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ASSTRACT

Two experíments were conducted to determine the effects of dietary

supplemenËation wíth fat from oilseeds on feed intake, milk production,

railk composition, rumen environment- and blood plasma cholesterol levels

in dairy cows during early lactation.

Experíment 1 involved thirty Holstein cor¡rs, two !/eeks post-parËum,

in a split-plot design to deterrnine the effect of substitution of fat and

fiber for cereal grain starch on milk production, feed intake, uilk

composítion, rumen volatile fatty acids (Vfa¡ and plasna cholesterol.

The fat sources were whole sunflower seed (I^ISS) and tallow. The three

diets were (1) control, (2) 9Z I^ISS and (3) 3.4"Á ta]jrow with sunflor¿er

hu11s and meal added in amount.s to equal fat., fibre and protein supple-

mented by I{SS in the I^ISS díet. Fat supplement and forage replaced con-

centrate resulting in 55% concentrate ín Ëhe iiSS and tallow diets and

67% concentrate in the control diet. Cor¿s were fed an isoniÈrogenous

and isocaloric total mixed ration on an ad libitun basis for L2 weeks.

Milk yie1d, feed intake and body weight changes were similar (P>0.05)

for all diets. Mílk protein percent was lower (P<0.05) for cor,¡s re-

ceiving the I^ISS dieË than for those receíving the control dieÈ. PrirnÍ-

parous cows fed the tallow diet had lower (P<0.05) nilk fat percenËage

than Ëhose receiving the control diet. This response to diet was not

observed for nultiparous anímals. Fatty acid composítíon ín milk from

cows fed I{SS and tallow supplenented diets were síuilar and differed

(P<0.05) from those of cows fed the control diet. Fat suppl-emented

diets produced nilk with 1o¡,¡er levels of C8:0-C14:0 fatty acids and
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hígher levels of C18:0 and C18:1 fatty acids than cor¿s fed the control

díet. Rumen fluid VFA proportions r¿ere affected by diet resulting in

lovrer (p.0.05) acetate:propionate ratios in rumen fluid for cows fed the

control diet as v¡ould be expected r¿ith the lower fiber levels. Blood

plasm¡ cholesterol levels r¿ere also lower (P<0.05) for cows fed the

control dieË Ëhan for those fed the i{SS or tallow diets.

Experiment 2 ínvolved eight Holstein cor¡rs, 36-61 days post-parLum,

in a doubLe 4x4 latin square design with 28 day periods to determine the

effect of extruded canola seed (ECS) as influenced by niacin or calcium

chloride addition on milk production, feed intake, milk composítion, rumen

environment and plasm¡ cholesterol-. Ihe four experimental diets vrere

control; 7.614 ECS; 7.6i( ECS plus niacin; and 7 .57. ECS plus calcium

chloride. Cows were fed ad libiturn, a total mixed ratíon of oat silage,

concentrate and long hay in a ratio of 31:60:9 respectively. Milk pro-

duction, feed intake and ruilk fat, protein and l-actose levels were

síuilar (P>0.05) for all diets. Molar percentages of C6:O-C16:0 and

C20:0 fatty acids were higher (P<0.05) and molar percentages of Cl-8:0

and C18:1 fatty acíds were lower (P<0.05) in uílk from cows fed the

control diet r¿hen compared to milk from cows fed the ECS diet. Molar

percentages of ruminal aceËic acid were lower (P<0.05) for cows fed the

ECS dieË while the molar percentages of n-butyric acid were higher

(P<0.05). Acetate:propíonate ratios, anrmonia and pH levels ín rumen

fluid vrere not affected (P>0.05) by diet. Blood plasrna cholesËerol

leve1s were lower (P<0.05) for cor¿s fed the conÈrol díet.
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INTRODUCTION

Energy is considered the number one limíting nutrient in diets of

early lactation'high producing dairy cows. The modern daíry cow has the

genetic capability to produce milk beyond her ability to consgme feed

(Patton i987). Therefore, high yielding cor^rs on conventíonal diets during

early lactation cattnot supply suffícient dietary energy to meet require-

ments for milk production and begin to nobilíze body reserves which are

repleníshed laËer ín lactation (Bines et aI. f97B). Storage and release

of energy frorn body reserves in this way is less efficient than meeting

the cow's need directly from the diet (van Es L976). Traditionally

cereal grains have supplied most of the energy as starch. But increasing

Ëhe grain portion of the ration to 1evels above 55-60% results in problems

such as fluctuaËions in dry matter intake, acíd.osis and low milk fat

problems (Linn 1987). Fat, with a caloric densíty z.z5 xj:mes that of

sËarch, is an attractive ¡ueans of overcouring lin:iËations in energy

supplies during early lactation. Benefíts of supplementing dairy rations

with fat can fall below the theoretical benefÍts because fatty acids,

particularly unsaEurated fatËy acids can reduce digestibility of fiber

in the rumen (Patton 1987). Reduced fiber digestibility nay lower nr-ilk

fat. content by reducing the rumen fluid acetic to propíonic acid ratio

and, also, lower digestíble energy for nilk yield (Jenkins and palnquist

1984). Therefore results of faË suppleuentation on production traÍts

have been varíable as a result of varying experimental- factors such as

fatÈy acid composiËion and physical foru of the dietary fat, basal diet

composiËion, producËivity and stage of lactat.ion of co¡,rs and level of



supplementatíon.

Current research and practice demonstrate that fat may be added to

lactation diets to increase energy intake of hÍgh producing co¡^rs and/or

to reduce starch feedíng thereby increasing the ratio of forage Ëo con-

centrate.

The Íntent of thLs study was (1) to determine the effects of

replacing cereal grain starch with fiber and fat from whole sunflower

seeds or tallow in df,ets for dairy cows in early lactaËion t (2) Èo

determíne the effecÈs of adding niacin or calcium chloride to extruded

canola seed díets expected to decrease milk fat and milk proÈeín per-

cenfage.



LITERATURE REVIE!ù

Lipid Metabolism in the Rumen

The rumen ín the ruminant animal is the site of initial metaboli-

zatíon of dietary lipids. Microbíal activity ín the rumen is responsible

for the hydrolysis of esterifíed dietary lipíds and for the subsequenr

hydrogenation of the liberated unsaturated faËty acids (I{arfoot 19Bl).

Furthermore the microorganisms of the rumen are capable of de novo lipid

synthesis, using the short-chaín (c2-c5) fatty acids produced as end-

products of microbiaL carbohydrate and amino acid meËabolism as substrates

(Ilarfoot 1981). These processes of hydrolysis, hydrogenation, and de

novo synthesis of microbial lipid r"¡ithin the rumen, have an important

bearing on Ëhe meËabolisn of lipid further down the digestive Ëract ç.nd

ultimately on the lipíd composition of rumínant tissues and milk

(christie I9SI).

Hydrolysis

The presence of l-Ípolytic activity in rumen contents has been known

for uany years. Garton and his co-workers (1958) observed lipolysis of

faLty acÍds from línseed oil and olive oil duríng incubatlon with sheep

rumen contents but not r.rith boiled rumen contents or sal-íva. Subsequent

investigations have shown that lipolytic ability extends to a wíde range

of esterífied substrates.

The source of hydrolytic enzymes and their distribution among the

various rumen constituents, together wíth their possible node of action



are less r^re11 understood. The hydrolytíc enz)ntres involved appear to be

extracellular (Harfoot 19Bl). There also appeaïs to be preferential

activity towards díglycerides (versus tríglycerides) (Noble et al . Lg74).

Faraque et al. (L974) províded evidence to support a conËention that the

lipases of plant origin were prinaríly responsible for the hydrolysis

of esterified fatty acíds in the rumen and that lipases of microbial

origin were of-secondary iuportance. using tissue extracts from

pasture grasses they showed that l-ípases of plant origin remained highly

active for periods of at least five hours in the presence of metabolically

active rumen microorganisms. Autoclavíng of plant extracts resulted in

a uarked reduction in lipolytic actívity compared with that in untreaËed.

extracts; the remaíníng low residual level of lípolytic activity was

atËributed to the lipolytic activity of microorganisms. These con-

clusions r¡/ere noL supported by work reported by Dawson and Hemington

(I974). They contended that microorganisms r¡rere mainly responsible for

the hydrolysís of esterified fatty acids in the rumen. Their work showed

that the degradation of galactolipids in vitro proceeded at a rate suf-

ficient to account. for Ëhe rate of dísappearance of galactolípíds in the

rumen. The divergence of theories regarding the source of hydrol_ytic

enz)¡mes indícates the need for furËher investigation of thÍs area of

lipid dÍgestíon.

Under normal círcumstances the hydrolytÍc processes ín the rumen

are both rapid and complete (Hawke and sil-cock 1969). Dietary lípids

which occur maÍnly as triglycerides, galacËolipids and phospholípids are

hydrolyzed efficiently releasíng glycerol, galactose and. unesterified



f.atty acids int.o the rumen. The glycerol released from esterified lipids

is fermented to yield volatile fatËy acids (Harfoot l9B1).

Biohydrogenation

Analysis of the fatty acid composítion of the concents from varíous

parts of the ruminantsr digestive tracË dísplayed Ëhe extensíve ability

of the rumen contents to hydrogenate unsaturated díetary components

(Noble 1981). Dawson et al. (L914) demonstrared rhaË hydrolysis ís

indeed a prerequisite for hydrogenation. Líberated C18 unsaturated acids

which are Ëhe najor fatty acid constituents of typical dairy rations are

hydrogenated to stearic acid or a number of geometrical (trans) and

positional isomers of mono-unsaËurated acíds (Storry 1981).

The mechanism of bíohydrogenaËíon is apparently complex and in spite

of extensive invesËigat.ions, the detaíls still remain largely unresolved.

Generally biohydrogenatíon in the rumen is due largely to bacteríal acËion

with protozoaÍL action being of secondary importance (viviani 1970). ,

Harfoot eË al. (1973) íncubaÈed strained rumen conterits in vitro

with linoleíc acid and subsequently fractionated large samples of the

incubation mixture ínto fíne food particles, protozoa, bacteria, and

cell-free supernatant fl-uíd. These workers shov¡ed that 802 of the bio-

hydrogenation of the línoleú.c acid substrate occurred in association

with the fine food partícles, neglÍgible changes took place ín assocí-

atíon v¡íth the cell-free supernatant fluid, and only small changes

occurred in association wiËh the bacteria and protozoa. rn thís in-

stance, an increase in the auount of stearic acid in the bacterial frac-

Ëion was noted. HarfooË et al. (1973) attributed these findings to



the absorption of the linoleic acid substrate to fíne food particles and

the subsequenÈ hydrogenation of this by extracellular enzynes produced

by the bacterÍal component of the ruuten contents. Uptake of stearic

acíd by the rumen bactería following hydrogenation was postulated as

the reason for the increased sËearic acid associated wíth the bactería

(Harfoot et al. 1973).

The sígnificance of biohydrogenation to the limited range of orga-

nisms that carry out this process is unknow.n. Unsaturated fatty acids

are toxic to many microorganisms (Nienan Lg54) and it could be postulated

that biohydrogenation is a detoxífication mechanism (Harfoot i981). On

the other hand, uuch of the unsaturated fatty acids in the ïumen are

either esterífíed or adsorbed onto food particles, thus greatly reducing

their concentration in ¿þs immediate vícinity of the bacËeríal cell

(Harfoot 1981). The fatty acíds of bacterial 1ípids are largely

saËurated, and it eould be postul-aËed that biohydrogenation serves to

convert forage fatLy acíds ínto a form suitable for incorporation ínto

the bacterÍal cell- (ilarfoot 1981) .

The dietary lipid changes that occur wÍthin the rumen resulË in

unesterified fatty acids becomíng the predominant 1ípid fraction of the

digesta. StearÍc acfd constítutes the major fatty acíd. present ín digesta

and the dietary lÍnoleic and linolenic acÍds are reduced to minor pro-

portions. The predomlnant component of Èhe CIB uonoenoic acids present

is the trans-l1 ísomer. Fol-lowing these changes, the unesterified fatty

acids are largely adsorbed onto the surface of the particulate matter

in the rumen (lennox et al. 1965). However,although the long chaín



unesterifíed fatty acids constituËe by far the urajor dietary lipid class

within the rumen digesta, onLy 20"/" of rhe rotal lipid is found in the

protozoal and bacterial populations (Kenney 1970).

Lipid Biosynthesís ín the Rumen

The fatty acids of both the bacterial and protozoal lipids are

characterized by high percentâges of c13 , cr4, cr5, c16 and c17

branched chain fatËy acids, together r¿ith several straight chaín fatty

acids containing an odd number of carbon atoms in addition to paluitic

(cr6¡, stearic (cl-8) and c18 monoenoic farty acids (Harfoot 19gr). The

biosynthetic precursors are nol¡r knor^m to be the volat.ile branched and

straight chain fatty acids produced ín the rumen (church Lg6g).

Although certain anaerobic bacteria are capable of de novo synthesis

of long chain uonounsaturated fatËy acids, the synthesis of long chain

fatty acids contaíning moïe than one doubre bond is restricted to

aerobíc organisms (Harfoot 1981). The introduction of these double

bonds takes place by desaturaÉion and all desaturase enzyme systemc

described Ëo date have an obligate requireuent for oxygen (Harfoot

1981). However it has been known for some time that unlike most

bacËeria, mixed populatíons of bactenia from the rumen contain snall

amounts of polyunsaturated fatty acids (vivianí L}TO). Because of the

highly anaerobic conditions rnrhích are obtained. in the ruuen ít is

assuued that the presence of polyunsaturated fatty acids in rumen

bacteria ís a result of uptake of preformed unsaturated. faËty acids from

the ruuen (Ilarfoot 1981).



Studies by En¡m¡nqe]- (1974) using suspensions of mixed ïumen pro-

tozoa have shoum that considerable synthesis of monounsaturated fatty

acíds takes place by these organisurs. Of the di- and tríunsaturated

acíds presenL in proËozoal 1ípid 99% and 95% respectÍvely consisted of

faüty acids with the double bond nearest the carboxyl group as is the

case. for polyunsaturated fatty acids in plant tissue. Therefore

Emmanuel (.1974) suggesrs thar the 18 z2 anð. 1g:3 fatty acids of the

rurlen protozoa were of díetary orígin. Errmnnuel (I974) resolved that

short chain fatty acids served as primer molecules for fatty acid

synthesis and Ëhat malonate r,¡as used as the extender of the carbon chain

length.

Bacteria and protozoa are capable of adsorpËion, uptake and. in-

corporation into their ornrn ce1ls of long chain fatty acids of plant

origÍn (Harfoot 19Bl). Broad and Dawson (1975) demonstrared a pre-

ferential order of uptake by a protozoan suspensíor of 1-14c labelled

long chaín fatty acids. The rel-ative uptake of these fatty acíds ínto

the protozoal cells vlere linoleate>oleate>palmitate>stearate. Hawke

(1971) incubated mixed rumen bacteria ldth (l-14c)-lirrolenic acid.

Results indÍcate exËensive biohydrogenaËion of the linolenic acid sub-

strate and incorporation of thÍs f.atty acíd into cellular lípids of

rumen bactería.

The adsorption of long chain fatty acids and theír corresponding

triglycerides onto rumen bacteríal cell-s in the presence and absence

of food particles from the rumen has been investígated by Harfoot et al.
(L974). AdsorpËion of fatty acids to the bacteria rÂras greatest with



saturated fatty acids and decreased vrith increasíng unsaturaËion. The

same fatty acids in triglyceride form became adsorbed to a much lower

extent and the bÍnding was less tight. Harfoot et al. (1974) observed

that the presence of food particles greatly reduced the extent to whích

fatty acids became adsorbed to the bacteria but had lítt1e effect on

Ëhe extent to whÍch triglycerídes were adsorbed to the bactería. The

sígníficance of these adsorption differences between lipids has not been

determined.

Lipid Composition of Ruminant Feedstuffs

Conventional-ly dairy díets contain less than 3.5% ether extracË.

Up to 50"Å of forage and 20"/" of grain ether extractable materials uay

be non-fatty acid in naËure (palnquíst and Jenkíns 19g0).

Lipids in forage crops compríse 6-8T" of. the dry weight of leaf

tissue and are characterized by their high content of glycolipid (70-

802) and phospholÍpid (20-30%) (Harfoot 19Br). The faËry acíd com-

position of leaf 1ípíds is dominated by the presence of a high pro-

porËion of unsaturaÈed fatËy acids, especially linoleic acid (cts:z¡

and linolenÍc acÍd (c18:3) along r,iith snaller amounts of oleic acíd

GfA:f¡ (Harfoot 19Sl).

The portion of the dairy dÍet coÍmonly referred to as concentrates,

consísts largely of crushed cereal grains and oil seed mea1s. Adding

concentraËes to the daíry díet increases the díetary intake of un-

esterifÍed fatty acids and triglycerídes (-Harfoot lgSl). LÍnoleic acld

(clg:2) predominates in most seed f-ipíds (palnquisË and Jenkias 19so).
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The compositions of concenËrates vary markedly, but the percentage com-

posítion of the total fatty acids present ín comrercíal concentrates is

usually vrithin the ranges: c16:0, Ls-zo"/"; cl8:O, L-5"/"; clg:1 , 25-35"Á

and ClB:2, 30-60% (Harfoor 198f) .

Lipid Couposition of Ruuen Microbes

Viviani et al. (1968) anaLyzed the 1ipíd composiËion of mixed rumen

bacteria and found that the lípid consísted of 307" phospholipíd and 70%

non-phospholipid on a weight basis. Also, more than 40% of the non-

phospholipid was accounted for by unesterified fatty acids while negli-

gible amounts of glycerol esËers r,rere present. The 1ípid composition

of rumen bactería is characterized by the high proportíon of saturated

acids present, including branched fat.ty acids of which cr5:0 branched

faËty acids trere the most abundant. The fatty acid composition of mixed

rumen bacteria isolated from sheep (vívianí et al. 1968) and cattle

(Tweedie et a1 . L966, tr^Iilliarns and Dinusson 1973) as índícated by Harfoot

(i-981) are shoqm in Table 1.

