the cheese. They believed the bitter flavor to be a 

result of lipol;/tle activity, Oould (11) reported inhibition of lipaae 

action in histogeniaed raw cream by various ocaacentraticBMi of Had, lEs 

results werei two per cent Had inhibited !il per cent of the lipase 

activity, 5 per cent NaCl inlaiblted S>1* per cent, and 6 per cout Had in-

ifp • pasteurised cream butter. 
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hibited ICO pet* cmb of tha 13„t?ae0 notivitji't 

is Boras disagrecpwut ia th® literato3?o concosTdag tJie 

offect of forjaaldelxyxiii mi ndlk Hpaeo* Tl» t«irk of Roatei and Sobh 

ts&f llcaTi3Qfiton and JCrukovsIcy {2i?), and Patorsoa, Jolmsonf mH 

Flics (IS) Blionad that fmsrialdahyde ginaa^ i?otesd lipasa activiiyr in 

lUlf# tfeing the amieltlvity of juilk llpuis tmouRk fmialdeliyde^ Her-

alngtoai and (19) postnlatod two llpasos in Edlk| one aismi-

tivo to foKiialdfd^yde and one not sonsitive to it* On the other hand* 

CkruM (11) and Toraesnk and Richardemi (^3) mlntaiaeKi that the addi-

timi of foxmldehs^ to lailk did not iiddMt lipase* In midition to 

fomald^Uftte* Petonson* Johnson* and Price (IS) found t^eteine to be 

aligiitlsr InMbitoiy to Jllk liijaase* Tha&d mxkim furthmf ahoifed tliot 

chloral hiplnto* tolmxae* nerthlolate* sodium florid©* and chloroform 

iiad no inliibitoiy offeot on milk lipaae under the oondtions of their 

mqwriment* Ttvs^ also dcBamsstrated that m:id condltiona greatlsr in-

hillt«d tdie activity of the en«Qra»* OMs substantiated Gould'a 

■mak (12)* In both mcperiments hydroclfUnric acid was used to losrer 

the pH. 

KeUy (32) found that adding pitocln to normal milk and milk 

*Khl0h developed spontaneous rancidity consistentl^r imtreaaied the 

hydrolysis of tributyrin by milk llpaee* blioa lori^er cliain jmbgtyates 

WOT© used, the rosulte wem not omisistent* in that the added pitocln 

Bight incr^e or decrease the amount of hydrolsrsia of the substrate* 

Hlyt&a and Stood (26) (temonstrated that lipase ma liable to proteolyeie 
fcy rennet aiwi p(^>Bin* !31iey found that tlje additicm of eactra amounts of 

rennet and/or p^ln to oheese milk laweated the developraent of rancid 
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flavor in Cheddar cheei*idm e cttwerclal lip^(Pfansti^) ma 

added to the cheeoe alllc la ssaall quantities# Gajrreti Harteaaif 

Arnold (9) and Taraamjk and Began (52) repoited that green feed G<ni*» 

talned a factor virloh liaited cosaounfc of lipaoo a em secreted into 

her lailk# jihdLs factor was not identified^ although it ma shcnm not 

to be oaroteue« Flaasen aa^ Theophiluo (18) believed that feeding large 

asKnsifcs of dry feed, o^>»5iall7 poo*- quality hay, eas a factor reepcsi-

sible for increased lipolytic activity in idk* 

It has been kriown for iiany tlmt Edlfc lipaso wa inactivatedi 

tgr heat# Ilotxlck and Tracy (22) fwmd that the rate of heat <festruo» 

tion of lailk llpaee foHoeed a straif^t line otrrwe on 8O!d«»li0g paper# 

This Indicated a reaction of the first ord«r* They stated that tlie 

spcMStd at which isdllc was elevated to a gliren tonfterature was very Iripop. 

tant in dotoMning the tine required to inactivate the eniayise at that 

given ten^jsrature* For caataple, Imting nilk at 61.1®C# (Ui2%) ab 

the rate of 2#8°C#(^.)per Ednuto inactivated tiio mmym$ whereas 

heating in a period of$ seconds roqpired a teajmature of 85^# (18^P#) 

to inactivate the ens^T®, The speed of heating factor conld be one 

sotplonation of the -mrstag therraal destruction values cited for rallk 

lipase# In a sttuh'' of rancidity in wlioXe lalllE powder, Qreonbank and 

mght (1?) prelieated railk for powste at 6l#l®C# (lli2°P#), 66*7®C» 

(2i>2°F»), and 72#2®C» (3^2°P#) for 30 sdautes# The powder frODi the 

above treated lailk becaju® rancid in 112, 126, axwi IhO days, r^apec** 

tively, tAen stored at 30®C# (86®F#)# IJair (h3) could find iw lipolysis 

taking place In wliolo eCUc powder laade fim »llk prelieated at 63® to 

for 30 rainutes# Domw and Widser (6) found lipaso in h(K30-
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goadsM lallk to bo inactivated ly ft!M»t troatwwcfe of for 20 rain* 

ufcoe. Krukcmil^y and fierrt-ngton (36) invotttigated the theiwal otability 

of rdlk ilpase bj observing lipol^fsi© In butter frora railk eub^ected to 

vailous hoftt treataents# At ii3»3®C, (llO^F#) two-tlilrde of the Hpaeo 

activity vm destroyed in 150 lainutes# At 5l»7®C« (125®F*) oae^ialf 

the ftotivity was tetroyed in 20 ainutes, but a laeasurable ajaount of 

activity was left after 150 odnwtes* At 60®C, (1!|0®F#) activity%m 

reduced oae^half by wenoutary Ijoldingi it was r.T®asurable after 15 ndn-

iitee but not 35 ralnutes* At 68»3®C* (l55^#) tlie lipase aotiTity was 

scarcoly Eioaeurabl® after instantaneous holding# iljo wo*^ of Doan and 

Mnst^(5) ugsma €?iproxlraate2y with the above tiattiok and 

Kay (I|2) n^ported that the ability of sdlk lipase to hydrolyae tributy* 

jriLn was dostrtjyed at rasKsh lower t€B?>eratures than those cited above, 

lierrington and Krukovslgr (150 have noted that lipolysia in 

fifosh3y drmm adlk was rotardod by very rapid cooling of the laiH:# Tho 

sate of lipolysis in railk h^d at low t^fNWfaturos after cooling wae do* 

pfflBdait on the rate at vrliich the railk was cooled# HcrHngton and Km-

kovsky (21) found a critical tesaperature range in vtolcdi an acceleration 

of the process was initiated by slow cooling# This raa^ie wae 25® to 

10®C» Kruicovsky and Hernngton (35) also showed tlrat lipoaysls in ndlk 
could be accelerated ly wamalng cold<-ag©d irdlk to ̂ ®C# and reeooHng 

