


€(x MBBK 

HIGH LEVEL BINDERY 

10762-82 Ave., Edmonton 

"The Highest Level of 
Craftsmanship" 



Digitized by the Internet Archive 
in 2020 with funding from 

University of Alberta Libraries 

https://archive.org/details/Looi 1971 



A • 



THE UNIVERSITY OF ALBERTA 

NUTRIENT REQUIREMENTS OF CHICKS 

FED "CARBOHYDRATE-FREE" DIETS 

by 

SU HOON LOOI 

A THESIS 

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES 

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE 

OF DOCTOR OF PHILOSOPHY 

DEPARTMENT OF ANIMAL SCIENCE 

EDMONTON, ALBERTA 

SPRING, 1971 



ATfl3aj/v 30 YTISSaVIvnj 3HT . ' 

3HDIH0 30 aTwaMaHirjoafl^ Twai^jTUM 

2Taia ”3aH3-aTAHaYHoaHAD” aaa i 
%’ 

Yd 

2I83HT A 

3aiauT8 aTAOaAHD ao YTJuoAa 3ht ot aaTTiMsoa 

aaaaaa hht aTwawaaiuoaH aHT ao THaMjnjua jaitha? mi 

YHaoaojiHa ao aoTDoa ao 
■f-j 

,T 

aonaioa jami^ ao TMHWTHAaaa 

ATHaajA > MOTMCMaa 

lOMiHqa 



THE UNIVERSITY OF ALBERTA 

FACULTY OF GRADUATE STUDIES 

The undersigned certify that they have read, and 

recommend to the Faculty of Graduate Studies for 

acceptance, a thesis entitled "Nutrient requirements of 

chicks fed 'carbohydrate-free' diets" submitted by Su Hoon 

Looi, B.Sc., M,Sc., in partial fulfilment of the 

requirements for the Degree of Doctor of Philosophy. 





ABSTRACT 

Experiments were conducted to study the effect of fat 

on the chick's requirement for vitamin when fat was 

substituted isocalorically for carbohydrate in a semipurified 

diet in which protein was supplied by isolated soybean protein 

and in which methionine'was supplied in'limited "amounts. 

Using growth as the criterion, the chick's requirement 

for vitamin B^^ was shown to increase three-fold when hydro¬ 

genated fat (Crisco) was substituted isocalorically for 

glucose. Since further studies showed that the requirement 

for methionine was not increased when non-protein energy was 

supplied by hydrogenated fat, it was concluded that vitamin 

B^2 involved in fat metabolism. Support for this concept 

was the finding that in the presence of vitamin ^^2 

isocaloric substitution of hydrogenated fat for glucose 

permitted chicks to increase feed consumption, while in its 

absence feed consumption remained unchanged. Studies in which 

chicks were pair-fed showed that vitamin B^^ increased growth 

of chicks fed either carbohydrate-containing or "carbohydrate- 

free" diets by stimulating appetite and not by increasing 

utilization of either protein or energy. 

Results of experiments conducted to determine the 

role which vitamin B^^ plays in fat metabolism showed that it 

was not involved in either fat digestion or absorption since 

studies showed that the absorbability of hydrogenated fat 

(Crisco) was not affected by supplementary vitamin B^^^ when 
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chicks' were fed semipurified diets containing soybean protein. 

Studies conducted to determine whether vitamin 

involved in acetate metabolism showed that vitamin 

deficiency did not alter levels of blood ketone bodies when 

non-protein energy was supplied by glucose, hydrogenated fat 

or tallow. These results suggest that deficiency of vitamin 

^12 affect oxidation of acetate through the citric 

acid cycle. 