The proËozoa of. the rumen contain a very much wíder range of phos-

phorus containing lipids and a higher proportion of unsaturated fatty

acíd.s than do the rumen bacteria (Harfoot 1981). Harfoot (1981-) shor¿ed

that the percentage composition of lipid classes present ín mixed. runen

protozoa from sheep r¡ras as follows: unesterified fatty acids, 1-0.1;

monoglycerídes 1.4; diglycerides, 1.0; tríglycerides, 1.0; phospholípids,

85.5; sterol esters, roraxes 0.7 and unídentífied. components, 0.3.

The total fatty acid composiLion of nixed protozoa from the rumen
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Table l. Fatty acÍd composition (.percentage by weight) of lipids of mixed
rumen bacteria

Percentage couposition of

Fatty
acÍd

Total
lÍpl-da' t

Total
:r].:pida'¿

Total-
.,btJ

rr_pr_cl

Unes terífied
fatty acídb,3

11:0

12:O

I2:0 br
13 :0

13:0 br
14:0

14:0 br
15 :0

15:0 br
16 :0

16:0 br
16: 1

17 :0

17:0 br
18 :0

18:0 br
18:1

LB:2

18: 3

20 :0

OËher

0.1

0.4

0.7

0.3
0.7

2.3

2.4

4.4
10. 1

35.2

1.0

1.8

L.7

32.0

n. d.

3.9

3.5

n. d.

n.d.
r.2

n.d.
0.8
0.6

3.9

r.2
8.0

L2.7

31.0

t.2
4.0

1.6

n.d.
15.0

0.1
6.0

2.7

1.0

0.1

8.8

%acteria from rumen of cattle.

bBacËería from rumen of sheep.

br - branched

(IIarfoot 1981)

lTr¿eedle et a1. 1966.

ïoitti"*= and Dinusson 1973.

3t¡i',riarrí eË al. 1968.
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of catËle and sheep as reported by Harfoot (1991) is shor¡n in Tabre 2.

FatËy acids c16:0 and cl8:O together accounted for about half by weighr

of Ëhe total fatty acids, while c1B:2 and c18:3 made up I1z (Viviani

et al. 1968) and 207. (E'*an1¡s1 T974) of rhe roral.

LípÍd Dígestion, Absorption and TransporË

Following extensíve neËabolization within the rumen, the 1ípíds of

the digesta pass through lþs em¡s rm and abo ^sun vÍrtual_ly unaltered

(Batn. and ili1l 1967). However the acid environment of the abomasum does

give ríse Ëo the release of the uicrobial lipid due to disintegratíon of

the bacteria and protoz,oa (Noble l9B1). Also absorption of long chain

faËty acíds prior to entrance into the small íntestíne is possible buË

quantitatively is of neglígibIe physiologícal sígnificance (Wood et al.

1963) .

Like the rumen contents, the l-ípid passing into the d.uodenuu under

normal dietary circumstances ís couprised mainly of unesterífíed falty

acids (70-809l) together r^ríth signíficant but, much snaller amounts of

phospholipÍds (Noble 1981, Palmquisr and Jenkins 19BO). The unesrerified

fatty acids are almost wholly associated wítl the partículate maËter

such as fraguents of the dietary plant material, debris from lysed

microbes and desquamaËed epithelial- cells (Noble 1981). Esterífied fatty

acÍds are predominantly in phospholipid (Battr and Hill Lg67).

rn a nunber of experiments the amount of lipid entering the

duodenum narkedly exceeded tfre amount ingested in the diet (Sutton et

al. r97a, BickersËaffe et a1. 1972, outen et al. 1974, Lg75). ouron
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Table 2- Fatty acid compositíon (percentage of total fatty acids present)
of mixed rumen protozoa

Fatty
acid

E-nanueL 1974
(fron rumen of cow)

Source of data

IIarf oota
Viviani et al. 1968

(from ïumen of sheep)

L2:0

13:0

13:0 br
14 :0

14:0 br
15:0

15 :0 br
16:0

16:0 br
16: I
17 :0

17 :0 br
18:0

18.0 br
18: 1

18z2

1B: 3

20:0

20:0 br
Others

<0. 1

<0. 1

<0. 1

L.2
<0. 1

2.5

3.0

41.0

1.5

L.2

3.2
10.5

<0. 1

t5.4
17.0

1.9

<0. I

1.5

I.4
1.5

3.4

1.5

43 "r

1.1

3.7

9.3

18.4

16. 1

0.5

o.2

0.5

0.2

1.5

0.5

4.3

4.3

37 .8

2.3

6.8

L.4

13 .s

o.2

11 .5

6.3

4.7

0.1

4.2

aHarfoot (unpublíshed observations) :
fas t.

" = not. determined.

- = not de.tected.

from rumen of sheep after 17 hr

(Harfoot 1981)
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et al - (L974) found increases ín fatty acid content of between 75 and

98"/" wt.en dried grass diets were fed to sheep. Feeding dried clover

diets to sheep led to íncreases of between L2Z and 4L7". possible endo-

genous sources of this increased amount of lipid in the duodenum includ.e

contributions from salivary and gastric secretions, fro¡n díffusion of

tissue fatËy acíds across epithelial linings and from desquamated

epithelial cells (Noble 1931). However, the rnajor source of increased

lipid flow is undoubtedly that synthesized by bacterial and protozoal

populations in Ëhe rumen and subsequently released in the abomasum

(Harfoot 198f ) . I,rlhite (1985) reported 1ow level fat supplemenrarion of

dÍets fed to llolstein steers resulted in more fat being s1mËhesízed in

the rumen.

In the duodenum, the dígesta is infiltrated by bi1e, duodenal and

pancreatic secretions. However the pH of the proximal one-half of the

ruminant íntestine remains relatívely acid as the neutralízíng capacíties

of the duodenal secretions are insufficient to deal r¿íth the large volume

of digesta leavíng the abomasun (Noble 1981).

The lipid composition of the digesta changes significantly ín the

distal duodenum and upper jejunum (Noble 19Bl). Unesterified fatty acíds,

which m¡de up the major proportíon of total lipid in the rumen, abo asum

and proxímal duodenuu decrease wÍth an accoupanying increase in the pro-

portion of esterified fatty acÍds (Noble 1981). Also increased quantities

of C18 unsat,urated fatty acíds are evídent due to the secretion of bile

lipids into the duodenum (Leat and Harrison 1969).
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Scott and Lough (I97L) incubated sheep bile with duodenal conrenrs

and showed there l4ras a transfer of unesterified fatty acids from par-

ticulate matter into micellar solution. This effect increased with pH

increases and was later shoum to be due to the combÍned action of the

bile salt and phospholípid couponenËs (S¡nírh and Lough Lg76). Johnson

et al - (1974) investigated the region of the small intestine responsíble

for the digestion and absorption of lipid ín rurnínants using sheep fitted

with pairs of re-entrant cannulae in different parts of the intestine.

Linited hydrolysi-s of esterified fatty acids occurred in the upper

jejunun and unesterified fatty acids accounted for the 20"/. of. total

fatty acids absorbed here. A further 60T" of Ëhe toral fatry acíds ín

the digesta r¡zas absorbed in the uiddle to lower jejunurn and this included

fatty acids derived from hydrolysis of both neurral lipids and phospho-

lipids. Once the digesta reached the i1eum, absorption of unesterified

fatËy acids together with hydrolysis and uptake of ester bound. fatty

acids was all but complete.

Biliary and pancreatic secretions aïe necessary for the optímal

assimilation of fatty acíds by ruminant anímals. rn sheep deprived of

bile, the absorpËíon of fatty acíds frou the sma1l íntestÍne felr to

about one-sixth of that of the normel animal (Heath and Hill 1969).

rn the absence of pancreatic juice the concentrations of lipids in

lymph r,rere reduced considerably but not to the levels obtained during

bíle deprivaËion and a longer períod of deprivation ï¡/as necessary for

the effect Ëo occur (ileath and Morrís 1963).



I6

Ruminant bile is characterized by a uniquely high ratio of tauríne

to glycÍne bile acid conjugates (Moore and christie 1984). AË low pH

(2.5), taurine conjugated bile acids are soluble and partly ionÍzed

r,¡hereas glycine conjugated bíle acíds are insoluble at pH 4.5 (Hofrnann

and Surall L967>. Thus Ín the acídíc digesta ín the proximal jejunum the

taurÍne conjugated bile acids remaín in a partially ionízed cond.ítion,

therefore the micellar phase can affect solubilízati-or.. Under similar

conditÍons, glycine conjugates aïe preferentíall-y adsorbed onto

particul-ate maËter (Noble 19Bl). Harrison and Leat ( Ig72) repoïte¿ that

in the proximal jejunum of sheep, about 60% of. the bile salts were

partitíoned in the soluble nicellar phase arrd 4O% in the particulate

phase. The'pH rises as the digesta moves dovm the intestinal tract,

resul-ting in conditions more favorable for solubílization and increased

Èransfer of unesterifíed fatty acids' from the parLiculate matteï to the

micellar phase and then to the intestinal mucosal cell-s.

rn the upper jejunum, the fatty acids would be taken up by the

mucosal cells from a mixed mÍcellar solution consistíng nainly of un-

esterified fatty acids, taurine conjugated bile acids and phosphatidyl-

choline (Moore and Chrístie 1984). In Ëhe niddle and. lov¡er jejumrn the

fatty acfds would be taken up by the uucosal cells from mÍxed ¡o-icellar

solutions consistíng of unesterÍfíed fatty acids, tauríne conjugated

bile acids and decreasÍng pïoportions of phosphatÍdylcholine and in-

creasing proportions of lysophosphatidylcholine (l"Ioore and thristie

1984) .
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Ruminant digestÍon of 1Ípid is charact"errzed by highly efficient

absorptÍon" Andrews and LewÍs (1970) determined absorption coefficient

for C16 and C1B fatty acids of. 83-92%. Lrhite (1985) reporred rhe

Ërue digestfbÍlity of sunflower oil was 83.4%. Furtheruore the effíciency

of absorption was not lor¿ered by gïeatly increasíng the díetary intake

of fatty acfds CHeath and Hill fg6g).

Although the faËty acid composiÈion of the lipids of lynph are

similar to the jejunal digesta unesterified fatty acid fraction, selective

absorption and incorporation into lipids may occur (Noble 1981). Overall,

the rate of fatty acid uptake and incorporation into the lyrnph lipids ís

Ín the order oleic (CIB:1)>palniric CCl6:0)>srearic CClg:0) acid (Noble

1981). Also the efficiency of the absorption of long chain fatty acids

Cc14-c18) increases wíth the introduction of a double bond or \,rith a

reduction in chaín length (Noble 1981).

I{hen rumínant animals are given diets containíng supplements of

protected fats or oils,large amounËs of triacylglycerols entei the

duodenum. In these cases 2-uonoacylglycerols have an important role ín

th.e micellar solubilizaËion of faËÈy acÍds as is observed in the digestion

of dieËary triacylglycerols ín the non-ruminant sma1l íntestíne (Thornson

and DÍeËschy 1981).

. QuantitatÍve1y the major lipids that enËer the ruminant enËerocyte

from ttre intestÍnal lumen consisË of unesËerified fatty acl_ds,

lysophospholipids and under some círcumstances 2-monoacylglycerors

(Moore and Ch¡is'tie 1984). The mechanism of absorptíon of these lfpids

in ruminants is unknown buË is it thought that transport from Ëhe ínner
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surfâ.ce of the microvill-us membrane to the smooth endoplasmic reticulum,

the site of tríacylglycerol synthesis ís mediated by a specific fatty

acíd-bíndíng protein (Ocknor and Manning 1974, I976).

The synthesis of Ëriacylglycerols in the ruminanË enterocyte can

occur by the o-glycerophosphate paËhr,ray or by the monoacylglycerol path-

way but under normal dietary condÍtions the latter pathway is línited by

lack of approprÍate substrate (líttle 2 monoglyceride is absorbed),

(Moore and Christie 1984). Thus most, fatty acids are incorporated ínto

triglyceride by the cl-glycerophosphate pathway with glucose serving as

the glycerol precursor (Palmquist and Jenkins 1980). The synthesís of

phospholÍpíds in the mucosal cel1s of the s¡¡al-l intesLine in ruuinant.

animals probably occurs mainly by the acylation of l-lysophosphol-ipíds

absorbed from the intesÈínal h:men (Moore and Christíe 1984).

Cholesterol is acËÍvely synthesized ín the uucosal cells of the rr¡mÍnant

snna1l intestÍne (Scott and Cook L975) " The mechanism of cholesterol

esterifícation in the ruminant enterocyte has noË been reported.

There Ís selectivíty ín the íncorporation of different fatty acÍds

Ínto the varíous lÍpÍd classes synthesfzed Ín Èhe mucosal cel-ls of the

ruminant smal-l- intestÍne. ChrÍstie and Hunter (1978) report that in

the intestinal lynph of srreep gÍven a normal diet, the tríacylglycerols

contaÍned onLy 7% of polyunsaturated fatty acids, compared with 277" In

the phosphatidyl-cholfne and 24.57" ín the cholesterol esters. Ihe

greatesË proportÍon of saturated fatËy acids was observed in the

trlacylglycerols and the greatest proportÍon of mono-unsaturated fatty

acids ín cholesterol esters
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The lipid components (triacylglycerols, phospholípids, cholesterol

and cholesterol esters) and a number of apoproteins synthesized ín the

bovine enterocyte are assembled inÈo lípoprotein particles ín Ëhe

enterocytes" The llpoproteíns are then passed into the lacteals, and

from there into the blood system via the intestinal and thoracic lynph

ducts (Sterzing er al. 1971).

The two major l-ipoproteins that are synthesized in the maumal-ian

enterocyte are chyl-omicrons and very Low density Iípoproteins (vtDL).

These two classes of lipoproteins are concerned wíth the transport of

triacylglycerols. Chylonicron-like particles from bovíne plasma are

composed of triacylglycerol-s, B7%; phospholipíds, 4%, chol_esterol, 4%;

cholesterol esters, 2%i and proteÍn, 3"/". Bovíne VLDL are courposed of

triacylglycerols, 74%; phospholípids , 7%i cholesterol, 7%: cholesterol

esters " 5%i and protein, 8% (Ferreri and Elbefn 19g2). chylonicron and

VLDL phospholípÍds conslsÈ ualnly of phosphatidylcholine (Christíe and

Hunter L978; Ferreri and Elbein L9B2).

under normâl conditions, three guarters of the lymph lipid is
associated with the very low densíty lípoproteins (VIDL) and one quarteï

wíth chylouÍcrons (Harrison et al-. L974). on entering the plasm,,

chylomícrons and wDL acquire apo-E and apo-c by transfer from plasma

HDL synthesized in the liver (rnaízunÍ et al. 1978). Acquisítíon of

apo-C ensures that the catabolLsn of chylomícrons and VLDL ís díverted

away from the lÍver towards extrahepatÍc tíssues (Moore and Christie

1984). Lipoprotein lípase r¿hích is bound ¿e the endothelial surfaces

of the capillarÍes that permeate exËrahepatic tissues, hydrolyzes core
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triacylglycerols of plasma chylonícrons and VLDL particles to fatty

acids and partial acylglycerols (Mendelson et a1. I976). These hydrolysis

products are then taken up at the site of hydrolysís and utilized for

energy production, the synthesís of adipose tissue triacylglycerols or

the synthesis of nilk fat (Moore and ChrÍsrÍe 1-981_) .

Milk Fat Synthesís

During peak J-actation, bovine uânmary tissue secretes approximately

50 grams of ní1k fat per kilogram of tissue per day (Cl-egg 1931).

About one-half of ní1k fatty acids are synthesized de novo in the gland

using acetate and ß-hydroxybutyrate as carbon sources (Palmquist and

Mattos 1978). Acetate is used to a larger exteïrË as only one-sixth

of the fatty acids are derived from B-hydroxybuËyrate (PalmquÍst and

Mattos 1978). The remaíning 50% arises by esteríficatíon wiËhin the

gland of fatÈy acids absorbed from plasna f-ipids (Clegg l-981).

The short chain, (c4-c10) and medium chain, (c12-c16) even numbered

fatty acids are synthesÍzed in the marÍmary gland from acetate and

ß-hydroxybutyrate (Thonas and Chamberlain 1984) " This synthesis accounts

entirely for the secretíon of the short chaín acÍds in mi1k, but a pro-

portion of the medium chain acids uay be Ëaken up preformed from the

blood lipids, maÍnly from the lípoprotein trigl-ycerides (Storry 1981).

I^Iaki1 and Gibson (l-960) showed that tlre príncipal mechanism of

faËty acid synthesis in ¿þs marr¡mery gland lnvolved two basic reactions.

The firsË reactíon concerns the carboxylatíon of acetyl- CoA to form

malonyl coA and ís catalyzed by acetyl-coA carboxylase. subsequently
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under the action of a complex of enzyues which collectively fonos faLty

acid synthetase, mal-onyl-CoA is successÍvely condensed with a primer

fatty acyl-CoA molecule r,¡hich Ís extended by increments of Èrvo carbon

units. Thomas and Chamberlaín (,1-984) report thaÈ although the initíal

primer molecule in most tissues is acetyl-CoA, Ín the mânrmary gland

butyrl-CoA formed frou 3-hydroxybutyrate or synthesized from acetate

can also act as a primer. This mejor pathway for faËty acid synËhesis

in Ëhe marnmary gland is knoum as the malonyl pathway (.Thonas and Chamber-

lain 1984). A mlnor patflt^ray through which butyrate is formed by a

reversal of B oxidation has been shown in mammary tíssue (Moore and

Christie 1981). Also direct íncorporation of ß-hydroxybutyrate as a C4

molecule whÍch may subsequentl-y be eLongated by further additions of

acetyl-CoA occurs in the mâmmary gland (.Storry 1981).