It iOTOdlately, The optinnsB tetaperature for llpolysie in riilfc treated 

in tld.s rramrer was found to be 5^ to 10®G# Their csgilaaaticna for this 

effect was that the rate of lipo2y»iB \ma dependent on the cxyetalline 

state of the fabj^ which was changed by t^reratmce manipulations# 

kovsky and Sharp (39) found this same relationship to be true and showed 
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tint nato of lipol^sls in rdlk ms slso (kipmdmi m the laelting 

point and degree of eolidifleation of tho fat* Thegr also shotied that 

lipoiysis las laodiflod hy conditltme at the fat-^>lafliatt interface. That 

clanges in the adsoxhed layer aroond fat globules was partly reeponsi* 

ble for te£f>erature aco«^eration of lipolyels waa deiaonstrated* VQien 

butter fat with the aowal adsorpti<m ia8ii?rane reaoved fma around the 

fat slobulos was need as a substrate, hydrolysis by zuilk lipaso in-

orsased with tcs^rature, Tlio reverse was found to be tJie case for 

Kdlk fat xdth the normal adsorption nerabraae intact, Tarassuk ar^ 

Blehardscan (?3) noted the lipolysis accelerating effect of ooolii^ 

itilk. They suggested that cooling lasy change the penaeability of the 

fat globule adsorption to llpase. 

Other esperiafflits have be«i carried ovA ociacemlng tanperature 

relatlonshi|MS of lalBt lipaeo, Boahen and SonsriiGr (Ij5) incubated sugar 

saturated croaa with xmr r.iilk at 3® to h% 27®, and 37®C, The rate of 

lipolysis increased directly with tentjeratiare# Qould (ll) fotaid the 

sasie relati<»iship with lipolysis in raw hcsstogenlBed milk and cream, IIs 

used teiaperatures of ̂ 17,Q®C, {0®F,), 1,67®C,(3^F,), 21,1®C, (70®P,)} 
21,1®C, (70®!'',) gave the highest rate of aipolysie, llrukovslsy and iier-

rlngton (37) found milk lipase to be active In butter at -1,1® to 0*^, 

(30® to 32®F,), but not at -15®C, (5®F,) or lovicr# Tarassuk and 

Richardson ($3) have observed that Iioldiagt fresh jailk at 32"* to 37®C, 

for1 to 3 hours will prevwit spontaneous developBieait of rancidity, 

'lleavm'*s work ($B) sdbstantlatea this by showlj^ tiiat rmr milk saisples 

held 1$ hours at !!t,ii®C# (ltfJ®P,) became EKwre rancid than dx^llcate 

esEples held the same length of time at 21,1®C, (70®F,), 
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Th® process of hosaoe®ni®atioa or agitatioa has been eboan to 

accolerat© tii® rate of Hpol^s la «*» railtc (2^ 6,10, 1^, 22, 2$, 

38# ^3# K3,smka and liood {2i>) deiaonstrated tbat agitation of 

, Edlk at (86®F#) da^jeareed the fat cpabuleB# Tbey iiu^ested tiiat 

inoreaaed lipo3;snsi8 in agitated lallk cdght be esplain^ by the inoreaae 

of the fat-Hquid interfaoe area and by an alteration of the enrface 

|M?opertio8 of the fat brought alDOirt bjagitationni TarassxiJc aiui 

, Jack(^)stated tliat all physical procaeaea (sticb as lK5mog®3iaation 

and agitation) iMch accelerate the acticKi of lipaae in jsdlic have one 

jaroporty In ocoracmi they lead to ddjeruption, partial displacesaearb, or 

dlstoxtion of •Uie nattiral adsorption layer on tlie fat glol>ules« Ss» 

perita«Jtation by Tamssuk and Hichardson (i^) has boms out this pos-

tulation. Tlwy found that a replaqeaeat of the natural adsor|Jtioa 

layer of tlie fat globules by other surface active laaterial proEaotod the 

l^drolysis of the fat in rm sdlk or croa»a« 

In 1932 Domer and (6) published dealing id.th the 

effects of hODogeretaation on the devolopcimit of rancidity in jailk# 

PorticMis of this ivork l^ave been quoted above# found that rancid* 

ity developed niost rapidly in raw railk boi-iogmimd at 1|0®C# and heM at 

this tecperature# Gould (10) haawgoniaed raillc at 21#1^C# (70®P#), 

to.6°0. (10S°F.), 1,6.1% a.7°c.(IsfKh mla2.8®0, 

(HtS®?.). VJhen Btored at -1,1° to !i.I»°C, (30® to ljO°F,) for 72 hours, 
all samples showed sons Increaa^ in fat acidity# fhe xaasdmaa saaount of 

hydrolyBie oocured in tiie range of Ii0#6^ to ii6»l*^C# (iG^o to 11S°F,) 

homogenisdnc tesperattare# The w>rk of Baboock (2) indicated that the 

optiERm horac^enieation teeperature for the devalopBait of l^olysis va$-



 '): 

Ik 

30*^ to %out iBnd Soljeid (56) hoaogeniBed vas At tiraporataiw 

of (l^%), a5t6®c» (60<»P»), Z6^7% 37#0^o« 

U%9*^C0 (120®Ff), and 60^0# CliiO®F«)» t&en horogoniBod At luk'^ aaad 
(ijO® and 6o®?»)| the lailk fAt not dispersod and micidity 

did not develop* Fafcxn 26*7*^ to 60**C* (iX)** to 3i^0®F*), the fat -mB 

dispersed, raanoidity did devt^qp, and increases in acidity wm <*»emd 

after 2U hours storage heCLow (hO^*)m Ttmy hoiaogenizod raw 

five tiuifis at under a ][5rcsfrjre of $000 poos^ pen' s«$uarei 

tocli* Tills troat:!K>nt failed t© disperse the fat, and after holdl!:^ $6 

hours, no inci'easoe in acidity or changes in flavor could he showi* 

This indicated that aiilk fat had to be in the liquid state for hoao-

goiiaatioa of the fat,iiith its effiwt on Hpolysis, to tafco place* 

Several investigators (25, 33, kS, 53) have shown that elialdng, 

or mild agitation, had an accelerating effect on Hpolysie in vm 

It was believed that effects simlar to those indaced by ho>?if»gan'^^i|giior( 

vrere brought abottt hy asitatioa* 

Kindcovsky (3li) ol^served that milk lipase was inactivated by sso* 

posuro of vm milk to direct swilir^* His data indicated that the 

process was cwie of oscidatioiti#, IJinety ifElTBjtte oKposta^s of dseoQi^enated 

smaic in sunlight reduced Hpolytic activity by only tea per cent, 

farasaide and liandsreon (50) have presented data showing that ths 

devel£p!ii(t£t of apontax^us raxieldd.ty in millc can be prevented by diladfep 

iz^ suscoptible milk- with four iJArfcs of ncanaal roills* For maxiseHa 

effect, this should t«» done before or immediately after cooling the 

£resb«drawn ncLlIc* 

A niaaber of reports have sJiom that advanced lactation is a major 

https://raxieldd.ty
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imt&r in tfee secreticwi of adlk high ia o imttJOTiny (7| 

