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ABSTRACT 

Three experiments (two lactation trials and one 

metabolic trial) were conducted to determine effects of 

supplemental fat and protein quality or supplemental fat and 

evaporative cooling on lactational performance and nutrient 

digestibilities; and to test the effect of supplemental fat 

and protein quality on ruminal fermentation and nutrient 

flow to the duodenum in lactating cows. 

In the first lactation study, milk and milk fat yields, 

milk fat percentage, and efficiency of feed utilization 

(FCM/DMI) were increased by the supplementation of 2.5% 

prilled fatty acids (PFA). Cows fed a fish-blood protein 

combination (FB) had lower milk yield and DMI than those fed 

cottonseed meal. 

In the second lactation study, milk yield, 3.5% FCM, 

and fat yield were increased by evaporative cooling. 

Supplementation of 3% PFA rendering dietary of FA to 7.4% 

appear to be excessive and resulted in only slightly 

increased (.7 kg) milk yield. Supplementation of PFA, 

increased efficiency of feed utilization, but decreased FA 

digestibility. 

In the third study (metabolic trial), both high quality 

(HQ) protein and a high level of supplemental fat gave 

similar positive responses in milk production. Compared to 
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low quality protein (LQ) , HQ increased yields of milk, 3.5% 

FCM, milk protein, milk lactose, and milk SNF. Compared to 

LQ, concentrations of lysine (Lys) in coccygeal plasma were 

higher for HQ and leucine was lower. Arteriovenous 

difference of plasma concentrations of Lys also was higher 

for HQ than LQ. Supplementation of PFA increased DMI, 

yields of milk, 3.5% FCM, milk protein, milk lactose, and 

milk SNF. Cows fed HQ diet had higher concentration of 

rumen ammonia N and rumen butyrate was increased by the 

supplemental fat. Concentrations of total VFA, propionate, 

butyrate, and valerate were increased by supplementation 

with HQ protein, thus providing more energy for the high 

milk production .. The HQ diet decreased ratio of 

acetate:propionate, but increased intakes of OM, and CP, 

particularly in the MF diet. Also, the HQ diet increased 

total tract digestibility of CPo Digestibilities of ADF, 

NDF, and FA were not different among treatments. 



CHAPTER 1 

INTRODUCTION 
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Summer heat stress often adversely affect the 

lactational and reproductive performance of dairy cows in 

much of the southern united States. Additionally, in many 

northern states, cows are also exposed to periods of heat 

stress which could lead to serious short-term problems 

because cows are not adapted physiologically to these 

conditions (Armstrong, 1994; Sanchez et al., 1994; Shearer 

and Beede, 1992). High environmental temperatures adversely 

affect milk production of dairy cows. Reduced feed intake 

is a direct consequence of heat stress, and is most 

responsible for decreased milk production (Beede and 

Collier, 1986). As feed intake decreases, dietary energy 

supply is reduced. Moreover, at hot temperatures, 

maintenance requirement of energy increases (McDowell, 1974) 

as a consequence of elevated animal respiratory activity to 

alleviate the excess heat load. Thus, in hot environments, 

energy becomes limiting factor for cows to sustain high milk 

production, and supplementing energy may be beneficial. 

Inclusion of fat to substitute some of grains in the 

diets of lactating dairy cows has become common practice to 

provide adequate energy required for high milk production. 

Adding ruminally inert fats to dairy rations also increases 



energy density in diet, while avoiding the adverse effects 

on rumen fermentation associated with high grain diets. 

Moreover, fat is low in heat increment, thus may not 

increase body temperature of heat-stressed cows (Coppock, 

1987; McDowell et al., 1969; Tyrrell et al., 1979). 
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Improved dairy herd management using cooling systems 

may benefit heat-stressed cows. Evaporative cooling systems 

have proven beneficial by increasing milk production and 

reproductive efficiency of cows in a hot-arid environments 

such as Arizona, Mexico, and Saudi Arabia (Armstrong et al., 

1985, 1986, 1988, 1993; Armstrong, 1994; Chen et al., 1993; 

Ryan et al., 1992; Smith et al., 1993). 

Cows under heat stress cows often exhibit negative 

nitrogen balances due to lower intakes (Kamal and Johnson, 

1970; Huber et al., 1994). Supplementation of fat in the 

lactating cow's ration may increase the requirement for UIP 

(Chalupa and Ferguson, 1990b; Palmquist et al., 1993). 

However, the quality of UIP greatly affects the quality of 

protein entering the small intestine (Erasmus et al., 1993); 

which in turn, greatly influence the amount of amino acids 

available for milk and milk protein production (Huber and 

Chen, 1992; Chen et al., 1993). 

Studies are limited on the interaction of supplemental 

fat and protein quality, and none have been reported on fat 

supplementation and evaporative cooling system in cows 
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subjected to heat stress. Thus, the objectives of this 

study were 1) to determine effects of supplemental fat and 

protein quality or supplemental fat and evaporative cooling 

on lactational performance and nutrient digestibilities in 

heat-stressed cows; 2) to determine interactions between 

supplemental fat and protein quality or supplemental fat and 

evaporative cooling; 3) to test the effect of supplemental 

fat and protein quality on rumen fermentation, microbial 

protein synthesis, and nutrients flow to the duodenum. 



CHAPTER 2 

LITERATURE REVIEW 

PHYSIOLOGICAL EFFECTS OF HEAT STRESS 
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When the thermoneutral zone (comfort zone) of a cow is 

exceeded (upper critical temperature is about 25°C), 

physiological responses occur such as a decline in feed 

intake, increased water intake, and rises in body 

temperature and respiratory rate (Hassan and Rousel, 1975; 

McDowell, 1974). Some of these responses are antagonistic 

to milk production and must be counteracted to sustain high 

production in summer heat. Unfortunately, the heat stress 

problem become more severe as production of cows increase. 

Bucklin et al. (1991) indicated that high producing and 

mUltiparous cows are more susceptible to heat stress, 

because they have greater metabolic activity and produce 

more body heat than those at lower production (West, 1994). 

The cow uses radiation, conduction, and convection as 

the primary means of cooling her body under thermoneutral 

conditions. Evaporative cooling from insensible loss of 

moisture, sweating, and respiratory evaporation may aid in 

cooling when needed. However, as the environmental 

temperature rises, the temperature difference between the 

cow's body and her surroundings reduces, diminishing the 

amount of body heat which can be lost through radiation, 
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conduction, and convection. The cow's reliance on 

vaporization of water from the skin and the respiratory 

tract (sweating and panting) increases significantly during 

heat stress conditions (Kibler and Brody, 1950; 0rskov and 

Ryle, 1990). Active cooling such as panting increases the 

cow's maintenance energy requirement. It has be indicated 

that maintenance costs for a 600 kg cow producing 27 kg of 

milk increase 20% when ambient temperatures are 35DC 

compared to 20 DC (NRC, 1981). At this critical time when 

the cow's nutrient requirements often exceed intake, 

consumption of dry matter is reduced. 

Respiratory rate increases with rising temperatures. 

In severe heat stress, panting progresses to second phase 

breathing which is characterized by a low respiratory rate 

and a large tidal volume. The consequence of this is change 

is development of respiratory alkalosis because of the rapid 

loss of CO2 (Sanchez et al., 1994). The cow compensates for 

this by increasing urinary output of bicarbonate (HCOl ) to 

balance carbonic acid to bicarbonate ratio in the blood 

(Benjamin, 1978). A simultaneous decrease in the salivary 

HCOl pool for ruminant buffering which is secondary to 

panting, also occurs. 

Rate of gut and rumen motility are reduced, thus 

slowing passage of feed through the gastrointestinal tract 

(Sanchez et al., 1994). Decreased gut motility in 
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combination with increased water intake and concentrates 

intake in place forages when temperatures are elevated, 

leads to greater gut-fill and ruminal acidosis during heat 

stress. Also, recycling of salivary buffers into the rumen 

may be reduced because heat-stressed cows ruminate less and 

slobber more than cows in thermoneutral conditions (McDowell 

and Weldy, 1967). 

Dietary buffers may alleviate ruminal acidosis and milk 

fat depression; maintain a healthier rumen fermentation; and 

improve lactational performance of heat-stressed cows 

(Coppock and West, 1987; Schneider et al., 1986). Dietary 

acidogenic agents would likely exacerbate ruminal acidosis. 

It has been indicated that, in spite of the challenge that 

heat stress presents to the dairy cows; her ability to 

physiologically recover and maintain a reasonable acid-base 

balance is remarkable (Beede and Collier, 1986; Schneider et 

al., 1988a). 

Behavioral and physiological adaptations to hot 

environments occur in ruminants, such as nocturnal feeding, 

reduced heat uptake, conservation of body water for 

evaporative cooling, and the production of concentrated 

urine and drier feces (0rskov and Ryle, 1990; Yousef, 1987). 

0rskov and Ryle (1990) suggested that ruminants developed in 

hot, arid environments tend to have pale-colored hair and 

skin, and to store fat in humps or tails rather than 



subcutaneously, which may be related to more efficient 

temperature control. 

COOLING FOR CATTLE 
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Armstrong (1994) indicated that the resultant decrease 

in milk production and reproductive efficiency of heat

stressed cows can be alleviated by cooling methods including 

providing shades, holding pen cooling (overhead sprinklers 

and fans), exit lane cooling (exit sprinklers), feed line 

cooling (misting systems), and corral cooling (sprinklers, 

fans or evaporative coolers). An evaporative cooling system 

developed in 1981 in Arizona, improved milk yield in heat

stressed cows from 28.1 kg (shade only) to 30.5 kg (shade 

and EC) in the study of Armstrong et al. (1985), and from 

27.5 kg (shade only) to 30.5 kg (shade and EC) in the study 

of Chen et al. (1993). Armstrong (1993) compiled milk 

production responses for different types of cooling system 

(EC vs Spray and Fan vs shade only) from several studies 

conducted on commercial dairy farms in southwestern United 

States, Mexico, and Saudi Arabia, where average day-time 

humidities were less than 30%. It was found that, compared 

to shade only, the Ee and Spray and Fan systems increased 

milk production of mid-lactation dairy cows ranging from 

29.5 to 38.6 kg/d by 4.5 to 6.5 kg/d and 2.5 to 3.5 kg/d, 

respectively. Milk production was increased in late 
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lactation «29.5 kg/d) by 3.9 to 5.6 kg/d and 2.3 to 3.2 

kg/d, respectively, but high producing cows (early 

lactation, >38.6 kg/d) greatest benefit was shown for both 

cooling systems (5.3 to 7.5 kg/d for EC and 2.8 to 4 kg/d 

for Spray & Fans). Cows subjected to higher ambient 

temperatures showed greater response to alleviation of heat 

stress (Armstrong, 1993). Effectiveness of evaporative 

cooling is reduced in high humidity environment. A study 

conducted in Florida showed that evaporative cooling lowered 

body temperature and respiratory rates, but had little 

effect on milk yield (Taylor et al., 1986). 

Even though high humidity reduces the effectiveness of 

evaporative cooling, using the cow's own body heat to 

evaporative water and cool the body seems to be a viable 

cooling alternative. Thoroughly wetting the cow's body 

reduced body temperatures, while misting the hair coat was 

ineffective (Flamenbaum et al., 1986). Florida workers 

(Strickland et al., 1988) showed improved feed intake (7.3%) 

and milk yield (11.6%) with use of sprinklers and fans. 

Rumination, feed digestion and utilization may be improved 

by relieving heat stress (Christopherson et al., 1983) by 

increased intake and rate of passage as well as increasing 

milk production. 
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TO DAIRY DIETS 
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In the 1940s, Cornell workers demonstrated beneficial 

results from the addition of fat to diets of dairy cows 

(Loosli et al., 1944; Maynard et al., 1941). However, their 

findings did not generate much interest in the dairy 

industry. Palmquist (1987) indicated that, even though fats 

were probably the cheapest source of energy before 1970, 

supplemental fat was less apt to be used by the dairy 

industry because of 1) low production of cows, whereby their 

energy needs could be met by cereal grains; 2) cereal grains 

were abundant and inexpensive; 3) fat sources were 

inconsistent in quality and difficult to handle; 4) studies 

showed that fats decreased fiber digestion in the rumen. 

Since the 1970s, the genetic potential of dairy cows has 

increased to an extent that the higher energy requirements 

could not be met by feeding only forages and grains. With 

fats more readily available, many studies have been 

conducted and have shown promising results from 

incorporating fats in dairy diets. Hence, fat 

supplementation has generated more interest in the dairy 

industry and researchers. In the late 1960s and early 

1970s, formaldehyde-protected fat, hydrogenated fat and 

saturated fatty acids were a major concern of researchers. 

However, due to their high cost, low consistency in 
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manufacture, and lack of government approval of use of 

formaldehyde in rations of food producing animals, these fat 

sources were not commercially developed (Palmquist, 1984). 

With improved industrial technology and processing methods, 

many studies pertaining the effect of dietary fat on 

lactational performance, rumen fermentation, and nutrient 

digestibility were generated during the past decade. These 

studies led to development of ruminally-inert fats which 

will be presented later under the title: Source and 

composition of dietary fat. 

SOURCES AND COMPOSITIONS OF DIETARY FAT 

Forages 

In general, forages contain 2-4% fat, and most of the 

fats is contained in leaf chloroplast (Chalupa and Ferguson, 

1990b; Chalupa, 1991). Leaf lipids are mainly galactolipids 

containing glycerol, galactose, and linked with unsaturated 

fatty acids such as linoleic, linolenic, and oleic acids, in 

addition to occurrence sulfonate groups (Chalupa, 1991; Van 

Soest, 1994). Leaf lipids have a lower energy value than 

triglycerides due to their higher polarity (Van Soest, 

1994) . 

Oilseeds 

Whole cottonseed (WCS) and whole soybeans (WSB) are the 
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two most commonly used natural fat sources in the lactating 

cow's diet, due to their high fat (18-20%) content (Shaver, 

1990). WCS is also very good source of fiber and protein, 

while WSB are rich sources of protein. Processed 

(mechanically and/or heat-treated) oi1seeds are frequently 

be included in dairy diets. Raw WSB are low in UIP compared 

to heat-treated WSB ( 35% vs 45-55% UIP) , so it is often 

difficult to separate responses of dietary fat or protein 

supplement in research studies and on-farm results (Shaver, 

1990). Fa1det (1989) suggested that much of the response to 

heat-treated WSB may be attributed to increased UIP rather 

than dietary fat. 

Fatty acid composition of various fat sources including 

commodity and commercialized specialty fats were compiled 

from numerous studies (Appendixes A, B). Fatty acids in 

WCS, raw WSB, and roasted WSB are 73%, 85%, and 84% 

unsaturated, respectively (Appendix A.). Such a high amount 

of unsaturated fatty acids in the supplemental fat, 

especially in the oil form, may compromise rumen 

fermentation. However, if the oil is fed as part of a whole 

seed, it is less likely to interfere rumen fermentation of 

cows because of more effective biohydrogenation (Mohamed et 

a1., 1988; palmquist, 1984). 

Cano1a, safflower, and sunflower seeds also have been 

fed to lactating cows in some areas; however fatty acids in 
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these seeds are even more highly unsaturated (93%, 91%, and 

90%, respectively, Appendix A.) than the above mentioned, 

and should be managed carefully to avoid negative effects on 

rumen function (Hutjens, 1990). Fatty acid profiles of the 

oils of soybean, canola, safflower, and sunflower are in 

general quite similar to their proportions in the oilseeds 

(Appendix A) . 

Palmquist and Jenkins (1980) indicated that, in 

general, linoleic acid (C18:2) is predominant in most seed 

lipids, whereas linolenic acid (C18:3) is prevalent in the 

forages except that linseed oil contains very high (57%) 

C18:3 as does soybean oil. 

Rendered Animal Fats and Oils 

Rendered animal fats include tallow, lard, choice white 

grease, yellow grease, and poultry fat (Grummer, 1992; NRA, 

1992). In some cases, animal fats may be blended with 

vegetable oils or acidulated soapstocks from the refining 

industry to meet price and market demands (Grummer, 1992). 

Fatty acids in tallow, choice white grease, yellow 

grease, animal-vegetable blend, and poultry fat, are 44.1, 

37.0, 36.5, 26.9, and 29.6% saturated, respectively 

(Appendix B., Shaver, 1990, NRA, 1992). 
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Ruminally-inert fats 

Ruminally-inert fats often are referred to as 

protected, bypass, or specialty fats. In the 1970's, 

studies were conducted with ruminally-protected fat which 

was protected by coating fat with protein and subsequently 

with formaldehyde (Chalupa and Ferguson, 1990b). Ruminal 

inertness achieved by either having a high proportion of 

saturated long chain fatty acids or by forming calcium salts 

of long chain fatty acids (Chalupa et al., 1984, 1986a; 

Chalupa, 1991; Palmquist and Jenkins, 1980; Palmquist, 

1984), have been recently commercialized. Also, sodium 

alginate encapsulation can improve ruminal inertness of fats 

(Shaver, 1990; Smith, 1991). Hydrogenation of fats did not 

greatly affect dietary free fatty acid concentrations, but 

increased saturated fatty acids and melting point rendering 

them more inert in the rumen (Jenkins and Jenny, 1989). 

Hydrogenation of yellow grease, increased saturated fatty 

acids from 42.7% (yellow grease) to 98.9% (hydrogenated 

yellow grease, 21.6% C16:0, 75.6% C18:0), mainly because of 

a decrease in C16:1, C18:1, C18:2, and an increase in C18:0 

(Jenkins and Jenny, 1989). 

Commercialized rurninally-inert fats include: Dairy Fat 

Prills~, B.P. Nutrition, U.K.; Energy Booster 100~, Milk 

Specialties Co., IL.; Megalac~, Volac Ltd., U.K., Church and 
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Dwight Co., NJ.; Alifet~, Alifet USA, U. S.; Carolac~, CBP 

Resources, Inc., NC.; Dairy 8 O~, Morgan Mfg., U. S .; Booster 

Fat~, Balanced Energy Co., U.S., Qual-Fat~ Dairy Blend, 

National By-Products, Inc., IL., Calcium-Tallowate~, 

Bucckeye Cellulose Co., TN. Fat content and saturated fatty 

acids in commercial fat sources are: Energy Booster (99% 

fat, 86.3% saturated), Megalac~ (80% fat, 55.9% saturated), 

Alifet~ (92% fat, 67.7% saturated), Carolac~ (98% fat, 61% 

saturated), Dairy 80~ (80% fat, 87% saturated), Booster Fat~ 

(90% fat, 50% saturated), Qual-Fat~ Dairy Blend (41.1% 

saturated), Calcium-Tallowate~ (86% fat, 43.7 % saturated). 

It should be indicated that most of commercialized fats are 

products of tallow and hydrogenated tallow products, except 

for Megalac~ and Energy Booster~ (Appendix B.; Shaver, 

1990) . 

Chalupa et al. (1984, 1986a) reported that stearic and 

palmitic acids are inert in the rumen due to their high 

melting points, thus making them insoluble. However, 

Chalupa and Ferguson (1990b) indicated that commercial 

products of ruminally-inert fat that contain high 

proportions of palmitic and stearic acids, may not be 

completely inert in the rumen, because they cause small 

decreases of ruminal acetate/propionate ratios in some in 

vitro and in vivo studies (Chalupa et al., 1986b; Ferguson 
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et al., 1990; Grummer, 1988; Schauff and Clark, 1989). 

Calcium salts of long chain fatty acids were inert in 

the rumen (Grummer, 1988; Schauff and Clark, 1989); however, 

Wu et ale (1991) demonstrated that Ca soaps may undergo 

biohydrogenation. Sukhija and Palmquist (1990) examined the 

effect of ruminal pH on dissociation of calcium salts of 

long-chain fatty acids; they suggested that degree of 

unsaturation affects the pKa value of calcium salts of fatty 

acids and thus the amount of dissociation. After feeding, 

ruminal pH may be lower than 6.0 (Chalupa, 1991); if it 

drops to 5.5 or lower, only about 10% of free fatty acids 

(FFA) would dissociate from the calcium salts of fatty 

acids. However, at normal rumen pH (6.2-6.7), more (50%) 

free fatty acids would dissociated from Ca salts (Sukhija 

and Palmquist, 1990). 

FACTORS AFFECTING RESPONSE OF DAIRY CATTLE TO SUPPLEMENTAL 

FAT 

Stage of Lactation 

In early lactation, cows are in negative energy balance 

thus cows should benefit more by feeding diets of high 

energy density containing supplemental fat. However, many 

studies have shown little or no benefit from feeding fat 

during the first 5 to 7 weeks postpartum (Driver et al., 

1990; Hoffman et al., 1991; Jerred et al., 1990, Ruegsegger 



27 

and Schultz, 1985; Simas et al., 1992). Jenkins and Jenny 

(1989) suggested that the lack of response from supplemental 

fat seems to be related to one or more of the following 

reasons: 1) fat interferes with the digestion of other feed 

nutrients and results in an increase fecal energy excretion; 

2) fat is poorly digested and absorbed; and 3) fat reduces 

DMI of cows. Also, studies have suggested that the lack of 

response to added fat in early lactation was due to the 

reduced feed intake and/or lack of essential nutrients 

(Grummer, 1992; Jerred et al., 1990; Palmquist and 

Eastridge, 1991). Palmquist (1994) suggested that cows are 

unable to metabolize more fat than is mobilized from adipose 

tissue in early lactation. On the other hand, Danish 

workers (Danfaer, 1981; 0stergaard, 1981), as cited by 

Palmquist and Eastridge (1991), recommended supplemental fat 

for cows in negative energy balance (early lactation) . 

Genetic Potential 

Studies on effect of genetic potential on response to 

supplemental fat are limited. However, Chalupa and Ferguson 

(1990b), suggested that management and nutrition, but not 

genetic potential limit milk production of cows. They 

recommended feeding high producing herds (greater than 9000 

kg/year) supplemental fat, and challenging lower producing 

herds with supplemental fat to determine if they have the 
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genetic potential for higher productivity. 

Parity 

Primiparous cows require nutrients for maintenance, 

milk production, and growth; however, these cows have a 

higher metabolic priority to attain mature body size than to 

produce milk (Chalupa and Ferguson, 1990b). Thus, the large 

primiparous cows which are closer to their mature body size 

may respond more to supplemental fat than those cows must 

attain substantial growth during the first lactation. In 

general, primiparous cows respond less to fat 

supplementation than mature cows (Ferguson et al., 1988; 

Mattias, 1982; Pitcher et al., 1991a,b; Robb and Chalupa, 

1987). Hutjens (1990) also indicated that primiparous cows 

supplemented with fat had a higher milk fat test but lower 

milk yields. 

Level of Fat 

palmquist (1994) indicated that factors which may limit 

the amount of fat that can be fed to ruminants include: 1) 

inhibitory effects on ruminal fermentation; 2) limitation of 

fat digestibility at higher intake (low intestinal 

absorption); 3) a low potential for fatty acid oxidation; 

and 4) depressed feed intake (sensitivity to nutrient 

imbalance causing reduced energy intake). Palmquist (1984) 
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reported that lactating cows can digest and absorb about 1 

kg of fat per day and suggested that the upper limit of 

dietary fat is equivalent to the total amount of fat in the 

milk (i.e. milk yield multiplied by milk fat percentage; 

Palmquist, 1987). Maximum energetic efficiency of the 

lactating cows is achieved when 15% to 20% of the 

metabolizable energy is from fat; hence, maximum fat should 

be 7 to 8 % total fatty acids of diet DM (Brumby et al., 

1978; Chalupa, 1991; Hutjens, 1990; Kronfeld, 1976; 

Palmquist, 1984). 

Compared to control (3.2% fatty acids DM), 

supplementation of 12% WCS with either 2.2% safflower oil 

(7.0% fatty acids of DM) or 2.2% prilled fat (6.9% fatty 

acids of DM) increased milk production 2.5 kg/d and 1.8 kg/d 

respectively; whereas 12% WCS and 4.4% prilled fat (9.1% 

fatty acids DM) was less effective, suggesting that 9.1% of 

DM as fat exceeded the limit for efficient use in cows 

producing 30-40 kg/d of milk (Wu et al., 1994). Grummer et 

al. (1993) showed that early lactation cows fed 14% roasted 

or whole soybeans (5.5% fatty acids) as fat sources, along 

with 1% (6.3% fatty acids), 2% (6.9% fatty acids) or 3% 

(7.6% fatty acids) tallow did not differ in lactational 

response, indicating that factors other than level of fat 

affect response to fat supplementation. 

Schauff and Clark (1992) studied effects of feeding 
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diets supplemented with 0% (2.2% of DM as FA), 3% (4.7% of 

DM as FA), 6% (6.0% of DM as FA), or 9% (8.4% of DM as FA) 

Ca salts of LCFA to early lactation cows (43 DIM). They 

found that DMI, and metabolizable energy (ME) intake 

decreased linearly with increasing amounts of Ca-LCFA, but 

only 9% supplemental fat extensively depressed DMI and ME 

intake. The highest addition of fat (9% Ca-LCFA) also 

reduced milk energy yield. From the data of Schauff and 

Clark (1992), Palmquist (1994) proposed that the mechanisms 

of intake regulation were: no added Ca-LCFA, gut fill; 3% or 

6%, energy satiety; and at 9% there was a nutrient 

imbalance. 

Source of Fat 

Whole cottonseed (WCS) is frequently included in the 

rations of lactating cows subjected to hot-arid 

environments, with a beneficial lactation response; however, 

large amounts of WCS may cause gossypol toxicity and disturb 

rumen fermentation. Supplementation of WCS in diets for 

high producing dairy cows has often increased milk 

production (Anderson et al., 1979), and has consistently 

increased milk fat percentage by .2-.3% or more (Coppock et 

al., 1987). Coppock et al. (1987) indicated that WCS can be 

included in the dairy cows diets at up to 30% without 

adversely affecting rumen fermentation and up to 25% without 



depressing DMI. No gossypol toxicity was found when cows 

were fed diets containing up to 30% WCS (Coppock et al., 

1985) . 
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Limited studies are available comparing various sources 

of supplemental fat. Wu et al. (1993) in a study with 24 

cows fed a control diet containing 7.2% WCS (3.7% fatty 

acids), or 3 diets of 7.2% WCS plus 2.5% tallow, 2.5% 

prilled fatty acids (PFA) , or 3% Ca-LCFA (6.2% fatty acids), 

and found that milk production was increased by the addition 

of fat to a diet containing a medium amount of fat from WCS, 

but was not affected significantly by the fat source. In 

another study, cows fed 12% WCS plus 2.2% safflower oil 

(7.0% fatty acids) or 2.2% PFA (6.9% fatty acids) had higher 

milk production than cows fed a control diet (3.2% fatty 

acids) or only 12% WCS (4.9% fatty acids) as additional fat. 

Supplementation of fat as safflower oil or PFA gave similar 

lactational response (Wu et al., 1994). 

