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CHAPTER I

INTRODUCTION

During recent years the problem of ranéidity in
milk has been increasing rapidly. Rancldlty, as 1t 1s
applied to the dairy induetry, has been confined to
flavor defects resulting from hydrolysis of bubtterfat.
The fat reacts with water to form free fatty acids,
diglyceridas; monoglycerides and possibly free glycerol,
Short chain fatty aclds give the characteristic odor to
reancid milk. It is bellieved that the diglycerides and
mqncglyceridés,are responsible for the blitter taste
that is often associabed with rancid milk. Many judges
identify ranéid milk by the soapy, pﬁckering sengation
it lesves in ‘the mouth. The frequent occurrence of
these flavor defects has stimulated ressarch on rancidity.

| It has generally been accepted that all cows
produce mllk containing enzymes that are capable of
splitting thé'fat‘moleculea Usually these enzymes are
inactives however, most workers have agreed that
rancidity is'brought about by the enzymatic activity of
lipase or lipases: - In view .of this fact; the dalry |
industry has been faced with finding and isolating ﬁhe

conditions that activate the enzyme or enzymes,
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The iﬁstallation of p;peliné milkers, farm bulk
'cooling tanks, and the practice of alternate day plcke
up.of the raw mllk supply all have béen assoclated with
increased rancidity. Thare has been con51derable
disagraement among workers as to the effect of instan-
taneous cooling and temperature fluctuation of the raw
‘milk, stage of lactation and gestation, feed and season
of the year, atmospheric temperatures and. other factors
on the rate of lipolysls or lipase activity, Aware.qf
the many faé%ors influencihg rancidity, this experiment
was designed te obtain initial data on the free fatty
acid content of raw milk from the Universitv herd. The
study was continued throughout the ysar to study the

effect some of these faectors have on ranoidity.



CHAPTER II

REVIEW OF LITERATURE

The presence of lipase in raw milk is now an
accepted fact in the dalry industry. In 1913 Eckiles
- and Shaw (9} found an abnermal odor and flavor
developing in milk stored as low as 10° Cs 1In 1922
studiles by Palmer (39) showed that the secretion of an
active lipase in the milk caused a bitter taste and
rancid odor to be present in milk secreted by cows in
advanced lactation. Rice and Markley (L1) also proved
the presehce of lipase in normal milk by incubating rav
milk in a cream substate, saturated with sucrose as a
preservative,

The amount of lipase present or the extent to
which lipolysis has occcurred iﬁ raw milk has been
measured or estimated In various ways. As pointed oub
by Herringbton (16), when milk fat is hydrolyzed, the
fat reacts with water férming free fatty acids,
diglycerides, monoglycerides and possibly free glycerol.

Among the methods used for estimating lipolysis,
certain investigators (9, 10, 39, 43) have used the

organoleptic examinétion, which detects free, short<chain

fatty acids, mainly, butyric aecid. Other workers




by

(3, by LO) have used surface tension measurements as an
estimate of lipolysis, Tarassuk and Smith (49) reported
that liberated fatty acids had a tendency to lower the
surface tension. . ‘

Pitration methods have probably been used most
widely in estimating lipase activity. Ehﬁse methods
usually involve two major steps: f£irst, bthe separation
of'th@ fat portion of the milk; second,‘the measurement
of the free fatty aclds in the fat purtion.: Herrington
and'Krukdvsky {(21) obtained the fat by churning and
then dissolved the fét'in alcohol to be titrated for
free fatty acld content, Thomas, et al, (SO)'used
Bureau of Dalry Industry detergent (thirty grams of
Triton X~1OO and seventy grams of sodium tetraphosphate
made up to one liter with distilled water) to recover
the fat. Herringbon (16) states that fat obtained in
this manner yields less free fatty acids than fat
prepared by churning.

