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ABSTRACT 

Two experiments were conducted to evaluate the effect of tallow 

supplementation on the true metabolizable energy (TME) and nutrient 

utilization of some feed ingredients by laying hens. The feedstuffs used 

in this study were wheat bran, dehydrated alfalfa meal, oats and rolled 

barley. Each feedstuff was supplemented with four levels (0, 2, 4 and 6 

percent) of tallow. 

Tallow supplementation significantly (P <.05) improved total fat 

and mono and poly-unsaturated fatty acid retentions in all feedstuffs. 

Whereas, protein retentions were only improved in wheat bran and 

dehydrated alfalfa meal. The true availability of lysine was 

significantly (P <.05) improved in all carriers. 

Furthermore, tallow addition improved TME values of all carriers. 

The TME value of tallow differed between feedstuffs; wheat bran and oat 

carriers permitted greater TME values than dehydrated alfalfa meal and 

rolled barley (13.97, 13.99, 11.04, and 11.02 Kcal/g, respectively). TME 

values of tallow were in excess of their gross energies (GE) with all 

carriers due, presumably, to improvements in protein, starch or fat 

utilization. 

v i i i  



CHAPTER 1 

INTRODUCTION 

The use of supplemental fat has become an important aspect of 

modern poultry feeding practices. In addition to improving the physical 

characteristics of feeds, fats serve as a concentrated source of dietary 

energy. Several studies have shown that supplemental fat improves the 

efficiency of feed utilization in growing poultry as well as in laying 

hens (Lillie et. al., 1947; Jackson, Kirkatric, and Fulton, 1969; Reid 

and Weber, 1975; Sell, Horani, and Johnson, 1976). The magnitude of 

improvement is considered to be a reflection of the increased 

metabolizable energy (ME) concentration of fat supplemented rations. 

In 1966, Touchburn and Naber observed an improvement in the 

performance of turkeys resulting from fat supplementation. This 

improvement exceeded that which would be anticipated upon the basis of 

the recognized energy contribution by fat alone. This phenomenon was 

termed as the "extra-caloric effect" of fat. Jensen, Schumaier, and 

Latshaw, (1970) confirmed that fats exerted an extra-caloric effect when 

added to diets of turkeys reared from eight to 24 weeks of age. 

Metabolizable energy (ME) values for fats differ according to the 

basal diet in which they are included. This effect has been observed in 

both apparent metabolizable energy (AME) studies (Kalmbach and Potter, 

1959; Cullen, Rasmussen, and Wilder, 1962) and in others based upon true 

metabolizable energy (TME) (Sibbald and Kramer, 1978; 1980). In some 
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instances the AME and TME values of fat have been reported to exceed 

their gross energy values. Horani and Sell (1977a) termed this an "extra 

metabolic effect" to distinguish it from the "extra-caloric effect" 

reported by Touchburn and Naber (1966). The "extra metabolic effect" of 

fat has been attributed to improved absorption of other basal diet 

nutrients. 

Numerous studies have been conducted to clarify some of the 

ambiguities of the "extra metabolic" and "extra-caloric" effects of fats. 

Young (1961) and Sibbald, Slinger and Ashton (1961) reported that the 

absorption of saturated fatty acids of the supplemental fat was improved 

by the presence of unsaturated fatty acids in the basal diet. Lesson and 

Summers (1976) hypothesized that the "extra-caloric effect" of 

supplemental animal fats in poultry ration was due to a synergism between 

the unsaturated fatty acids of vegetable origin and the saturated fatty 

acids of supplemental fats. Data presented by Sibbald and Kramer (1977, 

1978) provided additional evidence that the unsaturated fatty acids of 

vegetable fat (especially linoleic acid) improved the efficiency with 

which ME was derived from a saturated fat. Mateos and Sell (1980) 

attributed the extra-caloric effect to the interaction between 

supplemental fats and those fats inherent in other diet components, and 

also to a beneficial influence of added fats upon energy utilization from 

certain non-lipid dietary constituents. In another study, Mateos and 

Sell (1981b) suggested that supplemental fat facilitates energy 

utilization from non-lipid dietary components by decreasing passage rate, 

allowing increased absorption of dietary constituents. 
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The objectives of the present study were to evaluate the effects 

of tallow on the true metabolizable energy (TME) of wheat bran, 

dehydrated alfalfa, oats and rolled barley and to evaluate the effects of 

tallow on starch, protein (amino acid) and fatty acid retentions. 



CHAPTER 2 

LITERATURE REVIEW 

True Metabolizable Energy (TME) 

Metabolizable energy (ME) is a common measure used in the poultry 

feed formulation. However, ME or apparent ME (AME) fails to account for 

metabolic fecal energy (FEm) and endogenous urinary energy (UEe). 

Guillaume and Summers (1970) hypothesized that under standardized 

conditions, the excretion of metabolic fecal energy plus endogenous 

urinary energy (FEm + UEe) is constant. Therefore, the energy losses as 

(FEm + UEe) are relatively small when feed intake is high. However, as 

energy intake is reduced, energy losses as FEm + UEe become more 

significant and should decrease the AME value. Guillaume and Summers 

concluded that AME values vary with the level of feed intake. Sibbald 

(1975) conducted several experiments to test this hypothesis. He clearly 

demonstrated that the AME value of wheat was influenced by the level of 

feed intake. Accordingly, he proposed a new procedure to measure 

metabolizable eneryy which takes FEm + UEe into account. 

Sibbald (1976a) developed the true metabolizable energy (TME) 

bioassay based on the assumptions that a linear relationship exists 

between energy voided as excreta (Y) and feed intake (X), and that the Y-

axis regression line intercept is independent of the nature of the feed. 

In addition, the metabolic plus endogenous energy (FEm + UEe) is 
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estimated by using unfed birds. This bioassay could be outlined as 

follows: 

1. An adult rooster is selected and starved for about 21 hours 
in order to clear its digestive tract. Duriny this period, it 
is housed in an individual cage with free access to water. 

2. The bird is then force-fed an exactly weighed amount (20 to 
25 g.) of the material to be assayed. 

3. After the force-feeding, a tray is placed under the cage and 
the time is recorded. 

4. A second control bird of similar weight is selected and given 
identical treatment, but food is withheld. 

b. The experiment is repeated for the desired number of 
replications. 

6. After 24 hours, the plastic trays are removed and the excreta 
is collected, quantitatively frozen, freeze dried, allowed to 
equilibriate with atmosphere and weighed. 

7. The gross energy is determined for both the assayed material 
and the voided excreta. 

8. TME (Kcal/g. air dry) is calculated as: 

TME = [(GE f.X) - (Yef - Yec)]/X 

where GE f  is the gross energy of the feedstuff (Kcal/g.); 
Yef is the energy voided as excreta by fed bird; 
Yec is the energy voided as excreta by unfed bird; 
X is the weiyht of feedstuff fed (g.). 

Sibbald's TME bioassay (1976a) has many advantages over 

conventional methods of determining metabolizable energy (ME) which yield 

apparent values of metabolizable energy (AME). It has been shown that 

AME values vary with the level of feed intake (Sibbald, 1975); age 

(Bayley, Summers, and Slinger, 1968; Zelenka, 1968; Lodhi, Renner, and 

Clandinin, 1969), strain and breed (Sibbald and Slinger, 1963; Slinger, 

Sibbald, and Repper, 1964; Foster, 1968) and species of the assay bird 
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(Slinger, Sibbald, and Repper, 1964; Bayley, Summers, and Slinger, 1968; 

Fisher and Shannon, 1973; Lesson et al., 1974). On the other hand the 

TME bioassay provides results rapidly, using a small quantity of test 

material; the values obtained are independent of variations in feed 

intake. Because of these important advantages, many researchers began to 

investigate the accuracy of this bioassay and the possibility to take 

over (AME) in the practical feed formulation. 

Sibbald (1977a) found that the standard errors of mean TME values 

decreased as the level of feed intake increased from 10 to 30 g. per 

bird. Also, he indicated that feeding a bird more than 40 g. produces a 

risk of regurgitation. Storey and Allen (1982) measured the AME and TME 

of different feeas for mature nonlayiny female Embden geese. They found 

a significant quadratic increase in AME values as the level of feed 

intake increases. However, the TME values showed a decreasing trend as 

input levels were increased from 10 to 70 g.; this result agrees with the 

findings of Sibbald (1977a). 

Sibbald used adult roosters to determine TME values for feeds, 

using adult roosters known to be in nitrogen equilibrium. Therefore, it 

is important to determine if the values are applicable to the diet 

formulations for young birds. Sibbald (1978b) concluded that TME values 

determined with adult roosters are useful in the formulation of diets for 

young growing birds. The result was confirmed by Shires et al. (1980), 

except in the case of high-ylucosinlate rapseed meal. In contrast, 

Kussaibati, Guillaume, and Leclercq, (1982) cautioned that it is 

inappropriate to use TME method for determining the energy status of 
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diets for young chicks. Boldaji et al. (1981) reported that normal size 

roosters had (P<.01) significantly higher TME values than dwarf roosters. 

