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ilxperj-ments have been carried out to d.eterrnine the
effect of the method of pasteu-rizati-on, the storage ternperature
and the number of days in storage on the keeping qu.aì-ity of
pasteurized milk. I'.[ilk obtained from the UnÍversity dairy
was pasteurized by the H"T.S.T" and vat methods and saniples
T¡Iere stored at 35a p,r 40o F", and 5Oo F" for a period up

to.l-8 days, sarnples were analyaed at three day ínterval_s
for bacterial_ count, flavor, pH and acidity"

Þiilk pasteurized b¡r the H.T"S"T. method at 1610 F.

for 16 seconds produced a better product from the standpoint
of bacterial count, pH and flavor than mil_k pasteuri zed. aL

1430 F" for 30 minutes,

The storage temperature had a significant effect on the
bacteriaf count, pH, acidlty aird flavor of the pasteurized
product. storage ai high temperatures i;end to inhibit the
deveì-oprnent of oxidi.zed flavor. However, siorage at 50o F"

over a long period of time induced the development of aciditv
and the souri-ng of mil-k, pasteurized rnifk with a low
bacterial- eount shoul-d perhaps be stored at &oo F. rather
than at 35o F" I'tilk with a high bacterial counL shourd be

stored at l-ower temperatures (35o F" ). The proper storage
temperature seems to be deterrnined by the quality of the
pasteurized mil-k as werl as by the length of storage period
desired before consumption.
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ÏNTRODUCTIÛN

Many changes have taken place in the dairy ind.ustry
in l'{anltoba during the last five years. paper containers
have largely replaced glass bottles for the distribution of
mirk" Roads throughout trre province have been greatly
improved and a large part of the mitk is now transported
by truck' These changes have resulted. in a central-Ízati.on
of the milk plants in the provinceu A few widely scattered
prants noh¡ process ar-most arI of the fr-uid milk used in the
province" I,{ilk is now being delivered. from the city of
v'/innipeg to all- parts of l.{anitoba and even to Sasl<atchernran"

This may involve transportation over distances of 600 miles
for example to Fr-in Flon, I,ranltoba. This rnÍrk may be up to
1[ days o1d. before it is finally consumed,

The following project was conducted to deternrine the
effect of storing pasteurized mirk at various temperatures
for perÍods up to 18 days. i'tirk was pasteurized by the
High Temperature Short Time method (161o tr', for 16 seconds)
and by the vat method (I¿u3o ¡'. for 30 minutes) an¿ samples
r¡¡ere stored at 350 l""r 400 F", and 500 F. for periods up to
18 days" samples were analyzed at three day intervals for
bacterial count, flavor, pH and aeidity,

This thesÍs reports the resur-ts of this investigation,
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REVIEIí OF LITERATURE

Bacteri-oloslcal Deteriora!_ion of PastqUrized ltllilk.
Thermoduric and rhermophilic Bacteria; Bacteriological
deterÍoration of pasteurized milk is caused either by bacteria
which survive pasteurization or by bacteria which enter the
milk after pasteurization" Those baeteria which survive
pasteurization in considerable numbers are considered by the
Dairy rndustry to be therrnod.urÍc bacteria" These bacteria
are capable of growing rapidly in mil_k over a wide range of
temperature" Those bacteria which grow and murtiply at
pasteurization temperatures are called thernophilic bacteria.
They grow best at temperatures between 500 c. and 600 co

Above and berow this range reproduction is retarded,
Olson (¿08).

These organisms gain entrance to t,he milk from the
udder, from the equipnnent i^rith which the milk comes in
contact and from the dust in the air at the tinre of milking,
Hileman (36) and Abdel-¡nalek (r) consi-dered that the cows

udder was the main source of thermod.uric bacteri-a,
Levowitz (l*2), however, beJ-ieved that the udd.er did not
contrÍbute to the thermoduric count sufficiently to eause
it to exceed municipar mil-k standards" Dirty nirking
machines and utensils, especially if dried nilk solids r,ìrere

present, were shown to be excerlent sources of contanrination
by Galesloot (zl*) and rhomas (59) " The importance of proper
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cleaning and sanitizing of utensils was also indicated by

Dotterer (t7) " Dust in ùhe stable air at milking time was

reported by Mack (tnl) as another vital source of contamination

since feed, bedding and soil harbored thermophilic organisms.

Alexander (Zl reported that microbacterÍa and

micrococci together with streptococci, aerobic sporeforming

bacilli and non-sporing rods survived H.T.S.T. pasteurization"

Fabian QZ) classified the most conmon bacteria which survived.

pasteurization as Microcoqllte a1þu_S.¡ U. êsg,r U" candidus,

U" conglomeratus, S" epidernis_, l.{" luteus, Ij" varians,
Streptoeoccus thermoph:L,Iug, !. liquefaciens, Ë, þovje,

å. Ellleerinaceouq, Ê. inulineqe-eu_q, Ë,, fecalis, S" zymogens,

Sarcina Lutea, g. IEr Bacil-lug cereus, and B" subtilis"
The most common thermophilic bacteria were !. stearotherr_n-

ophilus, Clostridium thermosaecharolvticum and C. niErificans.
This view was supported by Galesloot (25, 27) and

Abdel-malek (t) 
"

Gales1oot (Zlr) reported that microbacteria were more

prevalent during the sunmer months and thernrod.uric strepto-
cocci hrere more prevalent during the winter months.

Thomas (59), howevero found that the therrnocluric organisnns

were more numerous in su¡nrner and early autuunn than d.uring

the winter and early spring months"

There is some doubt as to the relationship between the
standard Plate tount of pasteurized milk and ühe keeping
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qualíty as indicated by Ashton (S) and. Ga1esloot (26).