Although deficiency of vitamin B^^ reduce 

absorbability of hydrogenated fat, studies showed a small 

but significant decrease in fat absorbability when chicks 

were fed a diet markedly deficient in methionine. The 

decreased absorbability of fat from diets deficient in 

methionine was found not to be caused by lack of choline or 

lack of pancreatic lipase. Since studies showed that the 

ability of chicks to absorb hydrogenated fat and tallow was 

also reduced when a lysine-deficient diet based on safflower 

meal was fed, it would appear that the reduced ability to 

absorb fat was not a specific effect of a deficiency of 

methionine or lysine but rather reflected protein deficiency. 

In the course of these experiments, it was observed 

that the isocaloric substitution of hydrogenated fat for 

carbohydrate caused a relatively greater increase in growth 

when diets were fed which were deficient in lysine or 

methionine. These results suggested that fat might have an 

amino acid sparing effect; however, pair-feeding studies 

showed that fat stimulated growth of chicks fed diets 

deficient in lysine or methionine by increasing appetite and 
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not by increasing utilization. Since tallow did not have a 

similar growth stimulating effect, it would appear that the 

growth stimulating effect of fat when substituted isocalori- 

cally for carbohydrate is at least partially dependent on 

its fatty acid composition. 
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INTRODUCTION 

Recent studies have shown that the chick has the 

ability to utilize large quantities of fat when nutrient 

balance is maintained (Renner, 1964; Brambila and Hill, 1966). 

In these studies excesses of the B vitamins were added in 

order to avoid the possibility of deficiencies since informa¬ 

tion on the effect of high levels of dietary fat on nutrient 

requirements of chicks was limited. 

In rats, the isocaloric substitution of fat for 

carbohydrate has been shown to decrease the requirement for 

thiamine (Evans and Lepkovsky, 1928) and to increase the 

requirement for riboflavin (Mannering et al., 1941; Mannering 

et al. , 1944); however, the effect on other nutrients has not 

been studied. 

In chicks, no studies have been reported on the 

effect on nutrient requirements of substituting fat isocalori- 

cally for carbohydrate. Studies (Fox et al., 1956; March and 

Biely, 1956a; March and Biely, 1956b and Siedler and 

Schweigert, 1953) have been conducted to determine the effect 

of fat on nutrient requirements when fat was substituted 

weight for weight for carbohydrate; however, these studies 

are difficult to interpret since chicks automatically reduce 

their consumption of these high fat diets due to their 

greater caloric density, thus reducing the intake of not only 

the nutrient under study but also others which may affect the 

requirement. 

The following experiments were conducted to study the 
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effect of fat on the chick's requirement for vitamin when 

fat was substituted isocalorically for carbohydrate. 

Subsequently, studies were conducted in an attempt to explain 

why higher levels of fat resulted in increased requirement 

for vitamin 
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PART I 

VITAMIN Bi2 requirement OF CHICKS 
FED "CARBOHYDRATE-FREE" DIETS 

Literature Review 

Shortly after vitamin was isolated by Rickes 

et al. (1948) and Smith and Parker (.194 8) , Ott et al. (1948) 

demonstrated that vitamin D12 was required by the growing chick. They 

reported that quantities of crystalline vitamin B^^ small 

as per kilogram of diet stimulated growth of chicks fed 

purified diets low in the animal protein factor. Since that 

time many experiments have been conducted to determine the 

amount of vitamin B^^^ required by the chick for optimum growth. 

Recently, the Subcommittee on Poultry Nutrition of the 

National Research Council (1966) set the requirement of the 

chick for vitamin B^2 kilogram of diet for diets 

containing 20% protein and 2750 kcal of metabolizable energy 

per kilogram. The figure stated is tentative since the 

requirement of the chick for vitamin B^2 been shown to be 

affected by such factors as the vitamin B^2 content of the 

dam's diet (Miller et al., 1956) and by the levels of 

methionine (Briggs et al., 1950; Patrick, 1950 and Fox et al., 

1957), choline (Schaefer et al., 1949; Gillis and Norris, 

1949) and folic acid in the diet (Schaefer et al., 1950). 

