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The objective of this research was to study supptgation of linseed oil in
fattening cattle and crossbred Holstein Friesiam d@ts and then to determine the fatty
acid accumulation and n-6/n-3 ratio in beef andkmil

In Experiment | : twenty fattening steers (87.5%alBnan crossbred),
approximately 2 years old, were assigned into a fet@ly Randomized Design (CRD)
and stratified by their LW into 4 groups of whieach group was randomly assigned to
four dietary treatments. All steers were fed 14%cGRtrol concentrate and free access to
clean water and were individually housed in a #td- unit. The treatments were 1)
concentrate approximately 7 kg/d wat libitumrice straw; 2) concentrate approximately
4 kg/d plus 200 g/d of palm oil witkd libitum fresh grass; 3) concentrate 4 kg/d plus 100
g/d of palm oil and 100 g/d of linseed oil wat libitum fresh grass; 4) concentrate 4 kg/d
plus 200 g/d of linseed oil withd libitum fresh grassThe dietary treatment had no effect
on nutrient intake. The oil supplement decreased, DWile ruminal pH, NE-N VFA
concentrations and protozoa count were not chahg#dl did not negatively affect carcass
guality or sensory perceptions, but increased {Be-A and lowered the n-6/n-3 ratio in
beef with increasing amounts of LSO supplement.

In Experiment Il : twenty-four Holstein Friesiarossbred lactating dairy cows



(87.5% Holstein Friesian) were assigned into a 2 Factorial in Random Complete
Block Design. All cows were fed approximately 6dkagf 21% CP concentrate and free
access to clean water and were individually housedree-stall unit. Treatments were: 1)
concentrate plus 300 g/d of palm oil (PO) togethigh ad libitum corn silage (CS); 2)
concentrate plus 300 g/d of linseed oil (LSO) thgetvithad libitum CS; 3) concentrate
plus 300 g/d of PO together wisld libitum fresh grass (FG); and 4) concentrate plus 300
g/d of LSO together withd libitum FG. Supplementation with LSO had no effect on DMI,
milk production and milk composition. However, thalk C18:3n3 percentage was
increased by LSO supplementation. Finally, LSO mpented withad libitum fresh grass
was able to decrease the n-6/n-3 FA ratio in tivg daw milk.

In Experiment lll : four ruminally fistulated crds®d Holstein Friesian cows were
assigned to 4 dietary treatments in a 4 x 4 Lafmae design. All cows were fed
approximately 3 kg/d of 21% CP concentrate. Treatsavere similar to those in
Experiment Il. The results demonstrated that pestlihg LSO at 2 h provided higher
C18:3n3, but it did not affect C18:0, C18:2 and Girdportion in rumen digesta. Feeding
LSO inhibited BH of C18:2 to C18:0, as indicated iy increased rumen flows.
Furthermore, LSO did not negatively influence ruahifermentation, DM or NDF
digestibilities, and there was no change in rumipdl, NH:-N, protozoa or VFA

concentration.
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CHAPTER

INTRODUCTION

Products from ruminant contain high amount of sdtd fatty acids (SFA),
which are the result of biohydrogenation processiomng within the rumen (Scollan
et al., 2001), particularly lauric acid (C12:0) amgristic acid (C14:0) found in milk.
While palmitic acid (C16:0) and stearic acid (C2)&eée rich in beef (Moloney et. al.,
2008; Suksombat et al., 2011). Consumption of foecls in SFA can cause heart
disease in human. While the amount of polyunsagdrédtty acid (PUFA) in ruminant
products including linoleic acids (C18:2n-6) andolenic acids (C18:3n-3) has a
positive effect on consumer’s health (Parodi, 2008)YFAs, particularly n-3 fatty
acids, can inhibit prostate cancer and breast caffandalai et al., 1996), reduce
atherothrombotic vascular disease and the riskeafthdisease (Kris-Etherton et al.,
2002; Harper and Jacobson, 2005). In addition FA-Belps to balance appropriate n-
6/n-3 FA ratio for human’s health. The Departmehtealth (1994) suggested that
consumers should receive food with high amount-8fFA relative to the quantities
of n-6 FA. At present, consumers receive an unlgaldm-6/n-3 ratio (10:1) while the
appropriate ratio should be 1:1 (Eaton et al., J9861ce the 2 groups of these FAs
cannot be synthesized in human’s body becauseckinipaA-12 andA-15 desaturase
enzymes to insert double bonds. Thus, these 2 tese\s must be directly supplied
from the diets. Compositions and ratios of FAs @efband milk are influenced by

dietary FAs, an important factor controlling theoportion of fatty acids in the beef



and milk. Linseed oil is a natural source of altihalenic fatty acid (ALA) and other

PUFAs and it is important antithrombotic and anflammatory roles (Palmquist,

2009). Petit et al. (2004) found that 9.7% of digtaM flaxseed supplemented dairy
cows produced milk containing higher n-3 FAs thaase cows supplemented with
palm oil and sunflower seeds, and the control gwhjzh did not add the oil. Bork et
al., (2010) reported significant reduced milk n-8/f%A ratio when 0.85% linseed of
dietary DM was supplemented to lactating dairy cowhen comparison has been
made among the fresh grass system, corn silagecamd silage plus linseed as
roughage, the ratios of n-6/n-3 fatty acids in ylaiow’s milk were 1.23, 2.93 and
1.88, respectively (Dutreuil, 2008pupplementation of 3% linseed oil significantly
increased the concentrations of n-3 fatty acidgh@llinolenic acid, C20: 5 n3 and
C22:5 n3 and C22:6 n3) in beef (Herdmann et alL020Thus, the present study
aimed to determine the effect of LSO supplememntatidoeef and dairy cattle diets on
n3 fatty acid profiles and n-6/n-3 ratio in beeflanilk. The first part of this study

was to supplement with linseed oil in fatteningtle& diets and the second part in

Crossbred Holstein Friesian cow’s diets.

1.1 Research hypothesis

1.1.1 Supplementation of linseed oil in fatteniadgtle’s diets may increase n3
fatty acid accumulation and decrease n-6/n-3 ratlzeef.
1.1.2 Supplementation of linseed oil in Crossbretstéin Friesian cow’s diets

may increase n3 fatty acid accumulation and deerean-3 ratio in milk.



1.2 Resear ch obj ectives

1.2.1 To study the effect of linseed oil suppleragah in fattening cattle’s
diets on n3 fatty acid accumulation and n-6/n-Brit beef.
1.2.2 To study the effect of linseed oil suppleragah in Crossbred Holstein

Friesian cow’s diets on n3 fatty acid accumulaton n-6/n-3 ratio in milk.

1.3 Scope of the study

These researches intended to study the effecheddid oil supplementation in
fattening cattle’s diets on change n-6/n-3 ratid ascumulation of n3 fatty acid in
beef and the effect of linseed oil supplementaiilorCrossbred Holstein Friesian

cow’s diets on change n-6/n-3 ratio and accumulation3 fatty acid in milk.

1.4 Expected results

1.4.1 High level of n3 fatty acid accumulation dod n-6/n-3 ratio in beef
may occur when linseed oil was supplemented ierfiaig cattle’s diets.
1.4.2 High level of n3 fatty acid accumulation dod n-6/n-3 ratio in milk

may occur when linseed oil was supplemented irategg dairy’s cow diets.

1.5 References

Bork, N. R., Schroeder J. W., Lardy G. P., Vonnal¥nA., Bauer M. L., Buchanan D.
S., Shaver R. D., and Fricke, P. M. (2010). Effedieeding rolled flaxseed on
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CHAPTER I

LITERATURE REVIEW

The consumption of beef and dairy products hasas®d by increasing world
population and consumers focus and realize nusrieftfood consumed each day
(WHO, 2003).Fatty acids represent 30-35% of total energy intakeany industrial
countries and the most important dietary sourcefatty acids are vegetable oils,
dairy products, meat products, grain and fatty bstiish oils Fat and fatty acids in
beef and dairy products depend on the feed ingnechetrient composition, digestive

systems and processes that occur via the animal.

2.1 n-3 Fatty acids

n-3 Fatty acids (omega-3 fatty acids @r3 fatty acids) are family of
unsaturated fatty acids that the first carbon-carbdouble bond exits as the third
carbon-carbon bond from the terminal methyl eall ¢f the carbon chain of fatty
acid. n-3 Fatty acids are considered essentiay fattds. The human body cannot
synthesize n-3 fatty acidde novo but it can form 20-carbon unsaturated n-3 fatty
acids (eicosapentanoic acid, EPA) and 22-carbomatursied n-3 fatty acids
(docosahexaenoic acid, DHA) from the eighteen-carbe3 fatty acida-linolenic
acid, witch the chemical structures are shown imgufg 2.1 These three
polyunsaturated fatty acids have 3, 5 and 6 doodtels in the carbon chain of 18, 20

and 22 carbon atoms, respectively (Kapoor and,FP20il1). The research indicates



and prevention risk factors associated with chramd prevention risk factors for
brain (brian memory and performance), the centrafvous, retinal and eye
development of infants (Uauy and Valenzuala, 2000ants who do not get enough
n-3 fatty acids from their mothers during pregnanoy at risk for developing vision
and nerve problems (Mirajkar et al, 2011). Plaras synthesize n-3 fatty acid in a
reaction catalyzed by the enzymel5 desaturase; mammals do not possess this
enzyme and thus they have to obtain this fatty &oith the diet. n-3 Fatty acid can be
found in green leafy vegetables, seeds such aseiak and linseed oil, nuts, and
legumes, and a small percentage of n-3 fatty acalso found in corn oil, sunflower

oil, or safflower oil (Kromhout et al., 2012).
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Figure 2.1 Chemical structure of (a}linolenic acid, ALA; (b) eicosapentaenoic acid,

EPA; (c) docosahexaenoic acid, DHA (Kashiwagi anaiit, 2012)

2.2 n-6 Fatty acids

n-6 Fatty acids (omega-6 fatty acids or6 fatty acids) are a family
of unsaturated fatty acids that have in commomal fcarbon-carbon double bond in
the n-6 position, that is the sixth bond, countiram the methyl end. n-6 Fatty acids

are considered as essential fatty acids. The bizadbgffects of the n-6 fatty acids are



largely mediated by their conversion to 20-carbamsaturated n-6 fatty acids
(arashidonic acid, AA) and 22-carbon unsaturatédatty acids (docosapentanoic acid,
DPA) from the 18-carbon n-6 fatty acid (linoleicidacLA) (Kuang, 2001). The

chemical structures of n-6 fatty acid are shownFigure 2.2. The conversion of
tissue arachidonic acid (C20:4n-6) to n-6 prostatjlaand n-6 leukotriene hormones
provides many targets for pharmaceutical drug dgweent and treatment to diminish
excessive n-6 actions in atherosclerosis, asthrimaitis, vascular disease, thrombosis,
immune-inflammatory processes, and tumor prolifenaSimopoulos, 2002). n-6 Fatty
acid is a major fatty acid in plant lipids. In amii® it is derived mainly from dietary

plant oils such as palm oil, sunflower oil, corhand soybean oil (Hibbeln, 2006).
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Figure 2.2 Chemical structure of (a) linoleic acid, LA; (bjaahidonic acid, AA; (c)

docosapentanoic acid, DPA (Kashiwagi and Huang2p01

2.3 Metabolism of n-3 and n-6 fatty acids

The enzymes responsible for desaturation and @angation in both n-3 and
n-6 families are identical (Figure 2.3). Imbalameehe intake of n-6 versus n-3 fatty
acids sometimes leads to over-production of eicaisianwith less preferred activities.

Eicosanoids made from n-3 fats are often referoeaistanti-inflammatory, but in fact



they are just less pro-inflammatory than those niemla n-6 fats. If both n-3 and n-6
are present, they will “compete” to be transformed,the ratio of n-6/n-3 directly
affects the type of eicosanoids that are produthd as to greater interest in finding
ways to control the synthesis of n-6 eicosanoidse §implest way would be by
consuming more n-3 and fewer n-6 fatty acids. Gaebral. (2008) studied the effect
of diet modification to decrease the n-6/n-3 ratio cardiovascular risk factors and
resting energy expenditure. Decreased n-6/n-3 redio be achieved with simple
dietary counseling, resulting in multiple, potehyidavorable effects on the metabolic
and inflammatory profiles. Serhan et al. (2002tavered that the EPA is responsible
for the formation of potent antiinflamatory nanoemlles, called Resolvins in the
human body and discovered that n-3 fatty acids @meverted into other anti-
inflammatory molecules called Maresins and n-3-ipiyE, which partly explain the
versatile health effects of n-3 fatty acid enriclfedds. It has been reported that
conversion of ALA to EPA and further to DHA in hungais limited, but varies with
individuals. Generally, women have higher ALA corsien efficiency than men,
probably due to the lower rate of utilization okw@iry ALA for B-oxidation. This
suggests that biological engineering of ALA coniars efficiency is possible.
However, Goyens et al. (2006) reported the abs@nteunt of ALA, rather than the

ratio of n-6 and n-3 fatty acids, which affects toaversion.

2.4 Rumen biohydrogenation of n-3 and n-6 fatty ads
Lipids in ruminant feed are derived from foragesims and oil supplements.
The lipid content in ruminant diets is approximgtdt7% DM intake. The pathways

of biohydrogenation of the major dietary PUFA, raBd n-3 fatty acids, were
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established in classical studies conducted durimg 1960s through to 198

(Palmquist et al., 2005; Bauman and Lock, Z; Jenkins et al., 2008 Dietary lipids
entering the rumen a usually triglycerides, phospholipids and galactdkp The first
transformation is lipolysis, the hydrolysis of tlester linkages releasing f fatty

acid. The establishment of a free carboxyl groupaigritical first step befor
hydrogenation may proceed. The first stage in tueration of bothn-6 and n-3
involves an isomerisation reaction that converéscis-12 double bond to trans-11

isomer, resulting in conjugate linoleic acid (CLAJydrogenation of th«cis-9 bond
can then proceed by a microbial reductase, withfdhmation of vaccenic acid. Tt
final step in the ruminal biohydrogenation pathviayolves a further hydrogenatic
of the trans-11 double bond producinC18:0 (C18:2n-6pathway; Figure 2.4) ¢
trans-15 C18:1 (@8:in-3 pathway; Figure 2.4). Partially n#&nd n-3 fatty acid
bypassg microbial hydrogenation which esca from therumen and are absorb

by intestine anéhcorporated into milk fat and beeFuentes et al., 201.

n-6 Fatty acids n-3 Fatty acids
Enzvmes
Linoleic 18:2 c-Linolenic 18:3
Af _desaturase G
v-Linolenic 18:3 Octadecatetraenoic 18:4
elongase
Dihomo-y-linolenic 20:3 i Ficosatetraenoic 20-4
A~ -desaturase G
Arachidonic 204 Ficosapentraenoic 203
G elongase 0
Adrenic 224 Docosapentaenoic 22:5
G elongase 0
Tetracosapentaenoic 24:5 Tetracosapentaenoic 24:3
O Af _desaturase %
Docosapentaenoic 22:5 Tetracosahexaenocic 24:6
p-oxidation 0
Docosahexaencic 22:6

Figure 2.3Essential fatty acids metabolism (Kapoor and P26il1
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Figure 2.4 Lipid metabolisms in the rumen (Tanaka, 2005)
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2.5 Lipid transport in ruminants

Fatty acids in the small intestine predominantljgioate from the diet or
microbial de novo synthesis; however a significant proportion (rdydt0 to 20%) of
the fatty acid arises from microbial phospholipi@ce lipids reach the duodenum,
fatty acid blends with bile salts to form micellbich are then absorbed across the
mucosal cells. The capacity to absorb fatty acihinishes with increasing lipid
supplementation in the diet, assumably due to &nwbs in the production of
pancreatic lipases and bile salts (Bauchart, 1998¢e absorbed, medium-chain fatty
acid (C6 to C12) are transported as non esterifittgd acid (NEFA) via the portal vein
and can be either be absorbed in the liver or pergd tissues. In the liver, the NEFA
can undergo oxidation to form acetate, or be fornm#d triacylglycerols and re-
excreted as very low density lipoproteins (VLDL)dgdjuette and Bauchart, 1999).
Fatty acids greater than C12 are transported asytglycerols by lipoproteins called
chylomicrons through the lymphatic system to theipbeeral tissues. Lipoprotein
lipases hydrolyse the triacylglycerols, releasingPy, which are then absorbed and
incorporated into membrane or adipose tissue (Hetbguand Bauchart, 1999).
Further elongation and desaturation of the absodg@ds occurs via lipogenic

enzymes (Hocquette et al., 2010).

2.6 Dietary ratio of n-3 and n-6 fatty acids

The n-6/n3 ratio may be as high as 17 : 1 in sonesté&/n diets§imopoulos
2006). It is roughly 10 : 1 in the U.S. didthertonet al., 2002). In the Women'’s
Health Study, participants had an average dietaig of about 8 : 1. Although some

women ate diets with a low ratio of about 1 : Hilevothers ate diets with a high ratio
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of 33 : 1 Miljanovic et al., 2005). The n-6/n-3 ratio recommended hgrirational
agencies and some European countries ranges froth t 10 : 1 Gebaueret al.,
2006). The U.S. Institute of Medicine (IOM) supoét ratio of 5 : 1 for the U.S. and

Canadian populationgnistitute of Medicine, 2002

2.7 Linseed oll

Linseed oil is derived from the seeds of flaxsdaduym usitatissmum L.), a
plant widely cultivated in Europe for fiber or dibr industrial use(Bayrak et al.,
2010).The most important linseed producing countries@aeada, Argentina, USA,
China, India and Europe (Lidefelt, 2007). Generéitgeed contains 40% oil, 30%
diet fiber, 20% protein, 4% ash and 6% moisturer(§vet al., 2008). Linseed oil richs
in polyunsaturated fatty acids, particularly naBout 53% of the total fatty acids
(Table 2.1)whereas the n-6 fatty acids comprise about liB# essential for humans,
the body needs them. They must be obtained fronfatiseand oils in foods because
our bodies cannot make themhus, linseed oil contains more than three times as
much n-3 as n-6 fatty acids, giving an n-6/n-3oaf 0.3 : 1 Katare, 2012 By
comparison, the n-6/n-3 ratio for corn oil is 4@;:for soybean oil, 7 : 1; and for
canola oil, 2 : 1. The high level of n-3 in linse@timakes it a good source of n-3 fat
in the North American diet. Consuming linseed gilf@ods rich in n-3, such as n-3
enriched milk and beef derived from ruminant, ilases n-3 fat intake and improves

the dietary n-6/n-3 ratio (Chilliaret al., 2007Herdmann et al., 2010)
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Table 2.1 Fatty acid profile of oilsiane,2007)

Fatty acids (g /100 g fatty acids)

Feeds C16:0 C18:0 C18:1 C18:2n-6 C18:3n-3 n-6/n-3

Linseed 5.00 4.10 20.20 12.70 53.30 0.24
Corn 22.70 2.30 27.30 53.50 1.16 46.10
Palm 43.50 4.30 36.60 9.10 0.20 45.50
Rice bran 16.90 1.60 39.10 33.40 1.60 20.90
Sunflower 5.90 4.50 19.50 65.70 -

Soybean 10.30 3.80 22.80 51.00 6.80 7.50
Canola 4.00 1.80 56.10 20.30 9.30 2.20

2.8 Effect of plant oil and oilseeds on performangearcass and n-3

fatty acid accumulation in beef

Animal performance data are summarized in TableDaiby total DM intakes
(DMI) were not significantly affected by dietaryeitment (Dawson et al., 2007).
Scholljegerdes and Kronberg (2010) reported thatpayed with nonsupplemented
controls, steers grazing native rangeland gaineavenage 0.27 kg more BW per day
and had greater G : F when fed linseed. AlthouglAdid not differ between steers
fed acorn-based supplement or linseed, G : F was gréaténe steers supplemented
with linseed (Scholljegerdes and Kronberg, 2010)other studies, Holstein calves
fed a palm oil supplement attained a growth ratd..8f kg/d (Partida et al., 2007),
while Italian Holstein calves fed a concentrate thaluded 5% whole linseed during
the growth period and 8% whole linseed during timeshing period achieved an
average daily gain of 1.21 kg/d (Corazzet al, 2012). Furthermore, no significant
differences in carcass weight or carcass qualityewebserved due to dietary

supplement (Table 2.5). Greater carcass fatnesddws recorded in some studies
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carried out with steers or cull cows fed conceettagat included linseed (Kim et al.,
2009; Hernandez-Calva et al., 2011), but no sufflerédnces were found in some
researches. This could be because the diets userlisaenergetic, while in some
papers cited the concentrates supplemented witkedith contained a higher
percentage of lipids than the control diets. Worksmparing concentrates
supplemented with linseed and concentrates suppietiewith another lipid
ingredient having a similar energy content publishey Mach et al. (2006),
Kronberg et al. (2011) and Corazzin, et al. (204/2p found no variation in carcass
fatness. Comparing the effect of dietary linseed, significant differences in
marbling were found (Mach et al., 2006; Kronbergakét 2011; and Corazzin et
al.,2012)

Fatty acid compositions of beef are summarizedabld 2.5. Linseed oll, as
a major source of C18:3n-3, was used to augmergupply of C18:3n-3 from grass
and so promote indirect synthesis of CLA via tisslesaturation of ruminally
derived C18:1trans-11. The management strategy seypowas successful in
ensuring similar mean carcass weights and mustte daid concentrations across
the treatments as intended. Interpretation of tffeces of diet on fatty acid
composition is therefore not confounded by diffeesin carcass fatness (Leat,
1978). Despite the high degree of biohydrogenatbmlietary PUFA reported by
Scollan et al. (2001) and by Doreau and Ferlay 4).98upplementation with PUFA-
rich rations decreased the SFA and increased ifPWieA proportion in the muscle
and in subcutaneous adipose tissue. This decre&&EA suggests an increase in the
incorporation of PUFA in muscle and subcutaneoupas@ tissue at the expense of
SFA, due to the different proportions of fatty acith the unsupplemented and

supplemented diets. A diet rich in C18:3n-3 (cruslo extruded linseed) was
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shown by Raes et al. (2004) to decrease the n-&/kH3A ratio from 6 : 1 to less
than 4 : 1 in Belgian Blue bulls, and similar résukere obtained by Scollan et al.
(2001) by feeding a 60 : 40 silage to concentrat® rwith a whole linseed-based
ration. The n-6/n-3 PUFA ratio of beef is of relaga in its contribution to the whole

diet of humans.
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Reference Diet/ DMI (kg/d) BW gain (kg) ADG (kg/d) Gain/kg feed ()
Grass Only 8.8 162.0 1.0 -
Noci et al. (2007) Safflower oil 8.8 186.0 1.1 -
Linseed oil 8.8 174.0 11 -
Grass only - Same Live Weight 0.9 96.0
Razminowicz et al. (2008) Cereal based type - (560 kg, 17realized : 1.0 97.0
125 g/kg Flaxseed - 55749 kg) 1.1 100.0
Control 8.6 114.0 1.3 147.0
He and Armentang2011) FW x 1 9.4 107.0 1.4 149.0
FW x 4 9.4 123.0 1.4 151.0
Control - 86.3 0.7 70.0
Kim et al. (2009) 10% Whole linseed - 96.1 0.8 81.0°
15% Whole linseed - 94.4 0.8 82.¢"

a2 Means within a column with different superscrigiffer (P < 0.05)

Y'No FW = no feed withdrawal of equal mixture ofxflail and sunflower oil at 5% of diet; FW x 1 = gla feed withdrawal; FW x 4 = feed withdrawal evéry

weeks for 48 h treatments
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Reference Diet DMI (kg/d) BW gain (kg) ADG (kg/d) Gain/kg feed ()

Pastures 10.5 - - -

Roll linseed 10.0 - - -
Doreau et al. (2009)

Extrude linseed 9.9 - - -

Linseed oil 9.9 - - -

Grass grazing only - 1.04 -
Kronberg et al. (2011) 0.20% of BW/d Flaxseed - Before slaughter 4926 kg 1.09 -

0.28% of BW/d CSBM - 0.83 -

3P Means within a column with different superscrigiffer (P < 0.05)

Y CSBM = grass grazing and daily supplement mixafreorn and soybean meal (0.28% of BW/d)
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Table 2.3 Effect of dietary source of n-3 fatty acids oeess carcass characteristics.

Reference Diet CCW (kg)? HCW (kg)? Fat weight (kg)  Marbling score’  Rib eye area (crf)
Grass Only 258 - 5.15 -
Noci et al. (2007) Safflower oil 277 - 5.41 -
Linseed oil 267 - 5.33 -
Grass grazing only - 263.3 - 366 -
Kronberg et al. (2011) 0.20% of BW/d Flaxseed - 281.8 - 367 -
0.28% of BW/d CSBM - 275.4° - 358 -
Control - 344.8 - 2.55° 75.0
Kim et al. (2009) 10% Flaxseed - 351.3 - 3.33 79.0
15% Flaxseed - 350.3 - 3.14° 77.0

a2 Means within a column with different superscrigifier (P < 0.05)
Y CSBM = grass grazing and daily supplement mixafreorn and soybean meal (0.28% of BW/d)
2lccWw = Cold Carcass Weight

¥ 300 = slight, 400 = small
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Table 2.4 Effect of dietary source of n-3 fatty acids aebfatty acid composition.