The J-ong chain, (CIB), fatty acids of nilk fat are derived entirely

from the blood lÍpoproteins as are some of the medium chain CC12-C16)

fatty acids (Storry 1981) " Th.e bLood lipoproteins are presenË as VLDL

and as chylomicrons. The VLDL may be of intestinal origÍn or may

oríginate ín the liver (Thonas and Chauberl-ain 1984). Most dietary

faËty acids (C12-C18) are absorbed into the lynphatic system from the

srnall íntestine and thus bypass the líver enËering the arterial cir-

culatíon vÍa the thoracic duct (Thouas and Chamberlain l-984). Absorption

fnto the portal blood ís restricted to fatty acíds contaÍning 1-0-12

carbon atons or less and therefore is of littl-e quantítative iuportance

(Thomas and Chamberlain 1984). However the liver does contríbuÈe VLDL

to the blood and derÍves Íts fatËy acíds from either dietary absorption



22

or fTom lipolysis in adipose rissue depots (clegg 1991). Also fatry

acids may arise rv-ÍÈhin the 1íver itself by conversion from lipogenic

precursors or lastry by hydrolysís in the liver of triglyceride

scavenged fron lipoproÈein remnanrs (Clegg 1931).

Incorporation of plasma trigl-yceride fatty acÍds into milk fat in-

volves theír complete or partial hydrolysis by lipoproteín lipase Ci,rr,¡,

located Ín the capillary endothelium of the manrmary gland (clegg l9g1).

The fatty acÍds released by the actíon of LpL are in part in-

corPorated into nilk fat w:ithout. modificatíon, but ¡þs mamm¿ry gland has

a desaturase systen w-ith a high affínity towards stearÍc acid and there

is a substantial conversion of C18:0 to C18:1 (Thonas and Chanberlain

1984). The same desaturase systen appears to attack medium chaín length

fatty acÍds buÈ with much reduced actÍvity (Thonas and Charnberlain

1e84) .

Mendelson et a1. (L976) suggest Èhat hornones responsible for rnilk

secreËion night direct díetary fatËy acíds to the narmary gland by

stimulatíng LPL activity in mammary tissue while suppressing actÍvity
in adípose tissue. This inverse relationship of LPL activíty in adipose

¿nd p¿rrm¿ry tissues is co-ordínated during pregnancy and lactaËion as

shown Ín FÍgure I (Hanosh et al. l-970).

IÈ is dÍfficult Èo quanËify transfer rates for índividual díeËary

acids to uÍ1k. The factors influencÍng the transfer of díetary fatty
acids Èo milk are ouËlined in Figure 2 (Storry 1981). The transfer rate

depends on the âmounts of fatty acid provÍded in the diet, on the level

of nilk fat production and on the metabolic equÍlibrÍum of adipose
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tissue as affected by stage of lactation and input of glucogenic

nutrients (.Storry 1981). Fatty acíds of less than 12 carbon atoms show

low rates of transfer to mílk because of their absorption from the rumen

and rapid uetabolism by marrmary, hepatic and other tissues (Dimenna and

Emery 1980). Reported values for net transfers of other fatty acids from

diet to milk vary greatly. Measurements of the net transfer of increasing

palmitic acÍd levels from diet to uilk range from 29% to 9oZ coupared

rr¡ith values of. L9-65i( for rotal c18 fatty acids (Bitnan er al. L973;

Banks eÈ a1. L976; srnith er a1. 1978). snith er al. (1978) reporred

transfers of protected dietary fatty acids to nilk frou uediun and high

fat díets of. 35"/" and 25% respecËively. Reduced transfer of fatty acids

to nilk occurs on high grain diets refl-ecting an increased partition of

acids into adipose Èissue (Kikeeva 1980). Glascock er a1. (Lg7g, 1980)

found a decl-ine in transfer of labelled tríglycerides to nilk fron 3OZ

in early lactatÍon to 5"A in late lactatíon. The effect of stage of

lactatíon and proportions of dietary concentrates on the partition of

díetary lipids anong milk, adipose tissue and oxidatíon are orobably

mediated by recÍprocal- changes in the secretion of growth hormone and

insuli'n (Hart et al . L978, L979; Bines er al. LgTg) and possíbly a]_so

of proLactin (Baum¡n and CurrÍe 1930).

Th.erefore th.e fatty acid components of nilk faË triglycerides are

eÍther synthesÍzed ín the tissue or they are derived from the lipids

cÍrculating in the plasma. These fatty acids are then esterÍfied into

trÍglycerÍdes maínly by the phosphatídíc and diglyceríde pattrway and

finally incorporated inËo the nilk fat globule (Storry 1981). Positional
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disËributors of f.axty acíds ín the milk triglycerj_de molecule show

definite paËterns and probably reflect specificiÈy of the acyltransferases

required for the esterificatíon at each position (Moore and Christie 1981).

Fat Supplementation

The use of fats as an energy source in dairy ratl-ons has received

substantial attention ín recent years. The high caloric value of fat

(2.25 Ëimes that of starch) has heightened this interesr in light of

the increasing energy requirements to sustaín hígher ní1k productíon on

l-inÍted feed intakes. InvestigaËors have used saturated fats and oíls,

unsaturated fats and oi1s, protected fats and oil-s, and r¡hoIe oil seeds

as sources of fat for supplementation of rations. Their results have

been as varíable as the fat sources due to differences ín the basal

diets supplemented, the fat source used, the frequency of feeding, ttre

level of supplementation and the productivity and stage of lactation of

the cor¿s fed the Ëest rations. Milk production, ïumen fermentation, milk

compositÍon and blood cholesterol levels are infl-uenced by fat supple-

menËation.

Effect of Fat Supplementation on the ftumên

Reports throughout the literature of changes in rumen microbíal-

populations, in ammonía, methane and volatile fatty acid productÍon and

of reduced cellulose and fibre digestíon in response to dieÈary lipíd

supplements clearly show that Ëhe basÍc pïocess of rumen fermentation is

affected (Storry 1981). However the mechanísm by w?rich faÈ affects runnen

fermentation is not clearly established.
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Devendra and LewÍs (1974) suggested four theories to explain nega-

tive effects of lipid supplementation on fibre digestibility: 1) physi-

cal coating of the fíbre r^rith fat preventing ur-icrobial attack; 2) modi-

fied rumen microbial population due to toxic effects of fatty acids on

uicrobes; 3) inhíbition of miq¡obial actívity from surface active effects

of fatty acids on cell membranes; 4) reduced catíon avaílabil-ity from

formatíon of insoluble comFlexes with 1-ong chain fatty acíds thus causing

mineral deficíencies or affecting rumen pH. Orskov et al. (1978) showed

that physical coating of dríed grass with tallow did not inhibit

digestíon of fibre in nylon bags suspended in the rumen of sheep fed

normal diets but digestion was inhibited ín sheep fed tallor¿'. The theory

of inhibitory effects of lipids on mi s¡eþíal population and activity is

also supported in work done by Maczulak et al. (1981), Henderson (1973),

El Hag and Miller (L972). Reports on changes in the rumen assocíated

wíth high fat diets are conflicting ín regard Ëo fibre digestibíliry,

acetate to propionate ratios and feed intake.

Heinrichs et a1. (1982) noted a reduction ín the quantity and

length of initial meals of diets supplemenËed r^7ith fat with a subse-

quent increase ín the number and size of spontaneous meals so that daíly

consumpÈion l¡ras not different. de Visser et al. (1982) also noted that

the rate of íntake decreased and fat suppl-emented concentraËes were

eaten in several snal1 quanËities. However overall intake rras not

depressed'ín this study.
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steele (1984) nored depressed dry matter inrake (DMr) of silage

supplemented with unprotected fat however Pafunquist and Conrad (1980)

did not find a similar decrease with addition of fat to a grain mix.

Bines et al. (1978) describes reduced intakes of forage and concentrate

as lipíd supplementation increased usíng a protected lipid. Macleod

et al. (1977) found a similar intake depression.

Bernard and. Amos (1985) and snirh et al. (1978) reported no sig-

nificant differences in DMr wíth whole cot.tonseed as a lipid source.

White (1985) reported that tot,al- DMI T¡ras not different in animals fed

whole sunflower seed diets or free sunflower oil diets. Grumpelt et

al. (i984) found significant íncreases in DMI ¡¿ith higher levels of

r¿hole canola seed. Kennelly (1983) found decreases in DMI when rol-led

or crushed canola seed was used as a fat supplement. Sínilar1y, sharna

et al. (1986) noted depressed DMI wiËh calves fed ratíons containing

pelleted canola seed. I^Ihole sunflower seed incorporation in calf

rations did not affect DMr (sharma et al. 1986). However, Anderson et

al. (1984) shor¡ed decreased feed intake of diets containíng whole sun-

flower seed.

Since resPonses ín feed intake appear to be variable efforts musÈ

be direcËed ad adjustíng for decreases ín intake r^rith increased nutrient

density and/or in establishíng dietary fat levels that do not cause a

negative response in feed intake. Feeding sysÈerus may also require

adjustment if eating behavíor is changed by fat addition. clearly

there is much work to be done ín thís area.

Fibre digestibility was noË decreased by supplemenËatíon r,rith a
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90% talLow and I0Z pahn kernel oí1 mixture at 4.9% to 8.4% of. total DMI

(van der Honing et a1. 19s3). Tamminga et al. (1983) reporting from the

same experiment noted Ëhe nuuber of protozoa were severely reduced when

fat was fed at 8.4% of DMr. At this high Ievel of supplementation a

decrease in Èotal ruminal volatíle fatty acid (vFA) was noted and a

shift in VFA proportions to more propionate and less butyrate occurred.

Pahnquist and Conrad (1978) found a lor.¡er acetate to propíonate ratío

when whole ravr soybeans were fed but not v¡hen relatively saturated

hydrolyzed fat was fed. Fibre digestibility was not affected by fat

supplementation in this experiuent. sharma et al. (1978) reported

s1íghË decreases in the proportion of propionic acíd and slight íncreases

in the proportion of acetic acíd when cows were fed protected tallor¿ in

place of barley and soybean meal-. Bínes et'aI. CfgTA) repoïted. reduced

fibre digestibility when a protected lipid was fed. Also concentratíon

of total vFA decreased progressi-e1-y as the íntake of fatty acid in-

creased and raLios of aceÈate to propíonate r^rere reduced on Ëhe lipíd

supplemenËed diets. Astrup et a1. (1976) fed protected vegetable oils

and saw no effect on molar percentages of aceLic, propionic and butyric

acids in rumen fluid.

Ruegsegger and Schultz (f985) showed a significantly lower acetate

to propíonate ratio of ruuen acids r,¡hen feeding whole soybeans. Volatile

faËty acid levels were lower ín corn¡s fed canola seed however proportions

of VFA qrere not influenced (Kennelly 1983). Snith et al. (1981) reporLed.

that hthole cottonseed had no effect on digestibíLíty or availabíIity of

dieÈary fibre. A]-though there was a tendency for cows receiving r¡hole
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cottonseed to have a higher acetate:propionate ratio, the effect rnras not

significant (Moody 1978, Anderson er a1. rgTg). Murphy er al. (r9g4)

noted decreased rumen digestibility of cellulose vrith addition of full

fat crushed rapeseed to rations. Concentration of tot,al VFA in the rumen

decreased with increasing amounts of rapeseed and propionate proportions

ín the rumen Íncreased slíghtly wiËh fat supplementation ín this sËudy.

Sharna et al: (1986) reported marked reductions in apparent digestibility

of acid detergent fibre (ADF) in calves fed extruded canola seed and

increased apparent digestibility of ADF ín calves fed ¡¿hole sunflower

seeds. Rafalor¿ski and Park (1982) noted increased acetate concenËration

in the rumen r¿ith inclusíon of sunflor¿er seeds at 207" to 307" of the diet.

However ruminal acetate to propionate ratios r^rere unaffected by treatment.

McGuffey and Schingoethe (1982) reported no effect on ruminal concen-

tratíons of VFA when sunflower seeds were added as a rolled or extruded

product to the ratíon.

Kowalcyzk et al. (1977) observed that successive increments of

tallow decreased fíbre digesËibility and anmonia (NH3) concentrations

in the rumen of sheep and suggested decreased fibre digestibilitíes may

be mediated by low NHr. TanrmÍnga et al. (1983) also recorded reductions

in ruuinal Mg concentratíons after supplementing cow díets with tallovr.

contrarÍly Palmquist and conrad (1978) have observed íncreased NH,

level-s in the rumen on high fat diets. orskov et al. (1978), working

úrith sheep, did not $¡itness lowered NH3 l-evels w-ith faË supplementatíon.

sharma eË a1. (1978) reported no change in NH, levels when protected

ta11ow r¿as fed.
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It appears that effects on ruminal metabolism with supplemental

fat are raËher ínconsistent. Ho¡n'ever it. has been establíshed that

fatty acids particularly polyunsaturates, are inhíbítory to mícrobíal

growth (Henderson 1973, Gal-braith et a1. L97I). Decreased fibre di-

gestibility and subsequent fluctuations in total VFA and VFA proportions

have been reduced by additíon of metal cations particularly calcium

(Palmquist and Jenkins 1gS0).

ìLíller et al. (1970) showed that dígestibility of nalt distillers

grains was íncreased by renoving 1ípids or by the addition of calcium

salts. Galbraith et al. (1971) showed bacteriacidal effects of long

chain fatty acíds and how they could be greatly díniníshed by the
.,J- ,L

presence of Ca'' and Mg'' ions. El Hag and Miller (L972) observed

reversal of depression in fibre digestíbílíty by fatty acids in the

artifícial rumen by addítion of c"2* iorr" but not with other cations.

Palmquist and Jenkins (1980) postulated that calcíum improves di-

gestibility of hígh fat rations by foruing insoluble soaps r¿hich remove

Ëhe fatty acids from solutions so they are no longer avaílable to bind

to the rumen microbíota. Jenkins and Palmquíst (l-982) in an in vitro

study deternined that the more r^raEer soluble forms of calcíun (i.e.

calcium chloride) increased ínsoluble soap formation and dígestibility

more rapidl-y and extensively. This study also reveal-ed Ëhat fatty acids

differ in the extenË to whích they react wíth cations to form insoluble

soaps. Increasíng saËuratíon and chain length both íncreased the exËent

of insolubl-e soap formation and is in agreeuent with earl-ier r¡ork

(Demarne et a1. l-970). Jenkins and Palnquíst (L982) poínted ouË that
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soap formation in the rumen rquires time and hígh fat diets \,/ith

calcium may improve digestibílity less if solids turnover is fasrer.

In a later study, Jenkins and Palmquist (1984) tríed to overcorne

the influences whích linit formation of soap in the rumen v¡hen fat and

calcium r¿ere fed separately by adding fat to raËions as preformed soaps.

However fatty acid digesËibility r^ras reduced as was digestibility of

energy. These decreases in digestíbility were attríbuted to incomplete

díssociation of soap ín the abom¡sum or reformation of calcium soaps ín

Ëhe intestines and subsequent excretion in Ëhe feces, due to excess

calcium (Jenkins and Palmquist 1984).

Most recently Palmquist et a1. (1986) deËermined the effect of

dietary fat and calcír¡m source on insoluble soap fornation in the rumen.

They reported that addition of fats to díets tended to lower the ratio

of acetic to propionic acids (A:P) in the rumen and that dicalcigm phos-

phate and Limestone partially corrected the A:P ratio and thaË soluble

calcium chloride completely restored Ëhe A:P ratio to that of a control

diet with no added fat. Hor.¡ever Palmquist (1986) concluded thaË ben-

eficial effects of adding calcium to high fat diets \^rere not caused by

increased calcium soap formation in the rumen.

chalupa et al. (1984) suggesred Èhat hard fats (saturated 1-ong

chain fatty acids) and calcíum salts of long chain faËty acids did noË

interfere srith fennentatíon by rumen mícrobes sustained in batch cultures.

LaËer, chalupa et al. (1986) using an in vivo sËudy, reporÈed only mild

responses in the rumen to calcium salts and hard fats confirning the

effecÈiveness of these fat forms in protecting mÍ.crobes from adverse

effects of fat. However Chalupa et al. (i986) note thaË dietary buffers
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should be used vrith cal-cium salts to maintain ruminal pH so that dís-

sociation of salt does not occur.

storry (1981) suggests that effects of dietary lipÍds on rumen

fermenËation and fibre digestíbilíty can be reduced by feeding them as

natural unextracted seeds or in various protected forms. Palmquist and

Jenkins (1980) did not observe reduced fibre digestibiliËy and proposed.

niniural effects of fat on fibre digestibílity in practical diets due to

relatívely high food intakes, high fibre ratíons and low retention times.

Fat Supplementation and lÍilk Production

Clapperton and Steele (1985) observed that dietary supplemenËation

T.Iíth tallornr at 3% of toËal dry -r¿¿gr intake (DMI) increased nílk yield

of cows fed this raËion whereas soybean oi1 at the same leve1 had no

effect on rnilk production. Murphy and Morgan (1983) found no change ín

nilk yield when ratíons $iere supplemented at 5.2% oÍ. DlfI r¿ith tal-low.

de Visser et al. (1982) fed a míxture of Ll7" tallow and lZ palm kerneL

oil at 7.6% of. DMI and reported increases ín roilk production. Mattias

et al. (1982) fed concentrates containing 5% added tallow to fírst and.

second lactatíon Holstein cows ín early lactaËion. Both first- and

second- lactation cor¿s fed fat produced more faÈ-corrected nilk, but

heifers only, responded nith a higher rrílk-fat percentage, whil-e older

cor¿s had an equal nilk fat percenËage but produced more rnilk. Palnquist

and Conrad (1980) experímented with Ëallow and blended vegetable fat at

both 3.37" and 52 of DMI" Milk yield was decreased with tallor¡r at 5% of DMI

and. r.ras unaffected by the other ,r."a*"nr". Wrenn et al. (l-978) observed

increases of 8-I0Z ín milk production r,¡ith additíon of unprotected
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tallor¿ ax 2.5% of Dl"[. Goering et al . (1977) fed soybean oil or cotton-

seed oil to supply 5.8"/" fat in the ration compared to 3.3% Lipj.d for the

unsupplemented conËrol. Yields of rnilk were not affected by treatment.