8, IS, 23, hh, 52, 58), Others (20, Ii<?) IsavQ no ralatioooMi^ 

iOr an inverse relatioaohip botsroon advance lactation and iidlk Mgh la 

lipase# Sensoaal variations in tho lipase eontont of rai'lk havo boon 

attributed in part to advanead lactation (8, 18, 23), Kelly (33) liaii 

shotm a relationsSiip botwocn ostms and th® lipase content of railk, 

llMi greatest araount of lipase activity mo observed a few days before 

eetros# Boring the period of heat, llpolytic activity deoiceased, tliean 

increased slowly until the ncsct estius cycle. 

During their study of ho®ogesdBsti<8i effects on rancidity, Dcn-ner 

and Hidasr (8) attes^jted to ascertain vMch portd<Ki of the wllk carried 

lipase* Their concltusticm was tiiat it aocoqpaaied the casein, or that 

an activator for the emyne accoratpanied the casein, liattick and 

Kay (hZ) believed the lipase lyas present ia the aqueous rather than 

the fatty portion of raUk, Using idlk mdo frcaa ijO per cent crean and 

sldiit KdJk, whore one or the other liad been pasteurised, Gould (11) found 

that Ejost of t'ne ensytae was in the skiia sdik. He also coE^pared tht^ 

lipolytio activity of skira milk and rennet isdiey on nelted butter oil, 

finding again t!iat Boat of the eaayne was in the eJdJa idlk. 



oimprm III 

miOiB 

la this iiwi0stig&tloB Was issthod of IPetsrean^ JotmB<mg and 

Me© (U?) ma mad^ wi^ sjodifications, for the ©etteation of lipase 

activii^ in iw skira lailk# Tim prooedtir© oce^isted of incubating anow 

skiia raiUc with a tributyria substrate and masuring inci'oase© in ti* 

tratablo acidity after a tMrty Maute intervalii the method wis r3®» 

signed to operate at a pH of 8*^, To a 10 mX# saiapl© of raw skim miUc 

2 lal, of 0*6 H soditjan diethyl barbiturate buffer was added# Ilia pH of 

this jaixbtire then actuated to BS ulth ̂ B acid or base# The «olu» 

%lm placed in a water bath at JjO®C» and allowed to coia® to this 

tiaspsratur®, after iMoh 0#2 of tribut^ntla was added* After shak» 

lag vigorously for one laiaute, a 5 i^* aliquot was refiaoved and titrated. 

The reamirdng solution was incubated 30 isinutes at hO^C*, sliaiion 30 
seccmds, and a eeocsad S ndL* aliquot reiwed and titrated# Tbrn difference 

iM the two titrations represonted hydrolysis of tributyriii,# The ti» 

tration was carried out as follows* The $ no# aliquot was pipetted in^ 

to a 50 aO* ISrleOTgrer oontainlag $ ral# of a 0*02 per cent soluticm of 

ths?!»ol|^thia«ifi in 95 per c®it alectol* Afb®r adding 2 ral* of ether# 

the solution was titrated to a definite blue with 0*1i alcoholic MaOll, 

using a Edcroburette calibrated to 0*01 ml* 

Certain izwdiflcatlons of the procedure given above were found to 

ba necessaiy in the work reported in tSiis papex-* The titrating proc©-» 

dure and teEperaturo of incxdmtion listed above wore used throughout* 

An incubation tine of hours wsib used* Incidjations woiw sad® in a 
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fmsiMm Seietifcific Cca!|jaii^ nodal O'-g e<«sta2Jt mUt batii 

iNlth a rated accuracy of AdjaatTaezicts of pH wero mde -nith 8^ per 

cent lactic acid# AH pH jiiaam:sfainnt8 mm laad© ̂ dth a glaso fî j»ctrod0, 

asiijg a Beckfim liodtel H laster* A liiaitad tmla&t of lipaso activity 

teat® mm mde i« the pH roag© betwsea th® pH of noroal lailk and pH 

8»$« In thoae tests aodiwi barbltal esd/or phoeptiate buffer wm used 

as recca^mdod by Peterson, Joimsoa, and Price (15)• In all tests md» 

at or below the pH of aorml ndlk no buffsnp ms «a®d<» During the first 

part of the work^ adjuarteients tjere mdo as foHowss Ughty-five per 

conft lactic acid was addai to the raw sidUa nllk, brinsiag it to ths 

desired pU» fJw sar^es mm then plosed In a refrig^mtor for a period 

of a^piminately 30 jaLnufees aiwi the pH readjusted* It was found, hoii^ 

ever, that this period was not of sufficient l^igth to allow the pH to 

reach a flntal constant value# Thereafter, pll adjtistnents wore imcb in 

the aftomcKjn witli 8$ pw c^t lactic acid, and the ©aciples were stored 

at ovemigJit# The succeeding day, the pR was readjusted and 

Hpase activity tests carried out# AH pH adjtastsseaats ii«are md® at 

eppwKdmtbly iiO®C# Daring the first ten eaqj^rijaents, oontrol sasrixLee 

with no substrate added were inctfbated and titrated to check for acid-

ity increases (tee to bacterial action# In the rofaainder of the work 

this practice was diecoittiwied# 

Hlk froia a vailety of sources was used# A niMtxMP of the cas^ples 

vmrc separated in aa Interjiational Contrifus®i Sine 1,Type SB, 9^ 

2000 rpa for 10 mtautes# lath tliis procedure it was difficult to obtain 

m low fat a skin ̂ Ik as pioduced by tlie d& laval cold nilk separator 

in the University of Tennessee Creamery, so the imjority of sai^leo used 
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•Hwrs sepaiutod at th« Unlveysity of Tonneaseo Creaj^iy* 

