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ABSTRACT 

Two experiments were conducted to determine the effects of supplemental ground 

flaxseed or Solin (Linola), protected either with fonnaldehyde or lignosullooate, on the fatty 

acid (FA) composition of rniik. Linolenic acid (C18:3),an omega-3-fatty acid present in 

flaxseed (approximately 5 6 0 %  of total fatty acids) was of particular interest due to the 

reported associated health benefits to humans of this group of fatty acids. In the first 

experiment, two multiparous and two primiparous Holstein cows in midlactation were 

randomly assigned to four diets in a 4x4 Latin square design. Diets consisted of total mixed 

ration (M) plus i) 0% added fat-Control ii) Linola, a low linolenic (C18:3), high linoleic 

(C 18:2) variety of Solin at 400-450 g fat per kg milk fat produced, iii) flaxseed at 200-225 

g fat per kg milk fat produced (FL.) and iv) flavseed at 400-450 g fat per kg milk fat produced 

0. The high level of supplemental fat provided approximately 123 g C 18:3 to the milk fat, 

representing a theoretical value of 10% C 1 8:3, assuming an average production of 36 kg milk 

with 3.4% fat. 

Feed intake; milk yield, fat, protein and SNF; rumen arnrnonia, volatile fatty acids 

(VFA); and plasma urea nitrogen (PUN) were not influenced by diet (P>O.OS). Diet did not 

affect plasma C 16:O or C 16: 1 concentrations, however, plasma C 18:O was lowea for cows 

fed RI. Oleic acid (Cl8: 1) was significantly higher in milk produced by control cows, 

perhaps indicating some hydrogenation in the rumen from any fat present naturally in the 

TMR. There were no effects (Pc.05) in plasma C 18:2 concentrations between treatments and 

the control, however, C 18:3 was highest in the plasma of cows fed the RI supplernented diets 
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indicating protection of fat nom rumen degradation. Medium chain fàtty acid C12:0, and 

long chain fatty acids C14:O to C16:0, were significantly lower in cows fed supplemental fat. 

Linoleic acid was increased (P< 0.05) and made up 10.34% of the milk fatty acids in the 

Linola féd cows vernis 4.83%, 5.9% and 6.88% for control, FL, and FH diets, respectively. 

Linolenic acid, C 18:3, was greatest at 6.39% of the fatty acids in the milk f?om cows fed RI. 

The lower level of flaxseed inclusion in the diet still produced significantly higher C 1 8 : 3 in 

the milk (3.70%) than either the control or the Linola, which were not significantly different 

(0.83 and 1 -0% respectively). 

In the second experiment, four Holstein primiparous cows in midlactation were 

randornly assigned to a 4x4 Latin square. Diets consisted of TMR top dressed with 1) 0% 

added fat, Control, ii) fomaldehyde treated fiaxseed (FH) at 1.64 kg iii) low level 

lignosulfonate treated flaxseed at 0.57 kg (LL) and iv) high level of lignosulfonate treated 

flavseed at 1.14 kg (LH). Approxirnately 3 77 g fat, 193 g fat and 3 86 g of fat were provided 

by the top dress. The flaxseed was treated with lignosulfonate by EXL Milling (Hassall, 

Sask.), ground and heated to 1 55 OC and steeped for 30 minutes at a beginning temperature 

of 124'C and an end temperature of 1 18°C. 

Treatment had no effect on feed intake or rnilk production parameters such as yield, 

fat, protein and SNF; rumen ammoniq VFA or PUN. Palmitic acid in blood plasma was not 

affected by either levels of lignosulfonate treated flaxseed in the diet, however, it was lower 

(Pc.05) in the plasma of cows fed FH. Linolenic acid was present (10.64% of total fatty 

acids) in the plasma of cows fed FH at significantly greater levels than al1 other treatments. 

Linolenic acid was also signifïcantly greater in the plasma of LH vs LL supplemented cows, 
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the latter being greater (PcO.05) than the control. This would suggest some niminal bypass 

of the fat in the lignosulfonate treated flax. 

Milk content of myristic acid (C l4:O) was sipnincany affectai by treatments with 

control>LL=LHXW (9.72%, 9. N%, 9.09% and 8.39% of total milk fatty acids, 

respectively). Palrnitic acid (C l6:O) in the ndlq  was d e c t e d  by the addition of either LL 

or LH, but was sipficantly decreased by the addition of the FH. Linolenic acid in mille was 

not significantly agaled by the lignosdfonate treated flaxseed despite the increase present 

in the plasma. As expected, milk C 18: 3 was sigruficantly greater in RI fed cows (3.5 1% vs 

0.35% in the control). It appears that if properly protected fiom biohydrogenation in the 

rumen, flaxseed offers a unique opportunity to substantially improve the C18:3 in milk (or 

C 18:2 in the case of Linola). This would represent a positive change fiom the standpoint of 

public perception of d a j r  products. The second experiment indicated that lignosulfonate and 

heat treatment of flaxseed was not effective in providing significant by-pass fat. 

Key words: Flauseed, Linola, formaldehyde, lignosulfonate, rnilk composition, fatty acids, 

Iinolenic acid. 
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INTRODUCTION 

Saturated fatty acids have been implicated as a contributory factor in coronary hart 

disease and stroke. Any correlation between dairy products and cardiovascular disease is 

likely due to the effects of dietaq myristic (C 14: 0) and palmitic (1 6: O), which can raise blood 

concentrations of low density lipoprotein (LDL) cholesterol (Noakes et ai, 1996). Low 

density lipoprotein has been identified as a nsk factor in cardiovascular disease. Milk fat, in 

general, is largely saturated (70%) and has, therefore, been subject to much criticism in 

regards to human nutritional health. The issues are far fiom clear as not ail saturated fatty 

acids are equal in their hypercholesterolernic effects. Nonetheless, it remains possible to 

improve upon the fatty acid composition of dairy foods, including milk, by increasing 

proponions of polyunsaturated fatty acids such as omega-3-fatty acids (Hussein et al, 1996, 

Noakes et al, 1996, Lightfield et al, 1993, Kemeliy and Khorasani, 1992). 

Consumption of omega-3-fatt y acids, as represented by a-linolenic acid (C 1 8: 3,,), 

have been associated with a decreased incidence of cardiovascular disease (Nash et al, 1995). 

Linolenic acid has been shown to reduce platelet aggregation, decrease plasma triglyceride 

levels, lower cholesterol and display tumorcidal and anti-thrornbotic and anti-idammatory 

effects (Cunnane, 1996, Sirnopoulos, 1996, Nash et al, 1995). Flaxseed contains high levels 

of C 18:3 and has been utilized to increase the proportions of C 183 in meat, eggs and &. 

In the case of ruminants, C 18:3 must first be protected from biohydrogenation in the m e n .  

Polyunsaturated fatty acids (PUFA) generally undergo extensive hydrogenation by rumen 

rnicroorganisms which largely results in the fat from such animals being mainly saturated. 

Several methods have been proposed to offer protection of dietary fat from rumen 
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Formaidehyde has been used niccessfuly to increase P W A  and 

htty acids (MUFA) in miuc by as much as 54%, with C18:2 and C18:3 

comprising 3 5% and 22% of the total fatty acids respectively (Ashes et al, 1992, Grummer, 

199 1). The amount of alteration to the fatty acid composition of milk through feeding of 

formaldehyde protected supplements has been variable, likely due to variation among 

laboratones (Grummer, 199 1). Forrnaldehyde treatment is, as of yet, unavailable in Canada. 

Lignosulfonate is denved fkom used sulfite liquor produced during sulfite digestion of wood 

and contains Lignosulfonic acid or its salt, hemiceilufose and sugars (Windschitl and Stem, 

1988). This product represents a possible method with which to protect the fatty acids in fat 

supplements from hydrogenation in the rumen. Lignonilfonate binds and precipitares protein 

and has been used to make rumen by-pass protein supplements from treated canola or 

soybean meals (McAllister et al, 1993, Wmdschitl and Stern, 1988). Forrnaldehyde use on 

proteins had orighally been developed to increase rumen escape protein. The formaldehyde 

products, combined with some form of protein such as casein, fom a protein matnx which 

encapsulates the ht and protects it from hydrogenation by rumen microorganisms. If 

lignosulfonate could form a similar complex with the protein in a supplement, the potential 

then exists to provide by-pass fat as well. 

The objectives of this study were to determine i) the viability and extent to which 

flaxseed could provide omega-Matty acids (linolenic acid) in milk when protected with 

formaldehyde, a substance known to confer protection in the rumen for fat and ü) the viability 

of lignosulfonate and heat to provide similar protection to the fatty acids in ground flaxseed 

in order to increase the Ievels of linolenic acid in milk fat. 



IFlax Overview 

Fiax (Limm ~ s t i ~ & n t t l m  L.) or linseed, is an oilseed from the genus Linus and 

f d y  Linaceae (Hanley, 1996). Fiax originates fiom east of the Mediterranean Sea near 

India (Entz, M-, Cr SC 28- Course Manual). Early North American settlers utilized flax as 

a fibre crop until Cotton production becarne a more desirable source of fibre. The high 

content of linolenic acid (45-60Y0 ofthe oil), which f o m  a durable film upon exposure to air 

continued to support the production of linseed oil from flax, ensuring a market as an industrial 

oil for use in paints, stains, mechanical lubricants and linoleum. There are two varieties of 

flôu, one for oil production and the other for fibre; only the former is grown in North 

Amenca. Flax production in North Amenca rose and feii throughout the years due to 

drought, disease and replacement by petroleum products and synthetics in traditional markets. 

Environmental concerns are causing a move away from such synthetics and towards "greener" 

alternatives. Due to flaxseed's biodegradability, renewabiiity and environmentally safe 

features, it's use as an industrial oil is being reevaluated. The unique features of flax, with 

it's high omega-3-fatty acids, is leading to new interest in human diets and animal feeds 

(Hanley, 19%). 

Traditionally, flaxseed was popular as a Iivestock feed due to it's unique feature as a 

laxative or digestive regulator. The seed contains approximately 10% mucilage which is 

largely responsible for the laxative effect. It also is highly palatable (Hadey, 1996). Recent 

information on use as a protein supplement for dairy cattle is limited with insufficient data 

regarding the value of extracteci flax as a feed for dairy cows (Khorasani et al, 1994). Linseed 
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meai is approximately 35% protein. Khorasani et al (1994) found that solvent extracted 

linseed meal was similar to canola meal in its ability to support milk production in late 

lactation cows. 

Linseed oil content of £iax ranges fiom 4045% with variation due to the variety and 

growing conditions. Canadian flax is of superior quality and quantity due to cooler 

temperatures during a vital stage of growth (10 -25 days post-flowe~g) which promotes a 

higher overd oil content as well as an increased level of C 18:3. Increases can be as hi& as 

1%. This has lead to Canada being the number one exporter of flax (Hanley, 1996, Hanley, 

1992). New varieties low in holenic acid have been developed by Canada and Australia for 

use as an edibie oil. The instability and rancidity of flax oil lead to the development of Linola, 

which has a very low linolenic acid content (2% or les) and a high level of linoleic acid. This 

new crop was eventually narned Solin and defined as an oilseed developed corn flax. Linola 

is a cultivar of Solin (Hormis and Rowland, 1996). Traditional varieties of flaxseed are being 

utilized in animal research due to the animal's ability to incorporate linolenic acid, an omega- 

3-fatty acid, into such things as eggs, meat and milk. Feeding flaxseed can increase the 

omega-3 -fatty acids in eggs from 0.3 8% (of total fatty acids) in those birds fed no flaxseed, 

to 4.6,8.9 and 1 1.5% ffom birds whose diets contained 10,20 and 3 0% flaxseed, respectively 

(Caston and Leeson, 1990). Romans et al. (1 995a) found increases in the alpha-linolenic acid 

(ALA) content of swine tissues such as backfàt, kidney fat, bacon and loin chops when diets 

contained 15% ground flaxseed. Alpha-linolenic acid increased fkom a control level (no 

added flaxseed) of 1.2 mglg of tissue to 6.9 mg/g when 15% flaxseed was added to the diet 

(uncooked bacon), 1.9 mg/g to 5.6mg/g in fned bacon, and 1.4 mg/g to 4.7 mglg in 
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microwaved bacon which represents significant increases. Alteration of milk fat composition 

has been of interest to researchers for several years. The signifiant changes in C 18:3 brought 

about by the feeding of protected linseed to dajr wws (McDonald and Scott 1977) provides 

solid evïdence for the potential utilization of flaxseed to increase the omega-3-fatty acid level 

in milk and milk products. Even the inclusion of unprocessed or roiied flaxseed has shown 

some positive increases MUFA and PUFA Short and medium chah fatty acids (C4-C 12) and 

C I6:O were reduced while the concentration of C 1 8 fatty acids were increased with inclusion 

of flaxseed in dairy cow diets in a study by Kenneiiy (1994). The changes in composition of 

the milk fat were proportional to the level of flaxseed included in the diet (Table 1). 

Concentrations of short, medium and long-chain fatty acids were 8 1 %, 7 1% and 146% of the 

control diet when flaxseed was included at 15% of dietary dry rnatter (Kemelly, 1994). 

Thus, if flax were to be incorporated into animai diets routinely, this could lead to 

increased markets and greater production of flax. Production figures for Manitoba (Honey, 

1995) show flax at 403,900 tonnes total production ( 15.9 million bushels) which is up by 

8.2% from 1994. This was atuibuted to a 1 5.7% jump in harvested area (Honey, 1995). Flax 

is the second most important oilseed in Western Canada. The average annual seeded area is 

687 thousand hectares. In 1995,876 thousand hectares were seeded to £lax which was a 20% 

increase over 1994. Tonnage of flax seed equalled 1.10 million, a 14% increase from 1994. 

Manitoba contributed to 37% of this production, with Saskatchewan at 58% and Alberta 

totalling 5%. Above average yields and increased acreage contributed to this trend (Hormis 

and Rowland, 1996). Theoretically, for dairy alone, this tonnage could be increased by 

895,260 tonnes per year if flax were to be routinely incorporated into lactating cow diets. 



Table 1. The influence of feeding unextfacted (grouid) flaxseed on milk fatty acid 
composition. 

Fatty Acid Added Flaxseed (%) of Diet DM 
- - 

SEM Contrastl 

1 .Probabilities for contrasts: Li=linear, NS=not significant. 
(KemeUy, 1 994). 
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This figure is deriveci from 1,8 1 1.9 thousand head ofmilking cows in Canada (Dairy Fanners 

of Canada, 1995); using 3% added fiit (Palmqyist and Eastndge, 1991) as flaxseed, 305 days 

in rnilk (DMJ (Ensminger et ai, 1990), and a dry matter intake of 3.1% of body weight for 

an average 600kg cow (Schmidt et al, 1988) during the first haK of lactation.. Although this 

is an approximate figure oniy, it indicates a potential growth area for the production of flax, 

broadening market and crop rotation options for growers. 

Principies Supporting the Desire to Alter Fatty Acid Composition of Miik Fat 

There are 1,8 1 1.9 thousand head of milk cows and dairy heifers in Canada. Milk yield 

per cow is approximately 7.02 thousand litres @airy Farmers of Canada, 1995). The typical 

concentration of fat in milk ranges from 3.0 to 5.0% of total lipid. Fat is present in emulsified 

globules 2-4 pm in diarneter surrounded by a membrane arising from the secreting cell. The 

membrane is mostly casein in the case of homogenized, or whole milk (Jensen et ai, 199 1). 

Milk fat percentage can be variable, depending on feeding management, added dietary fat and 

the type of fat fed (Palmquist and Eastridge, 1991). Overall, the typical composition of 

bovine rnilk includes protein at 3.2%, casein at 2.6%, fat at 3.9%, lactose at 4.6%, total solids 

at 1 Z.P/o  and an ash content of approximately 0.7% (Jensen et al, 199 1). The energy content 

averages 66 kcal per 100 ml. Again, other factors such as breed, diet, stage of lactation may 

affect these averages, but these numbers cm be wnsidered typical because of pooling, 

standardkation of fat content and exclusion of miik containing colostrum or that which is 

mastitic (Jensen et al, 199 1). 
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The interest in milk fat has largely been generated by economics, payment based on 

fit content in milk, processing effects fiom fat, the kinds and amounts of fats found in miUr 

and lipids as a source of flavour (Jensen et al, 1991). Miik containing <2% fat has increased 

in demand fiom 20% to 60% of total £luid rnilk consumption in the past 20 years (Erdman and 

Teter, 1995). However, the pnce that producers are paid for milk fat has decreased by more 

than 60% in the 1 s t  i 5 years (Erdman and Teter, 1995). Current consumer perceptions 

regarding fat in diets in general has also contributed greatly to the interest in altering and 

manipulating milk fat and rnilk fat content. Consumers have access to hundreds of dairy 

products, including 400 kinds of cheese alone. In recent years, an increase in low fat 

products has been observed. However, present day processing, which can alter total fat 

content, has little effect on fatty acid composition (Jensen, 1992). 

Composition of Milk Fat and It's Relationship to Human Bealth 

Ninety-eisht percent of the rnilk fat globule is tnacylglycerol, followed by 

phospholipids at 0.5-1.0% and sterols at 0.2-0.5%. These latter two are found mainly in the 

globule membrane . Of the sterols, cholesterol represents the largest fraction at 1 0-20mg/dl 

(Jensen et al, 1991). Jensen (1992) approxirnates the cholesterol level in whole milk at 

15mg/dl(0.46% of total lipid). Ney (1991) gives an average value for cholesterol in milk fat 

at 0.20-0.25% of total lipid. Average values of the various classes of Lipids found in milk are 

indicated for cows in early lactation (Table 2). 

Approximately 400 fatty acids have been found in milk lipids (Jensen et al, 199 1). The 



Table 2. Lipids in milk at 42 days in milk (12 cows). 

Lipid CIass (% of Total Lipid) 

P hospholipid 1.11 

Cholesterol 0.46 (1 5 mg/dl o f  whole milk) 

Triacy lgly cerol 95.80 

1,2-Diacylgiycerol 2.25 

Free Fatty Acids -28 

Monoacylgiycerol .O8 

Cholesteryl ester .O2 

Fat (g/dl) 3 .25 

(Jensen et al, 199 1). 
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ten major fatty acids found in mik are C4:0, C6:0, C10:07 C12:0, C14:0, C16:0, C 16: 1, 

C 1 8: O, C 1 8: 1 and C 1 8: 2. The fatty acid proflie of milk contains roughiy 100/o short chah 

saturated fàtty acids (cc 12: O), 1 O?% myristic acid (C 14: O), 26% palmitic acid (C l6:O), 12% 

stearic acid (C l8:O) and 25% oleic acid (C 18: 1) (Ney, 199 1). In general, miik fat contains 

5% PUFA, 70% saturated fatiy acids (SFA) and 25% MUFA (Gnimmer, 199 1). Large 

quantities of C 1 8: 1,20-27%, are present in the miik fat globule, with small amounts of tram- 

18: 1 at 3% (Jensen, 1992). Jensen et al (199 1) iisted tram-C 18: 1 a little lower at 

approximately 2%. C 18:2 is present at about 2% of total f q  acids with only trace amounts 

of C 18:3. In fact, milk fat is considered a poor source of C 18:2 and omega-3 fatty acids such 

as C 18:3. Milk provides oniy 0.6 grams per day of PUFA (fiorn 2.5% C 18:2 and 4% 

omega-3). The human requirement (based on 2560 kcal intake and 1.5% of total calories as 

C18:2 and 0.5% of total calories as omega-3 fatty acids) for addt males is 4.27 gram C 18:2 

and 1-42 grarns C 18:3 (Jensen, 1992). The structure of the tnacylglycerol rnolecule itself is 

unique, with most of the C4:O to C 10:O being found at the sn-3 end of the glycerol moeity. 

Table 3 gives an overall indication ofthe fatty acids present in the triacylglycerol portion of 

milk and their approximate quantities in moVlOO mol fatty acid. 

Fat from dairy products has been labelled a hypercholesterolemic fat due to the 

content of cholesterol and saturated fats. Current recommendations in regards to human 

health cal1 for a reduction in calories derived from fat (see Table 4 for current 

recommendations of percent of calories fiom fat, carbohydrates and protein). 

Epidemiological midies have continuously shown a clear relationship between raised serum 

cholesterol levels and an increased risk of death from coronary heart disease. However, it 



Table 3. Quantity of fàtty acids present in triacylgiycerol in ww's mik under normal 
feeding conditions. 

Fatty Acids (mou 1 00mol) 

C4: 0 11-8 

C 18:3 Trace 

(Adapted From Jensen et al, 199 1 )  



Table 4. Dietary recornmendations by the Nationd Cholesterol Education Program. 

Nutrient Daily Aiiotment 

Total fat < 30% of total dories. 

Saturateci fat < 10% of  total calories. 

Polyunsaturated fatty acids Up to 10940 of total calories. 

Monounsaturated fatty acids 1 0- 1 5% of  total calories. 

Carbohydrat es 50-60% of  total calories. 

Pro tein 10-20% of total calories. 

Total Calories To achieve and maintain desirable weight. 
(Ney, 1991). 
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rernains debatable as to the efficacy of l o w e ~ g  blood cholesterol utiIizing dietary means. It 

is known that higher levels of low density tipoproteins (LDL cholesterol) is related to 

ùicreased nsk of coronary hart disease and that, in general, decreasing total and LDL 

cholesterol levels reduce the nsk of coronary heart disease (Ney, 1991). The 

recommendations of the National Heat, Lung and Blood Institute for the National 

C holest erol Education Program suggest ed serum cholesterol levels of less than 200mg/dl to 

be desirable. Levels between 200 and 239 mg/dl are considered borderiine high risk and 

greater than 210 mg/d as high risk (Ney, 199 1). The issue, however, does not remain that 

simple. Milk fat and products such as butter have been implicated in a higher rate of coronary 

heart disease in different countnes. The hypercholesterolemic consequences 60m milk 

products has been demonstrated in a number of controlled stdies (Noakes et al, 1996). 

Again, effects of these products are generally on the plasma LDL cholesterol concentration. 

However, reducing dietary cholesterol has little effect on plasma levels for most people 

(McNarnara, IWO). A decrease in dietary cholesterol resulting in "some" decrease in plasma 

cholesterol is applicable for ody about a third of the population. Other risk factors include 

cigarette smoking, hypertension, glucose intolerance, obesity and lack of exercise (Jensen, 

1992). With respect to hypercholesterolemia, moderate intake of dairy foods by those who 

are not susceptible shouid not be considered as contributory to coronary heart disease. Milk 

and milk products contribute about 38 mg/day and 60 mg/day of cholesterol for women and 

men, respectively. ï h e  average total daily intake of cholesterol for women is 304 mg/day and 

435 mg/day for men (Ney, 1991). Thus, dairy products only contribute about 12.5% and 

13.8% of the average daily intake of cholesterol for women and men respectively. Current 
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research also has indicated that moderate amounts of dietary cholesterol(300 mg/day) are not 

responsibie for elevated plasma ieveis (Jensen, 1992). Therefore, contn'bution fkom dairy 

products is weil below this limit and therefore is unfairly suspect. Milk fat provides far iess 

to total fat intake in the typical Amencan diet compared to other animal products, 

contributing only 15% of total cholesterol intake, accordhg to Ney (1 99 1). 

The Bridge Project, sponsored by the Wisconsin Miik Marketing Board (WMMB), 

and organized and adrninistered by the National Daky Council , was formed to unite nutrition 

with milk marketing and dairy products. An independent task force of nutrition scientists 

identifid dietary fat, cholesterol and health as the most important issues facing the dairy 

industry in tems of nutrition and consumer acceptance. The information generated by these 

cornmittees is available as a data base for the dairy industry to plan and operate future 

promotion and product development efforts (O'Donnell, 1989). An ideal milk fat profile was 

developed by this group of scientists. Ideal milk fat would consist of 10% PUFA 8% SFA 

and 82% MUFA. This is an unrealistic profile for Mlk fat and probably not possible to obtain 

by dietary manipulation. Milk fat, as previously stated, contains approximately 5% P U F 4  

70% SFA and 25% MUFA . The gap between the ideal profile of milk fat as set out by the 

WMMB and the actual composition of milk fat is simply too large to be compensated for 

realistically by dietary modification (Gnimmer, 1991). It is therefore, critical to reexamine 

the effects of the actual fatty acids and their impact on human health and coronary heart 

disease. As in the case with cholesterol, the relationship of good and bad fatty acids is far 

fiom clear. The arnount of fat consumed in the United States is approximately 3 7% en (en= 

total calories). Consumption of30% en divided equallyamong saturated, MüFAand P W A  
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fats is the current recommendation by the National Research Council, 1989 (Jensen, 1992). 