Fatty acids (g /100 g fatty acids)

Reference Diet
C18:2n-6 C18:3n-3 SFAY PUFA? n-6 FA n-3 FA n-6/n-3 ratio
Grass Only 253 1.37 43.38 6.65 3.13 2.37 1.46
Noci et al. (2007)  Safflower oil 3.3¢’ 0.87 39.06' 8.02 4.2¢ 1.91 2.24
Linseed oil 2.93 1.358 41.0F 7.49 3.82 2.34 1.72
Grass only 3.37 1.74 47.46 10.44 4.54 3.96 1.25
Razminowicz et al.
Cereal based type 2.71 1.13 48.62 8.15 3.64 2.76 1.4%
(2008)
125 g/kg Flaxseed 291 1.37 47.61 9.08 3.84 3.13 1.33
Control 3.33 0.09° 50.78 4.13° 3.66 0.47° 7.78°
Kim et al. (2009) 10% Flaxseed 4.98 0.16° 45.21% 6.01° 3.55 0.46° 7.71°
15% Flaxseed 5.00 0.20° 42.92% 6.10° 3.59 0.51° 7.03%

a b ¢Means within a column with different superscrigiffer (P < 0.05)
YSFA = Saturated fatty acid

?PUFA = Poly unsaturated fatty acid
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Fatty acids (g /100 g fatty acids)

Reference Diet/
C18:2n-6 C18:3n-3 SFA PUFAY n-6 FA n-3 FA n-6/n-3 ratio
Control 2.03 0.24° 19.54 3.09° 2.58° 0.51° 5.06°
400 g/d Flaxseed 2.86 0.32° 19.24 4.93° 3.96" 0.98° 4.04%
Baird et al. (2010)
800 g/d Flaxseed 2.36 0.29° 20.05 4.17° 3.28° 0.89° 3.68°
1,200 g/d Flaxseed 2.07 0.33° 18.84 3.52° 2.79° 0.73° 3.82°
Control 3.70 0.35° 61.95 4.11 3.76 0.35° 10.74°
Corazzin et al. (2012)
Whole linseed 3.20 0.64° 53.41 8.95 3.31 0.64° 5172
Hay
No Flaxseed 2.60 0.5P 43.13 5.35 3.97 1.19° 3.32°
Flaxseed 2.40 1.27 40.39 5.58 3.36 1.89¢ 1.782
Nassu et al. (2011)
Silage
No Flaxseed 2.10 0.317 42.52 4.16 3.24 0.74% 4.39°
Flaxseed 2.12 1.06° 40.70 4.89 2.99 1.64° 1.83%

a b ¢Means within a column with different superscrigiffer (P < 0.05)
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2.9 Effect of plant oil and oilseeds on performangearcass and n-3

fatty acid accumulation in dairy cow’s milk

Milk compositions were not affected by oil suppleméLoor et al., 2005
Flowers et al., 20Q8Filleau et al., 2011), however report by Rego let(2009),
supplementatiomwith rapeseed and sunflower oils decreased milk fateecwand milk
production, with linseed oil having no effect. lergral, supplementation of grazing
dairy cows with unsaturated fat (0.2 to 1.0 kg/@nsicantly decreases milk fat
concentration (-8%) and production, as reviewe&blyroeder et al. (2004). However,
the responses can be quite variable with the Bpigrce used. Lawless et al. (1998),
who supplemented grazing dairy cows with full-falylseans and full-fat rapeseed
(1.65 kg/d; approximately 0.65 kg of oil), obsenadiecrease in milk fat (only for
full-fat rapeseed) and protein content without &feon milk and milk solid
production, when compared with a control diet. Fdosv et al. (2008), who
supplemented diets with increasing levels of lidse# (0.17, 0.34, and 0.51 kg/d),
showed no effect on milk fat content and productidnother study using grazing
dairy cows supplemented with a mixture of fish andflower oils (0.1 kg of fish oil
+ 0.3 kg of SO/d) reported no significant effectmilk production and composition
(AbuGhazaleh and Holmes, 2007). Overall, the abbalditeratures on this topic
suggest that supplementation with linseed oil exad negative effects on milk fat
content, when diets are mainly based on forageadtbeen well established that the
inclusion of unsaturated fat in dairy cow dietsilnis thede novo synthesis of short-
and medium-chain fatty acids and increases theerdration of C18 fatty acids,
resulting in a more unsaturated milk fat (Chilliagtlal., 2007). Odd- and branched-

chain fatty acids mainly originate from microbiabktter in the rumen, and feeding
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unprotected lipid supplements to ruminants indudeanges in the rumen microbial
population that can result in a lower outflow ofstlatty acids. However, it was
demonstrated that milk odd- and branched chaiwg &atids are highly correlated with
milk short- and med- chain fatty acid, and not wikeir duodenal concentrations
(Glasser et al., 2007), suggesting that its comaBabh in milk would be mainly
regulated at the mammary level (Glasser et al.8R00he proportion of C18:0 was
higher when feeding oil sources, which it is ireliwith previous results (Rego et al.,
2005). Increases in oleic acid can be attributeditierences in C18:1 intake (and
duodenal flow of C18:Tis-9) and to availability of C18:0 fok9-desaturation in the
mammary gland, which is linked to a less complathydrogenation of C18:3n-3
than of C18:2n-6 (Glasser et al., 2008). Linolacavas the highest, with sunflower
oil reflecting the higher intake of C18:2n-6. Treport ofRego et al., (20099id not
detect any positive additive or synergistic effeetween pasture and linseed oll
because both are good sources of C18:3n-3. Sunglyslinseed oil lowered this fatty
acid in milk fat, yet this strategy failed to proteanilk fat enrichment in n-3 fatty
acid. Conversely, Flowers et al. (2008), who sumgleted grazing dairy cows with
increasing levels of linseed oil (0.17, 0.34, an810kg/d), observed an increase in
C18:3n-3. A possible explanation for the reductio€18:3n-3 in the milk fat of cows
fed fat-supplemented diets might be a reductiorpadture intake. A reduction of
pasture DMI (-3.9 kg of DM) after lipid supplemetida (0.5 and 1.0 kg of partially
hydrogenated oil) has been reported by Schroedal €2002). FA yields reflect the
total fat yield and milk fatty acid pattern. In ¢oast to supplementation with rapeseed
oil and sunflower oil, linseed oil supplementataid not depress total milk fat yield,

and this was reflected in yields of individual mftkty acid and partial sums of FA.
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Milk composition (%) DMI
Reference Diet Roughage Milk yield (kg/d) BW(kg)
Fat Protein  Lactose (kg/d)
Fish oil 27.2 2.56 2.97 4.77 17.1 -
Loor et al.
Linseed oil Hay 24.4 2.75 3.18 4.71 17.2 -
(2005)
Sunflower oil 26.5 2.62 3.50 4.68 19.3 -
Control 16.2
21.7% 3.49 3.15 4.99 -
4% Soybean oll 16.2
TMR 25.8° 3.21 3.20 5.00 -
Bu et al. (2007) 4% Linseed oil 15.9
(tie-stall barn) 25.0° 3.26 3.17 5.00 -
2% Soybean oil + 16.2
25.2" 3.30 3.15 5.04 -
2 % Linseed oil
Control 18.93 3.23 3.03 4.56 - 631
Flowers et al. 170 g/dLinseed oil Alfalfa-fescue-clover- 18.50 3.44 3.19 4.40 ) 599
(2008) 340 g/dLinseed oil weed mixed pasture 19.60 3.35 3.12 4.59 ) 600
510 g/dLinseed oil 19.10 3.27 3.08 4.66 - 604

a2 Means within a column with different superscrigiffer (P < 0.05).
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Reference Diet Roughage Milk yield (kg/d) Milk compsition (%) DMI (kg/d) BW (kg)
Fat Protein  Lactose
Control 22.2 3.75 3.51 - - 555
Pasture
Rego et al. (2009) Sunflower oil 22.0 3.27 3.45 - - 564°
(ryegrass)
Linseed oil 22.2 359  3.43 - - 566"
Control 23.0° 417 3.40 4.83 19.8 717
Crude linseed TMR (corn 21.8 458  3.46 4.82 19.5° 714
Chilliard et al. (2009) .
Extrude linseed silage, grass hay) 20.8"° 3.5%  3.33 4.80 16.7 708
Linseed oil 18.9" 328 347 4.86 14.7 708
Control 31.1 3.96 3.30 4.60 23.3 -
Linseed oil 32.3 3.86 3.20 4.60 234 -
Filleau et al. (2011) Red cover silage
Sunflower oil 32.3 3.64 3.26 4.63 23.0 -
Camellia oil 31.2 3.93 3.23 4.61 23.3 -

3P Means within a column with different superscrigiffer (P < 0.05)
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Milk fatty acid(g/kg fatty acid)

Reference Diet
SFAY C18:2n-6 C18:3n-3 n-6 FA n-3FA MUFA? PUFAY  n-6/n-3
Control
72.06 2.35% 0.37 2.42 0.6C° 24.24 3.75 4.2%
4% Soybean oll
66.45 2.84° 0.37 2.89 0.69 27.4% 6.18 4.3%
Bu et al. (2007) 4% Linseed oil
63.6F 2.13% 1.00 2.30 112 31.37 5.08 213
2% Soybean oil +
66.25 2.40° 0.44 2.50 0.80% 28.73" 5.20° 3.44
2 % Linseed oil
Control 48.40 11.20° 6.00° 1.35 0.96° 26.10 1.97 1.47
Rego et al., (2009) Sunflower oil 33.90 12.50° 4.20° 1.82 0.59° 34.10 1.83 3.08
Linseed oil 38.50 9.90% 5.30° 1.92 1.83° 31.10 1.8% 1.04

a.b.¢Means within a column with different superscrigier (P < 0.05)

YSFA = Saturated fatty acid
2MUFA = Monounsaturated fatty acid

¥PUFA = Polyunsaturated fatty acid
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Milk fatty acid(g/kg fatty acid)

Reference Diet
SFA C18:2n-6 C18:3n-3 n6 FA n3FA MUFA PUFA n-6/n-3
Control 68.95 2.59 0.67 2.5¢ 0.67% 26.14 4.42 3.87
Crude linseed 66.27 2.05 0.65' 2.05 0.65% 29.89 3.45 3.15
Chilliard et al. (2009)
Extrude linseed 53.74° 427 1.20° 4.2 1.20° 38.61° 6.94 3.50
Linseed oil 42.38 7.17F 0.54 7.17F 0.54% 48.48° 8.48 3.27
Control 71.00° 2.08 1.15 2.96 1.45 23.2C° 5.33 2.04
Linseed oil 66.10° 1.99 1.07 2.97 1.32 28.10 5.40 2.25
Filleau et al. (2011)
Sunflower oil 65.90° 2.55 1.05 3.50° 1.31 27.70 5.99 2.67
Ccamellia oil 65.4G 2.10 1.13 3.23 1.49 28.20 593 2.17

a b ¢Means within a column with different superscrigiffer (P < 0.05)

YSFA = saturated fatty acid
2MUFA = Monounsaturated fatty acid

¥PUFA = Polyunsaturated fatty acid
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2.10 Energy and protein requirement of beef cattle

2.10.1 Energy requirement
2.10.1.1 Energy unit

Energy is defined as the potential to do work aad be
measured only in reference to define, standarditiond; thus, all defined units are
equally absolute.

Nutritionists now standardize their combustion dateters
using specifically purified benzoic acid, the energontent of which has been
determined in electrical units and computed in gohjoules/g mole. The calorie has
been standardized to equal 4.184 joules and isoappately equal to the heat
required to raise the temperature of 1 g of watenf16.5° to 17.5° C.

In practice the calorie is a small amount of engtigys, the
kilocalorie (1 kcal = 1,000 calories) and megadel¢t Mcal = 1,000 kcal) are more
convenient for use in conjunction with animal feggdstandards.

2.10.1.2 Expressing energy values of feeds

1. Gross energy (GE)or heat of combustion is the energy
released as heat when an organic substance is e@typbxidized to carbon dioxide
and water. The main source of GE (the primary gasgomethane) is microbial
fermentation, which also results in heat producti®@E is related to chemical
composition, but it does not provide any informatiegarding availability of that
energy to the animal. Thus, GE is of limited usedssessing the value of a particular
diet or dietary ingredient as an energy sourcehferanimal.

2. Digestible energy (DE)is termed GE of the food minus

the energy lost in the feces (FE).
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DE =GE - FE

DE as a proportion of GE may vary from 0.3 for ayve
mature, weathered forage to nearly 0.9 for prockdsigh quality cereal grains. DE
has some value for feed evaluation because itctefldiet digestibility and can be
measured with relative ease; however, DE failsdosier several major losses of
energy associated with digestion and metabolismfoafd. As a result, DE
overestimates the value of high-fiber feedstuffshsas hays or straws relative to low-
fiber, highly digestible feedstuffs such as grains.

3. Total digestible nutrients (TDN) is similar to DE but
includes a correction for digestible protein. TDIdshno particular advantages or
disadvantages over DE as the unit to describe Ve&des or to express the energy
requirements of the animal. TDN can be convertddBEdy the equation

1 kg TDN = 4.4 Mcal DE

4. Metabolizable energy (ME)is defined as DE minus fecal
energy (FE), urinary energy (UE), and gaseous en&§) losses, or

ME=DE—(UE+GE).

ME is an estimate of the energy available to thenahand represents an
accounting progression to assess food energy val@sanimal requirements. ME,
however, has many of the same weaknesses as DEhemadise UE and GE are
highly predictable from DE, ME and DE are strongtyrelated. The ME values were
estimated as

ME = DE * 0.82
5. Net energy (NE)are that animal requirements stated as

net energy are independent of the diet, and theggnelue of feeds for different
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physiological functions are estimated separatetyeicample, NE requirement for
maintenance (N§), NE requirement for growth (NJE NE requirement for lactation
(NE)). This requires, however, that each feed mustdsggaed multiple NE values
because the value varies with the function for Whaeoergy is used by the animal.
Alternatively, the animal’s energy requirement f@rious physiological functions
may be expressed in terms of a single NE valueyiged the relationships among
efficiencies of utilization of ME for different fuations are known.
Relationships for converting ME values to N&nd NE
(Mcal/lkg DM) have been reported by Garrett (1984) are
NE;, = 1.37 ME — 0.138 ME+ 0.0105 ME — 1.12
NE, = 1.42 ME — 0.174 ME+ 0.0122 ME - 1.65
Caution should be exercised in use of these equeafmr
predicting NE, or NEy values for individual feed ingredients or for feaalitside the
ranges indicated above. The relationship betweemmMEME can vary considerably
among feed ingredients or diets as a result oerfices in intake, rate of digestion
and passage, and composition (for example, fibestasch vs fat). In addition,
conversion of ME to Ng or NE; may vary beyond that associated with variation in
dietary ME in part because of differences in conitpws of absorbed nutrients.
2.10.1.3 Measurement of maintenance requirement
The maintenance requirement for energy has befned as

the amount of feed energy intake that will resultnio net loss or gain of

energy from the tissues of the animal body. Pra&seses functions comprising

maintenance energy requirements include body temtyrer regulation,

essential metabolic processes, and physical actizitergy maintenance does
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not necessarily equate to maintenance of bodybfatly protein, or body
weight.

Changes in body composition and composition of hieig
change in growing, pregnant, or lactating cattle @roblematic with this approach.
Expression of the results in terms of ME or NE reguents depends on use of
information from other approaches.

NEr= NEy, + NE; + NE, + N|

The California Net Energy System (CNES), proposed b
Lofgreen and Garrett (1968) and adopted in NRC @208ssigned 2 NE values to
each feed NE for maintenance and NEor energy gain. Animal requirements were
stated using the same terms. The terms, ld&d NE are related to g and k as

follows :

NE;, = kn x ME
NE; = kg x ME
where

km is the efficiency of utilization of ME for mairmance.

Km = NEW/ME,

kg is the efficiency of utilization of ME for RE inrgwing animals.

Dietary ME was calculated from TDN. SubsequentlgnNand NE were
calculated from ME by use of the NRC (1984) equegtioThe NEm requirements of
beef cattle have been estimated as :

NEn = 0.077 Mcal/EBW "
EBW is the average empty body weight in kilograbmsf@reen and Garrett,

1968; Garrett, 1980).



32

This expression was derived using data from, pilgpar
growing steers and heifers of British ancestry tiwate penned in generally non
stressful environments. Effects of activity andiemvment are implicitly incorporated
into NE;, in this system. Similarly, influences of increadedd during the feeding
period, altered activity, or environmental effedtffering from those at maintenance
are implicitly incorporated into estimates of jNEBpplication to differing situations

requires appropriate adjustments.

2.10.1.4Energy requirements for growing cattle

Net energy for gain (N§ is defined herein as the energy
content of the tissue deposited, which is a fumctibthe proportion of fat and protein
in the empty body tissue gain (Garrett et al.,, 19%® contains 9.367 kcal/g and
nonfat organic matter contains an average of 5k688Q).

The energy content of weight gain across a widgeasf ME
intakes and rates of gain was described in equdtomed by Garrett (1980),
equations that were adapted by the SubcommitteBemi Nutrition for use in the
preceding edition of NRC (2000). The equation depetl with British-breed steers
describes the relationship between retained en@gy and empty body weight gain
(EBG) for a given empty body weight (EBW);

RE = 0.0635 x EBW"® x EBW"%’

To predict NE required for SBW and SWG, EBW and EBG
were converted to 4 percent shrunk live weight gaitih the following equations
developed for use in the 1984 edition of NRC (20f00in the Garrett (1980) body
composition data base :

EBW =0.88 x SBW + 14.6 x NE-22.9 (r = 0.98)
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EBG =0.93 x SWG + 0.174 x NE- 0.28 (r = 0.96)

or with constants of 0.891 * SBW and 0.956 * SW®&e3e
equations were rearranged to predict EBG and SWG;
EBG = 12.341 x (RE/EBW/9)29116
=12.341 x EBW %7 x RE11®
SWG = 13.91 x REMx SBw®0%%7
In the rearranged equations, RE is equivalent toaM&ilable
for gain. Thus, if intake is known, the net energguired for gain (NEFG) may be
calculated as :
NEFG = DMI x NE
NEFG can then be substituted into equations fort&k gredict
ADG.
2.10.2 Protein requirement of beef cattle
The Nutrient Requirements of Dairy Cattle (NRC89Pand by the
Agricultural and Food Research Council (1992) waspséed change from the crude
protein (CP) system to the metabolizable proteifPMystem. MP is defined as the
true protein absorbed by the intestine, supplieaniigrobial protein and undegraded
intake protein (UIP). Crude protein can be caladafrom the sum of UIP and
degraded intake protein (DIP).
CP = UIP + DIP (NRC, 2000)
MP requirements estimates of daily crude proteiguirements can be
obtained by dividing MP amounts by a value betw@&# and 0.80, depending on
degradability of protein in the feed. The coeffidi of 0.64 and 0.80 apply when all

of the protein is degradable and undegradablegotisply.
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MP = 0.64 DIP (NRC, 2000)
MP = 0.80 UIP (NRC, 2000)
2.10.2.1 Microbial protein synthesis

Bacterial crude protein (BCP) can supply from 5Qcpet
(NRC, 1985; Spicer et al., 1986) to essentiallythdd MP required by beef cattle,
depending on the UIP content of the diet. Cleafjiciency of synthesis of BCP is
critical to meeting the protein requirements of foeattle economically; therefore,
prediction of BCP synthesis is an important compomé the MP system. Burroughs
et al. (1974) proposed that BCP synthesis averd@e@b percent of total digestible
nutrients (TDN). In Ruminant Nitrogen Usage (NR®8%), two equations were
developed to predict BCP synthesis. Both forage @mtentrate intakes (percent of
body weight) are needed to calculate the less4Bgvercent forage equation :

BCP (g/d) = 6.25 TDN (kg intake/day) x (8.63 4@ x forage intake) — (5.18 x
forage intaké)+ (0.59 x concentrate intake))

The more than 40 percent forage equation was deeélo
primarily for dairy cattle :

BCP (g/d) = 6.25 x (-31.86 + 26.12 TDN (kg intalay))
or BCP =12.8 TDN intake (NRC, 2000)

The value 13 g BCP/100 g TDN for BCP synthesis poad
generalization but it does not fit all situation&t both high- and low-ration
digestibilities, efficiency may be lower but forfférent reasons. Logically, the higher
digestibility diets are based primarily on grairighi grain finishing diets have lower
rumen pH values and slower microbial turnover, WwhHeads to lower efficiency for

converting fermented protein and energy to BCP.
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The requirement for rumen degradable protein (R@)uding
nonprotein nitrogen; NPN) is considered equal taPBsynthesis. This assumes that
the loss of ammonia from the rumen as a resultushiing to the duodenum and

absorption through the rumen wall is equal to tim@ant of recycled nitrogen.

RDP = BCP (NRC, 2000)
2.10.2.2 Metabolizable protein requirement
The Institute National de la Recherche AgronomiiiRA)
(1988), using nitrogen balance studies that industairf, urinary, and metabolic fecal
losses, determined that the maintenance requirewsn8.25 g MP/kg SBW>. This
system simplifies calculations and is based on budimbody weight (BV#™), as are
maintenance energy requirements. Their diets wigite ih roughage and were based

on the assumption that

0.13 TDN = BCP
If actual BCP synthesis efficiency was less thah30.the
estimate of the maintenance would be less tham 3#/kg BW">. In NRC (2000)
used

MPy = 3.8 g MP/kg BV§"®

Because the maintenance requirement estimated asssi on

animal growth rather than on nitrogen balance.

3. Conversion of metabolizable protein to net prote
A constant conversion of MP to net protein (NP) dain of
0.5 and to NP for milk of 0.65 was assumed (NR@5)9These efficiency values are
based on two components the biological value optiaéein and the efficiency of use

of an “ideal mixture of amino acids” (Oldham, 1980Idham (1987) suggests that
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the efficiency value is 0.85 for all physiologidahctions. Efficiency of use for gain
is not likely to be constant across body weightat(mty) and rates of gain. The
INRA (1988) system assumes a decreasing efficiascyody weight increases. This
was confirmed by Ainslie et al. (1993) and Wilkerset al. (1993). Based on these
data, the following equation is used :
If EQEBW <300 kg,
Percent efficiency of MP to NP = 83.4 — (0.114 xHE)V), otherwise 49.2,
EQSBW = SBW x (SRW/FSBW)

where;

EQSBW is equivalent shrunk body weight in kilograms

SBW is shrunk body weight being evaluated,

SRW is standard reference weight for the expedted hody fat

FSBW is final shrunk body weight at the expectedlfibody fat

The equation predicts a conversion efficiency of MFNP
of 66.3 percent for a 150 kg calf. A 300 kg steas lan efficiency of only 49.2
percent. For cattle weighing more than 300 kg, ttmaintains similar protein
requirements to previous NRC publications (NRC,4,98985) and recognizes the
low CP requirements of cattle weighing more tha@ K@ (Preston, 1982).

Given the relationship between energy retained @otein

content of gain, protein content of SWG is giverfdRC, 1984) :

Protein retained = SWG x (268 — (29.4 x (RE/SWG)¥ 0.96
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2.11 Energy and protein requirement of dairy cattle

2.11.1 Energy requirement of dairy cattle
2.11.1.1 Energy value of feed
In NRC (2001) the concentrations (percent of mhgtter) of
truly digestible non fiber carbohydrate (NFC), &her extract (EE), and NDF for
each feed areestimated (Weiss et al, 1992) using
Truly digestible NFC (tdNFC)
= 0.98 (100 - [(NDF - NDICP) + CP + EE + Ash]) x PA
Truly digestible CP for forages (tdCPf)
= CP x exp[ - 1.2 x (ADICP/CP)]
Truly digestible CP for concentrates (tdCPc)
=[1- (0.4 x (ADICP/CP))] x CP
Truly digestible FA (tdFA)
=FA Note: IfFEE<1,thenFA=0
Truly digestible NDF (tdNDF)
=0.75 x (NDFn - L) x [1 - (LINDF®®]
when; all values are expressed as a percent ahdtier (DM).
NDICP = neutral detergent insoluble N x 6.25,
PAF = processing adjustment factor (Table 2.7)
ADICP = acid detergent insoluble N x 6.25
FA = fatty acids (i.e., EE - 1),
L = acid detergent lignin
NDFn = NDF - NDICP.

Ether extract does not represent a nutritionalijoum fract-
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ion and there fore does not have a constant digistiacross feedstuffs. Fatty acids
(FA) are a uniform fraction with a true digestibjiliof 95 to 100 percent when diets
contain 3percent or less EE (Palmquist, 1991). lievaf 100 percent digestibility
was chosen. FA content of feed can be estimatddfAas EE - 1 (Allen, 2000). A
more accurate approach would be to measure FAtljirda all equations listed
below, measured FA or EE - 1 can be used to reprédse FA fraction.

The equations of true digestible NFC, CPf, CPc, &Ad NDF are based on
true digestibility, but TDN is based on apparergedtibility; therefore, metabolic
fecal TDN must be subtracted from the sum of thgestible fractions. Weiss et al.
(1992) determined that, on average, metabolic fé€il equaled 7. The TDIX is

then calculated using equation

TDNix (%) = tdNFC + tdCP + (tdFA x 2.25) + tdNDF — 7

Table 2.7 Processing adjustment factors (PAF) for NFC

Feedstuff PAF
Bakery waste 1.04
Barley grain, rolled 1.04
Bread 1.04
Cereal meal 1.04
Chocolate meal 1.04
Cookie meal 1.04
Corn grain, cracked dry 0.95
Corn grain, ground 1.00
Corn grain, ground high moisture 1.04

Corn and cob meal, ground high moisturel.04

For feeds not shown PAF = 1.0
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Table 2.7 Processing adjustment factors (PAF) for NFC (Do)

Feedstuff PAF
Corn grain, steam flaked 1.04
Corn silage, normal 0.94
Corn silage, mature 0.87
Molasses 1.04
Wheat grain, rolled 1.00
All other feeds 1.04

For feeds not shown PAF = 1.0

Different equations are used to estimate TDN fomahprotein meals and fat

supplements.
Animal protein meals

Animal products contain no structural carbohydratesvever, certain animal
products contain substantial amounts of neutratrgent insoluble residue. Because
this material is not cellulose, hemicellulose, ignin, the above equations can not be
used. For those feeds, TRNwas estimated using :

TDN;x = (CRigestx CP) + (FA x 2.25) + 0.98(100 —CP — Ash — EE) -7

Where CRigest= estimated true digestibility of CP (Table 2.8p&A = EE -

Fat supplements

The TDNix values of different fat supplements were calcddtem measured
fatty acid digestibility. Partial digestion coefats (Table 2.9) of fatty acids from
supplemental fat sources were determined indirdnjlydifference ((additional fatty
acid intake during fat supplementation minus adddi fecal fatty acid output during
fat supplementation)/(additional fatty acid intakkiring fat supplementation);

(Grummer, 1988). Assumptions associated with thethod are that endogenous lipid
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Table 2.8 True digestibility coefficients of CP used to ssie TDNx values of

animal-based feedstuffs.

