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ABSTRACT 

Indirect calorimetry was employed to evaluate adequacy of various 

diets for laying hens. Effects of supplemental fats (animal fat, corn 

oil, olive oil and menhaden oil) and their combinations were evaluated; 

phosphorus deficiency was used to evaluate effects of mineral inadequacy; 

and methionine deficiency was used to determine effects of dietary amino 

acid balance and protein quality. 

Addition of animal fat and vegetable oil to laying hen diets at a 

level of 7% significantly (P<.05) increased both maintenance metabolizable 

energy (ME) requirement and fasting heat production (FHP). With the 

exception of menhaden oil, all fat supplements significantly (P<. 05) 

improved energy intake, energy retention (balance) and net energetic 

efficiency (NEE) of dietary ME conversion to net energy in eggs and body 

tissues. An olive oil-animal fat (1:1) combination produced the highest 

NEE (96%) and ME intakes. Comparison of egg yolk fatty acids with those 

in corn oil, animal fat, olive oil and olive oil-animal fat combination 

yielded correlation coefficients of .096, .890, .824 and .954, 

respectively, suggesting that fatty acids in the olive oil-animal fat 

combination most closely resemble those in egg fat. 

Diets formulated to contain 16% protein and .18% available 

phosphorus supported all egg production rate of 70.6% which was increased 

to 76.7% with supplementation to .35% available phosphorus. Feed intake 

and conversion were improved with phosphorus supplementation at the low 
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protein level, but not at 19'; protein. Heat production was higher for the 

low phosphorus-fed birds at each protein level. Daily maintenance ME 

requirement and FHP were increased with the high protein diets. The 16% 

dietary protein level was adequate to support both egg production and egg 

weight if sufficient available phosphorus was present in the diet. 

However, the 19% dietary protein level was detrimental to performance. 

Total sulfur amino acid (TSAA) intake and egg mass were increased 

with supplemental DL-methionine. Low TSAA levels resulted in higher heat 

production, and maintenance ME requirements with concomitantly lower NEE. 

A TSAA requirement of 529.8 mgjbird/day was estimated to support an egg 

mass of 47 gjbird/day. Indirect calorimetry estimated the TSAA 

requirements as 591.5 to 626.4 mgjbird/day for maximum energetic 

efficiency and energy balance, respectively. 
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CHAPTER 1 

INTRODUCTION 

Modern poultry production has progressed from small production 

units to the large commercial operations seen today. This progress was 

engendered by improvements in poultry breeding, housing, management and 

nutrition. Continued progress is dependent on improvements in productive 

efficiencies through the inputs listed above. Enhanced productive 

efficiencies through dietary modifications, and improved feed intakes to 

maintain optimum productive performance will be needed to sustain the 

poultry industry through the coming years. 

Dietary nutrient optimization involves the use of computerized 

linear programming to supply energy (as fats and carbohydrates), vitamins, 

minerals, and amino acids to poultry rations at least cost. The use of 

these diets results in improved feed conversions, weight gains and egg 

production (Antoniou, Marquardt and Cansfield, 1981; Reid and Maiorino, 

1984; Bartov, 1986, 1987; Rising et al., 1989). 

The continued development of new strains of poultry with increased 

productive potential requires reevaluation of the optimum levels of 

dietary essential nutrients in order for their genetic potential to be 

properly exploited. Indirect calorimetry techniques provide rapid tools 

for determination of energy requirements and utilization by poultry under 

various environmental and management conditions (DeGroote, Reyntens and 

Amich-Gali, 1971; Davis, Hassan and Sykes, 1973; Farrell, 1974, 1975; Dale 
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and Fuller, 1981; Deaton, Reece and Lott, 1984; Rising et a1., 1989). 

Determination of heat production (HP) by indirect calorimetry allows the 

calculation of dietary metab~:Lizabl~ energy (ME) needs, net energetic 

efficiency (NEE) and the evaluation of dietary requirements for all 

nutrients affecting performance. Protein deficient or high protein diets 

increase dietary induced thermogenesis (DIT) which is reduced when diets 

are balanced in the essential amino acids (Horani and Sell, 1977; Reid and 

Maiorino, 19&4; Rising et a1., 1989). Fat produces a lower DIT than 

either protein or carbohydrate, thereby serving as an efficient energy 

source, especially during high environmental temperatures. Within the 

thermoneutra1 zone (TNZ) of poultry, supplying optimum dietary proportions 

of protein, carbohydrate and fats has improved productive performance 

(Horani and Sell, 1977; Reid, Madrid and Maiorino, 1982). 

Although there is a wealth of information about the roles of 

nutrients in pOUltry performance only a few studies have documented the 

effects of nutrient levels on energy utilization (Farrell, 1975; Reid and 

Maiorino, 1984; Bartov, 1986). The studies reported in this dissertation 

were undertaken to evaluate the effectiveness of indirect calorimetry in 

assessing nutrient requirements, and to evaluate the effects of nutrient 

balance on energy utilization in laying hens. 
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CHAPTER 2 

LITERATURE REVIEW 

Various environmental and physiological factors influence energy 

utilization; among these are temperature, plane of nutrition, activity, 

age and genetically related factors (Balnave, 1974; Arieli, Meltzer and 

Berman, 1980). 

Environmental Factors 

Temperature Effects 

Energy requirements are minimal and constant over a temperature 

range known as the thermoneutral zone (TNZ) of which the thermoregulatory 

mechanisms require least effort in maintaining homeostasis (Gelineo, 1964; 

Arieli, Meltzer and Berman, 1979; Leeson, 1986). This temperature comfort 

zone varies with animal species and has been found to range between 19 to 

29 C for poultry by Barott and Pringle (1941) and Leeson (1986); other 

workers have not been able to demonstrate a TNZ in laying hens. 

Temperatures above or below the TNZ are associated with changes in 

thermoregulatory functions resulting in increased metabolic activity to 

relieve the body of heat load during elevated environmental temperatures 

or to keep the body warm during cold weather (Waring and Brown, 1967; 

Rising et al., 1989). 

Under conditions of acute environmental stress, birds exhibit 

physiol~gical responses such as panting or shivering as means to survival 
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(Arie1i gt a1., 1980). Mild heat stress reduces egg production, egg size 

and egg shell quality, but enhances feed efficiency (Campos, Wilcox and 

Shaffner, 1960; Bragg, Floyd and Stephenson, 1971; Zimmerman et a1., 1972; 

Miller and Sunde, 1975; de Andrade, Rog1er and Featherston, 1976; Reid, 

Valencia and Maiorino, 1978). 

At:. 32 C, egg production of Single Comb White Leghorns was 

depressed; however, feed efficiency improved (Kohne and Jones, 1975). 

These findings are similar to those of Zimmerman, Snetsinger and Greene 

(1973) who observed improvement in feed efficiency in laying hens housed 

at elevated temperatures. These authors attributed this improvement to a 

decreased requirement for body maintenance. 

Davis et a1. (1973) have also found that birds kept at 35 C 

reduced feed intake and lost body weight, but maintained production levels 

comparable with birds at 10 C over the short duration of the study. The 

low metabolizable ene.bY (ME) intake decreased HP, increased the amount of 

energy derived from tissue, and significantly increased gross efficiency 

of egg production during heat stress. Deaton et a1. (1984) showed an 

improvement in broiler performance with cycling temperature frequencies of 

35 to 21 C compared with 35 to 27 C. Under these conditions, performance 

was improved by dietary fat supplementation. Valencia, Maiorino and Reid 

(1980a) observed lowered ME intakes and maintenance requirements for birds 

housed at 35 Y§.. 18.3 C. Maintenance of net energetic efficiencies of egg 

production during heat stress was not possible without adjustments in 

dietary energy and protein levels. McNaughton and Reece (1984) reported 
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improved growth in broilers during warm weather with optimum levels of 

amino acids using a diet providing 3380 kcal/kg and .322% lysine Mcal ME. 

Provision of cold water to layer birds has enhanced heat tolerance 

(Miller and Sunde, 1975; Swain and Farrell, 1975) by having a cooling 

effect on blood vessels going to the brain and returning from wattles 

(Fox, 1951; Leeson, 1986) thus preventing heat prostration. Leeson, 

Summers and Moran (1976) found that consumption of cold water increased 

energy requirements since cool water must be raised to body temperature. 

Bianca (1964) observed changes in rate of oxygen consumption by oxen kept 

at 40 C when given water at either 14 C. Drinking the cold water lowered 

respiration rate from approximately 130 to 40 respirations/min, while 

drinking hot water (40 C) increased respiration rates from 130 to 180 

respirations/min. These studies suggest that the effects of high 

temperature stress are partially alleviated by cold water and that any 

means of reducing the heat load during periods of high temperature stress 

would be expected to be beneficial to production. 

Elevated environmental temperature and humidity have pronounced 

effects on laying hen performance as these cause reduced growth rate 

related to reduced feed intake (Harris and Nelson, 1975). Kerstens (1964) 

observed a fourfold increase in respiration rates of chicks at 26 ~. 19 

C and reductions in respiratory energy. Garlich and McCormick (1981) 

reported that fasting of chicks improved survival time by maintaining 

blood glucose levels during heat stress. They also observed improvement 

in survival time of chicks under similar conditions when carbohydrate 

calories were replaced with fat calories. 
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Fasting develops ketosis and metabolic acidosis ~hich may be 

physiologically vital in maintaining pH under conditions of alkalosis. 

Kohne and Jones (1975) found no changes in blood pH or carbon dioxide 

levels in laying hens exposed to heat stress, even though egg production, 

egg weight and shell quality were reduced. It has been postulated that 

egg production under heat stress correlates more with plasma 

concentrations of Ca2+ and Mg2+ than acid-base balance. Mongin (1968) 

reported a normal metabolic acidosis in the general circulation which was 

maintained when an egg entered the uterus, even though respiratory 

alkalosis developed with a respiration rate increase from 7.2 to 11. 8 

respirations/min. Heat stress causes shifts in plasma electrolyte 

concentrations which have been observed in all bird species. These shifts 

in plasma electrolyte concentrations are most significant for laying hens 

since they affect egg shell formation, and thus egg production (Leeson, 

1986) . Mueller (1966) observed that during heat stress, laying hens 

shifted acid-base balance favoring alkalosis which decreased egg shell 

quality. Even if feed intake remains normal during heat stress, laying 

hens experience the thermogenic effect of feed which usually coincides 

with periods of elevated environmental temperatures (Leeson, 1986). Van 

Kampen (1977) observed a 12X increase in heat production (HP) in layers 2 

h after feeding at 20 C. However, at 35 C a maximum increase of 7X in HP 

was observed as long as 4 to 5 h after feeding and this lasted 8 to 10 h. 

These findings suggest that for productive purposes, feeding should occur 

3 to 8 h before maximum temperature is expected. 
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Lillie ~ al. (1976) found a significant detrimental effect of 

temperature and relative humidity on body weight change, hen-day egg 

production and feed intake when 24-wk old White Leghorn pullets were 

subjected to temperatures ranging from 13 to 29.5 C at relative humidities 

of 50 to 80%. Body weight change, egg production and egg weight decreased 

significantly from 3.0 to 2.0 g per day, 78.1 to 65.1% egg production, and 

58.1 to 52.2 g average egg weight, respectively. Davis ~ al. (1973) 

reported depressed feed intake by laying hens at 35 C compared with 10 C. 

Reduction in ME intake (302 to 205 kcal/d) increased body weight loss (2.2 

to 13.2 g) and reduced HP (249 to 191 kcal/d) while egg weight and egg 

production were not affected. 

Energy usage under temperature stress was studied by Valencia gt 

al. (1980a,b) and Rising et al. (1989). Net energetic efficiencies for 

the conversion of dietary ME to net energy of production, based on carcass 

analysis and egg energy output, ranged from 78.2 to 80.1%, and dietary net 

energy increased by 12 to 20% in isocaloric diets at constant ambient 

temperatures of 21 and 32 C with dietary protein increases from 12% up to 

16%. Higher maintenance energy requirements were noted for birds fed the 

low protein diets (12 and 14% protein) in comparison with those fed 16 or 

18% protein at 35 C. 

