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.. -ABSTRACT-

. . bi
Three experlments were desxgned to evaluate the effect

v'of feedlng low doses of canola based protected 11p1d feed

. °

7supplement (PLFS or}"Protec") to lactatlng dalry ‘cows on

,m1lk and”butter quallty The flrst experlment 1ncluded the
B ._‘»'J E ‘ .
“fdetermlnatlon of a threshold level of "Protec

5 o
,supplementatlon at whlch mlnrmum changes 1n m1lk and butter”

equallty were noted when 6 3, ‘6 and 9% “Protec" were fed to«

%

: lactaﬁlng Holsteln covs In the second experlment,‘
A .
suscept;blllty of "Pr%tec“ xo ox1datzon was evaluated and T

“the’ quallty oﬂ m11k anB butter was examlned when hlghly
ox1d1zed "Protec lwas fed ‘at the 6% level of’ 1ncorporatlon}
:The thlrd experlment entalled the assessment of mllk and

butter produoedcfrom commerc1al da1ry herds whlch had been

fed "Protec- for at least three years o i

The inclusaon of commerc1ally'aVallablea?Prbtec"_had no

adverse effects on feed 1ntake, mllk yleld milk and,butter‘

—

cbmp051t1on and the1r qualtty A p0551ble threshold level: of .
-"Protec supplementatlon appeared to be about’ 6% of graln
_portlon of the dally ratlon At thlS level 1mproved Y.

spreadablllty of butter was notlceable in sensory, chemlcal

.

. and ph§ﬂ1cal tests possibly due to increased

polyunsaturated fatty acid content; this could be a

.

concelvable advantage over\standard commerc1al butters No
1ncrease in susceptlb111ty of milks to ox1dat10n occurred
.ot

4
-

th{"Protec"fsupplemented‘dlets, however, there was a N

v

' s}iyht decrease in the proneness of these milks to

’ -



R TN
<

_hfhydrolyt1c ran%1d1ty, based on the ADV' s. The' Protec"

’

bv”became oyldlzed durlng storage at a. h1gh temperature4(40 C)

‘as determlned by a substantlal 1ncrease 1n its peroxlde
v : (33 : ‘ ¢

‘,value. Feedlng the ox1dlzed "Protec produced no‘
off flavours or oxldatlve 1nstab111ty ‘of m1lk and butters

obtalhed However ithe oxldlzed supplement appeared to

\

negate the p051t1ve effects of fresh "Protec ‘ such as

“1ncreased polyunsatulat1on and decreased hardness of butter

N e

The effects of long term usage of "Protec 1n the d1ets

of lactatlng Holste1n cows in commerc1al farm 51tuatlons
: ,.?!a‘

ere not as pronounced as’ noted in- experlmental trials. Miik

K}

fa _content was not hlgher than that obtained w1thout

fe d1ng PLFS Also, there were no 51gn1flcant d fferences in
' unsaturatlon, hardhess, and o1L1ng off between butters- made
‘from mllks‘produced w1th and w1thout feedlng'"Protec _Herd
fmanagementEtechnlques, stage of lactatlon of cows, - or feed
"_intahe patterns maybhave been p0551b1e factors rontributing-
to these less pronounced trends‘ _

It can be concluded that the feedlng of canola based
protected‘llpld at low doses (5—10% of graln portlon) should‘
have no detrlmental effects on mllk and butter quallty.
However ..... the 1mproved spreadablllty of butters produced
~could be an attractlwe property for the consumer. Thus,‘it
can be recommended that -the current_practlce of feeding'low

levels of PLFS as a high'energy supplement be continued by

those farmers who find it to be economically advantageous.

Svi



. ACKNOWLEDGEMENTS

- s

_ S1ncere grat1tude and\appresnat1on 1s extended to Dr P Je]en progect,

superv1sor for his_ trust and gu1dance throughout my graduate stud1es

,K . \ , .
'Many thanks to my’ comm1ttee members Dr., J. Kenne]]y, Dr ‘B. Lowr1e,

‘and Dr..P. Sporns for thelr valuab]e part1c1pat1on

)

- I am tru]y gratefu] to my fellow students and dear friends who prov1ded '

encouragement support and. laughs when real]y needed
| ' o

F1na11y, to my aunt and uncle, without whom th1s wou]d not be poss1b1e

. .Thank_ You

L1

vii

AITTY



u
b T
';Q;Qﬂ; gvTable4oé Contents'
,Cnapter'__ '; . o Page
. INTRODUCTION 1
"-l1 1 Farmlng aspects related to m1lk productlon ..... S
1 2 Use of PLFS in Alberta ;;..;;Q.....;?;..5,.:;L.....;2
2. LITERATURE REVIEW % ...... el
. s

2. 1 Effects of - feed1ng pract1ces on, milk production
of lactatlng dairy COWS tvnnenrtnnenrirneieeanead a4

:2;1.1
2.1.2 : .
[5“271 3 Biochemistry of m11k fat synthesxs R L -
2,2"Protected Llpld Feed Supplements .....:..;,;....;r{li
2.2.1. What are Protected Lipid Feed A‘_ -
o Supplements ...... .,......r........;r.;{....11
‘2;2:2__Manufacture of PLFS ........ ;.,...}.;.;:.,..14-”

2.2.3 Protected Lipid Feed Supplement in the ,
dlet Of dalry COWS .......-....-...--q--....Ts

& ) '

2.3 Effects of protected 11p1d supplementatlon ;.....{521

2.3.1 Intake and e£f1c1ency of energy
'ut1lxzat10n by cattle- ..;...,......... ...... 21

2.3;2 Effect of Protected ‘Lipid Supplement on - _
M1lk Composition ....................,......22

2.3.3 Effect of Protected Lipid Supplement on \
Ox1dat1ve Changes in Mllk ..................25

2.3.4 Effect of Protected L1p1d Supplement on
Butter Character1st1cs .......f.,.t.....;...27

- 2.3.5 Practlcal 1mp11cat1ons assoc1ated with
a : the use of PLFS ._.'...‘...'... S R PP ceeesed29

2.4 Chemistry of fat changes in m11k and da1ry ,
C PLOAUCE S ittt it et e et e 29

'2.4.1 Milk fat globule MEMDBrane ...........ceee...30.

viii



s e e e o i h BN

U - . el

-

2.4.2 Fat oxldatlon and its ‘Mmeasurement ......Jr..31
L .2.4.3 Effect of’storage temperature on rate of
v OXIdatlon .....onoc'..'.c..o.loo'..l00-1000-35

/

"2.4.4 Effect of oxygen level on ox1dat10n .;;..r;.35

2.4.5 Oxidation as affected by heat treatment ...36

2.4.6 Effect of llght exposure on ox1dat10n .;;;;136 ‘

2.4.7 Effect of acidity on oxidation N 1
2.4.8 .OXiaation as affected by homogenlzatlon ....39
2.4.9 ,L1p01y51s ......}..........;..........,.....39

' 2.4.10 Measurement of l1poly51s ....:...;;1.a;r.;.,42

-‘OBJECTIVES AND EXPERIMENTAL DESIGN .............;..;..;44

3.1 Experlment 1>— Determ1natlon of PLFS Threshold ce. .84

-Dairy Herds ................,;..;......., ....... r;.4e
 MATERIALS AND METHons ....,,....;.....Q:..;.,.;.......;56
'_4 1 Raw. Materials .]..}.;;..;r,....t...;..;...Q....L.L.SO

| 4;1;1 Protected Lipid Feed Supplement Ceeeen ee...50

4.1.2 Mlcrosbructure of. "Protec .,....t..; ....... 50

4.1,3v Formulated,Dlets ceeeieaan Creesea ceeiiieaa 52

4.1.4 "Stored Protec" Ch et v eeaaa., .Je..Sé

4.2 Processing .,r.,,....;‘...;.........v ...... Ceeeen. .56

4.2.1 Collection of Milk ............. ceeens ie...55

4. 2. 2 .Homoéenization of Milk ............... .....55

4.2.3 Pasteurization of Milk .............. e ee...56

4.2.4 _Separation of Cream ........ ........,.,...;..56,

4.2.5 Butter-making .......... ;...,;3;;..}.;.L;f..56

3.2 Experlment 2 - Storage Stab111ty of "Protec"
and Effect of Feeding Stored "Protec" on Milk
“and Butter Quallty ,.........,..., ..... Y ¥ 4

‘3.3 Experlment 3 - Evaluatlon of Milk'and Butter .

- from Cows being fed "Protec" in Commercial

ix . , .‘ - EQ:T

o e

Eas



Tal2.6 Storage of Milk and Butter ......;...;.....)58"

- 4.3 Suscept1b111ty of - M11k to Induced Ox1dat1ve and o
e Hydrolytlc Ranczdlty ..;............,.......t......58

.

4.3.1 Copper 1nduced oxldatlon of Milk ‘;...{...:.SBu
34.3‘2. Exposure of Mllk to Fluorescent nght .....;Sg:

4.3.3 Inducement of Hydrolytlc Ranc1d1ty in O
‘0 Mllk oa-cooo.nl‘c.--occo.-noco-o.o-o-.n-..-o.s’g:

» T

- 4.3.4 Ox1dat1ve Stablllty of Butter ...........;;.594”
4.4 PrOleate AnalYSES ‘0‘....... .‘.‘.,. o~t¢o.-'oooo-.,loo.‘-ooni.osg

4 4 1 DletS npolooo_-'o..‘lo’.:a,l-o'u'..‘.o.c.‘--co-v-o-.o.’o-..'o.-'ooro.nso

4.4.2 BT S
' 4.4.3 Butter .;....l.;,..;......; ..... ...;.;......6i7
4.5 Chemical and'PhysicélnAnalyses-of'Miikfet ;.m....;.éz
-i 4.5.1 Oxidative Stebility by TEA'Test .{....;.....621..

'4.5.2 Oxidative Stability by Peroxide Value ‘ L
. >Detefm1nat10n ............'......-...‘......_..‘SZ‘

._}.4.5,3;tDeterm1natlon of Free Fatty Acid Content ...63
‘ﬁ4.5.4‘ALevel of Unsaturatlon ..Q.ﬁ;é,,.é;;;:,;;;...64V
.4,5.5v'Hardness P a..;.;.;;..;.,;;;;,t;.....64
4.5.6 Softening Po1nt ;.s..;.a..;}........a.. ..... '65'

4.5.7 ‘D;prlng P01nt ...........;..;.,..;.........66-s't

4.5.8 Oiling Off e es

4.5.9 Solid Fat content .;...........t..;.........&f.
4.6 Sensory Evaluation of Milk QJ.......;.;.f.,;.....;.67
4.7 Sensory EvaluatiOn of’Butter’.,.t..,t.;..;;,.Q;...;GQ
4.8 Grad1ng of Butter ;....;..(;L;.;;L;;l.;t..;;;}t,...70
RESULTS AND DISCUSSION. .{...t....;.........,.Q..ﬁ;f71

5.1 Experlment I: Effects of feeding graded levels
~ of "Protec" on the quality of milk and butter .....7]



 5;1;1 Effect of+ feedlng Protec " on feed
L consumptlon milk yleld and milk . :
composy}1on of lactatlng da1ry cows ........71~

5 .2 Effect of ”Protec yon the comp091txon of . o
milk ahd butter used 1ntqua11ty Etudles ...:74f.

)

5.1?3 Sensory characterlstzés of mllk .....)..;...77 "

5.1;4. SUSCé%tlblIlty of raw m11k to 1nduced “”415
hydr lytic ranc1d1ty ;......................79

«

"45 1.5 Susceptlblllty of milk to 1nduced ‘
' \oxldat1ve changes ,..................,a;;,..79“

5.1.6 Effect of "Protec " on butter B o
' characterlstlcs ....m..,L..;..%...... ...... .82

,5,”.6.f 'Sensory cnavacterlst1cs of :
’ .butter ...Q..‘....OOI.\..I.'I.I......BZ

5.1.6.2 Oxldatlve stab111ty of butters ....85:

5.1.6:3 Level of unsaturatlon oﬁ » L
' ; butters ,!.,..;..J...............;:BS-

-~
1

t“rj:r ' .5.1;6i4 Hardness of butter'.a' ..... .{;;w..t;87ﬁ
- 5.1.6.5 0iling-off of'butter........n......SO
5.1.6.6 Softenlng p01nt of butter .........90>”
5.1.6.7 Dropplng p01nt of butter'..........91

5.1.6.8 Solid fat content of butters. at s
c “different temperatures ......;.....92

5 1. 7 Dlscu551on .........;:.}.{.....{..;;.}..{..§96

5.2 Experiment II -- Storage stab111ty .of . "Protec
- and the effect of feeding "Stored. Protec" on L
'milk and butter qua11ty .................;..,...u.102

S 5.2.1 .Suscept1b111ty of "Protec“ to oxidative
~ changes during storage ..........,..,......102.

5.2.2 Effect of "Stored Protec ‘on feed
consumption, milk yield ', milk : :
' composition and quality of milk and e
‘butter- .................r............;.....102w

«
L4

5.2.2.1 FQEd Consumptlon “_a...'-.-.‘-..-...‘;_--‘..13~. 



. ‘r. 6
B " é' B :mkg,ﬂof R - e o ; s ‘ﬁ);'
' c5V2.2.2  Milk yiéld and composition .....;.104 '
. 5i2;2.3“Sensory evaluatlon of milk and : !
butter 'Q-‘i'!0'..‘10.'ooc...o......p.-.jO?’
_ ‘ f552;2&4' Susceptlblllty of raw milk to’ Lo - -*f:
&, B 1*:»p,1nduced hydrolyt1c ranc1dlty .....1Q9 ’
"5.2.2.5 Shscept1b111ty of homogen1zed L
» ' f ‘and pasteurized milk to induced =
' R A oxidative, changes ................1095
. .- . I
K 15.2.2.6 iOxldatlve stab111ty of butter ....113
5.2.2.7 Effect of fresh and-"Stored -
B - - Protec" op butter.. - .
b . CharaCtBrlstICS n.’-o.;.o.-->0qco-ooc113
! 523 DISCUSSIOU c.ooo-o-".c..-oo‘-oc-ooooi:0--;0000v117 “.l\\‘_
-'5.3'Exper1ment III-- Evaluatlon of milk and butter
.~ from cows fed. "Protec" in commerc¢ial dairy v :
herds -...occ.n.o.ooc.nooo.-nn-o.o'o.oo..-o.o-o-&{o120
‘ 5.3.1 Comp051t10n of m11k and butter ............120
. ' : !
. 5.3.2 Flavour of- m11k and butter resulting RS e
: ,;ﬁsu, from "Protec supplementatlon .............122 e
PR ‘: ‘,t : 7 1 Lo
. 5.3.3 ZSuscept1b111ty of butter: to ox1dat1on cev..124
.Sﬁ3;4 oButter characterlstlcs ..,Q..”.;;l.,...{;.;ﬁzé
5.3. sp*Dascuss1on ..;;.;f.{;.....;;?...;;.;.QZ.;J;127
6 CONCLUSIONS 'AND RECOMMENDATIONS I D A P IR S PP 129
q v t
Effect of "Protec" on mllk qualltg ....‘..........129

Cooae
| 6 2

Recommendatxons for future research .,..;.....Q;..136V

L 7 . REFERENCES o« s e o;o . -_. ° s e tc‘_:'o.;..‘ .;Ii . o..‘ o . o . -.vo..u " . lQ -o . .Q .o ;,o o‘o 0132.

ot
. 3

8 APPENDICES .QL..;;5..,;....;.ﬂ;;f,;;:,..i;Q....,..;{ggrsd;vj.

s . - AT .
- -~ . . ,
L v = ' 1
v ' B 'A s @
q : g
..
>
[ _ \
; * 8
7 , o oxiid <
o . .
N >
s i o
At -'.-l_\ A »'f'. N PO J S S




, : -List_OE Taoles
Table DU, S ~ Page

3.1 ’Analytlcal Procedures performed on Milk o S
i aﬁ\d Buttex L R I ) e w . ®® e o000 ‘- ® e e s e ;o o e 0o 0 45
. [ . " . ’
3.2 Formulation of Test Concentrate ,
(Experlment 1) . o- e v e e e IR .0 o e o_ ..

4.#';nStandard Rolleé Ration (Control #1) Fed
.. " by University of Alberta RQairy Research

Unlt u...Qi...l.....'..l.-!....l...'-.'....‘0...’.,!.».."53'

4.2 -Fat Content of Creams used 1n
Buttermaking .....eeinneesenneeeereoaooneceesnnnnanBT

5.1 CompoSition of‘Concentrate‘...;.;;....;...L..;......72

':S.Zv' Effect of "Protec” on. Feed Consumpt1on
' Milk Yield .and Milk Compositlon of - -
Lactatlng Da1ry Cows T T I vesl3.

5.3 Effect of "Protec" on Yield'and Butterfat '
- Levels of Milk- from Ind1v1dual COWS iu'eennvennsinn..15

5.4 -Effect of "Protec” on the Composition of - _
: Pooled Mllks and Correspond1ng Butters A 76

5.5 .Expt I. Panellsts Correctly Ident1fy1ng
0dd Milk Sample in Triangle Tests and : ,
Assocxated Levels of S1gn1f1cance cieeedececcsennseadlB

5.6 Suscept1b111ty of milk to ox1dat1ve
- ranCIdlty .....--.-........-............A.'.'.-......'..80

5,7 Panellsts correctly 1dent1fy1ng ‘odd
' butter sample .in Triangle Test aid _
associated levels of s1gn1f1cance P - X |

5.8 Effect of "Protec on butters obtained

i from milks of 1nd1v1dua1 COWS ¢t iteevennrocesannenesoBd
. ~ , s

2. -5.9"° Inter- relat1onsh1ps among butter .

- characteristics as depicted by Pearson's

Correlatlon Coeff1c1ents ......,..........{..t. ..... 88
5.10 SolldﬂFat Contegt of Butters ";'b';;""m”' ....... 93-94
511 Stoﬁaée stabiliry_of "Proteo“;;..;..,1....;.;.;..;,103

5.12 Effect of fresh and "Stored Protéc” on.
feed: consumption, milk yield and milk v
comp051t10n of lactating da1ry COWS .....i.........105

‘r'“ X]'li



54,14

5.21

5.22

" Expgriment. II: Compari

BT S e gt it

\ o ' o ' E i
Effect of\fresh and "§tored Protec" on

the compositlon of milk and butter use
for quallty studies .........u:......f .

Experlment II: Panellsts correctly
identifying the odd milk ‘sample in. ‘
triangle tests and the probablllty levels

¢of 51gn1£1cance cesrsaecnen e cetesesaceneen ceeneeeas 108 -

‘~Exper1ment. I1: Panellsts correctly

identifying odd butter sample in tr1angle

test and probability levels of '1‘

significance .........