Dajr products contribute approxïmately 25-29% of saturated Eit intake, not including butter 

(Noakes et al, 1 996). Howevq it is interesting to note that not aii saturated fàts are equal 

in their hypercholesterolemic effects. Research implicates those of carbon chah length 12, 

14 and 16 (Ney, 1991) to be hypercholesterolemic. Nevertheless, data for C12:O is 

contradictory and the acid may or may not be hypercholesterolemic. Fatty acids of chain 

length C4:O to C 10:O act like carbohydrates and thus do not affect plasma cholesterol (Jensen 

et al, 1991). Excess consurnption of saturated fatty acids, particularly C l4:O and C l6:O is 

said to increase plasma chotecterol (Gmndy and Denke, 1990). Hayes et al, (1991) concun 

with the effect of C 12 and C 14 but has s h o w  C l6:O to be l e s  hypercholesterolemic. Noakes 

et a1 (1 996), agrees with this stating that myristic acid (C 14:O) seems more potent in its ability 

to raise blood lipids in humans than paimitic acid (C16:O). Those saturated fany acids with 

less than 12 carbon atoms or saturated C 18:O and monounsaturated fats with 18 carbon atoms 

(C 18: 1) do not raise blood cholesterol relative to polyunsaturated fatty acids (Ney, 199 1). 

In fact, when stearic acid or oleic acid replaces palmitic acid (C16:O) in the diets of men, 

plasma cholesterol levels are lowered (Bonanorne and Grundy, 1988). Thus, C 18:0, C 18: 1 

and C l8:2 are considered hypocholesterolemic. Consurning amounts of C 16:O and perhaps 

C 12:O and C 14:O greater than 10% of total calories can increase plasma cholesterol levels, 

but the presence of C 18:0, C 18: 1 and C 18:2 in milk and other products may lessen this effect 

(Jensen et al, 1991). Because milk fat contains approxhately 10% short to medium chain 

saturated fatty acids (4 2 carbon atoms), 12% stearic acid and 25% oleic acid, approximately 

60% of the fatty acids in rnilk are not hypercholesterolemic (Ney, 1991). The 10Y0 myristic 
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acid and 26% palmitic acid, therefore, are those left which have been implicated in coronary 

heart disease . The situation becornes even more clouded and uncertain regarding the 

importance of reducing total dietary fat vs saturateci fat alone and whether or not position on 

the triacylglycerol molecule and it's unique structure in milk fit has any eEect on Lipid 

metabolkm (Ney, 1991). The maximum recommended amount of atherogenic fatty acids 

(C 16: 0 and C 14: 0) is 28 grams. One quart of whole milk (3 -3% fat) contains approxhtely 

12.6 gram of these fatty acids which is well within the recommended limit (Jensen, 1997). 

Still, modifying dairy products by utilizing such things as protected unsaturated fatty acids in 

the feed results in milk and tissue lipids lower in saturated fats (Noakes et al, 1996). Thus, 

there is opportunity to improve upon and generate a more consumer fnendly milk product. 

The challenge rernains to at feast mtially replace the undesirable fatty acids in milk and dairy 

products with unsaturated (both poly- and morio-) fatty acids. 

Significance of Omega-3-Fatty Acids, Trans Fatty Acids, Conjugated Linoleic Acids 

and Hurnan HeaIth 

Omega-3-fatty acids are so calleci based on the location of the first double bond, 

counting f?om the methyl end of the molecule (C 18: 3 a3 or C 1 8:3n3). Omega-3-fatty acids 

are one of the two classes of polyunsaturates, the other being omega-6 fatty acids. The 

former is represented by a-linolenic acid and the latter by linoleic acid (C18:206) 

( Sirnopoulos, 1 996, Khorasani and Kennelly, 1 994). These fatty acids are essential for normal 

growth and development since mammals are incapable of inserting double bonds beyond C 10 
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and the methyl end of the fatty acid (Sirnopoulos, 1996, Lehniqer et aI, 1993 and Maynard 

et ai, 1 979). Plants are capable of synthesizing both C 1 8: 2 and C 1 8: 3(lehninger et al, 1993). 

In mammals, holeic and linolenic acid play a role in the structure and fûnction of biological 

membranes, particularly in the central nervous system and retina (Nash et al, 1995). Omega-3 

fatty acids have been implicated in the prevention and treatment of coronary artery disease, 

hypertension, diabetes, arthritis and other such idammatory diseases as weii as cancer 

(Sirnopoulos, 1996). Omega-3-fatty acids show a cardioprotective effect and reduced 

occurrence of coronary heart disease. Diets which are rich in these fatty acids, such as that 

consumed by Northem Eskimos, show reduced platelet aggregation and this has been linked 

to the low incidence of cardiovascular diseases in these peoples (Nash et al, 1995). T hese 

diets have been associated with a low incidence of heart disease, low plasma TG (triglycende) 

levels and a relatively long blood coagulation time (Anderson and Sprecher, 1987). A 

reduction in very low density lipoprotein (VLDL), which carries a large portion of the TG in 

the blood, was seen in individuals who ate a diet high in omega-3-fatty acids versus those who 

did not (Anderson and Sprecher, 1987). According to Anderson and Sprecher (1987), low 

density lipoprotein (LDL) cholesterol is reduced regardless of the Famiy of polyenoic acid 

consumed. This is likely due to increased catabolism when a-6 fatty acids are consumed and 

also a decrease in the synthesis ofapolipoprotein B, a major constituent of LDL, from omega- 

3-fatty acids. In diets with high intakes of a-3, high density lipoprotein, often referred to as 

good cholesterol, has been reported to increase. Total cholesterol is reduced only with very 

high levels of 2>-3, probably due to the concomitant high intake of cholesterol with the 

omega-3 fatty acids in the fish oil. Recornrnendations by the Canadian government are at 3% 
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omega-6-fatty acids and 0.5% omega-3-fàtty acids of daily energy intake for addts (Nash et 

ai, 1995). Deficiency of omega-3-fatty acids result in poor growth and eczematous skin 

(Anderson and Sprecher, 1987). The penods of neonatai and aging in the human lifespan 

have s h o w  an essentiality of 81-3 fatty acids. This, and the implications of the importance 

of omega-3 fatty acids in the improvement of several diseases including coronary ha r t  

disease, has led to a great deal of imerest in improving the proportions of these fatty acids 

present in marnrnalian tissue, meat, eggs and rnilk (Leskanich et al, 1997). However, 

susceptibility to oxidation is a concem in omega-3 fatty acid e ~ c h e d  products such as milk 

fat. Damage to biolopicai tissues and implications in other diseases such as cancer, h m  lipid 

oxidation products is a concem and requires further investigation in this area (Aymond and 

Van Elswyk, 1995). 

Linolenic acid is found in the chloroplasts of green le@ vegetables, canola, soybeans 

and walnuts (Simopoulos, 1996). It is particularly high in flaxseed oil, found in the amount 

of 5 tirnes that of canola (Khorasani and Kennelly, 1994). In fact, flaxseed contains the 

highest levels of a-linolenic acid of al1 of the oilseeds, compnsing approximately 18% of the 

total seed weight and 53% of the fatty acids on average (Romans et al, 1995a). M e n  fernale 

volunteers were fed 50 grarns of ground, raw fiaxseed per day for a total of four weeks, a- 

linolenic acid and long chah &-3 fatty acids were raised in both plasma and erythrocyte lipids. 

Serum cholesterol was decreased by 9% and low density lipoprotein cholesterol by 18% 

(Cumane et al, 1993). 

Omega-3 -fatty acids are metab oiised t O eicosapentaenoic acid (EPA-C20: S,,) and 

docosahexaenoic acid (DHA-C22: 6,+,), which are longer chah fatty acids and more 
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unsaturateci by the addition of extra double bonds to the carboqd end of the fatty acid 

(Leskanich et al, 1997, Sirnopoulos, 1996, Romans et al, 1995a). In mammalian tissue, the 

omega-3-fatty acids are found in TG, cholesteryl esters and to a Limited extent in 

phospholipids. Eicosapentaenoic acid is largely found in the cholesteryl esters, TG'S and 

phospholipids. Docosahexaenoic is present mostly in phospholipids (Simopoulos, 1996). 

Both of these fatty acids may be denved &om linolenic acid or obtained in the diet. Fish oils 

are particularly high in EPA and DHA (Simopoulos, 1996). Elderly people may require 

dietary EPA and DHA due to a M t e d  capacity to elongate and desaturate C 1 8: 3, (Nash et 

al, 1995). Eicosapentaenoic acid is transformed into eicosanoids which includes 

prostaglandins, thromboxanes, prostacyclins and leukotrienes, which perfom many regdatory 

functions and are found throughout the body (Anderson and Sprecher, 1987). They are also 

involved in the maintenance of normal growth and development in the brain (Romans et al, 

1995a). The farnilies of fatty acids, such as the a-3 and a-6, compete for enzyme systems. 

If there is an excess of a-6 fatty acids, this will obstruct synthesis of the eicosanoids of the 

0-3  family (Simopoulos, 1996, Anderson and Sprecher, 1987). Evidently, it is the EPA and 

DHA, fiom the metabolism of the omega-3-fatty acids, wbich also seem to lower blood TG 

levels, reduce the nsk of blood clots and reduce the inflammation resulting Eom rheumatoid 

arthntis (Leeson and Caston, 1996). In experiments conducted with Leeson and Caston in 

cooperation with B. Holub (Leeson and Caston, 19961, volunteers had consurned omega-3- 

fatty acid nch eggs, with no effect on blood cholesterol resulting fiom those eating either 

enriched eggs, regular eggs or control (no eggs). This concurs with other studies mentioned 

previously where dietary cholesterol manipulation has not been found to affect blood 
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cholesterol in most individuals. The enriched eggs produced a slight decrease in serum TG 

and a significant increase in DHA in blood platelets (35% increase). Docosahexaenoic a d  

aids in preventing blood platelet aggregation, a condition which could lead to various 

cardiovascular problems (Jeeson and Caston, 1996). 

The addition of hydrogen to unsaturated fatty acids to make them more saturated 

(harder, less susceptible to oxidation) is a process known as hydrogenation, This however, 

results in the production of at least some trans fatty acids which have been criticized for their 

unhealthy nutritional effects (Kaylegian et ai, 1993). Tram fatty acids in the American diet 

largely arise fiom partially hydrogenated vegetable oil products such as margarine (Ney, 

199 l), which in some cases make up 90-95% of the tram-fatty acids round in human tissue 

(Wolff, 1994). Beef and mik fat are also sources of trans-fatty acids, however, the 

contribution of tram fatty acids from ruminant milk and meat in the American diet is only 

moderate (Wolff, 1994). According to the review by Ney (1 99 1 ), the main trans isomer in 

ruminant fat is vaccenic acid a trans-Il-octadecenoic acid, fomed by incornplete 

hydrogenation of poly-unsaturated fatty acids. These tram isorners are the metabolic 

intermediates in the hydrogenation of such fatty acids as C 18:2 and C 18:3. Further 

conversion to C 18:O is the rate limiting step (Gmmmer, 199 1). The tram C 18: 1 in products 

such as margarine occur at C9 to C12. Milk fat tram isorners range from 4.3 to 7.6% 

depending on feeding management (Ney, 1991). The trans fatty acids from vegetable fats 

may act like fatty acids C 12, C 14 and C 16 in raising blood cholesterol. Intake of tram fatty 

acids in the U.S. is between 2-4'31. The range of intake, however, is between 1.8-20% which 

could represent heaith problems for certain individuals. When 10% of daily energy came from 
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trans rather than cis-oleic isomers, the level of LDL cholesterol was increased and HDL 

decreased in both men and women. Whether or not this is important is unclear because the 

average intake of trans fany acids is ody 2045% of that used in this study (Ney, 1991). 

Human subjects fed a partiaily hydrogenated sudower oil produced significantly higher 

serum cholesterol and LDL levels and decreased HDL levels compared to a diet high in cis- 

usaturateci fatty acid diets (Zock and Katon, 1992, Mensink and Katan, 1990). Also, f?om 

a dairy management and production perspective, tram fatty acids in either the diet the cow 

is consurning or f?om incomplete biohydrogenation in the nimen, are thought to inhibit milk 

fat and fatty acid synthesis ifpresent in large enough arnounts. This, however, has not been 

unequivocally demonstrated (Palmquist et al, 1993). 

Conjugated linoleic acid (CLA) has recently gained considerable interest due to the 

antioxidative and anticarcinogenic properties s h o w  by this intermediate in the 

biohydrogenation of Iinoleic acid (Jiang et al, 1996). Conjugated linoleic acid contains 

various positional and geometnc isomers of octadecadienoic acids with conjugated double 

bonds (Kelly and Bauman, 1996, Jiang et ai, 1996). The most biologically active forrn 

appears to be cis-9, trans- 1 1 -octadecadienoic acid (C-9, t- 1 1 -C 18:2) due to the fact that it 

is the main isomer found in the phospholipids of cell membranes (Jiang et al, 1996). 

According to Jiang et al ( 1996), although CLA's are present in vegetables as well as in meat 

and rnilk fat, products of ruminant origin are the highest source, and in particular, c-9, t- 1 1, 

C l8:2 is the major isomer found in d a q  products. Conjugated linoleic acids are denved by 

the rumen bacteria, Bir~rivibriofibrisofvenr, and is the first intermediate in linoleic acid 

hydrogenation. 
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Manipulation of the fatty acid composition of mammalian tissues, eggs and millq is 

a d t  of the concem connimers have regarding the saturated Gtty acids in animal products 

and the rising awareness of the role unsaturateci fàtty acids play as regdators of ceii hc t i on  

(Jenkins et al, 1996, Schingoethe et al, 1996, Lightfield et ai, 1993). The response of 

individuals to the various sahirated, unsaturated, short, medium and long chah fatty acids 

may be variable according to genetic expression and is not completely understood (O'Domell, 

1989). Thus, this should be kept in mind when exposed to broad statements regarding the 

negative e f k t s  of dairy products. 

Potential Technologies for Changing Milk Fatty Acid Composition 

Using nutrition as a means of altering milk fat and fatty acid profiles is a complex 

issue. Many factors play a role in milk fat synthesis including feed intake, meal frequency, 

forage to concentrate ratio, fat and type of fat in the diet and carbohydrate make-up of the 

concentrate (Sunon, 1989). The greatest effects seem to be from intake and type and level 

of lipid supplements (Sutton, 1989, Jensen et al, 199 1). Nutrition as a means of altering milk 

fat composition was recognized in 1938 when Powell (Sutton, 1989) found a correlation 

between roughage intake and type with variations in milk composition. Fat concentration is 

the moa sensitive of the major milk components to nutritional manipulation. Concentration 

of fat in milk can be altered over a wide range of approximately 3 percentage points. Protein 

may be altered by about one-fifth of this amount with Little, if any, effect on lactose (Sutton, 

1989). Roughage is important in maintainhg milk fat concentration. The length of fibre is 
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also a cuntnbuting factor, with a mean length of approximately 0.6 to 0.8 cm minimum for 

the maintenance of d k  nit. Decreasing the forage to concenrrate ratio generally redts in 

a decrease in milk fat, although this response can be variable. With the forages that are 

generally used in dairy diets, it seems that fat concentration is fkly stable until the forage 

concentration f d s  below 50% where changes become inconsistent. The source of 

carbohydrates play an important role in this variability. Soluble carbohydrates generally 

maintain a higher milk fat than starch (Sutton, 1989). Dietary fat, added anywhere from 6-8% 

(diet dry matter) usually increases milk yield but fat concentration is variable (Sutton, 1989). 

Feeding supplemental fat in the form of alginate treated tallow, increasd rnilk yield fiom 3 1.7 

kg/d to 32.9 kg/d but had a negative effect on milk protein concentration (Hof ian  et al, 

199 1 ). Nomutrient z-dditives such as buffers and antibiotics offers some controi of rumen 

fermentation patterns, which would also affect milk fat (Sutton, 1989). 

According to Jensen et al (1 99 1 ), fatty acid composition is not greatly affected by 

typical changes in diet due to biohydrogenation in the rumen and the production of short 

chah fatty acids in the mammary gland. Effêcts can and do occur when cows are underfed, 

fed larger quantities of fat or fed protected fats. For example, a protected oil high in C 18:2 

produced linoleic acid rich milk with a change fiom 2.5 moVlOO mol fat in normal rnilk to 

15.3 moVlOO mol fat in the milk fiom cows receiving oil encapsulated in denatured casein 

(Jensen et al, 199 1). Sutton (1989) States that nutrition may offer the best means of changing 

rnilk composition rapidly in order to meet varying changes in consumer demand. The original 

objective of dietary manipulation was to reduce the amount of C16:O and increase the 

proportion of C 18: 1 (Ney, 199 1). This is fairly easily accomplished, particularly by utilking 
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fat supplements such as roasted soybeans. Monounsaturated C 18: 1 and saturateci C 18:O may 

be increased by 55-800h (Gnimmer, 199 1). Feeding diets lower in roughage also increases 

the proportion of oleic acid (Gmnmer, 1991). Fatty acids C6 to C 14 were decreased by the 

addition of supplernentd fat (Hofhan et ai, 1991). 

The changes that would occur as a result of breeding and genetics is slow (Sutton., 

1989). Gibson (1991) concludes that despite the fact that rnik fat composition could be 

altered through genetics economic incentives are not clear. Changes to the fat wouid be 

positive for some products while negative for others and the Werences due to conventional 

genetic manipulation would be too gradual and therefore of little value to the breeder. Thus, 

alterations to the fatty acid composition of milk is not likely to be a part of genetic 

improvement prograrns in dairy cows. 

Speciai technologies in milk processing have been examined as ways to improve upon 

the nutritional profile of milk fat. Due to the low levei of cholesterol (0.20-0.25% of total 

lipid) in milk fat, rernoval requires special technology, utilizing one or more of three physical 

or chernical properties; solubility, adsorption or molecular conversion (Ney, 1 99 1 ). However, 

due to the controvenial evidence surrounding the contribution of dietary cholesterol to blood 

cholesterol and heart disease in humans, the expense of such technology has kept this type of 

processing from becorning cornmonplace. In fàct, according to Ney (1 99 l), it is more likely 

to be utilized to produce a specific product rather than a general milk product. 

Milk fat fractionization is being offered as a means to develop designer rnilk fat and 

milk products (Ney, 199 1). This technique relies on melting point, molecular weight, 

sensitivity to detergents and solubility properties to manipulate fatty acid make up of milk fat 
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hctions. This could provide a fat which contains a nufritionally improved fiitty acid profle 

(Ney, 199 1). Lai et al (1995), found that changes in the fatty acid composition and 

triacylglycerol of butterfat derived by the f?actionization process improved itts nutritional 

profile and resulted in similar iipoprotein cholesterol and very low density lipoprotein 

concentrations relative to corn oil in rats on a high cholesterol diet. 

Synthesis of Milk Fatty Acids 

Adipose Tissue Mobilization 

The mammaiy gland relies on two main sources, nimen fermentation and circulating 

blood lipids, for fatty acid synthesis and incorporation into milk fat (Grurnmer, 199 1 ). The 

blood iipids arise either &om the diet the animal is consuming or f?om the rnobilization of 

adipose tissue stores. The adipocyte, or fat cell, has only two major functions, the synthesis 

of fat and the mobilization, or breakdown of fat (Bauman and Curie, 1980). Adipose tissue 

is in a constant state of transformation. Mobilization, transportation, combination a d o r  

conversion to other fatty acids, degradation and reesterification with glycerol as well as 

transportation back to the depots is so well baianced that the fatty acid profile in the blood, 

organs and depots for any given species remains quantitatively and qualitatively relatively 

constant (Maynard et al, 1979). Ruminant adipose tissue stores fat as a neutral fat and utilizes 

acetate as a subarate. Water (4.5- 14.4%) and some nitrogen (0.18-0.62%) are also present 

in adipose tissue (Maynard et al, 1979). Hydrogenation of dietary unsaturated fatty acids by 

the rumen rnicroorganisms leads to an adipose tissue fat that is largely saturated in nature 
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(Noakes et aI, 1996). Grummer (1991) States that due to the effects of nuninal 

microorganisms on unsaturateci fàtty acids (hydrolysis and hydrogenation), both tissue and 

mik fatty acids tend to be more saturated. Esterineci long chah fatty acids stored in adipose 

trîgfycerides are derived mostly Corn short-chah fhîty acids as a result of de nova synthesis. 

Approximately 90% or more of Lipogenic activity takes place in the bovine adipose tissue 

(Dunshea and Beli, 1989). Storage of triglycerides within the adipocyte is a result of an 

equilibrium between fatty acid uptake, de nova synthesis, fatty acid esterification, triglyceride 

hydrolysis and reesterification of fatty acids released by lypolysis (Chilliard, 1993). Any 

glycerol released during the breakdom of TG by the adipose tissue is not reutilized by the 

adipocyte (Dunshea and Bell, 1989). 

Plasma insulin levels decline afler calving and actually begin to decline in the close up 

dry period (Bell and Bauman, 1996). These levels remain low for the first few weeks. 

Plasma insulin has an antilipolytic eEect. It is possible to artificially raise insulin levels, yet 

the adipose tissue remains highly resistant to the anabolic effects of such insulin in the close 

up dry period and a few weeks post-calving (Bell and Bauman, 1996). At the same tirne, 

endogenous levels of plasma sornatotropin increase and are highest dunng the transition 

period (Bell and Bauman, 1996). Lipolytic response to catecholamines is increased in the 

peri parturient cow and P-adrenergic receptors increase on bovine adi pocyt es around calving 

as well (Bell and Bauman, 1996). Other hormones such as cortisol, prolactin and estradiol 

also increase at and around calving. However, further study to vaiidate the effects of these 

hormones is still necessary (BeU and Bauman, 1996). 

The importance of fat mobilization lies in the fact that the cow is in peak lactation 
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approximately 3-6 weeks post-calving yet maximum feed intake does not coincide and ody 

reaches a maximum several weeks Iater. This results in the dajr cow being in a negative 

energy balance (Dunshea and Bell, 1989). Body fat is thus mobILized to compensate for the 

negative energy state that the cow is in. However, the rate of lypolysis (triglyceride 

hydrolysis) is not equal to fat rnobiIization. n i e  fatty acids coming frorn mobilized adipose 

stores are actually equal to the net difference between the intracellular rates of esterification 

of fatty acids and TG lypolysis. Furthemore, fatty acids eaerified to make TG may resuit 

from several sources including uptake of preformed fatty acids from plasma, de nova synthesis 

or recycling of non estenfied fatty acids (NEFA) within the adipocyte. Any changes in any 

one of these processes can affect the net rate of fat m a b h t i o n  (Dunshea and Bell, 1989). 

Still, these fat stores become extremely important for high yielding cows in early lactation. 

Genetically speaking, in order for a dairy cow to be a high producer, she must have the abiiity 

to lay d o m  and mobilize body stores at this stage in time to fully reach her milk production 

potential (Dunshea and Bell, 1989). For most dairy breeds (not including the British Friesen), 

the internd stores of body fat, or that which is associated with the intemal organs rather than 

muscle or subcutaneous fat, tend to play a larger role in fat storage and mobilization for early 

lactation @unshea and Bell, 1989). 

Non-esterifïed fatty acids comprise the main transport form of mobilized body fat 

(Dunshea and Bell, 1989). Short chah fatty acids do not occur in blood plasma (Maynard 

et al, 1979). Non-estenfied fatty acids are bound to plasma albumin for transport in the 

blood. In fact, one molecule of serum albumin can carry up to ten molecules of fiee fatty acid 

(Lehninger et al, 1993). The mammary gland, plus a variety of other tissues, utilize these 
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fatty acids mobilized nom body adipose tissue. The majority, however are taken up by the 

hepatic system. In fàct, approximately 80% of the mobilized lipid wüi be oxidized in non- 

mammary tissues such as the Lver and muscle (Bell and Baumaq 1996). Uptake by the 

hepatic system increases as the blood concentration o W A  becomes greater. Ifthe energy 

balance of the diet is low, blood lipid mobht ion  inmeases. Thus, mobibtion of adipose 

tissue fatty acids lads to an increase in the NEFA (long chah) which in turn increases 

metabolism of these fatty acids in the Lver (Grum et al, 1996). The liver rnay then either 

oxidize or esteri@ the fatty acids, generally to glycerol fonning tnglycerides. These may then 

be stored or removed from the liver as very low density lipoproteins. The rernoval of VLDL 

frorn the liver is not believed to occur at a very high rate in ruminants (Grummer, 1991). 