Amino acid intakes and heat stress were investigated by March and 

Biely (1972) who suggested that higher concentrations of lysine were 

needed to maintain broiler growth at 31.1 C than at 20 C. Sinurat and 

Balnave (1985) also found that broiler responses to dietary lysine level 

were dependent on both dietary energy level and temperature. Increasing 
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environmental temperature reduced dietary lysine intake, weight gain and 

feed efficiency. Environmental temperature had the greatest effect on 

lysine requirement of broilers at 8 to 12 wk of age (Noll and Waibel, 

1989). The effects of temperature on enez'gy intake were studied by van Es 

et al. (1973) who reported that ME intakes of laying hens were increased 

from 138 kcal/kg·75/d to 153 kcal and 165 kcal/kg·75/d as the ambient 

temperature was decreased to 20 and 10 C, respectively, from a temperature 

of 30 C. 

Dietary Effects 

Fat 

Wilder, Cullen and Rasmussen (1959) reported apparent 

metabolizable energy (AME) of fat diets to exceed their gross energy 

contents and significantly reduced feed intake with concomitant 

improvement in feed efficiency expressed as kg feed/kg egg or kg feed/doz 

eggs. Following this study, many reports have shown that ME values for 

fats vary widely and are dependent on variables such as age of bird, 

feeding level, carrier material used, method of calculation and dietary 

Ca2+ levels (Horani and Sell, 1977; Dale and Fuller, 1981; Kussaibati, 

Guillaume and Leclercq, 1982; Atteh and Leeson, 1984, 1985). 

Metabolizable energy value in excess of its gross energy content was 

termed "extra metabolic effect" by Horani and Sell (1977) to distinguish 

it from the "extra caloric effect" reported earlier (Touchburn and Naber, 

1966; Dale and Fuller, 1981). Many workers have suggested that the 

apparent improvement in ME values in excess of their gross energy contents 

might be due to improved absorption of other nutrients in the basal diets 
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and the nature of the basal diets employed (Young, 1961; Gomez and Polin, 

1976; Horani and Sell, 1977). 

The absorption and utilization of saturated fat was improved by 

the presence of unsaturated fatty acids (Sibba1d, Slinger and Ashton, 

1961). Leeson and Summers (1976) suggested that the extra high ME values 

of diets containing mixed fats can be attributed to synergism between 

saturated and unsaturated fatty acids and the enhanced utilization of the 

non1ipid components of the diets. This enhancement in feed utilization 

could be due to reduced feed passage time along the gut for diets 

containing fat. 

Sibba1d and Kramer (1978) reported that endogenous fatty acids in 

dietary feed components may interact and enhance the absorption of added 

dietary fat as Dale and Fuller (1981) found the true metabo1izabe1e energy 

of tallow to vary accordingly with endogenous unsaturated fatty acids. 

Addition of 3 and 6X fat in ration of laying hens decreased average hen

day feed consumption (112.1 and 108.8 g/d). Feed efficiency was also 

improved 2.25 and 2.19 feedjkg eggs irrespective of the ca10rie:protein 

ratio. Weight gain increased (317 and 353 g/hen) , but egg size was not 

affected (60.3 and 60.3 g, respectively). Horani and Sell (1977) also 

noted similar findings when 6X fat was added to laying hen rations based 

on corn, oats or barley. Effici'Elncy was improved without adversely 

affecting any productive characteristics. Corn was more efficiently 

utilized than either oats or barley, regardless of the dietary fat source 

or calorie:protein ratio. Dietary lipids are efficiently incorporated 

into carcass fat (Annison, 1974). Diets containing approximately 7X fat 
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were used for lipogenesis by broilers producing body fat content of 12 to 

14% (DeGroote, 1975). Dietary ME concentrations of 13.5 MJ/kg depressed 

both growth and food conversion efficiency (Farrell, 1974). Shannon and 

Brown (1970) noted a partial efficiency of 84% for ME utilization when a 

corn oil supplemented diet was fed to mature cockerels. 

that most of the corn oil was used for lipogenesis. 

They suggested 

Farrell (1974) 

observed an increase in fat deposition in broilers with increased ME 

concentrations in the diet and a partial efficiency of utilization for fat 

synthesis of approximately 80 and 50% for protein synthesis as also 

reported by Petersen (1970). Thus restricted birds on high energy diets 

would have enough dietary energy for fat deposition compared with 

restricted birds on low energy diets. The higher the dietary fat level, 

the higher was its direct incorporation into tissue fat (85%) unlike basal 

diets containing no added fat (77%). The high fat level resulted in a 

partial efficiency of 85% for fat retention (Chudy and Schiemann, 1969). 

DeGroote (1975) observed that tallow was more efficiently utilized than 

soybean oil which would be due to the high proportion of digested tallow 

being deposited. Jackson, Kirkpatrick and Fulton (1969) reported 

increased ME values with concomitant feeding of diets containing 28.5% 

tallow to laying hens. suggesting that energy is the first limiting 

nutrient for poultry under adverse environmental conditions. These 

findings have also been reported by Reid and Weber (1973) and Valencia et 

al. (1980a). 

Other studies employing carcass analysis reported energetic 

efficiencies of 90 to 74% for tallow utilization (Grimbergen, 1970; Davis 
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et al., 1973). Valencia ~ §!. (1980a) could not observe any effects on 

ME values for White Leghorns with dietary fat supplementation at either 35 

or 18.3 C. ME values reported at 35 C were 2.84, 3.01 and 3.11 kcal/g. 

Net energy values for the diets containing 1 to 5% tallow were 2.03 to 

2.24 kcal/g for the basal diet and 2.45 to 2.45 kcal/g for the diet with 

additional fat. The NE of tallow was 7.67 and 7.80 kcal/g at 35 and 18.3 

C, respectively. Hence the calculated partial efficiencies of 97.19 to 

98.69% for conversion of ME to NE were reported. Feeding of a diet 

containing 4% added animal fat at 18.3 C significantly increased egg 

weight, and a 13% increase in ME intake was observed with feeding of 5% 

fat at 18.3 C. 

In a study by Fuller and Rendon (1977). efficiency for ME 

utilization, either for growth or fattening, was greater with poultry fat 

compared with other fats. It was further cited that caloric efficiency 

was higher with 10% than with 20% dietary fat. Carew, Hopkins and Nesheim 

(1964), reported higher efficiency for tallow than with vegetable oil. 

Gross efficiencies of .31, .23, .27, .27 and .29 for tallow, hydrogenated 

coconut oil, corn oil and soybean meal were reported, respectively. 

DeGroote ~ al. (1971) also reported greater metabolic efficiency of ME 

for growth and maintenance with all tested fats compared with glucose. A 

significantly higher tissue gain with tallow was reported than lard or 

soybean oil diets. Heat increment (HI) was higher with increased dietary 

corn oil levels, whereas in the case of poultry fat, HI continued to 

decline as dietary fat levels increased up to 15% and remained low at the 

20% level (Fuller and Rendon, 1977). This increase in ME utilization of 
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poultry fat compared with other fats was ascribed to the inherent nature 

of fat's incorporation into poultry tissue (Volker and Amich-Gali, 1967). 

According to Carew et al. (19~4), animal fats (beef tallow and bone fat) 

are equally effective as the vegetable fats (corn, soybean and olive oils) 

in increasing the metabolic efficiency of energy utilization by growing 

chicks. However, a fat containing relatively short chain (C12, C14) 

unsaturated fatty acid (lauric and myristic) such as coconut fat was not 

effective in increasing energy deposition in chicken carcass. 

Amich-Ga1i and Rossi (1967) also observed that copra fat (coconut 

oil) was inefficiently metabolized by chicks. Dietary ME of high fat 

diets was utilizod more efficiently than high carbohydrate diets, but no 

significant differences were found between the commonly used vegetable 

oils and animal fats. The highest energy deposition rate (/~O%) was 

obtained with the prime tallow diet and was significantly higher than the 

values of 37.1 and 37.7%, respectively, observed with the lard and soybean 

oil diets. 

Most energy studies have reported increased absorbability and thus 

higher ME values for the vegetable oils than for animal fats (Renner and 

Hill, 1960; Matterson et al., 1965). Pure fats are rarely used as feed 

ingredients but rather are blended with a variety of other fats, and these 

would be expected to exhibit some degree of synergism with respect to 

absorbabili ty (Horani and Sell, 1977; Sell !tt a1., 1983). Mbdng tallow 

with soybean oil (Sibbald et al., 1961) or rapeseed oil with rapeseed soap 

stocks (Lall and Slinger, 1974) resulted in ME values greater than the sum 

of the component fats. Blending four various fats (Sibbald and Kramer, 
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1978) improved ME utilization of tallow more by older birds than young 

birds. Thus combinations of beef tallow, poultry grease and pork lard for 

broilers should have higher feed efficiency than either fat alone. This 

supports the claim by Garrett and Young (1975) and Sibbald and Kramer 

(1978) that there are synergistic effects from combining dietary fat from 

different fat sources. Addition of rapeseed oil to pou1trJ grease, beef 

tallow or pork lard increased absorptive capacity indicating that a 

combination of saturated and unsaturated fat sources provides a balanced 

fatty acid mixture thus enhancing absorption (Horani and Sell, 1977). 

Protein 

In order to maintain maximum performance dietary protein must meet 

all requirements for the essential amino acids (EAA) to allow maximum 

protein synthesis and demand for other metabolic processes. The crude 

protein (CP) component of the diet should also be balanced in the 

essential amino acids to ensure proper energy intake. This suggests that 

economy is enhanced by dietary formulations that will ensure a balance in 

the amino acids at a minimum total percentage of crude protein in the diet 

(Olomu and Offiong, 1983). When birds were fed an 18% CP diet, Sugandi, 

Bird and Atmadilaga (1975) reported a significant improvement in egg 

output and better feed conversion efficiency than bird fed diets 

containing 15% protein. Chawla, Lodhi and Ichhponani (1976) recommended 

19% protein for laying hens in the summer and 15 to 16% protein for laying 

hens in the winter in the tropics. Productive performance of Warren 

pullets was adequate at a 16% CP and 2400 kca1 MEfkg. 010mu and Offiong 

(1983) suggested that birds reared in the tropics require less energy for 
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maintenance and productive purposes since elevated tropical temperatures 

would call for reduced needs of energy for basal metabolism. About 60X of 

egg energy is deposited as lipids and the efficiency of ME utilization for 

lipogenesis is between 78 and 85X for chickens fed conventional diets 

(Petersen, 1970; Shannon and Brown, 1970). Buttery and Annison (1973) 

noted a 90X efficiency for the utilization of ME for protein synthesis; 

however, 50X efficiency has been reported for most species (0rskov and 

McDonald, 1970; Oslage, Gadeken and Fliegel, 1970; Bickel and Durrer, 

1974; Jordan, 1974). This low energetic efficiency for protein synthesis 

has been attributed to rapid turnover of amino acids in muscle tissue 

(Buttery and Annison, 1973). 