‘ n of‘butter;‘ o
flavour using Signal Detéction ......... PR R
Experiment. II: Effect of fresh'and

"Stored Protec" on the susceptibility of

milk and butter to hydrolytic and - s

oxidative. ranc1dlty ceemvrreenas e eeceeeentanaanaaaes 112

Effed@ of fresh and "Stored’Protec n‘

butter characterlstlcs R AR AR R P

Effect. of "Protec on the composition of
milk and butter from commercial dairy s

TR AR T T ALY

herds o-u.-.owo.-on-uo.an--ob-o-.--. ------- o s 00 00 @ 0121"

Exper1ment II11: Panelists correctly

identifying odd milk sample (in triangle

test and probablllty levels of

significance ....... 000 iiian L A

Experiment. IIié Comparison of Butter
Flavour Using Signal Detection ...,..,...........;.125

Effect of "Protec™" on the Quality of '™ .
*Butter from Commercial Herds ..c............. ceee.a126

Xiv



-1

-
List<of'Figures
Page
Fat-metabolism in ruminént .;.....:i..;;;.;......,;}‘7_
Metabolltes used in the synthesis of milkk ‘
fatty ac1ds G e et e a e s e et e e aes e e e R 1)
Diagrammatic representation of the
digestion of protected lipid feed
SUPPlementsS .....iueeneeensonnnennnas bt ereeesseecanan .13
Flow Sheet for preparation of cil-seed
Supplements "co..'no.u-'-c-_--.-.‘io-..o-o ----------- .--00-15
Typical chéhges during storage in the
ether extract fraction of a feedlngstuff
~containing unsaturated fat ... .00l Ceeeanenn .49
Some routes of decomp051t1on of fat
hydroperoxide A R AL AR I R R e e e essanne ee0s.20
Mechanism of autocatalytlc oxldatlon’of :
llpLdS».. “eeceoaesns ceciienens ,«..................;.32 '
. . . / ; . <
,Proposed TBA reaction Creeaeeeaaan . 34
Diagram of "Protec" Manufacture RS Ceeeaen ee. .51
.Susceptlblllty of milk to hydrolytlc : :
ranc1d1ty ...... R ELEEEEE toeososessan e - R
Effect of "Protec” on the level of
" unsaturation of butters .......... i, 86
Effect of "Protec" on buttervhardness ceece it ecas e .89
Effect of "Prbtec" on the Solid Fat
content of butters ....... T S 116

«
1
N
Yo
1
r

—

- XV



. 1. INTRODUCTION

H XY
a

[ . o
1.1 Farmxng aspects related to m11k product1on7

Se&eral factors: such as: lactatlon 1nher;tance, season,
environment temperature and ‘feeds are known to have an )
effect on milk, yleld and composition (Johnson 1980) . Of
these, the feedlng reglme is the most ea51ly manlpulated in
order to - prov1de optlmum reallzatlon of the dairy cow's
potentlal. Well-fed cows (before calvang) have been known to
produce. m11k of. hlgher fat content -and decreased solids |
non-fat durlng the first three months of lactation .compared
to cows.which-were poorly fed (Johnson TSBQ). Over—feed}ng,
on the other hand causes an rncrease in the solids—non—fat.
Generally, the gat moiety of the milk is more'r—esponsive to
changes'in the diet'ofdthe ruminant than is lactose and
protein-. | |

The present milk’ pr1c1ng system operates such that the
farmer is pald according to the milk fat yield. This
provides a constant incentive'for'farmers to improve feeding
techniqnes in order to achieve'oreater»milk fat contents.
Usually, any decrease in milk fat is associated with
lncreasing concentrate:roughage ratio (Hutton, 1974) Thns,
the amount of concentrate offered cannot" be 1ncreased too
much w1thout sacr1f1c1ng the milk fat content The,need for

«

energy—effLCLent diets was established as a requirement‘for

"increasing monetary returns to the farmers via increased
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1.2 Use of PLFS in Alberta
The .commercial product@gn of protected lipid feed
’suppleﬁints”(PLFs) has béén established in ‘the ﬁgﬁ, Canada;

Austrgﬁialand New Zealand (Storry. and Brumby, 1979). In
" Alberta, over 350 herds are being fed this supplement (Parr,
11982). Protected tallow, using soybean‘as the source .of
' protein, was used in early ggmmercial trials, hpwever,‘in
’ recént.years the abundant canqla-seéa haé be%m utilized in
formulatihg thg'gptrently available prodUct;u;Protec",
ﬁmanufacﬁured in‘Alberté,by Barrhead Alfalfa and Protec
Produéts Etd.; Barrhead, Alberta. Thevsuggéstéd levél,pf
'supplémentatioh of_"Protec has been limited to low doses
(5-10% of graln portlon) Increases in fat ahd |
»polyunsaturated fatty ac1d§ of resultlng milks. have been
observed with such level;/ioéally (Grleve, 1980; Wong
et al., 1982), and_elsewﬁere. However, concern has been
expressed about the éuschtibility of this'polYunsatuf&Eéd
-milkfat to oxidation (H#ase, 1977; Goerlng et al. 1976).
The economic returns for the farmer have to be welghed
against any Qoésible.i sses by the processor due to

5 - e =
potential defects in milk énd’milk prbducts obfaihed. The

. ‘

main purpdse_of'this tudy was{ therefore, to establish

whether the cénola-b sed "Protec", currently used in diets

of lactating ﬂairy q@ws;'éould'cause‘any detrimental effects

j
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in a given volume of feed, the ruminant is often physically
) e : PR

2. LITERATURE REVIEW
1 - -

2.1 Effects of feedlng pract1ces on milk product1on of

lactatxng da1ry cows o " ' . ' v

-~

-

2.1.1 Energy considerations
Net energy of lactaxlon used for malnuenance, pregnancy
and m1lk production 1n lactatlng dalry cows ‘has been found

to be higher than for dry“non pregnant/gdﬁg/?;utton, 1974)5

It has been found that the energy supplied in the diet is

-

the 11m1t1ng comoonent of most dairy ratlons (Ensmlnger and

Olentine, 1978). Because.of the. low concentration of energy <~\

o 2 ¥

full before sufficient energy has been consumed in order tdﬁfﬁ;

permit maximum realization of the animal's ‘potential (Bines,’

et a],jQ?B)L'Thfé‘effect.iSEEven more pronounced during the

post- calving perlod when poor appetlte unfortunately

'c01nc1des WIth 1ncreased milk yleld ‘the latte: due;toﬁ

favourable hormone balance and peak functioning of milk

synthesizing apparatus (Storry and Brumby, 1979).

Subsequently, in an effort to meet this deficiency (negative

energy balance);1energy is mobilized from body reserves;
however, this is not usually sufficient in the high
producing cow. Since it is fairly obvious that ‘energy plays

an important role in maximizing the dairy cow's performance,

'several sources of energy were investigated (Bines et al.,

@
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Results ftsuch.studies indicated that if the.

‘carbohydrate moiety in the diet was increased (via increased

. concentrate), the pattern of fermentation in the rumen would

be changed so that - absorbed energy would be used for welght
garn rather than for milk synthesis (Bines, et al. 1978;U
Brown, 1969). Also, the_lncreased 1nrake would not be -
accompanied by a”proportionate increase in milk output,,
whiegfinevitably had a depre;sed fat content. Researchers
thenvrurned to.far as this dietary ingredient has a high

calorlflcovalue in addltlon to belng able to helghten the

eff1c1ency of energy USe for mlik productlon (Storry, 1981).

However . it was soon found that dlgestlblllty was depressed

wvhen free fat was added to dairy rations. This was
attrlbuted to the decrease in fibre dlgest1on resultlng from

reduced activity of cellulolytlc organisms in the rumen

(Bines, et al. 1978)..1In addition to this, changes occurred

in the amount of methane and volatile fatty acids prodoced
in the rumen %hich'tendedvto lower the prOportion of acetate
and butyrate present (Storry,1981). Based on experimental
studiee,.it was suggested that'16% of the'rotal energy
available to the dairy cow ihould be in the“form of fatty
acide in order for optimum efficiency of energy'nriiization.

to occur (Kronfeld, 1976; Brumby et al., 1978).
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" food is degraded by microbes, (b) the abomasum and small

i

b

2.1.2 Fat htiliza;ion
| Digestion-and absorption of fats in ruminants have been
extehsively reviewed (Blaxtef,.T962; Armstrong and Ross,
1968{ Rook and Thomas, 1969; Patton and Jensen, 1976:
Christie, 1979; Palmquist and Jenkins, f980; Sté?ry1'1981).
The.;uminant digestivé tract hasvtb:ee»distinct sites of

"

digestion, namely, (a) the reticulo-rumen (rumen) in whiéh4
intestines where digestion ié accomplished by enzymés
present, and (3)} the large-intestiﬁeé,(especialiy the
caecum) where a more limited'microbial,aétion takes place.
It has been established that micrO*organi§ms capable of
attacking céilploSe, hemi-cellul&éé, starchl sugar, acid
produéts of carbohydrate digestion, protéin, and'lipids are
present in the rumea, which acts liké a large fermentation

tank. In general, digesta entering. the small intestines

contain long chain free fatty acids which are mpdified by

- hydrogenation, and to a small extent converted from the cis

- to the trans form, along with microbial lipids (Fig. 2.1).

Bile juices cdntaining phpspﬁolipids comﬁine with these
products forming stable micelfes which aré then taken to the
mic:évilli of the small intestines for absorption.
Monoglycerides and free gatty acids afé absorbed and

reformed into triglycerides in the epithelium of the

intestine. A fairly high proportion of stearic acid

(resulting from hydrogenation of unsaturated fatty acids)

enters the duodenum and is subsequently absorbed. The main
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site ofilong'chain fatty acid (LCFA) absorption is the
intestine, where small'amounts oflfatty‘acids are”absorbed
from thetuppeg jejunum (pH 2~4)frand the remainder from'the
" lower part of theajerQun (pr7). Since bacterial»lipids do
not contain linoleic acid any requ1rements for this acid
must be supplied to the ruminant tbrough dietary sources
that manage to escape hydrogenation L1p1d digestion depends
on dietary factors such as the ratio of concentrates to
roughage, the amount and type of concentrates and the amount

and type of fat in the diet (Storry, 1981) .

1.3 Biochemistry of milk'fat synthesis .

Milk fat synthesis has, been the subject of extensive
investigations; warranted probably because‘the traditional
milk pricing system is based on the fat content, or because
the amount and type of fat (unlike milk protein and
lactose), is subjectgto'changes in response_to dietary
alterations; The fat in'cows' milk occurs alnost entitely as
triglycerides the fatty- ac1ds being dlstributed such that
one short-chain and\two long chain acids occur for each
molecule of glycerol (Brown 1969)? Ev1dence accumulated so
far has established that short chain fatty acids (C, - C,,)
are'synthesized’in the mammary gland from acetate and
B—hydroxybutyrate, whereas the C,.-fatty'acids are derived
from the C.. ac1ds of ‘the blood plasma ﬂriglycerides |

contained in chylomicrons and, low density lipoproteins

(Patton and "Jensen, 1976: Storry, 1972; Storry, 1981). The

.
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mediumvchain fatty acids may Qriginéte from either source as

indicated in Fig. 2.2. _

- The biochemical pathways for milk faﬁ synthesis as

‘understood today:can be summarized fo include |

i. The malonyl pathway (in cyfosol) which involves the
carboxyiation of acetyl CoA -to malonyl CoA. This is
tﬁbpght to be the rate4limi£}ng step and is followed by
.éohdensation with acetyl CoA to form fatty acids
cpntaining up.to 16 carbon atoms (Storry, 1972} Patton
&»Jensén, i976). | .

i1, Direét incorporation;oﬁ-B-hydroxybutyrate, which maybe
éubseéUently elongétéd by the addition of acetyl CoA.

iii. Incorporation of acetéfe into §hort and.intermediate
chain fatty acids b{ mitochondria.

iv. Desaturation of stearic and palmitic acids to
‘correspohding mono—uq;aturated acids in microsomes Oﬁ.
alveolar cell (Storry, 1981).

©In ofdéq fof'tﬁe piésma tfiglyceridé fatty acids.
to_be in;orporated into milk £a£; hydrolysis by
1ipopfotein iipas; has to otéU: first. The iiberated
fatty acids and those §yﬁthesized in the élveolar cell
are then.reesterified'into triglycerides and'finélly’
embodied into the milk fat globuie (Storryh‘1981).

Transfer of dietary fatty acids into milk fat has been

noted to be inconsistent. However, since factors such.

as typé'of fatty acid provided in the diet, milkifa;
production, metabolic equilibrium as affected by stage

&
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o _”“-of lactation, and inpdt4of glUCogenic nutrlents

| influence the % . transfer the potentlal for var1at1on
can ‘be apprec1abLe (Jack and .Smith . 1956 Palmqu1st &;

: Mattos 1978- Sm1th et-al 1978' Storry,‘198W) W1th
respect to the type of fatty ac1d prov1ded 1n the d1et

_—

it is worth looklng at the occurrence of low milk. fat
- i
syndrome, whlch_has been reported to Sccur when large

quantities'of polyunsaturated oils are fed. It ‘has been .
ascertained that thls phenomenon is due to reduced :
.avallablllty of acetate and decreased mobilization of-
adlpose long cha1n fatty ac1d (LCFA) for mllk synthesis
(Palmqu1st and Jenk1ns, 1980). I1f the polyunsaturated
fatty ac1ds fed are in a protected‘form,'the:rfsk of

low. mllk fat syndrome is lowered whlle the Eow w1ll

beneflt from the 1ncreased energy supplled o

-

2.2 Protected Lipid'Feed-Supplements S

. - ,4 : 4.'] ) *
' J

-2.2.1uWHat are Protected'Lipid Feed Supplements'<o

A 51gn1f1cant breakthrough by T Wi Scott and co- workers

‘took place in the early L970 s allowung large quantltles of "

\

energy eff1c1ent 01hs and - fats to be consumed by rumlnants
w1thout adverse effects on the1r metabollsm Thxs was e e
achleved by encapsulatlng the 11p1d 1n a proteln envelope o “fﬁ;fe“p

”.vwhlch is subsequently treated Wlth formaldehyde

¢

' Essentlally,’the encapsulated fat: escapes microbial attack i

S T B
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in the rumen,’but‘becohes'fully available for efficient

~digestion and absorption in the small intestiries as

“illustrated in Fig. 2.3 (Scott et al., 1972; Scott-and Cook,

1973; Storry and Brumby, 1919){vThé encased fats are

lgenerally referred to as-"protected lipids", and have been

1

~(Barbano and Sherbon 19807 .

used world-wide in both experlmental and farm COﬂdlthnS to

lincréase the level. of. polyunsaturated fats in, m11k and meat

(Plowman et al., 1972; Scott, 1975; Haase 1977 Rook, 1977;

Stonry and Brumby, 1979).~In the majority of‘studies carried~

‘out, the level of 1nco poratlon of these protected l1p1ds

»,ranged betweén 20-30% of concentrate, and the consequences

of such levels 1ncluded (a) increased energy 1ntake of cows,

(b) 1ncreased milk fat secretlon and (c) increase in

unsaturation of‘the.mllk fat.-Th1s approach'was‘prompted by

“the fact that the intake of polyunsaturated fat was ‘being
JenCouraged for consumers with a high risk for developing

,coronary heart dlsease (Haase, 1977; Johnson, 1974).

}.
The reallzatlon of the wr&a pract1cal implication of
protected 11p1d feed supplements in rumlnant nutrltlon
provided the necessary impetus for the commerc1al production

o,

of these supplements Slnce it was found that the partlcular

fatty ac1d composition .of the protected llpld was réercted T

_;1n the fatty acidr comp031taon of- the. mllk andrmeat several s

- ] W e o L R Y P A e - . G-
'd' :

101lseeds of vary1ng levels of unsaturat1on were 1nvestlgated .

-
S
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' Feed Supp]tements K ;’ R DR




14

2.2.2 Manufacture of PLFS

In the initial prodoction of protected lipid feed
supplements (PLFS) encapsulation was achieved by coating
finely dlspersed 011 droplets w1th a formaldehyde treated
protein (usually casein). Vegetable oils obtained from
sunfloyer,'safiﬁower,.linseed, cottonseed, peanut and
coconut'have been used in additionfto tallow as soufces of
lipid material in various experimental trials. The spray
dried supplement was usually prepared by homogenizing a
vegetable 01l with-a solution of sodium_caseinate, and
treating with formalin prior to spray drying (Scott, et al
i971). Although the supplements prepared in this way were
satisfactory for experimental-use, they proved too expensive
for commercial application»(Scott, 19755. Scott and Cook
(1973) therefore'modified the procedure to include natural
oilseeds which could supply both the o0il and protein needed
"hence reduc1ng cost of production. As illustrated in Flg.
2.4, a small amount of addltlonal prote1n 'Ts mixed w1th the

011 in order to prov1de eff1c1ent emu151f1cat10n and

SUbsequent protectlon -of the. polyunsatunated 0il. The-finely

conmlnuted mixture is treated w1th sod1um hydroxlde which is.

A}

Lneeded to obtaln an adequate solutlon of, the seed protelns
‘(Scott et aJ 1972) The add1t10n of formalin and
”polyvalent ions such as Fe®* or Ca” cause protelnﬁprotein
interactions - thus trapping the oil. The final product may
be in the form of spray dried particles or a gel which can
‘then_bepgponnd:“ . e

PR —v

s . il e dmlbeltl taver i Ly

e i > .
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KERNEL

Homogenize with wafer, _ Homogenize with water,

sodium caseinate, sodium sodium caseinate, and

hydroxide and lecithin. ‘ sodium hydroxide.

Total solids - 20% Total solids - 40-45%
) _ Screen to remove residual Add formalin (50% solution)
f&; husk : to cause gelling

N
" Add formalin (12% solution). Hammer Mill

Spfay dry

Fig. 2.4 Flow sheet for preparation of oil-seed supplements
{Adapted from Scott et. al., 1972)
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TheﬂadL;ntages ana disadvantages bf_using'tﬁe differeﬁt
oilseeds had to be evaluéteéﬁwhen déciding on the )
appropriate supplemeht. For example, it was discovereq tha£
although safflowér'hgs thé advantage of a higher oil c;ntent
and a.higher‘proportion of C.,,z, its'tough husks make
emulsification difficult, henée'sunflower gfeds, which have
softer, more easily fem&ved husks are preferred (Scott,

1975; McDonald and Scott, 1977). Presently, sunilower seeds
and soybeans are used in Australia, New Zealand, and the
‘YUSA. Peanuts were tried, but hecause of the possibility of
aflatoxin conteng, were rejected for this purpose. It has
been suggested fhat canola seed would be pdtentiaily useful
in Canada due to its availability and trigiyce:ide
composition Ldéase, 1877; McDonald and Scott, 1977).

Canola-baséd PLFS is now being ptoddced on a commercial

scale as per the schematic diagram shown in Fig. 4.1.

2.2.3 Protected Lipid Feed Supplement in:the-dief of dairy
cows - . ‘ | 7 |

| The level of Supplementation of PLFS in initial studies
was tailored in order to produce significant increases in
butterfat yield and level df unsaturation of the milk
product. For these reasons, researchers such as Scott et al.
1970; Plowman et al., 1972; McLeod et al., 1977; Smith
ét al., 1978, tco name a few, used rations of 1-5 kg

PLFS/cow/day. With the use of high levels of protected lipid

v
“«

(average 1.7 kg per cow per day), ré§ulps §£:Cénédién)fé,

~ . . . [— ces ot NI e -
e . c . - 4 P e - .. ..>.a..s
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revealed that'although milk yield and fat content increased

-

substantlally, the productlve response was not suff1c1ent to

prove definite ecohomic feasibility (Parr, l980l.

Palatability.and intake problems,~as well as fat-cow

associated disturbances developed *therefore, lower levels EE

of: PLFS:* 1nclu51on were 1nvestlgated Collaboratlve results

of studies carrled out by Blnes et al:

received excess1ve fat energy

(1978) and Brumby

et al., (1978), establlshed that at hlgh levels of protected

tallow supplementation (egq. 15% of ruminant's dlet), cows

of. ut11121ng both prote1n and carbohydrate,_hence they

concluded ‘that 5-10 levels of PLFS 1ncorporat10n would

result in the greatest'eff1c1ency of utlllzatlon of

carbohydrate, protein, and fat for milk production. As a

consequence of these and other commercial studies, the use

of PLFS in Canada is presently limited to 5 - 7.5% of

-

concentrate offered to cows.
Worth mentlonlng is the fact that most of the diets

formulated to include PLFS were 1son1trogenous while some

studies were carried out using isocaloric diets.
Isonitrogenous diets containing PLFS usually varied less

than 10% from standard rations (Bitman et al., 1973; Plowman

et al., 1872; smith et aj. 19787.

‘The use of formaldehyde in the manufacture of PLFS was °

ThlS decréaSed ‘the: e{frc1ency e

v A

not f0und to ‘be toxic to the ruminant.

methane and carbon dlox1de 1n the rumen (Mxlls ef al.,l‘»’-l

1972)

hencevthere

s

It

fs no rlsk of carry over in the mllk

is degraded to.

3. - -
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In formulating diets, it was discovered that peileting
should be discouraged for supplements, as damage to the
protein jackets of the particle may occur, 'resulting in'loss
fof'protection (Scott,~1975). In these cases, the-commonx
:adyantages of PLFS usage would occur but only to a.iesser
extent. With sufficient~loss'of protection, free.oil would
" probably result and be metaboii;ed in the same_way as 1if
unprote&ted fat was fed. HencethydrogenatiOn ofvunsaturated
fatty acids 1mpa1red digestion and ultimately low milk fat
X}eld would occur To av01d such complicatlons PLFS is
usually incorporated in the milled ration With thorough
mlhlng e oo : L
"~ 7" 'Another, area of..concern is thelpotential of ox1dation'
to occur 1n stored feeds contalning protected lipid.
According to Carpenter (1968), diets containing highly
oxidized free oils (as indicated by increased,peroxide
values) had no detrimental effects on animals' intake,
metabolism or performance. He furtner‘deSCribed the inc?ease
and subsequentvdecrease‘in peroxide value that occurred
during storage of the feed (Fig. 2.5). It was postulated
that this pattern was due to the known instability of
hydroperoxides formed (Fig. 2.6).
To date, there fs\a lack of docunented.experimentation
on the potential deuglopment of oxidation in the lipid
moiety- of PLFS and the effect that this would 1mpart to

feeds at particular levels of supplementation The increased

_ polyunsaturated fat content in protected lipids,-at high

- T T ’

i e e e T i Ll e em s DY F AR 1

o

&'

B L SV TP IOV

SO




—

3

v

R

L AN R S

s e gy o €3

19

or
ovpr
5}
m»
'3
® og¢
<
-]
c
o
OcZLE
O9L|

43

AmmmF Lmucmagmu Eo;m nmpamv<v

3oy nwam;:amm:: Buiulejuod

t:pmm:%m& e 30 coﬁumt. uufwxm Lmﬁm mcp ug mmfouﬂmctav sabue

; Yo _muﬁaxp
,wm_mom_ mo: mfcos_ ‘poilad obeiojg - - - e
9 £ - L 5-0
r T hS | 4 4 .ﬁo
.h -
.o
L
foe €
a
®
<
®
€
®
epixolied
S x .
el - w
o
v~ ’ - 3
| . ov 2
. e
. . I -
~ S
~ S
~_. _
anjeA ouIpOL Nea
p i ke (5
l""
. i T
, 109

G g by



I

WY

P A e

F e T A In

M
Vi »
v B B

S301430479-HO 10
<1 S301¥3IAT9-HO

< »

PRI vt vt b et o s i .