Dunshea and Bell ( 1989) state that the hepatic uptake of NEFA increases as energy balance 

decreases and body mobilization rises. As the plasma NEFA concentration increases, non- 

mammary utilization of NEFA'S also increases, especially in those tissues such as the hem, 

skeletai muscle and kidneys which have a high capacity for long chah fatty acid oxidation. 

This oxidation in non-mamnaary tissues contributes to the overall cataboIisrn of NEFA, 

though not directly. However, the liver has a Iimited capacity to synthesize and secrete 

lipoproteins, which results in fat accumulating in the liver (Bell and Bauman, 1996). Fatty 

acids of dietary ongin generally bypass the liver. Chylomicrons enter the lymphatic system 

for one, and the liver itself does not contain appreciable quantities of Lipoprotein lipase and 

hepatic Lipase. Adding fat to the diet may increase the role that the liver plays in the 

metaboiism of dietary fatty acids. This may be a result of an increase in NEFA in the blood 

or increased uptake of high density lipoproteins and/or chylomicron remnants (Gmm et al, 
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1 996). 

The adipose tissue conaibutes to the rnilk fat both dire* and indirectiy. By sparing 

lactogenic nutrients due to increased metaboh of f a q  acids in non-mammary tissue, there 

is an indirect contribution to mjlk fàt rdt ing  from the m o b h t i o n  of body tissue @unshea 

and Bell, 1989). The mobilued fatty acids undergo oxidation in other tissues which spares 

glucose and produces energy in support of mammary lactose secretion (Chilliard, 1993). In 

early lactation, the mammary gland places a direct demand on adipose tissue stores for 

incorporation into milk fat. Fatty acids in miik containing more than 16 carbon atoms are 

preformed. Moa of these wili corne ffom the adipose stores when the cow is in a negative 

energy balance (Dunshea and Bell, 1989). Utilization of preformed long-chah fatty acids 

increases as the negative energy balance becomes larger and body mobiiiition of fat increases 

(Dunshea and Beil, 1989). Thus, adipose tissue provides a greater contribution to milk fat 

early in lactation than it does in later lactation Overali, of the blood fatty acids, only 12% is 

of animal origin, while 88% is derived fbm the diet (Palmquist and Mattos, 1978). The 

mammary gland usually only utilizes TG fiom blood plasma and not NEFA except when those 

concentrations of NEFA are at higher levels (300 p-equiv. per litre) such as the case during 

mobilization of adipose tissue stores (Moore and Christie, 1979). Adrenegenic stimulation 

of lypolysis and increased sympathetic nervous activity at day of calving or soon after, results 

in the highest level of plasma NEFA's (Bell and Bauman, 1996). Lipogenesis is suppressed 

at this tirne. It must be noted though, that the values derived from Palrnquist and Mattos 

(1 W8), were from low producing cows and the contributions of dietary versus endogenous 

fatty acids to the milk fat may be a f k t e d  by other things such as milk production, stage of 
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lactation and plane of nutrition (Gnimmer, 199 1). Estimates of milk fat synthesized fiom the 

blood iipids is approximately 50% (Gnunmer, 199 1). Thedore, it may be assumed that the 

adipose tissue contributes to 6% of the milk fat. Bel and Bauman (1 W6), however, predict 

that a cow producing 29.5 kg of milk at 4.7% fat and four days postpartum, will utilize NEFA 

for only 40% of the mille fat synthesized which accounts for 20% of the mobilized lipid. The 

rest undergoes oxidation in non-mammary tissues as previously discussed. Accordhg to 

Bauman and Cume (1 9801, examining data fiom past studies, the body reserves being utilized 

for lactation accounted, energetically speaking, for 33% of the milk produced. 

Long chah fatty acids which are incorporated into the milk fat fiom the adipose 

tissue inhibit de nova synthesis of the short chah fatty acids by the mammary gland. Al1 short 

chah fatty acids, with the exception of C4:O, are low in early lactation (Pdmquist et al, 1993). 

By eight weeks, these short chah fatry acids will be at 90% of their maximum. This coincides 

with the inhibition of the mobilization of adipose tissue, which is generally fmished by the 

fourth to skth week of lactation (Paimquist et al, 1993). In the case of C4:O, two separate 

pat hways independent of the acetyl-coenzyme A(CoA) carboxylase pat hway result in there 

being little effect fiom adipose tissue mobilization on titis fatty acid. Typically, fatty acid 

synthesis involves a source of substrates and related enzymes to undertake conversion to 

acetyl CoA. NADPH is also produced and &rther conversion to malonyl CoA takes place 

which is nibsequently added to a "primer" (acetyl CoA andor butyryl-CoA) until the fatty 

acid is released fiom the fatty acid synthetase cornplex. Acetate and P-hydroxybutyrate are 

the main carbon sources in the ruminant animal and not glucose as in the case of the 

monogastric (Maynard et al, 1979). The principle pathways are as follows: 



1. CH3COSCoA + HCOi + ATP - HOOC*CH2~COSCoA + ADP + Pi 
2. CH3COSCoA + 7HOOC*CH2-COSCoA + 14NADPH- 
cH,-cH,(c~Z(CH,oCHJ6-CHZ-COOH + 7 C û  + I4NADP + 8CoA + 6Hz0 

In the fïrst reaction, acetyl CoA undergoes carboxylation to malonyl CoA The reaction is 

cataboiized by acetyl-CoA carboxylase. In the second step, a group of enzymes referred to 

as fatty acid synthetase catalyze the reaction. These are the main reactions responsible for the 

de nova synthesis of fatty acids in the rnammary gland (Moore and Christie, 1979). Previous 

"C l abebg  studies have s h o w  that carbon atoms one and two of 4:O arise h m  malonyl 

CoA and carbons three and four corne f?om acetyl CoA Fatty aads C6:O and C8:O utilized 

malonyl CoA for subsequent additions of two carbon units (Moore and Christie, 1979). 

However, it was also discovered that an intact four carbon unit is utilized for fatty acid 

synthesis in the mammary gland (Moore and Christie, 1079). Prefonned Ccarbon units, 

specifically P-OH-butyric acid, gives rise to approximately one half of the C4:O. Butyric acid 

(C4:0), also cornes frorn the condensation of acetyl units in a P-reduction pathway which is 

independent of the malonyl-CoA pathway. Inhibition of chain length increases as chain length 

becomes greater (Palmquist et al, 1993). Fewer acetyl units are required to combine with the 

four carbon primer on shorter chain fatty acids and none are required on preformed four 

carbon fatty acids thus inhibition resulting from NEFA has a lesser effect the shorter the chah 

length and none on C4:O. The more acetyl unit additions required from the acetyl-coenqme 

A carboxylase pathway, which cm be inhibited, the greater the effect of inhibition (Palrnquist 

et ai, 1993). Both lipoprotein lipase and acetyl CoA carboxylase, however, will decrease in 

activity driring late pregnancy and lactation (Bauman and Cume, 1980). 



Mammary Gland Synthesis of Milk Fat 

Acetate and 3-OH butyrate, arising fiom ruminai fermentation, are the main carbon 

sources for denova synthesis of fatty acids within the rnamrnary gland (Grummer, 1991). 

Most, if not all, of the short chah fatty acids fiom C4:O to one half of C 1 610 are synthesized 

in the mammary gland whereas the other haif of C 16:O and dl of the longer chah fàtty acids 

arise nom the circulating blood lipids. Milk fat itseif is composed of approximately 97% TG 

contahg  fatty acids of C4-C 10 carbon length (short), C 12 carbon length (medium) or C 14- 

C22 carbons (long chah). In general, about 50% of fatty acids mise nom de nova synthesis 

and 50% fiom the blood (Linn and Otterby, 1986). Palmquist and lenkins (1980) support 

these figures. Bitman and Wood (1990) found that TG, at about 96-97% of total lipids, 

remained relatively constant dunng lactation. Wallenius and Whitchurch (1975) found 

significant changes with stage of lactation in percent total lipid and triglyceride fatty acid in 

plasma. Palmitic (C 16:0), palmitoleic (C 16: 1) and oleic (C 18: 1) were found in the greatest 

concentrations earlier on in lactation (range of day 20-57), subsequently decreasing from &y 

52 - 157. Stearic acid (C l8:O) showed an increase in days 52- 129 as well as in days 129- 157. 

Myristic (C 14: 0) and linoleic (C 18: 2) were essentially unchanged. The higher percentages 

of C l6:O and C 18: 1 in early lactation were attributed to mobilized adipose tissue stores. Of 

the circulating blood lipids, 4 0 4 %  result f?om the diet and less than 10% is attnbuted to 

mobilized adipose tissue (Paimquist and knkins, 1980). The glycerol portion of milk fat 

results largely from the hydrolysis of TG fiom the blood. Some glycerol, however, may be 

synthesized from glucose within the mamrnary gland (Banks et al., 1982). It must be noted 
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however, that aIthough most tany acids less than C 16: 0 corne fkom de nova synthesis, it is di 

possible for absorption of C12:O and C14:O from the blood. The scarcity of C 12-Cl4 in most 

typical dajr  diets l ads  to the assumption that most, if not afl, a i s e s  from mammary gland 

synthesis (Banks et al, t 982). Ultimately, transfer efficiencies of fatty acids from the diet to 

the milk are ditficult to ascertain. Basal diet, stage of lactation and feed intake may aU have 

an ifiential effect (Gnimmer, 199 1). 

Long chah preformed fatty acids act within the marnrnary gland as inhibitors of fatty 

acid synthesis. Kgh concentrations of long chah fatty acyl-CoA limits de nova synthesis in 

the mammary gland by inhibition of acetyl-CoA carboxylase (Palmquist, 1975). Fats arising 

fiom the diet which are high in C 18 fatty acids, to a large extent, become saîurated in the 

rumen by rumen rnicroorganisms. Most of this is absorbed as stearic (C 18:O) acid which can 

then be desaturated to oleic (C 18: 1) acid, in both the intestinal and mammary tissue. M e r  

the fatty acids leave the rumen, approximately 10% of the stearic acid is desahirated to oleic 

acid in the enterocyte of the intestine (Chilliard, 1993). These C 18 fatty acids substitute for 

C 16: 0 and shorter chah fatty acids in rnilk (Palmquist and Eastridge, 199 1 ). The desaturation 

of C 18:O to C 18: 1 occurs in the rnircosomes (Moore and Christie, 1979) and an enzyme 

specific for the reaction of C 1 8: 0 to cis 9- 1 8: 1 is present in the mammary gland (Banks et ai, 

1982). Non-lactating cows show very low desaturase activity in the mammary rnircosomes, 

which is to be expected (Moore and Christie, 1979). In general, milk fat long chah fatty 

acid content reveals what may have been the relative amounts of the 1610 and 1 8 carbon fatty 

acids which were present in the diet (Palmquist and Eastridge, 1991). The desaturation of 

C l6:O to C 16: 1 occurs at 20% of the activity of C 18:O to C 18: 1 in lactating goats (Moore 
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and Christie, 1979). There was no evidence of more than one double bond being h e d  per 

fatty acid. Those fatty acids of  C 14 and C 12 did not show desaturation (Moore and Christie, 

1979). For cattle, it has been s h o w  in vitro that desaturation of C 16: O to C 16: 1 and C l8:O 

and C 18: 1 occur eqiially but does not seem to be the case in vivo (Moore and Christie, 1979). 

Cholesterol contributes about 0.5% of total lipids in the r d k  fat while cholesteryl 

esters are usualiy less than -05%. These may be found in both the fat globule and skim d k  

hction, generally in the membranes due to membrane structure and h c t i o n  (Moore and 

Christie, 1979, Jensen et ai, 199 1). These components may arise £iom contributions from the 

diet, synthesis within the marnmary gland itself'or Born elsewhere in the animals body and 

subsequently transported to the mammary gland by lipoproteins. Acetate is d so  the primary 

precursor in this case (Mcore and Christie, 1979). Phospholipids comprise approximately 1 % 

of total lipids, and function as important constituents of the milk fat globule membrane 

(MFGM). As opposed to the TG, which remain relatively constant, the cholesterol and 

phospholipids decline as lactation progresses as do fatty acids o f  C 18, 20 and 22 (PLJFA) 

chain length. C 10:O to  C l6:O rose approximately 50% from day 7 to 42 in lactation while 

C18: 1 decreased. The animals utilized in this experiment were offered a TMR based on 

production level with a forage to concentrate ratio of 6O:4O. The diet consisted of alfalfa and 

corn silage, shelled corn and concentrate. Palmitic acid remained relatively constant and 

C 1 8:2 and C 18:3 proportions showed Little change in relation to stage of lactation (Bitman 

and Wood, 1990). 

The mammary gland utilizes, in generai, hydrolysed fatty acids fiom blood plasma very 

low density lipoproteins (VLDL) or chylornicrons. Lipoproteins, either chylornicrons or  
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VLDL, with a density less than 1 .O06 (mg TG/d serum) are the major transport vehicles of 

fatty acids for milk fat synthesis (Phquist, 1975, Grummer, 1991). Lipoprotein lipase 

hydrolyses these TG at the capillary endothelium where a large proportion is taken up by the 

mammary gland (Grummer, 1991). Cant and McBnde (1995) have show that increased 

blood flow to the mammary gland may not always enhance the uptake of nutrients &om the 

blood. The arterio-venous diierences into the rnarnmary gland of metabolites may rise or fd 

as blood flow increases. This rate depends on the mechanism ofblood flow regdation. Thus, 

a change in A-V difference rnay not necessady reflect changes in uptake. The transport 

capacity of cells, as well as blood flow rate may affect extraction percentages. It has been 

proposed that precapilliary sphincters may be the major site of vasodilatory control in the 

lactating rnarnmary gland (Cant and McBride, 1995). As stated previously, bbFA are also 

taken up by the mamary gland, but this is typicdly low except in early lactation and 

mobilization of adipose tissue stores. 

The rnammary gland synthesizes fatty acids via the malyonyl-CoA pathway. Chah 

length is increased two carbons at a time. Acetate, as previously stated, is the major carbon 

donor. Acetate is convened to acetyl-CoA which then enters the Krebs cycle (Ensrninger et 

al, 1990). Malonyl-CoA (Figure 1) is a three carbon intermediate formed fiom acetyl-CoA 

and catabolized by acetyl-Co A carboxylase (Lehninger et al, 1993). Carbon dioxide is added 

to acetyl CoA with biotin as a cofactor to fom malonyl-CoA (Figure 2) (Maynard et al, 

1979). Synthesis of C 18:2 or C 18:3 does not occur in mammals due to the fact that the 

enzymes responsible for inserting a double bond beyond n9 are absent (Maynard et al, 1979). 

Fatty acyl-CoA may join a glycerol moiety, diacylglycerol or a monoacylglycerol to 



Figure 1 : Maionyl-CoA 

Malonyl-CoA (Lehninger et al, i 993) 

Figure 2: Condensed pathway of VFA to fatty acids. 
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fom TG. This is not a random event (Linn and ûtterby, 1986). Moa of the short chah FA 

are found in the number 3 position while C 18 acids are on either the one or the three position 

(L~M and Otterby, 1986). This synthesis takes place in the endoplasmic reticulurn (Sutton, 

1 989, Linn and Otterby, 1 986). The TG then move to the apical membrane of the secretory 

cell , enlarging as they go, where they are enveloped, pinched and released into the alveoli as 

milk fat globules (Jensen et al, 199 1, Sutton, 1989, Linn and Otterby, 1986). D u ~ g  the 

release into the alveoli, part of the celi membrane envelopes the globule, becoming it's 

membrane, or MFGM (Jensen et al, 1991). The milk fat globule membrane is not likely 

homogeneous and decreases in arnount as lactation progresses (Jensen et al, 199 1). The milk 

fat secreted h m  the apical celi membrane is largely composed of a TG core and a rim of 

cytoplasrn (<5 0nm thick). The MFGM then surrounds this structure. C holesteryl esters, 

retinyl esters and others also make up part of the core of the rnilk fat globule (Jensen et al, 

199 1). Prolactin, a hormone, initiates secretion. Maximum secretion is dependent on ACTH 

or adrenoconicotropin (Maynard et ai, 1979). Past research bas revealed differences in fatty 

acid makeup from small to large globules in processed milk, large generally found in cream 

and small present in skim rniik. In general, the smaller globules contained fewer C4:O to 

C 1 0: 0 and C 1 8 : 0, while more C 1 8: 1 was present (Jensen et al, 1 99 1 ). In underfed cows, 

small globules (lprn) made up only 5% of the total TG in the milk fàt globule vs 80% found 

in adequately fed cows (Jensen et ai, 199 1). 



Dietary Fatty Acid Metabolkm and Origin 

The digestion of lipids in the niminant animal begins in the reticdomen, or 

forestornach. In the rumen, the fat obtained fiom the diet undergoes acute lypolysis and 

biohydrogenation as weil as lipid cellular synthesis by microorganisms (Bauchart, 1993, 

Jenkins, 1993). However, very litde absorption of fatty acids occurs across the epitheiium 

of the rumen or to any great extent in the abomasum (Bauchart, 1993). The VFA's are 

absorbed through the rumen waii. Fatty acids of long chah length are absorbed through the 

intestinal wall and are transported through the lymphatic system imo the blood (see following 

section). Depending on the chah length and degree of saturation, approximately 90% of fatty 

acids are absorbed under nomai conditions (Barks et al, 1982). Lypolysis serves to release 

the fatty acids 60m esterified plant lipids, while biohydrogenation by the microorganisms 

results in a reduction of the number of double bonds (Figure 3). Biohydrogenation proceeds 

after an initial isomerization reaction which changes the cis-12 double bond present in 

unsaturated fatty acids to a tram-1 1 isomer (Jenkins, 1993). This requires a fiee carboxyl 

group which confirms lypolysis as a necessity for biohydrogenation. 

The fat which flows out of the rumen tends to be more saturated in nature. Diets 

which produce higher levels of the VFA's acetic and butyric acid result in the production of 

higher fat rnilk (Banks et ai, 1982). Decreasing these VFA may cause milk fat to decline. 

This is particularly the case in diets which are supplemented with fat which is high in 

unprotected PUFA. The effect of unprotected P W A  on milk fat is more likely due to an 

upset in biohydrogenation in the rumen rather than VFA production because changes in VFA 



Figure 3: Lypolysis and biohydrogenation in the nimen. l 
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production on these diets tends to be modes (Banks et ai, 1982). A trend towards a higher 

proportion of propionic acid and an overali decrease in M A  production , is observed with 

diets which are high in unprotected fat (Banks et al, 1982). In a study by Tackett et al 

( 1 W6), supplemental fat caused a decrease in acetat e whiie pro pionate increased. 

Unsaturateci fatty acids undergo extensive biohydrogenation with estirnates surnmarized fiom 

the literature ranging from 60-90% (Grummer, 1991). Thus, it is obvious that a d'icuity 

arises when trying to increase unsaturateci fatty acid flow out from the rumen. 

Biohydrogenation may alço lead to an unnaturally high total tract digestibility ofPUFA's while 

the digestihility of C 18: O could appear negative (Grummer, 199 1). 

Microorganisms utilize carbohydrates as precursors for de nova synthesis of microbial 

lipid in the rumen (Jenkins, 1993). The review by Jenkins (1993) suggests bacterial lipid may 

arise either from the diet (uptake of long chain fatty acids) or from manufacture within the ceil 

itseif. Contribution fiom each source depends both on the dietary makeup and the particular 

species of bacteria. Adding more fat to the diet will result in some species increasing their 

uptake from this source. Stearic acid and Cl60 are the main fatty acids produced by the 

bacteria generally in a ratio of 2: 1. Acetate and glucose result in straight chain, even 

numbered fatty acids while propionate or valerate result in odd numbered long-chah fatty 

acids. Isobutyrate, isovalerate and 2-methylbutyrate serve as primers for branch-chah fatty 

acids. The total lipid component found in bacterial dry mass fdls in the range of 10-1 5%. 

Monounsaturated fatty acids synthesized by the rumen bacteria make-up approximateiy 15- 

20% of bacterial fatty acids. Wu et al (1991) found that fatty acids were selectively 

synthesized by the ruminal microorganisms. The VFA's undergo an anaerobic pathway 
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formïng C 10 which is then converteci to P-hydroxy Clo. A dehydratïon step then follows. 

In the case of MUFA formation, which make up 1520% of fatty acids synthesized by 

bacteri4 P-hydroxy C 10 is dehydrated in the p,A position forming cis-3 decenoate rather than 

trans-2-decenoate, as in the case with the formation of saturated fatty acids (Jenkins, 1993). 

No reduction occurs in the next step by CIO-enoyl reductase due to this position of the 

double bond. Thus, this bond remains through elongation resulMg in C 16: 1 and C 1 8 : 1 

(Figure 4 ). MUFA's rnay aiso be formed by anaerobic desaturase activity found in rumina1 

bacteria acting to convert stearic acid to oleic acid. Little, if any, PUFA's are formed from 

bacterial synthesis except in cyanobacteria. Exogenous uptake of prefomed PUFA is largely 

responsible, therefore, for most of the fatty acids of this type found in the microbes. The fat 

which then ends up in the milk can be said to be both of dietary and rnicrobial origin (Jenkins, 

1993). 

Rumen metabolism of fats including lypolysis, microbial fatty acid synthesis and 

biohydrogenation have been extensively covered, in whole and in part, in several excellent 

review papers and books (Jenkins, 1993, Gmmrner, 1 99 1, Banks et al, 1 982, Palmquist and 

Jenkins, 1980, Maynard et ai, 1979, Viviani, 1970). A bief sumrnary, according to Jenkins 

(1 993) is as folIows. After hydrolysis of esterified plant lipids, free fatty acids are released. 

Specificdly, Anaerovibrio liply~icu, a species of bactena fomd in the nimen, manufactures 

a lipase and ceIl bound esterase. Membranous substances made up of protein, lipid and 

nucleic acid surround the extracellular lipase which results in complete hydrolysis of 

acylglycerols to free fatty acids and glycerol. Few mono- or diglycendes remain. The 

glycerol then undergoes rapid fermentation with propionic acid as the main end product. The 



Figure 4: Synthesis of monounsaîurated fatty acids by m e n  microbes (anaerobic). 
Adapted f7om Jenkins (1 993). 
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esterase activity of this microbial species is lower than other, non-lipolytic bactena At les t  

seventy-four bacterial strains have been identifid which were capable ofhydrolysing the ester 

bond in p-nittrophenylpalmitate. Not d bactena producing esterases are able to hydrolyze 

lipid esters. Only a few bactena have the ability to hydrolyze long chah fatty acids. 

Galactolipids and phospholipids are also subject to hydrolysis releasing fatty acids. Enzymes 

such as phospholipase C, lysophospholipase and phosphodiesterase are some of the 

phospholipases produced by rumen bactena which also produce galactosidases. 

The rate at which the biohydrogenation of unsaturated fatty acids to saturated fatty 

acids by the rumen microbes takes place is relatively quick (Grummer, 199 1). The protection 

of fat, such as encapsdation of lipids to escape microbiai metabolism, reduces hydrogenation 

of fatcy acids in the rumen. In the absence of such protection, the cis-12 double bond in 

unsaturated fatty acids is converted to a trans-1 l isomer by an isomerization reaction 

(Jenkuis, 1993). The fatty acid mun have a free carboxyl group in order for the isomerase 

to operate. Those fatty acids such as C18:2 and other PUFA also contain a cis-9 double 

bond. Hydrogenation of this bond occurs after the trans- 1 1 bond is formed from the cis- 12 

diene double bond by a microbial reductase. Conversion of C 18: 1 to C 18:O depends upon 

conditions in the rumen. Cell free rumina1 fluid and the presence of feed particles promotes 

complete hydrogenation. Substantial amounts of Iinoleic acid, on the other hand, cause 

irreversible inhibition (Jenkins, 1993). 