Studies also have been reported on the effect of two 

major dietary constituents, protein and fat, on the vitamin 

B^2 ^requirement of the chick. In the case of protein, many 

investigators have found that a high level of protein in the 
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diet increases the growth response of chicks to vitamin 

supplementation (Stokstad et al., 1949; Hill and Branion, 

1952 and Spivey et al., 1954). An even greater growth 

response to vitamin B^^ observed by Hill and Branion 

(1952) when both extra fat and protein were added to an all¬ 

vegetable protein diet. 

The effect of dietary fat on the vitamin B^^ 

requirement is not clear. Bosshardt et al. (1950) reported a 

sparing action in mice, and McCollum and Chow (1950) a 

similar effect in rats; however, Erickson and O'Dell (1961) 

found that fat had no effect on the vitamin B^^ requirement 

of the rat. In contrast, Schaefer (1949) obtained a marked 

growth stimulation of non-depleted chicks when vitamin B^^ 

was added to a diet low in methionine and choline which 

contained 19% lard. Similarly, Spivey et al. (1954) and Fox 

et al. (1959) reported that a severe vitamin B^2 deficiency 

could be produced in non-depleted chicks by the addition of 

fat to either a corn-soybean meal diet or a purified diet 

containing isolated soybean protein. Fox et al. (1956) 

showed that the vitamin B^^ requirement of chicks from non- 

depleted hens is increased ten- to twenty-fold when 20% lard 

is substituted for an equivalent amount of corn in a corn- 

soybean meal diet. This, they suggest, may be due to a 

possible role of vitamin B^^^ utilization of dietary 

fat or possibly to an indirect effect mediated through some 

other nutrient since fat was not substituted isocalorically 

for corn. Support for the suggested role of vitamin ^12 in 

fat metabolism has been provided by the finding of Moore and 
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Doran (1962) that vitamin deficiency interferes with the 

utilization of triglycerides in the liver of chick embryos. 

Similarly, Williams et al. (1937) have found that the 

utilization of plasma triglycerides was impaired in patients 

suffering from pernicious anemia. 

Recently Somers (1969), using clearance studies in 

sheep, reported that before signs of vitamin deficieny 

were induced, the clearance rates of both acetate and 

propionate were so rapid, that within an hour, virtually all 

of the propionate and acetate injected had disappeared from 

the blood. During the stage of acute vitamin B^^ deficieny, 

the clearance rates were so slow, that even after 4 hours, 

the levels remained markedly higher than the control, but 

after treatment with vitamin the clearance rates again 

increased rapidly and became normal when signs of deficiency 

disappeared. In human subjects, Cox and coworkers (1968) 

also found that 9 out of 12 patients suffering from pernicious 

anemia showed increased excretion of acetate, and after 

vitamin B^^^ therapy, most of these patients had returned to 

normal acetate excretion. These results indicate that 

vitamin B^^^ important role in the utilization of 

acetate. The role which vitamin B^^ pla^YS in propionate 

metabolism has been established. Beck et al. (1957) and 

Lengyel et al. (1960) have shown that vitamin B^^ is involved 

in the conversion of methyImalonyl CoA to succinyl CoA. 

A relationship between vitamin and ketone bodies 

has been suggested by Nath and Nath (1967a). They found that 

continued and prolonged injection of acetoacetate or 
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/^-hydroxybutyrate into rats fed a normal laboratory stock 

diet caused depression of growth and marked depletion of 

vitamin blood and liver. They also observed a 

significant reduction in liver sulfhydryl content and an 

increase in liver fat. The growth depression was partially 

overcome, and normal vitamin / sulfhydryl and lipid content 

resulted, after animals were treated with vitamin ^^^2' They 

also found that in rats suffering from severe diabetes 

accumulation of ketone bodies was accompanied by decreased 

body stores of vitamin (Nath and Nath, 1969). 