Thomas (¡z) found that a high proporti-on of milk samples of
good keeping quality had low thermoduric counts and nearly
half the samples of poor keeping quarity had high thermoduric
counts.

PsvchrophíIic Bacteria: Those bacteria which have optimum

growth rates at comparatively low temperatures are considered

to be psychrophilic. rncubation temperatures below 7,50 c"

for 15 days or longer vrrere recommend.ed where conducting standard
plate counts on such organisms, since at 1Oo C. thernoduric
organisms which are not considered to be true psychrophiles
began to grow, Atherton (8) and Boyd (tt). However, in milk
refrigerated at 35o F" - 40o F. Nerson (46) obtained. the
highest counts where the plates were incubated. between 2ro c"
and 25o c. Watrous (61*l , Atherton 0) and. Van Der Zant ßl)
confirned this viewpoi_nt.

Sherrnan (Stn) and Olson (&g) have reported. that
psychrophilie bacteria im miLk are i.n generar Graia negative,
non-sporeforming rods" Erdman (eO) classified 190 psychrophilic
cultures isolated from mil-k and cream as pseudomonas, Lacto_
baeillus, streptococcus, Aerobactor, Flavobacterium, and
Escheriehia Ín descend.ing ord.er of importance. l{ithin a

group of ¿r1 psychrophilic cultures isolated. from water and
butter, 28 were classifÍed as belonging to the genus

Pseudomonas, 5 to the genus Fravobacterium, 6 to the genus
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Alcaligenes, one to the genus Achromobacter, and. one hras a

non-lactose fermenting yeast , Jezeski (38) 
"

Burgwald (f2) found that the psychrophilic bacteria
which developed in milk during refrigerated storage lvere

primarlly responsible for the deterioration of the Ìcroduct,
This view was supported by Davis (16)"

The general- opinion is that the majority of true
psychrophiles are destroyed at pasteuri-zation temperatures,
Thomas (56) , Rogick (Si) , and 0l_son (50)" consequently,

their presence in pasteurized mirk in relative high numbers

could be considered as an index of post-pasteurization
contaÌnination, Trout (62) and. Hempler (35). contarninati,on

could be prevenied by the use of sanitary equipment

England (rç) and by the u.se of potable lvater suppries,
Parker (¡r) 

"

The Keep-Lns Quality of Pasteuxiz.ed lr,filk"

Boyd (10) stated tl-lat in his experiments the average

keeping quality of commerciaJ-ly pasteurized and homogenized

milk stored at 40o F" was found to be from 13 to lB days

based on a flavor score of j3, (from the U.S"D"A. Bureau of
Dairy rndustry score card for mir-k) and frorn I to 1l days

based on a standard of not over 501000 baeteria per rnr"

lthen duplieate samples were stored at 3jo F., the average

keeping quality of ttre mil-k was exteirded to 11 to 1l¡ days"
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The flavor deterioration was correl-ated with the erowth of
psychrophilic bacteria.

Atherton (8) found tirat the first perceptible indieation
of deterioration of milk ab low temperatures seemed to be a

loss of stabÍlity of the casein, There was l-ittle change in
the acidity and a slow change in flavor even with a rapidly
j-ncreasing bacterial count"

Devel-ep.ment of Off Elavors durins the Storaee Period"

Oxidized Fl-avor: Roland (çz) found that oxid.ized flavor was

the predominating flavor encountered in pasteurized rnil-k"

Itiilk of a high fat content seenied to be nore susceptible to
this flavor. Thurston (ó0) cl-aimed that lecithin rather than

butter fat appeared to be the constituent affected" By the
removal- of l-ecithin and rel-ated substances by separati-on,

ivlucha (+¿*) was able to decrease the sensitivity to the
development of this off flavor.

fron and copper were found by Greenbank (29) to be

ideal catalysts for the development of this flavor" Light may

inhibit, promote, or have no effect on the d.evel-opment of the
fl-avor depending on the rnetal-lic contarnination of the milk and

the intensity of irradiati-on"
Hornogenization and prolonged agitation at low ternpera-

tures reduce the susceptibility to the development of oxidized
fravor, Thursbon (6r) and Guthrie 3z) " The experimental
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evidenee of Larsen (¿of ) ind.ieated there !üas no correlati.on

between the Eh and the inhibiting effect of honogenj.zation.

Weinstein (øSl added 35 ng. of ascorbÍc acid per

litre and retarded the development of the oxidized fl-avor

for 72 hours in milk stored at tulo p. BeIl (ç) found the
addition of ascorbic acid lowered the Eh and greatly
deferred, but did not prevent the development of an oxidized
fl-avor in frozen miIk. Chilson (f¡) stated that no oxid.ized

flavor developed in ascorbic acid. fortified nil_k (1.5 gm.

per 100 1bs" ) after 5 or 7 daysf storage but rapid. reduction
of ascorbic acid in milk, either by exposure to direct
sunright or through the add.ition of 3{, Hzoz, resulted in
no oxidized flavor over a 5-day storage period, He believed
that ascorbic acid was a contributing factor in the development

of this off flavor, Guthrie (¡r) al_so noted that when the
ascorbic acid was eliminated. oxidized fl-avor did not develop,

Greenbank (Z9t 30) believed that this off flavor r,ìras

the result of an intern'rediate oxíd.ation product and that t,he

development of bhe flavor in milk nray be inhibited by reduci_ng

or by oxidizing agents" such an oxidation may be represented
as follows;

a,______ R0_____ ROZ_____

No oxidized Oxidized No oxidizedflavor flavor fLavor
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Roland (52ll found that the bacterial counts on milk

with an oxidized flavor were generally lower than counts on

milk free from this defect, !'ühen Cone (f¿o) added a large

ínoculation of oxi-dase producing gram-negative bacteria to

a milk sample the development of oxidized flavor itlas markedly

inhibited"
Greenbank (Zg) claimed that the oxidized flavor deve-

loped by milks held in storage increased in intensity with

decreased storage temperatures. The probable explanation may

be related to the dissolved oxygen content at different
temperatures upon the relative rate of two or more successive

reactions that rnay be involved ín the formation and destructi-on

of the flavor,

Other Factors Affectine the KeepinE Sua1itv.

it{ethod of PasteurÍzati.on: Yale (66) found that none of the

evidence collected showed any significant difference between

the two methods of pasteurization on the cream ì-ayer, flavor,
reduction of bacterÍal counts or destruction of Escherichia-

Aerobactor types of bacteria present.