Data provided by Sibbald (1976c) indicated that TME values are 

not influenced by the strain or sex of the assay birds. Also, he found 

that TME values of feeds are not affected by egg production. 

The effect of dietary fillers (sand, grit and cellulose) was 

studied by Sibbald (1980), he indicated that cellulose had no influence 

on the TME of corn. In another study, conducted by Miles et al. (1981), 

it was clearly demonstrated that TME values were not significantly 

affected when 25 g. filler/Kg. (25g. sand + 25 g. grit/Kg) produced a 

higher TME value than did either 25 g. sand/Kg. or 25 g. grit/Kg. Later 

in their study, they found that the substitution of 25 g. cellulose/Kg. 

resulted in a nonsignificant decrease in the TME value. 

Fraser and Sibbald (1983) investigated the effect of precision 

feeding (PF) on the TME values. They found that (PF) has little effect 

on the TME and the behavior of the assay birds. 

Grinding and pelleting of the assayed material was found to 

affect the determined TME. Sibbald (1982) reported that fine grinding of 

feedingstuffs decreased (rather than enhanced) energy availability. This 

decrease in energy availability may be explained by possible damage to 

dietary proteins caused by heat associated with the fine grinding 

procedure. Accordingly, Sibbald suggested that fine grinding contributes 

little to the TME bioassay. Pelleting was also studied by Sibbald 

(1976b). He demonstrated that pelleting enhanced the TME values of 

wheats by 3.5% and barleys by 0.9%, but decreased those of oats by 3.5%. 
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Sibbald (1979a) measured the rate of excreta production; he 

concluded that most feedingstuffs are voided within 24 hours. However, 

24 hours of excreta collection may not be long enough to account for all 

indigestible dietary materials found in some feeds (Chami, Vahra and 

Kratzer, 1980). The earlier finding by Chami led Kessler and Thomas 

(1981) to conduct a series of experiments using different feedingstuffs. 

Their results confirmed the findings of Chami, and they recommended a 48 

hour collection period for the TME system. The new collection period 

provides ample time for excretion of all undigestible material. 

Shires et al. (1979) studied the effects of the previous diet, 

body weight and the duration of starvation of the assay birds used in the 

TME system. They concluded that the previous intake of protein or 

purified cellulose and body weight distribution of the assay bird had no 

significant effect on the TME values of corn. However, fasting periods 

of less than 24 hours before force feeding resulted in a significant 

(P<.05) decrease in the TME values of corn. 

In an attempt to measure the effect of drying procedure on the 

excreta energy value, Sibbald (1979d) found that freeze drying has no 

effect on the TME values. Wallis and Balnave (1983) indicated that the 

drying procedure affected the determined energy and nitrogen 

concentration of excreta. 

Effect of Carrier on the True Metabolizable Energy (TME) 

The effects of the basal diet and supplemental fat on the TME of 

feed ingredients have been investigated by several workers. Sibbald and 

Price (1977) studied the effect dietary inclusion of calcium on the TME 
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values of fats. Their results indicated that the amount of calcium in 

the feed influences the TME values of tallow. Their data indicated a 

decrease in the TME values of tallow when the birds are fed high calcium 

basal diet. Sibbald and Kramer (1978) investigated the effect of the 

basal diet on the TME values of fat. They found that the TME of tallow 

depressed with the level of dietary inclusion and changed with the basal 

diet. They also observed a significant linear relationship between the 

TME and the quantities of phospholipid and linoleic acid per unit weight 

of dietary fat. The later finding was confirmed in another study 

conducted by Sibbald and Kramer (1980a, b). They suggested that the 

reason for the inverse relationship between TME of tallow and the level 

of inclusion may be related to a dilution effect of the factor(s) in the 

basal diet which stimulate tallow utilization. In a similar study 

conducted by Salmon (1984), a higher TME of full-fat canola meal was 

observed when it was fed with wheat at low dietary level than when fed 

alone. 

Dale and Fuller conducted several experiments to study the effect 

carier, ratio of basal diet fat to test fat and level of inclusion on the 

TME of fats. In the first experiment, they determined the TME of corn 

oil, using both practile and purified carriers. The data they obtained 

indicated that the TME of corn oil was significantly higher when assayed 

with low-fat carriers (soybean meal or other extracted feed) than when it 

was assayed with high-fat carriers (corn or mixed feed). The addition of 

corn oil to low-fat diets was found to enhance the absorption of these 

substances (Dale and Fuller, 1981). A second experiment was conducted in 
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order to evaluate the influence of basal dietary fat on the TME of test 

fat. An improvement was found in the TME of tallow as the ratio of basal 

fat:test fat was increased from 1:1.45 to 1:1. At this ratio, they found 

that the unsaturated to saturated fatty acids ratio for tallow was 2.2:1 

in diets containing supplemental fat. This ratio should allow maximum 

absorption of the long chain saturated fatty acias (Fuller and Dale, 

19B2). 

In a third experiment, Dale and Fuller (1982c) compared the TME 

of corn oil with two samples of tallow varying in stearic acid (18:0) at 

2.5% level of inclusion in a corn - soybean meal basal diet. No 

significant difference could be shown between them. All of the values 

were greater than the gross energy of fat, suggesting an improvement in 

the utilization and absorption of other dietary components. However, at 

the 15% level in a purified basal diet, the TME of corn oil was 

significantly higher than that of the tallows and all of the values were 

below the gross energy level of fat. They concluded that the use of the 

particle corn - soybean meal basal diet improved the TME of corn oil by 

22.4%, low 18:0 tallow by 34.9% and high 18:0 tallow by 43.0%. 

The finding of Sibbald and Kramer (1978) was confirmed by Mateos 

and Sell {1980). They reported an inverse relationship between the level 

of yellow grease supplementation and its TME values. The TME values of 

yellow grease were 11,567 Kcal/Kg. and 8,907 Kcal/Kg. at the 3% and 15% 

levels of inclusion, respectively. 

Sibbald and Kramer (1977), in an attempt to measure the TME 

values of fats and fat mixtures, obtained several important results. 
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They found that numerous fats had TME values which were greater than 

their gross energy values. This observation led them to suggest an 

interaction between the added fats and the basal diet, allowing greater 

utilization of energy from the dietary constituents. Moreover, they 

observed that the TME values of several fat mixtures were greater than 

the sum of the TME values of their component parts. 

In another part of their experiment, Sibbald and Kramer proved 

that high TME values were often associated with low levels of saturated 

fatty acids and dieonic acid, with the exception of lard. They also 

found that the TME values of fat mixtures were affected by the location 

of saturated fatty acids on the glycerol molecule and the degree of 

unsaturation. 

In another study, conducted by Sibbald (1978a), the effect of 

adding soybean oil to tallow was examined. The data obtained indicated 

that two parts of soybean oil per 98 parts of tallow were enough to 

increase the TME of the mixture even more than the sum of the means of 

the component parts. 

Metabolic and Endogenous Energy Losses and TME 

The bioassay for TME involves a correction for metabolic plus 

endogenous energy (FEm + UEe) losses which have been determined with 

unfed birds (Sibbald, 1976a). There is a growing belief among many 

workers that the use of this correction is inappropriate and may yield 

misleading results. 
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Sibbald and Price (1980) studied the variability in FEm + UEe 

losses of adult cockerels. They concluded that the use of each bird as 

its own negative control could improve the precision of TME estimates. 

Parsons, Potter, and Bliss, (1982) concluded that metabolic fecal and 

endogenous urinary energy (FEm + UEe), as measured from fasted birds, 

gives an unjustifiably large correction for accurate TME determinations. 

The age, sex and strain of the test birds have been reported to 

influence the metabolic plus endogenous energy losses. Miski and Quazi 

(1981) concluded that FEm + UEe losses of broilers differ with age 

according to their basal metabolic rate (BMR). Also they reported a 

variation in FEm + UEe losses of adult birds of the same or different 

strains and sexes, because of differences in the body composition and BMR 

energy needs. Finally, they concluded that the higher the BMR energy 

needs, the higher would be the FEm + UEe losses. 

Dale and Fuller (1982b) compared energy losses between fed and 

fasted roosters. An inverse relationship between endogenous energy 

excretion and level of energy intake was found. The reason for this 

inverse relationship was explained by the sparing effect of feed on the 

catabolism of body tissues, and by the energy derived from the assayed 

feedstuff which may reduce the endogenous energy losses. Accordingly, 

they concluded that use of fasted control birds results in over-estimates 

of the endogenous energy losses of fed birds, resulting in slightly 

inflated TME values. 