Biswas and Johnson (1964) observed that the activities 

of several sulfhydryl enzymes, including isocitrate 

dehydrogenase were depressed in liver preparations from 

vitamin rats and chicks, and preincubation of 

the enzyme preparation from vitamin animals 

with cysteine or mercaptoethanol essentially restored these 

sulfhydryl enzymes to normal activities. The activity of 

glutathione reductase was also found to be lowered; however, 

neither crystalline ^hs coenzyme was found to 

reactivate in vitro the depressed dehydrogenase activities. 

Thus, they proposed that vitamin B^^^ the intact animal 

acts to maintain the sulfhydryl compounds, e.g. glutathione, 

in the reduced form by maintaining the activity of 

glutathione reductase. Hence, the effect of vitamin ®12 

deficiency on dehydrogenase activity appears to be secondary 

to its effect on glutathione reductase. 

Vitamin B^^^ has also been found to affect the 

concentration of coenzyme A in chicks (Boxer et al., 1953), 
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rats (Boxer and Shonk, 1955) and sheep (Smith et al., 1969). 

Arnstein (1955) postulated that the disulfide form of 

coenzyme A accumulated in vitamin deficiency and would 

therefore be unavailable for the activation of the fatty 

acids. However, further studies of Boxer and Shonk (1955) 

showed that approximately 60% of the total coenzyme A was in 

the sulfhydryl form in livers of vitamin i^ient rats. 

Thus, the accumulated coenzyme A in the deficient animal was 

due not only to oxidized but also to reduced coenzyme A. 

Since coenzyme A concentration in kidney was also increased 

to about the same extent as that of the liver, and the rate 

of degradation of coenzyme A was the same between the 

deficient and normal liver homogenates, they suggested that 

the accumulation of coenzyme A may be due to an increase in 

its synthesis during vitamin B^^ deficiency. This suggestion 

is in contrast to the finding of Yacowitz et al. (1951) that 

vitamin B^^ is involved in the incorporation of free 

pantothenate into coenzyme A in chick livers. 

That the concentration of both total coenzyme A and 

methylmalonic acid were increased markedly in livers of 

vitamin sheep was reported by Smith et al. 

(1969). Since the molar concentration of coenzyme A was 

calculated to be more than three times that of methylmalonic 

acid it was concluded that the increase in liver coenzyme A 

was not due solely to an increased level of methylmalonyl CoA. 

Whether the remainder of the accumulation was a result of 

reduced coenzyme A or other oxidized coenzyme A derivatives 

was not determined by these workers. 



. (edPX , .Ifi :ta riixniB) qssris prw (5261 ,;^nori8 bns T9Xoa) 8^6:t 

\o mioi 9bx^Xi/8xb 9fli bszfsXxJi^soq (52Ci) .ais^Ba^A 

bXi/ow brifi ^oneioxisb ^j.S nxmsitiv nX baJ^sXuniuooB A am^snaoo 

eriJ^ 5o nox:tBvi:tos srfct xoi aXdfiXXBVfinu ad sioisxeri^ 

(SSCX) ^nori2 bfiB laxofl lo asi.b/jds xDridxi/i ^xsvswoH .abio& 

nx 8BW A sm^fsnsoo Isdod srid do §0b xl9:iBmixoiqqB bewoda 

.adBX dnsxoxdsb-^j-a axniBdxv do strsvxX nx mxod 

36W Xfi/nxnB dnsxoxdsb add nx A smYsnsoo badslnranoos s/id ^auriT 
» 

