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INTRODUCTION

It is generally cenceded that, as & result of the intense adver-
tising and sales premetion astivities of the past several years, the
attention of the eonsumer is being dreawa mere and mere 40 the quality
of the predustis vhich he Vuys. Ais a result, he is desoming mere orit-
ioal of the qmality, or mre discrimimating in the lack of quality, of
the goeds whieh ke is offered on the markst, Preducers and distriduters
are realising that {t {s on the qmlity of their predwots that goed will
and pormanext trade relations are attained with the pudlic., Mamufao-
‘Surers are, therefore, attempting %o reduce to a minimmm the defests of
the geods which they sell,

' e separation of a layer of skim milk or serum at the dottom of
the Dettle of aresm 15 & defeet in the quAlity of eream of ccemsmic im-
portance %e every milk distriduter., The censwumey atiridutes the presense
of this skim milk, even vhen an appreciadle layer appears in wAipping
erean coxtaiaing as high as 40 per oceat dutterfas, %o a very low fat een-
tent,

8ines the greater prepertien of cream is seld as tadle, or ceffve
cream, and sinoe prastically all of this grade of eream is standardised
by the distriwter to appreximately £0 per oceat dutterfas, correlatisn
By the csnsumar of the amsount of the skim milk layer with the fa$ cextent
is especially undesiredle, Decause it is delieved that maxy fasters other
than fat contexnt of the cream affect the velwms of this skim milk layer,






Distriduters in appealing o0 "Cream line"™ in selling milk have tended
$o attract the attention of a greater mmbder of crean duyers to this
defost in oream,

Insefar as esuld de dotermined, m experimeatal werk has ever desa
reperted on this predlem, Nowever, thare are many surremt theories com-
serning the dest metheds of prescsssing ereanm in the plant te reduss ihe
prominense of this lager. MNi1k plant prestices in yrecessing creom are
dased largely wpea results ebtained from "Cream lime" stulies with milk
and general observations in cemmsrsial plants. These metheds, Aherefere,
lask experimexntal foundation, Delieving that experimental werk attempt-
ing to verify or dispreve the prevailing theeries associated with this
prodvlien weuld de a oontridutisan te the market milk industry, Shis study
of the effects of ssveral fasters affesting the separaiien of the skim
milk lager frem Yottled cream was umiertaken,






REVIEW OF LITERATURE

A1%h0ough 20 reecerd of experimsntal work direstily deariag wpen a
study of the separatien of skim milk from ereem was found in the liter-
ature, a oonsideradle samsunt of study has been dene, doth in this eeuntry
and adread, relative %o ke separation of ereanm from Bettled milk, Since
there is 1little differense in the content of eream amd that of milk ether
than fat to selids-mot-fat ratic, the same fasters respensidle for fat
separation sheuld de invelved. A reviev of the hnitinttonl work deal-
ing with the fasters deing edserved in this stuldy of eream should, there-
fore, b of walwe,

Rffeet of Ssparation, Clarification and Agitatien  Seversl imvestign-
tors have demsnstrated that agitation 2y various msans has an effeet wpen
the physienl econdition of the milk,

Dahlberg and Hening (9) found that the viscesity of cream ocould de
greatly altered by the contitien of $he milk fat at the $ime of separa-
tien, If the fat was ix a semi-selid condition, the viseesity of the

eream frem Dotk raw and pastewrized milk was imoreased. If the milk was
separated withous esoling, immediately fellewing milking er wiu-
tion, the resulting eream was low in viscesity, These werkers Melieve
1at the separater exerted its influence by its effect en the sise and
&rouping of the fat gledules, |

Sharp (57) stated that there is & grewing tendensy to separate milk
at lower temperatures in order %o imerease the body of the eTeam,



Famerous investigaters have odserved that violens agitasion of
milk redwses the volwme of #he eream layer o a slight extent, This is
shown 3y tde elarifioation stuiies of Rummer (28), Martin and Oemds (37),
Mitaker, Archibald, Shere and Olemeat (69), Doan (16), Dahlderg and
Norqeardt (11), MeInernsy (39), Juikins and Downs (51), Kildeurne (33),
and by Lusas and eo-werkers (34) at this statien,

WoInerney (39) and Kildeurns (35) agreed 1hat olarifisation redused
the eream velwms from two %o $hree per oemt. Juikins and Downs (31) re-
ported & slight decrease in eream lime on Ddeth rew and pasteurised milk
by olarifieation, _

The werk of Dahlderg and Marquardt (11) showed that the mest faver-
adle elarifiestion Semperature in regard to erean velums was 408 ¥, or
belew, whereas an inerease in Sexperature adeve 40° P, resulted in & dee
sreased erean layer, Dean (16) alse odessrved that slarification of eeld
row milk redmnoed ereaming adility slightly, and that elarification at
145° P. made for further redustien, Olarificatien of milk held eeld fer
ssveral howrs and then warmed to 85° P, generelly shewed aa inerease in
ereaning adility whieh entirely disappeared when the milk was pasteurised.
Witaker, Arehidald, Shere and Clement (69) censluied $hat elarifying de-
twoen 60° and 65° 7, had ealy & slight effeet, while Semperatures sdeve
00° 2. gave a consideradle decrease in erean velwns, On $he other hamd
Inses and co-workers (54) shewed that eold elarifieation Detween 55° and

70° », redused $2e cream velume adout twe per sent while slarificatien

at 85 %0 90° 7. gave a redustion of ens and sne-dalf per oent, IMMrtia
end Couds (57) obtained a slight decrease in eream velums by elarifying
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at 56° 7, ant 20 decrenss at 90° F.  They further stated that there was
20 Gosrease in evean velums when the milk was Meated to 90° P, after
olarification, They delisved their resulis iniiented that milk heated %o
pasteurisation temperature after elarification would mot have its cream-
ing ad1l1%y redused dwe %o the offeet of the elarifier.

Prout (64) reashed the conslusion that elarification of preheated
Tew milk had 1it81e effeet on the ereaning adility of he milk,

Aseording to Bumsr (22) sspareter elarification yedused \he eresm
volums %o & greater extent than did elarificstion with the erdimery
mashing,

e offeet on oroaming by puping and agitating milk in vats has
alse received semsideradle attention. Whitaker and os-werkers (69)
have shown that pumping wilk at tempevatures betwesa 600 and 120° »,
redused the Telums of evean layer $0 a slight exteat in sems enses,
while pumping rew milk belew 60° P. and pusping pasteurized milk de-
wwoen 150° and 145° 7. hed no appreciable effect en the sreanm line,
Mriin and Oomds (37) agreed that pumping milk eold had ne offect while
yuping ot nilk showed but & small loss in ereaming adility, Preut
(66) stated that puaping pesteurised milk at 145° 7, or detween 80°
and 90° 7. gave a redwotion of frem twe %o five per eent in ereaming
114y, While Netween 115° ant 156° he cresming aMility vas slighily
insreased, theredy recovering part of the loss dwe to pasteurisation,
Pwping raw milk at 60°P, and prehsating te 85-90° decreased the eream-
ing adility adeut 9 per cent. Bmadheunse and Marquardt (55) agitated
e01d milk with & stirring devies revelviag at 170 R. P, X, witheut
affesting the creaming adility,






In regard to agitatien, Whitaker, Archibald, Shere and Clement (69)
fousd mederate agitation during the 30 mimte helding period at 148° P,
apparexntily had me appreciadle effeet ean the eream velume, At temperatures
Yotween 60° and 110° 7. there was a deereass in volmme, Mhrtin and Cesbs
(57) subjested Dot milk %o agitation for a leng period of time, The milk
shewed & gradual less in creaming ability, being relatively small for the
£irst twe hours dut after that the loss amounted te 20 %o 785 per eent,
Preut (“l found that exsessive agitation at temperatures detwesn 108
and 156° 7. did et materially reduse the creaming adility,

e influense of agitating eold milk has given centradictory evie
dence, and as Dahlberg amd Marquardt (10) pointed ews, shis is prededly
dus %o the failure %0 separate the effects of aging milk frem the effests
of agitation,

Earding (24) diseeversd that milk received at the plant delew 50°
7., vhen heated mementarily to from 80 %o 142° P, gave an inereass in
erean velwie. mmuutvmmmmwuco' 7. sisdlar
Mating usmally preduced no ehange. When the temperature of the milk
was adeve 65° P, such heating resulted i a distinet deerease in sream-
ing ability. Harding delieved this indicated that agitation while esld
affected the creaming ability of rew milk, dut as Dahlderg and Marquard$
(10) have peinted out it is predadly dus te re-sreaning after sterage
at i oeld temperature,

Whitaker and co-werkers (69) reashed the eomslusion that the re=
ereaning of rew milk deereased the eresm velume, but after ene re-erean-
ing the age of the milk was mere impoertant than the wamder of times it
was re-creamtd. The re-ereaming of pasteurised milk alse had a detri-
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asatal effect en the cream velume which these workers believe is of ocom-
mereial impertance at plants which bottle pasteurised milk after it has
boen allowed 0 cream,

Dahlberg and MArquardt (10) stated that eream layer volwmes forming
on rew milk set for ereaming at 40° F. were wsually redweed, if the
origimal fresh milk had deea previously ecoled by a twdbular ceeler te
40° 7. and held for 18 heurs before remixing and re-setting, Very slow
eveling of the fresh milk vo 40° amd 60° 7., or repid tubular eseling
%o 60° 7., followed by aging at these temperatures generally inereased
Ahe oream velumss. Violemt agitation predusced very slight insreases in
erean velumes of milk stered and agitated at §0° P, and very slight de-
oreases at 40° P, Results with pasteurised milk showed that sterage,
prier %o utthé at any th, gave reduced eream velumes, T™hese
workars added, however, that there was censideradle variation in the
resulis of aging and agitating pasteurised milk, Asserding teo Eammer
(28), vhen seaples are re-creamsd, there is wswally a slight desrease
in m ability with a less distinct oream line,

Rffeet of Pasteurisation 8ince the pasteurisation precess has become

almest nimun: adopted as & means of protecting the esnsuming publie
frem the contrastion of milk-berne diseases as well as an ecoxemic neces-
sity, and sinee investigators are united in the opinien that pasteurise-
%ion, as carried out at the erdimary expesures required dy health dspart-
mants, reduees the ereaming adility of milk, this phase of the prodlem
has received a great deal of experimsntal odservation,






Whitaker and co-werkers (69) found that heating milk te 145° 7. for
350 mimtes showed prastically ns decrease in the cress velums while in
Some cases s insrease resulted. Pasteurisatien at 145° %o 145° P, fer
30 nimtes reduced the eream layer an average of appreximately 8 per eent,
although the resulis showed oconsideradle variation, Pasteurisatioa at
spproximately 148° P. for the same time gave a deereased aream voluwms
varying from 18.5 to 41,7 por ocent with an average of 31 per ecemt, These
investigateors also stated that the reductien in cream velwms dws to pas-
Senrisstion ot 145° $0 1458° P, was not 80 great in ihe case of 24 te 36
hours old milk as in fresh milk dws %o the fact $hat old milk does met
€ive as deep a cream line defore pasteurisation as does fresh milk,
They further stated that pasteurisation of e1d market milk tended %o re-
stere its creaming ability,

frewi's (64) results showsd that pasteurizing at 145° 7, fer 50
mimtes decreased ihe cresming ability of milk held at ioe water temp-
erature appreximately 9 per cent.

Barding (24) found that the velume of cream degins So decrease
messurably when the pasteurisation temperature rises frem 142” teo 144°
7. and as the temperature goes higher the decrease decomss repidly greater,
giving ever 10 per cent redustion at 145°, 16.6 per oeat st 146°, and
approximately 40 per cent at 148 P, He stated that altheugh pasteurisa-
t1en at 151° 2, hed redwced the cream volwme more tdan 80 per oent, &
d1st1n0t crean 1ine was still formed, Harding alse stndied %he effeet
of heating milk which was received at the plant as various thnitims.
He odserved that milk received at 50° 2. or bdelow, when heated mementarily






o frem 80° 1o 142° 7., gave an increased creem velums., Similar trest-
mext of milk received between 50  to 60° P, usmally gave ne ehangs while
M1k received adove 65 P, gave a distinct deorease in ereeming ability,
Barding interpreted these results as imdicating that the amount of eream
which will develep on raw milk depends %0 & large extent wen the agita-
tien it is sudjected te while oeld,

Eammer (23) found tdat pasteurisation reduced $he eream velwme, but
this redustion could be held quite small by careful temperature sontrel,
Kildeurne’s (33) results wader commercial eonditions shewed eensidersdle
variation but the cream velums was gemerally reduoed by pasteurisation,

Reid’s (52) results show that pastewrisation at 140° - 142° P, de-
ereased the cream 1ine to a megligidle extent, 145° P, gave a 10 per cent
reduction, 150° 7. gave adewt 32 per oent, and 156  gave appreximstely
61 per ocent redustien in eream velumes, Juikins and Dewns (31) edserved
that he higher ihe Semperature te which the milk is heated the greater
the redustion in eream line, They found a 2,8 per ocent average redustion
ot 145,5° and 8,1 per oent at 147.5° P, |

Mrtin and Cosbs (37) pasteurised milk at 144° to 148° P, for 30
ninates and rapidly esoled it over a surfaee ceoler. This irestment gave
& decrease in eream volums varying from 7 te 15 per eent,

Kerstin (32) stated that heating milk at 140° P. (60° O.) cawsed
the eream %0 rise more repidly than in the ease of rew milk, When ke

milk was Deld some 4ime at that Semperature or whea heated te 149° P°
(68° O.) or ever, the cream rose more slewly than en pasteurised milk,

while pasteurisation at 145.4° P, (65° C.) for a fow mimmtes gave adeut
the same resulis as waheated ﬂlk..