Fabian (Zf) stated that we should expect to find more

thermophilic bacteria in milk pasteurized at Lt+zo F. to 1&5o F.

for 30 minutes than in the milk pasteurized at 1600 F. to
1610 F. for L5 to 16 seconds, and eonversely we should expect

to find more thermoduric bacteria in milk pasteurized at 1600 F.

to 1610 F"
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Hileman (?.7) found that H"T"S.T. pasteurization resulted

in higher bacterial counts than pasteurization of the sane milk

in the laboratory at L43o F. to I44o F. for 3J minutes.

Ashtonfs (S) investigations confirnr these findings, but Èhe

keeping quality of vat pasteurized nrilk was inferior to that
of the H.T"S.T" pasteurÍzed milk"
Produetion and Proeessine Sanita:Lion: Corash (f¡) and

Hammer 3l) stressed that pasteurization could. not convert

J-ow quality nrilk into high quality milk" The sale of a high

quality product depended on clean milk production and

sanitary processing.

Harding (ltr) and Kasli (40) found ttrat a better
quality of milk could not be obtained unless clean utensils
and bottres r¡rere used, and specÍ-al attention was paid to
proper cooling, before as werl as after pasteurization.
Moisture left in the cleaned cans caused. marked increases

in bacterÍal counts" According to A¿þs¡¿6r (6) the el-imination
of cans and the i-mprovement of cooling by conversion to bulk
tanks and bulk tank pick up at the farrn contributed to
improved flavor and lower bacierial counts in milk.

frnproperly cleaned and sanitized pipelines constituted
an important source of general and thermod.uric contamination
of raw milk. i''{Ílk pipelines could be sanitized effectively
by the use of procedures which included either chlorinati-on or
hot water at 1850 F" as a germicidal agent, AJ-exander (3).
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Circulation through the equipment of 100 to L25 p.p.m"

available chlorine solution for at least ! rninutes, and

spraying the surfaces of vat walls with l*00 popolllo of

quaternary ammonia solution was advised by England (f9).

The quaternary ammonia compounds generally were more

effec-r,ive against, Gram-negative species, Johns ß9).
I'lueller (/n!) found that iodine liquid and iodine detergent-

sanitizer products were equally effective in bactericidal

properties when 25 p.p"rl" of available iodine hlere compared

with 100 p.pornn of avaiLable chlorine in killing E' coli
g" IIp@, U. ÞvrogeneÞ, and þ" ae_rggirÌ-os_a.

Investigatj-ons by Alexander (¡) and Fortney (Zg)

indicated that a high degree of sanitation could be achieved

by the installation of cleaned-in-place pipelines thus

eliminating ühe need for disnantling the pipelines"
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METHODS

Ëg¡tp-lps"

The raw milk used in the experiments was obtained from

the Holstein herd at the University of lt{anitoba. The nlÍIk was

thoroughly mixed and then divided into two lots. One lot was

pasteurized. in a High Temperature Short Time unit at 1610 Fo

for t6 seconds and the other lot was pasteurized in a vat at
J,43o F. for 30 minutes. Sixty samples u¡ere taken from the
processlng line after they had been processed in the regular
manner foll-owed by the dairy. The first and last bottles
off the line were not used" The sarnples were then stored at
35o F" r ¿l0o F. and 5oo F" A parchment paper was fastened

over the top of each bottle to prevent contamÍnatj-on from the
air since preliminary trials indicated that contanrination

wÍth yeast could occur around non-hooded mÍl-k bottle caps.

Analvsis of Jhe Sanrp1es.

The samples were analyzed at three day intervals for
a period of 18 days. The following deterrninat,ions brere made:

Bacterial:Çoun-ts: The mil-k samples were plated in two series
of duplieate plates in two dir-utions with tryptone glueose
yeast agar (&) " One series was incubated at ?zo c" for 4g

hours and the other series at zjo c. for 72 hours. The

average count used in the data was determined according bo

standard lt{ethods for the Examination of Dairy product,s (¿u).
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Colifornr Counts: Cou-nts were made by plating 1 mI of the

sample or a dilution of the sample in violet red bil-e agar"

If necessary brilllant green lactose bile broth or eosin

methylene blue agar was used. to confirm the test (¿u).

Aciditv and pH; The acidity was determined by titration
with 0"lN NaOH (ttre result was expressed as percent lactic
acid)" The pH values were determj-ned with a Beclanan glass

electrode pH meter model HZ (28), The pH data were statis-
tícaIly anaLyzed using direct pH values according to the

method of Shiue (55) 
"

Flavor Score: The fl-avor was judged according to the score

card approved by the American Dairy Sci-ence Association"

Each flavor was classified as slÍght, distinct or strong

according to its intensity" The points deducted for the off
flavors and intensities were as suggested by G. l'4. Trout and

associates (ln7) " The maximum score alloted was þ1 out of a

possible l+5, and the minimum score was 0" A score of 0

indicates that the quality of the nrilk was so low that it
would not be suitabl-e for fl-uid consumption.

The data obtained in the above trials was then analyzed

statisticalJ-y"
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RESULTS

The bacterial counts, flavor seores, pHs and acidities
of the samples will be found in Tabl-es 1 - 16 in the Appendix,

(see page 39 ). The analyses of variance of the above

characteristics will be found in Tables I IV bel_ow.