Residual Effect of Fat Supplementation 

Milk production is higher after fat is withdrawn from 

the diet (Chalupa and Ferguson, 1990ai Schingoethe and 

Casper, 1991), indicating a residual effect of fat 

supplementation. The magnitude of the residual effect of 

supplemental fat is greater for multiparous than primiparous 

cows. Ferguson et al. (1988) reported that when 
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mUltiparious cows received .45 kg/d of Ca-LCFA for 150 days, 

3,5% FCM increased 3.8 kg/d. After withdrawal of Ca-LCFA, 

cows continued to produce 2.5 kg more milk per day over a 

five-month period (Chalupa and Ferguson, 1990a). 

Interaction of Fat with Protein, Carbohydrates, and Forages 

Supplemental fat can affect microbial protein flow 

into the small intestine by altering the quantity of 

carbohydrate in the diet, the fermentability of 

carbohydrate, and possibly the amount of N incorporated into 

microbial protein per unit of fermentable carbohydrate 

(Stern et al., 1994). 

Jenkins and Fatouhi (1990) found that fat inhibited 

degradation of protein in the rumen and provided more 

dietary amino acids for postruminal absorption in sheep. 

Palmquist et ale (1993b) showed that supplementation of fat 

(tallow and Ca-LCFA mixed at 1:1 ratio wt/wt, 5% of DM) 

tended to reduce amount of carbohydrate digested and 

microbial AA N synthesized in the rumen of lactating cows, 

due to a lower supply of starch in fat-supplemented diets. 

They also reported that microbial AA N synthesis was 

correlated positively with carbohydrate fermentation. 

Hoover and Miller (1990) recommended that cows be fed 

30-40% NSC in diets for optimum rumen microbial protein 

synthesis and lactational response. Hvelplund and Madsen 
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(1990), as cited by Palmquist et al. (1993b), indicated that 

ruminal microbial protein synthesis may decrease when fat 

was substituted for fermentable carbohydrate because fat is 

not fermented in the rumen and does not provide energy (ATP) 

for growth of rumen microbes (Nocek and Russell, 1988). In 

order to maintain a proper dietary energy:protein ratio, 

cows fed supplemental fat diet may increase their 

requirement for UIP (Palmquist, 1993b). Chalupa and 

Ferguson (1990b) recommended adding 72 g of UIP per Mcal of 

supplemental fat above 3% of the ration. 

Adequate fiber form (2.3 kg forage DM of 2.5 cm or 

longer) and level (19-20% ADF) are needed to maintain a 

proper rumen fermentation environment and pH in cows 

supplemented with unprotected fat; further, it has been 

suggested that ADF be increased by 1% compared to diets 

without added fat (Hutjens, 1990). However, when high 

forage diets (55 to 70% alfalfa silage DM) were fed to mid

lactation cows, supplementation of tallow (8.6% in expo 1 

and 6.2% in expo 2) in substitution for corn or oats 

decreased DMI, milk protein percentage and protein yield 

(Robinson and Burgess, 1990). 

Interaction of Fat with Minerals 

Palmquist and Jenkins (1980) suggested that adequate 

calcium in the diet is a critical factor in successful use 
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of fat for cows. Increasing the calcium content of fat 

supplemented diets minimized negative effects of fat on 

fiber digestibility (Chalupa et al., 1984; Ikwuegbu and 

Sutton, 1982). Grainger et al. (1961) also reported that 

addition of calcium or iron alleviated or partially 

alleviated the adverse effect of corn oil on cellulose 

digestibility of sheep. Jenkins and Palmquist (1982) 

reported that saturated fatty acids readily react with metal 

ions to form insoluble salts of fatty acids. However, 

Palmquist et al. (1986) demonstrated that beneficial effects 

of increasing calcium in high-fat diets were because of 

calcium soap formation in the rumen, but were probably due 

to post-ruminal calcium effects (Palmquist, 1987). It is 

recommended that calcium be increased from .7 to .9-1.0% and 

magnesium be increased from .25 to .3% of diet DM in high 

fat diets, because of inhibition of absorption of these 

minerals (Hutjens, 1990; Palmquist and Eastridge, 1991). 

Interaction of Fat with Niacin 

Niacin is considered a nonessential vitamin in ruminant 

diets because of rumen microbial synthesis; however, 

addition of niacin (6-12 g/d) to diets for lactating cows 

increased milk (Dufva et al., 1983; Harmeyer et al., 1979; 

Riddell et al., 1981) and milk protein production (Harmeyer 

and Rohr, 1978; Harmeyer et al., 1979; Riddell et al., 
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1981). Limited studies have been conducted to determine if 

the milk protein depression associated with supplemental fat 

is affected by dietary niacin addition. Horner et al. 

(1986) studied the influence of supplemental niacin (0 or 6 

g/d) and wes (0 or 15% of total ration) on feed intake, milk 

production and composition , as well as systemic responses 

of early lactation cows. They found that without 

supplemental niacin, wes depressed milk protein percentage 

(3.02% for 15% wes vs 3.13% for 0% WeS); however, addition 

of 6 g/d niacin restored the milk protein depression (3.20% 

for 15% wes vs 3.33% for 0% wes). Similar results have been 

observed elsewhere(Driver et al., 1990; Erickson et al., 

1989; Horner et al., 1988a; Lanham et al., 1992). Skaar et 

al. (1989) did not show that addition of niacin to 

supplemental fat diets increased with protein percentages; 

however, fat supplementation did not depress milk protein 

significantly in that study (3.00% for control, 2.87% for 12 

g of niacin, 2.87% for 4.6% prilled fat supplementation, and 

2.87% for the combination of niacin and 4.6% prilled fat) . 

Interaction of Fat and Bovine Somatotropin 

Studies have shown that BST increased milk yield of 

heat-stressed cows (Staples et al., 1988; West et al., 1990; 

Zoa-Mboe et al., 1989). Further, BST increased metabolic 

heat production of lactating cows (Tyrrell et al., 1988). 
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Thus, use of BST during hot or hot and humid conditions may 

increase heat stress if the cow is unable to dissipate the 

additional body heat caused by BST (West, 1994). Marty and 

Block (1992) examined effects of dietary fat supplementation 

and recombinant bovine somatotropin (BST) on milk 

production, nutritional status, and lipid metabolism of 

dairy cows. They found that dietary fat supplementation 

together with BST injections did not change lactational 

performance compared to those found with fat supplementation 

or BST alone. Although cows were injected with BST over the 

entire lactation, they were fed supplemental fat only during 

early lactation (weeks 3-15 postpartum). Studies have shown 

that cows in early lactation fed supplemental fat do not 

increased in milk production (Eastridge and Palmquist, 1988; 

Salfer et al., 1992; Simas et al., 1992). 

Interaction of Fat with Heat Stress 

In a review, Coppock et al. (1987) discussed the 

potential for fat to be a "cooler" feed; therefore, 

supplementation of fat may produce less body heat when 

compared to diets without supplemental fat. Beede and 

Collier (1986) suggested that low-heat increment feeds like 

fat should be considered during conditions of high 

temperature and humidity. In 1967, Moody et al. conducted a 

study using a two Latin Square, switch-over design (three 
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periods) with 12 Holstein cows (45-90 DIM) housed in the 

psychometric chambers. Environmental temperatures were: 

cool, 15-24 DC and hot 32.2 DC. Relative humidity was 60% at 

both temperatures, and dietary fat was (0%, 10% from soybean 

oil mixed with concentrates, or 10% hydrogenated fat (70% 

cottonseed and 30% soybean oil mixture). Results showed 

that the hot environment significantly decreased milk 

production (18.4 kg/d for cool vs 15.7 kg/d for first hot 

week, and 12.8 kg/d for second); whereas, fat 

supplementation (soybean oil and hydrogenated fat) did not 

significantly affect milk production in the hot 

environments. Yields of FCM, however, was increased for cows 

fed 10% soybean oil in concentrate. It should be indicated, 

however, the cows were fed large amount of ruminally 

unprotected fat, especially soybean oil, which may have 

inhibited fiber digestion (Palmquist, 1987). Wisconsin 

researchers (Skaar et al., 1989) studied the effect of 

prilled fatty acids (Energy Booster~) and niacin on the 

lactational responses of cows over an 8-month period and 

found that supplemental fat increased milk production of 

cows in the warm season (45.1 vs 36.1 kg/d) but not during 

the cool season (38.9 vs 40.6 kg/d). However, this study 

was started in the cool season when cows were in the early 

lactation, so the lack of response in the cool season might 
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be attributed to lower intakes, and a lower response to the 

supplemental fat by early lactation cows. Also, maximum 

environmental temperatures of the warm months did not exceed 

35 DC, and the amount of supplemental fat might have 

exceeded the level for optimum response (4.6% PFA, 9.5% E.E. 

in total diet). Another study was conducted at Wisconsin to 

determine response of lactating cows housed in environmental 

chambers to fat supplementation (5% supplemental fat made up 

of 60% PFA and 40% tallow, 6.8% fatty acids in diet DM). It 

was found that milk production was decreased by heat stress 

and fat supplementation and numerically increased by 1.1 

kg/d in cooled cows, but not in heat-stressed cows (.3 

kg/d). However, 3.5% FCM increased 2.7 kg/d and 1.8 kg/d, 

respectively, for cows in both cool and hot environments 

because supplementation of fat stimulated a higher milk fat 

content. 

EFFECT OF DIETARY FAT ON FEED INTAKE 

Fat supplementation often decreases feed intake 

(Palmquist, 1984), probably because of inhibitory effects on 

rumen fermentation ( Grummer, 1992; Kowalczyk et al., 1977), 

intestinal motility (Nicholson and Orner, 1983), or taste and 

palatability (Palmquist, 1988). 

Reduction of DMI by added fat has been observed in 

numerous studies with supplemented cottonseed (Coppock et 
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al., 1985; Mohamed et al., 1988), cottonseed oil (Mohamed et 

al., 1988); raw soybeans (Mohamed et al., 1988); roasted 

soybeans (Mohamed et al., 1988); extruded soybeans (Anderson 

et al., 1984; Casper et al., 1990), soybean oil (Mohamed et 

al., 1988); and whole sunflower seeds (Anderson et al., 

1984). No effect on DMI was reported when heat-treated 

soybeans (Mielke and Schingoethe, 1981; Ruegsegger and 

Schultz, 1985), roasted soybeans (Bernard et al., 1990; Voss 

et al., 1988); raw soybeans (Bernard et al., 1990; Perry and 

Macleod, 1968), or cottonseed (Anderson et al., 1984) were 

fed. In some cases, DMI was increased by the supplemental 

fat from oilseeds such as extruded SB (Schingoethe et al., 

1988) . 

Robinson and Burgess (1990) conducted two experiments 

to determine the effect on rumen fermentation and milk 

production of mid-lactation cows of an isocaloric 

substitution of corn grain by tallow or oats in mixed 

rations containing high alfalfa silage (65%). They found 

that high levels of fat (8.6% and 6.2% of dietary DM in 

experiments 1 and 2, respectively) decreased feed intake and 

milk production; whereas, rumen fermentation was not altered 

significantly, though higher ammonia, higher propionate as 

well as lower butyrate concentrations were observed in rumen 

contents. 

Ohajuruka et al. (1991) found that source {Ca soap or 
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animal-vegetable fat) and amount of supplemental fat (0, 

2.5, or 5%) did not affect DMI of cows. Palmquist (1991b) 

also observed that DMI of Jersey cows was not affected by 

source of supplemental fat (basal, animal-vegetable blend, 

Ca soap, hydrogenated animal fat, saturated fatty acids, and 

tallow), but that overall DMI was lowered by increased fat 

(2.85 and 5.7% added fat). Schauff and Clark (1992) 

observed that supplementation of Ca-LCFA at 3 and 6% of 

dietary DM did not affect DMI, energy intake, or rumen 

fermentation of cows; whereas, supplementation of Ca-LCFA at 

9% depressed DMI and altered rumen fermentation and 

decreased milk yield. 

Wu et al. (1993) studied the effect of three 

supplemental fat sources (control, tallow, Ca-LCFA, and PFA) 

on lactation and digestion in dairy cows (92 DIM), and found 

that DMI were not different for the supplemental fat source 

when added at 2.5% for tallow and PFA or 3% Ca-LCFA to a 

control diet containing 3.7% fatty acids. In another study, 

Wu et al. (1994) studied effects of source and amount of 

supplemental fat (control, 12% WCS, WCS plus 2.2% safflower 

oil, WCS plus 2.2% PFA, or WCS plus 4.4% PFA), and found 

that DMI was lower for cows fed 4.4% prilled fat due to a 

high amount of fatty acids in the diets (9.1%); whereas, in 

cows fed a normal range of fatty acids (3.2 to 7.0% total 

fatty acids), DMI did not differ among treatments. 
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EFFECTS OF DIETARY FAT ON MILK PRODUCTION 

In general, fat supplementation increase milk and milk 

fat yields (Palmquist, 1984); however, response of dietary 

fat on milk production is variable. It is generally 

believed that glucose content in the mammary gland is a key 

factor in determining milk yield (Clark, 1975; Elliot, 1976; 

Kronfeld, 1982). Reynolds et al. (1994) suggested that 

sufficient furnishes of glucose are needed to support 

requirements for milk lactose, milk protein and milk fat 

synthesis, as well as maintenance of the mammary gland. 

Chalupa and Ferguson (1990b) indicated that milk production 

is increase when fat is added because glucose is spared from 

metabolism by the mammary gland and less is needed to supply 

the pentose phosphate pathway to provide NADPH for synthesis 

of short chain fatty acids (SCFA) and medium chain fatty 

acids (MCFA) . Supplemental fat increases uptake of LCFA by 

the mammary gland, which in turn, decreases de novo 

synthesis of SCFA and MCFA (Chalupa and Ferguson, 1990b) in 

the mammary gland; thus more available glucose can be 

diverted to other milk synthesis of other milk constituents 

(Palmquist and Jenkins, 1980). 

Palmquist and Conrad (1978) showed that FCM yield 

increased to 7 to 15% as dietary fat level increased to 3 to 

6%. Baker et al. (1989) showed a positive effect on FCM 

production by adding ruminal-inert fat to diets containing 
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whole cottonseed. Umphrey et al. (1989) showed similar 

effects by addition of inert fats to a whole soybean diet. 

Wu et al. (1993) compared the performance of dairy cows fed 

7.2% WCS (control), or added tallow (2.5%), PFA (2.5%) or 

Ca-LCFA (3.0%) and found that milk production was greater 

for cows fed the three supplemental fat sources (33.9, 32.9, 

and 34.2 kg/d) over those fed the control diet(31.6 kg/d), 

but no significant differences among three fat sources were 

observed. Wu et al. (1994) also found that the addition of 

12% WCS to a control diet did not improve milk production 

(32.6 vs 32.5 kg/d); however, response was significant by 

addition of 2.2% safflower oil (35.0 kg/d) or 2.2% PFA (34.3 

kg/d) to diets containing the 12% WCS. Production 

diminished in cows fed 4.4% PFA (33.0 kg/d). 

EFFECTS OF DIETARY FAT ON MILK COMPOSITION 

In review of several studies, fat supplementa~ion, in 

general, has increased milk fat concentration and milk fat 

yield (Palmquist, 1984), and decreased milk protein 

concentration (DePeters and Cant, 1992; Palmquist and 

Jenkins, 1980; Palmquist, 1984; Wu and Huber, 1994). 

Dietary Fat and Milk Fat 

palmquist and Eastridge (1991) indicated that the 

effect of dietary fat on milk fat percentage is variable, 
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depending on feeding regimen and type of fat fed. In 

general, unsaturated oils reduce milk fat test due to 

depressed fiber digestion (Palmquist and Jenkins, 1980); 

whole oilseeds, tallow, animal-vegetable blend fat, and 

ruminally-inert fats often increase milk fat test (Palmquist 

and Eastridge, 1991). Magnitude of increased milk fat test 

by supplementation of fat was summarized by Palmquist and 

Eastridge (1991), who observed that milk fat percentage 

increased by .38 percentage units per kg fat supplemented in 

the diet. King et al. (1990b) also observed an increase of 

.33 percentage units per kg of hydrogenated fatty acid 

supplemented to pasture-fed cows. Supplementation of 

soybean oil or cottonseed oil in rations of dairy cows 

depresses milk fat percentage and decreases FCM yield 

(Mohamed et al., 1988). 

De novo synthesis of milk fatty acids were depressed by 

supplemental fat (Grummer, 1991; Palmquist et al., 1993a; 

Storry et al., 1973; Wu, 1993). About 80% of the depression 

is because of increased uptake of long chain fatty acids; 

whereas, the other 20% is related to decreased synthesis of 

acetate and butyrate in the rumen (Clapperton and Banks, 

1985). Palmquist and Jenkins (1980) theorized that the 

inhibition of de novo synthesis of fatty acids is probably 

by feedback inhibition on acetyl CoA carboxylase caused by 

increased concentrations of long chain acyl CoA groups in 
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the mammary gland. This can be demonstrated by an increased 

butyric acid concentrations in milk fat depression (Mattos 

and Palmquist, 1974; Storry et al., 1973) because butyrate 

synthesis is independent of malonyl CoA formation (Lin and 

Kumar, 1972). Eventually all supplemental fat sources 

(animal-vegetable blend, Ca soap, hydrogenated animal fat, 

saturated fatty acids, and tallow) and levels tested (low 

and high), have decreased C8:0 to C15:0 (Palmquist et al., 

1993). Changes in C16:0, C18:0, and C18:1 were dependant on 

specific C16 and C18 fatty acids profiles in supplemental 

fats (Palmquist et al., 1993); for example, cows fed Ca-LCFA 

diets had higher C18:2 in milk fatty acids, which was 

attributed to partial protection of C18:2 from ruminal 

biohydrogenation (Wu et al., 1991; Wu and Palmquist, 1991). 

It also has been observed, for an unknown reason, that milk 

from cows fed Ca-LCFA often was lower C15:0 and C17:0 

(Palmquist et al., 1993). 

Noble et ale (1969) reported a higher milk fat yield of 

cows fed 10% palmitic acid compared to 10% stearic acid. 

Hansen and Knudsen (1987a,b) conducted cellular studies to 

determine the effect of exogenous long chain fatty acids on 

fatty acid synthesis in dispersed ruminant mammary gland 

epithelial cells. They found that palmitic acid stimulated 

synthesis and incorporation of fatty acids into milk fat by 

promoting initiation of fatty acid esterification, whereas 



oleic acid inhibited synthesis of all fatty acids except 

butyric acid. 

45 

Accumulation of the trans C18:1 fatty acid in rumen 

contents (either from the diet or ruminal synthesis) 

inhibits mammary synthesis of short chain fatty acids (Banks 

et al., 1984, 1990; Selner and Schultz, 1980), because 

accumulation of unsaturated fatty acids reduced ruminal 

fiber digestion and acetate:propionate ratios (Palmquist, 

1991b) . 

Wu et al. (1993) showed that supplementation of tallow, 

Ca - LCFA or PFA decreased the percentage of C6:0 to C14:0 in the 

milk fat; whereas, C16:0 increased. The study also showed 

that tallow addition increased concentrations of C18:1 in the 

milk fat. Wu et al. (1994) reported that the addition of 

WCS, PFA or safflower oil in diets increased percentages of 

C18:0 , C18:11 and C18:2 FA in milk fat. Also, only had 18% oh the 

FA was C4:0 to C14:0 in milk from cows fed safflower oil diets, 

compared to 33% for the controls. It was theorized that 

safflower may have compromised de novo fatty acid synthesis 

in the mammary gland through a decreased production of 

ruminal acetate. 

Dietary Fat and Milk Protein 

In a review of 47 experiments involving 1396 cows, Wu 

and Huber (1994) found that the depression of milk protein 
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occurred in cows fed all types of fat, and that magnitude of 

the depression was similar for the various fat sources. 

They further suggested that an increase in dietary fat from 

2.5 to 8.0% should be expected to decrease milk protein 

about 4%. Davis (1990) stated that supplemental fat 

depresses milk protein content .1 to .15 % for each .5 kg of 

supplemental fat. In review of the study by Bines et ale 

(1978), Palmquist (1984) calculated that milk protein 

decreased 0.03 percentage unit for each 100 g increment in 

dietary fat intake (in rations containing 2.1 to 10.7% fatty 

acids). From calculations of Wu and Huber (1994), dietary 

fat would cause a milk protein depression of 6% compared to 

controls. Based on the curvilinear relationships between 

decreased milk protein and increased dietary fat, DePeters 

et ale (1985, 1987, 1989) suggested a biological threshold 

for the decrease in milk protein. 

The casein fraction of milk protein is most subjected 

to depression by fat supplementation (Cant et al., 1991; 

Chow, et al., 1990; DePeters et al., 1985, 1987, 1989; 

Dunkley et al., 1977; Palmquist, 1984). Wu and Huber (1994) 

suggested that the mechanism causing milk protein depression 

reside in the mammary tissue, where the de novo synthesis 

occurs. 

DePeters et ale (1989) studied effects of fat addition 

to isocaloric rations on the N content of milk from Holstein 



cows, and found that supplemental fat not only depressed 

total milk N, casein N. and whey protein N but also 

increased proportion of NPN. A positive relationship 

between proportion of NPN and supplemental fat also was 

observed in other studies (Cant et al., 1991; Chow et al., 

1990; DePeters and Palmquist, 1990). 
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In a two 4 X 4 Latin square involving 8 rumen 

cannulated Holsteins, Mohamed et al. (1988) studied effects 

of dietary cottonseed and soybeans when fed to lactating 

cows as the free oil, as whole seeds, or roasted seeds, and 

found that milk protein and casein percentage were lower for 

cows fed any form of soybeans, but not cottonseed. Similar 

results were observed with whole cottonseed (DePeters et 

al., 1985; Smith et al., 1981), unheated and heated soybeans 

(Mielke and Schingoethe, 1981), and soybean oil (Erwin et 

al., 1961). 

Hypotheses to explain the decreased milk protein 

concentrations resulting from fat addition have been 

proposed by many authors (Cant et al., 1993a; Clark et al., 

1992; DePeters and Cant, 1992; Horner et al., 1986, 1988a,b; 

Hutjens, 1990; Palmquist and Moser, 1981; Stern et al., 

1994; Wu and Huber, 1994): 1) A glucose deficiency due to 

substitution of fat for grain energy, resulting in smaller 

amounts of glucose precursors; 2) An insulin resistance or a 

lower sensitivity to insulin by the mammary gland which 
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might direct amino acids away from insulin-sensitive 

tissues, thus retarding uptake of amino acids by mammary 

tissue for protein synthesis; 3) A greater efficiency of 

energy use for milk production; 4) A protein dilution effect 

due to higher milk yield; 5) A fat induced somatotropin 

deficiency resulting in a reduced blood flow to the mammary 

gland; 6) A shortage of amino acids for milk protein 

synthesis (either by a low level of amino acids in the blood 

or by decreased uptake of amino acids); 7) A decreased 

synthesis of microbial protein in the rumen which would 

cause an imbalance of protein to energy at the mammary for 

milk protein synthesis. 

Reynolds et al. (1994) suggested that supplementation 

of LCFA in isocaloric diets reduces the intake of ruminally 

digestible OM, even though the glucose requirement for milk 

synthesis is increased. Reduced OM intake decreases rumen 

microbial protein and propionate synthesis thus reducing 

availability of protein and glucose precursors needed for 

milk synthesis; hence, the utilization of limiting AA for 

hepatic glucose synthesis may increase. 

Dietary Strategies to Alleviate Milk Protein Depression 

Milk protein depression caused by dietary fat might be 

alleviated by the supplementation of niacin (Driver et al., 

1990; Erickson et al., 1989; Horner et al., 1986, 1988a). 



However, responses have been inconsistent, and the 

physiological mechanism for such an effect is not apparent 
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(Palmquist and Eastridge, 1991). The addition of rumen 

protected amino acids or high UIP may help restore the milk 

protein depression caused by supplemental fat (Canale et 

al., 1990ai Chow et al., 1990i Ferguson et al., 1988, 1989). 

In a study with cows fed 0 or 2.9% Ca-LCFA and 0 or 3.5% 

fish meal, DePeters and Palmquist (1990) observed that fish 

meal partially restored the protein depressing effect of 

added fat. Reynolds et al. (1994) cited numerous studies 

showing consistent increases in milk protein concentration 

and yield with abomasal casein infusions. In search of the 

mechanism for fat-induced milk protein depression, Cant et 

al. (1991) conducted a study on effects of dietary fat 

supplementation and postruminal casein administration. They 

found that the fat-induced milk protein depression did not 

change during period of abomasal infusion of casein, and 

concluded that a mechanism other than a lack of dietary 

essential amino acid was responsible for this phenomenon. 

Early lactation cows supplemented with 5% fat (fancy 

bleachable tallow and Ca-LCFA mixture) did not decrease in 

milk protein concentration if a mixture of blood and 

hydrolyzed feather were furnished as sources of UIP 

(Palmquist, 1994). 

Huber et al. (1994) compiled numerous studies at the 



University of Arizona which showed that, compared to dry

rolling (DR), steam-flaking (SF) of sorghum consistently 

increased ruminal starch degradability (78 vs 54%), milk 

yield 10%, 3.5% FCM 6%, milk protein content 4%, milk 

protein yield 15%, and milk fat yield 4%. Simas et ale 
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(1992) conducted a study to determine the interaction 

between SF sorghum and supplemental fat (2.5% Ca-LCFA) on 

milk protein percentage in early lactation cows (5 DIM). 

They found that milk protein percentage was decreased when 

supplemental fat was added to a DR sorghum diet (2.93 vs 

2.79%), but protein content was restored to normal by the SF 

sorghum diet (3.00 vs 2.99%). Huber et ale (1994) also 

showed that supplementation of 2.5% PFA to diets containing 

either steam-flaked (SF) or dry-rolled (DR) sorghum 

increased milk production about 2.5 kg/d, but compared to 

2.5% PFA, 5% PFA diminished milk yields. Moreover, milk 

protein content tended to be higher for cows fed SF sorghum 

(2.86%) compared with DR sorghum (2.77%) if no PFA was added 

to diets, and supplementation of PFA did not decrease milk 

protein content in cows fed either DR (2.83%) or SF sorghum 

with 2.5% or 5% PFA, respectively (2.80% and 2.74%). 

EFFECTS OF DIETARY FAT ON NUTRIENT DIGESTIBILITY 

Some fats may have an adverse effect on nutrient 

digestibility (Chalupa et al., 1986ai Jenkins and Palmquist, 
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1984). For example, digestibility of fiber was inhibited 

when ruminants fed high levels of supplemental fat (0rskov 

and Ryle, 1990; Palmquist and Jenkins, 1980), possibly 

because 1) fat coated feed particles prevented bacterial 

attachment (Devendra and Lewis, 1974; 0rskov and Ryle, 

1990); 2) an altered rumen microbial population resulted in 

toxic effects on certain microbes (Devendra and Lewis, 

1974); 3) of repressed microbial activity from the surface

active effects of fatty acids on cell membranes (Devendra 

and Lewis, 1974); 4) formation of insoluble salts of LCFAs 

resulting in a decreased availability of calcium and 

magnesium (Devendra and Lewis, 1974). Palmquist and Jenkins 

(1980) suggested that the reduction in cation availability 

could limit availability of cations for microbial function 

and affect rumen pH. Furthermore, adsorption of LCFA onto 

bacteria might impair nutrient uptake by the minerals 

(Harfoot et al., 1974; Harfoot, 1978). 