Ascording to Farrington amd Russell (21), pasteurisatien at 140° P,
for an hour gave nermal ereaming, Pasteurisation at 155° P, for 15 nin-
wies follewed by oeoling te 50° ¥, gave a redused orean line which was
less distinct and which ceuld 20t de readily seem until creaming had con-
timed some 48 heurs,

Hammer and Esuser (23), who pastewrised milk in the bottle, stated
that & high temperature of pasteurisatien decreased the ereaming ability
while an insresase in oreaming adility was indused by a slight exposure
%o heat, They used milk received at the esllege creamery in this experi-
ment,

Burri (8) pasteurised milk for 30 mimmtes at every whele degree deo-
tween 55° and 70° 0, (131 te 158° P.). He founi that cresming sbility
insreased from 55° te 61° C. (131 te 141,8° 7.) after which there was &
decreass. '

Dahlderg and Marquards (10) have reeently made an extensive study
of the oresming of rew and pasteurized milk, The volume of the creaa
layers showed very slight decreases with inoreased pasteurisatioa tenp-
sratures adove 140° when held fer 30 mimmtes, but these desreases, they
state, vere mot of importanee at 144° P. Pasteurisation at 14° P. gave
a deoreass of 10 per eent, however, amd higher temperatures drewght abdeut
mere rapid decreases in the depth of the cream layers, These workers
wsed the milk temperarily heated to 155° teo 140° P, as their eheek sam-
ples representing mermal coreaming. Dahlberg and Marquardt further
demonstrated that the reduction of eream layer by pasteurisation is &
Sime-temperature nh.t:onhip. Momentary heating te 150° 7, for less
Ahan ene mimute did mot affect creaming, MIlk held at 140° P, for three

10
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heurs gave no motioceadble decrease in cresm layer velume snd at 150° P,
the i{nflusnce of heat en ecreaming was very repid dwring the first 30
nimtes and was almost oever in 90 mimutes. It was further shown by
Dahlberg and Marquardt that the ereaming properties of the milk as
altered by the temporature of sterage, eould dbe restored o nermal 2y
Mating the aged milk frem 136° 10 140° 7, and that pastenrisation in-
creased, decreased, or did net ehange the ereaming adility of the milk,
depending upon the histery of the raw milk, They further state that
re-pasteurisation did net appreciadly affect the creaming of milk,
Bffect of Standardisation Dean (16) found that when fresh rew creem
& skim milk were mixed to give the eriginsl perocentage of fat, the |

layer was sometimes deeper and semetimes shallewer than the eriginal,
Nixing pasteurised skim milk with raw eream gave a greater less ia cream-
ing ability than did mixing rew skim and pasteurised cream, Deaa (17),
in his study of viseelised milk, later standardised fresh 80 per eexnt
rem cream $0 4 per oext milk wsing fresh rew skim milk, This standard-
ised milk gave 18,0 per eent cream velume as eompared with 12,8 for the
morml wisle milk testing 4 per oent, Oanly ens trial was run, hewever,
a8 ho was net stulying the effect of standardisation, Nammer (28) foumd
a slight decrease in ereaming ability as a result of remixing skim milk
frem separater olarified milk and cresm by allowing the twe liquids %o
run direet froem the separater imte the same eentainer,

Dahlberg and Marquardt (10) studied the creaming adility ef milk
remsde frem skim milk and cream, They state the cream velums of $he re-
made milk was equal %0 that of the origimal fresh milk previding the milk






was fresh and warn at the tims of separation, that the skim milk and -
erean were re-mixed immedistely, ami that the re-made milk wes set at
onoe for oream risinge Whea the skim milk was esoled and stored defors
standardising the eream velume was reduced., The detrimental inflwenes
of aged skim milk was evereems by heating the skim milk er the remads
nilk to 90° P, or adeve for & half heur er more prior te setting fer
cresm rising. The aging of eream at 0old temperatures did et give wni-
form reslts, Wut in gemeral, it did met alter the velwms of the eresm
layers, The redused cresm layers were, tharefere, asseciated with the
00ld aging of the skim milk, Theses investigaters eensluded as a result
of heir werk that all standardisatien of milk sheuld be dens befors
pasteurisation %0 secure uniferm eream volumes,

Palmer and Andersen (44) state that when skim milk is heated o
145% », for 30 mimmtes and mized with rew eresm, 20 erean vill rise,
vhereas, whele milk must Do pasteurised at 156° 7. or adeve te destrey
completely the creaming ability. They add that rew eream mixsd with
rem skim milk will predwes a nermal eream layer,
Rffect of Mathod of Oveling  Im 1890 Hills (29) fount that eeeling
quiekly resulted in & less less of fat im the skim milk, Whitaker,

Arehidald, Shere, and Clemens (69) stated that milk ceeled in a tank
or in vat pasteurisers frem 145° to 50° ¥, showed a peor eresm velums
while osoling milk im a tank or vat pasteurizer te 110" or 1%, fol-
lewed by repid esoling hlﬁ 50° P, over a swrface oseler resulted in
& goed cresn velums, Their tests alse showed that ceeling milk %o &
low temperature after pastourisation gave a desper crean line sinee
e00ling Yelow 450 P, showed a mmch detter cream volume than eeoling te






50° P, or sdeve, Jwikins and Downs (51) ecoled milk im the vat and ever
& surface ceoler, The redwstion in eresm 1ins was 2.9 per oemt amd 1.8
per oent respectively, |

Martin and Comds (37) alse found less loss dws $eo pastewrisation
when the milk was oceled ever & surface soeler ihan whea eoeled in the
vate

Daklderg and Marquardt (10) found that the cream layers ea rew,
fresh milk were mot affected by tubular eeoling while the cresm layers
on pasteurised milk were deeper when the pasteurised milk was twhular
cooled, These layers were especially deeper a few hours after oceeling,
This indicated te the investigaters that raw and pasteurised milk nnﬁdo
differently to twdular eseling.
Bffect of Tesperature of Cresming  Isvestigaters are all ia general
agroement that low temperatures of ereaming or sterage give deesper cream
layers than do higher temperatures, Amng the early investigaters, Wing
and Smith (78), Hills (29), Wing (71), Babcock (2) (3), Plusd (47), amd
Dean (14) all agreed that the lower the temperature the mere efficient
1s the creaming as measured by the amount of fat left in the skim milk,
Texmperatures of sppreximately w’ 7. and lowver always gave more officient
ereaning than higher temperatures and the ereaming efficiensy deersased
with increase in temperature, Ilater, after the efficiency of gravity
ereaning had deoceme less impertant decaunse of the widespread use of the
eentrifugal separater and the depth of the cream line decams the all im-
portant faster in eream rising, Hammer (22) moted that ice water tempera-
tures gave big insreases in cream volume oﬁr that ats room temperature,
Yan Dam and Sirks (66) alse stated Shat gravity ssparation is detter the
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lower the temperature, Martin cencluded (36) that She sterage tempera-
ture for dottled milk should de as close t. freesing as pessidle, Treut
(64) odserved that the cream volums was slightly greater on rew milk
ereamed at 40° ¥, ia air than at 32° P. in iee-water while 70° 7. gave &
mach 1ess oream velwms, WVith pasteurised milk, 32° P, gave a greater
velume of cream than 40° P, and €0° ¥, gave & mach greater amoust than
7" 7.

Whitaker amd ce-workers (69) stered milk at 58° te 48° 2, ant at
Semperatures adove 50° P, they found that the difference in faver of hse
oolder temperatures was mere marked in the ease of the rew milk than in
that of the pasteurised milk,

Daklberg and Myrquards (10) saloulased the cream velums for each
por cent fat at 36° and 58  F. The lewer temperature gave 4.3 per oext
while the higher temperature gave exnly 2,8 per eent,

Rffeet of Viscolisatien on the Creaming of Milk  Nammer (22) in 1916
salled sitention to the fuet that when milk is hemsgenised ue definite

ereanm layer is threwa wp, IMrtin and Comds (37) were predadly the first
o give definite data shewing $he effect on the eresm layer of milk made
Wy nixing hemogonised oream and skim milk, Nilk Sesting 4 per cent was
separated and the ereen ﬁml&'ut at 2000 peounds pressure bdefore recon-
strusting, This recenstructed sample gave a mach greater sream velums
than the erigimml rew milk, Previesus te this, these werksrs viscelised
a sample of milk at 2000 peunds and odiained a cream velums of 2 por eent
as eompared with the 10 per cext eream volums on the umprecessed check
sample.

Dean (16) reported that the hemogenisation ef a portion of the milk
decreased the eream velums at all pressures but hemegenisatisn of the
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Crean Aloms gAVe an enormeus increase in ocream volume, Troy and Sharp
(65) edtained similar results by homogenising the oream amd mixing with
skim milk, lLster Doan (17) wpem further study with visoelised milk
hemsgenized 20 per eent cream and censiructed 4 per oemt milk Wy mixing
with skim milk, Es alse remade 4 per ocent milk with 20 per oent wn-
homogenised srean, The formsr gave 71,2 per eont cream volums while the
latter gave 12.0 per cent, He alse demonstrated that in odtaining an
abuormally deep cream layer, $he greater the amount of oream takea off,
the larger will de the velume of cream, and alse the richer the sream
visoolised the larger the volums of cream, although the cream velums
does not eorrelate direotly with the amsunt of fat visoolised, Dean
sonsluded that the factor exerting the greatest influence on the volume
of eream is not the amount of fat exposed to hemegenisation, dut the
amount of cream in whick a given amount of fat is eentained, KNs stated
alse that honquuutun of whele milk destroys the oream layer entirely.
Iater Doan (10; stated that meither milk ner eream which had deen homeg-
enised will separste a cream layer en standing,

Holm (30) made the statement that practical experience has shewn
that in order to preduce homogenised milk of suffieient stadility te
preveat fat separation, pressures of 2800 o 3000 pounds per square imch
are required,

Bffeot of Addition of Salts Several attempts have deen made %o inorease

the depth of the cream layer in milk threwgh the additiem of variows ehem~
fcal compounds, Salts have gensrally been wsed. 3abdooek (3) fournd that
Ay adding O.1 per cent caustic seda, milk ereamed rapidly amd efficiemily
leaving enly abeut ens~third the nermal amount of fat in the skim milk,



Weol, m&.'ﬂ Russell (74) edded lime to milk in an attempt to re-
store the visoosity te pasteuriszed milk, This was met suceessful fer
the easein flocsnlated in $iny masses, Hewever, by adding cams sugar
%0 $his, theredy develeping viscegesn, they restered the viscesity of the
pasteurised milk,

Eammer (22) found that large amsunts of viscogen imcreased the
cmnlquintil the whele material had the appearance of eream, Kis
rosults were met uniform, however, for in certain trials, smmll amsunts
of viscegen gave bPetter results than large amsunts, Van Jam and S8Sirks
(66) stated that both alknli and asid decrease the velecity eof separe~
%lon with fresh milk but im old milk alkali had very little iafluemce, |
Dean (19) recently shewed that the addition of seluwdle ealoiwm selts o
mi1k whick had lost soms or all of iis creaming adility gave mo rester-
ation of creaming and that when calcium was added in quantiity there was
further loss, iouu citrate preduced similar effects thowugh met as
detrimental. Hahn (49) (50) and Dahlderg and Marquard (10) fowsd salts
added in sufffcient quantities hindered oream rising, ZTroy and Sharp
(66) found milk made texnth-mormal with sedium hydrexide and ereamed at
o%c. nﬁ & 95 per cent cream velums.

Rffect of Mdition of Gelatin  Rahn's (50) results showed Shat the ad~
Qitien of gelatin leads 40 a quicker eresming ami & deeper layer of
cream and & very ocomplete ssparation of the fat in the cream, Other
oslleidal substances Mastened the separatioa of oream from rew milk and
restered the ereaming pewer of ooohul-nk.' Yan Dam and 8irks (66) alse
observed that saled and gum treagacemth comsideradly increased the sepe-
ration of eream from milk, and that gum arebic, starch, and gelatin hed
e similar though »ot se pronownced effect,
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Rffect of Additien of MIlk Solids  Dean's (16) results sheved that the
addition of serum s0lids in the form of plain eendemsed skim milk and
skin nilk powder gave no increase in cresming adility either to reaw or
pasteurised milk, Dahlberg ant Marquards (10) by dilwting mermal milk
with distilled water or the addition of skim milk, and cendensed skim
milk agreed that changes in serum s0lid content does net arfeet cream
rising.