ST s301X0d3
: ’ mwNmumNos d2Y30 U1
3 A . H)=H) Jo uorgbprxo
:

MR ar Ay R T

S (896l

R R S ‘..-.iv.«..-.rw«._.va.,wJ,Ni...v‘.w}J.wn.

-

‘48juadde) wouy pazdepy) . .

apixo4adouphy 1e4 40 0L} Lsodwodap 40531104 ‘awos .9'Z "By

3 . N <
! . .
.

R

SQ1QY

. _ SANNOAWDI-HO -
S $301Y30A19-00AHIGTY
t . SICAHIOTY-TWIS
SIVIYIATO-0LIN SI0AHICTY

o

. -

uoissif

. uorapapAyap

JAIX0Y3O¥AAH 1]

" H-0-0.
e [ |

“--=0—)—)

SY3IWAT0d

© > S30IX0Y¥3dIC

u013Vp1T0
~Jdayganf

1



21

levels of incorporation may cause decreased palatablllty or‘

adverse«effects on, the rumlnant S metabollsm 1f ox1dat10n Lo :

should occur. Two areas which warrant more attentlon are:

1.1Effect of protect1on" on the rate of 11p1d ox1dat10n 1f
| " PLFS was stored under adverse. condltlons

Sii, Level of supplementatlon of abused PLFS ‘needed for

adverse effects on ruminant's metabolism to occur.

- . -
. .%

2.3 Effects of protected lipid supplementation

2.3.1 Intake and efficiency of'energy utilization by cattle
| ‘Generally, it has been demonstrated that with cows not
fed ad llbl?um replacement of part of the basal concentrate
with PLFS on a welght to welght ba51s resulted in increased

energy 1ntake (Goerlng et al _‘j976; Wrenn et al., 1978;

Kronfeld et ‘a1, 1980). Wlthﬁad libitum feeding hcwever dry

matter intake decreased resultlng in elther no change or an,

s -

llntrease in energy 1ntake when low levels of PLFS are fed

- wiile. hlgh levels of supplementatlon caused dec;eased

intakes (McLeod et al.,_ 1977; -Bines et ai;; 1978; Ealmquist s
and Jenklhs 1980). Fn a very comprehensive review by Storry
(1981), several  possible explanations were'offered for the

lack of a distinct effect of PLFS on energy intake. Firstly,
it was felt that the different energy requirements- and
capacities to respdnd'would«aﬁfect the energy intake of

dairy cows in various stages of lactation. Also, the
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~variation in'dietany,conéitions (especially with respect to

§ypé apd amoun£ of roughage fed) betweehvegpe;iments could,

.'contribﬁte to-a change in énéfgy intake. The semi-protected

nature of some lipid supplements is also a possible reason,

since the presence of free fat that may result would affect

dry matter and energy intakes. Finally, it‘hés been

'suggested that ‘some metabolic or ‘endecrine-factor ‘may limit =~

energy intake and dictate negative balance~during early
lactation. ‘
With respect to energy utilization, it has been found

that more efficient use of métabq}izable energy for milk

production and livédeight gain occurred when protected

‘lipids were fed (Bines et al., 1978; Brumby et al., 1978;

. Smith et al.,.1978% Kronfeld et al”, 1980). It was tHeorized .

that -this effect(wés due to the increased energy density of

these diets, and the more efficient metabolism of -LCFA
" "’ ! ° . T T “_x;‘ a0 * 7- /
compared to the volatile fatty acids which are the major =~

-source of digestible enefgy in ruminants (Blaxter, 1967;

Kronfeld, 1976).

P

2:5.2 Effeét'of Protected Lipideupplementwbn Milk
Composition '

’Data from feeding trials, in which f;irly'high levels
of PLFS éupplementétion (1!5 - 5.0 kg/cow/day) were usea,
indicated that almost always the'milk"yield remained
unchanged (Goering et al., 1972 } Gbéfing ef al;,‘1976;

Plowman et al., 1972; Bitman et al., 1973; Smith et al.,

e
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1978;,fang et al., 1978; Wong et al., 1982;. in some -
studies, aﬁ‘fncrease in 6ilk yield resulted (Kristensen .
et al., 1974) . The most noticeable c¢hange. in milk
composition occurs_in the milk fat content. Significant
lncreases in‘the butterfat content have been documented’ for
protected_lipids in which different oils and.oilseeds.have
béen used‘at vafious levels ofhfﬁppiementétion. The
suppression of»intramammafy fatgy acid synthesis normallf
associated with the Teeding of unprotected oil is minimal
when protected oils are used - hence fhis is.a possibie
explanation for the increase in fat content assoclated with
its use (Storry, 1981). In studies undertaken by Grieve’
(1976 ; 1980) and Wong et/?,l (1982) a s1ight’ i‘"‘n\br’éaée' in’
;be:butterfat content of milk occurred when using low levels
(7.5%) of protected tallow in which soybean meai.was the
source of ﬁroteig. ther‘investigatqrs sucﬁ'as Pan et al.
(19720}‘Plowméﬁ‘ef al. (5972); Goe;iﬁg et al. (1972); Yang
et al. (1978); recorded ah inérease in buf&%rfat content of
up to éne percenfége'uﬁit when much %iéher leQels of
Sﬁpplementatiqn were fed. %

The nature of the bpﬁteffat is such that it reflects
the fatty acid composition of the protected lipid. Thus the
level of polyunsaturation inevitably increases in milkfat,
the extent of which ié~dete£mined by factor; such as Ehé
level»zg supplementation, the fatty acid profile of the oil

used, and the stage of lactation. Scott and Cook, (1870);

Pan et al. (1972);: Plowman et al. (1972); Scott et al.

|
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(1972); Bitmqn et al. (1973?; Chandler et al. (1973),
reported linoleic acid content of up to 35% using safflower
o1l. Elevated levels of Ciu: 2 hed'little’effect on.the
stereospecific drstribuffon of other major fatty acids when
PLFS.nere fed (Mi}ls et al.,v1976;:Barbano and Sherbon,
1980). Of interest is the observation thathsnort énd“medium
chain fatty acids (except butyrié) were positively related
to the carbohydrate and celfulosipintake and negetively
related to fatty acid intake , whereas @ields of C,, C..,
and C,, fatty acids were bositimely'related to oellulose and
carbohydrate intske, while curvilinear to fatty acid intake

- (Storry, 1981}. . -

Another advantage of using protected lipids lies in- the =

fact that they can be used to rectlfy 1nc1dence of low m11k "
BN

fat syndrome normally assoc1ated with the feeding of low

roughage, high concentrate diets (Storry et al., 1974). it;

was Eostulated that this was a result of sufficieﬁt fat"
N ?

acid be1n§ digested in order to meet the 1ncreased demands

of the adlpose tissue and also in *order to compensate for

the dlmynlsned—lntramammary synthesrs of fatty acids.

i‘ Ll

The changes in fatty acid oomposjtion of milk obtained
with protected iipidjfeeding may have a considerable effect
‘on the measurement of fat and‘lactose by infra-red methods.
This 1is malnly due to dlfferences in the average molecular
weight of component acids (Franke et al.i 1977).

With respect to other'milk components, ;eriable results

K

have been recorded when protected lipids were fed. A -
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decrease -in the lactose content 35'511k has heehdnotedibvtl
,vCook et al. 1972~ and Pan et abw 1972, whereas no
51gn1f1cant change wa's recorded by Grleve, 1980, and'Storry
et-a] (1978a&b) W1th respect to proteln content, the'trend
appeared to be a very sl1ght 1ncrease at low levels of
supplementatlon1 and<a:sllght decrease _Or no change when
hlgher than 0 5 kg PLFS/day were fed (Storry .and Brumby \\
‘1979). Pan et al. (1972) and Bltman.et al. (1973) recorded-f
lan 1ncrease An proteln levels when - about 1kg PLFS per day
vas fed. to dalry cows On the the other hand, results ofv
h}studles by Mattos and Palmqu1st (1974) andQGrieve-(1976)h
.1nd1cated that proteln .content decreased whlle no change inh
the protein content was reported.by Goering et al. (1977),
and'by'Barbano'and'Sherbon (1980). Accarding to Pan et al.
‘(1972) and smith et al. (1978), there was a decrease in the
sollds non- fat content of milk ‘when PLFS were fed However
no s1gn1f1cant change was noted in thlStparameter in studies.

carried by Bitman et al.;(1973), Grieve (1976), and.Barbano

‘and Sherbon (1980).

2.3.3 Effect of Protected L1p1d Supplement on Oxldatxve

;Changes in Milk
It ;s now. known that mllk in general can be. susceptlble
to deterlorat}on due to oxldatLve changes ocurrlng in the
milk fat‘portion (See‘Section'Z 4.2) vAn increase in'the
ox1dat1ve 1nstab111ty of mldk fat has been shown to be
}related to increases in the 11nole1c ac1d content (Smlth

.

s
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et al @19637" sld’ﬁu et al.,"1993) . Therefore, "‘sinee’ thé -

concentration of thlS fatty ac1d 1s-hlgher in. mllk result1ng

-

from cows belng fed PLFS it 1is expected that th1s mllk
would .be sen51t1ve to ox1dat1ve deterloratlon However it
was pointed out that thlS adverse effect wa's operatlve when

protected o1ls peP Sé were used, and that oxidative

@

stab1lnty was\lmproved when pf%tected o¥Tseeds weﬁe us@éd -

-1hstead (Haase 1977) Results of studles carrled out us1ng

both low and medlum levels of 1ncorporat1on of protected
saff10wer 011 revealed that an oxidized flavour developed

readily in raw milk and'gradually dUring storage of

»

.homogenized and-pasteurized‘milk Goerlng et al. 1976) who

fed 0.8 kg protected safflower oil per day, to lactating
Holstelns,,suggested that the use of tocopherol would be

effective in preventlng off-flavours. This was in agreement

\?1th results and recommendatlons by Edmondson et al. (1974).

o

The compensatory*decrease in C, fatty acid that occurs
with‘increase in'C..-_2 (Gooden and'Lascélles; 1973;-Astrup
et al., lggﬁg Astrup et al., 1979)  may cause a reductlon in
rancid flavour in milk, since this fatty acid (C,) is
implicated in the development of rancid flavours, Whenv0.36
kg/day protected oil was fed, Astrup et al., (1979),
teported that in addition to an increase.in the oxidized
flavour, . there was a decrease in the potentlal for rancid.
flavour development as detected by a sensory panel and

correspondlng free fatty ac1d contents Further studles

u51ng protected rapeseed 011 1nd1cated that such supplements

e

26
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inhibitfthe'product{on of rancid flavours (Astrup et-al.,

- 1980). - - - o a

& _ .
In general, literature data on the_relationship-between

hydrolytic rancidity and PLFS usege appear”scant.

N

2.3.4 Effect of Protected Llpld Supplement on Butter

Ry 3 . - e v . B .o . . Y

The relatively high level of linoleic acid that occurs
in milk fat when protected 0il supplements are fed to
lactatlng da1ry COwWS 1nev1tably has an effect on flavour
acceptability and shelf life of butter and other milk
products (Rook, 1977).‘In particuiar, butter has been shown

to have an improved spreadability at refrigeration
W ,

pktemperatures (Buchanan et al., 1970; Buchanan and Rogers,

FaETrnr PSS

1973°’Edmondson et al 1974) ., It is speculated that this t
consequence would be favourable to most consumers. Due to
the increased softness of such butter, modified churning_
methods werekaeSignedw(Kieseker et al., 1974), and it was
recommended that temperature control should be practised SO
that butter can be given enough working in order,to
incorporate moisture satisfactorily. Tendency to slump and
oil off is more pronounced in these "polyunsaturated butter"
(Kieseker and~Eustace, 1975), thus making them’ slightly

inferior~ to the luxury margarines (Rook 1977). This of

..course is due.to the increased proportion‘of liguid fat.

According-to Taylor and NorriS'(1977) the con51stency of

v

butter is determ1ned primarily by the proportion of solid
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fat, hence more slu@ping is expected in butter with high
polyunsafﬁrated‘fétty(a;id CAhﬁént: Imbrévéd:sp}eédébility
of butler, w}th the concurrent decrease in.oiling off was
possible when Blends of "conQen;ional butter"‘and
"polyuhsaturated butter" Qere.made (WOod et al., 1975}.
Butter contaiﬁing‘higﬁ linolg%c acid contents (apprgx. 29%)
Q;re'géﬁna toubéqhbré guéeept£bie ﬁgio;idétiqn on storagé,_
especially if exposed to light or contaminated with copper
(chhanag and Rogers, 1973). However, butter had no adverse
flavours after two months ref;igerated storage._Maﬁufacture
+of cultured 5utter by Kreula and Norlund (1974;, containing
only 6.1% linoleic acid, displayed improved spreadability,
no undesirable flavours, and no oxidative,problems on
storage at a range of refrigefationltemperatures. A ration
containing 0.5-kg protected safflower oil was used in this
study, thus it is likely that at lowllevelg of ¢
supplementation, the small increase in linbleic acid that
occurs does not adversely affect the quality of butter
produced. However, in'an_éffort to prevent oxidation
'occurring e§§ecially %ith high levels Qf‘supplementétion[
precautions should be taken to avoid copper_contémination;
also, the addition of antioxidaqts has'been.suggested by
some workers in this field (Buchanan et al., 1970; Buchanan .

and Rogers, 1973; Kieseker et al.,. 1974; Rook, 1977).
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2.3.5 Practical lmpchatlansaa550C1ated with- the use . of" PLFS E;;:‘V

e .

"Phe main area of appllcatlon for protected llpld feed
supplements is in the feedlng of high yielding dairy cows in

early lactation. In this way one can improve the efficiency

of energy use, allow for greater utlllzatlon of genetlc

potentlal and specifically 1ncr£ase mlLk fat and~ats Sea s e R

. . ,
o o P, Y P W oa o LR e ey

Cw e 2 @ -

unsaturatlon thus alleviating the low milk fat syndrome
(Stqrry, 1981). However, with the world wide use of
prctected lipids, an accurate, faster and,ﬁoretroutine,.
metbod of determining the degree’of protection of comme;ciat
supplements. is urgently_needed-ipforderito facilitate

efficient production (Storry, 1981).

%.4 éhemfetry‘of fat changes in milk and dairy prodpcts
Cows' milk is simcltaneouéiy a solution of low
molecular weight cohbouhds, a colloidal dispersion of
protein micelles, and an oil-in-water emulsion. At the time
of secretion,,milk fat existé as an emulsion of .microscopic,
immiscible liquid fat droplets in the aqueous phase of milk
plasma (Brunner, 1980). The stability of this emulsion is a
result of the éresence of a third phase, a‘film'containing
protein and phospholipids on the surface of the dispersed
‘particles. Due to the forces inherent in this
microenvironment, the fat particles:occur as finely divided
spheres individually known as the "milk fat globule". Most

of the milk lipids are located in these fat globules, and

" e o 0"_ w Tre T
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- their surroundlng membrane while small amounts are also
.“found in the mllk serum (Jenness and Patton 1959) Althoddh
the svnthe51s of milk fat in the. mammary gland is not fully
understood it is now: knpwn that the long chain fatty acids
p;esumablyvcdme from t:iglycerides absofbed from the blood,‘
. mhlle uhe short chaln fatty aclds are thought to be. _.

v e - e aom .

synthe51zed from acetate and B hydroxybutyrate (Lu1ekr

v = -~

1961). On the average, milk fat globules are about 4u in N

_‘diameter, however, they have .known to vary_in sjize and

distribution depending pn environmental influences such as---

feed, temperature, and condition, ranging from 0.7 to 22.2p

A A
< R

(Brunner, 1980). R L
4.1 Milk tat<globule membrane
ﬁTne,verymexistencezofﬁthe;milk_fat glgbulesidepends on
the adsorbed membrane,. since wjthoutlit[ coalescence into a .
continuous fat layer would occur. It is now aecepted thatv
the milk fat gi%bule mefmBrane (FGM) consiétsfof protein,
phospholipids,vcerebrosfdes('choleeterolﬁ némttal ”
glycerides, and water (Muldet‘and-Waiatta, 1974). The;lipids,
in the membrane - eapecially the cephalin fraction of tne
phosphollplds - contain a large proport1on of
polyunsaturated fatty acid re51dues._Therefore, the membrane
l1s susceptible to oxidation (Koops, 1969). The presence of
these oxidjzable phespholipids together with the lange

surface arew of the globules, sets-the scene for oxidation

to ‘occur.; Since phospholipids are also present in the skim
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_tmilk phaéé there ‘are ‘three.potential §ites‘for51ipid
oxidation: the fat globules; the‘material'ofieﬁtedwét the -
_surfacevof these'globules;‘and‘the.aQerus phaée (Pattony

1962).

2.4.2 Fat oxidation ang its meaédreﬁéﬁt

\:_,.“AQto~oxidatioq of milk lipids is similar to that

o ) N & e e Ce e e e

occurring in other edible76i1'§rbduct%.”waevetﬁ“théT‘v“
physical state.of milk, presence of nathral anti- or
pro-oxidants, as well as<procéssing and storége conditions
‘tend to ihfluence the rate-at ;hich~{tmdtcbrs (Parké “198b)
OX}datlve deterloratlon of mllk proceeos through a free

.radlcal chaln mechanlsm 1nvolv1ng 1n1t1at10n propagatlon,
~and tgrm1nat1on, (FLg. 2.7). This auto~-oxidation whieh-éften
leads to defects fn flavoqt of milk ptodutts,’occhrs mainly’
in-polyunsaturated fatty acid residues which are
partlcularly Sen51t1ve to 1n1t1at10n4 Hydroperoxldes are
1mportant products of reaction of tatty acids with oxygen,
s1nce they undergo subsequent . reactlons that termlnate in
carbonyl compounds responsible forloff—fiavours (Fig. 2.7).
The méchanism that has been proposed by Frankel et al.
(1961) .involves cleavage of the isomeric hydroperoxide (1),
to the alkoxyl tadical“(II), whichlundergoesAcarbon4carbon
fission to‘form the aldehyde (IIIi.

R-CH-R - R - CH

S DU S
" * - O0+OH o o. ' :

(1) (11) ] (111)"

-.-'- -
x
o)
I
(.) B
oy
O
+
X

<&
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© HYDROPEROXIDE ‘THEORY
A. /IN[TIATION | |

RH + O, ROOH

ROOH ' — FRee ~ RADICALS (&g‘R,. RO,’ Ro;,etc.) )
B. PROPAGATION I ,ﬁ
— Re* + o, ROZ'

[ " RO +-RH —

-;lq- + ROOH

C. -TERMINATION
‘ ' . R* +PR

R* + 802' STABLE (NON-RADICAL) END PRODUCTS .
RO;+ RO; ‘ :

Fig. 2.7 Mechanism of autocatalytic oxidation
" of lipids.



PR W L e T A e e e e - o Vo [ T S B

o

" Fat’ oxldatlon OCCUfflné in milk . systemsAcan be'
leffect1ve1y monltored by the»Thxobarblturlc Ac1d Test . (TBA),;
where, malonaldebyde reacts with two molecules of TBA to -
produce a complex with a characteristic célour (Fig. 2.8).

Since the primary products of lipid oxidation are

hydroperoxides, the determination of these compounds as the

— o

Peroxide Value has been used as an indication of ox1dat1ve
state. However, due to the 1nstab111ty of hydroperox1des
(Fié.'Q.é),vﬁhe dete:mlnation.of the Perpxide Value is very
sensitive to light, oxygen, énd;témpérafure changesi Thé two
main sources of error in this measurement are (a) absorption
6f 1od1ne at u;ssturated ‘bonds of the fat and (b) the
liberation of iodine from pota551um 1odlde by dlssolved
oxygen in the solution-to be titrated (Gray, 1978). The
official method (AOCS) for determining the Pérdxide Value of
fats is higth empiricai and thus any vé;jafion~in the
procedure may cause incﬁnsistencies in results. Also; it haS
been documented thatiit is difficult to determine low
Peroxide Values with this test,vdue'to-proglems with
end-point determination (Gray, 1978).

Milk can vary in its susceptibility to oxidized
flavour, and it has been reported that some milkss may be
considered to be spontaneous with .respect to oxidation
(Bruhn et al., 1976), although the.exact mechanism is not

well definéd.'Céntamination of milk with copper or iron has
been impiicated in aéceierating'the oxidafion prqcess (Smith

and Dunkley, 1962; Shipe et al ., 1978). Natprallcopper in

T M a e e Tl e e e e e 5 e ey e o
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| HO ‘Malonaldehyde
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Fig. 2.8 Proposed TBA Reaction
(Sunnhuber et al 195@
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£h@ fat globule hembrane amounts to approx. 10 pg{1009; At
Yow stopnage temperatuées, it has Beén»suggested that this
copper migrates to the plasma, whereas heating causés
migration of added coppéf from the piaéma to the fat g;obule
membrane, where oxidation then occufs (Mulder and Walstra,
1974). In addition to this, it has been found that,milk
obtained from cows on dry lot feeding is more susceptible to
oxidation than that of cows on pasture (Shipe, 1964).

e

Other factors affecting oxidative deterioration in milk
. &
and milk products include oxygen levels, heat treatment,

exposure to light, acidity and homogenization.