The tributyrin, trieaproini trlcapjyllnif and otbyl butyrat# 

obtained frtaa Eaataan Kodak Cmpm^ wes^ used m eubetrateat Coaraorciai 

rrowt ©Ktraoi tma obtained from i^8ar§oba3i l-airy lm$ for' 

tha eBq)i@ri»i@nta ndth r^met 

i 

/ 

■« 



aiAFTER I? 

flm isain object of tld® mewcSi wiis to ©otaJ^ltsh tho pyesemo 

or abecsce of a lipolytic ©nagoa© ia sailfc iMch %m aotito beaow tbo 

|i0 of tJOXBxal. i^lk so that additional infonaatlon adght be gained aboiot 

Cheddar choeee ripening# Sime EdUc eoni«ln« mtorials tahich ant as 

boffcrsi, it -MBS dsoMid oamoeesiwrjr to add additional buffers to the 

Silllc i^ea laaking adjuataaenta in the ranr-e of pH 6»6 to ii^pprcociiaiateSjr 

pH ̂ #0* The ad^ufftTaante of pj{ were made tdtii laotio acid since it is 

the mjor acid produced the oiHture bacteria in the laarrafacture of 

Cheddar cheese# ^Jhen fll atyustaents were nade wi'yi 8$ per cait lactic 

aoid| or other acid® used in the ©speriMaitSj^ the pE tciwfed to rise 

slowly vipon ceol-aginf^# Since the pK intervals for the lipolysis testa 

ware made in O.Ki units, it was necessary to hold tlie ph of the mlllc to 

as constant a value as possible during the iiicubation period# To 

obtain pH values vlilch would hold constant, pH adjuetaenta were tsade 

tjith the aoid, the ocyusted tsdXk stored 18 to 2h hours at }**^#, warraed 

to yfCtg and a second p a<y\isla!mt mde with the addition of the same 

acid# After tlie second ad^uBtssuwit was laade the roEtaiaed constmit 

for th© nesct 2h hour® of cool-!^*ing# Table I show® typical changes 

idiich took place in a »aia|ae of raw uCUs. The first ooltcvai eiiows the 

initial pE of the acyusted id-lkf the eocond column shows the pH of the 

jailk after being stored at U®C. for 18 hoursj th© tliird colnnai idiows 

the pH after tlie second adjustaaentl the foartli colism shows the pH of 

the readjusted restored milk after an additional storage for 2h hours. 
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JABDS X 

m cmmm mmm cool-agii® 
OF AcinrpXEB miacs 

pit After li©adj|\jstea |il After 
Ad4\isted pH 18 Hours'^ pH Heoct aU liours®^ 

6,63 6*63 6,61 
6,30 6,60 6,30 6,30 
6^0 6,ii7 * 6,!t0 6.38 
6,30 6,33 6,30 6,31 
6,20 6,30 6.20 6.19 
6,10 6,20 6,10 6,12 
6,00 6,1a 6,00 6,01 
$*90 6,0a 5,90 3.90 

^ 80 6,00 3.80 3.82 
3.70 $*9h 3.70 3.71 
5»60 $*83 3.60 3.6h 
5.30 5,73 3.50 3.33 

5*69 3.I4O $*h3 
3.30 3»6i 3.30 3.30 
3#20 5«?4S 3.20 3.20 
$*10 $*3$ 

^Storage at i*®C, 
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Hgtiye 1 sliOMS the effect of pH en Hpolysis of tributjida* 51i» 

Tolues 0,rm represeaat the ave«^e of 10 trials* the tuxm geoeral re^ 

lationsMp betweaa lipaee aotiidty ibi<! mB found to hold even'^en 

Eillks from different sources mr® mod^t fwo definite systeBB of lipcly-

els of trihutyrin were foundj on© ulth «a optlrsua at pil 6«3 and the 

other at pH 5*ii* Upas© activity was evidcait throxij^iout the area of pH 

^*0 to ̂ #7 and^6,0 to 6,6* Very slight activity, and soraetii^iwti none 

at all, IBIS found in the range of plI 5*7 to 6*0* Figure® 2, 3, It, 5# 

and 6 show the pfl cwves of'lipolysie for different adlks* these were 

m fallows» Iflgure SWJhiversity of Twmessee Cireajaerr Frodacer X-lOOj 

Figure 3—'University of TeaneBsee CroaEsety Producer X-77) Flgm^ 

ttaivcarsity of teiaa«««e Creaaaery Producer X»90| Figure 5—Pet Dairy 

Products Pmiucer Il-»17j Figure 6-Hai3C@d nllk frcaa the University Herd# 

It uiH be noted t!iat isdth the mjoilty of these sasijles Hpaae tests 

mr® not conducted at close intervals betut^sn pH 6,0 and 6,6* A nusdwr 

of experliaents have been ccarducted, hmmv&t, xdiidh were included in the 

average 1^1 curve, and which suijstaatiated tlie presence of an aasysB 

whose optirauia was at 6,3* In this series of tests sai^lee vmre 

cubat^ vjith no substrate added to dieck for possible increases in ti-

trataHe acidity duo to bacterial action, Titration increases were never 

found in thm® sss^les* 

Previous worlssers (k» l$t 57) have shown that certain salts have 

narked effects on the activity of sdlk lipaso, Tablo' II shows the 

effect of adding the Jaajor salts aoimUy found in jsdlk as chlorides 

and lactates* The salts were added to raw sldm milk as 1,0 M aqueous 

solutions in such quantities as to give 0,1 M concentration in the milk* 



 

 

 

 

• • 

ru,. incroar^e n acidit.y p«r 5nl. jiliqiv:<■-in 90 runutei; 
rs>

6 C) oo 

• 

H'« u> 

^?5 
fi 

• o 

• c 

o 

• 

L-:5 vn 
M. 

r'^ 
© vn 
o• 

C*" 

o 
'■*3 t, 

IC 

o V 
• 

f* 
cc 

M 
H' 

vn 
O• 

H 

On 
Ci • 

« O 

> c^ 
• "4 f> ' ■' i 

(B H 

3» 
.'J O 
<D • 

W 
O 
'■•» / 

r-s 

c+ cT 
(B w 
» 
m O-

« 

XT-
©. 

t1 
c* c>
•ZJ • K -r 
CD vn y 

d-

■» 

•< ' 

• .'-v • 

I i»WI ifi 

-■ 0*«» 

y r ^ 

^ -V-: f-'i ■ 



 �

 
 

�
 

i
 

k
 

^
•
9
0
 

p
 .
6
0
 

o
 

"
^
O
 

A
 

o
 

&
 

g.
oO

 

0
>
 '.
ho

 

a
.
:
o
 

o
,
2
0
 

If
 »
 

f
 

^
 •

»
^
O
X
U
 

0
 

O
 

•
n
.
O
O
 

I
1 

I
I 

5.
0 

i)
,3

 
^^

,2
 
'?