THEORETICAL ASPECTS OF CREAM RISING

Aleng with the results edtained frem the experimental werk that has
Yeon done on eream rising have come many attempts %o explain these re-
sulis on & seientific basis, While maxy of the eonslusions explaining
erean rising from a physieo-chemical stamdpoint have been drewn with a
osnsideration of a single fastor invelved rather than explaining the
phenomens on & droader basis, a study ef these theeretical aspects sheuld
be valuadle o any stwdent of this prodlem., It has always deen agreed
that the fundamental eanse of the rise of fat on mermal milk %0 feorm a
cream layer is, of ecourse, the differense detween the specifis gravity
of the fat and the plasma,

Fidrin Theery  Prededly the first theory of oream rising was the :mu

theory presented by Babceck (3) in 1889, He noted the olumped fat glod-
ules and believed that milk contained a substance identified with dloed
£idrin, sapable of spontamsous coagulation, the elots of which extangled
the fat gledules and, being heavy, prevented an efficient creaming. MIad-
ooek explained the efficiency of low temperature ereaming and the addi-
ftien of eanstic seda on the grounds that the ceagulation of the fidrin,
which would cluster the fat glodules, was prevented.

17
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It Cluping 4 fow years later Badooeck and Russell (4) edserved that
fat olmping was absent in milk which did not cream well dus e high
temperature pasteurisation, vhereas, e¢lumping was present in milk whieh
Md oreamed nermally. They, therefore, reversed ihe former theory rela-
$1ve %0 elustering, stating thas clumping of the fat glebdules was neces-
sary in oream rising. lMoreever, Hekma (25) has alse shewn that mermal .
xilk does mot eemtain fibrin, Nenseval (28), {n studying the differemces
in repid and slev creaming milks, alse moted that the former had large
fat globules often in clumps, while in the latter, greuping of the fas
gledules was rare. Sines idat $ime Dahlberg and Marquards (10) (11),
Yan Dam amd Sirks (m. Wool, Babeock and Russell (74), Rahn (49) (50),
and Troy and Sharp (65) after making specifie stuly of the relatien ef
slustering %o cream rising reached the cenclusion hat slustering of the
fat glodules is essential %o cream rising, Eammer (28), Lmcas and oo~
werkers (34) and Reid (52) have associated elumping with cream rising
in o:phhuc their results in precessing milk and ioe eream mixss,

Proy and Sharp (65), spplying Stokes law .to the velecity of rising of
he imdividwal fat globules, reached the eenslusion ihat the glodules
rise se slowly as individuals that it wornld require many times the erdi-
Mry ereaming peried for them te ferm the eream layer. Itthmcidot
& micreseopic creaming cell these investigaters ebserved clusters large
enough to aceount for nermal oream rising., Daklderg and Marquards (10)
found that the fat clusters of normal ereaming milk were large ensugh
40 bdo seen ecasily with the umaided eye when odbserved ia a ereaming eell,
These werkers stated that the larger slusters were seen 4o rise as fast
as ons ineh per mimate,
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Rakn (50), ebserving the creaming process threugh a herisomtal
mierescepe, fownd rew milk eontained fat glebules grouped im large amd
small masses while in heated milk the individwal gledules were gquite
distinct, The larger masses rose much faster than the individwal gled-
ules, Makn, therefere, scesunted for the differenses in cream rising
of raw and heated milk in this wy,

Rakn (49) (50), Vax Dam and Sirks (66), and Sirks (59) stated that
m-‘uﬁloutm and increasing eream fermation mh as golatin,
tregacanth, saled, and seforth, increased the aggregation of the fad
glodules, Troy amd Sharp (65) found that treatments favering ereaming
alse insreased the elwmping tendemsy, and ebserved that viseegen amd
sediwm hydroxide which gave very deep cream limes threw the gledules in-
to extremsly large clusters.,

Bancroft (5) suggested the impertanse of clumping in cream rising
in explaining dat ¥he more repid ereaming in desp than in shallew pans
is dus to the finer gledules of Mutterfat deing caught by the ecarser
ones and swept upwards, the coneeniration of the eearser gledules de-
ssaing great emough %0 have a filtering astien,

On the other hand, Palmer, Heming, amd Andersen (46), with the aid
of the microseepe, found e relation detween sreaming amd fat eluster-
ing, and therefere, reached the censlusien that fat clumping was net an
impertant faster in cream rising, As Trey and Sharp (68) have peinted
out, their eenclusion was predadly dws to She difficulty of finding
clumps in their methed of study.

Asesrding te Palmer and Anderson (45), the sisze of fat glodules dwe
%0 dreed differences has me effect en eream formation,






Badooek and Bussell (4), Rahn (49) (50), Reid (52), and Proy and
Swarp (65) all explained the effect eof pasteurisation em oreaming as
dus 1o the breaking up of the fat clusters. Trey and Sharp (65) stated
that in pasteurised milk which ecreams mormally the fa$ glodules whiech
are ‘roken wp Wy pasteurisation re-clump, but the detrimental effect en
ereaning is caused by heating the milk to the extent that the globtules
de met clump again om oeoling,

Proy and Sharp (65) delieved that $00 much agitatien while the milk
1is veing eecled bruh wp the elumps and results in peer creaming.
‘MsInerney (39), Lusas and oe-workers (54) and Hammer (23) accounted fer
the redustion in cream 1ine om clarified milk as due to the breaking wp
of the elusters, Dahlberg and Marquardt (11) delieved that this effect
of clarification at a high temperature is dus %0 deth a dreaking wp of
the clusters and a redustion in sisze of the erigimsl glodules, Eammer
(32) delieved separater clarification dreaks up clusters te a greater
extent tham erdimary elarificatien and that the slight decrease in cream
1line due %o agitation is a result of a slight modification in the greuwp-
ings of the gledules, Dahlberg and Hening (9) stated that the separater
exerted its inflwenoce en viscosity by its effect en the sise and grouping
of the gledules, Maka (51) delieved that plant eperations which agitate
the milk tend to split the globmles, but only to a slight extens, amd
alse, stated that when the teaperature is not over 63° C. (145.4° 7.)
in csrtain cases of agitation, there is a temdency %o olump the fat
glodules,

Rammer (22) held that the dreaking wp of clusters threugh agitatien
was respensidle fer the slight decrease in creaming ability whiech he ob-
served when re-creaming milk,






Troy and Sharp (63) attempted %0 explain the inorease in ereaming
adility of milk pasteuwrised at a low temperature ebserved by Hammer (22),
Eammer and Eauser (23), and Whitaker, Archibald, Shere and Clement (69).
They ebserved that if milk is agitated, especially at mear reom Sempere~
ture, 1he elumps of fat globules are droken dewn and these de not readily
fora again even if the milk is ceeled 10 a low temperature., By carefully
pasteurising this milk and ceeling rapidly te a lew temperature the large
clumps were again formed and the milk gave an impreved cream layer as &
result of pasteurising, They, therefore, delieved an increase in cream
volume &8 a result of pastewrization indicates that the rew milk has deen
treated ia swok & way during er afier cooling se as +0 break wp #he clwmps
of fat globules or %o prevent their formtien,

Troy and Sharp (65) found that the rate of slustering of the fat
gloMules in fresh raw milk depended upon the rete of eseling which pred-
adly explains WAy repid eeeling imcreases the areaming adility of milk,

The same investigaters (65) cencluded that for a given percentege
of fat the depik of the cream layer depends primarily en the clustering
and ocomdition of the fat gledules, large, irregular, stable slusters
forming deep layers while compaet, spherical, weak clusters ferming
shallew layers, Deeper cresa layers at lower temperatures are, mrotoro.
explained on the dasis that the rigidity of the clusters lessen with in-
erease in temperature, permitting closer packing eof the fat at the warmer
temperatures, ‘
Mserption It s well kmown in ocelleidal chemistry that emmlsions are
stadilised by the adserptien of material at the interface, S8ince milk
is an emlsien of fat inm water containing varieus sudstances which are






capable of deing adserded, it is delieved by many investigators, that

the fat glodules are surrounded by an adsorbed membrane which prodadly
plays an important role in the stadility of the fat er, to de mere spe-
eific, in eresm rising. MNolm (50) after reviewing the results of varisus
investigations, has eencluded that specifiec adsorption amd hydration
changes at the glodule-serum interface exsrt a marked effeet wWpon the
rates of rise of gledules and perhaps explains the marked variations in
some milks with respest to cream rising,

Palmer (43) stated that the more or less permansnt dispersion of
the fat clo\rfno; in milk are due apparently $e a eonocentration of the
plasma oelloids at the globule-plasme interface ani that the relative |
propertion of the celloids adsorded - caleium caseinate, lactaldumin,
lacte-glodulin, and calcium phosphates - sheould de in preportion te
their adility to lower surface tensionm rather tham in the propertien
in which they oceur in milk, Palmer added that this property ef the
milk eelleids has mever deem msasured,

Acoerding to Dean (18), the clumping tendency of the fat gledules
shows there is am attrastion between them, which he believed, is pred=
ably best explained as an interfacial tension effect em which he en-
larges semevwhat as follows; Fat and water interfaces give rise to rel-
atively high imterfacial tensien, Sinse this free emergy can be reduced
3y & desrease im surfece area mads possidle by cealesocence of the fas
glodules, the glodules would ultimasely separate inte a layer of fat amd
& layer of water, dut in milk there are eppesing forees which sownterast
Ahis inter-gledule attraction, The imterfacial energy is also reduced
3y the adserptien of surface tensien active substances present in the






milk plasma, Adsorption ecours reducing the free energy, although this
energy is not entirely _um sway with since the fat gledules in mermal
nilk tend to agglutinate inte clumps dus te the slight attrection remain-
ing. Ne coaleseence takes place, however, Doan stated, either because
the tendency is se greatly overcoms that it is insuffioient te do mere
than attract the gledules together, or more logical, he delieved, de-
oanse the adsorbed layer prevents an intimate contact of the glodules,

Prieger (48) reached the eonclusion that the fats particles are sar-
rounded by protein-like films. Titus, Sommer and Hart (62) eencluded
after making a study in an attempt te determine the nature of the ad-
sorbded layer, that the adsorded layer was related with, if not identical
%0, casein, although slight variations in chemieal properties indicated
a possidle eomtamination with soms wnkmewn substance, 2Zeller (75) alse
bolieved the fat gledules are protected frem csalescing by a protecting
ooat of milk preteins, Rahn (49) stated that it would appear as thewgh
milk eontains & celleidal memdrane, which accounts for the aggregasien
of fat glodules and that this membrans is destroyed by heat, Rahn (49)
and 8irks (59) doth delieved that the beneficial action ef gelatin,
Aregacanth and similar substances in promoting eream rising is dus te
their adserption which promotes the sticking tegether of the gledules,
Yan Dam and Sirks (66) believed that h the case of old milk the ad~
ssrbed protein hinders ereaming, althongh there was me offect en fresh
milx,

The fat globules of milk erdinarily earry a slight negative elee-
srical eharge dus %0 the adserptien of salts and dissolved proteins (59),
Several investigators dave added electrelytes to milk in an attempt %o






promete greater clumping and, therefore, bdetter creaming throwgh a
change in the electirical eharge on the glodules,

Zeller (75) stated that a pretecting oocat of protein gives the
€lodules an elestrical eharge which oan be destreyed by the additien
of an agent of unlikes sharge or by the dematurisation of this membreane
material throwgh sems physieal agensy such as heat or freesing,

8irks (59) eenslwded that while the magnitude of the eharge en the
glodules of various samples of milk varied irregularly, he found ne re-
lation between this eharge and velocity of clumping.

In a very recent study of the effect of the electrical sharge en
eream rising Semmer and North (61) fownd an increased oream layer volwse
wader conditions causing a decrease in the megative charge en the fat,
Aging, or heating te 142° 7., decreased, while heating %o 142° P, in-
sreased the sharge., Caleiwm sal$s or ironm chloride decreased, while
sedium citrate and di-sodiwm-phesphate increased, the charge, These
investigators explained the inorease in visocosity resulting frem aging
as dus teo a decrease in the elestriecal charge om the fnicloiuu. thus
permitiing them te cluster,

Padoeck (3), Nammer (22) and Troy and Sharp (65) found greater cream-
ing enly mnqro‘hunly urp amsunts of a strong electirolyte sush as
sedium hydrexide was used while Dahlberg and Marquards (10) pointed out
that failure te obiain suscess with small amewnts is prodadly dus ¥ the
affinities of several milk eonstitusats for the iens added which may in-
terfere with their adserptien on the fat,

Dahlberg and Marquards (10) presented a theory ef cream rising in
which they explaim the olustering of the glebules as dus e a decrease
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in the electric chargse due to a change in the calcium ion concentration,
Acoording to these investigators "The most plausible theory of the cause
of the fat globules rc;rming into clusters wa.s.tha.t this aggregatioﬁ wvas
caused by the presence of a maximam quantity of calcium ions, which, by
imparting some positive charges to the weak, negatively charged fat
globules, created an electrical affinity between the globules, At warm
temperatures the Brownian movement caused by kinetic energy was consid-
ered to be sufficient to hold the globules apart which would account for
the better creaming near 40° P. or below, Both prolonged holding at the
cold temperature of 40° or pasteurization at 1450 F, or adove precipi-
tated calcium as colloidal salts and hence diminished the creaming powers
of the milk, In the former case the calcium could be redissolved dy ine-
creased temperature, while in the latter case the reaction was not re-
versible which agreed with the observed change in creaming,"

There is a difference of opinion, however, as to whether soluble
calcium is precipitated at pasteurization temperatures especially in
quantities large enough to account for the effects of pasteurization on
ereanming.

