A STUDY OF THE PHOSPHATASE TEST AND ITS USE AS

AN INDICATION OF PASTEURIZATION

By
PETE J; %AGNINO, JR,
Bachelor of Science
Oklahoma Agricultural and Mechanical College

Stillwater, Oklahoma

1954

_ Submitted to the faculty of the Graduate School of the Oklahoma
State University of Agriculture and Applied Sciences in
vartial fulfillment of the requirements
for the degree of
MASTER OF SCIENCE
August, 1957



Pl e s iy

A STUDY OF THE PHOSPHATASE TEST AND ITS USE AS

AN INDICATION OF PASTEURIZATION

Thesis Approved:

‘Thesis Adviser

/ﬁéi4ﬁmg/

) Faculty Representatbive

Dean of the Graduate School

ii

385479



ACKNOWLEDGEMENTS

The author wishes to express hisﬁsincere appreciation to:

Dr. James B, Mickle for his assistance, advice and encouragement
in the development of this project and in thenprebaration of this
thesis,

Dr. Charles L. Norton for his valuable assistance and sound
guidance,

DBr. Harold C. Olson, Mr., Paul E. Johnson, Mr, Edward R. Eger-
meier, and Mr. Robert L. Von Gunten for their encouragement, advice,
and patient cooperation during the course of this study,

Mr, Patrick L. McComas and Mr. John D. Wynn for their help in
obtaining samples and the laboratory analyses,

Mrs, Mary Jo Barton for the typing of this manuscript,

iii



TABLE OF CONTENTS

INTRQDUGTION o o o o o o o o o © o o

1

REVIEW OF LITERATURE ., . o o o o »

EXPERTMENTAL METHODS

A,
B,
Co

D,

RESULTS AND DISCUSSION 2 o o o o o o o

'\-AO

B.

o o © 0o 0 o o

General Procedure o o o o o .

Milk Sample Variations . .

Heating and Cooling Curves

- Method of Exﬁreﬁsing_Results

[

o

Q

o

Conversion of Colorimeter Readings to

Phenol Content of Milk Heated at Four

Phenol Units

Temperatures

for Selected Time Intervals o o o« o o o o o o o o o

Daily and Within-Day Variations in Milk Samples . .

Composition of Milk Samples o o o o o o o o o o o o

Calculation of Heating and Cooling Curves . o - o &

Experimental Brrors o o o o o o o o 0 6 o 6 o o o o

Other Problems Suggested by this Study . o« o o o o

SUMMARY AND CONCLUSIONS . o o ¢ o o o o 06 6 0 0 a 0 o o o o

LITERATURE GITED @ o o o o0 ¢ o o o ¢ © o0 © © ©o© o0 0 o 9 © o o

iv

o

Page

10
10
12
13

15
15

16

20

26

28
30



Table

I,

111,

Iv.

VI,

ViI,

VIII.

Phenol Content of
Selected Time
Phenol Content of

Selected Time

Phenol Content of

Selected Time
Phenol Content of

Sslected Time

»Phenol Content of

LIST OF TABLES

Milk Heated in a
Intervals o . o
Milk Heated in a
int@rvals o o o

Milk Heated in a

Intervals 6 o o

Milk Heated in a

Intervals o o o«

62.5°C, Bath For

65.0°C, Bath for

< o ° o © ) o L4 <

71,1°C, Bath for

-

76.7°C, Bath for

o o ] © o L ° o o

o

Daily Milk Samples Heated at 62,.5°C,

for 24- Minutes o o o o g g © © o -] o ] ] 1] o o o o

Phenol Content of Daily Milk Samples Heated at 760700°

fOI‘ 2025 M’inut@s 9 © © © @ ©o© o © o o o v o0 ¢ o 9o @

Phencl Content of Milk Collected at Selected‘Times

During One Day and Heated at 62.5°C. for 24

..
Minub@s .« ¢ o o o o © © © o o 0o 6 6 o 6 o o o o o

Composition Data of Milk Used for Heating Experiments

Page

18

18

19

19

21

21

22
23



INTRODUCTION

The phosphatase test, when first developed in 1935, was thought
to be an adequate test for the detection of underpast surized milk,

In recent ysars experiments and observations have shown that it might
be otherwise,

Two different sources (36, 46) in the state of Oklahoma have
r@po?ted "false pogitive" results with the phosphatase test, especially
with high=temperature short-=time pasteurization., In one instance,
milk pasteurized at Muskog@@g by the high-temperature short-time
method, gave a negative test immediately after pasteurization, but a
positive test after shipment to Tuléao

According to various workers, reactivation of the enzyme occurs
in some cases, especially in cream and when high pasteurizabion
temperatures are used.

The primary objectives of this study were: (1) to learn more
gbout the phosphatase test as applied to pasteurized milk; (2) to
determine, if possible, somes of the causes of "false positive! results;
and (3) to learn whether or not these "false positive" results were

caused by Freactivation® gs described in the literature.



REVIEW OF LITERATURE

In 1933, Kay and Graham (31) published a method of determining the
phosphatase content of milk and stated that the enzyme was sufficiently
thermolabile to be destroyed complstely when milk was heated to pés=
teﬂrizatiqn temperatures. The Xay and Grahem phosphatase test for
detecting underpasteurized milk and pasteurized milk adulterated with
raw was released.in 1935 {32).