,A smYsnsoo bsoubei od oaXs di/d bssxbxxo od Y-^^no don eub 

bsasexoni oafs 8Bw Y^nbxjt nx noxdsidnsonoo A smYsnaoo 93nx2 

9dBX sfld bnB ^^tsvxl srid do derld as dnedxs smsa 9rid dnodB od 

arid n93wd9d sm&a arid aEw A eniYsnsoo do noidBbsxpsb- do 

dBrid bsdssppua y^^^ ^esdsnapomod isviX Xfinrson bna dnoxoxdab 

nx ssssionx ns od snb ad y®^ A s/iTYSnsoo do no cdBXnmuoos »fld 

noxdasppua axriT .Yonexoxdeb ^^9 nxinfidiv pnx'xi/b axasridnYS edx 

dBdd (X29X) ,X.s ds sdiwoosY do pnxbnxd arid od dsBxdnoo nx ax 

99xd do noxdsxoqxoonx arid nx bsvXovnx si nimsdiv 

• axsvxX >toxdo nx A omYsnsoo odnx sdBnarldodnfiq 

bnB A omYsnooo XBdod ridod do SoidGidnsonoo isrid deriT 

do axsvxl ni YXbajl'XBm bsaBsioni exew bioB oxnoXfimXYddsw 

■ Xb da rldx(7i8 y^ bsdxoqsx sBw qosrfa dn9xoxdab~^j.a nxcnsdxv 

8BW A smvsnsoo do noxdBxdneonoo xfeXom odd oonia .(CdeX) 

oinoXfimlYridom do dsrid aomxd osxrid nsrid sxom od od bddBXuoXso 

A omysnoob 'lovxX nx oaE9:ionx add dBdd bebuXonoo asw dx bxoB 

• AoO XYnoXs/nXYrid9/n do XavoX bseBsxonx ns od yXoXob oub don asw 

do dXLfssx B asw noxdsXx/nixJOOB sdd do xsbnxfirrioi odd doddsdW 

aovxdevxxsb A amYsnsoo b&sxbxxo xsddo :io A sniYSnsoo bsonbad 

. sdsjlxow aasrid ycI bsnxffl'sodcb don bbw 



8 

From experiments involving humans, rats and chick 

embryos, referred to above, evidence has accumulated in 

support of the involvement of vitamin the metabolism 

of triglycerides. In order to determine whether vitamin 

is also involved in the utilization of triglycerides by 

growing chicks the following studies were conducted to 

compare the vitamin B^2 requirement of chicks fed diets in 

which non-protein energy was supplied by either hydrogenated 

fat (Crisco) or carbohydrate. 

Experiment 1, 2 and 3 

Chicks have been reared successfully in this 

laboratory on a semipurified diet containing virtually no 

carbohydrate formulated by substituting either lard or corn 

oil isocalorically for glucose (Renner, 1964; Renner and 

Elcombe, 1964). By omitting vitamin Bj^2 from the vitamin 

mixture and reducing the level of supplemental methionine 

a diet was devised which was deficient in one-carbon units 

but otherwise met NRC requirements (1966) for minerals and 

vitamins. Preliminary studies showed that the addition of 

vitamin B^^^^ (100^g/kg) to either the carbohydrate- 

containing diet or its "carbohydrate-free" counterpart caused 

a significant increase in rate of growth when the diet 

contained 0.1% added methionine. The object of the following 

studies was to compare the vitamin B^^^ requirement of chicks 

fed carbohydrate-containing and "carbohydrate-free" diets in 

which non-protein energy was supplied by glucose or an 

equicaloric amount of hydrogenated fat (Crisco). 
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Experimental 

Three experiments were conducted in which duplicate 

groups of 10 male day-old crossbred (Dominant White x White 

Plymouth Rock) chicks were fed "carbohydrate-free" or 

carbohydrate-containing diets in which non-protein energy 

was supplied by hydrogenated fat or glucose, respectively, 

and to which 0, 2.5, 5.0, 10.0, 50.0 or 100.0//g vitamin 

per kilogram diet was added. 

The semipurified diets used in all experiments 

contained the constant dietary ingredients shown in Table 1. 

Carbohydrate-containing diets were formulated by the 

addition of glucose to the constant dietary ingredients. 

Their "carbohydrate-free" counterparts were formulated by 

replacing glucose isocalorically by hydrogenated fat using 

the values 3.64 and 8.59 kcal/g for the metabolizable energy 

of glucose and hydrogenated fat, respectively. Cellulose was 

added to improve the texture of the "carbohydrate-free" diets. 