Palmer (42) and Van Slyke and Bosworth (67) believed that the cal-
cium phosphate of milk is present as neutral di-calcium phosphate, Palmer
(42) concluded that the partial fixation of this di-calcium phosphate
during heating is due to its precipitation as colloidal mono-=calcium
phosphate.

Magee and Harvey (35) found about 26 per cent of the total calcium
oxide was in the diffusible form in fresh milk, about 20 per cent in milk

pasteurized at 158° F, for 30 minutes, and about 15 per cent in boiled
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milk, The lesses in soludle caleium after heating were delieved to de
dws to the formation of ocelleidal tri-calcium phesphate from the selwdle
di-ealciwm phesphate. _ _ |

The work of Rupp (si). Mttiek and Nallett (38), amd Dell (?7) in-
dicated only a very llicht precipitation of ealcimm at Mmiﬁtm
tesperatures wp to 158° %o 160° 7.

Boan (19) delieved his results lemd evidenee against the ealcimm
fen precipitation theory for e found that the additien of soludle eal-
eiwm salts te milk which had lost sems or all of its ereaming ability
ave »9 restoration, Caloium ultlot in quantity gave further less, M
with the aid of a ereaming eell showed that ecalcium asetate amd sodium
sitrate Yotk interfered with fat clumping, the calcium salt being most
astive,

Semmer and Ferth (61) delieved that the increased viscosity fellew-
ing the addition of viseogen is dus to the deerease in the elestrical
eharge drought adeut by the calcium salts in the vissegen,

The resulis edtained by Nening and Dahlberg (27), werking with
salts in ice eream mixss, also gave support 0 the ealeiwm ien theery,
T™hese werkers found that by adding the salts defere homsgenising, sedimm
salts (sedium eitrate and di-sodium phesphate) decreased olwmping while
caleiwm lactate insreased elumping as a result ¢f the hemogenizatien
precess, Petassiwm oexalate, which removed the soludle calcium, gave
mixzes free from clwmps, therefore, indieating te these investigators
that the presemos of caleium salts is essential in seowring clusters in
howogenised mixes, Salts added after Muﬂoﬂ, however, prodused
no offeet, These imvestigators delieved that the sedium and petassium
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salt content in the mix made from mermsl dairy preducts varies suffieient-
1y te affect the whipping preperties of the mix, dwe to their effect em
elumping. Trasy and Rwehe (63) also boiicnl that there is sufficient
veriation in the ealoium centent of eream sometimes suffisiently great

$6 canse a caloium exsess, which brings adbout feathering in hemogenised
erean of low asidity., They suggest thas this variation ian the caloium
eontent is prodably dus te feed amd peried of lastation, Sommer and

Eart (60) have alse shewn that the salt dalance in milk varies enewgh

%o have an influence upen the heat eeagulation of evapersted milk,

The Belation of Various Components o Cream Rising There has deen

eonsideradle evidence presented te prove that the preperties chiefly in-
flwensing cream rising are imherent in the plasma rather tham in the fas
as shown by the werk of Baboeck (3), Wool (73), Van Dam and 8irks (66),
Palmer, Hening and Anderson (48), and Marsin and Cemds (37). Iadesek
(5) in 1889 suggested, and Woel (75) im 1895 cenclwded, that the physieal
chncu in milk and mhrowht about by heat are dus to the unstadle
sharaster of the nitrogensus or mineral eonstitueats, Palmer, Nening
and Anderson (46) also found that the plasma phase was affected chiefly
¥y pasteurizatien and Palmer (45) stated that the presence ef fas glod-
ules in whele milk actually seems te protect the milk against the detri-
mental effects of pasteurisation, Rahn (49), hewsver, stated that the
effect of pasteurisation en creaming appears to de dus $o alteratien ia
the fat glodule growpings and net te ehanges in other oenstituanis for
he foumd, just eppesite to Palmer, Haning and Anderson's (46) results,
Ahat if the skim milk was ssparated, heated at 147° P, (65° C.) and then
remixzed, that mormal creaming eccurred.






Dahlderg and Marquards (10) pointed out thas since the action ef
pasteurisatien ia redwsing the sream layer was, ascording te seme results,
dne teo the effect of heat en the serum, and sinse others have demonstrated
the destrustion of fat eluwmps by heat, it is evident that the serum in
turn affects fat elwmping,

It has been assumed by many that the effect of pasteurisation is
dwe 10 the precipitation of albumin, BRaha (49), however, stated that
heat does not weigh the fat glowules down with eoagulated albumin. This
Aheery is syperted by Troy and Sharp (66) whe pointed eut that there is
20t emough albumin preseat +0 exsrt this inflwemee. Whitaker, Sherman
and Sharp (70) take & similar peint of view, explaiaing thas if the al-
Wanin vas cosgulated by pasteurisation there weuld be an increase rether
than a deorease in viscesity and, further, that the maximam deereass in
viscesity dwe te heat ecours bdelow the ceagulating peint eof aldwmin, It
Mas been shown by Bpp (56) 4hat me ceagulatien of altwmin takes place
at 1458° 7., Wut at 150°, 5.75 per oent is remiered imseluwble. The ameunt
precipitated insreases with imcrease in temperature as 12.75 per oent is
osagulated at 156°, and spproximately 51 per oent at 160° P,

In an attespt te determine which eonstitusnts ef the serum were im-
fluential in cream rising phenemena, Palmer, Hening, and Andersen (48)
working with synthetis milks, eenclwded that ealcium cassinate, altheugh
the most preminent oelleid ia milk, hinders cream rising, that the whey
oeolleids, lactaldumin and lasto-glodulin, promote cream rising, and that
Ahese effects are endanced by pasteurisation, Removal of minmeral salts
and lastose, in a large msasure, by dialysis was found te have me detri-
mental effeet en eresming. These conclusiens alse led them te suspect
tdat the detrimsntal effect of pasteurisation was dus chiefly te the of-






fect of hoat on calcium csseinate, These werkers peinted out that in
fheir delief, questions invelved in eream rising do mot includs that of
emlsion stadility for, while there may de differences detween caleium
easeinate and whey proteins conocerning emalsion stadbility, deth kinds

of preteins are te bde oconsidered excellent emlsifiers,

The Bslation of Viscesity %0 Creaming Many imvestigaters have neted
the effect of pasteurisation en viscosity snd sems werkers have attempted

% explain changes in cream rising as dws te changes im viscesity., Dahl-
berg and Hening (9) in their viscosity studies of milk and eream edserved
that the viseesity inereased with fat content, especially 20 per osnt and
adove, that pasteurization decreased the viscosity of milk slightly and
crean greatly, and that the effect of -gu‘ oR visoesity was imhidited in
a large measure by pasteurisatien. DBadeook amd Russell (4) and Beid (52)
maintained that the redustien in viscesity in pasteurisatien is dwe %o a
breaking wp of the fat clumps, Sherweed and Smallfield (58) whe stwdied
the elumping in eream and 1ce eresm ea aging, eemsluded that the imorease
in viscosity is atiridutadble te a greater grouping of the fat glomles
with its resulting fizatien of a part of the free serwa, Yool (73) amd
Bverson and Ferris (20) have shewn that the viscosity is decreased at
erdimary pasteurization temperstures, dut at cemsideredly higher temp-
eratures (75-90° C.) the viscesity {s increased, BRakn (49) stated that
there 1s ne simple relatien detween viscesity and rate of eresming.

®roy and Sharp (65), by diluting milk eextaining mermally elwsped fat
with water and seeuring the same volums of cresm as in the wuiiluted
sheck sample, demsnstrated the apparent lask eof coerrelation detween
viseesity and eream formmtion.
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Ievertheless, Palmer and Andersen (45) stated that the viseosity
of rew milk {s a good index of its creaming adility ani t2at viscesity
oan d¢ wsed as an explanatioa of changes in eream layers oaused dy the
tenperature of creaming and the concentretion of plasma so0lids in the
milk, They added, however, that viscosity is only a minor factor in
deternining the oream layers en pasteurised milk and that the funda-
mental factors exerting their influvense remain to de determined,

Whitaker, Sherman and Sharp (70) edserved that the viscosity of
skim milk was reduced on putonrﬁ.tion and, therefore, maintained that
the dreaking up of fat clumps is not the only eause of the decrease in
viscosity of whele milk,

Belm (30) interpreted the literature as indicating that although
viscosity 1s usually greater in eases showing increased cream volumes,
there seems to be little doubt that in most cases the viscosity is a
result of the physical state rather thanr a reason for and an explana~
Sion of its cause. The increased vhooiity. often moticed, he delieved,
is dus %0 larger aggregates dreught adeut dy faveradle conditions at
the interfaces, .

The Theory of Viseolisatien Hemogenised milk er oream, Dean (18)

stated, will met separate eut a layer of cream whether the fat gledules
are oclumped or unclumped, Homogenised milk or oream, diluted with skim
milk or whele milk yields a cream layer, the volume of which decomes
greater as the degree of fat clumping inocreases., Samples containing wan-
clumped fat diluted with skim milk, however, gave no cream layer,
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Bammer (22) Delieved $hat the loss of creaming ability ef hemoge-
nised milk {s dne to the dreaking wp of the fat gledules into very small
masses which, having less tendency to rise than the erigiml glodules,
remain evenrly distriduted as dees the extremely small or residwal fas
gledules of erdinary milk, Bateman and Sharp (6) and Troy and Sharp
(65) have edserved that in hemogenised milk the globules are mot elwmped
amd explain the stadility of the fat emlsien in milk en fhis lack of
slumping. Dean (17) stated that at erdimary pressures milk does m»et
give rise %o "Visce-clumps” of fat until the eensemiratien of fat is in
oxcess of oiclit per oent which agrees very elesely with Bening®s een- |
elusions (26), ‘

Mertensea (40), Zroy amd Sharp (65), ant Dean (17) (18) have all
fownd that viscelisation or hemegenisation ef oream greatly redwoed the
sise of the glodules and resulted im the formation of large olumps,
while Dshle and Martin (13), DePew (18), and Reid and Moseley (53)
agreed on $he same resulis in ice cream mixes,

The greatly increased volume of oream secured by diluting homege-
nised eream with milk is dus, ascerding o Dean (17), %0 the leeseness
of pasking of the very large clusters of fat gleduless, 4 pessidle reasen
that the amount of cream in which the fat is eentained is more impertant
than the amewmat of fat, itself, in inereasing the ecream velums of mixed
homegenised milk is that hemogenisation sets wp a strusture ameng the
"Yisoco-clumps” of fat in the eream and the volume of this strusture de-
pends on 1he availsdle spase at the 1ims of homsgenization and further,
that this strusture maintains, to a certain exteamt, its velwme wpea di-



-



lution of the cream with mormsl whele eor skim milk,

Dean (18) has found that the elwmping of hemogenised milk and cream
is greatly angmented by increases in the fat centent, which disagrees
with the results of Mortensen (41) whe eencluded there was apparently
ne definite relationship detween fat content and sise of clumps, Mort-
onsen odserved a great differense in clumping of different lets of cream
oentaining the same per eent of dutterfat and handled in as nearly the
same way as pessidle,

Asoerding %o Doan (18] and De Pew (18), insreased pressures resuld
in & greater dispersien and increased slustering of the fat gledules,
whieh 1s %o e expested, although these findings are in disagreement
with these of Beid and Skimner (54) and Mortemsen (41).