2.4.3 Effect of storage temperature on rate of oxidation
The role of storage temperature is anomalous since it
was reported that the intehsity of off-flavour and TBA
values decreased with increasing storage temperature
(Dunkley and Franke, 1967). On the other hané, low storage
temperatureé ﬁended to decrease the rate of light-~-induced.

oxidation in studies carried out by Dunkley et al. (1962).

2.4.4 Effect of oxyéen level on oxidat{on

It 1$ now understood that a variety'of oxygen species
(including the hydroxyl radical, singlet oxygen, and ozone)
can be generated in or near féod systems such as milk, and
can ultimately yield peroxides which subsequently decompose
to initiate oxidagive chain reactions (Korycka-pahl and

Richardson, 1980). Similarly, it has been shown that in

~
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flqid;milk;-the absence or removal of dissolved oxygen
decreases of f-flavour development. Singleton et al. (1963),
demonstrated that ox{gen was neceSSary for the developmenf
of light-induced off-flavours, while Sharp (1941), .

demonstrated that-deaeration inhibited off-flavouts even in

the presence of 0.1 mg €u/litre of milk.

2.4.5 Oxidation as affected by heat treatment

It has been consistently reported that temperatures up
to that of pasteurization tend to increase the
suscepfibility of milk to spontaneous- copper-induced .and -
light?induced oxidation (Bergman et al., 1962; sSmith and
Dunkley, 1962; Parry et él., 1966; Parks, 1980). An
inhibitory effect on oxidative deter%oration was noted when
fluid milk was heated to higher temperatures than that of
pasteurization (Greenbadk, 1940; Tamsma et al., 1§62). It
was thought that“most’heated products do not become oxidized
until sulphydryis are first oxidized and the cooked flavou;

has disappeared (Josephson and Doan, 1939).

2.4.6 Effect of light exposure on oxidation

Extensive accounts on the effect of exposure of milk to
‘radiant energy have.revealeé that off-flavours invariably
developed (Aurand et al., 1964; Dunkley:and Franke, 18967;
Dimick, 1973; Hansen et al., i975: Shipe et al., 1978).
These off~flavours have generally been categorized as being

“‘either "activated" or "oxidized".
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Activated or sunl1ght flavour hés been hypothes1zed to
develop rapldly, and has been attributed to the dissociation
of a 1oosely bound complex of riboflavin and
tryptophan—dontaiﬁing milk protein (Aufand ét al., 19647).
This reaction wa;'proved to be oxygen-dependent.

The reaction RH + O, --> ROOH (See Fig. 2.7), is >
unlikely to'occur since the unsaturated fatty acid (RH) and
the hydroperoxide (ROOQ) are in the's{nglet states whéreag
the dxygen (0.) is in the triplet state -- hence lack of
conservation of spip (Aurangd et al.. 1977), Spfn” “
conservation would be satisfied if the oxygen was- in fhe
_//3$ngletQ§tate, as can’ be achieved by chemicai, enzymatic, or
sensitiz®d photooxidation. Since it was found that
riboflavin could promote photodecémposition in singlet
mediated reactions, Aurand and coworkers (1977) bfoposéd the
following mechanfsm;:

s ’ Y

Sen + hv --> 'Sen --> ’Gen

’Se;' + 0, --> 'Sen + '0O,* o

'O; ¥ RH -=> ROOH —-; Photo—oxidation Produéts

(Sen = Riboflavin, which atpg as 3 sensitizer)
It was postulated that riboflavin could generate singlet
oxygen via the excited tripleﬁ state. Other workers have
thedriied methional to be the major component respons;blé
for the burnt flavou; btoduced when milk is exposéd'to
sunlight (Allen and Parks, 1975; Shipe, 1980). Methional is
said to be a product 4f the Strecker degradation of

methionine (note: dicarbggyl required for reaction):

~



CH,SCH,CH,CHNH,COOH - CHLSCHICH,CHO + NH,; + Cbz

Photo—fnduéed lipid dxidation répresents~the other
category of light-induced reéctfons'and is very similar to
autoxidation or metal-induced oxidized flavour. ThlS
off-flavour develnrps more slowly than the actlvated flavour
and it has been Froposed that.homogenlzatlon.enhances the
light acti~ated ~~mpnnent 5f_this‘6ff—fla$our, while
inhibiting +the oridjzed component (Shipe, 1980).

The present wldespread use of fluorescent 1llum}natlon of
milk in display cases has been known to cause light-induced
oxidized flavour, particularly in plastic and blow mould
containers (Barnard, 1973).;Also,\it has been reported that
nutritional losses {ascorbic acid and riboflavin) occur when}b
milk in paperboard and plastic containers weré exposed to
fluores~ent light foar various times#(Hansen et al.. 1975;
Hedriclk & Glass, 1078),

Several factors may influence the progress of
phorﬁrhnmxcal rnact1ons in milk. These fnclude light s;urce
(wavelength and 1ntensity) exposurg time, oxygen,
Femperatiure. and packaglng matz{%;& agz

‘ & '%V' )
ot B
'Qg/mé | : \

2 8.7 Effect of aC1d1ty on ox1datroﬁ*j. RN

This parameter may have an effect on the susé%ptlblllty
of milk to ~xidation, although it has not been studied
“thorouBhly (Parke. 1980). Farly experiments indicated that
An increase in pH of 0.1 was enough_to inhib&t oxidation in

£10vid milk for 24 hours. Coépper has been implicated in the



development of oxidized flavours in dair$y preduct's suc¢h ‘as
butter and ice-cream (Parks, +1980). ’

'2.4.8 Oxidation as affected by homogenization - -

During homegenization, the total milk“fatmglobhle . Jr 2
- 5

surface 1ncrea5es several- fold and a l1p1d casein complex is
formed at the globule surface (Rarel, 1973) According to L
Fox et al. -(1960), this complex forma;lon entalls d1stort10n
of the casein micelles by homogenlzatlonypressure, as well
as the_lncrease in globule area; Naturall?,_when the nature
of the membrane changes, drast1c dlfﬁerences 1n "the .
behav1our of m11k can also be expecced These changes may be
manlfested by (a) tendency for gell1ng, (b) a relatlve,

re51stance to metal or photocatalyzed reag;ions and (c)

susceptibility to enzyme‘Cagalyééd reactions leading to

perokidation (Shahani; 1974; Kare

2. 4 9 L1p01y51s
Llpoly51s has been deflne& by Downey (1974)J as
enzymic hydroly5}s~d£ﬁm11k‘fat t;lglycerldes. This ;eaction\
has great economic significance; in‘that accumulation of‘its'
reaction products (free fatty ac1ds) 1s respon51ble for the -
llpolytlc off flavour known as hydrolytlc ranc1d1ty
Althougb seVeral mechanlcal and 1nherent phy51olog1cal
processes can result in l1poly51s,.che FGM effect1ve1y

protects the mllk trlglycerldes from attack by l1polyt1c

enzymes present in normal milk (Downey and Mquhy, 1975
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Jensen, 1964). In ad@itionh aseociation of these.enzymes
‘with the casein mitelles and the possible presence of

]

lipolytic inhibitors also contribute to the relative high
resistance'to‘enzyme'attack.. .
Normal milk contains at least twb#naturally preeent
-lipases,.one of whi;h is associated with spontaneous
lipolysis. The other (plasma llpase) remains loosely bound
to the casein m1celle untll adsorbed onto the m11k fat B
gldbule by an actlvatlon process (Jensen 1964). Llpase has‘
been found to be inactivated by oxidation, and to be
3sensitive to copper ‘and iron (Shipe, 1980). TheAexplanation
'offefed for these observations was that lipase contains
sulphydryl'gfonps which gre associated with enzyme activity.
"Aetivation of lipase cen occur via homogenizatien, |
4s%aking and tempereture manipUlations;"eg. cooling to“SJE
then werminglto 30°Ct and flnally cooling to 5°C (Chandan
and.Shaheni 1964) In the case of homogenlzatlon
'actlvatlon may be rapld ‘due to an increase in substrate
sugface area and a recoatlng of the newly formed'globules
.with lipase—contéin;ngfcasein (Jensen,1964).'Tempefature
changes sucn as cooling, nay disfuptbthe FGM or alter the
‘association of the iibase'with;other milk constituents
(Shipe, 1980)}nGenerally;;acfivation m;y occur by:
i; uFaci1ite£ingAtheJreieaSe of lipaee from the caeein
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'~ii, Ptomotihg\the adsorption of’enzyme on tha fat globule
viii.‘Alteringﬁthe inentation of the adsorbed fat‘gldbule
‘ﬁembrane\(Chandan and,éhahani, 1964 n
Agitation, partitularly when aécombanied with foaming,
has been shown to cause a redist;ibution of the enzyme
_between the cream and the skim milk phase (Deeth and
Fitz-Gerald, 19?7); The actumulatioh of mono-,
~di-glycerides, and ftee fatty acids that results whan milk .
lipase 1s -in contact witt milk fat, coﬁfafs a rancid flavour
on the milk, Chemically, lipolyzed’flavour is-primarily_due
“to theip. - C,, volatilg tatty acids. The lipase does not
differeﬁtiate between short and long chain fatty acids
attached to the primary positions of the same giycerol;
hoﬁevet, since butyrate'appears mostly to ba.a primary
.ester,'an apparent preferential'releaSe of butyrate occurs
Y(Shipe, 1980). Once inducad by agitatidn,ltipolysis proceeds-
rapidly only for a relatively short.pefiad, after which it
levels off, witﬂ no further accumulation of free fatty
acids. This phenomenon may be due to the bu1ld up of
1nh1b1tory free fatty acids at the fat globule 1nterface,
and fallure of- - the enzymes to desorb from the interface,
1eadlng to a gradual inhibition of 11p01y51s (Downey, 1980)
The extent of activation has been found ‘to 1ncrea§2.
with.the ‘duration and degree of agitation, 'while 1t
decreases with the age of the milk at agitatioa (Ta:tasuk

and Frankel, 1955; Kitchen and Aston, 1970). Maximum

activation has been reported to take place at temperatures -
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ranging between 40°C and 50°C_(Fité-Gerald( 19745,-whereas,
vkitcheﬁ and‘Asfon (f970), proposed awgiightly‘iéwgr
temperature (37°C). | | | . |

* As milks fronf individual cows are khown-ts differ in .

. e S S, . L.
their propensity to develop lipolyt avours, it 1is

customary.to distinguish,betﬁé ly ‘active milk from
normal milk. Causgs-of-spohté e_ﬁs lipolysis are not fully .
understood, élthohgh it has bken pdgtulated that the level
of phosphdlipid contgipihé substances:inlthe milk is
importént (Drieéséh and Stadhoudefs, 1974). Review étudieé
carried out~by'Deét; and Fi;z—éefald (1976), hbwgver,,
éttribqted spontaneocus ljpolysiéEto several physiological
féétdrs sﬁch as blood;depiveé_cons;ituents, late lactation,
poor“ﬁu;rition,(particularlyDduriné ;a;eAlactépion), low
milk yield, ocestrus cyﬁle ana'increasédjcéll court. |

In an effort to‘tontrolhinduéedvlipolysis; milk should
be cooled Tmmediateljaaftér milking and‘withtminihum-i‘
agitation, prior foApasteprgzation (Shipe 1980). Also, it
has'been«sugéested that wéigh jars (which ihév@tably cause .

lipolysis), should be disconnected during milking when

R

weights, dre not .being recorded’(Pillay et al., 1980b). -

,42.4;10 Measurement of lipolysis
The extent of iipolyé&s occugring in milk systems can
be followed bf the détérmination of tﬁe Acid Degree Value
LAEXB, which assays for the fregﬁfatty acids‘preéent‘kMarth;

1978). Accbrding to ‘Thomas et al. (1955), geod raw milk has
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- pan ADV npt greater:tnan 0.9. The onset of activation can be
recognlzed by an increase in ADV to 1.5 or greater. More
‘recent studies on the threshold ADV for lipolyzed milk (as
{detectable by sensory analysis), 1nd;cate that 1n estimation
Iby the standard BDI_method (Marth, 1978), values.lie between v
:llBS and 2.05, whereas by the modified Frankel and TarraSUk.
method, the threshold value lies between 4.1 and 2.5 (Pillay
et a7., 1980a) hence the definite boundariesfspecifiedrby
Thomas et al (1955 seem'questionable'

The butterfat changes that may occur in milk can be
1nfluenced by feedlng protected lipid supplements As
dlscussed in Section 2.2.1, there is usually an 1ncrease in
the ‘polyunsaturated fatty acids produced, and a compensatory
decrease in: short chain fatty acids with- hlgh levels of PLFS'
supplementat1on This 1nev1tably caused a decrease in the_~
ox1dat1ve stability of the mllk produced (Haase, 1977) The
;1nformat10n on the effects of feedzng low levels of PLFS and
the correspondlng”susceptibility of milk and butter to
. Quidation and lipolysis is scant, hence' the inception of:

thig study.
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3. OBJECTIVES AND. EXPERIMENTAL DESIGN

The main objective of‘this investigation was to
determine ‘the effects of feeding commerciallyfrealist%c
levels of canola-based "Protec"™ to lactating dairy cows on’
the quality of milk and butter. Three major experimeqﬁs were
carried .ouf,. : A
1.A;—threshold study to determlne the level at which changes

are first detectable in the qualltyﬂof milk and butter. g
2. To determine the suscgptibility of "Protec" itself to

oxid&ﬁﬁve changes during storage and the effect of

feeding the stofed "Protec" ‘on miLk and butter quality.
3. The evaluation of'the.milk and but;er produced from

comhercial dairy herds Qith a histofy of continued use

" of "?rotec" ’

The flrst two experiments were carrled out 1n collaboratlon
-hwlth the University of Alberta Dalry Research Unit (operated

by the Department of Animal Scence). Commerc1al farms in the

bicinity of Edmonton were utilized in the third experiment.

]

3.1 Experiment 1 - Determination of PLFS Threshold
Objective. A threshold study was coﬁaucted to‘determine
the lowest .level of . "Protec" supplementation wh1ch would
se detectable changes in milk and butter quality, as
d?:ermined by sensory, chemical and phyéicél tests (Table
3.1).
Experimental Desigﬁ. Isonitrogenous diets (Table 3.2)

o

44
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Table 3.1 Analytical Procedures performed on Milk and Butter
Milk
From Individual  From Pairs of Cows

Fed the Same Diet Butter

Butterfat
Protein
Lactose

Total So]fds
Solids-non-fat

Iodine Value

Functional Properties

Penetrometry
Viscosimetry .
Dropping Point

Solid _Fat Content

Rancidity and Oxidation

ADV

U 1BA

L

_Peroxide Value

flavour

Expert Evaluation
Triangle Teét

Signal Detection Test
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Table 3 2 Experiment 1.
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a . e

N

Formulation of Test Concentrates (%)

% Protec
0 3 6 9
3 Diet number 1 2 o 4
aProtec O"w 3 6 "9
Rapesééd meal ‘21 20 19 18 i
Rolled éats 25 25 25 25
Rolled barley 42 40 38 36
Rolled wheat:)_ 5 5 5 5
Mola§ses 3 3 3 3
Calcium phosphate 1.2 1.2 1.2 1.2 % :
Lime.%,tone _ 1.4 1.4 1.4 1.4
Non med. trace salt 1.0 1.0 l.0 1.0
Vit. A-D-E 0.05 0.95 0.05 0.05
vit. p3" 0.03 0.03 0.03 0.03
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twelve week's in duration. Mllk was:collected processed and
'treared after three weeks (1 e. 'at;the eﬁﬁ&of each trlal)

‘using methods described in Section 4.2 iﬁd 4,3, Finished T

47

formulated té'contain graded levels (0, 3, 6, 9%) of

"Protec"”, were fed to eight Holstein dairy cows in tnedr
T
early to mid- lactatlon per1 A double 4 x 4 Latin Square
we ‘

design was employed, where two Cows were fed the same diet

for three weeks in each trial. The entire'experiment was

o -

e A

:&' & ‘ o
products (milk and butter) were evaluated by sensory methods

and analyzed by chemical and physical ‘tests (Section 4.5.and

;
l e
by

4.6) " 34

:
3.2 Experiment 2 = Storage Stability of "Protec‘ and Effect
of Feedin§ Stored "Protec" on Milk and Butter Quality
Object ive. The purpose of this study wes'two;fold:
(a) To assess the susceptibility of commercially
manufaetured "Protec” to oxidative changes éuring~
controlled storage.
(b) To eyeiuete whether the quality of milk and butter would
be affected by feedrng the threshold level (as

determined in Expt. 1) of stored "Protec" to. lactating

dairy cows.

I3

Experimental Design. 500g of "Protec" were incubated .at 4°c,

20°C (room temperature), and 40°C, for a period of twelve
weeks. Subsamples were takem at two week 1ntervals and

analyzeévfor ox1dat1ve changes as indicated by the Peroxide

©
A
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Value Test. Concurrently, 80kg of "Protec" were stored in
open containers at 40°C for twe;ve Qeeks. The resulting
Stored "P;otec" was supplemented in diets to determlne
whether the effects of storage would appear as off- flavours
in mxlk and butterO Diets contalnlng no "Protec", 6% fresh
"Protec" and 6m.storeo "Protec” were fed in a compietely
~randomized design, to twelve Holstein dairf cows in late
lactatien for three weeks. At the end of the feeding trial,
milk'fEOm the four cows being fed each diet was combined,
processed and analyzed. The composition and quaiity of
homogenized, pasteurized milks and butters produced were

. checked by chemical, physical and sensory tests (Sections

4.5 and 4.6). ¢

”?g,f' ‘ _—

KL

3.3'Experiment 3 - Evaluation of Milk and Butter f}om Cows
belng fed "Protec in Commercial Dairy Herds

Objectlve This study was concerned with the assessment
.:Qfmthe quality of milk -and butter when produced from
c?ﬁmer;ial dairy Herds having a continued history of PLF8&
ise. .
Experimental Design. Milk was“collected from two commeecial
dairy farms that/ had been using protected lipid feed
supplements fo at least three years, and also'frem two‘
- commercial dairy farms that had never used "Pyotec", or any
‘other PLFS. All farms concerned had herds consisting of

Holstein dairy cows. For comparison, milk was also obtained
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frow a commercial dairy manufacturing plant iﬁ Edmonton,
Alberta. A portion of milks obféined from herds being fed -
"Protec” was combined, homogenized and pasteurized for
séﬁsory ev&luation‘(%ection 4;6.L),‘whiie the remainder was
processéd'iﬁgo butter. Sensory evaluation and ;estS»reiated
to butter hardness were carried out as in previous
egkerim;nts. Comparisons were made with milks and bﬁtteré

" processed in a similar manner which were obtained from herds

not being fed "Protec".
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4. MATERIALS AND METHODS :

4.1 ﬁaw Materials

;/
4.1.1 Protected Lipid Feed Supplement

The supplement used throughout this sﬁudy was the

canola-based product, “Protec".-This was manufactured (Fig.
4.1) and suppli?d'by Barrhead Alfafa and Protec Products
Ltd.)‘Bﬁ&rhead, Alberta. In this process (personal
observation), the canola seeds and meal are crushed in a&
plate mill prior fo'emulsification with sodium hydroxide.
The slurry that results at this stage is drum dried,

packaged and distributed to dairy farmers on a demand-basis.

2

'

4.1,2lMicrostructure.of "Protec™

The m{ciostrncture of the unprotected and pr&técted
canola was examined as described by Stanley et al. (1976).
Dehulled seeds or granules of the protected lipid material
vere prefixed in 3 3% glutaraldehyde solution (in pH 7.0
buffer). after post fixing in '% KMnO, at 5°C , the seeds
were rinsed in several changes of distilled water. |
Deﬁydration in seven changes of ethanol preceded air drying
and mounting. The scanniné electron microscopy was carried
out in the Department of Entomology on both unprotetied.apa
Protected canola. A typical micrograph (Plate 4,1-B&D)
i1lnstrates the dia&ribution of canola meal on the pfotected

7
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CANOLA MEAL

Fig. 4.

1
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CANOLA SEED
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MIXER

. }—————] NaOH +H,0

EMULSIFIER.

AN,
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™

DRUM DRIER '
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Diagram of Protec’

Mariufacture
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canola seed. =

4.1.3 Formu;ated,Diétsﬁ' . - ]
The test diets were based on the standard rolled gation
fed at the University of Alberta Dairy Farm (Table 4.1).
Standard procedures of the UnlJer51ty Farm operatlons were
followed this 1nclud¢d pelleting of the experimental
.concentrates'%n a Pellet Mill subsequent tolmixing in a 1
Ton Batch Mixer. The standard diet used consisted of 7 kg
'hay, 3 kg beet pulp and‘ié kg concéntrate.“In addition,
nwater and a mi#ture of equal parts of;tracé mineral sélt(and
calcium phosphate were offered gd libitum. The éctual
amounts of hay~and EonCentpgte offeréﬂ varied slightly with

the past production record of individual cows. Diets were

stored at a cool temperatiure.-in the store-room at the farm.

-
e

4 ' 4 "Stored Protec"

(

In order to assess the susceptibility of fr "Protec™
1 y

»

to oxidative change?*du)ing storage, "Protec" was incubated
in open containers at 40°C for a period of twelve weeks. The

product resulting is referred to as "Stored Protec”

threcunghout thig wayk |

e gy
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Table 4.1 Standard Rolled Ratlon (Control 41) Fed By.

Unlver51ty of Alberta Dalry Research Unlt

Aﬁpiledeheat

Rapeseed meal!