Adverse effects on total tract DM, OM, or fiber 

digestibility were minimal in lactating cows fed whole 

oilseeds either in the form of raw or roasted cottonseed 

(Mohamed et al., 1988; Smith et al., 1981), or as rolled, 

ground, roasted or extruded soybeans (Knapp and Grummer, 

1990). However, Scott et al. (1991) reported that ground SB 

(GSB) , roasted SB (RSB) and extruded SB (ESB) had adversely 

affected apparent digestibility of DM, OM, and NDF when 
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compared to raw SB. Supplementation of RSB also decreased 

CP and fatty acid digestibilities; whereas, ESB increased CP 

digestibility. Feeding cottonseed oil to cows has no 

adverse effects on digestibility, even though an alteration 

in rumen fermentation has been observed, suggesting hind gut 

compensation (Mohamed et al., 1988); so it is generally 

agreed that whole oilseed or free oil fed up to 5.6% fat of 

ration DM have minimal effect on total tract DM, OM, and 

fiber digestibility. 

Adverse effects on apparent nutrient digestibilities 

were not be observed in cows fed rendered animal fats and 

oils, such as yellow grease (DePeters et al., 1987), tallow 

(Palmquist and Conrad, 1980; Tamminga et al., 1983), or 

animal-vegetable blend (Palmquist and Conrad, 1978, 1980; 

Palmquist et al., 1989). Adverse effects on digestibility 

have not been reported in cows fed ruminally-inert fats 

including CA-LCFA, PFA, Alifet~, and Booster Fat~ (Canale et 

al., 1990b; Grummer, 1988; Jerred et al., 1990; Schauff and 

Clark, 1989, 1990; Schneider et al., 1988b). However, 

apparent digestibilities of DM, fatty acids and energy of 

cows were lowered when fed diets containing hydrogenated 

yellow grease (Jenkins and Jenny, 1989). 

Palmquist (1994) stated that although some studies 

showed an apparent linear fatty acid digestibility with 



increasing fatty acid intake (B0rsting et al., 1992; Wu et 

al., 1991), the more general relationship is quadratic 

(Palmquist, 1991a,b; Storry, 1981; Weisbjerg et al., 

1992a,c), and true digestibility decreases linearly (2.2% 

per 100 g fat consumed) with increasing fat intake 
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(Palmquist, 1991b). Studies have suggested that the 

digestibility of fatty acids in the small intestine were not 

affected dramatically by level of dietary fat but more by 

the composition of fatty acid profiles in rations (B0rsting 

et al., 1992; Sklan et al., 1985). Degree of saturation and 

chain length of fatty acids influence postruminal fatty acid 

digestibility; whereby digestibility of supplemental fats 

reduces as the amount of saturated fatty acids in diet 

increase, particularly stearic acid. Moreover, 

digestibility of saturated fatty acids decreases with 

increasing chain length (Andrews and Lewis 1970; Shaver, 

1990; Steele and Moore, 1968). Jenkins and Jenny (1989) 

examined effects of hydrogenated fat on feed intake, 

nutrient digestion, and lactational performance of dairy 

cows. They found that cows fed saturated yellow grease (43% 

saturated, 15% stearic, 26% palmitic) at 3 or 5% had higher 

fatty acid digestibilities (68% digestible) than those fed 

hydrogenated yellow grease which was highly saturated (99% 

saturated, 76% stearic, 22% palmitic) fed at either 3% (54% 

digestible) or 5% (47% digestible). MacLeod and Buchanan-
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Smith (1972) compared the digestibility of fatty acids in 

sheep fed hydrogenated tallow (96% saturated, 66% stearic, 

30% palmitic), saturated fatty acids (blended palmitic and 

stearic acids, 1:1) or soybean oil (12% saturated), and 

found that soybean oil was highly digestible (98% 

digestible), that fat with blended saturated fatty acids was 

moderately digestible (73%) and hydrogenated tallow was 

least digestible (34% for the flaked form and 40% for the 

melted and blended form). Thus, results suggested that 

physical form (flaking or blending), along with 

hydrogenation of fats, affects digestibility. 

Ohajuruka et al. (1991) found that cows neither CA-LCFA nor 

an animal-vegetable fat, fed up to 5% of diet DM changed 

ruminal or total tract digestibilities of DM, OM, ADF, or 

NDF; however, total tract digestibility of N was increased 

by fat supplementation (70.3 vs 66.8%). Palmquist (1991b) 

showed that neither source (basal, animal-vegetable blend, 

Ca-LCFA, hydrogenated animal fat, saturated fatty acids, or 

tallow) nor amount (2.9 and 5.7% added fat) of commercial 

fat supplements affected digestibilities of DM, N, ADF, NDF, 

Ca, or Mg in Jersey cows. However, phosphorus digestibility 

was decreased by higher fat and fatty acid digestibility was 

affected quadratically by fatty acid intake. Moreover, 

variability among cows increased at higher fatty acid 

intakes. In contrast, Wu et al. (1991) demonstrated that 
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fatty acids of Ca-LCFA were more digestible than those of an 

animal-vegetable blend supplemented at 3% and 6% of diet DM, 

which can be attributed to less stearic acid and more 

palmitic and oleic acids in Ca-LCFA (Palmquist, 1994). 

In general, absorption of fatty acids from the small 

intestine decreases as fatty acid chain length and degree of 

saturation increases (Sklan et al., 1985; Steele and Moore, 

1968). As early as 1968, Steel and Moore observed that 

digestibility of fatty acids decreased as chain length 

increased, suggesting that fatty acid digestibility was 

influenced by melting point. Digestibility of saturated 

fatty acids may increased with unsaturated fatty acids 

(Shaver, 1990). Supportively, Chalupa and Ferguson (1990b) 

suggested that the high melting point of stearic acid may 

interfere with emulsification of fat in the small intestine, 

and that oleic acid may increase emulsification of stearic 

acid in the small intestine. 

EFFECTS OF DIETARY FAT ON EFFICIENCY OF ENERGY UTILIZATION 

The maximum amount of lipids that can be absorbed, 

oxidized or directly taken up by the mammary gland is not 

clear (Smith, 1991). Lindsay (1975) indicated that during 

fasting ruminants can derive up to 80% of their metabolic 

energy from the oxidation of long chain fatty acids. 

However, Palmquist (1989) suggested that most of the 
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metabolic energy is derived from acetate oxidation; whereas, 

only 5-10% of the expired CO2 is come from the oxidation of 

long chain fatty acids. Baldwin et al. (1980) reported that 

ATP production from oxidative was 10% more efficient for 

LCFA than for acetate. Smith et al. (1978) also showed that 

energetic efficiency was increased by 10% over controls by 

supplementing cows with 15 to 30% protected tallow during 

the first 15 weeks of lactation. Baldwin et al. (1980) also 

suggested that the theoretical and real partial efficiencies 

for the conversion of acetate to LCFA were 68-72% and 30-

60%, respectively; whereas, the theoretical and real 

efficiencies for the conversion of dietary fat to body fat 

or milk fat were 94-96% and greater than 90%, respectively. 

Thus, increasing dietary fat may increase energetic 

efficiency in ruminants (Smith, 1991). 

Benefits of supplemental fat on the efficiency of 

energy utilization for milk production are: 1) increased 

gross energetic efficiency by higher energy intake with 

lower DMI; 2) increased net efficiency by decreased heat 

production (more efficient generation of ATP); 3) increased 

partial efficiency for milk synthesis by incorporation of 

dietary fatty acids directly into milk fat; 4) partitioning 

nutrients toward milk synthesis by substitution of fat for 

readily fermentable carbohydrate (RFC) to optimize forage 

intake and maintain normal rumen function (Kronfeld, 1982; 
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Smith, 1988). 

Hespell and Bryant (1978), as cited by Palmquist and 

Jenkins (1980), stated that the incorporation of exogenous 

lipid could spare ATP for synthesis of other cell 

components, resulting in greater YATP. It has been 

suggested that maximum energetic efficiency of cows occurs 

when 15-20% of the metabolizable energy (7-8% of ration dry 

matter) is from fat (Brumby et al., 1978; Kronfeld, 1976; 

Palmquist, 1984; Palmquist 1987), and the upper limit of 

dietary supplemental fat is equivalent to the amount of fat 

in milk (Palmquist, 1988). 

EFFECTS OF DIETARY FAT ON REPRODUCTIVE PERFORMANCE 

Researchers have reviewed effects of supplemental fat 

on energy balance and reproductive performance (Lucy et al., 

1992) and effects of heat stress on reproductive performance 

(Hansen et al., 1992;); however, reproduction is not 

emphasized in this dissertation; thus, detailed information 

pertaining reproduction is not reviewed. In general, 

supplementation of fats in the diets of early lactation cows 

may help alleviate negative energy balance and improve 

reproductive performance (Chalupa and Ferguson, 1990b). 

When supplemental fat moderately increased milk yield (1 to 

2 kg/d), conception rates were improved by 20% (Ferguson et 

al., 1990; Sklan et al., 1989); whereas, conception rates 



did not change when milk yield increased by 3 to 4 kg/d 

(Ferguson et al., 1988). 

EFFECTS OF DIETARY FAT ON RUMEN FERMENTATION 
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palmquist (1991a) indicated that fatty acids in any 

form are potentially inhibitory to rumen microbes, 

particularly to protozoa and gram-positive bacteria; and 

result in adverse effects on fiber digestion and end-product 

formation. However, these negative effects in the rumen are 

modulated by lipolysis, feeding free fatty acids, fatty acid 

chain length, degree of saturation, rate of 

biohydrogenation, quantity and quality of forage, amount of 

fat fed, and calcium content of the diet (Palmquist, 1991a). 

Dietary LCFA affect rumen fermentation by adsorption of the 

LCFA onto bacteria, thus impairing their nutrient uptake or 

onto feed particles resulting in a coating effect that can 

decrease digestibility (Harfoot et al., 1974; Harfoot, 

1978). It has been suggested that saturated fatty acids are 

less likely to alter rumen fermentation than unsaturated 

fatty acids because they are less soluble and less likely to 

adsorb onto bacterial surface (Chalupa et al., 1984). 

Ruminal pH, Ammonia Nitrogen and Volatile Fatty Acids 

In general, whole oilseeds, tallow, and specialty fats 

do not affect rumen pH, VFA, or fiber digestion, because of 
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a slower release of fatty acids from whole oilseeds and a 

higher saturation of the fatty acids in the tallow and 

specialty fats (Shaver, 1990). Weisbjerg et al. (1992b) 

reported a linear decrease in ruminal ammonia concentration 

and a quadratic increase in microbial protein synthesis in 

cows fed tallow at 0, 2, 4, and 6% of dietary DM. A higher 

fluid passage rate with 2 and 4 than 1 and 6% added tallow 

were observed, suggesting that ruminal microbial protein 

synthesis and fluid passage rate were the main factors 

affecting ruminal ammonia concentrations. 

Feeding of soybean or cottonseed oil to cows resulted 

in higher propionate and lower butyrate concentrations, as 

well as lower acetate:propionate ratio in the rumen fluid 

(Mohamed, 1988). The depressed acetate:propionate ratio can 

be attributed to a reduced fiber digestibility and a 

decrease in methanogenic bacteria numbers (Mohamed et al., 

1988). Jenkins and Palmquist (1983) also showed a negative 

relationship in vitro between ruminal acetate:propionate 

ratio and increased unsaturated fatty acids. Similar 

results (higher propionate) were shown for sheep fed linseed 

oil (Ikwuegbu and Sutton, 1982), and linseed and coconut oil 

(Sutton et al., 1983), as well as for cows fed heated 

soybeans (Ruegsegger and Schultz, 1985). However, lower 

butyrate was reported in sheep fed linseed or coconut oil 

(Ikwuegbu and Sutton, 11982; Sutton et al., 1983) and lower 



acetate:propionate ratio (Ruegsegger and Schultz, 1985) in 

cows fed heated SB. 
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Feeding tallow or animal-vegetable blend to cows at 5-

6% of ration DM had little influence on rumen VFA (Palmquist 

and Conrad, 1980; Storry et al., 1973). However, in another 

study, Palmquist et al. (1986) observed that when tallow was 

fed at 4% of ration DM, there was an increase in ruminal 

propionate and a decrease in acetate:propionate ratios, but 

this alteration in rumen VFA was prevented by addition of 

calcium chloride which raised calcium level from .6 to .96% 

of ration DM. Palmquist and Conrad (1978) also found that 

cows fed an animal-vegetable blend fat (8.4% of ration DM) 

increased in ruminal propionate and decreased in 

acetate:propionate ratios, compared to cows fed 0 or 2.5% of 

the animal-vegetable blend. 

Feeding fat at 3 to 7.2% of ration DM from specialty 

fats (such as Ca-LCFA, PFA, Alifeta
, Booster Fata

, and 

Animal-Vegetable blend) adversely affected rumen pH and VFA 

(Grummer, 1988; Jerred et al., 1990; Palmquist et al., 1989; 

Schauff and Clark, 1989,1990). 

Jenkins and Fotouhi (1990) showed that sheep fed diets 

containing 5.2% soybean lecithin or 2.4% corn oil decreased 

ruminal ammonia concentrations and increased N flows to the 

duodenum. In contrast, Ohajuruka et al. (1991) indicated 
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that neither source (Ca-LCFA or animal-vegetable blend fat) 

nor amount (0, 2.5, or 5% added fat) of added fat affected 

ruminal pH, ammonia N, or VFA concentrations; however, cows 

fed the animal-vegetable blend fat had lower 

acetate:propionate (A:P) ratios than those fed Ca-LCFA (3.47 

vs 3.64). Also, no differences in concentrations or molar 

proportions of VFA were observed in Jersey cows fed either a 

basal ration (no added fat), animal-vegetable blend fat, Ca

LCFA, hydrogenated animal fat, saturated fatty acids, or 

tallow at 2.9% or 5.7% fat level (Palmquist, 1991b). 

Supplemental fat tended to lower acetate:propionate (A:P) 

ratios; however, level of added fat did not affect A:P 

ratios (Palmquist, 1991b). 

Ruminal Microorganisms 

Bauchart et al. (1990) indicated that certain ruminal 

microbes require specific fatty acids for growth. However, 

rumen microbes can only tolerate 3-5% of ruminally 

unprotected dietary fat (Palmquist, 1984; Palmquist and 

Jenkins, 1980). Although fatty acid released from dietary 

fat are biohydrogenated, an excess of unsaturated fatty 

acids may depress rumina 1 microbial metabolism (Palmquist 

and Jenkins, 1980). This often happens when cows fed free 

unsaturated oils which results in either the 

biohydrogenation capacity of the unsaturated fatty acids is 
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exceeded and the unsaturated intermediate, trans-Cls:1 

accumulates; or the excess of free unsaturated fatty acids 

is toxic to gram-positive bacteria (including cellulolytic 

and methanogenic bacteria) and protozoa (Palmquist, 1991a). 

It has been observed that the bacterial population may 

increase when fat is fed , usually concomitant with a 

decrease in protozoal numbers. Mohamed et al. (1988) noted 

that protozoa numbers were reduced when cows were fed free 

oil or whole seeds of soybeans and cottonseeds, but were not 

affected by the roasted seeds. 

Rumen microbes contain about 10% lipids. Microbial 

lipids originate from uptake of dietary LCFA by rumen 

microorganisms and from the bacterial synthesis of LCFA 

using glucose and acetate as carbon sources (Chalupa and 

Ferguson, 1990b). Total microbial fat in a dairy cow 

consuming 20 kg DM/d might be as high as 400 g. 

Microbial Protein Synthesis 

Emery and Herdt (1991) found that yield of microbial 

protein per unit of carbohydrate fermented in the rumen was 

increased by feeding fat. Others have reported that 

efficiency of microbial protein synthesis in the rumen was 

not influenced by either source (Ca-LCFA, A-V blend fat, raw 

or extruded canola seeds and canola oil)) or amount of 

supplemental fat (Doreau et al., 1993; Erasmus et al., 1993; 



Ferlay et al., 1992; Klusmeyer et al., 1991b; Ohajuruka et 

al., 1991; Palmquist et al., 1993b). However, some 

researchers showed that supplemental fat (Ca-LCFA, tallow, 

linseed oil, coconut oil, SB lecithin, and corn oil) 

increased the efficiency of microbial protein synthesis 

(Jenkins and Fotouhi, 1990; Jenkins and Palmquist, 1984; 
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Klusmeyer et al., 1991a; Sutton et al., 1983), perhaps 

because of the defaunating effect of fat (Jenkins and 

Palmquist, 1984), a lower OM digestion in the rumen with no 

decrease in amount of microbial N flowing to the duodenum or 

was shown when Ca-LCFA were fed (Klusmeyer et al., 1991a). 

STRATEGY FOR USE OF FATS IN HIGH PRODUCING DAIRY COWS 

Palmquist and Eastridge (1991) suggested that the most 

useful guideline for determining the amount of fat in the 

diet should be based on fat metabolism of cows; thus, the 

amount of milk fat yield would be similar to fat feeding 

level. Feeding higher amounts of regular natural fats may 

depress rumen fermentation; whereas, inert fats reportedly 

have minimal effects. However, ruminal-inert fats are more 

expensive than natural sources. Thus, an economical 

strategy of adding fat in the diets might be to use free fat 

up to the point that no depression in rumen fermentation 

will occur, and then supplement ruminally-inert fat to the 

highest beneficial level. Items to be considered are: 
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effects on rumen function, feed efficiency, and cost. 

Palmquist and Eastridge (1991) suggested that one-third of 

diet fatty acid might be provided by basal diet ingredients, 

one-third by oilseeds and free fats, and the remaining one

third by ruminally-inert fats. 

In general, cows that consume more feed have higher 

milk production. Chalupa (1991) indicated that feed intake 

is not affected if dietary fats do not adversely affect 

rumen fermentation. Also, caution must be exercised to 

allow cows to adjust to the new flavors and odors. 

Palmquist (1988) suggested that cows should gradually 

adapted to supplemental fat starting at calving or prior to 

parturition. Grummer (1992) indicated that fat will be less 

likely to impair rumen fermentation when fed as part of TMR 

rather than as a topdressing. 

Palmquist and Eastridge (1991) stated that fat should 

be fed up to the point that cows become too fat. They 

suggested that an adequate fat to nonstructural carbohydrate 

(NBC) ratio should be maintained because too much NBC will 

encourage fattening in later lactation, resulting in 

depressed intakes and milk yields during the next lactation. 

In the case of high NBC and high fat in diets, cows will be 

fat in later lactation and will decrease in milk production 

(Palmquist and Eastridge, 1991). However, adequate fat to 

NBC ratios have not been tested vigorously. 



EFFECTS OF DIETARY PROTEIN QUALITY ON 

THE PERFORMANCE OF COWS 
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In general, microbial protein synthesized in the rumen 

provides 50-90% of the amino acids that enter to the 

duodenum (Huber and Chen, 1992). The amino acid profile of 

duodenal digesta greatly influences amounts of amino acids 

available for milk and milk protein production (Huber and 

Chen, 1992). However, microbial protein alone is not 

sufficient to sustain high milk production, and dietary UIP 

increase the quantity of amino acids available for 

absorption from the small intestine. Quality of UIP has a 

profound effect on the quality of protein entering the small 

intestine (Erasmus et al., 1993); hence, quality of 

supplemental protein is highly important when a large 

proportion of dietary protein escapes degradation in the 

rumen (Huber and Chen, 1992). 

Chen et al. (1993) studied effects of supplemental 

protein quality and evaporative cooling on lactational 

performance of heat-stressed cows. Cows were fed either a 

combination of fish, blood and soybean meals (high quality 

diet; Lys= .91%) or corn gluten meal (low quality diet; Lys= 

.59%) as supplemental protein source. Diets were balanced 

for protein (18.5%) and UIP (43%). Cows fed high quality 

protein diet had higher milk production which was attributed 

this to an increase in dietary lysine. 
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Lysine is reportedly the most limiting amino acid in 

most diets for lactating cows (King et al., 1990a, 1991; 

Schwab et al., 1992). Methionine has also been implicated 

as a limiting amino acid for milk protein yield in cows fed 

corn-based diets. For increased production of milk and milk 

protein, lysine should make up 15% of total EAA and 

methionine 5% (Schwab, 1989, 1994). Schwab (1989) also 

suggested that the lysine:methionine ratio in the UIP 

fraction of the diet should be between 2.5:1 and 3:1. This 

will complement the ruminal microbial with a 

lysine:methionine of 3.4:1 to 4:1. 

Schingoethe (1991) proposed use of a milk protein score 

to predict limiting amino acid requirements of lactating 

cows. The milk protein score was calculated by the amino 

acid content of the most limiting amino acid in the protein 

supplement relative to the amount of that amino acid in milk 

protein. Based on this calculation, lysine is the first 

limiting amino acid in corn gluten meal which contains only 

21% as much lysine as milk protein and was given a score of 

21. Soybean meal (with methionine is the first limiting 

amino acid), had a score of 46, blood meal (isoleucine) was 

42, fish meal (leucine) was 75, cottonseed meal (methionine) 

was 46, and microbial protein (histidine) was 78. 

Stern et al. (1994) suggested that a combination of 

protein sources should be considered for providing the 
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individual AA required by dairy cows in optimal proportions 

(Stern et al., 1994). Mixtures of different protein source 

such as blood meal and hydrolyzed feather meal increased 

intestinal supply and absorption of amino acids in lactating 

cows (Palmquist et al., 1993bi Waltz et al., 1989.). Waltz 

et al. (1989) found that blood meal and feather meal did not 

increase lysine or methionine absorption in cows fed corn

based diets. However, with similar protein supplement, Ohio 

researcher (Palmquist, 1993b) observed that lysine 

absorption was increased 33% and methionine absorption was 

unchanged when cows fed diets of barley and grass silage. 

Rogers et al. (1990) showed an increase in milk production 

of up to 4 kg/d in cows fed corn gluten meal based diets to 

which ruminal protected amino acids were added. 

AREAS OF FUTURE RESEARCH 

More research is needed to define physiological factors 

limiting digestibility of fatty acids; which in turn, has 

the potential of increasing the value of fat and 

productivity of animals. Studies have shown that increasing 

NSC concentrations in diets containing no supplemental fat 

increased microbial protein and VFA production in lactating 

cows; therefore, altering NBC content of the diet may 

alleviate milk protein depression associated with added fat. 

Limited studies have varied supplemental fat and type of 
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NSC; therefore, the interrelation between supplemental fat 

(sources or amounts) and NSC (varying levels or different 

degradabilities) might be of interest for the future 

research. The mechanism of milk protein depression caused 

by supplemental of fat is still unsolved. Such research is 

very important because milk pricing system now favors milk 

protein more than milk fat. More research is needed on the 

response of heat-stressed cows to protein source at varying 

UIP and quality of protein supplemented with fat, and their 

response to evaporative cooling systems at varying ambient 

temperatures and THI. 
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CHAPTER 3 

EFFECTS OF FAT SUPPLEMENTATION AND PROTEIN SOURCE ON 

PERFORMANCE OF DAIRY COWS IN HOT ENVIRONMENTAL TEMPERATURES 

SUMMARY 

Twenty-four Holstein cows (103 DIM) were assigned to 

four dietary treatments in a completely randomized block 

design with 2 X 2 factorial arrangement of treatments. 

Factors were: 1) Protein source: (cottonseed meal, CM vs 

fish, blood and cottonseed meals, FB)i and 2) Fat level: 

(medium fat, MF vs high fat, HF). All diets had 8% whole 

cottonseed and HF diets were supplemented with 2.5% prilled 

fatty acids (Energy Booster~). Cows were fed TMR containing 

18% CP for 63d in the hot summer, following a 14d covariate 

period. Supplementation of fat increased milk fat 

percentage, and tended to increase milk and milk fat yields. 

Milk production was 1.2 kg/d higher for cows fed HF diets 

than MF diets (P < .11). Cows fed FB protein had lower milk 

yields due to lower intake. Shorter chain fatty acids (~-

CM) in milk fat were lower for cows fed HF diets resulting 

less de novo synthesis on HF diets. There were no treatment 

differences in respiration rates or rectal temperatures. 
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INTRODUCTION 

High environmental temperatures often adversely affect 

performance of dairy cows. The impact of heat stress on 

dairy cattle performance is partially the result of specific 

thermoregulatory responses which cause a reduction in feed 

intake and nutrient absorption (decrease nutrient uptake by 

the portal-drained viscera), and partially a redirection of 

blood flow from internal organs to peripheral tissues in an 

effort to balance heat load (McGuire et al., 1989; Shearer 

and Beede, 1992). As feed intake decreases, dietary energy 

supply is reduced. Moreover, at hot environmental 

temperatures, maintenance requirement of energy for cows 

increases as a result of elevated animal respiratory 

activity to alleviate the excess heat load. Thus, energy 

becomes limiting factor for cows during heat stress if high 

milk production is to be maintained, and supplementation of 

energy may be beneficial. 

Higher proportions of grain in diets increases energy 

density of diets; however, high grain diets adversely affect 

rumen fermentation (Chalupa and Ferguson, 1990b). Adding 

ruminally inert fat to dairy rations increases energy 

density of diets without adversely affecting rumen 

fermentation (Van Soest, 1994). Moreover, fat is low in 

heat increment, and as such, would not increase body 

temperature. Hence, the inclusion of supplemental fat in 
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diets of heat-stressed cows might allow higher energy 

intakes without increasing body temperatures or adversely 

affect rumen fermentation. Supplementation of fat to cows 

under normal environmental temperatures increased milk 

production and lactation persistency (Ferguson et al., 1989; 

Palmquist, 1984). Studies on responses of heat-stressed 

cows to supplemental fat have not been tested vigorously, 

and were inconsistent. Moody et al. (1967) showed that 

supplemental fat (soybean oil or hydrogenated fat of 

cottonseed and soybean oil) did not increase milk production 

of heat-stressed cows; however, FCM yield was increased for 

cows supplemented with 10% soybean oil. Supplementation of 

prilled fatty acids (PFA) increased milk production of cows 

in warm season but not in cool season (Skaar et al., 1989). 

In the study of Knapp and Grummer (1991), 3.5% FCM were 

increased 2.7 (cool condition) and 1.8 kg/d (hot condition) 

for cows fed 5% supplemental fat (60% PFA and 40% tallow), 

which increased content of dietary fatty acid to 6.8%; 

however, milk production did not increase significantly (1.1 

and .3 kg/d for cows under cool and hot conditions, 

respectively) . 