Johnson and Gould (27) developed a methed which
yielded fat'avéraging thirty per cent higher in acidity
than fat obbtained by churning, They recovered the fat
with ethanol, ethyl ether, and Skellysolve F. (petroleum
ether)s Johnson and Gould (28) later modified their

solvent extraction procedure by acidifying the milk to



PH 2 with Hp80) before extractlon. They found an
increaserinlﬁhe recovery of various fatty asidg,byv
adjusting the pH. T
Several methods have been used to titrate the

free fatty acids in butterfat. Breazeale and Bird (2)
made a comparison of four different methods and found the;
alcoholic KOH methods to give the nearest values between
auplicate samples and the t1tration end-polnts were the
easlest observed, . -

| In addition ﬁo‘the direct titration of the free
fatty acids in the isq;éﬁeé butﬁarraﬁg certa;h qﬁher.
methods have been empleyed to give a numerical estimate
of lipolysis. Mattick and Kay (37) and Dunkley and Smith
(8) used tributjrinasa deﬁerminatiohs as a meagure of
lipage activity., Harper, gt al. (15) used the silica
gel extraction procedure, ﬁhich isva measure of the
total fatty acids prior to the extraction of the fat.

There hags beeon gome uncertainty in the

literature (1) as to whether milk lipase contains one

or two enzymes. Herrington and Krukovsky (21) postulated
that milk contains at least two enzymes on the basis of
formaldehyde sensitivity. This work was later substan~
giated by Peterson, et g&. (4LO) and Roahen and Sommer
(ha), Albrecht and Jaynes (1) observed four lipase

enzymes based on formaldehyde sensitivity and substrate


https://duplica.te

specificliby,

. Schwartz et al. (hk) studied the characteristics
of lipolytic enzyme systems. of @ilk by using. freeze-dried
skim milk ag 8 source of ;ipasa;énd milk fat as a sub-
strate. $he.gresence‘of three different lipases were
observed with pH optima ab 7,0,_755 tq”7,9,land,8.5.

Tarassuk and Frankel (446} concluded that thers
.-are atb ;east two different lipase systems. To.dist¢n~
guish between the two systems, they proposed to desig-
nate the,naturaily active-lipase (that‘abSQrbed on the

fat globule memﬁrane ﬁaterial_bnlcpolingvof’milk) as

. the. "membrane 1ip§se“:of milk;wgnd,they proposed f&_
design@be the lipasé of,normal.milk (that which remains
in the plesma and is assoclated with the caseinate
’ fraction) as. the "plasma lipaéé“ of milks

Tarassuk and Frankel (l7) have reported that
prolonged agitétion of warm milk and temperaturg
activation are among the chief contributors to rancidity.
These two factors have inltated reééarch dealing with
Avaripus milk handling procedures.

Krukovsky and Sharp (35) have attributed the
‘effect of agitation on induced rancidity to an alter=~
ation in the surface characteristics of the fat globules
that create a condition more favorable for lipolysis.

Dunkley and Kelley (7) states that fat in milk is



normally surrounded by a thin film of absorbed protein

that appears to protect the fat from the.lipése. If this
protective film is disrupted or modified, the lipase is
able to act en the fat, freeing fatty secidss Studies
{2y, 53) have revealed that the initial free fatty acid
content and lipase activity of milk increases as the
contact area between the fat and éerum increases through
smaller inltial fat globules or sub-~division of the
globules present. |

Becausé of é high incidence of lipolysis on
dairy farms where pipeline milkers have been agopted,
numerous studies have been made to better understand £he
mechanism of activation. Thomas, et al. (51) conducted
a survey to compare the different types of squipment
used for milk handling. Of all the combinations studied,
they found excessive 1ipblysis to océur most freguently
in pipel%ne milkers with bulk tanks.

Kelley and Dunkley (31) conducted an experiment
to determine the activating effect of the individual
parts of ja pipeline milker. They found the more troublew
‘gome con%itions causing induced rancidity to be the
admission of air into the milk line, low milk flowsrate,
elevatio? of warm milk under vacuum with air bubbling
through %t, inclusion of a filter and numerous fittings

in the vécuumésaction of the mlilk line and continuous



operation of a starved centrifugal pumps These results

have been confirmed by othgr investigators (12,,26, h?,
51). Sp?er, ot al, (45) reported that vertlcal risers
in the pipe line are the primary cause of induced
rénqiditj. Jokay and Jensen (30) Tound the nuuber one
cause of high fatty acid degree values to be excessive
air intake, especially from leaks in the pipelines.
They also found the free fatty acids to increase as the
distance |of flow.and riser heights increased. Varlous

workers have reported that the formétion of foam ig

necessary or an important feature in the activation of
lipolysis by agitation with air. Tarassuk and Frankel
(h?) reported that the cendition necessary to préduce

| -
rancidit? appeared to be foaming with continuous mixing

of the foam and milk at temperatures.that keep the milk .