Recent work using protecËed fats and oíls resulted in siuilar

variation in response. vicente et al. (1984) fed 5.62 of the DMr as

protected tallow and witnessed significant íncreases in yields of mil-k.

This fÍndíng was in agreement vrÍth simílar work done by Murphy and Morgan

(:1983). SuÍth et al. (1978) fed protected talloü¡ to gÍve fat percenrages

in the rations of 2.97" (no fat suppleuent) 8.47" and L4.37". Treatments

dÍd not affect urilk yields. A parallel response r¡ras reported by Sharna

et al. C1978). Wrenn et al. (1978) reported increases in nilk yield of

be.tween 8"/" and 102 when protected tallow r^ras fed at 2"5% (.actual tallor,r)

of DMI. GoerÍng et al. (L977) fed protected soybean oil and protecËed

coÈtonseed oÍ1 to supply 5.8% f.at in th.e ratíon (-control was 3 .37" f.at) .

Yíelds of milk ürere not affecÈed 6y treatment. Astrup et al. (Lg76)

usÍng protected coconut oí1, protected hydrogenated soybean oil and

protected soybean oi1 as 1ipíd supplements reported increases Ín míIk

yÍeld" Goering et a1. (.L976) fed a protected safflower oil supplement

at 3.4% (aetual safflower oil) of DMI and observed no effect on mílk

production.

The use of wñole seeds as lipid sources 5as increased due to avaíl-
abflÍty, handling ease and th,e natural protectÍon offered by the seed

coat. Bernard and Amos C1985) fed whole cottonseed or pelleted r¿hol_e

cottonseed at L2.5% of DMI . There r¡ras no treatment effect on milk yield.
Ruegsegger and Schultz (1985) fed heat treated r¿hole soybeans Ëo íncrease

fat percentage in the ration by 27" over the conÈrol . There r^r'as some
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stimulation of rnilk production with supplementation. Gruurpelt et aI.
(1984) fed r¿hole canola seed at 0, .5, 1.0, 1.5 and 2.0 kg/day and found

no effect on mÍlk production. Murphy et al. (19s4) reported milk pro-

duction r¡/as not influenced by supplementation r¿ith full fat crushed

rapeseed aË up xo 12"Å of DMr. Handy and Kennelly (1983) fed 3.6"Á of.

DMI as whole canola seed and did not ínfluence uilk yield. Srnith et al.
(1981) fed r¿hoIe cottonseed at 0 to 25% of a complete ration. There

r¡ras no effect on milk yield. l'foody (1978) also found no effect on milk

production using cottonseeds. Frank (1981) investígated the effects of

whole rapeseed on strarrr and hay based rations at 2"Á of the ration dry

matter. SignÍficanLly higher yieJ-ds of ¡uilk were observed r,¡ith the

strar^r but not wíth the hay-based diet.

Finn et a1. (1985) fed cor¿s in early lactatíon rolled sunflower

seeds aË 10% DMr. There \^/as no irnprovement in mílk yíeld with lipid

supplemenËation. trrrhite et a1. (1985) noted significant increases in

nilk yield with ínclusion of whole sunflower seed versus sunflor"rer oil.

Anderson et al. (1984) fed LO% of DMI as v¡hole cottonseed, 57" of DMI as

extruded soybeans or L2% of DMr as whole sunflower seed. The whole

sunflower seed diet decreased nílk production. However Rafal-owski and

Park (1982) noted signíficanË íncreases in nilk yield when coÌ¡rs r¡rere

fed IA"/" of DMI as whole sunflower seed. McGuffey and Schingoethe (1982)

fed sunflower seeds and noted no improvenent in nilk yield.

. 
Although results do vary, there generally seems to be eíther a lack

of response in nilk yield wíth dietary f-ipid supplementation or an ím--

provement. Palmquist (1986) reviewed a surnmary of many milk productíon
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trials completed by Østergaard et al. (1981) that demonstrated a curvi-

linear response ín nílk yield which Tras greater for high-yíelding cows

(Fígure 3).

Óstergaard et al. (1981) also noted a linear increase in urilk yield

with protected fats but a curvilinear response to unprotected fats

(rígure 4).

There appears to be a need for further investÍgation of the effect

of dietary fat supplemenËation on milk production so that responses

are more predictable.

Effect of Fat Supplementatíon on Milk Composítion

The yield o^f total fat in milk depends upon the co¡nbined contri-

butions of fatty acíds derived from íntramânmary slmthesis and from

lipoproËein triglycerídes or unesterified faÈty acids of blood plasma

(Storry 1981). Increases in the proportions of dietary fatty acíds and

their respective uono-unsaturated counterparts together wíth decreased

proportions of al-l other acíds have been characteristíc of uilk fat

when fat Ís added to the ratíon (chrístie 1981). The effecËs of fat

supplemenËs on nilk fat secreËion reflect the inËeraction of the positive

influences of the fats in íncreasíng the supply of preformed fatty acids

to the rnarmary gl-and, and the negaÈÍve infl-uences that accrue through

the inhibition of manrmary acetyl-CoA carboxylase actirrÍty and through

the iupact of the fat.s on fermenËaËion ín the rumen (Thom¡s and

Chamberlain 1984).
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current literature suggests that nirk fat yield is generally de*

creased when unprotected, unsaturated fats were fed (clapperton and.

steele 1985, steele L984, de visser et ar" LgBz, clapperton 19g2,

Banks et al. 1980, Goering et al. L976). Feeding unprotected saËurated

fat increased nilk fat yield (steele rg}4, clapperton and steele 1983,

PalmquisË and conrad l-98o) or had no effect on nilk far yiel-d (Murphy

and Morgan 1983, Palmquist and conrad 1978, wrenn et al. 197g). Thom¡g

and Chamberlain (1984) revier¿ed a nuuber of experimerits using a variety
of faÈ sources at moderaÈe levels of ínclusÍon and concluded that nilk
fat yield ís increased with saturated fat supplements but is not changed

or ís reduced vrith unsaËurated fat supplements.

The "vegetable" oils used as fat supplements ín animal diets contaÍn

high proportions of unsaturated long chain fatty acíds. Total unsatu-

rated fatty acid contents as percents of the fat are 87.5% for canola

oíJ-, 69.5% f.or cottonseed oiI, 80. BZ for soybean oil and g5.21¿ for sun-

flor¿er seed oil (Table 3) (National Research council LgB4). The mosr

ssÍmenly used comparatively saturated fat source is tallow r"ríth an un-

saturated fatty acid content of 43.9%. There are also various animal-

vegetable fat blends used wíth varying saturaËed and unsaturated fatty
acid compositions" Hydrogenated vegetable oi1 refers to a relatively
saËuraËed product.

The negaËive effects on nílk fat percentage noted previously when

referríng to unprotected unsaturated faË supplementation are Ëherefore

characËeristic of supplementation wíth most free vegetable oi1s"

Christíe (1981) reviewed several feeding trials in vrhich vegetable oí1

supplemenËs r,rere added to the diets and found Lhere was either no
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signifícant effect on milk fat yield or it was depressed relative to

that of the non-fat supplemented control animals. Banks et al . (LgBz)

reported that soybean oil fed as free oil decreased nilk fat content

whereas the oí1 present ín crushed whole soybeans maintained or increased

the proportÍon of nilk fat relaËive to a 1ow-fat control diet. The

crushed, unextracted seed proËects the rurnen from the deleterious effects

of the free oil and causes a slower, more controlled release of fat

into the rumen (Banks et al. L?BZ).

Incorporation of protected faËs, both unsaturated and saturaÈed

ínto Ëhe dieË resulted in increases in nílk fat yield (vicente et al.

1984, Murphy and Morgan 1983, Paluquist and Moser 1981, Kronfeld et'al.

1980, smith et al. 1978, I{renn et al. 1978 and sharmn er al. 1978).

Feeding of oilseeds resurted in increases in nilk fat (ürhíte et al-.

1985, snith et al. 1981, Frank 1981, Banks eË aI. l98o, Mood.y 1978 and

Chrístenson et al . L978), or more cott'monly no change in milk faË yield

(Ruegsegger and Schultz 1985, Finn et al.1985, Grumpelt et al.19g4,

Murphy eË al. L984, Rafalowski and Park 1982, Thourlce 1981 and Anderson

et al. L979).

The decreases in nilk fat reported r¡riËh addition of f.at are due to

lor,¡ered outputs of fatty acids (c4-cl6) synthesized de novo in the

Eìaûunary gland (Banks eÈ al, f982). This depressed in!¡¿a¿rrm¡ry syn-

thesis of fatËy acids has been attributed to: 1) an altered production

of VFA in the runen' decreasing supplíes of acetate or ß-hydroxybutyrate

to the maÍmary glans; and/or 2) to a direct inhibition of marÍmary acetyl

CoA carboxylase acËivity through increased m¡unélry uptake of long chain
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fatty acids from plasna triglycerÍde (Banks et al. Lggz" Moore and

christie 1981, storry 1981). Evidence for the first mechanism is

based largely on observed changes in. ratios of the major rumen vFA in

response to díetary f-ipid suppleuents and the absence of thís effect

is often interpreted as evídence for the alternatíve inhíbítion of
mârÍmary lipogenic enz)rme acËívíties (Christíe 19g1).

FaÈty acid composition ís affected by dietary fat supplementation

regardless of whether the effect on milk yie1d is positive oï negatíve.

Positive responses ín nilk fat occur because of increased uptake of

plasm¡ f.atty acÍds wiËh sualler proportional decreases in fatty acíds

synthesized de novo in the marnmary gland (yang et al. 1g7g). Decreased

de novo synthesis of short chaín fatty acids ín the maumary gland with

increased uptake of long chain fatty acids is a clearly established

phenomenon (Paluquist and Jenkins 1980).

Dietary fats can alter the fatty acíd couposition of milk fat ín

a number of ways. Fatty acíds may be absorbed and transported to the

mammâry gland where they are esterified unchanged; al-tered in the rumen

by hydrogenation and esterifíed ín the hydrogenated form in the mzrÍmzry

gland; or fatty acids m¡y be nodified by desaturation in the maÍrm2ry

gland before esÈerifícation (Christie 1981). Also the decrease in de

novo synthesis in the narnnary gland of C4 to C16 fatty acids nediated

by dÍetary fat suppleuentaüion at the ruuinal and/or naünary gland sig-

nificantly affects the proportions of the different fatty acids found

in nilk fat.

christie (1981), ín reviewing several experíments ín whích high
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levels of tallow were fed to lactating cows e repoïts that yíe1ds and

relative percentages of stearic (ct8:o) and oleic (cl8:l) fatty acids

were increased and those of medium chain (ct4:0-c16:0) fatty acids

tended to decrease.

Clapperton and Steele (1985) reported the proportion of short chaín

and of 16-carbon fatty acids, (palniËic, palmitoleÍc), in milk were

reduced and that of l8-carbon fatty acids, (stearíc, oleic, linoleic,

linolenic), increased wíth addition of soybean oil or talIow to the

diet. steele (1984) noted a decreased yield af. c4 ro c14 fatty acids

in nilk fat with both tallor^¡ and groundnut oil additions and decreased

palmitÍc (c16:0) acíd with Ëhe groundnur oi1. Banks er al. (1980) fed

soya oi1 and reported decreased proportions of shorË and intermediate

chain fatty acids and increased proportions of clg acid.s. palmquist

and Conrad (1978) report simÍlar findings r^ríth additions of ground raw

soybeans or hydrolyzed f.at to the diet.

Feedíng protected fat resul-ted in a 40"/" to 50"/" depressíon of fatty

acid synthesís in the manmary gland and increased transfers of dietary

fatty acids Ëo milk fat (Srdrh er al. 197g). Wrenn er al. (1978) found

lowered concentrations of lauric (cl2:0) and uyrist,ic (c14:0) acid and

40"1 increases in ol-eic acid (C18:1) concenËration by feeding protected.

tallow. sharma et a1. (1978) reported íncreased concentratíons of

sÈearic (cts:o¡ and ol-eic (cta:l) acíds in nílk while other fatty acids,

(C6-c16) 
' were decreased with higher díetary concentratíons of protected

fat. síni]-arIy, Dunkley et al . (L977) found feeding protected tal_low

caused signÍficant decreases ín weíght percentage of all fatty acíds
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except aceËic (c4:0), palur-iroleic (cl6:l), stearic (crg:o) and oleic
(CIB:1) .

The feeding of oilseeds also caused depressions in short and. med.ium

chain fatty acids synthesized de novo ín the marmary gland and increased

proportions of dietary long chain fatty acids. However l{hite et al.
(1985) reported increased molar proporËions of n-ílk fat short chain fatty

acids with diets supplemented with whole sunflor^¡er seeds versus diets

supplemented with free sunflower oí1. Handy and Kennelly (1983) noted

significantly hígher levels of sËearic (cl8:0), oleic (clg:1), linoleic
(Cfg:Z) and linolenic (C18:3) fatty acids in nilk fat and reduced. levels

of lauric (c12:0), uyrisric (cl4:0) and parniríc (c16:o) acids when

feeding ground whole canola seed. The fatty acíd profile obtained ín

feeding cracked soya beans showed decreased shorter chaín fatty acids

and increased cl8:O fatty acid (Banks er al.1980). Thonke (19s1) re-
ported increases in CIB acids flom 431l to 5LZ ¡¡hen whole ïapeseed. ¡nras

fed. Feeding sunflower seeds caused lor"rer proportions of C14 and C16

fatty acids in milk fat and higher levels of CIB faxty acids (Finn et al.
1985, Rafalor¿ski and park 1982 and McGuffey and Schíngoethe 1982).

ìfi1k proËein contenË is often reduced by díetary fat supplementation

but uilk protein yield is not always adversely affected (Thoulas and

Charoberlain 1984). Decreases in protein content can most often be seen

when protected fats are fed (Murphy and Morgan 1983, Palmquíst and. Moser

1981, sharma et aI. L978, smirh er al. l97B and Dunkley er al. Lg77).

However some workers have recorded no decrease in nilk protein (Kronfeld

et al. 1980, Goering et al . L976, trrlrenn et ar. ]'976), while Astrup et

al. (r976) actually noted increases in uíIk protein percentage when
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diets r^rere supplemented with protected fat. unprotected fats have

either negatively affected proteín contents (Murphy and Morgan 1983,

de visser et al. 1982) or had no effect (clapperton and steele 1983,

PalmquÍst and Conrad 1978, Goering et a1. Lg77). Additíons of oilseeds

as Ëhe fat supplement have usually not affected nilk protein levels
(Bernard and Amos 1985, Ruegsegger and'schultz 19g5, Murphy et al.

L984, Handy and Kennelly 1983, Rafalowski and park 1982), however in

sone cases nilk protein conteDt was decreased by oilseed additíon

(Anderson eË al. 1984, smirh er al. 1981). In terms of individual nilk
proteíns, reductions have been observed in both casein and lactalbumen

(Snith et a1. L978, Dunkley er al. Lg77).

Emery (L978) reviewed neans of increasing ur-ilk protein and suggested

that additions of lipids to rations míght linit blood glucose levels due

to lack of dietary carbohydrates. Since glucose is the substrate for

lactose synthesis and it is also a najor source of energy (in addítion

to acetate), for milk protein synthesis, the decrease in milk protein

might be due to restricted availability of glucose (Emery 1978). snirh

et al. (1978) suggest the decrease also may be due to a direct effect of

the fat supplemenË on synthesis of these milk conponents. Dunkley et al.
(L977) postulated excessive protected lipíd supplement in the ration

uight decrease carbohydrate available to rumen microbes enough to de-

press production of m'ís¡obia1 protein. Horner et al. (1936) noted de-

pressed microbial proÈein synthesis when l-52 whole cotËonseed r^ras fed.

Paluquíst and Moser (1981) concluded that dietary fat may impair amino

acÍd transporÈ into the rnannary gland and nilk protein synthesis by
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índucing insulin resistance (inabilíty of insulin to stimulate tissue

glucose utÍlization). There appears to be no clear underst.anding of

the mechanism by r,¡hích faL supplements reduce mílk protein conËenË.

The problem of uilk protein depression associated with fat supple-

mentation has been reuoved ín a limited number of experíments using

niacin. Horner et al. (1985) fed 6 grams of niacin r¿ith r.rhole cotton-

seed and allevf.ated a nilk protein depression noted when whole cotton-

seed was fed alone. rn a later study Horner et aI. (1986) added .07%

niacin t.o a diet suppleuented with 152 whole cottonseed. Results in-

dicate niacín increased ruminal protozoa numbers and microbíal protein

synthesis which may affect rnilk protein levels.

Effect of Fat SupplemenÈation on Blood Cholesterol

Increased blood cholesterol- levels have occurred when feeding pro-

tected tallow (sniËh eË al-. L978, shanna eË a1. L978, Macleod et al.

L977), protected polyunsaturates (Yang et al. L97B,I^Jrenn et al. L978,

L975, Goeríng et al. L976) and whoLe oilseeds (Fínn er al-. l_985, park

and Rafalowski 1983, Rafalowski and Park 1982, Christensen et al. 1978).