Greham and Kay (19) reported that active alkaline phosphatase was
found in cows milk and would cause ¢nang@s in the phosphoric ester
content of milk upon standing at an optimum pH of 9.0, Accdrding to
Morton (41), all trus orthopﬁosphat@ monoesters were.rapidly hydrolyzed
by milk phosﬁhataseo Milk phosphatass is similiar to he phosphatases
‘found in other parts of the body (38, 40, 69) and consists of an
apoenzyme and a 6oenzyme (1), The aﬁo@nzym@ appears to contain
ce#tain aminp acids essential for phosphatase activity, according to
Abul-Fadl and King (1). The enzyme is largely located at the fat
gldbuléaserum interface and is assdciat@d with an insolﬁbie lipoprotein
- complex (38, 39, 69). |

“According to Burgﬁald (9) any milk which has been heated to over.
60°C, for a sufficient length of time to destroy 96% of ﬁhe phosphaﬁéé@;

present is free of pathogenic orgenisms.



The principle of the phosphatase test is the additicn of a small

- portion of milk to a large excess of phosphoric ester, During e standard
period of incubation at au optimunm pH and temperature; the phosphatase,
if present, will hydrolyze the ester relessing phemol. The hydrolysis

is stopped after a given pericd of time and the released phenol is
determined colorimetrically.

The phosphatase test has undergone severa; modifications since its
release and some of these are reviewsd by Burgwald (9). The Sanders
and Sager medification is.uéed extensively today and gs found‘in
$tandard:M@thods for the Examination of Dairy Producte (2).

The principle of the test is the same as that of thelKay and Grahem
test, but the incubastion pericd i3 only ome houwr and in place of Folin
gnd Ciccalteu's coloping reagent, 2, 6=dibromoquincnechloroimide (BQC),
as devised by Scharer (55), iz used. Photometric determination of the
liberated phenol, using a €10 mpa Filter was first devised by Storrs and
Burgwald (59) and perfected by Senders and Sager (54) .

The Sanders and Sager test will detect variations, from a standard
of 143%F. for 30 minutes, of ;OFO less then tﬁe recommended temperature,
five minutes less than the recommended holding time and Ool% raw milk |
adulterstion (9).

Horwitz, Knudsen, and Weiss (30), compared several phosphatase
tests aﬁd concluded that the Senders and Sager test with photometric
determinastion of the phenmol was the best procedure for detecting uhder=
pasteurized or aduit@rated milk,

Several precauytions sre listed by various suthors which must be
followed to insure correct results with the phosphatase test. All

glassvare used must be washed in acid or alkaline cleanser and



thoroughly rinSed‘with distilled waterv(99 10, 18, 52, 53). Phenol
must not be stored in a 1abora~t;o:ry- vhere the test is being run and
soaps coﬁtéining»Carbolic déid‘ér disinfectants qdntaining phehol must
not be’usgd=(32)° Phenol contamination from plastic clésures has been

encountered (56) aud rubber stoppérs‘ﬁust be boiled in distilled water
before using (37). BQC should be made daily end di-sodium phemol
phosphate over threé days old should ndt be used (32, 54)°I_Whatman
No, 42 filter paper was found‘to give the most satisfactory results (3)
and when filtéring, 81l the filtrate should notlbe allowed to filter
through €9). Care should be taken to prevent contam%nation of the test
with saliﬁé (56) and erratic or false results can ge caused by in-
sufficient mixing throughout the test (52).

Sanders and Sager (55) established a unit of phosphatass as the
intensity of blue color produced by cne microgram,or part per million
(p.pom.) of phenol per 0.5 ml. of sample used. Using this standard
they found that a negative phosphatase test resulted when not more than
2 wnits were produced by 0.5 ml. of milk, The minimum pasbteurization
| standard, established by Scharer (56) for milk heated to 143°F. for 30
minutes was the b;ue color developed by 0.5 p.p.m. or 2,5 phosphomono= - |
esterase units (2.5 gamma) in 5 ml. of milk., Phenol values higher than
4 popom. per ml, of sample indicate underpasteurizatiqn of cows milk
according to Standard Methods (2)°‘ ,

Hetfick ana Tracy (2?)‘established a straight line, seminlogarithmic‘
'relationship 5etweeﬁ.th§ time aﬁd température required to inaéti?ate
phosphﬁtaSe over a temperature ?ange of 143°F, to, 185°F, They expressedv_:
4t by the formula T = 174 = 9 logt ¢ T being the temperature in

degrees Fahrenheit and t the holding tims in seconds. The Sanders



and Sager test was used to esteblish this formuls and a value of ome p.p.m.
of phenel per ml, was used as a sbandard for insctivabion,

A straight line graph also was prepared by Lear and Foster (34) for
inactivation of phosphatase betwesn 60°C, a@d 72°C. Hansen, Wood, and
Taornton (23, 24) established a similar graph for temperaturss bebtween
153,3%F, and 160,7°F, This graph was represented by the equation
T = 171.84 - 9.66 log t.

Read, et. al. {(50) found that a heating time and temperature of
0.25 second et 175.6°F, was sufficisnt to déstrmy completely pathogenic
organisms in milk while phosphabsase was inactivated in 0.25 second at
182.4°F. Mimmgocous @rgénisms are 99,99% destroyed at 1440F, for 55
minutes, 160°F, for 15 seconds and 165°F, for 4 seconds according to
 8peck (58), The same percentage destruction was obtained by Tobias,

. Herreid, and Ordal (61) at 1439F, for 30 minutes and l@SOBAO‘Fo for 2,36
seconds assuming zero heating and sooling times, They also found that
ph@sphatasg could be inastivated to 4 p.p.m. phencl per ml., of milk at
169,.7°F, fgr 2036 seconds.

T@m@@ratur@@ bétm@@n 140°F, and 1E09F, required longer holding times
to kill 99.99% of the pathogenic organisms and inactivate the phospha-
tase in cream than in milk, but in both instances a safety margin was
maintained betwesen bacterial destruction and phosphataS@ inactivation
(25). |

When pasteurizing milk at 143.59F., Oldenbﬁshs st al. (43), found
an ample margin of safety for pathogenic bacteria destruction. Dahlberg
(12) sstablished pasteurization stenderds from 1409F. to 160°F, and
prepared margins of safety between bacterial thermal death points

and standards for pasteurization which he found to be smaller at high-



temperature short=time imtervals. Prucha and Corbett (AS)‘also found
this margin to be smaller at higher temperatures, but the safety margin
between bacterial destruction and phosphatase inactivation was found to
be wider at high temperatures.