.3
 

5.
2 

5«
0 

5.
7 

5.
6 

5.
9 

6
,
0
 

6,
3.
 
6
.
2
 
6,
3 

6,
i|

. 
6
.
5
 
6,

6 

P^
* 

i'
lg
tu
rs
? 
2.

 
Ef
fe
ct
 o
f 
pH

 o
n 

li
po

j^
rs

is
o 

Jf
il

j:
 f
ro
n 

ll
ni

ve
i'

ci
tj

'-
Or

ea
ne

r^
r,

 i
re

du
ce

r 
X-

10
0.

^ 
r
o
 

-
r
 



�

 

 

C'
J 

0
)
 

u
 

•
H
 

O
.
7
0
 

3
 ,6
0
 

/
^

d~
. 

<
u
 

f
t
 

/
 

7^
.6
0
 

/
 

• 
7
 p
 4

•
H
 

f
\
 

O
/
 

"
.3
0 

.'
4 

1
6
0
 

/
 

(1
) 

C
O
 -

!I
J 

-,
 ,
. 

Ci
 ,
j
.
U
 

•
r
i
 o
.
O
C
 

J
t 

I 
I 

I 
L
.
 

*"
> 

r
*

C-
M
 
>
.
2
 
r
.
3
 

0
.
?
 

5^
.6

 
5
o
7
 
6.

P 
5
.
3
 
6
.
0
 
o
.
l
 
6
.
2
 
5
.
3
 

o.
lf

 
6.
* 

.
o
 

O
o
S
 

pi
TT
 

^^
rn

-i
re

 3
.
 
Ol
Tc
cO
 o
f
 p

;i
 o

:i
 U
p
o
X
r
^
i
s
,
 
l
a
l
k
 f
r
o
n
 '
'n
iv
ci
^i
tj
 G
re
cr
nj
ip
r;
/'
, 

i'
ro
fi
v:
:e
r 
\
-
7
'
\
 

4
.
^
 



 

 
 

 

nl, increise in O.JJ: acidity per 5 .alj ali..Tuoi in 90 minatep 
*♦ d•«• 

r •• • 
'*s> VT. UN r> 

V-o »>oo <D Oo oo o 
f Vr1 1 1TT 

H. 
■i 

o 

n-

Hj 
l-'S 
<a 
o 
<■+ 

o 
'J 

'zi 

o 
P 

o 

n 
#• ( "• 

CO 

t! 

o 
o 

Ft 
H 

2 

ir o 
'j 
(S 

o-

o 

►1 
c> 

o 
a\ 

\ 
\

v'.p \ O
\ 
\ 
\ 
\ 



 

 

 

 

 

 

 

 

 

 

 

;v -.v 

. .V 
I 

nil. increase in O.lll acdclity per 5 ml. aliquot in 90 minutes. ': " 
U.J CO '•aa en -^o 

, 
.n o o ooo . .. • 

.o 

•. ', ': #■ Ul 
• /a
t-j 

5.. /.•-• 
.;yv 

n fU ' 'i , o 

vn. VA 
,» • 
i 

9 

'■ Vi 

'■■■ ■ .r (P 
o , ■■ ' ■ ■ -^;

■* c+ 
vn 

o • 

*-) yj\ 

" r-s;,i .-r f-2 • \:\ ■ V' • 

o ■> •y • t • •. • • i:3 

ua vn 
P* •> 

'C? ■■■ . "■ o 
M 

vn 
02 • 
i-j. CO 
W 
• 

'f. • 

V3 V . . n-.. ■»'.
d: '», • > 

•.:■ i ■ . ■
K i■■ 
r^ o 

o 4 V. . i-4 '.: . M

? . , -X' I, 
f 3-O'. i-' V' '■ ■ ,J «.. • :' *>, ■ •••■•«» Hi' H .. :. 

c 

o 
•« . 

fl> I\> 
'1 ■'' ""' 4, 

0^. 
■ T-.. ' ■ . ■Tj 

>:-■ c-

o 1?, .'^.■ 
c+ 
M •/J; . ■ 

«. ' o f--» * " 
... . > «i •« 

/, , *-n 

2 a. o^ 
« •% 

o 
a> 

'^-• 

,L ^ ■ 'tf-/ 

<x 

.'vA 

92 

■ <• 

A 



 

rol, incrt;ase in O.IN acidity/-per 5 ulicp'ot in 90 rdnut.es 
vjj ir* -n cr en >o 
OO O J o oO 

—I 1 1 1 1 -r-—T~ 
V.8 

o-• • • • 

vr 

V\ 

ro 

PI. 

'TJ 

P-

'^9 
•a 
O 

o 
'*> 

VPs 

c -^3 

VA 

6 

VI 
w 
p. 'A 
en "c? 

b # 

L.i 

f-J CT. 
rr 0 

\> 

HO 
• 

Va> 

ci 
CB^ 
(D 

• 

! S'" 

rJ 
P-
s' c-. 
C5 • 

VA 
w 
H' 

CN 
• 

rc 
n 

• 

\ 

\ 

\ 



 

2S 

TAHE-E II 

ETFSCTS OF CEI^AIH SAIffS (M IIPOIISIS 
OF msOTYBIN Hif IIPASE 

Sfitration 
Salt Holar CiffcmKiMi® I)ifferenc<j« 
IXsed Concentration I5H6.3 5#it , 

nait I) 

mCemtrol #33 #385 
GaClp 0*1 #12 .22 
xiscij 0.1 #27 .56 
Ilacr 0*1 #06 #07 
KDX 0.1 #27 

t 

(Bspexiiaent n) 

mCcfntrol^ #19 '' #35 
Ca laotate 0.1 •17 #3l» 
ViQ lactate 0.1 #17 #39 
Ha lactate 0.1 •10 .15 
K lactate oa #13 •21 

•nitration affer®n«©0 represent tributyrin hydrolinei® ty 
lipaao# are in tonas of nl* 0«1 N acid released in 90 itdrmtes iJiy 
5 nl# of sdlk held at Hie torn Hitjreitioa diffespence"* is xaaed 
thro«i3hout In this same sense* 