Bitman et al. (1973) proposed that hypercholesterolemia in cows fed high

fat dieËs could be caused by an oblÍgatory íntestinal synthesís of

cholesterol required for absorption and transport of elevated amounts

of circulating total lipíds and fatÈy acids" Nestel er al. (1_978)

reported that Ëhe fat Índuced hypercholesteroleuia was primerily due to

an increased intestinal biosynthesis of cholesterol and that íncreased

reabsorpt,ion of endogenous cholesterol, facilitated by Èhe simultaneous

absorption of fat, rúght have contributed t.o the hypercholesterolemia.
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Ïn contrast to response of blood, rnilk cholesterol 1eve1 \¡¡as not

elevated by high fat diets (Rafalowski and park 1982, sharma et al.

L978, Macleod et al. 1977, wrenn et al. l97B). Therefore cholesterol

does not transfer directly from blood to milk thereby suggesting the

existence of separate oetabolic pools for cholesterol of blood and

nilk (I¡ürenn et aL. L976) .

Although there has been extensive work completed regarding the

effecËs to be expected r"¡hen various díetary fats are included ín the

rations of dairy covrs, uuch remains to be done. overall, ínclusion

of modest amounts of díetary fat appear to result in favorable re-

sponses, however the benefits are not always observed. The effect of

chosen fats on the fatty acid composition of milk fat are quíte pre-

dictable. However changes in milk fat, milk proteín and milk yieJ-d

are far less predictable and require further research.
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on Production of Dairy Co¡¿s ín

Early LactaËion
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ASSTRACT

ThirËy Holst.ein coT¡/s rrere used to determíne the effect of supple-

aentary fat in the form of whole sunflower seeds (I^ISS) or tallow on

feed Íntake, milk production, milk composition, rumen envíronment and

blood cholesterol. The thirty coürs at tr"ro r¿eeks post. parturtr r¡rere divíded

into three groups, each consistíng of four heifers and six cows assigned

t,o one of three experiuental diets in a split-plot design. The experi-

mental period rnras 12 r¡eeks in duraËion. The three dieËs were control,

9Z I{SS, and 3.4% xaLLow diet supplemented with sunflower meal and hul1s

'in amounts proportional to thaË of the lüss diet. Fat supplement and

forage repl-aced concentrate ín the fat diets resulting Ln 55"Å concen-

trate in sunflower seed and tallow diets arrd 67% in the control diet.

col^rs Tnrere fed ad líbitum, an isonitïogenous, isocaloric total_ míxed

ration of corn silage, haylage, and concentrate with hay fed separately

at Lo"Á of dry maËËer intake. Acíd detergent fibre levels were 14.0,

18.5 and L8.3"/" for the conËrol, sunflornrer seed and tallow díets respec-

tiveíy and neurral deteïgent fibre ranged from 30.8 to 3L.g"/". Milk

yield and feed intake were similar (p>0.05) for all treatments. Milk

fat percentage dísplayed a significant diet by parity interactíon

(P<0.05) with primíparous cows fed the tallow díet havÍng a lor¿er

(p'0.05) nilk fat percenËage than prímíparous cows fed the sunfloner

seed diet" Milk protein percent was lor¡er (p<0.05) for cows receivi.ng

the sunflower seed diet than for those receiving Ëhe control- díet. In

general, the fatty acíd composiËion of urilk fat frou cows fed the sun-

flower seed diet was simílar to thaL of cows fed the tallow diet. Milk
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fat from cows fed the control diet had hígher (p<0.05) levels of c8:0,

C10:0, CL2:0, C14:0, C18:3 and lor,rer (P<0.05) levels of C1B:0 and C1B:l

fatty acids than those fed the sunflower seed or tallow diets. cows

fed the sunflower seed diet had lower (P<0.05) levels of CL4:1 and C16:0

in rnilk fat than cows fed the control or tallo¡,r diets and higher (P<0.05)

levels of c20:0 fatty acids in nilk fat from uulËiparous covrs. Rumen

fluid from cows fed the control diet was higher (p<0.05) ín propionic

acid at both tr¿o and six hours post-feeding and lower (p<0.05) in iso-

butyric and acetic acid at six hours and n-buËyric aË tr¿o hours post-

feeding than for cows fed sunflower seed or tallow diets. Cows fed the

sunflower seed díet had higþer (P<0.05) runen fl-uid levels of n-butyric

acid aË six hours post-feeding and lower (p<0.05) levels of n-valeríc

acid at two hours post-feeding than cows fed the control díet. Acetate:

propionate ratios in rumen fluid r^rere lower (P<0.05) for cows fed the

control diet while rumen fluíd pH taken tr¿o hours post-feeding was lower

(P<0.05) for cows fed the control diet than for those fed the tallow

diet. Blood plasma cholesterol levels r¿ere lower for cows fed the

control diet Èhan for those fed the fat-suppleuented diets.
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INTRODUCTION

Milk production in early lactation may be limited by energy intake.

Increasing graín amounts in diets can increase energy intakes but grain

proPortions above 55 to 60Z of Lhe ratíon dry matter can cause a chaín

reaction of counterproductive events (Linn L9B7). The starch of the

grain or lack of fibre that the grain allows causes a shift to reduced

ruminal acetate:propionate ratíos which índuces a glucogenic response.

The grucogenic response results in adipose tissue 1) competing with

¿þs meûmary gland for lipogenic substrate, effectívely reducing acetate

availability Ëo Erarrrnary gland; 2) takíng up and esterifying increased

anounts of long chain fatty acíd; and 3) decreasing mobilizatíon of

adipose long chain fatËy acid for mílk synthesís thus causing the lovr

nilk fat syndrome (Palnquist and Jenkins 1980). Therefore fat wiËh its

increased energy densiËy (2.25 times that of starch) offers the

potential to m¡in¡¿in high energy density while allowíng for increased

fibre cont.enË to prevenË depression of nilk fat.

The use of whole seeds as lípid sources has increased due to avail-

abilíty, handling ease and the natural protection offered by the seed

coat. Unsaturated fats are toxic to certaín cel1ulolytic and methano-

genic bacteria of the rumen (Henderson 1973) resulting in decreased

fíbre digestibil-ity. Feedíng whole oilseeds as a means of supplying

fat in a protected forn has íncreased due to the advantages of partial

rumen bypass of oi1 in the whole seed and/or to slow release of fat in

the rumen al-lowing complete biohydrogenation thereby minimÍ zing dele-

Èerious effects on fíbre dígestibility (palmquist and Jenkins 1980)
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and/or effects at the manmary leve1.

Manitoba produced 85% of. the sunflower seed produced in Canada ín

Ëhe 1987 crop year with 28,300 hectares seeded. Sunflor¿er seeds contain

L7 to 20% crude protein and 35 to 40"/" oí1 and therefore may be con-

sidered an aËtractíve feed supplemenË.

white (1985) fed whole sunflower seeds to lactating cows and in-

creased nilk fat percentage when compared to cor¡rs consuming diets con-

taining free sunflower oil. Rafalowski and Park (1982) determíned that

10% ínclusion of whore sunflower seeds Íncreased nilk yield while

maintainíng nilk fat percent. in dairy cows during early lactatíon.

This study r^ras designed to determine the effect of feedíng iso-

caloric diets when replacing cereal graín starch with fíbre and. fat

from r¿hole sunÏlor¿er seeds or tallow in diets of dairy cows ín early

lactation.
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MATERIALS AND }ÆTHODS

Thirty Holstein cor^rs, twelve prinr-iparous and eighteen multíparous,

were placed on one of the three experiuental diets. Multiparous cor^/s

Þrere grouped into three si¡nilar production groups based on previous

lactation performance, and assigned to an experimental diet. prini-

Parous cor¡rs TÁlere to be randonly and evenly divided between the three

test groups. However" the actual assignmenE resulted in one experí-

ment.al group with three priniparous cornrs and the other with five prirai-

parous coTrrs. Therefore each experímental group consisted of síx multi-

parous cows and three, four or f ive primiparous covrs. The cor¡rs T¡rere

placed on test for twelve r¿eeks starËing fourteen days post-partum.

The three experimental diets r,rere: 9"/. whoLe sunflower seed (WSS);

no fat supplement (control) and 3.47" tatl-ow wíth 2.757. sunflower hul1s

arrd 2.757. sunf.lower neal (Table 4). The sunflower hull, sunflov¡er meal

and tal-low diet was designed to imitate the whole sunflower seed diet

r^tith fat source and form being the primary difference. The three díets

were fed once daily on an ad libitum basis as total míxed rations 1¡íth

corn sil-age and grass silage. Alfalfa hay was fed separately. The tr{SS and

tallow dieüs contained 55.25% concentrate, 19.57" corn sílage, 15.O"/" grass

silage and 10.25% Long hay on a dry matter basÍs. The control raËion

was 66.75"/" concentrate, 13"5"Á corn silage " 9.757¿ grass silage, and LOT"

long hay on a dry matter basis. All ratíons were formulated to be iso-

nitrogenous and isocaloric (Table 5). The faLty acíd composition of

each ration ís 1ísted in Table 6.
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Table 4. Ingredient composítíon of the total mixed rations, 7" dry matter

Total mixed ration

Ingredient
Sunf 1or¿er

seed Control Tallow

Barley
Distíllerrs dried grains

Canola meal

Soybean meal

tr{hole sunflov¡er seed

Sunflower hul1s

Sunflower ueal
Tallow

Dicalcium phosphate

Liuestone

Cobalt iodized salt
Urea

Molasses

Vitamin-mineral premíxt

Corn silage
Alfalfa silage
Long hay

31.5

4.O

3.0
R'

9.0

.4

.5

.4

.25

.7

.3

19 .5

15.0

10 .2s

50.6

3.9

4.2
5.3

.5

.7

.3

.25

.7

.3

13 .5

9.7s

10 .0

31.5

4.0

3.1

5.2

2.7 5

2.7 5

3.4

.4

.5

.4

.25

.7

.3

19.5

15.0

10,25

100 .0 100.0 100.0

fProvided per kilogram of dier: 5250 ru vitamín A, 450 ru vitamin Dr,
6 IU vitarnin E, 6.6 rng copper, 24.1 mg zinc, 20.4 mg -anganese,
0.5 ug selenium, and 327.6 *g magnesÍ_um,
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Table 5. Nutrient composítion of the Ëotal mixed rations,
% dry matter

Total mixed ration

Nutrient
Sunflower

seed Control Ta11or"¡

Crude proteín, Z

Ether exEract, Z

Acid detergenË flbre, 7"

Neutral detergent flbre, %

Calcium, Z

Ptr-osphorus, Z

Energy (kcaUe)

17.2

6.7

18. 5

31. 9

.B

.5

4.7

16.8

3.1

14.0

3I.2

.7

.5

4.s

17.0

6.9

18.3

30 .8

.75

.5

4.8
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Table 6. Fatty acid content of the total mixed rations,
molar percentages

Total mixed ratÍon

Fatty acid
Sunflower

seed Control Ta1low

C8:0

C10 :0

CI2:O

C14 :0

C14:1

C16 :0

C16:1

C18 :0

C18:1

CI3z2

C1B:3

c20

"I.1

.2

.6

.5

29.4

r.2

8.5

37.O

10 .0

10 .6

.5

J

1.0

.3

35.7

L.2

6.r

34.6

13 .9

7.0

.3

1.8

.8

29.7

2.L

10 .7

32.5

12.2

9.9
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Feed intake and rnilk production were recorded daily throughout the

experimental period. Milk samples were taken for three consecutive

24 }:.our periods during the first week on test, (three r,¡eeks post-

partum), and alternate weeks thereafter (5, 7r g" 11, 13 weeks post-

partum). The milk samples were composited weekly for each cow and. a

sample taken to the Manitoba Department of Agriculture Daíry Laboratory

for nilk fat, proËein and lactose analyses. A second nilk sample was

retaíned (-20oC) for milk fatty acid analysis. Dry ma¿¡sr content of

the three concentrates, corn silage and grass silage r^ras tested weekly

and samples r¡lere composited nonthly for chemical analysis. Hay sampLes

were taken monthly, tested for dry matter content and kept for chemical

analyses.

Rumen 1íquor samples were taken via an esophageal tube (Ingall s et

a1. 1980) during the llth week and again ín the 12th week on r,est.

These sauples were Ëaken at Ëwo hours post-feeding and at six hours

post-feeding on alternate r,¡eeks. The pH of the rumen liquor r¡¡as re-

corded at the tine of sarnpling using a Model 5985-50 pH meter from Cole-

Parmer Instruuent Company. Heparinized tail blood samples were Èaken

aË the saue time as rumen samples rÀrere Ëaken. Rumen and blood samples

were centrifuged and the supernatants extracted and stored (-20oC)

for later analysis.

Feed dry matËer was determíned by dryíng samples for three days

at 60oC. Feed samples r¿ere analyzed for nitrogen, phosphorus, eËher

extract, and acid detergent fibre accordíng to the Associatíon of

Off Ícial AnalyËical Chernist (AOAC 1984). Calcium levels r.rere determined
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according Ëo the AOAC (1975). Gross energy was determined using a Parr

Adiabatic Oxygen Boub Caloriueter" Neutral detergent fibre was

determíned by the method developed by Goering and Van Soest (1970).

Fatty acid composit,ion of the feed was determined by extracting

fat, using a method adopted fron Bligh and Dyer (1959). The molar ratios

of the faÈty acids were deËe:míned by nethylating the feed fat samples

according to MeËcalf et al. (1966) and separaËing the faËty acids by

gas líquid chromstography with a Varían Vista 6000 (Varian Canada Inc.,

Georgetown, ontario) using a 2.43 meter by "64 centímeËer col-umn packed

wirh Gp 3% Sp 23lO/2% Sp 2300 on 100/120 Chromosorb ItrAI^] (Supelco Canada

Ltd. oakville, ontario). Peak areas for each fatty acid were analyzed

using a Varian 402 Data System (Varian Canada Inc., Georgetovm, Ontario)

and expressed as a percentage of total fatty acids detected.

Mílk fat, protein and lactose were ueasured by infrared spectro-

scopy usíng a Foss MS300 Infra-red Analyzer (Milk-O-Scan 2038 Type

L7920). Fat rüas extracted frou milk sanples for f.atty acid analysis

according to LamberL (L964). The molar rat,ios of nilk fatty acids were

determined by nethylation of the milk sanples according to Metcalf et

al. (1966) and separatíon by gas 1íquid chromatography (cLC) wirh a

varian vísËa 6000 (varian canada rnc., Georgetokm, ontarío) using a 2.43

meter by 2.43 centímeter coluun packed r¡ith GP 37" SP 23LO|2Z SP 2300

on 100/120 Chromosorb I¡IAI,{ (Supe1-co Canada LÈd., Oakville, Ontario).

Peak areas for each fatty acid were analyzed using a varían 4o2 Data

SysÈem (Varian Canada Inc., GeorgeËown, Ontario) and expressed as a

percentage of total fatty acids deËected. IdenËifícation of individual
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fatty acids \^ras accomplished by the use of a GLC reference stand.ard

(uu chek Prep rnc., Elysian, Minnesota) r¿hich established retentÍon

tiues for each fatty acid.

Volatile fatty acid levels in rumen fluid vrere determined by gas

liquid chromatography according to Erwín et aI" (1961). Blood plasma

samples taken 6 hours post-feeding were anaLyzed for cholesterol by the

Vet.erinary Services Laboratory of Ëhe Manitoba Department of Agriculture

and blood plasma chol-esterol levels in samples taken 2 hours post-

feeding were determined using an enz)ruEtic colorímetric method. of Sigura

Chenical Company (Procedure No. 351), St. Louis, Missouri.

This experiment r¡ras a splít p1oË design wíth repeated measures for

uilk productíon, feed intake and milk composition. The analyses of the

dat,a for milk production, feed intake and 4% fat-corrected milk in-

cluded the following fact,ors in the model: calving season as a block;

dÍet; pariËy of the cor^r; coúr; week; and Ë¡¿o-way interactions of díet

with pariÈy, week with parity, and dieË with season. Data were collected

weekly over the Ëwelve week experímental period for uilk production and

feed intake. There r^rere trnro calvi-ng seasons, one of r^¡hich íncluded. cows

calving betsreen November 4, L9B4 and January L7, 1985 and the other

including cows calving between February 3, 1985 and April 19, l-985.

Mi1-k composition data were coLlected biweekJ-y and the anaLyses of

these data (ní1-k protein, lactose, fat and fatty acíd 1eve1s) íncluded

the same factors in the uodel as were present for nílk production with

the exception of calvíng season which was excluded as a block.

The data for volatíle fatty acid (VFA) l-evels in the rumen fluíd,

blood cholesterol, and rumen fluid pH were collecËed during the final
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two weeks of the experimental period for each cow. Sampling times were

two hours post-feeding one r¿eek and six hours post-feeding on the

alternate week and therefore samples were analyzed separately. The

dat.a for blood cholesterol, rumen pH and vFA were anaLyzed as a com-

pletely randomr'zed design. The analyses of these data included the

followíng factors in the model: diet, paríty of cow, and the two-way

int,eraction of diet i¡ith parity. Since there were duplicate samples

of rumen fluíd used during the anal-ysís of VFA there r^rere túro obser-

vatíons per covr for this parameter while there r¡ras a single observation

per cow for rumen fluid pH and blood cholesterol.

All analyses \,rere performed using the General Línear Model (GtM)

Procedure (sAS rnstiËute rnc. 1985). Multiple comparison analysis of

treatment l-east square means was completed using the Bonferroni option

under clM (SAS Institute Inc. 1985).
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RESITLTS AND DISCUSSTON

Dry natter intake (DMr) was noË affecred (pto.05) by diet (Tab re 7,

Appendix 1-3). This is in agreement with results reported. by I^Ihite

(1985) and Rafalowski and Park (LgBz) using símilar levels (9 and ro?"

respectively) of whol-e sunflower seed and Heinrichs et al. (LgB2>, and

Paluquíst and conrad (1980) using similar level-s of rallow (5 and 3.3%

respectívely). Mertens (1985) noËed that neutral detergent fibre (NDF)

has been shornm Ëo be the chemical characteristic most consístently

related to the intake potentÍal of feeds. The NDF levels determined

for the three experiurental díets (Table 5) are rarithin 1.1 percentage

poínts of each other and thus this factor would support the similar

consumption of all diets. Paríty díd affecr (p<0.05) DMr, primiparous

corirs consuning less feed per day Ëhan multiparous cows (Table 7,

Appendix 1-3).