It has been shown by several authors (7, 8, 47, 51, 63) that
pa&téurized cream will give a negative phosphatase test immediately after
pasteurization bub a positive test upon storage for a few days. Some
"r@a@tivatiunﬁ‘occurr@d in cream pasteurized at temperatures of 62.2°C,
and at storage temperatures down to A°C,

On the other hand, Wister and Covington (64) found no increase in
phosphatése activity of pasteurized cream and ice cresm mix after
storage of 24, 48, and 72 hours at pasteurization temperatures from
170°F, to 2050F,

Wright andiTram@r (65) found inactivation of phosphatase to be
practically instantaneous at temperatures over 80°C. In addition, milk
heated at 85°C. and stored at 18 - 37°C. (optimﬁm BQOCQ):would give a
positive phosphatase test after storage. This reappéarénce of phospha-
tase activity was termed "reactivation" and the phosphatase responsible
was found to be identical to the alkaline phosphatase of raw milk,

Raa@tivatioh wag found Lo occur in commercial milk heated to over
1000GC, and cooled rapidly (65), but did not occur in commercial éamples
pasteurized at 161°F, for 15 seconds or 145°F, for 30 minutes in the
laboratory (67).

No relation was found between reactivation and fat content, addition
of ascorbic acid, metallic ions and =amino acids or initial phosphatase
content of raw milk., Removal of oxygen increased the reactivation

while storage of raw milk increased the phosphatase content,
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Reactivation did not occur when milk was heated sufficiently to denature
the soluble protein (66).

- Reactivation was shown by Fram (17) in milk heated to 260 - 2800F,
for several seconds end stored at 88°F, for 18 hours, Reactivation did
not occur in milk stored at 40°F. but occurred in skim milk heated to
162°F. for 16 secbnds and after 2 hours in 20% cream pasteurized at high-
témperature short=time intervals,

Read, gﬂg al. (49) tesﬁed sémples of milk immediately after pasteur-
ization and upon storage ab 46.40F, for 24 hours. The milk was pasteur-
ized at 180,19F. to 184.19F, for 0.25 second and at 176.90F., to 179.8°F,
for 0.50 sscond. These heat treatments gave 2@3¢Lg° of phenol immedi-
ately after pasteurization. It was concluded that some reactivation was
shown, but the results were very erratic.

Posthumus® (47) theory of reasctivabtion states the enzyme is heound
to ths fat in such a way as to escape complete destruction during a
very short heat treatment, but the active engyme will diffuse imto the
serum upon storage and produce a positive test,

Three theories of reactivation were offered by Wright and Tramer
(66)s (1) reactivation cccurs as the result of the reversion of the
denatﬁring of the apoenzyme; (2) the coenzyme is inactivated upon
heating but a new coenzyme is formed upon storage at certain time and
‘temperature intervals; (3) heating the milk at certain temperatures
breaks the bondage between the apoenzyme and coenzyme but a new
bondage is formed at slightly higher temperatures. |

Certain chemicals and metallic ions have,béem'found to influence
“the phosphatase enzyme's activity., Wright and Tremer (48) found that

ethylene diamine tetracetic acid would increase enzyme activity and



r@activatiom{whiIQ magnesium, zinc, and manganese i@né activated the
eNZYIE o Gopper and nickel ions as well as CO2 were found to be in-
hibitory factors. Haab and Smith (21) found that magnesium iens did
not increase the engyme a@tivityo‘ Morton (41) stated that several
phosphorus cémpounds caused slight inhibition of the enzyme’s activity
while iodine end cysteine ceused strong inhibition. Magnesium salts
were found, by Folley and-Kay‘@lS)9 to activate the phosphatase
engyme while Pett and Wynne (44) found the enzyme activity could be
 accelerated by arsenate or arséniteo

Churchill, et. al., {11) stated that antibiotics do not impair
the relisbility of the phosﬁhatase test but Stotz and Hamkinson (60)
found that a small amount of antibiotic and a sub-standard pasteﬁr=
ization temperature could yield e false negative test,

Hammer and Olson (22) 1n@ubat@d bacterial cultures in sterlle .
m11k at 2100 and 37°C, and found some strains produced phosphataseo

Pseudomona@ putrefaciens was an excellent producer and some Aercbacter

groups gave poaitive results. Some authors {10, 17, 18, 33; 42) have
foumd that a p051t1ve phosphatase test can result from bacterla but -
countes must reach several million, Sand@rs (53) found‘phosphatase
activity was not caused by bacteria in fresh orjr@asonably fresh prbducts
but this.type.of activity was found in old butterg-éld creamgvand cheese.
A eontrol t@stbwas used by Tramér (62) tO'd@m@nstrat@ that ba@t@fial
-phosphatasg was ér@duced by g£©wing organisms, He incorporated di-
s@diummparamniﬁroph@nylmphosphat@ into suitable media and measured
@@l@rim@tri@ally the paraanitrwph@m@l liberated by the organiSms present.,
The phosphatase cont@mt of raw mllk has been found to vary from

950 = 3,000 p.pom. for herd mllk (20 28) and 119 to 4,380 for



individual cows (20)., An advance in lactation is accompanied by an
increased concentration of phosphatase in milk (4, 16, 20, 28, 32) and
mastitic milk has a very high phosphatase content (4). The maximum
concentration for individual cows is reached approximately 180 days
after parturition (16, 20).