Table r" The Analysis of variance of the Bacterial counts"

Vari-ation ____ df SS MS

Samples
Methods
Storage temperatures
Temp. x method
Errðr (a)

7
I

3Ot+"323
112 " 718
373 "l.92t+,627

81. r10

43,t+75
112 " 718
l-86 " 596

2 "3l,Iþ
2 "r7b

re" 99++
Ã1 AÃHJ{
,/¿ov¿, 

^ ^

85.831t$
1" 06¿

35

Total- (a) l+7 87 5 .970

Storage davs
Days i metirods
Days x temp.
Dayxtemp. xmethod
Error (b)

6

^T2
L2

252

t+b3 .873
l+l+.6¿.6

L?r"895
15 .530

Ljl+.985

73 "g7B
7 .l+l+I

10.158
I.291+
o"536

4" eo**
5 "75+T
7" 85++
2.41xx

Toral (b) 335 1636"899

l"*rl significant d.ifference for storage temperature is 0 "3gg"1,.ö"U. for days in storage is 0,293.

4 ir{+"ates that the F valu-e is significant at the L/o rever.* indicates thar rhe F varue is si[nificant at rhe 5/r 1;+ù:
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Tab}e II" The Analysis of Variance of the Flavor Scores.

Samples
Methods
Storage temp.
Temp, x method
Error (a)

2652.t+67
91+3.36I

L+3t+Ì+"906
2110.580
1+3t+9.0I9

378"9?3
943.36r

2172 "l+53
ro55 "290rab"258

3 .04+ 
"'7 ÃOlt$,

r+:iir$
B. L9¡rx

7I
2
2

35

Total (a) I+7 1'+I*00.327

Storage days
Days x methods
Days x temp.
Davxtemp. xmethod
Eri.or (u )-

6

^L2
L2

?52

93B6 "gog
631* "o6j

5996 "73r
1518.885
g86z "603

r56t+,48¿f
to5 "677t+99.728
l-26 " 573

39 "r73

2.60*
<l

l" sb*^2 r2NN

Totat (u) 335 r+I799 " 52O

L. S,D"
L" S.D"

Table III. The Anal-ysis of

Variation df

for
for

storage temperature is 3"02"
days in storage is 2,5O"

Variance of the pH Values.

SS [[s

S_arnples
Ittethods
Storage temp,
Temp. x method
Errór (a)

11
(
l¿
¿
2

35

/ ^/^o"toY
2 "220

Lg "789
4.L67

IO "7l+b

o " 
g0g8

2.220
9.891+9
2.O835
o "3069

2 "96+
7.23T 

^

32 "24û!+6.7gxlt

Total (a) l+7 l+3 "21+9

Storage days
Ðays x method
Days x temp"
Davsxtemp. xmethod
Error (u)

6
A

T2
T2

¿)¿

â ìrÃÓ"TLI
1"500

Lt+ "6532"666
18 " 043

r 
^ 

F^^L.t)¿ó
o "25OO
L "?2LIo.2222
0,0716

?.87*
1,L0^ 

^
5 " 5oTT
3 " l_gltH

Toral (U) 335 88" 228

L"S.D"
1,. S. D.

for
for

temperature is 0.I50"
storage is 0"I07.

storage
days in
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Table IV, The Analysis of Variance of the Acidities.

Variati
Samples
Methods

SS

o "32350.1869
I"It437
0 "b3370.973L

IlS

o "0+62
0. 1869
o "72L8o.2L6g
o.o278

I.OO^
6"72+.

25 "96't+
Z.80Hlt

Storage temp,
Temp. x method
Error (a)

1
2

35

Total (a) 47 3 J6a9

Storage days
Days x method
Days x temp"
Davsxtemp. xmethod
Erior (¡)

6
6

L2
T2

252

0 " 5911
o.L27O
I.O35l+
O "221+I-l )-l <'7¿a*L/ a

o. og85
o.o2L2
o " 0863
0.0L87
o.0ol}8

<l_
1"13 ^ "
¿',.614À+
3 .87xx

Tora1 (¡) 335 6 " 551+2

L"S.D" for storage temperature is 0"OL5"

The H.T.S.T. method of pasteurization on the average

gave lotn¡er bacterial counts, higher flavor scoresr higher

pH values and lower acidities than the vat method" The mean

of the logarithm of the bacterial count of the H.T.S-T'

pasteurized milk was &.25 and for the vat pasteurized milk

it was 5"1+5" The mean of the flavor scores for H.T"S.T.

pasteurized miLk was 31./e and for vat pasteuri-zed milk it
was 28.1" The analyses of variance (Tables I and II) show

that the dífferences between the two methods on the basis

of bacterÍal eount and flavor are significant at tine lfo

level. The mean of the pH values for the H.T.S.T. pasteurized

milk was 6.58 and for the vat pasteurized milk i-t was 6.42.
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The mean of the acidity for the H'T.S.T' pasteurized milk was

O.ß/, and for the vat pasteurized nrilk i-t was O'23/o. The analyses

of variance (Tables III and. IV) show that the differences be-

tween the methods on the basis of pH and acj-dity are significant

at the 5fo Level.