Some types of feed contain high amounts of indigestible 

materials. These substances may interfere with the clearance rate of the 
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assayed feedstuff and may affect the metabolic fecal energy excretion 

from the gastrointestinal tract of the bird. Tenesaca and Sell (1981) 

clearly demonstrated that adding silica gel (SG) to the feedstuff changed 

the amount of fecal energy excreted, influencing the determined TME 

values. It has been found that diet composition may influence endogenous 

excreta. There also appears to be a positive relationship between the 

neutral detergent fiber (NDF) of feedstuff and the endogenous excreta of 

adult cockerels (Farrell, 1981). Although Sibbald (1981) proved that 

fasted birds provide a measure of FEm + UEe that is independent of intake 

of some indigestible materials, he, in a separate experiment, found that 

FEm + UEe losses vary with the neutral detergent fiber content of the 

feedingstuff (Sibbald and Morse, 1982a). 

Yamazaki and Zi-Yi (1982) reported higher FEm + UEe losses during 

cool periods (5-15°C) than during hot periods (25-35°C), resulting in a 

significant increase in the TME values of the feedstuff when assayed 

during cool periods. Therefore, they recommended the establishment of an 

appropriate environmental temperature for the TME procedure. Sibbald and 

Wolynetz (1984) observed a significant quadralic relationship between 

environmental temperature and FEm + UEe losses. In another part of their 

study, they found that FEm + UEe loss is related to the metabolic body 

weight and may vary among birds. Their finding confirmed that of Miski 

and Quazi (1981). 

True Metabolizable Energy and Nitrogen Correction 

Unfed birds are used to determine the metabolic fecal plus 

endogenous urinary energy (FEm +UEe) losses in the fed bird. This 
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correction factor depends, to some extent, upon the nature of the 

material catabolized within the body to provide the required energy to 

maintain life. Glycogen and fat, during the catabolic process, yield 

water and carbon dioxide as end products. These are completely oxidized; 

therefore, they have little direct effect on FEm + UEe. On the other 

hand, protein and amino acids yield nitrogenous compounds during their 

degradation. These compounds are excreted in the urine. Nitrogen 

catabolism differs among birds on the same diet, causing a variation in 

FEm + UEe excretion. Therefore, correction of the TME values to zero 

nitrogen balance may reduce the variation of this estimate. It has been 

reported that nitrogen correction reduced the error mean square by 40% 

and that the TMEn (nitrogen corrected) estimates were slightly lower than 

TME values (Sibbald and Morse, 1982b). 

The earlier finding was confirmed in another experiment by 

Sibbald and Morse (1983). They found that nitrogen correction profoundly 

reduced the error variance in the TME values by more than 40%. Moreover, 

nitrogen correction improves the fit of the linear model on which TME is 

based. Therefore, they strongly recommended the application of nitrogen 

correction in the TME bioassay. 

Dale and Fuller (1984a), in a series of experiments, investigated 

the relationship between the protein content of feedstuffs and the 

maynitude of difference between TME and nitrogen corrected TME (TMEn). 

The data obtained indicated a positive relationship between the protein 

content of the assayed feed and the magnitude of difference between TME 

and TMEn values. In another study, they compared the precision of TME 
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and TMEn for yellow corn and dehulled soybean meal (SBM). They 

demonstrated that the difference in determined TME values between assays 

were dramatically reduced by more than half when nitrogen correction was 

applied (Dale and Fuller, 1984b). Wolynetz and Sibbald (1984) conducted 

four experiments to determine the most precise estimate of bioavailable 

energy (BE). TMEn was found to be the most useful estimate of (BF) for 

practical purposes. 

True Metabolizable Energy (TME) 
and Apparent MetabolTzable Energy (AME) 

Farrell (1978) developed another rapid method to determine 

metabolizable energy (ME). He trained adult cockerels to consume their 

daily food allowance of about 100 g. in one hour; excreta were collected 

for the next 24 hours after the ad libitum feeding. ME of feed was 

determined by subtracting the energy content of excreta from the gross 

energy of feed. Using the conventional method, no differences were found 

between the obtained results and the determined ME. He also found that 

all excreta from the one hour feeding were voided during the next 24 

hours. Finally, he concluded that this method provides accurate results 

in a relatively short time. The estimation precision of this method is 

equal to that of Sibbald's TME bioassay. This method did not account for 

fecal metabolic and urinary endogenous energy losses, thus it is known by 

apparent metabolizable energy (AME). 

Chami, Vahra, and Kratzer (1980) considered the AME procedure 

developed by Farrell (1978) to be more reliable and accurate than 

Sibbald's TME bioassay. In contrast, Schang and Hamilton (1982) reported 
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a highly variable AME value, presumably due to the variation in voluntary 

feed intake. Mollah et al. (1983) found that AME values determined by 

Farre11•s procedure with growing brdilers or adult cockerels were 

considerably higher tnan values obtained by conventional methods with 

growing broilers. 

Sibbald (1976b) compared the TME and AME values with those 

predicted from chemical composition data. Predicted data showed less 

variatiori about TME values than about those for AME. 

Sibbald {1977b) investigated the possibility of converting 

nitrogen corrected ME (MEn) to TME; he obtained a factor of 1.097 to 

convert MEn to TME. Muztar and Slinger (1981a) examined this factor, and 

suggested,that TME can not be used to monitor the MEn content of diets in 

commercial practice. In another study, they indicated that there may be 

no consistent relationship between AME and TME (Muztar and Slinger, 

1981b). However, Wolynetz and Sibbald (1984) found that at low feed 

intakes, AME underestimates bioavailable energy (BE) and that TME 

overestimates BE, but the difference is less than the underestimation of 

BE by A~1E. 

Some workers questioned the accuracy of the TME bioassay 

(Farrell, 1981; Chami, Vahra, and Kratzer 1980) and considered it not to 

be useful in practice. However, Sibbald (1976b) indicated that TME 

bioassay provides data of wide application in feed formulation. Also, it 

was found that TME values (as determined by SCWL roosters, broiler chicks 

and turkey poults) appear to be additive for the feed ingredients that 

were assayed (Dale and Fuller, 1980). Moreover, they conducted a series 
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of experiments to examine the applicability of the TME system in particle 

feed formulation. They concluded that the TME system provides an 

accurate measure of ME, therefore, it is useful to use this estimate for 

practical purposes (Dale and Fuller, 1982a). 

TME reproducibility was examined by several workers. Halloran 

(1980) and Mollah et al. (1983) provided reproducible TME values for 

different feedingstuffs. However, Muztar, Likuski and Slinger (1981) 

advised improvement of TME value reproducibility between laboratories 

before introduction of this method to the particle feed formulation. 

Another important feature of Sibbald's TME system is the 

possibility for measurement of the true availability of amino acids. 

This could be achieved by using the unfed birds to measure the excretion 

of endogenous amino acids to calculate the true digestibility. Sibbald 

(1979b) proposed a method to measure the available amino acids (AAA) 

which could be combined with the basic methodology of TME assay. He also 

found that glucose input had no effect on the amino acid excretion of the 

bird. However, linear increases in amino acid excretion resulted from 

feeding graded levels of soybean alone, or in combination with glucose. 

In another experiment, Sibbald (1979c) clearly illustrated the 

difference between input and output of amino acids and showed that energy 

increased in a curvelinear manner with the level of input. The effect of 

input level was reduced considerably when a correction was applied for 

metabolic plus endogenous excretion. Parsons, Potter and Brown (1983) 

found that dietary carbohydrates considerably influenced the endogenous 

amino acids excretion. Therefore, they cautioned that unfed birds may 



18 

not provide precise estimates of endogenous amino acids excretion for 

birds fed high-fiber feedstuffs. 

Disadvantages of True Metabolizable Energy (TME) Bioassay 

Farrell (1981) listed four important factors which may influence 

the validity of the TME bioassay developed by Sibbald (1976a): 

1. There is a positive relationship between the neutral 
detergent fiber (NDF) content of a feedstuff and the 
corresponding endogenous excreta of the bird. Therefore, the 
use of unfed birds to provide the endogenous value for such 
feedstuffs is not appropriate under these circumstances. 

2. Fecal collection time of 24 hours appears to be 
insufficient for several feedstuffs to be voided. This will 
cause an increase in the TME values. 

3. Precision feeding or force feeding, per se may have an effect 
on the determined TME values (KussaibatTT 1979). Further 
studies are required to verify this point. 

4. The growing pressure of animal welfare groups may restrict the 
use of force feeding in the TME procedure. 

Fat and Energy Utilization 

Fats normally contain about two to three times as many calories 

per unit of weight as do proteins and carbohydrates. Based on this fact, 

many workers in poultry nutrition fields have started to supply rations 

with fats in order to improve the energy content of feeds. This practice 

has led many investigators to conduct hundreds of studies investigating 

the usefulness of fat supplementation. 