^*Dlfferent raUk used* 



Aftor the eelts to the itilk #10 pH was then adjiifiiodl to pll 6#3 

srai witli 85 per cent lactio acid# the inixttiro stored IB to 2h hours 

«i the pH jpeaddusted to 6,3 or 5#ltf oM Hpase activity tests 

ixajduoted,, la a priOiMnaxy esperimmt 2nSC^ and IMJlg wore used* 

V/hen the 0#3. H ooncentration was added to the it pr©cipl» 

tated nm casein ceas^xLetoiyi tJio pJl was aiwind lt.7# ^Ibm04 M^2^ 

was nsed, a bmim preoipltate foraed during titration which laasked the 

tbytQO}|hthaXcdn ei»c%x>iitt» For tliose reasons tJie two salts were not 

used in the aaixsriEisnts repojted, CaCl2# JIaClj and ffil were 

used since tii^e four caations into up the i^orlty of tiio aortaal salts 

fcfund in Bdlki GaCl^ was found to lower lipase activity at botli 

and pJI 6,3# HgCl^ had no signifioaat effeot at pB 6»3 hot uwy be 

sticailatory at pll «1showed aarlsed inhibition of lipolysis at 

both lerols used* KCl was ixMbitory at pll 5#J4 a^d nuuriteedly iiMM* 

toiy at pH 6,3» As a chock on tl'^ese results^ the saiae four cations 

were tested at 6«3 md 5fli using the lactate salts# These results 

also ̂ jpear in Table n# Similar results were obtained tdth the «Ecep» 

tion of the calcium salt# Oa lactate was rat significantly luhibitory 

at either pJl lovel# 

The lipase activity optima of pH 6#3 and pi wsre established 

using lactic acid to maieo pH adlufltBaBits# A series of expertmeats were 

carried out to deter?ai.ne the effect on lipolysis at th^e levels 

using other acids to siake adjuotmants# The pi ad^ustiaetJto and Hpase 

activity tests were carried out oocactiy as described above with the aac-

ceptdon that lactic add was replaced with another acid# Adde need 

were 9$ to 58 per cent sulfuric acid« concentrated hydrochloric, glacial 

https://deter?ai.ne
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acetic, 8^ per cent phosphoric, and a saturated solTition of citric 

acid# these acids ware added in high concentration to ndniHiae dilu 

tion of the rdlk. Results from these eiqperiTOnts ̂ pear in Table HI, 

this tabulation reprosents the average of four experiments* Acetic, 

hydrochloric, and sulfuiic acid almost ccwpletely inliibited lipsse 

activity at pH 6*3 and as conpared to a lactic acid* Citric and 

phosphoric acid mxt® also inhibitory, but not merly to tlie extent of 

aoctic, hydrochloric, and sdfuric. 

The effect of pH on the hydrolysis of foiir different substrates 

by niHc lipasee was invcetigatedii The substrates ©j^iloyed were tri-

butyrin, trlcaproin, tricaprylln, and ethyl butyrate, which were added 

to the Hilk at the rate of 2 per cant by volume. Figure 7 shows the 

effect of pH on t!:«» hydrolysis of the three trlgiycerides by milk 

lipase. The pH curves were siMlar in siicpe with the eocoaption timt 

tric^rylin was liydrolyzed between pH 7 and 1^.9 to a greater e>:tent 

thfin the other two triglycerides* Figure 0 cocjpares the hydrol^'^sis of 

trabutyrin with that of ethyl butyrate# The experteonta shown by the 

two gr^s wore cwiducted using different sample of raw skim milk. It 

was noted that ethyl butyrate was hydrol^'Bod at pH limits of the two 

lipasos, but in the case of the pH S.U optimum system the enzyme was 

capable of hydrolyzing the ester at a higher pll range* This may account 

for the small amount of tributyrin lydroHysis previously noted In 

Figure 1 betwem pR 5.7 and 6.0. 

Peterson, Jolmeon, and Price (li^) reported that formaldehyde in 

hibited lipolysis of tributyrin by about 7$ per cent. An escperiment was 

set up to determine whether or not rormaldohyde inliibited milk lipase 
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XXI 

or TRimjmiK m mis hpase 

!S^iiratl<»i l^tratioB 
Acid ld-ffei*cnc©s Uiffereiices 
tJsed oil 6*3 PJ-I 

Xisctic .33 •hi 
Citric *10 •31 
Phccphorlc •13 •2^ 
Acefcoe •01 .02 
II^TcSrochloric •005 .01 
Stdfurie .01 .015 
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and esWase actiw betwem pH end 6»6. FicmaaldeJiyde (37 per 

oenfc) ma added to rm bMm raUk at the rate of 2 graras per liter# A 

portion of the oanie skiia milic ma retained ̂ dth no forraalde^de added# 

$U adjnstmenta mr© atade on the ti«o and lipoae activity me do-

tarsdned tiy the niei^»>d piwrionsly deeoribod# TrlbutyrJjn and ottgrl 

hutyrate (2 per o«at added tay voltBao) were need as enbetratee# H^ure 

9 ehows the roeulta of this esj^riment# 'Kie adJition of forraaldelydo 

to the liiilk reduced activity of both the lipase and the esteraeo in 

elda EdUc, The forinalcSolyde also roduoed the area of tl»e pH opti* 

Bnaa eeteraso oystesa so tliat the upper liiait was only|^l ̂ #7 Inet^s&d of 

$0$ to 6,0 as observed £ot the untreated skim milk# 

Various immstigators have deraonstratod that the lipase in milk 

is associated with casein* Others have found tluft a part of the eraiyiiii 

aecospaaied the whey after milfc was coagulated witii mnnln# A series 

of asperlmeart^ were carried out to detewsdne whetlisr tlie lipases and 

esterases active in milk at pFI 6*3 and were associated with the 

casein or with the whay proteins of skim milk* In tlw first eaporiment 

a saj!^ of raw skim ndlk was adjusted to pll 6*3 with 8^ per cent 

lactic acid and precipitated with concentrated rmnet eixtract (0co* 

added per 1000 cc* milk) at 30®C# A portion of -Uio original skim 

ndlk was retained# Portions of that milfc and the mamt whay (01tered) 

war® adjmted to pH 6*3 and with 85 per cent lactic acidi stored 

oveniight at li®C*| the pll radjxist©d| and M.pm& activity tests carried 

out* Table IV shows the results* The sai^les of sldm milk at pH 6*3 

and hydrolyaod tributyrinj the idiey saitples at the same pti did iK)t# 

A possibility that IJtie «aisyme Mght be adsorbed m the filter paper 
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•SmE 17 

mmsMsis OF msumrK msm mm 
mim mm (ulteesd) 