The bacterial counts, flavor scores, PH values and

acidities Vary wÍth changes in Storage temperatures. Generallyt

lorrrer storage temperatures gave lower bacteria1 counts, higher

flavor scores, higher pH values and lower aciditi-es' The

differences in these values¡ âs affected by the storage

temperature, are significant at tine Lf" l-evel-, (Tabfes I, II,

III and, IV) . The greatest difference occuryed between /¡0o F"

and 5Oo F" The samples stored at 35o F" and l¡0o F" were

almost the same. These points are illustrated in Figures 1,

2, 3 and /¡.

r+v

o
O
C!. ^cr\LU

+t9dg
r1 ÕÉ(
c)O
Ê.ø)
q.&
o1

a/.
.J1

J.

ot rno)w

r.20

d{

r{*10

AFt1)2

Storage
Fig"t The
rage temp.
count,

,^ Ãrl+w^)v
Temp" (F')

effect of $Lo-
on bacterial'

{h¿¿
Storage

Fig.2 The
rage temp,
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The effect of the storage teraperature on the change in

the bacterial count was not significantly different between

the two methods (Tab1e I). However, the changes in flavor

score, pH and aeidity were different u¡ith the two methods.

This d.ifference becornes more significant as the storage

temperature increases. (Figures 5, 6 and 7).

H.T"S.T"

vat

35 40 50
Stcrage 'Ietnp " (F " )

f"ig"b The effect of sto-
rage temp. 8: Past" met.hod
on. pH. .

r+- \-/
;

Á<

+

(l)
5.
v 1v

L¡n
olv
rr{

r-{
t¡ |

-LV

35 40
Storage Temp. (!'

Fig.5 The effect
r'àge terip.& past.
on fl¿rvor .

.ì 50")
of sto-
rnef bod



-18-

l-. 0

-l
rö

.7

A

Þto .'¡
lJl..lø+

.4cl
1.I

Ffg.7 The effeõr-of sto-rilge temp.& past.method
on a0idity

The bacteriar eount increases with the nunber of days
in storage' The log phase of growth appears to start about the
third day and the rate of r¿urtiplication does not slorrr down
until after nine days ín storage" (tr,igure g) 
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The effect of the number of days in storage on the

change in flavor and pH is significant at the 5/o LeveL.

The fravor scores and pH val-ues decreased with the number of
days in storage" The rapid decrease i-n fravor scores occurs

in the first 9 days and the change of pH becomes nore

significant after 6 days in storage" (Flgures p and 10) "
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rage days on pH value

I8

sto-

The increase in the bacterial count after storage was

not the same with the two methods of pasteurization. TLre

bacterial count of the vat pasteurized nrilk j_ncreased more

rapidly and gave mueh higher counts than the H.T"S"T. pasteurized
rnilk. (Figure 1Ì). The changes of fravor, pH and acidity are
almost the same for the two rnethods.
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The effect of temperature on the change of baeterial
count, flavor, pH and acidity after various storage d.ays is
significant at the t/" teveÌ" Higher storage temperatures

gave higher bacûerial- counts, lower flavor scores, lower pH

values and higher acidities. The differences become greater
as the storage days pro.gress. (Figures !2, l-3r l't+, and 15).
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The changes in bacterial- count, flavor, pH and acidity
were not the same for the ti¡¡o methods rvhen the milk was stored
for different periods of time at different temperatures. vat
pasteurized milk arways gave higher bacteria counts, lower

flavor scores, lower pH values and higher acidities. The

differences become more significant as the number of days in
storage increase" (Figures 16 , LT, 18 and 19),
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Table V. Number of Days Storage Before Coliforrns Appeared
in V.R.B. Agar.

Pasteurization
Trial

Storage
Temp. F. Vat H "T. S. T.

35
/+0
5O

J)
l*0
50

35
l+0
5o

35
b0(rì

h

35
40
5o

35
l+O

5O

35
l+o
5o

6

7

I

6
6
7

9
Y

L5

I5
L5

I ( atypical )

18
18
12

L;
L5

?Ã
,.^.+v
5O



-?5-

Coliforrn$_: The presence of coliform organisms in freshly

pasteurized milk is an indication of contaminati-on after
pasteurization. There vrere no eoliform organisms in any of

the samples immediately after pasteurization, Table V"

However, in certain sar.rples coliforms did appear after a

number of days in storage" In sample number 2 atypical

whitish eolonies appeared after both vat and H"T.S.T.

pasteurization.
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DÏSCUSSION

Pasteuri-zat ion l{ethqd.

The method of pasteurÍzation appears to be a very
inportant factor in the keeping quality of rnil_k. The ¡ritk
pasteurized by the H.T.s"T. method. was significantly superior,
at the L% l-evel-, in both bacterial- count and fravor to the
nilk pasteurized by the vat method" The difference both in
pH and in acidity was significant at the S% tevel_.

The bacteriar counts of the sampres pasteurized by
the vat method increased during storage and this difference
became much greater at the higher storage tenperature ( 50o F" ).
At 50o F' the H"T"S-T. pasteurized rnir-k had a fairly good

fravor score for the first ro days, however, the fLavor
score of the vat pasteuri-zed milk decreased rapidly after the
third day mainly due to the increase of d.eveloped acidity.
The flavor scores of the samples stored at 40o F. and 35o F.
were quite close, The vat pasteurized seemed to have a

slightly better flavor for the first 9 days of storage beyond
this period the H.T"s.T. pasteurized milk retained a better
flavor, I{hen consid.ering only the mil_k stored at 35o F.
there is little difference in fl_avor score between the two
methods of pasteurization throughout the 18-day storage
period.
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These results indicate that the milk pasteurized wit,h

H.T"S"T. method had better keeping quality, if the proper

storage temperature was used. The better keeping quality
may be due to the fact that the H.T.S"T" unit is a completery

cl-osed system and may eliminate any possibility of contamination

during pasteurization" rn addition some authors have proved

that the I{.T"s-T. method destroyed ¡nore acid producing

bacteria, the cause of Nhe chief flavor defect in the vat
pasteurized mil-k. It r,vould appear that a shift to a different
method of pasteurization for reasons of economy of time,
space and labor has resuLted in the production of a higher
quality product"

This statement is not in agreement with those of Hileman

ß7) who stated. that the H.T"s"T. method of pasteurization
gave higher bacteriar counts than the vat method. However,

he used laboratory pasteurizat,j-on instead of commercial_

vat past,eurization. some differences may exist between

l-aboratory pasteurizatÍon and commercj-al_ pasteurization"

S t or age_Iernpe ratur e .