It has been shown that supplementing fat to laying hens diets can 

improve the efficiency of food utilization (Lillie et al., 1952; 

Hochreich et al., 1958). Sell, Tenesaca and Bales (1979) conducted an 

experiment designed to study the influence of dietary fat on energy 
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utilization by laying hens. Experimental results indicated improvement 

in feed consumption and feed utilization efficiency when fat was included 

in the diet. This confirmed the earlier findings of Lillie et al. and 

Hochreich et al. Sell, Tenesaca and Bales (1979) also found that, at 8% 

fat inclusion of wheat middlings ration, metabolizable energy 

considerably exceeded its gross energy content. This suggested an 

interaction between the added fat and the utilization of basal diet 

constituents. They also indicated that added fat does not alter the 

proportion of metabolizable energy that is converted to egg energy. 

Jackson< Kirkatric and Fulton (1969) conducted several 

experiments investigating the effect of fat supplementation on energy 

utilization by laying hens fed up to 28.25% tallow. They found that 3.5% 

and 7.5% added fat resulted in the most satisfactory production. Added 

tallow was found to increase food conversion efficiency (Kg food/Kg eggs) 

in a linear manner. They also noted an inverse relationship between the 

efficiency of metabolizable energy (ME) utilization (Meal/Kg egg) and the 

dietary ME content. They concluded that net ME utilization decreases at 

higher levels of fat inclusion. 

Sell (1977) observed beneficial effects of fat addition on feed 

consumption arid utilization efficiency and on egg production. He also 

reported that fat supplementation can be useful in laying rations based 

on corn, oats or wheat. Harms and Wilson (1983) studied the effect of 

fat supplementation on the performance of turkey hens. They found a 

considerable decrease in feed consumption and significant increase in the 

rate of egg production when fat content was increased from 4 to 8%. 
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Sell and Owings (1981) conducted several experiments designed to 

study the influence of dietary inclusion of 1 to 8% fat on growth rate 

and efficiency of feed utilization in growing turkeys. They found that 

the average body weight increased linearly (Pc.Ub) from 0.6 to l.b% for 

each 1% of added fat. Moreover, the feed utilization efficiency 

[reported to vary linearly (P<.05)] ranged from 0.8 to 1.9% for each 1% 

of supplemental fat. Reid and Weber (1975) clearly demonstrated that 

feed intake significantly decreased with increasing increments of dietary 

fat. Their data also showed a significant increase in metabolizable 

energy consumption with increased feeding levels of dietary fat. 

Touchburn and Naber (1966) studied the energy values of fats for 

growing turkeys. Addition of fat to the diets improved feed efficiency 

beyond their expectations. This effect has been termed the "extra-

caloric effect" of fat. Jensen, Schumaier and Latshaw (1970) conducted 

further investigations into the nature of the "extra-caloric effect." 

When fat was included in the turKey diets, greater than expected 

improvements in feed efficiency were observed on the basis of increased 

ME. This confirmed the earlier finding. Moreover, they found that added 

fat had an ME value of 10.2 Kcal/g. which exceeded the 7.7 Kcal/g. used 

in ration formulation. 

Horani and Sell (1977a) found that the addition of 2 or 4% fat to 

laying hen rations (based on oats, corn, barley or combinations of these 

grains) significantly (P<.U5) decreased feed consumption and improved 

feed efficiency. Also, added fat was found to have an "extra-metabolic 

effect" whereby the change in ration ME due to fat, as measured 
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experimentally, exceeded that which was anticipated on the basis of the 

calculated ME of the ration. This effect was mainly observed in those 

rations with 4% added fat and in which corn was an ingredient. The 

apparent ME of fat, therefore, would approach its gross energy value if 

this "extra-metabolic effect" were entirely attributed to added fat. 

Accordingly, Horani and Sell concluded that hens, fed corn based rations 

with added fat, were able to metabolize more energy from the ration than 

would be expected from the contribution of the recognized ME values of 

individual ingredients. 

The type of effect observed by Horani and Sell differs from the 

"extra-caloric effect" reported by Touchburn and Naber (1966). The 

latter effect was largely associated with an apparent improvement in the 

efficiency of ME utilization due to a reduction in heat increment. 

However, the "extra-metabolic effect" described in this study indicates 

an improvement in energy utilization which is related to increased 

absorption and/or increased metabolizability of ration energy, exclusive 

of changes in heat increment. In a second experiment, they found that 

the "extra-metabolic effect" of added fat was prominent in all rations 

based on corn. This effect was variable in rations based on oats or 

barley. Furthermore, fat exerted an "extra-metabolic effect" when 

included at a 3% level in oat or barley based rations that had a constant 

calorie:protein ratio. This effect of fat was not observed in oat or 

barley based rations with unadjusted calorierprotein ratios or with 6% 

added fat. This finding led them to conclude the "extra-metabolic 

effect" of added fat was dependent on the grain portion of the ration, 
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the level of added fat and the calorie:protein ratio (Horani and Sell, 

1977b). 

Lipstein and Bornstein (1975) conducted a series of experiments 

during different periods with broilers to compare the effect of feeding 

an increasing level (1% to 10%) of acidified soybean soapstock (ASS) in 

summer and winter. Results obtained during the summer indicated 

improvements in growth rate with each increment of dietary (ASS). This 

was mainly because of the increasing feed consumption. However, the 

results obtained during the winter season did not yield any improvements. 

This casts doubt upon the involvement of palatability or unknown growth 

factors. Therefore, it is assumed that the beneficial effect of ASS on 

growth rate during summer was attributable to the reduction in the heat 

increment of this fat source. This would have helped broiler to tolerate 

the appetite-depressing effect of heat stress. 

Reid (1981) clearly demonstrated that the addition of fat up to 4 

to 6% of the diet produces an "extra-caloric effect" which may be due to 

the reduction in the diet's heat increment when fat was included. 

Dale and Fuller (1982c) obtained greater true ME fat values than 

those found for gross energy. They concluded that fat addition of 2.5% 

was sufficient to produce the "extra-metabolic effect." Sell (1977) 

reported that dietary fat, when included at 2 to 6% of the ration, 

appeared to improve the productive efficiency of hens by causing an 

"extra-caloric" increase in ration ME and by improving the efficiency 

with which ration ME is utilized for egg production. Mateos and Sell 

(1981a) fed practical diets containing U, 5, 10, 15, 20, 25 or 30% yellow 
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grease to White Leghorn laying hens. They estimated the nitrogen 

corrected ME (MEn) of yellow grease by apparent digestibility data and 

from ME's of the diet determined experimentally. The ME data indicated 

that supplemental yellow grease has an "extra-metabolic effect'1 on 

dietary ME. The magnitude of this effect varied with the mathematical 

approach used. 

The mechanisms, by which added fat exerts an "extra-caloric 

effect" or an "extra-metabolic effect," are unknown. However, some 

workers have hypothesized explanations for the phenomenon. Lesson and 

Summers (1976) suggested that the "extra-caloric effect" of supplemental 

fat in poultry rations was due to a synergism between the unsaturated 

fatty acids of vegetable origin and the saturated fatty acids of the 

supplemental fat. This was confirmed by the finding of Sibbald and 

Kramer (1978). 

Mateos and Sell (198Ub) measured the influence carbohydrates and 

supplemental fat on the ME of the diet. They found that the addition of 

a relatively unsaturated fat (soybean) to a saturated fat (yellow grease) 

increases dietary MEn. Furthermore, added fat enhances the utilization 

of energy from dietary sucrose. They concluded that the "extra-caloric 

effect" of fats on MEn may be attributed to the interaction between 

supplemental fats and those present in other dietary constituents, and 

also a beneficial influence of added fats on energy utilization from 

certain non-lipid dietary components. 

In another study, Mateos and Sell (1981b) suggested that 

supplemental fat facilitates energy utilization from non-lipid components 
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of the diet by decreasing the rate of passage, allowing more absorption 

of dietary constituents. 



CHAPTER 3 

THE EFFECT OF TALLOW SUPPLEMENTATION ON NUTRIENT UTILIZATION 

Experimental Procedure 

Two experiments were carried out at the University of Arizona 

Poultry Research Center to evaluate the effects of tallow on the true 

metabolizable energy (TME) of wheat bran, dehydrated alfalfa (Experiment 

I, Table I), oats and rolled barley (Experiment II, Table 2). Each 

feedstuff was supplemented with four levels (0, 2, 4, 6%) of tallow. The 

fatty acid profile of the tallow used is shown in Table 3. Each diet was 

assayed for TME using a modification of Sibbald's (1976a) procedure. 

Each dietary treatment was fed to four laying hens (Shaver 288) of 

similar age and weight and housed in individual cages with free access to 

water. The hens had been trained to consume their daily requirement of 

feed in two one-hour periods. 

The birds were fasted for 24 hrs prior to feeding, and feed was 

then provided ad libitum for 2 hrs, and excreta collected for the next 48 

hrs. Four fasted birds were used in each experiment as a control group 

from which corrections could be calculated in order to determine the true 

retention values. 