Several studies have shown that supplementation of poultry rations 

with pure forms of the crystalline essential amino acids allows reductions 

in dietary CP content while meeting requirements of all essential amino 

acids. This reduction in dietary protein ensures maximization of energy 

utilization (Farrell, 1975; Reid and Maiorino, 1984). Leeson (1986) 

suggested that lysine supplementation during heat stress improved 

performance of laying hens. Pastro, March and Bie1y (1969) indicated that 

lysine deficiency increased body temperature and this would be of 

particular concern in warm environmental conditions. Guillaume and 

Summers (1970) observed improved ME utilization with improved amino acid 

balance at 21 or 32 C and reduction in HI with improved amino acid 

balance. Burlacu (1969) evaluated excesses of individual amino acids and 

noted increases in HI only with high amounts of alanine, asparagine and 

phenylalanine. 
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Phosphorus and Calcium 

The National Research Council (NRC, 1984) recommendation for 

available phosphorus for laying hens is .32% fed continuously throughout 

the laying cycle. This feading level corresponds to 350 mg/hen/d (NRC, 

1984). In order to compensate for possible effects of aging and 

physiological changes during the laying period, many workers have 

suggested a phase feeding program during the laying year which adjusts 

dietary nutrients particularly protein, energy, calcium and phosphorus 

according to the stage of production or age of laying hens (Scheideler and 

Sell, 1986). 

Harms (1979) reported that maximum production in laying hens 

requires 650, 550 and 450 mg total phosphorus per hen daily for periods of 

22 to 36, 36 to 52, and 52 weeks of age to end of lay, respectively. 

However, Scheideler and Sell (1986) suggest intake levels of 460, 360 and 

260 mgjbird/day for hens at ages of 24 to 39, 39 to 51 and 51 to 71 weeks, 

respectively. Rodriguez, Owings and Sell (1984) compared the two 

techniques for laying hens performance by feeding .45% available 

phosphorus continuously ~. phase feeding of .35, .25 and .15% available 

phosphorus during weeks 22 to 34, 34 to 50 and 50 to 70, respectively. 

They reported an improvement in feed utilization during the phase feeding 

regimen compared with the continuous feeding of .45% available phosphorus. 

In addition, the hens on the phase feeding program reduced weight and had 

low carcass ash and P levels. In another study, laying hens fed levels of 

.36, .26 and .16% during the age intervals of 24 to 39, 39 to 51 and 51 to 
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71 weeks, respectively, maintained a high rate of egg production without 

excessively depleting hens body stores (Mikaelian and Sell, 1981). 

Similarly phase feeding of .45, .35 and .25% available phosphorus 

to laying hens at age intervals of 26 to 42, 42 to 54 and 54 to 74 weeks, 

respectively, increased performance compared with birds fed a .45% level 

continuously (Daghir and Farran, 1983). 

In agreement with these authors, Rodriguez ~ al. (1984) observed 

that phase feeding of .35, .25 and .15% of NPP to laying hens from 22 to 

34, 34 to 50 and 50 to 70 weeks of age respectively resulted in 

performance responses equal to those of hens fed up to .45% available 

phosphorus continuously during production. 

Summers, Grandhi and Leeson (1976) reported increased hen day egg 

production when birds were fed low levels of P. Hurwitz and Griminger 

(1962) reported that phosphorus retention (g/hen/d) increased as dietary 

P increased from .13 to .51%. Scheideler and Sell (1986) observed that P 

retention was 269 mg/d at 34 weeks of age and this parameter declined with 

age. 

Keshavarz (1986) reported a decrease in the retention of Ca and P 

as dietary Ca levels were increased, however, the absolute retention of Ca 

was increased and the absolute retention of P was reduced with increasing 

dietary levels of Ca. These results were in agreement with early findings 

of Hurwitz and Griminger (1960), Kalango and Ademosun (1973) and Atteh and 

Leeson (1983). Under these conditions, egg production was significantly 

lowered with 6.5% dietary Ca. A depression in egg proQuction with high 
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dietary Ca was also reported by Taher, Gleaves and Beck (1984) and Damron 

and Harms (1980). 

Although there are numerous studies on the effects of dietary 

phosphorus on the performance of animals and poultry, there is no 

information on the effects of dietary phosphorus on energy utilization. 

Genetic and Breed Effects 

Breed and strain differences in response to adverse environmental 

temperatures have been observed by many authors. It has been reported 

that fasting heat production and maintenance ME requirements of hens and 

cockerels of the White Leghorn breed are higher than those of the heavy 

broiler breeds (Berman and Snapir, 1965; Leeson, 1986). 

It is generally accepted that smaller breeds such as the jungle 

fowl and White Leghorn survive longer under conditions of heat stress than 

their heavier counterparts (Leeson, 1986). The smaller breeds have been 

noted for their greater water intake during heat stress. The Bedouin 

fowl, capable of regulating body temperature, metabolic rate and acid-base 

balance during heat stress (37 to 40 C), was studied by Arad, Moskovitz 

and Marder (1975). These authors observed that crossing Leghorns with 

Bedouin fowl improved heat tolerance in offspring relative to Leghorns, 

s~ggesting a genetic effect on heat resistance. Washburn, Peavey and 

Renwick (1980) indicated that strains of birds selected for rapid growth 

were less resistant to heat stress than slow growing birds, and 

restricting feed intake of fast growing birds improved resistance to heat 

stress. Van Kampen (1977) reported that activity may affect the bird's 

resistance to cold stress since lower critical temperatures could be 
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reduced by as much as 5 C if birds were active. Wilson ~ al. (1975) 

observed that selection for increased oxygen consumption and high heat 

tolerance enhances offspring with similar parameters, thus suggesting that 

Leghorns with a high metabolic rate are more tolerance to heat stress than 

are heavier breeds. 

Geraert, Macleod and Leclercq (1988) reported that differences in 

fat content between genetically selected fat (FL) and lean (LL) lines of 

broiler birds could not be ascribed to energy utilization, digestibilities 

or feed intake alone, but also to lower energy expenditure as observed in 

oblob mice (Boissonneault et a1., 1978) and Zucker rats (Stern and 

Johnson, 1977). The reduced energy output could be explained in terms of 

reduced physical activity in Zucker rats (Stern and Johnson, 1977) and 

oblob mice (Webb, Jargot and Jakobson, 1982) or by an impaired 

thermogenesis (Geraert et al., 1988). The differences in energy 

metabolism between FL and LL line birds were apparently due to differences 

in partition of retained energy between fat and protein. Protein is less 

efficiently deposited than is fat. Farrell (1975) reported differences in 

maintenance energy requirements for Australorp, crossbreed and Leghorn. 

The mean fasting heat production (FHP) of Austra1orp, crossbred and White 

Leghorn breeds were 249, 331 and 346 kJ/kg WId, respectively. A 

maintenance ME requirement of 442 kJ/kg WId was observed for the Leghorns, 

which is similar to the values of 410 and 481 kJ reported by Waring and 

Brown (1965), Burlacu, Ba1tac and Paraschiv (1970), Tasaki and Sasa 

(1970), and van Es et al. (1970). 
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Human obesity has been suggested as a familial disorder which may 

be genetically determined (Ravussin et al., 1986; Ravussin and Bogardus, 

1989). The familial occurrence of obesity among siblings has been 

ascribed variously to excessive food intake or a deficiency in energy 

expenditure. Variations in resting metabolic rates (RMR) in 130 healthy 

Pima Indians, (74 males and 56 females) from 54 families, were found to be 

due mainly to age, sex and fat free mass (FFM) differences. Familial 

membership accounted for only about 7% of the differences in RMR. Twenty

four hour energy expenditure values aggregated by family. This finding is 

in agreement with the work of Fontaine ~ a1. (1985) and more recent work 

by Ravussin and Bogardus (1989) who reported that RMR is only partially 

influenced by genetic background in monozygotic and dizygotic twins. 

Heat Production. Activity and Sex Effects 

Calorimetry has b~en employed widely for the determination of 

energy metabolism in laying hens and broilers (Waring and Brown, 1965; 

Grimbergen, 1970; van Es ~ a1., 1970; Bur1acu and Baltac, 1971; Davis et 

a1., 1973; Christin et a1., 1989; Rising ~ a1., 1989). The components of 

BMR, physical activity and HI account for about 73, 12 and 15% of the 

total maintenance energy requirements, respectively. 

Deighton and Hutchinson (1940) reported that standing HP for the 

chicken is 40-45% higher than when sitting; while heat loss by radiation, 

conduction and convection increased by 20 to 40% upon standing. A 12% 

reduction in energy metabolism was reported when birds were asleep with 

head-under-wing compared with the sitting position. DeShazer, Jordan and 

Suggs (1970) reported a 20 to 40% increase in sensible heat loss in the 
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standing compared with sitting position. This heat loss decreased as 

feeding and general movement decreased with darkness. Fasting HP of 

cockerels has been reported to be 10% greater than that of non-laying hens 

of the same breed (Mitchell and Haines, 1927). Waring and Brown (1965) 

reported the fasting metabolic rate of the laying hen to be 20% greater 

compared with the non-laying hen. Tasaki and Sasa (1970) reported a 26% 

difference. 

Human Energy Utilization 

BMR accounts for about 60-80% of daily energy expenditure and is 

correlated closely with body size (Garrow, 1978; Sims and Danforth, 1987). 

For this reason, many authors have suggested thatBMR is constant for a 

given body size and composition, age, and sex; and that a person's daily 

energy requirements can, therefore, be derived from equations based on 

these variables (Daly et a!., 1985; Schofield, 1985). Daily energy 

utilization in animals, chickens and humans is affected by a number of 

other factors including circadian variation (Berman and Meltzer, 1978; 

Lundy, MacLeod and Jewitt, 1978; MacLeod, Tu1lett and Jewitt, 1980), 

activity (van Kampen, 1976), reproductive condition (Waring and Brown, 

1965; Balnave et al., 1978), environmental temperature (Romijn, 1969; 

Davis et al., 1973; Vohra, Wilson and Siopes, 1979), feed consumption 

(Geers, Micho1 and Decuypere, 1978), feather coverage and insulation 

(Olson, DeShazer and Mather, 1974; Hughes, 1980; Tauson and Svensson, 

1980; Tullet, MacLeod and Jewitt, 1980), and breed (Farrell, 1975; Lundy 

et a!., 1978). Age related changes in BMR for humans has been reported to 

be no more than 1-2% per decade over the range of 20 to 75 years which is 



33 

mostly accounted for by changes in body composition (Webb, 1981; Ravussin 

et a1., 1986). When lean,. overweight and obese subjects under sedentary 

conditions in a respiratory chamber were examined, Ravussin et a1. (1983) 

noted a linear decrease in overall energy expenditure in relation to body 

weight with obese individuals expending more energy than their lean 

counterparts. 

Rothwell and Stock (1986) pointed out that food intake and body 

weight are influenced by environmental temperature and closely related to 

thermoregulation in homeotherms. Thus voluntary food intake is determined 

by the requirement to produce heat for body temperature regulation. In 

addition, exposure to cold or hyperphagia also induces HP known, 

respectively, as nonshivering thermogenesis (NST) and dietary induced 

thermogenesis (DIT) (Rothwell and Stock, 1983; Himms-Hagen, 1985). 

DIT is that amount of heat produced above RMR under thermoneutra1 

conditions in response to food intake, thermogenic agents, cold exposure 

and physiological influences (Vohra, 1979; Christin et a1., 1989). This 

phenomenon has also been referred to as specific dynamic action (SDA) , 

post prandial thermogenesis (PT) , or thermic effect of food (TOF) 

(Rothwell and Stock, 1981). It comprises the obligatory energy cost of 

digesting, absorbing, processing or storing of nutrients. Forbes et a1. 

(1935) observed that very low or very high protein diets relative to 

requirements increased HP in rats with a minimum value near the protein 

requirement. Valencia ~ a1. (1980b) reported a parabolic relationship 

between HI plus activity and protein intake in layers kept at 32 C, with 

a minimum near the requirement level. Many workers have reported 



34 

increased HP with reduction in gross energetic efficiencies in rats fed 

low protein diets (McCracken, 1976; Tu1p et al., 1979; Swick and Gribskov, 

1983). These findings have been confirmed in the pig (Gurr et a1., 1980; 

Coyer, Rivers and Millward, 1987). McCracken and McAllister (1984) 

observed no evidence supporting the concept of DIT in response to protein 

restriction or a thermogenic defect in response to food intake in obese 

individuals. This defect has been ascribed to resistance and 

unresponsiveness of the sympathetic nervous system, and a reduction in 

thermogenic response to noradrenaline infusion in obese women with a 

familial history of obesity (Jung et a1., 1979; Bessard, Schutz and 

Jequier, 1983; Ravussin et al., 1983). 