Adjttsiod Ai'ter Storage il^tratidn 
t^ii pH Mffeapences 

"Bm Sfcla im& 6.3 6,36 ,23 
Bm Sidjffl lEllc 5.50 ♦52

Eonfiwt 6,30 ♦00
5,Uo ,00
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mSM&df m &emmd mpmfimsi^ vm oondtK!it6a^ elwHnT* to th^ do«» 

acribed aboirej in iddch a part of the rennet whey ms filtered and a 

part ues drained the cnrd xdthout flltearing# Both tributyria and 

ethyl butyrsto were uaed as substrates* Table V sIjowb that the raw 

akim lallk hydroljrased bolh these at^stratwt at 6*3 and ^la 

n^fhee altered nor tmmtered ihay had imy hydrolytio activity* Thit 

indicated that the Idpmm and estemaes active in the raw sldLm lailk at 

pH 6,3 and were e<x^aimd with rennet coagulated paracasein. 

In a tiiird eogierdiaont, a eaEpt© of raw eklra raUk was divided in* 

two part®. On© portion was precipitated by adjusting the to It#? 

mth 8^ per oeait lactic acid at 2i^*, and the othcKP portim was held 

as a control* lite acid ^ey tpm t}«e coa{<ulated i-dk showed a )^I of 

1)^62 after drainix^* A part of this tdiey was filtered and another part 

retained without hating boen filterod. The pEl of the skim ndllc was ad-

jNlsted to pH 6*3 and ?*t with 8^ per cent lactic acid* Portioiai of the 

filtered and unfiltered Whay were adjusted to pll 6*3 and using a 

Imofy mspmmion of Ca((Xl)2# AH smplm wore stojred ovornlglit at 

the pll readjusted, and Hpase activity tests coaduetod* The re* 

stxlts ig:pear In Tal:^ VI* l^o lipase or estexase activity was deoKm* 

strated in either of the x^iey sats^lew, while it was present in the skim 

milk ccmtrols* The purpose of the fotcrth axperls^at was to aooerfcain 

whether or not the lipase and esterase active la nilfc at pH 6,3 and !^,}i 

was irrevercibly denatxired by acid preoipltafeioa of %h& casein* A 

sai^e of raw skto milk was precipitated with par c«ait lactic acid* 

FortLons of the whey frcsi this were adjusted to pH 6*3 and ̂ *h with 

Ca(0H)2, A portion of the curd from the precipitated milk was drained 
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TABm fL 

immssis OF Airo Efm BrntimTE m 
sm!ifiH, um^ acid mm^ 
MB CSHIieimED MGTIG ACID lH® 

"Mj^ted'''''"'Aiwp ' '' xitrntiott' 
JDiff-KrenqesM, M. 

R«w Sljto imk frilmiyiitt 6»3 6*38 #00 
vm Skim laik Etl^l Btitymte 6.3 #00 
Saw Skim mik yrilmtyrln $mk $*6$ »29 
mxt Skim iaik Etiigrl Butyrate 5.4 #20 

Filtered 'VltMsr •ITriktityriii ■ 6.3 #00 
llliered Vlbeiy Etliyl Bufcyiete 6*3 #00 
Filtered i>ib«ityria 5*4 *00 
Filtered Sliyl Btityrste 5*^i #00 

Dnfiltered Tributyrln 6.3 6,30 ,00 
Dnilltered Vlksgr I/fcksrl Ikitjrrate 6.3 #00 
Onfiltered ̂■Jhes?'- ^ributjrini 5*lt %kP #01 
Dnilltered llh^ Butyrate $»h #00 



of viwf and rosoap^ided in ̂ lougji imtar containing CaCOlOg to-

giw iqjpimiiaftteay the aamo c«ascontmtion of reonBpasd&d cnrd aa origin 

isoB^r OKiotod in tfea «UJc* Portioiw of the- curd enspeasion me& ad* 

Jtasted to pH 6*3 aj^ tsdth lactic acid# Control saiaple® of the 

original skim milk were adjusted to pH 6#3 imd l^,lt with 35 peop ©eat 

lactic add# All smples were stor^ owrnii^t and lipase activities 

carried ont the 6i«3ceed|ng dajr after tlie lasnal adjuotaents of pH# He* 

edits t^pmo" in fadbe VXI# The resnspended cnrd showed lipase and 

iNStereee aotivitjr comparaKL© to the original eki» rallk# 530 activity 

was sl^«m Ijy the add sat^®®# It is iatarosting to note the0 

changes with cool«<eging of sMm dlk and idwiy as shown hy fables 

VX| and VIX# In all casws tha pH of skim milk inorwiNid leare tiian ̂ t 

of idiey# 

Tlironglwrnt the sapRrliiMaM work- reported# an incubation tea* 

perature of hO^C# m» used# This was tlwi temperatu3na reeonriendod fay 
Foterscm# dohnsoni and Price {h5) tor the Ijydrolysls of tributyria at 

pH 8#5# An oxporiEsOTt vaiylng incubation with the- Hpasos 

adive at pH 6#3 and was ocmduot^* Tributyrin was used as the 

sObstratoj pH adjustmei!^ and lipase activity tests were conducted as 

previwisly dosci'lbed with incubation test^erature as the variahle factor* 

The reci'lts of this oagperimsBit aro shoiaa^Figure 10* The taapearaturw 

curves for the two Upases with c^iim at 6*3 and 5*lt were ifoaghTy 

parallel* The pn 6*3 system had am optiimaa toK^>®raturo at 37|®G,j th® 

SptiimBa for tlws pH 5*li eyst®a was 



m 

mmmis o? TiEsraiK m mm sofSOT 
Bt ssiK mm,Mcnc acib whey, Mm 

BSSIBFELH® lACnC ACIB CHSD 

MjwteC Af^t'£»'fcorae« Nitration' 
Sabatrato 

Saw Skiia liUlc Yribtrtyilii 6.3 6.36 •07 
Etl^yi Btttyrate 6.3 »C56 
TjlbutjTrln 5.14 5*78 *31 
Etljyl Ikityrate 5.I4 .10 

Addlihecr Tadbutyrln 6.3 6.33 .00 
Stl^ Butyrat© 6.3 #00 
Tadbutyrin $.h 5#70 #00 
Sttqrl Butyrat© 5«h #00 