Fat must first be broken down into glycerol and free fatty acids before it can be 

metaboiized by bacteria. The glycerol is then converted to propionic acid which cm be 

absorbed through the rumen wall (Banks et al, 1982). Also, not al1 unsaturated fatty acids 
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undergo cornpiete hydrogenation. A few of the intermediates f o d  nom PUFA are stable 

enough to pass out of the rumen before complete reduction These are then absorbed and 

ultimately transported to the mammary gland. The most cornmon of these intermediates is 

tram- 1 1 C 18: 1 or vaccenic acid (Banks et aI, 1982). Large amounts of unprotected, 

unsaturated fatty acids can also over ex& the capacity for biohydrogenation (Grummer, 

1 994). 

Dietary sources of fatty acids in the dairy cow's diet arise rnainly nom supplemental 

fat. Forages, and other typical dairy feed ingredients, are inherently low in fat. It must also 

be noted that up to 50% of forage and 20% of grain ether extract material rnay not be fatty 

acids (Palmquist and Jenking 1980). Substances such as cuticular waxes and various plant 

pigments (such as chlorophyll) as well as other unsaponifiable material are also present. 

However, 40 g of ether extractkg DM is an approximation for ruminants. Forages contain 

approxirnately 40% of this as fatty acids, while grains fa11 in the range of about 70% (Jenkins, 

1993). The fatty acids found in the highest concentration in seeds is generdly C 18:2 whereas 

C 182 usually predorninates in forages (Palmquist and lenkins, 1980). There are exceptions 

such as flaxseed, which is very high in C 18:3, and soybean oil, which also contains significant 

amounts of Cl8:3. Fatty acids make up 90-95% of the lipids in most fat supplements 

(Grummer, 1 99 1). They are usually greater than 14 carbons in length and 75% consist of C 1 8 

fatty acids. The arnount of unsaturation varies (Gnimmer, 1991). Cottonseed, soybean and 

sunfiower seed contain greater than 50% PUFA. Canola oil, tailow, oleic acid nch sunfiower 

and safnower are relatively high in monounsaturates (GNmmer, 199 1). Animal fats are the 

main sources of saturated fats (Hutjens, 1993). Fat supplements include oilseeds, tallow, 
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rumen pro tected fats such as calcium soaps of fàîty acids, prilled fatty acids encapsulateci fat 

(joined to a protein matrix), and heat or chemically treated fats (such as foddehyde)  (Pires 

et al, 1 996, Jenkins, 1 995, Salfer et al, 1995, Grummer, 1 994, Kenneily and Khor& 1 992, 

Scott et al, 199 1, Linn and Otterby, 1986). Sources of fatty acids include TG from cereal 

grains, oilseeds, and animal fats; glycolipids (2 fatty acids plus 1 sugar on glycerol) found in 

forages and phospholipids, which are only a minor part of most feedstuffs but make up a 

major portion of some supplements. Although diets today are as high as 8% fât (of total DM 

intake), past diets usually comprised no more than 5% (Palmquist and Jenkins, 1980). Diets 

which are too high in unprotected levels of unsaturated, non-esterified fatty acids should be 

avoided due to interference with microbiai fibre digestion (Gnimmer, 1994) and 

hydrogenation (Banks et al, 1982). When fat added to the diet contains a large proportion 

of double bonds in the fatty acids on the TG, low fat milk syndrome occurs. However, the 

alteration of the VFA pattern is modest. Therefore, it appears that some upset in niminal 

hydrogenation is also occurring, rather than simply an alteration in VFA pattern (Banks et al, 

1982). Rumen methane production, and hence biohydrogenation, may also be disrupted by 

long-chah saturated fatty acids in the diet (Banks et al, 1982). Polyunsaturated fatty acids 

result in the greater interference on mminal hydrogenation (Banks et al, 1982). Levels above 

8% total fat (DM basis) can lead to several difficulties. Ruminants require sources of energy 

which can be converted to glucose and lactose and fat cannot be used in these conversions 

(Palmquist and Jenkins, 1980). Bovines depend more on non-glucose metaboiites for energy 

metabolism than monogastrics. Fatty acid output in rniik generally exceeds intake from the 

diet (Palmquist and Jenkins, 1980). Therefore, lipid metabolism is very important to the 



energy reserves of the lactating ww. 

Post-Ruminal Fatty Acid Metabolism, Absorption and Transport 

The digesta leaving the men contains largely saturated NEFA's arising from the diet 

and microbes (70% of NEFA leaving the rumen) with approxirnately 10-20% microbial 

phospholipids as well (Bauchart, 1993, Palmquist and Jenkuis, 1980). These are usuaily 

insoluble and complexed ionically with particulate matter (Bauchart, 1993, Palmquia and 

Jenkins, 1980). Triglycendes from any protected Fats which may have been fed would make- 

up part of the digesta, again dong with the solid matter. The abomasum and duodenal digesta 

range in pH from 2.0 to 2.5 which fully protonates the NEF& further maintainhg adherence 

to the solid portion of the digesta (Bauchart, 1993). 

The form, level of intake and amount of saturation are ail critical factors influencing 

post-ruminai digestion. When cows were fed full fat crushed rapeseed, fatty acid digestibility 

decreased From 9 1 -4% to 76.4% for 2 kgs added supplement and to 84.2% when fed only 1 

kg (Murphy et al, 1987). Pantoja et ai (1996), fond that cows which were fed supplementd 

fat (saturated tallow, tallow or animal-vegetable fat) tended to show a greater disappearance 

of total fàtty acids in the rumen than those fed diets with no added fat. Apparent digestibility 

was greater in the smail intestine for total fatty acids in those cows fed the control diet (no 

added fat). As the fat saturation increased, particularly saturated tallow, apparent digestibility 

was reduced. In the study by Pantoja et al (1996), the diets supplemented with the animal- 

vegetable blend were also examined with three different levels of fibre, 40% forage, 40% 
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forage plus 20°!% soyhuiis and 60% forage. This had no effect on the apparent digestibw of 

the fàtty acids. Ruminant animals are capable of digesting moderate levels of Fat efficiently 

and faîty acid digestion may be even more efficient in ruminants than in monogastrics 

(Gnimmer, 199 1). However, in generai, ruminants show lower digestibilities for unsahiratai 

fatty acids than non-ruminants whereas the opposite effect is shown for saturated £àtty acids 

(Palmquist and Jenkins, 1980). Wu et al (1991) found that 75% of fatty acids were recovered 

at the duodenum when five diets, fed in a 5x5 latin square, contained either no added fat, 3 

or 6% added Ca-soap (largely saturated) or 3 or 6% animal-vegetable blend. Rumen 

microorganisms produced 106 g/d irrespective of diet. Odd or branched chah fatty acids 

were synthesized most often while those of less than 14 carbon atoms disappeared to the 

extent of 90%. The Ca-soap protected fat showed 5 7% biohydrogenation while the animal- 

vegetable blend was hydrogenated to the extent of 87%. Wu et al (1 99 1) also found that the 

fatty acids in the calcium soap were 80% digestible whereas the animal-vegetable blend was 

75.7% digestible. This difference was attributed to the greater amount of unsaturation in fàt 

reaching the small intestine. Thus degree of fatty acid saturation can affect postruminal 

digestibility, with C18:O less digestible than C16:O which is less digestible than C18:l 

(Maynard et al, 1979). However, it is likely due to the distinctive interaction of bile acids, 

lysolecithin, oleic acid, particdate matter and the acidic pH in the upper small intestine that 

saturated fatty acids show a higher degree of digestibility in ruminants (Palmquist and Jenkins, 

1980) than non-ruminants. For example, stearic acid is better digested and utilized in 

ruminants vs non-ruminants (Maynard et al, 1979). The digestibility of saturated fatty acids, 

when fed as part of an oil, led to the conclusion that the monomeric dispersion of SFA may 
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inaease smaii micelle formation and more efficient absorption (Steel, 1983). Hydrogenated 

tallow, however, has a low digestib'ity which is amibuted to it's hardness or high rnelting 

point (Palmquist and Jenkins, 1980, Gnimmer, 199 1). When tdow was melted and applied 

to the concentrate, the digestibility was increased from 30% (tallow fed as a solid flake) to 

40% (Macleod and BuchanamSrnith, 1972). Also, as chah length increases, saturateci fatty 

acid digestibility is signincantly lower (Grummer, 1991). Data generated by Jenkins and 

Jemy (1 989) showed that C M O  and C l6:O were 36.5% and 22.3% more digestible when 

unhydrogenated yellow grease vs hydrogenated yeilow grease were fed. This iead to the 

conclusion by Gnimmer (1991) that the presmce of PUFA's may help in the digestion of 

SFA's. Upon reaching the small intestine, a biphasic medium has fomed containing an 

insoluble particulate phase with attached fatty acids and a soluble rnicellar phase wherein the 

fatty acids are dissolved (Bauchart, 1993). The insoluble phase slowly undergoes a transfer 

of fatty acids to the soluble phase dong the intestinal tract. Approximately 5% occurs in the 

duodenum , 20% in the upper jejunum, 25% mid to lower jejunum and finally 50% in the 

ileum (Bauchart, 1993). Bile is secreted in the duodenum which Ieads to an interaction of FA 

with the bile phospholipids and water. A liquid crystalline phase forrns and as pH increases, 

dispersion in the presence of bile salts occurs and the micellar phase is fomed (Bauchart, 

1 993). Fatty acid absorption through the unstirred water layer covering the microvik and 

subsequently the mucosal cells of the intestine is aided by the alteration of the bile 

phospholipid to lysophospholipids. This in turn stimulates micellar solubulization of the FA. 

Passage tluough the aqueous layer is thus improved (Bauchart, 1993). However, Bauchart 

(1  993) suggests that the cellular structure of feeds may impair the availabiiity of fatty acids 
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for micelle formation. In the lower pH of the duodentun, the fatty acids are emuisifïed by 

taurochoiic a d ,  phosphatidyl choline and phosphatidyl ethanolamine according to the review 

by Palrnquist and Jenkllis (1 980). Dispersion into micelles then follows. Pancreatic lipase and 

phospholipase activity increase the oleic acid and lysolecithin content as the pH increases. 

This nirther promotes the formation of micelles and absorption of the fatty acids. One-acly 

lysolecithin, fatty acid and some 2-monoglyceride are thus absorbed by the mucosa of the 

intestine. Pancreatic lipase activity is dependent upon adequate emulsification of fat 

(Gnimmer, 1 99 1 ). 

Sumrnarizing the review by Bauchart (1993), the majority of the fatty acids (5565%) 

in traditional dairy diets are absorbed by the middle and lower jejunum. The pH in the rnid 

to lower jejunum ranges from 4.2 to 7.6. Approxmately 15-25% are absorbed in the upper 

jejunum (pH 2.8 to 4.2). With diets containing protected lipids, the situation differs slightly. 

A biphasic system forms as usual, with an oil phase and a rnicellar phase. The TG are 

transformed into 2-monoacylgiycerols and 6ee fatty acids which is a significant factor in the 

micellar solubilization of free fatty acids. Pancreatic lipase and colipase are the enzymes 

responsible for these conversions. Under these dietary circurnstances, and an optimal pH of 

7.5 for lipase activity, the hydrolysis of TG and therefore fatty acid absorption, does not occur 

before the mid-jejunum. In diets that are low in fat (2-3% DM), the range of intestinal 

absorption coefficient is from 80% for individual saturated fatty acids to 92% for PLJFA. 

Ruminant animals have a tremendous ability to solubilize FA through the bile salt and 

lysophospholipid micellar systems. Low concentrations of pancreatic bicarbonate lead to a 

lower pH and more acidic conditions in the duodenum and jejunum (pH 3-6). The formation 
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of insoluble Ca-soaps with the saturated fatty acids is thus largely restricted. Therefore, the 

higher efficiency demonstrated by ruminants to absorb saturated fatty acids is defined. 

Apparent intestinal fatty acid digestibiiïty is high due to the dilution of bile FA and bacterial 

FA produced in the large intestine. True digestibility appears to decrease fiom 95 to 78% 

when intake of FA increases fiom 200gld (I%DM) to 1400g/d (8YoDM). A decreased 

activity and presence of biliary Lipids such as bide saits and phospholipid and pancreatic lipase 

are indicated. This is believed to af5ect fatty acid absorption when the intake of dietary fat 

is high. With the absence of 2-rnonoglycerides, phospholipid micelle formation is more 

critical in ruminants vs. monogastrics. If, however, oil is infùsed in the proximal duodenum, 

similar FA digestibilities are obtained even when using high levels of fat, with or without 

tecithin. 

Fatty acids iess than fourteen carbons are absorbed directly into the blood, where they 

are transported in non-esterified form and undergo rapid oxidation (Palrnquist and Jenkins, 

1980). One-acyl-lysolecithin is easily absorbed and shows preferential estenfication with 

linoleic acid thus ensuring availability of this essential fatty acid for the ruminant (Leat and 

Harrison, 1974). Linoleic acid in lymph makes up 50% of the phospholipid which is 20% of 

the intestinal lymph lipid (Leat and Harrison, 1974). Higher fat diets cm cause dif£iculty with 

micellar solubilkation and absorption of fatty acids (Bauchart, 1993). Even though Wu et 

a1 (1991) found that the digestibility was better with the Ca-soap supplement than the 

animdvegetable blend, neither diet surpassed that of the control with no added fat. These 

rewlts were found when cows were fed a diet containing emulsified fat which had a higher 

digestibility (86% vs 80%) than a low fat, control diet (Bauchart et al, 1987). The intestines 
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(intestinal epithelium) a h  have the capability to desaturate saturateci fatty acids. Stearate is 

converted to oleate and ensures the fluidity of miik fit for efficient secretion by the rnarnrnary 

gland (Gnimmer, 1991). However, since milk contains fair amounts of C18: 1, and 

considering the extensive biohydrogenation by the rumen, most ofthe conversion takes place 

in the mammary gland as little is attributed to the intestinal desaturase activity (Grunmer, 

1991). The proportions of C18: L to Cl8:O in III& is generady between 2: 1 to 3: 1 . 

Conversely, the ratio in TG-rich lipoproteins in plasma in approximately 1:2 (Gnimrner, 

1991). 

Chylomicrons synthesized fiom the intestines incorporate fat derived from the diet 

(Gmmmer, 1 99 1 ). Plasma iipoproteins hction mainly to transport lipids from intestine and 

liver to the peripheral tissues, including the marnmary gland (Bauchax-t, 1993). The chernicd 

composition and rate of secretion of these cornpounds are extremely important in the control 

of lipid utilization and therefore, the quantitative and qualitative properties of milk (Bauchart, 

1993). Lipoprotein molecules can be equated with pseudomicelles due to it's hydrophilic 

cornponent of phospholipid, fiee cholesterol and apo-iipoprotein present on the surface of the 

particles and their hydrophobic core containing lipids (TG and cholesteryl esters) @auchart, 

1993). Thus they are soluble in plasma, lymph and the intestinal or foliicular fiuids. 

According to the review by Bauchart (1993), the plasma lipoproteins are divided into five 

main density classes, each reflecting the lipid-protein content of the particle. These categories 

are chylomicrons, VLDL, D L  (intermediate density lipoproteins), LDL and HDL. 

Chylomicrons are the largest and have the lowest density (Lapland et ai, 1990). TG 

is removed from this fraction (as well as from VLDL) very rapidly, ranging fiom 2 to 11 
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minute half-iives (Phquist and Jenkins, 1980). The intestine produces and secretes 

chylornicrons after the consumption of a diet containhg fat. These chylomicrons bction to 

transport dietary TG to adipose tissue and the mammary gland for production of fat 

(Bauchart, 1993). They may also undergo oxidation if a requisement for energy is present 

(Bauchart, 1 993). Dietary PUFA and increased fat in the diet stimulate chylomicron synthesis 

whereas saturated fatty acids are more often associated with VLDL. Harrison et al (1974) 

found after 24 hour infusion of corn oil into the duodenum of sheep, 38.5% of the lipids in 

the lymph were in VLDL and 61.5% were found in chylomicrons. Table 5 gives a 

cornparison of the various components in chylomicrons and VLDL in the plasma and lymph 

TG in the bovine. According to Bauchart's review (1993)- VLDL is also responsible for the 

transportation of TG utilizing the portal vein as the main pathway from the intestines. High 

fat diets increase VLDL concentration, however, these are generally low (0.5% of total 

lipoproteins), likely due to the quick turnover of the VLDL pool. A large amount of TG, 

increased phospholipid, but little cholesteryl ester are incorporated by the VLDL. The TG 

fatty acid composition is not altered by dietary fat to any great degree, largely as a result of 

biohydrogenation in the rumen. Hydrolysis of TG fiom chylomicrons and VLDL compounds 

by lipoprotein lipase generates large amounts of free FA'S for tissues such as the mammary 

gland, hart, sketetal tissue and adipose tissue (Bauchart, 1993). This takes place at the 

capillary epithelium. Degradation of VLDL results in the DL, an intermediate between 

VLDL and LDL. IDL is not found in any great concentration in the plasma or lymph. LDL 

is the end product of the breakdown of VLDL, not being found in very large concentration 

in plasma or lymph either. In general, 48% of total lipids found in this class are cholesteryl 



Table 5 .  Percent of various components in the chylomicrons and very low density 
lipoprotein in lymph and plasma of bovines. 

Chylomicrons VLDL 

Component L Y ~ P ~  Plasma L P P ~  Plasma 
(W 

Free 1 -2 4-6 1-2 3 -9 
cholesterol 

Cholesterol 1-8 1 -4 1-2 5-15 
ester 

P hospholipid 8-20 4-5 10-12 12-17 

Adapted from Bauchart ( 1  993). 

Table 6 .  Differences in lipid composition of low density lipoprotein between plasma and 
lymphe 

LDL 

Component (%) L Y ~ P ~  Plasma 

Free cholesterol 

C holesteryl esters 

TG 

Phospholipid 1 22-33 1 8-22 
Adapted from Bauchart ( 1  993). 
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esters, 27% phospholipids, 1 û% &ee cholesterol and 1 5% TG. Some dinerences between the 

lymph and the plasma were found with LDL (Table 6). Plasma HDL plays a major role in 

the transport of cholesteryl esters and with the exception of the intesthai lymph, HDL are the 

main plasma iipoproteins. The liver and intesMe produce and secrete HDL. The HDL 

fùnctions to r e m  cholesterol from peripheral ceiis to the liver for excretion with bile and the 

production of new VLDL. Plasma HDL plays a signincant role in cholesteryl ester transport 

in ruminants. Two forms, light and heavy are present, dXFering in size, density and lipid 

composition (Table 7). Also present in bovine plasma and lymph are very Iight HDL, with 

a density ranging fiom 1.039-1.060 g / d  (Bauchart, 1993). During lactation, light HDL 

concentration is high compared to heavy HDL (Bauchart, 1993). High fat diets increase TG- 

nch lipoprotein secretion. This is also the case with the liver when NEFA content is high in 

early lactation. This results in major lypolysis of these particles and quick turnover in the 

vascular system. Utilizing a curve anaiysis of FA radioactivity disappearance in rnilk fat, 

results indicate that the contribution to milk fat from TG-rich lipoproteins ranges from 44- 

47% (Palmquist and Mattos, 1978, Glascock and V.A. LVelch, 1974). Triglycende, some 

mono and diglycerideq phospholipid and cholesterol are united with specific apolipoproteins 

and leave the intestine via the absorptive ceUs into the lamina propria (Stemng et al, 197 1, 

Tytgat et al, 197 1) to the lymph lacteals (Palmquist and Jenkins, 1980). Apolipoprotein's 

have many different classes (for example A- 1 or B-100) and are involved in many functions 

including particle formation, recep tor b i n d i i  LC AT Oecit h:cholesterol acyltransferase) 

activation, LPL (lipoprotein lipase) inhibitor a d o r  lipid binding dependhg upon which class 

the apolipoprotein is. They are synthesized in the liver a d o r  intestines and are distributed 



Table 7. Density,size and Lipid composition of high density lipoprotein in plasma. 

Free cholesterol (%) I 4-6 1 -4 

Light H e a ~  

C holesteryl esters (%) I 29-33 13-29 

Density Wmi) 
size (a) 

TG (%) 1 1 -3 1 -6 
Adapted fiom Bauchart (1993). 

1.060- 1.09 1 1.091-1.180 

120-150 93-120 
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in the plasma in chylomicrons, VLDL, LDL and HDL or combinations thereof @auchart, 

1993). 

Post-ruminal hydrolysis ofTG by mammalian enzymes is probably limiting (Grummer, 

199 1). Diarrhea was induced with post-niminal infusion of soy oil whereas this does not 

occur when it is fed (Grummer, 1991, Grummer et al, 1987). Thus, Grummer (1991) 

indicates that in order to increase efficiency of m.& fat alteration, limitations in the 

digestibility of TG'S and fatty acids post-ruminally should be addressed. 

Potential to Alter Milk Fatty Acid Composition 

There exist cenain bioiogical barriers, such as the biohydrogenation of dietary fatty 

acids in the rumen, which must be overcome in order to achieve a more desirable, tess 

saturated, milk fat. Several different feeding strategies have been explored, some with mixed 

results. Heat treatment, extrusion, whole oilseeds, chernical treatments such as butylsoyamide 

or formaldehyde, prilled fatty acids and Ca-saits of long chah fatty acids are some of the 

techniques which have been examined to determine their effectiveness in providing protection 

from rumina1 hydrogenation. Polyunsaturated faîty acids may undergo hydrogenation to the 

extent of 60-90% in the nimen, as stated previously (Grummer, 1991). Thus, it remains 

crucial to provide some sort of protection if they are to be passed into the milk fat. 

The effect of feed and feeding management has been covered in several excellent 

reviews (Palmquist et al, 1993, Gmmmer, 199 1, Sutton, 1989, Banks et al, 1982) and thus 

will not be covered extensively here. In general, short, medium and long chain fany acids 
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C 12:O to C16:û, are reduced when fat is supplemented to the diet while C 18 fatty acids show 

some increase, regardless of fom of fat fed (ground, whole, roasted etc). Oleic acid is oflen 

the fatty acid found in larger proportions and is oftm not reported as levels of cis or the trans 

isomers. Processing oiIseeds may increase the effect of the amount of unsaturated fany acids 

in milk (rofing, h&g etc), however, uniess the supplement is truly protected fiom the 

rumen, levek of tram-fatty acids are kely to increase (Khorasani and Kemeiiy, 1994) and 

the magnitude of change in PUFA is unlikely to be as great. Linoleic and C 18:3, show little, 

if any, increases udess the fat is protected. Thus, ifthe objective is to increase the proportion 

of these fatty acids in the milk, then it remains prudent to focus on those studies which 

examine methodologies designed to protect the fat either through physical form (oilseed vs 

whole seed vs ground) or processing (heat, encapsulation in a protein matri.. etc), nom 

biohydrogenation in the rumen. Briefly, however, the aforementioned feeding strategies nich 

as forage:concentrate ratio, feeding Eequency, intake and level of supplementation will be 

addressed as to their effects on the fatty acid composition of milk. 

The opportunity does exist to alter the fatty acid composition of milk simply by 

manipuiating the forage portion of the dairy cow's diet (Fredeen, 1996). The feeding of low 

roughage diets tends to decrease yields and percentages of C6: O to C 14: 0, whereas there is 

some increase in C 18:2 (Gnirnmer, 199 1). Although the yield (g/d) of C 18: 1 is reduced on 

a Io w roughage diet, the proportions of C 1 8: 1 and C 1 8: 2 are increased (Table 8) (Gmmrner, 

199 1). This is Likely due to the negative effects a low roughage diet has on milk fat yield, 

faster mmen turnover time and lower rumina1 pH (Palmquist et al, 1993) seen on high 

concentrate, low roughage diets. This would allow more escape of C l8:2. Manipulation of 



Table 8. Effect of roughage level on milk fatty acid composition and yield. 

Fatty Acid 
... -- 

Yield (g/d) Profile (%) 

msh Low Low 
Roughage Roughage Roughage Roughage 

C 18:2 14 18 2 5 

1. Adapted from Gnimmer (1 99 1 ). 
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the fatty acid composition would be most drastically affecteci if the level of fibre present in 

the diet is enough to maintain the percentage of mük fat (Gnimmer, 1991). Only haifof the 

fatty acids (20%) were transferred to the milk fat when a low roughage diet was fed 

compared to previous studies utiliring high fibre diets (40%) (Stony et al, 1974). However, 

in order to maximize C 18: 1 increases, it may be more desirable to utilize a combination of 

supplemental fat and low roughage diets (Grumrner, 199 1). This is supported by Hussein et 

al (1996) whose results suggested that treated whole canola seed was more beneficial in 

altenng rnilk fatty acid composition when fed with Iow roughage diets. Nevertheless, this 

would not be desirable if the rnajority of the C 18: 1 ended up in the tram form due to 

hydrogenation in the rumen. 