Feedstuff True digestibility
Blood meal, batch dried 0.75
Blood meal, ring dried 0.86
Hydrolyzed feather meal 0.78
Hydrolyzed feather meal with viscera 0.81
Fish meal (Menhaden) 0.94
Fish meal (Anchovy) 0.95
Meat and bone meal 0.80
Meat meal 0.92
Whey 1.00

remains constant, and digestibility of fatty acidsthe basal diet does not change
when supplemental fat is fed. For fat sources d¢oimig triglycerides (tallow, partially
hydrogenated tallow, and vegetable oil), etheraettivas assumed to contain 90%
fatty acids and 10% glycerol, and the glycerol \wasumed to be 100% digestible at
1X. In the experiments used to determine fat dilg#isy, cows were fed at
approximately 3X maintenance. Therefore, the oabualues were divided by 0.92 to
adjust values to TDN. After adjusting digestibility for intake (Table®, digestible
fat was multiplied by 2.25 to convert to TN

For fat sources that contain glycerol :

TDN1x (%) = (EE x 0.1) + [FAdigest x (EE x 0.9) x 2.25]

For fat sources that do not contain glycerol :
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TDN1x (%) = (EE x FAdigest ) x 2.25
where FAdigest = digestibility coefficients for figtacids (Table 2.9).
Table 2.9 True digestibilities at maintenance (assumed 88earse in digestibility

compared with 3X maintenance) of fatty acids freamous fat sources.

Fat Fat type True digestibility
Calcium salts of fatty acids Fatty acids 0.86
Hydrolyzed tallow fatty acids  Fatty acids 0.79
Partially hydrogenated tallow Fat plus glycerol 0.43
Tallow Fat plus glycerol 0.68
Vegetable oll Fat plus glycerol 0.86

2.11.1.2 Estimating DE of feeds

Crampton et al. (1957) and Swift (1957) computed
that the gross energy of TDN is 4.409 Mcal/kg. Bseanutrients have different heats
of combustion (e.g.,4.2 Mcallkg for carbohydratés®s Mcal/kg for protein, 9.4
Mcal/kg for long chain fatty acids, and 4.3 Mcal/kay glycerol; Maynard et al.,
1979), the gross energy value of TDN is not conséamong feeds. The gross energy
of TDN of a feed that has a high proportion of T8N provided by protein will be
greater than 4.409. Conversely the gross energ¥yDil of a feed with a high
proportion of its TDN provided by carbohydrate @t fwill be less than 4.409.
Therefore, the calculation of DE as 0.04409 x TDA) @s in the previous edition
(NRC, 1989) was abandoned. Digestible energy wésileded by multiplying the
estimated digestible nutrient concentrations byr theats of combustion. Since DE is
based on apparent digestibility are based on trgestbility, a correction for

metabolic fecal energy is needed. The heat of cetidruof metabolic fecal TDN was
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assumed to be 4.4 Mcal/kg; metabolic fecal DE =7.644 = 0.3 Mcal/kg.
For most feeds :
DE;x (Mcal/lkg) = [(tdNFC/100) x 4.2] + [(tdNDF/100) x.2 + [(tdCP/100) x
5.6]+[(FA/100) x 9.4] -0.3
For animal protein meals :
DE:x (Mcal/kg) = [(tdNFC/100) x 4.2] + [(tdCP/100) x6§.+[(FA/100) x 9.4] —0.3
For fat supplements with glycerol :
DE;x (Mcal/kg) = [9.4 x (FAdigest x 0.9 x (EE/100))]4.3 x 0.1 x (EE/100)]
For fat supplements without glycerol :
DEix (Mcal/kg) = [9.4 x (FAdigest x 0.9 x (EE/100))]
In the above equations, tdNFC, tdNDF, tdCP, ancaFdexpressed as %DM.
2.11.1.3 Estimating DE at actual intake

The digestibility of diets fed to dairy cows is
reduce with increasing feed intake (Tyrrell and Mb®75). This reduces the energy
value of any given diet as feed intake increasdss s particularly important in
today’s high producing dairy cows where it is notcommon for feed intake to
exceed 4 times maintenance level of intake. The oatdecline in digestibility with
level of feeding has been shown to be relatedgeddibility of the diet at maintenance
(Wagner and Loosli, 1967). Diets with high digetityp at maintenance exhibit a
greater rate of depression in digestibility witlvde of feeding than diets with low
digestibility fed at maintenance. Previous NatioRasearch Council reports (NRC,
1978, 1989) used a constant depression of 4% phiphlawf maintenance to adjust
maintenance energy values to 3X maintenance enagyes. Using this method of
discounting, the percentage unit decline in TDN dodiet containing 75% TDiN

would be 3% units per multiple of maintenance, whihe depression for a diet
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containing 60% TDMNx would be 2.4 units. The differences in rate of dspion in
digestibility are generally negligible for diet strag maintenance TDN values of 60%
or less. It was apparent that the rate of declndigestibility with level of feeding
was a function of the maintenance digestibilityhad diets fed :
TDN percentage unit decline = 0.18TBN- 10.3 (f = 0.85)
Because DE, not TDN, is used to calculate ME and,Nlkis equation was converted
so that a percent discount, not a TDN percent agaliscount, was calculated :
Discount = [(TDNx — [(0.18 x TDNx) — 10.3]) x Intake)]/TDMx
where TDNy is as a percent of dry matter and is for the ertiet, not the individual
feed ,and intake is expressed as incremental irtbkee maintenance (e.g., for a cow
consuming 3X maintenance, intake above maintenar)e
For example, for a cow consuming a diet that
contains 74% TDR at 3X intake, digestibility would be expected to®@818 times
the value obtained at maintenance
2.11.1.4 Estimating ME at actual intake

ME at production levels of intake (MEshould be
calculated from DE Equation was developed with diets containing &t3% ether
extract, but because the efficiency of convertinge Brom fat into ME is
approximately 100% (Andrews et al.,1991; Romo ei #4996), Equation under
estimates ME of high fat diets. A theoretical ag@to was used to adjust ME values
of feeds with more than 3% EE. Assuming a feed Wwib% EE has ME = DE and
subtracting that equation from ME (Mcal/kg) = (19DE) - 0.45 and dividing by the
change in EE concentration (100 -3) yields the esgion : 0.000103 x DE + 0.00464
change in ME per increase in EE content (percentad®e The DE term was assumed

to be negligible; therefore, MEp values of feedghwmore than 3% EE were increased
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by 0.0046 per percentage unit increase in EE cortieove 3%. For feeds with less

than 3% EE, Equation is used to calculate MEp.

ME, = [1.01 x (DE) — 0.45] + [0.0046 x (EE — 3)]
where DE is Mcal/kg and EE is %DM.

For fat supplements, MEMcal/kg) = DE, (Mcal/kg)

2.11.1.5 Estimating NE at actual intake

Vermorel and Coulon (1998) using equation NE
(Mcal/kg) = 0.0245 x TDN (%) - 0.12, a feed with%0rDN (DE = 1.76 Mcal/kg)
has an efficiency of converting DE to Nk of 0.49 and for a feed with a TDN of
90% (DE = 3.97 Mcal/kg), the efficiency is 0.53.aflnange in efficiencies is less than
would be expected among feeds when DE is conveaedEL. To overcome this
problem, an equation derived by Moe and Tyrrell7@)Sto convert ME to NE  at
production levels of intake (NE) was chosen to replace the previous TDN-based

NEL equation.
NE.p = [0.703 x ME (Mcal/kg)] — 0.19 (Moe and Tyrell, 1972)

A modification was made to adjust for improved
metabolic efficiency of fat. The average efficierafyconverting ME from fat to NE
is 0.80 [(sd = 0.05; N=3); (Andrews et al., 1991gnk et al., 1996)]. The same
approach as discussed above to adjusp ME fat content was used to account for
increased efficiency of converting ME from fat t&EN The resulting term was :
(0.097 x ME + 0.19)/97 increase in NEper percentage unit increase in feed EE
content above 3%. For feeds with less than 3% HEftaton is used to calculate
NEL,.

NE.p = ([0.703 x ME (Mcal/kg)] — 0.19) + ([(0.097 x Mg+ 0.19)/97] x [EE — 3])
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where ME is Mcal/kg and EE is %DM.
For fat supplements, NE(Mcal/kg) = 0.8 x MEp (Mcal/kg)
2.11.1.4 Estimating net energy of feeds for nrdena-
nce and gain
The equations used to estimate the net energy fo

energy for maintenance (N and net energy for gain (NJE used for beef cattle
(NRC, 1996) were retained. The NEnd NE content of feeds assumed dry matter
intake at 3 times maintenance and are calculatednblyiplying DE;x (described
above) by 0.82 to obtain ME (NRC, 1996). That MHueas then converted to NE
and NEs using the following relationships (Garrett, 1980) :

NEy = 1.37 ME - 0.138 ME+ 0.0105 ME - 1.12

NEs = 1.42 ME - 0.174 ME+ 0.0122 ME- 1.65
where ME, NEy, and NE are expressed in Mcal/kg.

Those equations are not appropriate for fat supghésn For those feeds, ME
= DE,, and the same efficiency (0.80) of converting MBNIE was used to convert
ME to NEy. The efficiency of converting ME to NEwas set at 0.55 for fat
supplements.

2.11.2 Protein requirement of dairy cattle

Previous NRC (1985, 1989) requirements for WH?e based on the
factorial method. The same approach is used inettition. The protein requirement
includes that needed for maintenance and producliba maintenance requirement
consists of urinary endogenous N, scurf N (skinn séecretions, and hair), and
metabolic fecal N. The requirement for productinaludes the protein needed for the
conceptus, growth, and lactation.

MPr = MPu + MPg + MP_
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where MRX(g/d) = Metabolizable protein requirement
MPwu(g/d) = Metabolizable protein requirement for maimdnce
MPgs(g/d) = Metabolizable protein requirement for growt
MP_(g/d) = Metabolizable protein requirement for ldicta
2.11.2.1 Metabolizable protein requirement for maitenance
(MPw)
The protein system used in NRC (2001) is based on
metabolizable protein (MP).
MPy (@) = MR+ MPsy+ MPyrp
where MR) is MP requirement for Endogenous urinary proteiRI)
MPy = UPN/0.67
UPN (g/day) = 2.75 x (Live weigtt)
MPy = 4.1 x (Live weight}®
MPsy is MP requirement for Scurf and hair (SPN; skkinsecretion, hair)
MPsy= SPN/0.67
SPN = 0.2 x (Live weightf®
MPsy= 0.3 x (Live weight}®
MPwep is MP requirement for metabolic fecal protein
MPurr = MFP - (bacteria + bacterial debris in cecumgdaintestine + keratinized
cell + others)
MFP (g/day) = 30 x Dry Matter Intake (kg.)
MPuyep = [(DMI x 30) - 0.50((Bact MP/0.8) - Bact MP)] +hHogenous MP/0.67
2.11.2.2 Protein requirement for growth (MR)
MPg = NPRs/EffMP_NPs

where NR =SWG x (268-(29.4 x (RE/SWG)))
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RE = 0.0635 x EQEBW® x EQEBG?’
EQEBW = 0.891 x EQSBW

EQEBG = 0.956 x SWG

EQSBW = SBW x (478/MSBW)

MSBW =500 kg

SBW = 0.96 BW

If (EQSBW (Equivalent shrunk BW) 478 kg then efficiency of use of MP for
growth :
EffMP_NPs= (83.4-(0.114 x EQSBW))/100
If (EQSBW (Equivalent shrunk BW) #78 kg then efficiency of use of MP for
growth :
EffMP_NPs= 0.28908
2.11.2.1 Protein requirement for lactation (MR)
The equation to calculate MP requirement for laactafMP,).
MP_ (g/d) = (Y Protein/0.67) x 1000

where Y Protein = milk production (kg/d) x (millkue protein/100)
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CHAPTER I11
THE STUDY OF LINSEED OIL SUPPLEMENTATION ON
PERFORMANCES, CARCASS QUALITY AND n-6/n-3

FATTY ACID RATIO IN BEEF

3.1 Abstract

The objective of this study was to determine théatf of linseed oll
supplementation on performance, carcass qualityna@h-3 fatty acid ratio in beef.
Twenty fattening steers (87.5% Brahman crossbragp)roximate 2 years old, were
stratified by their LW into 4 groups and each grougs randomly assigned to four
dietary treatments. All steers were fed 14% CP eotrate and free access to clean
water and were individually housed in a free-stalit. The treatments were 1)
concentrate approximately 7 kg/d withd libitum rice straw; 2) concentrate
approximately 4 kg/d plus 200 g/d of palm oil (R@)h ad libitum fresh grass (FG);
3) concentrate 4 kg/d plus 100 g/d of PO and 1@0of)/linseed oil (LSO) withad
libitum FG; 4) concentrate 4 kg/d plus 200 g/d of LSO veithlibitum FG. Dietary
treatment had no effect on nutrient intake. Oil dament decreased DMI, while
ruminal pH, NH-N VFA concentrations and protozoa count were mainged. LSO
did not negatively affect carcass quality, sengmnrceptions but increased the n-3 FA
and lowered the n-6/n-3 ratio in beef with incragsamount of LSO supplement.

Key words: beef fatty acid, linseed oil, carcass quality
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3.2 Introduction

Thailand imports large quantites of beef especialljrozen form. Recently,
high quality product of beef imported is about 2@6ns/year (Angkuro, 2003; DLD,
2004). Consumer interest includes beef qualityh lggality product for healthy and
product from natural sources. Beef consumption hie tountry from Brahman
crossbred is approximately 98.5% and approximaBdly2% of beef from farmers
raises on no-concentrate feeding system (DLD, 2048)a result, beef quality and
nutritional value of the products is of low qualityat and fatty acids are of major
importance for beef quality and nutritional valwe €onsumer’s health (Wood et al.,
2004). Beef contains approximately 50% of satur&atty acid (SFA) content, which
is the result of the process of rumen biohydrogena{Schollan et al., 2001).
Saturated fatty acids (SFA) have been recognizedthay international dietary
authorities as primary targets for diet reductid?¥HO, 2003). SFA is a major factor
causing chronic diseases in the Western world;i@aadcular disease and colon
cancer probably (McAfee et al.2010). The fatty amianposition of beef (including
muscle and subcutaneous adipose tissue) can lbeno#éd, at least in part, by fatty
acid composition of the diet (Glaser et al., 200ci et al., 2007). Most of the
research aimed at improving dietary quality of bess been focused on manipulation
of animal feed with attempts to increase the intrecnlar n-3 PUFA content
accomplished by feeding n-3 PUFA rich in ruminamii€ts (Scollan et al., 2006). In
addition, low PUFA n-6/n-3 ratio aids in the pretten of many chronic diseases.
Increasing the content of PUFA and reducing SFAiie net effect of increasing
PUFA/SFA and reducing n-6/n-3 ratio are prioriti€sollan et al., 2006). Linseed oil

is a natural source of C18:3n3, and it may affastyynsaturated fatty acids (PUFAS).
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It is also a precursor of eicosanoids, which playmaportant antithrombotic and anti-
inflammatory roles (Palmquist, 2009). In genepkvious studies reported the effect
of different linseed form and concentration on perfance and on FA composition of
muscle and adipose tissue in beef cattle (Machl.et2806; Raes et al., 2004).
Herdmann et al. (2010) found significant increasethe concentrations of n-3 fatty
acids (alpha linolenic acid, C20:5n3 and C22:5n@ @22:6n3 in meat from German
Holstein Bulls fed 3% linseed oil and 12% rapeseakke.Thus, the objective of this
study was to examine the effect of linseed oil $eyentation on quality

characteristics and n-6/n-3 fatty acid ratio infbee

3.3 Objective

The objective of this experiment was to investigdite effect of linseed oil

supplementation on quality characteristics andm3fatty acid ratio in beef.

3.4 Materialsand methods

34.1 Animalsand feeding

Twenty steers (87.5% Branhman crossbred), averagfir@B7+54 kg
live weight (LW) and approximate 2 years old, wsteatified by their LW into 4
groups and each group was randomly assigned todietery treatments. All steers
were fed 14% CP concentrate and free access to alater and were individually
housed in a free-stall unit. The treatments wereohfrol, concentrate approximately
7 kg/d withad libitum rice straw (HC); 2) control concentrate approxirhate kg/d
plus 200 g/d of palm oil withad libitum fresh grass (200 g/d PO); 3) control
concentrate 4 kg/d plus 100 g/d of palm oil and @@Dof linseed oil withad libitum

fresh grass (200 g/d MO); 4) control concentrateg4l plus 200 g/d of linseed oil
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with ad libitum fresh gras$200 g/d LSO)The experiment lasted for 84 days, with 14
days was the adjustment period, followed by 70 déysperiods of 14 d), of
measurement period.
3.4.2 Fattening steersand slaughter procedures

The experiment lasted for 84 days. At the end eldieg trial the
animals were weighed, and 3 animals per treatmeant wandomly sampled and
transported to a commercial abattoir and then &li@mugd at Nakhon Ratchasima
slaughterhouse, Nakhon Ratchasima, Thailand, falgwprocedures outlined by
Jaturasitha (2004). All experimental proceduresevearried out following the animal
welfare standards of Department of Livestock Depelent, Ministry of Agriculture
and Coopperative, Rayal Thai Government. Musclepsssnwere cut from outside
Longissimus dorsi (LD; 6-12" rib) muscle andsemimembranosus (SM) muscle were
prepared from the left carcass side in order tdysheef quality in muscles.

3.4.3 Laboratory analyses

Feed offered and left after eating of individuaestwere weighed on 2
consecutive days weekly to calculate DM intakesn@as were taken and dried at
60°C for 48 hours and at the end of the experiméeed samples were pooled to
make representative samples for proximate and ghteranalyses. Samples were
ground through 1 mm screen and analyzed for chémsmaposition. Dry matter
(DM) was determined by hot air oven at 60°C formd&hile crude protein (CP) was
analyzed by Kjeldahl method (AOAC, 1995). Etherrast (EE) was determined by
using petroleum ether in a Soxtec System (AOAC,5)9@iber fraction, neutral
detergent fiber (NDF) and acid detergent fiber (AD¥ere determined using the
method described by Van Soest et al. (1991), addpte~iber Analyzer. Ash content

was determined by ashing in a muffle furnace at@60d@r 3 h. The chemical analysis
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was expressed on the basis of the final DM. Fatig aomposition of concentrates,
fresh grass and rice straw were determined by Gasmatography.

Meat pH (pH meter model UB-5, Denver Instrumé&agrmany) was
determined in LD and SM at 45 min and 24 h. Aftesdction, the LD and SM
samples were cut in to 2.5 cm thick slices, put polyethylene bags, chilled at 4 °C
for 48 h and then stored in the refrigerator o@sodl the bag for 1 h (‘blooming’)
before conducting color measurements using a huabefColor Quest XE, Kable,
United Kingdom).

Water-holding capacity (WHC) was assessed via sanipkses
occurring during different procedures. Thawing aodking losses were determined
in the 2.5 cm thick slices of LD and SM frozen iolyethylene bags at -20 °C.
Thawing was performed over 24 h at 4 °C. Beforegiweig, the sample surfaces were
dried with soft paper. Afterwards, samples werdeska heat-resistant plastic bags to
be boiled in water bath (WNE 29, Memmert, Germaaty80 °C until an internal
temperature of 70 °C was reached. Samples wereadolambient temperature and
weighed after drying the surfaces with soft paper.the determination of the grilling
loss, 2.5 cm thick slices were grilled in a coni@ttoven (model 720, Mara, Taipei,
Taiwan) at 150 °C until an internal temperature76f°C was reached. In the LD,
additionally drip loss according to Honikel (198®as determined. In the boiled
samples, shear forces were measured after coofidgdeying. A steel hollow-core
device with a diameter of 1.27 cm was punched [ehral the muscle fibers to obtain
six pieces from each muscle sample. Measurements garied out on a material
testing machine by Texture analyzer (TA-TX2 Textukaealyzer, Stable Micro
Systems, UK) using a Warner—Bratzler shear. A ¢resd speed of 200 mm/min and

a 5 kN load cell calibrated to read over a rang@xdf00 N were applied.



64

Samples of the LD and SM were minced and analyzetiiplicate for
moisture, fat and protein contents according to ADA995). Cholesterol content
was measured on LD and SM muscle. The cholestera$ wxtracted from
approximately 5 g of each LD or SM muscle samplssgi 20 ml of methanol-
isopropanol (90 : 5 : 5, v/viv) and 5 ml of 60% K@kEkcording to the method of Rowe
(1999). The cholesterol was analyzed by using pasntatography (Hewlett-Packard
6890 series GC system, USA) with a capillary col(HR 19091A-112, 25 m x 0.32
mm x 0.52um film thickness) and a flame ionization detecibine temperatures of
the injector and the detector were 260 and 3002€hectively. Separation was carried
out at 300 °C with helium gas flow rate of 1 ml/min

Fatty acids in feed and beef samples were extraciedy a modified
method used by Folch et al. (1957) and Metcalfel.ef1966). Before the extraction,
feed and beef samples were thawed and each sangslechopped coarsely and
blended in blender machine. Fifteen gram of eaatpgawas homogenized for 2 min
with 90 ml of chloroform-methanol (2 : 1) (Nissdl/A8 Homogenizer, Nihonseikikaisha,
LTD., Japan). Each sample was then further homagednior 2 min with 30 ml of
chloroform. Then, each sample was separated inraépa funnel and 30 ml of
deionized water and 5 ml of 0.58% NaCl was addédxk dUnder layer of fatty acid
methyl esters (FAME) was removed and placed invsoap test tube and stored at -
20°C until methylation. Fatty acid methyl estersANFE) were prepared by the
procedure described by Ostrowska et al. (2000). pioeedure involved placing
approximately 30 mg of the extracted oil into a rhb reaction tube fitted with a
teflon-lined screw cap. One and a half ml of 0.5ddlium hydroxide in methanol was
added. The tubes were flushed with nitrogen, cappeated at 100 °C for 5 min with

occasional shaking and then cooled to room temperaDne ml of C17:0 internal
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standard (2.00 mg/mL in hexane) and 2 ml of bomiffudride in methanol were
added and heated at 100 °C for 5 min with occassimgking and 10 ml of deionized
water were added. The solution was transferred40 ml centrifuged tube and 5 ml
of hexane were added for FAME extraction. The smtutvas centrifuged at 2,000 g,
at 10 °C for 20 min and then the hexane layer wasddver sodium sulfate and
transferred into vial for analyzing by gas chrongaaphy (GC) (7890A GC System,
Agilent Technology, USA) equipped with a 100 m 29 mm x 0.2um film fused
silica capillary column (SP1233, Supelco Inc, Beltee, PA, USA). Injector and
detector temperatures were 250 °C. The column teahye was kept at 70 °C for 4
min, then increased at 13 °C/min to 175 °C and lald75 °C for 27 min, then
increased at 4 °C/min to 215 °C and held at 2150tCL7 min, then increased at 4
°C/min to 240°C and held at 240°C for 10 min.

Quantitative descriptive analysis (QDA) was used fensory
evaluation (Stone et al 1974), a test panel watal from a number of students and
faculty members of the School of Animal Productidiechnology, Suranaree
University of Technology, who had undergone senswaluation training following
the methods of Viriyajare (1992). Grilled 2.5-cnte$ of LD and SM were cut into
pieces of 1.3x 1.3 x 1.9 cm and served warm. Peieeliere asked to grade samples
for tenderness, juiciness, flavor and overall ata@pty and assessments were given
individually using a structured line graph and deieed on a straight line. Thus, each
point on a linear scale to represent the quantiy tan be measured with a ruler.
Samples were served subsequently in a randomizéxt @nth respect to group and
animal. The 24 samples (from 12 animals and twocteaywere tested by 8 persons.

Susceptibility of the lipids to oxidation was assabs by the 2-

thiobarbituric acid (TBARS, thiobarbituric acid mtize substances) method (Rossell,
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1994). Briefly, samples of 10 g of LD and SM stored Oand 6 days in the
refrigerator at 4 °C were mixed with 30 ml distllevater for 2 min by a Moulinex
household blender. Sixty five ml of distilled watetas then added, the pH was
adjusted to 1.44 with 2.5 ml of 4 M HCI and drogdsan antifoaming agent were
added. Afterwards the flask containing the sampe wonnected with the distillation
apparatus. Fifty ml of the distillate was collectedhin 15-20 min. Five ml of the
distillate were allowed to react with 5 ml of TBAagent. The solution was cooled at
room temperature and the absorbance was measusetstag blank at 538 nm. The
TBARS were calculated by multiplying the absorbahger.8. Results were given as
concentrations of malondialdehyde in the beef.