Samples of feed and feces were used for the following laboratory 

analyses: gross energy, protein, amino acids, starch, fat and fatty 

acids. Gross energy (GE) was determined using a Parr oxygen bomb 

calorimeter. Protein was determined by the method of A.O.A.C. (1980). 
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Table 1. Experimental Design for Experiment 1 

Dietary Number 
Treatment of Birds 

Control (fasting) 4 
Wheat bran 4 
Wheat bran + 2.0% tallow 4 
Wheat bran + 4.0% tallow 4 
Wheat bran + 6.0% tallow 4 
Dehydrated alfalfa 4 
Dehydrated alfalfa + 2.0% tallow 4 
Dehydrated alfalfa + 4.0% tallow 4 
Dehydrated alfalfa + 6.0% tallow 4 

Table 2. Experimental Design for Experiment II 

Dietary Number 
Treatment of Birds 

Oats 4 
Uats + 2.0% tallow 4 
Oats + 4.0% tallow 4 
Oats + 6.0% tallow 4 
Rolled barley 4 
Rolled barley + 2.0% tallow 4 
Rolled barley + 4.0% tallow 4 
Rolled barley + 6.0% tallow 4 
Control (fasting) 4 



Table 3. Fatty Acid Composition of Tallow 

Fatty % of Total Std 
Acid Fat Dev 

C12:0 0.05 0.08 
C14:0 2.84 0.43 
C14:2 0.65 0.42 
C15:0 0.13 0.21 
C14:3 0.18 0.31 
C16:0 24.60 3.08 
C16:1 5.57 1.29 
C17:0 1.11 0.98 
C16:2 0.75 0.43 
C18:0 13.46 2.75 
C18:1 43.67 7.53 
C18:2 5.75 1.49 
C20:0 0.45 1.41 
C18:3 0.79 0.56 

Total Fat _ = 98.00% 
Saturated * = 42.51% 
Mono-unsaturated = 49.24% 
Poly-unsaturated = 8.12% 
Titer = 42.60°c 

GE of Tallow (regression) = 9.24 Kcal/g (Experiment I) 
GE of Tallow (regression) = 9.34 Kcal/g (Experiment II) 
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Starch was analyzed according to the method described by Clegg (1956). 

Amino acids were determined by hydrolyzing samples of both diet and 

excreta in 6 N HC1 in the presence of an equal amount of mercaptoacetic 

acid sodium salt to protect methionine. Following hydrolysis in an 

autoclave for 16 hrs at 121° C, the samples were evaporated to dryness 

under reduced pressure and dissolved in citrate buffer (pH 2.2). A 

Spectra-Physics SP 8000B high pressure liquid chromotograph (HPLC) with a 

3 RP-18 column was employed to determine amino acids by using o-

phtalaldehyde as a fluorescence derivatizing reagent (Jones, PoBbo and 

Stein 1981). Fat contents were determined by an extraction procedure 

using Chloroform: Methanol (2:1 v/v). Fatty acid methyl esters were 

prepared using a boron trifluoride: methanol reagent (AOCS, 1972). 

Fatty acids were then analyzed on a Shimadzu 6C-8 gas chromotograph with 

a Spectra-Physics 4270 integrator (Ackman, 1969). 

Regression analyses were performed in order to determine the 

effects of added tallow on the utilization of dietary nutrients and to 

estimate the TME of the added tallow. 

Results and Discussion 

Wheat Bran 

The data shown in Table 4 indicate that the addition of tallow 

to wheat bran significantly (P <0.05) increased the retention of both fat 

and protein while starch retention was not significantly (P <0.05) 

affected. 
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Table 4. Effects of Tallow on Nutrient Utilization 
from Wheat Bran by Laying Hens 

Factor 
U 

% Tallow 

2 4 6 

Estimated 
Tallow 

Value 

Starch retention, % 00
 

• 75.5a 76.la 75.4a . _ _  

Fat retention, % 63.2d 74.8C 80. Ob 86. la 105.07 

Protein retention, % 4b. 4C 64.7d 85. ba 81.5b 
— 

TME, Kcal/g 2.02 2.06 2.55 2.63 13.97 

a-c:1 means not having common letter superscripts are significantly 

di fferent (P <0.05) 
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Protein retention increased from 45.4% for the unsupplemented 

wheat bran to more than 80% with either 4 or 6% tallow. Maximum protein 

retention (85.5%) was attained with 4% tallow. 

Total fat retention was also increased linearly from 63.2% for 

the unsupplemented wheat bran to 86.1% with 6% tallow. The availability 

of tallow was calculated using the regression equation 

Y = (0.48)X + 57.07 

where X is percentage added fat of total fat, Y is % fat availability. 

This equation gave a value of 105.07% for the supplemental tallow. This 

suggests a synergestic effect between the added tallow and lipid material 

in wheat bran, and agrees with the findings of Lesson and Summers (1976). 

True metabolizable energy (TME) values of the carrier were 

determined using the same equation developed by Sibbald (1976a). TME 

values of the diet increased, as expected, with each increment of 

supplemental tallow from 2.02 Kcal/g for the unsupplemented diet to 2.06, 

2.55, 2.63 Kcal/g with 2, 4, 6% tallow, respectively (Table 4). Simple 

linear regression yielded the following equation: 

Y = 0.12X + 1.97 

where Y is the TME value of the diet (Kcal/g) and X is the percentage of 

tallow added to the carrier. Solution of the equation gave a tallow TME 

value of 13.97 Kcal/g which exceeded its gross energy (9.24 Kcal/g) by 

51%. The high TME value of tallow is apparently due to improvement in 

utilization of the dietary components such as fat and protein. 

Table 5 shows the effect of tallow supplementation on true amino 

acid availability (TAAA) of the "essential" amino acids of wheat bran. 



Table 5. Effect of Tallow Supplementation on 
True Amino Acids Retention of Wheat Bran 

Amino Acid, % — 
0 

Histidine 87.6ab 

Threonine 86.9a 

Arginine 79.7C 

Tyrosine 75.9ab 

Methionine 67.8d 

Valine 72.6d 

Phenylalanine 79.7e 

Isoleucine 63.5d 

Leucine 61.7C 

Lysine 90.5bc 

% Tallow 

2 4 6 

83.8C 85.2bc 86.9bc 

75.0cd 72.3d 70.6d 

80.2C 77. 9ab 80.7C 

74.6b 76.lab 66.lc 

74.lbcd 70.9d 7 2.4cd 

78.7bc 77.3cd 78.7bc 

C
O
 

•
 

r
o
 C
7
 

O
 

85.2cd 83.8d 

80.4ab 77.6bc 74.5C 

85.7a 72.2b 74.3b 

94.4ab 92.7bc 101.la 

a~e means not having common letter superscripts are significantly 

di fferent (P <0.0b) 
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Tallow supplementation significantly (P <0.05) decreased the true 

availability of threonine from 86.9% for unsupplemented wheat bran to 

70.6% with 6.0% tallow. Histidine and arginine true availabilities were 

marginally affected by tallow addition. The true availability of 

tyrosine was not affected by the addition of 2 and 4% tallow. However, 

with 6% tallow supplementation, tyrosine's true availability decreased 

significantly from 75.9% for wheat bran without tallow to 66.1% for wheat 

bran supplemented with 6% tallow. Tallow addition significantly (P 

<0.05) improved the true availabilities of valine, phenylalanine, 

isoleucine, leucine and lysine. 

The effects of tallow supplementation on fatty acid and total fat 

retentions are presented in Table 6. The true availabilities of total 

lipid, saturated fatty acids, and mono- and poly-unsaturated fatty acids 

were significantly (P <0.05) improved with each increment of tallow 

supplementation. The most pronounced improvement was observed for mono-

unsaturated fatty acids. Oleic acid (C18:l) true availabilities were 

significantly (P <0.05) increased from 55.6% for the unsupplemented wheat 

bran to 88.4% with 6% tallow. Linoleic acid (C18:2) availabilities were 

also significantly (P <0.05) improved from 73.3% for the unsupplemented 

carrier to 85.9% with 6% tallow. Therefore, the greatest effect of 

tallow was found with oleic acid (C18:1). The fatty acids of tallow were 

highly available, palmitic (C16:0) and linoleic (C18:l) acids had the 

highest availabilities of 97.2, 95.2%, respectively (Table 6). 