Furthermore, the thermogenic response to overfeeding may be 

related to thyroid hormone metabolism since overnutrition has been shown 

to elevate plasma concentrations of triiodothyronine (T3) in lean subj ects, 

thus increasing the production of T3 (Danforth et al., 1979). In man, 

however, the association of a thermogenic defect in the etiology of 

obesity has not been clearly defined as in the rat. Studies on glucose or 

meal-induced thermogenesis in obese individuals have yielded contradictory 

results. In some obese subjects with a history of childhood onset 

obesity, reduction in thermogenic res~onse to glucose has been reported 

(Pittet et a1., 1976; Bessard et al., 1983; Jequier, 1984). Contrary to 

the findings of these authors is the observation of unaltered thermogenic 

response to a carbohydrate test meal (Sharief and McDonald, 1982; Felig ~ 

a1., 1983; Ravussin and Bogardus, 1989). These differences in results may 

be attributed to methodological problems concerning techniques and the 
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biological variation of these subjects. The activity of brown adipose 

tissue (BAT) as a contributory factor to the thermic effect on energy 

metabolism of cafeteria fed rats at 24 C was 76% above control, and at 29 

C was 38% above control, but was significantly reduced at elevated 

temperatures. Cafeteria feeding induced feed intake and BAT 

thermogenesis, energy expenditure and depressed energetic efficiency 

(Rothwell et al., 1986). This phenomenon is active in the rat but may be 

inactive or lacking in man. 
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CHAPTER 3 

MATERIALS AND METHODS 

Four refrigerator units (48.5 x 20 x 90.5 cm) were modified into 

a functional multi-chamber indirect ca1orimetp-r system (Rising et a1., 

1989) shown schematically in Figure 1. Constant temperature (21.1 ± .5 C) 

and photoperiod (14 h/day) were maintained in each chamber and room air 

flow rate into each chamber was regulated between 18 to 23 standard 

liters/min as determined with air mass flow transducers (Model FMA-507V, 

Omega Engineering Inc., Stamford, CT). Exhaust oxygen, room air oxygen 

and carbon dioxide concentrations from each chamber were monitored at 15 

min intervals for 2 min by an electrochemical oxygen sensor (Model N-22, 

Ametek-Thermox Instruments Div., Pittsbu.rg, PA), and an infrared carbon 

dioxide sensor (Model 1-61, Ametek-Thermox Instruments, Div., Pittsburgh, 

PA), respectively. Exhaust oxygen and carbon dioxide mixture intake flow 

rate (180 ml/min) into the respective sensors was regulated by a flow 

controller (Model R-l, Ametek-Thermox Instruments Div., Pittsburgh, PA.). 

During sampling the calorimeter was closed to room air. 

Analog signals from both sensors were processed by oxygen and 

carbon dioxide analyzers (Model S-3A1 and ModelCD-3A, respectively, 

Ametek-Thermox Instruments Div Pittsburgh, PA) precalibrated with a 

standard oxygen and carbon dioxide gas mixture. Signal outputs from both 

air flow transducers (flow meters) and gas analyzers were transformed into 

digital units by an ADALAB analog/digital board (Interactive Microware, 
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Inc., State College, PA) and data processed by an Apple lIe Computer. 

Room air oxygen and carbon dioxide contents were monitored as previously 

described and utilized as initial values for each sampling cycle. All 

four sampling cycles per h were summarized for 23 h applying corrections 

to standard dry conditions (STPD) for humidity, temperature and barometric 

pressure (intake flow rates and gas volumes (02 and CO2). Chamber sample 

air was dried by passing it through Drierite (CaS04) and assumed to be at 

room temperature during measurement. 

Calorimetric Protocol 

Laying hens in full egg production (70-90X) and weighing between 

1500 to 1900 g were utilized in all experimental procedures. Two birds 

per cage (45.7 X 45.7 X 50.8 cm) were housed in each experimental chamber. 

All chambers were maintained at constant environmental temperature (21 C) 

and birds were exposed to 14 h of light per day. Water was provided ad 

libitum. A seven to 14-day adaptation period to environmental chambers 

and control diets (basal diets) was confirmed by constant heat production 

(HP) and feed consumption before birds were placed on their respective 

experimental diets (Davis, Hassan and Sykes, 1972; Rising et a1., 1989). 

Four diets were evaluated simultaneously with measurements recorded for 23 

h per day and 1 h allowed for cleaning, recording of feed intake, body 

weight change and other data acquisitions. Diets and corresponding 

excreta samples of birds for respective chambers were collected for each 

experiment during ad libitum feeding after adaptation to the diets and 

environmental temperature. Representative samples were analyzed for gross 

energy using an adiabatic oxygen bomb calorimeter (Model 1241, Parr 
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Instrument Co., Moline, IL) and chromium oxide (Edwards and Gillis, 1959). 

Metabolizable energy (ME) values were calculated from gross energy and 

chromium oxide ratios. Heat production was calculated according to the 

equation of Romijn and Lockhorst (1961) from temperature and pressure 

corrected oxygen and carbon dioxide values. The correction for protein 

oxidation was ignored since the error in HP is only .2% (Romijn and 

Lockhorst, 1966). Correction for carbon dioxide content of egg was not 

required since added carbonate was included in all diets (Waring and 

Brown, 1965). 

Data collected for 3-5 days before restricted feeding and during 

restricted feeding were expressed per kg physiological body weight (PBW

BWk~s) and subj ected to regression analyses, using energy balance. obtained 

as differences between ME intake and HP as the dependent variable and ME 

as the independent variable (Figure 2). Fasting heat production (FHP) was 

estimated as the Y-intercept, and maintenance ME requirement as the x

intercept (Figure 2). The slope of the fitted regression line above the 

maintenance requirement accounted for the net energetic efficiency (NEE) 

of conversion of ME to retained energy. ME available above maintenance 

for productive functions was estimated by difference between ME 

requirements and total dietary ME intake. 

Statistical comparisono of slopes and intercepts from regressions 

were determined according to Zar (1974). All regression and ad libitum 

data were subjected to analyses of variance across dietary treatment 

regimes and mean differences at the 5% level of probability (P<.05) using 

least significant difference (LSD) according to Steel and Torrie (1960). 
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In all calorimetric and balance trial experiments, crude prot~in from each 

diet and corresponding excreta sample collected from full fed birds, was 

estimated as 6.25 x percent nitrogen, as determined by nesslerization of 

microkjeldahl digests of diet samples (Association of Official Analytical 

Chemists, 1980). Hydrolysis was accomplished with 6N HCl in an autoclave 

(16-18 h). Methionine was preserved by the addition of mercaptoacetic 

acid sodium salt (w/w). Amino acid contents of diet samples were 

determined using a high performance liquid chromatograph (Model 8000B, 

Spectra Physics, Mountain View, CA) with a 3-~ RP-18 column, and employing 

precolumn o-phthalaldehyde derivatization (Jones, Paabo and Stein, 1981). 
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FIGURE 1. Schematic diagram of the open-circuit indirect 
calorimeter used for laying hen studies at the University of Arizona. 
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metabolizable energy (ME) consumption employed to estimate energy 
parameters. 



CHAPTER 4 

EFFECTS OF DIETARY FAT SOURCE ON NET ENERGETIC EFFICIENCY (NEE) 

OF lAYING HENS 
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Since the demonstration in the early 1950' s that high dietary 

metabolizable energy (ME) levels significantly reduce feed intake with 

concomitant improvement in feed efficiencies, a number of workers (Wilder 

et a1., 1959; Polin and Wolford, 1973; Maiorino et a1., 1986), have shown 

that the determined ME of fat is affected by carrier material used and a 

number of other factors (Farrell, 1975; Horani and Sell, 1977). ME values 

for fe~d grade fats in excess of gross energy content are often found and 

this has been termed "extra metabolic effect" by Horani and Sell (1977). 

The ME values in excess of their gross energy contents have been ascribed 

to improved absorption of other nutrients in the basal diet (Young 1961; 

Gomez and Polin, 1976; Horani and Sell, 1977). This effect is thought to 

be due to reduced feed passage time along the gut for diets containing 

fats (Horani and Sell, 1977), and the enhanced absorption of other dietary 

feed components (Sibbald and Kramer, 1978). Maiorino et al. (1986) found 

that the determined true metabolizable energy value for a feed grade 

animal fat varied from 7.19 kcal/g with soybean meal as the carrier 

material to 13.62 kcal/g with wheat bran. 

Horani and Sell (1977) reported that addition of 6% fat to a 

laying hen ration based on corn, oats or barley significantly improved 
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utilization efficiency with corn being improved less than either oats or 

barley. 

Shannon and Brown (1970) reported a partial efficiency of 84% for 

ME when corn oil supplemented diets were fed to cockerels. Petersen 

(1970) and Chudy and Schiemann (1969) reported partial efficiencies of ME 

utilization in high fat diets as 80 and 50%, respectively. DeGroote 

(1975) observed that tallow was more efficiently utilized than soybean oil 

and suggested that this was due to the high proportion of tallow fatty 

acids deposited into poultry tissue in comparison with the more 

unsaturated fatty acids in the soy oil. 

Studies employing calorimetry or carcass analyses have reported 

energetic efficiencies in the range of 70-90% for tallow supplemented 

diets with the lower values being obtained with the carcass analysis 

procedure (Grimbergen, 1970; Rising et a1., 1989). DeGroote et a1. (1971) 

reported greater metabolic efficiency of ME use for growth and maintenance 

with various tested fats than with glucose. Heat increment (HI) was 

higher with dietary corn oil than for poultry oil. HI tended to decline 

as dietary fat levels increased up to 15%. Volker and Amich-Gali (1967) 

ascribed this effect of reduced HI with fat to the almost direct 

incorporation of the fat into poultry adipose tissue. 

Several reports, using purified diets, have demonstrated increased 

absorbability and hence higher ME values for the vegetable oils compared 

with animal fats (Renner and Hill, 1960; Matterson g,! a1., 1965); however, 

other studies, with practical diets, have not found this effect (Carew g,! 

a1.,1964). These authors also observed that a fat containing relatively 
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short chain (C12, C14) fatty acids such as coconut oil was ineffective in 

increasing energy deposition in chicken carcass. 

The present study was undertaken to investigate the effects of 

various fat sources on net energetic efficiency (NEE) of ME utilization 

for egg production in laying hens as determined by indirect calorimetry. 

Materials and Methods 

Indirect calorimetry was employed to evaluate energy ,utilization 

of Shaver 288 laying hens fed a basal diet (Table 1) and supplemented with 

various fat sources. Eight experimental diets were fed to laying hens in 

the calorimeter chambers maintained at an ambient temperature of 21.1 ± .5 

C (70 F). The diets consisted of a basal (BA) diet and the same basal 

diet supplemented with 7% animal fat (AF) , olive oil (OL) , corn oil (CO), 

menhaden oil (MO) , plus equal mixtures (3.SX each) of olive oil-animal fat 

(OL/AF), menhaden oil-animal fat (MO/AF), and corn oil-animal fat (CO/AF). 

The composition of each fat (Table 2) W8S determined by gas-liquid 

chromatographic analysis of the fatty acid methyl esters prepared from 

chloroform: methanol (2:1, v/v) extracts by reaction with 12X boron 

trifluoride in methanol (American Oil Chemists' Society, 1972) . A 

Shimadzu GC-8 gas chromatograph, equipped with a Spectra-Physics SP4270 

integrator and a flame ionization detector was utilized for the analyses. 