Increasing the frequency of meals from 2 per day to six had an effect on reducing the 

depression of milk fat caused by high concentrate, low roughage diets (Sutton et al, 1985, 

Sutton et al, 1986). This strategy rnay be utilized in conjunction with the benefits to milk 

fatty acid composition seen above on low roughage diets. Increasing the number of feedings 

from 2 per day to 24 increased the milk fat percentage obtained with only 2 feedings. The 2x 

a day feeding resulted in a decrease in milk fat. Although the long-chah fatty acids had 

increased with the added oil, little effect on fatty acid composition was seen (Banks et al, 

1980). Grumrner ( 199 1 ) concludes that feeding frequency will affect milk fat yield but does 

Iittle to alter milk fatty acid composition. According to the review by Sutton (1989), 

increasing the intake while maint aining the forage: concentrate ratio results in decreases of 

milk fat ranging fiom -0.003% unit/MJ NE, to O-. 1 % unit/'MJ NE,. Paimquist et al (1 993) 

state that at higher grain intakes (X0% of DM), milk fat percent decreases. This dso results 
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in the alteration of fatty acid composition, with short chah fatty acids decreasing and 

increases shown by C l8  fatty acids, depending on grain source and fat. This is in keeping 

with the results obtained on low roughage diets. Barley tends to result in little change of 

short chah fatty acids while yeliow corn caused marked increases in C 18: I and C 18:2. The 

depression in short chah fatty acids was likely due to decreased acetate or the large amount 

of tram unsaturated fatty acids (present keiy in the C 1 8: 1 fiaction). Higher levels of C 1 8: 2 

likely resulted tiom a decrease in lipolyis due to lower ruminal pH and therefore some escape 

of C 1 8: 2 (Palmquist et al, 1993). 

Grumrner ( 199 1 ) summarizes several studies concluding that the levels of C4: O to 

C 14: 0 fatty acids decreased as Iipid supplementation increased, relazive to the other fatty 

acids. When the level of saturated fatty acids in the supplements were greater, a trend 

towards a less extreme reduction in C4: 0 to C 14: 0 was seen. The decrease in C 16: 0 showed 

more variability depending on the supplement and the amount of depression that occurred 

appeared to be negatively correlated to the amount of C 16:0 present in the diet. Feeding high 

levels of palm oil may reverse the eEects of C16:O depression, for example. This is not 

necessarily desirable from a human health standpoint. As the amount of supplementation 

increased, proportions of C 18:O to C 18: 1 increased, particularly with soy oil or tallow. 

Supplementation of oil fed as part of a whole oilseed beyond 3% of the diet resulted in less 

spectacular increases of these two fatty acids. Pantoja et al (1996), found increasing levels 

of C 18: 0 and C 18: 1 in milk fat as fat saturation decreased indicating higher unsaturated C 18 

intake and hydrogenation in the m e n .  Hïgher Eit supplementation resulted in decreased C8:O 

to C15:0, with variable effects on C 18:n, those fatty acids 18 carbons in length regardless of 



degree of saturation (Palmquist et ai, 1993). When attempting to alter milk fatty acid 

composition, utilizing a suppiement with a desirable fatty acid pronle fiom a human health 

perspective would be of most interest if the capability exias to p a s  some of those positive 

aspects into the milk. The physicd form (free oil vs whole oilseed) a d o r  processing 

(chernical, heat etc.) ofthe supplement becomes cruciai. In order to pass a desirable fatty acid 

profile into milk fat, in tems of polyunsaturated fatty acids and omega-3 faîty acids, 

protection fiom hydrogenation in the rumen must be accomplished. Although the inclusion 

of unprocessed or rolled flaxseed reduced short-chah and saturated fatty acids as reported 

by Kemeliy ( 1994), the effect is likely a result of decreased acetate and butyrate in the rumen, 

inhibition of mammary synthesis by long chah fatty acids and increased digestion in the lower 

gut due to the rolling. Adequate protection from the rumen was uniikely as there was little 

change in PUFA such as C 18:3. Though the reduction of the saturated fatty acids may be 

deemed positive, the magnitude of the changes were not as great as when fat is protected 

from hydrogenation in the rumen or infused directly into the abomasum (Kennelly, 1994). The 

gap between the ideal milk fat (as stated previously) and typical rniik fat would likely be too 

great to be accomplished by even the most extreme dietary modifications (Schingoethe et al, 

1996, Gmmmer, 199 1 ). Potential exists, nonetheless to signrficantly alter and improve the 

fatty acid profile of milk from a consumer perspective and thus deserves attention. 

Oilseeds, such as sunfiower seed, offer some protection from hydrogenation in the 

mmen via their seedcoat. Ekeren et al (1992) found that when high oleate sudower seed 

(80% oleate in oil) was used, either partidly crushed, serum coated or heat treated and semm 

coated, that the seed/senirn/heat treatment offered limited ruminal bypass. Duodenal digesta 
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contained 1,073 ug/g C 1 8: 1 and 2 16.9 ug/g C l8:2 with the seed/sentm/heat treated 

supplement vs that of 27 uglg C18:1 and 115.6 ug/g C18:2 in the control. This was not, 

however, found to be signincant. M c W e y  and Schingoethe (1982) found that the mille fat 

fiom cows fed whole sudower seeds (whole, roiied or extmded whole) contained more 

C 1 8: O, C 18: 1, C 18: 2 and C 1 8: 3 fatty acids than did the corn-soybean meal control (with no 

added sunflower seeds). The extruded and roiled sudower seeds did not significantly m e r  

in their effects on milk fàtty acid composition except for C 18:2, where the milk fat f?om cows 

fed the rolled sunflower seeds had 2.47% C18:2 and the extruded contained 4.19%. 

Rafalowski and Park (1982) fed complete rations containing either 0, 10,20 or 30% whole 

sunflower seeds in the concentrate portion of the diet. Oleic acid was increased by feeding 

whole sunfiower seeds while fatty acids of chah length C6: 0 to C 16: 0 were depressed. In 

this case, C 182 was present in the greatest quantity in the control diet which was significantly 

different (PC.05) for this particular fatty acid. 

The feeding of whole flaxseed resulted in a linear increase of C 18:0, C 18: 1, C 1 8:2 and 

C 18: 3 when 5, 10 and 15% who1e flaxseed was added to diets vs that of no added flaxseed 

(Kemelly and Khorasani, 1992). Whole cottonseeds fed at 0, 10, 15, or 20% of a TMR dso 

resulted in decreased proportions ofC6:O to C 16:O and increased C 18:O and C 18: 1 fatty acids 

in the milk (Depeters et al, 1985). However, in this case, feeding whole cottonseed did not 

offer much protection to the oil contained in the seed fiom the m e n  microorganisms and 

subsequent hydrogenation. Feeding 10, 15 or 20% of the mixed diet as whole cottonseed 

actually lowered the proportions of C 1 8:2 and C 18:3 h m  the control diet. The result was 

not significant. The use of whole oilseeds seems to maintain milk fat, and in some cases, 



63 

increase the yield of milk fat. Therefore, changes to the d k  fatty acid profile rnay be wught 

without compromising milk fat percent (Grummer, 1991). 

Several authon have documented that f?ee oil results in miUc fat percentage decreases. 

In an experiment by Mohamed et al (1988), whole seed or whole roasted seed did not 

significantly affect miik fat percent, while &ee oil resulted in a decrease. When soybeans were 

use4 milk fat percent was 3 -59% for both whole and roasted seeds. The free oil resulted in 

a milk fat percent of 2-75 which was significantly different f?om the control of 3.53% (Pc.05). 

Cottonseeds, whole or roasted, resulted in milk containing 3.7% and 3.56% fat which was 

not significantly different (Pc.0 1) from the control of 3 -54%. Free oïl, however, once again 

resulted in a significant decrease in milk fat (2.99%) frorn the control (Moharned et al, 1988). 

This was likely due to ir-terference with rumen metabolism as proprionate was increased and 

butyrate decreased with the ffee oïl diets. The feeding of fat as part of a whole oilseed may 

also reduce the proportion of trans- 1 1 -C 18: 1 in the rumen, and subsequently the rnilk fat, due 

to the slower release of the oil from such supplements (Grurnrner, 199 1). From a human 

health perspective, the trans fatty acids behave like saturated fatty acids and are thus 

undesirable. Thus, the importance of developing and exarnining rnethodologies which would 

help protect PUFA's fiorn biohydrogenation in the rumen becomes even more clear. 

Roasting and heat treatments have been successfÙUy appiied to various supplements 

such as canola and soybeans to protect the protein from degradation by rumen 

microorganisms. However, it does not seem to offer much protection to the fat (Pires et ai, 

1996, Schingoethe et al, 1996). The milk fatty acid composition in the hidy by Mohamed 

et al (1988) was similar whether raiv or roasted seeds were fed. In an experiment by Pires 
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et al  (1996), ground roasted soybeans showed the greatest decline in miUc fat percentage 

compareci to whole roasted soybeans and two other diets comaining blood med and blood 

meal/tallow. Although the resdt was not significant, it was felt that the effect of the gound 

roasted soybeans was likely due to the rapid availability of the oil and it's effect on 

digestibility. Thus it does not appear that the heat treatment offered significant protection. 

However, anaiysis of fat from milk of cows fed extruded soybeans or rolled d o w e r  seeds 

showed an increase in the concentration ofunsahirated fatty acids and long-chah fatty acids 

over that of cows fed a control diet which did not contain added fat (Schingoethe et al, 1996). 

In this case, extruded soybeans increased the PUFA in milk more than the rolled sunfiower 

seeds. Heat treatment likely has less of an effect on the rate of oil delivered from extruded 

supplements than roasted supplements due to the release of oil during extrusion (Grurnrner, 

199 1 ). Feeding whole, roasted soybeans (WRSB) at 0, 12, 18, or 24% of diet DM did not 

effect milk production or rnilk fat percent negatively but did depress milk protein. The fact 

that the oil was encapsulated within the seed, and milk fat was not depressed, may lend 

further credence to the theory that feeding whole seeds offers some protection frorn the 

rumen to the fat contained in the seed. Supplementation with 12, 18 and 24% WRSB 

significantly increased rnilk fat percent from the control (K.05) (Knapp et al, 1991). 

Grinding may cause the release of the oil or increase the surface area allowing greater access 

by ruminal rnicroorganisms (Gmmrner, 1991). Heat offers Little protection to the fat as 

indicated by the results from ground, heat treated supplements which do not provide the same 

results as whole, heat treated supplements (Pires et al, 1996). Pires et al (1996), attributed 

the greater concentration of C 18:2 in the milk fat to the fact that biohydrogenation in the 
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rumen is not always complete and not due to any protection oEered as a result of the heat 

treatment. The roasted soybean diet had 28.41 mg/g of DM as C18:2 vs 1 1.65 mg/g DM in 

the controi, thus it seems likely that not aU of this was hydrogenated and therefore passed into 

the mi&. The utilization of Jet-Sploded Canola seed, a form of heat treatment, did not result 

in much, ifany, change in C 18:2 or C 18:3 in the rnik indicating these fatty acids were kely 

hydrogenated in the rumen (KenneUy, 1994). However, C l6:O was substantidy reduced 

while C 18: 1 was elevated, thus it was interpreted as ai hprovement in the nutritional quality 

of mik for humans. 

By far, the most drarnatic results which have been seen in the alteration of milk f a q  

acid composition has b e n  with supplements which utilize some f o m  of chernical treatment, 

particularly formaldehyde. In a study by Ashes et a1 ( l992), emulsification and encapsulation 

of canoia seed in an aldehyde treated protein matrix significantly decreased the arnounts of 

Cl6:O, C M 0  andC12:O withincreasesin theproportionsofC18:0, Cl8: 1, C18:2andC18:3. 

The increase of C 1 &mono- plus polyunsahirated fatty acids was 54% or 143 g/d. Plowman 

et al (1972) fed cows a diet with a formaldehyde treated saffiower oil with casein as the 

protein matrix. Linoleic acid was protected &om biohydrogenation in the rumen and 

increased from 3% to 35% of total fatty acids in rnilk. Linolenic acid content in milk has been 

increased to 22% (from an average of 2.5%) with efficiencies of transfer fiom the diet to the 

miUc fat of both linoleic and Iinolenic being as high as 3542% with formaldehyde protection 

to less than 5% when not protected (Gnimmer, 1991). Treating soybean meai with 

formaldehyde did not result in any effect on the level of formaldehyde in milk (Atwal and 

Mahadevan, 1994). Formddehyde is a natural product of intermediary metabolism in animals 



and is present in levels up to 0.027 mg kg-' in milk of cows on diets with no added 

formaldehyde (Atwal and Mahadevan, 1994). The treatment of whole canola seed with 

akaline H20, to weaken the seed mat yet protect the PWA resulted in increased amounts 

of C 18: 1, C 1 8:2 and C 18:3 flowing to the duodenum and post-rumùial digestion from that 

of crushed, unprotected seed (Hussein et al, 1996). Although this experiment utilized stems, 

it appears that some protection fkorn the m e n  was offered by the PUFA treatment and 

would thus be available to the mammary gland. Protected fats such as Ca-salts of palm fatty 

acids and prilled fatty acids are high in C 16:O and C 18: 1 and C 16:O and C 18:O respectively 

(Wu et al, 1993). Therefore, from the sandpoint of increasing PUFA in milk fat, these types 

of supplements do not provide much interest. In fact, in a study by Wu et al (1 993), although 

C 18: 1 was increased using Ca-salts and prilled fatty acids, it was not significant fiom the 

control and tailow had a greater effect. Proportions of C 18:2 were decreased by al1 

supplemental fat (tallow, Ca-dts  and prilled fatty acids), although again, this was not 

significant. Reactions of unsaturated fatty acids with primary amines produces fatty acyl 

amides which are thus protected from ruminal hydrogenation (Fotouhi and Jenkins, 1992qb). 

In a study by Jenkins et ai (1996), butylsoyamide, a combination of butylamine and soybean 

oil was fed to lactating dairy cows to examine its effect on the fatty acids of plasma and milk 

fat. The treatment protected the unsaturated fatty acids From biohydrogenation in the rumen 

and led to an increase in milk fat of C18:2 fiom 3.6% in the control to 6.28% for the 

butylsoyarnide fed cows. Ekeren et al (1992) treated high oleate sunflower seed in calcium 

alginate. This treatment did not protect the fat fiom biohydrogenation in the rumen or modie 

the adipose tissue fatty acid composition of heifers. Lignosulfonate has been utilized 
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successfiilly in several -dies to protect protein from niminal degradation (McAUister et aI, 

1993, W~ndschitl and Stem, 1988, Stem, 1984). Although no attempts have been made to 

determine the usefiilness of this methodology to protect fat, it may theoreticaiiy provide the 

benefit of a m e n  undegradable protein matrix which could encapsulate the fat thus providing 

protection fhm hydrogemtion by rumen microorganisms. The formation of a coat of cross 

linked protein which encapsulates the fat, providing protection from rumen lypolysis and thus 

hydrogenation, is what enables formaidehyde treated supplements to work so weII (Banks et 

ai, 1982). 

Stage of Lactation 

Due to the effêcts of mobilized adipose tissue in early lactation, it has been theorized 

that this would be the most difficult time to impose changes to the fatty acid composition of 

milk (Grurnrner, 1 99 1 ). Several studies did indeed utilize cows in mid to late lactation (Elliott 

et al, 1996, Wu et al, 1993, Scott et al, 199 1, Plowman et al, 1972). However, in a review 

by Gmrnmer (1 99 1)- stage of lactation and milk fatty acid manipulation have show various 

responses. In one case, a better response in mid relative to early lactation was show while 

in another, greater responses were found in early lactation. As the animal progresses to late 

lactation, nutrients are partitioned towards adipose tissue and this may effect results of fatty 

acids in milk arising fkom the diet. Interestingly, in a study by Stegeman et al (1 9Wa), adding 

BST did not affect the amount of C 18:2 in the milk fat although decreases in short, medium 

and long chah saturated fatty acids and increases in long chah fatty acids was seen. Funher 
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research is required, however, perhaps BST offers the potemial to increase the window of 

opportunity to alter milk fat and may be especiaüy beneficiai with protected supplements. 

DePeters et al (1 98S), found Me &kt on mik fatty acid composition when cornparhg cows 

in early fïrst lactation or older cows in eariy or late lactation. Bitrnan and Wood (1990), 

found that as lactation progressed, medium chah fatty acids increased and C 18, C20 and C22 

chah length decreased. This seems to indicate a lesser effect of diet on milk fat composition 

and synthesis. Triglyceride were fairly constant throughout lactation and the changes in mille 

total fatty acids were manifested in the phosphatidyl and phospholipid fiaction. These mik 

phospholipids are thought to be synthesized entirely in the marnmary gland. Salfer et al 

(1995) did not find any effects on milk composition (protein, fat, unsaturated, saturated, 

short, medium and long chah fatty acids) during the first 15 1 days postpartum when partially 

hydrogenated tallow was fed. They suggest delaying the feeding of such tallow until after 3 5d 

which did result in a greater persistency of lactation. Feeding whole sudower seeds in early 

lactation depressed the secretion of short-chah fatty acids while the arnount of C 18: 1 was 

increased (Rafalowski and Park, 1982). Several other studies have found sirnilar results often 

demonstrating effects on milk fatty acid composition from added dietary fat in early or mid- 

lactation (Schingoethe et ai, 1996, Jenkins et al, 1 996, Lightfield et al, 1993, Boila et al, 1993, 

Moharned et al, 1988, McGuffey and Schingoethe et al, 1982). This appears to be an area 

requiring fùrther investigation. 



FIaxseed and Milk Fatty Acid Composition 

Fiax oii utilkation in dajr diets has not received rnuch attention to date. As of 1994, 

hseed was implemented as a protein supplement only to a limited extent and data on the 

value of flaxseed as a protein supplernent is not extensive (Khorasani et ai, 1994). 

Nonetheless, the fatty acid profile of flaxseed makes it an ided supplement to alter milk fatty 

acid composition if it does not undergo extensive hydrogenation in the m e n  (Table 9). 

Flaxseed has been utilized in other species such as swine and poultry to successfufly alter meat 

and egg products (Romans et al. 1995a,b, Aymond and Van Elswyk, 1995, Caston and 

Leeson, 1990). In 1994, Broudiscou et aI, exarnined the effects of linseed oil on the 

degradation of feed and rnicrobial synthesis in the rumen of ciliate-free and refaunated sheep. 

Linseed oil was supplemented at 6% of the diet and was found to decrease protozoal 

numben, result in a higher propionatdacetate ratio and reduce hernicellulose digestion by 

direct inhibition of bacterial activity. Apparent organic matter digestibility was decreased in 

the rumen, however, the flow of microbial nitrogen at the duodenum was increased which 

resulted in an increase in the efficiency of rnicrobial protein synthesis. Due to the importance 

of a higher acetatdpropionate ratio and fibre digestion in high producing dairy cows in 

relation to rnilk fat, the above effects, in general, would not be desirable. Also, udess 

protected from the rumen, the high amounts of PUFA's present in flax would likely undergo 

extensive hydrogenation in the rumen, thus negating the potential benefits which could be 

passed to the milk fat. In a study by K e ~ e l l y  and Khorasani (1992), the feeding ofground, 

unextracted flaxseed in the diet decreased fatty acids C4:O to C 17:0, while the concentration 



Table 9. Fatty acid composition of several varieties of Oaxseed. 

Variety Fatty Acid Composition (O/O)* 

C16:O C 18:O C18: 1 C 18:2 C18:3 

Norman 5.2 2.8 19.1 14.3 57.7 

Somme 5.6 2.9 16.0 14.4 60.3 

Vimy 5.4 3 .O 14.0 14.8 62.1 
*Canadian Grain Commission, Oilseeds Laboratory. 
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of long chah fatty acids C l8:O, C 18: 1, C l8:2, C18:3 and C20:O increased (Table 1). There 

were no uegative effects on feed intake, daily yield and fat, protein and lactose% although 

percent protein did decrease linearly with increasing levels of flaxseed. 

When flaxseed was added to the diet of cows in early lactation, either whole, rolied 

or rolled and rnixed with rolied canola seed, the rolled flaxseed resulted in the greatest 

increase in monounsaturated and polyunsa~irated fatty acids (Khorasani and Kenneliy, 1994). 

However, it must be noted that the increases were insigdicant relative to that when protected 

fat is supplemented to the diet and the concentration of tram-C 18: 1 was also highest in the 

rolled seed supplemented diets, indicating more extensive biohydrogenation in the rumen 

(Khorasani and Ke~elly,  1994, Knapp et ai, 199 1, Palrnquist and Jenkins, 1980). These 

studies clearly indicate fl axseed could play a positive role in increasing the fatty acids in milk 

which are considered beneficial from a hurnan health perspective. The consumption of 

flaxseed has been positively associated with important aspects of human health including 

heart disease and cancer (Cunnane, 1996). This is likely due to the high levels of omega-3- 

fatty acids. However, a need for some kind of viable treatment to protect the polyunsaturated 

fatty acids in flax would be necessary. The stability of such products thus produced f?om 

oxidation would also have to be addressed. 

The intent of this study was to determine 1) the viability of formaldehyde protected 

ground flaxseed and Linola as a source of fat to greatly improve the level of linolenic and 

Linoleic fatty acids in milk for human consumption and 2) the viability of lignosulfonate, a 

treatment available in Canada, as a method of offering cows a rumen protected fat from 

flaxseed in order to increase the proportion of linolenic acid in milk. 



EXIPERIMENT 1 

Effect of Formaldehyde Treated Flaxseed and Linola in Lactation Diets 

on the Fatty Acid Composition of Mïlk 

J-Goodridge and J.R. Ingails 

Department of Animal Science 

University of Manitoba 

Wumipeg, Manitoba 
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ABSTRACT 

Two primiparous and multiparous Holstein cows were randornly assigned to four 

treatments in a 4x4 Latin square design. The four test diets consisteci of a TMR plus i) 

Control-no added faf ü) Linola, a low linolenic (C l8:3), high holeic (C l8:2) Solin, added 

at 1.6 kg per kg d k  fat produced, iii) high linolenic flaxseed added at 0.8 kg supplement per 

kg mi& fat produced (FL) and iv) hi& linolenic flaxseed added at 1.6 kg supplement per kg 

rnilk fat produced (FH). Supplements were added as a top dress to provide 200-250 g (FL) 

or 400-450 g of fat (Linola and FH). Top dress was adjusted weekly accordmg to actuai fat 

production. The top dress contained either 70.8% ground, formaldehyde treated tlaxseed or 

Linola, 19% soybean meal and 10% casein. 

Treatments had no effect on feed intake, milk yield or milk composition (fat, protein 

and SM%). Rumen metabolism was not disrupted by treatments as volatile faîty acids 

(VFA), ammonia and pH were unafEected by diet. Stearic acid (C18:O) was sigruficantly 

lower (p<0.05) in the plasma of cows fed FH while oleic acid (C18: 1 )  was significantly 

greater in the control cows. The plasma level of Iinoleic acid was unaected by treatments. 

Linolenic acid was significantly higher in the plasma of cows fed flaxseed. Medium chah 

fatty acids, C12:O to C16:0, were significantly lower ( p c  0.05) in the milk of cows fed 

supplemental fat. The C 12:O fatty acid was lowest in the milk fat of cows fed the Linola diet 

(3.19%) followed by FEI (3 -55%) and then F'L, (3.69%). Palmitic acid (C 16:O) was lowest in 

milk of cows receiving the Linola and FH (20% and 19.8% respectively) vs the control 

(24.5%). Cows fed the lower level of flaxseed also had a significantly lower rnilk level of 

C 16:O (2 1.7%) than the control cows. The control and Linola were significantly different for 
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C l  8:0 (9.7% vs 12.1%, respectively) with no difference among the fat supplemented 

treatments. MiUc oleic acid was significantly greater in the milk fat firom cows fed Linola but 

was d e c t e d  by other dietary treatments. M i k  iinoleic acid (C18:2) was significantly 

higher at 10.3% in the milk of cows fed the Linola vs the control(4.8%). Lmoleic acid was 

also significantly greater in the milk of cows fed FL (6.0%) and FH (6.9%) diets. Linolenic 

acid (C 1 8: 3) was not affected by feeding Linola, but was sigruficantly greater in the mik of 

cows fed the high linolenic acid flaxseed (6.4% vs 0.8% in the control). This represents a 8 

fold increase, while FL increased C 183 by 3 -9 fold. 