Rolled»oats

Rolled barley

Molasses

Calcium’ phosphate!

Liméstone‘

.. Non med trace saltlz

vit. A—D-El 3‘

vit. p3 R

20
25

43

'0.03

lpelieted.

53
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Plate 4.

54

- Scanning Electron Micrograph (SEM) of unprotected (A) and R
~ .protected. (B) canola seed - low magnification (x27.5 and x25 resp.).

3

.D

Scanning E]éctroﬁ‘Micrograph (SEM) of unprotected (C) and
protected (D) canqla_Seed - high magnification (x750 and x800 resp.).

-




'4.2 Processing

4;2.i.Collection of Milk
Milk from the University bairy Farm wgs collected

: directly from the milk receiver of the. pipellne milking

equ1pment into stainless steel milk cans., and transported to

ithe Department of Food Sc1ence, University of’ Alberta
CQ'lection of milk wvas made twice per day during the hours
of 7:00 am - 8: 30 am and 3 00 pm - 4 30 pm, when cows were
normally milked at ‘the farm~ Milk from commerc1al dairy
.operations was obtaineo from .a refrigerated bulk tank
located on each farm. All _milks were cooled qu1ck1y to about
. 8°C by 1mmer51ng cans in a cheese vat contalning ice water
and by stirring the contents jf)each can 1nterm1ttent1y‘
After cooling, the milk was stored ft 4°C for proce551ng

. ~ | | _—

'4.2.2 Homogenization og;Milk -

Morning and afternoon milkingsi(comprising a production
day) were obtalned fron cows being fed- the same diet, then
pooled and thoroughly mixed. A 15-20 litre sample was taken
from each batch for homogenization, while the remainder wasn
refrlgeratedﬁstd used in cream production the . following day.
After haning to-50°% £, the respective milks were passed
through a\Gaulin Laboratory Homogenizer, Model 15M - 8TA

(Everett, Mass.) using a pressure of ,3000 p51. The

individual batqhes of.homogenized milk were pasteurized

immediately. The homogenizer was cleaned by the Cleanifig in -

by

S R B NI B Tl
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Place (CIP) method and finséd with hot water precegQing. each

run,

A.Z.é.Pasteurizatipn of Milk
E# Hdmogenized’milks'were batch-paStéurized in a
lgbaratory stainless steel double>jacketed kettle. The milk

was held at 73°C for thirty (30) seconds, then quickly

vcooled to ca 10°C by passage of cold water through the

: b s
jacket of the kettle and by immérs%bn in ice water (Section

-

4.2.1). Storage at 4°C followed. _ ! . ' )

-

4.2.4 Separation of Cream .

The morning and aftesgnoon milk of the second day's’

nilking, collected from cows on the same diet was pooled and

' : <
combined with the milk remaining from the previous day's

milking; The résulting composite was heated to 50°C while
stirring continuously uging a mechanical stirrer. Cream
containing at least 50% fat (Table 4.2) was obtained by

separat1on on a Liquid- ﬁ}qu1d S0lid Disc (#58) Pilot Plant

‘Centrifuge, Alfa- Laval (De Laval Company Ltd. Peterboroughv

ont.). The ¢ream was batch-pasteurized at 75°C for 30

minutes, sampled for analysis and cooled overnight at 4°C

4.2.5 Butter-making
Creams were churned into butter in a labofatory Hobart
. R , . ’ h
Mixer Kitchen Aid - Model K5-A (Troy, Ohio) using a prongé&*ﬁ//

blade. The Hobart bowl wa\ surrounded with ice throughout
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\\\\ Table 4.2 Fat Content of Creams Used in Buttermaking
S— .- :

N,

r

% Butterfat!

Experiment 1.

-
A. 0% Protec i 60
3% P;otec : 64
6% Protec - ' ' 56
9% Prbtec o 60
B. 0% Protec 71
. 3% Protec .  ' 54
6% Protéc . 70
9% Protec ' 73
C. 0% Protec : >302
~ ‘ 3% Protec ] >502
- 6% Protec : N .>502
) _ é%qProtec : >502
D., 0% Protec ‘ . 68
’ 3% Proteg | | . 69
6% Protec .- 71
:9% Protec s 60
Experiment 2
0% Protec > ' 72
6% Fresh;Prbteé. o i 67
~ 6% Stored Protec | , 68
Experiment 3 b i
Control (Without Protec) A : ' 3gi;77w"
: B .76
Test (With Protec) A ' . 72
o B, 75

1B—abcoc};‘pr'ocedur-e.
<
2Insufficient sample to repeat analysig.
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churning to ensure that the cream remglned ghllled
Buttermllk was washed from the butter with cold water. The
excess moisture was removed by draining and subsequently
working the butter by_han manipulations. Butters were
packed in 250 ml plastic j:%?ainers and stored for further

o

use.

AN
4.2.6 Storage of Mflk and Butter -
Following hohogenization and pasteurization, milks wete
stored in amber 1-litre glass bogtles"at 4°C . Butter
samples not reguired fot immediate qsé were.- frozen under

nitrégen at -40°C . Other butters were refrigerated at 4°C

4.3 Susceptibility~of Milk to Induced Oxidative and ) ]
) 4

Hydrolytic Rancidity

4.3.1 Copper—induced oxidation . of Milk
Copperwsulphate solution was added to one-litre samples
of homogenized'and pasteurizéd milk in order to attain a

final concentration of 1 ppm copper (Shlpe et al., 1978) ..

Samples were k_gt in amber glass bottles at 4°C for at least

24 hours prior to analy51s (Section 4.5.1).
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.4.3.4 Oxidative Stability of Butter

59

4.3.2 Exposure of Milk to Fluorescent Light
Homogehized and pasteurized milks were placed in

1-litre glass Erlenmeyer Flasks and sealed with Saran Wrap.

’ﬁ‘ The flasks were positioned such that the surface of the milk

was 35 ém‘under a commercial "Bright-Stik"™ lamp (Appendix

B). Samples were exposed to 300-550 lux intensity for 3 and

5 days at 4°C before analysing (Section 4.5.1).

4.3.3 Inducement of Hydrolytic Rapcidity in Milk

Raw milk samples (ca 250ml).were warmed to 37°C in a
water bath and immediately whipped in a Warinnglender for
60 seconds. The‘milks were then‘incubated for 15:'30, and 60
minutes at 37°C priér to pasteurization at 73°C fof 30

seconds. Refrigeration at 4°C followed.

ar .
aE

Covered plastic containers with butter samples were

stored at 4°C for 30 days in order to determine the .
, . L
susceptibility of 'butters to oxidative rancidity as measured

.

by the Peroxide Value .tést (Section 4,5.2).

4.4 Proximate Analyses
3 ' . - .
Unless otherwise stated, all Qeterhinations were

-

performed in duplicate.
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4.4.1 piets . S %

Pooled samples of test concentrates fed to cows dﬁ%ing
the first feeding trial resulted in four diet mixes
- containing 0, 3, 6, and 9% "Protec". Samples were ground in
a coffee mill and analyzed for moisture, crude protein,
ether eitract, gross .energy and dfy matter. With the
'exception of df§ matter, all results were reported on a'dfy
basis, ‘
Moisture. Moisture was determined by a standard’ AOAC (1980)
procedure (Method 7.003). Samples were dried to constant |
wéight in a vacuum oven at 95—1OO°C.A
CPudé PPotein; Crude protein was measured according to the
Kjeldahl procedufe (AOAC, 1980, Met?od 7.016). Protein
content was calculated as (%N x 6.25).
Crude Fat (Ether Extract). The’fé; cQntent of the respective
diets was determined by quantitéfive extraction using
anhydrous ether in a Soxhlet apparatus. The éxtqadtion
.period was 5 hours at a condensétion rate of §~6
drops/second (AOAC, 1980, Method 7.056). . . 5
Gross Enépgy. The gross enerqy of the dieﬁ‘was determined
according to the ADAC Method, 1980. A Parr Oxygen Adiabatic’
Bomb Calorimeter.(Model 1241) equipped-;ith a Parr
Calorimeter Master Control (Model 1680) was used when
'évailable to 'provide direct enérgy values. A Parr
Calorimeter (Model 1241) was also used ih conjunctioh with a
Parr Caloriheﬁric Thetﬁometer (Model 15557). This réquired

manual calculation of the energy content.
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4.4.2 Milk

.

The following compositional analyses were carried out
. : 4

by staff of the Central Milk Testing division at the O.S

Longman Buiiding, Edmonton,Alberta. Standard methods weré
e

used.

Fat. The fat content of the raw milks was determined by two

‘methods. The Mojonnier method was according to a modified

AOAC method (AOAC, 1980; Method 16.082), where. the fat was

dried at 135 °Cat 20 Hg for 5 min: An automated procedure

based on infra-red anaiysis (AOAC, 1880) was also used.

Protein and Lactose. Both protein and lactose were v

" determined using the Milkoscan Infra-red Milk Anélyzer
(AOAC, 1980; Methods 16.084 and 16.086 resg.).

-Total Soifds. Dypliqate samples of 3.0-3.5 ml of raw milk
were predriéd for 30 minutes on a steam bath, subsequent to

being placed in a forced air oven at 100°C. The residues

were dried to a constant weighK.(AOAC[ 1980; Method 16.032).

. 4
Solids Non Fat. The solids non fat (SNF) values were

% SNF = % Total Solids - % Fat .

)

4.4.3 Butter .

Preceding analyses, butters Qere softened to'é c;eamy
éoﬁsiste&cy by wérming'in a water bath (39°C), with
intermittent shaking’(AOAC, 1980; Method 16.204).
MOfStUPe.'All butter samples were tested ihftriplicate for
moisture using the AOAC (1980) Method 16.205. The creamy

butter sample was dried to a constant weight in an oven at

{

. o s - a0 e e A PR oo <



the temperature of boiling water.
Fat. The fat content of butters was determined according to

the Direct AOAC (1980) Method 162207, where fat resulting

from moisture analy51s was extracted with petroleum ether

(BP 35- 60 and evaporated to a constant welght.
B ‘1
. F

4

L3

4.5 Chemical and Physical Analyses of Milkfat
Analyses were carried éut in duplicate unless,otherwiee

stated.

d
PN

,4,5.v1 oxidative Stability by TBA Test

The TBA method of King, 1962, was employed on
homogenized and paSteurizedvmilk. Milk proteins were-
precipitated Qith trichloroacetic acid and filtered. A
portion of the filtrate was mixed with the TBA reagent., The 4
colour wae developed and the absorbancy of the solqtieam“i“" ﬁ
measured- at @32 nm. Susceptibility of milks to induced ,
ox1dat1ve(Eh:}ges was evaluated by subjecting Cu- ox1dlsedd
milk and mlfk exposed to fluorescent light (Section 4.3.1 &

4.3.2) to the ;PA test.

4.5.2 Oxxdatlve Stab111ty by Peroxide Value Determination
The AOCS (1980) procedure (Cd 8-53) was used with the

followlng precautions and modlflcatlons

[z -
.

e, H

., |

r] - tre, . i
- . i
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a) The weight of the oil.sample was kept as close as
possible to 5.000qg; ’ |

'b) Lighf was kept to a minimum in the test room;

c) Holding time 'in the dark aft;r addition of acetic
acid/chloroform mixture was ten minutes and fifteen
minutes éfter the addition of saturated potassium
1odide; . | |

d) Exactly 0.5 ml starchjﬁndicatér was added at the start of
the titration proceduré.:

The excess iodine liberated in the reaction of the butteroil

with saturated potassium iodide solution was titrated with
>

0.01 N sodium thiosulphate. v
(S-B)(N)(1000)
IPeroxide Value = 2 X —==—==--==----~
¢ ’ Weight of 0i1
where S Titration of butteroil in ml ’

LI

Titration of blank in ml
Normality of sodium thiosulphate

z
|

4.5.3 Determination of Free Fatty Acid Content
N .
The free fatty acid content of the milks was determined

using the standard method for evaluation of hvdrolytic

rancidity (Marth, 1978), a modification being that the fat
was weighed rather than measured. The milk fat was extracted
with BDI Reagent (surfactant) and the free fatty acid level

of the raw milk was measured by the Acid Degree Value (ADV)

as determined by:

, [ml KOH(s) - ml KQH(b)](N)(100)
ADV = —=—ou—- ———————— 3 :2:! ____________
Weight of milkfat

A} - . M
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wherd ml KOH(s)
ml KOH(b)
N

Titration of sample with KOH
Titration of blank with KOH
Normality of Potassium Hydroxide (KOH)

The suscéptibility of milk to induced hydrolytic
rancidity was elucidated by the determination ©f the ADV of

the treated milk as prepayed 1n Section 4.3.3.

'4.5.4 Level of Unsaturation

The Iodine Value was used as the index of the level of
unsaturation in butterfat. Determination of the Iodine Value
(1V) was carried out on butteroil as déscribed in the AOCS
Method,;1980. The butteroil was prodUce§ by fiitering melted
butter through-a Whatman No. 4 filter.papér At 40°C in an
air convection OVeﬁ.

(B-S)(N)(12.69)

IV = e e
Weight of putteroil
€
wvhere B = Titration of blank

S = Titration of sample

N = Normality of sodium thlosulohate
<
4.5.5 Hardness ' \\

Subsamples of butters produced (Section 4. 2 ;) were
packed in open- ended stainless steel cylinders, SO\mm in
diameter and 29 mm in hg}ght, prior to pentrometry
determinations. In order to ensure proper equ{libration with
temperature, butters were stored in the chamber at 12°C for
24 hours (Amer and Myhr, 1973). The flat disc

penetrometer (approximately 14 mh in diameter), ‘Minarik

Electronic Co., Model SL 14 (Los Angeles, Cal.) was used at

\
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a conétant temperature (125C) in a Modu-Lab Rd;m, Ser. No.
138, ﬁablide (Chicago, 111.). The probe of the penetrometer
was adjusted to descend at a constant speed into tHe butters
sample /" and the resulting force-distance plot was obtained
on avHoneywéll recoraer, Electronik 19 (Philadelpha{ Pa.).

The peak force was noted and readings were converted to

hardness values in kg/cm?. Four penetrometer readings were
B ’ »

v

-

made in each cylinder and the results were averaged.

'4ﬁ$.6';5E§gning Point »

The softening point of butteg‘waé'obtained by
viscometry measureménts carried out on a Haéke Rotovisco RV3
(Berlin, Germany) as described by Wong et . al., 1982. The
measuring apparatuskhsed was the NV sensor system which is
comprised of a coaxial cylinder in an enclosed temberinq
container.

Approximately 7.4 g\gf butter at 35°C were pléced in
the sample cup prior-to programmed heating between 20°C-aﬁa
50°C. The temperature-voltage plots were recorded by a
Linear Instrdments Recorder,‘Modelb3OQ, CoLeEParmer,
(Chicago, I111.). The softening point was measured as the

adjusted intersection of the temperature and voltage curves,

and was reported as °C. .
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4.5.7 Dfoppingﬁ?oint 

The dropéing poiﬁt of butterfat estimétes the point at
Lhich the fat is Eluid enough to flow through a spgcified
apefture, An indication of the melting charactefiétics’of'
fats can therefore be obtained from this aegérmination.
Analyses were carried out on a Métgler FP3 Au#ométic}»

e ,;" . @ .
Dropping Point apparatus (Mettler Instrumént Corp., .

K] ) -
Princeton, N.J.), according the method of .Mertens and DeMan
(1972a). Butters were melted and filtered before filliﬁg[_
prectilled sample cups. The heating rate on duplicate

sampl~s was 2°C per minute,

4.5.8 0jling Off ' u

The quantity of free fat exuded at 20°C’§55 used to
indicate the extent of bilinq of f occurring in butter
samples.. The method employed.was a modification of tgg
Mortensen and Danmark (1980) procedure. A plug of butter
with a diameter of 9 mm and a height of 15 mm was sampled -
frdm bﬁtrers stored at 4°C for at least 24 hogrs. The plug
of butter was placed in the centre of a Whatman No. 1t type
filter paper (9 cm in diamete;) priof to placing in a
the;mostat at 20°C. The amount of fat absorbed in t hd filter\
paper after 4 hours was'exppessed in % as w/w of the initial

quantity of buttef used.



4.5;9,Sorﬁd Tat'content

The'splid tat content of single samples of butters was'
determlned by the procedure ofoertens and” DeMan (1972b)
The 1nstrument used was: the Newport NMR analyzer type MK1.

;iThe reference tempera%ure in all cases was 60°C and the -

’

reference sample used was olzve 011 Temperlng of the

tsamples,was cr1t1cal. The % solld fat was determxned at each

. o R : »
ftemperature-by;

SR "'."SSatTC/SSat GOC,_‘
% Solid Fat = 17 - —=dommmemm et X 100
‘ RSatTC/RSatSOC, :

J(SS and ‘RS are sample and reference 51gnals, respect1vely)

. e
e
»

1'-. 0 ' » , ’ ’ .
5 s ’ P
46 Sensory Evaluat1on of Milk e
Sensory analyses of homogenzzed and pasteur1zed m11k

were conducted at the end of each feedlng perlod to assess

-

'1f organoleptlc quallty changes occbrred as a result of ‘
féeding protected l1p1d feed supplement In. the*threshold
'TStudy (Experlment 1) where a Latin Square de51gn was used

‘the tr1angle test (Larmond 1977) was employedito 1dent1fy

p

' dlfferences in the m1lk produced The degree of dlfference

-

(sllght mbderate, much extreme) was noted by untralned
N ,

: -panel1sts hAQpendlx C) The untralned panel-con51sted‘of men

'l;and women betweeh the ages of" 20 and 50, randomly selected
'from staff and student members of the Departmént of Food
'Sc1ence; Un;ver51ty of Alberta. The same panel was uSed

c R
;throughout the stugg,fdth the numbers of panellsts avallable

"""c, . : L4 ’ ¢



'_students and a. coach" of - the Unzvers1ty of - Alberta dazry

varying somewhat.

[y

All sensory evaluatlons took\wpace fh 1nd1v1dual

'tastlng booths, which were illuminated w1th 1ncandescent’

llght. Morning sessions (10:00 - 12:00 am) were used since

. cH | - . _ _ . -

they were found to'be'most convenient ' . n
M11k was equ1110rated to room temperature for

approx1mately two hours before serving in 30 ml polyethelene

dcups to panellsts. Test samples were 1dent1f1ed by

.three dlglt random numbers ‘and the part1c1pants were

1nstructed as to the order in whlch the mllk vere to be‘
tasted Tap water was prov1ded for mouth r1nszng
Trlangle tests were also conducted to determlne whether

the feed1n .of stored ox1dlzed "Protec would be detected

‘as off flavours in ‘the milk,"and to detect dlfferences 1n

’m1lk flavour when d1ets contalnlng "Protec were fed to

commerc1al dairy herds. The cond1t1ons prev1ously descrlbed

were 1mplemented

L4 4

'f: In add1t1qn, a sem1 tra1ned panel con51st1ng of 1-2 ,";fi

-Judglng team, (all of whom had prevzous Judg1ng experlence

in the cr1t1cal evaluatlon of da1ry products) exam1ned the

milk in afternoon se551ons Off flavours, 1f present were

R » S
identifiegd as: s}xght” "definite"” and pronounced" vz
accordlng to the Amerlcan Dalry Sczence Assoc1at10n (ADSA)

milk score cards. Samples of m11k store 1n anber glass v;diﬂuf

"nibottles at 4°C for 10 days vere evaluated s1m11arly.2/7{_ﬂﬂ

I o
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4.7 Seﬁsory‘Ewaluation of Butter ' ‘
| leferences in the qual1ty of butters producéd as a

Mconsequence of feed1ng “Protec" were corroborated by sensory
evaluation. |

Butters made_in the\threShold study were evaluated
according to the Triangle Test‘(Larmond 1977 )e, panel1sts}
‘and conditions be1ng as descrlbed in Section 4. 6

Initially, a small portion of.butter?was placed on
unsalted crackers and served to 18-24 untrained pahelists h
knife was'provlded In subsequent trials, butter was placed
in 30 ml polyethylene conta1ners 1n order’ to ellmlnate the
flavour of the crackers. The- type of dlfference

/

-,(spreadablllty, taste, both) was recorded on score sheets

.:(Appendlx D). ' o ¥

The triangle test was also‘employed to note'if.changes

in butter quallty occurged when stored: "Protec".was fed to
‘"the dalry cows However, in order to compare flavour
dlfferences only, 1ncon51stenc1es with respect to butter
»:softness vere removed by whlpplng each sample for 5 m1nutes
;1n a K1tchen Aid mixer. Whlpped butters were ‘evaluated u51ng
the Slgnal Detection Test (Mahoney, et al 1979).

.}/pﬂe reference butter and three test'butters were
~§ffered in 30 ml polyvthelene cups ‘with a spoon ~ The
5part1c1pants were requ red to 1nd1cate whether the test

samples vere - the same o dlfferent from the reference

| sample The degree of su ety was recorded (Append1x E), and
the probablllty of the panellsts to correctly characterlze

s o
Sl T \

a
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samples was calculated.

Butters produced zrom milk obtained from commerciai
dairy herds were eQaluated fdriflavour differences by the .
uSlgnal Detectlon Test as descrlbed above One referenee:
butter and two test butters were presented to untralned
panelists for assessment.