Milk production T¡ras not signíficantly affected (p>0.05) by diet

however priuiparous co\"rs produced less milk (p<0.05) per day than multi-

parous cor^rs (Table 7, Appendix 4-6). The nilk yields achíeved during

Ëhis trial were quite hígh and according to @srergaard eË al. (lg8l)

a response in níl-k yield night be expected since high yielding cows ín

early lactaËion tend t.o benefit to a greater extent from fat suppre-

mentatíon. Many researchers have reported increases in mílk yield in

resPonse to dietary supplementat.íon r^ríth tallow (Clapperton and Steele

1985; de visser eË al. 19823 l"fattias er al. 1982). However others

(Murphy and Morgan 1983; Pal-nquist and conrad i980) reported no nilk
yíetr-d response to tall-ow additions. whíre (19s5) noted signifícant
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increases in milk yield with r¿hole sunflower seed versus sunflower

oi1 as díd Rafaloruski and Park (L982) feeding whole sunflor¿er seed.

However, Finn et al. (1985) and McGuffey and Schongoethe (Lggz)

feeding 9.7 and 9.9"/. whoLe sunflor,¡er seeds respectively noËed no

imfrovement in rnilk yield with sunflovrer seed added to cow diets as

a f.at source.

cow performance expressed as 4% fat-corrected milk (FCM) was

affected (p.0.05) by parity v¡irh dierary rrearment affecting (p<0.05)

primiparous cor¡rs but not multiparous covrs (Table 7). The primipaïous

cords orì. the tallow diet produced less (p<0. oS) 4"/" FCM than those on

the sunflower seed dieË (Table 7). There were fer.¡er primiparous co\rs

fed the tallow diet due to a treatment assígnuent error and therefore

results may be less indicative of a true response. A parity effect

wiËh fat supplemented diets has not been well documented although

Mattias et a1. (1982) reported first lactation cor+s fed 57" að.d,eð,

tallow responded v/ith higher milk fat percentage while second. lac-

taËíon cows produced more rnílk to províde an overall significant

postive effect on fat-corrected nilk when compared to a control.

The body weight changes over Ëhe trial period r¡rere not dífferent

(P>0.05) for corvs fed the three diers (Table 7). The diets were for-

mulated to be isocaloric and withouË changes in DMI or uilk productíon,

body weight changes qrould not be expected to differ.

Milk fat percentage rnras lornr for all díets (Tab1e 8). The minímum
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recorrrmended 1evel of acíd detergent fibre in order to maintain nilk fat
percentage ís 21"/" (National Research council l97B). The calculated

dietary levels (Table 5) are up to seven percentage poinÈs lower than

Ëhis and explain the low nilk fat yields. The control- diet purposely

r^¡as formulated to cause a ¡rilk fat depressíon however tine 4% increase

in ADF allowed by substítuting fat and forage for cereal grain starch

in the fat supplemented diets did not cause the expected increase in

nilk fat percent buË did result in increased acetaËe proportions (lable

10). There was a parity effect on nilk fat percentage r¿hich shows

lor¿er milk fat percentages for primiparous cor¡rs fed the tallow supple-

mented diet when compared to primiparous cor¿s fed the r¿ho1e sunflower

seed diet. Again the lesser nr:mber of priniparous cows assigned to the

tallow diet may be ínfluencíng the results since usually supplementing

feed with an unprotected saturated fat such as tallow, increases milk

fat percentage (steele L984; Thouas and chamberlain 1984) or does not

affect it (Murphy and Morgan 1983; palmquíst and conrad 1978). orher

researchers report that feeding of sunflower seeds resulted in in-
creases in n:ilk fat (I^Ihite eÈ al-. 1985) or more ssmmonly no change in

nilk fat percent (Finn eË al. l-985; McGuffey and schingoerhe Lggz;

Rafalor¡ski and Park 1982).

Milk protein percent was lower (P<0.05) for cows fed the sunflower

seed diet when compared Ëo cor,¡s fed the control diet (Tab1e B, Appendix

7) . l"fí1k proteÍn levels al-so tended to be Ior¡er for the tallow supple-

mented diet however the difference lras not signifícant (Table B).

Assuming the hu1l of the sunflower seed is actually protecting the lipid,
snith eË al. (1978) posrulated thar when protected fats are fed síg-
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nificant quantities of enerW are unavailable for fermentation and

microbial growth thereby reducing microbial protein and glucose pre-

cursors to the animal. Emery (1978) suggesËed that additíons of lipids

to raËions uight lioit blood glucose 1eve1s and sínce glucose along

with acetaËe are the major sources of energy for milk proËein synthesis,

the decrease in rnilk protein night be due to restricted availability
of glucose. Paluquist and Moser (1981) concluded that dietary fat may

impair amino acid transport into the marmaïy gland and uilk protein

synthesis by inducing insulÍn resist,ance. SÍnce nicrobial- protein or

plasua glucose vrere not measured in this experiment it is difficult to

support, or deny these theories" Additions of oilseeds as fat supple-

ments have ofÈen not affected milk protein level-s (Bernard and Amos

1985; i,rrhíte 1985; Rafalowski and Park 1982) however milk protein drops

have been reported (Anderson et al. L9B4; Snith eË al..1981).

Milk lactose percenËage rrras not affected (P>0.05) by diet or

parity (table B, Appendix 7).

Molar percentages of C8:0 to C14:0 and C18:3 fatty acids in nilk

were higher (P<0.05) for cows fed the control díet than for those fed

the tallow or sunflor¿er seed diets (Table 9). Decreased de novo

synthesis of short chain fatty acids in the marrïmâry gland along with

increased uptake of díetary long chain faÈty acids ís an esËablíshed

effecË of lÍpíd additíon to the diet (Palmquisr and Jenkíns 1980).

Molar percentage of C14:1 fatty acid in nilk was higher (P<0"05) for

col¡rs fed Ëhe control- vs the llSS diet'and molar percentage of C1-6:0 fatty
acid in milk was lor¿er (P<0.05) for cor¡s fed the sunflower seed dieÈ
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(Table 9)" cows fed rhe sunflower seed dier had the highest (p<0.05)

molar percentage of cl8:O in the urilk fat followed by cows fed the

ta11ow diet followed by cows fed rhe control diet (Table 9). Molar

percentages of nilk fat c18:1 fatty acid were lo¡¿er (p<0.05) for cows

fed the control diet than for those fed the other diets (Table 9).

Other researchers feeding sunflower seeds noted lower proportions of

c14:0 and c16 fatty acids in nilk far and higher levels of clg farry
acids (Fínn eË al. l-985; Rafalowski and park 1982; McGuffey and

schingoethe 1982). christie (1981) reviewed several experiments in

whÍch hígh levels of tallow were fed and reported higþer percentages

of cl8:O and c18:1 and lower levels ot cL4 and c16 farty acid.s whích

correspotlds with the resul-ts of this experiment (Table g). Molar per-

centages of nilk fai. c2o:0 fatry acid were different (p<0.05) for rhe

two parity groups (Table 9). Multíparous cor¡rs fed the sunflower seed

diet had higher (P<0.05) molar percenrages of c20:0 in míIk far rhan

those fed the control or tallow díeËs (Table 9). The differences ín

c20:0 faËty acid levels in nilk for prin:iparous cor¡rs were not sio-

nificanË (P>0.05) (Table 9). This diet effect r.rj.rh the mulríparous

cows ís in agreement wiÈh the theory of íncreased long chain fatty
acid proportions of faË supplemented diets but the parity effecL is

not easily explained.

Molar percentages of acetic acid and isobutyric acid in rumen

fluid samples taken six hours post-feeding were lower (p.o.os) for

cows fed Ëhe control dieË than for those fed the sunflor¿er seed and

ËallorE dieÉs (Table 10). Molar percentages of propioníc acid in



Table 9. Effect of supplemental dietary fat
lactaËion on least square means of
in milk fat
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for dairy cor^rs in early
fatty acids (rnolar %)

Diet

Fatty acid
Sunflower

seed qE Control S.E. Tallow S.E.

C4zO

C6 :0

CB:0

C10:0

CI2:O

C14:0

C14:1

C16:0

C16: I

C18:0

ClB: 1

CL8:2

C18 :3

C20:01

C20 :0

C20:0

L.26

1. B2

1.46a

3. 15a

3.47a

1 1 .08a

1. 16a

22.55a

L.64

L7 .O4c

30 .41b

3.21

.27 a

I .37c

1. 19

I "56b

.07

.11

"09

.21

,)

.32

. .11

.39

.13

.59

1.10

"15

.02

.08

.13

"10

1.18

2.04

I .85b

4.64b

s.46b

14.02b

r.75b

27 .65b

2.03

10 .69a

24.52a

3.05

.36b

.66a

.7r

.60a

.06

.10

.08

.L9

.20

.30

.10

.36

.12

.55

I .01

.14

.01

.07

.11

.10

Primiparous

Multiparous

L.24 .07

1.83 .r2

I.45a .10

3.15a .23

3.58a .24

11.31a .35

I.49ab .L2

27 .O3b .43

1.89 .t4

13.79b .65

29 .Osb I.20

2"98 "r7

.29a .02

.98b .09

1.15 .15

.82c .10

arb,c - Row means ü/-ith different let.ters are statistically dífferent
(P<0.05).

+

S. E.

Designates a treatment by paríty ínteraction (p<0.05) .

SÈandard error.
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Tumen fluíd samples taken at both tvro and six hours post-feeding were

higher (P<0.05) for cows fed rhe control diet than cows fed rhe fat-

supplemented diets (Table 10). Molar percentages of n-butyríc acid in

rumen fluid taken aË both two and six hours post-feeding were ror¿er

(P<0.05) for cows fed the control diet than cows fed the sunflower

seed diet and at, two hours post-feeding also lower than cows fed the

tallow diet. Molar percentages of n-valeric acid in rumen fluid taken

at t$ro hours post-feeding were hígher (P<0.05) for cows fed the control

díet than for cor¿s fed the sunflower seed diet (Table 1O). The acerate:

propionate ratio (A:P) in rumen fluid r¿as lower (p<0.05) six hours

after feeding for cor¿s fed the control diet versus the fat supplemented

diets and tended to be lower at t\^7o hours post-feeding although the

difference for Èhe Ëallow diet vras not significant (Table 11). The

changes ín volatile fatty acíd propoïtions appear to reflect the lower

fibre level of the control diet raËher than any adverse effect of fat

suppl-emenËation on fíbre digestibiliry. Kloppenstein and owen (1981)

note thaË A:P ratios of ruminal fatty acids of. 2.6 to 3.2 axe normal.

The A:? ratio of the fat suppJ-emented diets were within this ïange

(Table 11-) however the A:P ratios of the control diet were lower

(P<0.05). Reports on changes in the rumen associated with hígh fat

diets are conflicting in regard to fibre digestibility and A:p raÈios.

The improvement in A:P raËío with fat supplementation in thís experíment

supporËs the concept of subsËítutíng fat for starch in the ration to

meintain a high energy inËake r,¡híIe íncreasing fibre conÈent to prevent

nilk faË depression, The lack of response in uril-k fat percentage
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Table 11. Effect of supplemental díerary
lactation on least square means
acetate:propíonate ratio (A:p)
post-feeding

fat for dairy
for the rumen

and pH taken 2

cows in early
fluid
and 6 hours

Diet

Parameter
Sunf 1or¿er

seed qF Control cE Tallow S.E.

A:P hours

hours

hours

hours

3.07a

2.94a

6.87ab

6.7 L

2

6

.17

.15

.10

.09

2.26b

2.0Ib

6.50a

6.41-

.16

.L4

.10

.09

6.92b

6.s3

.11

.10

2. BBab .19

2.87 a .L7

pH2

6

ârb

qF

Row means with different
(P<0.0s) .

Standard error.

letters are staÈístically dífferent
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(Tab1e 8), even though the rumen envíronment has been positively in-

fluenced is confoundÍng. The fibre levels were higher in Ëhe sun-

flower seed and tallow diets, however they are lower than the 2l% aÐF

recommended for mainËaining normal fat test (National Research CouncÍ1

1978).

Lower rumen fluid pH for cor¿s fed the control diet was noted al-

though it r¿as only signifícantly lower (p<0.05) than pH for cows fed

the tallow diet at tr¡ro hours post-feeding (Table 11). The higher con-

centraËe level of the control diet and increased propionic acid in the

rumelÌ fluid justify this trend. Rumen fluid pH levels ranged from

6.4I ro 6.92.

Blood plasma cholesËerol 1eve1s were differerit for the two parity

gronps at tr^7o hours post-feeding with l-ov¡er (p<0.05) blood prasma

cholesterol levels observed in uultiparous cor¿s fed the control diet

(faUte tZ). Blood plasma cholesËerol l-evels in primiparous cor¡rs at

two hours post-feeding followed a símilar pattern, hor¿ever the increase

in levels for cows fed fat-supplemented diets over cor¡rs fed the control

díet was staÈistically signifícant (p<0.05) for only the cows fed the

tallow díeË. Blood plasma cholesterol levels in samples taken six

hours post-feeding were lower (p<0.05) for cows fed the control diet

than for cows fed Ëhe sunflower seed or tallow diets (Table 12).

several researchers, (l'inn eË al. l-985; Rafalowski and park 1982.

Thornke 1981; Suith et al. 1978) have reporred this effect. Birman er

aL. (1973) and Nester et al. (1978) suggest increased inrestinal bio-

synthesis of choresterol is required for absorption and Ëransport of

increased circulating lipids and faLty acids.
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Table 12 " Effect of supplemental dÍetary fat for dairy cows in early 1ac-
tatíon on least square means for blood plasma cholesËerol
(lturo1/1itre) raken 2 and 6 hours post-feeding

Diet

Sunflower
Parameter seed S.E. Control S.E. Tallow S.E.

CholesteroL (2 hours)t

Primiparous

Multiparous

Combined

5.04ab .38 4.51b .34 6.46a .44

6.42a .35 3.76b .35 7.22a .39

5.73b .27 4.13c .25 6.84a .30

Cholesterol (0 hours)

Conbined 6.92a .38 4.62b .36 B.ZBa .42

a,b - Row means wíth dífferent letters are statísËically different
(P 0.0s).

t - Designates a treatment by parity interact,ion (p<0.05).

S.E. - Standard error.
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EXPERIMENT 2

Effect of Extruded Canola Seed as

Influenced by Calciuu Chloríde

and Niacin on Dairy Cows

in Early Lactation

B, Maclnnis Mabon and J.R. Ingalls

DepartmenË of Animal Science

Universíty of Manitoba

i{ínnipeg, Manitoba
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ASSTRACT

Eight multiparous Holstein cor¿s were used to evaluate the effects

of extruded whole canola seed (ECS) as influenced by calcium chloride

(CaCl) and niacin on feed intake, the rumen environment, milk productíon,

milk composiËion and blood cholesterol. The cows were assigned to a

double 4x4 raxin square design rnriËh 28 day periods. The four experi-

mental diets were control, 7.6"Á Ecs, 7.5% ECS plus cacl and 7.6% ECS

plus niacin. The three diets containíng the ECS were, on a dry matter

basis, 60"/. concentraËe, 3L% oat silage and 9"/" long hay. The control

diet consisted of. 6L7" concentrate, 30% oat silage and 9% long hay on

a dry matter basis. Cows r,rere fed ad libiËum a Èota1 míxed ratíon of

oat silage and concentrate r¿íth hay fed separately. Acid deteïgent

fibre levels were 20.2, 20.8, 20.7 and 20.9"/. for the control, Ecs, Ecs

plus cacl and ECS plus niacin diets respectively. Neutral detergent

fibre levels ranged frou 30.7 to 32"32. Feed ínËake, rnilk production

and rnílk protein, lactose and fat levels v¡ere siuilar (P>0.05) for all

diets. Molar percentages of milk fatty acids c6:0 to cl6:0 and c20:o

were higher (P<0.05) for cows fed Ëhe control díet than for cor¿s fed

the ECS diet or the ECS plus niacín díet. Molar percentages of c1g:0

and ClB:l nilk faËty acids were lor¿er (PcO.05) for cows fed. the control

dieË than for cows fed the ECS diet. Rumen fluíd taken two hours posË-

feeding contained higher (P<0.05) molar percenËages of acetic acid

and lower (P<0.05) nolar peïcentages of n-butyric acid for cor¿s fed the

control diet than for cows fed the ECS diet. Molar percentages of

acetic acid taken six hours post-feeding were higher (p<0.05) for cor¿s
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fed the ECS plus CaCl diet than for cows fed the ECS diet. Rumen fluid

acetate:propionate ratios, annmonia, and pH levels v¡ere similar (p>0.05)

for all diets. Blood plasm: cholesterol leve1s taken aË tvro and sÍx

hours post-feeding were lor¿er for cows fed the control díet than for

cows fed the three ECS diets but the difference was significant (p<0.05)

at Ërnro hours post-feeding betrnreen the conËrol and ECS diets only and.

aË six hours PosË-feeding between the conËrol and ECS plus niacin diets

only.
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INTRODUCTION

Fats and oils are useful dietary ingredients for íncreasing energy

intake during early lactation because of their high energy content. rn

practice, however, concentrate diets for cor^¡s contain only limited

anounËs of supplementary fats and oils because at high concentratíons,

they impair digestion and metabolism in the rumen (Bines et al. 1978).

This is due to an inhibitory effect of fatty acids, particularly poly-

unsaËurates on microbial growth (Palnquíst and Jenkins 1-980).