E^rospex^^ Tribtttyrin 6.3 6.iiO •06 
Acid Gwd Btixyi Biitjnpat© 6.3 .06 

Yribttfeyria 5.U 5.52 #30 
Etlayl Butyrov© $*h .10 
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CHAPTSR V 

f dSCOSSION 

The findixigs of wmy earlier workers related to llpase activity 

la raw laUk have been confirraed and extended# Two definite ax^BS of 

lipolytic activity have been observed in sklra lailk between the pH of 

6#6 and 5*0, with <ane optlioum at 6*3 and another at pll 5fU when tri-

bntyrin vms used as a substrate. The sam optiraa were observed for the 

three trialycerldes used in this studyi therefore, It may be assumed 

fim the work of Gould (12) that other triglycerldes would behave 8imi«» 

l&rly, Whereas the amount of lipase activity varied ihx«m jsdLlk to ndlk, 

the optimum activity of the two enzymes was alwa5''s observod at pH 6,3 

and 5,lu 

There were tw areas of esteraae activity in the skim milk \dien 

ethyl butyrate was used as a substrate* Figure 8 shows the CMstorase 

aresa to be similar to the two lipaso areas* In the case of the opti** 

mum pH system the area of hydrolysis was sertended to an upper limit 

of pH 6*0, whereas in the caso of the lipase within the same activity 

area, the i^per limit of hydrol'/sie t;as pH 5*7* 

The addition of formaldehyde to the skim miUe reduced the ac 

tivity of the lipase and the estcraco systsa®* la the case of the 

esterase system the formaldehyde restricted the breadth of the pH 5*h 

(^tiiaiaa ayotoa leaving the general shi^e of a lipase system correspond 

ing to the Bmm pH area. This indicated the possibility that the ester 

ase was inactivated by the addition of formaldehyde* Therefore, the 

lipase and esterase were capable of utilizing either the trlglyceride or 



Wj. 

the ethsrl butyraie# In the pH 6|,3 syeteia the effect ef the added fom-

aldehyde tyas noro severe, -with the lipaee enagrei® slaost oasplotelsr in 

activated and the esteraso redwood to about lialf Ita original activity* 

In this system it nay easily be the lipase that is Inactivated and tlie 

mall aaoont of !ydrol;i''si8 of triglycorlde was in reality the eeterGso 

using the trf.glycerlda. 

The choice of acid used to lo^jei* the pK of the skin ftdlk itrs 

found to be of tlie ntraost Iraportance* iTevlous workejps (6, 12, h^) 

have uflsd acids other than lactic add and have reported vety little, 

if any, llpolytic activity within the pH rango of 6*6 to 5«0» hydro 

chloric, sxtlfuric, and acetic acid as shown In Table III redttced the 

oniyiaatto activity to aluost eero, whereas phosphoric aid citric acids 

retarded the activity about fifty per cent. The addition of the 

cations cotasacai to milk affected the activity of the two lipase systms. 

Sodinm and potaesiim retarded the actirity, whereas calciiM and laagne-

ei'jBi in the fom of lactat^ caused reiy little change, ^len the chlo 

ride® of the above salts were used, the activity was depressed in all 

cases which indicated the effect of the chloride ion as well as the 

jsonobosic ions. The oxc^tion to the abo\*o was the mgnesitaa chloride 

which was stimulatoiy in the pH active systea. 

One of the most interesting oWervatims in these experiramts 

was the change of the pH of acidified lallk upon cool-aging, l^hen the 

acidified skin milks wore stored at the pH always rose. The lower 

the pH of the nilk, the greater was the rise vdien cool-aged for 18 to 

2li hcrar^. This effect was observed regardless of the acid used to make 

the pn adjustments* The eotperinentB dealing with acid and reroiet whey 



h$ 

indicated that the caaeln wur recponsible for a Mjor part of tlie 

effect©# '^'he pH of the wfiey ̂ Tfaye rose less than the corresponding 

Gensreldy the enapae syetesi© la rdlk liave been associated with 

the wh^ proteine# xkm&v&t^ the lipas<»i in thie stndy can be quantita* 

tive3y rmoved with the casein edthor by the addition of lactic acid to 

the isoelectric point of the casein or by jHannet coajpalation# Tills 

point vaay be of coiisiderablc significance in the rip<niin£; of Cheddar 

cheese# In the manufacture of raw nillc Cheddar cheese a considerable 

amount of Hpolytic activity has been associated with tli© devieloiaaent 

of a typical Cheddar cheese flavor (Lane and Haiaaor (ill))# The develop-

mjMit of a rancid cheese would indicate a milk high in lipasc of the 

pH optiimim system was used, and since It is alfsiost totally carried 

TBith the cheese curd, it would bo present In the cheese# How# if the 

caiount of ©alt added to the cheese was reduced# the flavor lelght also 

develop# Tuckey and Ruehe ($7) claimed that there must be at least 

1#70 per cent salt in -Uie finished cheese to control this factor# In 

pasturlaed milk cheese this is not a factor as the ensgriaee are reported 

to be inactivated by norml pasturiaating teriperature# 



dOTEIl11 

stJiti&izr 

U Tuo lipajse esrsteras hav« been demonstrated in resr slda eCUcj 

one mB found to have an «t pH 6*3 and the oth^ an optdbaw at 

pH $Jim IdpoVaifi io» evident throy^hoot tlie areas of pH 5*0 to pfl !^,7 

and from pH 6#0 to pll 6,6* 

2# Estoraso activity nas also found at the above pH areas^ and 

111 addition in the area of pi!^#7 to pH 6»0» 

3# HiS Hpaeoe active at pH 6*3 and were InltiMted by HaCl 

and EC1« 

h* laotic acid ma the cm3y pi dajaPwaiiaA need uhioh did not 

inhibit the pH 6*3 and lipasos* Oihcr acids used weve snJphnxiOf 

hydrocliloric, acetic, f^io^oric, and citric# 

$p Formaldehyde (2 grams added per 3000 ml, udaic) decreased 

both lipase sad esterase activity# 

6# fha Upases and esierases studied were tomd to bo <{tiantita«» 

tivo3y removed from sldm milk by precipitation of the casein using 

net estract or by adjusting the slcia Kdlk to pH h#? witli lactic acid# 

7# lb© c^iffloa teraperatwe for the ensyiae active at pH 6#3 ma 

timd to be 37l®Ct The optiwaa to^yeraturo for tho ©a8p» aotiva at 

1^ was found to bo 

8* the pH of acidified, cool-aeed sktra mllic was found to rise 

over a 2li hour period foUowlE® the pi adjusta^it# After a seccntid 

adjustment ma nmde, the pH of the readjusted sklM lallk tended to 

ohanpi vGiy little# 
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