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CABSTRACT) 

Forty four first-calf heifers were randomly selected to 

determine lactational and metabolic responses to high fat 

diets and isoacids. All heifers were allowed ad libitum 

consumption of a control diet fer the first 2 weeks of 

lactation and then offered experimental diets Eor the next~ 

weeks. Each 6 cows of twenty four were randomly assigned to 

1) a control diet CC) with 35.2% corn silage, l~.~% alfalfa 

haylage and SO.~% concentrate Cdry matter basis), 2) C with 2% 

calcium stearate CS) substituted for corn grain, 3) C with 2~ 

tallow CT) for corn grain, and~) C with 10% whole cottonseed 

CW) for corn grain, cottonseed meal and cotter.seed hulls. 

The remaining 20 heifers were randomly assigned to diets C, S, 

1, and W, each with ~g/kg iscacids added CCI, SI, TI, and WI). 

Fat supplementation or isoacid addition did not affect milk 

production. Addition cf isoacid increased milk fat 

percentage, ~% fat-corrected milk, milk fat production 



(kg/day) and dry matter intake. Differences due tc iscacid 

were greatest when added tc W. Increased milk lactose 

percentage and weight gain were evident in animal receiving WI 

compared tc W ration. Fat supplementation depressed 

percentages cf milk fat, milk lactose and milk solids-not-fat. 

Milk protein percentage and somatic cell count were not 

affected by treatments. Plasma glucose,and glucose and 

epinephrine challenge parameters were net affected by diet. 

Peak plasma ncn-esterified fatty acid response to epine~hrine 

injection, detected a~ 10 tc 12 minites, was similar for C, 5, 

T, and w. Cc"ncentraticns of individual volatile fatty acids 

CUFA) and total UFA in rumen fluid were increased by fat 

supplements. Isoacid addition increased the amounts of 

isobutyrate and iscvalerate; however, acetate and total VFA 

concentrations were decreased compared to CI when isoacids 

were added tc high fat diets. The ratio cf acetate to 

propionate was similar fer all diets. Digestibilities cf dry 

matter, crude protein, and acid detergent fiber were not 

influenced by diet. The efficiency of energy utilization was 

highest for control diet. In conclusion, lactational, 

metabolic, and physiological responses to S, CI, and WI were 

favorable. Responses to W were lowest. 
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INTRODUCTION 

Fat  supplementation  has  been  recommended  to raise energy 

concentration  of dairy cattle  diets  in early lactation when 

energy balance  is  negative.  Fat  has  been  used successfully 

to  increase  the ratio of forage to  concentrate by replacing 

dietary grains C9~. 95). Polyunsaturated oils  and tallow, 

however, have  a  tendency  to  depress  milk  fat  content  and 

ruminal  digestive  function.  Long-chain fatty acids  appa-

arently disturb ruminal microbial  metabolism  and growth C3~. 

75, 9~, 122,  127). 

A potential fer increased  milk  fat yield and normal 

ruminal digestion  has  been  demonstrated by protected dietary 

lipids ~50). The  results  of  many  studies CS,  10,  11, ~~  

75,  99,  106,  113,  126,  127,  128) suggested  that dairy cows 

responded  positively  to  formaldehyde-treated  casein-oils or 

protected tallows by consistently  producing more milk  and 

milk fat. 

In recent years, whole cottonseed  has  been  cf  interest 

because  it  is  in  a naturally protected form. A few studies 

(3,  33)  have reported that whole ·cottonseed  feeding  resulted 

in  the  high  production  of  milk  fat  and  fat-corrected  milk. 

However, DePeters et  al. (33) has  suggested  that whole 

1 
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cottonseed tended to depress milk protein content due to 

decreased milk casein nitrogen. 

Calcium-bound fatty acid feeding has been widely studied 

(51, 57, 58, 6~. 96). Insoluble calcium soaps bypassed 

rumen fermentation and were absorbed in the lower digestive 

tract, as in whole cottonseed C57, 58, 96). As a result, 

dairy cows maintained favorable ruminal function and produced 

more milk fat C53, 58, 6~). 

Isoacid addition to the dairy ration increased protein 

microbial growth and fiber digestion resulting in increased 

milk yield C7, 30, 97). Isoacid addition to diets contain-

ing low levels of protein led to high persistency and 

production of milk C38). Increased milk yields may be 

attributed to nigher dry matter digestion and greater 

microbial protein production in the rumen C30). Felix et 

al. C37) has reported increased growth rate of dairy heifers 

fed isoacid supplemented diets. However, no information is 

available on interactions or simultaneous feeding of 

supplemental isoacids and dietary fat. 

Objectives of the present study were 1) to evaluate 

lactational, metabolic, and physiological effects of three 

sources of dietary fat (tallow, calcium soap, and whole 

cottonseed) fed to dairy cattle during the early part of 

their first lactation and 2) to investigate the possible 

interactions between iscacid and fat supplementation. 



REVIEW OF LITERATURE 

BENEFITS OF FEEDING FAT 

In the past 35 years, the average yearly milk producticn 

This per cow in the U.S. has increased more than 120% (26). 

successful performance has been attributed to genetic 

improvement cf dairy cows, increased supplies of forage and 

grain, and development of animal nutrition CS~). Many 

studies by animal nutritionists have focused on the optimal 

quantities of feedstuffs (26) for higher and more econcmical 

milk yield. 

In early lactation, nutrient requirements of lactating 

cows are greater than their ability to consume dry matter. 

As a result; energy balance is negative. High-producing 

cows have difficulty meeting energy requirements and 

maintaining high levels cf milk production once peak dry 

matter intake is attained. Cows have a limited digestive 

tract capacity (91, 100), which limits energy intake for 

(91), To maximize feed intake, several factors need to be 

considered: ratio of forage to concentrate, moisture level of 

feedstuffs, feed processing method, energy to protein ratio, 

and supplements containing buffers, proteins, er fat C26). 

3 
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Dairy rations normally contain 3 to~% fat C90, 95). An 

increase in the fat content of the diet enables greater 

consumption of energy and higher efficiency of energy 

utilization at a constant dry matter intake. Fat contains 

over two times as much energy as protein or carbohydrate. 

Fat can replace starch in the diet CSO, 9~, 95), allowing an 

increased ratio of forage to concentrate and avoidance of 

milk fat depression caused by excess starch feeding (95). 

However, unprotected fat also can cause negative effects such 

as decreased fiber digestion and a low acetate to propionate 

ratio C90). In contrast, protected fat has resulted in 

favorable responses. When fed protected oil, cows produced 

milk and meat containing highly unsaturated fat CS). 

CLASSIFICATION OF FA! SUPPLEMENTS 

Supplementary fats or oils can be fed in an unprotected 

form or in a protected form encapsulated in a casein-

formaldehyde or formalin coating. From the late 60's until 

the late 70's, many studies had been conducted on diets 

containing protected or unprotected fats or oils; i.e., 

safflower oil, soybean oil, cottonseed oil, coconut cil and 

codliver oil as polyunsaturated oils, and whole soybean seed, 

full-fat soyflour, sunflower seed, tallow, and mixtures of 
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two supplements Ci.e., sunflower-soybean, or blended animal-

vegetable fat). 

In recent years, whole cottonseed has been a popular 

source of added fat. Furthermore, increasing interest has 

been shown in commercial products such as ammonium or calcium 

salts of isoacids or volatile fatty acids, and calcium 

stearate. It is expected that fat supplements will continue 

to be improved in the future. 

DIETARY OILS 

In 1968, Uarman et al. (122) reported that feeding daily 

250 ml of safflower oil depressed percent milk fat, percent 

ruminal acetate, and plasma triglyceride. It elevated 

plasma non-esterified fatty acids, plasma cholesterol, and 

proportions of all the volatile fatty acids except acetate in 

the rumen. In a subsequent studyC102), the same amount or 
safflower oil was infused abcmasally ever~ hours daily fer 3 

weeks. Results of this study suggested that abomasal 

infusion of safflower oil increased percent milk fat, bleed 

ketones, non-esterified fatty acid, and cholesterol, and 

percent lincleic acid CC18:2) in milk fat whereas it reduced 

percent myristic, palmitic, stearic, and oleic acids in milk 

fat. 
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Plowman et al. C99) and Wrenn et al. Cl26) suggested that 

safflower oil-casein protected with formaldehyde resulted in 

increased percent milk fat, milk linoleic acid CC18:2) with 

reduced short chain fatty acids CCS:0-16:0) due to the 

inhibited mammary de novo short chain fatty acid synthesis 

from long-chain fatty acids C95). The latter worker further 

observed that although protected safflower oil elevated blood 

cholesterol, milk and meat cholesterol levels were unchanged, 

indicating no detrimental effect from feeding protected 

safflower oil. In general, dairy cows have responded more 

favorably to the protected safflower oil, 

Astrup et al. CS) fed each ~00 g of protected coconut 

oil, protected hydrcgen~ted soybean oil, and protected 

soybean oil to 6 dairy cows fer~ weeks. In this 

experiment, the workers observed increased percent milk fat 

and milk dry matter, serum cholesterol, and serum total lipid 

in beth cf protected coconut and soybean oil treatments, and 

decreased percent milk fat and milk dry matter in protected 

hydrogenated soybean oil treatment. These results were 

similar to the report cf Goering et al C~~). The workers 

concluded that feeding protected soybean oils would be mere 

beneficial than feeding unprotected one. 

In contrast, by feeding unprotected soybean oil, percent 

milk fat was depressed C72) or unchanged C~~. 71), Percent 
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milk stearic CC18:0) and oleic acid CC18:l) increased as 

percentages of short chain fatty acids and linoleic acid 

CC18:2) in milk fat were reduced C~~,72). Dry matter intake 

was unchanged C~~) or slightly decreased C71). Digestible 

energy intake, fat-corrected milk, percent solids-not-fat, 

plasma triglyceride and cholesterol were not changed C~~). 

These data showed that dairy cows responded positively to the 

unprotected soybean oil. According to the data of Mattos et 

al. C75), 3.6 kg/day unprotected or protected full-fat 

soyflour was successfully fed to dairy cows with inc~eased 

milk yield and fat contents. 

Sterry et al. C113) found that when free or protected 

codliver oil was fed to dairy cows for 22 days, yield of long 

chain fatty acids CC:20-22) in milk fat was significantly 

elevated. These workers further showed that cows were less 

responsive to free codliver oil, resulting in the depressed 

acetate to propionate ratio in the rumen. 

Vang et al. (128) fed 15% sunflower seeds treated with 

formalin to 10 dairy cows in the second month of lactation 

and normal milk production was maintained. Decreased 

percentages and yields of myristic and palmitic a~ids in milk 

fat were compensated for by increased stearic and linoleic 

acids. 