The TME value of tallow in this study exceeded its gross energy 

(GE) (Table 4) which supports the observations of Sibbald and Kramer 
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Table 6. Effect of Tallow Supplementation on Fatty Acid 
and Total Fat True Retentions of Wheat Bran 

% Tallow 

0 2 4 6 
I a M ow 

Total fat, % 63.2bd 74.8bc 80.0ab 86. la 98.0 

Sat. fatty acids, % 71.4C 82. lb 83.lab 86.7a 91.7 

Mono-unsat., % 57.2d 76.6C 83.8b 89.3a 95.0 

Poly-unsat., % 61.4d 65.9C 70.8b 79.7a -

C16:0, % 60.3d 74.1c 79.3b 84.6a 97.2 

C18:0, % 140.2a 92.9b 88.5b 86.5b 83.1 

C18:l, % 55.6d 75.0C 83.0b 88.4a 95.2 

C18:2, % 59.6d 64.0C 68.9b 77.6a -

C18:3, % 73.3d 75.9C 79.5b 85.9a -

a~d means not having common letter superscripts are significantly 

di fferent (P <0.05) 



(1977, 1978, 1980). Horani and Sell (1977) termed this an "extra 

metabolic effect" and they suggested that fat permitted increased 

utilization of some component of the basal diet. In this study, tallow 

supplementation improved the retention of protein and some amino acids 

(especially lysine, isoleucine and leucine). Also there were significant 

improvements in total fat and the retention of unsaturated fatty acids. 

Starch was not affected by tallow supplementation (Table 4). These 

improvements in nutrient utilization may explain the high TME value of 

tallow when it is added to wheat bran. 

Dehydrated Alfalfa' Meal 

Table 7 shows the effects of tallow on starch, fat and protein 

retention from dehydrated alfalfa meal. Starch retention was 

significantly (P <0.05) increased from 63.9% for unsupplemented 

dehydrated alfalfa to 74.3% with 4% tallow. With 6% tallow 

supplementation, starch retention was decreased, suggesting that 4% 

tallow permitted the maximum starch retention. Total fat retention was 

also increased significantly (P <0.05) from 34.9% for the unsupplemented 

dehydrated alfalfa meal to 66.7% with 6% tallow supplementation. Tallow 

availability was determined by using the regression equation 

Y = (0.69)X + 23.48 

where X is the percent added fat of total fat. Using this equation a 

predicted value of 92.48% tallow availability was obtained. Protein 

retention was significantly (P <0.05) increased in a linear manner from 

68.2% for dehydrated alfalfa without tallow to 88.7% with 6% tallow. 



35 

Table 7. Effects of Tallow on Nutrient Utilization 
from Dehydrated Alfalfa Meal by Laying Hens 

Factor 
0 

% Tallow 

2 4 6 

Estimated 
Tallow 

Value 

Starch retention, % 63.9C 67. lb 74.3a 66.5b --

Fat retention, % 34.9d 57.6C 63.6b 66.7a 92.48 

Protein retention, % 68.2C 79.9b 84.4ab 88.7a 
--

TME, Kcal/g 1.97 2.34 2.40 2.56 11.04 

a-d means not having common letter superscripts are significantly 

di fferent (P <0.05) 
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TME values of dehydrated alfalfa were increased linearly from 

1.97 Kcal/g for the unsupplemented carrier to 2.34, 2.41), 2.56 Kcal/g 

with 2, 4, 6% tallow, respectively (Table 7). Regression analysis was 

performed to determine TME value of tallow yielded: 

Y = (0.09)X + 2.04 

where Y is the TME value of the diet (Kcal/g) and X is the percentage of 

tallow added to the carrier. The resulting TME value of tallow was 11.04 

Kcal/g which exceeded its gross energy (9.24 Kcal) by 20%. 

The effect of tallow on the true amino acid availability (TAAA) 

of dehydrated alfalfa meal is indicated in Table 8. Lysine 

availabilities were significantly (P <0.05) increased from 78.2% for 

unsupplemented dehydrated alfalfa to above 90% with either 4 or 6% 

tallow, while arginine and tyrosine were the only other essential amino 

acids affected (Table 8). 

The effect of tallow supplementation on fatty acid and total true 

fat retentions with dehydrated alfalfa meal is presented in Table 9. The 

true retention levels of saturated fatty acids were significantly (P 

<0.05) improved from 1.9% for unsupplemented carriers to 45.4% with 6% 

tallow. The true availabilities of both mono- and poly-unsaturated fatty 

acids were significantly (P <0.05) increased with each increment of 

supplemental tallow. True retention of palmitic acid (C16:0) was 

significantly (P <0.05) improved from 46.6% for alfalfa without tallow to 

above 50% with either 4 or 6% tallow. Maximum retention of 58.8% was 

observed with 4% tallow. However, tallow supplementation decreased the 

true retention of stearic acid. Oleic (C18:0), linoleic (C18:2) and 



37 

Table 8. Effect of Tallow Supplementation on True 
Amino Acids Retention of Dehydrated Alfalfa Meal 

Amino Acid, % 
0 

Histidine 90.2ab 

Threonine 79.5bc 

Arginine 87.3b 

Tyrosine 74.3b 

Methionine 80.lab 

Valine 82.9ab 

Phenylalanine 88.9ab 

Isoleucine 78.7 abc 

Leucine 83.7a 

Lysine 78.2d 

% Tallow 

2 4 6 

86.7bc 88.4ab 86.8bc 

83.4ab 82.0ab 83.5ab 

89.9ab 89.6ab 91.3a 

77.0ab 75.6ab 80.4a 

82.6a 79.6ab 78.8abc 

85.4a 84.9a 86.2a 

90.5a 90.5a 90.5a 

83.2ab 84.4a 84.2a 

86.4a 80.7a 86.2a 

85.8cd 94.3ab 91.5bc 

a~d means not having common letter superscripts are significantly 

di fferent (P <0.05) 
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Table 9. Effect of Tallow Supplementation on Fatty Acid 
and Total Fat True Retentions of Dehydrated Alfalfa 

% ' Tallow 
Tallow 

0 2 4 6 
Tallow 

Total fat, % 34.5C 51.6b 63.6a 66.7a 81.8 

Sat. fatty acids, % 1.9C 23.7b 48.2a 45.4a 64.9 

Mono-unsat., % 0.9d 55.5C 58.8b 65.6a 74.8 

Poly-unsat., % 61.2d 75.6C 83.7b 91.2a -

C16:0, % 46.6b 50.6b 59.0a 55.7a 61.1 

C18:0, % 55.la 25.3C 33. lb 16.7d 6.0 

C18:l, % 46.6d 69.4a 61.8C 66.4b 71.6 

o
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33.3d 60.3d 75.5b 90.2a -

C18:3, % 71.9d 82.0b 85.4b "90.2a -

a-cl means not having common letter superscripts are significantly 

di fferent (P <0.05) 
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linolenic acid (C18:3) true availabilities were significantly (P <0.05) 

improved with tallow supplementation. The greatest improvement was found 

in the true retention of linoleic acid (C18:2), which increased from 

33.3% for an unsupplemented diet to 90.2% with the addition of 6% tallow. 

The calculated availabilities of fatty acids of tallow were low, the 

availabilities of saturated fatty acids and mono-unsaturated fatty acids 

were 64.9 and 74.8%, respectively (Table 9). 

Tallow supplementation was found to significantly (P <0.05) 

improve the true availabilities of starch, protein, total fat and mono-

and poly-unsaturated fatty acids. The calculated (regression) TME value 

of tallow, when included in dehydrated alfalfa, was 11.04 Kcal/g, an 

amount which exceeded its gross energy (9.24 Kcal/g). These results 

suggest that the improvements in nutrient availabilities may be accounted 

for the extra metabolic effect of tallow when assayed with dehydrated 

alfalfa. 

Oats 

The data presented in Table 10 show the effect of tallow 

supplementation on nutrient utilization from oats by laying hens. Starch 

and protein retentions were not significantly (P <0.05) affected by the 

addition of tallow. Total fat retention was significantly (P <0.05) 

increased from 77.7% for unsupplemented oats to about 90% with 6% tallow. 

Tallow availability was calculated by this regression equation: 

Y = (0.168)X + 81.49 
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Table 10. Effects of Tallow on Nutrient Utilization 
from Oats by Laying Hens 

Factor 
0 

% Tallow 

2 4 6 

Estimated 
Tallow 

Val ue 

Starch retention, % 93.5d 95.3ab 95.9a 95.5a — 

Fat retention, % 77.7d 84.8C 88.9ab 89.9a 98.37 

Protein retention, % 85.9a 87.4a 76.4a 75.3a 
— 

TME, Kcal/g 2.91 3.31 3.44 3.59 13.99 

a-d means not having common letter superscripts are significantly 

di fferent (P <0.l)5) 
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Table 11. Effect of Tallow Supplementation on 
True Amino Acids Retention of Oats 

% Tallow 
Amino Acid, 

Histidine 96.3a 96.6a 94.3C 95.5b 

Threonine 87.7a 83.5b 80.3C 87.9a 

Arginine 96.6a 96.9a 96.5a 96.4a 

Tyrosine 93.9a 82.7C 92.7b 93.Uab 

Methionine 93.7a 89.7C 84. ld 91.8b 

Valine 89.4ab 87.7C 88.9b 90.4a 

Phenylalanine 74.0C 91.5a 71.ld 83.lb 

Isoleucine 89.8a 88.3b 88.0b 90.7a 

Leucine 92.9b 92.4b 93.6a 94.0a 

Lysine 85.0C 94.6a 90.7b 94.4a 

a " d  means  not  having  common l e t ter  superscr ipts  are  s igni f icant ly  

d i f ferent  (P <0 .05)  
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where X is percent added tallow of total fat and Y is % fat availability. 