Heat-stressed cows may undergo negative N balance 

(Kamal and Johnson, 1970) due to the lower feed intake and 

greater protein mobilization for energy. Increased dietary 

UIP has been shown to increase milk production of cows 
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subjected to heat stress (Higginbotham et al., 1989; Taylor 

et al., 1991). However, responses were variable, probably 

due to the different quality of UIP (Chen et al., 1993) and 

varying degree of heat stress. Compared with a single 

source protein supplement as corn gluten meal, improving 

protein quality by supplementation of a combination of fish, 

blood, and soybean meals increased milk production (Chen et 

al., 1993). 

Interactions between supplemental fat and protein 

quality under heat stress conditions have not been tested. 

Moreover, little is known concerning addition of ruminally 

inert fat to typical southwestern diets which contain whole 

cottonseed for heat-stressed cows. Thus, the objective of 

this study was to determine effects of supplementing 

ruminally-inert fat and different sources of protein of 

various quality on performance of lactating cows SUbjected 

to heat stress conditions. 

MATERIALS AND METHODS 

Twenty-four Holstein cows (103 DIM) were assigned to 

four treatment diets (Table 1) in a completely randomized 

block design with 2 X 2 factorial arrangement of treatments. 

Factors were: 1) Protein source: (cottonseed meal, ~M vs 

fish, blood and cottonseed meals, FB); and 2) Fat level: 

(medium fat, MF, 4.4 to 4.7% of total diet vs high fat, HF, 
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6.5 to 6.8% of total diet). Cows were fed the regular herd 

ration for a 14d pretreatment period, and assigned to four 

treatment diets for a 63d period during the hot summer 

months (May-July) in Tucson, Arizona. 

Treatments were: 1) MF-CM; 2) HF-CM; 3) MF-FB; 4) HF

FB. The MF diets contained 8% whole cottonseed (WCS) and 

the HF diets contained WCS plus 2.5% prilled fatty acids 

(PFA). Cows were assigned to treatments based upon 

pretreatment milk yield and were balanced for parity and 

days in milk. Cows were housed in open drylots equipped 

with shades and had free access to water and trace

mineralized salt blocks. Cows were individually fed once 

daily in mangers equipped with electronically controlled 

gates (American Calan, Inc., Northwood, NH). Diets were 

fed as a total mixed ration (TMR) and amount of feed offered 

was adjusted daily to about 10% orts which were weighed back 

daily. Cows were weighed on 2 consecutive days at the 

beginning and the end of trial, and at weekly intervals 

during the experimental period. Body condition scores of 

cow were evaluated weekly on a scale of 1 to 5 (Wildman et 

al., 1982). Ambient temperatures and humidities were 

recorded daily at the experimental site; also at hourly 

intervals at the Arizona Meteorological Network (AZMET) 

weather station (about 1.5 km from the experimental site) . 

The temperature humidity index (THI) was calculated from a 



psychometric chart according to Chambers (1970). 

Respiration rates and rectal temperatures of cows were 

measured weekly at about the hottest time of the day (3 

p.m.) . 
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Cows were milked twice daily at 7 a.m. and 7 p.m. and 

milk yields were recorded. Individual milk samples were 

collected weekly from two consecutive milkings (a.m. and 

p.m.) and composites were analyzed at the Arizona DHIA 

laboratory in Phoenix, AZ. for fat, protein, lactose, and 

total solids by infrared procedures (Foss 360, Foss 

Technology, Eden Prairie, MN); and SNF by difference between 

total solids and fat. On week 8, individual milk samples 

also were collected and kept at -10 DC until analyzed for 

milk fatty acids (FA). Milk samples were analyzed for FA as 

methyl esters according to procedures of Sukhija and 

Palmquist (1988) using the GLC (VA 3300, Varian Associate 

Inc., Walnut Creek, CA). Samples of coccygeal and mammary 

blood were collected into heparinized vacuum tubes 2 hours 

after milking, and centrifuged at 3000 x G (10 min) for 

plasma and stored at -10 DC until analyzed for individual 

amino acids. Plasma samples (1 ml) were deproteinized with 

2 ml of methanol, and centrifuged at 14,000 x G in 

microcentrifuge tubes for 15 min. Supernatant was collected 

and analyzed for individual amino acid by HPLC (SP 8000B, 



Spetra-Physic, Co., Santa Clara, CA.) according to methods 

of Lindroth and Mopper (1979) and Jones et ale (1981). 
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During the last 14d of the lactation trial, all diets 

were mixed with .1% chromium oxide to estimate digestibility 

of nutrients. For the last 5d, orts were totally collected. 

Fecal grab samples were taken twice daily immediately after 

milking and were frozen immediately at -100 C. 

A portion of TMR and orts were dried at 100°C for 24h 

to determine DM. The remaining samples were dried at 50°C 

for 48h and ground in a Wiley mill (Arthur H. Thomas, 

Philadelphia, PA.) through a 2-mm screen. Subsamples were 

then ground in a cyclone mill (Udy Co., Fort Collins, CO.) 

to pass a 1-mm screen. The composited fecal samples from 

each cow was thawed, were thoroughly mixed, and a subsample 

was dried at 50°C in a forced-air oven for 72h. Dried fecal 

samples also were ground through the Wiley and cyclone mills 

for the analysis of nutrients. 

Samples of TMR, orts and feces were analyzed for DM and 

OM according to AOAC procedures (1990) i CP using N-C-S 

analyzer (Model 1500, Carlo Erba Instruments, Italy) 

according to Kerese (1984); ADF and NDF according to 

Robertson and Van Soest (1981), starch by glucose 

determination following enzymatic hydrolysis using a starch 

autoanalyzer {YSI 2700 Select, Yellow Springs Instrument 



76 

Co., Yellow Springs, OH) according to procedures of Poore, 

et al. (1991); FA analyzed as methyl esters according to the 

procedures of Sukhija and Palmquist (1988) using the GLC (VA 

3300, Varian Associate Inc., Walnut Creek, CA); and Cr with 

an atomic absorption spectrophotometer (Hitachi Ltd., Tokyo, 

Japan) according to the procedure of Fenton and Fenton 

(1979). Total tract digestibilities for the above nutrients 

were calculated from changes in concentrations of Cr and 

nutrients in feed and feces. For the analysis of individual 

amino acids in feed, samples from TMR were hydrolyzed for 

18hr with 6N HCl in the presence of sodium thioglycolate to 

prevent destruction of methionine (Kerse, 1984). 

Hydrolysates were analyzed for individual amino acid by 

HPLC. 

Intake of DM, feed efficiency (FCM/DMI), BW, milk 

yield, 3.5% FCM, as well as protein, fat, lactose, and SNF 

in milk were adjusted for covariate effects using data from 

the 14-d pretreatment period and analyzed by the GLM 

procedure of the SAS (1985) using the following statistical 

model: 

Yijld = M + Bi + Pj + Fk + PFjk + Cov1 + Eljkl 

where M = overall mean 

BI = blocking effect 

Pj = supplemental protein effect 

Fk = supplemental ruminal inert fat effect 



PFjk = interaction between Pj and Fk 

COV, = covariate effect 

Eilk' = random error 

77 

All other data also were analyzed by the GLM procedures 

of SAS (1985) using a similar model but the covariate effect 

was excluded. 

RESULTS AND DISCUSSION 

Nutrient composition of diets is in Table 2. Dietary 

CP ranged from 19.2 to 21.3 and was higher than planned 

(18%) because of the use of ammoniated-WCS and high quality 

of alfalfa hay. The FB diets were higher in estimated UIP 

than CM diets (45 vs 39% of CP). All nutrients met NRC 

(1989) requirements for lactating cows. Values for NEL and 

UIP were calculated from NRC (1989). The HF diet contained 

4% more NEL than the MF diet (1.71 vs 1.64 Meal/kg). 

However, due to substitution of corn grain with 2.5 prilled 

fatty acids (PFA) , the HF diet was lower in starch than the 

MF diet (23.4 vs 26.0%). 

Fatty acid composition of whole cottonseed (WCS) , PFA, 

and of TMR are shown in Tables 3 and 4. Compared to WCS, 

PFA contained a relatively high amount of C'6:0 and C'8:0. but a 

lower amount of C'8:2' which is reflected by higher C'6:0 and C'8:0 

but lower C'8:2 in the HF diets than the MF diets. 
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Amino acid composition of the diets is in Table 5. FB 

diet has higher Lys level in the diet than LQ diet. There 

was no difference in arterial (A), venous (V), and A-V 

plasma EAA concentrations among treatments (Tables 11, 12, 

and 13) . 

Effects of supplemental fat and protein source on 

performance of heat-stressed cows are in Table 6. Milk 

production was 1.2 kg/d higher for cows fed HF than MF diets 

(P < .11). Production of milk was 1.7 kg/d lower for cows 

fed FB than CM diets (P < .03) as was production of FCM (P< 

.01). These probably because of lower DMI for cows fed the 

FB diets (P < .02). Supplementation of PFA did not depress 

DMI. These data agreed with Wu et al. (1994), who reported 

that, compared with cows fed 12% WCS, the addition of 2.2% 

PFA did not decrease DMI (27.2 vs 26.8 kg/d). Wu et al. 

(1993) also reported that DMI was not decreased for cows fed 

6.2% total FA (7.2% WCS and 2.5% PFA) , compared with cows 

fed 3.7% FA (7.2% WCS). Addition of 2.5% PFA to diets 

containing 8% WCS tended to improve the efficiency of feed 

utilization (FCM/DMI, P< .11), probably because of a 1.5 

kg/d higher 3.5% FCM for cows fed HF than MF, even though DM 

intake were numerically higher for HF group. 

Supplementation of 2.5% PFA increased the percentage of 

milk fat (P < .02), and tended to increase production of 

milk fat (P < .11). Although percentage of milk fat was not 
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affected by protein source, cows fed FB protein had 

significantly lower production of milk fat (P < .02), 

because of their lower milk production. Milk protein 

percentage was not decreased in cows fed the HF compared to 

the MF diet. This finding was similar to that of Wu et al. 

(1994), when PFA was added to diets containing 12% WCS, but 

not with another study by Wu et al. (1993) comparing three 

sources of supplemental fat, or with studies elsewhere 

reviewed by Wu and Huber (1994). Huber et al. (1994) 

suggested that heat stress may ameliorate the milk protein 

depression observed with diets containing supplemental fat. 

Compared to CM, FB decreased milk protein percentage (p < 

.08), and milk protein yield (P < .01). No differences in 

the changes of body weights and body condition scores were 

observed among treatment groups. Somatic cell counts in 

milk were lowered for the FB compared to the CM group, 

probably reflecting the lower milk production in cows fed FB 

protein; however, none of the SCC were considered abnormally 

high. 

Fatty acid composition of milk is in Table 7. Compared 

with diets that contained 8% WCS, addition of PFA decreased 

proportion of short and medium-chain fatty acids (C6 to CM) 

in milk fat, suggesting de novo synthesis of fatty acids was 

decreased in the mammary gland by the supplementation of 

PFA. These data agree with those of Wu et al. (1993 and 
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1994). In agreement with the study of Wu et al. (1994) and 

Klusmeyer and Clark (1991c), synthesis of C4:0 was not 

decreased, because butyric acid can be derived either from 

preformed 4-carbon units (~-OH-butyric acid) or from the ~

reduction pathway (malonyl-CoA independent); both of which 

are independent of the acetyl-CoA carboxylase pathway 

(Palmquist et al., 1993). In the present study, C16:0 was not 

decreased, and CI~ tend to increase (P < .07) with 

supplemental fat. The interaction between supplemental fat 

and protein source was significant only for Cs:o in milk, 

because FB diets decreased Cs:o, particularly for cows fed HF 

diets. This was in accordance with the finding of Klusmeyer 

and Clark (1991c), who found that both C6:0 and Cs:o were 

decreased to some extent when cows fed diets containing Ca

LCFA and 4% fish meal. 

Average maximum ambient temperatures, temperature

humidity indexes (THI) and hours of varying THI are in Table 

8. Daily temperature and humidity were measured at the 

experimental site and at the AZMET weather station (1.5 km 

from the experimental site). In general, temperatures and 

humidities at the experimental site were higher than at 

AZMET (ranging from 4-7 DC or 10-20%, respectively), 

rendering 4 to 6 unit higher THI in the experimental site; 

however, only measurements from AZMET were used to obtain 

hourly data. Hence, measurements shown in Table 8 were 
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actually greater at site of experiment. Heat stress 

intensity was assessed by average daily hours of THI above 

72. When the THI exceeds 72, cows undergo sufficient heat 

stress to impact milk production (Armstrong, 1994; Johnson 

et al., 1963). At THI ranging from 71 to 81, milk 

production was lowest when in excess of 76 (Johnson et al., 

1963). In this study, cows were in a heat stress conditions 

because of an average 16.7 hours/d that THI exceeded 72. 

Rectal temperature (RT) and respiration rate (RR) of cows 

were not affected by the supplementation of PFA or protein 

source (Table 9). These results agree with Moody et al. 

(1967), who showed that supplemental fat did not affect RT 

and RR of cows subjected to heat stress. In the study of 

Chen et al. (1993), who compared corn gluten meal diet with 

a mixture of fish, blood, and soybean meals, the improvement 

of protein quality did not affect RT or RR of cows. 

Effect of supplemental fat and protein source on 

apparent digestibility of heat-stressed cows is in Table 10. 

Digestibilities of DM, OM, CP, ADF, NDF, and starch were not 

affected by the supplementation of PFA; whereas FB protein 

decreased digestibilities of DM, OM, ADF, NDF, starch, and 

FA; CP digestibility not changed. Similar results were also 

observed in the study of Chen et al. (1993), which showed 

that there was a decrease of DM digestibility and no effect 

on CP digestibility for cows fed a mixture of fish, blood 
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and soybean meals, compared with corn gluten meal. Wu et 

al. (1994) increased dietary FA from 4.9% (12% WeB) to 6.9% 

by the addition of 2.2 % PFA, there was no effect on FA 

digestibility; whereas increasing FA to 9.1% by the addition 

of 4.4% PFA decreased FA digestibility. These data, along 

with our finding, suggest that when dietary FA do not exceed 

7%, there is no adverse effect on FA digestibility. 

CONCLUSIONS 

Increasing dietary FA from 4.5 to 6.7% by the addition 

of 2.5% PFA increased milk yield in heat-stressed cows and 

efficiency of feed utilization Improvement of feed protein 

quality by replacement of cottonseed meal with fish and 

blood meals in heat-stressed cows resulted in decreased milk 

yield, DMI, and digestibilities of nutrients. More research 

is needed on the response of heat-stressed cows to protein 

source at varying UIP and protein quality with or without 

supplemented fat. 



Table 1. Ingredient composition of the diets. (Exp. 1) 

Ingredient 

Alfalfa hay 

Whole cottonseeds 

Cottonseed hulls 

Corn 

Cottonseed meal 

Fish meal 

Blood meal 

Molasses 

Prilled fat2 

Minerals and vitamins3 

Buffer4 

MF-CM 

32.5 

8.0 

5.0 

34.0 

14.0 

4.0 

1.5 

1.0 

Diets l 

HF-CM MF-FB 

(% of DM) 

32.5 

8.0 

5.0 

31.0 

14.5 

4.0 

2.5 

1.5 

1.0 

35.0 

8.0 

5.0 

36.0 

4.5 

2.0 

3.0 

4.0 

1.5 

1.0 

HF-FB 

35.0 

8.0 

5.0 

33.0 

5.0 

2.0 

3.0 

4.0 

2.5 

1.5 

1.0 
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IMF-CM = medium fat and cottonseed meal; HF-CM = high fat 
and cottonseed meal; MF-FB = medium fat and fish, blood, and 
cottonseed meals; HF-FB = high fat and fish, blood, and 
cottonseed meals. 
2Energy Booster* (Milk Specialties Co., Dundee, IL.). 
3CaC03, .5%; Biophos, .5%; trace-mineralized salt .3%; Vito A 
and D, .2%. 
4NaHC03, .7%, and MgO, .3%. 
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Table 2. Nutrient composition of the diets. (Exp. 1) 

Item MF-CM HF-CM MF-FB HF-FB 

NEL2, Meal/kg 1.64 1. 72 1. 63 1.70 

CP, % 19.7 19.2 21.3 20.0 

UIP2, % OF CP 38.8 38.6 45.6 45.4 

OM, ~ 
0 93.0 92.9 92.3 92.5 

ADF, % 23.4 22.7 21.9 23.8 

NDF, % 33.8 30.2 32.8 31.3 

Starch, % 26.0 23.2 26.0 23.5 

FA, % 4.4 6.5 4.7 6.8 

IMF-CM = medium fat and cottonseed meal; HF-CM = high fat 
and cottonseed meal; MF-FB = medium fat and fish, blood, and 
cottonseed meals; HF-FB = high fat and fish, blood, and 
cottonseed meals. 
2Calculated based on NRC (1989). 



Table 3. Fatty acid composition of whole cottonseed and 
prilled fatty acids. (Exp. 1) 

Fatty acid 

C14:0 

C16:0 

C18:0 

C18:1 

C18:2 

C18:3 

Other 

IEnergy Booster- (Milk 

Whole cottonseed Prilled fatty 
acids l 

(g/100 9 of methyl esters) 

1.0 3.3 

25.4 43.1 

2.7 40.4 

18.5 8.2 

48.3 1.1 

4.1 3.9 

Specialties Co. , Dundee, IL. ) 
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Table 4. Fatty acid composition of the diets. (Exp. 1) 

Diets l 

Fatty acid MF-CM HF-CM MF-FB HF-FB 

(g/100 g of methyl esters) 

C14:0 .6 2.0 1.0 2.0 

C16:0 27.2 33.1 31.4 35.8 

C18:0 2.5 10.1 2.6 11. 7 

C18:1 20.3 21.4 21. 8 23.4 

C18:2 36.6 25.2 29.8 19.9 

C18:3 4.6 2.7 4.7 2.2 

Other 8.4 5.3 9.0 7.2 

IMF-CM = medium fat (8% whole cottonseed) and cottonseed 
meal; HF-CM = high fat (8% whole cottonseed plus 2.5% 
prilled fat) and cottonseed meal; MF-FB = medium fat (8% 
whole cottonseed) and fish, blood, and cottonseed meals; HF
FB = high fat (8% whole cottonseed plus 2.5% prilled fat) 
and fish, blood, and cottonseed meals. 



Table 5. Amino acid composition of the diets. (Exp. 1) 

Amino acid 

NEAA 

Asp 

Glu 

Ber· 

Gly 

Ala 

Tyr 

EAA 

His 

Thr 

Arg 

Met 

Val 

Phe 

Ile 

Leu 

Lys 

Total AA 

Total EAA 

Total NEAA 

MF-CM 

1.49 

1.40 

.60 

.98 

1.18 

.28 

.12 

.62 

.71 

.18 

.57 

.53 

.57 

1.10 

.48 

10.8 

4.88 

5.92 

Diets l 

HF-CM MF-FB 

(% of DM) 

1. 02 

1. 20 

.73 

.74 

1.06 

.23 

.15 

.55 

.66 

.13 

.40 

.38 

.40 

.72 

.32 

8.69 

3.71 

4.98 

1.40 

1.17 

.65 

1. 00 

1.35 

.20 

.24 

.72 

.64 

.16 

.59 

.51 

.49 

1.10 

.64 

10.86 

5.93 

4.93 

HF-FB 

1. 23 

1. 24 

.72 

.60 

1.25 

.22 

.18 

.61 

.84 

.14 

.48 

.43 

.45 

.80 

.63 

9.82 

4.56 

5.26 
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IMF-CM = medium fat (8% WCB) and cottonseed meal; HF-CM = 
high fat (8% WCB plus 2.5% PFA) and cottonseed meal; MF-FB = 
medium fat (8% WCB) and fish, blood, and cottonseed meals; 
HF-FB = high fat (8% WCB plus 2.5% PFA) and fish, blood, and 
cottonseed meals. 



Table 6. Effect of supplemental fat and protein source on performance of heat
stressed cows. (Exp. 1) 

Item 

DMI, kg/d 

Milk, kg/d 

3.5% FCM, kg/d 

FCM/DMI 

Milk fat, % 

kg/d 

Milk protein, % 

Milk lactose, % 

Milk SNF, % 

Milk SCC, x 103/ml 

BW Change, kg/d 

MF-CM 

23.7 

33.5 

32.9 

1.35 

3.31 

1.12 

3.20 

1. 06 

4.77 

1.59 

9.33 

109 

-.17 

Treatments l 

HF-CM 

25.1 

35.2 

34.5 

1.45 

3.41 

1.19 

3.10 

1. 08 

4.85 

1.73 

9.26 

82 

.05 

MF-FB 

22.0 

32.3 

30.1 

1.42 

3.08 

.99 

3.08 

.99 

4.81 

1.58 

9.20 

52 

.10 

HF-FB 

22.8 

33.0 

31.5 

1.46 

3.39 

1.08 

3.09 

1.02 

4.75 

1.60 

9.15 

68 

.11 

SEM 

.8 

.7 

1.0 

.05 

.OS 

.04 

.04 

.02 

.04 

.06 

.06 

17 

.25 

Effect2•3 (P <) 

F 

NS 

.11t 

NS 
.11t 

.02" 

.11t 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

P F x P 

.02" NS 

.03" NS 

.01" NS 

NS NS 

NS NS 
.02" NS 

.ost NS 

.01" NS 

NS NS 

NS NS 
.02" NS 

• OS" NS 

NS NS 

BCS Change -.07 -.19 -.06 .01 .07 NS NS NS 
IMF-CM = medium fat (S% WCS) and cottonseed meal; HF-CM = high fat (S% WCS plus 2.5% 
PFA) and cottonseed meal; MF-FB = medium fat (S% whole cottonseed) and fish, blood, 
and cottonseed meals; HF-FB = high fat (S% WCS plus 2.5% PFA) and fish, blood, and 
cottonseed meals. 
2F = fat effect; P = protein effect; F x P = interaction between F and P 
3NS = non-significant (P > .12); *(P < .05); t(P < .12} 

00 
00 



Table 7. Effect of supplemental fat and protein source on milk fatty acid 
composition of heat-stressed cows. (Exp. 1) 

Treatments l Effect2.3 (P <) 

Fatty acid 

C4:0 

C6:o 

C8:0 

ClO:O 

C12:o 

C14:0 

CI6:o 

C18:0 

C18:1 

C18:2 

MF-CM 

3.49 

2.40 

1.50 

3.48 

3.68 

11.90 

30.33 

11.72 

25.34 

4.62 

HF-CM 

3.50 

2.21 

1.21 

3.12 

3.32 

10.97 

30.49 

12.90 

27.91 

4.38 

MF-FB 

3.40 

2.61 

1. 69 

3.55 

3.77 

12.04 

29.01 

12.31 

26.07 

4.51 

HF-FB 

3.44 

2.10 

1.05 

3.10 

3.20 

10.42 

31. 07 

13.04 

28.05 

4.03 

SEM 

.18 

.15 

.07 

.11 

.28 

.83 

1. 08 

.48 

.87 

.52 

F 

NS 

.04 

.01 

.01 

.12 

.14 

NS 

.07 

.02 

NS 

P 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

.30 

NS 

F x P 

NS 

NS 

.02 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

IMF-CM = medium fat (8% WCS) and cottonseed meal; HF-CM = high fat (8% WCS plus 2.5% 
PFA) and cottonseed meal; MF-FB = medium fat (8% WCS) and fish, blood, and cottonseed 
meals; HF-FB = high fat (8% WCS plus 2.5% PFA) and fish, blood, and cottonseed meals. 

2F = fat effect; P = protein effect; F x P = interaction between F and P 
3NS = non-significant (P > .12); *(P < .05); t(P < .12) 

co 
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Table 8. Average maximum temperature, temperature-humidity index (THI) and heat 
stress intensityl (Exp. 1) . 

Average daily hours of THI 

Week Max Temp. (OC) Max. THI <72 72-76 77-81 >82 

Pre-treatment 32.2 74.4 16.6 6.9 .6 0 

Week 1 35.8 77.7 13.6 7.0 3.4 0 

Week 2 38.7 79.9 11.9 4.7 7.0 .4 

Week 3 38.1 79.7 10.6 6.0 7.4 0 

Week 4 37.5 80.7 2.4 10.3 11.3 0 

Week 5 37.5 79.6 6.0 9.1 8.9 0 

Week 6 37.2 79.4 2.3 12.1 9.6 0 

Week 7 38.1 79.7 5.0 10.1 8.9 0 

Week 8 36.3 81.3 2.0 5.7 9.6 1.7 

Week 9 37.1 82.0 5.5 9.8 6.0 2.7 

Avg. Week 1-9 37.4 79.8 6.7 8.1 8.3 .3 

lData were collected at the Arizona Meteorological Network weather station (about 1.5 
km from the experimental site). 