Approximately 200 ml of ruminal fluid was collected d 0, 30 and 41
of each periods. The rumen fluid was sampled frosteBrs per treatment by using a
stomach tube with a strainer and a vacuum pump,fifteced through 4 layers of
cheesecloth at 0 (pre feeding), 2, 4, 6 h postifiged®ne portion of rumen fluid was
immediately analyzed for pH (pH meter model UB-®ner Instrument, Germany).
Ruminal volatile fatty acids (VFA) and ammonia Nrealetermined in rumen fluid
samples by taking 20 ml of rumen fluid and was thembined with 5 ml 6N HCI,
kept frozen for analysis of VFA and ammonia N. Baenples were later thawed at 4
°C and centrifuged at 3,000 rpm for 15 min. Theesoptant was analyzed for
ammonia N by Kjeldahl and concentrations of VFA avdetermined by GC (Hewlett
Packard GC system HP6890 A; Hewlett Packard, Aviend®A) equipped with a 30
m x 0.32 mm x 0.1um film fused silica capillary column (HP_InnowaxBA002,
Agient, USA). Injector and detector temperaturesrev@50 °C. The column
temperature was kept at 80 °C for 5 min, then ewed at 10 °C/min to 170 °C and

then increased at 30 °C/min to 250 °C and held5t Z for 5 min. Protozoa
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populations were counted by Hematocytometer in rurfleid samples which
preserved with 10% formal saline solution.

The fatty acid in rumen fluid sample was extraasthg a modified
method used by Romeu-Nadal et al. (2004). From Bmiged aliquot of rumen
fluid, 3ml was placed in 50 ml centrifuge tubes. Wen added 27 ml of a
dichloromethane—methanol solution (2 : 1, v/iveéeh tube. The mixture was shaken
mechanically for 15 min and centrifuged at 2509 fsr 8 min at 4 °C. Approximately
8ml of distilled water was pipetted into each tmel, after shaking for a further 15
min, the sample was, again centrifuged at 25@0or 8 min at 4 °C. As much of the
upper aqueous fraction as possible was carefuthoved with a pipette. The organic
layer was washed with 8ml of a saturated solutiothe sodium chloride, and finally
mixed mechanically for 15 min and then centrifuged8 min at 2500 >g at 4 °C.
Again, the upper aqueous fraction was carefullyaesd with a pipette. The organic
fraction was carefully transferred to a separatimgnel and filtered through 1PS
paper (Whatman, Maidstone, UK) containing anhydreadium sulfate, and 3-5 ml
of dichloromethane was passed through the filtee fat solution was taken in pre-
weighed conical flask. Finally the extract was amcated by removing
dichloromethane in a rotator evaporator and driedeu a gentle stream of nitrogen.
The weight difference of the conical flask befofiglawas assumed to be fat. The fat
was stored at -20 °C and redissolved in dichlorbaret (3%, w/v) intermediately
before analyzing by gas chromatography (GC) (789G& System, Agilent

Technology, USA)

345 Satistical analysis

All data were statistically analyzed as Completendomized Design
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using ANOVA procedure of SAS (SAS, 2001).
3.4.6 Experimental location
The experiment was conducted at Suranaree Uniyersit
Technology’s Cattle Farm, The Center for Scientditd Technological Equipment
Building 10, Suranaree University of Technology.
3.4.7 Experimental period

The experiment was from August 2012 to Decembe 201

3.5 Result and discussion

3.5.1 Feed Composition and performance

The nutrient composition and fatty acid compositdthe concentrate,
forage sources and oil supplement are summarizdathe 3.1 and 3.2, respectively.
Lipids from fresh grass provided high proportions @18:3n-3 and PUFA and
lowered proportions of C18:2n-6 and MUFA comparedl4% CP concentrate and
rice straw. LSO had the highest proportion of PUWAile PO had the highest
proportion of SFA. In all concentrates, the mairAS#as C16:0, whereas C18:1n-9
was the main MUFA in PO, C18:2n-6 was the main PURFA4% CP concentrate,
C18:3n-3 was the main PUFA in LSO, and MO, respebti(Table 3.2).

Animal performances and nutrient intake of the rste@e summarized
in Table 3.3. The total dry matter intake, DMI (#p/in the HC treatment was
significantly higher (P<0.01) which is the result the higher concentrate DMI
compared with other treatments. According to Jenkind McGuire (2006), the main
effects of the addition of lipids on intake redoctiare related to modifications in
rumen fermentation. Specifically, a reduction ie thgestibility of fiber in the rumen

leads to growth, Nf(Mcal/d) of experimental steers were not signiiitty different
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oil an increase in the retention time of the NDRich results in greater rumen fill.
While the results of total crude protein intake,| @§d) and net energy intake for
treatments. Diets also had similar levels of netrgy for maintenance and growth at
1.98-2.15 and 1.33-1.49 Mcal/kg DM, respectivelgn€equently, final body weight,
ADG, energy gain, Feed : Gain ratio were unaffettgdietary treatments. Therefore,
the oil supplements did not affect performance mungient intakes. The results of this
study are similar to other studies. For examplegiNo al. (2007) reported that 150
g/d sunflower oil and 150 g/d linseed oil suppletagan did not affect final LW and
ADG. This is partially because total net energy &@WVit) consumption was balanced by
treatment. Furthermore, He et al. (2011) suppleetemixture of flaxseed oil and
sunflower oil at 5% of diet and reported no sigraht effects of supplementation
(P>0.05) on DMI, BW, ADG and gain per unit feedm8ar results were reported by
Muller et al. (2004), who used sources of n-3 FlRxdgeed) and n-6 FA (rumen
protected fat) (62 g/kg EE in the total diet) im@ned crossbred heifers and did not
observe differences in DM, organic matter, and NiDBE ADF intakes (kg/d and g/kg

of BW), thus supporting the results obtained is gxperiment.
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Items 14%CP PO/LO RS FG
Dry matter 93.91 - 92.31 12.50
% DM

Ash 7.00 - 10.85 12.40
Crude protein 14.63 - 4.00 10.07
Ether extract 4.07 100 0.81 1.78
Crude fiber 17.13 - 39.79 36.04
Neutral detergent fiber 42.59 - 76.31 64.42
Neutral detergent insoluble N 1.09 - 0.51 0.32
Acid detergent fiber 26.33 - 52.34 34.83
Acid detergent insoluble N 0.89 - 0.41 0.35
Acid detergent lignin 10.95 - 6.34 2.62
TDNy,(%)" 60.23 184.15 46.14 55.05
DE,, (Mcal/kgy 2.79 7.71 2.03 251
ME, (Mcal/kg)’ 2.74 5.79 2.03 2.08
NE,, (Mcal/kg)* 1.44 4.23 0.77 1.23
NE, (Mcal/kgy 0.86 3.11 0.23 0.66

Total digestible nutrients, TDN (%) = tdNFC + tdCP + (tdFA x 2.25) + tdNDF — 7 (§R2001)

Digestible energy, DE (Mcallkg) = [(tdNFC/100)x4.2]+[(tdNDF/100) x 4.2]¢fiCP/100) x

5.6]+[(FA/100) x 9.4] -0.3

*Metabolisable energy, ME = 0.82 x DE (NRC, 1996)

“*Net energy for maintenance, Ne 1.37ME — 0.138ME2 + 0.0105ME3 — 1.12 (NRC, 1996)

°Net energy for growth, Ne= 1.42ME - 0.174ME2 + 0.0122ME3 - 1.65 (NRC, 1996)
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Table 3.2 Fatty acid compositions of the experimental diets

Fatty acid

14%CP FG RS PO MO LSO
(% of total FA)
C8:0 0.74 ND ND 0.05 0.03 0.05
C10:0 1.14 ND ND 0.02 ND ND
C12:.0 17.96 1.42 ND 0.19 0.10 ND
C14:.0 6.38 0.74 1.28 0.96 0.49 0.06
C16:0 17.85 19.66 47.49 38.29 21.11 491
C18:0 2,71 3.18 8.57 4.42 3.96 3.46
C18:1n9c 31.90 6.55 16.76 40.61 29.26 17.88
C18:2n6¢c 20.33 19.03 19.88 13.66 15.76 16.73
C20:0 0.00 0.54 0.00 0.04 0.14 ND
C18:3n3 0.35 48.89 6.03 0.26 27.87 55.87
C18:3n6 0.66 ND ND 0.11 0.17 0.24
SFA! 46.77 25.53 57.34 44.05 25.94 8.70
MUFA? 31.90 6.55 16.76 41.07 29.61 17.96
PUFA 21.34 67.92 25.91 14.89 44.45 73.34
total nd 0.35 48.89 6.03 0.43 28.09 56.20
total né 20.99 19.03 19.88 14.46 16.30 17.04
PUFA:SFA 0.46 2.66 0.45 0.34 1.72 8.43
n6/n3 60.01 0.39 3.30 33.69 0.58 0.30

1 SFA = Sum of saturated fatty acid from C4:0 — ©20:

2 MUFA = Sum of monounsaturated fatty acid from Q14:C22:1
3 PUFA = Sum of polyunsaturated fatty acids from @18C22:6
* Sum of n6 fatty acids C18:2n-6 — C22:4n-6

® Sum of n3 fatty acids C18:3n-3 — C22:6n-3
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Table 3.3 Effect of linseed oil supplementation on perfono@and nutrient intake

of steers
Treatments
Item SEM Pr<F
HC 200g/dPO 200g/dMO 200g/dLSO
Initial body weight, kg 337 336 338 338 11.17 0.998
Final body weight, kg 430 402 409 402 10.91 0.956
Average daily gain, kg/d 13 0.9 1.0 0.9 0.06 0.783
Energy gain 6.22 4.13 4.63 4.04 0.06 0.730
Feed : Gain ratio 0.12 0.15 0.13 0.16 0.01 0.606

Dry matter intake, kg/d

Concentrate 6.46 3.67 3.65 3.66 - -
Roughage 4.76 5.64 5.59 5.91 0.02 0.279
Qil - 0.2 0.2 0.2 - -
Total 11.22 952 9.44 9.76 0.32 0.038
DMI, g/BW™ 131.19 11097 109.19 113.5¢ 2.81 0.011

Crudeproteinintake, g/d

Concentrate 945 537 533 534 221 <0.01
Roughage 190 568 563 594° 14.13 <0.01
Total 1,135 1,107 1,097 1,130 14.99 0.769

Ether extract intake, g/d

Concentrate 263 150 148 149 0.61 <0.01
Roughage 3o 100 100 105 257 <0.01
Qil - 200 200 200 - -

Total 30% 450 448 454 0.29 <0.01

NE, intake, M cal/d

Concentrate 5.56 3.16 3198 3.14 0.01 <0.01
Roughage 1.79 372 3.69 3.90 0.09 <0.01
Oil - 0.63 0.63 0.63 - -

b Mean within row which different superscripts diff@©<0.01), SEM is standard error of mean
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3.5.2 Carcassquality traits.

At slaughter, live weight, hot carcass weight, % lesarcass and
dressing percentage were not significantly differamong treatments (Table 3.4).
Similarly, addition of 5.5% and 11% SFO to the camicates did not affect carcass
weight, moisture and fat contents of the LD mug®leci et al., 2005). Noci et al.
(2007) reported that Charolais crossbred heifatsl&) g/d SFO and 150 g/d linseed
oil (LSO) showed no differences in carcass weigiat dressing percentage. Andrae et
al. (2001), with steers fed high-oil corn in theetdi did not affect carcass weight,
dressing percentage, back fat thickness and LM. &wmailary, Heand Armentano
(2011) stated that the oil diets had none effeats carcass parameters. The
composition of growth can determine the efficiemnd nutritional requirements of
different animal categories. Body composition ispartant for evaluating growth
performance, with the aim of producing carcassél wihigher proportion of muscle
and adequate amounts of fat (Bonilha et al., 208&)ording to Ferreira et al. (1998),
the carcass composition can be modified by altettiegenergy intake. The increased
fat deposition in the group fed rumen-protected gppeared to increase the cold
carcass Yyield. Adipose tissue is the most varitibkie in the animal body, and fat
partition to the carcass can contribute to incréasecass yield (Berg and Butterfield,
1976).

Loin eye area and 12ib fat thickness were not significantly different
among treatments (Table 3.4). The eye muscle arade used as a representative
measure of the quantity, quality, and distributadnthe muscle mass. Late-maturing
muscles are used to represent the muscle tissuelogevent rate. Thus, the
longissimus is the most suitable muscle for analysis becaimsaddition to its late

maturation, it is easy to measure. The values folandeye muscle area and fat
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thickness cover were above 29%190 kg and 3 mm, respectively, which are the
minimum values for eye muscle area and fat thicknasver. Ngidi et al. (1990)
observed that the use of rumen-protected fat ateaaf 0-60.0 g/kg in the dietary dry
matter for fattening steers did not affect carcags muscle area and fat thickness
cover. In addition, Zinn et al. (2000) did not ohseeffects on eye muscle area and
fat thickness cover using Holstein steers fed dietgtaining protected fat or animal
fat as a lipid source at up to 60.0 g/kg. Olivegtaal. (2011) reported that the
physiological maturity of the steers at slaughteaswsimilar and there was no
difference in subcutaneous back fat thickness anr@agments.

Initial (45 min post slaughter) and final pH (24ungost slaughter)
values were not different among the treatments I€T@x4). The initial pH was
considered ideal, and should vary between 6.9 aadGeay et al., 2001). Final pH
values were also found in the interval considerethé¢ normal (5.4 to 5.8) for beef
(Mach et al., 2008). The final pH corresponds te #tcumulation of lactic acid
resulting from the production of ATP from glucoseceuntered in the form of
glycogen reserves. In general, cattle supplementigld grains possess a greater
availability of glycogen at the time of slaughterdaa lower final pH in the beef
(Neath et al., 2007). The final pH values suggesiatl there was no elevated stress
prior to slaughter, because acidification of thesaob@ occurred as expected, and that
the level of substitution of oil supplement evaidhtid not affect the final pH.

Beef color remained mostly unaffected by treatnvétit the exception
of higher redness on SM originating from the 200 50O supplement than other
groups (Table 3.4). Beef coloration changing fronght red to brown, due to the
oxidation of the oxymyoglobin to myoglobin. Moreaythey can be damaged due to

lipid oxidation in the intramuscular fat contenttB types of oxidation are intimately
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related and are responsible for the appearancenellssand strange flavours of fat
(Kanner and Harel, 1985) that can cause rejectiprihb consumer. According to
Muchenje et al. (2009), values encountered inditee for L*, a* and b* was used to
measure beef colour in the CIELAB space (Lightnessredness, a*; yellowness, b*
(CIE, 1978) being in the following ranges of vaioat: 33 to 41, 11.1 to 23.6 and 6.1
to 11.3, respectively. The highest values of L*wést value of a* found in this
experiment which LSO containing high PUFA made tgeaconcentrations of
oxidizable PUFA and reduced color stability over-d period of aerobic storage in
darkness at 4°C. Beefs were all vacuum packagedagad 47 d at 0 °C, they had
similar color stability values over a 7-d periodasrobic storage in darkness at 4°C
(Yang et al., 2002). However, Realini et al. (2062ported that pasture-fed beef was
redder and yellower than concentrate-fed beef &ftkof display (at 2°C under light),
regardless of vitamin E supplementation. Ladeirale2014) reported probably due
to the higher oxidation of the myoglobin pigmentusad by the increased
susceptibility to lipid oxidation of the LD musclgom these animals, as they
exhibited higher polyunsaturated fatty acid coniins. Radicals generated by lipid
oxidation can promote the accumulation of metmybglaFaustman et al., 2010).
This fact is consistent with the statement that effect of nutrition on beef color,
especially the redness index (a*), is associate¢d thie instability of heme pigments
(Mancini and Hunt, 2005) in the secondary prodiatpha- and beta-aldehydes) of
lipid oxidation, causing the decreased stabilityogymyoglobin redox (Lynch and
Faustman, 2000). According to Zakrys et al. (20G3)anges in the a* and the
oxymyoglobin values appear to be driven by lipiddexion and are strongly correlated
with the TBARS values. Furthermore, Faustman ars3&@e (1990) also report

a strong relationship between lipid oxidation angbglobin oxidation.
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For the storage period, an increase was observéwinh*, a*, and b*
values, independent of diet treatment, until thth Jday of storage, when the values
began to decrease. As time passes, deterioratiomitfichondria reduces their
competition with myoglobin for dissolved oxygensuéing in a higher concentration
of oxymyoglobin (Hood, 1980). More oxymyoglobin fisrmed at low pH values,
which are conditions that increase the solubilityxygen and inhibit activity of the
enzymes that consume oxymyoglobin (Ledward, 199®)easing the evaluated
colour indices. Moreover, internal reflection ofethmeat increases as the pH
decreases, which is caused by denaturing sarcoal&sproteins (Seth et al., 1991)
and decreasing the spatial distribution of myofitsuts (Bendall and Swatland, 1988).
Thus, the penetration of light diminishes by dispar of its bands as a result of the
increase in water outside themyofibrillar spaceuset! by the decrease in pH during
glycolysis (Lindahl et al., 2001).

The decrease in the values after day 12 is uncombwdmmay also be
related to alterations in pH. The pH values carrease during vacuum storage
triggered by an increase in nitrogenated compousuish) as amines (Lee and Yoon,
2001), resulting from the proteolysis of endogenaerszymes and microbial
metabolism favouring formation of metamyoglobin.eféfore, changes in values of
a*, b* and C*, resulting from the storage time, nisyrelated to changes in the form

of meat myoglobin (Lindahl et al., 2001).
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Table 3.4 Effect of linseed oil supplementation on carcasslity traits and colour

traits ofLonggissimus dorsi (LD) and Semimembranosus (SM) muscle

Treatments
[tem SEM  Pr<F
HC 200g/dPO 200g/dMO  200g/d LSO
Live weight (kg) 484 374 373 426 17.58 0.226
Hot carcass weight (kg) 264 205 202 224 8.12 0.154
Hot carcass (%) 54.58 54.76 54.21 52.66 0.36 0.294
Dressing (%) 52.95 53.12 52.59 51.09 0.35 0.292
Loin eye area (cf) 59.90 61.00 62.00 60.60 0.33 0.301
12" rib fat 0.85 0.25 0.43 0.60 0.11 0.343
pH
45 min
LD 6.26 6.22 6.37 6.48 0.06 0.512
SM 6.58 6.89 6.68 6.52 0.11 0.670
24 hr
LD 5.61 5.57 551 5.60 0.04 0.845
SM 6.13 5.69 5.74 571 0.05 0.073
Colour trait
Lightness, L*
LD 44.42 40.40 37.56 50.42 289 0511
SM 45.36 42.67 42.79 39.68 0.85 0.277
Redness, a*
LD 8.01 6.32 9.22 6.31 0.63 0.404
SM 8.27 6.00 6.65 9.85 0.19 <0.01
Yellowness, b*
LD 5.97 3.23 7.02 8.79 0.88 0.293
SM 6.32 5.94 4.02 7.21 0.48 0.263

abcMean within row which different superscripts difi@<0.01); SEM is standard error of mean



78

Table 3.5 Effect of linseed oil supplementation on Water-haddcapacity, Warner-

Bratzler shear force (N) and texture-related prigerof Longgissimus

dors (LD) andSemimembranosus (SM) muscle

Treatments
Item SEM Pr<F
HC 200g/d PO 200g/d MO 200 g/d LSO
Water-holding capacity
Driploss, %
LD 6.44 7.78 8.93 8.96 0.10 <0.01
SM 5.23 6.04 6.79 7.00 0.05 0.024
Boiling loss, %
LD 32.69 32.88 32.63 32.46 0.28 0.639
SM 33.62 33.31 33.72 33.92 0.24 0.838
Thawing loss, %
LD 4.34 4.48 4.32 4.43 0.34 0.952
SM 5.62 5.76 5.53 5.60 0.16 0.959
Grilling loss, %
LD 31.89 31.82 31.97 31.62 0.29 0.681
SM 34.34 34.10 34.17 33.64 0.26 0.804
Warner-Bratzler shear force(N)
LD 3.27 3.49 3.68 3.86 0.09 0.260
SM 6.95 477 455 4.09° 0.02 <0.01
TBARS (mg)
DayO
LD 0.18° 0.26" 0.31° 0.43" 0.02 <0.01
SM 0.46 0.48 0.54 0.56 0.01 0.137
Day 6
LD 0.22° 0.28 0.39° 0.47° 0.02 <0.01
SM 0.46 0.58 0.63 0.69 0.02 0.060

abc\ean within row which different superscripts diff@<0.01); SEM is standard error of mean
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No treatment effects were found in water holdingawmaty (WHC),
with the exception of higher drip loss percentageéD muscle from the 200 g/d LSO
supplement than 200 g/d MO, 200 g/d PO and HC ectsgely (P<0.01) (Table 3.5).
The cooking loss corresponds to the loss of wdtes @ small portion of fat, protein
and minerals. Cooking loss values are related weraé factors, such as pH, slow
post-mortem glycolysis, rapid cooling of the caschsfore the onset ofgor mortis
and storage. These factors, in turn, may alsoenfte the WHC, given that up to one-
third of the loss of WHC is caused by decreasgsHr({Fiorentini et al., 2012). In the
report of Oliveira et al. (2012) who observed tthat meat of bulls fed with linseed oil
had the highest WHC value (P<0.05) in comparisaiiéosoybean oils and linseed oil
of protection. Fernandes et al. (2009) who exadhiNellore bulls of the same age
and genetic pattern found smaller WHC values andl flosses due to cooking,
possibly due to the high pH of their samples.

The shear force in SM muscle of HC treatment wasifscantly higher
than other treatments (P<0.01) (Table 3.5). Baadd@eess is a trait considered to be
of great relevance for consumers. Shear force isbgective measure of tenderness.
According to Swan et al. (1998), bovine meat isstdered to have an acceptable
tenderness if its shear strength values are beldbwThe beef in the report of Santana
et al. (2014) was considered tender regardlesteofipid supplementation adopted
because the average values obtained were 7.5 NlaSwalues were obtained by
Fiorentiniet al. (2012), with an average value & W. Other studies with heifers
showed results varying from 3.0 to 6.2 N (Aferrakt 2005; Restle et al., 2001). Such
variations in the shear force values may be cahbgatifferences in the thicknesses of
the blades utilized in the analysis. According ileebet al. (1999), a 1-mm-thick blade

IS more sensitive to detecting differences in leatlerness. In the present study, we
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utilized a 1.27 mm Warner-Bratzler blade. Silvaakt(1999) reported low (1.9%)
intramuscular fat was not correlated with tendesnes

Furthermore, levels of TBARS increased with storéigee and LD
muscle in 200 g/d LSO treatment was the highestpewed with other treatments
(P<0.01) (Table 3.5). The TBARS values were usedirasndex of oxidation of
muscle lipids, at a biochemical level. While TBAR&asurement is widely used in
this context, it is recognised that it is a lesssg#eve index of lipid oxidation than
direct measurement of the end-products of fatty asidation. The susceptibility of
PUFA to oxidation increases with increasing degoéeunsaturation (Yang et al.,
2002). For example, compared to C18:2n-6, the tibdgy of C18:3n-3 to
peroxidation is more than two-fold higher (ShahiB®92). In addition, Campo et al.
(2006) proposed that TBARS values increase in thedfhas previously been frozen
due to damage of some cellular structures thusrigdad oxidation. Lipid oxidation in
muscle systems is believed to be initiated at trembrane level in the highly
unsaturated polar lipid fraction (Gray and Pearst®87). Increasing the muscle
concentration of long chain PUFA as occurred in present experiment, may
therefore result in significant increases in lipiddation.

Habeanu et al. (2014) made separation and analysisuscle lipid
classes by HPLC and light-scattering detection rileahow preponderance of
triglycerides (TG) in total lipids for all musclesd diets considered, especially in
Longissimus thoracis muscle (79.4% of total lipids) compared to that in
semitendinosus muscle (72.6%) (P<0.001). Higher contents in tdiplds and
triglycerides observed inLongissmus thoracis muscle compared to that in
Semitendinosus muscle were linked to the metabolic oxidative-glytio activity of

their fibres,Longissimus thoracis muscle being known to be more oxidative than
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Semitendinosus muscle (Chriki et al., 2012).
3.5.3 Fatty acid composition of beef

The chemical compositions of beef composed of mmstprotein, fat
and cholesterol were not significantly different>QR05) among treatments (Table
3.6). In the meat composition, fat is the componleat presents greatest variations. In
general, the quantity of fat deposited is the tesfulhe balance between energy intake
and energy consumption by the animal. If energgkiatis higher than its metabolic
demands, this excess will be storage as fat (Johesal., 2003). The greater supply
of lipids in the diet was not enough to increasedkposition of fat in the muscle and
back fat (P>0.05), likely because the metabolizablergy of the diets (Table 3.1) and
net energy intake for growth (Table 3.3) were samilThe literature suggests that the
total protein content is less variable in bovineameith values of approximately 20%
observed in thd.ongissimus dorsi (LD) muscle without the fat cover, and this is
independent of food, breed, the genetic group, #Hred physiological condition
(Marqgues et al., 2006)

The fatty acid composition of fat extracted from laDd SM muscle
are presented in Table 3.7 and 3.8. Total PUFADahd SM muscles was unaffected
by dietary treatments (P >0.05). There was mowd te6 PUFA than total n-3 PUFA,
and C18:2n-6 was the most concentrated PUFA atreasment. The percentage of
total and individual n-6 PUFA in LD and SM musdieids were not different among
diets (P>0.05). Feeding 200 g/d LSO increased two&lPUFA (P<0.01) in LD and
SM muscle and C18:3n-3 in SM muscle (P<0.01) coegpawrith HC treatment.
Overall feeding 200 g/d LSO led to a triple of tate3 PUFA versus HC in LD and
SM muscle. The lack of dietary effects on PUFA b &nd SM indicates that LSO

supplement had no effect on rates of lipolysishi@ tumen. Also the finding of no
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difference in total and individual n-6 PUFA in LDné SM lipids, given the
differences amount in dietary treatment supply @B@n-6 (greater in concentrate,
fresh grass and rice straw), indicates a high iefficy of biohydrogenation in the
rumen. In contrast, the higher total n-3 PUFA foumdlD and SM when feeding 200
g/d LSO may indicate that either the rate of ligidyand/or the initial step in C18:3n-
3 biohydrogenation were reduced and these desiraffexts confirm previous
observations when feeding linseed (Mach et al.,6206Geeding 200 g/d LSO
increased C22:5n-3 (DPA) content when compared Wih The lack of diet effects
on C22:6n-3 (DHA) in LD relates to the limited caftg for the last steps in the n-3
PUFA elongation and desaturation pathway (Raeal.,e2004). The accumulation of
UFA in the lumen of the rumen may inhibit the coatplbiohydrogenation (Beam et
al., 2000). Therefore, supplementing bovines witkaturated fatty acids can increase
their passage to the small intestine, which allovese absorption and the possibility
of changing the fatty acid profile of beef. Ratésimolysis and biohydrogenation will
depend on the amount and type of lipid source segpb the animals (Van Nevel et
al., 1996) and the ruminal pH (Bauman et al., 2008 average degree of ruminal
biohydrogenation is 70%, and it can vary from 60@% (Whigham et al., 2000).
Furthermore, C18:3n-3 is less effective in downdtating SCD activity than C18:2n-
6 as suggested earlier by Jacobs et al. (2011)prsent report confirms the result of
Noci et al. (2005) that the potential of additiodnRJFA-rich plant oils or oilseeds to
concentrate rations is to increase the PUFA comtémuminant meat. Baird et al.
(2010) report no significant difference in the to@l18:3n-3 across treatment, as
linseed supplementation increased and there wasearlincrease in C18:3n-3 as a
proportion of total PUFA increased.