Dean (18) heated the milk plasms as 180° P, for 10 minutes, after
which the plasma amd eream were remixsd and Memsgenised, He found re-
dused elumping which ke asseciated with the results of ether werkers
whe have shewn thet heating the plasms reduoced the fat clwmping and
sreaming pewer of nermal milk,

Wobd and Holm (68) im their stwiy of the feathering of hemegenised
cream, Mave suggested that the clwmping of fat glebules is & result of
variatien in elestrical petential en the fat glodules, Doan (18) de-
lieved that if this were trus, variation in hydregea isa eensentratisn
would eauss differences in clumping dut feund that increased ssidity
appareantly had little effect and oconcluded, therefore, that the eleetrical
petential on the gledules hed 1ittle effect. TPracy and Bwshe (63), hewgve,
observed that any treatment causing the fat te elump insreased feathering,
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and finding that preheating eream and homogenising at a high temperature
(175° P.) removed all tendencies %o feather, sxplained this ss dus, part-
1y st least, to the precipitation of soluble oalcium salss. IS was found
3y Dahle and Barmhart (12} that pasteurisation and homogeniszation of iee
creanm mixes at 170 and 180° ¥, resulted in lewer viscesity and greasly
reduced fat clumping as eempared with 150° P, It was alse shewn that

the temperature of homogenisation was more important than the temperature
of pasteurisation, Holm (30), hewever, explains that the magnitude of
foroes of visocosity and interfacial tension is usually less at the higher
Semperatures, and, since these are forces that must de overcoms dy he-
mogenisation, the degree of dispersien increases, within certain limits,
with increases in temperature, Tracy and Rushe (63) also edtained greater
elustering by homogeaising at 125 P. than at 145°,

Doan (18) found that the ratio of the amsunt ef serum selids to fat
in the precessed miztures is a limiting factor ia fa$ olmping and stated
that there is a ocritical ratio adove which mo clumping is edtained Wut
that ewing te wncontrelladle and undetermined factors this eritical ratio
eamnot de estadblished at a definite valus, By diluting with water, tims
redusing the propertion of serum %0 fat, Doan, was adle o secure clump-
ing in mermal low fat milk,

Doan (18) suggested the fellowing as a partial explamatien of the
phensmena ¢f fat elwaping of hemegenised mixtures: "When milk er cream
is hemegenised, the mormal fat glodules are divided into frem 10 te 100
individuals, This action creates an enormous nsw surface area which, of
esurse, represeats & consideradle increase of interfacial tension and
which in turn creates an inoreased attrastion detween glodules ad a






great activity ian the adsorption of the surface active plasma celloids,
If the fat oontent of the product hemogenised is low, the divided gled-
i.lu will de relatsively far apart and defore any noticeadle amsunt of
elwping ean ecour, the interfacial tension eof the glodules has been
practically neutralised dy diffusion of the plasma eslloids to the sur-
face and adserption, If, however, the fat content of the product is
Righ, the gledules are relatively close together and clumping ocours do-
fore the adserptioa has progressed far emsugh to reduse greatly the in-
tezgledbule attraction, In this case further diffusien of the oolloids
%0 the interfuce and adserption will de mmch greater om the outer sur-
face of the olump than en the imner surfaces. This will tend to leave
mere or less undisturded the attraction detween the gledules forming

the cluster or clump and may explain the comparative stadility ef the
elumps, (Doan (17) has demonstrated that pasteurisation does not destroy
ihe elumps %6 axy great extent.) It must be assumed that even in the
richest creams enough adsorption takes place instantly, frem the immedi-
ately surrounding plasma to preveas a ccalescence of the gledules,

"It might de inferred that in the case of homogenised milk (lew fad
sentent), where me clumping is preduced, the individual small glodules
present would elump on aging just as the individwal large globules de in
nermal milk, This is not the case, however, and the enly apparent ex-
planation seems t¢ bde the much gweater Brownian movement in the case of
the smaller globules vhich mere than evercemss the inter-gledule attres-
tion."”

In explaining the plasma solids-fad rstio. effect Doan (61) contimnes;

'Im- in the amount of plasma celloids weuld mean more availadble sur-
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fase astive material in the immediate vicinity of the mewly formed sur-
faces after homogenisation which would, of ceurse, tend $e overcoms mere
quickly the free surfasse enmergy oreated and prevent the attrastien Y-
tween glodules frem deing se great, In such cases grouping weuld de
greatly reduced in amount, if mot entirely prevented, depending on the
e0lloid oconcentratien,

"The increase of hemogeniser pressure was found e faver clumping
and sinoe such inereases ia pressure ereate smller gledules, more fad
surface and a greater total imcrease in the amsunt of interfacial tem~
sien, the immediately available plasme eolleids, would de more quickly
exhausted without reducsing the inter-gledule atirastion to se low a de-
gree as would ocour with lesser pressures,”

De Pew (15) explained the increase in viscosity of hemogenised iee
eream mixss as due to the greater dispersion ef the fat and the imcrease
in fat surface exposed. Mertensem (40) stated tdat $he imereased vis-
eosity is dus te the insreased surface with .th resulting fixation of a
part of the serum and alse %0 the inclosure of serum within the elusters.
Bateman and Sharp (6) found hemogenisation increased the viseesity eof
milk when the clwmps were practically absent,

Misesllansous Considerations There are a mumber of misesllanseus eon~

siderations that may possidly de of valus in a study of cream rising.

Helm (30), after reviewing the litersature, stated that the physieal
state of the fat when ereaming takes plase influsnces the rate, that if
milk is held oceld until the fat decomes selid before creaming is per-
mitted, the rate is decreased and dest results are edtained with a medium
or low temperature with the fat in a semi-solid eendition,



Acoording to Van Dam and Sirks (66) the surface tension detween
the milk fat and the milk plasma had ne effect en sspareation,

Dahlderg and Hening (9) have shewn that milk and cream dscreases
in surface tension with an imerease {n fat and uwsually decreases i
surface tension with aging.

It has been reperted by Dahlderg and Marquards (10) that the spe-
eific gravity of milk is mot asseciated with creaming.

Hammer (22) delieved that the greater difference in specific greave
ity of the fat and serum at higher temperatures than at foce-water Semper-
atures is responsidle, in part at least, for the eloser packing of thw
fat elusters and, therefore, a shallewer eream lime,

The first theery attempting te explain why ereaming was insreased
3y repid oooling was advanced by Arneld (1) whe stated that water is a
detter conductor of heat than fat, and therefore, when the temperature
of the milk varies either wp or dewn the water in the milk ehanges ia
specific grevity more rapidly than the fat and this tends %o increase
the difference in speeifie gravity detween ths wo when the Semperature
is falling.

Holm (SO) has noted that most investigators have found that ex-
haustivensss of creaming is associated with cream velume, and stated
that theugh the apparent cream volums is met neeessarily an index eof
the amsunt of fat that has risen in the eream, in gensral the most cem-
plete ereaming is associated with the deepest cream layers.
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PURPOSE OF THE EXPERIMENT

The purpose of this experiment was to determine the effect of the
»fonoting factors on the separation of skim milk from dottled cream;
l. Effeot of temperature of separation of milk
(1) Presh milk
(2) 0ld milk stored at low temperature
2. Effect of heat treatment of milk prior to separation
3. Effect of pasteurization of cream
(1) Raw standardized cream
(2) Cream secured from pasteurised milk
4., Effiot of high temperature of pasteuriszation on the milk as
compared with the cream used in standardization
5. Effect of standardising pasteuriszed cream with milk processed
as follows;
(1) Raw whole milk
(2) Pasteurised whole milk
(S) Skim milk secured from pasteuriszed milk
6. Effect of the following factors involved in standardisation;
(1) Separating high test oream and standardiszsing dack as
compared with separating low test cream
(2) Standardizsing cream with whole milk as compared with
standardizing with skim milk
(3) Standardizing before as compared with after pasteurisa-
tion
(4) Temperature of standardization

(5) Standardising ocream while fresh as compared with stand-

ardizing after storing 24 hours at low temperature



7.
8.
9.
10,
11,

12,

13S.

14,

Effect
Effect
Effect
Effect
Effect
(1)
(2)
(3)

(4)
Effect
(1)
(2)
(3)
(4)
(8)
Effect

Effect
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of agitation of cream after storing
of rapid as compared with slow cooling of coream
of temperature of creaming
of tims of creaming
of viscolization of raw cream
Temperature of viscolization
Pressure of viscolisation
Viscolising high test ocream and standardizing with
unviscolised whole milk
Viscolizing only a portion of the creanm
of addition of salts
Sodium carbonate
Calcium chloride
Di-calcium phosphate
Sodium citrate
Mono=-0alcium phosphate
of addition of gelatin to the milk before separation

of addition of evaporated milk, skim milk powder, and

casein



PLAN OF EXPERIMENTAL WOERK
Source of Milk Supply

In order to eliminate large variations in the composition and
previous treatment of the milk from day to day, and, in order that the
results of this work should apply to commercial conditions insofar as
possible, it was thought desirable that mixed milk should de used, The
milk for these experiments was, therefore, obtained each day from the
same 300 gallon Pfaudler pasteurizer in the college creamery after it
had been filled with milk delivered by the same group of milk patrons,:
This mixed milk varied in temperature from 56° %0 65 F. when received
and the fat content varied from S.4 to S.8 per cent,

Processing

The greater part of the processing was carried on in the experi-
mental laboratory. However, when milk and cream was needed in amounts
%00 large to handle conveniently in the laboratory, this part of the
processing was done in the creamery.

Separation For the major part of the experimental work, where only
small lots of cream were required, the milk was separated in the experi-
mental laboratory using & De laval, No. 12, electrically driven sepe~
rator. Preliminary runs were made to determine the proper cream screw
setting to make in order to obtain approximately the percentage of cream
desired at the various temperatures, The separator supply tank was
filled with milk which had bdeen heated to the proper temperature in the

pasteuriser, Approximstely ens gallon of milk was allowed to run Shrough



the machine in order to temper the separator bdefore saving the samples
of cream and skim milk, The cream sample was ebtained from the remain-
ing 25 pounds of milk in the supply tank,

When large quantities of cream were needed it was separated in the
osllege oreamsry with a No, 40, electrioally driven, De Laval separater,
Pasteurization 4 Cherry-Burrell 50 gallon, coil $type, vat pasteuriser

was used in pasteurising milk and cream in the laboratery. The ocoil was
kept running during both the heating and the holding period. The milk
pasteurised in the creamery was processed in a glass lined, 300 gallonm,
water-jacketed Pfandler pasteurizer with a propeller agitator which was.
shmt off during the holding period. Pasteurisation of cream im the
creamery was acoomplished with a 60 gallon water-jacketed Cherry-Burrell
pasteuriser with a propeller agitator. The pasteurisation of cream for
visocolisation was done in a water-jacketed 100 gallon Ladd Blus Line
pasteuriser that was conneoted up directly to the visceliser with a pipe
1ine, Very small amounts of milk and cream were pﬁtonrizod in one
@allon oans by setting them in a tank of hot water and gently stirring
the contents at frequent intervals,

Ceoling The cooling was dons by three different methods, Some of the
e00ling was done in the pasteurising vats; some of it was acocomplished
by placing the cream or milk in ome gallon cans in water and gently
stirring at intervals, and the remainder of the 0o0oling was dons over a
surface ocooler, In each method o0ld water was ths cooling medium and
the produst was cooled to approximately 60° P, for standardisation er
for the taking of samples.
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Standardization large quantities of cream were standardized by weigh-

ing on the springless scales in the creamsery, Small guantities were
standardized using dairy scales reading in tenths of pounds, '1‘&1 the
exoeption of astored milk and cream which were standardized ats the ster-
age temperature, all the standardization was done at near 60% P, unless
otherwise stated, The cream was always standardized with skim milk frem
the same milk from which the cream was secured unless it is otherwise
specifically steted in the results.

Agitation All stirring and agitating was done in one gallen ice oream
cans with a stirring rod,

Viscolization The cream, after being heated to the proper tempersture

in the pasteurizer, was run through the viscolizer at the various press-
ures desired, Care was taken to assure accurate pressures and about twe
éallons of oreanm was allowed to run through the viscolizer after the
desired pressure was obtained, to assure that the entire sample was
processed at that pressure, A hew Union Steam Pump Company viscoliser
of 200 gallons per hour capacity, containing a "Duo-Visco" valve, was
used, The samples were taken in one gallon cans directly from the vis-
oolizer, cooled, and set for creaming.

Addition of Gelatin The gelatin was added to the milk defore separa-

tion instead of adding it to the cream., A high grade of commercial
gelatin was used, It was carefully weighed on scales sensitive to 0.1
of a gram, mixed with one pint of cold water and heated in a tank ef hot
water until completely dissolved. The dissolved gelatin was then added
toa 60 pound lot of milk, in the pasteuriser, at 120° F. as the milk

was being heated to 145° P, for separation,






4ddition of Salts The sodium carbonate, calcium chloride, mono-cal-

¢ium phosphate and sodium citrate solutions were made up in distilled
water 80 that five 6o, of the solution would give 0,1 per cent of the
salt when added to a 500 co. sample of cream. Pive 6c., 15 cc., and

25 cce 0f each of these solutions were added to the cream, by means of

a pipette, at 100° %o 110° P., the cresm being stirred well during the
addition of the solutions, A saturated solution of di-calcium phosphate,
which was not so solubdle in water, was added in the same quantities,

Addition of Condensed Milk, Milk Powder and Casein These products

wore weighed on the same scales used in weighing the salts and gelatin.
and were added at approximately 110° P., the cream being stirred gently
until the condensed milk, milk powder, and casein were thoroughly dis-
solved, The condensed milk used was a well known commercial drand of
sterilized un-sweetensd evaporated milk which had been condensed 100 per
esnt. Milk powder, testing 95 per cent solids, made by the spray pro-
cess, was obtained from a local mamfacturer., The cesein used was a
commercial brand of soluble food casein,

Wthods of Taking Samples for Creaming Samples were taken in order

t0 determine the amount of the skim milk layer appearing in the oream
and, also, $0 edserve the distinciness er attention-attrecting pewer
of this layer as evidenced first by the sharpness of the line of de-
mroation dbetween the layers, and, second by the difference in the ap-
pearance of the cream and skim milk layers as a result of the cemplete-
ness of separation of the fat. It was bdelieved at first that both ob=
servations could be made dy setting the cream in standard 100 occ. gred-

uated cylinders which were used to determine the amount of the layer ef






skim milk, Preliminary runs, however, showed the distinctness of the
layer was always much greater in bottles than in the cylinders. Samples
were, therefore, taken in both cylinders and one-<half pint cream dottles -
in oylinders to determine the amount of the skim milk layer and in the
bottles to observe the distinctness of this layers The samples wers
taken after the oream had been cooled to about 60° P, The cylinders amd
bottles were then cooled in ice water to 40° P, and set away for oreaming.
!'oﬂnraturc of Storage and Creaming  The milk and cream was stored in

the cold storage room of the creamery which ranged in temperature from
35 to 40° F. All samples set for creaming were placed in this room with
the exception of a few samples in that part of the experiment treating
with the effect of temperature of creaming. In this study samples were
set in ice water in the cold room at 52° Fe, in an electric refrigereator
held constant between 39 amd 41° F,, in cold running water maintained
at 56° P, ani in a culture contrel oven kapt at 68 e 70° P, Two drops
of 40 per ocent formaldehyde were added to each pint of oream as a pre-
gsorvative after preliminary study showed the addition ef this reagens
in oonsiderably larger quantities had no notit;u‘olo effect en oream ris-
ing.