Barbano et al Cll) showed positive effects of protected 
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sunflower-soybean supplement fer dairy cows. 

milk phospholipid and fat was increased while milk yield was 

unaltered. 

DIETARY TALLOW 

In recent years, several studies C67, 68, 73, 108, 110) 

have been conducted to determine the effect of protected 

tallow supplement on lactating cows. The researchers have 

reported that protected tallow can be successfully fed to 

dairy cows. 

According to the studies, milk production was normally 

maintained, and percent milk fat and fat-corrected milk were 

significantly increased (68, 73, 108, 110). Percent milk 

protein (73, 108) and lactose (73) were negatively 

influenced. Efficiency cf utilization cf metabclizable 

energy for lactation was increased 8.0 - 13.6% in the diet 

containing 25% of metabolizable energy as protected tallow 

C68). Plasma glucose was not affected (68, 110) and plasma 

cholesterol (68, 110), and triglyceride (110) were elevated. 

Digestibilities cf crude protein and crude fiber were 

unaltered while digestibility cf lipids was influenced 

positively (73, 108). The acetate to propionate ratio was 

significantly elevated (90). 
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Tallow is composed cf SO% saturated fatt~ acids and 

approximately ~0% of unsaturated fatty acids, and its melting 

point is ~2°C C76). 

DePeters et al. C3~) fed 0, 3.5, and 7% animal fat to 12 

lactating Holstein cows for 3 weeks. for 7% fat diet, 

percentages cf all the milk compositions and per=er.t casein 

nitrogen in milk protein were influenced negatively .. 

Digestibilities tended to decrease with increasing dietar~ 

fat. 

According to the results of four studies (87, 9~, 112, 

127) when dairy cows were given S tc 6% dietary tallow, milk 

production was increased Cl27) er unchanged CS7, 9~, 112). 

Percent palmitcleic (127), stearic (112), and oleic acids 

(112, 127) were elevated while carbon chain 6 to 16 fatty 

acids were reduced C112). Sterry et al. Cll2) suggested 

that a 2% tallow diet significantly changed the relative 

proportions of fatty acids in milk fat. Percent milk 

protein was net reduced C87, 9~, 127). Body weight 

responded positively Cl27) er insignificantly C9~). Ne 

abnormal digestibilities and proportions of ruminal volatile 

fatty acids were detected when fed up to 6% dietary tallow 

(87, 9~). It has been shown that tallow has a tendency to 

decrease fiber digestibility CS8, 91, 95). Palmquist et al. 

CS~) confirmed that digestibilities of all the components 
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were significantly increased by the addition of calcium. 

Plasma lipids and plasma cholesterol were increased (127). 

feed intake was not influenced (127) or was slightly 

decreased CS~). Heinrichs et al. C~S) has suggested that 

cows had a tendency to consume a small amount of tallow diet 

frequently, and that the total feed intake was usually not 

different from unsupplemented diets. 

Macleod et al. C71) used hydrogenated tallow to dete~mir.e 

the effect of the saturated fat on milk yield and composi-

tion. This study showed that hydrogenated tallow did not 

influence milk yield and composition, or proportions of 

ruminal volatile fatty acids. Only slight decreases in feed 

intake and concentration of blood glucose were detected. 

Similarly, in another experiment by Macleod et al. C72), 

proportions of milk fatty acids were not affected by the 

hydrogenated tallow while plasma lipid fractions were 

increased. 

CALCIUM SOAPS 

The unprotected fat often inhibits fiber digestion in the 

rumen, resulting in the low acetate to propionate ratio 

followed by milk fat depression CSB), To remove this 

inhibitory effect by fat, two techniques have been studied. 
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The first technique was to add calcium to the dietary fat 

to form insoluble calcium soaps in the rumen (57, 96). It 

has been presumed that the insoluble soaps formed in the 

rumen should escape the rumen fermentation and dissociate 

postruminally C58) into calcium cations and free fatty acids, 

which may be utilized directly for milk synthesis. 

Jenkins et al·, C57) conducted an in vitro test to 

evaluate how ruminal formation of insoluble soaps and fiber 

digestion would be influenced by added fat and calcium. 

Approximately 60% of total fatty acids formed insoluble soaps 

in the rumen. Added calcium chloride influenced formation 

of soaps and fiber digestion more positively due to its 

higher solubility than relatively insoluble dicalcium 

phosphate. However, depressed fiber digestion was observed 

due to the long-chain fatty acids produced in the rumen. 

·rn the subsequent in vivo study of Palmquist et al. CS6), 

it has been suggested that formation of soaps was strongly 

dependent on the amount of ruminal fat and was not affected 

by the added calcium although the improved digestion by 

calcium supplement was still observed. The researchers have 

concluded that the favorable influence cf the added calcium 

and fat was not attributed to the increased formation of 

calcium soaps in the rumen, noting that excessive additional 

calcium may adversely affect by reforming insoluble soaps in 
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the lower digestive tract and being excreted in the feces 

(58). However, the optimal amount of calcium required in 

fat diet remains unclear. 

further studied, 

This first technique should be 

The second technique is to add calcium and fat as 

preformed calcium soaps. Jenkins et al. C58) found that 

.feeding preformed tallow calcium soap alleviated reduced 

digestibility of crude fiber caused by ~.5% dietar~ tallow 

fatty acid, and conversely, reduced digestibilities cf fatt~ 

acids and ene~gy by 6% and 3%, respectively. 

In another study C6~), calcium-treated soaps ~ere higher 

in digestibilities, serum lipids and cholesterol than animal 

fat. Herbein et al. (51) tested the effects of prefor~ed 

calcium stearate and tallow on~~ early lactating cows. The 

calcium stearate diet was highest in fat-corrected milk, 

acetate to propionate ratio, and growth hormone to insulin 

ratio. Plasma ncn-esterified fatty acids, calcium and 

magnesium were net influenced by calcium stearate diet. 

The workers (51, 58) concluded that preformed calcium 

soaps were effective and beneficial when fed to dairy cows to 

maximally utilize dietary fats. 
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WHOLE COTTONSEED 

Whole cottonseed CWCS) contains fat, protein, and highly 

digestible fiber C3, 18, 28, 33, ~8, 70). It has been 

recommended for feeding in the hot season when lactating cows 

may suffer from heat stress, resulting in depressed dry 

matter intake and milk and milk fat production C28, 29). 

Although WCS is a widely used dietary ingredient, it is still 

unclear how WCS affects milk composition of lactating ccws 

under all conditions C33). 

Anderson et al. (3) reported that WCS feeding increased 

milk production; however, other studies (29, 33, ~8) have not 

observed any difference in milk production. DePeters et al. 

C33) suggested that percent milk fat, milk total solid, and 

fat-corrected milk increased with WCS feeding, whereas other 

studies C3, 29, ~8) showed no difference in percent milk fat 

and fat corrected milk. DePeters et al. C33) further 

suggested that dietary WCS decreased percent milk protein due 

to depressed milk casein, and it also decreased percent milk 

solids-not-fat. In contrast, other studies C3, 29, ~8) have 

shown no change in percent milk protein, WCS decreased C29, 

~8) or had no effect on dry matter intake C3, 33). Also body 

weight gain was not affected C33). 

In an experiment where 0, 15, and 30% WCS were fed, 
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Coppock et al. (29) observed increased bleed calcium, 

decreased blood glucose, and increased digestibility cf crude 

protein, apparently due to high crude protein in the diet. 

Hawkins et al. (~8) reported that diets containing 18.5% WCS 

markedly increased plasma total lipids, cholesterol, and 

gossypol, primarily due to high lipid intake from the diet. 

He further suggested that WCS feeding did not change the 

duration cf the lactation period; although, some fat 

supplemented diets have shewn a shortened lactation pe~icd 

(91), Andersen et al. (3) observed no effect cf WCS Cl.9 kg 

per cow per day) en rumen volatile fatty acids, except a 

slight increase in the acetate to propionate ratio. 

Some cows have responded favorably to WCS, but negative 

effects have been suggested. Lindsey et al. (70) and 

Hawkins et al. (~8) warned that gcssypcl toxicity may result 

from feeding excessive WCS or cottonseed meal, although no 

actual cases cf toxicity have been reported. In practice, 

WCS feeding costs may be higher relative to other feedstuffs. 

To be accepted economically, WCS feeding must show a 

significant increase in milk production, milk fat, er fat 

corrected milk C3). Accordingly, precesses like pelleting 

prior to feeding may be considered (28). 

Further study is required before lactational and 

metabolic responses to WCS feeding are completely understood. 
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AMMONIUM OR CALCIUM SALTS OF VOLATILE FATTY ACIDS 

Feeding calcium or ammonium salts cf volatile fatty acids 

has been known to increase milk production significantly C7, 

25, 30, 37, 38, 65, 66, 88, 103, 10~) and persistency cf milk 

yield C7, 38, 65), The cationic neutralized volatile fatty 

acids are composed of isobutyric, isovaleric, valeric, and 

2-methylbutyric acids C32), As shown in Figure 1, these 

isoacids are essential for growth of cellulclytic anaerobic 

bacteria and synthesis of microbial protein C2, 21, 32). 

The carboxylation reactions of branched-chain fatty acids 

produce branched-chain amino acids which are buildir.g blocks 

for microbial prote~n synthesis C21). Valerie acid produced 

by deamination of proline in vitro C2) improved cellulose 

digestion with branched-chain fatty acids C7, 30, 38). 

Improved cellulose digestion and microbial protein 

synthesis may lead to higher milk production C7, 30, 38), 

Lower-producing cows have responded more positively to 

isoacids C7), Rogers Cl03) and Newman et al. C88) have 

reported higher response of milk yield for early lactating 

cows and for heifers fed ammonium salt or calcium salt of 

volatile fatty acids. In contrast, another study cf Rogers 

et al. ClO~) has suggested that older cows showed more 

response. 
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ISOBUTYRIC ~ ~~  UALINE 

LEUCIN~ 
~ICROEI~L 

ISOUALERIC ~-~i----~~~~ 
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... ... 
CELLULOLYTIC BACTERIAL GROWTH 

Figure 1. Correlationships between  volatile fatt~ acids a~d 
amine  acids for cellulol~tic bacterial gro~th a~d 
microbial protein s~nthesis 
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to calcium salt of volatile fatty acids. 

Percent milk fat was not changed C7, 88, 103), and effect 

of carryover milk yield was not significant after calcium 

salt of volatile fatty acids feeding was discontinued C25, 

10~). Body weight was slightly reduced for lactating cows 

C38) and was increased for younger cows when fed isoacids 

(37, 65). In a digestion trial, Felix et al. C37) repo~ted 

that nitrogen utilization was increased by adding isoacid 

while digestibilities of dry matter and nitrogen were not 

affected. 