Diet and excreta samples were collected during ad libitum feeding 

for gross energy determinations (bomb calorimetry) at the beginning of the 

experiment. After adaptation to the experimental diets (Davis et a1., 

1972; Rising et al., 1989), hens were restricted to 60X of their ad 

libitum intake for 3-4 days to obtain data for regression analyses. 
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Results and Discussion 

Birds fed the basal diet consumed an average of 283.6 kcalfb/d 

during the ad libitum portion of the study (Table 3). With the exception 

of the diets containing menhaden oil, fat supplementation produced a 

significant increase in ME intake. The highest ME intakes were associated 

with the olive oil supplemented groups, followed by animal fat and corn 

oil. The combination of 3.5% each of animal fat and corn oil decreased ME 

intakes in comparison with each of these fat sources fed alone. The 

menhaden oil used in this study was not well accepted by the laying hens 

and caused a reduction in feed and ME intakes even when present in the 

diet at a level of 3.5%. 

Daily heat production (HP) was also increased with each of the 

added fats (Table 3). Even the menhaden oil treatments produced 

significant increases in daily HP in comparison with the basal diet. 

Daily energy balance data show significant increases in energy retention 

with supplemental fat in comparison with the basal diet fed birds. Hens 

fed the unsupplemented basal diet retained an average of 164.8 kcal/day, 

while the animal fat, corn oil, and olive oil supplements increased energy 

balance to 187.5, 192.9, 232.8 kcal/day, respectively. The improvements 

in energy balance suggest that there was more ME available for egg 

production and body tissue gains as a result of including fat in the diet. 

Olive oil was more effective than either animal fat or corn oil in 

promoting energy balance. Menhaden oil, due to the low consumption rates, 

produced a significantly lower energy balance than even the basal diet. 
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Calculations of the energy data on the basis of physiological body 

weight changed the patterns of the data only slightly (Table 3). ME 

intakes were still improved with fat supplementations by as much as 33.5% 

(olive oil + animal fat); while the two diets containing menhaden oil 

depressed ME intakes by 25.0 to 26.1% in comparison with the basal diet. 

The only synergistic effect of combining the fat sources was noted 

with the olive oil and animal fat combination. ME intakes of the birds 

fed the equal mixture of olive oil and animal fat consumed significantly 

more energy than birds fed either of the fat sources alone. 

NEE was significantly increased with all fat supplemented diets 

except for those containing menhaden oil. The basal diet supported a NEE 

of 85.2%; while the animal fat, corn oil and olive oil diets allowed NEE 

values of 89.2, 89.0 and 89.6%, respectively (Table 3). Only in the case 

of the olive oil and animal fat combination was there a synergistic effect 

from combining fats. This combination produced a NEE of 96.1% in 

comparison with values of 89.2 and 89.6% for animal fat and olive oil fed 

alone. Rising (1988) also observed improvements in NEE with the feeding 

of safflower oil or cottonseed oil. Maiorino et al. (1986) have reported 

NEE values of 81.2, 87.4 and 88.5% for 2, 4 and 6% animal fat supplemented 

diets, respectively. 

DeGroote et al. (1971) observed unusually high NEE values of 102.9 

to 108.1% for several fats in comparison with glucose in broiler chicks. 

The variation in energetic efficiencies among the various fats has been 

related to the different fatty acid compositions as cited in the 

literature review. Volker and Amich-Gali (1967) ascribed this effect to 
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the almost direct incorporation of the fat into poultry adipose tissue. 

A comparison of the major fatty acid compositions of the supplemental fats 

used in the present study with egg yolk fatty acids is shown in Figure 3. 

Correlations of egg fatty acids on corn oil, animal fat and olive oil 

yielded correlation coefficients of .096, .890 and .824, respectively. 

These calculations suggest that the fatty acids in animal fat more closely 

resemble those in egg fat than does the composition of corn oil, but only 

slightly better than olive oil. The olive oil-animal fat mixture gave a 

correlation coefficient of .954, which suggests that this combination is 

better than any of the other fats or mixtures. This mixture did produce 

the highest NEE values (Table 3). 

Summary 

Addition of animal fat and vegetable oil to laying hens diets 

significantly reduced HP and improved ME intake, energy balance and NEE 

for all diets except those containing menhaden oil. The depressed 

performance of laying hens fed menhaden oil was probably due to low feed 

intake. A significant synergistic effect on performance characteristics 

was observed with diets supplemented with equal amounts of animal fat and 

olive oil. This combination gave the highest correlation coefficient 

(.954) between the fatty acids of fat mixture and the egg yolk fatty acids 

which would suggest that this combination is more efficient for production 

than the other fats or fat mixtures. 



TABLE 1. Percentage composition of basal diet (BA) 
(Experiment 1) 

Ingredient 

Ground milo 
Soybean meal 
Dehydrated alfalfa meal 
Ground limestone 
Dicalcium phosphate 
DL-methionine 
Salt 
Vi trunin mixl 
Trace mineral mix2 
Chromium oxide 

Calculated nutrient composition 

Protein, X 
Metabolizable energy, kcal/g 
Calcium, X 
Available phosphorus, X 
Lysine, X 
Total sulfur amino acids, X 

Percent 

65.41 
20.54 
3.00 
7.95 
1.32 

.13 

.35 
1.00 

.10 

.20 

17.00 
2.87 
3.50 

.35 

.81 

.65 

lSupplied the following per kg of diet: 
3965 IU vitamin A, 615 lCU vitamin D3 , 1.8 mg 
riboflavin, 11.2 mg niacin, 4.5 mg calcium 
pantothenate, 5.3 pg vitamin B12 , 2.2 IU d-Q
tocopherol acetate, .9 mg menadione sodium 
bisulfite, 372 mg choline chloride, and 50 mg 
ethoxyquin. 

2Supplied the following (ppm): 20 Fe, 60 
Zn, 60 Mn, 4 Cu, and 1 Mo. 
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TABLE 2. Fatty acid composition of supplemental fats 
(Experiment 1) 

Fatty Menhaden Corn Olive Animal 
acid oil oil oil fat 

(% of total fat ) 
C14 9.03 .07 3.41 
C14:1 .37 
C14:2 1.03 
C15 .52 .70 
C15:1 
C15:2 .21 .28 
C16 18.57 11.82 16.33 26.48 
C16:1 11.94 .33 4.10 4.13 
C16:2 .74 .13 .85 
C17 2.39 .11 1.52 
C17:1 2.18 .15 
C18 4.78 1.81 .17 16.10 
C18:1 12.70 27.16 54.87 40.14 
C18:2w6 1.62 57.44 19.50 3.47 
C19 .49 .32 
C18:3w6 1.20 .85 1.23 .17 
C18:3w3 3.54 .15 
C20 .26 .94 .41 
C20:1 1.62 .90 .43 
C20:2 .13 .48 .26 
C20:3w6 .21 .34 
C20:4w6 .84 .23 
C20:5w3 14.49 .22 
C22:1 .66 
C22:2w6 
C21:5w3 .64 
C22:4w6 .18 .21 
C22:5w3 .30 
C24 1.97 
C22:6w3 8.58 .49 
C22:5w6 
C24:1 

Saturated FA 37.78 14.00 17.51 48.94 
Monounsaturated FA 29.49 27.49 59.87 44.85 
Polyunsaturated FA 32.73 58.51 22.61 6.20 

w3 FA 27.51 .22 .49 .15 
w6 FA 4.07 58.29 21.51 3.64 



TABLE 3. Dietary fat type and energy utilization in laying hens (Experiment 1) 

Dietary fat sourcel 

Criteria 
BA AF CO CO-AF MO MO-AF OL OL-AF 

------------ (kcaljbird/day) ------------
ME intake 
Heat production 
Energy balance 

ME intake 
Heat production 
Energy balance 
Maintenance ME 
ME above maintenance 
Fasting heat production 

Net energetic efficiency 

ME 
Net energy 
Heat increment (HI) 
HI/ME ratio 

283.6d 
118.8e 

l64.8c 

196.4d 
82.4d 

114.0· 
63.0d 

133.4b 
53.2c 

85.2c 

2.78 
2.37 

.41 
14.8% 

334.0b 
l46.5ab 

l87.5b 

228.4c 
100.38 

128.1c 
87.08 

141.4b 
75.9ab 

89.2b 

3.22 
2.87 

.35 
10.9% 

335.8b 
l42.9b 
192.9b 

222.7c 
94.8bc 

128.0cd 
80.3bc 

142.5b 
71.1b 

89.0b 

3.20 
2.85 

.35 
10.9% 

304.5C 

l36.5c 
l68.lc 

2l4.3e 
136.lc 

78.2d 

(kcal/PBW2/day) 

219.4c 
98.4ab 

121.0de 
82.1b 

136.3b 
73.3b 

148.3· 
94.lbc 
54.2f 
79.1bc 
69.2c 
58.2c 

198.9f 
127.2d 

71.7d 

145.58 

93.0c 
52.4f 
75.8c 
69.7c 
54.9c 

382.1a 
149.3a 
232.8a 

246.1b 
96.2ebc 

149.9b 
78.9bc 

167.211 
70.4b 

370.98 

130.0d 
240.9a 

262.68 

92.0c 
170.6a 

86.3a 
176.2a 

81. 7a 

(%) --------------------------------------
88.7b 76.2d 

(kcal/g diet) 
3.22 3.16 
2.86 2.41 

.36 .75 
11.2% 23.7% 

74.2d 

3.16 
2.34 

.82 
26.0% 

89.6b 

3.35 
3.00 

.35 
10.5% 

96.1a 

3.38 
3.25 

.13 
3.9% 

lBA - basal diet, AF - animal fat, CO - corn oil, CO-AF - corn oil + animal fat (1:1, w/w), MO -
menhaden oil, MO-AF - menhaden oil + animal fat (1:1, w/w), OL - olive oil, OL-AF - olive oil + animal fat 
(1:1, w/w). 

2PBW - physiological body weight (kg) - BWk~5 

a-fMeans within a row with no common superscripts differ significantly (P<.05). VI 
o 
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FIGURE 3. Comparison of the fatty acid composition of egg yolk 
fat with the fatty acid composition of corn oil, animal fat, olive oil and 
a 1:1 (w/w) mixture of animal fat and olive oil (Experiment 1). 
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CHAPTER 5 

DIETARY PROTEIN AND PHOSPHORUS AND ENERGY METABOLISM IN LAYING HENS 

A dietary level of .32% available phosphorus to provide an intake 

of 350 mg/hen/day has been recommended for laying hens by the National 

Research Council (NRC, 1984). In order to provide for effects of aging 

and physiological changes associated with productive parameters during the 

laying period, many workers have proposed a phase feeding program with 

decreasing amounts of available phosphorus during the latter port!on of 

the laying cycle. Harms (1979) observed that production was maximized by 

feeding 650, 550 and 450 mg total phosphorus per hen daily during the 

periods of 22-36, 36-52 and after 52 weeks to the end of laying cycle, 

respectively. 

Rodriguez et a1. (1984) reported an improvement in feed 

utilization with available phosphorus phase feeding at levels of .35, .25 

and .15% compared with the continuous feeding of .45%. Hens on the phase 

program showed reduced weight and low carcass ash and phosphorus levels. 

Said and Sullivan (1985), in a similar study, compared a phase feeding 

program with laying hens using total phosphorus levels of .55, .50, .45 

and .40% with a diet containing .60% total phosphorus and found no 

differences among the two treatments. 

There are no reports which have evaluated the effects of dietary 

phosphorus on energy utilization other than those related to effects on 

dietary metabolizable energy (ME) measurements (Hamilton and Sibbald, 
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This study was therefore conducted to explore the effects of 

dietary phosphorus level and the interaction with dietary protein on 

energy metabolism of laying hens. 