Descoription of Tests Made and Observed

Butterfat Tests The milk and cream were tested for dbutterfat dy the

Baboock msthod,
Temperature The temperature of heating and cooling the milk and oream
in the various treatments was observed with dairy thermometers graduated

%0 read to two degrees Fahrenheit, Each thermometer was checked for ac-



“

ocurecy against one known to be accurate, Regular observations of the
tharmometers made accurate temperature control possible,

Observation of "Creaming off™ The observations of creaming were made

after 48 hours impt when it was necessary to study the results after
72 hours creaming, Considerable difficulty was encountered in this part
of the work especially inm observing the creaming in the cylinders where
the separation of the layers was far less distinct than in the dottles,
The fat soluble dye, Sudan III, was used in an attempt to make more ao-
curate and more reliable readings possible but without success. 4 mio-
roscopic light was tried in order to standardize the source of light
for ths observations, Preliminary work, however, showed that the best
source of light was indirect sunlight which was used in making all ob-
servations,

The following alphabetical and numerical system was adopted as a
means of recording the distinctness, and as a means of arriving at the
aversge distinctness of the skim milk layers,

) +1
A Skim milk laysr very distinct) 2
)

) +4
B Skim milk layer quite distinct) 5
) -6

) +7
C Skim milk layer fairly distinct) 8

D Skim milk layer not very diatinct’ 11
) -12



) +13
E Skim milk layer barely noticeadble) 14
) -15

F No distinct skim milk layer dbut ) + 16
showing a difference in appear- ) 17
ance between the bottom and upper) - 18
contents due to some separation )

of skim milk
) 419
G No evident separation of skim milk) 20
) -21

Plus and minus signs were used to show fine gredations in distinct-
ness. While layers of the same distinctness were probably not always
placed in the same class dus to differences in the intensity of the light
from day to day due to cloudiness, and the impossibility of having a
permansnt standard of ocomparison, the data, however, should de reliadle
in giving comparative results,

The observations were checked by some member of the staff who was
not informed as to the previous treatment of the samples. When the cream
1ine was 80 indistinct that accurate reading was impossidle, this is
shown in the tables by an asterisk (*),

Feathering Test In testing fhn viscolized oream for feathering

the coffee was made with water from the college supply which contained
200 parts per million of calciume The coffee was maintained at 190-200°
¥, and the cream was added a drop at a time from a stirring rod,



RESULTS
Effect of Temperature of Separation

Fresh Milk The temperature of fresh milk at the time of separation

was found to have an influence on both the amount and the distinctness
of the skim milk layer as shown in Tables 1, 2, ani 3, Separation of
the milk at the receiving temperature, 55° to 65° F., gave a deeper skim
milk later than did separation at any of the higher temperatures, This '
difference was very evident in the bottled cream as well as in the cyl=-
inders, Temperatures of separation ranging from 90° to 180° F, were
found to have little influsnce on the amount of the skim milk layer that
appeared in bottled cream. Separation at the receiving temperaturs, 55°
to 65° F., or at 90° F., gave a considerably more distinct skim milk
layer than did separation at 120° P, or above, At 145° P, the layer was
more distinct than at 120° F. This difference, however, was only slight
and might have been due to the effect of heat on the milk during the
time required for the separation process, since pasteurization at 145° P,
for 30 mimutes, as will be shown in the consideration of the effect of
pasteurization, was found to increase the distinctness of the layer,

The influence of the temperature of separation at 900 and 120° P,
varied depending upon whether the milk was being heated up to those temp-
eratures or was being cooled from a higher temperature, Pasteurizing
milk at 145 F. for 30 minutes followed by subsequent cooling to 120°
and 90° F, for separation gave no appreciable difference in the distinct-
ness or volume of the skim milk layer at the two temperatures, However,

when the temperature of the milk was raised from the temperature at
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)
which it was received at the plant, to 90° and to 120 F,, separation
at 90° P, gave by far the more distinct cream line,

Milk Stored at Low Temperature Results reported in the literature

suggested that it might be possible to alter the "oreaming off™ phenomena
by storing milk at a low temperaturs for a sufficient time to harden the
fat and then controlling the temperature of separation, The results of
storing for 24 and 48 hours at 55° to 40° P, and separating after slowly
and carefully warming the milk to the various temperatures are given in
Table 4, The temperature of separation was found to have little effect
on the amount of the skim milk layer as little difference was shown at
any of the temperatures from 60° to 145 P. The results indicate that
the time of storing the milk at low temperature had little influence up-
on the volume of the skim mfilk layer as compared to that obtained from
fresh milk, except at 60° F, As compared vith fresh milk separated at
65° to 65° F., separation of old stored milk at 60° F, reduced the skim
milk layer from 2,83 per cent in case of the fresh milk to 2,07 per cent
in case of the 0ld milk, The volume of the sikim milk layer was, there-
fore, reduced approximately 27 per cent due to storing the milk at low
temperature,

i‘or unaccountable reasons there was considerable variation in the
distinctness of the skim milk layer when old milk was separated at 60°
Po It was found that raising the temperature of the milk from 60° Pe
to 80° or 90° F, and separating, a much more distinct skim milk layer
was formed than when the 0ld milk was separated at 60° F, Results of

separation of old milk at 80°, 90°, 120°, and 145° P, revealed that
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there was little difference in the effect of separating old milk as com=
pared with fresh milk separated at similar temperstures onm the distinct-
ness of the skim milk layer, as the o0ld milk also gave a much less disw
tinct layer at 120° than 80° or 90° P, and raising the tempsrature from
120° to 145° increased the distinctness to a slight extents

Effect of Pasteurization of Milk Prior to Separation

In view of the results given in the literature in regard to the ef-
fect of temperature on the creaming of milk, surprising results were ob-
tained in the study of pasteurization upon the skim milk layer forming
in cream,

The results of separating milk after heating to 145° P, momentarily;
after pasteurizing at 145° P. for 30 mimtes; after pasteurizing at 145°
F, and ceoling to 120° F.; after pasteurizing at 160° P, for 15 minutes;
and after raising the milk pasteurized at 160° F. to 180° F., indicate
with the exception of the milk separated at 160° P, for 15 mimtes, that
the pasteurization had little influence upon the amount of the skim milk
layer. When milk pasteurized at 160° F. for 15 mimutes was skimmed at
that temperature it was found that a smaller volume of skim milk appeared
than at any other temperature of pasteurization. These results are shown
in Tables 1, 2, and 3.

It was found that heating milk to 145° F. and separating immediately
resulted in a slightly more distinct skim milk layer than that obtained
in the check sample at 90° P,, and that pasteurizing at 145° P, for 30
mimtes mede for a marked increase in the distinctness of the layer,
Pasteurization at 160° F. for 15 minutes, or at this same exposure fol-
lowed by raising the temperature to 180° P, momentarily, before separste

ing, gave a slightly more distinct skim milk layer than when the milk
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was heated only to 145° F. momentarily, These results are indicated in
table 3, However, since temperatures of 160° and 180o F, as well as
pasteurizing at 145o F. for 30 minutes, gave only a slight increase in
distinctness as compared to that shown by heating to 1450 F., these re-
sults indicate that the higher temperatures of heating milk, 160° and
180° F., did not appreciably increase or decrease the distinctness of

. o
the layer as compared with the usual exposure of 145 P, for 30 mimtes,
Effect of Pasteurization of Cream

Raw Stendardized Cream The results obtained by pasteurizing raw stand-

ardized cream are given in Table 5. Pasteurizing cream at each of the
five degree intervals from 145° to 160° F, for 30 mimtes yielded a skim
milk layer of less volume and greater distinctness than did raw cream.
The different temperatures of pasteurization used between 145° and 160°
P, apparently had no merked influence on either the volume or distincte
ness of the layer., Approximately 1.9 per cent skim milk layer appeared
in the oream obtained from the pasteurized lots as compared to 2,5 per
cent from the raw cream,

o
Cream from Pasteurized Milk Pasteurizing standardized cream at 145

F. and 160° Fo for 30 minutes apparently had no appreciable effect either
on the volume or on the distinctness of the skim milk layer as shown by
the results in Table 6. This cream was secured by mixing pasteurized

whole milk and cream from pasteurized milk,
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Effect of High Temperature of Pasteurization on the Milk Versus

on the Cream Used in Standardization

The results of pasteurizing the raw cream, after stendardizing to
approximately 20 per cent; of pasteurizing the high test raw cream be-
fore standardizing with raw skim milk; and of pasteurizing the skim milk
before standardizing with raw cream, are given in Table 7. The pasteur-
ization was done et 170° P, for 20 minutes in cans placed in hot water,
These results indicate there was 1little difference in the amount of the
skim milk layer due to high temperature of pasteurization of the skim
milk as compared to the same treatment on the cream before stamda.rdizing.
The detrimental effect was much greater, however, when the cream was
pasteurized after standardizing., When the cream and skim milk wers se-
cured from pasteurized milk rather than from raw milk similar results
were obtained. These results are shown in Table 8, The distinctness,
however, was much greater when the skim milk was pasteurized before
standardizing, in the case of raw products, while there was little dif=
ference in the distinctness with the different treatments when the cream

and skim milk were secured from pasteurized milk,

Effect of Standardizing Pasteurized Cream with Milk Processed in
Various Ways
High test cream was pasteurized at 145° F, for 30 mimutes and then
standardized with (1) raw whole milk, (2) pasteurized whole milk, and
(3) skim milk from péateurized milk, The results, &s given in Table 9,
indicate that there was no marked difference in the volume of the serum

layer obtained from the cream standardized with the different products.
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The distinctness of the layer, however, was less in every case when raw
whole milk was used in standardizing as compared with pasteurized whole

milk, or pasteurized skim milk,

Effect of Standardization

Effect 2 Separating High Test Cream and Standardizing Back Versus Sepa-

rating Low Test Cream Since many milk plant operators are of the

opinion thet high test cream stendardized back to a low fat content gives
a greater skim milk layer than cream separated at a lower fat content
which requires less standardizing, an attempt was made to prove or dis-
prove this assumption, Teble 10 was made by taking the averages from
Tables 1 and 2 of both high test standardized cream and low test unstand-
ardized cream separated at 900, 120°, and 14501?. The results show a
tendency toward higher volumes of skim milk layer in the high test cream
standardized back to approximately 20 per cent as compared with the cream
separated as near 20 per cent as possible and not standardized, However,
with many difficult readings due to the indistinctness of the skim milk
layers in the cylinders in this experiment, definite conclusions should
not be drawn, There was apparently no significant differences in the
distinctness of skim milk layer between the standardized and unstandard-

ized cream,

Effect of Standardizing with Whole versus Skim Milk It has been assumed
by some milk dealers thet the skim milk layer is greater in volume when
high testing cream is standardized with skim milk than when whole milk is

used as the standardizing medium, The results of standardizing raw cream
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with both raw whole and raw skim milk as given in Table 11 and the re-
sults of standardizing pasteurized cream with pasteurized whole and with
pasteurized skim milk as given in Table 9 indicate that there wasvlittle
difference in either the amount of the skim milk layer or in its dis-
tinctness due to this factor., When pasteurized products were used less
volume of skim milk layer appeeared in the cream than when raw products
were standardized. This appears to substantiate the former results obe
tained showing that pasteurization decreased the skim milk layer, In
studying the effect of standardization before as compared with after
pasteurization, raw cream was standardized with raw whole milk and pﬁs—
teurized, The results were compared with those obtained by pasteuriz-
ing the high test cream before standardizing with pasteurized milk,

The data given in Table 12, although showing variations in results, in-
dicates that the skim milk layer was somewhat greater in volume when
the standardization was done prior to pasteurization as compared to
standardizing with pasteurized products. An average skim milk volume

of 1,9 per cent was found when standardized before pasteurizing as com-
pared to 1,5 per cent when standardization was done after pasteurizing,
There seemed to be no marked difference in distinctness as a result of
the two methods.