In response to concerns that consumption of the milk 

containing increased concentrations of volatile fatty acids 

might affect human health adversely, Papas and Sniffen (97) 

reported no increased concentration of volatile fatty acids 

in milk. For these reasons, ammonium or calcium salts cf 

volatile fatty acids have been fed in the commercial farms in 

recent years. 

EFFECTS OF DIETARY FATS ON RUMEN FERMENTATION 

Mono and digalactoglycerides, triglycerides, and phcspho-

lipids in feed are hydrolyzed into galactose, glycerol, anc 

fatty acids by ruminal bacteria in the rumen C9). Several 

rumen bacteria and protozoa CS) rapidly hydrogenate unsatu-
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Galactose, Glycerol~~--+ VFA~~--+Energy 

Palmitate, Stearate 

Microbial lipid 

Figure 2. Lipid fermentation by microbes in the rumen. 
GG - Galactoglycerides, TG - Triglycerides 
PL - Phcspholipid, VFA - Volatile fatty acid 

Adapted from C76). 
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rated fatty acids into saturated fatty acids (9, 76, 91), 

to balance excessive reducing equivalents produced by ruminal 

bacteria (76). According to Palmquist (91), the bichydrc-

genating process appears to play an important role in protec-

ting ruminal bacteria from toxic effects of polyunsaturated 

long-chain fatty acids. Unsaturated fatty acids are more 

toxic to ruminal bacteria than saturated fatty acids, d~e tc 

their high solubility and reactivity in the rumen C~O). 

Also, volatile fatty acids are produced by the microbial 

activity, transported through the blood stream, and utilized 

for energy (60). The acidity cf fluids in the duodenum and 

upper Jejunum is higher in ruminants than in ncnruminants 

(76, 95). This higher acidity enables saturated fatt~ acids 

to be further digested (95) and enables protected lipids 

Ci.e., formaldehyde-treated lipid-casein complexes or calcium 

soaps) to be easily dissociated in the lower digestive tract 

cf cows ClO). 

The metabolism cf unsaturated fatty acids seems to be 

important because they are maJcr components of dietary fatty 

acids, and are further saturated in the rumen Cl06). To 

avoid ruminal hydrolysis and biohydrogenation cf fat, 

protected lipid feeding has been recommended with allowing 

the production of mere unsaturated milk and meat. However, 

the effects of dietary fats on rumen fermentation remain 
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still unclear (91), 

Palmquist et al. C91, 95) has reported that dietary fats 

did not influence rumen fermentation. However, in an in 

vitro fermentation study C23) cf long-chain fatty acids, the 

acetate to prcpcinate ratio was reduced when 15 and 20% 

substrates consisted cf long-chain fatty acids. This change 

in components of volatile fatty acids has been observed to be 

a result cf antibacterial activities of both ur.satu~ated and 

saturated long-chain fatty acids c~o. 91, 95). Acco~dir.g to 

an in vitro study of Galbraith et al. C~O), long-chain fatt~ 

acids inhibit gram positive bacteria, and not gram negative 

bacteria. Antibacterial activities were highest in the 

order cf unsaturated fatty acids Cl8:3>18:2>18:1>19:0), 

lauric, myristic, palmitic, and stearic acids. Calcium lens 

alleviated these toxic effects. Negative effects cf 

long-chain fatty acids have been frequently observed in 

unprotected fat diets CB, 3~. 100, 106, 122). 

In two studies (9, 76), the acetate to propionate ratio 

was positively correlated to the production cf milk and milk 

fat. Fat synthesis was highly dependent on acetate and 

butyrate production in the rumen (76), According to an in 

vivo study (60), acetic acids infused into the rumen 

increased yields cf milk and milk fat, but propionic acids 

decreased them while increasing milk protein content. 
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In conclusion, the depressed milk fat caused by feeding 

unprotected fats may result possibly from the negative 

effects of long-chain fatty acids on rumen fermentation. 

EFFECTS OF DIETARY FATS ON DIGESTIBILITIES 

Increased digestibilities are accompanied by increased 

dry matter and energy intake, and increased animal 

performance C26). The effects of dietary fats on 

digestibilities of ruminants are not clearly established. 

Growth of ruminal cellulolytic bacteria was highly inhibited 

by long-chain fatty acids, primarily oleic acid in high fat 

diets C91), For this reason, unprotected fat feeding tended 

to decrease fiber digestibility C3~). When fiber digestion 

is depressed, less acetate is produced and consequently, 

production of milk and milk fat is depressed C60, 76). 

Palmquist C91) has suggested that calcium addition to fat 

diets may reverse the depressed fiber digestion because 

calcium ions combined with fatty acids in the rumen form 

insoluble soaps which would escape rumen fermentation. Tnis 

worker has furthe~ recommended to feed higher amounts of 

fiber to offset the depressed fiber digestion C91). 

Likewise, it has been known that protein-coated fat or whole 

cottonseed as protected lipids can avoid rumen fermentation 
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and allow digestibilities to be normally maintained. 

BLOOD METABOLITE RESPONSE TO DIETARY FAT 

Milk synthesis depends highly upon the rate cf blcod flow 

because the blood circulation delivers nutrients frcm tissues 

to mammary gland C27). In early lactation, bleed non-

esterified fatty acid concentration rises due to fat 

mobilization Cl23), and glucose is less used than lipids as 

energy by body tissues C26). 

Palmquist C90) correlated dietary fat intake with high 

concentration of plasma total lipid. Similarly, Mata-

Hernandez et al. C7~) has reported that dietary protected fat 

increased the levels cf plasma lipid. 

Hove CSS) has suggested that plasma ketcnes showed a 

large variation in healthy cows, and that lower plasma 

glucose in early lactation is probably due to its high 

utilization for milk synthesis. McAdam et al. C77) have 

shown large fluctuations cf concentrations cf plasma calcium 

and magnesium as lactation proceeded. 

All the nutrient partitioning and energy metabolism occur 

under the homeostatic and homecrhetic control cf hormones 

ClS). Growth hormone stimulates lipolysis, and insulin 

stimulates lipogenesis in the adipose tissues C26, 78, 91). 
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After a meal, ratio of insulin to glucagon is increased Cl5). 

!he interactions between growth hormone, insulin, and 

glucagon must be associated with nutrient partition and 

maximal milk production C26). By data of Hart et al. C~7), 

blood growth hormone concentration and growth hormone to 

insulin ratio were positively associated with milk yield, 

Growth hormone was negatively correlated with body weight 

gain and positively with plasma ncn-esterified fatty acids. 

In early lactation, concentiation of plasma growth hormone 

increased, that of plasma insulin decreased, CS2, 123) and 

growth hormone to insulin ratio increased C52, 91). 

Epinephrine also has been known to stimulate lipclysis 

and increase plasma non-esterified fatty acids C15), 

especially in ea~ly lactation C17). It is more active for 

humans, rats, and dogs than for cows C76). Jaster et al. 

(56) found that lipolysis by epinephrine may_ be hig.hly 

associated with cyclic AMP concentration and the number of 

beta-adrenergic receptors in adipose tissues. 

In addition, It has been reported that intravenously 

administered short-chain fatty acids and amino acids 

increased lipogenesis and gluconeogenesis, respectively, 

resulting from the stimulation of insulin (78). 

Ketogenesis is highly associated with hypoglycemia. 

Intravenously injected glucose induced higher insulin 
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activity and greatly decreased concentrations of plasma 

ketones C~6, ll~). Metabolism of glucose may be altered by 

either high-grain intake C36) or dietary fat supplement C31). 

Glucose pool size was highly dependent on concentrations of 

plasma glucose C36), and feed intake C22). Bartley et al. 

Cl3) has suggested that as volatile fatty acid concentrations 

in the rumen increased~ plasma glucose concentration 

decreased, resulting in insufficient supply of glucose to the 

mammary gland for milk production. He has further repcrte= 

that endogenous glucose metabolism was inhibited by 

exogenously injected glucose Cl3). 

LACTATIONAL EFFECT OF DIETARY FAT 

The daily production cf milk fatty acids is greater than 

intake cf fatty acid; so it is important to·understand the 

metabolism cf milk fat synthesis in the mammary gland C95), 

Over 95% cf milk lipid is composed cf triglycerides, and the 

lipid content has shown the most variation among milk 

components C82), Unprotected fat reduces fiber digestion in 

the rumen C91). Consequently, ratio of acetate to 

propionate was reduced, and milk fat was depressed CSO, 58, 

75, 95). It has been suggested that as greater amounts of 
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dietary long-chain fatty acids were transfered to milk fat, 

percentages of long-chain fatty acids in the milk increased 

and those of short-chain fatty acids decreased C~~. 75, 91, 

95, 102). Mattos et al. C75) reported that the primary 

reason for milk fat depression was the inhibited de nova 

fatty acid synthesis in the mammary gland. Plowman et al. 

C99) postulated that feeding·unprctected safflower oil-=asein 

increased the hydrogenation cf lincleic acids to oleic acids, 

resulting in high content of oleic acids in the milk. 

Palmquist et al. C91) confirmed that the increased oleic 

acids in the milk were attributed to desaturation of stearic 

acids in the mammary gland. 

Gerson et al. C~2) suggested that cleic acids in the milk 

may be derived from caprylic C8:0), capric Cl0:0), and lauric 

C12:0) acids in the mammary gland~ However, in prctacted 

oil, the uptake of 18-carbcn fatty acids may be inhibited by 

dietary polyunsaturated fatty acids C20:5 to 22:6) CSO). 

The source of long-chain fatty acids in the milk is blood 

glyceride C~2) absorbed from dietary fat C82), and that cf 

short-chain fatty acids is blood acetate C~2) serving as 

precursors for de ncvc synthesis of short-chain fatt~ acids 

C82), The produced fatty acids are further utilized for 

milk fat synthesis C82, 112), Also, chylomicrcn cholesterol 

may be absorbed by the mammary gland through the hydrclytic 
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activity  cf  lipcprctein  lipase C82). 

By  feeding fat, milk  butyric  acid  content  increased C2~, 

75,  102,  112), Chandan  et  al. C2~) suggested that the 

increased  butyric  acid  may  be  attributable  to  its selective 

release  by  pancreatic  lipase  and milk lipase.  Sterry  et  al. 

(112) has  proposed  that  there  may  be  a  ncn-malcnyl pathway 

fer butyrate  synthesis. 

In  general,  the  milk  fat  depression observed when feeding 

unprotected  lipids  can be restored by either substituting 

protected  lipids CB, ~~  75,  1061 1131 126) or  by adding mere 

fiber C50) er  calcium C511 571 581 6~, 96). 

lipids,  percent  milk  fat was increased  because  greater 

contents cf long-chain  fatty  acids were synthesized-than the 

reduced  amount cf short-chain  fatty  acids C75). However, 

milk protein  content was depressed  probably  due  to  decreased 

casein  nitrogen C33, ~2). 