Before accurate results can be obtained on raw milk, the substrate
concentration must be higher than that.used in testing pasteurized milk,
In addition, a 20 minute hydrolysis period, at 38.59C, is necessary and
a pH of 10.32 £ 0,02 must be attained, according to Haab and Smith (21).

According to Ball (4), a major portion of the heat required for
pas@éﬁrizaﬁion may be furnished during the coming-up and cooling times
when holding periods of 3.5 minutes or less are used.

Holland and Dahlberg (29) stated that a neglect to consider the
time of holding before heating to high temperatures was an error often
encountered in experiments on milk pasteurization.

An experiment by Herschdorfer (26) on the relationship of phospha=
tase d@struction of heated milk cooled in air and ice water showed
that milk cooled by air (at room temperature) had a higher phosphatase

content than milk cooled in ice water to 5°C. immediately after heatingo



 EXPERIMENTAL METHODS
A. GENERAL PROCEDURE

The milk used in this experiment represented the night and
morning milkimg@,of the Oklahoma State University dairy herd. The
milk'was collected from the bulk storage tank a@lﬁh@ dairy barn after
completion of the m@rning milking, end care was taken to insure
agitation of the milk before collecting it.

The milk was prepered for heating by sealing 13 ml, of it into
a 16 x 150 m.n, soft glass test tube. The tubes were then placed in
a water bath and the temperature of the contents was adjusted to 40°C,

H@atimg was sccomplished in a bath filled with Fisher Stabi-
lized Eath oil. A stirrer was placed in the bath to insure a con-
gbant t@m@eratur© throughout the bath end the temperature was con-
tféll@d~by a Mercury Thermoregulator which had a sensitivity of ¥ 6.0100,

When the bath had besn adjusted to the desired temperature, the
seal@d.tub@s of milk were put into the bath. There they were turned
end over ends; by mechanical me:ns, ab a consbant speed of epproximatbely
3 ToPoloy while completely submerged inm the oil., After the desired
time intervel had elapsed, the tubes wér® removed from the bath and
allowed to cool to room temperature (29 i 20C.),

The milk was heated et 62,5%., 65.0°C,., 71.19C,, and 76.79C, for

various time intervals, These inbtervals, at each tempersturs, were

10
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adjusted so that one produg@d milk that was underpasteurized, another
produ@@d milk that was pasteurized the minimum length of time, and the
third produced milk that was overpast@urizedo

Duplicate tubes of milk were heated at each time - temperature
interval., ZQne duplicaﬁ@ was tested immediately and one was stored at
32,2°C, for 24 % 2 hours and then tested.

The phosphatase test used on all samples was the Sanders and Sager
Method 11.(2)0 This procedure was modified by doubling all the dilutions
to fa@ilitat@ i@ading'th@ semples c@l@rim@tricallj; In additi©n9 0.2 ml,
of BQC was added from a burette instead of the recommended 16 drops.

A11 sampl©s.wer@ run in duplicate and a blawnk was prepared for each set
of duplicatésu

The int@nsity of the blue color present in the tubes wes determined
colorimetrically with a Fisher Nefluoro-Photometer using a 610 np
filter. Each milk sample was read, from the logarithmic scale, with the
colorimeter standardized on the b;ank0 To check for errors in the read-
ings the colofimeter alsc was standardized on distilled water and colori-
metric readings were made on both the semples and the blanks. However,
only the r@adings made when the colorimeter was standardized on the blank
were reported in the tables that follow, | |

The fat conbent of the milk was determined by the Babcock test,
total solids by the Cenco methed (35), ash by A.0.A.C. method (5), lactose
by the method of Perry and Doan (45)9 and the pH was determined with =

Beckman pH meter, Model H2, using a glass electrods,



12

B. MILK SAMPLE VARIATIONS

An effort was made to determine what variations occurred in the
phosphatase content of the milk used in this @ork during different
stages of handling. Semples were collected at th@.dairy barn storage
tank after the evening and morning milkingsg approximately 5:00 P.M,
and 5230 A.M, respectively. Samples of this same milk were collected
from the hélding vat in the college processing plant at 6330 A.M. and
7330 A.M.

These four réw milk samples were pasteurized separately at 62.5°C,
for 24 minutes and t@st@d immediately by the phosphatase test, The raw
samples were then stored in the proc@ésing plant milk cooler at 45°F.
for 24 hours. Duplicate samples of the sbored raw milk were then
heated to 62,5°C. for 24 minutés, One duplicate was tested immediately
end one was stored at 32,2°C, for 24 hours before testingQ

Two trials were conducted to determine the daily phosphatase
varistions in the milk samples used for this work. The milk used for
these trials was collected from the college dairy barn bulk storage
tank after the morning milking.

In trial 1, samples were collected for five comnsecutive days and
a portion of each sample was heated to 62.5°C, for 24 minutes and
tested for phosphatase inactivetion immediately. The raw samples were
stored at ASOEQ for 24 hours and tripl@@ate portions were hesated from
each sample. One replicate was tested immediately, one was stored for
24 hours at 32.2°C. before it was tested,and the last replicate wss

stored for 48 hours at 32,2°C, and then tested.
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Trial 2 was conducted in the same manner as trial 1 except that
duplicate portions of fresh raw milk were heated to 76.7°C. for 2.25
minutes. One duplicate was tested iﬁm@diately and the other was tested

after storage for 24 hours at 32.2°C,
C., HEATING AND COOLING CURVES

Heat @ﬁrV®S were established to determine the length of time
required for the milk to reach the temperature of th@ oil bath under
the conditions of this experiment,

To do this a small thermometer which could be read to 0.1°C, was
sealed into a 16 x 150 m.n. soft glass test tubs filled with 13 @lo of
wat@r; The tube was placed in a water bath, the temperature of its
contents adjusted to 409C., and the tube was then put into the oil
bath set at the desired tewmperature. Temperature readings were taken
of the tube sontents while it remained in the bath, as the temperaturs
rose from 400C, to the bath temperature. Five trials were run at sach
0il bath temperature (62,5, 65.0, 71.1, and 76.7°C.), then an equation
wag fitted to each set of data,