The n-6/n-3 ratio in LD and SM was strongly reduedten feeding
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the LSO diet (P<0.01, Table 3.7 and 3.8). It is ioferest to note that the

improvement in the n-6/n-3 ratio in LD and SM maeselas entirely due to increases
in n-3 PUFA, as the n-6 PUFA content did not charigepresent experiment, the
strong reduction in the n-6/n-3 ratio in LD and Sihen feeding 200 g/d LSO

brought it into the range recommended for humattiné4 : 1) (BDH, 1994).

The n-6/n-3 ratios for the linseed-containing diwtze lower than the
ratio values of 14.7, 9.0, and 6.3 recorded for skémh bulls fed concentrate
containing 3.6%, 11.2%, and 18.0% linseed (Machlgt2006). Furthermore, the
n-6/n-3ratio in the linseed-containing dietary grewvas lower than the ratio recorded
in Holstein bulls fed concentrate supplemented wiilked lard and tallow or with
palm oil compounds or standard commercial concenif@de la Fuente et al., 2009;
Partida et al., 2007). However, while adding litsemvered the n-6/n-3 ratio to close
to or less than 5 compared with a commercial fattediet, the ratio was not as low
as for animals fed supplemented grass (French,e2Cd)0), grass or grass silage with
different flax or fish oil supplements (Noci et,&007; Scollan et al., 2001; Warren et
al., 2008), or corn silage supplemented with lids@¢addock et al., 2006; Raes et al.,
2004).

The percentage of total CLA (cis 9,t11 C18:2) in abd SM was not
affected by dietary treatments (P>0.01, Table i@ 8.8). Across most studies,
absolute increases in CLA have been limited (<1,0&b)d this is likely due to
extensive biohydrogenation of PUFA to C18:0, andepually to reduced delta-9
desaturase activity when feeding PUFA rich oils (8vg et al., 2009).

Treatment had no effect on total or individual SFALD and SM
(P>0.01, Table 3.7 and 3.8). The predominant SKAszcall diets in LD and SM was

C16:0, followed by C18:0 and C14:0. These resutddagain suggest that C18:3n-3
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and its biohydrogenation intermediates were lefscefe at down-regulating SCD
activity than C18:2n-6. Also SFAs relate to changesndogenous FA synthesis that
may not have been differentially affected by dMapiye et al., 2013). Oliveira et al.
(2012) when feeding different oils, they reportediér SFA percentages (about 45%).
Current health recommendations are to reduce Skkaen particularly FA with less
than 18 carbons, due to their effects on plasma bW density lipoprotein) and
cholesterol (Williams, 2000).

The PUFA/SFA ratios in LD and SM were unaffected(®5, Table 3.9 and
3.10) by treatments. The average PUFA/SFA ratid.h and SM found in this
experiment was lower than the recommended ratibh45d (BDH, 1994).

3.54 Sensory grading of beef

The sensory perception were unaffected by treasn@able 3.11). In
another study, German Holstein and Simmental biifished on grass or fed a
concentrate of silage, barley, and cracked linggeduced beef that had a higher n-3
PUFA content than did beef from animals fed a glessed diet, but the sensory
profiles did not differ, except that meat from gdimished beef had higher bloody
and fishy notes (Nuernberg et al., 2005).

On the other hand, when steers were fed dietshhatsimilar base
components, but the diets differed in the amourttoonposition of fatty acids through
the addition of different oils, lipid and colourakility were more closely associated
with fatty acid composition and greater abnormavdurs and rancidity scores
(Scollan et al., 2006). Scheeder et al. (2088luated the beef of bulls fed different
sources of fat and found that the beef of animedk With linseed oil tended to be
juicier and to possess a more agreeable aromaeTasslts may be due to the higher

proportions of n-3 PUFA in these animals, trigggrindor precursors that are
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activated by oxidation during heating. Howeveramfes in PUFA concentrations in

the present experiment would not likely have begd enough to affect taste panel

assessments.

Table 3.6 Effect of linseed oil supplementation on chemicamposition (%) of

Longgissimus dorsi (LD) andSemimembranosus (SM) muscle.

Treatments
Chemical composition
HC 200 g/d 200 g/d 200 g/d SEM Pr<F
(%)
PO MO LSO

Moisture
LD 72.38 72.59 71.75 72.54 0.31 0.789
SM 72.08 72.43 71.69 71.92 0.11 0.251
Protein
LD 22.39 21.94 22.05 22.43 0.23 0.426
SM 21.84 20.87 21.43 21.52 0.17 0.013
Fat
LD 3.39 3.21 3.03 3.30 0.29 0.662
SM 4.33 4.28 4.32 4.09 0.06 0.545
Cholesteral
(9/100 g besef)
LD 59.57 61.47 60.13 52.38 0.28 0.648
SM 61.38 68.73 70.83 73.76 2.39 0.410

SEM is standard error of mean
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Table 3.7 Effect of linseed oil supplementation on fatty acainposition of the

Longgissimus dorsi (LD) muscle

Fatty acid Treatments
SEM  Pr<F
(% of total FA) HC 200g/d PO 200g/d MO 200 g/d LSO
C10:0 0.22 0.07 0.05 0.03 0.04 0.362
C12:0 0.31 0.63 0.53 0.19 0.04 0.027
C14:0 6.34 6.71 6.27 6.19 0.19  0.930
C15:0 0.95 0.87 1.15 0.91 0.10 0.921
C16:0 33.84 33.30 32.47 33.40 0.33  0.122
c16:1 0.20 0.29 0.27 0.17 0.02 0.260
C18:0 19.63 20.02 18.49 15.95 0.80 0.291
C18:1n9c 34.24 34.95 36.38 38.23 0.94 0.394
C18:2n6t 0.13 0.30 0.30 0.16 0.04 0.121
C18:2n6c 2.42 1.42 1.94 1.63 0.24 0.191
C20:1 0.08 0.12 0.12 0.14 0.01 0.322
C18:3n3 0.13 0.13 0.13 0.17 0.01 0.072
C9,T11 0.23 0.10 0.20 0.42 0.05 0.095
T10,C12 0.15 0.26 0.30 0.31 0.03 0.198
C22:0 0.36 0.13 0.14 0.35 0.06 0.757
C20:3n6 0.00 0.04 0.08 0.01 0.02 0.448
C20:4n6 0.71 0.63 0.99 1.15 0.11 0.162
C20:5n3 0.0% 0.05* 0.16* 0.46 0.04 0.010
C22:6n3 ND ND 0.05 ND 0.01  0.589
SFA! 61.11 61.15 58.45 56.15 0.94 0.235
MUFA? 34.51 33.35 36.76 38.67 0.94 0.370
PUFA® 3.80 2.93 4.15 4.31 042 0.168
tatal n-6 3.63 2.75 3.82 3.68 040 0.071
total n-3 0.17 0.23 0.42 0.64 0.04  0.007
PUFA /SFA 0.06 0.05 0.07 0.08 0.01 0.166
n-6/n-3 24.12 12.32 10.73° 6.11 1.23  0.002

ab¢Mean within row which different superscripts diff@<0.01); SEM = Standard error of mean

1 SFA = Sum of saturated fatty acid from C4:0 — ©20: MUFA = Sum of monounsaturated fatty acid
from C14:1 — C22:1% PUFA = Sum of polyunsaturated fatty acids from @18 C22:6* Sum of n6
fatty acids C18:2n-6 — C22:4n-8:Sum of n3 fatty acids C18:3n-3 — C22:6n-3
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Table 3.8 Effect of linseed oil supplementation on fatty acainposition of the

Semimembranosus (SM) muscle

Fatty acid Treatments

SEM  Pr<F
(% of total FA) HC 200g/dPO  200g/dMO 200 g/d LSO
C10:0 0.05 ND 0.01 0.03 0.01 0.664
C12:0 0.48 0.38 0.38 0.36 0.03 0.295
C14:0 6.25 5.44 5.44 5.77 0.24 0.584
C15:0 1.22 1.15 1.13 1.60 0.07 0.518
C16:0 32.51 31.54 31.71 33.21 0.55 0.649
c16:1 0.21 0.19 0.16 0.06 0.03 0.076
C18:0 15.99 15.89 16.45 15.04 0.50 0.660
C18:1n9c 38.32 37.43 37.28 39.67 0.65 0.504
C18:2n6t 0.11 0.07 0.10 ND 0.03 0.002
C18:2n6¢ 2.73 3.90 3.42 0.96 0.40 0.676
C20:1 0.06 0.10 0.08 0.01 0.01 0.117
C18:3n3 0.16 0.33 0.32* 0.42 0.03 0.025
C9,T11 0.16 0.33 0.24" 0.14 0.04 0.017
T10,C12 0.25 0.30 0.23 0.46 0.04 0.695
C22:0 0.13 0.20 0.16 ND 0.02 0.012
C20:3n6 0.00 0.18 0.30 0.12 0.06 0.264
C20:4n6 1.28 2.11 2.10 1.55 0.19 0.543
C20:5n3 0.15 0.46 0.45 0.27 0.05 0.245
C22:6n3 ND 0.04 0.02 0.32 0.05 0.250
SFAL 55.85 53.76 54.48 55.08 0.92 0.782
MUFA? 38.59 37.71 37.53 39.95 0.65 0.564
PUFA® 4.79 7.71 7.18 4.24 0.59 0.662
tatal n-6 4.48 6.89 6.39 3.23 0.56 0.679
total n-3 0.3 1.01 1.09" 1.12 0.08 0.005
PUFA/ SFA 0.09 0.14 0.14 0.08 0.01 0.714
n-6/n-3 14.50 7.36 6.23 2.8¢ 0.49 <0.01

abcMean within row which different superscripts diff@®<0.01); SEM = Standard error of mean;

1 SFA = Sum of saturated fatty acid from C4:0 — ©20: MUFA = Sum of monounsaturated fatty acid
from C14:1 — C22:12 PUFA = Sum of polyunsaturated fatty acids from @18 C22:6 Sum of n6
fatty acids C18:2n-6 — C22:4n-8:Sum of n3 fatty acids C18:3n-3 — C22:6n-3
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Table 3.9 Effect of linseed oil supplementation on sensaadmg ofLonggissimus

dors (LD) andSemimembranosus (SM) muscle

Treatments
Item SEM Pr<F
HC 200 g/d PO 200g/d MO 200g/d LSO
Tender ness score
LD 3.96 4.45 4.33 4.55 0.263 0.879
SM 4.54 3.90 4.69 4.42 0.245 0.724

Juiciness score

LD 4.08 4.77 4.02 4.23 0.299 0.798
SM 3.71 4.19 4.77 4.71 0.264 0.446
Flavour score

LD 5.53 6.64 5.44 6.72 0.232 0.092
SM 5.79 6.36 5.99 6.38 0.219 0.728
Off-flavour score

LD 2.13 2.33 241 2.18 0.277 0.983
SM 1.87 2.48 2.08 1.99 0.258 0.853
Overall acceptability

LD 5.79 6.83 5.62 6.47 0.231 0.206

SM 5.92 6.57 6.00 6.54 0.204 0.543

SEM = Standard error of mean

3.5.5 Rumen fermentation characteristics
Ruminal pH were not affected by oil supplementai(iBr0.05) (Table
3.10). Ueda et al. (2003) reported that changesimmnal pH about 6.78+0.05 due
tom LSO were modest and could explain the strorangs in unsaturated fatty acid
metabolism in the rumen. Furthermore, in a previstusly, Loor et al., 2004 did not
observe an effect of concentrate or linseed oilrominal pH despite reduced

biohydrogenation with the high concentrate diets.
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Ammonia nitrogen concentration (NH) in the rumen did not vary
among treatments (P>0.05) (Table 3.10). A decte@setozoa concentration also
leads to a decrease in the NN concentration in the rumen, which is due to a
reduction in the proteolytic activity of the prota (Doreau and Ferlay, 1995). The
effect of dietary supplementation with lipids ighly variable, as it depends on the
lipid source and the diets used. In the presen¢mxent, steer supplied the LSO had
a higher NH-N concentration (20.68 mg/L) than the HC, PO and [46.15, 18.32
and 19.21 mg/L, respectively). The BN concentrations were adequate to support
bacterial growth, according to the minimum value&s®fmg NH-N/L, as reported by
Satter and Slyter (1974). Confirming these resutisgene et al. (2004) used data
obtained from the literature on faunated and deftadh animals in a metmalysis
study and observed that defaunation increasedaiheeatration of rumen ammonia to
50.3 mg NH-N/L.

The protozoa concentration in rumen fluid was alst affected by
dietary treatments (P>0.05) (Table 3.10). Sevsiadies showed that dietary lipids
reduced protozoa concentrations in the rumen (#srket al., 2007), because
unsaturated fatty acids are toxic to rumen ciliptetozoa. Williams and Coleman
(1997) supported that the toxicity of high dietdipid concentrations to rumen
protozoa is due to their limited ability to absahbhd transform lipids, resulting in
enlargement and cause break of the protozoa ¢&lwever the concentration of the
dietary lipids must be sufficient to affect the mmprotozoa population. In the present
experiment, the concentration of lipid supplemenight be not enough to affect the
rumen concentration of protozoa. Furthermore, Mddlenet al. (2000) and Ueda et
al. (2003) reported that when the large amountsingeed oil were fed to cattle,

protozoa almost disappeared which could be theecafighe decrease in butyrate
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proportion. In addition, effect on protozoa concatibn in the present study was
consistent with the absence of change in butyrad@qgstion. Furthermore, botin
vitro andin vivo studies have demonstrated that protozoa are isengit linolenic
(C18:3), linoleic (C18:2), and oleic (C18:1) unsated fatty acids, in this order
(Hristov et al., 2004), and to capric (C8:0) andristic (C14:0) saturated fatty acids
(Dohme et al., 1999), with greater defaunation @ffeobserved with medium chain
saturated lipids (Machmdiller et al., 2000).

The increasing level of LSO supplementation de@@&ascetate molar
concentration (P<0.05) at 4 h (post feeding), wttike molar proportion of propionate
was increased (P<0.05) at 2 h (post feeding), tieguin a decreased acetate:
propionate ratio (P<0.05, Table 3.12). Oil suppletagon led to lower VFA
concentration, especially a decrease in acetatepgignate ratio in the rumen. It is
suggested that unsaturated fatty acid from oil ¢chdve interfered with ruminal
fermentation resulting in greater gut fill and retlon in residual organic matter
digestion (Yang et al., 2009). Onetti et al. (200&ported that when feeding
supplemental lipid the molar proportion of rumiredetate was decreased and of
propionate was increased; resulting, in decreaseeta® : propionate ratio.
Furthermore, a high supply of linseed oil has b&sown in the literature to increase
propionic acid at the expense of acetic and bugeid (Sutton et al., 1983). Ruminal
digestibility was not reduced by a supply of lindeeil, while propionate was
increased at the expense of either butyrate (Maltemét al., 2000) or acetate
(Gonthier et al., 2004).

A reduction in the acetate to propionate ratioroftaproves the efficiency of
feed utilization, since relatively higher propioagtroduction is associated with less of

energy in from of gas (Machmueller et al., 2008)tHis study, high molar proportion
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of propionate has been found in cow fed with 2@DMO and 200 g/d LSO, resulting

in low acetate : propionate ratio.

Table 3.10 Effect of linseed oil supplementation on ruminal ,pNHs-N,

protozoa population in rumen fluid grass

Treatments

Item

HC 200 g/d PO 200g/d MO 200 g/d LSO SEM Pr<F
pH
0 hr 7.51 7.46 7.15 7.31 0.048 0.084
2 hr 7.06 6.80 6.90 6.78 0.034 0.123
4 hr 7.25 7.19 7.13 6.87 0.119 0.078
6 hr 7.16 7.35 7.17 7.09 0.057 0.497

NHs-N (mg/L)

0 hr 8.87 12.31 12.71 12.81 0.376 0.054
2 hr 16.15 18.32 19.21 20.68 0.425 0.078
4 hr 11.45 12.32 16.06 17.63 0.690 0.090
6 hr 7.78 9.16 9.26 13.69 0.464 0.088
Protozoa

(x10° cellgml)

0 hr 8.75 4.50 5.00 7.25 0.805 0.340
2 hr 3.00 3.00 3.25 3.00 0.763 0.257
4 hr 4.25 4.50 4.25 4.00 0.916 0.668
6 hr 6.25 5.50 6.00 4.75 1.365 0.863

SEM is standard error of mean
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Table 3.11 Effect of linseed oil supplementation on Volatiégty acid (VFA) in

rumen fluid
Treatments
Item
HC 200g/dPO  200g/dMO 200g/dLSO SEM Pr<F
VFA (mol/100 mol)
Acetate, C2
0 hr 73.85 73.83 73.30 71.99 0.306  0.251
2 hr 73.01 73.33 69.83 70.57 0.664  0.298
4 hr 73.48 72.90 70.26 70.66 0.276  0.034
6 hr 73.26 73.97 70.90 71.46 0.394 0.133
Propionate, C3
0 hr 14.92 13.95 14.89 15.89 0.280 0.257
2 hr 16.3% 15.82 17.9% 17.4% 0.081  0.028
4 hr 15.26 14.62 17.20 16.89 0.349  0.145
6 hr 14.70 14.97 16.12 15.59 0.467 0.724
Butyrate, C4
0 hr 11.24 12.23 11.82 12.13 0.134 0.174
2 hr 10.64 10.85 12.25 12.01 0.619 0.745
4 hr 11.31 12.48 12.55 12.45 0.172  0.162
6 hr 12.05 11.06 12.99 12.95 0.709  0.752
Acetate: Propionate
0 hr 4.94 5.30 4.93 4.54 0.112  0.267
2 hr 4.47 4.64° 3.90° 4.05° 0.057 0.028
4 hr 4.82 4.99 4.11 4.19 0.338  0.095
6 hr 4.98 5.00 4.42 4.59 0.143  0.470

b Mean within row which different superscripts diff@©<0.05); SEM = Standard error of mean
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3.5.6 Rumen fluid fatty acid profiles
Fatty acid concentrations in the rumen fluid weagied depending on

the time after feeding and oil supplements in tle¢ ds shown in Table 3.13, 3.14,
3.15 and 3.16. The C16:0 percentage was similavdeet HC, MO and LSO at O h
(pre feeding), 2 and 4 h (post feeding) (P>0.0bwéwver oil supplement decreased
C16:0 at 6 h (post feeding) (P<0.01). Dietary LSt O resulted in markedly
lower C18:0 at 2 h (post feeding) (P<0.01), andeased percentages of C18:0 at 6 h
(post feeding) (P<0.05). The percentage of C18:4 mgher in HC treatment than in
PO, MO, and LSO at 0 h (pre feeding), 4 h and pdst(feeding) (P<0.01). Both HC
and LSO resulted in greater 18:2n6 at 4 h (postifgg than did PO and MO. Feeding
LSO also resulted in greater percentages of C18&n3, 4, 6 h (post feeding)
(P<0.01). Feeding MO and LSO increased percentag8&A at 0 h (pre feeding), 2
and 6 h (post feeding) (P<0.01), and LSO incregsedentages of PUFA at 2 and 4 h
(post feeding) (P<0.01). In addition, LSO suppletmesulted in lower n-6/n-3 ratio
than MO, PO and HC, respectively. Harvatine an&®2006) completed an vivo
experiment with lactating dairy cows to determinates of fatty acid (FA)
biohydrogenation (BH) of fat supplementsth different grades of unsaturation, and
developed a kinetic model of ruminal BH. Based loairt results, they showed that
passage rates of C16:0, C18:0 and total C18 carotinearly decreased as UFA
increased. Increasing UFA increased the extentl& Zand C18:3 biohydrogenation,
and decreased the extent of C18:1 BH. Gulati, et(2000) reported that the
concentration of C18:0 indicated a shift of the BHUFA to the accumulation of
C18:1 in the rumen. In contrast to sunflower oildarapeseed oil, the higher
concentration of C18:0 with LSO indicated a shfftree BH of UFA to a lower mean

concentration of C18:1. The accumulation of C1&:Jirobably due to an excess of
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free fatty acids that inhibited the final hydrogeoa of C18:1 to C18:0. According to
Lock and Garnsworthy (2003), possible reasonsroreiases in the concentration of
C18:1 include an increased intake of substrates8:@6 and C18:3n3) and/or a
decrease in the final hydrogenation step from C18&:C€18:0 in the rumen. A higher
concentration of c9,t11 CLA in the rumen fluid ms experiment was observed with
PO to maximum 0.26 % of total FA (2 h after feedingpilst with HC, MO, and LSO
the maximum c9,t11 CLA concentration was 0.18, 0.084 % of total FA,
respectively (2 h after feeding).