Smith  et  al. CllO) has  suggested  that  depressed  milk 

lactose,  and  solids-not-fat  may be caused  by  the  restricted 

supply  of  glucose  to  the  mammary  gland. 

LIPOLYSIS AND".LIPOGENESIS IN  ADIPOCYTES 

The  physiological  adaptation cf lipolysis  and lipcger.esis 

occurs  under  endocrine  regulation C27), During  early 
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lactation, the rate cf lipclysis in adipose is high and that 

cf lipcgenesis is relatively low, due to extremely high 

demand cf energy for milk synthesis Cl5, 26, 27, 83). The 

key tissues related to lipid metabolism are mammary and 

adipose tissues. The metabolic adaptation related to 

lipcgenesis Cpredominently in late lactation) and lipolysis 

Cin early lactation) are indicated in Figure 3. 

Lactcgenesis increases the rate of lipclytic activities 

(figure 3. 8) in adipose cells Cl5, 2S, 27, 83). The 

released glycerols and free fatty acids combined with blood 

albumin are transported to the mammary gland ClS, 27, 83) 

with increased blood flow rate C27). The glycerol release 

into the bleed is an irreversible reaction because ccws de 

net have glycerol kinase in adipose tissue C83). The 

released nutrients are delivered to the mammary gland 

directly er indirectly via liver (27). Lipclysis in 

adipccytes is stimulated by reduced activities er acetyl CoA 

carbcxylase Cl5) and lipcprctein lipase C27), reduced insulin 

receptors, increased albumin concentrations in bleed Cl6), 

and increased beta-adrenergic receptors C27, 56). 

Metz et al. C83) has observed that as fat mobilization 

increased, in vitro re-esterification cf fatty acids almost 

stepped. In an in vitro study by Yang et al. Cl29), fat 

mobilization was stimulated by infusion of 3-hydroxybutyrate 
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Figure 3, Lipcgenesis CA) and lipclysis CB) in adipcse. Taken 

f'i::-cm C 27) • 
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and depressed by glucose, insulin, and nicotinic acid. Metz 

et al. C83) found high sensitivity of lipolysis to noradre-

nalin. Conversely, lipogenesis remains high during late 

lactation when energy balance is positive ClS, 26, 27). In 

conclusion, to understand the interactions between fat, 

fiber, metal cations, and microflora in the rumen CSS), more 

efforts should be made. 



MATERIALS AND METHODS 

SELECTION AND FEEDING REGIME OF ANIMALS 

Forty four first lactation Holstein cows were randomly 

housed in tie stalls within 3 days after calving, fed c=ntrol 

diet (Table 1), for l~ days for adjustment and standardiza-

tier.. Cows were ranked by milk production during the sec=r.c 

week of lactation and assigned to 8 dietary g~oups, su=h that 

average milk production of groups was similar. Twenty fou~ 

cows were assigned to~ dietary groups: l) control diet CC) 

with 35.2~ corn silage, 1~.~% alfalfa haylage and 50.~% 

concentrate (dry matter basis); 2) C + 2% calcium stea~ate 

CS); 3) C + 2% tallow CT); and~) C + 10% whole cottonseed 

CW). Fat supplements were substituted for corn grain, and 

whole cottonseed for corn grain, cottonseed meal and 

cottonseed hulls. The remaining 20 cows were assigned to~ 

additional dietary groups: C + isoacid CCI), S + isoacid 

CSI), T + isoacid CTI) and W + isoacid CWI). Four g isoacidl 

as fed basis per kg dry matter was added. All the 

experimental diets were fed for~ weeks. The ingredient and 

~soPlus, Eastman. 

30 
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chemi=al composition cf complete mixed diets are presented in 

Table 1 and Table 2, respectively. 

COLLECTION OF SAMPLES 

Cows were fed at 0600 and 1~00 hand milked at 0030 and 

1230 h, From week 2 to week 6, feed refusals were determined 

on four consecutive days weekly. Body weights and milk 

weights were recorded twic~ weeltly. Milk samples were 

collected in plastic bags containing 2 potassium dichroma~e 

tablets CNASCO), stored at room temperature, and analyzed for 

percentages of milk fat, protein, lactose, and solids-nct-=a= 

CSNF) within ~8 hours. Somatic cell count CSCC) also ~as 

analyzed. Samples of forage and concentrates were colle=tsd 

every other weelt throughout the experiment, and divided into 

four portions. One portion was sent to the Uirginia Tech 

Forage Testing Laboratory for analysis. A portion was dried 

at lOc°C for 2~ hours. The ether two portions were dried at 

60°c·for ~8 hours and ground through a 1 mm Wiley Mill screen 

for analysis. One portion was analyzed in the dair~ 

nutrition laboratory and the other sent to New York Forage 

Testing Laboratory for analyses of crude protein CCP), acid 

detergent fiber CADF), calcium, phosphorus, and magnesium. 

Fecal grab samples were taken at the end of weeks 
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Tabla 1. Composition o! control CC), calcium staarata CS), tallcw CT), ar.d 

whole cottonseed Clil) diets and diets CCI, SI, TI, lilI) with added 

isoacicls. 

Ingradiant•,b C CI s SI T TI Iii 

C:2rn silage 35.2 35.2 35.1 35.1 35.0 ~s.o ~5.2 
Al!al!a hawlage l't. 't l't.'t l't .3 l't. 3 l't. 3 l't.3 l't .'t 
Ccttonseed meal 5.3 5.3 5.3 5.3 5.2 5.2 
Cottonsaad hulls 't .1 't .1 't .1 't .1 't .1 't .1 
Corn grain 27.0 27.0 25.1 25.1 25.1 25.1 25.'t 
Sc1,1baan meal C't't%) 13.2 13.2 13.S 13.S 13. 't 13. 't 13.2 
D1calcium Phosphate .11 .11 .12 .12 .11 .u .u 
Limestone .59 .59 .20 .20 .SB .SB .ss 
!:-ace mineral salt .25 .25 .25 .25 .25 .25 .17 
Calciu1 staarat•c 2.0 2.0 
Tallow 2.0 2.0 
lilhole ccttonsead 10.C 
IsoPlus• .32 .32 .32 

~ o! drw matter. 

\iitamin A, 5000 IU/kg; Vitamin D, 500 IU/l<g; Vitamin E, 2Smg/k;. 

cSYNPRO 2't-'t5, Swnthatic Products Companw, Cleveland, OM. 
Composition: 55% calcium stearata, 30-~5% calcium pa!mitate, 
0-5% calcium m1,1r1stata, 5.5% calcium. 

d Stabilizad wallow grease, Carolina aw-product Ccmpanw, Inc, 
Greensboro, NC. 

•Eastman Chemical Products, Inc. Kingsport. Tennessee 37552. 
Composition: BO% Cmin.) calcium salts o! isabut1,1ric and 
mixed 5-carban volatile !attw ac1cls, 3~, Cmax.) calcium 
h1,1droxida, 13.B% Cmin.) calcium, and 17% Cmax.) water. 

Iii I 

~5.2 
l't .'t 

25.'t 
13.2 

.u 

.ss 

.17 

!=.: 
.32 
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Table 2, Nutrient ccmpcsiticn c! central CC), ca!:ium stearate CS), tallow 

CT), and whcle ccttcnseed CWl diets and diets CCI, SI, TI. ~I) ~it~ 

.added 1scacids. 

Nutrient• C CI s SI T TI ill WI 

Crude prctainb 17.3 17."t 17,3 17.3 17,2 17.2 !:7.2 !7.3 

Acid dateri;;ent !ibarh 20."t 20,6 20.3 20.9 20."t 20."7 20.9 2:.2 

Calc1umc ,60 ,62 .6"t ,6"t .so .55 ·=~ .S"t 

Phcsi:ihcrusc ,"tl ."t2 ."t3 ,"t2 ,"tl .~: .":.:. ."±3 

Magnasiumc .25 .25 .26 ,25 .2"t .25 -= . c:- .25 

NE I Mcal/kgd l.6'f 1.6"t l.71 1.11 l.71 i.n l . :-:: - . ~3 

·-----
~ c! drw matter. 

bAnal1,1sas b1,1 N,Y, and V.T. !crage tasting labcratorias. 

cAnal1,1sis b1,1 N,Y, !crag• tasting labcratcr1,1. 

~.t anarg1,1 c! lactation was calculated using (9). 
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2 and 6, dried at 6a°C for ~8 hours, ground through a 1 mm 

Wiley Mill screen, and stored for analyses of CP, ADF, and 

acid detergent fiber insoluble ash CADFIA), Rumen fluid 

samples obtained at the end of weeks 2 and 6, were frczen at 

-20°c and stored for future analysis of volatile fatty acids 

CUFA). 

Jugular bleed samples were taken into 30 ml syringes. 

Two 10 ml aliquots were placed into centrifuge tubes 

containing 200 IU heparin in 100 ul saline. Two 5 ml 

aliquots were placed in tubes containing 5 ml 10% perchloric 

acid fer deproteinization. Immediatedly after collection, 

samples were placed in ice, transported to the laboratory, 

and centrifuged at 3000 x g for 20 min. Plasma was decanted 

and stored at -2a°C until analysis for non-esterified fatty 

acids CNEFA), glucose, growth hormone, insulin, calcium, and 

magnesium. Oeproteinized whole blood al~o was decanted and 

stored at -20°c until analyzed fer acetoacetate and 

D-3-hydrcxybutyrate. 

EPINEPHRINE AND GLUCOSE LOADING REGIME 

Cows fed C, S, T, and W were used to evaluate responses 

to epinephrine and glucose injections during the last week of 

the feeding trial. A catheter was placed in the right er 
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left jugular vein 2~ hours before sample collection. Cows 

we~e placed in a stanchion and given an intravenous injection 

cf l to 1.25 ml cf Rompun ClO mg/ml). After jugular bleed 

vessel penetration with a 13 gauge needle, a polyethylene 

catheter CCAT. Ne. 602-285, SILASTIC, DOW CORNING) was 

installed. A stub adapter CNo. 7561, 16 gauge, CLAY ADAMS) 

and an injection cap CNc. 697~. BECTON- DICKINSON) were 

attached to seal the end of the catheter. Heparinized-saline 

C3~0 IU/ml) was injected to prevent blood clotting, ar.d the 

free end of the catheter attached to the neck with tape. 

Injections of epinephrine and glucose were given en 

consecutive days and separated by 2~ hours between 

inJecticns. Samples were collected at -15, -10, -S, 0, 3, S, 

9, 12, 15, 20, 25, 30, and ~O minutes relative to injection 

cf 0.7 ug epinephrine or O.l g glucose per kg body weigr.t. 