Flaxseed offers an opportunity to significantly irnprove the fatty acid profile of iniik 

from a human nutritional health perspective when properly protected from biohydrogenation 

in the rumen. Essentid fatty acids, in particular C 1 8: 3, is greatly increased with the addition 

of formaldehyde treated flaxseed to the diet of dairy cows. Combined with the decrease in 

undesirable medium chah fatty acids (C 12-C 16), these changes io the milk fatty acids could 

lead to greater consumer acceptance of dairy products. 

Key words: Flaxseed, Linola, formaldehyde, milk, fatty acids, linoleic acid, linolenic acid. 



INTRODUCTION 

Milk and milk products have been criticized over the past severai years due to the 

saturated nature of the fàt containeci in such products. While not ail saturated fats are equal 

in their hypercholesterolemic effects, research suggests that fatty acids C 120, C 1410 and 

C l6:O are indeed hypercholesterolemic and raise dietary LDL cholesterol (Noakes et ai, 1996, 

Ney, 199 1). Myristic acid (C MO) is reputed to be more potent in raising plasma cholesterol 

in humans and daiq products are a major source of this fatty acid. The intake of milk and 

dairy fat has been associated with higher rates of cardiovascular disease in various countries 

(Noakes et al, 1996). However, evidence also suggests that C 18: O and C 1 8: 1 lower plasma 

cholesterol when replacing C 16:O in the diet of men (Ney, 1991). At the sarne time, omega- 

3-fatty acids, as represented by --linolenic acid (C18:3w3) have shown several cardio- 

protective effects and have been associated with reduced incidences of cardiovascular diseases 

such as coronary heart disease and stroke Keeson and Caston, 1996, Nash et al, 1995). 

Research has shown that diets rich in omega-3-fatty acids reduce platelet aggregation, lower 

blood TG levels, reduce the occurrence of blood clots, lower cholesterol and show both 

antithrombotic and anti-idammatory effects (Sirnopoulos, 1996, Leeson and Caston, 1996, 

Nash et al, 1 995). Reducing the levels of C 120 to C 16: 0, and replacing these with mono and 

polyunsaturated fatty acids, particularly C 18:3, could be beneficial for consumer acceptance 

of milk fat.. 

General decreases in short and medium chah saturated fatty acids with subsequent 

increases in long-chah fatty acids, such as Cl 8:O and C18: 1, are oflen seen in the milk of 

cows fed supplemental fat (Schingoethe et al , 1996, Bitman et al, 1996, Beaulieu and 
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Paimquist, 1995, Klusmeyer and Clark, 199 1, Gnimmer, 1991, Mohamed et ai, 1988, 

DePeters et al 1985, McGuffey and Schingoethe, 1982). Unsaturated fatSr acids may be 

increased in milk using oilseeds such as flac, sosoybeans, sunflower seeds or cottonseeds 

(Schingoethe et al, 1996, Khorasani and Kennelly, 1994, Stegeman et ai, 1 992a,b, Mohamed 

et ai, 1988). However, in order to substantidy alter the faîty acid composition of mille with 

respect to poiywhmted fàtty acids, the fat must first be protected fi-om biohydrogenation 

in the rumen. Treatments of oiiseeds such as formaldehyde (mixed with casein, zein or the 

seeds natural protein), forms a protective protein matrix which encapsulates the fat, 

preserving it from hydrogenation by rumen microorganisms (Gmrnmer, 199 1, Plowman et ai, 

1972). Treatments such as this result in substantial increases of Cl8 mono- and 

polyunsaturated f a q  acids (54%) in milk (Ashes et al, 1992). The content of C 18:2 and 

C 18:3 fatty acids in milk fat have been as high as 35% and 22% respectively when 

formaldehyde protected sunflower or linseed oil were fed (Grumrner, 199 1 ). In a study by 

Plowman et al (1972), when formaldehyde treated safflower oil was fed to two lactating 

Holsteins, linoleic acid content went from 3 to 35% of total milk fatty acids. 

Choosing a supplement such as flaxseed, which contains very high levels of linolenic 

acid (55-60% of total fat), or Solin, which contains high levels of Linoleic acid, offers the 

opportunity to significantly improve the fatty acid composition of rniliq particularly when 

protected from rumen hydrogenation. Solin is an oilseed which was developed fiom 8ax to 

contain less than 5% linolenic acid. A lighter oil, suitable for cooking, results (Hanley, 1996). 

Linola is a variety of Solin and contains approximately 72% linoleic acid (Fitch-Haurnann, 

1990). Linoleic acid is an omega-6-fatty acid which is typically considered beneficid and 
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important in cardiovascular disease and in l o w e ~ g  blood cholesterol (Sirnopoulos, 1996). 

Formaldehyde protected supplements show the most dramaîic alterations to the miik 

fat (Gnunmer, 199 l), therefore, the fidl potential of flaxseed and Linola would best be seen 

utilizing this method. The objective of  this experiment was to detennine the effect of 

formaldehyde treated flaxseed and Linola on the fatty acid composition of d k  and the extent 

of change in C 1 8: 3 in particular. 



MATERIALS AND METHODS 

Four Holsteins, two primiparous and two mdtiparous wws, in midlactation, were 

randomly assigned to four diets in a 4x4 Latin square design. Dietary treatments were i) 

controCao added fat, ü) Linola, a low linolenic (C 18:3), high linoleic (C 18:2) variety of Solin 

added at 1.6 kg per kg m i k  fat produced, ïii) high Cl 8:3 fiaxseed added at .8 kg per kg milk 

fat produced (FL) and iv) high C 18:3 flaxseed added at 1.6 kg per kg milk fat produced 

(Table 10). Supplements contained either 70.8% flaxseed or Linola, 10% casein and 19% 

soybean meal. They were then ground and treated with forrnaldehyde by Dr. J. Ashes, 

CSIIlO Division of Animal Production (Australia). Cows were fed a TMR containhg 44% 

dairy concentrate, 5.4% distillers dned grains, 20% corn silage and 32% alfdfa silage (Table 

1 1). Flaxseed and Linola supplements were added to the diets as a top dress. The diets were 

formulated to rneet the nutritional requirements of hi& producing dairy cows weighing an 

average of 625 kg and producing 40.6 kg fat corrected milk (FCM) at 3.6% butterfat 

(Nationai Research Council, 1989). Animals were housed in a tie stail barn and fed once per 

day for ad libitum intake. 

Top dress was adjusted weekly according to the kg of fat produced by each cow. The 

levels of supplement to be used were calculated as follows. An average production of 36 kg 

of milk at 3.4% fat was deterrnined for the cows. The supplements were to provide 

approximately 1 23 g of C 1 8: 3 to the milk fat which would r d t ,  theoretically, in 10% of the 

fatty acids being a-linolenic acid. The top dress was calculated to have an average of 23% 

fat with 60% of the fatty acids C l8:3, based on contributions of fat from the components. 

The digestibility of C 18:3 was assumed to be 80% with 70% of absorbed C 18:) utilized by 



Table 10. Ingredient composition (Oh DM) of the total 
mixed rations fed to cows and amount of fiaxseed or 
Linola top dress added to 'I'MR- 

Total Mixed Ration 

- - -  - - - - 

Dajr Concentrate 43.6 

Distiller's dried grains 5 -4 

Corn silage* 19.7 

Aifalfa silage* 

Top Dress (kgfd): 

Control 

Linola 

m. 
FH 

*Corn silage and aLfalfa silage were 36.9 and 44.1% DM on average. 



Table 1 1. Ingredient composition of dairy concentrate used in total mixeci ration. 
- - -  

Ingredient % (as fed) 

Steam rolled barley 

Steam rolled corn 

Soybean meal 

Canola med 

Wheat shorts 

Corn distiUer7s grains 

Meat meal 

Blood meal 

Limestone 

Wheat 

B arley 

Dynamate (potassium) 

Sdt 

Dicalcium phosphate 

Mineral-Vitamin Premix 

Luprosil salt (mold inhibitor) 0.15 

*provided per kg of concentrate: 13,929 N vitamin 4 
3000 IU vitamin D, 18.5 IU vitamin E, 42.5 m g k g  copper, 
145.8 mgkg zinc, 75 -4 mgkg manganese, -29% magnesium , 
.16 mgkg selenium, .70% calcium, .60% phosphorus. 



the mammary gland (Pahquist and Eastridge, 1991, Dr. J.R Ingaiis, pemnal 

communication). Therefore, 1.6 kg of f la~~eed  or Linola supplement per kg rnilk fat was 

required. The lower level of fiax was halfofthis figure, or 0.8 kg supplement per kg of milk 

fat produced. Supplernents provided 454 g fat (linola), 187 g fat (FL) and 4 10 g fat (RI). 

Periods were three weeks, with cows ailowed to adjust to the diets for the first two 

weeks. Dry matter intake and milk yield were recorded daily. Milk samples were taken once 

per week (day 4-p.m and day 5-a.m milkings), preserved with Brotab-"1 O" (30% 2-bromo-2- 

nitropropane- 1 ,%di01 and 1 -4% pimaricin) and sent to the Manitoba Mlk Recording 

Corporation (MMRC) laboratory for infra-red analysis. The MMRC analysed milk protein 

by method 33.2.1 1 (AOAC, 1995) as well as fat and solid-non-fat (FOSS MS300 Infia-red 

Spectroscopy Analyser, Milk-O-Scan, Mode1 203B Type 17920 (Fosselectric, Cornwall, 

Ont.). A second milk sample, without Brotab, was retained for fatty acid analysis. Milk was 

combined in equai proportions from the pm/arn samples to give one composite per cow. Fat 

fiom these samples were immediately separated and fkozen for future analysis on the gas 

chrornatograph (GC). In the third week, milk samples were collected on two consecutive 

days (day 4-pm, day 5-am; day 5-pm, day 6-am milkings) for a total of four samples which 

were composited for fat separation and fatty acid analysis. Equal arnounts of milk were 

combined from d 4 and 5, am/pm, and from day 5 and 6, pm/am, to form the composites for 

a total of 2 sarnples/cow in week 3. Samples of feed were taken once a week and frozen to 

be composited for the period. Feedstuffs were composited for the period by taking 200 g of 

well mixed sample from each week and combining to make one 600 g sarnple. Two sub- 

sarnples of 100-200 g were taken from the period composite and dned in a forced air oven 
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at 60 ' C for 48 hr (dry matter to be used for feed intake calailatons) and ground. Silage was 

dried in a forced air oven at 60°C for 48 hr every week to adjust diets for variable moishire 

content. Silages were then ground and kept in an air-tight container to be composited for the 

penod. AU feedstuffs were analyseci for dry matier (DM), nitrogen (N), ether extract (EE), 

acid detergent fibre (ADF), neutral detergent fibre (NDF) (Table 12) and fatty acid. Results 

reported were averages for the four periods. Samples of feedstuff for each period were also 

taken and composited for a tial composite. These were composited by taking equal amounts 

of ground, well mixed feed from each period, combining the periods, mixing thoroughiy 

again, and taking a final 100 g sample for the trial. These were analysed for acid detergent 

insoluble nitrogen (ADIN) and neutral detergent insoluble nitrogen (NDIN). Weigh backs 

were taken in the third week, dned at 60°C for 48 hr, ground and analysed for DM. Dairy 

concentrate was ground using a one mm screen in a Tecator Cyclotec 1093 Sarnple Mill 

(Hoganas, Sweden), while the silages and weigh backs were ground using a one mm screen 

in a W~ley Hammer Mill (Model 3, Thomas Scientific, Swedesboro, New Jersey). 

Body condition scores were taken once at the beginning of the experiment and then 

once per period on d 20 of each penod. Cows were weighed twice on d 6 and 7 of the week 

preceding commencement of the experiment, d 20 of each period and on d 20 and 21 in 

period 4. Blood and rumen samples were taken once in week three of each period, three 

hours post-feeding. The rumen fluid was collectai via an esophageal tube (Ingalls et al, 

1980). The pH was recorded at time of sampling using a Model 5985-50 pH metre (Cole- 

Parmer Instrument Co., Chicago, Illinois). Sarnples were heavily contaminated with saliva, 

therefore, pH results are not reported. Blood was drawn from the tail vein. Both rumen and 



Table 12. Nutrient composition of forages, total mixeci rations (dry matter basis) and 
kilograms added fat. 

Nutrient (%) Diet: Corn Silage: ALfalta Siiage: 

Fat 3 -6 2.2 3 -2 

Cnide Protein 17.6 8.6 21.0 

NDF 34.1 45.7 35.3 

- 

Added Fat (kilograms): 

Diet: Control Linola FL F H  

* standard error. 



84 

blood samples were centrifiiged and the supernatant was extracteci and &ozen (-20°C) for 

1 ater analy sis. 

Chernical Analysis 

Feed sarnple and weigh back DM was determined (Association of Official Analytical 

Chemists, AOAC, method 934.0 1, 1 990). Protein content of feed samples and weigh backs 

was determined through anaiysis for N by the Kjeldahl method (method 954.01, AOAC, 

1990) using a Tecator Kjeltec Auto 1030 Analyser (Tecator, Hoganas, Sweden). Neutral 

detergent fibre was determined according to the method developed by Goering and van Soest 

(1970). ADF was determined by AOAC, 973.18, 1990. Ether extract was analysed on al1 

feed sarnples and weigh backs (except flaxseed and Linola) by AOAC, method 920.39,1990. 

The flaxseed and Linola supplement samples were sent to Norwest Laboratory (Whnipeg, 

Manitoba) for cmde fat analysis by AOAC, 954.02, 1990). Results obtained for top dress 

were erratic and inconsistent and were not utilized. These methods did not give reasonable 

data for the forrnaldehyde protected flaxseed or Linola. Values obtained before processing 

by Dr. J. Ashes (CSIRO, Australia) were used as crude fat for al1 calculations. Trial 

composites for feedstuffs were analysed for ADIN and NDM. Acid detergent insoluble 

nitrogen (ADIN) and neutral detergent insoluble nitrogen (NDIN) analyses were perfomed 

on ADF and NDF residues using the Micro-Kjeldahl (method 960.52, AOAC, 1990). 

Fatty acid content was obtained on al1 feedstuffs as weii as on blood and mik samples. 

Feed and blood samples were prepared as descnbed by Outen et al (1976) and Sukhja and 

Palmquist (1988). Milk fat was extracted using the method of Lambert (1964). Fatty acids 

were determined as methyl esters using gas-liquid chromatography with a Varian Star 3400 
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and 8 100 autosampler coupled with a Varian Star Workstation software for instrument 

control and data processing (peak integration) (Varian Canada, Inc. Georgetown, Ont.). The 

column for gas-liquid chromatography was 8' by 2mm ID packed with 3% SP23 10 and 2% 

SP2300 on Chromosorb WAW (Supelco Canada, Ltd., Oakville, Ontario). A reference 

standard (GLC-60, NuChek Prep, Inc., Elysian, Minnesota) was used to quantitate the fatty 

acid content of the samples. Results were reporteci as a molar percentage of the total fatty 

acids detected. Mïlk sarnples were analysed for trans-C18: 1 and conjugated-linoleic acid 

(CLA) as well, by Dr. D. Palmquist, Ohio State University (Ohio Agricuitural Research and 

Developrnent Centre, Wooster, Ohio) using the method of Sukhija and Palmquist (1988). 

The only modification ofthis method was that a computerized data system was used to collect 

the GC output (Hewlett-Packard, Chemstation). Samples were prepared by spinning 10- 15 

ml of cold (4") rnilk, at 10,000 rpm for 20 minutes. The fat pad formed was then removed, 

placed in a small via1 and flushed with nitrogen and frozen until shiprnent by dry ice to the 

Ohio Agricultural Research and Development Centre. 

Rumen liquor sarnples were analysed for volatile fatty acids (VFA) by gas 

chrornatography (Erwin et al, 1961). Rumen ammonia was rneasured with an ammonia 

electrode kit (mode1 95-10, Orion Research Inc., Cambridge, MA.). Ten ml of rumen fluid 

and 0.2 ml of NH3 pH adjusting ISA (SM NaOH, 10% methanol, colour indicator and 0.05 

M disodium EDTA) were used. Blood plasma samples were analysed for urea nitrogen 

concentration using Sigma Diagnostics Kit (Procedure No. 535) from Sigma Diagnostics (St. 

Louis, MO.). 
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Statistical Aaalysis 

Data were analysed using the general linerai models (GLM) procedure of SAS 

(Statistical Analysis System Institute, Inc., 1988). Data was analysed as a 4x4 L a h  square 

design with the mode1 being: 

yi=p +a,+ q +%) + %) 

where u = mean 

a, = cow effect, i = 1 to 4. 

bj = period effect, j = 1 to 4. 

t,, = treatment effect, k = 1 to 4. 

ejj6, = error 

Student-Neuman-Keuls test (pC0.05) was used to detect sigruficant differences between 

treatment means (Steele and Tome, 1980). 



RESULTS AND DISCUSSION 

Dietary treatments had no effect on diy matter intake (Table 13). Cow weight and 

body condition scores were d e c t e d  by the addition to the diets of supplementd fat. 

Weight is sornetimes a poor indicator of the actual condition status of the animal. Loss of 

weight resulting fiom body tissue is often masked by an increase in intake and gut fill in early 

to rnidlactation (Dunshea and Bell, 1989). Body condition score gives a good indication of 

body fatness (Pedron et al, 1 993, Dunshea and Bell, 1 989). The addition of the fat to the diet 

did not (P>0.05) effect the condition of the animals. Milk production parameters such as yield 

and composition (fat, protein and SNF%) were also unafkted by diet. The P-value for 

protein content was ngnificmt (PC.05) but the S N K  test did not indicate a difference among 

treatments. The addition of the protected fats (Table 14) did not appear to disrupt rumen 

rnetabolism as there were no significant differences between the control and treatment cows 

for nimen ammonia or VFA (Table 14). This is in accordance with Jenkins et al (1996), who 

found that butylsoyarnide, a form of rumen protected soybean oil, did not affect milk fat 

percent or VFA, suggesting that the product was indeed ruminally inert. The addition of 

unprotected fat, particularly vegetable or fiee oil, has been reported to interfere with normal 

rumen metabolisrn (Banks et al, 1982, Palmquist and Jenkins, 1980). Lipids added to the 

diets of mrninant animals result in decreased fibre digestibility, which is often accompanied 

by a reduced production of methane, hydrogen and VF4 in particular, a lower acetate to 

propionate ratio (Jenkins, 1993). Fat supplements also interfere with protein metabolism in 

the rumen, decreasing protein digestion and reducing ammonia concentration (Jenkuis 1993). 

Mohamed et al (1988), found that the addition of f k e  oil to the diet of Holstein cows 



Table 13. Efféct of  formaldehydet treated flaxseed and Linola top dress on feed intake, 
rnilk composition, miUc yield, and body weight change and condition scores. 

Parameter: Control: Linola: FL FH SEM 

Fat (%) 2.7 3 -2 3.0 3.1 O. 1 

SNF (%) 9.0 9.0 9.1 9.1 O. 1 

Change (kg) 19.4 18.0 9.1 5.0 6.5 

- foddehyde protected product courtesy J.R Ashes. New South Wales. Australia. 
*BCS=Bo@- Condition Score. 



Table 14. Effect of fomialdehydeT treated flaxseed and Linola on rumen ammoniq volatile 
fatty acids (VFA) and plasma urea nitrogen (PUN). 

Paramet er Control LhoIa FL FH SEM 

VFA (%): 

Acetic 60.1 58.5 57.9 60. O 13.2 

Propionic 22.0 25.2 25.6 22.2 4.7 

Valeric 2.4 2.4 2.2 2.4 0.7 

A:P* 2.7: 1 2.3: 1 2.3: 1 2.4: 1 - 
FW.05. 
* formaldehyde protected product courtesy J.R Ashes. New South Waies. Artstralia 
* Acetate:Proprionate ratio 
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increased propionate and decreased butyrate in cuminal VFA. Essentiai amino acids in the 

plasma of the above cows was also reduced, suggestllig a reduction in microbial protein 

synthesis with the diets containing oil. Plasma urea nitrogen was unaffécted by dietary 

treatments (Table 14). This is to be expected since concentrations of serum urea tend to 

follow concentrations of rumen ammonia (Mieke and Schingoethe, 198 1). 

Protected Linola and flaxseed had no effect on plasma fatty acids, C16:O or C 16: 1 

(Table 1 5 ) .  Stearic acid (C 18:O) was sigdicantly lower in the plasma of cows £'èd FH than 

the control, but was not different from the other treatments. Jenkins et al (1996), found 

sirnilar results when butylsoyamide was fed to lactating Holstein cows. Plasma oleic acid 

(C 1 8: 1 ) was decreased with treatments Linola, FL and FH compared to control. Linola and 

tlax supplements were sirnilar in C 18: 1 content (Table 16). This is in agreement with other 

audies (Jenkins et al, 1996, Jenkins, 1995) which show decreased plasma C 18: 1 when fat 

supplements are adequately protected fiom biohydrogenation in the rumen. The main end 

products of biohydrogenation in the rumen are stearic acid at 80% and trans-C 18: 1 at 12% 

(Palmquist and Jenkins, 1980). Free oil, or unprotected fat supplements often raise levels of 

C 18:O and C 18: 1 in plasma due to the hydrogenation of unsaturated fatty acids from the diet. 

Mohamed et al (1 988) found significant increases in C 18: 1 when whole soybeans were fed 

and in particular, when free oil was added to rations. Similar results were not found with 

cottonseed or cottonseed oil. Jenkins et al (1 996) found that the concentrations of C 18: O and 

C 18: 1 @oh cis and tram) were highest in cows fed unprotected soybean oil. Additional 

C 1 8: 1 (especially tram-C 18: 1 ) may increase drarnaticaiiy if the amount of unsaturated fatty 

acids fed is excessive due to inhibition of the conversion of tram-C 18: 1 to C 18:O by the 



Table 15. Effect of formaldehydet treated flaxseed and Linola on blood plasma fàtty acids 
(Ieast square means). 

Faîty Acid (%) Control Linola FI, FH SEM 

si-b Means not foiioweci by the same letter düFer sigdicantiy at P< 0.05 within fît@ acid groups 
formaldehyk protected product courtesy J.R Ashes, New South Waies. Austraiia. 



Table 16. Fatty acid profile of supplemental fonnaldehyde treated flaxseedt and Linola' 
fed as a top dress. 

Tmtmen ts: 
. . . . -. . -. - - - - . - - - - -- - 

Fatty Acid (%): Linola S.D. FlaxFonn. S.D. 

C4:O 0.0 d a  0.0 d a  

Cd: O 2.0 O. 7 0.4 O. 1 

C20: O O. 6 0.2 O. 8 0.0 
- fomldehyde protected product courtesy J.R Ashes. New South Wales. Australia 
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rumen bacteria ( J e  et al, 1996). This would result in high levels of C 18: l and lower 

levels of C l8:O. The fact that treatments did not raise or effect C l8:O (with the exception of 

a decrease fiom FH diets) and decreased C 18: 1, indicates that the supplernents were fairly 

well protected in the m e n .  Although Cl 8:O was lower in the plasma of the FH fed cows, 

this was not true of the other treatments and C 18: 1 was s i g n i f i d y  lower in the plasma of 

the cows fed sripplemental fat. This gives a good indication that the unsaturateci fatty acids 

did not undergo extensive hydrogenation nor impair conversion of Cl 8: 1 to C 183  in the 

rumen. Protection of the fatty acids is further supported by the significant increase in C 183 

in the plasma of cows fed either FL or FH. The control diet resulted in a plasma Cl 8:3 level 

of 2.60°6 oftotal plasma lipid, while levels in FL and FH were 9.33 and 1 1.33% respectiveiy. 