Materials and Methods 

Indirect calorimetry and an egg production study were employed to 

study energy utilization by 8 month-old Shaver 288 laying hens. Four 

experimental diets were fed to laying hens weighing between 1500-1900 g 

each and in full egg production (70-90%) in the calorimeter chambers, and 

to similar hens housed in colony cages at the University of Arizona 

Poultry Research Center. The four diets consisted of two protein levels 

(16 or 19%) each with either .18 or .35% calculated available phosphorus. 

Compositions of the diets are shown in Table 4. 

Diet and excreta samples were collected for gross energy, 

phosphorus, and protein analyses at the start of each experiment following 

a l4-day adaptation period. Birds in the calorimeter chambers were then 

restricted to 60% of their ad libitum feed consumption for an additional 

3-4 days to obtain data for regression analysis. Birds in the production 

study were supplied with feed and water ad libitum for 5 months during 

which time records of egg numbers, feed consumption, egg weight and body 

weights were maintained and summarized each 28 days. Temperature in the 

calorimeter chambers was 21.1 ± .5 C; and ambient temperature throughout 

the production study ranged from an average low of 22.4 C to an average 

high of 37.8 C, averaging 30.1 Coverall. 
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Results and Discussion 

Production Study 

Production characteristics of laying hens fed the experimental 

diets are shown in Table 5. The diet containing 16% protein and .18% 

available phosphorus supported an egg production rate of 70.6% for the 5 

months of the study, this level of production was increased to 76.7% with 

the higher phosphorus level (.35%). The lowest egg production rate was 

obtained with the 19% protein diet and the .18% level of available 

phosphorus (Table 5). Adding supplemental phosphorus to the high protein 

diet resulted in an egg production rate which was not significantly 

different from the same level of phosphorus at the lower protein level. 

Feed intake was improved from 95.3 g/b/d with the .18% available 

phosphorus level to 99.10 g/b/d with .35% available phosphorus in the 16% 

protein diets. Feed conversions (kg feed/doz eggs) were improved at the 

higher phosphorus level in the 16% protein diet, but not when 19% protein 

was fed. These findings are in agreement with those of Said et al. (1984) 

who observed that phosphorus supplementation significantly improved feed 

conversions. These data suggest that there was an improvement in energy 

usage by increasing dietary phosphorus. Hamilton and Sibbald (1977) 

reported that dietary phosphorus level had no significant effect on feed 

consumption, feed efficiency or dietary apparent metabolizable energy. 

Egg weights and egg mass were also significantly affected by dietary 

phosphorus, this was particularly true with the 19% protein diets. The 

.18% available phosphorus level in the 19% protein diet produced the 
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lowest egg production rate, worst feed conversion, lowest egg weight and 

lowest egg mass in comparison with the other diets used in this study. 

Calorimetry Study 

Hens housed in the calorimeter chambers consumed total amounts of 

phosphorus which ranged from 416.1 to 706.6 mg/b/d (Table 6). Birds fed 

the 16% protein diets showed a significant reduction in ME intake with the 

increase in available phosphorus level from .18 to .35% in the diet. 

Changing the dietary protein at the lower phosphorus level did not 

significantly affect ME intake; while in the presence of higher 

phosphorus, ME intake was significantly increased in comparison with the 

19% protein diet with .18% available phosphorus. 

Heat production (HP) was significantly higher for the low 

phosphorus fed birds at each of the dietary protein levels. Dietary 

protein also significantly increased HP as the level was changed from 16 

to 19% (Table 6). The energy balance data also show that both dietary 

protein and phosphorus levels can significantly alter the amounts of 

dietary ME retained as egg or body tissue energy. Increasing the 

phosphorus level resulted in a decrease in energy balance (P<.05) in birds 

fed the low protein diet; while those fed the 19% protein diet showed a 

significant increase in energy balance with an increase in dietary 

phosphorus. 

Daily maintenance requirements and fasting heat production (FHP) 

were significantly decreased with increases in dietary phosphorus and 

increased with the higher protein diets. 



56 

Calculation of the calorimetry data on the basis of physiological 

body weight (PBW - BWk~S) are shown in Table 6. HE intakes were 

significantly lowered by adding phosphorus to the lower protein diet, but 

not in the presence of 19% dietary protein. HP was lowered by 

supplemental phosphorus, and significantly increased by increased dietary 

protein. 

Energy balance, calculated on a PBW basis, was not improved by 

phosphorus addition to the 16% protein diet, and was significantly lowered 

by increasing the protein level with the lower amount of dietary 

phosphorus (Table 6). 

Conversion of HE to net energy in eggs and body tissue (net 

energetic efficiency, NEE) was significantly reduced with higher dietary 

protein from 90.7 to 86.6% at the lower phosphorus level, and from 92.9 to 

82.4 with .35% available phosphorus in the diet. 

These studies demonstrate the beneficial effects of adequate 

dietary nutrient levels in obtaining optimum energy use and performance by 

laying hens. The 16% dietary protein level was adequate to support both 

egg production and energetic efficiency if sufficient phosphorus is 

present in the diet. Protein levels above the requirements of the hen are 

detrimental to energetic efficiency, and are not cost effective in 

improving egg production rates. The combination of both high protein and 

high phosphorus was particularly detrimental to energy metabolism in the 

calorimetry study. This diet produced the lowest NEE, and the highest HE 

intake of the diets tested. Birds in the production trial did not 
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overconsume energy, but production was comparable to that obtained with 

the 16% protein diet with only .18% available phosphorus. 

The main effects of protein and phosphorus on ME intakes are shown 

in Table 6 and Figure 4. Protein level changes did not significantly 

influence ME intake of the hens, suggesting that the 16% protein level was 

adequate for optimum production. Increasing the dietary phosphorus level 

caused a significant decrease in ME and feed intakes, probably due to 

overconsumption of the low phosphorus diet in an effort to obtain adequate 

amounts of phosphorus. 

FHP was also not significantly affected by dietary protein level 

(Table 6 and Figure 5). Supplemental phosphorus did cause a decrease 

(P<.05) in this measurement. This finding suggests that a phosphorus 

deficiency causes an increase in maintenance requirements, and as a 

result, only an increase in energy intake will provide sufficient energy 

above maintenance to maintain egg production. The added cost in energetic 

terms results in reduced energetic efficiency with additional feed 

requirements for egg production as was found in the production study with 

160 g more feed required per dozen eggs. 

Energetic efficiencies for the main effects of protein and 

phosphorus show that the high protein diet (19%) significantly reduced NEE 

(Tabe1 6 and Figure 6). Hens fed the lower protein diet, averaged over 

dietary phosphorus level, showed NEE of 93.5% compared the lower 

efficiency of 85.6% for the 19% protein diets. Phosphorus level did not 

affect NEE with an average value of 89.5% for the two levels tested. 
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Energy balance, the amount of dietary ME retained as body tissue 

or appearing in eggs, was significantly lower for the high protein diets 

(Table 6 and Figure 7). The energy balance values also represent the ME 

intake above maintenance which was retained in the body or formed into 

eggs. The .35% dietary available phosphorus level produced a significant 

increase in energy balance, even with the reduced ME intakes associated 

with these treatments. The lower maintenance needs in the presence of 

adequate dietary phosphorus provided higher amounts of energy above 

maintenance for production. 

Summary 

These data indicate the 16% dietary protein was adequate for 

laying hens provided sufficient phosphorus was present in the diet. 

Higher protein (19%) was very detrimental to both egg production and 

energy utilization efficiency, and the lower phosphorus level adversely 

affected production even more. 

Energy metabolism, as measured by indirect calorimetry, was quite 

sensitive to dietary changes in phosphorus and protein. 
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TABLE 4. Percentage composition vf experimental diets (Experiment 2) 

Dietary protein/available phosphorus 
Ingredient 

Ground milo 
Soybean meal 
Dehydrated alfalfa meal 
Ground limestone 
Dica1cium phosphate 
Animal fat 
Salt 
Vi tamin mixl 
Trace mineral mix2 
DL-methionine 
Chromium oxide 

16%/.18% 

65.56 
17.28 

5.00 
9.01 

.45 
1.00 

.35 
1.00 

.05 

.11 

.20 

Calculated nutrient composition 

Protein, % 16.00 
Metabolizable energy, kca1/g 2.92 
Calcium, % 3.70 
Phosphorus, % .39 
Available phosphorus, % .18 
Lysine, % .73 
Total sulfur amino acids, % .60 

16%/.35% 19%/.18% 19%/.35% 

(%) 
65.21 58.52 58.17 
17.34 24.34 24.40 

5.00 5.00 5.00 
8.38 8.99 8.37 
1.37 .40 1.32 
1.00 1.00 1.00 

.35 .35 .35 
1.00 1.00 1.00 

.05 .05 .05 

.11 .14 .14 

.20 .20 .20 

16.00 19.00 19.00 
2.91 2.89 2.88 
3.70 3.70 3.70 

.56 .41 .58 

.35 .18 .35 

.74 .96 .96 

.60 .72 .72 

lSupp1ied the following per kg of diet: 3965 IU vitamin A, 
615 lCU vitamin Da, 1.8 mg riboflavin, 11.2 mg niacin, 4.5 mg calcium 
pantothenate, 5.3 pg vitamin B12 , 2.2 IU d-a-tocophero1 acetate, .9 
mg menadione sodium bisulfite, 372 mg choline chloride, and 50 mg 
ethoxyquin. 

2Supp1ied the following (ppm): 20 Fe, 60 Zn, 60 Mn. 4 Cu, and 
1 Mo. 



TABLE 5. Effects of dietary protein and phosphorus levels on 
laying hen productivity over five 2a-day periods 

(Experiment 2 - Production Study) 

Dietary protein/available phosphorus 
Criteria 

60 

16%/.18% 16%/.35% 19%/.la% 19%/.35% 

Egg production, % 70.6b 76.7a 61.5° 75.1ab 

Egg mass, g/d 40.2b 44.aa 33.6° 43.0ab 

Feed conversion, kg/doz 1.66b 1.57b l.a2a 1.60b 

Feed intake, g/d 95b 99a 89° 99a 

Egg weight, g 57.1b 5a.4a 54.7° 57.2b 

a-OMeans within a row with no common superscripts differ 
significantly (P<.05). 



TABLE 6. Effects of dietn~y protein and phosphorus levels on 
energy utilization by laying hens 
(Experiment 2 - Calorimetry Study) 

Dietary protein/ava~lab1e phosphorus 
Criteria 

61 

161/.181 161/.351 19X/.18X 19X/.35X 

(mg/bird/day) 
Total phosphorus intake 416 541 459 707 

(kca1/bird/day) 
ME intake 284.5b 255.3c 280.3b 312.58 
Heat production 104.6c 76.3d 122.68 113.5b 
Energy balance 179.9b 167.7bc 157.6c 198.98 
Maintenance ME 86.6b 64.3d 99.68 71.3c 
Fasting heat production 78.3b 59.3c 85.38 58.7c 

(kca1/PByl/day) 

ME intake 206.08 184.4b 194.88 200.18 
Heat production 75.7b 55.0d 85.38 72.7c 
Energy balance 130.38 120.9b 109.6b 127.48 
Maintenance ME 62.7b 46.4c 69.28 45.7c 
ME above maintenance 141.48 126.48 124.58 151.88 
Fasting heat production 56.7b 42.8c 59.38 37.6d 

(%) 
Energetic efficiency. X 90.78 92.98 86.6b 82.4c 

Protein Effects Phosphorus Effects 
Criteria 

16X 19X .18X .3SX 

(kca1/PByl/day) 

ME intake 195.28 197.58 200.48 192.3b 
Energy balance 129.18 118.5b 119.9b 127.78 
Fasting heat production 53.08 50.68 59.98 43.7b 

(X) 
Energetic efficiency. X 93.58 85.6b 89.58 89.58 

lpBY - physiological body weight (kg) - BYk~S 

8-dMeans within a row with no common superscripts differ 
significantly (P<.05). 
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CHAPTER 6 

EFFECTS OF DIETARY TOTAL SULFUR AMINO ACIDS (TSAA) 

ON ENERGY UTILIZATION BY lAYING HENS 
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Energy utilization studies by Rising et a1. (1989) have shown that 

diets formulated to meet amino acid restrictions at lower protein levels 

are more energetically efficient than those with similar amino acid levels 

but higher amounts of protein. These studies confirmed earlier work by 

Valencia et a1. (1980b) who showed a parabolic relationship between heat 

increment (thermic effect) and dietary protein intake. Reid and Maiorino 

(1984), using calculated values for energy balance (1.6 kca1/g egg 

produced and 5.0 kca1/g body weight change) found that energetic 

efficiency increased from 56.8 to 60.2% by increasing the dietary sulfur 

amino acid (TSAA) level from .47 to .51% in a study lasting 4 weeks. 