~ 
o 



Table 9. Effect of supplemental fat and protein source on rectal temperatures and 
respiration rates of cows. (Exp. 1) 

Treatments l Effect2.3 (P <) 

Item MF-CM HF-CM MF-FB HF-FB SEM F P F x P 

Rectal Temp., DC 39.6 39.5 39.5 39.7 .14 NS NS NS 

Respiration Rate, 85.9 84.0 87.4 84.3 2.60 NS NS NS 
times/min 

IMF-CM = medium fat (8% WCS) and cottonseed meal; HF-CM = high fat (8% WCS plus 2.5% 
PFA) and cottonseed meal; MF-FB = medium fat (8% WCS) and fish, blood, and cottonseed 
meals; HF-FB = high fat (8% WCS plus 2.5% PFA) and fish, blood, and cottonseed meals. 
2F = fat effect; P = protein effect; F x P = interaction between F and P 
3NS = non-significant (P > .12); *(P < .05); t(P < .12) 
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Table 10. Effect of supplemental fat and protein source on apparent digestibilities 
in heat-stressed cows. (Exp. 1) 

Treatments l Effect2.3 (P <) 

Item MF-CM HF-CM MF-FB HF-FB SEM Fat Prot F x P 

DM 54.6 56.7 51. 6 47.1 3.6 NS .10 NS 

OM 55.3 57.3 52.4 48.0 3.5 NS .10 NS 

CP 59.8 60.4 53.4 58.6 4.2 NS NS NS 

ADF 41.1 40.9 28.2 26.7 3.4 NS .01 NS 

NDF 40.5 41. 9 33.1 34.6 3.8 NS .07 NS 

Starch 89.6 90.7 96.3 94.4 1.0 NS .01 NS 

FA 77.3 76.5 69.9 72.4 1.5 NS .01 NS 

IMF-CM = medium fat (8% WCS) and cottonseed meal; HF-CM = high fat (8% WCS plus 2.5% 
PFA) and cottonseed meal; MF-FB = medium fat (8% WCS) and fish, blood, and cottonseed 
meals; HF-FB = high fat (8% WCS plus 2.5% PFA) and fish, blood, and cottonseed meals. 
2F = fat effect; P = protein effect; F x P = interaction between F and P 
3NS = non-significant (P > .12); *(P < .05); t(P < .12) 
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Table 11. Effect of supplemental fat and protein source on arterial (A) plasma EAA 
concentrations. (Exp. 1) 

Item 

Plasma EAA, ~M/dl 

Arg 

His 

lIe 

Leu 

Lys 

Met 

Phe 

Thr 

MF-CM 

11.9 

6.2 

12.4 

19.7 

6.3 

4.9 

9.8 

22.1 

Treatments l 

HF-CM 

12.1 

5.9 

13.6 

20.3 

5.8 

5.3 

10.3 

20.3 

MF-FB 

12.4 

5.8 

14.1 

23.2 

6.6 

5.2 

8.4 

21.4 

HF-FB 

12.5 

6.1 

13.2 

20.4 

6.7 

5.7 

7.9 

19.9 

SEM 

.9 

.8 

1.1 

2.1 

.8 

.7 

1.5 

1.4 

Effect2.3 (P <) 

Fat 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Prot. F x P 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Val 29.1 27.9 28.7 26.4 2.1 NS NS NS 
IMF-CM = medium fi:iY

U

(8%-whole cottonseedf and cottonseed meal; HF-CM =filgn fa.t--(8% 
whole cottonseed plus 2.5% prilled fat) and cottonseed meal; MF-FB = medium fat (8% 
whole cottonseed) and fish, blood, and cottonseed meals; HF-FB = high fat (8% whole 
cottonseed plus 2.5% prilled fat) and fish, blood, and cottonseed meals. 
2F = fat effect; P = protein effect; F x P = interaction between F and P 
3NS = non-significant (P > .12); *(P < .05); t(P < .12) 
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Table 12. Effect of supplemental fat and protein source on venous (V) plasma EAA 
concentrations. (Exp. 1) 

.Item 

Plasma EAA, ~M/dl 

Arg 

His 

lIe 

Leu 

Lys 

Met 

Phe 

Thr 

MF-CM 

5.9 

4.2 

8.2 

13.2 

2.3 

2.1 

6.3 

14.6 

Treatments' 

HF-CM 

5.6 

3.7 

7.9 

12.9 

2.1 

1.9 

6.4 

16.3 

MF-FB 

6.2 

3.9 

8.8 

15.2 

2.5 

1.7 

4.7 

15.9 

HF-FB 

5.8 

4.5 

8.6 

14.0 

2.4 

2.2 

4.2 

13.9 

SEM 

.7 

.8 

.9 

2.4 

.8 

.7 

1.4 

1.9 

Effect2.3 (P <) 

Fat 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Prot. F x P 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Val 18.7 20.3 21.0 17.9 2.3 NS NS NS 
'MF-eM = medium fat (8% whole cottonseed) and cottonseed meal; HF-CM = hign-Iat--(8% 
whole cottonseed plus 2.5% prilled fat) and cottonseed meal; MF-FB = medium fat (8% 
whole cottonseed) and fish, blood, and cottonseed meals; HF-FB = high fat (8% whole 
cottonseed plus 2.5% prilled fat) and fish, blood, and cottonseed meals. 
2F = fat effect; P = protein effect; F x P = interaction between F and P 
3NS = non-significant (P > .12); *(P < .05); t(P < .12) 
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Table 13. Effect of supplemental fat and protein source on arteriovenous (A-V) 
difference of plasma EAA concentrations. (Exp. 1) 

Treatments· Effect2,3 (P <) 

Item MF-CM HF-CM MF-FB HF-FB SEM Fat Prot. F x P 

Plasma EAA, ~M/dl 

Arg 6.0 6.5 6.2 6.7 .8 NS NS NS 

His 2.0 2.2 1.9 1.6 .6 NS NS NS 

lIe 4.2 5.7 5.3 4.6 .7 NS NS NS 

Leu 6.5 7.4 8.0 6.4 .9 NS NS NS 

Lys 4.0 3.7 4.1 4.3 .6 NS NS NS 

Met 2.8 3.4 3.5 3.5 .6 NS NS NS 

Phe 3.5 3.9 3.7 3.7 .6 NS NS NS 

Thr 7.5 4.0 5.5 6.0 2.1 NS NS NS 

Val 10.4 7.6 7.7 8.5 1.9 NS NS NS 
IMF-CM = medium fat (8-% whole- cottonseea) -andcottonseed meal; HF-CM = high~at ( 8% 
whole cottonseed plus 2.5% prilled fat) and cottonseed meal; MF-FB = medium fat (8% 
whole cottonseed) and fish, blood, and cottonseed meals; HF-FB = high fat (8% whole 
cottonseed plus 2.5% prilled fat) and fish, blood, and cottonseed meals. 
2F = fat effect; P = protein effect; F x P = interaction between F and P 
3NS = non-significant (P > .12); *(P < .05); t(P < .12) 
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CHAPTER 4 

EFFECTS OF SUPPLEMENTATION OF RUMINALLY INERT FAT AND 

EVAPORATIVE COOLING ON PERFORMANCE OF DAIRY COWS IN 

HOT ENVIRONMENTAL TEMPERATURES 

SUMMARY 

96 

Twenty-four Holstein cows (80 DIM) were assigned to 

four dietary treatments for 56d in the hot summer in a 

completely randomized block design with 2 x 2 factorial 

arrangement of treatments. Factors were: 1) fat level: 

medium (MFi 4.6% of DM) vs high (HFi 7.4% of DM) i 2) cooling 

method: corral shade (S) vs S equipped with Evaporative 

cooling system (EC). All diets contained 7% whole 

cottonseed, and HF diets had 3% prilled fatty acids (Energy 

Booster~). Feed efficiency of the cows supplemented with 

prilled fat in the diets tended to increase (P < .11). Cows 

with EC produced more milk (P < .08), 3.5% FCM (P < .06) and 

fat yield (P < .12) than S cows. Supplementation of prilled 

fat did not depress percentage of milk protein but reduced 

the proportion of short-chain fatty acids (C6:O to CI4:0 ) in 

milk fat and increased CI~ fatty acid. Digestibilities of 

DM, OM, CP, ADF, NDF, and starch were not affected by the 

supplementation of fat in the diets or by the cooling 

method. Supplementation of prilled fatty acids tended to 



decrease FA digestibility (P < .11). There were no 

treatment differences for respiration rates or rectal 

temperatures. 

INTRODUCTION 

97 

Heat stress often adversely affect performance of dairy 

cows in Arizona and most of southern United states. The 

impact of heat stress on dairy cattle performance is 

partially due to specific thermoregulatory response of cows, 

resulting in a reduction in feed intake and nutrient 

absorption, as well as a redirection of blood flow from 

internal organs to peripheral tissues in an effort to 

balance heat load (Shearer and Beede, 1992). As feed intake 

decreases, dietary energy supply is reduced. An increase in 

respiratory activity along with lower feed intake in heat

stressed cows renders energy a limiting factor in sustaining 

high milk production. 

Fat is high in energy density and low in heat 

increment. The addition of ruminally-inert fat to diets of 

heat-stressed cows might allow higher energy intakes without 

increasing body temperatures or having an adverse effect on 

rumen fermentation. Supplementation of fat has often 

increased milk production (Palmquist, 1984) and lactation 

persistency (Ferguson et al., 1989) of lactating cows. No 

benefit was for heat-stressed cows in temperature control 
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chamber fed large amounts of ruminally unprotected fat 

(Moodyet al., 1967). Supplementation of ruminally protected 

fat (prilled fatty acids, Energy Booster-) increased milk 

production of moderately heat-stressed cows (Skaar et al., 

1989); however, milk production were slightly increase 

numerically for cows fed 6.8% of a mixture of prilled fatty 

acids (PFA) and tallow (Knapp and Grummer, 1991). 

Chen et ale (1993) found that evaporatively cooled (EC) 

cows had lower rectal temperatures and respiration rates 

than those not cooled (shade only, S). The higher intake of 

DM for EC cows was associated with higher milk production 

(2.5 Kg/d increase) than for S cows. These finding were 

consistent with results of previous studies (Armstrong et 

al., 1985; Armstrong and Wiersma, 1986; Taylor et al., 

1991). Taylor et ale (1991) also showed that the magnitude 

of reduced maximum ambient temperature, average temperature, 

maximum THI, and average THI for the EC compared to the S 

were 5.6 DC, 2.4 DC, 2.7 and 1.3, respectively. Studies are 

limited on effects of supplemental fat in heat-stressed cows 

and interactions of added fat with evaporative cooling is 

not known. Objectives of this study were: 1) to determine 

effects of supplemental ruminally-inert fat on evaporatively 

cooled or non-cooled cows; and 2) to determine interaction 

between supplemental ruminally-inert fat and evaporative 

cooling. 
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MATERIALS AND METHODS 

Twenty-four Holstein cows (average 80 DIM) were 

assigned to diets (Table 14) in a completely randomized 

block design with 2 x 2 factorial arrangement of treatments. 

Factors were: 1) fat level: medium fat (MF; 4.6% of total 

diet) vs high fat (HF; 7.4% of total diet); and 2) cooling 

method: corral shade only (S) vs corral shade with 

evaporative coolers (Ee). Cows were fed the regular herd 

ration during pretreatment (14d) , and were randomly assigned 

to four treatments based on pretreatment milk yield for 56 

days during the hot summer months in Tucson, Arizona. 

Treatments were: 1) MF-S: medium fat, shade only; 2) HF-S: 

high fat, shade only; 3) MF-EC: medium fat, shade with 

evaporative cooling; 4) HF-EC: high fat, shade with 

evaporative cooling. Treatment groups balanced for parity 

and days in milk. 

All diets contained 38-39% alfalfa hay, 8.5% cottonseed 

hulls, and 7% whole cottonseed (WCS). Stearn-flaked sorghum 

was the major grain source in the diets (30-33%). Steam

flaking of sorghum grain is accomplished by steaming the 

whole grain in a stearn chamber for 40 to 50 min to increase 

moisture to 16-20% and then passing through large rollers to 

achieve flake density of 360 gil. 

Cows were housed in open drylots equipped with shades 

and had free access to water and trace-mineralized salt 
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blocks. Cows were individually fed once daily in mangers 

equipped with electronically controlled gates (American 

Calan, Inc., Northwood, NH). Diets were fed as a total 

mixed ration (TMR) and amount of feed offered was adjusted 

daily to about 10% orts which were weighed back daily. Cows 

were weighed on 2 consecutive days at the beginning and the 

end of trial, and at weekly intervals during the 

experimental period. Body condition scores of cow were 

evaluated weekly on a scale of 1 to 5 (Wildman et al., 

1982). Ambient temperatures and humidities were recorded 

daily at the experimental site. Also, these parameters were 

collected hourly in the Arizona Meteorological Network 

(AZMET) weather station (about 1.5 km from the experimental 

site). The temperature humidity index (THI) was calculated 

from a psychometric chart according to Chambers (1970). 

Respiration rates and rectal temperatures of cows were 

measured weekly at about the hottest time of the day (3 

p.m.). 

Cows were milked twice daily at 7 a.m. and 7 p.m. and 

milk yields were recorded daily. Individual milk samples 

were collected weekly from two consecutive milkings (a.m. 

and p.m.) and composites were analyzed at the Arizona DHIA 

laboratory in Phoenix, AZ. for fat, protein, lactose, and 

total solids by infrared procedures (Foss 360, Foss 

Technology, Eden Prairie, MN) i SCC by a white blood cell 
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counting method (Multispec 2, Foss Technology, Eden Prairie, 

MN)i and SNF by difference between total solids and fat. On 

week 6, individual milk samples also were collected and kept 

at -10 DC until analyzed for milk fatty acids. Milk samples 

were analyzed for FA as methyl esters according to 

procedures of Sukhija and Palmquist (1988) using the GLC (VA 

3300, Varian Associate Inc., Walnut Creek, CA). 

During the last 14d of the lactation trial, all diets 

were mixed with .1% chromium oxide. Chromium oxide served 

as an indigestible marker to estimate digestibility of 

nutrients. For the last 5d, orts were totally collected and 

fecal grab samples were taken twice daily immediately after 

milking and were frozen immediately at -lODC. 

A portion of TMR and orts were dried at 100 DC for 24h 

to determine DM. The remaining samples were dried at 50 DC 

for 48h and ground in a Wiley mill (Arthur H. Thomas, 

Philadelphia, PA.) through a 2-mm screen. Subsamples were 

then ground in a cyclone mill (Udy Co., Fort Collins, CO.) 

to pass a I-mm screen. The composited fecal sample from 

each cow was thawed, thoroughly mixed, and a subsample was 

dried at 50 DC in a forced-air oven for 72h. Dried fecal 

samples also were ground through the Wiley and cyclone mills 

for the analysis of nutrients. 

Samples of TMR, orts and fecal samples were analyzed 
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for DM and OM according to AOAC procedures (1990); CP using 

the Kjeldahl digestion system (Tecator~, Hoganas, Sweden) 

and an N autoanalyzer (Bran and Luebbe, Analyzing 

Technologies, Elmssford, NY) according to AOAC (1990); ADF 

and NDF according to Robertson and Van Soest (1981), starch 

by glucose determination following enzymatic hydrolysis 

using starch autoanalyzer (YSI 2700 Select, Yellow Springs 

Instrument Co., Yellow Springs, OH) according to procedures 

of Poore, et ale (1991); FA of feed and fecal samples were 

converted to methyl esters and analyzed according to 

procedures of Sukhija and Palmquist (1988) using the GLC (VA 

3300, Varian Associate Inc., Walnut Creek, CA); and Cr was 

determined using an atomic absorption spectrophotometer 

(Hitachi Ltd., Tokyo, Japan) according to the procedure of 

Fenton and Fenton (1979). Total tract digestibilities for 

the above nutrients were calculated from changes in 

concentrations of Cr and the nutrients in feed and feces. 

Intake of DM, feed efficiency (FCM/DMI), BW, milk 

yield, 3.5% FCM, as well as protein, fat, lactose and SNF in 

milk were adjusted for covariate effects using data from the 

14-d pretreatment period and analyzed by the GLM procedure 

of the SAS (1985) using the following statistical model: 

Yljkl = M + Bi + Fj + Ck+ FCjk + Cov1 + Ejjkl 

where M = overall mean 



Bj = blocking effect 

Fj = supplemental fat effect 

~ = cooling effect 

FCjk = interaction between Fj and Ck 

COV1 = covariate effect 

Eljkl = random error 
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All other data also were analyzed by the GLM procedures 

of SAS (1985) using a similar model but the covariate effect 

was excluded. 

RESULTS AND DISCUSSION 

Nutrient composition of diets is shown in Table 15. 

All diets contained 17.8% CP with similar UIP (37% of CP). 

All nutrients met NRC (1989) requirements for lactating 

cows. Values for NEL and UIP were calculated from NRC 

(1989); however, an NEL value for steamed-flaked sorghum 

(SFS) is not available in NRC (1989), so the NEL value for 

SFS (2.2 Meal/kg) calculated by Theurer et al. (1991) was 

used. The HF diet contained 5% more energy than the MF diet 

(1.80 vs 1.72 Meal/kg). However, due to substitution of 

steam-flaked sorghum with 3% prilled fatty acids (PFA) , the 

HF diet had lower starch content than the MF diet (20.9 vs 

23.2%). 

Fatty acid composition of whole cottonseed (WCS) , PFA, 
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and of TMR are shown in Tables 16 and 17. Compared to WCS, 

PFA contained a relatively high amount of C16:0 and C18:0, but 

low amounts of C18:2 which reflects a higher amount of C16:0 and 

C18:0 but lower C18:2 in the HF (7% WCS plus 3% PFA) than the MF 

(7% WCS) diet. 

Effect of supplemental fat and evaporative cooling on 

performance of heat-stressed cows is shown in Table 18. Dry 

matter intake, milk yield, and 3.5% FCM yield were not 

significantly different for cows fed HF or MF diets. 

Compared to experiment 1 where DMI was not decreased, the 

lower response in milk yield (30.3 and 30.9 kg/d for MF and 

HF, respectively) in the present study may be because of the 

numerically lower DMI ( 24.7 vs 25.9 kg/d) for cows fed HF 

diet. The depression in DMI by the supplementation of PFA 

may be attributed to the excessive fatty acids content or 

higher NEL in the HF diets. When compared to a diet that 

contained 12% WCS (4.9% total FA), Wu et al. (1994) showed 

that the addition of 2.2% PFA (6.9% total FA) did not 

decrease DMI (27.2 vs 26.8); however, DMI were decreased by 

the supplementation of 4.4% PFA (9.1% total FA). Wu et al. 

(1993) also reported that DMI were not decreased for cows 

fed supplemental fat (7.2% WCS and 2.5% PFA, 6.2% total FA) 

compared with cows fed a diet that contained 7.2% WCS and no 

added fat. Supplementation of 3% PFA to diet that contained 

7% WCS, tended to improve feed efficiency (FCM/DMI) (P< 
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.11), probably because of the numerically lower DMI of cows 

fed HF diet. Compared to shade (S), evaporative cooling 

(EC) increased milk yield (P< .08), 3.5% FCM (P< .06) and 

milk fat yield, which is consistent with other studies (Chen 

et al., 1993; Taylor et al., 1991). 

Percentage and yields of protein, fat, lactose, content 

of SNF of milk, and SCC in milk were not affected by the 

supplementation of prilled fat. Evaporative cooling tended 

to increase milk fat yield (P< .12) of cooled (EC) cows, due 

to higher milk yield. Evaporative cooling significantly 

decreased percentage of lactose (P< .03), and lowered 

percentage of SNF (p< .02) in milk. This finding is not in 

agreement with Chen et al. (1993) and Taylor et al. (1991) 

who reported no effect of cooling on percentage of lactose 

and SNF in milk. The reason for the decreased percentage of 

lactose and SNF in the EC group is not known. Milk protein 

percentage was not decreased in cows fed HF diet compared 

with those fed MF diet. Similar results were shown in 

Experiment 1, which corn instead of sorghum was the major 

grain source, and with Wu et al. (1994), again with corn as 

the major grain source. Compared to control diet (without 

supplemental fat, 3.2% fatty acid of DM), Wu et al. (1994) 

showed that supplementation of 12% WCS significantly 

decreased milk protein content; however, further addition of 

2.2% safflower oil, 2.2% PFA, or 4.4% PFA did not further 
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decrease milk protein percentages. 

Fatty acid composition of milk is in Table 19. 

Compared with diets that contained 7% WCS, addition of PFA 

decreased proportion of short-chain and medium-chain fatty 

acids (C6 to C14 ) in milk fat, suggesting de novo synthesis 

of fatty acids was decreased in the mammary gland by the 

supplementation of PFA. These data agree with those of Wu 

et al. (1993 and 1994). In the present study, C16:0 was 

increased (P < .03), and C18:0 was increased numerically. 

Cooling did not affect milk fatty acid composition in heat

stressed cows, except that there was a tendency for lower 

C18:3 in cooled cows; the reason for this observation is not 

known. 

Body condition scores of cows were not affected by 

treatments, event hough EC gained more body weight (P < .05) 

than Scows. 

Average maximum ambient temperatures, temperature

humidity indexes (THI) and hours of varying THI are in Table 

20. Daily temperature and humidity were measured in the 

experimental site and AZMET weather station (1.5 km from the 

experimental site). In general, temperatures and humidities 

from experimental site were higher than AZMET (ranged from 

4-7 DC and 10-20%, respectively), rendering 4 to 6 unit 

higher THI in the experimental site; however, only 

measurements from AZMET were used to obtained hourly data. 
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Hence, the heat stress intensity shown in Table 20 were 

actually a lower value. Heat stress intensity was assessed 

by the average daily hours of THI above 72. When the THI 

exceeds 72, cows were in the sufficient heat stress 

condition to have an impact on milk production (Armstrong, 

1994; Johnson et al., 1963). When THI ranged from 71 to 81, 

milk production was lowest in excess of 76 (Johnson et al., 

1963). In this study, cows were in a heat stress condition 

because there was an average 18.6 hours/d that THI were 

above 72. Rectal temperature (RT) and respiration rate (RR) 

of cows were not affected by the supplementation of fat or 

cooling method (Table 21). These results agreed with 

experiment 1 and with Moody et al. (1967) which showed that 

supplemental fat did not affect RT and RR of cows subjected 

to heat stress. In the thermoneutral conditions, heat 

production of cows was higher for high than for low 

producing cows (Purwanto et al., 1990). Milk temperatures 

of heat-stressed cows were higher for high producing cows 

than for medium or low producing cows (Igono et al., 1988). 

Interestingly, West (1994) indicated that the effect of high 

environmental temperature on performance is mediated through 

the body temperature of the cow. Johnson et al. (1963) 

showed that milk yield was decreased 1.8 kg for each .56 DC 

increase in body temperature of cows above 38.6 (Johnson et 

al., 1963). In the present study, EC did not decrease RT or 
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RR of cows, similar to one trial of Taylor et al. (1991), in 

which milk production increased (4 vs 5.3%) but RT were not 

affected by EC, though a lower RR were observed in EC cows. 

However, in another trial of Taylor et al. (1991), both RT 

and RR were decreased in EC cows, but there was no increased 

milk production, particularly for cows fed highly degradable 

protein. Chen et al. (1993) showed that EC significantly 

decreased both rectal temperatures (RT, 39.1 vs 38.6 °C) and 

respiration rates (RR, 82 vs 64 breaths/min.) with a 

concurrent increase in milk production. However, compared 

with Chen et al. (1993), magnitude of increase milk 

production by Ee in our study was lower (5.3% vs 9.1%) . 

Thus differences might be explained by a higher THI over the 

experimental period (82.0 vs 76.6) or because of a lower 

efficiency of cooling in our study, although magnitude of 

reduction on maximum and average daily temperatures and on 

THI by the evaporative cooling system was not measured. 

The effect of supplemental fat and evaporative cooling 

on apparent digestibility of heat-stressed cows is in Table 

22. Digestibilities of DM, OM, CP, ADF, NDF, and starch 

were not affected by the supplementation of PFA or by 

cooling method. Chen et al. (1993) also showed that 

digestibilities of DM and CP were not affected by EC. 

Supplemental fat tended to decrease FA digestibility (P < 

.11). These data are in accordance with those of Wu et al. 
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(1993), who showed that increasing dietary FA from 3.7% 

(7.2% WCS) to 6.2% by the addition of 2.5% PFA in the diet 

decreased FA digestibilities. In contrast, when Wu et al. 

(1994) increased dietary FA from 4.9% (12%WCS) to 6.9% by 

the addition of 2.2 % PFA, there was no effect on FA 

digestibility; whereas increasing FA to 9.1% by the addition 

of 4.4% PFA decreased digestibility. These data suggest 

that about 7% is the upper limit of dietary FA without 

having an adverse effect on FA digestibility. In the 

present study, increasing dietary FA to 7.4% did not appear 

to be excessive for cows producing 32 kg/d of milk. The 

high starch digestibilities (98%) in diets that contained 

PFA were in accordance with the data of Simas et al. (1994) 

where Ca-LCFA was the source of supplemental fat. The high 

starch digestibilities along with similar digestibilities of 

ADF and NDF and no effect on percentage of milk fat in cows 

fed either the HF or MF diets indicate that supplemental fat 

did not adversely affect rumen fermentation. 

CONCLUSIONS 

Increased dietary FA to 7.4% by the addition of 3% 

prilled fat did not increase lactation response of heat

stressed cows producing 32 kg/d of milk. The efficiency of 

feed utilization was increased by the supplemental fat. 

Evaporative cooling did not decrease RT or RR; however, EC 
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did have a positive effect on milk yield, 3.5% FCM, and milk 

fat production, suggesting some relief of heat stress by EC. 

More research is needed on the response of cows to EC at 

varying ambient temperatures and THI. 



Table 14. Ingredient composition of the dietsl. (Exp. 2) 

Ingredient 

Alfalfa hay 

Whole cottonseeds 

Cottonseed hulls 

Soybean meal 

Steamed-flaked sorghum 

Molasses, dehydrated 

Prilled fatty acids2 

Minerals and vitamins3 

Buffer4 

IMF = medium fat; HF = high fat. 

MF 

39.0 

7.0 

8.5 

7.3 

33.3 

1.5 

2.0 

1.4 

Diets 

(% of DM) 

HF 

38.1 

7.0 

8.5 

8.5 

30.0 

1.5 

3.0 

2.0 

1.4 

2Energy Booster- (Milk Specialties Co., Dundee, IL.) 
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3CaC03, .66%, Biopho., .78%, trace-mineralized salts, .35%, 
and .2% vitamin A, D, and E. 
4NaHC03, 1.0%, and MgO, .4%. 



Table 15. Nutrient composition of the diets. (Exp. 2) 

Diets l 

Item MF HF 

NEL
2, Meal/kg 1. 72 1.80 

OM, % 90.6 90.4 

CP, % 17.8 17.8 

UIp2 , % of CP 37.2 36.8 

ADF, % 23.2 22.8 

NDF, 9" a 32.6 31. 8 

Starch, % 23.2 20.9 

FA 4.6 7.4 

IMF = medium fat (7% WCS); HF = high fat (7% WCS plus 3% 
PFA) • 
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2Estimated from NRC (1989), except for steam-flaked sorghum 
(2.2 Meal/kg) which was estimated from Theurer et al. 
(1991) . 
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Table 16. Fatty acid composition of whole cottonseeds (WCS) 
and prilled fatty acids (PFAI). (Exp. 2) 

Fatty acid WCS PFA 

(g/100 9 of methyl esters) 

C14:0 .9 3.0 

C16:0 25.9 42.4 

C18:0 2.9 44.3 

C18:1 17.9 5.5 

C18:2 47.1 .7 

C18:3 .2 

Other 5.1 4.1 

IEnergy Booster 
<» 

(Milk Specialties Co. I Dundee, IL. ) 



Table 17. Fatty acid composition of the diets. (Exp. 2) 

Diets l 

Fatty acid MF HF 

(g/100 g of methyl esters) 

C14:0 1.1 1.6 

C16:0 26.9 33.2 

C18:0 2.8 12.6 

C18:1 21.7 21.2 

C18:2 31.0 19.8 

C18:3 7.4 3.6 

Other 12.3 7.8 

IMF = medium fat (7% WCS); HF = high fat (7% WCS plus 3% 
PFA) • 
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Table 18. Effect of supplemental fat and evaporative cooling on performance of heat
stressed cows. (Exp. 2) 

Item 

DMI, kg/d 

Milk, kg/d 

3.5% FCM, kg/d 

FCM/DMI 

Milk fat, % 

kg/d 

Milk protein, % 

kg/d 

Milk lactose, % 

kg/d 

Milk SNF, % 

Milk SCC, x 103/ml 

BW Change, kg/d 

Treatments1 

MF-S 

26.2 

29.5 

27.6 

1. 06 

2.93 

.89 

2.99 

.89 

5.06 

1.51 

8.61 

HF-S 

24.7 

30.0 

27.7 

1.18 

3.23 

.94 

2.95 

.88 

4.97 

1.47 

8.52 

140 121 

.15 -.03 

MF-EC 

25.5 

31.0 

29.8 

1.15 

3.25 

1.00 

2.90 

.89 

4.91 

1.53 

8.41 

119 

.30 

HF-EC 

24.6 

31.7 

29.6 

1.21 

3.13 

.98 

2.94 

.92 

4.92 

1.54 

8.45 

86 

1.17 

SEM 

1.2 

.8 

1.1 

.05 

.12 

.05 

.04 

.03 

.04 

.06 

.06 

38 

.20 

Effect2.3 (P <) 

F 

NS 

NS 

NS 

.11t 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

C F x C 

NS NS 

.08 t NS 

.06 t NS 

NS NS 

NS .11t 

.12t NS 

NS NS 

NS NS 

.03" NS 

NS NS 

.02" NS 

NS 

• OS" 

NS 

NS 

BCS Change -.10 -.17 -.12 -.07 .07 NS NS NS 
IMF-S = medium fat (7% WCS) and corral shade (S); HF-S = high fat (7% WCS plus 3% 
PFA) and corral shade (S); MF-EC = medium fat (7% WCS) and evaporative cooling plus 
S; HF-EC = high fat (7% WCS plus 3% PFA) and evaporative cooling plus S. 
2F = fat effect; C = cooling effect; F x C = interaction between F and C 
3NS = Non-significant (P > .12); "(p < .05); t(P < .12} 

...... ...... 
U1 



Table 19. Effect of supplemental fat and evaporative cooling on milk fatty acid 
composition of heat-stressed cows. (Exp. 2) 

Treatments· Effect2.3 (P <) 

Fatty acid 

C4:0 

C6:0 

C8:0 

ClO:O 

C.2:0 

C.4:0 

C.6:0 

C.8:0 

C.8:. 