Effect of Temperature of Standardization Since temperature had deen

found to exert an effect on the appearance of the skim milk layer in the
processes of separation and ptateu:ization it was thought possible that
the temperature of the milk and cream at the time of mixing in stendard
{zation might have an influence, However, the results of four trials run

on the same dey, mixing hot and cold cream and milk in all possible come
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binations, indicate that the temperature of neither the cream nor the °
milk had any appreciable effect on the amount or distinctness of the
skim milk layer when raw cream was standardized with raw skim milk,
These results are given in Table 13,

Effect &{ Standardizinjg_ Cream Fresh versus Standardizing After Storixi

2 Hours Results of recreaming and agitation of stored milk a8 noted
in the literature suggested that there might be a difference in "Cream-
ing off" when the cream was standardized fresh as compared with standard-
1zing milk and cream stored at 35° to 40° F. for 24 hours, Table 14
gives the exprerimental results of a study of this influence with pasteur-
ized cream and milk, indicating that there was a slightly greater serum
layer when the cream was standerdized fresh, whereas standardization
after storing gave a layer of considerably greater distinctness, Ob-
servation of the bottled cream showed that this difference in distinct=
ness was probably great enough to deserve the consideration of the milk
dealer,
Effect of Agitation of Cream After Storing

Cream was stored in the cold storage room at 35-40° F, for 24 hours
and agitated violently to determine if such agitation, after the fat was
in a hardened condition, had any influence on the skim milk layer, Table
15 gives the observations mnde on this cream as compared with the same
cream get fresh without agitations It was found that agitetion of pas-
teurized cream after storing 24 hours has no significant effect upon the
volume of the skim milk layer, The stored, agitated cream did, however,

give & more distinct layer,
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Effect of Method of Cooling
As evidence was given in the review of literature to show that

rapid cqoling of pasteurized milk gave a greater cream volume than slow
cooling, a study of this factor wes made with pasteurized cream, The
rapid cooling was done over a surface cooler and the slow cooling ac-
complished by occasional gentle agitation of the cream set in cold water,
The results, as presented in Table 16, indicated that the speed of cool-
ing pasteurized cream had 1ittle effect upon the volume or distinctness

of the resulting skim milk leyer,

Effect of Temperature of Creaming

The results of various creaming temperatures upon thse appearance'of
the skim milk layer are given in Table 17, These results indicate that
there was no appreciable difference in the amount or distinctness of the
lager at ice water temperature, 32° F., as compared with 35 to 40° F,
Later work, which was done after an accurate temperature controlled,
electric refrigerator was obtained and the higher temperature constantly
maintained at 39 to 41° F., gave results indicating that ice water temper-
ature ylelded a slightly smaller serum layer and one which was also slight-
ly more distinct than the layer which formed at 39 to 41o F, This smal;
difference, however, was not enough to be of commercial importance, Eigh-
er temperatures gave less distinct layers as the temperature wes raised,
The amount of the layers could not be observed in the cylinders due to
l#ck of distinctness of separation but the bottles showed larger amounts
at 56° P, and 66 to 70° F, with the latter temperature giving the great-

er amount,
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Effect of Time of Creaming

Several samples of cream were observed at various intervels to de-
termine the effect of time of creaming on the appearance of the skim
milk layer, Table 18, showing these results, indicates roughly that
there was a gradual increase, the volume of the skim milk layer becom-
ing gradually less in rate as the time increased., The amounts were dif-
ficult to determine, however, especially after 96 hours as the skim milk
layers in the cylinders became less distinct, The distinctness seemed
to increase for some 48 to 72 hours and then gradually decreased., lany
observations in the study of the wvarious factors were made at 96 hours
in addition to the 48 hour observations, as a check on the first readings.
It was always very evident that the distinctness was less at the 96 hour
observation, In studying the effect of storing the milk and cream a day
before standardizing, in which a comparison of the stored, standardized
sample was made with the check sample set raw on the fifth and sixth
daya‘of creaming respectively, it was found in every case as shown in
Table 14 that the samples were considerably less distinct after creaming
five and six days than after creaming only 48 hours, The skim milk lay-
ers were slightly over twice as great in volume after the longer period
of creaming.

Effect of Viscolization of Rew Cream

Effect _9_{ Temperature and Pressure of Viscolization Raw standardized

cream was viscolized at both 145 and 160° F, at 500, 1000, 1500, 2000,and

2500 pounds pressure per square inch, The results given in Table 19
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show that low pressures greatly reduced the amount of "Creaming off"™

as compared with the unviscolized cream and that the volume of the layer
was reduced by increases in pressure until the layer was entirely elimi-
nated. Since "Creaming off™ was sometimes noted in the dottles where

no separation of cream and serum was apparent in the cylinders this was
tabulated in the results, A "Small layer"™ indicste 8 that an appreciabdble
amount of oopmﬂon took place and would probably be noticed by the
ocream buyer. 4 "Trace”™ indicates a very small layer, often noticed enly
after careful observation of the samples and would probably never be evi-
dent to the consumer, It was found that at low pressures where the cream
layer was not entirely eliminated, the small remaining layer was generally
more distinct than the check, un-viscolized samples, Viscolization at
160° F. as compared with viscolization at 145° 7, generally gave a less
distinct skim milk 'la.yer at low pressures, when a serum layer appeared.
The layer was also usually entirely eliminated at a lower pressure when
processed at 1600 F. as compared to 145° Fe, thus indicating that viaco-
lization is more efficient at high than at low temperatures. Viscolising
rew cream at 1500 pounds pressure per square inch at 145° P, or 1000
pounds pressure at 160° P, ordinarily eliminated the skim milk layer en-
tirely or reduced the layer to the extent that it would probdably have
passed unnoticed by the consumer,

Rffect of Viscoliging High Test Cream Attempts to eliminate the skim

milk layer by viscolizing high test cream before standardizing with un-
viscolized milk proved unsuccessful as shown by the results given in
Tadble 20, A3 compared with the un-viscolised cream in Table 19, the

skim milk layer was always considerably reduced in volume dus to this



75

treatment, The treatment, however, gave a much more distinct skim milk
layer, thus overcoming the advantage of the reduced volume, In the first
run of this series with 51,5 per cent cream, viscolizing at 1500 pounds
pressure per square inch, gave cream so viscous that it oould hardly de
poured and resembled partly whipped cream. It was found that even this
high fat content cream, when standardized with un~viscolized milk, gave
an appreciable skim milk layer, Since 1500 pounds pressure gave cream
too heavy to handle well in the first lot, viscolization of high test
cream &t this pressure was discontinued,

It was always apparent that the higher the pressure and the higher
the fat content, the greater was the viscosity of the cream.

Effect of Viscolizing Only a Portion of the Cream As has already deen

shown, viscolizing 20 per'cent cream at 2500 pounds pressure always en-
tirely eliminated the skim milk layer., Comparing the results with those
obtained with un-viscolized cream, it was found that mixing 10 per cent
of viscolized cream with un-viscolized cream decreased the volume from
2.1 to 1.18 per cent or approximately 44 per cent, The treatment had no
aigniﬁcant influsence on the distinctness as compared with the check
samples which had not been viscolized, The results of the mixed samples
are given in Table 21 and may be compared with the un~viscolised @10-
in Table 19,

Feathering

Feathering tests run on three of the four series of viscolized cream
gave no feathering whatsoever #ven when the cream had been processed at

a pressure of 2500 pounds per square inch,
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Effect of Addition of Salts

Detailed results of the addition of sodium carbonate, calcium
chloride, di-calcium phosphate, sodium citrate, mono-calcium phosphate,
and the check cream samples, both diluted with water equal to the vari-
ous amounts of the salt solutions added, and undiluted oream, are shown
in Tables 22 to 27 inclusive, The averages of these results are given
in Teble 28, The addition of 0.1 per cent sodium carbonate gave a oon-
siderably increased volume and a slightly more distinct layer than the
check samples, The addition of 0.3 and 0.5 per cent decreased the amount
a8 compared with O,1 per cent but a partial precipitation of the curd
took place as demonstrated by the clear whey which was left in the bottom
instead of the usual serum, The addition of calcium chloride in the vari-
ous amounts apparently had no marked influence on the amount of the serum
layer, but 0,3 and 0.5 per cent resulted in a less distinct layer. Di-
calcium phosphate in the amounts added apparently had no measurable ef-
fect on either the amount or distinctness of the skim milk layer, One-
tenth per cent sodium citrate evidently had no marked effect on the vole
ume or distinctness of the layer, but 0.3 and 0,5 per cent increased both
the volume and distinctness to & very marked extent, This may have been
dus to a partial precipitation of the casein for the serum was only slight-
1y milky at the bottom indicating that the greater portion of the casein
had been carried up with the fat,

The addition of 5 cc., 15 cc. and 25 cc. of & saturated mono-ocaloium
phosphate solution increased the volume of the serum with a very great

inorease in volume with the most concentrated sample. This salt also re-
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duced the distinctness of the layer to a slight extent, particularly
when 15 cc, and 25 cc., additions of the solution were made., The 15 cc.
concentration caused a slight precipitation of the curd, and the 25 cc.
csoncentration caused a considerable precipitetion which wgs noticed dure

ing the agitation of the samples at the time the solution was added,
Effect of Addition of Gelatin

Very interesting results were obtained by adding small agpounts of
gelatin as Table 29 indicates, It was found that by adding 0,1 per cent
gelatin, the amount of the layer was probably increased slightly, ale
though accurate readings were difficult dus to the fact that this anﬁunt
of the colloid gave a layer of considerable less distinctness than the
check samples containing no gelatin, Two-tenths per cent gelatin on
the other hand gave a reduction of approximately 25 per cent in the skim
milk layer volume as compared to the check sample bdbut showed a layer of
much greater distinctness, With the exception of one trial where a trace
of layer was evident, it was found that 0.3 per cent gelatin eliminated

and O.4 per cent always entirely eliminated ths layer,
Effect of Addition of ZEvaporated Milk and Skim Milk Powder

Since it is understood that condensed milk solids are being added
at a few commercial plants in an attempt to control the skim milk layer
in bottled cream trials were made to determine the effect of adding
evaporated milk and skim milk powder, These were added in 0.5, 1.0, 2.0,

and 5,0 per cent amounts with the results given in Table 30, One=half
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per cent of evaporated milk had no marked influence on either the volume
or distinotness of the layer, The amount was apparently decreased somse
and the distinctness decreased to a considerable extent by one and two
per cent additions, the effects being greater when two per cent was added.
The addition of five per cent of evaporated milk eliminated the layer en-
tirely.

The results fail to indicate that the skim milk powder, in any of
the percentages added had an influence on the amount of the layer al-
though accurate observations were difficult when the larger amounts were
added, No separation was evident in the cylinders when five per cent
powder was added, but a layer was discernible in the bottled cream, It
was apparent, from the results, that although from one to five per cent
skim milk powder was an aid in lessening the distinctness of the skim
milk layer, powder did not eliminate it entirely as did evaporated milk

added at the rate of five per cent,

Effect of Addition of Casein

The results of four trials in adding 0,5 per cent casein are given
in Table 32, and indicate clearly that casein, added in this amount, in~
creased the volume of the skim milk layer, The check samples gave an
average layer of 1,75 whereas the sample to which casein had been added
averaged 3,88 per cent, There was, therefore, an increase in the layer
of approximately 120 per cent due to the addition of casein, There also
seemed to dbe a tendency for the distinctnesa of the layer to be increased

although this effect was not pronmounced.
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DISCUSSION

In view of the results obtained in this study it is impossible to
explain many of.the findings upon our present limited thgories in regard
to cream rising, Some of the results tend to complicate, rather than to
8implify, the search for the fundamental causes responsible for the phew
nomena o0f cream rising.

The results obtained from separating fresh milk at various tempera-
tures indicate that the condition of the fat &t the time of separation
had an influence upon the distinctness of the skim milk layer., The layer
was most distinct when the separation was done under conditions when the
fat globules were partially in the so0lid and partially in the liquid state,
These results support the belief that the distinctness, in this case, is
due to a more exhaustive rising of the fat globules made possible by the
influence of the separetor in aiding the clumping of the globules under
these conditions, The obtaining of the least distinct layer at 1200 P,
is probably best explained as being due to the greater amount of breaking
up of the fat globule clusters, and possibly also, to the breaking up of
the globules themselves, to a slight extent, at this temperature.

It was always noted that heating either the who]'.e milk prior to sepa~
ration, the cream following separation, or the skim milk before its use in
standardizing raw cream always r;sulted in a more distinct skim milk layer,
Pasteurizing the raw skim milk before standardizing raw cream always gave

a more distinct serum leyer than pasteurizing the cream before standard-
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izing with raw skim milke These results on the distinctness were ob-
tained whether there was & measurable change in the volume of the serum
layer or not, although in many cases the layer was decreased,

The effect of heat treatment of the milk and the cream on the vol=-
ume of the skim milk layer is difficult to correlate with any.definite
cause because of variations in results. In general, however, when there
was & measurable effect on the skim milk layer volume, dus to the heat
treatment, there was a decrease in volume. A more distinct skim milk
layer, as well as a layer of less volume was, in general, the result of
heating the milk and cream, This relationship between the volume of .
layer and its distinctness is to be expected as greater grouping of the
fat clusters in cream rising meke both for &n increased cream layer, or
less serum layer, and also for a more exhaustive creaming, which promotes
a more distinct cream line,

It is well to keep in mind, nevertheless, that the volume of the
cream that is formed is probably dependent upon the exhaustiveness of
ocreaming and upon the size and rigidity of the clusters that are formed,
The latter is, without doubt, far more important in affecting the volume
of the skim milk layer in cream, The former, while probably of consider-
able importance in milk, is of minor importance in affecting the volume
of the skim milk layer in cream, due to the relatively small volume of
this layer.