Samples were placed in'crushed ice, and centrifuged at 3000 x 

g for 20 minutes. Duplicate aliquots of plasma were stored 

at -20°c fer analyses cf NEFA and glucose, respectively. 

MILK AND PLASMA ANALYSES 

Percent milk fat, prctein, lactose, and SNF were 

determined by Infrared Milk Analyzer, and somatic cell counts 
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per ml measured by Milkc-Tester 2 in the DHIA laboratory. 

Plama NEFA concentration was determined in triplicate by 

the acyl CcA synthetase-cxidase method as indicated in the 

WAKO manual Cl), using a split-beam spectrcphctomete;, 

Concentrations of the standard solutions were 0, 125, 250, 

500, and 1000 uEq/1. To avoid variation due to low 

concentrations of NEFA, 500 uEq/1 of standard solution was 

added to each sample. Absorbance was recorded at SSC nm and 

converted to concentration by the linear regressicr. of the 

standard curve. NEFA concentration cf samples was calculated 

by subtracting 500 uEq/1. 

Glucose concentration in plasma was determined in 

triplicate and analyzed according to Sigma Technical Bulle-

tin, No. 510. Absorbance was determined at ~SO nm wsir.g the 

same spectrophotometer noted above. 

Calcium and magnesium concentrations in plasma were 

analyzed in duplicate with an atomic absorption spectrophoto-

meter4 according to the procedure in C3). 

Concentrations of growth hormone and insulin in plasma 

were quantified in triplicate by a double antibody radioimmu-

noassay C7). 

2P-osSOMATIC, A/5 N. FOSS ELECTRIC, DENMARK. 

3sausch & Lomb Spectronic 1001. 
4 Parkins-Elmer Model 370. 



37 

Deprcteinized bleed samples were neutralized with 20~ 

potassium hydroxide fer the determination cf blood acetc-

acetate and D-3-hydrcxybutyrate. Reduced nicctir.amice-

adenine dinulectide CNADH) concentration was determined at 

365 nm on a Beckman spectrophotometer (Medel 35) using 

Mellanyby and Williamson's enzymatic analysis methods C81), 

and multiplied by specific dilution factcr ar.d extir.cticn 

coefficient to calculate each ketone ccr.centration, wM. The 

total ccncentration cf bleed ketone was cbtainec by acci~; 

blood acetoacetate to D-3-hydroxybutyrate concentration. 

RUMEN UOLATILE FATTY ACID ANALYSIS 

!he thawed 5 ml cf rumen fluid was mixed with 1 ml cf 25% 

metaphosphoric acid and 5 ml of isocaproic acid (internal 

standard) and centrifuged at 3000 x g for 10 minutes to 

remove particulates. Samples were analyzed in duplicate. 

The standard solution was prepared in the same manner. 

Concentrations of acetic, propicnic, iscbutyric, butyric, 

iscvaleric, and valeric acids were quantified using gas 
5 chromatography with built-in integrator. Units were 

5u· t ~ · 1s a -eries, Uarian. 



38 

uMoles/ml. 

DIGESTIBILITY COEFFICIENT 

Composition of diets was obtained by averaging our data, 

data from UT Forage Testing Laboratory, and New York Forage 

Testing Laboratory. Fecal composi~ion was determined in the 

dairy nutrition laboratory. Apparent digestibility coeffi-

cients for dry matter, crude protein, and acid detergent 

fiber were determined using acid detergent fiber insoluble 

ash as an indicator. 

Feed and fecal samples were analyzed in duplicate. 

Percent crude protein was determined using Kjeldahl 6 

analysis. Percent acid detergent fiber was quantified 

according to UanSoest's method C~3. 121), Acid detergent 

fiber insoluble ash was determined using the residue of the 

acid detergent fiber assay. Samples were burned at SOC°C 

fer 3 hours and then at 2Sc°C fer 30 minutes. Digestibility 

coefficient of dry matter was calculated using Equation 1. 

Digestibility coefficients cf crude protein and acid 

6KJELTEC SYSTEM, 1002 DISTILLING UNIT, and DIBESTION SYSTEM 

20, TECATOR, SWEDEN. 
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detergent fiber were obtained b~ Equation 2. 

Equation 1. 

Equation 2, 

CFeI)CFcN) 

DC • 100:~ 

CFcI)CFeN) 

CFeI) CFcN). 

DC• 100% - 100% 

CFcI)CFeN) 

~here DC - Digestibility coefficient 

FeI - Feed indicator 

FcI • Feces indicator 

FcN - Feces nutrient 

FeN ·- Feed nutrient 
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DETERMINATION OF GLUCOSE PARAMETERS _AND 

PLASMA NEFA RESPONSE TO EPINEPHRINE 

Samples from glucose and epinephrine challenges were 

analyzed in the same manner noted fer plasma glucose and 

NEFA, respectively. Pest-injection concentrations of 

gluccseCmg/dl) and NEFACuEq/1) in plasma were recorded as 

total minus basal concentration, estimated by averaging -15, 

-10, -5, and O min concentrations. 

The ~O min glucose sample was emitted from calculations, 

because concentration had reached basal level. Ccncentra-

ticns Cy) transformed into natural logs fit a linear curve 

plotted against time Ct). Slope and intercept cf each curve 

were estimated by regression analysis. Glucose clearance 

rate was calculated by multiplying the negative slope by 100 

and recorded as %/min. Pool space was estimated by dividing 

the injected dose Cg) by the antilog of the intercept and 

expressed as liters. Pool size Cg) was calculated by 

multiplying the basal concentration Cg/1) by pool space 

· Cliter). 

The peak time of plasma NEFA response to epinephrine 

loading was estimated from a fitted polynomial regression. 

The increased plasma NEFA concentration Carea) was calculated 
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by integration. 

STATISTICAL ANALYSES 

All blood, milk, feed intake, and weight gain data we~e 

subjected to two way analysis of covariance using the general 

linear model CGLM) cf SAS CS) shewn in Mocel 1. 

Medel 1. r~c way analysis cf covariance 

Y ijk - u • d1 • wj + d•LLJ.J.j + bo<uk - x.1 • ) 

+ e ijk 

where Yijk • observation cf kth cow fed ith diet in Jt~ 

week Cj•2, 3, 'i,· and 5). 

u • grand mean cf population 

d1 • diet effect for group i 

Wj • Jth week effect 

d•w1j • interaction effect of ith diet by Jth week 

bCXilk - X.1.) - effect explained by the diffe-

rence cf Xilk from X.1. (covariant) 

e ijk • error term 
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All digestibility and volatile fatty acid data were 

analyzed by one way analysis of covariance (Model 2) due to 

absence of a week effect. Data from 1~ day standardization 

period were used as the covariate. Orthogonal contrasts 

among diets were tested Cie. control diet versus fat 

supplemented diets etc). 

Model 2. One way covariance of analysis 

y, .. l.J - u + di + bCXil - X.1 ) + ES,j 

Plasma NEFA response to epinephrine infusion was anal~zed 

with a split plot design (Model 3). The fitted curve cf 

plasma NEFA response to epinephrine infusion was estimated 

using polynomial regression indicated in Model~. Glucose 

clea~ance ~ate, peel space, pool size, and acetate to 

propionate ratio were subjected to one way analysis of 

variance. All data were tested at the .OS level of 

significance. 
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Model 3. Split plot design 

where Yijk • observation of kth time of Jth cow fed ith 

diet 

d1 • ith diet effect 

Cj(i) • effect for Jth cow fed ith diet 

tk • time (min,) effect 

a•t 1k • interaction effect of ith diet by kth time 

Cmin.) 

e ijk • error term 

Model~. Polynomial regression 

where Y • plasma NEFA concentration at X minute 

a• intercept 

b1 • regression coefficient 

X • minute 

E • error term 



RESULTS 

DRY MATTER INTAKE, MILK YIELD, WEIGHT GAIN, 

AND EFFICIENCY OF UTILIZATION OF ENERGY 

Fat supplementation did net significantly affect ~ry 

matter intake CTable 3); however, isoacid addition signifi-

cantly increased dry matter intake of all diets, especially 

W. Dry matter intake (Figure~) increased over the 

experimental period; however, W, WI, T, and TI-fed cows 

tended to decrease intake near the end of the experimental 

per-iod. Milk yield CTable 3) wa~ not significant!~ affected 

by dietary treatments; however, average yield was highest i::---..... 
CI- and S-fed cows and lowest for W. Milk yields of CI, 5, 

and WI groups (Figure 5) wer-e consistently higher than that 

of group C. 

Weight gain C!able 3) was affected by dietary treatments. 

Cows fed C and WI diets gained weight over the exper-iment. 

Isoacid addition to C decreased weight gain and iscacid 

addition to W increased gain. Fat supplemented groups CS, 

T, and W) had significant net weight losses compared to net 

weight gain for group C; however, they started to gain weight 

gradually from the third week to the end of experimental 

44 
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Tabla 3. Dr,,i mattar intaka, •ilk yiald, wai;ht gain, and at't'iciancw a! aner;w 

..,t1lizaticm -•aciatad with tha t'aacU.r,g ~ cant..-=1 CC:), cal:J.um 

•taarata CS), tallCIII CT), and whal• cattan••lld CW) diat• and ~i•t• 

CC:I, SI, TI, WI) with addad iaaacida. 

C: C:I s 

Dr,,i matter intaJca, 

kg/day l't.9 15.5 15.i! 

Milk w1ald, 

kgtdaw !&,& e7.7 e7,_7 

Wa1gl'lt gain, k; 7.3• -a.r -e.a 
Et't'iciancw ~ anar~ 

..,t1lizaticm, % '71.'t. 158,S '70.0 

•cantrut C va. S, T, W; pc.OS. 

•contrast C va. C:I ; p< • OS. 
1cantraat w va. 111I; pc .as. 

SI T 

15.& 1't.9 

i!&.3 e7.0 

-7.8 -S.5 

&'7.B &9.l 

•cantrut C, S, T, ~,,..Cl, SI, TI, WI; pc.as. 
11calculatad "'81ng C1l9>. 

TI Ill WI SE 

15.& l't .s· lS.~ -~ 
i!&.'t !5,3 =" . .!. .s 
-a.s -a.s 3.r 3.7 

&'7.0 151.9 156.'t !.J 
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period (Figure 6). Net weight gain for T! was g~eatly 

reduced during the last two weeks of experiment. Efficiency 

of utilization cf dietary energy for milk prcducticn (Table 

3) was highest for C and lowest for W. 

no significant effect on efficiency. 

MILK COMPONENTS 

Isoacid addition had 

Milk constituents are listed in Table~. Percent milk 

fat was highest for SI and lowest for W. Dietary fat 

supplementation significantly depressed milk fat percent 

primarily due to the large depression in the W-fed group. 