C.8:2 

C.8:3 

Other 

MF-S HF-S MF-EC HF-EC 

(g/100g of methyl esters) 

3.87 

2.41 

1.40 

3.09 

3.61 

11.26 

30.63 

10.81 

25.80 

5.21 

1.02 

.90 

3.97 

2.18 

1.17 

2.40 

2.90 

9.69 

33.37 

11.43 

25.70 

5.12 

1.08 

1. 00 

3.90 

2.38 

1.32 

3.06 

3.68 

11.43 

31.27 

11.30 

24.56 

5.31 

.99 

.80 

3.90 

2.18 

1.17 

2.64 

3.00 

9.75 

33.69 

11.95 

24.59 

5.21 

.95 

.99 

SEM 

.14 

.10 

.05 

.27 

.26 

.51 

1.11 

.69 

.74 

.28 

.05 

F 

NS 

.05" 

.01"" 

.06 t 

.02" 

.01"" 

.03" 

NS 

NS 

NS 

NS 

C 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

.12t 

F x C 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

·MF-S = medium fat (7% WCS) and corral shade (S); HF-S = high fat (7% WCS plus 3% 
PFA) and corral shade (S); MF-EC = medium fat (7% WCS) and evaporative cooling plus 
S; HF-EC = high fat (7% WCS plus 3% PFA) and evaporative cooling plus S. 
2F = fat effect; C = cooling effect; F x C = interaction between F and C 
3NS = Non-significant (P > .12); ""(P < .01); "(p < .05); t{P < .12) 

...... 

...... 
0'1 



Table 20. Average maximum temperature, temperature-humidity index (THI) and heat 
stress intensity'. (Exp. 2). 

Average daily hours of THI 

Week Max Temp. (OC) Max. THI <72 72-76 77-81 >82 

Pre-treatment 37.0 80.4 6.8 8.6 7.9 8.0 

Week 1 37.0 82.8 3.1 9.3 6.7 4.9 

Week 2 35.9 83.3 1.3 9.3 9.6 3.9 

Week 3 35.6 84.1 3.4 8.8 7.0 4.9 

Week 4 38.4 84.1 1.1 7.4 7.4 8.0 

Week 5 34.8 82.9 1.9 11.1 6.1 4.9 

Week 6 33.3 79.7 10.1 6.4 7.3 .1 

Week 7 35.8 79.6 11.5 4.5 8.0 0 

Week 8 36.6 80.9 9.7 5.7 8.3 0.3 

Avg. Week 1-8 35.9 82.2 5.3 7.8 7.6 3.4 

'Data were collected at the Arizona Meteorological Network weather station (about 1.5 
km from the experimental site). 

.... .... 
'" 



Table 21. Effect of supplemental fat and evaporative cooling on rectal temperatures 
and respiration rates of cows. (Exp. 2) 

Treatments l Effece·3 (P <) 

Item MF-S HF-S MF-EC HF-EC SEM F C F x C 

Rectal Temp., DC 39.6 39.8 39.4 39.7 .29 NS NS NS 

Respiration Rate, 81.1 85.7 81.2 84.4 5.2 NS NS NS 
times/min 

lMF-S = medium fat (7%-WCS) and corral shade (S); HF-S = higfi fat (7% WCspIus 3% 
PFA) and corral shade (S); MF-EC = medium fat (7% WCS) and evaporative cooling plus 
S; HF-EC = high fat (7% WCS plus 3% PFA) and evaporative cooling plus S. 
2F = fat effect; C = cooling effect; F x C = interaction between F and C 
3NS = non-significant (P > .12) i "(P < .05) i t(P < .12) 

--OJ 



Table 22. Effect of supplemental fat and evaporative cooling on apparent 
digestibilities in heat-stressed cows. (Exp. 2) 

Treatments' Effect2.3 (P <) 

Item 

DM 

OM 

CP 

ADF 

NDF 

Starch 

FA 

MF-S 

64.3 

65.6 

69.9 

43.1 

53.0 

98.4 

76.4 

HF-S 

65.0 

65.8 

69.9 

46.6 

57.1 

98.3 

74.1 

MF-EC 

59.6 

60.7 

65.4 

34.4 

47.3 

98.8 

76.6 

HF-EC 

61. 6 

62.7 

67.9 

42.6 

52.8 

98.5 

75.0 

SEM 

3.2 

3.2 

2.9 

5.5 

4.9 

.2 

1.1 

F 

NS 

NS 

NS 

NS 

NS 

NS 

.11t 

C 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

F x C 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

'MF-S = medium fat (7% WCS) and corral shade (S); HF-S = high fat (7% WCS plus 3% 
PFA) and corral shade (S); MF-EC = medium fat (7% WCS) and evaporative cooling plus 
S; HF-EC = high fat (7% WCS plus 3% PFA) and evaporative cooling plus S. 
2F = fat effect; C = cooling effect; F x C = interaction between F and C 
3NS = Non-significant (P > .12); "(P < .05); t(P < .12) 

..... ..... 
\0 
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CHAPTER 5 

EFFECTS OF SUPPLEMENTAL FAT AND PROTEIN QUALITY ON RUMEN 

FERMENTATION AND NUTRIENTS FLOWS TO THE DUODENUM 

IN DAIRY COWS 

SUMMARY 

Four lactating Holstein cows fitted with ruminal and T

type duodenal cannulae were used in a 4 x 4 Latin Square 

design for 4 periods (14d each). Treatments were: 1) Medium 

fat, low quality protein (MF-LQ)i 2) Medium fat, high 

quality protein (MF-HQ) i 3) High fat, low quality protein 

(HF-LQ) i 4) High fat, high quality protein (HF-HQ). Fat was 

supplemented by addition of 2.5% prilled fatty acids (PFA) 

in HF diets. There was 7% whole cottonseed (WCS) added to 

all diets. The LQ diets contained corn gluten meal (CGM) 

while the HQ contained a mixture of fish, blood and soybean 

meals. Diets contained 34 to 39% steam-flaked corn. 

Dietary CP (18%) was balanced for equal UIP (44%), but 

different Lys content (.77% vs .47% of DM, respectively, for 

HQ and LQ diets). Supplementation of PFA increased DMI (P < 

.07), yields of milk (P < .04), 3.5% FCM (P < .12), milk 

protein (P < .02), milk lactose (p < .06), and milk SNF (P < 

.02). Cows fed the HQ diet had higher yields of milk (p < 

.02), 3.5% FCM (P < .06), milk protein (P < .03), milk 

lactose (p < .09), and milk SNF (p < .03). Concentration of 
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rumen ammonia N (P < .09) and butyrate (P < .01) were 

increased by the supplemental fat. Concentrations of total 

VFA (P < .07), propionate (P < .08), butyrate (P < .03), and 

valerate (P < .06) were increased by supplementation with 

high quality protein. The HQ diet resulted in a decreased 

ratio of ruminal acetate:propionate, but caused increased 

intakes of OM, and CP, particularly for the MF diet. 

Duodenual flows of total CP and microbial CP (MCP) , as well 

as efficiency of microbial protein yield (MCP/RFOM) were not 

different among treatments. Cows fed the HQ diet had 

increased total tract digestibility of CPo Digestibilities 

of ADF, NDF, and FA were not different among treatments. 

Essential AA (EAA) concentrations in coccygeal plasma were 

higher in Lys (P < .07) and lower in Leu (P < .08) for cows 

fed the HQ than LQ diet. 

INTRODUCTION 

Heat stress adversely affects performance of dairy cows 

in the Arizona and most of the southern United States. 

Addition of ruminally inert fat to dairy rations increases 

energy density in diets, while avoiding adverse effects on 

ruminal fermentation associated with high grain diets 

commonly used to increase dietary energy (Shaver, 1990). 

Studies at the University of Arizona have shown 

increases in FCM yields of heat-stressed cows when 2.5% PFA 
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(Energy Booster~) was added to diets containing 8% WCS 

(Chan, et al., 1992). Fat addition to sheep diets also 

inhibited degradation of protein in the rumen, thus 

providing more dietary amino acids for postruminal 

absorption (Jenkins and Fatouhi, 1990); moreover, Emery and 

Herdt (1991) reported increased microbial protein synthesis 

with added fat. 

Heat-stressed cows may undergo negative N balances 

(Kung and Huber, 1983) as a result of reducing feed intake 

and increasing protein mobilization for energy. In the 

studies of Higginbotham et al. (1989) and Taylor et al. 

(1991), higher ruminally undegradable intake protein (UIP) 

for cows during the hot summer months improved milk yields. 

Also, increased dietary UIP may increase the flow of Nand 

total amino acids to the small intestine (Zinn, et al., 

1981). However, feeding ruminally UIP may limit microbial 

protein synthesis and decrease the flow of microbial protein 

to the small intestine (Siddons, et al., 1985; Cecava, et 

al., 1991). Chen, et al. (1993) suggested that the effects 

of feeding UIP were variable, probably because of the 

varying quality of the UIP source. Erasmus, et al. (1993) 

suggested that quality of UIP had a profound effect on the 

quality of protein entering the small intestine. 

Supplementation of normal dairy rations with more than 
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2% added fat often improves milk yield and milk fat 

percentage, but depresses milk protein content 5 to 10% 

(DePeters and Cant, 1992). The addition of fat in ruminant 

diets may increase their requirement for higher UIP 

(Palmquist, et al., 1993). Dietary supplementation of 

ruminally protected lysine (Lys) and methionine (Met) 

prevented the reduction in milk casein percentage that often 

occurs with feeding supplemental fat (Chow, et al., 1990; 

Canale, et al., 1990). These findings suggest that amino 

acid profile of UIP is important in preventing a lower 

percentage of casein in cows fed diets with added fat 

(Coppock and Wilks, 1991). In one study, supplementation 

ruminally protected Lys and Met did not prevent the milk 

protein depression caused by the addition of fat, but yields 

of milk protein, milk fat, and FCM were increased (Kincaid 

and Cronrath, 1993). 

Lysine is the limiting AA for milk production in cows 

fed corn-based diets (Schwab, 1989; King, et al., 1991). 

These diets reduce total Lys flow to the duodenum; hence, 

plasma concentrations of Lys are reduced (Oldham, 1981). 

Supplemental protein sources such as blood and fish meals 

contain high Lys and UIP; therefore, diets supplemented with 

blood and fish meals should provide sufficient intestinally 

absorbed Lys for mammary synthesis of milk protein (Chen, et 

al., 1993). At similar dietary UIP (43%), cows that fed 
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high quality protein (.98% Lys) produced 11% more milk than 

cows fed low quality protein (.59% Lys) , suggesting that 

quality of UIP is important for maintenance high milk 

production (Chen, et al., 1993). Supplementation of 

ruminally protected Lys and Met (L-lysine HCl and DL

methionine) increased milk yield, milk fat yields, and milk 

protein percentages when compared to control diets (Robinson 

et al., 1993). 

Since few studies have varied supplemental fat and UIP 

level simutaneously, and none have related quality of UIP 

(at the same UIP level) to supplemental fat. The objectives 

of this study were: 1) to determine effects of supplemental 

ruminally-inert fat and high quality protein in dairy cows 

on rumen fermentation, microbial protein synthesis, nutrient 

flow to the duodenum, and nutrient digestibility in da~ry 

cows. 2) to determine interrelations between supplemental 

ruminally-inert fat and quality of ruminally undegradable 

protein. 

MATERIALS AND METHODS 

Four lactating Holstein Cows fitted with ruminal and T

type duodenal cannulae were used in a 4 x 4 Latin Square 

design with a factorial arrangement of treatments. Factors 

were: 1) Fat level: medium fat (MF; 5.2%) vs high fat (HF; 

7.4%) and 2) Protein quality: low quality (LQ; .53% Lys and 
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.31% Met) vs high quality (HQ; .80% Lys and .28% Met) . 

Dietary treatments (Table 23.) were: 1) MF-LQ: with CGM; 2) 

MF-HQ: with FM, BM, and SBM; 3) HF-LQ: with CGM plus 2.5% 

PFA; 4) HF-HQ: with FM, BM, and SBM plus 2.5% PFA. Diets 

contained 34 to 39% steam-flaked corn. Dietary CP (18%) 

were balanced for similar UIP (44%) as estimated from NRC 

(1989), but for different Lys content. All diets contained 

.1% chromium oxide as an indigestible marker for estimating 

duodenal flow and total tract digestibility of nutrients. 

Cows were housed in individual pens equipped with 

shades and mist sprayers. During each period of the 

metabolic trial, cows were fed TMR once daily at 8:00 a.m. 

for 10 d to adapt to the diets before a 4 d collection 

period. Amount of feed offered was adjusted daily to about 

10% orts. Individual milk samples were collected for three 

consecutive milkings during each treatment period (0:30, 

8:30, and 16:30 h)and composited for analysis at the Arizona 

DHIA laboratory in Phoenix, AZ. for fat, protein, lactose, 

and total solids by infrared procedures (Foss 360, Foss 

Technology, Eden Prairie, MN). Content of SNF was 

calculated as the difference between total solids and fat. 

Milk samples from individual cows also were collected during 

each treatment period and stored at -lODC until analyzed for 

milk FA according to procedures of Sukhija and Palmquist 
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(1988) using the GLC (VA 3300, Varian Associate Inc., 

Walnut Creek, CA). Blood samples were collected into 

heparinized vacutainer tubes once during the sampling period 

between 10 to 12 a.m. from each cow's coccygeal artery and 

subcutaneous abdominal vein. Blood was centrifuged at 3000 

x g, and plasma was frozen at -10 DC until analyzed for 

amino acids. Plasma (1 ml) was deproteinized with 2 ml of 

methanol, and centrifuged at 14000 x G in microcentrifuge 

tubes for 15 min. Supernatant was collected and analyzed 

for individual amino acids by HPLC (SP 8000B, Spetra-Physic, 

Co., Santa Clara, CA.) according to the methods of Lindroth 

and Mopper (1979) and Jones et al. (1981). 

For the last 4d of each period, orts and TMR were 

totally collected and fecal grab samples were taken twice 

daily. Samples were kept frozen at -10 DC until analyzed for 

DM, OM, CP, starch, ADF, NDF, and FA. Total tract 

digestibilities of the above nutrients were calculated from 

ratios of concentrations of chromium oxide in feed and feces 

and were statistically analyzed for treatment effects. 

Rumen samples were collected at 2h intervals for 2d and 

samples were filtered through cheesecloth. Rumen pH was 

measured immediately after the collection and samples were 

frozen at -10 DC until analyzed for NH3 (Chaney and Marbach, 

1962) and VFA (Erwin et al., 1961). Duodenal samples 
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(500ml) were collected and composited at 4h intervals for 

4d. Daily composite samples were then frozen at -10 DC 

until dried in a forced-air oven at 50 DC for 96h. Dried 

duodenal samples were analyzed similarly to feed and fecal 

samples. A second duodenal sample (500ml) was collected for 

the determination of bacterial protein by purine analysis. 

Bacterial protein were separated by differential 

centrifugation at 18,000 x g and analyzed for amino acids 

(as described), CP (as described), and purine according to 

Zinn and Owens (1986). 

A portion of TMR and orts were dried at 100 DC for 24h 

to determine DM. The remaining samples were dried at 50 DC 

for 48h and ground in a Wiley mill (Arthur H. Thomas, 

Philadelphia, PA.) equipped with a 2-mm screen. Subsamples 

were then ground in a cyclone mill (Udy Co., Fort Collins, 

CO.) to pass a 1-mm screen. The composited fecal sample 

from each cow was thawed, thoroughly mixed, and a subsample 

was dried at 50 DC in a forced-air oven for 72h. Dried fecal 

samples also were ground through the Wiley and cyclone mills 

for analysis of nutrients. 

Samples of TMR, orts and fecal samples were analyzed 

for DM and OM according to AOAC procedures (1990) i CP using 

the Kjeldahl digestion system (Tecator~, Hoganas, Sweden) 

and a N autoanalyzer (Bran and Luebbe, Analyzing 
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Technologies, Elmssford, NY) according to AOAC (1990) i ADF 

and NDF according to Robertson and Van Soest (1981), starch 

by glucose determination following enzymatic hydrolysis 

using the starch autoanalyzer (YSI 2700 Select, Yellow 

Springs Instrument Co., Yellow Springs, OH) according to 

procedures of Poore, et al. (1991), The FA were analyzed as 

methyl esters according to procedures of Sukhija and 

Palmquist (1988) using the GLC (VA 3300, Varian Associate 

Inc., Walnut Creek, CA); and Cr was determined using an 

atomic absorption spectrophotometer (Hitachi Ltd., Tokyo, 

Japan) according to the procedure of Fenton and Fenton 

(1979). Total tract digestibilities for the above nutrients 

were calculated from changes in concentrations of Cr and 

nutrients in feed and feces. For the analysis of individual 

amino acids in the feed, samples from TMR were hydrolyzed 

for 18h with 6N HCl in the presence of sodium thioglycolate 

to prevent destruction of methionine (Kerse, 1984). 

Hydrolysates were analyzed for individual amino acids by 

HPLC (as described) . 

All data were analyzed as A 4 x 4 Latin Square design 

using the General Linear Model (GLM) of the SAS (1985). 

Yljkl = M + Ci + Pj + T k + E ijld 

where M = overall mean 

Cj = cow effect 

~ = period effect 



Tk = treatment effect 

Eijkl = random error 

RESULTS AND DISCUSSION 
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Nutrient composition of diets is in Table 24. All 

nutrients met NRC (1989) requirements for lactating cows. 

Values for NEL and UIP were calculated from NRC (1989). All 

diets had similar CP (18%) and UIP (44% of CP), but 

contained different Lys concentrations (0.77 vs 0.47% of DM 

for HQ and LQ, respectively). The HF diet contained 6% more 

energy than the MF diet (1.88 vs 1.76 Mcal/kg). Also, the 

HF diet had a lower starch content than the MF diet. 

Individual fatty acid composition of WCS, PFA, and TMR 

is shown in Tables 25 and 26. Compared to WCS, PFA 

contained higher C16:0 and CI8:0 , but lower CI8:2 ; which resulted 

in higher C16:0 and C18:0 , but lower C18:2 in the HF than MF diets. 

Essential amino acid composition of diets is in Table 

27. The HQ diets had higher Lys than the LQ diets. Effects 

of supplemental fat and protein source on performance of 

cows is in Table 28. Intake of DM was increased by the 

supplementation of 2.5% PFA (P < .07), particularly in the 

LQ diet, and was highest for HF-HQ, but lowest for MF-LQ. 

The higher DMI was reflected the highest milk yield for the 

HF-HQ cows and lowest yield for the MF-LQ cows. Milk 



130 

production and 3.5% FCM were increased by the supplemental 

fat and high quality protein. Cows fed the MF-HQ diet 

produced 4.2 kg/d more milk than those fed MF-LQ. 

Similarly, when fat was incorporated in the diets, HF-HQ 

cows produced 3.9 kg/d more milk than HF-LQ, suggesting that 

the quality of rumen undegradable protein resulted in a 

positive response (P < .02) in milk production with or 

without fat. Added fat also increased milk yield an average 

of 3.3 kg/d (P < .04). No significant difference in the 

percentage of milk fat was observed among treatments; 

however, milk fat yield was highest in the HF-HQ cows. 

Percentage of milk protein was not depressed by the 

supplementation of PFA. Compared to cows fed the LQ diet 

(corn gluten meal), supplementation of high quality of 

protein (a combination of fish, blood, and soybean meals) 

increased percentage of milk protein in the HF but not the 

MF diet. Yields of milk protein, milk lactose, and milk SNF 

in cows were increased by supplementation with high quality 

protein and by added fat. 

Effect of supplemental fat and protein quality on 

ruminal pH, NH3 , and VFA is in Table 29. Rumen pH was not 

affected by treatment. Concentrations of ammonia N (P < 

.09), and butyrate (P < .01) in rumen fluid was higher for 

cows fed the HF than the MF diet. Concentrations of total 

VFA (p < .07), propionate (P < .08), butyrate (P < .03), and 



valerate (P < .06) were increased by supplementation with 

high quality protein. Concentrations of total VFA were 

highest for the HF-HQ diet, but lowest for MF-LQ. 

Concentrations of acetate were highest for HF-HQ, but was 

lowest for MF-HQ. Concentrations of butyrate also were 

highest for HF-HQ, intermediate for MF-HQ and HF-LQ and 

lowest for MF-LQ. Ratios of acetate:propionate were 

decreased by high quality protein. 
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Intake of OM was the lowest for the MF-LQ diet (Table 

30), which was a result of the lowest DMI in this diet. 

Flow of OM to the duodenum was increased by added fat (p < 

.10). Rumen fermentable OM (RFOM) was increased by higher 

quality protein (P < .12). Apparent and true ruminal OM 

digestibilities were not affected by treatments. Also, 

postruminally and total tract digestibilities of OM were not 

different among treatments. 

Intake of starch was the lowest for the HF-HQ diet 

(Table 32). However, duodenal flow, ruminal, postruminal, 

and total tract digestibilities of starch were not different 

among treatments. Total tract starch digestibility was high 

because steam-flaked sorghum was the grain source in all 

diets. Similar results for ruminal, postruminal and total 

tract starch digestibilities have been reported previously 

(Chen et al., 1994) for steam-flaked sorghum diets. 

In other studies, supplementation of tallow or Ca-LCFA 
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decreased duodenal flow of AA N because intake of DM was 

depressed slightly and MCP synthesis was reduced (Palmquist 

et al., 1993). In the present study, DMI was not depressed 

by the supplementation of PFA. Intake of CP was higher for 

the HF-LQ diet than for MF-LQ; however, flow of total CP, 

MCP, and efficiency of microbial protein yield (MCP/RFOM) 

were not different among treatments. However, duodenal flow 

of MCP was numerically lower for the LQ diet. Previous 

studies have shown that efficiency of microbial protein 

synthesis in the rumen was not influenced by source or 

amount of supplemental fat (Doreau et al., 1993; Erasmus et 

al., 1993; Ferley et al., 1992; Klusmeyer et al., 1991b; 

Ohajuruka et al., 1991; Palmquist et al., 1993). Ruminal 

apparent digestibility of CP was highest for the HF-LQ diet, 

but no difference in ruminal true digestibility of CP (after 

correcting for microbial protein flow) was observed among 

treatments. Total tract digestibilities of CP were higher 

for cows fed the HQ than LQ diets (P < .07). Digestibility 

of ADF, NDF, and FA were not different among treatments. 

In general, concentrations of EAA in coccygeal plasma 

reflected diet concentrations. However, concentrations in 

coccygeal plasma of Lys were significantly higher (P< .07) 

and Leu was lower (P < .08) for cows fed the HQ diets. The 

increased supply of Lys in the HQ diet provided more Lys for 

milk production as shown by greater A-V difference (P < .06) 
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in plasma Lys concentrations than for the LQ diet. An 

increased supply of Lys in the HF-HQ diet was associated 

with highest percentages of milk protein and greatest milk 

protein yield. These data support the results of other 

studies that show high quality UIP was important for 

sustaining high milk and milk protein production (Chen et 

al., 1993; Erasmus et al., 1993); and for alleviation of 

milk protein depression caused by the supplemental fat 

(Depeters and Palmquist, 1990). Mammary vein EAA 

concentrations in plasma were similar among treatments. 

CONCLUSIONS 

Supplementation of PFA improved lactational performance 

of cows. High quality UIP also was important for high milk 

production and prevention of a milk protein depression 

caused by the supplemental fat. Although duodenal flow of 

total CP, microbial CP, and efficiency of microbial protein 

yield (MCP/RFOM) were not different among treatments, 

concentrations of total VFA, acetate, and butyrate were the 

highest for cows fed the HF-HQ diet, which provided more 

energy for sustaining higher milk production. 
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Table 23. Ingredient composition of the diets. (Exp. 3) 

Diets· 

Ingredient MF-LQ MF-HQ HF-LQ HF-HQ 

(% of DM) 

Alfalfa hay 32.0 32.0 32.0 32.0 

Whole cottonseeds 7.0 7.0 7.0 7.0 

Cottonseed hulls 10.8 10.8 10.8 10.8 

Steam-flaked sorghum 38.3 37.9 35.8 35.4 

Corn gluten meal 8.5 8.5 

Fish meal 2.0 2.0 

Blood meal 1.5 1.5 

Soybean meals 4.8 4.8 

Molasses 1.3 1.5 1.3 1.5 

Prilled fat2 2.5 2.5 

Minerals and vitamins3 1.2 1.4 1.2 1.4 

Buffer4 . 9 1.1 . 9 1.1 

·MF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ 
= high fat (7% WCS plus 2.5% PFA) and low quality protein; 
MF-HQ = medium fat (7% WCS) and high quality protein; HF-HQ 
= high fat (7% WCS plus 2.5% PFA) and high quality protein. 
2Energy Booster* (Milk Specialties Co., Dundee, IL.). 
3CaC03, .4-.5%; Biophos, .4-.5%; trace-mineralized salt .3%; 
Vito A and D, .2%. 
4NaHC03, .6-.7%, and MgO, .3-.4%. 
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Table 24. Nutrient composition of the diets. (Exp. 3) 

Diets l 

Item MF-LQ MF-HQ HF-LQ HF-HQ 

NEL
2, Meal/kg 1. 78 1.73 1.89 1.87 

CP, % 18.8 18.1 18.5 17.8 

UIp2, % OF CP 44.5 43.7 44.3 43.6 

Lys, 9.-0 of DM .49 .78 .44 .76 

Met, % of DM .28 .30 .27 .25 

ADF, % 20.9 21. 0 21. 0 21.2 

NDF, % 36.0 32.8 37.8 38.4 

Starch, % 23.5 25.4 22.5 18.2 

FA, % 4.5 4.7 7.1 7.2 

IMF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ 
= high fat (7% WCS plus 2.5% PFA) and low quality protein; 
MF-HQ = medium fat (7% WCS) and high quality protein; HF-HQ 
= high fat (7% WCS plus 2.5% PFA) and high quality protein. 
2Calculated based on NRC (1989). 