The explanation of a decreased serum layer, as well as & more dis-
tinct one, in cream, &s a result of pasteurization is a difficult one to
make, The results indicate greater clustering of the fat globules, as

a result of pasteurization which is just opposite the effects that have
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been obtained in milk, The increased concentrztion of fat globules in
cream as compared to milk, which would make for greater chance of cone
tact and, therefore, greater coalescence of the globules in cream as com-
pared to milk, may be a factor in explaining the results obtained. The
elimination through separation of the small residual fat globules, which
are contimually in motion due to Brownian movement, may also be a factor
&8 their movement would probably aid in preventing the permanent coales-
cence of the fat globules and might even disintegrate forming clusters,

Differences in interfacial tension and adsorption mey also be in-
volved, It is possible that there may be & change in the ratio of a.i-
bumin and globulin to calcium caseinate brought about by separation and
concentration of the fat, It has been demonstrated, as was shown in the
review of literature, that the whey colloids, lactalbumin and lacto-glo-
bulin aided cream rising, whereas calcium caseinate was a deterrent %o
cream rising, and the effect of each was increased by pasteurization,

It hus been stated in the literature that the fat actually seems to
proteét milk sgainst the detrimental effects of pasteurization, The in-
ocreased fat content in cream may, therefore, be a factor in meking for a
more distinct skim milk layer, as well as a layer of less volume when raw
ocream is pasteurized, Whatever the heat action may be in cre@m that ef-
fects the creaming phenomena, it is gpparently as complete, due to heat-
ing at 145° F. for 30 minutex as at 150°, 155%, or 160° F. for the same
period,

The more distinct skim miik layer due to pasteurization mey possi-

bly be due, in part at least, to a precipitation of some of the serum






91

colloids, probably calcium caseinate, and the removal of a large part
of this precipitate from the skim milk layer through a filtering action
exerted by the large clusters of fat globules formed in the cream, The
increased distinctness as a result of pasteurizing the skim milk used
to standardize raw cream supports the belief that the effect of heat
upon the distinctness is an effect upon the serum and, therefore, lends
evidence in favor of this explanation,

The precipitation of the same colloidal corstituent or constituents,
into larger agegregates on aging at low temperature, possibly as a result
of change in hydrogen ion concentration, would also help to explain the
results secured in which it was noted that the distinctness decreased
after 48 to 72 hours creaming, Here the fat has already risen and the
precipitated colloids would be left in the serum, The change in size of
the particles would account for a change in the appearance of the serum
layer,

The oppoﬁite effect of high temperature pasteurization, 170° F, for
20 mimtes, on the cream, which gave increased skim milk layer volumes
may have been due to the "oiling off" of some of the fat which was ob-
served to occures This pasteurization was done by setting the cans in
hot water and stirring frequently.

Re-pasteurization of cream from pa.ateurized milk apparently did not
enhance the effect of heating the milk to any appreciable extent, This

indicates that the effect of heat is complete, or nearly so, as a result

of the firat exposure.
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The more distinct skim milk layer formed as a result of agitating
after storing and standardizing after 24 hours storage may have been due,
in part at least, to the fact that the fat globule clusters, which had
formed, were not easily broken up dby egitation at a cold temperature,
These large clusters may have exerted a filtering action on the single
globules and very small clusters, This would result in a more complete
separation of the fat from the serum and would, therefore, give a more
distinct skim milk layer, The increased distinctness as a result of
viacolizing only a portion of the cream can also be explained on this
basis as viscolizing at 145° P, is known to create large clumps of fgt.
The smaller serum volume in case of the standardized cream, which was
handled with a minimum of agitation, was probably due to little dbreak-
ing up of clusters that had formed, Since these clusters were of hard-
ened fat they were quite rigid and would not pack closely, thereby in-
creasing the cream volume and reducing the skim milk layer, When the
ocrxeam was thoroughly agitated the clusters were broken up to a greater
extent and, therefore, the smaller clusters packed more closely giving
a greater skim milk layer,

The increase in volume of the skim milk layer on standing after some
48 to 72 howrs was, without doubt, due to the gradual closer packing of
the fat globule .clusters,

The increased volume and decreased distinctness of the skim milk
layer resulting from increases in temperature of creaming were probadly
due both to a less exhaustive creaming, and to a closer packing of the
globules since the higher temperatures give a less rigid structure to

the fat clusters,
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The explanation of the greater efficiency of viscolization at 160°
F., as compared to 145° P, was probably due to greater dispersion and less
clumping of the fat globules at the higher temperature,

Since the higher the pressure and the higher the fat content, the
greater the viscosity of the cream obtained by viscolization, it indi-
cated that greater fat clumping takes place with increases in pressure
and percentege of fat, assuming that the increase in viscosity mey be
attributed both to the clumping of the fat globules and to a fixation
of a portion of the serum through adsorption and also to the trapping
of some serum within the clusters, .

The mechanism of the action of gelatin is not thoroughly understood,
It is believed that the addition of 0,2 per cent gelatin accelerated the
6lumping as & result of adsorption while the separation of free serum is
entirely eliminated by the addition of from 0.3 to 0.4 per cent due to
the gelatine colloid greatly increasing the wviscosity, thus preventing
the rising of the fat globules, The results of adding O.1 per cent gela-"
tin indicated that limited adsorption of the colloid may be a deterrenf
to fat clumping and oream rising.

The cause of the effect of adding evaporated whole milk and poﬁdered
skim milk in decreasing the separation of the serum layer is not complete-
ly understoods The increase in viscosity, however, is believed to be a
contributing factor.

Though the skim milk layer was not always most distinct under con= -

ditions causing a decreased layer, in general, there was an inverse re-

lationship between the volume and distinctness of the layer,
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Until very small layers amounting only to a trace were formed, &s
was obtained in the results of viscolization, it is believed from ob-
servations on this work, that the distinctness is as important a factor
a8 the volume in drawing the attention of the consumer to the existence
of the layser,

The writer is aware of the impossibility of explaining setisfactori-
ly in all cases the results obtained in this study, Milk is one of the
most complex natural appearing colloids #nd, for that reason, since little
is yet definitely known concerning the complex phenomenon of cream rising,
it is realized that many unknown, but yet fundamental factors may be ex-
erting an influsnce that cannot be eliminated from the experiment, The
complexity of it all makes definite explanations difficult. The above
discussion is, therefore, offered as a possible partial explanation of
some of the results obtained after careful consideration of the many

factors involved,
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COICLUSIOLS

1ls The separation of fresh milk, after receiving st 55° to 65° F,,
at temperatures ranging from 90° to 180o Fo had 1ittle influence on the
volume of the skim milk layer, Séparating at the receiving temperature
resulted in an increased skim milk layer as compared to the higher temp-
eratures of separation,

Freshly received milk gave a more distinct skim milk layer when
separated at the receiving temperature, 55o to 65° F., or when raised to
90° F. than when separated after raising to 120 or 145° P, Fresh milk
heated to 120° F, and separated at that temperature gave a less distinct
layer than when separated at eny other temperature, When the milk was
cooled from pasteurization temperature, however, and sepsrated at 120°
and 90° F, there was no mecsurable difference in distinctness,

2, Storing milk at & low temperature prior to separation at 80°, 90%,
120%, and 145° F., had 1ittle influence upon the volume of the skim milk
layer appearing in cream as compered with that secured from fresh milk,
dhen separated at 60° F, the stored milk gave & reduced layer as compared
to that obtained from fresh milke Separation of fresh milk at 55% %o 65°
F. gave & more distinct layer‘than did old milk separated at 60° P, Stor-
ing had no appreciable influence on the distinctness of the serum layer
at the 90°, 120°, and 145° P, temperatures of separation,

o

3. Heating milk prior to separation at temperatures of 145 P, for
30 mimtes and 180° P, momentarily had no merked effect upon the volume
of the skim milk layer, Pasteurizing milk at 160°F. for 15 minutes de=-

creased the volume of the layer,
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Heating the milk to 145° F, momentarily before separation in-
croased the distinctness of the skim milk la.&er as compared with lower
temperatures, Holding the milk for 30 mimutes et 1450 F, or pasteurize
ing at higher temperatures increased the distinctness of the layer, The
higher temperatures of pasteurization, 160° and 180° P., did not appre-
ciably change the distinctness as compared with the usual exposure of
145° F,

4, Pasteurizing raw cream at 145°; 150%, 155°, and 160° F. for 30
mimites decreased the volume and increased the distinctness of the skim
milk layere The different temperatures of pasteurization had no apparent
effect on either the volume or the distinctness of the layere

5 Pasteurizing cream standardized to 20 per cent, secured from milk
pasteurized at 145° and 160° P, for 30 mimites had no appreciable effect
either on the volums or on the distinctness of the skim milk layer,

6e High temperature pasteurization, 170° B, for 20 minutes, of high
test cream before standardization as compared to the same treatment on
the skim milk before standardization, gave little difference in the vol-
ume of the skim milk layer, whereas, high temperature pasteurization of
the standardized cream gave a greatly increased layer, This was true
with both raw products and products secured from pasteurized milk,

Pasteurizing the raw skim milk at high temperatures before stand-
ardizing gave a more distinct serum layer than when pasteurizing the raw
high test cream before standardizing or when pasteurizing the standard-
ized 20 per cent cream, There was no marked difference in the distinct-
negs of the serum layer dus to the exposure of the high test cream and
gkim milk secured from pasteurized milk to high temperatures prior to

standardization,
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7. Standardization of pasteurized cream with raw whole milk, with
pasteurized whole milk and with skim milk secured from pasteurized milk
gave no appreciable differences in the volume of the skim milk layer,
Standardization with raw whole milk gave & less distinct layer than
standardization either with pasteurized whole milk or with skim milk
secured from pasteurized milk, There was no apparent difference in
distinctness when pasteurized whole milk and when skim milk from pas-
teurized milk were used in stendardization,

8. No definite conclusions can be drawn in regard to the effect of
standardizing back high test cream as compared to separa.ting.low test
cream on the volume of the skim milk layer, although there seemed to
be & tendency for the cream standardized back to give a slightly greater
layer, There was no aspparent difference in the distinctness of the layer
between the standardized and unstandardized cream,

9+ There was little difference in either the amount or the distinct-
ness of the skim milk layer as & result of standardiging raw crezm with
raw whole milk as compared to standardizing with raw skim milk,

10, Standardization after pasteurising the cream and the milk at 145°
Fe for 30 minutes gave a skim milk layer of slightly less volume than
when the cream was standardized previous to pasteurization, There secmsd
be 1little difference in the distinctness o,s a result of the two methods,

11, The temperature of the milk and cream at the time of standardize-
tion had no measurable influence upon either the volume or the distincte

ness of the skim milk layer.
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12, Standardizetion of milk and cream stored at a low temperature
for 24 hogrs gaeve a skim milk layer of slightly less volume and a layer
of considerably increased distinctness when compared with the layer in
cream standardized with fresh milk and cream,

134 Agltating pasteurized cream which hed been stored at 35 to 400
F. for 24 hours had no significent influence upon the volums of the serum
layers The layer was more distinct than that in the cream set fresh,

14, The speed of cooling pasteurized cream apparently had little
effect upon the volume, or the distinctness of the skim milk layer.

15, An increase in the temperature of creaming above 52° F, increased
the volume and decreased the distinctness of the skim milk layer,

lé. The volume of the skim milk layer increased gradually and with
decreasing rate as the cream was held, The distinctness seemed to in-
crease for some 48 to 72 hours and then gradually decreased,

17, Viscolizing cream at 2500 pounds pressure always elimineted the
serum layer., Low pressures reduced the volume of the layer but increased
its distinctness,

Viscolizing at 160°.F. at all pressures was found to be more ef-
ficient tnan viscolizing at 145o F. When the serum layer appeared it was
always less distinct at low pressures, Furthermore, the layer was elimi-
nated entirely at a lower pressure when processed at 160° P, then when
processed at 145° p,

18, Viscolizing hizh test cream and standardizing with unviscolized
milk greatly reduced the volume of the skim milk layer, but greatly ine

creased the distinctness of the layer,



99

19, lidxing 10 per cent of cream viscolized at 145o F, with unvisco-
lized cream reduced the layer almost 50 per cent as compared with the
layer forming on unviscolized creams The distinctness was not influenced
to any marked extent.

20s The salts added gave various results, Di-calcium phosyrhute ap-
rarently had no influence either upon the volume or upon the distinctness
of the layer, Calcium chloride, while having no apparent effect upon the
volume, decreased the distinctness to some extent. The other salts added,
sodium citrate, sodium carbonate, and mono-calcium phosphate apparently
did not influence "creaming off"™ until amounts were added that partiﬁlly
or totally precipitated the casein,

2le¢ The addition of 0.1 of one per cent gelatin decreased the dis-
tinctness and apparently increased the amount of the layer, Two-tenths
of one per cent gelatin reduced the amount of the layer considerably,
but gave a very distinct skim milk leyer, From 0,3 to 0.4 of one per
cent entirely eliminated the separation of the serum from the cream,

224 Skim milk powder, in the amounts sdded failed to have a measur-
eble effect upon the volume of the skim milk layer, The distinctness
became less with increases in the amount of the skim milk pwoder added,
The addition of five per cent of the powder, although it did not elimi-
nate the layer, reduced its distinctness to a great extent,

23s The addition of five per cent evaporated whole milk entirely
eliminated the serum layer, Smaller amounts, down to one per cent, re-
duced both the volume and the distinctness of the layer. The influence

was greaer on the distinctness than on the volume,
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24 The addition of O0¢5 of one per cent casein increased the vol-
ume of the layer and apparently increased the distinctness slightly,

although not to a pronounced extent.
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