fat in the liquid state. They conclﬁded that these
conditiogs seemed to be ideally provided in pipeline
milkers with risers, Herrington (17) states that a
gentle treatment which produces foaming is more hazarde

ous than|violent agitations without foam production. He

added that milk treatment whieh produces foaming will
greatly increase the number of very small fat globules. .
Herrington and Krukovsky (21) found that

lipolysig in freshly drawn milk was decreased by rapid

cooling of the milk. The rate of lipase activity in the
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milk after storage is dependent on the rate at which the

milk was cooled before storages These same workers (22)
found a cqitical temperature range in which lipase was
.aocelaratéd by slow cooling, The upper limit of this
range was found to be 20-25° €, and the lower limit was
approximately zéro in case of natural milk and 10° ¢, in
case of t?mperature activated, Krukovsky and Sharp (36)
and Krukovsky and Herrington {3li) noted that 1ipolytic
activity was inereased when raw milk was cooled, warmed
to 30° G.|and then recooled. This optimum temperature
for lipcl§sis in milk acﬁivated in this manner was found
to be 5 to 10° ¢, Krukovsky and Sharp (35) have
concluded that apparently all milk is capabls of true
lipolysis| 1f 'sub jected to suitable activating treatments.
'ceﬁtain references in literature have led to the
conclusion thaﬁ rancidity will\not develop at a tempera=
ture as low as 40° F. Davies {5) for instance, stated
that 1ipdse activity is suppressed at 0° to 3% q.
(32-37° F.). Weaver (54) found that milk held at Lo° F,

for fifteen hours was far more raneid than a duplicate
sample h%ld for fifteen hours aﬁ 70° P, Tarassuk and
Frankel éué) reported that milk containing navurally
active llpase in appreciably amounts will exhibit
3pontaneéus lipolysis with no involved treatment neces-

sary for the development of rancidity. They coneluded
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the only ﬁondition @ecegsary to iniﬁiate the hydrolysis
.}ofnthe faﬁ is to:coé} the milk. Johnson and Von Gunten
(29) repo%ted hiéhef acld degree values associatéd ﬁith
delayed céoling than‘with rapid cooiing of the milk;

: Krukovsky!and Sharp (36) found the rate of lipase |

- activity of resurfaced fat globules (re-emulsification
produced gy homogenization) increased as the temperature
increased; whevaas,}theArate of lipolysis'of'origihal
normal surfaced fat'globules increased as the temperature
decroased, | o |
Studies (1l, 33) havé shown that individual cows

mainteined under the same conditions varied markedly

in the susceptibility of thelr milk to rancidity and

the trsn&% they follow throughout their lactation

;Milk from individual cows may vary conslderably
in ;ts suéceptibility to rancidity from day to day

(11, 52) %nd oven samples taken from individual quarters
of the cows udder may show differences (6). These

pericds;

inconsistencles have made it difficult to establish
definite%y the influence of other variables on rancidlty

and haveloaused many conflicting reports in the literature.

There is considerable disagreement in the
literature as to whether advanced lactation is associated
with incpeased lipolytic activity. Mattick and Kay (37)

|

noted that the concentration of lipase varled from cow



They found the, highest concentration of the

to cow. E
enzyme,pfesent in the colostrum, then the concentration

falls to|a minilmum in aboubt ten days, and then has a-

to level off at a fipure between: the minimum

tendency

and that ! of colestrum as’ the stage of lactatlon mrogresses,

Their studies showed an uneoxpected slight decrease after
|
three hundred days of lactation or just before drying

offs - o
| ' :
.. Thomas, et al. (52, 53) reported that the free

fatty acid content may be related to the fat globule

size, Tat content, or fat aqueous ratio, but it is not
necéssar%ly related: to. the period of: lactation.
Herringt%n and Krukevsky (20) found nolapparent-.
rel&tionghipﬁbetwaen‘the.rate’of lipolysis and the
atagepof[lactatiOn; Herrington and Guthrie (19) observed
very low!median values during the first week of
1actatio£.. The median values” then passed through a
maximum during the fourth and fifth months.  They noted
that after the first week of lactation, the individuals~
ity of t?e cow seemed more important thanvthe stage of
lactation. After the rirst week of lactatlon some

samples showed llpase activity far above ths median

value,

Several earlier investigators (9, 10, 11, 39,
L3) asso?iated rancid milk with advanced lactation,

|

|
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dry feed increases the incldence of rancidity, Kelley