The storage temperature had the most significant
effeet on the keeping quality of the pasteurized rnilk, The

bacterial- count was alwa-rrs higher at the higher temperatures,
the acidity was higher and the pH was lower. The greatest
difference in storage temperatures was between 50o F" vs

350 4.00 F,
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The flavors were rnuch lor¡ier at 50o F" over long periods

of time. However, up to nine days storage with H.T"S.T.

pasteuz"ization and up to three days with vat pasteurization

the milk at 50o F" was better in fl-avor than that at 35o l+Oo F.

However, after this period of time the fl-avor dropped off very

rapidly and higher acidities and souring resulted. The

improvement of flavor rvith the higher temperature is due to

the inhibition of the development of oxÍdized flavor" This

may be due to the lower oxygen retention of the milk at the

higher temperatures or to the effeet on the EH of the rapid

bacterial grovrth at the higher temperaturen It may be wise

to store high qu.ality pasteurized milk at a temperature not

belorv l+0o F" instead of at l-ower temperatures" Thj-s practi-se

has been recommended by other authors (30). However, the
proper storage temperature for a particular quality of
pasteurized milk seems to depend on the desired storage period

before consumption.

lays in Storaqc,

The effect of the nunrber of days

bacterial- counts vrras significant at the

1n

't4
storage on the

leveI. The

effect on the change in flavor and pH was significant at the

5/" l-evei- and the effect on the change in acidity was not

significant. However, in rnost cases the differences of the

second order interactions among the storage days, storage



Sanples of rnilk pasteurized

stored at 35o or 40o F. were still

*29-

temperatures and pasteurization methods were signíficant at

t]ne If" level.

the H.T.S"T" method and

reasonably good condition
even after 18 days storage when the standard used. was as

follows: Standard plate count/ml not more than 50r000,

flavor score not less than 33 and an acidity of not more

than O"I9%. Samples of vat pasteurized miLk hrere kept in
fairly good condition only under storage at 35o F. If
4Oo F" was used. the samples were good- for only nine days"

The chief defect encountered in the sarnpres stored at
a 1ol'¡ temperature was oxidized flavor" The samples stored. at
higher temperatu,res became sour rapidly within a few days"

However, there was stil-l some difference between the two

pasteurized milks. The H.T.s.T. pasteurized mir-k always

kept in good condition at least three d.ays longer than the
vat pasteurized milk"

CoIi.form."

No coliforms appeared at any time in nine out of the
sixteen samples. fn the other seven trial-s coliform organisms

hrere found to be present after various days in storage" Since

none vrere found for at l-east three days after pasteurization
it would appear that the number of organisms present was so

srnall that it took a number of days before they multipried
sufficiently to appear on the plates. Even though no coliform

ì.lrrvJ

in
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organisms appeared until after 3 da1'5 1n storage there stíIl

may have been colj-form organisms present in the pasteurized

mi-Jk.

The presence of atypical whitish colonies on certain

col-iform plates would bear further investigation" It niay be

due to overcrowding on the plates or to a partícul-ar species

presenf,
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CONCLUSÏONS

1. I'Iitk pasteurized by the H.T"S.T. method at t6l-o F. for
16 seconds yields a produ-ct with a lower bacterial count,

a higher pH and a higher flavor score than m1l-k pasteurized

by the vat method at 1&3o F. for 30 mi.nutes.

2. The storage temperature has a significant effect on the

bacterial- count, flavor, pH and acidity of the pasteurized

product.

3. High quality raw milk properly pasteurized may be in good

condition from the standpoint of bacterial count, flavor,
pH and acidity after 18 days storage"

ü," The proper storage temperature for pasteurized milk should

be determined by the qualÍty of the pasteurj-zed milk and

the length of storage desired"
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ST]T,O4ARY

Experiments have been carried out to deternine the

effeet of the method of pasteurj-zation, the storage temperature
and the number of days in storage on Nhe keeping quality of
pasteurj-zed rnilk. l,'lilk obtained from the university dairy
was pasteurized by the H.T.s"T. and vat methods and. samples

hlere stored at 35o F" r LOo !'. r and 5oo F. for a period up

to 18 days, Samples hlere analyzed at three ¿ay intervals
for bacterial- count, fJ_avor, pH and acidity,

l"Iilk pasteurized by the H"T.S.T" method at 16l-0 F.

for 16 seconds produced a better product from the standpoint
of bacterial- count, pH and flavor than mil-k pasteurized

at I43o F. for 30 mi-nutes,

The storage temperatu-re had a significant effect on

the bacterial- count, pH, aeidity and flavor of the pasteurized
product. stora-ge at high temperatures tend to inhibit, the
development of oxidized flavor. However, storage at 5oo F,

over a long period of time induced the development of acid.ity
and the souring of milk. Pasteu_rized mil_k luith a 1or¡

bacterial count should perhaps be stored at l+oo r', rather
than at'35o ¡'" t'{iIk with a high bacteriar count shoul_d be

stored at lower temperatures (3jo F. ), The proper storage
temperature seems to be determined by the qual_ity of the
pasteurized mil-k as we]l as by the rength of storage period
desired before consumpti.on"
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32

zzooo
Zl.ìmvvu o

28OOm"
Êõ00m"
3600m"

0,160
o"160
0,160
0,160
o.16CI

Flav,or

6'"?o
6 "706 *70
6 "'-lzA ry'>

6 "60

SIlg.oxid,
tî' to

ffl!