This equation yielded a value of 98.3% true availability for tallow. 

Table 10 also shows that tallow supplementation increased the TME 

values of the oats and tallow mixture from 2.91 Kcal/g for the 

unsupplemented carrier to 3.31, 3.44 and 3.59 Kcal/g for oats 

supplemented with 2, 4 and 6% tallow, rspectively. The TME value of 

tallow was determined by regression: 

Y = (0.11)X + 2.99 

where X is the percentage of tallow added to the carrier and Y is the TME 

of mixture fed. Based on this equation, the TME of tallow was 13.99 

Kcal/g, which exceed its gross energy (9.34 Kcal/g) by 50%. 

Data presented in Table 12 show the effect of tallow 

supplementation on the true availabilities of fatty acids and total 

lipid. Total fat retention was significantly (P <0.05) improved when 2% 

tallow was included in the carrier with no further improvement when 4 and 

6% tallow were added to oats. Saturated fatty acid true availabilities 

showed non-significant response with the addition of tallow. Mono- and 

poly-unsaturated fatty acid true retentions were significantly (P <0.05) 

improved when tallow was added to the diet. Stearic acid (C18:0) true 

availability significantly (P <0.05) decreased with each increment of 

tallow supplementation. Oleic acid (C18:l) true retention was 

significantly (P <0.05) improved from 78.9% for unsupplemented oats to 

86.3% with 2% tallow and only slight additional improvements when 4 and 

6% tallow was added. The same trend was observed with linoleic (C18:2) 

and linolenic acids (C18:3) which suggest that the first increment of 
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Table 12. Effect of Tallow Supplementation on Fatty Acid 
and Total Fat True Retentions of Oats 

% Tallow 

0 2 4 6 
la Nov 

Total fat, % 79.9b 85.7ab 86.9a 88.8a 100.5 

Sat. fatty acids, % 82.2a 83.9a 83.4a 85.8a 86.5 

Mono-unsat., % 78.lb 86.3a 88. la 89.7a 101.7 

Poly-unsat., % 80.6C 86.3b 89.1ab 91.0a 122.0 

C16:0, % 80.5a 85. la 84.4a 87.2a 92.4 

o
 

00 t—H o
 109.8a 90.4b 83.7bc 77.3C 78.6 

C18:1, % 78.9b 86.3a 87.6a 89.3a 101.9 

C18:2, % 80.2C 86.6b 88.9ab 90.8a -

C18:3, % 88.8C 104.7a 103.4b 103.9ab -

a _ d  means  not  having  common l e t ter  superscr ipts  are  s igni f icant ly  

d i  f ferent  (P <0 .05)  
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tallow exerted a greater influence on fatty acid retention than did 

subsequent increments. The calculated availabilities of tallow and its 

fatty acids were very high and in some cases showed retentions above 100% 

(Table 12). 

Calculated TME (regression) value of tallow was 13.99 cal/g, an 

amount which exceed its gross energy. Horani and Sell (1977a) termed 

this an "extra metabolic effect," suggesting that fats improve the 

utilization of other dietary constituents. In this study the high TME 

value of tallow was mostly due to the improvements in fat and fatty acids 

retentions. 

Rolled Barley 

Table 13 shows the influence of tallow in nutrient utilization 

from rolled barley. Starch retention was only marginally affected by 

tallow. Protein retention had a non-significant response when tallow was 

added to the carrier. Fat retention was significantly (P <0.05) 

increased from 55.6% for the rolled barley with no tallow to 83.1% with 

addition of 2% tallow. The magnitude of improvement was maintained at 

this level, even with 4 and 6% tallow supplementation. Tallow 

availability was calculated by this regression equation: 

Y = (0.117)X + 77.587 

where X is percent added fat of total fat, and Y is % fat availability. 

This calculation yielded a value of 89.3% for tallow. 

TME values of rolled barley diets increased from 2.96 Kcal/g for 

the unsupplemented rolled barley to 3.28, 3.32 and 3.47 Kcal/g with 2, 4 

and 6% tallow supplementation, respectively (Table 14). The TME value of 
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Table 13. Effects of Tallow on Nutrient Utilization 
from Rolled Barley by Laying Hens 

% Tallow Estimated 
Factor Tallow 

0 2 4 6 Val ue 

Starch retention, % 94.6C 94.7bc 93.4d 93.4d - -

Fat retention, % 55.6e 83.lc 84.0C 85.8bc 89.3 

Protein retention, % 67.8a 74.8a 85.7a 81). 8a — 

TME, Kcal/g 2.96 3.28 3.32 3.47 11.02 

a_e means not having common letter superscripts are significantly 

di fferent (P <0.U5) 
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Table 14. Effect of Tallow Supplementation on 
True Amino Acids Retention of Rolled Barley 

% Tallow 
Amino Acid, % 

0 2 4 6 

Histidine 84.3C 87. lb 88.6a 

n
 

C
O

 

• 

r̂
. 00 

Threonine 63.5b 68.9a 70.9a 68.9a 

Arginine 87.2b 89.9a 87.0b O
C

 

• 

o
 

Tyrosine 74.2C 81.6b 83.4a 82.6ab 

Methionine 70.7C 87.2a 78.5b 78.9b 

Valine 67.4b 68.7b 71.6a 70.8a 

Phenylalanine 76.8b 82.3a 80. la 82.5a 

Isoleucine 67.3C ™-2ab 75.9a 73.7ab 

Leucine 78. lc 85.3a 81.5b 79.5C 

Lysine 84.4b 88.8a 80.3C 84.2b 

a_d means not having common letter superscripts are significantly 

di fferent (P <0.05) 
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tallow was calculated by the regression equation: 

Y = (0.08)X + 3.02 

where X is the percentage added tallow to the diet and Y is the TME value 

of diet (Kcal/g). Solving this equation yielded a TME (regression) value 

of tallow 11.02 Kcal/g. The determined TME value of tallow exceeded its 

gross energy (9.34 Kcal/g) by 18%. This high TME value was mainly due to 

the improvements in the utilization of dietary components. 

Table 14 shows the effect of tallow addition on the true 

essential amino acid retention of rolled barley. Tallow supplementation 

significantly (P <0.05) improved the true availabilities of all amino 

acids presented in Table 2. However, the magnitude of the improvement 

varied with one amino acid and tallow level. Arginine true availability 

slightly improved with the addition of 2% tallow, and started to decrease 

when 4 or 6% tallow were added. True methionine availability was 

significantly (P <0.05) improved from 70.7% for unsupplemented rolled 

barley to 87.2% with 2% tallow, and started to decrease to 78.5% an 78.9% 

when 4% and 6% of tallow were included in the diet, respectively. Tallow 

supplementation significantly (P <0.05) improved the true availabilities 

of histidine, threonine, tyrosine, valine, phenylalanine, isoleucine and 

leucine. Lysine true availability was significantly (P <0.05) improved 

from 84.4% for unsupplemented carrier to 88.8% with 2% tallow. However, 

at 4% tallow, lysine availability significantly (P <0.05) decreased to 

80.3%, and with 6% tallow, lysine availability was the same as for the 

unsupplemented rolled barley. Table 14 indicates that the addition of 2% 

tallow permitted the highest values for most amino acids. 
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Table 15 shows the effect of tallow on true availabilities of 

fatty acids and total fat from rolled barley. Tallow supplementation 

significantly (P <0.05) improved total fat from 61.5% for unsupplemented 

diet to above 80% with either 2, 4 or 6% tallow. The true retention of 

saturated fatty acids was significantly (P <0.05) increased with addition 

of tallow to the carrier. The highest improvement was observed with 

mono-unsaturated fatty acids which improved from 55.4% for unsupplemented 

carrier to above 90% with any increment of tallow supplementation. The 

retention of poly-unsaturated fatty acids was slightly improved with 

tallow addition. The retentions of palmitic (C16:0), oleic (C18:1) and 

linoleic (C18:2) acids were significantly (P <0.05) improved with tallow 

supplementation. However, stearic acid (C18:0) showed a non-significant 

response upon tallow addition. Linolenic acid (C18:3) true availability 

was marginally affected by tallow. Data in Table 15 clearly demonstrate 

that the most beneficial effect of tallow supplementation was observed at 

the 2% level of inclusion. Tallow and its fatty acids were highly 

available, and their availabilities exceeded 100% in some cases. 

Palmitic (C16:0) and oleic (C18:1) acids true availabilities were 94.0 

and 102.5%, respectively (Table 15). 

Tables 13, 14 and 15 indicate that tallow supplementation exerted 

beneficial effects mainly on fat retention, amino acid availability and 

the true availabilities of saturated and mono-unsaturated fatty acids. 