(32) found lipase activity to be associated with the
estrus chle. He observed the greatest amount of

lipolysis a few days before estrus, with a decfease

13

auring the heat period, anu then a slow increase until -

the'next,estrus cycle.




CHAPTER IIT

METHODS

In this study samples of fresh, raw milk were
takeﬁ three-timés‘per week for bne year from the
Universiby herd. The cows were milked using Delaval
'pipeline‘milkersﬁ The milk‘was“removed from the
vacuum system by the DeLaval combine (diaphragm) vacuu
pumpiwhich Waé operated continuously. . The milk wes
pumped into a five hundred gallon, model R, Creamery
Package, refrigerated farm tank. The farm tank was
equipped‘with one rotating mechahidal agitator. The
milking operation started aboub two otclock in the
aftarnéqn and ended about four é. M. During thils two
hour period the temperature of the milk was reduced
and maintained between 40-45° ¥, It took from ten to
fifteen minutes after the milking operation stopped
to lower the milk in the bulk tank to below LO°O P,

Thé temperature was lowered tc>33~36° P+ Dby two otclock
the following morning when the milking operation began

_ again. The temperature in the tank was never raised
above 110° F. by the continucus addition of the morning
miliking. A Oreémery Package centrifugal pump was used

to pump the milk from the farm tank into a five hundred -
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gallon Walker trailer tank to be takén to the University
'Greamery.f
| When the milk reached ths Creﬁmery, it was
agitated by air from an Ingersoll’Raﬁd, alr compressor.
Thé air compressor was‘equipped with & carbon piéton
ring which runs against a dry cylinder wall, producing1
air free from oil. ‘The milk was agibated using o stain-
less steel plpe extonding almost te the bottom of the
tank. - The pipé was connected to'a plastic hose coming
from the air compréssor‘ Tpg air was bubbled through
the milk for Pive minutes bafore'thevéample of milk
was taken. The temperaﬁura at this time would range
vetween L0-45° F, A pint sample was taken with a
sanitized stainless steel dipper and stored at 40° P. in
a quart milk bottle until the milk was taken to thé
lsboratory to be analyzeé for the free fatty acld content.
Tﬁis storage period ranged from eight to eleven hours.
The extraction-titration method of Frankel and
Tarassuk (2&), based on the procedure of Johnson and
Gould (27), was used for the estimation of llpase
activity in the raw whole milk, The butterfat content
of the &ilk was first determined by the Babecock method.

The sample of milk was then warmed to 20° C, by placing

in a warm (20-25° C.) water bath. The milk was thoroughly

mixed by pouring from one container to another four times,



Ten miliiliters of the milk was then pipetted into a

£ifty milliliter centrifupge tube and ten milliliters

of hinety-five per cent ethyl alcohol added. The tube
was shaken for one minute and fifteen milllliters pf a
mixture of forty pe?'centlethyl ether and sixty per cent
petroleum ether was added. The tﬁbe was then shaken |
for another minute and4centrifuged,at approximately
15,500 Te Po Mo for. three minutes. While the sample was
centrifuging, five drops of one per cent alcoholic
phenolphthalein was added to a fifty milliliter

" Erlenmeyer flask containing fifteen milliliters of
ninety~five per cent ethyl alcohol. After centrifugablon
five mllliliters of the supernatant clear ether layer
ﬁas pipetted into the alcohollie solution containing the
phenolphthalein indicator. The original pink color
faded and thls mixture was titrated back to the origlnal
‘pink color with 0.0250 N alcoholie KOH, using a twe
mlilliliter burette graduated to 0.01 milliliter. All
samples were run in duplicate. The average titration

- reading was multiplied by three to obtain the.volume

of alkali,required to neutralize the total supernatant
ether layer, By using the butterfat percentage obtained
in the Babcock test and the amount of 0,0250 N alka.li
necessary to neutralize the total ether layer, the number

of milliliters of ome N alkali required te neutralize an



.+ gther éxtract of milk contaiining‘ one. hundred grams of
_fat was calculated. - This value ig expressed as "free
Ufatty acldity" (F. F. A.). The results of this study

gpe peported as F, F. A. numbers.