Isoacid addition significantly enhanced milk fat percent of 

groups fed dietary fat, but not C-fed cows. SI and~! had 

significantly higher milk fat percent than Sand w, respec-

tively, due to the negative effect of fat supplementation and 

the positive effect of isoacid addition. Percent milk fat 

CSee Appendix, Figure 8) of almost all groups except C tended 

to decrease during the last week of experiment. This 

decrease in milk fat percent occurred when body weight began 

to increase. 

Milk protein response was not significant for any dietar~ 

treatment except isoacid addition to the control diet. CI 

was significantly lower than C. It has been suggested that 



47 

Tabl• 't, Milk ccnstituents associated with th• !eedinw a! central 

CC), calcium stearate CS), tallow CT), and whal• 

cottonseed CIII) diets and diets CCI, SI, TI, IIII) wi~h 

added isaacids, 

CI s SI T TI IIII 5£ 

Fat% 3.'to• 3,35 3,1B 3.6e' 3,21 3,'i7 3.02 3. 'il f .13' 

Protein % 2,!! 2.aac 2.s1 2.!5 2.!! 3.01 2.!7 3.00 . 0': 

Lactose % 5.26. 5.12c 5.0! 5.00 5.06 5.2s• 't.B3 5.o~ .06 

Salids-nat-

!at !~ !.30a !.OJc !.O't !.O'i !.06 s.2s• !.00 9 .. 10 :05 

Somatic cell 

caunts h 1.32 1.17 2.71 .70 2.66 l.'i8 1.50 2.03 .25 

•cantrast C vs. S, T, Ill; p<.05. 

ccantrast C YS, CI; p<.05. 

· 4cantrast s Y9, SI; p<.05. 

•contrast T YS, TI; p<.05. 

fcantrast Ill Y9, IIII; p<.05. 

•cantrast C, s, T, Ill YS, CI, SI, TI, IIII; p< .cs. 
11in cells X 1051ml. 
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protected fat supplements ma~ depress milk protein (33, 91), 

but such a response was net noted in this stud~. Lactose 

s~nthesis in the mammary gland depends on the availability cf. 

glucose. 

percent. 

Fat supplements significantly recuced milk lactose 

All groups except TI had low lactose in milk 

compared tc C ever the experimental period CSee Appendix, 

Isoacid in CI reduced lactose; whereas, isoacid 

in !I and WI elevated lactose. 

Mil~ solids-not-fat percent is highly dependent upon 

protein and lactose concentrations in milk, The pattern cf 

scli:s-nct-fat response was similar to that of lactose 

response, except that the increase fer WI was net signifi-

cant. 

There were no significant differences cf somatic cell 

cc~nt due to diets in this study. 

Yields of maJor milk constituents and~% fat-corrected 

milk are in Table S. Milk fat yield varied primarily with 

percent milk fat. Iscacid additions significant!~ increased 

milk fat yield primarily due to increased milk fat 

percentage. Milk fat yield fer W decreased markedly over 

the experimental period. During the fourth week, milk fat 

yields cf all isoacid-added groups decreased; whereas, these 

of all groups without added iscacids increased Csee Appendix, 

Figure 12). 
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Ta~l• s. Yi•lds Ckg/d) a! milk canstituants and !at-ccr:-r•ctad m~ll: 

aasaciatad with th• !aeding a! central CC), calci1.1111 

st•arata CS), tallaw CT), and whala ccttcnseec C~) d~ats 

and diets CCI, SI, TI, WI) with added iscac~ds, 

C CI 5 SI T TI 5E 

Fat 

Prctain 

Lactcse 

't% !at-

.ee .eo .B7 .95 .B't .90 . ,e .st .o~ 

.79 .76 .7! .77 .79 .7B .79 .Bl .CE 

ccrractad 

milk 

fecntrast w vs • ill I ; i:i< • 05 • 

l::cntrast C, 5, T, W vs. CI, SI, TI, WI; ~<.05. 

.s' 
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Milk proteir. yields were similar for all diets and 

increased gradually ever time Csee A?pendix, Figure 1~). 

Milk lactose yield was affected only by isoacid addition to 

W, due to the low yield by cows fed W Csee Appendix, Figure 

15). Despite reduced percent milk protein and lactose ever 

time, yields of milk protein and lactose increased with time 

primarily due to the elevated milk production. 

Fat-corrected ·c~%) milk is highly· de~endent upon change 

in milk fat percer.tage. It increased over time Csee 

A~~endi~. Figure 13). Overall, isoacid addition resulted in 

an average cf 1.1 kg/day more~% fat-corrected milk; however, 

the difference between Wand WI was the only si;nificant 

incividual res~onse. Cows fed SI respor.ded positively anc 

steeply from the first week and cows fee C yielded the 

highest fat-corrected milk at the end cf the experimented 

period. The group fed w had the lowest yield of fat-

corrected milk. 

BLOOD METABOLITES AND HORMONES 

Selected blood metabolites and hormones are presented in 

Table 5. Cor.oentrations of non-esterified fatty acids 

CNEFA) in plasma reflect rate cf fatt~ acid ~cbilization from 

aci~ose tissue, rate cf fatty acid utilization, and possibly 
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Tablas. Jugular ~hcla bleed and plasma matabclitas asscciatad ~ith th• 

!••din~ c! central CC), calcium staarat• CS), talla~ CT), and ~hcl• 

cottcn•••d CW) diats and diats CCI, SI, TI, WI) ~ith ac:ad iscacids. 

C CI s SI T TI IIII 

Ncn-esteri!ied 

P'attw acids, 

uEq/J, 13sA 122 l't't 95cl 99 12S S7 ll"±f la 
Gluccsa, mg/dl S2.'t SO.'t .S0,3 S2,5 52,2 59,5 5!,2 55.1 l, 7 

Calcium, mg/dl 9,32 9.3't 9,3S 9,S9 9,29 a.92 9.!'t 9.38 .a! 
~a;nasium, 

mgl:U 2.0't 1 .s-r' 2,17 2.21 2.0't 2, l't 2,09 2.-:cf .:s 
"•tQT'lasl;l uM 't50 SO't e5o 587 505 't32 't59 "±03 57 

Gr::i~th l'lcrfflena, 

ng/ml 9.52 9.7't 10,07 9,0't 9,71 e.sa 9.52 9.:~ .:5 
Insulin, 

ng/1111 l.07 .soc .S3 l.03 .S2 .93 l.2't l.CO . :o 
Grcw1:h hcrmcn•I 

inauUn 10,3 l't.ab l't,3 11,7 10.s 9.! 12,5 !.3 ~. 5! 

-==,trast C vs. s. T, Ill· . p<.05. 

bccntrast CI vs. SI, TI' 111•. . . p< .cs. 

cccntrast C vs. C: I ; p<.05. 

cl==nt~••t s ..... SI; p<.05 . 

fccr:t:-as: !.Y · .. ·s. !.III; ;:<.OS. 
II acat:a:atata ;:lus 3-hwd~axw~utwrata. 
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rate cf fatty acid influx from the diet. Growth hormone has 

also been shown to increase NEFA concentration. There were 

dietar~ effects on plasma NEFA concentrations in this study. 

Groups fed T and W had significantly lower concentrations of 

NEFA than the C-fed group. Overall, NEFA concentrations of 

all groups exce~t for 5 were lower than that of C. NEFA 

ccr.cer.tration of all groups except T started to ir.crease from 

the fo:..:rth weel: of experiment CSee Appendix, Figure 16). 

Interesting!~, cows fed 5 had the highest NEFA during the 

: i:-st t...:o weel~s, poss::.bly due to the elevated co~::entration 

of growth hcrmcne in plasma during the same period CSee 

Appendix, Figure 21). 

There was considerable variation in blood ketcnes due to 

cietar~ treatmer.ts. Therefore, average blood ketones were 

similar fer all grcups. 

---........ ir.:luence: by diet; 

Glucose concentration in plasma was 

however, cows fed WI tended to have 

the highest plasma glucose concentration ever the experiment-

al period. 

treatments. 

Plasma calcium ~as not different due to dietary 

Plasma magnesium concentration was lowest fer 

CI. As a result, concentrations for SI 1 TI, and WI were 

significantly higher. ~soacid addition to the fat supple-

mented diets increased mean plasma magnesium ccncentration 1 

but the difference was significant cnl~ fer ciet w. 
Nutrient partitionings toward the mammary gland or 
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adipose is responsive to hormonal control. Higher g~owth 

hormone in plasma stimulates partitioning of more nutrients 

toward the mammary gland for milk synthesis in earl~ 

1 ~ ~· .ac.a.ion. Groups fed CI and 5 had the highest milk yield 

and also highest plasma growth hormone concentration. 

However, differences in growth hormo~e concentations were not 

sigr.ificant due to diets. Plasma growth hormcr.e (See 

P.~pen:i~, Figure 21) tended to .decrease ever time C?•.05~). 

Insulin has been inversely associate: with g~owth 

ho~mone. Insulin increases during lactation and partitions 

nutrients to adipose tissues (15, 52). !he group fed W had 

lowest mil~ yield and highest plasma insulin. Conversely, 

groups fed Sand CI had highest milk yield and lowest plasma 

insulin. When isoacid was added to diet C, it significant-

ly reduced plasma insulin level. But milk production was 

net significantly increased. Insulin in plasma increased 

eve~ time (See Appendix, Figure 22), 

Growth hormone to insulin ratio has been related tc milk 

yield. The CI and S groups had the highest milk yield and 

highest hormone ratio. The group fed W had the lowest milk 

yield and lowest ratio. However, the only significant 

difference due to die~ary treatment occurred when isoacid was 

added. The hormone ratio was significantly higher in CI 

than in SI, !I, and WI. 
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RUMINAL VOLATILE FATTY ACIDS 

Prcportions and concentrations cf ruminal volatile fatty 

acids are l!sted in Table 7. The C-fed group had the lowest 

concentration cf all individual and total ruminal volatile 

fatt\::l acids. Fat supplementations yielded significantly 

higher total and individual volatile fatt~ acids, except 

pt'opionate. However, the ratio of acetate to propionate was 

not altered by fat supplementations, because prcpicna~e 

concentration increases CP•.06) were sufficient to maintain 

the r-atic. 

Isoacid additions to all diets produced higher iscbut~-

rate and isovaler-ate concentrations in th~ r-umen, possi~ly 

due to their presence in the isoacid mixture. Ace'tate ar-:::i 

total volatile fatty acids were highest for groups fed CI and 

S. The CI-fed group had higher acetate, propionate, 

iscbutyrate, but~rate, isovalerate, and total volatile fatty 

acids than the C-fed group. In general, concentrations cf 

acetate, butyrate, and total volatile fatty acids were 

highest in cows fed CI and S. These groups had the highest 

mi u~ pr-eduction. 
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Tabl• 7. Rum•n volatile tatti,i acids CUFA) CuM/ml) ••sociatad with t~e 

t••cUn; ot control CC), cal:1um staarat• CS), tall:ii.i CT)·, ar:: 1.1hol• 

whol• c:ctton•••d CW) diats and d1•ts CCI, SI, TI, WI) ~!t~ a::s: 

1soac1d•. 