The experienced panelfpreviodsly-dsed to test miik{
:also evaluated-ai} unwhipped butters using ADSA butterdSCQre

-

cards.

4.8 Grading of Butter

Butters from'the threshdld experiment (Exet 1) and
butters resultlng when. stored "Protec" was 1ncorporated 1n‘
the . dlets of lactatlng dalry cows were examlned and gradgd
wLtet - Graders

= S
. atlon of commerc1al da1ry

in the standard manner by 51x=Eed

o 4

At the end of a routine exa

products, iﬁdividual bpt&érs»werefpresented to the Graders
vfor assessment.dTestersﬁwere seateddat a large table 1beated
in'a roem iit witﬁ~fluorescent iight.‘Representative samples
of butters were placed on paper plates 1dent1f1ed with
-three d1g1t random numbers. Butter’ grades were recorded with

1add1trona} comments. ¢

c s o | o o | /,

o - T
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5. RESULTS AND DISCUSSION Y

5.1vExperinent I: Effects of feeding graded levels of
;?rotec"~on“the quality of milk and botter » |

| The ourpose of this study was to determine Whether a
threshold level ex1sted at Wthh changes in malk and butter

quallty could be¢detected by chemical, phy51cal and sensory

tests. This was achleved by 1mplement1ng a double 4x4 Lat1n

' Square de51gn wheze eight lactatlng dairy cows. were fed:

various dlets for three weeks 1n each trial (Sectlon 3.1).
5.1.1 Effect of feeding "Protec" on feed consumptlon milk
yield and m11k compos1txon of lactatxng da1ry cows

The test concentrates were 1son1trogenous (Table 5 1)

as 1nd1cated by crude proteln content of 14% dry ba51s The v

Lamount of crude fat- 1ncreased gradually from 2.88% at the\O%

level of "Protec_ supplementatlon, to 6.04% at the 9%,level

‘iof‘SUpplementation but-only‘sgall differences vere

evidenced in gross energy, which rose’ from 3.5 kcal/g to
3.7 kcal/g as the level of "Protec 1ncorporatlon 1ncreai;;;
Feed consumpt1on patterns wexe not affected by feeding
graded level (0 3,6 and 9%) of "Protec“ to Holsteln da1ry
cows (p>0. 05 Table 5.2). No szgnlflcant dliferences

(p>0. 05) were observed 1n m11k ylelds, butterfat and protein

_ylelds of the pooled mllks over the four perlods, when 0 -3,

6, & 9% "Protec was~1ncorpora¢%d‘1n,thefdletS'ofndalry cows

71
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" Table 5.31. Expt I: :ComQOSipfbn‘of Concentrate (Dry Basis)

.
) % Protec :
. - o® o 3 6 9
Crude pmt;ein (3 N x 6.25)  14.06 - q13".éo 14.23  14.37
Ether extract (%) 2.88 3.81 4.'.78' 6.04.
Gross energy (kcal/g) 3.50; '3.58 3.65 3.73
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(Table 5.2). Although fat corrected milk (FCM) yields

om 19.0 kg/day when 0% "Protec" was

" increased slightly
fed, . ay with the 9% "Protec" diet, the increasev
Aot significant (p»0.05; Table 5.2 ).
The large variation that existed among cows ‘is apparent -
when examining milk yields and butterfat levels of
‘individual cows (Table 5.3). The trend for 1nd1v1dual cows
appeared to be a sl1ght decrease in the milk y1eld with
1ncreas1ng levels of the "Protec" and a correspondlng
decrease in the butterfat content. This pattern was not
apparent when pooled milks from co;s on the same diet were
analyzed probably due to large standard deviations and

g .
Afcoeff1c1ents of variation among individual cows(Table 5.3).

75,1.2 Effect of "érgtec" on the‘composition of milk and

butter used in quallty studxes - L

Milk. The comp051t10n of milk pooled from. cows fed the
samé diet was not affected by the level of "Protec in the
diet. Similar levels of butterfat proteLn lactose, total
solids, and sollds-noz;ﬁi;}occurred in all milks. (p>0. 05

Taple 5.4). . ’

-Butter Moisture and fat contents were‘generally;similar
(Table 5.4). However'Vbutter from'cous fed‘6% "Protec"
conta: ned sllghtly more mo1sture than the other sayples
(p>0 05). All the butters (except one). passed the
Lequ1rements of the Canad1an Food. and Drugs Act (1982) by
contalnlng at least 80% fat. i \\\f

Lt

S
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5.1%Y3 Sensory characteristics of, milk
All milks were judged to be of aceeptable quality and

free from flavour defects before and after a ten day storage

period at 4°C.

After each feediﬁg trial the untralned panel was asked

to distinguish between mllk from cow fed the control (0%

"Protec") diet and the mivk from cows fed each of the
;

"Protec"-containing di&ts. At the 3% level of
supplementation panelists were not able to d15t1ngu1sh any

flavour dlfferences (Table 5.5) when,compared w1thAcontrol

milk-(0% "Protec"). When presented'withmﬁ&lks obtained at
the 0% and 6% level of "Protéé", panelists were able to
identify a difference in milk flévour'iA only oné& trial Jout
of four. At the 9% level of "Protec" in the diet, ists
distinguished a flavour difference in milks two.o f four
trials. The probabilities of correctly identifying the 0dd |

sample by chance were determined according to Roessler

et al., (1978), and analyzed as for a one-tailed test (Table

5.5). Difference between the comparison means for 3% and 9%

"Protec" was significant (p<0'05) and the probability of
ﬂi
c grectly 1dent1fy1ng the- odd sample 1nbreased as the level

d«

of “Protec“ 1ncreased No objectlonable flavours were noted.

P0551ble:factors such as the 1ncorporat10n of canola- based

\dv.ﬁ?}. LY

, PLFS 1n“d1ets, milk handllng procedures and the normal

& .
biOlOgACal varlatlon among cows may have contrzbuted to the

-

i

At
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5.l.4 Susceptibility of ‘raw milk to induced hydrolytlc
rancidity ” |
The s%sceptibility'of milks to’lnduced rancidity has
been illustrated in Fig. 5.1. It ia evident that the initial
ADV's were not affected by the level'of "Protec"
supplementation (p>0.05)7 However» ADV s for all mllks

increased several fold after wh1pp1ng and 15, 30 and 60 min

incubation at 37°C . Raw mllk had an ADV ofA5.3 when 0% PLFS

T N

milk was incubated for 15 min, but higheér levels of
‘ a b .

su lementatlon of "Brotec" resulted in smallér increases in
p oAt ¢ NP ,

XY ™ \\‘

ADV S. At 30 or 60 min ihcubation time, the increase ‘in free
fatty acid content of the milks 'was less pronounced with -
1ncreased 18vels of PLFS in the diet (Appendix F). ThlS
suggests a slight lowerlng 8f the susceptlblllty of mllks to
hvdrolytlc ranc1d1ty at the hlgher leveﬁs of "Protec"”

uncorporatlon

5.1.5 Sskceptibility of;milk to induced oxidative changes
"Protec” ~did not appear to affect the sus ept1b111ty of
freshly homogen zed and pasteurized m11k to ddatwe
ranc1d1ty (p>0.05, Table 5. 6) The addition of 1¢ ppm Cu to
milk unlformly increased the TBA values However there was

no s1gn1£1cant dlfference between the TBA values of

Cu treated m1lks wlth,vad@oug levels of PLFS
1

‘supplementatlon% Fluorescent”llght treatment of mllks for 3
-and 5 days respectlvely, resulted in the development of