17



CHAPTER IV

RESULTS AND DISCUSSIONS

The main bbject of this research was to study
the effect of feed, stage of lactation and the season
of the year on the free fatty'acidmof fresh, raw milk
in the Universitj‘herd. It was realized that this .
expeériment could not be designed to isolate the érfect
- of any single factor influencing lipase activity;
however, free fatty acid values over a complete year
would give valuable information that may be useful in
plahhinquther research. |

The.findings of many~earliar'workérs have Seen
confirmed. Table I shows considerable fluctuatibn in
the Iree fatty acild values obtained whiie the cows were
.on dry feed and silage. Fredeen, et al. (11) and
Thomas, ¢t al. (52) found that cows véry from day to day
in theilr susceptibility to rancidity. The findings in
Table I show that the free fatty acid values increased
during the cold fall and winter_months. Numerous
investigators {11l; 13, 23, 43) have reported that
increased ranclidity 1s associated with winter dry
feeding.

Table IT also shows variation from day to day



PREE FATTY ACID VALUES OF HERD WHILE

TABLE I

ON DRY FEED AND SILAGE

Ml of KOH uzed

pate g&mpla noé 7 bgiggiggt agggevgiggg
L -2-59 250 W2k 3.9 4,63
L -l4~59 «237 243 3.9 .62
ly=T=59 +200 201 3.9 3485
b=9-59 188 . .190 349 3;63
ly=11-59 240,230 3.9 .52
helhe59 L2760 .28 3.95 5.32
Qel2-59 »316 : W322 3.8 6529
9-15-59 .30  .312 3.8 6.11
9=17-59 270 .278 3.7 5.55
9+19-59 +340 +346 39 6.59
9-22-59 .307 .315 3.8 6,13
| 9924—59‘ .310 4320 3.8 6.21
Q=26-59 .286 «270 3.8 5.8
- 9=29=59 .195 .210 3.7 Le10
10~ 1-59 27k .282 3.8 5.48
10« 3=59 290 .270 349 B2
10- 6-59° . 321 .327 L0 6.07
10=8=59 .311 .313 3.9 6.00



PABLE I {continued)

M1 of KOH used

pate samplo Mo R tenfer  meid values
10-10-59 - <365 371 Lo 6.90
16-13-59 °© .376 370 L.o 499
10-15=59 +356 .360 h.2 L.39
10~17=59 .320 326 bl 5,90
10=20=59 316 312 k.1 5.7l
10-22-89  .284  .280 3.9 5.2
10«2l «59 «298 «300 .0 : 5.62
10:27-59 10 418 o5 6.90
10*29*5§ .366 «360 hel 6.6l
16=31459 .36 L340 .2 6.12
11=/3-59 .321 .325 3.9 6.21
11« 559 363 .357 b0 6.75
1le 7=59 ,292 .290. o2 5.23
 11-1059 1282 .28l .2 5,05
11e12-59 «305 ;301 L2 | 5.1
11-1h~59 .355 +361 L3 6.2l
11+17#59 .327 .339 Lol 6.09
111959 349 .361 ol 6.9
11=21=59 .321 +319 ko1 5.85



TABLE I (continued)

¥l of KOH used

Percent

Free fatty

?%t& iample né% | butterfat acid'values
11-2l+59 L2611 270 “n;oi‘ | 5,00
11-26-59  .368  .372 k2 6,60
12- 1-59 387 383 o2 6,87
12+ 3-89 331 337 heoo 6,25
12i 5-59 W31 W27 bz 7,66
12- 8-59 .27 M35 b3 7.51
12-10-59 :,héh o th.' Tl
12-12459 2390 .37 he3 6.66
12-15=59 #1102 .388 u;u‘:' ';‘6;73
12-17~59 389 387 holy 6,61
1251959 351 .363 be3 6.22
12-22-59  .360 352 .2 635
12-21-59 320 .326 a2 5.76
12-26-59 340 .336 b2 6,03
12-29-59  .327 329 k.2 5.8
12-31+59 .éél, 275 Ll 11,90
1- 2460  .367 382 bl 6,37
1- 5-60 357 375 b2 6453
1= 7=60 <436 J150 ol 8.10



TABLE I (continued) .