C CI s SI T TI WI SE 

Total UFilll 7sA 1lcb 1 C: lOB 103 ice ss SB S7 6 

illlc•tat• 't7 . .,. 65.Sb,c: 65.B 62.0 62,1 S't,B 57.5 57.0 J.J 

P:':1;::11onat• 17,S c!it.r 21,6 21,'t 21.6 22.3 2!3,l 23.7 =·'* 
Iscbutwrat• .76. l , 't6c: l.17 1.7!4 1.01 l. 'tl. l.01 l.5Bf .!~ 

Butwrat• s.s• 13,7C: l't, 7 · 13,3 13.2 12,0 ll. 't 10.S l.2 

I•cvalarata l.'t3. 2 .12C: l.S't 2! .s2d 1,7S 2.03 l.S6 c!. Jr!- -...a 'C:w 

Valarate 1,37• 2.!'t 2.'tO 2.oe l.7B !.!2 2,!l ! ... sf .JS 

illlcatat•I 

;::iro;::11onat• 2.eo 2,BS 3.16 2,B3 2,SB 2.53 2,':5 2.55 .. :=! 

•ccntrast C vs. s, T, W; p<.05. 

bcontrast CI vs. !I, TI, WI; p<.05, 

c:contrut C vs. CI; p<.05. 
4 contra•t s VS, SI; p< .os. 
•contra•t T V9, TI; ;::i< .os. 
f:cntrast W VS, WI; ;:i< .os. 
•contrast C, 5, T, Iii VS, CI, SI, TI, 111 I ; p<.05. 
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DIGESTIBILITIES AND GLUCOSE AND EPINEPHRINE CHALLENGES 

Apparent digestibility coefficier.ts cf dry matter, crude 

protein, and acid detergent fiber C!able 9) were net affected 

by dietary treatments. Glucose parameters <Table 9) fer 

cows fed C, 5, T, and W were net different. Normally 

gluc:se clearance rate is rapid in high-producing cows and 

highly dependent upon the quantity cf dry matter intal,e. 

Uariance associated with glucose clearance, space, and peel 

size was high, because only one injection was given tc each 

cf six cows per group. 

Plasma NEFA parameters after epinephrine challenge were 

not altered by dietary treatments <Table 9). Epine;::::hrine 

stimulates fatty acid mobilization from adipose tissues 

resulting in higher NEFA concentration in blood. The S-fed 

grcup had the highest plasma NEFA concentration above 

baseline and curve area, and lowest time tc peak ccncentra-

t'icn. Ir. general, plasma NEFA ccncer.traticns above baseline 

and areas cf fat supplemented groups were greater than these 

cf group C, Average time to peak concentration fer all 

;roups was 11 tc 12 minutes after epinephrine injection. 
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Table B, Apparent digestibilit~ coefficients associated with 

tha faading of control CC), calcium stearate CS), 

tallo~ CT), and whole cottonseed CW) diets and diets 

CCI, SI, TI, WI) with added isoacids, 

Dr~ matter 

Crude protein 

C CI s SI T TI w WI SE 

----------------- % --------------------

77.~ 70.3 73.s 7s.s 75.e es.s 72.~ ee.s 3.: 
70.2 73,l 73.8 71,271,572.6 56.~ 65.~ 3.6 

Acid detergent 55.3 ~9.9 ~S.7 ~9.7 5~.7 53.1 so.a ~s.s ~.! 

~iber 
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DISCUSSION 

Normally, maximum dry matter intake  enables  cows tc 

pt"'oduce maximum milk, Previous studies have shown isoacid 

addition to dairy rations has resulted in unchanged or 

slightl1,; reduced dry matter intal-:e C7). I ':'"1 the ;::t"'esent 

stud\d, however, iscacid  addition inct"'eased dt"'\d mattsr :ntaks 

(Table  3, figure~). The group fed WI had  the  highest dry 

matter- intake. Consequently,  isoacid  made W diet more 

acceptable  and  responsive. 

Heinrichs et  al. C~9) suggested  that  fat  supplementation 

should  be  avoided  in  time-limited  feeding  conditions,  because 

cows tended to have  a reduced length  and increased number- cf 

meals. fat supplementation  may  also reduce feed  intake  due 

to the negative  effect  cf  dietary free fatty acids en rumen 

digestion and its  high caloric densit\d (91).  Usually, 

depressed  digestion  is  accompanied by reduced feed intake 

(25). Dry matter  intake  tended  to  be  reduced by a 5% 

bleachable  tallow C9~). was maintained by protected  oils  ClO, 

~~  and whole cottonseed  Cl.9 kg per cow per day and up to 

20~;. respectively)  (3,  33),  and reduced with increasing 

dietary whole cottonseed (jS% and 33%) C29, ~8). In  the 

present study, dry matter intake was net influenced by fat 

62 
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supplemer.taticr.s. 

Increased dry matter intake was not ac=ornpanied by a 

significant increase iTI milk yield CTable 3). However, CI-

and 5-fed groups produced 1.1 kg/day mere milk than the C-fed 

group. Accor=ing to Palmquist et al CS1), a 5% increase in 

milk yield often was net statistically significant with less 

tr.an 10 cows per group. In the previous stud~ CSl) by cur 

laboratory, milk yield was significantly i~oreased by cal=iwm 

stearate. According to Heinrichs et al. CSO), fat 

supplementations increased milk yield fer high-producing 

COLLIS, Thus, fat feeding must be more responsive tc high 

producing cows limited in energy ccr.sumpticn. Milk 

response tc W was low. Iscacid addition to W was favorable. 

Normally when iscacid was adcec to low quality or le~ protein 

diets C7, 38), milk yield responses were more positive 

probably due to improved microbial protein synthesis C7, 30). 

According to one report (97), iscacids absorbed from the 

digestive tract were t_rar.sported toward body tissues rather 

than mammary gland tissues. Iscacid addition to C, S, and T 

diets was accompanied by decreased weight gain. Response to 

TI was most negative (Figure 6), Felix et al. C38) reported 

slightly reduced bcdy weight gain by isoacid addition to a 

diet.containing urea as a protein supplement. The weight 

gain response to WI was positive. Fer heifers, Feli~ et al. 
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(57) suggested that isoacid in=reased the gro~th rate of 

younger heifers due to more protein accumulation in the body. 

It can be theorized that diets containing supplemental 

fat may favor weight gain, due to high caloric densit~. 

Previous research by our laboratory C51) observed increased 

weight gain in Sand T diets. However, in the present 

study, net body weight gain was negative when fat supple-

mented diets were fed. The body weight less for Sand 

T diet~ ~ay be attributed to the use of more energy for milk 

synthesis. Fer fat supplemented diets, body weight was 

increased during the last two weeks of experiment (Figure 6), 

and accompanied by decreased milk fat percent during the same 

period (See Appendix, Figure 8). Consequently, body weight 

gain may be negatively related to milk fat percent because 

weight gain and fat in milk are highly dependent upon the 

degree of fat mobilization from adipose tissues. Concerning 

seasonal differences in body weight gain, Miller et al. CS~) 

reported weight gain in summer and weight loss in winter. 

Efficiency of energy utilization was highest for C diet 

and lower for fat supplemented diets, primarily due to the 

low response to W. Those of other diets were not different ..._ 

from control. In a whole cottonseed feeding trial (1.9 kg 

per day per cow), Anderson et al C3), however, observed no 

difference in efficiency of energ~ utilization. 
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al. C68) suggested that feeding a protected tallow for lLf 

weeks increased efficiency of utilization of metabolizable 

energy. 

Fat content in milk depends on transfer of dietary 

long-chain fatty acids to milk, de novo synthesis in the 

mammary gland, and fat mobilization from adipose tissues 

stimulated by growth hormone Cl5, 91). Unp~otected oils and 

fats tended to depress percent milk fat possibly due to 

disturbed ruminal digestion from toxic long-chain fatty acids 

(3Lf, 93, 95, 122, 127). Protected lipids including calcium 

stearate, tended to increase percent milk fat CB, 10, LfLf, 51, 

75, 95, 99, 113, 126 ). Whole cottonseed did net affect 

milk fat (3, 29, Lf8). In the presen~ study, fat supplemen-

tations depressed milk fat possibly due to a relati~e 

increase in milk pr.cducti:::m CTable Lf). Other sources of 

milk fat depression may be low fiber digestion caused by 

dietary fat CLfO, 91), depressed de nave synthesis of 

short-chain fatty acids in the mammary gland caused by 

dietary long-chain fatty acids C95, 112), decreased glucose 

uptake in the mammary gland (31), low efficiency cf ene~gy 

utilization (120), and undetected long chain fatty acids in 

milk fat using Infra~ed Analysis (39, 95). However, low 

fiber digestion was net evident in the present study as shown 

in Table 8. Isoacid addition restored milk fat percent to 
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normal er slightly above normal. It demonstrated that 

isoacid was more effective under these milk fat depressed 

conditions. Milk fat production was elevated by isoacid 

addition. This response was the result of increased milk 

fat percent. Response to W was obviously low CTable 5 1 

Appendix, Figure 12) due to the lowest percent milk fat. 

Calculation of~~ fat-corrected milk was not the same as 

actual milk yield, but varied with fat content of milk. 

Isoacid addition to less responsive W diet showed the highest 

response. Responses to isoacid were similar to literature 

reports. Felix et al. C38) observed increased fat-corrected 

milk where isoacid was added to diets containing urea as a 

protei~ supplement. 

Milk protein depends on the availability cf gluc=se, 

amino acids, and propionate in the mammary gland. It has 

been suggested that fat supplementations resulted in milk 

protein depression caused by decreased casein in milk C33). 

However, all diets in this study except CI were similar in 

milk protein percent. Milk protein is relatively difficult 

to change by dietary manipulations. Protein yields were 

similar among diets. Milk lactose is negatively associated 

with milk fat and protein (35). Also, it depends en the 

availability of glucose from blood (71). Lactose was 

affected by diets in this study. Isoacid reversed lactose 
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depression caused by T and W diets. Increased dry matter 

intake. er.ables cows to utilize more dietary glucose 

lactose synthesis. This icreased dry matter intake by 

isoacid addition may be attributed to the recovery of 

depressed lactose. Lactose yields also were not different 

except for significantly low response to W. 

responses cf mill: ccmpone~t yields to diets indicated that 

differences in percent components may be attrib~ted primarily 

to increased milk yield. 