The TME value of tallow with rolled barley was 11.02 Kcal/g, an amount 

which exceeded its gross energy (GE). This high TME value of tallow 
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Table 15. Effect of Tallow Supplementation on Fatty Acid 
and Total Fat True Retentions of Rolled Barley 

% ' Tallow 
Tallow 

0 2 4 6 
Tallow 

Total fat, % 61.5b 82.3a 84.4a 86.4a 102.0 

Sat. fatty acids, % 60.9b 86. la 85.6a 88.0a 98.1 

Mono-unsat., % 55.4b 92.3a 95.3a 92.2a 102.4 

Poly-unsat., % 63.2b 71.3a 69-9ab 76.6a 115.4 

C16:0, % 64 - lb 80.5a 79.2a 86.9a 94.0 

O
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 126.la 104.9a 101.7a 90.6a 102.2 

C18:l, % 58.3b 91.9a 94.7a 90.6a 102.5 

O
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» 00
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63.4b 71. la 69-6ab 76.5a -

C18:3, % 70.8a 74.9a 58.6b 70.8a -

a _ d  means  not  having  common l e t ter  superscr ipts  are  s igni f icant ly  

d i  f ferent  (P <0 .05)  



could be explained partially by the improvements that occurred in the 

dietary components when tallow was added to rolled barley. 

Data presented in Table 16 and 17 show the nutrient and fatty 

acids compositions of feedstuffs used in this study. The compositions of 

linoleic acid (C18:2) in wheat bran, dehydrated alfalfa, oats and rolled 

barley were 2.23, 0.51, 1.58 and 1.06%, respectively, and tallow 

availabilities with these feedstuffs were 105.07, 92.48, 98.37 and 89.3%. 

Therefore, a relationship between the amount of linoleic acid (C18:2) and 

tallow availabilities was observed. High concentration of linoleic acid 

(C18:2) in the diet resulted in an improvement in tallow utilization, 

which supports the observation of Sibbald and Kramer (1980a). 

Table 18 shows the effect of carrier on the TME value of tallow. 

Wheat bran and oat carriers permitted the highest TME values of tallow 

(13.97 Kcal/g and 13.99 Kcal/g respectively). However, dehydrated 

alfalfa and rolled barley produced lower TME values of tallow (11.04 

Kcal/g and 11.02 Kcal/g respectively). All TME values of tallow were in 

excess of their gross energies, supporting the observations of Horani and 

Sell (1977a) and Sibbald and Kramer (1977, 1980a). The results of this 

study suggest an interaction between the supplemented tallow and the 

carrier, supporting the observation of Sibbald and Kramer (1978). 

Moreover, this study provides additional evidence that supplemental fat 

facilitates utilization of non-lipid dietary constituents. This agrees 

with the finding of Mateos and Sell (1981b). TME values of tallow in 

this study were in excess of most of those determined by Dale and Fuller 

(1982c) and Sibbald and Kramer (1977, 1980a,b), which suggested 



Table 16. Calculated Compositions of Feedstuffs 

Factor Wheat Bran Deh. Alfalfa Oats Rolled Barley 

Protein, % 16.4 22.5 13.8 11.6 

Starch, % 25.2 7.2 40.6 58.5 

Total Fat, % 4.4 3.5 4.0 1.9 

GE, Kcal/g 4.27 4.12 4.23 3.93 

TME, Kcal/g 2.02 1.97 2.91 2.96 

MEn, K cal/g 
(NKC, 1984) 

1.30 1.63 2.61 2.64 

True Digestibilities (without tallow) 

Protein, % 45.4 68.2 85.9 67.8 

Starch, % 78.5 63.9 93.5 94.6 

Fat, % 63.2 34.9 77.7 55.6 
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Table 17. Fatty Acids Composition (%) and True 
Digestibility (%) of the Basal Feedstuffs 

% Fatty Wheat Bran Deh. A1falfa Oats Rolled Barley 
Acids % Compj % Uig2 % Comp % Dig % Comp % Dig % Comp % Dig 

T. Fat 4.41 63.17 3.52 34.49 3.96 79.91 1.85 61.52 

Sat. F.A. 0.97 71.44 1.23 1.91 0.95 82.23 0.43 60.92 

Mono. 0.99 57.23 0.37 0.94 1.35 78.13 0.28 55.43 

Poly. 2.45 61.44 1.92 61.21 1.66 80.64 1.14 63.22 

C16:0 0.82 60.32 0.72 46.62 0.80 • 80.49 0.41 64.11 

C18:0 0.08 140.15 0.17 55.13 0.07 109.75 0.01 126.09 

C18:1 0.97 55.57 0.35 46.56 1.34 78.88 0.28 58.29 

C18:2 2.23 59.58 0.51 33.33 1.58 80.15 1.06 63.43 

C18:3 0.20 73.27 1.38 71.92 0.08 88.81 0.08 70.83 

Fatty acids composition (%) in the basal diet. 
2 True digestibility (%) of the fatty acids in the basal diet. 
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Table 18. The Effect of Carrier on the TME Values of Tallow 

Carrier 
TME of the Carrier 

without Tallow (Kcal/g) 
TME of 

Tallow (Kcal/g) 

Wheat Bran 2.02 13.97 

Deh. Alfalfa 1.97 11.04 

Oats 2.91 13.99 

Rolled Barley 2.96 11.02 

that tallow would be expected to exert a greater effect when fed with 

poorer quality feedstuffs such as wheat bran and oats. Also, it was 

generally observed that 2 to 6% tallow supplementation allowed a great 

improvement in nutrient utilization. Furthermore, tallow supplementation 

of 2 to 6% was adequate to produce the "extra metabolic effect." This 

finding supports the observation of Dale and Fuller (1982c). 

Summary 

Two experiments were conducted in order to evaluate the effect of 

tallow supplementation on the true metabolizable energy (TME) of wheat 

bran, dehydrated alfalfa, oats and rolled barley. Each diet was 

supplemented with four levels (0, 2, 4 and 6%) of tallow and assayed for 

TME using a modification of Sibbald's (1976a) procedure. Gross energy 

(GE), protein, amino acids, starch, total fat and fatty acids were 

determined to evaluate the effect of tallow on nutrient utilization. 



54 

Tallow supplementation to wheat bran significantly (P <0.05) 

improved the retention of both protein and fat, while starch retention 

was significantly (P <0.05) not affected. Tallow availability exceeded 

100% when included in wheat bran. TME values of wheat bran improved from 

2.02 to 2.63 Kcal/g with each increment of tallow. The true availability 

of valine, phenylalanine, isoleucine, leucine and lysine improved with 

tallow addition. The true availabilities of saturated fatty acids and 

mono-and poly-unsaturated fatty acids were also improved with each 

increment of tallow supplementation. The TME value of tallow was 

calculated by regression analysis which yielded a value of 13.97 Kcal/g. 

This value exceeded its gross energy (GE) by 51%. 

With dehydrated alfalfa, tallow supplementation significantly 

improved the retention of starch, protein and fat. Tallow availability 

was about 92%. TME values of dehydrated alfalfa improved from 1.97 to 

2.56 Kcal/g with 6% tallow supplementation. Lysine, arginine and 

tyrosine true availabilities were the only essential amino acids improved 

with tallow addition. The availabilities of saturated fatty acids and 

mono- and poly-unsaturated fatty acids were considerably improved with 

each increment of tallow supplementation. The TME value of tallow was 

11.04 which exceeded its gross energy (GE) by 20%. 

In the case of oats, tallow addition marginally improved starch 

retention and significantly increased total fat retention. Tallow 

availability with oats was 98.3% which is considered highly available. 

The TME value of oats improved from 2.91 Kcal/g (unsupplemented carrier) 

to 3.59 Kcal/g with 6% tallow. The effect of tallow supplementation on 
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the true availabilities of amino acids was marginal. Lysine and 

phenylalanine were exceptions; their availabilities were improved with 2% 

tallow supplementation. The availabilities of mono- and poly-unsaturated 

fatty acids were slightly improved by the addition of tallow. The TME 

value of tallow was 13.99 Kcal/g. This exceeded its gross energy by 50%. 

With rolled barley, tallow supplementation significantly improved 

fat retention. Starch retention was slightly decreased with either 4 or 

6% tallow. Tallow availability was about 90%. TME values of rolled 

barley improved from 2.96 Kcal/g to 3.47 Kcal/g with 6% tallow. All of 

the amino acids' true availabilities were improved with tallow addition. 

Also, the true availabilities of saturated fatty acids, and mono- and 

poly-unsaturated fatty acids improved with tallow supplementation. TME 

value of tallow was 11.02 Kcal/g; this amount exceeded its gross energy 

(GE) by 18%. 

Tallow levels of 2 to 6% were found to have a beneficial effect 

on the nutrient utilization of all of the carriers assayed in this study. 

Wheat bran and oats permitted the highest TME values of tallow. However, 

all TME values of tallow were in excess of their gross energy. 
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