¥l of KOH wsed

e gamiovo | Foems Mo favty.
1+-§~6o ah75v 77 o A;a_’ ‘8g§o.
1~12-60 ;aoj Las b 7@39
.1-1@—60 110 V=T 4o | 7.81
1416-60 418 .398 hel 7446
1;1§~60. Ako 3l uazlj '7.80‘
142;»60. au&é L76 b2 "8,53‘
1423460 @Agsi «510 | L3 B 9;13
1-26-60 - g6 .60 b3 7.98
1ee§560 350 396 aﬁa" 7.05
1-30-60 ‘h?é 4480 g;ali .‘"8.53
2- 260 98 g2 b2 8.63
2= 460 .51 .533 b2 9:67
2- 6-60 390 4oz el 7.2
2- 9-60 2o 432 a3 7443
‘2-11‘-'-60 Jiho shlydy et 8.08
2~13-60 188 ;h96 b2 8.76
2416-60 835 W5h5 L3 941
2-18-60 366 558 5 9,36
22060 A48 450 h.3 7483



TABLE I (continued)

Ml of KOH used

 Date sample no. .~ Percent: Free fatby

' 1 | 2 | bbutterfaﬁ acld values
2=2360 .11;99': Y N 8}86
2-25-60 525,511 L2 9.25
2-27-60 490 482 .; b 8.89
3-1-60 428 W3k oo 8.08
3+ 8-60 550 W84 b2 9.78
3'10:',60 ,-)-'!-86‘: 192 o2 . 9o78
3-12-60 .u15: 17 2 8,73
3-15=60 378 390 a1 7.02
3-17=60 386,398 ol 7.17
3-19}60 _,hlZJ 422 I3 ?}6g:
322460  .5ho  .Sh6 . b2 9,69
3-2h=60 ;Sou; ez o b2 é‘16>
3=26-60 498 <480 12 .72
3=29=60 560 572 ly.3 9437
3«31=60 +530 536 .2 9.51




FREE EATTY ACID VALUES OF HERD WH”L&

TABLE IT

ON PASTURE ﬁND DRY PEED

Ml of KOR used

Free fatty

Date - sample no. , Percent
S 1_ € - butterfat acid values
-16-59 209 213 3.9 k.06
418459 L2568 .265 3.8 5,03
he21-59  ,229 .219 3.8 L2
- y=23-59 315 .307 3.8 6.13
- }=25-59 79 L1855 3.8 359
- L-28-39 w202 196 3.8 3.92
- b=30-59 193 197 3.7 3495
5- 2-59 197 173 . 3.8 3abih
5= 5-59 . .310 293 - 348 " 5.9k
5= 7-59 J207 205 3.7 a1t
5= 9=59 2198 $196 3.8 3.88
5-12-59 237 .229 3.7 la72
5-1=59 . ..220  .220 3.7 - b6
5<16=59 L2601  .265 3.8 5,19
5=19-59 .295 .285 3.7 5.87
5-21-59 230 .248 3.7 .8l
523459 .292 275 3.7 5.7k


https://5-21-.59

TABLE II {continued)

Ml of KOH used

Date - sample no. .. Pereent . Pree fafty
1 2 butterfat acid values

5-26-59 .22 .23 3.7 b8l
5-28-59 209 213 3.8 .16
5*30%59 «203 +213 3:7 h;al.
6- 2-59 218 .22 3.7 .16
6~ =59 .239 227 3T ho72
6= 6-59 TR B X hi92
6-9-59 243 226 3.7 a7l
6-11-59 .23l .2ho 348 Lbib67
6~13~59 .250 .262 3.7 5.18
6.16759 «298 282 3.7 5;87'
6a18f59 .310 .316 3.75 6;26'
6*20559 .352| 4368 357 | 7;29'
6-23459 .308' 312 3.7 6.28
6~25-59 271 265 3.7 S.h2
6=27=59 262 264 3.7 5.33
6«30-59 27 +268 3.7 5.l
T 2259 249 .255 3.7 5.10
7- b=59 245 .261 347 5s12
Tw Tu5Q .189 +201 345 lo17