Somatic cell counts were not different among diets due to 

great variations. Raubertas et al. (101) suggested that 

somatic cell counts can be used as a genetic inde)~ fer 

resistence to mastitis. 

Concentrations of metabolites in J~gular bleed are 

related to nutritional status of lactating cows. Metabclites 

can be affected by nondietary factors, such as herd, sta;e cf 

lactation, season, and performance of cows (59). Seasonal 

factors should also be considered in long-term experiments. 

Dietary treatments influenced levels cf non-esterified fatty 

acids, ketones, magnesium, and insulin concentrations in 

Jugular blood. In early lactation, blood non-esterified 

fatty acids increase with adipose fat mobilization stimulated 

by growth hormone (123). High energy demand in early 

lactation requires nutrient partitioning from adi~cse to the 



68 

mammary gland (27). ?lasma non-esterified fatt~ aci=s ~ere 

low for T and W diets. Iscacid addition tc T and W elevated 

the low concentrations. Generally, results were net 

consistent. These inconsistent responses were similar to 

literature reports. Responses to protected lipids were 

usually positive Ci~, 102, 110), but responses tc u~~Lotscted 

oils were either positive C~~. 122), negative C~~), or 

unaltered (93). ?lasma non-esterified fatty acids weLe 

highest for diet S, which showed the highest growth hormone 

in plasma. Bleed glucose is inversely associated with 

glucose demand for milk synthesis C52). Lee et al (69) 

warned that bleed glucose should be used caLefully in 

indicating insufficient energy because glucose concentrations 

in plasma may be affected by ether non-dietary factors. 

Pl~sma glucose was net affected by dietary treatments. 

Blood ketones are inversely associated with plasma 

glucose C~6, 55). In early lactation, plasma glucose 

decreases, and blood ketcnes increase because inadequate 

glucose for milk synthesis stimulates fat mobilization from 

body reserves resulting in ketogenesis 

in this study were affected by diets. 

(55). Blood ketcnes 

However, there was no 

significant diffeLence in ortr.cgcnal ccntLast due tc grsat 

variations. According to Hove (55), bleed ketone levels are 

usually variable in healthy cows. 



69 

Nutrient partitioning for milv. synthesis in early 

lactation occurs under hormonal control (15, 27), which 

seems to be highly related to performance of lactating cows. 

According to Hart et al C~7), the level of_plasma growth 

hormone was positively associated with milk yield and plasma 

non-esterified fatty acid levels and negatively asscciated 

with body weight gain. Insulin was positively correlated 

with body weight gain. Growth hormone tc insulin ratio was 

positively related to milk yield. In the present study, 

growth hormone was not altered by dietary manipulations. 

However, responses were similar to these cf Hart C~7). 

Plasma growth hormone was relatively high for CI and S which 

were highest in milk yield, relatively high in non-esterified 

fatty acids, and lowest in net weight gain (excluding S) 

CTable 3 and 6). Change in plasma growth hormone for S was 

characterized by steep increase during the first week 

followed by a decrease during the second week of experiment 

CSee Appendix, Figure 21), 

Plasma insulin was reduced by isoacid addition to C. 

Insulin was relatively low for CI and S, which were highest 

in milk yield. Insulin was highest for W1 which was lowest 

in milk yield CTable 3 and 6). Responses were not 

consistent with associated body weight gain. Growth hormone 

to insulin ratio response was net significantly influenced by 
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isoacid addition to fat diets, but within diets with isoacids 

added, CI was significantly higher than SI, TI, and WI (Table 

6). Also, SI, TI, and WI tended to be lower than these 

S, T, and W. With respect to time, gro~th hormone and 

growthe hormone to insulin ratio (52) increased ar.d insulin 

decreased in early lactation, especially before SO da~s CS2, 

123). In the present study, growth hormone CP•O.CS~) and 

growth hormone to insulin ratio decreased and insulin 

increased from the initiation of experiment (See Appendix, 

Figure 21, 22, and 23). 

Considerable variation is typical for plasma calcium 

(77). Plasma calcium depends on dietary calcium and calcium 

mobilization from bone and kidney (27). Dietary treatments 

did not affect plasma calcium. 

that cf other studies (51, 68). 

This result was similar to 

Lee et al. (69) reportsd 

that plasma calcium ~as influenced more by stage of lactation 

rather than dietary intake. Plasma magnesium was affected 

by diets. Response was lowest for CI and highest for WI 

tSee Appendix, Figure 19). Consequently, plasma magnesium 

may be more easily altered by diets than plasma calcium. 

McAdam et al. (77) observed an increase in ~lasma magnesium 

due to trace mineral salt addition. 

Dietary treatments may affect yields and proportions cf 

volatile fatty acids and pH in the rumen (60, 12~). Uolatile 
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fatty acids produced by bacterial metabolism may be used fer 

the synthesis cf long-chain fatty acids in the rumen C23) or 

may be transported through the blood circulation for later 

use as energ~ sources (60). Statistical analyses (Table 7) 

revealed that isoacid additicn tc fat diets resulted in 

reduced ruminal acetate and total volatile fatt~ acid 

cor.centrations compared to CI. Tr.e results s~ggested that 

iscacid addition tc fat diets inhibited acetate production, 

resulting in reduced total volatile fatty acid yields. Tne 

mechanism of this response is unexplained. Iscacid increased 

concentrations cf acetate, propionate, isobutyrate, butyrate, 

and isovalerate, and total volatile fatty acids when added to 

C. The response may be due to stimulated rumen fermentaticn 

by isoacid. Iscacid increased isobutyrate in SI, T!, and WI 

and iscvalerate in SI and WI, and decreased valerats in W!. 

The increased isobutyrate and isovalerate in all isoacid 

diets were primarily due to their presence in the isoacid 

mixture. In contrast, valerate responses to isoacid were 

not additive. Consequently, it is suggested that valerate 

may be more reactive in the rumen than any ether components 

of isoacid. 

Fat supplementations resulted in increased ccncent~atior.s 

of individual volatile fatty acids, except propionate 

CP•0.06), and total volatile fatty acids. This response may 
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be due to conversion of mere carbohydrate ir.to volatile fatty 

acids er to degradation cf dietary long-chain fatty acids 

during ~uminal fermentation. However, no data was available 

to clearly explain the increased volatile fatty acids 

observed in cows fed fat supplemented rations. Acetate to 

propionate ratio was net significantly influenced by dietary 

treat~er.ts. However, the ratio was highest for S. The 

response to S was similar to that reported by Herbein (51). 

Overall, A/? ratio responses were inconsistent with milk 

yield responses. As in Jones' study (60), the estimated 

total metabolizable energy may be more responsible for milk 

yield change than ruminal acetate er propionate contents. 

Branched-chain volatile fatty acids Cisoacid) may 

stimulate cellulose digestion in the rumen (30) because 

branched-chain fatty acids are required for growth of 

cellulclytic bacteria (32), In normal diets, the majcr 

source of branched-chain carbon skeletons fer the microbial 

grcwth is dietary protein and endogenous branched-chain amino 

acids C30). By adding isoacids to dairy rations, it would 

be expected that fiber digestion may be increased. However, 

in the present study, isoacid additions did net alter levels 

of digestibilities. Cummir.s et al. (30) suggested that 

high-protein diets may be less responsive to iscacid 

addition. Palmquist C91) has hypothesized that tallow-like 
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fats may inhibit cellulolytic bacterial growth in the rumen 

resulting in the depressed fiber digestion. He has further 

suggested that protected fats escaping rumen fermentation may 

prevent the ~nfavcrable effect observed with unprotected 

fats. However, in our study, digestibilities of dry matter, 

crude protein, and acid detergent fiber were not ir.fluenced 

by dietary treatments. Digestibilities of dry matter· and 

acid detergent fiber were highest for C in the present stwcy, 

and digestibility cf crude protein was highest for S. 

Results cf S, T, and W rations on digestibilities are 

supported by those of Jenkins et al. (58), Palmquist et al. 

CS~), and Coppock et al. C29), respectivel~. Coppock et al. 

C2SJ reported that a 30% whole ccttcnseed feeding increased 

digestibility cf crude protein. However, this pattern of 

crude protein response was not observed in the present study. 

DePeters et al. C3~) suggested that digestibilities tended t= 

decrease as the level cf dietary fats increased. In 

conclusion, the mechanism by which fat supplementations or 

isoacid additions to fat diets affect rumen fermentation is 

still net clear. 

Glucose is more rapidly utilized for milk synthssis in 

early lactation than in late lactation. Fat supplementa-

tions may alter glucose metabolism, because fat incrsases the 

energy density of the diet. However, glucose clearance 
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rate, peel space, and pool size were not.significantly 

different due to dietary treatments. Gebhart C~l) reported 

the requirement cf at least 12 experimental cows to detect 

significant differences in plasma glucose parameters. 

Glucose clearance rate represents the ability of the cows 

utilize glucose. Herbein et al. C53) reported that glucose 

turnover w~s linearl~ related to digestible energy intake. 

Gebhart C~l) observed a positive· correlation between glucose 

clearance and dry matter intake. However, in the present 

study, these significant relationships were not apparent. 

In general, Sand W diets caused lower clearance rates tr.an 

C. This trend was comparable to the observations cf 

Palmquist et al. C92) that protected fat feeding resulted in 

slower glucose clearance. In contrast, unprotected fat 

(tallow) had higher clearance than C. It might be suggested 

that glucose clearance was increased by unprotected fats and 

decreased by protected fats. Although glucose peel space 

and peel size were not different among diets in cur study, 

consistent patterns were observed as follows; peel space and 

pool size were higher i~ Sand W, and lower in T than in C. 

Consequently, lower glucose utilization resulted in higher 

pool space and size. Likewise, pool space and pool size 

were highest in S-fed group which ccnsumed the most d~y 

matter (Table 3). This was in agreement with the findings 
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cf Gebhart C~l) and Buckley et al. (22) that glucose peel 

size depended on dry matter intake. Additionally, pool 

space varied positively with pool size. 

The mean values of ncn-esterified fatty acid CNEFA) 

parameters after epinephrine challenge are presented in Table 

9. NEFA parameters were not significantly differe~t due to 

dietary treatments. The greatest increase in NEFA a~cve 

baseline in this study was in the group fed 5. The 5-fed 

group with highest milk prcducticn had the greatest abilit~ 

to mobilize fats from adipose when stimulated by epinephrine 

injection. According to Bauman et al. Cl~) and Jaster et al. 

C56), fat mobilization is highly related to the population cf 

beta-adrenergic receptors on the membrane.surface cf adi~cse 

tissues. 

for S. 

Epinephrine response curve area was also highest 

Overall, concentrations of plasma NEFA and area were 

also higher for groups Fed fat supplemented rations than C. 
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