Table 25. Fatty acid composition of whole cottonseed and 
prilled fatty acids. (Exp. 3) 

Fatty acid 

C14:0 

C16:0 

CIS:O 

CIS:I 

CIS:2 

CIS:3 

Other 

IEnergy Booster- (Milk 

Whole cottonseed Prilled fatty 
acids' 

(g/100 9 of methyl esters) 

1.0 2.6 

24.8 41.3 

2.8 43.1 

17.9 8.9 

49.3 1.1 

4.2 3.0 

Specialties Co. , Dundee, IL. ) 

136 



137 

Table 26. Fatty acid composition of the diets. (Exp. 3) 

Diets l 

Fatty acid MF-LQ MF-HQ HF-LQ HF-HQ 

(g/100 g of methyl esters) 

C14:0 1.0 1.1 1.8 . 9 

C16:0 28.2 32.7 34.3 33.9 

C18:0 3.9 3.6 12.2 15.2 

C18:1 19.9 20.6 20.1 21.4 

C18:2 36.3 31.2 23.7 22.5 

C18:3 3.1 3.8 2.7 2.2 

Other 7.6 6.9 5.2 3.9 

IMF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ 
= high fat (7% WCS plus 2.5% PFA) and low quality protein; 
MF-HQ = medium fat (7% WCS) and high quality protein; HF-HQ 
= high fat (7% WCS plus 2.5% PFA) and high quality protein. 
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Table 27. Amino acid composition of the diets. (Exp. ·3) 

Diets l 

Amino acid MF-LQ HF-LQ MF-HQ HF-HQ 

EAA (% of DM) 

Arg .80 .82 .77 .84 

His .19 .22 .18 .24 

lIe .49 .54 .48 .52 

Leu 1.20 1.01 1.17 1.03 

Lys .49 .78 .44 .76 

Met .28 .30 .27 .25 

Phe .42 .54 .51 .47 

Thr .63 .52 .58 .60 

Val .48 .53 .44 .60 

ITRT (treatments): MF-LQ = medium fat (7% WeS) and low 
quality protein; HF-LQ = high fat (7% wes plus 2.5% PFA) and 
low quality protein; MF-HQ = medium fat (7% WeS) and high 
quality protein; HF-HQ = high fat (7% wes plus 2.5% PFA) and 
high quality protein. 



Table 28. Effect of supplemental fat and protein quality on performance of cows. 
(Exp. 3) 

Item 

DMI, kg/d 

Milk, kg/d 

3.5% FCM, kg/d 

FCM/DMI 

Milk fat, % 

kg/d 

Milk protein, % 

kg/d 

Milk lactose, % 

kg/d 

Milk SNF, % 

kg/d 

MF-LQ 

23.63 

33.7a 

30.0" 

1.33 

2.84 

.96" 

2.84" 

.94" 

4.80ab 

1.61" 

8.21 

2.75" 

Treatments l 

MF-HQ 

26.1" 

37.9b 

34. Sac 

1.34 

3.05 

1.11 ab 

2.9S"C 

1.09b 

4.87"b 

1.83" 

8.41 

3.14" 

HF-LQ 

26.8ab 

37.1bc 

33.S"b 

1.25 

2.99 

1.08ac 

3.00ac 

1.10b 

4.97" 

1.85" 

8.56 

3.17" 

HF-HQ 

26.8C 

41.0d 

37.0c 

1.39 

3.01 

1. 19bc 

3.02bc 

1.21c 

4.60b 

1.88b 

8.21 

3.33b 

SEM 

.89 

1.23 

1. 68 

.08 

.21 

.08 

.07 

.04 

.14 

.06 

.15 

.10 

Contrast! 

C1 

.07t 

.04" 

.12t 

NS 

NS 

NS 

NS 

.02" 

NS 

.06t 

NS 

.02 t 

C2 

NS 

.02" 

.06 t 

NS 

NS 

NS 

NS 

.03" 

NS 

.09 t 

NS 

.03 t 

",b'"Means within each row without sharing common superscripts differ (P< .12) 

IMF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ = high fat (7% WCS plus 
2.5% PFA) and low quality protein; MF-HQ = medium fat (7% WCS) and high quality 
protein; HF-HQ = high fat (7% WCS plus 2.5% PFA) and high quality protein. 
2C1 contrast HF with MF; C2 contrast HQ with LQ; NS = Non-significant (P > .12); "(P < 
.05); t(P < .12). 

..... 
W 
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Table 29. Effect of supplemental fat and protein quality on ruminal pH, NH3 , and 
VFA. (Exp. 3). 

Item 

Rumen pH 

Rumen ammonia N, mg/dl 

Rumen VFA, mM 

Total 

Acetate 

Propionate 

Butyrate 

Isobutyrate 

Methylbutyrate 

Valerate 

Isovalerate 

Treatments· 

MF-LQ MF-HQ HF-LQ HF-HQ SEM 

6.04 5.97 5.82 5.88 .10 

16.49" 16. 76ab 18. 9sb 18.1sab .95 

100.2" 108.s"b 104.2ab 11s.0b 4.47 

62 . 4 ac 57 . 1 b 59 . lab 65 . 6" 1 . 58 

23.0" 34.0b 27.3ab 30.2ab 3.26 

10.6" 12.7b 13.6b< 14.5" .50 

.83 .73 .85 .83 .05 

1.21" .82b .84b . 99"b .12 

1.34" 2.s4b 1.84" 1. 86ab .27 

.90 .68 .69 .91 .11 

Contrast 

C1 

NS 

.09 t 

NS 

NS 

NS 

.01" 

NS 

NS 

NS 

NS 

C2 

NS 

NS 

.07t 

NS 

.08t 

.03" 

NS 

NS 

.06 t 

NS 

C2/C3 2.87" 1.78b 2.21b 2.24b .24 NS .07t 

a,b'"Means witfiln each row without sharing common superscripts differ (P< .12) 
·MF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ = high fat (7% WCS plus 
2.5% PFA) and low quality protein; MF-HQ = medium fat (7% WCS) and high quality 
protein; HF-HQ = high fat (7% WCS plus 2.5% PFA) and high quality protein. 
2C1 contrast HF with MF; C2 contrast HQ with LQ; NS = Non-significant (P > .12); "(P < 
.05) i t(P < .12). 

..... 
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Table 30. Effect of supplemental fat and protein quality on digestibility of OM. 
(Exp. 3) 

Treatments l Contrast4 

Item MF-LQ MF-HQ HF-LQ HF-HQ SEM C1 C2 

OMI, kg/d 20. sa 22.6b 23.1b 22.9b .81 .09t NS 

OM flow, kg/d 14.1a 14.7a 16.0b 15.4a .79 .10t NS 

Duodenal OM 

Bacterial 4.45 4.62 4.39 4.58 .31 NS NS 

Feed 9.65 10.11 11.62 10.85 .92 NS NS 

RFOM2 10.85a 12.49b 11.48ab 12.05ab .72 NS .12t 

Fecal OM 7.24 7.37 7.35 7.38 .43 NS NS 

Digestibility, % 

Ruminal 

Apparent 32.0 34.8 30.7 32.7 3.4 NS NS 

True3 53.2 56.3 50.3 52.8 2.8 NS NS 

Postruminal 46.9 49.6 47.1 49.5 1.4 NS NS 

Total tract 65.6 67.3 68.2 67.7 1.9 NS NS 
a,6'''Means within each row without snaring common superscripts differ (p< .12) 
IMF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ = high fat (7% WCS plus 
2.5% PFA) and low quality protein; MF-HQ = medium fat (7% WCS) and high quality 
protein; HF-HQ = high fat (7% WCB plus 2.5% PFA) and high quality protein. 
2The OM truly fermented in the rumen 
3Corrected for microbial OM 
4C1 contrast HF with MF; C2 contrast HQ with LQ; NS = Non-significant (P > .12); "(P < 
.05); t(P < .12). 
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Table 31. Effect of supplemental fat and protein quality on digestibility of starch. 
(Exp. 3) 

Treatments l Contrast2 

Item MF-LQ MF-HQ HF-LQ HF-HQ SEM Cl C2 

Starch intake, kg/d 5.55" 6.63" 6. 03" 4.88b .73 NS NS 

Starch flow, kg/d 

Duodenal 1.17 1.38 1.27 1.07 .29 NS NS 

Fecal .21 .24 .18 .15 .05 NS NS 

Digestibility, % 

Ruminal 78.9 78.7 79.1 78.9 3.4 NS NS 

Postruminal 78.1 79.0 78.9 79.2 3.8 NS NS 

Total tract 96.3 96.4 97.1 96.9 1.1 NS NS 

",b''Means within each row without sharing common superscripts differ (P< .12) 

IMF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ = high fat (7% WCS plus 
2.5% PFA) and low quality protein; MF-HQ = medium fat (7% WCS) and high quality 
protein; HF-HQ = high fat (7% WCS plus 2.5% PFA) and high quality protein. 
2Cl contrast HF with MF; C2 contrast HQ with LQ; NS = Non-significant (P > .12); "(P < 
.05); t(P < .12). 
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Table 32. Effect of supplemental fat and protein quality on duodenal flow and 
digestibility of crude protein. (Exp. 3) 

Treatments· Contrase 

Item MF-LQ MF-HQ HF-LQ HF-HQ SEM C1 C2 

CP intake, kg/d 4.44· 4.72·b 4.96b 4.77ab .17 .09 t NS 

Duodenal flow of CPt 
kg/d 

Total 3.64 3.87 3.72 3.93 .24 NS NS 

Microbial 2.36 2.57 2.41 2.64 .18 NS NS 

MCP/RFOM2 21.9 20.9 21.0 22.2 1.9 NS NS 

Digestibility, % 

Ruminal 

Apparent 18.2· 19. O· 23.9b 18.7" 2.1 NS NS 
True) 69.3 70.3 70.6 67.4 3.1 NS NS 

Postruminal 69.3 73.5 69.9 73.7 1.4 NS NS 

Total tract 65. O· 69.3 b 65.4" 70.5b 1.9 NS .07 t 

··D.CMeans within each row without-sharrng-common-superscripts differ (P< .12) 
·MF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ = high fat (7% WCS plus 
2.5% PFA) and low quality protein; MF-HQ = medium fat (7% WCS) and high quality 
protein; HF-HQ = high fat (7% WCS plus 2.5% PFA) and high quality protein. 
2Grams of microbial CP/100g OM truly fermented in the rumen. 
)Corrected for microbial CPo 
2C1 contrast HF with MF; C2 contrast HQ with LQ; NS = Non-significant (P > .12) i "(P < 
. 05) i t (P < .12). 
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Table 33. Effect of supplemental fat and protein quality on digestibility of fiber 
and fatty acid. (Exp. 3) 

Treatments1 Contrast2 

Item MF-LQ MF-HQ HF-LQ HF-HQ SEM C1 C2 

Total tract 
digestibility, g,. 

0 

ADF 39.7 38.6 38.9 40.1 3.9 NS NS 

NDF 45.2 46.8 47.9 48.1 3.7 NS NS 

Fatty acid 75.1 74.2 74.9 76.1 1.2 NS NS 

.,b'"Means within each row without sharing common superscripts differ (P< .12) 

IMF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ = high fat (7% WCS plus 
2.5% PFA) and low quality protein; MF-HQ = medium fat (7% WCS) and high quality 
protein; HF-HQ = high fat (7% WCS plus 2.5% PFA) and high quality protein. 
2C1 contrast HF with MF; C2 contrast HQ with LQ; NS = Non-significant (P > .12); "(P < 
.05); t(P < .12). 
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Table 34. Effect of supplemental fat and protein quality on arterial plasma EAA 
concentrations. (Exp. 3) 

Treatments1 

Contrast2 

Item MF-LQ MF-HQ HF-LQ HF-HQ SEM C1 C2 

Plasma EAA, /lM/dl 

Arg 12.S l1.S 11.9 12.1 1.1 NS NS 

His 6.7 7.2 5.4 6.7 1.5 NS NS 

Ile 14.2 15.1 15.1 13.9 .7 NS NS 

Leu 26.4" 21. 2b 19.9b 16.7c 2.3 .06t .ost 
Lys 5.6" 7.4b 5.2" 7.2b .9 NS .07t 

Met 5.7 5.6 4.S 5.1 .9 NS NS 

Phe 9.2 7.3 10.1 S.3 1.2 NS NS 

Thr 19.1 20.2 21.0 20.3 1.2 NS NS 

Val 27.4 26.S 24.3 25.7 2.6 NS NS 

".b·~eans within each row without sharing common superscripts differ (P< .12) 

lMF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ = high fat (7% WCS plus 
2.5% PFA) and low quality protein; MF-HQ = medium fat (7% WCS) and high quality 
protein; HF-HQ = high fat (7% WCS plus 2.5% PFA) and high quality protein. 
2C1 contrast HF with MF; C2 contrast HQ with LQ; NS = Non-significant (P > .12); O(P < 
.05); t(P < .12). 

..... 
~ 
U1 



Table 35. Effect of supplemental fat and protein quality on venous plasma EAA 
concentrations. (Exp. 3) 

Treatments l Contrast2 

Item MF-LQ MF-HQ HF-LQ HF-HQ SEM C1 C2 

Plasma EAA, flM/dl 

Arg 6.4 5.5 6.1 5.9 .8 NS NS 

His 4.5 5.5 3.5 5.0 .9 NS NS 

lIe 8.7 9.2 9.4 7.9 1.5 NS NS 

Leu 17.1 15.4 11.2 9.4 3.9 NS NS 

Lys 2.4 2.7 1.8 2.2 .9 NS NS 

Met 2.4 1.8 1.9 1.4 .6 NS NS 

Phe 5.7 4.4 6.4 4.9 1.3 NS NS 

Thr 13.8 15.4 15.9 15.4 2.1 NS NS 

Val 20.2 20.4 16.7 18.9 2.5 NS NS 

a.b·~eans within each row without sharing common superscripts differ (P< .12) 

IMF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ = high fat (7% WCS plus 
2.5% PFA) and low quality protein; MF-HQ = medium fat (7% WCS) and high quality 
protein; HF-HQ = high fat (7% WCS plus 2.5% PFA) and high quality protein. 
2C1 contrast HF with MF; C2 contrast HQ with LQ; NS = Non-significant (P > .12); "(P < 
.05); t (P < .12). 
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Table 36. Effect of supplemental fat and protein quality on arteriovenous (A-V) 
difference of plasma EAA concentrations. (Exp. 3) 

Treatments1 Contrase 

Item MF-LQ MF-HQ HF-LQ HF-HQ SEM C1 C2 

Plasma EAA, /lM/dl 

Arg 6.4 6.3 5.B 6.2 .7 NS NS 

His 1.B 1.7 1.9 1.7 .6 NS NS 

Ile 5.5 5.9 5.7 6.0 .9 NS NS 

Leu 9.3" 5. Bb B .7ab 7.3ab 1.7 NS .09t 

Lys 3.2" 4.7b 3.4a 5.0b .6 NS .06t 

Met 3.3 3.B 2.9 3.7 .7 NS NS 

Phe 3.5 2.9 3.7 3.4 .9 NS NS 

Thr 5.3 4.B 5.1 4.9 1.2 NS NS 

Val 7.2 6.4 7.6 6.B 2.1 NS NS 

.,b'"Means within each row without sharing common superscripts differ (P< .12) 

lMF-LQ = medium fat (7% WCS) and low quality protein; HF-LQ = high fat (7% WCS plus 
2.5% PFA) and low quality protein; MF-HQ = medium fat (7% WCS) and high quality 
protein; HF-HQ = high fat (7% WCS plus 2.5% PFA) and high quality protein. 

.... 
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Chapter 6 

GENERAL SUMMARY AND CONCLUSIONS 

Two lactation trials were conducted to determine 

interactive effects of supplemental fat with either protein 

quality or evaporative cooling on performance and nutrient 

digestibilities in heat-stressed cows. Also, a metabolic 

trial was conducted at cooler temperatures to test the 

interaction of supplemental fat and protein quality on rumen 

fermentation, microbial protein synthesis, and nutrient flow 

to the duodenum. The major findings from these studies 

were: 1) Supplementation of PFA to normal Southwest diets 

consistently increased milk yields in heat-stressed cows; 2) 

Supplementation of PFA did not depress milk protein 

concentrations in heat-stressed cows; 3) The efficiency of 

feed utilization generally was increased by the supplemental 

fat; 4) De novo synthesis of SCFA and MCFA in the mammary 

gland was decreased by the supplemental fat; 5) 

Digestibilities of nutrients generally were not affected by 

the supplemental fat; 6) Evaporative cooling increased 

lactational performance of cows fed medium or high fat diet 

at hot ambient temperatures; 7) High quality of UIP is 

important for high milk production and to prevent the milk 

protein depression often observed with supplemental fat; 8) 

Concentrations of total VFA, acetate, and butyrate were 



149 

highest for cows fed the diet containing supplemental fat 

and high quality of UIP. This diet also sustained highest 

milk production, apparently because of highest DMI and 

energy intakes. 

In the lactation trial, the high quality protein source 

(a combination of fish, blood, and soybeans meals) decreased 

DMI, lactational performance and nutrient digestibilities 

which was in direct contrast to results of the metabolic 

trial and those of Chen et al. (1993). These contradictory 

effects were probably because an interaction between the 

hot, spoiled feed and high quality protein during hot 

environmental temperatures. Although an attempt was made to 

separate spoiled feed, there was a small amount eaten by 

cows. However, no visible difference in spoilage and 

heating was observed between the CSM and FB diets in this 

trial. Another reason for the contradictory results between 

the studies might have been different UIP concentrations (38 

vs 43% in the lactation trial and 44% for all diets in the 

metabolic trial). Under the heat stress and depressed DMI 

conditions of the lactation trial, the higher UIP (43%) may 

have limited MCP synthesis and thus resulted in decreased 

milk and milk protein yields. Also, the higher CP content 

in the lactation trial diet may have prevented the 

expression of a protein quality effect. Thirdly, the CSM 

used as the low quality protein source in the lactation 
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trial may not have resulted in as great an AA deficiency as 

the CGM in the metabolic trial. The positive response 

observed in the study of Chen et al. (1993) and in the EXp. 

3 with high quality protein does not negate the possibility 

that under certain conditions (such as hot, spoiled feed) a 

negative reaction to specific sources high in UIP (such as 

blood and fish meals) might occur. 

Fat supplementation did not affect respiration rates 

and rectal temperature of cows; however the increased milk 

production during heat-stress environment suggesting the 

heat stress might have been relieved by fat addition. 

In conclusion, supplementation of ruminally-inert fat 

(PFA) benefitted lactational performance of cows without 

adversely affecting rumen fermentation. High quality 

protein in the diets provided necessary EAA for high milk 

production and seemed to alleviate the decrease in milk 

protein percentage caused by supplemental fat. 

More research is needed on the response of heat

stressed cows to protein sources of varying UIP and quality, 

with or without supplemental fat. Response of these dietary 

alterations to varying ambient temperatures and THI by use 

of different cooling systems, also would yield useful 

information. 



151 

APPENDIXES 



Appendix A. Fatty acid profile of oilseed and oilsl. 

Fat Source 

Whole cottonseeds 

Whole soybeans 

Roasted soybeans 

Soybean oil 

Soybean lecithin 

Canol a seeds 

Canola oil 

Sunflower seeds 

Sunflower oil 

High oleic sunflower 
oil 

Safflower seeds 

Safflower oil 

High oil corn 

Cod liver oil 

C14:0 

.9 

.2 

.3 

.1 

.1 

<.1 

.4 

.1 

.1 

2.9 

C14:1 C16:0 

23.7 

1.2 11. 4 

.9 12.5 

11.5 

15.6 

4.9 

5.0 

6.0 

5.1 

5.0 

6.7 

8.4 

13.4 

10.6 

C16:1 

.8 

.3 

.6 

.3 

.3 

.4 

.3 

.2 

.1 

.1 

9.1 

Weight % 

C18:0 C18:1 C18:2 

2.5 17.8 49.6 

3.6 21.0 52.4 

3.4 18.8 51.6 

4.0 24.5 53.0 

4.1 16.1 56.7 

CI8:) 

.3 

7.0 

7.4 

7.0 

7.5 

1.8 56.3 23.5 10.5 

2.1 62.3 26.3 

4.4 19.5 65.7 

1.8 24.8 67.3 

3.5 86.0 5.3 

1.9 8.9 80.3 

2.6 16.3 69.9 

2.2 29.5 51.4 

2.3 24.6 3.7 

3.9 

.5 

.1 

.2 

.7 

SFA2 

~C20:0 
!1,. 
o 

.2 27.1 

2.9 

15.2 

16.2 

15.5 

19.8 

6.6 

7.2 

3.4 10.4 

7.3 

8.5 

1.0 8.7 

11.1 

15.6 

35.1 15.8 

ISource: Christensen et al., 1994; DePeters et al., 1988; Elliott et al., 1993; 
Khorasani et al., 1991; LaCount et al., 1994; Lubis et al., 1990; NRA, 1992; Schauff 
et al., 1992; Stegeman et al., 1992; Tice et al., 1994; Wu et al., 1994. 
2Sa turated fatty acids (CI4:0, CI6:0, C18:0) 
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Appendix B. Fatty acid profile of specialty fatsl. 

Fat Source Weight % SFA2 

C14:0 C14:1 C16:0 C16:1 CIS:O CIS: I CIS:2 CIS:l :<!C20:0 
g,. 
o 

Tallow 
Yellow grease 
Choice white grease 
A-V blend 

Poultry fat 
Partially HT3 

Prilled HT3 

Alifet 
Booster fat 
Carolac 
Dairy 80 

Qual-Fat 

3.3 

2.4 

1.5 

1.1 

2.2 

3.7 

2.3 

3.0 

2.0 
4.0 

1.9 

.4 

.2 

.2 

.3 

25.4 

21.3 

23.5 

18.4 

23.8 

26.6 

.2 29.2 

27.0 
25.0 

24.0 
28.0 

.3 24.9 

3.9 

4.0 

3.4 

2.6 

9.6 

1.3 

15.4 

12.8 

12.0 

7.3 

4.7 

52.6 

44.9 

44.7 

44.3 

42.8 

42.9 

14.2 

.6 50.7 11.1 

1.0 38.1 30.5 
3.0 22.0 

3.0 35.0 

2.0 55.0 

45.0 

33.0 

11. 0 
3.8 14.3 42.6 

5.6 

11. 9 

10.7 

21. 8 

16.8 

5.1 

1.0 
2.0 

2.0 

9.6 

.5 

1.9 

3.1 

1.3 

.9 

.9 

1.0 

.2 
Ca-Tallowate 2.2.1 28.9 .3 12.7 53.2 .1 

Megalac 1 . 6 50 . 5 . 2 3 . 8 36 . 3 6 . 6 . 2 

EBl(prilled) 3.0.2 43.5 .7 39.9 9.5 1.1 .1 
EBl(flaked)_ _ __ 2_.8 .2 40.1 .9 40.3 12.2 1.3 

ISource:- Chalupa et al., 1986; Christensen etal~ -1994; DePeters et al., 
Drackley et al., 1994; Elliott et al., 1993, 1994; Grummer et al., 1988; 
al., 1990; Jenkins and Jenny, 1989, 1992; Lubis et al., 1990; NRA, 1992; 
al., 1994; Robinson et al., 1990; Wu et al., 1993. 
2Sa turated fatty acids (CI4:0 , C16:0 , CIS:O) 

lA-V = Animal-Vegetable; HT = hydrogenated tallow; EB = Energy Booster 

.2 

.4 

1.1 

44.1 

36.5 

37.0 

26.9 

29.6 

81.3 

83.6 

67.4 
50.0 

61.0 

87.0 

41.1 

43.7 

55.9 

86.3 
83.2 

1987, 1989; 
Hermansen et 
Pantoja et 
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Appendix C. Lactational performance of individual cows. (Exp. 1) . 

Cow# TRT DMI Milk FCM FCM/DMI Protein Fat Lactose 

kg/d kg/d kg/d % kg/d % kg/d % kg/d 

58 MF-CM 21.9 31.5 29.9 1.38 3.12 1.01 3.18 1. 00 4.76 1.50 

366 MF-CM 24.3 27.4 26.1 1.07 3.12 .92 3.24 .88 4.88 1.34 

1204 MF-CM 24.0 36.8 34.5 1.37 2.99 1.18 3.14 1.15 4.49 1. 64 

1234 MF-CM 24.7 36.8 33.8 1.38 2.87 1.12 3.04 1.11 4.90 1. 80 

1257 MF-CM 25.0 35.9 34.9 1.43 2.87 1.12 3.33 1.20 4.69 1. 69 

1272 MF-CM 23.2 33.8 33.5 1.45 3.00 1.05 3.45 1.16 4.67 1.58 

234 MF-FB 19.8 30.3 27.2 1.33 2.83 .84 3.08 .87 4.68 1.43 

292 MF-FB 21.1 32.7 29.7 1.41 2.82 .92 2.94 .95 4.72 1.55 

383 MF-FB 25.6 39.5 39.9 1.54 2.97 1.25 3.51 1.38 4.94 1.96 

433 MF-FB 18.8 35.5 31.7 1.80 2.90 1.04 2.84 1.01 4.98 1.77 

1157 MF-FB 18.6 27.3 26.6 1.40 3.21 .89 3.11 .85 4.70 1.29 

1199 MF-FB 23.8 28.6 25.6 1.08 3.21 .98 2.88 .82 4.70 1.34 

IMF-CM = medium fat (8% whole cottonseed) and cottonseed meal; HF-CM = high fat (8% 
whole cottonseed plus 2.5% PFA) and cottonseed meal; MF-FB = medium fat (8% whole 
cottonseed) and fish, blood, and cottonseed meals; HF-FB = high fat (8% whole 
cottonseed plus 2.5% PFA) and fish, blood, and cottonseed meals. 
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Appendix C. Lactational performance of individual cows. (Exp. 1) (Continued). 