TABLE II (aohtinued)

Ml of KOH used

pate gmRlemoy N hesier ool vabwel
7= 9=59 $279 .285 3l 622
7=11=59 »236 -24l 3:5 5e1h
7-14~59 245 261 3.5 Sy
7=16=59 278 1260 3.6 5.:62
7=~18«59 « 255 269 3.7 531
7=21=59 332 .340 3.75 6.72
7-23=59 27l .288 3.8 S5l
7+25-59 +306 .310 3.9 5.92
T=28~59 «310 .32l .o - 50l
7+30-59 212 218 3,95 5,22
8- 159 .250 248 3495 Lo72
8= =59 .272 .288 3.8 . 'B.52
Be 6-59 222 +230 3.8 . sl
8= 8=59 +220 »236 3.7 - .62
Bell=59 .328 «3h2 40 6.28
8=13-59 315 +300 3.8 6:06
8+15-59 .199 .217 3.7 .21
8=18-59 245 .263 348 5401
822059 308 .318 6401

3'09



TABLE II (continued)

27

'Date

M1l of KOH used |
‘sample no. = Percenbt
I 2 . butterfat

Free fatty
acld values

8-22-59

| 8-25-59
| 8-27-59

| 8-29-59

9= 1-59

 : 9= 3=59
9= 5=59 /
- 9~ 8-59.
91059

290 .276  3.85
313 305 3.8
298 .290 B '3;8"
220 .23 b
262 268 3.65
270 .2tk 3.88
w300 288 3.7

328 32 3.75

330 336 3.9

5.51
6,09
580
ks
5.hh
529
5.88
6,116
6.0




in the free fatty acid values while the herd was on

pasture. In general, however, the values during this
period are lower than those ébtained while the herd had
no pasture, The overall average free fatty acid value
was 5.2 while on pasture as compared to 7,0 when cff
pasture, Table II shows minimum values during April,
May and June wilth increasing values in July, August and
September or in the latter part of the pasturing season.
Qther investigators {10, 53).have reported minimunm
lipolytie activity during the early summer when cows
were on paéture, | |

After reviewing the literature deallng with
rancidity, Many‘conditiéns or gsituations have been
observed and recognized that may have contributed to the
fluctuations in the free fatty acild values obtained
from the University herd, Considerable daily varia-
tions may be due to the individuality of the cows. The
milk could have received different treatment in the
pipellne milking system, varying with the techniques
employed in operating the system by different operators
and the installation of the equipment. Jokay and Jensen
{30) reported that the major cause of high fatty acid
degree values was gxcessive air intakeys espeeially from
leaks in pipellnes., The continuous operated diaphragm

pump may have caused luctuations, depending on the
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extent to which 1t was starved during the milkihg
~ operation,

Weather conditions, rate of cooling and variaw
tion in storage time and temperature could have affected
the degree,of‘lipolysis. Samples oﬁlmilk were taken
every Tuesday, Thursday and Saturday., Samples taken
on Thursday and Saturday represented two milkings, the
morning and‘the gvening b%fore, with a total storage
period ranging from twelve to Fifteen hours, Thel
sample taken on Tuesday represented Monday morning,
evening and Tuesday morning milkings with a storage
peried of twenty-four to twentye-seven hours. The store
age temperature ranged. from 33°4F. to 4E° P, Certain
workers (46, 5l) have reported that lipolysis may be
accéleratgd by low storage temperatures. v

Dailly fluctuations in free fatty acid values may
be agsociated with the daily vériations in average
lactation days. The individual cows varied from 3 to
58l days of lactation. HMattick and Kay (37) found
that lipase isg concéntrated in colostrum milk.