Because the "carbohydrate-free" diets do not total to 100 

their content of methionine and vitamin B^^ will be referred 

to as the level present in the carbohydrate-containing diets 

from which they were derived. In experiments 1 and 2, the 

level of supplemental methionine was 0.1%, while in experiment 

3 the level of supplemental methionine was 0.074%. All 

diets were formulated to contain 15.0 kcal/g protein. 

For the first week the chicks were fed the 

"carbohydrate-free" diet containing 0.1% supplemental 

methionine and no added vitamin They were then assigned 

to the experimental groups on the basis of body weight. 
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Composition of basal diets 
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Ingredients 
Carbohydrate- 
containing 

"Carbohydrate- 
free" 

Variables g g 

Glucose^ 2 64.36 
Hydrogenated fat*^ - 27.27 
Cellulose3 - 6.39 

Constants 

Soybean protein^ 25.03 25.03 
DL-methionineS 0.10 0.10 

L-cystine 0.25 0.25 
Soybean oil 4.00 4.00 
Limestone 1.49 1.49 
Dicalcium phosphate 2.15 2.15 
Sodium chloride 0.60 0.60 
Mineral mixture^ 1.26 1.26 
Vitamin mixture^ 0.43 0.43 
Chromium oxide 0.30 0.30 
Antioxidant^ 0.025 0.025 

^Cerelose. 

^Crisco. Composition in g/100 g: Ci4;0f 0.2; Cl6:0/ 14.0; 

Cl8-0r 12.0; Ci8:l, 44.0; Ci8:2/ 27.0; other polyunsaturated 
fatty acid, 1.8 (Bernfield et al., 1962). 

^Solka Floe S. W.-40-A, Brown Forest Products Limited, Montreal, 
Quebec. 

4 .... 
Promine, Central Soya, Chemurgy Division, Chicago 60639. 

5 
Supplied at 0.1% level in experiments 1 and 2 and 0.074% in 
experiment 3. 

^Supplied in milligrams per 100 grams ration: KH2PO4, 930; 
MgS04, 258; KI, 0.29; FeS04*7H20, 28; CuS04-5H20, 1.56; 
ZnCOi, 11.50; CoCl*6H20, 0.17; NaMo04.2H20, 0.83; Na2Se03, 
0.022; and MnS04•H2O, 33. 

7 ... 
Supplied per 100 grams ration: thiamine, 1.0 mg; riboflavin, 
1.0 mg; Ca pantothenate, 4.0 mg; biotin, 0.04 mg; pyridoxine, 
2.0 mg; niacin, 8.0 mg; folic acid, 0.3 mg; menadione, 0.3 mg; 
vitamin A, 1000 lU; vitamin D3, 150 ICU; vitamin E, 3.3 lU; 
chlortetracycline, 1.0 mg and choline chloride, 148 mg. 

g 
Ethoxyquin. 
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equalizing both mean body weight and weight distribution 

among the groups, and fed the experimental diets to 29 days 

of age. The chicks were housed in electrically heated, 

thermostatically controlled battery brooders with raised 

wire-screen floors in a temperature-controlled laboratory. 

Feed and water were supplied ad libitum. Data on growth and 

feed consumption were obtained weekly and feed wastage was 

determined daily. 

Results and Discussion 

Data showing average weight gains and caloric 

efficiencies of chicks fed diets containing graded levels 

of vitamin which non-protein energy was supplied by 

either glucose or hydrogenated fat are summarized in Table 2. 