sllght off-flavours as detected by é}per1enced dalry

T

~~~~~~~




B

Table 5.6 Susceptibility of milks to oxidative rancidity!

.

% Protec o o
~Sample/Treatment 6» "3 6 9 SE et )
L 11y S .
Initial 0.026 0.022 0022 0.024 0.000" -0.12
Copper treatment 0.047 0.049 0.056 0.043 ~0.003 = -0.02.
N . . . ~> _v
Fluorescent light: . . o T
3 days - 0.021 0,012 0.023 0.0i8- 0.002°

5 days 0.022 0.014 0.022

TMeans within the same row

~not significantly di ffe rgnk

80
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. tasters. TBA values..were low with no consistent pattern.
5.1.6 Effect of Protec on butter characteristics

Varxatlon in absolute’ Pata for butter characterlstlcs

.were often’ the.result of animal andlperlod diffegences - -
'(Agpendix'G)r CobSeduently, data concerning the effect of

"Protec" on the butter cheracteristics'of the individual

pairs of cows have.been included in this.section.

'5.1.6.1 Sensory characterlstics of butter

O&ly one tr1angle test was carr1ed out on butter as -a
'prellmlnary testlln/preparatlon for sensory analysis of
butter 1n Exper1ment,II. | .

When presented with samples 1n a triangle test, tbe
untrarned Danel was able to detect a sllght dlfference in
butter softness at the 6% level of "Protec. supplementatron
(Table 5.7). The probablllty of panellsts maklng the correct
_‘deoision based on chance was shown to be lowest for the 0%
- vs 6% ?fﬁ; butters,rfolfowed by the 0 VSLQ% §LFS,and the 0%
vs 3% PLgé butters. |
‘All butters were judged by'trainea dairy tasters to be
of acceptable guality before and after 28 days of'Etorage at

4°C. - . BN . . -
‘Butter graders ewérded>a oraae of 39 out of the

customary 41 points for each of the fresh butter samples.
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. ~ Table 5.8 ’Effe€§'6f "Proteéh oﬁlbuttérs,obtafged from miiks(bf_

individual pairs of cows

Al ” . e . . )
e - e . v ' o
. s . . IS . -
. .

DY

 Butter L _ ’ _
Characteristic - . Pair - 0 3 _'.l-65 9
T _ - , 7 .
Peroxide value' 1 0:199 “¢0.007 -<0.007  0.155
(mea/kg) - 2 " . 0.069. 0.199 £ 0.007 < 0.007 -}
v 3  «0.007 " 0,086 - 0.200 < 0.007 -
' <£0.007 <£0.007 0.078  0.198
---------------- F~———-—----f'---v---—-——-—-‘EIB--,-—-—_-_--————---f---—-'--f---—---
0iling-off | 1 20 . 3,2 2.5 2.2
(w/w %) . 2 1.8° 1.8 - 2 ,
) o 3 2:2 2.6 2.9 1.9
~ 4 - ol 1.5 1.8 1.9
o Mean® 1.7 2.3, 2.4 2.0
S % . . 0.5  0.67  0.45 - 0.13
Coefficientsof variation 29 29 19 6.5
e I €3 S
Softening point i 330 2.3 31.8 . 327
(%) 2 .. 3058 3.3 3.0 3.7
o ° 3 3.3 319, 325 -31.4
4 32.7 34.5 330 . 3.9
Mean 327 32.8 3231 3.2
| SD. 1.2 1.0 0.8 0.6
Coefficient of variation' 3.7 3.0 2.5 1.9
. (%) - . A . " . .
Dropping point, 1 33.8 . 33.0 - 31.4 - 33.3
(°c) O T 33.6 . .32.8  30.4 314
3 338 33.0 -
v 4 343 0 34.0 3.0, -
N Mean 33.9 33.2 , +31.9 . 32.4
sp 0.2 05 15 25
Coefficient of variation 0.6 . 1.5 4.7 2.5
.TPeroxide value 6f<:0.50 meq/kg is considered of acceptable quality

(Buchanan and Rogers, 1973) ,



‘5;1.6.2~6xidatiye stahilityho£ huttets

e Pergxleeiy lues,forithe fresh butters 'were ¢onsisté§tly
"~ low (Tabié-s.éd, In allhcases values were less thap‘b.SO
'méq/kg[ a value whi;h has been repettedltotrepresent ) 4' -
;ighificaht oxidatibnjocchrfing"ih butter after prblongedBH

. storage (Buchanan‘and'Rogers,_1973)f

— . . e - < 5

-5.1.6.3 Level of unsaturatlon of butters

The level of unsaturatlon as determlned by the 1od1ne
value (IV J}ncreased in all cases at the 9% level of.
'"Protec' supplementatlon oVer the control (0%) level (Flg
5\2)p'F0t-pa1r 1, a 11near 1ncrease was observed between the .
amount of "Protec; fed and the 1od1ne value of the resultlng
butters "The iodine values ranhed from 40 for the control
butter, to’ 47 when . 9% #Protec was fed Smaller 1ncreases
were noted in the case of the seCond pair, where the 1n1t1al'
’1od1ne value of 43 decteased“sllghtly at.the.3%lle9el‘of.”f
sppblementation, then 1ncreased at - the 9% level to an IV of
45, Pair 3 had a 51m11ar pattern,ahowever the 1n1t1a1 v
‘(47) was hlgher than that of ‘the other pa1rs A fair
" increase 1n~the‘1odgne valge was hoted forApa1t 4, where the
initial IV . of 39 increased t0346 at the 9% level.of
supplementation.hh small decrease occurred attthe 6% level,
.howeVer this valuejléo) was still sllghtlj higher than the

initial IV.

Ll et . . - Py
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™ e
Although fluctuatlons occurred in the 1evel of

-

unsaturatlon due to 1nd1v1dual cow dlfferences, there was a

s1gn1f1cant correlatlon (p<0. 05) between the Yevel of

;”Proteé“ i the diets and the degree of unsaturatlon, as

-

-ﬁlnd1cated in a. Pearson s Correlatlon analy51s (Table 5.9).

5 1, 6 4 Hardness of butter

Penetrometry studles were carrled out to determlne the

»effect-ofV"Protec “in the dlets of cows on the hardness of

_resultlng butters An excellent correlatlon (p<0.01) was

¢

‘observed between the 1od1ne values and the hardness of the

butters obtalned (Table 5. 9)
. \
- The. general trend was a decrease in hardness wlth

1ncreased levels of supplementation (Flg 5.3). In the case

_of pair butter hardness .decreased from 2. 07 to 0.75
'.kg/cm2 as the level of "Protec" 1ncreased from 0 te 9%.

‘Butters obtained‘from pair 2 weré slightly harder ‘at the 3%

level of supplementatxon than at the 0% level, however,

butters from the 6 and 9% dlets became progre551vely softer
Butter hardness was substantlally lower for pair 3 cows than

for other pairs of cows fed the various diets. Penetrometry

Lk

measurements for pair 3 decreased to O 45 kg/cm? at the 6%

[

level and increased sllghtly when 9% "Protec was fed.
Butter from pair 4 cows decreased in hardness when "Protec”

incorporation rose from 0 to 6%, then 1ncreased sllghtly

~when 9% "protec"was fed. -t
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Despite‘differences between pairs of cows a

,gorrelatlon analysxs 1llustrated that there was a
&'a., ' '

51gn1f1cant correlatlon between the level of "Protec”.in the

diets and the resulting hardness of the butterss(p = 0.013,

‘?able 5.9).

5.1.6.5.0iling-off of bu-t_t%.
As shbwn in Table 5.8, jhe amount of oiling- off (W/w%)'

of butters generally 1ncreased to the 6% level, after which

[N

there was a sllght decliy yIn most cases however, the

amoun£~of free oil at § Pplementation was greater than at

the 0% Leuel Control bu” ers (0% "Protee")’froh pairs 1, 2,
and 3 dzsplayed 51m1lar 0111ng off patterns, while that of

pair ¢ was substant1ally lower

‘5,1.6.6 Softening point of butter
' Althbugh some trends in the softening point (SP) of

butters.were observed, 'statistical anélysis-of the date,
5

indicated that there was no 51gn1f1cant correlatlon betweef .

"Protec" level and the softenlng point (Table 5.8). In the
case of pair 1, the Sp decreased progress1vely to the 6%
level of "Protec" supplementatlon then increased at the 9%
levef. The softenlng point of butter obtained from paxr 2

. increased from 30.8°C to 32.3 C as the amount of "Protec" in
the diet increased from 0 to 3%, then decreased to 31.0°C at
the 6% level followed by a slight ihcreese.atlthe 9% level.

For pair 3 a higher SP was observed at 0% "Protec" as

compared with other butters from the same diet. A depression



in SP was noted at the 3% ;Protec" levellfolloeed by an
increase, while the'SP at 9% was lowest for this pairbofy
cows, The softenlng p01nt of butter obtalned from pair ‘4 was
elevated from 32.7°C at the 0% level to 34.5° C at 3%
"ProteC"; after wh1ch it decreased to 33.0°C and 32 g° C at r

»

the 6 and 9% "Protec" levels respectlvely.

5.1.6.7 Dropping point of butter

The dropplng p01nt of butters correlated well
(p = 0.014) with soften1ng p01nts recorded (Table 5.9).
Howeverﬁ'although no correlatlon was observed’between‘the
softening’point of butters and "Protec"vsupplementatlon a
significant correlation was recorded between the dropolng
p01nt and the level of "Protec in the diets. The redUCed
number of samples analyzed for dropping point (14 vs 16 for
softening point) could. possibly account for the increased
level of eignificance noted between the dropping point and -
"Protec" supplementation. In.general, the.dropping point
decreased_linearly with increae; in "Protec" supplementation
(Table S.d). only small variations were observed in the
'butters ‘from palrs o£ cows fed each of the four dlets

The dropplng point of butters from pair 1 decreased to
'31.4 C at the 6% lewel, and increased at the 9% level to
33.3°C. At 9% the dropping point was however slightly less
than.that at 0% "Protec". A similar pattern occurred with
butters obtained from pair 2. In the case of butters from

pair 3, the dropping point decreased from 33.8°C at 0%

91
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"Protec" to 32.4°C'a£ 9% "Prétec".uThe'dfpppihg:poihi.qf 

byt:ers-frém pair 4 was fairly conétaht; (34.3°C at 0%

. "Protec" to 34.0°C at the 6% level'df "Protec”

supplementation).

 5.1f6.8 Solid fat content of butters at different

-

. temperatures } « - »

'As anticipated, the percentage of solid fat in each of

the experimental butters decreased with increase in

temperature- (Table. 5f}0)..Butters from cows fed "Protec”

?

‘tended to contain less solid fat at each temperature than

butter from cows not fed "Protec". However, this trend was-

" linear dnly at 25°C (Appendix G, p<0.05). Pair 4 cows

produced butter of slightly higher solid fat content than

o

the other cows even when no "Protec" was incorporated in the.

‘diets. With 3% and 6% "Protec", the general trend was a

decrease in the proportion of solid fat, although at 6% this
parameter was slightly higher than ‘that at 3%. A |
complementary pattern'was.osserved with'the;IV 6f pafr“4,/.
where the solid ﬁat content increased with "Protec"
sﬁpplementation, but aecreasedvslightly at the 6% level.

For the otﬁer‘pairslof‘cows (1, 2, 3) the solid fat
content of butters aﬁpeared to be ﬁhe lqwesﬁ.when fed die£s 
éontaining 6% "Protec".

A Pearson's Correlation analysis (Table 5.9) indicated
that the solid fat con£ent of butters at 25 °C was related

»

to several other parameters. Similat correlations were also .

D e T L L i Mo e o R
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~Table 5.10 .- Solid Fat Content of Butters I . |
= P2 B .- ‘ B ’ ' v m .‘ ‘
~ $ Protec S
Chafacteristic ‘ ‘Pair 0 3 6 9
R T B
| Solid fat (¥) 0% f 1 145.53  45.28  40.60  41.50
T, 2 _ * v 44.85  46.73  28.30 - 38.59
J 3 39.15 7 40.98 - 36.17
) q 50.36  45.05, 4589 . -
- Mean 44.97 _ 44.50  38.26 38.75
S SD . 3.98 2.14  7.37  2.18
Coefficient of variation {%) — - -8.585' '4-‘-3—4‘.81 19.26 5,62
. [o) . . - g .*
; : 5% 1. . 42.26 40.29  36.98  36.68
2 ‘ 39.38  43:43 25.95° 33.71
3 36.08 - 36.90 - :33.37
4 45.07°  40.35 41.32 -
Mean ' 40.70 40.24 34.75 34.59
sD _ 3.34  .2:31  6.47  1.49'
Cefficient of Variation (8) ~ 8.21  5.74-.18.62. 4.31
N S o o
10°c 1 32.81  32.88 . 27.84 30.10
2 30.74  33.58  17.77 ' 26.56
3 . 29.47  29.64° - 26,19
4 . ©37.05 © 31.89 33.60 -
< Mean 32.52  32.00. 26.40 27.62"
| SD 2.87 1.49  6.54  1.76
Coefficient of variation (%) 8.82 4.66 . 24,77 6.4



Table S.IQ(gontfnued)

% Protec @

\0

;Characteristic ' Pair ‘ ' ; .0 3.7 -6

15°C . 25.15  23.28 2.4} 23.80

e

2 24,14  24.50 16.38 - 20.65

ST 3 23.43  23.62 . .- . 22.06
4 = 28.75  25.86 . 27.41 .-
, Mean Y 25,37 24,327 19.73  22.17
IR - - S 2.0 1,00 7.05  1.29
‘ fCoefficient of veriation (%) . 8.08 4.11 . 35.73. 5.82 .
20°C A ' 17.49  14.40  13.17 - 15.43
- . . . & ' -, '
. 2 16.64 15.67  0.%8" 12.71
| 3 15.00  15.47 -+ .- ©14.10
T 20.10  17.46 19.43 z
_ Mean : 17.31  15.75 1l.12  14.08
B SD . . 1.84°  1.10 7.6 . 1.1l
Coefficient of variation (%)  10.63 6.98  66.45 .7.88
Lo % y eV 130390 10,93 2 9.72 11.62
e L, oo A2 T 120480 1145 - 864

3 11.43  11.33  -. 10.29

4 © 16,27 12,34 “14.82° -

s

© Mean . 1338 11,510 12.27 " 10.18

SD . 7‘1:‘ 1.80

H O
w

J

()

w

wn

’ —

N
o8

SRR - Coefficient of variation (%) 13.44

-

wm
N

. 20.78  11.98
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noted at other temperatures. For example, the iodine value"

_ «
correlated with the solid fat‘content of butters at 0, 5,

and 25°C, indicating that theiiével of unsaturation dictated

the amount of sqlidrfat preéent at these temperatures. There

qﬁag a definite correlation between the solidlfat»content at Do
0, 5, 10, & éS°C/énd the hardness of these bUtters‘at 10°cC,

thus suggesting Ebat thé néture of g1y¢érides En the milk

fat influences the hérdness of buéter. Also, a positive
'dorrelgtion was noted between the_solid fat contents.of‘

butters at the higher temperatures (15, 20, 25°C) and the

.

tendency for oiling to occur. The implications Gf~this can

S H o,

[ ~e,

be readily appfeciated since oiliné off is known to occuf
ﬁo:e readily at temperatures above 10°C particularly when
polyunsaturated fétty acids are presentr(Kieseker and
Eustace; 1975).

" There was an excellént,correlation bétween the solid
fat conteqﬁﬂaf all témperatures (0, 5, 10, 15, 20, 25°C) and
‘the drppping poiht éf.the butters prepared, althobgh this
reléfionship was not apparent Eetween the solid fat and the
softening points. Again, tﬁé difference in the number of
'Samples tested, or the slightly larée; margin Sf error for
éoftening'poin; determination, could account for this

-discrepancy.
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5.1.7 Discqssion \
.The féeed éonsumption pattern of Hblsﬁein dai?§>c0ws
involved in thinstudy was consistent with the refulfs of
previous experiments carried out usjng”diffefent %ilseeds
(Barbano and Sherbon, 1980; Gfieve, 1976). This implies ghat
no adverse effects with respect to feed intake resblt when
up ‘te 9%chnola—based "Protec" was incorporated into diets.
Replacement of part of the basal ration with "Protec"
resu%ted in isonitrogenoﬁs djets'of slightly. increased
energy corttent. This tr;nd ié consistent with that repor;ed
by Bines et al. (1978); Smith et al., (1978); and P$i$quist
and Jenkins, (1980), for low levels of protected lipid
'*ﬁupg}ém?ptation. ' : A

No significant changes occurred in milk yield and

.composition Qhen varying levels of "Protec"” were fed.
Several studies'havé reported that milk yield was ;ot
significantly affected by pfotectedllipid supplement in the
diet (Pan et al., 1972; Plowman et al., 1972; Goering
et al., 1977; and Smith et @l., 1978). On the other hand, it
has been consistently demonstrated that the butterfat levels
of milk resﬁltjng from PLFS incorporation ﬁre~increased
(Scofg;fét%a7., 1970; Scott and Cook, “1373; Goering et al .,
1977). ; J ’ |
The agsence of‘suéﬂ“a response in this study may be due
té one or more factérs. The effect of pelletization of the

feed may have decreased the level of protection somewhat’

(Fisher, 1975; Scott, 1975), hence the free fat resulting
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could contribute to depression of intramamméry synthesis of
fatty acids (Scott, 1975; Storry & Brumby, 1979). The fact

-

that,the'iqitial feeding ;egime of the cow%.(prior to being

4pléced on teét;diets) entailed offefing a rolledﬁratibﬂnv‘
could also account for the'ébsence df an increase in the fat
content, as an adjustment beriod of varying timesA@ay be
needed (Parr, 1982). Also, diet manipulations due té
previous experimental treatments may have affected the

“édapfabiiity" of the cows. Finally,vsince test animals
involved were at various lactation periods (See Appendix A)-,
the capacity for utilizing optimum genetic potential for
milk productian, may -have beeﬁ reduced.

y Mpst of the responses observed in this study, (egq.
buttef sbfﬁening, level of unsaturation, fatty acid
analyses) are typical of feeding PLFS.

Results of sensory analyses of milk suggest that there
méy be slight flavour differences in milks at the 6 and 9%
~level of éupplementation. However, in addition to the

presence of "Protec", milk collection procedures, and

perhaps stage of lactation,'could also be possible reasons

for flavour differences. Thus firm conclusions regarding the-

effect of graded levels of "Protec" on miik flavour can be
tentative at best. | )

Sensory tests on butter indicate'that there is a slight
séftening effect at ;he 6% level of "Protec". A similarv

trend has been documented by several researchers, when

butters containing high levels of unsaturated fatty acids
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were produced by various technidues (Alsafar, 1974; Kieseker
& Eustace, 1975; Woéd et al., ¢975).( |

ADV's of "whipped" milks indicatea the onset of
rancidity and were typicalloffacﬁivgted\milks (Thomas
et al.[:;955; Kitchen & Aétbn[ 1970). Miiks were shown to be
slighﬁly less susceptible‘to induced hydrolytic rancidity at
the 6% and 9% iévels of "Protec" in the diets. A similar
trend was reported by Astrup (1980), whenl;tvwas-shown that
rancid flavour was inhibit;d ih-ﬁilksuébtained when
protected canola o1l was fed.

Initial“TBA_values of milks were typical of 'fresh’
homogenized and;pasteurized milk (King, 1962). There |
appeared to be né sigﬁificant difference in the
susceptibility’éf milks to copper—inauceé oxidation. This is
contrary to previous reported studies in which high levels
of supplementation of safflower oil were used and it was
found that resulting milks tgnded to have a slight oxidized -
flavour (Edmondson, et al:1§74; Goering et al., 1976). This
discrepancy couldlbé due to a reduced effect at lower levels
of "Protec”, and/or improved oxidative stability obtained
when protected oi;seeds rather than oils are fed (Haase,
1977). In addition, the diffe;ence in the fatty acid
composition of canola oil (high in C18:1) and safflower oil
(high in C18:2), may account for results obtained in this
work., In thé fluoresceng‘iight'study, the'milké did not
become oxidized as Sh;wﬁ by TBA values, even after 5 dayg

illumination. Air has been shown to be required for

£
&

-
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off-flavours (lipid Qxidq;ién) to occur in:milk (Gregory
et al., 1972). Hence, tﬂéfabéence of a response could
. : : \

probably be explained by the fact that flasks used w;te
sealed with Saran Wraé, thus limiting fhe air available to
the milk sYstem. |

Théuoxidativé stabiléty of butters was éood, peroxide
values!%eing typical 6f fresh butters (Buchanan & Rogers,
1973). Due to the minimal amounts of hydroperoxides present
~in some butters, difficuity was experienced in the end-point
determination of the reaction (Gray, 1978). Although there
were sémg variatiéns }n the peroxide values, Suépiémentation

with "Protec" had no obvious effect.

One’ of ‘the hajor effects of "Protec” supplementation is

e

£

the inéreaéé in C18:2 levels (Kreula & Norlund, 1974§'Wood

et al., 1975; Barbano &'Sherbon,'1980). This éffect'wés also

~t2

displayed in'thiﬁ‘study, using low levels of YProtec”
_supplementaﬁioq: As illust}ated by fatty acid'#nalyses
(Sporns et al.; unpublighed data; Jelen et al., 1982), the
fatty acid composition oﬂomilk_fat obtained with the 6% and

9% diets was significantiy different from that of the

-

control and 3% "Protec" Fiets. In géneral, an increase 1in
the C18 fatty acids occyrred at the expense of those with

the lower molecular weight chains. This pattern has also

- . pe
been noted by Goering*%t al. (1976), Astrup et al. (1979),

Barbano and- Sherbon (1980), and-is consistent with the

!

levels of unSatnratiqh noted. Feeding ground canola seeds to

I
lactating Holsteins resulted in similar frends in fatty acid
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coﬁpdsition (Kenﬁelly and Fenton, 1982), suggesting eifhe;\
that the."Pfetec" used in this experiment.was not fully
protected, or that the‘canola Eeed_itself exhibits a natural
"protection" -

In all cases, thefe was an.increase 1n iodine value
when 6% and 9% "Protec" was fed; suggesting an increase in
unsaturation. The general trend for hardaess of butters to

-

decrease with supplementation is consistent with the

concurrent inc;ease in unsaturation. More noticeabl 77
decfeaseslin buteerrhardness appeared ak the 6% leyei gf
"Protec" in the diets,.afterwhich the decrease was less
pronounced. |
Oiling off of butte;s tended\jj 1ncreaee with increase

in supplementatlon As appropriately hypothes1zed by .Wood
et al. (1975), at 20°C and with fairly high concentrations
‘of iinoleic acid, there is insufficjent serface area of faﬁ
crystals to retain theqhigher pfeportion ofﬂliquid fat in
the autter, hence the 0ccurrence~ef oiling off, Itvsﬁould,be
noted here that the high standard deJiatiQn among triplicate
samples was due to the high potential error  in this -
= determination (Morfensen and Danmafk, i980).»The slight

'decrease in oiling-off whichbeccur%ed at the 9% level of
su@plementation (with respect to the 6% level) was
consistent with other data reported (egq. dnoppiné point and
solid fat data). The oiling-off tendency observed for the

more unsaturated butters" 1is’ 1n'accordance with data

reported by Eustace, (1975); Alsafar, (1974), and is due to

B e LAt
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the proportion of liquid fat present.

Dropping point and softening point data nhich
essentially both provide an indication of the melting
charactetistice of butter, were.in'tne normal_range as
teported by Parodi & Dunstan, (1971). Dropping point (DP)
gesults more clearly illustréted that there was a decrease
to the 6% level, afterwhich (i.e at 9%) tnere wif 5 slight
increase. However, the DP at 9% was still lower than that at
0% “Rrotecﬁﬁ Tne'general oeCreaseiin‘the drooping and
softening point. with increased suppleﬁentation.was in
accordance with the increéEe in unsaturation, and has been
prev1ously reported (Buchanan -and Rogers, 1973),

These results were comolemented by the solig fat datai
at the different temperatures. Agaln the general trend was.
a decrease in the solid fat content fo the 6% level, with av'ffe
smallflncrease at the 9% level of "Protec in the diet. The |
’uneipectea-incree§e }n the dropping point and percent solid

"fat at é%-supplementation could be accounted for if there

was a changed pattern in the concent*atlon of hlgh molecular

1’welght glycer1des at this.level of "Protec™ '1ncorporathm$.

v
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5,2»Experiment IT -- Sﬁoragevstability of "Protec" and the
ef&eét of feed{?g "Stored Pfotec" on milk and butter éﬁality

‘The susceptibility of the canola-based "Protec" Gtself
to oxidative changes during controlled storage was
determined prior td.feeding 6% of the o;idizgd feed in this
éxggriment.

.t
v

’

5.2.1 Susceptibility of "Protec" to oxidative changes during
storage s )

The extent. of dxidation as depiétéd by peroxide values
was thé greatest for "Protec",thét‘had been stored at 40°C
and exposed to air (fable 5.11). The peroxide vaiue of the
frozen control “Proteé",remaine&@how (1.5 to 1.8 meq/kg)
throughout the twelve wee} storage‘period; while’samples
stored under‘other conditions (4°C, room teﬁperature, and

40°C) displayed a rise in peroxide value with time.

5.2.2 Effect of "Storeq Protec" on feed cpnsumpfion, milk
yield , milk Sempositioﬁ*and quality of milk and butter

Since results of Experiment I suggest 6% as a possible
threshold level for addipion of "Protec" to diets; this
level Qas'used to investigate the effects bf feeding the
stored product to lactating ?airy cows in the sécond

experiment.
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;
)
Table 5.11 Storage Stability of "Protec" ’
Storage time (months)
1 2 3
4
Storage conditions = 0—-—-- Peroxjde WAIUE (meq/kg)_l ——————
. P | - -
Frozen (-25°C) 1.51 1.73 1.77
‘ 2
Refrigerated (4°C) .- 4 .46 8.07
Held at room temperature 2.89 6.52 9.47
Incubated (40°C)
- closed container - ‘ ' - 15.33
- open container - ¢ 17.25 ' 24.65

Initial peroxide value = 1.40 meq/kg.

e e i 1 him < v o ) TS S
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5.2.2.1 Feed Consumﬁtion

There was no significant difference in feed intake when
diets containiné no ;Pfotec", 6% fresh "Protec",'and.G% |
"Stored Protec", were offered to lactating. da*iy cows 1in a
random block design (p>0.05, Table 5.12). Intakes of hay
1ncreased sllghtly with dlets containing "Protec", however,
the standard deviations were’ quite high, probably due to
variation in consumptlon of cows on the same d1et A‘similar
trend was noted for grain intake, where it ranged ffom 10.7
kg/day for diet containing no "Protec" to 11.2 kg/day for

diet containing 6% "Stored Protec".

5.2.2.2 Milk yield and composition
Cows being fed diets containing no "Protec" and 6%

"Protec” produced similar amounts of milk. during”

experimental trial (Table 5.12). Although milk‘yield and FCM

yield resulting from 6% "Stored Protec” appeared slighfly
“higher, these differences were not significant (p>0.05).

Slmllarly, diet had no apparent effect on level -of

" butterfat, proteln lactose, total solids and solids-non-fat

‘ef milk collected from individual,cows (Table 5.12) or of
the milk composited from cows fed the same diet (Table
5.13). There was no sighificant difference between butterfat
content as determined by the Milkoscan Infra- Red method and
the Mojonnier method (p>0.05). leferepces in butterfat
content were.small and not significant '(p>0.05). The protein

content was similar for all pilks,,although there was a
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Table 5.13 'Effect of Fresh and Stored "Protec" on the ‘
Composition of Milk and Butter Used for Quality
Studies
Protec
. Without -
. Protec " Fresh Stored
Milk
Rutterfat - Milkoscan . 2.45 2.28 2.37
- Mojonnier 2.55 2.39 2.45
Protein 3.41 3.48 3.22
Lactose 4.92 4.93 4.88
Total solids 11.65 11.50 11.31
Solids-non-~fat 9.20 9.31 8.94
! 4
Butter :
. \
Moisture (%) - 18.7 18.9 1R.0 »
76.6 75.7

Fat (%)

f

o TSR
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. ~ -,
slight decrease in this component when 6% "Stored Protec"”

was fed, compéred to when 6% fresh "Protéc” was fed .
(p>0.05). The’lécfoSe'chtentvof'all milks concerned were

the same (4.9%). Differences occurring in the..total solids

- - . &

and in the solids-non-fat content were 'not statistically
significant (p30.05). The moisture and fat content of "the