A @@bling curve for each of the milk heating temperatures was
eatablished with the same test tube and thermometer assembly used to
egtablish the heating curves. The curves for 62.5°C, ana-éSoOOGo were
determined by heating the tube @f'ﬁ@t@r to 62,59C, and 65,000, then
removing the tube and allowing it to cool at room tempetrature.
Readings of the tempersture were taken as the tube's contents cooled
to 409G,

A graph of the 71.1°C. and 76.7°C, heating curves showed that

the milk only reached 68.0 ¥ 0.59C, when exposed to these temperatures



for time intervals that would éssure_minimum past@uiizationob Thus a
cooling curve with the oil bath set st 689, was used for these two oil
bath temperatures. Four or more trials were run at each oil bath
temperature and an' equation was fitted to the . data obtained for each

temp@ratur@o
D, METHOD OF EXPRESSING RESULTS

The amount of phenol present im the heated milk was determined
by comparing the colorimeter reading of the samples to thoss obtained
from prepared phenol standards. Standards comtaining 1, 2, 3, 5, 7,
7.5, 9, 10, 13, 15, 20, and 30 p.p.m., of ph@nol were prepared and tested
to evaluate the intensity of the blue color they produced by the'phospha=
tase test used for milk, Two modifications of the milk test were useds
the incubation periocd was omitted and the blamk was prepared by using
2 ml. of distilled water, instead of boiled milk, .

The data for the standards were collected by making several new
stock solutiong and at least two runs were made by two individuals from
each stock solubtion,

Data were collected to ses what relationships existed between the
phogphatase content of the heated milk; and the pH and the phosphatase,
fat, ash, and tobtasl solids content of the raw milk. The phosphatase
content of the raw milk was determined by the same procedurs used for
the heated milk, but a dilution of 1 ml. of the raw solution in 19 ml.
of color dilution buffer was made immediately before reading the samples

colorimetrically.



RESULTS AND DISGUS?ION
A. CONVERSION OF COLORIMETER READINGS TO PHENOL UNITS

A graph of a straight line calculated according to Snedecor (57)
and represented by‘th@ igrmula‘? = 0059,f 1022§3X was used to convert
all colorimetric readings taken curing this experiment to parts per
million of ph@ﬁolo The data for this graph were from colorimetric
readings of pr@pared.ph@nol standards.

| - The first visible blus color in th@ milk'uas detected at a
colérimetric reading of 5.0 £ 1,76, The mean of samples showing a
slight visible blue was 5.0 ahd 1076‘was the 95% confidence interval
prepared ffom the sample standard deviation of all duplicate milk
samples run in this experiment (57).

Th@ col@fimetri@ reading of 5.0 L 1.76, when converted, gave
phenol values of 3,6 % 1.3 p.p.m. Pasteurized milk throughout this
experiment was referred to as any milk that had been heated, tested
by the phosphatase test and prqduc@d less than 3.6 p.p.m. of phenol.
However, any milk producing a ?h@ﬂ@l value betW@én 2,3 and 4.9 was
@Qnsid@r@d within the range of minimum pasteurization. This phenol
value representing the point of minimum‘past@urization-approximates
the valués of Aod PoPolm, oOf ph@ﬁ@lhpér‘mlo listed by Hansen9‘Wood9

and Thornteon (23, 24): and in‘SﬁandardlM@thods {(2),

15
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The raw milk values are expresssd in p.p.m. of phenel but these
are relative values only, obtained by meking a 1 = 20 dilution of the
test solution filtrate with color diluti@ﬁ buffer immediately before
r@ading'ih@m colorimetrically. After this proc@dur@ was established,
it was found, according to SOM@'authgrs_(zlg 28), that more substrate
must b@‘used to determins the total pheﬁol content of raw milk than
was used for heated milk samples,

Later experimental work showed that determinations of the raw
milk phenol content could be mad@Aby a 1 = 100 dilution of the raw
milk with water and testing the mixture by the same procedure used for
heated milk,

B. PHENOL CONTENT OF MILK HEATED AT FOUR TEMPERATURES
FOR SELECTED TIME INTERVALS

Tebles I te IV give the phenol content of the milk samples heated
at 62,5%C., 65.,09C,, 71.1°C., and 76,7°C. for selected time intervals,
A% @ach:temperature the ninimm holding time required to produce
minimnm‘past@urization of the milk was found, Several trials were
run at this time intervsl as well as abt time inmtervals greater and
less than this minimum,

The minimum times of pasteurization at the four temperatures
appeared to bes 24,0 mimites at 62,5%°C.; 9.5 minutes at 65,09C,;

3.5 minutes at 71.19C.; and 2,25 minutes at 76.7°C, However, the
point of minimum pasteurization sometimes varied with different milk
samples.

Early experimental work at 62.5°C. in November and Dscember,

1956 {Samples Dl and El) indicated the minimum time of pasteurization
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to be 24 minutes. Additicnal experimental work in June, 1957 (Cl1)
indicated milk was pasteurized when held for 23 minutes. The minimum
time of pasteurization at 65.0°C. appeared to be 9.5 minutes in March
(C2 and D2) but 60 days later, milk heated for 9.0 minutes gave values
below the line of pasteurization. Two samples (E3 and F3) indicated
the minimum time of pasteurization at 71.10C. was 3.5 minutes, but
three samples (B3, C3, and D3) run 30 days later were pasteurized after
3,0 minutes, Semples F4 and 46 - B6 established the minimum time of
pasteurization at 76.7°C. to be 2,25 minutes, bub thres samples (C4,
D4, and E4) indicated that the minimm time of pasteurization was 2.0
minutes.