The report by Loor et al. (2004) was enhancemen®ptll CLA in the rumen
fluid of cows fed a high concentrate diet. The lowencentration of these isomers
with LSO was accompanied by the higher concentnasfaC18:3n3 in the rumen fluid
compared to PO, MO and HC. The input of C18:3n3emthydrogenation is
incomplete may result in an enhanced ruminal owtftd C18:2 and C18:1 (Loor et
al., 2004). According to Loor et al. (2002) LSO miagrease an endogenous synthesis
of c9, t11 CLA in tissues by enhancing the pososgits/e availability of C18:1. It is
evident that the differences in ¢c9, t11 CLA concatiin between oil supplements are
influenced by the level of C18:2n6 in the originails used to produce CLA
(Szolloskei et al., 2005). Greater C18:3n3 hydragien with LSO and greater
C18:2n6 BH with HC was documented by Loor et al0O&). Thereforehigh
concentration of linoleic acid in the diet wouldluee biohydrogenation and increase

the postruminal flow of this unsaturated fatty a@eam et al., 2000).
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Table 3.12 Effect of linseed oil supplementation percentage of fatty acids in ruminal

fluid from beef steerat 0 h (pre feeding)

ltem HC 200g/dPO 200g/dMO 200g/dLSO SEM Pr<F

C12:0 1.66 1.27 1.41 1.61 0.1 0.572
C14:0 2.98 2.59 2.35 2.65 0.28 0.888
C16:0 33.05 34.1 35.23 31.86 0.42 0.166
C18:0 52.21 52.73 54.22 56.52 0.54 0.149
ci18:1 7.39 6.57 497 4.38 0.18 0.012
C18:2 1.84 1.87 1.55 1.15 011 0.23
Cc18:3 0.01 0.05 0.35 0.2 0.02 0.078
C20:0 0.8 0.75 0.81 1.08 0.02 0.031
C9,T11 0.08 0.09 0.03 0.04 0.01 <0.01
SFA 89.96 90.68 93.20 92.64 0.23 0.018
PUFA 2.72 2.75 2.42 2.46 0.13 0.726
PUFA/SFA  0.03 0.03 0.03 0.03 0.001 0.479
n-6/n-3 271.00  64.10 76.20 12.90 8.16 <0.01

4P Mean within row which different superscripts dif{@<0.01)

SEM is standard error of mean
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Table 3.13 Effect of linseed oil supplementation percentage of fatty acids in ruminal

fluid from beef steerat 2 h (post feeding)

ltem HC 200g/dPO 200g/dMO 200g/dLSO SEM Pr<F

C12:0 6.05 5.87 4.15 4.00 0.27 0.106
C14:0 9.6 11.03 11.24 10.77 0.27 0.272
C16:0 27.81 33.29 34.17 36.20 0.69 0.06
C18:0 3483 3023 25.82 24.86 0.92 0.049
ci8:1 15.74 17.75 12.06 12.98 0.58 0.077
C18:2 2.72 2.69 2.52 2.49 0.04 0.259
Cc18:3 0.08 1.55 2.79 477 0.11 <0.01
C20:0 2.42 2.3 2.33 2.65 0.05 0.203
C9,T11 0.18 0.26 0.16 0.14 0.01 0.081
T10,C12 0.64 0.41 0.37 0.28 0.03 0.05
SFA 78.93 75.45 80.15 77.05 0.73 0.252
PUFA 5.34 6.80° 7.80 9.98 0.15 <0.01
PUFA/SFA  0.07 0.09 0.10 1.13 0.01 <0.01
n-6/n-3 221.2% 3.42 1.80 1.13 10.81 <0.01

abC\ean within row which different superscripts diff@<0.01)

SEM is standard error of mean
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Table 3.14 Effect of linseed oil supplementation percentage of fatty acids in ruminal

fluid from beef steerat 4 h (post feeding)

ltem HC 200g/dPO 200g/dMO 200g/dLSO SEM Pr<F
C12:0 5.01 5.58 4.38 5.74 0.24 0.034
C14:0 12.02 1254 13.80 14.97 0.15 <0.01
C16:0 32.94 32.83 34.1 35.07 0.66 0.625
C18:0 31.02 30.5 33.08 28.38 0.93 0.45
cis:1 12.07 12.96 8.19 8.18 0.16 <0.01
C18:2 2.81 2.48 2.50 2.7% 0.02 0.021
Cc18:3 ND 0.} 0.36 1.13 0.04 <0.01
C20:0 3.47 2.67 3.37 3.52 0.04 <0.01
C9,T11 0.08 0.07" 0.0% 0.02° 0.01 0.046
T10,C12 0.61 0.3 0.21 0.28 0.03 0.023
SFA 81.58 81.73 85.56 84.43 0.18 <0.01
PUFA 6.33 5.3 6.25 7.47 0.09 <0.01
PUFA/SFA 0.08" 0.07 0.08" 0.09 0.002 0.032
n-6/n-3 ND 52.83 17.93 5.58 2.23  <0.01

abC\ean within row which different superscripts diff@<0.01)

SEM is standard error of mean
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Table 3.15 Effect of linseed oil supplementation percentage of fatty acids in ruminal

fluid from beef steerat 6 h (post feeding)

ltem HC 200g/dPO 200g/dMO 200g/dLSO SEM Pr<F

C12:0 6.51 6.8 4.69 5.52 0.08 0.121
C14:0 11.37 11.57 11.34 12.42 0.24 0.436
C16:0 39.78 34.20 33.94 36.43 0.33 0.01
C18:0 30.29 34.08 40.62 34.59 0.7 0.028
cis:1 7.78 9.27 5.29' 6.71 0.07 <0.01
C18:2 1.69 1.84 1.82 1.73 0.04 0.56
Cc18:3 ND 0.08 0.06 0.13 0.01 <0.01
C20:0 2.1% 2.19 2.17 2.45 0.02 0.022
C9,T11 0.03 0.35 0.04 0.35 0.01 <0.01
T10,C12 0.51 0.12 0.04 ND 0.02 <0.01
SFA 88.48 86.73 90.63 88.96 0.08 <0.01
PUFA 3.83 4.06 4.08 4.34 0.06 0.127
PUFA/SFA  0.04 0.04 0.04 0.05 0.01 0.381
n-6/n-3 ND 134.17 78.47 33.18 5.12 <0.01

abcd\ean within row which different superscripts diff@©<0.01)

SEM is standard error of mean
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3.6  Conclusions

Feeding dietary treatments including HC and 200dj/dil PO, MO or LSO
did not negatively affect any of performance angtass quality of steers. The overall
feed consumption of the steers was decreased waemydoil was provided, leading
to improvement in efficiency of growth performand&O supplement increased %
drip loss, TBARS values and reduced beef colorilgtata*), beef tenderness and had
no impact on sensory perceptions. LSO increaseddneentage of n-3 fatty acids
(mainly C18:3n3) in the intramuscular fat and loggethe n-6/n-3 ratio in beef. Thus,
it can be concluded that 200 g/d LSO can be saighplemented to low concentrate
and fresh grass diets of steers to enrich beef pittential health beneficial FA,

without causing any detrimental effect on rumemientation function.
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CHAPTER IV
THE EFFECT OF LINSEED OIL SUPPLEMENTATION
ON MILK PRODUCTION, MILK COMPOSITION AND

n-6/n-3 FATTY ACID RATIO IN MILK

4.1 Abstract

The effects of linseed oil supplementation on rilkduction, milk composition,
and n-6/n-3 ratio of dairy cow’s milk were studiebventy four Holstein Friesian
crossbred lactating dairy cows were assigned infoxa2 Factorial arrangement. All
cows were fed approximately 6 kg/d of 21% CP cottaém Treatments were : 1)
concentrate plus 300 g/d of palm oil (PO) togethigh ad libitum corn silage (CS); 2)
concentrate plus 300 g/d of linseed oil (LSO) thgetvithad libitum CS; 3) concentrate
plus 300 g/d of PO together wisd libitum fresh grass (FG); and 4) concentrate plus 300
g/d of LSO together wittad libitum FG. Supplementation with LSO had no effect on
DMI, milk production and milk composition. Milk fatontent was not affected by LSO
supplementation. However, the milk C18:3n3 pergmtancreased by LSO
supplementation. It was concluded that the milkdefnposition can be altered by 300
g/d LSO supplementation with increasing concemnatiof potentially health beneficial
FA and decreasing concentrations of SFA. FinalyOLsupplemented withd libitum
FG lowed n-6/n-3 FA ratio in dairy cow’s milk.

Key words : milk fatty acid, linseed oil, dairy cow’s milk, sh grass, corn silage
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4.2 Introduction

The nutritional contribution of milk and the potethealth effects of its main
components (fat, protein, antioxidants, vitaminsg aninerals) have been reviewed
extensively, most recently by Haug et al. (20070l &teijns (2008). The protein,
antioxidants/vitamins, minerals, and some mono- BAY and poly- unsaturated
(PUFA) fatty acids in milk are considered beneficia human health. However, milk
contains a high proportion of saturated fatty ac{8&A) because of extensive
biohydrogenation of dietary unsaturated fatty a¢ldSA) in the rumen ande novo
synthesis of short- and medium chain saturateeemtammary gland (Shingfield et
al., 2008). Due to the incomplete biohydrogena{BH) of UFA in the rumentrans
fatty acid intermediates accumulate, which can beorporated into milk fat
triglyceride following digestion and absorptiontire small intestine (Chilliard et al.,
2007). SFA andrans fatty acids in milk fat are generally considerechaive negative
effects on human health. The effect of SFA arahs fatty acids on the relative
proportions of high and low density lipoprotein t@sterol results in coronary heart
disease (CHD) (Hu et al., 2001; WHO, 2003). Thime mmilk industry aims to
improve the nutritional quality of milk fat by redimg SFA and increasing the content
of n-3 series FA, including alpha linolenic acidL{y, which is recognized as
minimizing the risk of cardiovascular disease asdequally essential for the
functional development of the central nervous sys(ANC, 2001). The fatty acid
distribution in milk fat is dependent on dietaryngoosition (Dewhurst et al., 2003). It
is now well established that supplementation of’sadiet with UFA affects milk FA
profiles (Chilliard et al., 2000; Harvatine et ak009). The main sources of
unsaturated lipids are oilseed lipids, among wHinkeed, rapeseed, soybean, and

sunflower seeds (Glasser et al., 2008). Linseedamitains the essential alpha-
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linolenic acid (ALA), which the body converts inticosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), the n-3 FA found i fa@l. Linolenic acid, usually
from fish oil, has been shown to reduce inflamnratemd help to prevent certain
chronic diseases, such as heart disease and iarthitiseed oil (LSO) is oil from
flaxseed [Linum usitatissmum) produced predominantly in the northern Great Plains
and Canada (Berglund and Zollinger, 2002). LSO kumpentation caused a quadratic
increase in milk fat and protein contents and seippeiting grazing dairy cow diets
with algae and LSO at up to 510 g/d can improventiteitional value of milk without
compromising milk composition or cow performancéy¥ers et al., 2008). Previous
studies compared the effects of TMR containing ares of fish oil and different
sources of UFA (AbuGhazaleh et al., 2003), or cotre¢e : forage ratio and LSO,
the results suggested that the nature of suppleinlt=A added to high-concentrate
diets likely altered the profile and amount of lggknation intermediates available
for secretion in milk (Loor et al., 2005). Thusgtlbjective of this study was to
determine the effects of LSO supplementation ork mmibduction, milk composition,

and n-6/n-3 ratio of dairy cow’s milk.

4.3 Objective

The objective of this experiment was to investigdie effects of linseed oil
supplementation on milk production, milk compositiand n-6/n-3 ratio of dairy

cow'’s milk
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4.4 Materials and methods

4.4.1 Animals and treatments

Twenty four Holstein Friesian crossbred lactatingiryl cows,
averaging 106 43 days in milk, 12.1 8.0 kg of milk and 387 41 kg body weight,
were blocked by parity first and then stratifiechdam balanced for milk vyield,
milking days and body weight into four groups ofcéws each. They were then
assigned into a 2 x 2 Factorial arrangement. Alsavere fed approximately 6 kg/d
of 21%CP concentrate. Treatments were : 1) coraienpdus 300 g/d of palm oil (PO)
together withad libitum corn silage (CS); 2) concentrate plus 300 g/d dDlt&gether
with ad libitum CS; 3) concentrate plus 300 g/d of PO together adthbitum fresh
grass (FG); and 4) control concentrate plus 3000§/dSO together withkad libitum
FG. All cows also had free access to clean watdrvegre individually housed in a
free-stall unit and individually fed according tedatments. The experiment lasted for
40 days (8 periods of 5 d), with the first 2 pesod 0 days) was the adjustment
period, followed by 30 days (6 periods) of measwenperiod.

4.4.2 Laboratory analyses

Feed offered and left after eating of individualvcaere collected on 2
consecutive days of each period and dried at 60otC48 h. At the end of the
experiment, feed samples were pooled to make repias/e samples for proximate
and detergent analyses. Samples were ground thrbugim screen and analyzed for
chemical composition. Dry matter (DM) was determdiry hot air oven at 60°C for
48 h. The crude protein (CP) was determined bydgjel analysis (AOAC, 1990).
Ether extract (EE) was determined using petroletirarean a Soxtec System (AOAC,

1990). Fiber fraction, neutral detergent fiber (NCG#d acid detergent fiber (ADF)
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were determined using the method described by \stSet al. (1991), adapted for
Fiber Analyzer. Ash content was determined by aglvina muffle furnace at 600°C
for 3 h. The chemical analysis was expressed obdkes of the final DM. Fatty acids
composition of concentrates, fresh grass and coages were extracted using a
modified of the method used by Folch et al. (19&i@) Metcalfe et al. (1966) for
analyzing by gas chromatography (GC) (7890A GC &wstAgilent Technology,
USA) (See chapter III).

Cows were weighed at the start and at the endeoéxiperiment. Cows were
milked twice daily at 05.00 and 15.00 h and milklgs were recorded for each cow.
Milk samples from both the morning and evening mijk were collected on 2
consecutive days of each period and stored at WiftCa preservative until analyzed
for fat, protein, lactose and solid not fat contesing Milkoscan FT 6000(Foss
Electric, 2000; Hillerod, Den-mark) at Veterinarg$earch and Development Center
(Lower Northeastern Region), Muang, Surin, Thailaimd addition, milk samples
were collected on day 0, 10, 20 and 30 of the expt and stored at -20 °C until
analyzed for fatty acids. Milk samples of eachiqgobmwere extracted for fatty acid
using a modified method used by Romeu-Nadal e(28104). From a well-mixed
aliquot of milk, 3 ml was placed in 50 ml centritugubes. Then added 27 ml of a
dichloromethane—methanol solution (2 : 1, v/v) &cletube. The mixture was shaken
mechanically for 15 min and centrifuged at 2509 fsr 8 min at 4 °C. Approximately
8 ml of distilled water was pipette into each tuel, after shaking for a further 15
min, the sample was, again centrifuged at 250Q far 8 min at 4 °C. As much of the
upper aqgueous fraction as possible was carefuthoved with a pipette. The organic

layer was washed with 8ml of a saturated solutiothe sodium chloride, and finally
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mixed mechanically for 15 min and centrifuged fam at 2500 >g at 4 °C. Again,
the upper agueous fraction was carefully removet wipipette. The organic fraction
was carefully transferred to a separating funnel &itiered through 1PS paper
(Whatman, Maidstone, UK) containing anhydrous saodisulfate, and 3-5 ml of
dichloromethane was passed through the filter. fHtesolution was taken in pre-
weighed conical flask. Finally the extract was anmtcated by removing
dichloromethane in a rotatory evaporator and dueder a gentle stream of nitrogen.
The weight difference of the conical flask befofesfawas assumed to be fat. The fat
was stored at -20 °C and redissolved in dichlorbare (3%, w/v) intermediately
analyzing by gas chromatography (GC) (7890A GC &wstAgilent Technology,
USA).

4.4.3 Statistical analysis

Measured data of intake, milk production, milk carsgion, and body

weight change were analyzed by ANOVA for 2 x 2 Baet in randomized complete
block design using the Statistical Analysis Systé®AS, 1996). Significant
differences among treatment were assessed by Dsneaw multiple range test. A
significant level of p<0.05 was used (Steel andi€pd 980).

4.4.4 Experimental location

The experiment was conducted at Suranaree Uniyersit

Technology’'s cattle farm, The Center for Scientificd Technological Equipment
Building 10, Suranaree University of Technology.

4.45 Experimental Period

The experiment was from February 2012 to April 2012
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45 Result and discussion

4.5.1 Feed chemical composition

Chemical compositions of the control concentratencsilage (CS),
and fresh grass (FG) used in the experiment are §ihdable 4.1. The average EE
content and energy values of the oil supplemenéwegher than the concentrate diet,
CS and FG, respectively.

The fatty acid compositions of the concentrate, ES, PO and LSO
used in the experiment are shown in Table 4.2. ZWBwas the major fatty acid in
the FG and LSO accounting for approximately 48.&9% 56.20% of total fatty acid,
respectively. The second major fatty acid in theaf@ LSO was C18:2n6 accounting
for 19.03% and 17.04% of total fatty acid, respasgyi. FG and CS had a greater
proportion of C16:0, MUFA, PUFA and n-3FA than tbencentrate. The LSO had
similar proportion of n-3 FA to FG, but n-3 FA waknost absent from the PO. The
concentrate contained higher C18:1, than the FGG®dnd this accounted for the
higher proportion of PUFA in the concentrat€é4ower et al. (2008) reported the
pasture grasses accounting for n-3FA approxima#ély8% higher than control
concentrate (3.72%) and LSO supplement with commolcentrate (37.43%) of total
fatty acid. According to Shingfield et al. (2011), measuremeaqfs fatty acid
composition indicated that maize silage and comate® contained relatively high
proportions ofcis-9 18:1 and 18:2 n-6, 18:3 n-3 predominated_SO (20.6, 30.6,

57.8% of total FA, respectively).
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Table 4.1 Chemical compositions of the experimental diets.

ltem 21% CP PO/LSO CS FG
Dry matter 94.40 - 24.09 12.50
Ash 7.66 - 7.43 12.40
Crude protein 20.50 - 6.69 10.07
Ether extract 2.80 100 0.90 1.78
Crude fiber 12.67 - 29.28 36.04
Neutral detergent fiber 45.88 - 61.64 64.42
Neutral detergent insoluble N 1.51 - 0.46 0.32
Acid detergent fiber 22.79 - 26.51 34.43
Acid detergent insoluble N 0.81 - 0.54 0.35
Acid detergent lignin 7.17 - 3.41 2.62
TDN (%) 62.01 184.15 57.67 55.05
DE;x (Mcal/kgy 2.96 7.71 2.55 2.51
DE, (Mcal/kg)’ 2.87 5.79 2.54 2.51
ME, (Mcal/kg)' 2.45 5.79 2.12 2.08
NE;, (Mcal/kgy 1.53 4.63 1.30 1.27

Total digestible nutrients, TDIN (%) = tdNFC + tdCP + (tdFA x 2.25) + tdNDF — 7 (§R2001)
Digestible energy, DE (Mcal/kg) = [(tdNFC/100)x4.2]+[(tdNDF/100) x 4.2]@&fHCP/100) x
5.6]+[(FA/100) x 9.4] -0.3

*DE; (Mcal/kgDM) = DEx x Discount (NRC, 2001)

“Metabolisable energy, ME= [1.01 x (DE) — 0.45] + [0.0046 x (EE — 3)] (NRC, 2001)

*Net energy for lactation, NElp = ([0.703 x MEp (Mi&g)] — 0.19) + ([(0.097 x MEp + 0.19)/97] x

[EE- 3]) (NRC, 2001)
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Table 4.2 Fatty acid compositions of control concentr&iesh grass (FG), corn sil-

age (CS), linseed oil (LSO) and palm oil (PO).

% of total FA  21% CP FG CS PO LSO
C8:0 1.03 ND ND 0.05 0.05
C10:0 1.09 ND ND 0.02 ND
C12:0 15.89 1.42 1.14 0.19 ND
C14:0 5.75 0.74 2.09 0.96 0.06
C16:0 16.26 19.66 19.03 38.29 4.91
C18:0 2.92 3.18 5.56 4.42 3.46
C18:1n9c 30.11 6.55 2.52 40.61 17.88
C18:2n6¢c 25.29 19.03 14.21 13.77 16.97
C20:0 ND 0.54 3.00 0.04 ND
C18:3n3 0.34 48.89 8.00 0.26 55.87
SFA! 42.93 25.53 30.81 44.05 8.70
MUFA? 30.11 6.55 2.52 41.07 17.96
PUFA? 26.97 67.92 66.67 14.89 73.34
Total n6 26.63 19.03 58.66 14.46 17.04
Total n3 0.34 48.89 8.00 0.43 56.20
PUFA/SFA 0.63 2.66 2.16 0.34 8.43
n-6/n-3 79.49 0.39 7.33 33.69 0.30

! SFA = Sum of saturated fatty acid from C4:0 - ©20:

2 MUFA = Sum of monounsaturated fatty acid from Q14€22:1
¥ PUFA = Sum of polyunsaturated fatty acids from 21-8C22:6;
* Sum of n6 fatty acids C18:2n-6 - C22:4n-6

® Sum of n3 fatty acids C18:3n-3 -C22:6n-3
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4.5.2 Intake and live weight

The average values of nutrient intake, live weiglrd live weight
change of lactating dairy cows are presented ineTdl8. No interactions of main
treatment effects occurred for intake of nutriedd®wever, the ANOVA of main
effects showed that cows fed diets based on cdagesiconsumed more total dry
matter intake (DMI) than fresh grass (P<0.01) wheld greater CF, NDF and ADF
compared to corn silage. Tafaj et al. (2007) regmbthat the DMI decreased linearly
with increasing dietary NDF. Forage NDF is a mdgmtor affecting feed intake and
rumen fill in high-producing cows (Kendall et &009). Waldo (1986) suggested that
diet NDF content is the best single chemical prtediof DMI in dairy cows. Mertens
(1987) proposed that voluntary feed intake of daadtle is limited by digestive tract
fill when high NDF diets are fed.

Others (Schroeder et al., 2003; Boken et al., 2@bngfield et al.,
2005) have reported similar effects when cow'ssigere supplemented with plant
oils and grazing dairy cow diets supplemented witferent amounts of LSO showed
no effect on grain intake (Flower et al., 2008).eQof the factors which influences
DMI of ruminants was the net energy density of t¢let, and a high level diipid
supplementation (7 g/100 g concentrate, DM) wasented to reduce DMI of Hanwoo
steers (Song et al., 2010). However DMI in the entrrexperiment (4.92 g/100 g
concentrate, DM) was not reduced by oil suppleniama

Crude protein intake (CPI) was unaffected by tremtis (Table 4.3).
Although, fresh grass contain more total CP than sdage, cows fed diets based on
corn silage consumed more total dry matter intdkelj than fresh grass (P<0.01).
Furthermore, rumen degradable protein (RDP) anderurandegradable protein

(RUP) of roughage were unaffected by treatments.
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There was no interaction between oil and roughagecss on ether
extract intake (EEI, g/d) and net energy for laotaintake (NEp intake). However,
cows fed diets based on corn silage consumed ni6rand NEp than those cows on
fresh grass (P<0.01). Final live weight (FLW, kgpdive weight change (LWC, g/d)
was reduced by dietary fresh grass (P>0.05).

4.5.3 Milk Production and Milk Composition

The results of milk production and milk compositiare presented in
Table 4.4. Milk production and composition were fimeted by treatments (P > 0.05).
Literature data on the effects of oil supplementaton milk production have been
variable. Loor et al. (2005) did not observe arfeafof 3% LSO on milk production
when added to either forage based or concentratdbdiets of dairy cows. A higher
5% LSO supplementation in a grass hay based dienadi affect milk production
either (Roy et al., 2006). In contrast, Bu et 20Q77) observed that supplementing 4%
LSO to a forage based diet of dairy cows increangki production, although it did
not affect ECM. On the other hand, Martin et al0q®) reported that 5.7% LSO
supplementation to a corn silage based diet demdeagk production.

From the previous studies cited, it appears thahgbs in milk yield
are closely related to the effects of oil on DMIdadiet digestibility. Indeed, the
decrease in milk production reported by Martin let(2008) was associated with a
depression in DMI and diet digestibility due totdidances in rumen function caused
by a high level of LSO intake (>5% of DMI). In coas$t, Bu et al. (2007) studies
where LSO was supplemented at a level lower than & production increased
because of a greater DMI. In the present experinaetting oil to dairy cow diets did
not affect milk composition. Inclusion of planpilils in the concentrate had no effect

on milk yield or milk composition in cow fed redvar silage, possibly because the intake
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of DM and ME was similar across treatments (Halnesnat al., 2011).

Milk fat content was unaffected by treatments (€abM). Effect of
dietary oil supplementation on milk fat content hast been consistent. Bu et al.
(2007) and AbuGhazaleh and Holmes (2007) reportedeffect of dietary oil
supplementations on milk fat content. The effedtippd supplement on milk yield
and milk fat are variable and known to be dependeninclusion rate, degree of
unsaturation, physical form and basal diet commosi(Shingfield et al., 2010).
Although, Flachowsky et al. (2006) and Chilliard adt (2009) reported that LSO
supplementation decreased milk fat content whereédd low NDF diet but not to
high NDF diets. According to Bauman and Griinal®@3), large PUFA supplies in
ruminant diets inhibit rumen biohydrogenation amheyate a lot of long-chain FA
biohydrogenation intermediates (trans C18:1 and @oMers derived from C18:2n6
and C18:3n3) which then are transferred to milkesghsome of them inhibit fat
synthesis in the udder. In contrast, Flowers e{28108) reported increased milk fat
content and Hurtaud et al. (2010) observed an aserén milk production and milk fat
yield when rations were supplemented with extrudessed. However these increases
could be attributed to the greater dry matter iatak ration or to the extra energy
supply of the supplemented rations compared wehutisupplemented ones.