Numerous investigators (9, 10, 11, 25, 39, L3) have
reported increased rancidlty associated with advanced
lactation., The estrus cycle and stage of gestation may
may have shown some effect. Kelley (32) found lipase
activity assoclated with the estrus cyele. Work by
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Weaver_(Eh) also Indicated thét gestation may influence
~ the rate of 1ipolysis, ‘

Figure 1, 2, 3 and i show that the free fatty
acid values (P, ¥, A:) during April through June and July
increased as the average daysiof lactation for.the herd
‘ progressed{ The average days of lactation were computed
by totaling the number of days each cow had been milk-
ing and then dlviding the tcﬁal days by the number of
qéws milking at any gilven timef Pigure 1 represents
approximately the tenth of each ﬁonfh; Figure 2 the
twentieth; Figure 3 the thirtieth; Figure i represents
an average of the values for the tenth, tweﬁtieth,.and
the thirtieth of each month, All figures show that the
acld degree values remained comparatively low during the
pasture pefiod (Table IX) even though the herd was in
advanced lactation.

Figures 1 and 3 show that the free fatty acid
values continued to inerease during August through
October and Novembery while the average days of
lactation dropped sharply: This may be associabted with
a shortage of pasture and.a@-increase~in the utilizatlion
of dry fsed. Figure 1 shows a decresasg in free fatty
acld values during November along with a sudden dee’
ecrease in average days of lactation. Plgure li shows a

slight increase in free fatty aeld values during
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December which is éecompanied byla slight inerease in
average days of lactation. Figure lj also shows that the
free fatty acid values were rather Qonstanf from
September through November despite the reduction in
average days of lactation. There migh¥% have been an
increase in the free fatty acid values in September-
when the herd went off pasture if there had not also
been the decrease in the stage of lactation.
Considerable fluctuations in free fatty acid
values were noted during the winter months. It was
cbserved that during extremelv cold, snowy weather there
was a marked inerease in, the free fatty acid values and
- during warm, mild periods there was a declded decrease.
For example, Figure 3 shows a sudden drop in the free
fatty acid values in Decemberuwith a sharp lncrease
in Januafy, nelther of which can be assoclated with
feed or stage of lactation. However, during the lasat
-week of December the temperaturé was unseasonably high.
Hansen and Theophilus (1ly) postulated that the
activating effects of lower temperatures during the
winter months may contribute fo increaged lipolysis.
Herrington(18) also reported that spontaneous rancid-
ity was much.more‘common during the colder months.
Pigures 1, 3 and l. show that the free fatty acid

values increased rapidly from December and January
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through March. This rapild increase was probably brought
about by a combination of reasons. The herd was on dry
feed during this period. Thers was a rapid increase in
the average days of lactation 'and the temperatures in

Knoxville were unusually low through these months.



CHAPTER V

SUNMARY ARD CONCLUSIONS

. Samples of mixed, raw milk were taken from the

- University herd three times per week throughout the
year., The free fatty acid céntent of the samples was
gstimated by extractlng the fat with ether and titrating
with alcoholie KOH.

‘The research findings show conéi&erable fluetuw

" ations in the free latty acld wvalues from day to day

with an average of 5.2 while the herd wés on pasture
‘ahd an average of 7.0 while the herd had no pasture.
Minimum values were found during April, May and June
while the cows were on fresh pasture and maximum values
when the’temperatures were unseasonably low and the
herd was on winter feeding. Inereased values were
hoted during extremely cold perlods. A

The free fatty acid values ran high,throughout
the year ag comparsd with other reppﬁteé values,
Several factors were observed that may have contributed
to high values. The use of piéeline milkers, the rate
of cooling and temperature fluctuations, storing the

raw milk Trom twenty-four to twenty~seven hours at low
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.temﬁergturéa (BBOﬁhgo Ef)ahﬁnuspally cold winter and the
  fact that soﬁé of the éowé werélin e#tfemely adﬁancéd
1actation (58& days) all may have contributed to the
,Mwnigh free fatty acid values. - . ‘
. . The data in thls trlal suggests that tne type
af feed may have had a. greatev influence than the stage
of lactation on, the free fatty acid content of the milke
Lower free fatty acid values were found during the sprlng
and summer, months while the herd was on pasture, however,
~ the avevage days of 1actation were at a maximum during
this‘perigé. In genera1,1gm increase in the average.
days Qf légtati§n Wgs gccompanied.bylanlipqrease in the

free fatty acid values. .
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