Analysis of variance and application of Duncan's multiple 

range test (Steel and Torrie, 1960) to the growth data 

obtained in the three experiments showed that chick growth 

was increased significantly by the addition of vitamin 

The results show that the addition of 10 ^g of vitamin B^^^/kg 

of diet caused a significant increase (P<C 0.05) in growth of 

chicks fed the carbohydrate-containing diet with no further 

significant increase being observed on the addition of higher 

levels of vitamin case of chicks fed the 

"carbohydrate-free" diet in which non-protein energy was 

provided by hydrogenated fat, the addition of 2.5yC/g of 

vitamin B^^/kg of diet caused a significant increase with a 

still further significant increase being observed on the 

addition of 50//g vitamin B^^/kg of diet. Plots of weight 
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gains versus level of supplemental vitamin B^^^^^P^^ssed as 

logio (10+ yUg vitamin B^^/kg) showed that linear and plateau 

lines intersected at 9//g/kg of carbohydrate-containing diet 

and at 27//g/kg of "carbohydrate-free" diet. Thus, in these 

experiments the vitamin ^^2 of chicks fed 

carbohydrate-containing and "carbohydrate-free" diets was 9 

and 2 7 /xg/kg of diet, respectively. The vitamin 

requirement of chicks fed the carbohydrate-containing diet 

is in agreement with the finding of Ott et al. (1948) and 

Fox et al. (1956) and the requirement as stated by NRC 

(1966). The finding that the isocaloric substitution of fat 

for carbohydrate increased the vitamin ^^2 

implicates vitamin B^^^ the utilization of fat. 

Statistical analysis of the growth data obtained in 

the three experiments also showed that growth was affected 

significantly by both experiment (P -C 0.01) and source of 

energy (P ^ 0.01). That chicks grew significantly slower 

in experiment 3 was to be expected since the amount of 

supplemental methionine was 0.074% rather than 0.1%. The 

finding that chicks fed the "carbohydrate-free" diets grew 

faster than chicks receiving the carbohydrate-containing 

diets without increasing caloric consumption suggests that fat 

has a methionine.sparing action. Recently, Nakano and Ashida 

(1970) have shown that the protein sparing action of both 

fat and carbohydrate is closely related to their inhibiting 

effect on the induction of amino acid-degrading enzymes. 

They emphasized that the activity of all the hepatic amino 

acid-degrading enzymes in rats previously adapted to a high 
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fat diet was much less than that in rats previously fed a 

high carbohydrate diet. In parallel, the amount of urinary 

nitrogen output was found to be less in rats fed the high 

fat diet. Their results suggest that dietary fat improves 

protein retention through its inhibiting effect on the 

induction of hepatic amino acid-degrading enzymes. In the 

present study, chicks fed the "carbohydrate-free" diets should 

have been well adapted to the high fat diet, since the chick 

embryo develops on a medium containing only 1% carbohydrate, 

and after hatching, they were fed the "carbohydrate-free" 

diet until allotted to the experimental groups. Whether the 

greater growth of chicks receiving the "carbohydrate-free" 

diets was a reflection of a similar amino acid sparing action 

of fat as in the case of rats is unknown. 

Similar statistical treatment of the data on caloric 

efficiency lends support to the finding that the isocaloric 

substitution of fat for carbohydrate increases the chick's 

requirement for vitamin ^^2’ data (Table 2) show that 

the vitamin requirement of chicks fed carbohydrate- 

containing and "carbohydrate-free" diets was 5.0 to 10 and 

10 to 50//g/kg, respectively, when caloric efficiency was 

used as the criterion of adequacy. 