Although complete data for the raw samples were not obtained on
samples at the 62,590, temperature, and the raw valuss for the other
t@mperétur@s‘did not show large variations, the author believes that
these changes in pastéurizatimn times are due in part to seasonai
variatiors in the phosphatase content of the raw mil¥. The experimental
error in this work (95% limits, % 1.3 p.p.ms ph@nol)ialSO may account
for part of these variétions in pasteurization times.

The in@ﬁbat@d samples, throughout these tables gave more erratic
values thah did the same samples before incubation. However, no.
general trend toward high@r or lowér values after incubaticn was
observed, and most variations were within the experimental error,

Several samples gave lower values after incubation than before
but no value indicated the milk was underpasteurized before incubation
but pasteurized afterward. Only five semples (FL, A2, D3, I3, and C4)
gave phenol values that indiéat@d the milk was paSt@urized immediately

after heating but underpasteurized upon incubation.
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TABLE T
PHENOL CONTENT OF MILK HEATED IN A 62,5°C,

BATH FOR SELECTED TIME INTERVALS®

Raw ___Heated
Sample Diluted Before After 24 hr.
Date Number Time 1/20 Incubation Incubation
(min) * ~ (popomo) (popoms): - (popom.)
6/10/57 Al 22,5 6.9 7.7 6.3
6/11/57 Bl 22,5 8,9 £o8 bods
6/ 5/57 cl1 23.0 9.6 1.2 3.0
11/28/56 DL 24,0 = 3.0. 2,8
12/ 4/56 EL 24,0 - o8 6.9
10/21/56 Fl 25,0 - 2.2 6.9
12/ 4/56 Gl 25,0 - 2.8 2.4
11/28/56 Hl 26.0 - 2.4 1.2
12/ 4/56 11 26.0 - 2.8 2,6

LR

8Fach value represents the average of duplicates

TABLE 11
PHENOL CONTENT OF MILK HEATED IN A 65.0°C,

BATH FOR SELECTED TIME INTERVALS®

Raw Heated
Sample Diluted Hefore Af%er 24 hr.
Date  Number Time 1/20 Incubation Incubation
' (min) (popom.) (popom.) {p.pom.)

5/24/57 A2 9.0 9.6 3.2 6.1
6/10/57 B2 - 9,0 6.9 5,2 4o8
3/ 4457 c2 9.5 - 1.0 1.8
3/ 8/57 D2 9.5 9.8 4,0 8,1
3/ 8/57 E2 9.75 9.8 bods bo?
5/24/57 F2 9,75 9.6 2,0 3.2
6/10/57 G2 9,75 6.9 2.8 3.2

8Fach value represents the average of duplicates
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TABLE III
PHENOL CONTENT OF MILK HEATED IN A 71.1°C,
BATH FOR SELECTED TIME INTERVAI.Sa

Raw Heated

Sample Diluted Before After 24 br.
. Date Number Time 1/20 Incubation Incubation
' - "~ (min) (popom.,) (popom.) -(popnmo)f’
6/11/57 A3 2,75 2.9 13,20 4.0
5/22/57 B3 3.0 10,2 3.2 0.1
5/23/57 3 3.0 10.2 1.8 0o,
6/10/57 D3 3.0 6.9 2.6 5.6
L2757 © E3 3.5 5,2 3.2 2.4,
L/15/57 F3 3.5 1104 3ody 2.0
L/ 8/57 G3 3.75 5.0 2.4 2.6
4/12/57 H3 3.75 5,2 2.0 1.4
3/30/57 13 400 5,0 2.6 400
Lf 8/57 J3 440 . 5.0 0.0 0,0
8FEach value represents the average of duplicates
bThought to be an error
" TABLE IV
PHENOL CONTENT OF MILK HEATED IN A 76.7°C,
BATH FOR SELECTED TIME INTERVALS®
" Raw — Heated
Sample Diluted Before After 24 hr,
Date Number Time 1/20 Incubation Incubation
‘ (mie) (PoPele) (Popeio) (Popm.)
6/12/57 Al 1.5 9,8 120.5 =
6/12/57 B 1.75 9.8 35,1 28,1
5/15/57 4 2,0 1104 1.6 3.6
5/17/57 D4 2,0 7.3 4 o0 8,1
6/11/57 E, 2.0 - 8,9 2.0 204,
1/25/57 F4 2,25 - 2,0 A
5/Lb/57 Gl 2.5 3.8b 2,0 2,0
6/11/57 Hé4 2.5 8.9 0.0 1.2

2Fach value represents the averag@ of duplicates
bThought to be an error
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A very noticeable -illustration of the great variation in the
phehol value that can be obteined by a. slight change in the holding
time is shown in table IV by samples A4 and B4. Both samples were run
on the same day and both gave high pheﬁol vaiu@so The blue color
produced b& sample A4 heated iny 0,5 minute below the minimum time
, of pasteurization could not be distinguished visually from the color

produced by the raw sample.

C. DAILY AND WITHIN-DAY VARTATIONS IN MILK SAMPLES

4

i,

Two trials were run on milk samples collected for five consecu~
tive days. Trial 1 was bested st 62,590, for 2/ minutes and trial 2
at 76.7°C for 2,25 minutes.

Table V contains data for trial 1. These deta show no trend
toward higher phenol values after incubation of the raw or h@atéd milk,
The values obtained for this trial were §omewhat erratic. However, they
seem to indicate that if milk is heated at a time and temperature rela-
tionship which represents minimun basbeurizationg the phenol values
obtained from this milk will fluctuat@gluithin the limits of experi-
mental error, between pasteurized and underpasteurized.