The dietary treatrnents had no effect on fatty acids C4:O to C8:O in the milk as a 

percentage of total milk fat (Table 17). This was sirnilar to results reported by Jenkins et al 

(1996). Yield of C4:O (appendix l), however, was significantly greater (p<0.05) in Linola 

and RI (1 4.25 g each) than that of the control ( 1 1 -75 grams). They were not significantly 

different from FL (1 2.5 grarns) which was not significantly different from the control. Fatty 

acid C 10:O was significantly lower in the milk of cows fed the Linola than those fed either the 

control or the other treatments. Medium and long chah fatty acids, C 12:O to Cl 6:O, were, 

in general, reduced by the feeding of the supplementai fat (Table 17). This is in accordance 

with several studies and reviews which note a decrease in these fatty acids when supplernental 

fat (protected or not) is fed (Schingoethe et al, 1996, Ashes et al, 1992, Gmmmer, 199 1, 

Mohamed et al, 1988, DePeters et al, 1985, Rafaiowski and Park, 1982, MieIke and 

Schingoethe, 1 98 1, Palmquia and Jenkins, 1980, Plowman et al, 1972). This could provide 



Table 17. E f f i  of formaidehyde treated flaxseedt and Lmolat on milk fatty acids as a 
percentage of milk fat (least square means and standard errors). 

Fatty Acid (Yo) Control Linola FL FH SEM 

C4: O 

Cd: O 

C8: 0 

C1O:O 

C l 2 0  

C14:O 

C14: 1 

C16:O 

CM: 1 

C18:O 

C18:l 

C18:2 

C l8:3 

C20: 0 

C 18: 1 -tram* 

CLA* 

Total 
Saturated * * 

Tot al 
Unsaturated* * 

a d  Means not followed by the same letter ciiffer significantly at P< 0.05 within fatty acid groups. 
' formaldehyde protected pmchct courtesy J.R Ashes, New South Wales, Australia. 
* SLnalysis by Palmquist. CLA= conjugated linoleic acid 
** Saturated=C 12:O-C 16:O. Unsaturated=C 18: 1-C18:3 
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a nutritional benefit fiom a human heaith perspective as research suggests that the effect of 

saturateci fat in human diets is largely due to fatty acids C 12:0, C14:O and C l6:O (Ney, 199 1). 

Stearic acid (C 18:O) was significantly higher in the milk fat of cows fed the protected Liwla 

(12.13%) than that of control cows (9.70%) but was not different fiom other treatments. FL 

and FH were not signifmntly different nom the control for C18:O. As previously stated, 

C l8:O often increases in t h e  milk when unprotected fat is fed to dairy cows. The Linola and 

flaxseed used in th is  triai was approximately 70% and 80% resistant to hydrogenation in-vitro, 

respectively (J.R. Ashes, personal communication). Thus, the Linola, although fairly well 

protected, would stili undergo more hydrogenation in the rumen than flax. This wodd result 

in a greater difference from the control than that of the flaxseed for stearic acid, as was the 

case in this experiment. Trans fatty acid, C 18: 1 t, was similarly afFected by the Linola which 

was likely due to the fact that the Linola was not as well protected. Cows fed supplemental 

FL or FH did not show a significant (Pc0.05) difference in tram C 18: 1 from the control diet 

(2.07 and 2.18%, FL and Ri respectively, vs 2.04% in control) Therefore, even though large 

amounts of unsaturated fatty acids were fed in these diets, they were adequately protected 

from the nimen. A buildup of trans-C 18: 1 is indicative of inhibition from large arnounts of 

polyunsaturated fatty acids on the conversion from trans-C 18: 1 to C 18: 0 (Jenkins et al, 1996) 

and is also one of the primary indicators of hydrogenation in the rumen (Palmquist and 

Jenkins, 1980). Linoleic acid (C 18:2) was significantly greater in the Linola fed cows 

(1 O.340/0), followed by FH at 6.88% and FL at 5.99%. Linola contains a greater proportion 

of C 18:2 (flaxseed contains approximately one-third of the level found in Linola for C 18:2) 

while having very little C 18:3. Fîaxseed (high) and FL were also significantly different from 



each other for these fatty acids representing the two different levels fed. 

The absence of a significant increase in CL4 particdarly in the milk from cows fed 

the Linola, is M e r  evidence of the protection from the rumen microorganisms offered by 

the f o d d e h y d e  treated products. Conjugated linoleic acid is an intemediate in the 

biohydrogenation of linoleic acid by m e n  microorganisms (Kelly and Bauman, 1996) and 

as it was unaffecteci by dietary treatnients, suggests Cl 8:2 was well protected. The pattern 

of C 1 8:3 in d k  fhî was as expected. FIaxseed (high) (6.39%) was significantly greater than 

FL (3.70%) which were both significantly greater than either the control or Linola (0.83 and 

1 .O% respectively). 

The average daily intake of fat from the higher Ievel of flav (RI) was 410 gram 

(Table 1 2). Of t his, 3 5% or 1 43.5 grams was C 1 8: 3. The digestibility of this was assumed 

to be 80% (Ashes et al, 1992. Palmquist and Eastridge, 199 1 ). Therefore, assuming 70% 

utilization by the m a m a r y  gland and 80% m e n  escape, 64 gram of Cl8:3 should end up 

in the milk. In this experiment, a total of 63 gram of C 1 8: 3 were present in the milk (Table 

18) for an increase of 56 g with the FH treatment over the control. The calculations on 

amount of top dress to be added to the diet was based on an assumed 60% of the fat as C 18:3 

in the supplement. In facf the flaxseed supplement contained only 3 5% C 1 8: 3 as a result of 

the blend of soybean and perhaps some oxidation. The flaxseed used may have also been 

lower than expected from book values. Nonetheless, 88% of the theoretical value of 64 

grarns (adjusted for actud levels of fat intake and content of Cl 8:3) was achieved. 

If the extra 56 grams of C 18:3 in milk fiom cows receiving RI was derived from the 

supplemental fat, then this would represent a gross efficiency of transfer of39% (56 + 143 S). 



Tabb 18, DiaQry conwmrptwn (C) vs. secdon (3) of W y  acids in mik by cows maiviq top dressed 
fiinmaEdehydetreatedRiWeed(FL0rFH)or~h 

Treabment 
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The supplement provides approlrimately 80% protection from hydrogenation in the rumen and 

digestibility is assumeci to be 80Y0. Therefore, adjusting for these factors, (Ashes et al, 1 !BZ), 

the efficiency of transfer of C 1 8:3 at the m a m m q  gland at this level of supplemental holenic 

acid would be 6 1% as per the foUowing equation: 

W(143.5 x 0.8 x 0.8). 

Linoleic acid consumed was 69.7 g (1 7% C 1 8: 2 in RI x 4 1 (J g )  and there were 42 g secreted 

in the control, thus 25 g would be a result of the supplemental fat. This represents a gross 

efficiency of transfer of 36%, or adjusting for protection and digestibility, a 56% efficiency. 

The transfer is much greater than that reported by Ashes et al (1992) or nimmarized by 

Grurnmer ( 1 99 1 ). Success fiom feeding fonaldehyde treated supplements has been noted 

to be variable, likely due to differences in protection vs digestibility achieved by different 

processors and laboratories (Gxumrner, 199 1 ). The efficiencies of transfer of C 1 8 2  and C 1 8: 3 

fatty acids from diet to milk fat is fairly consistent in this triai, with 57% and 56% transfer of 

C 18:2 and C 18:3 respectively, fiom Linola and 69% C 1 8 2  and 64% Cl 8:3 eom FL. 

Linolenic content of rnilk fat increased 8.00 fold from the control, which represents a 

significant change. The lower level of traxseed resulted in a 3.86 fold increase in C 183, or 

48% of that achieved with the higher level. This is about one-half of the effect seen from the 

FH, as expected. 

The changes in fatty acids from week 1 to 2 and week 2 to 3 were not significmtly 

effected by diet (Table 19). The changes in fatty acid levels appear to happen relatively 

quickly with treatments resulting in similar increases or decreases in week 1 to 2 vs week 2 

to 3. Differences (p<O.OS) in the change in fatty acids were also not observed in the tirne 



Table 19. Change in fatty acids from weeks 1-2,2-3 and 1-3 (jxrcentage points) 

Fatty Acid Treatment 

(46)  Control Linola SEM 

Week 



1 O0 

frame between weeks 1-3, M e r  indicating that the effect from feeding the flaxseed was 

fairly imrnediate. 

The inclusion of formddehyde protected flaxseed or Linola did not appear to dismpt 

the normal metabolism found in the m e n  nor did the treatrnents have any deleterious effects 

on any of the production parameters measured. The proportion of medium and long chah 

saturateci fatty acids were decreased, while fatty acids C 18:2 and C 1 8:3 were increased in the 

milk fat produced fiom cows fed Linola and flaxseed respectively. Formaldehyde protected 

flaxseed and Linola provide sufficient by-pass fat to significantly increase the levels of 

desirable fatty acids such as C 1 8:2 and C 18:3 in the milk fat of dairy cows. 
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ABSTRACT 

The following midy was designed to determine whether lignosulfonate treated ground 

flaxseed can provide protection to polyunsaturated fatty acids fiom biohydrogenation in the 

rumen with the result of increasing levels of C 1 8:3 in milk fat. Four prirniparous Holstein 

cows in midlactation were randomly assigned to four d i e t q  treatments in a 4x4 Latin square. 

Treatments consisted of a TMR plus i) OYO added fat (control), ii) formaldehyde treated 

flaxseed at 1.64 kg 0, iii) lignosulfonate treated flaxseed at 0.57 kg (LL) and iv) 

lignosulfonate treated flaxseed at 1.14 kg (LH). The supplements were added as a top dress 

to provide approximately 386 g, 193 g and 377 g of fat fiorn the LH, LL and FH diets, 

respectively. Average production for the four cows prior to the aart of the experiment was 

32 kgs of 4% FCM. The amount of fat required to raise C 18:3 to 10% of total milk fatty 

acids was based on this production level. 

Dietary treatments had no effect (P>0.05) on feed intake or milk production 

parameters such as yield or composition. Rumen metabolism was not afEected by diet as there 

were no significant ciifferences (pX.05) in ammonia, VFA or pH. Palmitic acid (C l6:O) was 

significantly Iower in the plasma of cows fed FH, but was unaected by other dietary 

treatments. Stearic acid (C 18:O) did not show any significant daerences arnong treatments 

or control while oleic (C 18: 1) acid was sisiilficantly lower in the plasma of FH (7.56%) fed 

cows versus that of LL, LH or the control(l1.85,11.67 and 1 1 .9S% respectively). Linolenic 

acid was signifïcantly greater in the plasma of RI fed cows (10.64%) foilowed by LH 

(4.83%) and LL (3.48%) al1 of *ch are significantly different (pc0.05) fiom each other and 

the control(0.94%). 
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FIax-formaldehyde and LL had no effect on milk fat content of C 1 2:O (2.60% and 

2.53% respectively vs 2.77% in the control) whereas LH was significantly lower at 2.4 1%. 

Myristic acid was significantiy lower in the rnilk fat of al1 cows fed top dress with FH 

(8.3 9%)<LL (9.1 9%) = LH (9.09%)<control(9.72%). Palmitic acid was unaffected by LL 

or LH, but was significantly lower in milk fiom cows receiving FH. Fatty acids C 1 8:0, C 1 8: 1 

(both cis and tram) and C 18:2 were not affected by diet. RI resulted in a significant increase 

in C 18:3 (3.5 1% vernis the control at -35%) as expected. Lignosulfonate treated flax did not 

significantly alter the concentration of C 18:3 in the milk, suggesting inadequate protection. 

It appears that lignosulfonate offers some protection to the supplernent from 

biohydrogenation in the rumen. However, it is likely that this is minor and not sufficient to 

adequately alter fatty acid composition in milk, particularly PUFA such as a-linolenic acid. 

Key words: Flaxseed, formaldehyde, lignosulfonate, milk, linolenic acid, linoleic acid. 



rNTRODUCTION 

Lignosulfonate has been successfûlly utilized to decrease rumen degradability of 

protein (McAiIister et al, 1 993, Windschitl and Stem, 1 988, Stem, 1 984). Other treatments, 

such as fomaldehyde, which aiso protect protein from degradation in the m e n ,  have b e n  

employed to provide nimen by-pass fat (Ashes et al, 1992). Fat which is adequately protected 

corn biohydrogenation in the rumen offers a source of fatty acids which may be passed into 

milk, thus altering the fatty acid composition of the milk fat. This may be beneficial from 

several standpoints. A milk fat which is higher in unsaturated fatty acids would produce 

butter that is softer and more spreadable at refngeration temperatures (Stegeman et al, 

1992b). Secondly, Uicreasing the concentration of unsaturated fatty acids, while decreasing 

proportions of medium and long chain saturated fatty acids (C12:O to C 16:O), would be 

considered beneficial corn a human nutritional health perspective. 

Milk fat has been labelled as hypercholesterolemic due to its largely saturated nature 

and levels of cholesterol (Ney, 1991). Shorter chah saturated fatty acids (C4:O to C10:O) 

have been shown not to be hypercholesterolemic (Jensen, 1992, Ney, 199 1, Gmndy and 

Denke, 1990), and moderate dietary cholesterol seems to have little effect on plasma 

cholesterol levels in non-sensitive individuals (Jensen, 1992). However, medium and long 

chah saturated fatty acids C 12:O to C16:0, have been implicated in raising levels of LDL 

cholesterol and total cholesterol and identifieci as a nsk factor in coronary hart  disease 

(Noakes et al, 1 996, Jensen, 1 992, Grundy and Denke, IWO). 

Reduction of these medium and long (C 12:O to C l6:O) chain fàtty acids in milk is a . 
cornmon occurrence when fat is supplemented in the dauy cow's diet (Schingoethe et al, 
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1 996, Beaulieu and Palmquist, 1995, Gnimrner, 199 1 ). The most drarnatic alterations to rnilk 

fatty acid composition have been seen with formaldehyde protected fats (Goodridge and 

Ingalls, manuscript 1, Grumrner, 1991). A method such as this also offers the greatest 

potential to increase the concentration of polyunsaturated fatty acids, and in particular, 

omega-3-fatty acids. Omega-3-fatty acids have been associated with a reduced incidence of 

cardiovascular disease (Nash et al, 1995) and are considered highly beneficial in tems of 

human health. Formaldehyde treated products, however, have not been approved for use in 

the US, largely due to concerns with formaldehyde safety and any residues left in milk 

(Stegeman et al, 1992b). However, Atwal and Mahadevan (1994) found no effect on milk 

fomaldehyde level frorn feeding formaldehyde treated zein-coated soybean meal in lactating 

dairy cows. Nonetheless, finding alternative methods of protecting fat from hydrogenation 

in the mmen, that are cornrnercially available in Canada, would be advantageous. 

Lignosulfonate treatment ofunextracted seed could be an alternative to fomaldehyde 

for increasing rumen escape of unsaturated fatty acids. Lignosulfonate is derived from the 

spent sulfite liquor leftover afier the sulfite digestion of wood and contains lignosulfonic acid 

or its sait, hemicellulose and sugars (Windschitl and Stem, 1988). It serves to bind and 

precipitate protein and is used as a feed pellet binder, in packing houses to remove protein 

nom waste water and in leather tanning (Windschitl and Stem, 1988). The utilization of 

lignosulfonate to provide rumen undegradable protein has led to an interest in examining its 

effect on the fat. The objective of this study was to determine if lignodonate plus heat 

treated flaxseed couid increase C 1 8: 3 in milk fat. 
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M A T E W S  AND METHODS 

Four primiparous Holstein cows in midlactation were randomly allotteci to four diets 

in a 4 x 4 Latin square design. Periods were 21 days with data collection taking place in the 

third week. The 6rst two weeks were to allow the animais time to adjust to the diet. Dietary 

treatments consisted of a TMR and i) a control diet with 0% added fat, ii) fomaldehyde 

treated flaxseed at 1.64 kgs (RI), i) low level of lignosulfonate treated flaxseed at 0.57 kgs 

(LL) and iv) high level of lignosulfonate treated flaxseed at 1.14 kgs (LH). The supplements 

were added as a top dress to the TMR which was fed once per day in the moming for ad- 

libitum intake. 

Lignosulfonate supplements consisted of 80% flaxseed and 20% barley. Barley was 

added to the mix to facilitate grinding. Blending and grinding was conducted by EXL Milling 

(Hassell, Sask.) who then roasted the mixture at a temperature of 155 OC using Jet-Pro 

equiprnent (Jet-Pro Company, Springfield, OH) modified for meal treatment. Lignosdfonate 

(65% DM, 70% reducing sugars with 40% of said reducing sugar being xylose) was added 

at 3% of the rnix before a 30 minute steeping process. Steeping temperature began at 124°C 

and declined to 1 18°C by the end of the 30 minutes. Formaidehyde treated flaxseed was 

utilized as a cornparison. The TMR was a blend of 29% corn silage, 12% chopped hay, 34% 

dairy concentrate (no added fat) and 26% of a protein/calciurn supplement (Table 20). Diets 

were formuiated to meet the nutritional requirements of hi& produchg d a j r  cows weighing 

an average of 625 kgs and producing 40.6 kgs FCM at 3 -6% butte* (National Research 

Council, 1989). 

The arnount of supplemental fat added to the diets was calculated at the start of the 



Table 20. Ingredient composition of the total mixed ration (% DM) and kilograms of  top 
dress added to TMR 

Total Mixed Ration: 

Ingredient : % o f  TMR: 

Dahy Concentrate* 33.4 
( 2 6% cmde protein) 

ProteidCdcium 26.0 
Supp. ** 
Corn silage* * * 28.6 

Chopped Hay 12.1 

Top Dress (kg/d): Control: FH LL LH 
- - - 

FIaxFormaldehyde 1.64 
- - 

FlaxLignosulfonate 0.57 1.36 
* see Table 12 (Goodridge and Ingalls. 1997) for ingredient composition. 
** proteidcalcium supplernent contained 44% canola meal. 48% distiller's dried grains. 38% limestone 
and 40% molasses. 
*** corn silage was 39.4% DM on average. 
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expenment and was maintained throughout the trial. Miik yield and percent fat prior to the 

start ofthe study was pooled for the heifers and deterrnined to be 32I0.83 kgs of4.0% FCM. 

The goal was to provide 10% C 18:3 in the milk fat based on assumptions of a digestibility of 

80% with 70% of absorbed utilized in the mammary gland for milk fat synthesis. The 

supplement was calculated to have 34% fat, based on contribution fiom the flax and barley 

components. This would provide 386 g of fat in the milk fiom cows fed LH, 193 g from 

those receiving LL and 377 g fiom the RI diets. Flaxseed was assumed to be approximately 

60% C18:3. 

himals  were housed in a tie stall barn. Weights and body condition scores of the 

animals were taken the week pnor to the start of the experiment and then on d 20 of each 

period. In the fourth period, cows were weighed twice in the third week. Blood and rumen 

samples were taken once in week three, three hours post-feeding. Rumen samples were 

coilected via an esophageal tube (Ingaüs et al, 1980). Heparinked tail biooE samples were 

taken at this time also. Blood was centntùged at 2200 rpm for 25 minutes and rumen samples 

at 12,500 rpm for 20 minutes to coUect the supematants, which were frozen (-20°C) and 

stored for future analysis. The pH of the rumen fluid was recorded at the tirne of sampling 

using a mode1 5985-50 pH metre from Cole-Parmer Instrument Co. (Chicago, Illinois). 

DIY matter intake and miUc yield were recorded ddy .  Milk samples were taken in the 

pm of day 4 and the am of day 5 for analysis of fat, protein and SNF by the Manitoba Milk 

Recording Corp. as in manuscript 1 (Goodridge and Ingalls, 1997). Milk samples taken on 

day 5 pm and day 6 am were composited (adpm) for fatty acid analysis. The fat was 

immediately separated f?om these samples using the method of Lambert (1964), frozen, and 
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stored for future analysis on the gas chromatograph. Four rnilk samples (instead of two) for 

fatty acid analysis were taken on days 5,6 and 7 (pm/am-pm/am) in week three only. 

Feed sarnples were taken once per week, kept fiozen, and cornposited (as per 

manuscript 1, Goodridge and Ingalls, 1997) for the period for future analysis. Dry matter was 

obtained on feed and weigh back samples using a forced air oven at 60°C for 48 hr for feed 

intake calculations. Weigh back sarnples were taken in the third week of each period 

comprising a composite of days one to five. Silage samples were dned weekly in a forced air 

oven at 60°C for 48 hrs. to make any necessary adjustments to the diet due to changes in 

moisture content. Silages were then ground using a Wiley harnrnermill (Model3, Thomas 

Scientific, Swedesboro, New Jersey) and a one mm screq  and kept in an air tight container 

to be composited for each period. Penod samples of weigh backs were ground using a one 

mm screen and a Wdey hammermill. The dairy concentrate and protein/caicium supplement 

composites were ground using a one mm screen and a Tecator Cyclotec 1093 Sarnple Mill 

(Hoganas, Sweden). Flax supplements were previously ground. A sample was also taken 

from each of the feedstuffs for each period and cornposited for a trial composite. 

Chernical Anaiysis 

Period feedstuffcomposites were analysed for DM, N, EE, ADF, MIF and fatsr acids. 

The same analysis was conducted on the trial composites plus ADIN and NDIN. Weigh 

backs were analysed for DM, N, EE, ADF and NDF. Blood was analysed for plasma urea 

nitrogen and fatty acids. Rumen VFA and ammonia levels were determined on the m e n  

liquor samples. 

AU samples (miik, blood, rumen, feed and weigh backs) were prepared and analyseci 



as in the previous manuscript (Goodndge and Ingalls, 1997). 

S tatistical Analysis 

Data were analysed using the GLM (generai lineral models) procedure of SAS 

(Statistical Analysis System institute Inc., (1 988) as a 4 x 4 Latin square design. The model 

was: 

yd = p  +ai +bj +hl+ eijG, 

where p = mean 

a, = cow effect, = 1 to 4. 

bj = period effect, = 1 to 4. 

g,= treatment effect, ., = 1 to 4. 

eia) = error. 

Student - Neumm - Keuls test was used to detect significant dflerences between treatment 

means (Steele and Tome, 1980). 



RESULTS AND DISCUSSION 

Feed intake was not influenced by diet (Table 22). The additional fat supplied by Ri, 

LL and LH did not af!Fixt body condition scores or weight (Table 23).  Actual intake of 

supplemental fat from FH, LL and LH was 354 g, 170 g and 327 g (Table 21). Production 

parameters such as milk yield, fat, protein and SNF% were unaffiected by treatments (Table 

22). Rumen metabolism (Table 23) was not affected by the addition of fat to the diet as some 

have reported when unprotected fats (particularly polyunsaturated fatty acids) or fke oiis are 

fed (Grummer, 1 99 1 , Palmquist and Jenkins, 1 980). 

Addition of lipids to the diet of dairy cows may dismpt rumen function resulting in a 

decreased acetate:propionate ratio, and increased levels of ammonia due to a disruption in 

protein digestion (Jenkins, 1993). This was not the case in this expenment. Thus, 

supeficially at least, there appears to be some protection offered to the fat in the 

lignosulfonate treated flaxseed or fat levels were not high enough to cause changes. When 

feeding supplemental oil as part of a whole oilseed, the effects on rumen function are 

markedly less than that seen with free oil, thus indicating a protective effect offered by the 

inclusion of the whole seed (Knapp et al, 199 1). However, this does not necesdy  result 

in any increases of polyunsaturated fats such as C 18:2 and C 18:3 in the milk (Mohamed et 

al, 1 988). Previous studies utiliting lignosulfonate treated soybean meal to protect the protein 

showed decreased ruminal N&N and total VFA with one study showing an increase in 

acetate with a subsequent decrease in propiouate (Wmdschitl and Stern, 1988, Stern, 1984). 

This was attributed to a disruption in carbohydrate metabolism as insufficient N was available 

for the m e n  microorganisms. In the present study, rumen ammonia was not significantly 



Table 21. Nutrient composition of the total mixed rations (excluding top dress), forages 
and kg added fat (DM basis). 

Nutrient % Diet (total) Corn Silage Chopped Hay (%) 
(%) 

Fat 4.4 2.6 2.6 

Cnide Protein 18.5 9.0 10.6 

ADF 20.1 25.8 41.8 

ADIN (% of CP) 5.4 

NDIN (% of CP) 9.5 

Added Fat (kg/d): 

Diet: Control FH LL LH 



Table 22. Effect of formaldehydet and lignosulfonate* treated flaxseed top dress on feed 
intake, milk composition, rnilk yield, and body weight change and condition scores. 