Oxld,
0x1d."

oeL60
0*160
0,160
0,ï60
o,l_Bo

I.oBm"

â.\F"

6 "706"?O
5,05
4oVU
4 "95

oìo
0:r.l-d,

oxlc1"

0x1d 
"SIig,stale uorid."

Slig,oxld "uncl"Very unel.

Score

7.O

0,160
0,160
UeCþU
0"700
^ 

r77^

7É, Ã

zB"9
a8,9
zB "9

Uneï., & sour

S11g 
" 
oxid.

Slig " 
oxid "st'ale.Sour une'l " eoag'

¡l tfi: lt
ü'¡rt

?,8,9
8g *9
.)Ê, o
znÃ
22 "6L6',9

V"
õ5,5
?À.i1 Ã

o0"o
00,o
00"0
o0*o
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Table 11

SAMPLE PAS'IEIJRTZED V'IITH I1"T "S"T" IVIETHOD

6
I

72
15

9
L3
L5

ã00
õ00
õoo
õ00
õ,oo
300

õo0
õ00
300
õto0
3nn
õo0

Collform

6
:/

L¿
T5
t8

õoo
õoo
õoo
640
õ00
|ztaa\

õoo
õo0
õ00
500
800

1,30CICI

õoo
8400

480000
õe0000

Ê80m"

PH

6"60
6 "?O
6 *70
6 *7,o
6"70
6,70

{ç}

&
ó

õo0
gtoo

8500
470040
?80000

Ztr (\mt, \,r\/U.I 6

õOm

0,170
0"I?o
0,I?0
o,1'?o
o"l?0
0"1?o

6"6

Flavor

6 "706 "?O6"70
6,"70
6 "65

IITO

kon,oxid "bit."0x1d" &, sta.le
Oxld."
0xi.d,

"170
0,1?o
0*170
0"I?o
0"170
0"17'o

$1,.1g oprOrl, oxld.,

6 "60
6 "?5
6 "706 "656,70
5"?0

Slie".oxld"nstale

0æ1d."
It

llr

lIr

ft

Stale0"170

o "1600.1.70
o,1.70
0"170
0.460

zL"6
?6 "988"9
e8,"9
9't Ã
7.7tr.

Nor
0x1d"
SIlg,oxid,
Strig,stale
S1-1g"s'bale
Sor:r & unel"

Unel"

e8 *9
88,9
Ê8"9
ag "928 "9?7,L

e,asty & unel"

28,"9
35".5
õg*5
õ9"5
Ll.1
11,1
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Tabl-e Lz

SAIVIPLE PA$TEIIRIZED, [ütrTH VAT IVIETHOD

+)(t

6
ß)
tìo{i
ul

o
I

ïe
ï5
li8

r'74
650

L000
4õOO

3õCrOO0
a50000

o
L2-
I5
LB

670
460
600

t400
15000

?rO00OO

Ieoo
8500

õoo000
8 .5m"
3*7m"

Co.[,iform

7

o
Y

L3
1,5
t8

7n

õ8gooo
30m"

?50Om"
?000m,
li6O0¡c"

TõOO
82000

2.?m..
õ8 *0m,
66 *Om.

7A

PF]

6"6
6 "706,70
6"68
6,'14
6 "70

670
er7000O

30m.
33O0m"
?8O0m,
1900m.

9?0m

o,160
0"L60
o"L60
0,160
0"160
0"160

F1avor

6,6
6 "70
6 "706.65
6.70
6 "60

No obi"
Pro;n,oxLd'
$l,ig,olctd. s:tale:
0x1d" stale

ll lf'

SItgøoxld 's'tale

0"].60 Oxld.ized
O"160 S1-tg'oxi.d'sûale
0"160 tr rr fr

0'160 lo: ll rl

O"trBO VerY unel'

Oxi.d* sta1e

O oCU
6,?0
5J5o
4 *95
4 "954*80

Oj O.Ð):l o

Seore

0"160
o"4l-o
0"640
0"6?0
0,?50

u L"6
z.q Ã

26 *9
?.6"9

26 "9

Oxidized flav
So¡,rr & uneÏ"
Ssur unel" &
illl

tt tt

o, oÐ.-l e

0 "76

28 "977 Ê,

?T ri

7u4 øô
22

coag,oo,0
ll; 00"0
il 00*0
r¡ O0 "0

?8 "9ll"6
o
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Table 13

SAMPLE PASTEI.]R]ZED VVTTH H"T'9 ".I" I\MTHOD

õ00
õ00
õ00
?/'\^
z^^
znar

3 300 500
6 õ00 300g õoo õ00 @ 6,68 O,1,7O

LZ 300
15 õ00

OUU
õoo
300 é
õ00 @

õo0
õ00

CoIlform

o
|.f.

3 õ00 3O0 d 6 ,7O O 
" 
1'70 rrr It

6 87000 50000
9 I?m" UOm" @ b'bz u'-Löu ve'ry s¿:,goei:otll's

1iÐ

t5 9m, IZm" 6*52 0*UO0 Ye'ast¡' & unelu

õ00 @ 6"65 0.1?O

Ig 3m. õm"

PH Aej-dlty

6 ,?0 0" l?o fr rr It

1.600 6 "70 0"1?0

1,?m" ?0m"

6 "68, 0"L?0 Oxld"flav," 2B*9

õOm. 30m"

6,,65 0"170 rr' tl

õ00

6 *69 0,1?0 fr ff 28 *9
6 *?0 O"I?0 SL1S,oxld"& s&a;Ie,

6"70 0.170
6 ".?O 0 "ï?o

U\JtlIo vo9tu vo

IZm" 6*52 0o

6"?O 0,1?O SIlg,olcid'& stale

No: o

6.7O 0"tr?O SIi:g.oxid"

illf

6 "62 0,180 VerY s1fgos:our slolt '