The data for trial 2, run on daily samples heated at 76.7°C. for
2,25 minutes for f£ive comsecutive days, are found im table VI, All
values were very low and none gave a value before or after iﬁcubatiQH
that indicated underpasteuiizationo

The phenol values were collescted for the raw milk used im this
trial but showed very little variation. These variations éould have

been due to variance in the technique of running the tests.
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TABLE V
PHENOL CONTENT OF DAILY MILK SAMPLES HEATED
AT 62,59C, FOR 24 MINUTES®

Raw Stored at 45.9F, for
24 hrs, then Heated

Sample Before Before - Incubated  Incubated
Date Number Storage Incubation 2, hrs, =~ 48 hrs,
{(popomo) (popomo) (popoms) (popom.)
2/11/57 A5 4o8 2,0 7.1 3,2
2/1.2/57 B5 200 Z!Pocz% 400 600
2/13/57 C5 .. 4o6 3.6 4o3 3.0
2/14/57 D5 2,6 S22 3od 2.8
2/15/57 E5 o0 Ok 408 2.8

8Samples collected for five consecutive days

TABLE VI
PHENOL CONTENT OF DAILY MILK SAMPLES HEATED
AT 76.7°C, FOR 2,25 MINUTES®

Raw - S : Heated

‘Sample Dilubed . Before After 24 hr.
Date Number /20 : Incubation Incubation
(popomo) "~ (popom.) {popom.)
5/21/57 A6 8.7 1.6 3.2
5/28/57 - B6 8.7 1.0 0,0
5/29/57 c6 9.2 0.1 0.0
5/30/57 D6 7.9 0.1 0.8
5/31/57 EbH 6.2 A 0.6

28amples collected for five consecutive days
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TABLE VII
FPHENCL CONTENT OF MILK COLLECTED AT SELECTED TIMES DURING

ONE DAY. AND HEATED AT 62.5°C. FOR 24 MINUTES

Raw Stored. at 450F, For
24 Hours then Hezated

Sample - Beforeé ' Before After 24 hr,
Numiber Storage Incubation Incubation
(popoﬂﬂo) (Popolﬂﬂo) ~ : (popom;)
A7 5.6 3.2 & oy
"B7 3.0 3.6 3ods
C7 FAR 3.0 bol
o7 3.8 3.0 2.6

A7 collected at 5:00 P.M, after the evening milking (2/5/57) at

the college dairy barn storage tank.

B7 collected at 5330 A.M. (2/6/57) from the mixed evening and

morning milkings at the' college dairy barn storage tank,

C7 collected at 6300 AM. (2/6/57) at the college dairy plant

holding tank,

C8 collected at 7:30 &M, (2/6/57) st the college deiry plant

holding tank,




TABLE VIII
COMPOSITION DATA OF MILK USED FOR

HEATTNG EXPERIMENTS

; " w S Total R
Date pH Fat . 8olids Lactose Ash
% % a %
10/21/56 - . - . e -
11/28/56 - 4o5 13.3 == o749
12/ 4/56 == 45 13.6 - 763
1/25/57 6.7 Lol 13,0 4450 725
2/ 6/51 6.8 4o25 12.9 466 775
2/11/57 6.7 hol5 12,8 426 751
2/12/57 6.7 ) 12,6 4,02 754,
2/13/57 6.7 o2 12.8 4?3 46
. 2/14/51 6.7 o2 12,8 4,32 741
- 2/15/57 607 402 1208 AOM e
3/ 4/57 - 402 13,0 4,90 740
3/ 8/57 6.7 o2 12.6 4,00 oo
3/30/57 6.7 4.0 13.0 5,40 -
lbr/ 8/57 608 llifeo l302 4090 bt
4/12/57 6.8 3.9 13.1 IAAY ==
LI15/57 6.8 3.8 13,2 455 e
5/14/51 6.8 3.9 12.8 5,03 ==
5/15/57 6,75 3.8 12,7 5042 -
5/17/571 6,75 Loty 13.0 5.30 -
5/22/57 6.7 3.8 12.4 4087 o
5/23/57 6,75 o0 12.5 4,72 —
5/24/57 6.7 3.9 12,8 455 -
5/21/57 6.7 40 12,6 065 —-
5/28/57 6.7 3.8 12.6 5,00 -
5/29/57 6,75 3.6 12.4, 4072 -
5/30/57 608 309 1205 14-055 ==
5/31/57 6.8 3.8 12.3 Lo52 —
6/ 5/57 6.7 3.8 12.3 5,07 —
6/10/57 607 .306 1202 5025 ==
6/11/57 6,65 3.7 12,0 5,07 =
6/12/57 6.7 3.7 12,1 5,15 ==




Table VII contains data cbtained from milk of four different
sources during one day and heated at 62.5°C. for 24 minutes. The values
show véry little variation and only one (A7) was outside the limits cf

pasteurization.
D. GOMPQSITION OF MILK SAMPLES

Table VIII contains éh@ mi;k composition data collected from the
gamples used in this experiment. No relation between the composition
date and variations in the phosphatase content of the rew or heated milk
was observed. Therefore, no effort was made to calculate any such

relationships,
B, CALCULATION OF HEATING AND COOLING CURVES

The preheating, holding, and cooling times for the milk heét@d at
62,5%C., 65.0%C., 71.19C., and 76.7°C. were determined by fitting‘
equations to the data obtained from the heating and cooling trials, The
heating curves are represented by the formulas

T =B o (B - 40) & kb
when: T = temperature of watei or milk in °C,

B

i

oil bath temperaturs in ©C,

temperature of tube contents before heating

i

40
k = constant
t = time in seconds
The constant, k, was calculated to be 0.01149 for 62.5°C., 0.,01068 for
65,0, 0,01119 for 71.19C., and 0.01117 for 76.7°C,
1% was found that when milk was heated in a 71.19C. or a 76.7°C,

bath that the milk only reached 68.0 T 0.59C, at the time it was
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pasteurized. Thersfore a cooling curve starting at 68.09C, was used
for both of these high heat - treatments. Separate cooling curves were
prepared for 62,5°C. and 65.09C,