A decrease ín milk fat percentage is generally experienced when

unprotected, unsaturated fats are fed (clapperton and steele 1985r,

clapperton 1982, Banks 1980). Thís decrease is due to lowered outputs

of fatty acids synthesízed de novo in the mai¡mary gland attributed to

altered production of vFA in the rumen and/or direct ínhibitíon of

narurlary acetyl coA carboxylase activity. The additíon of calcium

particularly CaCl has improved fibre digestibílity and acetate:

propionate ratios when fat supplemented diets are fed (Palmquist et al.

1986, Jenkins and Palmquist 1982).

Milk protein percenÈage has also been reduced by feeding high fat

dieËs (de visser eÈ al. LgBz, smíth et al. L978, christenson eÈ al-.

l-97B). The mechanism by which fat supplements reduce mílk proËein

content are not clear although theoríes include restrÍcted availability

of glucose due to lack of dietary carbohydrates (Enery 1978), depression

of microbial protein synthesis due to decreased carbohydrate availability

to rumen microbes (Dunkley et al. L977), or impaired amino acid trans-

port into the mammary gland and nílk protein synÈhesis by índucing
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i-nsulin resistance (Palnquist and Moser 1981). Horner et al. (1985)

fed 6 grams of niacin with v¡hole cottonseed and alleviated a rnilk

protein depression noted when whole cottonseed rn¡as fed a1one.

canola is canadars most iruportant oílseed crop wiËh 4.2 nillion

tonnes produced in the 19BB crop year. Approximaxery L5% of the

canola produced in canada is grown in Manitoba. canola oíl ís highly

unsaturated with 87.5% of the fatty acids containing one or more double

bonds (National Research Council 1984). Feeding extîuded whole canola

seed to dairy cows allor¿s this unsaturated oil access to the rutren

en¡rironment where it exerts a deËrimental effect upon the microbial

populaËion (Grumpelt 1987) and resultíng fat test.

This study rÂras undertaken t,o determíne the response of cows ín

early lactation to ext.ruded canola seed as influenced by calcium

chloride or niacin.
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MATERTALS AND METHODS

Eight multiparous colnrs ranging fron 36 to 61 d.ays post-partum r¡reïe

used in a double 4x4 latín square design vrith 28 day periods.

The four experinental diets were control; 7 "6% extruded qrhole

canola seed (ECS); 7.5"/" Ecs plus cacl; and 7.6"/. Ecs plus níacin (table

13). The whole canola seed was extruded at 104-110oc using a Brady

pol¡Ier take off extruder. The rations were fed ad libítun once a day as

total nixed rations with oat silage as a roughage. Long hay was fed

separately. The three rations containing the ECS r¿ere, on a dry matter

basis, 60"/" concentrate, 3L% oat silage, and 9"/" Longhay. The control

ration consisted of 6L"Å concentrate, 30% oat silage and 9% Long hay on

a dry maÈter basis. The nutríent conposition of each experimental

ration is listed Ín Table 14 and the fatty acíd content ís listed in

Table 15.

Feed intake and uilk production Írere recorded daíly throughout

the experimental period. Milk samples were taken for three consecutíve

24 }:.out periods each week of the Èria1. Milk sanple composites vrere

sent to Ëhe Manitoba Department of Agrículture Dairy laboratory for

analysis of nilk faÈ, proteÍn and lacËose r¡hi1e a sample was retained

(-20oC) for nilk fatËy acid analysis. Dry mn¡¡sr conÈent of the four

concenËrates and oaË silage \¡ras test.ed weekly and samples vrere composíted

monthly for chemical analysis. Hay sampLes r^rere taken during each

period, tesËed for dry mâtter content and kept for chemical anal-ysis.

Dry matter percentages of the feed were det.ernined by drying samples

for three days at 60oc. Feed samples were anaLyzed. for nitrogen
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Table 13. Ingredient compositíon of the total mixed rations , % dry matteï

Total mixed ration

Ingredient Control ECS ECS * CaCl ECS + niaein

Barley

Distillerrs dried
grains

Canola meal

Limestone

Dicalcium phosphate

Salt

Extruded canola
seed

Dairy herd
premixf

Niacin prenix*

Calciuu chloride

Oat sílage

Hay

36.25

7. 30

16.00

.95

-40

.35

.25

29.90

8.60

27.30

7 .55

15 .10

.9s

.58

.35

7 .60

.25

31. 40

9.00

27.00

7 .50

15.00

.90

.50

.35

7.50

.25

.60

31.40

9 .00

27 .30

7 .55

15 .10

.95

.50

.35

7 .60

.25

31.40

9.00

100.00 100 .0 0 100.00 I00.00

Províded per kilogrâm of diet: 4375 Tu vitamin A, 375 ru vitanír D3,
5 IU vitamin E, 5.5 ng copper, 20.1 ng zínc, L7 mg nanganese,
.04 rng sel-enium and 273 mg magnesium.

Nutrient level-s are the santre as listed for dairy herd premix plus
274.5 mg niacin per kilogram of diet.
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Table 14. NutrienË composition of the total mixed rations " % dry matter

Total mixed ration

Nutrient Control ECS ECS + CaCl ECS + niacin

Crude protein,

Efher extTact,

Acid deËergent
Ílr're, %

Neutral detergent
flbre, %

Calcium, Z

Phosphorus, Z

Energy (tcal/S)

19 .3

3.4

20.2

32.3

o

.6

4.3

19 .8

6.8

20 .8

31.8

o

.6

4.5

19 .8

6.9

20.7

30.7

1.0

.6

4.4

L9.7

7.O

20.9

32.L

o

.6

4.s
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Table 15. Fatty acid content of the Ëota1 mixed rations, molar
percentages

Total nLxed ration

Fatty acid Control ECS ECS + CaCl ECS + niacin

C12:0

C14:0

C16 :0

C16:1

C18 :0

ClB: 1

C18:2

C18:3

C20 :0

)

L.4

2L.6

.6

3.0

23.6

32.4

17.2

100 .0

.2

1.3

18. r

.6

3.3

36.4

20.9

19 .2

100 .0

,

1.3

18 .1

.7

3.2

36 .0

22.r

18 .0

.4

100 .0

.2

1.3

17.9

.7

3.3

3s .6

22.3

18.3

.4

100 .0
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phosphorus, calcium, ether extract, acíd detergent fibre, gross energ.y

and fatty acid content as Ín previous manuscript (Maclnnis Mabon and

Ingalls 1989).

Milk faË, protein and lactose T¡rere measured

scopy as in previous manuscript (Maclnnis, Mabon

Milk fatty acid levels, and volatile fatËy acids

ínfrared spectro-

Ingalls 1989).

rumen fluid r¿ere

determined using the same methods as in previous manuscript (llaclnnis

Mabon and rngalls 1989). An¡monia levels in Ëhe rumen fluid were

ueasured by Ëhe method of knornm addition using an Anmonia El-ectrode -

Model 95-10, Orion Research, Cambridge, Massachusetts.

Blood plasma cholesterol levels were determined usíng an enzymatic

colorimetric ueËhod of sigma chenical company (procedure No. 351),

SL. Louis, Missouri.

This experiment vras a 4x4 replicated latín square. The data were

collected during the final two weeks of each four week experimental

period for the following parameÉers: nilk productíon, feed intake,

nilk protein, uilk fat, rn:ilk lacËose, nilk fatty acids, volatile fatty

acid (vFA) levels in rumen fluíd, rumen fluid ammonía levels, rumen

fluid pII, and blood plasma chol-esterol leve1s. All data were analyzed

as standard latin squares with treatuent, period, square and cow

effects in the model.

Milk protein and milk lactose data contained hour of sampling

(rnorning or afternoon) as an additíonal block in the analysís. The

data for blood plasma cholesterol levels and rumen fluid ammonia, pH,

and VFA levels were collected tr.ro hours post-feedíng one week and síx

hours posÈ-feeding on Ëhe alternate week. Therefore samples (two hours

or six hours) were analyzed separately.

by

and

in
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The VFA levels in rumen fluid, cholesterol 1eve1s in blood plasma

and fatty acid levels in milk fat v¡ere analyzed in duplicate.

Milk fat was analyzed as a standard latin square with treatments,

periods, square and cow effects in the model. However adjustments had

to be made to the data to compensate for a sampling error that ïesulted

in mílk samples being anaLyzed that were either from the morning

milking or the afternoon nilking and not a proper daily blend. During

periods I and 2 nilk fât data represented morning rnilk levels while in

period 3 afternoon milk was analyzed. The error was realized so that

in period 4 both morning and afternoon milk sauples r,¡ere analyzed. In

order to determine daily rnilk fat percentages, the mean difference

betw'een overall morníng nilk fat levels and aft.ernoon mí1k fat levels

was calculated. Morning nílk faË data from periods 1 and 2 and

afternoon uilk fat data from periods 3 and 4 we¡e compared and rnrere

different by 2.67 percentage points. The average proportion of daíly

rnilk production obtained in the morning milking rnras ealculated to be

62.L57. and that obtained ín the afternoon, 37.85% of. total daily

productÍon. These percentages r¡rere determined by averaging índividual

daíly cow production data from morning nilkings and then afternoon

nilkings. Daily nilk fat data for each cow were calculated using the

following eguations:

Morníng f.at %

Afternoon fat 7.

Daíly nilk fat Z

afternoon fat

morning f.at 7.

(morning fat %

o/

+

- 2.67

2.67

62.15%) * (afternoon faË % x 37.85%)



85

All analyses \¿rere performed using the General Linear Models (GLM)

Procedure (sAS rnstitute rnc. 1985). Multiple comparison analysis of

Ëreatment least square means was completed usíng the Bonferroni option

under GLM (SAS InstiËure Inc. 1985).
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RESULTS AND DISCUSSION

Feed dry naËter inËake (Dlfr) $ras nor influenced (p>0.05) by the

addition of extruded canola seed (ECS) although DMI tended to be higher

for ECS diets (Table 16, Appendíx 8). Grumpelt (1987), usíng slightly

higher levels of ECS (7.97.) reported increased intake of dÍets supple-

uented with either ECS or r"¡hole canola seed (!üCS) r¿hen compared. to a

control. Sharma et al. (1978) observed lower (p.O.O5) DMI by calves of

a diet supplemented with 1B% pelleËed canola seed and equal (p>0.05)

DMI of a diet suppleuented with 18% extruded canola seed when compared.

to the control diet. Murphy eË al. (1984) noted similar DMr for cows

fed 0, 1- or 2 kilograrns of crushed rapeseed. Kennelly (r9g3) reported

decreased (p.0.05) DMI of dieËs supplemented wiËh 7.2"Å ground I¡ICS when

qsmFared to a control. The neutral detergent fibre levels deteruÍned

for the four erçerimental diets (Table 14) were r¿ithin 1.6 percentage

poínts of each other and since NDF has been shor^m t.o be the chenical

characteristic most consistently related to the intake potential of

feeds (Mertens 1985), this factor would support similar DMr of all_

dieËs.

Milk production r^ras not affected (p>0.05) by the addition of

extruded canola seed (Table 16, Appendíx B). This ís in agreement, wíth

results reported by Murphy et aI. (19s4), Kennelly (1983), Handy and

Kennelly (1983) and Thonke (1981-) using ground canola seed. Grumpelr

(1987) observed increased uí1k production in response to dietary

suppleuentation r¿iÊh extruded canola seed. snith et a1. (19g0) fed

extruded soybeans at 7% of Ëhe diet and noËed higher nilk yields when

compared to a control or whole cottonseed dieËs. Østerga.ard et al.
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Table 16. Effect of dietary inclusíon of extruded canola seed (ECS), ECS
plus calcium chloríde (cacl), or ECS plus niacin on least
square means for daily dry mâtter intake, nilk production,
nilk proteín percentage and milk lactose percentage of dairy
COI¡¡S

Diet

Parameter Control ECS ECS + CaCl ECS + niacin S.E.

Dry m¡¡¿¿r intake
(Lg)

Milk production
(ke)

MÍlk protein
&)

Mil-k lactose
(%)

2r.7 4 22 .LB 22 .26

37.89 37.44 37.L9

2.BB 2.96 3. 00

s.o4 4.92 4.92

22.83 .43

37.47 1.03

2.97 .04

4.89 .04

S.E. - Standard error.
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(1981) demonstrated a curvilínear response in rnílk yíeld which was

greater for high yÍelding cows in early lactation. The production

levels achieved in this experiment (Table 16) are high and co\¡/s r^rere

in early lactati-on so a milk yield response rnight be expected.

There r¡ras no response (P>0.05) in railk proteín or milk lactose

(tabte 16, Appendix 9) percenrages ro added ECS. Grumpelt (1987),

Murphy er al. (1984), Kennelly (1983), Thonke (1981) and Frank (1981)

reported similar findings using extruded, rolled or ground canola seed.

Snith et al. (1980), using 7"/. extruded soybeans recorded no effect on

milk protein percent. Decreases in rnilk proËein content are quíte often

observed when protected fats are fed (palrnquise 19s0), whíle unpro-

tected fats have either negaËively affected protein peïcentage (Murphy

and Morgan 1983, de vísser et al. 1982) or had no effect (clapperton

and Steele 1983, Palmquist and Conrad 1978). Addítion of oílseed orher

than canola as the fat supplement have not affected mílk proteín

(Bernard and. Amos 1985, Ruegsegger and schultz 1985, Rafalorn¡ski and

Park L9B2) or decreased nilk protein percentage (Anderson et al. LgB4,

Suith et al. 1981). The problem of mílk protein depression associaËed

with fat supplementation r¿as offset by addition of níacin ín an

experiment by Horner et al. (1985) usíng whole cottonseeds. Hutjens

(L987) suggests that the possibre mode of action of níacín may be one

or more of the followíng 1) t.o increase coenzyme levels causing

improved nutríent use by the rumen microbes and/or3 2) to increase

sricrobial proteín synthesis providing more proteín for níIk productíon

and tíssue use; and/or 3) to increase rumen volatile fatty acid (vFA)
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production r¡rith a more desirable vFA pattern; 4) to normalize the

energy status of high producing cows by optírnizÍng weight loss and.

minimizing ketosis. The diet. containing ECS plus niacin was desígned

to offset a possible milk proteín drop caused by the fat supplementation.

However there v/as no decrease in nilk protein percent r¿ith ECS addition

nor \¡ras there a positive effect on milk proteín caused by the supple-

mentary niacin (Table 16).

Milk fat percentages r^rere low for all diets but not different

(P>0.05) (rable 17, Appendix 9). These values had to be calculared

(as outlined prevÍ-ously) due to a nilk sample collection error. The

acid detergent fibre leve1s of the four diets (Table 14) should supporË

norhal nilk fat levels (NaËional Research council 1978), however the

runen fluid acetate:propionate ratios (Table 2l) were lower than the

2.6-3.2 noted by KloppensÈein and owen (1981) as supporting a normal

fat test. A depression ín nilk fat percenËage r¡ras expected in cows

fed extruded canola seed sínce Grumpelt (1987) observed. a significant

milk fat depression with cows fed 7.gi( Ecs. The drop ín nilk fat

percent with ECS diets would appear Èo be due to the more rapid anð,for

increased release of the oil in the rumen because of the extrusion

process. current literature suggests that rnilk fat percentage is

generally decreased when unprotected, unsaturated fats are fed

(clapperton and steele 1985, steele LgB4, de visser et al. Lgg2,

clapperton 1982, Banks 1980). The decreases in nil_k fat reported wíth

addítion of fat are due to lowered outputs of fatty acids synthesized

de novo in the rnâr.rmary gland (Banks et al. L982) attributed to an
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altered production of VFA in the ïunen decreasing supplies of acetate or

B-hydroxybuterate Ëo the mamnaïy gland andfor to a d.irect inhibitíon of
maülmary aceËyl coA carboxylase activity through increased mainmary up-

take of long chain fatty acids from plasura Ëriglyceride (Moore and

Christie 1981).

The extrusion process appears to destroy the protective structure

of the seed which affords a slor¿er uore controll-ed release of fat into

Ëhe rumen when oilseeds are fed whole (Grunpelt 1987, I,rrhite 1985, Smith

et al.1981) or ground (Murphy er a1.1984, Kennelly 1983, Banks er a1.

L9B2). Steele (1985) observed that the concentraËion of exËraeellular

oiI and not the total- amount of oil caused a decrease in milk fat per-

centage. Although the calculated data shows no milk fat response to

dieËary fat suppleuentation in thís experíment other reseachers have

improved fibre digesÉibilíry wíth calcíuu (E1 Hag and Miller L972,

Miller et al. L97O) and particularly calcium chloride (PalnquisË er al.

1986, Jenkíns and Pahnquíst 1982). Inclusíon of calciuu chloríde ro

the ECS supplemented diet ín this experiment did not affect míIk fat

percentage (Table 17), nor did it improve the A:p ratío in rumen fluid

as reported by Palmquist et al. (1986). The low nilk fat percentages

observed in cows fed the control diet are unexpected. The particle

1-ength of Ëhe oat siLage as a roughage source rnay have affected nil_k

fat yiel-ds as Pallauf (L974) concluded that a decrease in the particle

length of the roughage has more effecË on milk fat percentages than a

decrease in'the crude' fibre content. of the ration. The possibility of

a carr-yover effect from one e>cperimental period to the next T¡ras raised
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by Kennelly (1983) to explain depressed nilk production and nilk fat

percentages in changeover experiments usíng graded 1eve1s (3.6-10.Bz)

of crushed whole canola seed or canola oil. storry and sutton (1969)

suggesËed that in regards to ration adaptation one r¿eek is required

afËer a change in ratíon to sËabilize ruminal fermentation whereas

3 weeks seem to be necessary for stabilization of rnilk fat production.