respective butters pfoduCed from the milks.wereLSlSo”similar °

. -

(p>0.08),

5.2.2.3 Sensory evaluation of milk and butter

Homogenlzed and pasteurlzyd m1lks were. found to bé“’
acceptable quallty before and after controlled storage at
4° .Untrained panelists were unable to dlstlngu1sh between
the mllks produced from cows fed either of the "Protec"
djeté (p>0;05,;Tab1e 5.14). Only ten panelists (oup Qf.
thirty) identified the gorrect sample wﬁen pre;éﬁled with
milks obtained from 0% vs 6% fresh "Protec", and 0% QS.S%
"Stored érotec", whereas only 9 (out of'thifty)fwefe agle tb
distinguish between milk obtained from 6% fresh ws that from
6% "Stored Protec”. Probability valves ind}éate'that
statistically, the panels were unable to dlstlngu1sh between
milks when 6% fresh "Protec"” and 6% "Stored Protec” was féd.

The same sensory pahel'wag ahle to distlhguish between
butter from cows fed "Pforec" and butter from cows not fed
"Protec" (p<0;05, Table 5.15), Also, @aneljsﬁs were ablé to
distinguish between butters from cows fed 6% fresh "Protec”

And % "Stored Pretec”. In most cases, the spreadability was
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Table 5. 14 Expt.. IT: Panelists correctly identifying odd milk

sample in triangle test and probability levels of

significance

L]

Comparigon-

Panelists ¢orrectly

o '

.0 vs 6% "fresh Protec”
0 vs 6% “stored Protec"”

Fresh vs stored "Protec"

identifying odd sample Probability
10/30 0.568
10/30 0.568
9/30. , 0.714

i°

st am e
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recorded as the parameter contributing to the difference
observed. When these bﬁtters were whipped, the'panel could
‘not distinguish begween the. flavour of butters for 0 ;s 6%
fresh "Protec" and 6% fresh "Protec" vs 6% "Stored Protec"
(p=0.50, and 0.55 resp., Table 5.16), indicating that there
was no real differencé’in the flavour of the butters made.
Xil butters brépéred were judéed;bx Federal Butter. .
Fraders to be of acceptable quality. A score of 39 poipts

out of a total of 41 was aQarded to each of these

-

ekpéfimentél butters.
5.2.2.4 Susceptibility of raw milk to induced/hydrolyt}c
rancidity .

There was a slight increasé in the Acid Degree Values

T iof the .initial raw milks when either fresh or stored

"Protec" was fed to dairy cows (Téble 5.17). Milk'resulting
from 6% "Stored Protec" had an ADV (1.25) similar to that
resultiné from 6% fresh "Protec" (1.39). Although ADV's of
whipped and iHéubated milks Tnc;eased 5everal—fold over |
initial values, only small differences occurred between the

ADV's of these raw milks at 30 min. incubation when 0%

"Protec", 6% fresh "Protec", and 6% "Stored“Ptotec” were\y—fﬁh.
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Table 5.16 Experiﬁent I1: Comparison of butter flavour usingithe

A A Signal Detection Test..
Treatment R1
0 vs 6% "Stored Protec” - ) 0.55
Fresh vs "Stored Protec" ' ' 0.50

]Probgbility of distinguishing between flavour of two butter
samples. Possible differences in sbreadabi1ityrwere eliminated

by whipping for 5 min. in a Kitchen-Aid mixer.

[RR
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Table 5.17 Expt I1: Effect of Fresh and Stored "Protec" on the
Susceptibility of Milk and Butter to Hydrolytic and
[3 .

Oxidative Ranc¢idity

R ' : Protec

Without
Protec Fresh Stored

L

Susceptibility of Raw Milk to Induced HYdrolytic Rancidity

ADV - initial 0.89 1.39 1.25
- 30 min ' 4.90 4.95 5.36
- % increase ’ 551 356 429

Susceptibility of Milk to Induced Oxidation

TBA - initial 0.01l6 0.031 0.017

3

- copper 0.031 0.070 0.048

-Susceptibility of Butter to Oxidation During Storage

Feroxide valuel(meq/kg)
-~ initial <0.007 0.038 0.051

- one month storage <0.007 0.041 0.060

<

lperoxide value of < 0.50 meq/kg is considered to be of acceptable quality
regarding oxidation (Buchanan and Rogers, 1973).
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’

The lele.of oxidation as indicated by TBA values was

increased when 6% fresh "Protec" was fed as compared to when

diets containing no TProtec"ﬁlere given (Table 5.17). TBA
value for %ilk obtained from 6% "Stored Protec" was sifilar
to thaf resultjng when no "Protec" waé fed (p>0.05).
Addition of copper caused a simiiar trend in TBA'values,
where milks from 6% fresﬁ "Protec" had a higher value

(0.070) than milk from 0% "Protec" and 6% "Stored Protec”

(0.031 and 0.048 resp.).

5.2.2.6 Oxidative stability of:butter
' Peroxide values of all the butters concerned were low
(<<0.50 meg/kg) even after one month;s refrigerated storage
(Table 5.17). This was in agreement with the lack of |

oxidized -flavour in the butters noted by the trained dairy

tasters.

5.2.2.7 Effect of fresh-and "Stored Pfotec" on butter
characteristics 7

Supplementation of 6% fresh "Prétec" resulted in
incréased unsaturation of butter produced as indicated.in
Table 5.18. The 1odine value of butter from 6% "Stored
Protec”™ was essentially the same as that obtained when no
"Protec" was fed.

Penetrometry readings we}e the highest for butters
resulting when a standard ration (0% "Protec") was fed to

" cows. A decrease in the hardness of butters occurred when

4 .
fresh "Protec"” was incorporated in the diet,.however, the .
. ’ . . . . “ ¢ a
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Table 5.18 Effect of Fresh and Stored "Protec" on butter characteristics

N 1
Without Protec-

Butter charapteristicé "Protec" . . Fresh Stored

lodine value! 283111 31.540.2  27.840.8
Hardness (kg/cm®) . - 1.0560.02  0.64+0.06  0.98+0.04
0iling-off (w/w %) * - 0.8040.07 _ ° 1.5440.01  1.9240.3

Softening point (°C) 31.7+0.4 . 30.3#0.2  31.340.5

" Dropping point (°C). _3]18ip,1_7 ,‘_':30.4j§.07{:?"31T0f0.1“"j‘ ff‘“"';

"Mean + Standard Deviation (n=4)
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hardness ~of butters resulting from 6% "Storéd Protec" (0.98
kg/&m’) was similar to that fromSO% "Protec" (1.05 kg/cm?) .
| Small increases occurred in the oiling off.of~the
butters prepared from milks when 0% “Proteé", 6% ﬁresh
‘"Protec" and 6% "Skééed Protec" were fed.

< - Softening point data of butter indicate a decrease witg\
6% fresh "Protec" in thé'd&ep. Similér softening points were
attained with 0% "Protec"™ and 6% "Stored Protec!.

Derping point determinafions produced”a similar tfend‘

as noted for softening point. The lowestcd:opping point was

'%‘

o . !

T Upbsérved with 6% fresh "Protec", whiléssimilar values were |
’ - - T . . . ‘ ,”.. ‘. 4'-“".,' ) ';". .2‘~".;~.,‘ - N T i
noted for butters from 6% "Stored Protec"; and 0% "Protec™". - _%

" " Solid fat confent decreased with increidsed temperature E
"fdflaii'butters as expected (Fig. 5.4). Butter .from cows fed :

.- . K - “ . . ’ . - ) ' ) s_"‘

6% fresh "Protec" contained less solid fat at 0, 5, and 10°C :

than the control butter. At temperatures above 15°C, .the

"Stored Protec" butter contained less solid fat than the

. >
other two butters.

B
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Fig. 5.4 Eftfect of fresh and stored. Protec’ on solid

fat content of

butter.

A 0" Protec
e 6% Fresh Protec
9 m 67 Stored Protec
104~
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5.2.3 Discussion

Results of storage stability study indicated that
"Protec 'was most stable with respect to Okldathﬂ when

_.stored under refrlgeratlon condltlons_ "The great increase in~

B . '

e

peroxide value that occurred at 40° C was 1nd1cat1ve of fat

oxidation, hence this product ("Stored Protec ) was utLllzed
ak ~ to 1nvest1gate whether 1ntake by dalry ¢ows would 1nf1uence
: feed consumption, milk yield, compdsition and gquality of
.milk and butter.
'*The intake of concehtrate and.hay'was“nOt&affected'by
_ the inclueion‘tgﬁiérotec";in the diet or b§ the state of

&  oxidation. of thlS Protec (p>O 05 Appendlx H).. No. negatlve

R - . -~ .

effects on mllk yleld and comp051t10n of the resultlng mllks

e AR

FRYCEVES

were noted when 0% "Protec . 6% fresh "Protec" and 6% LRI
"Stored Protec" were fed.

The quality of raw milks with respect to lipolytic H

rancidity was good, ADV's being typical of freshly drawn ,%
milk (Pillay et al., 1980a). All milks when whipped and A
< »1 ' “inCUbated.for 30 min , became rancid. "Protec ~however had. =~ ¥

I fno drastlc effect on susceptlblllty of the milks to
'hydrolyt1c ranc1d;tyu The percentage 1ncrease 1n7ADV,was
noted to behthe logest for'milk when Sﬁ'fresh "érotec" was
fed. This corroborated the results of Experiment'i.

Milks resulting froh diets cohtaining no "“Protec" and - 1
6% “Stored Protec" had:TBA values typical of good,

unoxidized milk, whereas milk obtained when 6% fresh

- "Protec" was fed could be characterized as being slightly““




~-oxidized (King, 1962). The increase in-the TBA value with 6%

fresh "Protec” included in the diet was in ‘agreement wiEh

results reported by Goerlng et al.,1976, when a higher level_'f

of safflower— based PLFS was fed. » R -

The absence of an 1ncrease in TBA values for mllks

PFOdUCGd Wlth ‘the . 6% "Stored Protec" diet (even on addition””

Qf Cu?"), could be due to several factors. For example, the
formation of hydroperoxides, and subsequently carbonyl
Gompounds_(Sef Fig. 2.6) in the stored product, would reduce
the.leOei-eernsatnrationﬂof the-feedA hence a more”‘
saturated feed would be ingested. Milk resultlng would then
reflect this fatty aci§4gattern.and thus contain less sites
for oxidatio? to occur. Also, the bulk of evidence (Shipe,
18964 and Bruhn et al., 1976), suggest that milk produced
.during early lactation may be more susceptible to oxidation,
- The cows being fed Diet 2 (fresh “ProtecJ) vere at a

' sllghtly earlier: lactatlon than _cows on dlet 3 ("Stored

.Protec") {See Appendlx A); this could p0551b1y contribute to

increased ox1dat10n in mllks from Dlet 2 Finally; other

3.

factors arlslng from 1nherent dlfferences betweeu 1nd1v1dua1

COWS could account for 1ncreased TBA values for mllks from
Diet 2. : -

Results of sensory evaluation illustcated that there
were no differences between milks when either fresh."Protec"
or "Stored Protecf was fed. Similarly, panels couidlnet
distinguish between milk resulting from 6% fresh "Protec"

and 6% "Stored Protec".
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Butters resulting when "Protec" was fed were more -

spreadable and no undesirable . flavours were detected. This

-~ Was. conslstent with data from Experiment-I and also with

those previously reported. (Buchanan & Rogers, 1973;

123

- Rieseke€r, et al., 1974). After one month's refrigerated

starage, Butters were judged to be of acceptable quality by

trained panelists.

Ob]ectlve measurements .on butter were all ‘

complemenrary ,The 1ncreased level of unsaturatlon observed

with 6% fresh "Protec" was accompanied by a decrease in
hardness as expected. Unsaturation and hardgess values of
butters resulting from "Stored Protec"” were'similan to those
from 0% "Protec". This trend couldube due to:
i. Disruption of double bonds in fatty acids of "Protec"
| durlng storage - by ox1dat10n thus decreaelng N
unséturatlon whlch is subqequently reflected in the

m]lkfat ,

ii+ Nature of characteristic fatty acids in butterfat -~

obtained from i%diviﬁual cows' ‘milk.

‘The low iodine values noted in general were possibly due to

the later lactation-period of cows in this trial. 0iling off’

increased with "Protec" supplementation, as;also'reported'by
Wood et al. (1975), when higher levels of PLFS were used.
_Goftenzng point and dropplng point data complement the

data 1nd1cat1ng the degree of unsaturation. The lower

meltlng range of butters at the. 6% "Protec" level (as

1nd1cated by softenlng and droppxng p01nts) could therefore

e > iom et aivn 2 kN e
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be a result of higher unsaturation of ;hgse butters. The
pattern is aiso seen in the solid fat=analyses,Awhere loweg
propoftiong of solid fat occurred for 0-10°C inclusiVély for
6% fresh "Protec". At higher temperatures, the abnormal
behaviour of bﬁtters produced when 6% "Stored Protec" was
supplemented.in diets may be due to melting points 6f

glycerides present.

-

5.3 Experiment III-- Evaluation of milk and butter from cows
fed "Protec" in commercial dairy herds
The possibility of long term effects of feeding )
commercially manufactured "Protec" was investigaQed in this
experiment. Milk was obtained from local 'dairy he;ds
(Holstein) which,bad been fed a "Protec™ Sdépléﬁénféd die£
k5-10% according to farmers' indicétion) for at _least three
years. Composition and ;sensory guality of the milks and
butters were evaluétéd. Control samples were obtained f;om
two comimercial Hefdé whiég had never received any PLFS.
4
5.3.1 ¢ompositioﬁ¢of milk ?nd bﬁtteﬁ
~ ‘Tﬁere was little difference in the composition of milk

obtained from the two commercial dairy farms which had never

included "Protec” in the feeding program and two that had

been supplementing "Protéc" for at least three years

(p>0.05, Table 5.19). The average butterfat content of the .

milk produced from the "Protec"-containing diet was slightly
c
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‘higher than that Bf the conf}gl milk (no fP:otec")y élthbﬁéh o

thiﬁ:difference'was not‘signifivﬁht (p>0.0§, Appendix.l).
Protein, lactose, total solids and solids-non-fat were

similar for both control milks and milks résulting from

""protec" supplementation.

-

The -butters prépared from milk produced at the four

- farms were'qﬁ similar composition (Table 5.19). The overall

moisture content of the control butters was slightly higher
than that obtained when "Protec" was fed. The average fat
content of the control butters was slightly lower than that

of the "Protec"-butters.

5.3.2 Flavour of milk and butter resulting from "Prpteé"‘_
supplementation

Ali milks and butters_were found by e#pgrienced dairy
Easters to bé free of flavour defects. The sehgéfy‘panéf
used in the prévious two experiments (EXpt. 1-&/i10 was
unable to distihgu'ish betweefreshly horﬁogenized, |
pasteurized milk obtained from "Protec"*fed herds and herds
noﬁ being'fed "Protec" (p>0.05, Table 5.20) . Results of ;

replicate experiment using thawed samples that had been kept

-frozen at -40°C for 3 weeks were consistent. v

Sihce it wa; illustrated in the previous experiments
that softness.of butter was amply described by penetrometry,
the signal detection test was used to test only for possible
flavour differences in whipéed butters. The results of this

test showed that there was no difference in the flavour of
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‘Table 5.20 Expt. IIT: Panelists coryrectly identifying odd

© milk sample in trianglé test ancd probability

levels of significance

123

Panelists correctly

Comparison identifying odd sample Probability1
Control vs Protec-fed herds
Fresh 7/14 . 0.149
Frozen '5/1_0 0.7217

1 pccording to Roessler et al. (1978) .

[ 4
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- _the butters {p>0:05, Table 5.21).

5.3.3 Susceptibility oflbutter to oxidation

Peroxide values obtained for freshly méde butters and
one-month old butters were typical of good, unoxidi?ed
butter (Table 5.22). fhe average vaiues for butters obtéinéd'
when cowsfwere’fed a2 controi dieg and when ”"Protec" - -

supplemented diet was fed were similar.

S 1.4 Butter characteristics

As indicated in Tagle 5.22, there were only small
differences in butter characteristics between the two types
~f burter . The average 1odine Valué’oﬁ butter from
"FProtec”"-fed herds was very slightly‘higher than that ‘when

s
PN

fhe f55f¥5d'éiet was fed; this difference was not
“tatigtically ‘ciov\ific‘ant (p,"‘().OS, Appendix 1).

The hardnecs of the butters complementedn;he level of
unsaturation, and a]thougg the average'hérdnesg\of
"Prqtec""bhtters was less than that of control bugbers, the
diffefence was not significant (p>0.05). A similar péttérn
was noted for softening point; where the average SP of the
control butter was 33.4°C and that of "Protec"-butters
32.2°C. Average oilfng~off data obtained for control butters
were not significantly different from those for
‘"Protec"—buﬁfers/(p>0.05). The differenc; noted_between thé

‘two control butters was small and coensisteng with similar

fluctuations in the iodine Vélﬁg and -hardness. This trend

c .
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Table 5.21 Experiment III: Comparison of butter flavour using

e - F

Sigrral Detection -

Control vs “Protec"-fed herds . - 0.7

4

]Probability of distinguishing between flavour of two butter
samples. Possible differences in spreadability were eliminated

by whipping for & min in a Kitchen-Aid mixer '
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was also apparent with.butters resulting -from the "Protec” .

‘diet.

5.3.5 Discussion _ : o ~ .
Data'from this experiment were consistent with that

reported 1n Experimehts 1 & II, although trends were less

vx‘-- “ - P .- - - .
R - - “

obvious. The inclUsion of ™Protec” on & long tEerm basis.
apparehtlylhad no effect on milk composition. Variability
occurrlng in butter comp051tlon probably resulted during
processxng ot the butters concerned As 1nd1cated in Sensoﬁy‘
panels, milk and butter were oftacceptable qualitx-and f}ee
of off-flavours..This was true fpr butters even after
prolonged refrigerated storage, 1moly1ng that the long term.
use of "erotec“—had no deleterious effects on the oxidative
Stability of bqttets produced;‘Propetties of experimehtal
buttersheuch‘ae unsaturatiod, hafdneSé, ahdfoiliﬁg wete"not
drastically affected by the incorporation of "Protec” in the
diets. o
The iack of more pronounced responses may have been due
to the grain and roughage ihtakes, lactat}on.period of herds
used, and the past history of the herds (i.e. high’or low
producers). Small differences that occurred in milk and
butter characteristits on the same treatment areipossibly

due to slightly modified feeding tegimes at the farms

involved, d average lactation periods of the herds used.

[



"_Aqéégdiﬁg“to-hnCOﬁfirﬁéa~beportsﬂbi ﬁhé iﬁ;§1Y§§‘
“farﬁefsl no deléﬁéfiousiéffécts werejnpted-Qhen¥- |
'"Protec"—suppleméﬁted diets wéEé‘fed} ana-the-énihéis
appeared more héaithy. Thug, it'méy‘bebcoﬁciuaédithat.thé
low-level use of PLFS -in diets of lactating cows shQUld.not
cause any‘nhdesigable qualify chéﬁges‘ih the.dai{y,products

obtained.

«©



6. CONCLUSIONS AND RECOMMENDATIONS

*

6.1 Effect of "Profec" on milk quality _

The results of this work were in agreement with other
studies in which different vegetable oils such as safflowef,
sunflower,_aﬁd linseed were used at higher levels of
supplementation. : - : ;

The “inclusion: of ."Protec” in the diets of dairy coQS at
the 6% level of grain portion aééeafs_to b possible:
"low-level optimum"., At this level, milks were slightly less
. susceptible';omhydrolygic“;ancidity and butters became
significantly sdfter, Qitﬂbﬁf ény apparent defects .in milks.
and butters even after storage. Feeding’pxidized "Protec"
had no deleterious consequences in milk and butter, although
the‘butter—softéhing effect that occurs with fresh "Protec"”
was less pronounged. Thus low levels of "Protec" can be fed
to lactating dairy cows with no adverse effects on milk and
butter quality even when fed on a long-term basis. The
improved spreadability of butters and the lowered proness of
milké to rancidity) afe two important conseguences that

’

could encourage the continued use of PLFS.

@
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6 2 Recommendatlons for future research

LIS AN

Varlablrlty 1n results may’ occur due to factors such as

+

41nd1v1dua1 dlfferences between cows lactatlon perlod,_and-~
previous feedlng history of cows. Consequently,\
interpretation of data becomes relat1ve1y difficult. The
standardization of .variables whenever possible should
therefore be attempted in order for sound conclusions td be
made. Constraints on the number and lactat;on stage of cows
were among llmltatlons that ex1sted in thlS study due to its
collaboratlve nature; this should»be.minimized in future
research.

leflcultles éxperienced in assessing the level of

o

protection of Protec"’(Jelen et a].J 1982) indicate that
more work is needed in this areet This would enable more
detailed understanding of the transfer of protected fatty
acids to the milk fat. Such a method need to be fairly
simple and quick so that application in a quality control
situetion can be made cossible. The extent of "protectiou"
in unprotected canola should aiso be investigated and
correlated with the fatty acid profile of hilkfat vhen this
(unprotected canola) is fed.

Also, the effect of feeding protected canolz on the
trans-fatty acids in milkfat should be investigated. It has
been reported that the levels of these fatty acids are
increased when unprotected canola }s fed (Kennelly and

Fenton, 1882); the trans fatty acids are considered to be

undesirable components of processed vegetable fats.
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- . The ﬁpmgn bypass concept has beeﬁ‘successfuily'applied“
. in the area of dairy tééhhbloéy{ and continued research in-
this area could provide more:detailed understénding of the
mechanism of protected fatty acid transfer, and the fate of

‘protected protein.
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APEENCTE. A . Caluinp Dates of Cows Usgd in Dxpeiiments 1 & 11
. ) ) , *
Cow I.D. No. Al Calvine bawe
Experiment I
812 Coe ' 1 . hug. 8/81

832 2 . July 4721
. o
6123 Ao 2 June 1@/81
633 2 . July 25/81
. , 824 2 July 9/81
P - .

Experiment II . : . .
708 a1 T- i May 31/81
€13 | a0 | June re/gn- .
324 | | g “ﬂvjlff' .o ""July 9/81"
é;4 o S april 28/81
719 . T2 ] T Mey é3/é? .
855 o -2 ' "éepﬁ.'SO/er

601 ' S-2  mdy 6/81

632 I Aug. 19/81
. 610 S June . 24/81

453 . : a .-3 ) : . May 10/81

306 Sy ¢ wayas/el.

pietr I (0% 'Protec') .
Tietr 2 (6% 'Fresh Protec') .
.

Ipier 2 (6% ’Stdfqﬁ-?roﬁec'%' C T ’ ; TR

Tk ' . ’ ‘ . - o

- Experiment I was conducted from Oct. 15/81 to Jan. 15/82, while

' Experiment'll was -conducted from March 2/82 to.March 23/82.
L 150 ¢ ¢ o ‘ «




APPENDIXB —————— Fluorescent Light frradiation of Mitk.

G.E. "Bright - Stik Fluorescent Light Fixture,

, 120v. 60 Hz, 33 watts, Deluxe White Bulb. <
—- 63cms >~
Js
cma 1
W

[]
N 1
. .:10 ems L =110 cms i w110 cme 1
. 21-5 cms
B Light Intensity’ at Points A 50 ft.candies = 538° lux
M d by Guss 8 33 -
e
(pe,z:sureL. hy ‘us)s n c 28 = 301° lux
anlux Lightmeter o 21
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APPENDIX € ----- ~ 'QUESTIONNAIRE FOR TRIANGLE TEST
Rame : - | . Date:
Test:

. ( .
Two of these three samples are identical, the third is different.

]; Tas te the samples“in the order indicated and .identify the odd sampleuw‘

.

Code Check 0dd Sample
. ‘;\;. "
+2. Indicate the degree of difference between the duplicate samples and

the. odd sample.

" Slight
. . o Mode;ate
Much ~ <
Extreme ‘;: :
> . el
‘3.' Describe the type of difference between the duplicate and the odd
sample. ' ' ' ) ‘ -
- . '- 3
P
3 N
/
\ g i
}. I
u
' e .
. . »
, . | 152
- - ’
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3 APPENDIX D :Instructions and questionnaire for Triangle T

L

INSTRUCTIONS -

-~

u have been given three sets of butter samples: -Please evaluate each

set independently for differences in spreadability and taste.

y
|‘ h
Spreadability : 4 . '

v

]

Spread a small amouﬁt of butter on a cracker and compare the §preédability'

»

of the three test butters. Wipe the knife clean between samples. " -

t /

r

Taste
Taste each butter. Use of the supﬁ]ied crackers ds optional, but please

be consistent. - P

Please specify in question 3 if the differences detected among sam 1e§
: q . . ptes

were differences ‘in spreadability and/or taste. | -
;
' e

b [
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APPENDIX D cont'd:

QUESTIONNAIRE FOR TRIANGLE TEST

Name : ' Date:

Test:

B L ?
Two of these three samples are identical, the third is different.

¢

1. Compare the samples in order indicated and identify the odd sample.

Code , ~_Check 0dd Sample

»

2. Indicate the degree of difference: between the dup]icaEF samples
and the odd sample.

. Sight , ‘
o ‘ Moderate
| Much
Extreme

*3. Describe the type of difference betweéq fﬁe duplicate and the
odd sample. (Spreadability = S; Taste = T; Both = B)



Name : ' _ ‘

APPENDIX E Flavour Evaluation of butter using Signal Detection.

.
& .

-

Experiment: \ Date:

¢

Compare each test sample wig;wthe reference sample marked "R". Determine
if the test samples differ in flavour from the reference sample. Please

taste the samples in thhhprdek presented. The reference sample "R"-may be

tasted as often as necessary. o

SAMPLE DIFFERENT NOT DIFFERENT NOT SURE

COMMENTS :
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APPENDIY H Experiment II: Mean Squares of Data Obtained from Analysis

of Variance

”

Source of variation!

- Between Groups?’ Within Groups?
Feed Consumption
Hay 1.211 0.776
Concentrate , 0.351 | 0.866
Milk Yield & Composition
Milk yield . ' 1.764 6.877
Butterfat (IR) 0.071 0.530
Butterfat (Moj) 0.084 0.526
FCM' (IR) _ 1.716 10.788 .
FCM (Mo3j) . 1.525 . . 10.868
3
- 2
(ButterfatIR‘ButterfatMoj) 0.002 0.004
Protein \ 0.078 ‘ 0.022
. : e,
faetose” . . ‘ . 0.003 0.019
Total solids 0..185 0.41e6
Y -
Solids-not-fat 0.136.. .- 0.066*
Butterfat and Protein Yield (g) ¢ -
Butterfat (IR) 0.004 ' . 0.034
Butterfat (Moj) » ' 0.004 . o 0.034
Protein . , ~ 0.000 - . 0.007
RERET-T 2
) s
2af :
3 9af
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APPENDIX | Experiment III: Mean Squares of Data Ohtained from

e
Analysis of Variance

X¥*,_ roe Source of Variation!

" Between Groups? Within Groups3

Milk Composition

Butterfat (IR) ; 0.004 a 0,007
Butterfat (Moj) o 0.010 - l_ 0.007 e
(ButterfatIR - ButterfatMDj) 0.001* ‘ 0.000'
Protein . 0.001 0.008
Lactose . 0.005 _ 0.001
Total solids _ . 0.053 0.010 -
Solids non fat 0.027 0.007

Butter Characteristics

Iodine value . 0.250 ' 1.25
pogge - . 0.189 0.285
Softening point i  1.440 0.800
Oiling-off ‘ ‘ 0.029 0.105
Moisture o N 0.298 . 0.345
13 af |

21 af,

32 af
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