The present experiment, LSO did not affected miltgin. The effect of
oils on milk protein content has also been variaBleet al. (2007) reported no effect
of LSO addition on milk protein Variability betweestudies in milk composition
response to oil supplementation could be explamedonly by the amount of oil
added to the diet but also by the composition ef tasal diet. Indeed, Loor et al.
(2005) reported that milk protein content was daseel in cows fed LSO in a high

forage diet, whereas it was increased in cows f8@ lin a high concentrate diet.
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CS FG Pr>F
ltem 300g/d 300 g/d 300g/d 300g/d SEM R @) RxO
PO LSO PO LSO

Initial LW (kg) 402 397 374 378 284 0.195 0.992 0.790
Final LW (kg) 404 401 369 374 8.20 0.077 0.964 0.822
LW change (g/d)  +67 +128 -150 -150 116 0.300 0.897 0.897
Dry matter intake , kg/d
Concentrate 6.1 6.1 6.1 6.1 - - - -
Roughage 9.6 9.8 5.8 6.1 0.23 <0.01 0.560 0.990
Oil 0.3 0.3 0.3 0.3 - - - -
Total 16.0 16.3 12.3 12.3 0.30 <0.01 0.658 0.990
DMI, g/BW*"™  174.9 180.4 141.4 1433 3.31 <0.01 0589 0.789
Crude protein intake, g/d
Concentrate 1,280 1,280 1,280 1,280 - - - -
Roughage 639 657 588 616 19.90 0.259 0.575 0.899
Total 1,920 1,937 1,869 1,896 51.05 0.656 0.826 .96®
Ether extract intake, g/d
Concentrate 171 171 171 171 - - - -
Roughage 86 88 103 109 3.31 <0.00.561 0.981
Oil 300 300 300 300 - - - -
Total 558 560 518 520 7.14 0.195 0.801 0.930
NE,p intake, Mcal/d
Concentrate 9.4 9.4 9.4 9.4 - - - -
Roughage 104 12.8 7.4 7.8 0.53 <0.00.223 0.364
QOil 1.39 1.39 1.39 1.39 - - - -
Total 21.2 23.5 18.1 18.5 0.64 <0.010.310 0.451

SEM is standard errer of mean

R = roughage source (corn silage and fresh gr@ss)pil source (palm oil and linseed oil)
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Table 4.4 Effect of treatment on milk yield (MY) and milk cquosition of dairy cows

CS FG Pr>F?
ltem 300g/d 300 g/d 300g/d 300g/d SEM
R @) RxO
PO LSO PO LSO
MY, kg/d 135 12.8 121 12.4 0.58 0.447 0.831 0.686
3.5% FCM 14.59 13.41 12.86 13.28 0.49 0.361 0.706 0.430
Fat
% 4.07 3.88 3.93 4.01 0.13 0.987 0.829 0.604
g/d 549 497 476 497 18.05 0.367 0.649 0.322
Protein
% 3.05 2.98 3.02 3.01 0.05 0.988 0.707 0.775
g/d 412 381 365 373 13.54 0.323 0.713 0.586
Lactose
% 4.8 4.78 4.7 4.63 0.04 0.209 0.645 0.747
g/d 648 612 569 574 2798 0.319 0.737 0.767
SNF
% 8.57 8.46 8.44 8.36 0.08 0.484 0.578 0.927
g/d 1157 1083 1021 1037 4521 0.333 0.724 0.683
TS
% 12.64 12.39 12.38 12.35 0.18 0.688 0.702 0.754
g/d 1706 1586 1498 1531 59.24 0.303 0.707 0.564

SEM is sattandard errer of mean

R = roughage source (corn silage and fresh gr&ss)pil source (palm oil and linseed oil)
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Table 4.5 Effect of treatment omilk fatty acid composition of dairy cows

% of total cS FG Pr>F

FA 300 g/d 300g/d 300g/d 300g/d SEM R o R x O

PO LSO PO LSO

C4:.0 1.58 2.58 1.74 2.57 0.053 0.506 <0.01 0.450
C6:0 1.50 1.53 1.60 1.58 0.042 0.372 0.961 0.760
Cc8:0 0.68 0.99 0.94 1.17 0.014 <0.01 <0.01 0.164
C10:0 1.55 1.71 1.36 1.36 0.012 <0.01 <0.01 0.003
C12:0 1.88 1.58 1.76 1.36 0.009 <0.01 <0.01 0.010
C14:0 8.08 7.53 7.62 6.80 0.010 <0.01 <0.01 <0.01
Ci14:1 0.75 0.68 0.67 0.68 0.005 <0.01 <0.01 <0.01
C16:0 28.23 25.30 27.17 23.97 0.068 <0.01 <0.01 3.3
Cl6:1 1.49 1.40 1.55 1.41 0.010 0.069 <0.01 0.214
C18:0 12.27 12.55 12.55 12.45 0.020 0.036 0.028 0I<0.
C18:1n9t 6.22 8.35 6.94 9.55 0.018 <0.01 <0.01 Xk0.0
C18:1n9c 30.26 29.13 30.22 30.17 0.073 <0.01 <0.040.01
C18:2n6t 0.53 0.85 0.60 1.08 0.017 <0.01 <0.01 ™D.02
C18:2n6¢ 2.29 2.10 2.22 2.07 0.028 0.406 <0.01 ®.72
C20:0 0.22 0.17 0.20 0.14 0.003 <0.01 <0.01 0.463
C18:3n6 0.01 0.01 0.01 0.01 0.006 0.646 0.640 0.646
C20:1 0.06 0.02 0.04 0.02 0.002 0.013 <0.01 0.013
C18:3n3 0.56 1.06 0.77 1.19 0.013 <0.01 <0.01 0.150
C9,T11 1.15 1.39 1.25 1.71 0.011 <0.01 <0.01 <0.01
C9,C11 0.02 0.02 0.02 0.02 0.002 0.666 0.665 0.665
T9,T11 0.12 0.17 0.14 0.19 0.002 <0.01 <0.01 0.809
C20:2 0.10 0.07 0.11 0.05 0.003 0451 <0.01 0.011
C22:0 0.11 0.45 0.11 0.05 0.056 0.091 0.218 0.096
C20:3n6 0.02 0.02 0.02 0.02 0.002 0.255 0.817 0.490
C22:1n9 0.02 0.02 0.01 0.02 0.002 0.168 0.639 0.168
C20:3n3 0.01 0.02 0.01 0.02 0.001 0.063 <0.01 0.781
C20:4n6 0.17 0.15 0.16 0.12 0.004 0.014 <0.01 0.420
C22:2 0.02 0.02 0.01 0.01 0.002 0.239 1.000 1.000
C24.0 0.03 0.04 0.04 0.03 0.005 0.931 0.931 0.794
C22:6n3 0.04 0.09 0.12 0.13 0.008 <0.01 0.056 0.246
C20:5n3 0.04 0.04 0.05 0.04 0.003 0.233 0.628 0.469
SFA 56.14 54.42 55.08 51.48 0.081 <0.01 <0.01 <0.01
MUFA? 38.80 39.59 39.44 41.85 0.078 <0.01 <0.01 <0.01
PUFA® 5.06 5.99 5.48 6.67 0.038 <0.01 <0.01 0.098
n-6* 4.31 4.70 4.42 5.23 0.038 <0.01 <0.01 0.011
n-3 0.66 1.22 0.97 1.41 0.017 <0.01 <0.01 0.085
n-6/n-3 6.66 3.87 4.59 3.74 0.114 <0.01 <0.01 O0%o0.

SEM is sattandard errer of mean

R = roughage source (corn silage and fresh gr@ss)pil source (palm oil and linseed oil)

ISFA = Sum of saturated fatty acid from C4:0 - C28MUFA = Sum of monounsaturated fatty acid
from C14:1 - C22:1°PUFA = Sum of polyunsaturated fatty acids from Q1.8€22:6

*Sum of n6 fatty acids C18:2n-6 - C22:4n*8um of n3 fatty acids C18:3n-3 - C22:6n-3
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4.5.4 Milk Fatty Acid Composition

Results of milk FA composition are shown in Table5.4
Supplementing 300 g/d LSO withd libitum FG significantly increased MUFA,
PUFA, n6 FA, n3 FA concentrations, and decreasdk fat SFA concentration, n-
6/n-3 ratio (P<0.01). The FA composition of milkt fdepends on various dietary
characteristics including roughage to concentrati® (Sterk et al., 2012), FA intake,
FA metabolism in the mamary gland (Chilliard et 2007).

LSO supplementation with roughage sources sigmfigaincreased
concentration of C4:0, C8:0 and decreased C12:016:0 (P<0.01). Furthermore,
300 g/d LSO withad libitum FG decreased C14:0 to C16:0 in milk fat (P<0.0hlda
4.5). These effects are consistent with the redich de novo FA synthesis due to
feeding unsaturated oils, which occurs as a redulfreater uptake and secretion of
dietary or ruminally derived FA (Palmquist et &1993). Decreases in short- and
medium- chain FA percentages have already beentegpby Hurtaud et al., (2010)
for CS based diets supplemented with increasaimguat up to 4% extrude linseed.
Accordingly, Benchaar et al., 2012 reported th&dfeg increasing levels of LSO
linearly decreased milk fat content of short- anediam-chain FA (8:0 to 16:0), and
increased the proportion of most 18 carbon FA ilk fiait.

LSO supplementation decreased proportions of Casi) C17:0 in
milk fat (P<0.01). The major source of odd chain feé&nd in milk fat is long chain
FA synthesized by ruminal bacteria from odd numibér&A. However, this rumen
microbial synthesis is known to decrease when cawesfed dietary fat because
bacteria use especially preformed FA availablehm tuminal ecology (Byers and
Schelling, 1988).

The increased concentration of C18:0 in milk fat ba expected due
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to extensive metabolism of long chain PUFA in tamen which leads to an increase
in the amount of C18:0 for absorption (Jensen, 20R&cent research has shown that
the proportion of forage in the diet is also an amti@nt determinant of milk fatty acid
composition responses in cows fed linseed oil, witbractions occurring between the
roughage and lipid supplementation on the conceoitraof several fatty acids in
milk, including 16:0, 18:0 and cis-9 18:1 (Loorakt 2005).

The decreased in milk SFA content with LSO suppletatéon was
similar between the CS and FG diets (P<0.01; Talde The faster rate of oil release
into the rumen from LSO could result in the higipeoduction oftrans FA in the
rumen and, thus an inhibitory effect da novo mamary lipogenesis (Chillard et al.,
2007). Furthurmore, a recent meta-analysis citimgnge of studies in which linseed
and other oil supplements decreased concentratidosg chain UFA (Glasser et al.,
2008).

Feeding LSO increased C18:1n9t, C18:1n9c and CLls®O.(; Table
4.5) in milk fat. This can be explained by the ftegwm the ruminal BH of C18:2 and
C18:3 (Shingfield et al., 2010). In particular, ClLl8&ould be derived from the
reduction of C18:2 and C18:3n3 and during ruminaktaholism (Shingfield et al.,
2010), which both increased when the diet was supphted with LSO (Benchaar et
al., 2012).

Increased proportions of C18:1 in milk fat coulderefore, be
explained by the higher supply of dietary C18:2l{[€a4.5) or by the overall ruminal
UFA load, as suggested by Lock (2010). Duodenal famd secretion of C18:1 in
milk fat was shown to be highly dependent on thenposition of the basal diet.
Feeding LSO in a diet rich in starch and based ra€the sole forage increased milk

fat content of C18:1 (Chilliard et al., 2009). Ometcontrary, supplemental LSO
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increased C18:1 when the diet was based on grgsschan fiber (Roy et al., 2006).
In the present study, the roughage source was EG&) which led to an increase in
C18:1.

Milk fat content of CLA also increased with LSO glgmentation. It
has been established that a great proportion sfGhiA isomer found in the milk is
produced endogenously in the mammary gland usirg@jilGdroduced in the rumen as
a substrate (Griinari et al., 2000).

Nevertheless, for each type of forage observeddpatific FA were
correlations with milk fat content. Loor et al. (&) showed that C18:2 was enhanced
in the duodenal digesta in response to naturalsignad hay based diets containing
LSO as a source of C18:3n3. It is likely that theninal C18:1 inhibited de noveA
synthesis because inhibitory effects were obsemecbws receiving oil rich diets
(Shingfield et al., 2010).

300 g/d LSO withad libitum FG treatment showed in higher C18:3n-3
than other treatment (Table. 4.5). There was afgignt effect of oil supplement and
roughage source (P<0.01) interaction on C18:3n-3irFAilk fat. The decrease in
transfer efficiency observed with increasing supgly.SO could be explained by (1)
an increased efficiency in biohydrogenation witlyht@r supply of free LSO in the
diet, (2) a lower intestinal digestibility with amcreasing amount of C18:3n-3
escaping ruminal fermentation as dietary LSO suppbreased, or (3) a lower
efficiency of mammary uptake as the arterial cotregion of C18:3n-3 increased
(Benchaar et al., 2012). In this regard, Loor et(2004) observed an increase in
intestinal digestibility of C18:3n-3 with dietarygplement of LSO, which does not
support a limitation in absorption capacity. At tlevel of the mammary gland,

Enjalbert et al. (1998) reported that extractiomxérial FA, either nonesterified or in
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the form of triglycerides, increased with arterancentration following duodenal

infusion of long chain FA. Finally, Khas-Erdeneatt (2010) observed a quite stable
efficiency of transfer to milk of duodenally infus€18:3n-3 over a wide range of FA
supply.

The decrease in apparent recovery of dietary CB3can be explained
by the efficiency BH process, which has been shbwrioor et al. (2004) to be
greater when free LSO was added in the diet. la tiaise (Loor et al., 2004), the
extent of ruminal BH has been assessed by calogl#tie proportion of dietary PUFA
disappearing during their passage in the rumen foatd in the small intestine).
However, this calculation does not provide anyiimfation about the efficiency of the
overall series of reactions (e.g., the final prdotucof C18:0). According to Harfoot
(1981), the BH pathway of C18:3n3 involves the picitbn of C18:3n3, C18:2n6t
and C18:1n9t, which can all be absorbed and incated in to milk fat. Among these
intermediates, C18:2n6t and C18:1n9t showed a nsgpdo the level of LSO
supplementation, with the largest increase obseav&%o of dietary supplementation
(Table 4.5). Therefore, it speculates that die@iyB:3n3 rapidly undergoes BH by
being reduction of double bonds at carbons 6 atwl\deld C18:2n6t and C18:1n9t,
which accumulate in the rumen as the efficiencytha first step in the pathway
increases.

The average concentrations of C18:3n3 and C1812néilk fat of 300
g/d LSO withad libitum FG cows were 1.17 and 2.04 % of total FA (Tablg.4TGe
C18:3n3 and C18:2n6 ratio of 3.79 (P<0.01) fallshwi the recommended range,
from 1 :1to 4 : 1, that is considered to be inigatr for human homeostasis and
normal development (Simopolos, 2008). For cows,nnsources of C18:3n3 and

C18:2n6 were from LSO, grass and corn silage, mtsedy (Chillard et al., 2001).
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C18:3n3 and C18:2n6 that escape rumen BH will gsypas in other mammals, be
beta-oxidized (Cunnane et al., 2003), stored inyldbues, or incorporated in milk
fat.

In the first step of the n-3 and n-6 pathwa®, desaturase converts
C18:3n3 to C18:4n3 (Not detected) and C18:2n6 18:8n6. In milk fat, C18:4n3
(Not detected) was low concentration (<0.02% o&ltétA), whereas the everage
C18:3n6 was 0.01% of total FA. The low concentradicor even absence, of C18:4n3
(Not detected) is remarkable because the affinity% desaturase is higher for n-3
than n-6 FA (Sprecher, 2002). Desaturation of Ci@:ito C18:4n3 (Not detected)
is, therefore, expect to occur at higher rate ttenconversion of the C18:2n6 into
C18:3n6. Product inhibition af®- desaturase by high level of C18:3n6 (Emken et al.
1994) is unlikely to occur due to the low n-6/n-8ia (Table 4.5). The low
concentration of C18:4n3 (Not detected) may be eds/ rapid metabolization of
C18:4n3 (Not detected) into C20:4n3 (Not detect&tie concentration of C20:4n3 is
relatively low compared with C20:5n3 (0.04, P=0.4nd C22:5n3 (Not detected)
concentration. Desaturation of C20:4n3 causes dhmdtion of C20:5n3, which is
subsequently elongated to form C22:5n3. In humtisesiain products formed out of
C18:3n3 are C20:5n3 and C22:5n3; the latter may henefical effects (Kaur et al.,
2011) and may also serve as a substrate for metat@dtoconversion to C20:5n3
(Russo, 2009). However, the absorption levels d@:8X23 and the conversion rate to
C20:5n3 have never been reported. In the geneeadbepted n-3 FA partway,
C22:5n3 is further converted into C24:5n-3, C243%nand finally C22:6n3.

The conversion of C22:5n3 is the rate limiting stepthe conversion
of C18:3n-3 to C22:6n-3 (Arterburn et al., 2006nfartunately, the intermediates

C24:5n-3 and C22:6n-3 could not be determined énpitesent study, which makes it
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impossible to determine the actual rate-limitingpstConcentrations of C22:6n-3
were lower than 0.20% of total FA of fat in alldteents, which is in agreement with
the low conversion rates from C18:3n-3 (<0.1%) e frequently reported in the
literature (Emken et al., 1994; Goyens et al., 20liams and Burdge, 2006).
In the present analyses, we used the average F&rdoof milk. Milk

FA composition is not constant and feeding trisdsénshown that concentrations of
very long chain PUFA may increase significantly doiezariation in the diets of dairy
cows. For example, the C22:6n-3 concentration meaynbreased from 0.04 to 0.13
% of total FA upon supplementation of the dairy adiet with linseed oil (Zachut et

al., 2010; Sterk et al., 2012).

4.6 Conclusion

Supplementing 300 g/d oil (PO and LSO) to roughsgerces (CS and FG)
did not negatively affect on DMI, milk yield, milgroduction and milk composition.
Milk fatty acid proportions of n-3FA increased, weas total SFA decreased with the
addition of LSO in the diet. As a result of changethese FA, the ratio of n-6 to n-3
was lowered in dairy cow supplemented with LSOFG campared with other
treatment. It can be concluded that 300 g/d LSO lansafely supplemented to
forage-based diets of dairy cows to enrich milkhwpiotential health-beneficial FA

without causing any detrimental effect on animafqenance.
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CHAPTER YV

THE EFFECT OF LINSEED OIL SUPPLEMENTATION

ON RUMEN DIGESTA FATTY ACID PROFILES

IN FISTULATED COWS

5.1 Abstract

The aim of this experiment was to study the effeofs linseed oll
supplementation on ruminal fermentation, fiber degbility and rumen digesta fatty
acid profiles in fistulated crossbred Holstein Bz cows. Four ruminally fistulated
crossbred Holstein Friesian cows were assigned dietary treatments in a 4 x 4
Latin square design. All cows were fed approximagekg/d of 21% CP concentrate.
Treatments were : 1) concentrate plus 300 g/datihpoil (PO) together wittad
libitum corn silage (CS); 2) concentrate plus 300 g/d méded oil (LSO) together
with ad libitum CS ; 3) concentrate plus 300 g/d of PO togethdn adtlibitum fresh
grass (FG); and 4) concentrate plus 300 g/d of t&@ther withad libitum FG. Each
period in the Latin square design lasted 21 d, withfirst 14 d for adaptation. The
results demonstrate that feeding LSO at 2 h inece&xl8: 3n3, but had no effect on
C18:0, C18:2 and CLA proportion in rumen digestaeding LSO inhibited BH of
C18:2 to C18:0, as indicated by the increased rufteews and proportions of BH
intermediates in rumen digesta. Furthermore, LSO it negatively influence on

ruminal fermentation, DM and NDF digestibilitiesycadid not change ruminal pH,
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NHs-N, protozoa and VFA concentration.

Key words : linseed oil, ruminal fermentation, rumen digea#ty acid

5.2 Introduction

In recent decades, many authors (e.g., Harfoot8;1P@lmquist and Jenkins,
1980; Jenkins, 1993) have studied the fate of dietigpids during rumen
fermentation, emphasizing the two major processesvhich esterified lipids are
involved (i.e., lipolysis (LP) and biohydrogenati@B&H)). Lipids presented in most
feeds used in animal feeding contain high propostiof unsaturated fatty acids (Van
Soest, 1994), which affects the permeability ofrtierobial membrane; in particular,
they inhibit activity of Gram-positive bacteria ammfotozoa and modify rumen
fermentation (Nagaraja et al., 1997). The effedtdippds on the rumen and total
digestion are difficult to predict and are highlgriable because they depend on the
nature and concentration of lipids in the diet, tfiges of chemicals and/or physical
treatments added to feeds, and the nature and a@snofiforages, concentrates, and
minerals (especially calcium) in the diet (Jenkamsl McGuire, 2006). Due to these
complex interactions, the metabolic effects ofdipupplementation in the diet cannot
be analyzed as a simply result of increase in tisomtion of intact fatty acids (or
transformation by the rumen) from the diet (Olieeet al., 2007). Thus, when one
wants to supply lipids in the diet of ruminantsisitimportant to evaluate their effects
on ingestion and digestion of nutrients so as aatpair the necessary uptake for the
desired production (Jenkins and McGuire, 2006).tifeumore, linseed oil (LSO)
supplementation in cattle feed can incremags-11C18:1,cis-9, trans-11 CLA, and

18:3n-3 at the duodenum (Loor et al., 2004; Domgaal., 2009b), they accumulate in
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tissue lipids and milk fat (Destaillats et al., 830@kraim et al., 2007).

This study was conducted to evaluate the effectsilagupplementation (PO
and LSO) and roughage sources (CS and FG) on rurfenaentation, nutrient
degradability, and rumen digesta fatty acid prefité fistulated Crossbred Holstein

Friesian non-lactating dairy cows

5.3 Objective

The objective of this experiment was to investigae effects okffects of oll
supplementation (PO and LSO) and roughage sour& dad FG) on ruminal
fermentation, fiber degradability, and rumen digeftty acid profiles ofistulated

Crossbred Holstein Friesian non-lactating dairy sow

54 Materialsand methods

5.4.1 Animalsand feeding

Four fistulated Crossbred Holstein Friesian nonalieg dairy cows
housed in individual pens were assigned to oneoof freatments in 4 x 4 Latin
squares design. All cows were fed approximatelyghl kof 21% CP concentrate.
Treatments were : 1) concentrate plus 300 g/dabihpoil (PO) together witrad
libitum corn silage (CS); 2) concentrate plus 300 g/d méded oil (LSO) together
with ad libitum CS; 3) concentrate plus 300 g/d of PO together adthbitum fresh
grass (FG); and 4) concentrate plus 300 g/d of t&f@ther withad libitum FG. All
cows also had free access to clean water and wdnadually housed in a free-stall
unit and individually fed according to treatmenitle experiment lasted for 84 days (4
periods) with 21 d in each period, the first of e@eriod 14 d for adaptation to diets

followed by 7 d for ruminal sample collection aimdsacco disappearance trial.
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5.4.2 Laboratory Analyses

Concentrate and roughage was ground through an2soneen foiin
sacco ruminal disappearance determination. Approximatly of 2 mm ground
samples e were placed into 8 x 11 cm nylon bays 44 um pore size. Samples of
roughage were suspended in the rumen of eachdistlihon-lactating dairy cow for O
(pre feeding), 2, 4, 6, 12, 24, 48 (concentrate) @A h (roughage), and were then
removed and washed in water and then dried &€ 66r 48 h. After weighing each
bag individually, the residues were subjected to ,DE®P determination. The
degradability value was obtained by subjecting iantrlosses at arbitrary of time
using NEWAY EXCEL (Chen, 1996).

To evaluate ruminal fermentation, on the last dagazh experimental
period (d 21), ruminal fluid samples were collectern each fistulated non-lactating
dairy cow at 0, 2, 4 and 6 h after the morning fiegdApproximately 200 ml of
ruminal fluid was collected and filtered throughlad/ers of cheesecloth at 0 (pre
feeding), 2, 4, 6 h post feeding. One portion ohen fluid was immediately analyzed
for pH (pH meter model UB-5, Denver Instrument, i@any). Ruminal volatile fatty
acids (VFA) and ammonia N were determined in rufh@d samples by taking 20 ml
of rumen fluid and was then combined with 5 ml 68IHkept frozen for analysis of
VFA and ammonia N. The samples were later thaweit@tand centrifuged at 3,000
rom for 15 min. The supernatant was analyzed fomama N by Kjeldahl and
concentrations of VFA were determined by GC (Hetkeickard GC system HP6890
A; Hewlett Packard, Avondale, PA) equipped withGr8 x 0.32 mm x 0.1pm
film fused silica capillary column (HP_Innowax, A2, Agient, USA). Injector and

detector temperatures were 250°C. The column teatyoer was kept at 80 °C for 5
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min, then increased at 10 °C/min to 170 °C and thereased at 30 °C/min to 250 °C
and held at 250 °C for 5 min. Protozoa populatwage counted by Hematocytometer
in rumen fluid samples which preserved with 10%mmalrsaline solution.

Rumen digesta (approximately 500 g) was collectgddnd from different
sites within the ventral sac via the rumen cannutaged immediately and a sub-
sample (approximately 200 g) placed in a sealedstiplacontainer, immersed
immediately in ice slurry, transferred to the ladory and then stored at -20 °C until

FAs.

54.3 Satistical analysis

All data were analyzed as repeated measuremenis fox 4 Latin

squares design using ANOVA procedure of SAS (SAS6).

5.4.4 Experimental location

The experiment was conducted at Suranaree Uniyersit
Technology’s Cattle Farm, The Center for Scientditd Technological Equipment

Building 10, Suranaree University of Technology.

54.5 Experimental period

The experiment was from March 2013 to August 2013.

55 Result and discussion

5.5.1 Ruminal fermentation and rumen degradability
Ruminal pH, NH-N, protozoa and VFA concentration was not
influenced by treatments (Table 5.1, 5.2). Doreaale (2009a) demonstrated that

linseed oil did not affect the rumen fermentati@ttgrn. Neveu et al. (2014) reported
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that the inconsistent response of ruminal fermentatio grain source can be due to
various factors such as grain variety, extent afrgprocessing, and forage level and
source. Furthremore, Messana et al. (2013) sughebktd the rumen fermentation
depends on the feed intake, feeding frequency anposition of the diet. Similar to
the present experiment, Harvatine and Allen (20@8)e suggested that the use of
saturated and unsaturated lipids has a minor agnifgant effect on ruminal
fermentation parameters.

The average ruminal pH values were not affectetréntments (Table
5.1). Messana et al. (2013) reported that aninmedsiving the highest dietary lipid
content (60 g/kg), rumen pH decreased quadrati¢BRY).001) with an increase in the
lipid content. However, in all treatments of theegent study, the ruminal pH
remained above 6.5; thus, the pH did not have aifgignt effect on ruminal
fermentation. Russell and Wilson (1996) and Mert@r@97) reported that pH levels
greater than 6.2 did not affect ruminal fermentatio

The concentration of N&HN was not affected by treatments (Table5.1).
Van Soest (1994) suggested that a ruminak-NHoncentration below 13 mg/L of
rumen fluid may affect the availability of nitrogdar microorganisms, which can
compromise fiber ingestion and degradability. Thhe,ruminal NH-N concentration
obtained from cow fed the 300 g/d LSO was below ghggested range. However,
Messana et al. (2013), cow fed based on the 2(id Ikg diet (1,080 g/d), no
relationship between the concentration ofsNtHand the ruminal availability of fiber
could be established.

These results indicated that the populations ofgzaa were not affected by

the dietary LSO (Table 5.1). In general, fats apé a usable source of energy for

anaerobic microorganisms, and they can inhibit ol growth by altering the
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metabolic pathways of gram-positive bacteria. Haeveno significant differences in
the responses to diets with different lipid conseamdd roughage source were observed
in the present experiment.