Latshaw (1981) also reported that least cost diets based on amino acid 

restrictions were as effective at lower protein levels as those with 

protein restrictions imposed. 

Reported TSAA needs of laying hens provide estimates which vary 

from 460 to 800 mg per bird per day (Ba110un and Speers, 1969; Harms and 

Damron, 1969; Novacek and Carlson, 1969; Reid and Weber, 1973; NRC, 1977; 

Schutte and van Weerden, 1978; NRC, 1984; Reid and Maiorino, 1984). Reid 

and Maiorino (1984) observed significant improvement in egg output and egg 

weight when layer diets were supplemented to .51% TSAA compared with 

either higher or lower levels. This wide range in reported TSAA 
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requirements is perhaps explained by differences in production levels, 

dietary composition, strain of birds used, age of birds and a number of 

other factors as yet undefined. The duration of studies with laying hens 

needed to evaluate an amino acid requirement using practical diets is also 

dependent on a number of parameters; but, in any event, requires three or 

more months and a large number of birds to provide statistical 

significance. 

Two main methods for evaluation of energy utilization are 

currently in use: the older of these is the estimation of energy balance 

from carcass analyses was used by Grimbergen ~ al. (1970) and Davis et 

a1. (1972; 1973); and the second method using calorimetry has been 

employed for evaluation of energy metabolism of various animal species 

(Waring and Brown, 1967; Grimbergen, 1970; Davis et al., 1972; Christin et 

al., 1989; Rising et al., 1989). Comparisons of the two methods have 

consistently demonstrated higher net energetic efficiency (NEE) values of 

80-90% for ME utilization by indirect calorimetry (Rising et al., 1989) 

compared with lower values (60-70%) obtained with energy balance trials 

(Valencia et al., 1980b). Heat production (HP) data calculated from 

energy balance studies are usually 3-12% higher than those obtained by 

indirect calorimetry (Rising ~ al., 1989). 

This study was, therefore, undertaken to further investigate the 

effects of dietary protein quality (TSAA adequacy) on NEE of production, 

and to investigate the use of indirect calorimetry for determining the 

TSAA requirements of laying hens. 
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Materials and Methods 

Both indirect calorimetry and an egg production study were 

employed to evaluate the effects of dietary protein quality. Dietary TSAA 

levels were used to adjust the protein quality of a deficient basal diet 

(.41% TSAA by analysis) by supplementing with DL-methionine at levels of 

0, .05, .10 and .15%. The basal diet was formulated to meet NRC (1984) 

recommendations for all essential nutrients with the exception of 

methionine and cystine (Table 7). Shaver 288 laying hens were used in 

each of the studies. 

The duration of the production experiment was six 26-day periods, 

during which egg numbers were recorded daily, feed intake was measured 

each 28 days, egg weights were determined on three consecutive days each 

period, body weights were measured each period, and each batch of feed was 

sampled for amino acid analyses. Feed and excreta samples were collected 

during the second, fourth and sixth periods for determination of dietary 

ME from chromium oxide and gross energy analyses of feed and excreta 

samples. Amino acid analyses were carried out, after HC1 hydrolyses, by 

high performance liquid chromatograpy using preco1umn derivatization with 

o-phtha1a1dehyde for fluorescence detection as described in chapter 3. 

Birds were kept in colony cages and fed the experimental diets ad libitum. 

Ambient temperature during the study averaged 28.6 C, ranging from an 

average low of 21.0 C to an average high of 36.3 C. 

The experimental diets were simu1taneousl) fed to birds of the 

same strain and age housed in a four chamber indirect calorimeter in order 

to compare responses between the two methods of evaluation. Eight 8-
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month-old Shaver 288 laying hens in full egg production (70-90%) and 

weighing between 1500 to 1900 g were housed in the calorimeter chambers 

and maintained at 21.1 ± .5 C. Diet and excreta samples were collected at 

the start of each experiment following a 7-day adaptation period of ad 

libitum feeding. Data on feed intake, body weight, oxygen use and carbon 

dioxide production were collected for seven days and then the birds were 

restricted to 60% of their ad libitum feed consumption for an additional 

three to four days to obtain data for regression analyses. The procedures 

for data analyses were the same as reported by Rising ~ al. (1988). 

Results and Discussion 

Production Study 

Egg mass data proved to be the more reliable predictor of TSAA 

adequacy than either egg production rate or feed conversion (Table 8). ME 

intakes were not significantly affected by dietary TSAA level; daily feed 

intakes ranged from 103 to 107 gjbird/day. Egg production was not 

significantly influenced by dietary treatment and varied from 76.3% for 

the unsupplemented basal diet with a TSAA intake of 437 mg/day to 77.4% 

for birds fed the diet containing .56% TSAA (541 mgjb/d). Egg weight was 

significantly increased from an average of 58.1 g for the basal fed birds 

to 59.8 g with the addition of .05% DL-methionine to provide a dietary 

level of .46% TSAA. 

Egg mass data were used to predict the TSAA requirement of the 

laying hens used in this study (Figure 8). The data were fitted to a 

cubic equation (Table 10) and the first derivative was taken as the point 

of optimum TSAA intake for maximum egg mass. This method indicated a TSAA 
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requirement of 529.8 mg/b/day to support an egg mass of near 47 g/day. 

These results agree with the findings of Reid and Maiorino (1984) who 

reported a significant improvement in egg mass from 56.1 g/b/day for a 

.49% TSAA basal diet to 59.7 g/b/d with methionine supplementation. The 

NRC (1984) suggests an intake of 600 mg/day; however, NRC recommendations 

are based on a full year production, while the hens in this study had been 

in production for three months prior to initiation of the experiment, and 

were past the peak in production. In an earlier study, Reid and Weber 

(1973) reported significant improvements in egg production from 56.5% and 

an egg weight of 48.2 g for birds consuming 403 mg TSAA/day to 79.5% and 

52.1 g, respectively, when TSAA intakes were increased to 494 mg/d with 

methionine supplementation. 

Energy retentions, calculated as the energy in body weight change 

(5 kcal/g) and egg mass (1. 66 kcal/g) were also used to provide an 

estimate of TSAA needs for the hens used in this study (Table 10 and 

Figure 9). The estimate obtained from these calculations was 518.5 mg 

TSAA/bird/day. 

The data from the production study were obtained in order to 

provide a conventional means of estimating amino acid requirements for 

comparison with the indirect calorimetry results discussed in the next 

section. 

Calorimetry Study 

TSAA intakes varied from 416 to 662 mg/b/d for the birds housed in 

the calorimetry chambers (Table 9). ME intakes were significantly 

affected by the dietary level of TSAA; birds fed the deficient basal diet 
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consumed 267.9 kcal per day, while an apparently adequate level of TSAA 

(.51% of diet) resulted in an average ME intake of 345.5 kcal/day (Table 

9). Daily HP, measured by indirect calorimetry, was high ~!th the two 

lowest levels of dietary TSAA, and averaged 177.6 and 194.6 kcal/b/day for 

the basal and .05% methionine supplemented diets, respectively (Table 9). 

The improvement in amino acid balance with methionine supplementation 

caused significant reductions in HP to 146.4 and 144.8 kcal/b/day for the 

birds consuming 633 and 662 mg TSAA/day, respectively. 

Energy balance (retention), calculated as the difference between 

ME intake and HP, was significantly increased by methionine 

supplementation (Table 9). The basal diet supported an energy retention 

level of 90.4 kcal/day and this criterion was increased to 100.7, 199.1 

and 179.2 kcal/day, respectively, with the higher TSAA diets. 

Maintenance ME requirements were also significantly affected by 

dietary protein quality. Birds fed the two lower TSAA levels had 

maintenance ME levels of 155.6 and 174.8 kcal/b/day, while significantly 

lower levels of 111.7 and 119.3 kcal/b/day were found with the higher TSAA 

levels. These values suggest 

maintenance were improved by 

that the energetic efficiencies for 

methionine supplementation and the 

improvement in dietary protein quality. 

Body weight changes during the course of the study also reflect 

the amino acid balance of the diet. The two lower TSAA levels failed to 

support body weight, and each of these groups lost body weight in average 

amounts of 1.7 and 3.7 g/b/day, respectively (Table 9). Birds fed the 
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.5lX TSAA diet gained an average of .9 g/day, and those fed the .57% TSAA 

diet gained twice as much at 1.9 gfb/day. 

Fasting heat productions (FHP) showed patterns similar to the 

other criteria in that the higher values found for the lower TSAA diets 

were improved with amino acid supplementation (Table 9). 

Calculations of the calorimetry data in relation to physiological 

body weight (PBW - BWk~5) also showed that lower protein quality diets 

reduce ME intakes, increase HPJ increase ME requirements for maintenance, 

and reduce energy balance in comparison with methionine supplementation 

(Table 9). In agreement with the findings from this study, Reid and 

Maiorino (1984) also observed that laying hens kept at either 32.2 C or 

15.6 C had higher HP when fed a low TSAA (.47%) diet. 

NEE for the conversion of dietary ME to the net energy in eggs 

produced and body tissue gain was significantly improved with higher TSAA 

levels. The NEE of the basal diet was 80.7%, and was increased to 86.1% 

with the addition of .05% DL-methionine. An additional increase to 88.3% 

NEE was obtained with the supplementation of .1X methionine to the basal 

diet. The highest level of methionine supplementation produced a decrease 

in NEE in comparison with the .51% TSAA diet (Table 9). The improvements 

in NEE suggest that there is less protein turnover with improvements in 

amino acid balance. The NEE data from the present study, ranging from 

80.7 to 88.3%, agree well with those reported by other workers (Waring and 

Brown 1965; Grimbergen 1970; Davis et a1., 1972, 1973; Farrell 1975; 

Valencia et a1., 1980b; Reid and Maiorino 1984; Rising et a1., 1989). 
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Energy intakes above maintenance, representing the maximum amounts 

of energy available for egg production and body gain, were significantly 

higher with the two highest TSAA diets in this study. Dietary ME values 

measured during the study ranged from 2.64 to 2.79 kcal/g, and suggest 

that there was some variation in mixing because all diets were formulated 

to be identical, with the exception of the supplementation of methionine. 

Dietary net energy values showed significant improvements with methionine 

supplementation. The basal diet had a net energy of 2.04 kcal/g (77.3 % 

of ME) and this was increased to 2.18 kcal/g (82.6% of ME) with .05% 

methionine added. The .51 and .57% TSAA diets had dietary net energy 

levels of 2.32 and 2.41 kcal/g, respectively (Table 9). These findings 

regarding dietary energy usage in relation to dietary protein quality are 

not surprising since as early as 1935, Forbes et al. demonstrated that 

very low or very high protein levels, relative to the requirements, caused 

increased HP. These workers also reported minimum values for HP with 

diets near the requirement level for protein. Valencia et al. (1980b), 

using an energy balance technique, showed a parabolic relationship between 

HP and dietary protein intakes over a range of 10 to 25 g/bird/day in 

laying hens. Because HP is closely associated with dietary protein in 

monogastrics, there have been a number studies evaluating the effects of 

protein quality on energy utilization. Guillaume and Summers (1970) were 

unable to show that improved amino acid balance resulted in improved ME 

utilization in chicks. Burlacu (1969) evaluated the effects of excesses 

of individual amino acids and found that HP increased only with excess 

alanine, asparagine and phenylalanine. Our data with the laying hen also 
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show that protein quality is important for optimum utilization and that 

higher than needed dietary methionine levels may be detrimental to energy 

utilization. 