Cow# TRT DMI 

kg/d 

304 HF-CM 23.7 

365 HF-CM 26.8 

381 HF-CM 25.5 

438 HF-CM 23.5 

1240 HF-CM 22.9 

2214 HF-CM 25.1 

245 HF-FB 24.2 

315 HF-FB 24.9 

317 HF-FB 24.9 

393 HF-FB 26.6 

1181 HF-FB 18.9 

1291 HF-FB 23.2 

Milk 

kg/d 

38.0 

37.1 

38.0 

34.1 

29.4 

30.8 

32.6 

42.6 

34.0 

34.8 

24.5 

33.6 

FCM 

kg/d 

35.7 

37.6 

36.9 

32.5 

30.4 

30.6 

32.4 

41.9 

30.5 

33.9 

25.4 

33.8 

FCM/DMI 

1.51 

1.40 

1.46 

1.38 

1.34 

1.19 

1.36 

1.69 

1.30 

1.25 

1.36 

1. 52 

Protein Fat Lactose --------------------------------------
% 

2.68 

3.27 

2.91 

2.91 

3.10 

2.96 

3.18 

2.87 

3.10 

2.94 

3.36 

3.14 

kg/d 

1. 06 

1.20 

1.12 

1. 01 

.95 

.96 

1.07 

1.22 

1. 05 

1.09 

.85 

1.06 

9,-
o 

3.13 

3.60 

3.21 

3.23 

3.73 

3.55 

3.49 

3.40 

3.59 

3.22 

3.75 

3.54 

kg/d 

1.19 

1.33 

1.24 

1.09 

1. 09 

1.04 

1.13 

1.44 

1.22 

1.12 

.91 

1.19 

9,-
o 

4.59 

4.99 

5.01 

5.01 

4.71 

4.39 

4.82 

4.84 

4.82 

4.95 

4.75 

5.13 

kg/d 

1. 75 

1.86 

1. 90 

1.71 

1.38 

1.36 

1.57 

2.07 

1. 63 

1.72 

1.17 

1. 73 

IMF-CM = medium fat (8% whole cottonseed) and cottonseed meal; HF-CM = high fat (8% 
whole cottonseed plus 2.5% PFA) and cottonseed meal; MF-FB = medium fat (8% whole 
cottonseed) and fish, blood, and cottonseed meals; HF-FB = high fat (8% whole 
cottonseed plus 2.5% PFA) and fish, blood, and cottonseed meals. 
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Appendix C. Lactational performance of individual cows. (Exp. 1) (Continued). 

Cow# 

58 

366 

1204 

1234 

1257 

1272 

234 

292 

383 

433 

1157 

1199 

TRT 

MF-CM 

MF-CM 

MF-CM 

MF-CM 

MF-CM 

MF-CM 

MF-FB 

MF-FB 

MF-FB 

MF-FB 

MF-FB 

MF-FB 

SNF 
!l,.. o 

9.36 

9.62 

9.11 

9.24 

9.13 

9.07 

8.67 

8.77 

9.44 

9.16 

9.33 

9.52 

SCC 

x 103/ml 

144 

56 

190 

45 

133 

89 

51 

33 

44 

78 

53 

64 

BWC 

kg/d 

-5.16 

.54 

1.10 

.67 

-.33 

.95 

-.92 

.17 

.38 

-.25 

.35 

1.08 

BCSC 

o 
o 

.25 

o 
-.25 

-.25 

.25 

o 
o 

-.25 

.25 

-.50 

IMF-CM = medium fat (8% whole cottonseed) and cottonseed meal; HF-CM = high fat (8% 
whole cottonseed plus 2.5% PFA) and cottonseed meal; MF-FB = medium fat (8% whole 
cottonseed) and fish, blood, and cottonseed meals; HF-FB = high fat (8% whole 
cottonseed plus 2.5% PFA) and fish, blood, and cottonseed meals. 
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Appendix C. Lactational performance of individual cows (Exp. 1) (Continued). 

Cow# 

304 

365 

381 

438 

1240 

2214 

245 

315 

317 

393 

1181 

1291 

TRT 

HF-CM 

HF-CM 

HF-CM 

HF-CM 

HF-CM 

HF-CM 

HF-FB 

HF-FB 

HF-FB 

HF-FB 

HF-FB 

HF-FB 

SNF 

% 

8.60 

9.58 

9.27 

9.24 

9.32 

8.85 

9.49 

8.93 

9.25 

9.44 

9.63 

9.61 

SCC 

x 103/ml 

44 

46 

69 

78 

119 

127 

37 

28 

77 

93 

133 

418 

BWC 

kg/d 

-.19 

.27 

-.38 

.97 

.79 

.48 

.98 

.06 

-.78 

-.19 

.25 

.52 

BCSC 

-.25 

-.25 

-.25 

-.50 

-.25 

.25 

o 
-.25 

o 
o 

.25 

o 

IMF-CM = medium fat (8% whole cottonseed) and cottonseed meal; HF-CM = high fat (8% 
whole cottonseed plus 2.5% PFA) and cottonseed meal; MF-FB = medium fat (8% whole 
cottonseed) and fish, blood, and cottonseed meals; HF-FB = high fat (8% whole 
cottonseed plus 2.5% PFA) and fish, blood, and cottonseed meals. 
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Appendix D. Apparent digestibilities of nutrient in individual cows. (Exp. 1) 

Cow# 

58 

366 

1204 

1234 

1257 

1272 

234 

292 

383 

433 

1157 

1199 

TRTI 

MF-CM 

MF-CM 

MF-CM 

MF-CM 

MF-CM 

MF-CM 

MF-FB 

MF-FB 

MF-FB 

MF-FB 

MF-FB 

MF-FB 

DM 

56.2 

63.0 

58.4 

61.3 

42.7 

45.8 

58.8 

52.2 

60.1 

55.6 

39.8 

41.1 

OM 

56.7 

64.1 

59.4 

62.3 

43.2 

46.3 

59.8 

53.1 

60.4 

56.1 

41.0 

41.5 

CP 

61. 9 

71.2 

65.4 

63.4 

47.8 

49.1 

65.4 

59.8 

62.7 

59.7 

22.6 

51. 7 

Starch ADF 

86.7 39.7 

95.5 52.6 

92.7 45.6 

92.4 50.3 

80.7 28.7 

89.5 29.6 

97.7 28.9 

97.7 25.4 

95.5 36.2 

96.3 29.1 

95.2 21.3 

95.4 22.4 

NDF 

42.3 

51.5 

42.6 

46.9 

29.3 

30.1 

37.1 

30.7 

44.6 

33.7 

24.6 

23.7 

FA 

76.3 

83.4 

79.6 

80.1 

71.3 

73.2 

71.0 

73.1 

73.4 

67.8 

64.9 

69.4 

IMF-CM = medium fat (8% whole cottonseed) and cottonseed meal; HF-CM = high fat (8% 
whole cottonseed plus 2.5% PFA) and cottonseed meal; MF-FB = medium fat (8% whole 
cottonseed) and fish, blood, and cottonseed meals; HF-FB = high fat (8% whole 
cottonseed plus 2.5% PFA) and fish, blood, and cottonseed meals. 
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Appendix D. Apparent digestibilities of nutrient in individual cows (Exp. 1) 
(Continued) . 

Cow# 

304 

365 

381 

438 

1240 

2214 

245 

315 

317 

393 

1181 

1291 

TRTI 

HF-CM 

HF-CM 

HF-CM 

HF-CM 

HF-CM 

HF-CM 

HF-FB 

HF-FB 

HF-FB 

HF-FB 

HF-FB 

HF-FB 

DM 

62.2 

62.0 

63.6 

53.8 

54.5 

43.5 

46.1 

54.7 

55.4 

55.8 

39.5 

33.5 

OM 

62.7 

62.9 

64.6 

54.1 

55.0 

44.9 

46.2 

55.1 

56.1 

56.6 

40.8 

35.6 

CP 

67.1 

65.3 

66.4 

60.4 

59.9 

45.3 

57.4 

64.2 

62.7 

63.0 

56.8 

43.8 

Starch ADF 

93.1 48.8 

93.1 50.1 

93.9 53.9 

90.4 34.0 

92.9 33.7 

87.2 29.3 

91.8 25.6 

92.9 34.3 

94.3 30.3 

90.6 28.9 

94.9 19.6 

89.5 22.9 

NDF 

47.9 

51.5 

55.1 

32.1 

34.6 

31.2 

34.5 

36.2 

42.5 

45.9 

25.2 

26.9 

FA 

78.4 

79.3 

80.6 

77.1 

74.6 

69.4 

69.9 

74.1 

78.2 

76.6 

68.3 

67.1 

IMF-CM = medium fat (8% whole cottonseed) and cottonseed meal; HF-CM = high fat (8% 
whole cottonseed plus 2.5% PFA) and cottonseed meal; MF-FB = medium fat (8% whole 
cottonseed) and fish, blood, and cottonseed meals; HF-FB = high fat (8% whole 
cottonseed plus 2.5% PFA) and fish, blood, and cottonseed meals. 
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Appendix E. Lactational performance of individual cows. (Exp. 2). 

Cow# TRTI DMI Milk FCM FCM/DMI Protein Fat Lactose 

kg/d kg/d kg/d % kg/d % kg/d % kg/d 

387 MF-S 25.1 25.6 23.5 1.02 3.05 .78 3.00 .77 5.03 1.28 

450 MF-S 26.8 36.1 32.3 1.35 2.91 1.05 2.85 1. 03 4.71 1. 70 

507 MF-S 28.5 27.7 23.6 .97 2.88 .80 2.58 .71 5.06 1.40 

515 MF-S 18.5 24.0 21.5 1.30 3.02 .72 2.87 .69 5.09 1.22 

1225 MF-S 33.6 35.5 29.1 1.05 2.76 .98 2.40 .85 4.95 1. 76 

1329 MF-S 24.7 29.9 28.4 1.21 3.05 .91 3.20 .96 5.17 1.54 

415 MF-EC 22.7 25.4 24.4 1.12 3.18 .81 3.24 .82 4.42 1.12 

493 MF-EC 23.6 31.7 28.4 1.34 2.66 .84 2.86 .91 5.04 1. 59 

497 MF-EC 21.9 26.5 26.5 1.21 3.06 .81 3.51 .93 5.16 1.36 

511 MF-EC 22.9 28.7 26.1 1.25 2.93 .84 2.93 .84 5.22 1.50 

1204 MF-EC 32.5 47.1 44.7 1.45 2.86 1.35 3.18 1.50 4.79 2.25 

1244 MF-EC 29.1 27.4 27.8 .94 3.14 .86 3.59 .98 4.82 1.32 

ITRT (treatments): MF-S = medium fat (7% WCS) and corral shade (S); HF-S = high fat 
(7% WCS plus 3% PFA) and corral shade (S) i MF-EC = medium fat (7% WCS) and 
evaporative cooling plus Si HF-EC = high fat (7% WCS plus 3% PFA) and evaporative 
cooling plus S. 
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Appendix E. Lactational performance of individual cows. (Exp. 2) (Continued). 

Cow# TRTI DMI Milk FCM FCM/DMI 

kg/d kg/d kg/d 

376 HF-S 30.3 

514 HF-S 32.3 

528 HF-S 18.7 

1229 HF-S 21.9 

1279 HF-S 23.2 

1318 HF-S 22.8 

292 HF-EC 19.8 

421 HF-EC 25.5 

430 HF-EC 31.8 

522 HF-EC 23.4 

1314 HF-EC 23.1 

1333 HF-EC 23.5 

36.7 

28.9 

26.9 

26.8 

29.2 

30.8 

29.0 

32.4 

37.2 

31.2 

32.4 

26.2 

37.2 1.08 

26.3 .89 

27.8 1.44 

26.3 1.22 

29.2 1.26 

29.3 1.35 

26.7 1.46 

31.9 1.27 

32.0 1.17 

29.2 1.34 

28.7 1.40 

27.37 1.11 

Protein Fat Lactose --------------------------------------
!1" a 

2.78 

2.92 

2.87 

2.98 

3.22 

3.00 

2.75 

3.14 

2.65 

2.77 

2.90 

3.21 

kg/d 

1. 02 

.85 

.77 

.80 

.94 

.92 

.80 

1.01 

.99 

.86 

.94 

.84 

% 

3.58 

2.94 

3.72 

3.41 

3.48 

3.21 

3.02 

3.41 

2.64 

3.10 

2.80 

3.74 

kg/d 

1.31 

.85 

1. 00 

.91 

1.02 

.99 

.87 

1.10 

.98 

.97 

.91 

.98 

% 

4.88 

5.21 

5.29 

5.06 

4.90 

4.84 

4.78 

5.06 

4.88 

4.87 

4.70 

5.22 

kg/d 

1.79 

1.51 

1.42 

1.35 

1.43 

1.49 

1.38 

1. 64 

1. 82 

1.52 

1.52 

1.37 

ITRT (treatments): MF-S = medium fat (7% WCS) and corral shade (S); HF-S = high fat 
(7% WCS plus 3% PFA) and corral shade (S); MF-EC = medium fat (7% WCS) and 
evaporative cooling plus S; HF-EC = high fat (7% WCS plus 3% PFA) and evaporative 
cooling plus S. 
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Appendix E. Lactational performance of individual cows. (Exp. 2) (Continued). 

Cow# 

387 

450 

507 

515 

1225 

1329 

415 

493 

497 

511 

1204 

1244 

TRTI 

MF-S 

MF-S 

MF-S 

MF-S 

MF-S 

MF-S 

MF-EC 

MF-EC 

MF-EC 

MF-EC 

MF-EC 

MF-EC 

SNF 

% 

8.68 

8.02 

8.56 

8.69 

8.29 

8.87 

8.19 

8.27 

8.81 

8.76 

8.23 

8.57 

SCC BWC 

x 103/ml kg/d 

39 

47 

52 

55 

63 

50 

74 

40 

26 

104 

113 

61 

.60 

-.06 

.73 

-.94 

-.30 

.90 

-.10 

.23 

.86 

.63 

.10 

.10 

BCSC 

-.25 

-.25 

-.25 

-.25 

o 
.50 

o 
-.25 

o 
-.25 

-.25 

o 

RT 

°c 
39.3 

39.4 

39.1 

40.7 

39.0 

39.2 

39.8 

39.8 

39.9 

39.3 

39.9 

39.3 

RR 

breaths/min 

93 

69 

76 

103 

69 

77 

85 

96 

76 

59 

95 

75 

lTRT (treatments): MF-S = medium fat (7% whole cottonseeds, WCS) and corral shade 
(S); HF-S = high fat (7% WCS plus 3% PFA) and corral shade (S); MF-EC = medium fat 
(7% WCS) and ev~porative cooling plus S; HF-EC = high fat (7% WCS plus 3% PFA) and 
evaporative cooling plus S. 
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Appendix E. Lactational performance of individual cows. (Exp. 2) (Continued) . 

Cow# TRT SNF SCC BWC BCSC RT RR 

% x 103/ml kg/d °c times/min 

376 HF-S 8.24 35 -.43 -.25 40.5 84 

514 HF-S 8.74 141 .08 -.25 39.2 85 

528 HF-S 8.79 52 -.31 -.25 39.9 104 

1229 HF-S 8.66 47 .16 -.50 40.2 84 

1279 HF-S 8.78 40 .75 -.25 39.6 80 

1318 HF-S 8.39 112 -.40 0 39.7 78 

292 HF-EC 8.15 51 1.25 .25 39.4 85 

421 HF-EC 8.80 45 .78 0 39.4 85 

430 HF-EC 8.10 29 .67 -.25 39.6 71 

522 HF-EC 8.24 34 .17 -.25 39.5 96 

1314 HF-EC 8.15 39 .63 .25 39.2 75 

1333 HF-EC 9.05 49 .73 .25 40.0 95 

ITRT (treatments): MF-S = medium fat (7% whole cottonseed, WCB) and corral shade (B) ; 
HF-S = high fat (7% WCS plus 3% PFA) and corral shade (S); MF-EC = medium fat (7% 
WCS) and evaporative cooling plus S; HF-EC = high fat (7% WCS) and evaporative 
cooling plus S. 
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Appendix F. Apparent digestibilities of nutrient in individual cows. (Exp. 2) 

CoW# TRTI DM OM CP Starch ADF NDF FA 

387 MF-S 58.7 60.1 63.9 98.3 37.1 41. 6 74.6 

450 MF-S 63.2 64.5 69.5 98.0 40.7 54.8 78.2 

507 MF-S 75.1 76.2 77.3 99.2 64.9 63.9 79.9 

515 MF-S 63.0 63.8 70.3 98.3 35.2 40.0 76.6 

1225 MF-S 74.9 75.9 79.0 98.2 61.9 62.0 77.3 

1329 MF-S 50.6 53.2 59.5 98.2 18.7 55.9 71. 7 

415 MF-EC 51.5 53.4 60.6 99.0 19.7 21.5 72.6 

493 MF-EC 50.6 52.0 57.5 98.8 20.6 19.5 74.7 

497 MF-EC 60.2 61.4 53.8 99.0 36.2 48.2 79.6 

511 MF-EC 75.3 76.3 77.8 99.2 62.1 59.7 80.3 

1204 MF-EC 69.4 70.3 77.2 97.9 52.5 71.4 79.3 

1244 MF-EC 50.4 51. 0 65.3 98.7 15.2 63.7 73.1 

ITRT (treatments): MF-S = medium fat (7% whole cottonseed, WCS) and corral shade (S) ; 
HF-S = high fat (7% WCS plus 3% PFA) and corral shade (S); MF-EC = medium fat (7% 
WCS) and evaporative cooling plus S; HF-EC = high fat (7% WCS plus 3% PFA) and 
evaporative cooling plus S. 
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Appendix F. Apparent digestibilities of nutrient in individual cows. (Exp. 2) 

Cow# 

376 

514 

528 

1229 

1279 

1318 

292 

421 

430 

522 

1314 

1333 

TRTI 

HF-S 

HF-S 

HF-S 

HF-S 

HF-S 

HF-S 

HF-EC 

HF-EC 

HF-EC 

HF-EC 

HF-EC 

HF-EC 

DM 

70.2 

75.1 

60.9 

67.9 

56.8 

59.0 

68.2 

60.2 

60.4 

66.4 

63.4 

51.1 

OM 

70.8 

75.7 

60.7 

68.5 

58.5 

60.3 

69.0 

60.9 

61. 7 

67.1 

64.8 

52.7 

CP 

74.5 

78.8 

68.2 

71.4 

63.6 

62.6 

74.5 

68.7 

66.1 

74.0 

66.2 

58.1 

Starch ADF 

98.7 55.3 

98.4 65.0 

97.7 36.3 

98.4 54.2 

98.5 29.6 

98.1 39.5 

99.2 49.8 

98.6 37.7 

98.7 44.8 

98.3 44.2 

98.3 46.7 

97.7 32.4 

NDF 

60.5 

71. 0 

56.7 

52.6 

64.6 

37.2 

56.8 

61.9 

76.5 

48.9 

27.7 

45.2 

FA 

74.2 

77.5 

72.8 

75.0 

72.7 

72.6 

78.3 

73.0 

75.0 

75.8 

74.4 

73.7 

ITRT (treatments): MF-S = medium fat (7% WCS) and corral shade (S) i HF-S = high fat 
(7% WCS plus 3% PFA) and corral shade (S) i MF-EC = medium fat (7% WCS) and 
evaporative cooling plus Si HF-EC = high fat (7% WCS) and evaporative cooling plus 
shade. 
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Appendix G. Milk fatty acids composition of individual cows. (Exp. 2). 

Cow# TRTI C4:o C6:o Cs:o ClO:O C12:0 C14:0 C16:0 CIS:O CIS: I CIS:2 CIS:3 

387 MF-S 3.46 2.20 1. 67 3.76 3.54 13.04 28.33 9.66 28.80 3.95 .79 

450 MF-S 3.73 2.25 1.23 3.31 3.98 10.75 31.22 9.06 26.35 5.78 1.21 

507 MF-S 3.82 2.28 1.34 2.83 4.02 10.64 29.31 10.25 27.43 6.46 .99 

515 MF-S 3.99 3.00 1.43 3.06 4.95 9.23 35.46 9.31 22.45 4.97 1.01 

1225 MF-S 3.66 2.26 1.30 2.90 2.97 11.44 31.01 12.94 25.18 4.72 .87 

1329 MF-S 4.56 2.46 1.42 2.67 2.19 12.48 28.42 13.65 24.61 5.36 1.24 

415 MF-EC 3.45 2.24 1.44 3.96 5.03 12.53 32.29 9.60 22.39 5.62 .87 

493 MF-EC 3.73 2.19 1.37 3.84 3.98 9.70 29.24 12.87 26.26 4.58 1.15 

497 MF-EC 3.94 3.07 1.30 2.79 3.34 11. 69 31.65 9.75 25.02 5.69 1.03 

511 MF-EC 4.32 2.45 1.25 3.25 3.20 12.74 28.77 10.61 25.39 5.92 1.21 

1204 MF-EC 4.10 2.05 1.19 1. 96 2.98 10.80 34.70 11.07 24.69 5.17 .71 

1244 MF-EC 3.87 2.27 1.36 2.56 3.54 11.13 30.96 13.89 23.61 4.89 .98 

ITRT (treatments): MF-S = medium fat (7% WCS) and corral shade (S); HF-S = high fat 
(7% WCS plus 3% PFA) and corral shade (S); MF-EC = medium fat (7% WCS) and 
evaporative cooling plus S; HF-EC = high fat (7% WCS plus 3% PFA) and evaporative 
cooling plus shade. 
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Appendix G. Milk fatty acids composition of individual cows. (Exp. 2) (Continued) . 

Cow# TRTI C4:0 C6:0 Cs:o CIO:O C12:o C14:0 C16:0 CIS:O CIS:I CIS:2 CIS:3 

376 HF-S 3.32 2.05 1.21 3.65 2.43 8.38 32.71 14.07 24.40 5.64 1.15 

514 HF-S 3.75 2.17 1. 09 2.08 2.89 9.45 35.42 9.47 27.27 4.40 1.03 

528 HF-S 4.27 2.32 1.35 2.36 3.22 10.10 28.96 12.67 27.46 4.89 1.20 

1229 HF-S 3.73 1.94 1.01 1.99 3.04 9.69 35.19 11.53 26.12 4.04 .85 

1279 HF-S 4.78 2.21 1.23 2.29 3.10 11.40 33.95 10.65 21.67 6.38 1.21 

1318 HF-S 3.99 2.38 1.15 2.02 2.69 9.09 34.01 10.16 27.28 5.36 1. 04 

292 HF-EC 3.50 2.26 1.11 3.37 2.87 8.87 36.33 9.98 25.02 4.66 .92 

421 HF-EC 3.63 2.19 1.30 3.29 2.90 9.92 36.38 11.26 22.05 5.10 .99 

430 HF-EC 3.74 2.22 1.19 3.24 2.13 11.39 32.71 12.30 24.06 5.25 .87 

522 HF-EC 4.41 2.36 1.21 2.07 3.25 9.14 34.45 10.59 25.69 4.90 .97 

1314 HF-EC 4.15 2.10 1.15 1.89 2.62 9.38 33.35 13.50 24.70 5.32 .92 

1333 HF-EC 3.97 1. 94 1.06 1. 97 4.22 9.77 28.90 14.05 26.03 6.02 1. 01 

ITRT (treatments): MF-S = medium fat (7% WCS) and corral shade (S); HF-S = high fat 
(7% WCS plus 3% PFA) and corral shade (S); MF-EC = medium fat (7% WCS) and 
evaporative cooling plus S; HF-EC = high fat (7% WCS plus 3% PFA) and evaporative 
cooling plus shade. 
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Appendix H. Lactational performance of individual cows. 
(Exp. 3) . 

Cow# TRTI Period DMI Milk FCM FCM/DMI Protein 

kg/d kg/d kg/d % kg/d 

302 HF-LQ 1 27.2 44.1 37.5 1.38 2.88 1.27 

490 HF-HQ 1 27.3 31.1 32.5 1.19 3.56 1.22 

1295 MF-HQ 1 27.5 52.1 43.8 1.59 2.60 1.36 

1308 MF-LQ 1 28.7 28.3 22.7 .79 2.91 .82 

302 MF-HQ 2 25.4 40.7 35.0 1.38 2.55 1. 04 

490 MF-LQ 2 24.5 29.9 30.1 1.22 3.29 .98 

1295 HF-HQ 2 27.3 54.2 43.6 1.60 2.59 1.40 

1308 HF-LQ 2 30.1 31. 9 31. 9 1. 06 3.25 1. 04 

302 HF-HQ 3 23.0 43.2 37.1 1.61 2.66 1.15 

490 HF-LQ 3 23.2 29.8 30.0 1.29 3.32 .99 

1295 MF-LQ 3 20.1 39.9 35.5 1.76 2.54 1. 01 

1308 MF-HQ 3 30.4 29.4 29.5 .97 3.24 .95 

302 MF-LQ 4 20.9 36.6 31.9 1. 53 2.62 .96 

490 MF-HQ 4 21.1 29.5 29.6 1.40 3.42 1. 01 

1295 HF-LQ 4 26.7 42.4 34.4 1.29 2.55 1. 08 

1308 HF-HQ 4 29.4 32.5 34.7 1.18 3.28 1. 07 

ITRT (treatments) : MF-LQ = medium fat (7% WCS) and low 
quality protein; HF-LQ = high fat (7% WCS plus 2.5% PFA) and 
low quality protein; MF-HQ = medium fat (7% WCS) and high 
quality protein; HF-HQ = high fat (7% WCS plus 2.5% PFA) and 
high quality protein. 
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Appendix H. Lactational performance of individual cows. 
(Exp. 3) (Continued) . 

Cow# TRTI Period Fat Lactose BNF 
g,. 
0 kg/d % kg/d % 

302 HF-LQ 1 2.58 1.14 4.87 2.15 8.34 

490 HF-HQ 1 3.20 1. 09 4.80 1.64 8.97 

1295 MF-HQ 1 2.52 1.31 4.65 2.42 7.83 

1308 MF-LQ 1 2.28 .65 4.74 1.34 8.23 

302 MF-HQ 2 2.63 1.07 4.78 1.95 7.90 

490 MF-LQ 2 3.53 1.06 4.84 1.45 8.73 

1295 HF-HQ 2 2.30 1.25 4.43 2.40 7.59 

1308 HF-LQ 2 3.50 1.12 4.90 1.57 8.76 

302 HF-HQ 3 2.62 1.13 4.71 2.04 7.95 

490 HF-LQ 3 3.53 1.05 4.67 1.39 8.59 

1295 MF-LQ 3 2.82 1.12 4.39 1. 75 7.50 

1308 MF-HQ 3 3.52 1.04 4.89 1.44 8.73 

302 MF-LQ 4 2.72 .99 5.21 1. 91 8.39 

490 MF-HQ 4 3.53 1.04 5.17 1.52 9.20 

1295 HF-LQ 4 2.34 .99 5.43 2.30 8.55 

1308 HF-HQ 4 3.92 1.27 4.44 1.44 8.33 

ITRT (treatments) : MF-LQ = medium fat (7% WCB) and low 
quality protein; HF-LQ = high fat (7% WCB plus 2.5% PFA) and 
low quality protein; MF-HQ = medium fat (7% WCB) and high 
quality protein; HF-HQ = high fat (7% WCB plus 2.5% PFA) and 
high quality protein. 
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