Th@S@ curves are represented by the formulas

T=R+ (B-R) g=kb

i

whens T = temperaturs of water or milk in ©C,

i

R = room temperature in °C,
B = o0il bdth temperature in ©C,
k

= constant

it}

t = time in seconds

The k value was calculated as follows:

Temperature (°C,) Trial 1 Trisl 2
2.5 v 0,00213 0,00223
65.0 0,00203 0,00228
68,0 { - = e = 0,00141

According ﬁ@ Farrall (ij) the specific heat of milk, at tempera-
tures between 62.50C. and 76.7°C., is 0,93 £ .01, All heating and
cooling curves in this experiment were runm with water which caused the
heating and cooling curves to b@‘som@what high, - The thermometer used
to establish these curves had a lag of approximately five seconds whi.ch
ceused the measured curves to be low. These two errors were in opposite
directions, but nc way was found to determine whether or not they
exactly compensated each other. In view of this it was felt that the
calculeted equations were the most accurate estimate of the milk
heating and cooling curves,

The combined heating and cocling curves showed that milk heated

at 62,5°C. for 24 minutes required 5 minutes 50 seconds to rise from
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40°C, to 62,5 * 0.5°C. The milk was held at 62.5°C. for 18 minutes 10
seconds and cooled to 54 L 0.5°C. in 2 minutes 15 seconds. When heated

ét 65.0°C, for 9.5 minutes the milk required € minutes 15 seconds to reach
65.0 ¥ 0,5°C., It had a holding time of 3 minutes 15 seconds and required
2 minutes 50 seconds to cool to 54 % 0.5°C. Milk that was heated at
71,1°C, for 3.5 minutes and 76,7°C, for 2,25 minutes only reached 68,0

* 0,59C. and both cooled to 54 ¥ 0.5°C. in approximately 5 minutes 10

seconds,
F, EXPERIMENTAL ERRORS

The §5% confidence limits were calculated from,the data used to
plot the phencl standard curve (57). The limits of the regression line
(5Y) were * 0,553 and for the mean of duplicate observations (SY) they
were © 3.75. These values appeared large, however, limits calculated
from some of Burgwald and Giberson's data (10) gave values of T 0.617
and ¥ 9,96 for SY and SY respectively.

Toward the end of the experimental work, a slope-ratio assay
procedure (14) was set up to determine differences between individuals
and days. The procedure followed was the same as described earlier, but
the tubes were randomized before adding BQC and were read colorimetri-
cally in this randomized order.

In this experiment standard phencl samples (10 p.p.m.) Wére rUn
against two unknowns, one a phencl standard of 7.5 pop;mog and one a
milk semple that had b@@n’ﬁastaﬁri%@d at 71.1°C. for 2.75 minutes.
Duplicate determinations of 0.0, OoﬁgbloOg 1.5, and 2.0 ml., were run

from each sample and the limes made by graphing the values for the



unknown samples were compared to a similar line prepared from the
known sample, Duplicates wefe run by two individuals on separate
days.

Statistical analysis showed the test on the phenol unknown to
_be valid, and there were no differences betwsen individuals or days.
Hewever, due to a difference in the blanks, the test on the milk
unknown was not valid. In all cases the lines made by graphing data

from any one sample appeared to be lineer.
G. OTHER PROBLEMS SUGGESTED BY THIS STUDY

During the course of this experiment several problems were found
which appsar worthy of further study. These revolve arcund the effects
of preheating and cooling time - temperature r@lationahipsvupon pasteur=
ization and the phosphatuse t@éto

The mathematical evaluation of these relationships and the use of
these evaluetions to help understand the phosphatase enzyme, and pas-

teurization, should be an interesting and worthwhile study .



SUMMARY AND CONCLUSIONS

The primary objective of this experimental work was to determine
if reactivation of the phosphatase enzyme in milk would occcur during
incubation after milk had-b@@n pasteurized. In this study, the milk
was heated at four temperatures (62.59C., 65.0°C., 71.1°C., and 76.7°C.),
tested lwmediately, and then test@d again after 24 hours iﬁcubaticn at
32,200,

The minimum time of pasteurization was found at each of the four
heating temperatures and these times ﬁ@r@ found to vary as the experi-
mental work progressed., This variestion was thought to be due in part
to seasonal variations o$ the~raw milk and in part to experimental
errors, |

 The experimental error in ﬁhis work was fairly large, the 95%
confidence limits on th@‘mean of duplicate milk samples being I 1,3
p.p.m, of phenol. Even though this error appears to be smaller than
that of some data in the literature, it may account for some of the
felse pogitive phosphatase tests that have been reported.

Erratic phospha@gse values were obltained throughout the experi-
ment before and after incubation, but values after,incubation had more
variation than thoss before incubstion., However, most of these were
within the limits of experimental error,

| Some samples were declared pasteurized before incubation and
underpasteurized aft@rwardg but the variations between the two values

28
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again wers within th@ limit of eﬁperim@ntal BITOr, When' tested before
incubation, this milk gave wvalues which iﬁdicated it was withinAthe
range of minimum pasteurization, No samples were found to be under-
pasteurized before incubation and éasteurized afterward,

Milk collected for five consecutive days and samples cocllected atb
various times\during one day showed no trend toward'higher values after
storage or incubation but it was noted that values fluctuated between
pasteurized and wnderpasteurized and, for the most part, remained
within the limits of experimental eﬁr@ro

Th@re was no observed relationship between the phencl values
obtained on the raw milk and the phenol values obtained afiter pasteur-
ization. In addition, there were no apparént relationships between the
composition values cbtained for the milk samples and the phenol values

of these samples after pasteurization.
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