Treatment: 
- . - . - - - -. . 

Parameter: Control: FH LL LH SEM 

In take (kgld) 

Fat (%) 2.9 3 .O 2.5 2.6 0.2 

Protein (%) 3.4 3 -3 3 -3 3.4 O. O 

SNF (%) 9.2 9.2 9.2 9.2 0.0 

Weight (kg): 

Change 12.3 12.9 13.5 10.5 2.9 

BCS**(change) O. 1 O. 1 O. 1 0.0 O. 1 
m . 0 5 .  
- foddehyde protected product courtesy J,R Ashes. New South Wales. Australia. 

Iignosulfonate treated f l a .  cowtesy EXL Milling Ltd. HassaiI. Saskatchewan 
**BCS=EWy Condition Score. 



Table 23. Effect of formaldehydeT and lignosulfonate " treated flaxseed on m e n  
amrnonia, volatile faîty acids (VFA) and plasma urea nitrogen (PUN). 

Parameter: Control FH LL LH SEM 

(mg/1 OOml) 

P m  
(mg11 OOrnl) 

VFA (%): 

Acetic 

Butyric 

Iso-butyric 

Iso-valeric 

Propionic 

Valeric 

A:PS 

- formaldehyde protected product wurtesy J.R Ashes, Xew South Wales, Australia. 
lignosuifonate treated fla.xseed courtesy EXL Milling Ltd. Hassall. Saskatchewan. 

* acetate to propionate ratio. 
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affectecl nor was the same pattern of effect on VFA observed. Therefore, it is unlikely that 

the explanation provided by experiments of Windschitl and Stem (1 988) and Stem (1 984) are 

applicable in this case. Rumen NH, levels and PLTN levels wouid suggest soluble N was not 

a lirniting factor for bactena (Windschitl and Stem, 1988, Stem, 1984). 

Further support for at least partial protection of the fat in the rumen offered by the 

unexîracted lignosulfonate treated flaxseed is seen in the blood plasma fatty acids, however, 

this may or may not be related to ligosulfonate treatment (Table 24). In both LL and LH 

fed cows, the proportion of C 1813 in the plasma is significantly geater (3.48 and 4.83% 

respectively) than that of the control(.94%). The elevation of Cl 8:3 indicates some escape 

of this fatty acid fiom ruminai biohydrogenation, as was the case with Cl 8:2 in a study 

conducted by Jenkins et al (1996). However, it is not nearly as large a change as that seen 

with FH (1 0.64%) indicating less protection offered by the lignosulfonate treatment. C 18: 1 

and C 18:0, main end-products of hydrogenation in the rumen, were unafTected by diet except 

in the case of FH, where C 1 8: 1 was significantly lower than the other treatments and control. 

Palmitic acid was also significantly lower in the plasma fiom cows fed RI, but was not 

affecteci by the other treatments. This was not seen in the previous experiment (Goodridge 

and Ingds, 1997), where there were no signincant dif'ferences in plasma C ; 6: 0. Jenkins et 

al (1996) observed C16:O to be lowest in the plasma of cows fed soybean oiI(11.72%) versus 

that of a control(12.39%) or protected butylsoyamide (1 2.75%). Cook and Scott, (1 WZ), 

obsemed a decrease in plasma C 16:O when fomddehyde and untreated sanlower oil was fed 

to dairy cows. 

Milk fatfy acid C4:O was not affectai by dietary treatments (Table 25). Short, 



Table 24. Effect of fonnaidehydet and ligonosulfonate treated flaxseed on blood plasma 
fatty acids of lactahg dairy cows (Ieast square means and SEM). 

Treatment 

Fatty Acid (%) Contrd FfI LL LH 

a-b Means not foiiowed by the same Ietter Mer Sgnificantly at P< 0.05 within fatty acid groups. 
; formaldehyde protected product courtesy J.R Ashes. New South Wales. Ausualia. 

lignosulfonate treated f i a ,  courtesy EXL MiIling Ltd. Hassail, Saskatchewan. 



Table 25. Effect of fonnaldehyde treated flaxseedt and lignosulfonate treated flaxseed" on 
milk fatty acids as a percentage of ndk fat (least square means and standard errors). 

Treatment 

Fatty Acid (%) Controt FH LL LI3 SEM 

CLA* 

Total 
Saturateci** 

Total 
Unsaturated* * 

a 4  Means not foiiowed by the same letter differ signifidy at F< 0.05 within fatty acid groups. 
formaldehyde protected prociuct courtesy J.R Ashes, New South Wales, Australia. 

* IignOSULfonate treated flaxseed courtesy EXL Mïibg Ltd, Hassall, Saskatchewan. 
Analysis by Palmquist. CLA= conjugated linoleic acid 

** Saturated=C12:O-C14:0, Unsa- 18: I-Cl8:3 



I l8  

medium and long chah fatty acids, with the exception of palmitic acid in LL and LH and 

C 12:O in LL, were significantly reduced by the addition of LL and LH to the diet. This is an 

established effect of lipid addition to the diets of dais, cows (Grurnmer, 199 1, Palmquist and 

Jenkins, 1980). The absence of a significant effect on C 16:O in the milk fat corn LL an LH 

fed cows mirrors that which was seen in the plasma of these cows. Fatty acids C6:O to C 10:O 

were unaffêcted by FH, as was the case in the previous experiment and that of Jenkins et al 

(1996). Lauric acid (C 12:O) was not significantly decreased by FH, however, it was Iower 

than the control. Myristic and palmitic acids were significantly decreased by the addition of 

the RI to the diet. Stearic acid (C 18:O) and oleic acid (C 18: 1) were unafTected by treatrnents. 

The proportion of trans-C 18: 1 was not significantly af5ected by LL, LH or FH. 

An increase in C 18: 1 may be seen when a protected supplement is fed which is high 

in oleic acid (Ashes et al, 1992). However, increases in C 1 8:0, C 1 8: 1 and in particular, trans- 

C 18: 1, in the milk may also serve to indicate that extensive hydrogenation of polyunsaturated 

fatty acids has occurred in the rumen (Palmquist and Jenkiis, 1980). Although this does not 

appear to be the case in this experiment, it is unlikely that the lignosulfonate treatment 

provided adequate protection to the fat for the purposes of this shidy. 

Linolenic acid did not show any significznt increases in the milk fat of cows fed the 

lignosulfonate treated flaxseed (0.64,O. 7 1 % for LL and LH respectively versus 0.3 5% for the 

control). Diet FH did renilt in a significant increase in C18:3 (3.5 1%) as expected 

(Goodridge and Ingalls, 1997). This represents a 10.33 fold increase in this fatty acid; a large 

change. Gross transfer efficiencies of C 1 8: 3 fkom the lignosulfonate treated flaxseed were 

2.2% (LL) and 1.7% (LH). These results are consistent with that of a poorly protected 
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supplement (Ashes et ai, 1992). In data generated by Atwai et al (1991), feeding canola oïl 

to Holstein cows as Protec, a form of m e n  by- pass protein, the transfer efficiency of C 1 8: 2 

was aiso 3%. This was interpreted as marginal protection of the fatty acids fiom 

hydrogenation in the rumen. 

Theoreticaiiy, with an intake of 3 27 g of fat at 54% C 1 8:3 (Table 26), 80% rumen 

escape (assuming the same protection as in formaldehyde treated products) and a digestibility 

of 80Y0 wïwith 70% lsorbed in the mammary gland, 79 g of C 18:3 should have been secreted 

in the milk fat fkom diet LH. In vitro degradation of the Lignosulfonate treated flaxseed was 

not determined. Milk fat generally contains oniy -1  % C 1 8: 3 (Kemeily, 1994) with a range 

from trace amounts to 2.06% (Jensen et al, 1991). Therefore, results obtained from this study 

for the LL a.id LH fed cows (0.64 and 0.71% respectively) fall within the range of that 

normally found in rnilk. 

With 354 g intake of fat at 35% C 183, 80% digestibility, 70% utilization in the 

rnarnrnary gland and 80% rumen escape, the FH would provide 56 g for incorporation into 

milk fat. In this experiment, 3 1 gram of C1 8:3 (Table 27) were secreted into the milk fat, 

or 55% of the theoretical value. Gross transfer efficiency for this fatty acid was 25%. 

Adjusting for a digestibility of 80% and rumen escape of 800/o, the transfer efficiency is 39%. 

This is much lower than that found in the previous manuscript (Goodridge and Ingalls, 1997) 

as weil as that reported by Ashes et al (1992). Fatty acid analysis camed out on the fat 

samples by Pairnquist (Ohio State), show C 18:3 in the d fat to be 4.80, 0.87 and 1.00% 

for FH, LL and LH respectively, with the control at 0.44% (Table 28). Comparing our results 

with that of Palmquist indicates 73% of C 18:3 was found in the milk fiom o u  analysis vs that 

of Palmquist. The results fiom Palmquia's laboratory show 27% more Cl 8:3. Adjusting for 



Table 26. Fatty acid profile and intake of fkt âom formaldehyde treated flaxseedt and 
lignosulfonate* treated flaxseedtfed as a top dress. 

Fatty Acid (%): Flaxseeed- SD Lignosulfonat SD 
F o d d e h y d  e Flaxseed 
e 

C20:O 1.27 0.09 0.94 0.01 
- formaldehyck protecied p a c t  courtesy J.R Ashes. New South Waies, Australia 

lignosulfonate treated flayseed courtesy EXL Milhg Ltd, H a s d i  Saskatchewan 



Tabb 27. Diehry ccwsumption (C) vs. secmtim (S) of bEty acids in d k  by cows receiving top dtessed 
formaldehyde ae9ted ffaxseed (FH) or liposulftmate treated flaxseed (LI, or LEI) 



Table 28. Effect of formaidehyde treated flaxseedt and lignodonate treated flaxseedtt on 
milk fatty acids as a percentage of miuc fat as anaiysed by Palmquist fleast square means 
and standard errors). 

Treatment 
- - -- 

Fattv Acid (%) Controt FH SEM 

C l4:O 

CM: 1 

C16:O 

C16:l 

C 18:O 

Cl$: lt* 

C18: lc* 

a d  Means not followed by the same letter M e r  significantly at F< 0.05 within fatty atid groups. 
formaidehycie protected product courtesy J.R Ashes, New South Wales, Australia. 
Ligndonate treated flaxseed courtesy EXL Milling Ltd, Hassall, Saskatchewan. 

* t=trans, t=. ~ o t h e r .  
** conjugated linoleic acid 
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this factor, 43 g of C l8:3 would have been secreted. The gross M e r  &ciency wodd be 

3 1 %. Transfer efficiency would be 54% after correcting for digestibility and m e n  escape. 

This is closer to results obtained previously (Goodridge and Ingaiis, 1997) with the same 

supplement Variability of results for fbtty acid d y s i s  between laboratones with respect to 

fomialdehyde protected supplements (Gnunmer, 199 1 ) is M e r  emphasi i  by these results. 

Although a different type of GC column was used by Palmquist (capillary), the results ftom 

the fist experiment between Palmquist and Our laboidtory were much closer (Table 17, 

Appendk 1). The use of a different column may have been a contributory factor but was 

unlikely the whole explanation. 

Linoleic (C 1 8 : 2) acid and conjugated-linoleic acid (CLA) were not significantly 

increased as a result of any of the dietary treatments. The supplemental flaxseed did not 

contnbute much more C 1 8 2  than the control diet (364,473,407 and 449 gram consumed 

60m the control, LL and LH respectively) and therefore milk from supplemented cows 

would not be expected to be any higher in the intermediate of linoleic acid, C L 4  than that 

of the control cows. 

These results indicate that although blood level of Cl  8:3 was increased, the 

lignosulfonate treated flaxseed was not adequately protected and did not provide sufficient 

rumen escape C 183  to significantly increase the C 18:3 content of rnilk fat. Although milk 

production parameters and nomai rumen metabolism function were unaffected by treatments, 

the level of fat fed may have been insufficient to observe such changes. 



G- DISCUSSION 

The use of m e n  protected flaxseed signincantiy &ers and improves the fm acid 

composition of milk fat, and in particular, linolenic acid (C l8:3). The key to success, 

however, lies in choosing a method which preserves the fatty acids and prevents them fiom 

undergoing extensive hydrogenation in the rumen. 

Experiment 1 resulted in an 8.00 fold increase in C l8:3 over that of the control while 

experiment 11 increased C 18:3 10.33 fold when foddehyde  zeated flaxseed was fed. The 

level of linolenic acid in the milk fat was 6.39% (experiment 1) and 3.5 1% (experiment II) of 

total fatty acids for cows receiving the higher level of formaldehyde treated flax. This 

represents a significant improvement when compared to the normal C 18:3 content of milk fat, 

which is generally at or less than 1 % (Kemeuy 1994, Jensen, 1992, Jensen et al, 199 1 ). Fat 

modified dairy products have resulted in lower plasma cholesterol levels of humans 

consuming the products (Noakes et al, 1996). In the study conducted by Noakes et al (1 996), 

the fat modified products contained 2.2% C18:3 while the control contained oniy -7%. 

Linolenic acid is noted for it's beneficial health effects relating to cardiovascular disease, 

including lowering plasma cholesterol (Sirnopoulos, 1996, Leeson and Caston, 1996, Nash 

et al, 1 995). 

The feeding of formaldehyde protected flaxseed and Linola resulted in a decrease of 

medium and long chah saturated fatty acids (C 12:O to C 16:O) in the milk from 40% of total 

fatty acids in the control cows to 33% for both the Linola and flaxseed fed cows (Table 17). 

Al1 t hree treatments (FL, RI and Linola) resulted in a signincant decrease in medium and long 

chah saturated fatty acids. Unsaturated fatty acids, C 1 8: 1, C 1 8: 2 plus C 1 8: 3, increased from 

32% in the control diet to 38% and 40% of total fatty acids in the milk for Linola and FH 
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respectively. For expriment II (Table 25) there was a decrease of medium and long chab 

saturated fatty acids in the milk fat fi0111 35% of the total fatty acids down to 30% and an 

increase in C 18: 1, C l8:2 and C 1 8: 3 from 3 7% up to 40% of the total fatty acids with the RI 

treatment. Although this represents a significant irnprovement in the fftty acid profle of milk 

fkom cows fed the fomaldehyde protected flaxseed, a fûrther decrease in C 12:0, C 14:O and 

C16:O may be desirable. The lignosulfonate treated flaxseed was much less successful. 

Medium and long chah saturated fatty acids, C12:O to C16:O, uere not significantly 

decreased. Unsaturated fatty acids, C 1 8: 1 , C 1 8:2 plus C 18:3, hcreased 2 percentage points, 

from 37% in the control to 39% in both LL and LH. This was a significant increase (p<.05). 

However, Iinolenic acid comprised only 0.64% and 0.7 1 % of total milk fatty acids in the LL 

and LH fed cows. The control contained 0.3 5% C 1 8: 3 in milk fat.. Transfer efficiencies of 

this fatty acid were oniy 3.26% (LL) and 1.69% (LH), which is consistent with an 

inadequately protected fat supplement (.4shes et al, 1992, Atwal et al, 199 1). 

With respect to the formaldehyde treated flaxseed, the first experiment resulted in 56 

g of C l8:3 in the milk fat of cows fed the FH diet. This was 88% of our theoretical value of 

64 g of C 18: 3. The efficiency of transfer, after adjustment for calculated digestibility and in- 

vitro protection, was 61%. In the second experiment, only 55% of the theoretical value was 

achieved with a transfer efficiency of 39%. However, results obtained from a milk fat sample 

sent to Palmquist (Ohio State Agricultural and Development Research Centre), indicated 

77% of the theoretical value was achieved with a transfer efficiency of 54%. Differences and 

variabilities arnong laboratories is a noted artifact of analysis of formaldehyde protect ed fat 

supplements (Grummer, 1991). These data indicate the improvements in the amount of 

C18:3 in the milk fat of cows fed formaldehyde treated flaxseed in these studies were 



126 

significant regardes of where the anaiysis was made. 

Linoleic acid was significantly increased from 4.83% in the control to 10.34% in the 

milk fiom cows fed Linola (experiment 1). Linoleic acid has been associated with l o w e ~ g  

blood cholesterol levels (Noakes et al, 1996). The proportion of linoleic acid present in the 

milk fat noin experiment II was unaffécted by dietary treatments. In experiment I, the level 

of C 1 8: 2 was significantly greater than the control for FH. Comparing the levels of C 1 8: 2 

found in the rnilk from cows fed RI for the fist experirnent resdted in 6.82% C18:2 while 

the second experiment resulted in a level of 6.000/0. Changes in linoleic acid were therefore 

fairiy consistent between the two trials. Conjugated-linoleic acid and trans-C 18: 1 fatty acids 

were not afTected by the formaldehyde or lignosullonate treated flaxseed. Milk fat from cows 

top dressed Linola did show a significant increase (pC0.05) in tram C 18: 1. This may have 

been due to a lesser degree of rumen protection offered by the Linola supplements. 

Conjugated-linoleic acid is an intermediate formed in the biohydrogenation of linoleic acid, 

while tram Cl 8: 1 results from hydrogenation of Cl  8: 1 in the rumen. In the case of 

fomaldehyde treated flaxseed, rumen protection of the fat was sufficient enough to avoid 

accumulation of these intermediaries in the milk fat. The arnount of linoleic acid present in 

the lignosulfonate treated flaxseed was probably insufficient to significantly increase the 

proportion of CLA in the milk. Levels of unsaturated fatty acids (C 18:2) present in the diet 

is an important factor in the levels of C18:2 in the milk (Kelly and Bauman, 1996). Aiso, 

some protection of the flaxseed did occur (as indicated by blood plasma results) and thus less 

CLA or trans-C 18: 1 would be expected. Conjugated linoleic acid has been identified as a 

potent anticarcinogen as well as an antioxidant (Kelly and Bauman, 1996) and an increase in 

the amount of this fatty acid may indeed be beneficial. However, the source of C 18:2 fed 



would have to be available to the rumen microorganisns for h y d r o g d o n  in order for the 

CLA intermediate to be formed, which then could be absorbed and incorporateci into mik 

triglyceride by the mammary gland. Perhaps a combination of a supplement such as Linola, 

hi& in unprotected C 18:2 combined with a well protected rumen fat supplement high in 

C 1 8: 3, would result in increased CLA and omega-3-fatty acid C 1 8: 3 in milk. Research in this 

area would prove interesting. The lack of an increase in tram-Cl 8: 1 is considered 

advantageous, as these fatty acids are thought to behave like saturated fatty acids C 1 2: .J to 

C 16:O in their hypercholesterolemic effects (Grummer, 199 1 ). 

Dietary treatments did not result in any detrimental or  negative effects on the general 

status of the animas involved in either study. Feed intake, milk production and milk 

composition were unaffected. The body condition scores and weight of the cows did not 

change as a result of either experiment. There were no negative effects associated with the 

treatments on any mmen metabolism parameters such as VFA or ammonia. Plasma urea 

nitrogen was not affected in experiment 1 or II. Feeding hi& levels of polyunsaturated fatty 

acids to dairy cows can result in a decrease in the ratio of acetate to propionate resulting in 

a lower milk fat test (Banks et al, 1982). Also, a consistent result of supplementalfat is a 

decrease in the protein content of milk (Palmquist and Eastndge, 199 1) This was not the case 

in either snidy. Fat added to dairy rations, in general, also results in improved reproductive + 

performance and reduced incidence of metabolic disorders (Hutjens 1993, Gnimmer and 

CarroU, 1991). However, if the added dietary fat were to result in the cows gaining too much 

body fat, health problems associated with over conditioning may occur. This would be 

particularly true if the weight were to remain through the dry period up until calving (Schmidt 

et al, 1988). Although this was not indicated in these t d s ,  as supported by a lack of 
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ciifference in body condition scores, the experimentd periods were too short to measure such 

changes. 

Resuits of these studies indicate that the addition of protected flaxseed to the diets of 

dairy cows wiil improve fatty acid profile as perceived by cunsumers. Some improvement 

was ais0 seen even when the supplement was poorly protected, as was the case with the 

lignosulfonate treated flax. In order to significantly improve the milk fat and especially to 

increase the C 18:3 content, a fonn of protection comparable to fomaldehyde is required. 

Further research is required to either establish an effktive and viable method of protecting 

fat fiom hydrogenation in the m e n  which would be available for use in Canada or estabiish 

the safety or health nsks associated when working with formaldehyde protected supplements 

or consurning products from feeding these supplements to dairy cows. Further work is 

required in the area of in-vitro protection achieved with fomaldehyde protected supplements 

as well as methods of analysing the fat contained in such supplements. This is required to 

reduce the variability and inconsistency within and between laboratories. Research into 

developing a supplement containhg hi& levels of unprotected C 1 8: 2 wit h high levels of 

protected C 1 8 3  would be very interesting. Flaxseed and Linola could both be utilized in such 

studies. The CLA level, if increased by such treatments, could provide a natural antioxidant 

for the higher levels of C 18:3 which would result in the rnilk fat. 
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SUMMARY 

Feed intake was not affected by the inclusion of either fomaldehyde or Lignosulfonate 

treated flaxseed or Linola containing 400-450 g fat for cows producing approxhately 

1 kg fat. 

Milk production parameters including i) yield, ü) fat%, üi) protein % and iv) SWh 

were not affected by added flaxseed or Linola to the diets o f  the cuws in either 

experiment . 

Normal rumen metabolism and function were unaffected by dietary treatments in 

either experiment as measured by rumen VFA, pH and ammonia Ievels. 

Plasma urea nitrogen was not affected by the addition of the flaxseed or Linola 

supplements to the diets. 

Formddehyde protected flaxseed and Linola resulted in significant changes in the 

overall fatty acid composition of milk. Saturated fatty acids, C 1 2: 0 to C 1 6: 0 were 

decreased, while total unsaturated fatty acids C 18: 1, C 1 8 2  and Ci  8:3 were increased. 

Formaldehyde protected flaxseed greatiy increased the proportion of C 1 8: 3 present 

in the milk fat, while Linola sipïficantly increased the proportion of C 1 8 2 .  

Lignosulfonate plus heat provided inadequate protection of the fat corn 

biohydrogenation by the rumen rnicroorganisms as measured by lack of change in 

C 1 8:3 content of miIk fat. 

VIII. Conjugated-linoleic acid was not significantly increased as a result of any of the 

dietary treatments in either experiment thus suggesting the Linola was well protected 

fiom rumen bacteria. 

IX. Tram-C 18: 1 was not significantly affected by any of the dietary treatments in either 
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APPENDICES 



Appendix 1. E f f i  of formaldehyde treated flaxseedt and ~inola' on milk fatty acid yield 
per cow per day (least square means and standard mors). 

Fatty Acid (g): Control SEM 

- -. - 

a d  Mans not followci by the same letter ciiffer significrintly at P< 0.05 within row. 
' formaldehyde protected product courtesy J.R Ashes, New South Wales. Austnlia. 



AppendDc 2. Effect of f o d d e h y d e  treated flaxseedt and Linolat on miik htty acids as a 
percentage of milk fat as analyzed by Palmquist (least square means and standard errors). 

Fatty Acid (%) Control Linola FL FH SEM 

C4: 0 

C6: O 

C8:O 

C 10:o 

C12:O 

C14:O 

CM: 1 

C16:O 

CM: 1 

C l8:O 

C18:Itf 

C18:1c* 

Cl8:IoS 

C l8:2 

C 18:3 

C20: O 

CLA 
a-d Means not followed by the same letter M e r  significantly at P< 0.05 within fatty acid groups. 
' forxnaidehyde protected prochict courtesy J.R Ashes, New South Wales, Aiisualia- 
** t=txans. c=cis, o=other. 
**CLA=conjugated linoleic acid 



Appendk 3. Effect of fonnaldehyde treated flaxseedt and Lignodonate treated flaxseed9 
on milk fktty acid yield per cow per day (least square means and standard errors). 

Treatment 

Fatty Acid (g): Control FH LL LH SEM 

C4:O 14.00 14.75 12.00 11.50 1.20 

C20: O 1 1 .25 11-00 9.25 9.25 O. 76 
a 4  Means not foIlowed by the sarne letter Mer significantly at P< 0.05 within rows. 

forrnaidehyde protected prochict courtesy J.R Ashes. New South Wales. Australia. 
'; lignosulfonate treated fla.YSeed courtesy EXL MiIling Ltd, Hassall. Saskatchewan, 
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