Samples for nilk fat deterninatíon in this experiment were from weeks

3 and 4 of the 4 week experimental periods. Although roughage particle

size or experimental adaptation períod may be involved in causing the

unusually low nilk fat percenËage in cows fed the control and ECS

diet.s, the unfortunate need to use calculaËed fat values based on

averages mây srarrant caution when inËerpreting these results. Díet

did not affecr (P>0.05) 4% Í.at correcred yields (FCM) in rhis experi-

uent (Tab1e 1B). This ís in agreemenË with Grumpelt (1987), Murphy

et aI- (19B4), Thouke (19s1) and Frank (1981) in feeding exrrud.ed,

whole or crushed canola seed. Kennelly (1983) reported decreased 42

FCM when feeding finely ground canola seed at 3.6, 7.2 and. 10.82 DMr.

FatËy acid composition of nilk fat was signifícantly affected

(P<0.05) by supplemenËation wiËh extruded canola seed with and r¿iÈhout

cacl or niacin (Table 19). Molar percenËages of c6:0 ro c16:o farry

acids in nrÍlk were higher (P<0.05) for cows fed the control diet than

cor^¡s fed the ECS diet and the ECS plus niacin diets and higher but not

significantly (P>0.05) Ëhan those of cows fed the ECS plus cacl diet

(Table 19). Decreased de novo synthesís of short chain fatty acids in

the mammary gLand along r.ríËh increased upËake of dietary long chain
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Table 19. Effect of dietary inclusíon of exËruded canol_a seed (ECS) ,
ECS plus calcium chloride, or ECS plus niacin on least
square means of fatty acids (moLar %) in milk fat of dairy
COT¡7S

Díet

FatËy acids Control ECS ECS * CaCl ECS + niacin S.E.

C4 zO

C6 :0

C8:0

C10:0

C12 :0

C14:0

C14 :1

C16:0

C16 :1

C18 :0

C18:1

C18:2

C18:3

CZAzO

1.01

L.7La

!"46a

3. 50a

4.O4a

11.98a

1.60a

24.44a

.78

L4.32b

30.94b

2.78

.28

1.08b

.92

1.35b

1 .03b

2.28b

2.67b

9 .04b

l-.18b

18.55b

.64

18.61a

39 .L7 a

2.70

.28

L.4Ba

1.00

L.54ab

I.22ab

2 "79ab

3.29ab

L0.26ab

1.36ab

20. 38ab

.65

16. 58ab

36. 3 lab

2.76

.27

1.55a

.94

L.42b

1.10b

2.52b

2.99b

9.57b

1. 18b

18. 76b

.62

18.68a

37.45ab

2.79

.28

L.42a

.05

.07

.07

.2L

.24

.50

.09

r.02

.05

"7L

L.s7

"10

.01

.08

arb - Row means r¿ith different
(P<0.05).

S.E. - Standard error.

letters are staËistically different
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f.atLy acids is an established effect of dietary fat supplementation

(storry 1981). rt is inËeresting to note Ëhat the ECS plus cacl diet

caused less of a decline in the mol-ar percentages of c6:0-c16:0 fatty

acids in nílk and less of an increase in c18:0 and c18:l fatty acíds

than the other ECS diets (Table 19). Depressed intramanrmary synthesis

of fatty acids with fat suppleuentation has been attributed to an

altered production of VFA in the rumen and/or inhibitíon of mamruary

acetyl-coA carboxylase acÈivity (Thomrs and chamberl-ain 1984). The

ECS plus cacl diet allowed only a non-signífícant decrease (p>0.05) in

acetate levels ín the rumen fluid taken 2 hours post-feeding when

compared to the conËrol r^¡hereas the ECS díet caused significantly

lower (P<0.05) acetate levels than the control (Table 20). The acetaËe

levels of the rumen fluid at 6 hours post,-feeding r¿as lower (p<0.05)

for the ECS diet compared Ëo the ECS plus CaCl- diet (Table 2O). Ir

apPears Èhat calcium chloride reduced the depression ín intramanmaïy

synthesis of fatty acids by increasing supplíes of acetate. However

a sígnificant íncrease in the A:P ratio was noË achíeved with calcium

chloríde although the ratio was higher for cows fed the ECS plus cacl-

díet ttran those fed the ECS dieË (Table 21).

Molar percentages of C18:0, ClB:1 and C20 were hígher (pcO.05)

for cows fed the ECS dieË Ëhan for cows fed the control diet (Table 19).

The fatty acid profiles of the four diets are given in Table l-5. Ttre

1evel of C18:1 (oleic) fatty acid is higþer ín rhe ECS diers and rhe

levels of cl-6:0 (palmiËic) and cL8z2 (Iínoleic) f,atty acids are lower

in the ECS diets when compared to Ëhe control- díet (Table 15).

Grumpelt (1987) reported lower (p.0.05) nolar peïcentages of c6:0-c16:0
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Table 21. Effect of dietary inclusion of extruded canola seed (ECS), ECS
p]-us calcium chloride (cacl), or ECS plus niacin on least
square means for rumen fluid anomonia levels, pH and aceËate:
propionate ratios (A:p) taken at either 2 hours or 6 hours
post-feeding from dairy cows

Diet

ParameËer Control ECS ECS * CaCl ECS + niacin S.E.

Ammonia

2

6

A:P

(ne/roo

hours

hours

hours

hours

hours

hours

ml)

15.63

L7 "60

t11

2.L0

6.59

6.33

L4.23

17.80

t.97

2.06

6.64

6.49

17.10

L6.66

2.20

2.30

6.44

6.6L

L7.48

17. 51

2.23

1.88

6. 38

6.49

L.2T

2.OL

.08

.11

.L2

.08

2

6

pH2

6

S.E. - SËandard error.
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fatty acids and higher molar percentages of CIB:0-C20.0 fatty acids when

a ECS diet was fed courpared to a control. Handy and Kennelly (1933)

noted increased C18 fatty acids and decreased C12:0, Cl4:0 and C16:O

fatËy acids when ground canola seed was fed. Murphy et al. (1984)

observed increases ín milk fatty acíds with chain lengths longer than

c16 and decreases in fatty acids r,rith chaín lengths equal to or less

than C16 when crushed rapeseed was fed.

Rumen pH and rumen arnmonia levels were not ínfl-uenced (P>0.05) by

fat supplementat,ion (Table 21). Rumen pll levels ranged from 6.33 to

6.64. Grumpelt (1987) reported no effect on runen pH or arnmonía with

7.9"/" Ecs. Murphy et al. (1984) and Kennelly (1983) nored increases in

rumen pH with LL.767" and 7.27" added ground canola seed respecËively.

Tanrminga et al. (1983) and Kowaleyzk eL aL. (L977) observed decreased

(P<0.05) levels of NH, ín Ëhe rlunen when tal-lovr T¡ras added. Hor.rever

Kennelly (1983) and Sharm¡ et al. (1-978) using 7.2i[ crushed canola and

5, 10 and L5% protected tallow respectively, found no ehange in NH,

leveIs.

Blood plasma cholesËerol levels in samples taken two hours post-

feeding r^Iere greater for cows fed the ECS diets but only significantly

greater (P<0.05) for cows fed the ECS díet when cornpared to Ëhe control

(labLe 22). Blood plasma cholesterol levels in samples Ëaken síx hours

posË-feeding were also greaËer for cows fed the ECS díets buË only

signÍficantly greater (P<0.05) for cows fed rhe ECS plus niacin dier

when compared to the control (Table 22). Several researchers (Finn et

aL. 1985, Park and Rafalowski 1983 and chrísr,ensen et al. 1978) have
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TabLe 22" Effect of dietary inclusion of extruded canola seed (ECS), ECS
plus calcium chloride (cacl), or ECS plus niacin on least
square ueans for blood plas'na cholesterol |evels (ì,fno1/litre)
taken 2 hours and 6 hours post-feedíng'from dairy cows

Diet

Parameter Control ECS ECS + CaCl ECS + niacín S.E.

Cholesterol 2 hours

6 hours

5.29b

5.3lb

6.66a

5 .99ab

6. lIab

6.13ab

6. 35ab

6 .44a

.32

.26

S.E. - SËandard error.
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noted this effect" An increased intestinal biosynthesis of cholesterol

required for absorption and transport of increased circulating lípids

and fatty acíds is the probable cause (Nestel eL a1. Lg7B, Bítman et

al. L973) "
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GENERAL DISCUSSION

Dietary fat suppleuentation with whole sunflor¿er seeds or tallow

in Experiment 1 allowed m¡intenance of Ëhe energy level provided by the

control diet ú/hile increasing dietary fíbre content. Díetary fat sup-

plernentatíon in Experiment 2 increased the energy density of the ECS

díets relative to the control diet and utilízed CaCl or niacín to offset

expected negative effects of fat suppleuentatíon. Althougþ both experi-

ments involved the addition of fat to diets of dairy cows in early 1-ac-

tation, the objectíves were quite different.

DMI was not affected (P>0.05) by fat supplementation in Experiment

I and 2. A decrease in dry mâtteï inËake of diets supplemented with

fat to increase energy density (as in Experiment 2) could elimínate the

desired effect of increasing energy intake and a drop ín DMr of diets

supplemented wiÈh fat to al-low for higþer dietary fíbre (as in Erperiment

1) would reduce overall nutrient intake and probably perfor rance.

Addítion of talIow, I,ISS and ECS at the level-s tested ín Experíments I

ar.d 2 did not decrease DMI.

Mílk production Tras noË ínfluenced (P>0"05) by diet in Experiment 1

and 2. A response in milk production r¡ras not expected ín Experiment 1

since diets were formulated to be isocaloric. BuË the lack of response

to the increased energy density of the ECS diets in Experiment 2 is

confounding.

Itilk protein percent was decreased (p.0.05) when cows were fed

whole sunflower seeds ín Experiment 1. Milk protein depressions r.rhen

fat is added may be due to3 1) depressed product,ion of mícrobíal proÈein
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due to decreased carbohydrate availabilíty in the rumen (Dunkley et al,
L977); 2) impairment of ¡mino acid Ëransport into the mammary gland and

milk protein synthesis by induced insulín resistance (palnquísË and

Moser 1981) i 3) or sinply a decrease in protein synËhesis due to

restricted availabiliËy of glucose since lipids cannot. be converted

into lactose in the animal and díetary carbohydrates are reduced ín fat
supplemenËed diets" Níacin was added to a ECS diet ín Experíment 2 as

a result of reported alleviaËion of a uílk protein depression by

addition of niacin (Horner eË al. 1985). However, a milk proteín

depression r¡Ias noË produced with ECS as an added fat source in Experíuent

2 ar.d Ëhe niacín treatmenË had no effect on milk protein.

l[ilk faË percentages in Experiments 1 and 2 were low (Table B,

Table 17) and r¡/ere not greatly ínfluenced by díet. A parity by diet

interactíon in Experiment 1 was noted with priniparous cows fed the

tallow diet producing nilk with lower (p<0.05) nilk fat percent than

primiparous covrs fed the sunflower seed dieL. This is unusual since un-

protected saËurated faËs such as tallor¿ usually increase milk fat per-

cenËage or do noÈ affect railk fat yield (steele l9B4; palnquist and

conrad 1980; wrenn et al. 1978; Palmquíst and conrad l-978). The linited
number of anímels assigned Èo the tallow diet nay be influencing the

results. An irrprovement in uilk fat percentage of cows fed the fat sup-

plemented diets in Experiuent I ¡¡as expected since the forage:starch

ratio was considerably increased in these diets when compared Ëo the

control diet. The fat suppleuented diets in ExperÍment 1 were higher

in ADF than Èhe control diet but all diets n¡ere r¡ell- beloi¿ the 212 ADF
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reeoErBended for normal fat test (Table 5) and all diets cont.aíned a

similar level of NDF. There \¡ras no response in fat test to the in-
creased ADF allowed by the fat supplemented dj-ets but increased

(P<0.05) acetate proportions in the rumen were noted. The expected.

iuprovement in uilk fat test for cows fed the higher fibre fat supple-

mented diets in Experiment 1 were not realízed possibly because the

ADF values r¡lere stíll too low or the fats supplíed fro¡n I,trSS or tallow

caused decreased inÈramarnmary fatty acid synthesis r¡rith proport,ionally

lower increased uptake of plasma fatty acids.

A depression in milk fat percentage üras expected in Experiment 2

with cows fed the extruded canola seed as a result of the observations

of Gn:mpelË (1987). BuË Ëhe very l-ow nilk fat percentage of cows fed

the conËrol dieÈ üras unexpected. Partícle length of the oat silage,

carryover effects or ínaccuracies ín the cal-culated fat data are pos-

sible reasons for the depressed nilk fat. Cal-cÍum chloride (CaCl) was

added to a ECS diet in Experíment 2 as a result of reports suggesting

improved fibre digestibilíty and acetate:propionate (A:p) ratios

(Palnquist et al. 1986; Jenkíns and Palmquist 1982). Inclusíon of CaCl

did noË affect A:P ratios or milk fat percentage. But acetat.e levels

in the rumen fluid were hÍgþer for cows fed the ECS plus cacl diet at

two and síx hours post-feedíng than for cor¿s fed the ECS diet however

onJ-y significantly dífferent at six hours. Al-so molar percentages of

C6:0-C16:0 rní]-k fatty acids declined less and uolar peïcentages of

C18:0 and C18:1 increased less with the ECS pJ-us CaCl diet when compared

with the ECS diet. Therefore CaCl appears to affecË runen fermenËat.Íon

and warrants further study.
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Fatty acid composition of urilk fat was affected by fat supple-

mentation in ExperímenÈs 1 and 2. Decreased de novo synthesis of short

chain fatty acids in the manrmáry gland along with increased uptake of

díetary long chain fatËy acids is an established effect of lipíd ad-

dition to the diet (Palmquist and Jenkíns 1980). The results of

Experiments I and 2 are in agreemenË with these findings. The ínter-

mediaËe response of uilk fatty acíds frou cor¿s fed the ECS prus cacl

in Experiment 2 ate noteworËhy and may be a result of the íncreased

proportíon of acetate ín the rumen.

Molar percenËages of VFA were affected by díet in Experiments 1 and

2. Clearly ru¡uelÌ VFA in Experiment I were influenced by the lower fibre

1evel of the control di-et. The decrease (P>0.05) in the acetate:

propionate raËios for cows fed the control diet results in an A:P ratio

substanËially lower than suggested by Kloppenstein and owens (1981-) Ëo

a1low normâl fat test. The increase in the fibre contenË allowed by

the use of !üSS or tal1ow caused decreases (P>0.05) in the proportíon of

propionic acid in rumen fluid and increases (P<0.05) in the proportíons

of acet.íc, n-buËyric and ísobutyric acíds. Acetate:propionate ratíos

were increased (P<0.05) by faË supplemented diets probably because of

the increased fibre content. The effects in Experiment 2 were less

drameËic but feedíng the ECS diet resulted Ín lower aceËic acid pro-

porÈions and higþer butyríc acid proportions when compared to feeding

the control al-though differences were sígnificanÈ at tl¡ro hours post-

feeding on1y. Acetate t,o propionate raËío r¡las not affecËed by diet ín

Experíment 2 but Ëhe 1o¡^r A;P ratios determined for all díets suggests
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an upseË in rumen envíronment which may be due to reduced particle

length of the primary roughage. The reduction in the A:p ratios is

reflected in the 1ow rnilk fat percentages experienced by cor¡/s receiving

all four experirnental diets. The ECS plus cacl diet supported higher

(P<0.05) acetate proportions than the ECS diet and suggests a posítive

effect of CaCl on the rumen although the response did not cause improved.

nilk fat percentage.

Blood pLasma cholesterol levels were predíctably increased (P<0.05)

by f.at supplementation the form of 1^lSS, Èallow and ECS in Experiments 1

and 2. Increased intestinal biosynthesis of cholesËerol is required for

absorption and transport of increased lipids and fafty acids (Bitman

et a1. L973; Nestel er al. 1978).
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SI]MMARY

Dry matter intake and nilk production hrere not affected by a) re-

placing cereal grain starch r¡rith fibre and fat from whole sun-

flower seeds or Ëallor¿ or b) by íncreasÍng energy density with

ext.ruded canola seed.

rncreasing dietary fibre level by replacing starch with fat and

fibre did not irnprove milk faÈ percentage when NDF levels \^rere

siur-ilar.

AcetaËe:propíonate ratios were increased ín fat supplemented diets

in E>çerínenË 1 as would be expected with the hÍgher fíbre l-evels.

calcium chloride addition to a ECS diet increased acetic acid

proportions in rumen fluíd.

sunflower seed supplementation decreased nilk protein levels.

supplementÍng with ECS did not decrease milk protein percent and

the addiÈion of niacin did not change milk protein percenË.

supplenenting with Ecs did not cause a further reduction in fat

LesE and the addition of CaCl did not improve nilk fat Èest.

Generally fat supplenentation íncreased the proportíon of longer

chain fatty acíds and decreased the proportion of shorter chaín

fatty acids in nilk fat.

Plasma cholesËerol level was íncreased by faË supplementation,
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Appendix 2

Feed intake graphs for Experiment I

Trt A l^Ihole sunflor¿er seeds

Trt B - Control

Trt C - 3.4"/" taALow * sunflower hulls * meal
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AppendÍx 3

Feed inÈake graphs for Experiment I

6 + S Â X V = índividual cor¿s on treatments

Treatueut A 92 Iühole sunflower seed

Treatuent B Control

Treatment C 3.4"Á lal-l-ow plus sunflower meal and hulls
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Appendix 5

Milk production graphs for Experiment 1

Trt A 9% Lrrhole sunflower seed

Trt B Control

Trt C 3.4"/" TaLlow plus sunflower seeds and hulls
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Appendix 6

Milk production graphs for Experiment I

U + ô Á X V, = índividual co!üs on treatnents

Treatment A 9Z I,ltrol-e sunflower seed

Treatment B Control

Treatment C 3.47" TaLLow plus sunflower ueal and hulls
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