@1d.flav-"
ll fir

t!' lll

6,6? 0.Ï80 tfttle bit.stale

_-0-"90 0"f90 sllg"s r glars

40"0

48,9

7/l tr

40"0
g8*9
28"9
Çp. O

z7Ã
59,5

40"0
?Ãq
qQ. Ã

22 *6
71 7v-¡-ov'
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Table lL

gAfuIPI,E PASTTII$IZED WITH VAT METHOD

+ìl
CDI

l

15
0)l
tro
-rJ
UI

ú1
O
rl
Ht$

lrn

o
o

I2
15
I8-o

z
6i
q

L?
L5
I8

r.20
510
?rrrl
õ00
500
õoo

400
3õO
300
zññ
õ00
300

3'40
õ00
32iO
4"O
760

Seoo

Cotriform

400
500
?ñ^

300
I000
2500

3000
õ000

180000
340000

?"õm,

860

PH AAl

6 *65
6,?0
6,70
6 "70
6 "7?6,70

400
õooo
õ000

llo000
õ50000

7mvgo
8,'õm

U=Ji
o "1.60 rr rt r, 40 "O

ty

O"160 i;Sl'fg".oleld."s'tale 93"5
0,tr60 0x1d1zed 2&'9
0"160 A Little oxid" 35"5

Fl.avor Seore'

6 "736,70
6'*70
6,?0
6 *?0

0"160
0,160
0.160
0"160
0.1.60

6,65
6 "72
6 "?06 "656,65
6 "60

il ,,.- rl

Sl"i€aoxÍd. stale
l9: tt,

Oxidized

0'
0"L60
0,160
0"160
0.].60
0"160

Very s,I-lg"stale
tale
CIOì
IN

Very s'llg"oxI.d" õ5"5

0"}80

No obj ,& oxld "No o'b j "flav"Stale

40"0
72 Ã.

28 "939 "5.39,4

Very stale

.Êvov

40"0

40 "040"0
3,8,4
56,6
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Table 15

SAMPLE PASTEURIZED 
.viITH H"T"S"T. METHOD

tr)
ÈA

o
9

\2
tr5
18

640
660
6I0
õ00
350
300

vl

fft
a)
r'{
g
fi,û

650 @

Coliform

Ãzn
600
õoo
õ80
3ZO

580
qnn

490
400

ï800
õoo

()

9
T"
I5
T8

o
r"t)

650
Ããn
Ãrìrì
??n
700

14'Ãnñ

59CI
500o

200000
õ00CI00

9Om!ô Jq&

PH

6'*60
6 "6Ti
6 "706',6g
Anu
6"69

lLeldlty

I2"On

o"L6

580
16000

350000
õ60000

2 *6m"

o,160
0"460
0,ï60
o,lL60
0"160

6,60
6,65
6,68
6 "68,6,"72
6 "70

Pron"oucld*fÏav;
0xld 

" 
f Iav"

ul l0

37

0"160

goor(l.d.llãv,

0,]].60

llmvu6

0"160
0,160
0*1160
0"160
0"160

Pron, flav 
"0xtd."f1av¡"

6'"60
6 *63
6 "65Âr ÂÃ

6 *68
6,"60
6"51

b,ale

Oxl-d "ff.av"0xiÕfzed
OxÍd"fl.i.av*&
Oxld,fl.av,
0xidized

o*1.60
0,160
o,L60
0"160
0,r70
o"L90

Scone:

70

zl-"6
2g "928,9
21,6
e8,9
3g "4

SIi.rE, stale.

uB,g
eg"g

sbale 26,9
2B"g
8:8,,9

ff lt

Stigos'fale'
i\To; ob j,flav".
S11g"sfale
Brftter & staler

g" OrK
ff

flav, õ9

VU G¡V

VUèV

UU O\J

40"0
õjg "5_ ?,:*T'
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Table L6

SAI\iIPI,E PAS'IEURIZED VVITH VAT METHOD

ql
$l
.l
()l
Èrl
ol
P
(rl

(n
a)
i-l
gl

cd
TD

at

õoo
õ00
õ00
750
Rnn

o
9

LZ
l5
LB

45

õoo ó
300
300
õO0 é

Ll-00 d
1800 B

õ00
õoo

t00000
? "5m"I "0m,

Coli.Sorm

n
o

L2
lÞ\

I8

300
300
OUU

IOO000
5,lm"
4 *Om,

10"

4000
e'8m"

?10 "0m "
l4O0 "0m,.

590 "Om"a500.0m"

PH

6 "656,?O
6"?O
6 "706"80
6,?0

Ae

õoo
9000
4 "On:"?0O"0m"

1: / rì^ ñm!-vv øvuo

450,0m.
1900"0m"

r7

O"li.55
0"150
o,150
0 "L500,150
0"150

6,6

Flavc¡r

7

A 17^

6 *70
6 "?O
6 "BO
6 "72

No; ob j,flaw,
Veny s1-Ig,oxld"
SÏfg,sfale.
Pron"stale'

\JO

,l l.a'ws

0,r50
0"150
0,150
o"1.5c)
o"150

UIÍI,C,I .
Sta]-e

b obC
6 ",70
6 '65
6 "40
A f7Ê,
=êlu
+ "94

7

Very slig,oxld.
ll tt fl

Sllg 
" 
s6ale

S1-Íg 
" 
oxJ.d *

Une'I "

Seo¡re

o "I50
O"
0,,I50
0"I50
o "2zon qÞñ

0 "6õ6
0 *640

40"0

õg,5
g6 

"6e9"l

Oxid,uncl

llor
tl

, ï'IAV "
obrj "flav"l1 l!

Sour flav"
SOur f] av',

ft tl

'(ÃÃ

õ9"5

Êg "l19"9

unc'I"

40 "040,0
2.l*6
00 "000"0
00"0