Estimates of the TSAA requirements were conducted using TSAA 

intakes and either NEE or energy balance data as shown in Figures 10 and 

11, respectively. The cubic equation fitted to the NEE data (Table 10) 

yielded an estimate of 591.5 mg TSAA/b/day as the requirement for optimum 

NEE. This value is higher than the values obtained from the balance trial 

(Figures 8 and 9) of 529.8 and 518.5 mg TSAA/b/day, and suggests that 

higher TSAA levels are required for optimum energy utilization than for 

egg production, and that the equations used to calculate energy balance 

for the laying hens in the balance study may not be accurate. 

Summar:y 

Two studies evaluated effects of dietary protein quality on energy 

intake and expenditure in laying hens fed diets varing in total sulfur 

amino acid level (TSAA). A basal diet containing .41X TSAA provided 

intakes of 437 and 416 mg TSAA/day in the production and calorimetry 

evaluations, respectively. TSAA deficiency significantly reduced egg 

mass. Regression analysis yielded an estimate of 529.8 mg TSAA/day as the 

requirement for maximum egg mass output from hens in this study. 

Calorimetry evaluation of TSAA adequacy showed that daily HP was 

inversely correlated with TSAA intake, with the two lower TSAA levels 

exhibiting higher HP and FHP than was found with intakes of 695 and 709 mg 

TSAA/day. Improvements in dietary protein quality significantly reduced 

the maintenance requirements of the laying hens. Estimates of TSAA 
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requirements from the calorimetry data yielded estimates of 591.5 and 

626.4 mg/day for energetic efficiency and energy balance data, 

respectively. 



TABLE 7. Percentage composition of basal diet (BA) 
(Experiment 3) 

Ingredient 

Ground milo 
Soybean meal 
Dehydrated alfalfa meal 
Ground limestone 
Dicalcium phosphate 
Animal fat 
L-lysine HCl 
Salt 
Vitamin mixl 
Trace mineral mix2 

Calculated nutrient composition 

Protein, X 
Metabolizable energy, kca1/g 
Calcium, X 
Available phosphorus, X 
Lysine, X 
Total sulfur amino acids (analyzed), X 

Percent 

69.07 
13.92 

5.00 
8.12 
1.39 
1.00 

.10 

.35 
1.00 

.05 

14.50 
2.93 
3.60 

.35 

.72 

.41 

lSupp1ied the following per kg of diet: 
3965 IU vitamin A, 615 ICU vitamin D3 , 1.8 mg 
riboflavin, 11.2 mg niacin, 4.5 mg calcium 
pantothenate, 5.3 pg vitamin B12 , 2.2 IU d-Q
tocopherol acetate, .9 mg menadione sodium 
bisulfite, 372 mg choline chloride, and 50 mg 
ethoxyquin. 

2Supp1ied the following (ppm): 10 Fe, 30 
Zn, 30 Mn, 2 Cu. and .5 Mo. 
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TABLE 8. Effects of dietary total sulfur amino acid (TSAA) level on 
laying hen productivity over six 28-day periods 

(Experiment 3 - Production Study) 

Dietary TSAA 
Criteria 

.41% .46% .51% .57% 

TSAA intake, mg/d 437d 490c 541b 5888 

Egg production, % 76.38 77 .18 77.48 74.48 

Egg mass, g/d 44.3b 46.18 46.58 44.4b 

Feed conversion, kg/doz 1.698 1.678 1.658 1.688 

Feed intake, g/d 1078 1078 1068 1038 

Egg weight, g 58.1b 59.88 60.18 59.78 

Energy retention1 , kca1/d 69.08 73.18 72.58 70.18 

lCa1cu1ated as the energy in body weight change (5 kca1/g) 
and egg mass (1.66 kca1/g). 

8-dMeans within a row with no common superscripts differ 
significantly (P<.Os). 
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TABLE 9. Effects of dietary total sulfur amino acid (TSAA) level 
on energy utilization by laying hens 

(Experiment 3 - Calorimetry Study) 

Dietary TSAA 
Criteria 

.41% .46% .51% .57% 

(mgjbird/day) 
Total TSAA intake 416 515 633 662 

(gjbird/day) 
Body weight change -12.7 -3.7 .9 1.9 

(kca1jbird/day) 
ME intake 267.9d 295.3c 345.511 323.5b 
Heat production 177 .6b 194.611 146.4c 144.8c 
Energy balance 90.4d 100.7c 199.111 179.2b 
Maintenance ME 155.6b 174.811 111.7d 119.3c 
Fasting heat production 116.7b 140.911 89.4d 99.7c 

(kca1/PBW1/day) 

ME intake 190.0d 194.4c 223.411 214.9b 
Heat production 125.9b 128.111 94.8c 96.1c 
Energy balance 64.1c 66.4c 128.611 118.8b 
Maintenance ME 114.0b 116.511 79.1c 76.9c 
ME above maintenance 76.0b 77 .9b 144.311 138.011 
Fasting heat production 89.8b 99.511 68.5c 60.6d 

(X) 
Energetic efficiency 80.7d 86.1b 88.311 83.6c 

(kca1/g diet) 
ME 2.64 2.64 2.78 2.79 
Net energy 2.04d 2.18c 2.32b 2.4111 
Heat increment (HI) .60 .46 .46 .38 
HI/ME ratio 22.7% 17.4% 16.5% 13.6X 

lpBW - physiological body weight (kg) - BWk~S 

lI-dMeans within a row with no common superscripts differ 
significantly (P<.05). 
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TABLE 10. Coefficients of the cubic equations derived from data 
obtained in the production and calorimetry studies which were 

used to predict TSAA requirements 

Criteria 10-6 x3 10-3 x2 x constant 

Egg mass, g/d -2.75 3.86 -1. 78 315 

Energy retention2, kcal/d -1.13 1.20 -.34 -81 

Net energetic efficiency, % -4.32 6.60 -3.27 609 

Energy balance, kcal/d -55.7 90.5 -47.8 8322 

lSEE - Standard error of estimate 

2Calculated as the energy in body weight change (5 kcal/g) and egg 
mass (1.66 kcal/g). 

SEEl 

.142 

.683 

.024 

.016 

-..J 
\0 
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FIGURE 8. Estimation of the total sulfur amino acid (TSAA) 
requirement (mgjbird/day) for laying hens from the first derivative of the 
cubic equation fitted to the plot of egg mass (gjbird/day) ~. TSAA intake 
(mgjbird/day) (Experiment 3 - Production study). 
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CHAPTER 7 

SUMMARY 

Evaluation of energy utilization by indirect calorimetry was 

employed as a rapid means of assessing the adequacy of diets for laying 

hens. Dietary changes studied included supplemental fats and oils from 

vegetable and animal sources and their combinations, phosphorus deficiency 

to evaluate the effects of mineral inadequacy, and methionine deficiency 

to determine the effects of dietary amino acid balance and protein 

quality. In two of the evaluations (phosphorus and methionine 

deficiencies) traditional studies were also conducted in order to compare 

the applicability of the indirect calorimetry results to those obtained 

under usual production conditions. 

There are a number of reports in the literature which show 

improved egg production in laying hens as a result of adding fat to the 

diet. Addi.tional effects of fat have been substantiated as improved feed 

conversion, improved egg size, increased energy intakes and amelioration 

of the detrimental effects of heat stress. The study conducted in the 

course of this research showed that the addition of animal fat and 

vegetable oils to laying hen diets at levels of 7% significantly increased 

both daily and fasting heat productions. This effect is especially 

important in relation to the added heat load associated with high ambient 

temperatures. The fats and oils tested in this section of the research 

program were animal fat, corn oil, menhaden oil and olive oil. The 
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menhaden oil was not well accepted by the laying hen; feed consumptions 

were significantly reduced; and, consequently, all criteria were adversely 

affected. Among the other sources used as dietary supplements differences 

were found in their effectiveness in improving energy utilization. 

All fat supplements, excluding menhaden oil, significantly (P<. 05) 

improved energy intake, energy retention (balance) and net energetic 

efficiency (NEE) of dietary metabolizable energy (ME) conversion to net 

energy in eggs and body tissues. Olive oil was superior to either animal 

fat or corn oil in stimulating energy intake, energy retentions and energy 

intake above maintenance. The highest ME intakes were obtained with a 

combination of olive oil and animal fat. NEE values for the fats fed 

singly were not different and averaged around 89%; while the olive oi1-

animal fat combination produced a NEE of 96%. Comparisons of egg fatty 

acids with those in corn oil, animal fat and olive oil yielded correlation 

coefficients of .096, .890 and .824, respectively. These calculations 

suggest that the fatty acids in animal fat more closely resemble those in 

egg fat than does the composition of corn oil, but only slightly better 

than olive oil. The olive oil and animal fat mixture gave a correlation 

coefficient of .954, which would suggest that this combination is better 

than any of the other fats or mixtures. This mixture produced the highest 

NEE values as well as the highest ME intakes. 

An interesting result of the study with supplemental fats is the 

increase in fasting heat production noted with fat supplementation and the 

differences' between fat types. Numerous studies with rats have attributed 

increases in heat production with high fat diets or "cafeteria" feeding to 
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activation of brown adipose tissue. Since laying hens do not have brown 

adipose tissue, the increased heat production with fat feeding must be 

attributed to other metabolic causes, and this conclusion indicates that 

brown adipose tissue may be of less importance than has been suggested. 

Dietary phosphorus adequacy was evaluated using diets formulated 

to contain 16 or 19% protein and .18 or .35% available phosphorus. The 

low protein diet, deficient in phosphorus, supported an egg production 

rate of 70.6% and productivity was significantly increased to 76.7% with 

the higher phosphorus level of .35%. Increasing the dietary protein level 

at the deficient phosphorus level reduced egg production significantly. 

Optimum egg production levels were obtained with either of the protein 

levels tested and .35% available phosphorus. 

Calorimetry evaluations of the effects of dietary phosphorus 

showed that phosphorus deficiency increased heat production, daily 

maintenance requirements and significantly reduced energy retention. 

Energetic efficiencies were significantly improved by phosphorus in the 

16% protein diet, but were adversely affected at the higher protein level 

by both protein level and added phosphorus. 

Two studies evaluated the eff2cts of dietary protein quality on 

energy intake and expenditure in laying hens fed diets varing in total 

sulfur amino acid level (TSAA). The basal diet contained .41% TSAA and 

provided intakes of methionine and cystine of 437 mg/day in the energy 

balance study and 416 mg/day in the calorimetry evaluation. Egg mass was 

significantly reduced in birds fed the TSAA defic.ient diet. The egg mass 
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data, used in regression analysis, yielded an estimate of 529.8 mg 

TSAA/day as the requirement for the hens in this study. 

Calorimetry evaluations of the effects of TSAA adequacy showed 

that daily heat productions were inversely correlated with TSAA intakes, 

with the two lower levels of amino acids exhibiting higher heat 

productions and fasting heat productions than was found with intakes of 

695 and 709 mg TSAA per day. Improvements in dietary protein quality 

significantly reduced the maintenance requirements of the laying hens. 

Estimates of TSAA requirements from the calorimetry data yielded estimates 

of 591.5 and 626.4 mg/day for energetic efficiency and energy balance 

data, respectively. 

The studies conducted indicate that dietary nutrient balance has 

significant effects on energy expenditure and productivity in laying hens, 

and that indirect calorimetry can serve as a rapid means of evaluating 

dietary formulations for use in poultry production. 
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