Ruminal VFA was not affected by treatments (Tah).5Starch and
carbohydrate sources affected cell wall fermentatioe to bacterial activity, partly
explained the total VFA concentrations. In the prgésexperiment, the VFA
concentration were unaffected by treatments becdélbseanimal offer the same
amount of concentrate feed. However, Yang et a0092 reported that LSO
supplementation (40 g/kg DM intake) led to lowetatoVFA concentration. It is
suggested that unsaturated FA from oil could hanterfered with ruminal
fermentation resulting in greater gut fill. The stitution of oil in the diets coupled
with the reduction in cell wall fermentation due reduced bacterial activity, partly
explained the reduction in total VFA concentrations

The DM and NDF digestibilities were not significgndifferent among
treatments (Table 5.3). Sterk et al. (2012) repbtitat various PUFAs have negative
effects on degradation of NDF in the rumen andrfdegradation. However, the level
of dietary PUFA (g/Kg DM) in the current study magt have been detrimental to
microbes and diet degradability. Jenkins (1993prieul that the large amounts of
unsaturated oils fed to the animals were expectedinterfere ruminal fiber
degradability. The high fiber content of our dietgght have promoted hydrolysis,
which creates ideal conditions for rapid growthtloé microbes that are responsible
for the hydrolysis and hydrogenation of dietary fatlowever, it is also possible that
the effects of LSO supplementation on ruminal digesvary with the amount of
LSO added to the diet. At a level of LSO suppleratoh of 2.6% in dairy cows

(Doreau et al., 2009a) and 3% in growing steersn(field et al., 2011), no effects
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were observed on ruminal degradability, wheredsglter levels (i.e., 6% of dietary
DM), lkwuegbu and Sutton (1982) and Broudiscoule(194) reported significant

decreases in ruminal digestion.

Table 5.1 Effect of treatment on rumen pH, AN and protozoa of cows

Treatments
CS FG SE
Item Pr<k
300 g/d 300 g/d 300g/d M
300 g/d PO
LSO PO LSO
pH
0 hr 6.96 6.95 6.95 6.91 0.04 0.960
2 hr 6.47 6.44 6.38 6.53 0.12 0.631
4 hr 6.45 6.42 6.55 6.54 0.02 0.373
6 hr 6.45 6.58 6.52 6.64 0.03 0.410
NH3-N (mg/L)
0 hr 12.79 12.29 13.39 12.57 0.15 0.449
2 hr 19.48 18.45 21.01 19.24 0.18 0.341
4 hr 16.55 16.34 16.02 16.37 0.14 0.931
6 hr 14.16 11.81 14.37 11.48 0.07 0.364
Protozoa(x10°cells/ml)
0 hr 3.00 3.75 4.25 4.00 0.32 0.454
2 hr 1.75 2.00 1.50 1.50 0.12 0.455
4 hr 2.00 2.33 2.00 1.67 0.21 0.821
6 hr 2.20 3.40 2.80 2.80 0.15 0.069

SEM is standard error of mean



Table 5.2 Effect of treatment on ruminal volatile fatty d¢MVFA) of cows

150

Treatments
Cs FG
tem SEM Pr<F
300g/d PO 300g/d LSO 300g/d PO 300g/d LSO
VFA (mol/100 mol)
Acetate, C2
0 hr 70.91 72.65 73.78 73.50 0.76 0.576
2 hr 66.85 66.56 67.51 67.20 1.07 0.985
4 hr 69.92 68.11 69.84 68.83 0.51 0.677
6 hr 73.44 71.52 74.57 75.14 0.76 0.303
Propionate, C3
0 hr 18.63 17.88 16.86 17.61 0.60 0.781
2 hr 20.42 18.10 16.95 17.54 0.59 0.267
4 hr 19.28 19.80 17.91 18.66 0.15 0.092
6 hr 16.17 16.68 16.25 14.98 0.66 0.767
Butyrate, C4
0 hr 10.46 10.47 9.36 8.89 0.35 0.506
2 hr 12.99 15.35 15.55 12.76 0.83 0.539
4 hr 10.80 12.10 12.25 12.65 0.57 0.782
6 hr 10.39 11.80 9.18 9.88 0.45 0.198
Acetate: Propionate
0 hr 6.85 8.77 8.03 8.37 0.52 0.615
2 hr 5.44 4.38 4.83 5.48 0.39 0.718
4 hr 6.48 5.94 5.70 5.49 0.29 0.758
6 hr 7.19 6.23 8.30 7.73 0.35 0.175

SEM is standard error of mean
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Table 5.3 Effect of treatment on rumen degradabilig)(of cows.

Treatments

CS FG
Item SEM  Pr<F
300g/d 300 g/d 300g/d 300g/d

PO LSO PO LSO

Rumen degradability
DM 54.13 54.81 44.67 44.33 0.42 <0.01

NDF 60.97 60.07 60.42 60.41 0.20 0.471

SEM is standard error of mean

5.5.2 Rumen digesta fatty acid profiles

The FA profiles of rumen digesta are summarizedables 5.4, 5.5,
5.6 and 5.7. The concentration of C12:0, C14:0@h@:0 at O h (pre feeding), 2 h, 4
h, 6 h (post feeding) in ruminal digesta was ureée by treatments.

In the present study, the concentration of C182 fapost feeding was
lower than at O h pre feeding in the rumen digelstaaddition, the concentration of
C18:0 at 2 h of LSO treatment was lowered than fe@tment (P<0.01, Table 5.5).
Increased concentration of C18:3n3 and C18:2n6 wemompanied by decreased
C18:0 concentrations in rumen digesta. IncreasidgAin the rumen caused effect
bacteria to hydrogenate C18:1 and/or competitionhfarogen in the simultaneous
BH of C18 UFA (Boeckaert et al., 2008). Thus, BHtie rumen showed the limited
conversion of C18:1 to C18:0 by bacteria belongmghe B. proteoclasticus group
(Jenkins et al., 2008; AbuGhazaleh and Jenkins;20@&sowska et al., 2006).

At 2 h, the concentration of C18:1 in ruminal digeswas decreased (P

< 0.01) by FG compared with CS (Table 5.5); wihere were no significant differ-
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ences between oil supplements. The observed GtighlLSO treatments did not
significantly differ from that of the PO treatmeriowever, the concentration of
C18:1 at 6 h (post feeding) increased with LSO kmpnts. The observed C18:1
with the LSO treatment at 6 h was higher than R@ttnent (Table 5.5). This increase
in C18:1 at 6 h is an indication of incomplete BIH WFA with oil supplements
(AbuGhazaleh et al., 2002). Rego et al. (2009) ntepothat the response of total
C18:1 BH isomers was higher for the LSO diet, folal by the sunflower oil and
rapeseedalthough differences in individual isomers wereed&ble. The magnitude
and pattern of BH differed with the different aglspplemented. LSO increased C18:1,
which is consistent with the results obtainadsitro with marked C18:1 (Mosley et
al., 2002). However, Sterk et al. (2012) reporteat @pparent ruminal BH of C18:1
was not affected by the linseed treatments.

The LSO treatment did not affect C9, T11 CLA and®d,TC€12 CLA in
ruminal digesta (Table 5.5). The proportion of @1 CLA was only higher in milk
fat, which it was not an intermediate in the BHC18:3n3, but is mainly produced in
the mammary gland from C18:1 (Sterk et al., 2012)addition, Rego et al. (2009)
reported that the concentration of CLA did notelifbetween sunflower oil and LSO.

The concentration of C18:2n6 FA was unaffected ibyady treatment.
The LSO diet greatly increased the proportionslafoat all C18:2n6 FA as well as
CLA. Linoleic acid accounted for 35 to 84% of totadnconjugated C18:2 isomer
flow depending on diet. T9, C12 and C9, T13 C1®®%fwas greater (P < 0.05) with
high concentrate diets and increased (P <0.0%)dumith linseed oil.

The concentrations of C18:3r&tty acids in the ruminal digesta were
decreased (P< 0.01) at 2 h, 4 h and 6 h post fgedih LSO supplements compared

with PO treatment, probably caused by BH of C18:3W3achira et al. (2000) reported
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that BH of C18:2 and C18:3 ranged between 80 afdd @Ben lambs were fed FO
and/or whole linseed. Sterk et al. (2010) studredBH rate fractionadnd lag time by
in vitro method according to an exponential model and toute effective BH of
C18:3n3, assuming a fractional passage rate oDthOdGhe BH values for C18:2n6
and C18:3n3 are in the range reported by Doreaurandy (1994) of between 0.70
to 0.95 and 0.85 to 1.0, respectively. Furthermdihe, apparent ruminal BH of
C18:3n3 was high, which confirms the first steptlod BH pathway (Sterk et al.,
2010). However, Troegeler-Meynadier et al. (200&meined the effect of pH on BH
of C18:2n6 and C18:3n3 and concluded that BH of :24B and C18:3n3 was
inhibited when pH was below 6.0 compared with ab&¥e In addition, data fronm
vivo (Kalscheur et al., 1997) and vitro (Van Nevel and Demeyer, 1996) studies
suggested that low ruminal pH reduces rates of mamBH. In the present
experiment, ruminal pH showed a decrease with tim,the ruminal pH remained
above 6.5 for all treatments. Therefore, it is expe that BH of C18:3n3 was not

influenced by the pH at all supplemented.
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Table 5.4 Effect of treatment on rumen digesta fatty acfife of cows at O h pre

feeding
Treatment
ltem s FG SEM  Pr<F
300g/d 300 g/d 300g/d  300g/d
PO LSO PO LSO
C12:0 0.35 0.40 0.42 0.39 0.02 0.76
C14:0 1.04 0.87 0.99 0.89 0.01 <0.01
C16:0 14.48 12.13 14.64 14.24 0.26 0.05
C18:0 45.95 42.82 39.18 42.86 0.33 0.7
Ci18:1 36.20 42.02 42.68 40.10 0.16 <0.01
C18:2n6 1.34 1.15 1.71 1.19 0.01 <0.01
C18:3n3 0.02 0.03 0.02 0.03 0.01 0.16
C20:0 0.40 0.36 0.06 0.07 0.01 0.41
C9,T11 0.07 0.06 0.08 0.05 0.01 0.19
T10,C12 0.19 0.18 0.24 0.21 0.01 0.5
SFA 62.21 56.58 55.28 58.44 0.15 0.01
PUFA? 1.60 141 2.05 1.47 0.01 <0.01
PUFA/SFA 0.03 0.03 0.04 0.03 0.01 0.05
n-6/n-3 99.50 48.50 85.50 49.25 8.73 0.07

SEM is standard error of mean

! SFA = Sum of saturated fatty acid from C12:0 — 1020

2 PUFA = Sum of polyunsaturated fatty acids from @18C18:3
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Table 5.5 Effect of treatment on rumen digesta fatty acwfife of cows at 2 h post

feeding
Treatment
ltem S FG SEM Pr<F
300 g/d 300 g/d 300g/d 300g/d
PO LSO PO LSO

C12:0 0.39 0.44 0.42 0.38 0.01 0.81
C14:0 0.82 0.84 0.87 0.9 0.01 0.47
C16:0 154 15.39 14.99 14.68 0.17 0.66
C18:0 42.85 36.11 38.00 36.12 0.47 0.01
Ci8:1 30.11 33.15 27.81 25.58 0.34 0.59
C18:2n6 8.52 8.23 7.41 8.67 0.10 0.06
C18:3n3 0.38 4.19 9.84 12.96 0.25 <0.01
C20:0 1.3 1.38 0.37 0.4 0.01 0.1
C9,T11 0.08 0.06 0.05 0.06 0.01 0.69
T10,C12 0.18 0.23 0.26 0.27 0.01 0.3
SFA! 60.76 54.15 54.64 52.47 0.55 0.02
PUFA? 9.15 12.7 17.55 21.95 0.23 <0.01
PUFA/SF 0.16 0.24 0.32 0.42 0.01 <0.01
n-6/n-3 22.98 2.00 0.76 0.67 0.58 <0.01

SEM is standard error of mean
! SFA = Sum of saturated fatty acid from C12:0 — 1020

2 PUFA = Sum of polyunsaturated fatty acids from @18C18:3
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Table 5.6 Effect of treatment on rumen digesta fatty guriofile of cows at 4 h post

feeding
Treatment
[tem S G SEM Pr<F
300g/d  300g/d 300g/d  300g/d
PO LSO PO LSO

C12:0 0.38 0.51 0.43 0.39 0.03 0.47
C14:0 0.92 1.04 0.93 0.91 0.02 0.27
C16:0 13.96 14.4 14.6 1451 0.10 0.43
C18:0 43.32 48.72 48.05 56.15 0.54 <0.01
Ci18:1 37.75 30.2 29.03 21.83 0.22 <0.01
C18:2n6 2.78 3.51 4.87 3.9 0.37 0.88
C18:3n3 0.08 1.29 1.66 1.92 0.04 <0.01
C20:0 0.52 0.33 0.20 0.16 0.04 0.14
C9,T11 0.04 0.05 0.06 0.08 0.01 0.16
T10,C12 0.27 0.16 0.19 0.21 0.01 0.16
SFA 59.09 64.99 64.21 72.07 0.47 <0.01
PUFA? 3.17 5.00 6.77 6.11 0.37 0.04
PUFA/SFA 0.06 0.08 0.11 0.09 0.01 0.86
n-6/n-3 35.65 2.72 2.97 2.05 182 <0.01

SEM is standard error of mean
! SFA = Sum of saturated fatty acid from C12:0 — 1020

2 PUFA = Sum of polyunsaturated fatty acids from @18C18:3
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Table 5.7 Effect of treatment on rumen digesta fatty acmufife of cows at 6 h post

feeding
Treatment
Item €S FG SEM  Pr<F
300g/d  300g/d 300g/d 300 g/d
PO LSO PO LSO
C12:0 0.34 0.42 0.43 049 004 048
C14:0 1.02 0.92 0.89 114 002 0.11
C16:0 12.98 13.38 13.94 1452 018 0.24
C18:0 44.99 44.27 46.27 30.1 031 <001
cis1 37.6 38.27 35.58 4157 046  0.02
ci82ng 243 2.06 2.41 268 007 0.72
cig:3n3  0.01 0.12 0.17 019 001 <001
C20:0 0.35 0.37 0.07 0.06 0.01 1.00
C9.T11 0.08 0.07 0.07 0.07 001 0.40
Ti0Cc12  0.21 0.15 0.19 021 001 046
SFA! 59.68 59.34 61.59 553  0.42 0.02
PUFA2 2.73 2.4 2.83 314 007 095
PUFA/SF  0.05 0.04 0.04 0.06 001 0.60
n-6/n-3 24.30 16.75 14.30 1415 6.04 <0.01

SEM is standard error of mean
! SFA = Sum of saturated fatty acid from C12:0 — 1020

2 PUFA = Sum of polyunsaturated fatty acids from 218C18:3
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5.6 Concluson

LSO supplementation (300g/d) witdd libitum roughage source in fistulated
crossbred Holstein Friesian cows did not negativglyence on ruminal fermentation
including ruminal pH, NHN, protozoa and VFA concentration. Supplementatibn
LSO did not decrease rumen degradability of DM AiaF. At 2 h post feeding of
LSO resulted in an inhibition of the complete CX83BH toward C18:0, as indicated
by a low C18:0 proportions in the rumen digestawkler, no difference in C18:2n6

and CLA proportion in rumen digesta was observed.
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CHAPTER VI

OVERALL CONCLUSIONSAND IMPLICATION

6.1 Conclusions

The purposes of the present study were to invastitje effect of linseed oil
(LSO) supplementation in steer and dairy cattlésdia fatty acid profiles and n-6/n-3

ratio in beef and milk. The present studies wecresssful.

The first experiment was conducted to determinetidreLSO can increase
n-3FA accumulation and decrease n-6/n-3 ratio ief.neThe results showed that
accumulation of n3 FA in bothongissimus dorsi (LD) and Semimembranosus (SM)
muscles were increased and n-6/n-3 ratio was dsstlday the addition of LSO. The
differences in responses to LSO were probably dueariations in levels of oll
supplementation, levels of oil in total ration ardount of linolenic acid in oils. The
overall feed consumption of the steers was decdeaben dietary oil was provided,
leading to improvement in efficiency of growth pmrhance. Although, LSO
supplementation increased drip loss percentage, RIRBAalues and reduced beef
color stability (a*) and beef tenderness. It hadimpact on sensory perceptions of
panelists.

Furthermore, beside the field feeding experimamninal fluid was collected
from steers by suction method. Concentration ofFA3n ruminal fluid was negligibly
detected in LSO supplemented steers. At 2, 4 gestifig of LSO treatment, ruminal

fluid contained lower C18:3 and PUFA while, at pdst feeding C18:1 and SFA was
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increased. This suggested that a large extent opRidess occurred in the rumen.
However, the passage rates of C16:0, C18:0 and @& carbon FA linearly

decreased as LSO increased. The incomplete of éhioggnation process on LSO
supplementation may result in an enhanced rumin#loww of C18:3n3, and thus

accumulated n3 FA in beef.

The second experiment was carried out to investitiee effect of LSO on n3
FA accumulation and n-6/n-3 ratio in milkhe results revealed that the milk
percentage of n3 FA was increased and the milkni36&/atio was reduced by LSO
supplement. The best response of LSO supplememtation3 FA accumulation in
milk was to supplement with fresh grass which itliso high in n3 FA. In addition,
LSO had no effect on DMI, milk production and mdkmposition. Milk fat content
was not affected by LSO supplementation.

The third experiment was conducted to determine ¢fffects of LSO
supplementation on ruminal fermentation, fiber degbility and rumen digesta fatty
acid profiles in fistulated cows receiving the satreatment feed of experiment IlI.
The results demonstrated that at 2 h post feed81Q tesulted in higher C18:3 while,
C18:0, C18:2 and CLA proportion in rumen digestaevenaffected. Feeding LSO
inhibited BH of C18:2 to C18:0, as indicated by timereased rumen flows and
proportions of BH intermediates in rumen digestded, LSO supplementation
showed similar response in C18:3 concentrationgnfmmplete BH process in rumen
resulting in accumulation of n3 FA in milk fat. Flaermore, LSO did not negatively
influence on ruminal fermentation, DM and NDF digasties and change ruminal
pH, NHs-N, protozoa and VFA concentration.

From the two present experiments, LSO supplememntaticreased n3 PUFA

content of beef (19.35 and 41.96 mg/100 g beefah@ SM muscle, respectively)
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and milk (51.54 mg/ 100 g milk). These contents Mawot be sufficient for intake
recommendation requirements of The European FoddtyS@uthority based on
considerations of cardiovascular health and newmeldpment which are about 2,000
-3,000 mg/day (EFSA, 2009). However, LSO suppleatent decreased n-6/n-3 ratio
of beef (6.11 and 2.89 of LD and SM muscle, respelgt) and milk (3.79) which
would be sufficient for improving cardiac healttev@ral international organizations
have recommended a dietary n-6/n-3 ratio of 4:7.&1 to decrease the risk of
cardiovascular disease (CVD) (Simopoulos, 1998;atasf and Codrington, 1999;
Fernandes, 2002)

Increasing the content of n3 FA and reducing ndfatio can be achieved by
supplement LSO (high C18:3n3 of oil) together witbsh grass (high n3 FA of
roughage) in the present study. Thus, nutritionliyug an increasingly important
factor contributing to beef and milk and it is inmfant target, along with increased

understanding of the role of ruminant FA in the lamndiet.

6.2 Implication

The present study suggests that:

The fattening steeshould be supplemented with high n3 FA sourceutioly
200 g/d LSO together with FG durihgte-mature periodAt this stage, it was clear
that the development ahtramuscular fat depositioto maintain orincrease fat
synthesisThe supplementing period being beneficial to LePptemented steers is at
least70 daysbefore slaughteringince at this stage and at this supplementing@eri
LSO can increase n3 FA and decrease n-6/n-3 FAeaf but cause no effect on

growth performance in steer. However, high n3 Fpptementation can affect beef
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color. Thus, much interest has been focused ompithiection beef oxidation such as
vitamin E which protects cells against attacks fiaxygen.

The dairy cow should be supplemented with high A3&urce including 300
g/d LSO together with FG during early lactationipeérmecause this period obtained a
larger response and the fact of milk fat compositidesigned by diet lipid
composition. The period which is beneficial to glatow is at leasBO days In early
lactation and 30 d supplementation, LSO can inerees FA, reduce n-6/n-3 FA in
milk fat without affecting milk fat percentagplilk price in Thailand relies partly on
milk fat percentage, thus LSO supplementation didinfluence on famer’s income.
Furthermore, LSO supplementation can used as source of energy to maintain
production and BW (periods of negative energy badaim dairy’s cow.

Feeding LSO and grass which are n3 FA sourcesnmnant diets results in
beneficial responses in the decreased n-6/n-3 imtbeef and milk, to the level that
considered to be relatively low. Manipulations efeding method (roughage and
concentrate ratio), types of diets (high n3 soues®) strategies to control or protect
n3 FA from BH and lipolysis are required to furtrerhance beneficial fatty acids in
beef and milk.

Although, milk and beef from LSO supplemented arsweas a high quality
product for healthy and made high price produc&O is expensivg150 baht/kg)
resulted in higher feed costs. Therefore, Thai &aemvho would like to use LSO must
be concern about the product is price in the market

Furthermore, LSO supplementation increased n3 Ptment of beef (19.35
and 41.96 mg/100 g beef; LD and SM muscle, respag)i and milk (51.54 mg/ 100
g milk) would not be sufficient for intake whicheamabout 2,000 -3,000 mg/day

(EFSA, 2009)
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However, LSO supplementation decreased n-6/n-8 chtbeef (6.11 and 2.89
of LD and SM muscle, respectively) and milk (3.%@)ich would be sufficient for
improving cardiac health recommended a dietary m36/ratio of 4:1 to 7.5:1

(Simopoulos, 1998; Kafatos and Codrington, 1999n&edes, 2002)
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Table 1A Standards and reference compounds of fatty acidyinesters by gas

chromatography (GC) analysis (Supelco 37 Gomept FAME Mix).

Z
o

Component

Weight (%)
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C4:0 (Butryic)

C6:0 (Caproic)

C8:0 (Caprylic)

C10:0 (Capric)

C11:0 (Undecanoic)

C12:0 (Lauric)

C13:0 (Tridecanoic)

C14:0 (Myristic)

C14:1 (Myristoleic)

C15:0 (Pentadecanoic)
C15:1 (cis-10-Pentadecenoic)
C16:0 (Palmitic)

C16:1 (Palmitoleic)

C17:0 (Heptadecanoic)
C17:1 (cis-10-Heptadecenoic)
C18:0 (Stearic)

C18:1n9c (Oleic)

C18:1n9t (Elaidic)

C18:2n6¢ (Linoleic)
C18:2n6t (Linolelaidic)
C18:3n6 (g-Linolenic)
C18:3n3 (a-Linolenic)
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C22:6n3 (cis-4,7,10,13,16,19-Docosahexaenoic)
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Table 2A Percentage of fatty acids intake of beef steed§ (Ghapter I111)

Treatments
FA Intake (g/d) SEM Pr<F
HC 200g/d PO 200g/d MO 200g/d LSO
C8:0 0.06 0.12 0.09 0.13 0.005<0.01
C10:0 0.09  0.09 0.05 0.05 0.002<0.01
C12:0 1.38  1.15 0.97 0.79 0.003<0.01
C14:0 049 211 1.21 0.39 0.001<0.01
C16:0 1.49  74.04 41.19 10.22 0.007<0.01
C18:0 0.23 858 7.70 6.75 0.003<0.01
C18:1n9c 250 79.06 57.35 35.60 0.006<0.01
C18:2n6¢ 1.62 27.07 31.06 32.93 0.005<0.01
C18:3n3 0.04 0.65 53.41 106.98 0.008<0.01
SFA! 3.75  86.35 51.69 18.74 0.012<0.01
MUFA? 250  79.94 58.03 35.75 0.007%<0.01
PUFA 1.71  29.59 86.06 141.36 0.01x0.01
total n-3 0.04 097 53.84 107.60 0.008<0.01
total n-6 1.67  28.62 32.11 33.56 0.005<0.01
PUFA:SFA 046 034 1.67 7.54 0.001<0.01
n-6:n-3 40.02  29.40 0.60 0.31 0.400<0.01

SEM = Standard error of mean

1 SFA = Sum of saturated fatty acid from C4:0 — ©20:

2 MUFA = Sum of monounsaturated fatty acid from 14:C22:1
¥ PUFA = Sum of polyunsaturated fatty acids from @18C22:6
® Sum of n3 fatty acids C18:3n-3 — C22:6n-3

* Sum of n6 fatty acids C18:2n-6 — C22:4n-6



Table 3A Fatty acid intake of dairy cows (Chapter 1V).

171

Treatment
FA Intake(g/d) cS FG SEM Pr<E
300g/d 3009/ 300g/d 300 g/d
C12:0 1.09 0.56 1.09 0.55 0.021<0.01
C14:0 2.96 0.38 2.95 0.37 0.008<0.01
C16:0 110.49 14.76 110.43 14.69 0.022<0.01
C18:0 12.82 10.07 12.79 10.04 0.004<0.01
C18:1n9c 117.53 52.34 117.53 52.34 0.127<0.01
C18:2n6¢c 40.15 48.95 40.11 48.90 0.109<0.01
C20:0 0.15 0.43 0.13 0.41 0.003<0.01
C18:3n3 0.80 160.29 0.90 160.36 0.008<0.01
C9,T11 0.25 0.26 0.05 0.05 0.004 0.358
SFA' 128.01 26.62 127.90 26.49 0.057<0.01
MUFA? 118.84 S 5 A 118.85 52.57 0.129<0.01
PUFA’ 44.04 211.71 43.83 211.45 0.126<0.01
total n-3 1.29 161.23 1.39 161.30 0.008<0.01
tatal n-6 42.75 50.18 42.44 49.85 0.035<0.01
PUFA:SFA 0.34 7.95 0.34 7.98 0.011<0.01
n-6:n-3 33.09 0.31 30.65 0.31 0.025<0.01

SEM = Standard error of mean

1 SFA = Sum of saturated fatty acid from C4:0 — ©20:

2 MUFA = Sum of monounsaturated fatty acid from (14:C22:1

¥ PUFA = Sum of polyunsaturated fatty acids from @18C22:6

* Sum of n3 fatty acids C18:3n-3 — C22:6A-8um of n6 fatty acids C18:2n-6 — C22:4n-6
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