Experiment 4 and 5 

These experiments were designed to determine whether 

vitamin increased growth of chicks fed carbohydrate- 

containing and "carbohydrate-free" diets by increasing the 

utilization of protein and/or energy or by stimulating 

appetite. 
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Experimental 

In the course of the preceding experiments (Exp. 1 

and 2) duplicate groups of 10 male crossbred (Dominant White 

X White Plymouth Rock) chicks were pair-fed the carbohydrate- 

containing and "carbohydrate-free" diets containing 

supplemental vitamin (100//g/J^g) • Feed intake was 

limited to that consumed by chicks fed the vitamin B, 
X ^ 

deficient diet. The diets fed, method of allotment, housing 

and weighing were as in the foregoing experiments (Exp. 1 

and 2). The pair-fed chicks received their daily allotment 

of feed once every 24 hours. The experimental diets were fed 

from 8-29 days of age. During the fourth week of the 

experiment, excreta were collected from each experimental 

group at 24 hour intervals for the determination of 

metabolizable energy. Chromium oxide was incorporated in 

each of the diets at a level of approximately 0.3% as an 

index substance in order to eliminate the need for quantita¬ 

tive collection of excreta and quantitative measurement of 

feed intake. The methods of processing excreta, conducting 

chemical analyses for moisture, nitrogen, combustible energy 

and chromium oxide and computing metabolizable energy from 

these data have been described previously (Hill and 

Anderson, 1958; Hill et al., 1960). 

At the termination of the experiment, the chicks 

were killed with chloroform. After cooling, the contents of 

the gastrointestinal tract were removed, the livers were 

weighed and the entire carcasses from each experimental 

group (minus the livers) were frozen, ground, mixed and 
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an aliquot dried by lyophilization. In order that tissue 

gains could be determined, a representative group of chicks 

was killed at the beginning of the experiment and prepared 

for analysis using the same procedure. Carcass samples were 

analyzed for protein, fat and moisture as described by Hill 

and Anderson (1958) . 

In experiment 4, liver fat was determined on pooled 

samples containing 10 livers. The samples were lyophilized, 

the moisture content was determined by loss in weight during 

lyophilization. The dried samples were then extracted for 

16 hours with a 2:1 mixture of chloroform and methanol using 

a Goldfisch apparatus. The dried extracts were then 

reextracted with light petroleum (30^-600). This method is 

similar to the method of Feigenbaum and Fisher (1963). 

Results and Discussion 

Summarized in Table 3 are data showing weight gains, 

caloric consumption and caloric efficiencies of chicks fed 

diets with and without supplemental vitamin which 

non-protein energy was supplied by either glucose or 

hydrogenated fat. Analysis of variance and application of 

Duncan's multiple range test (Steel and Torrie, 1960) to 

the combined data from the two experiments showed that when 

chicks were pair-fed, the addition of vitamin to either 

the carbohydrate-containing or "carbohydrate-free" diets 

had no effect on growth or caloric efficiency. In 

comparison, chicks fed ad libitum the vitamin B^^ supplemented 

diets consumed more feed, grew faster and utilized their 
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feed more efficiently than chicks fed ad libitum the 

unsupplemented diet, irrespective of source of non-protein 

energy. 

Data showing protein gained, fat gained, protein 

retained and caloric efficieny of chicks fed diets with and 

without supplemental vitamin summarized in Table 4. 

Analysis of variance and application of Duncan's multiple 

range test (Steel and Torrie, 1960) to the data showed that 

when chicks were pair-fed, supplementation with vitamin 

did not alter body composition. The data show that chicks 

fed the vitamin diets utilized both energy and 

protein as efficiently as chicks fed the vitamin B^^^'supple- 

mented diets. Thus, it can be concluded that vitamin B^^^ 

stimulated growth under ad libitum feeding by increasing 

appetite rather than by improving protein utilization or 

caloric efficiency. Previously, Chow and Barrows (1950) 

observed that vitamin B^^ stimulated growth of rats, only 

when fed ad libitum. They found that vitamin B^^ failed to 

stimulate growth when feed intake was restricted to 6-8 

grams per day. 

The reason that appetite is depressed when chicks 

are fed vitamin diets is unknown. Blaxter 

(1964) generalizes that, in specific dietary deficiencies, 

animals reduce the load on the enzyme system affected by 

the deficiency. He states that the primary method that 

animals employ is reducing food intake but the enzyme system 

affected by the deficiency also may be avoided by using 

alternative metabolic pathways of dissimilation and 
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synthesis, some of which are not as efficient in the transfer 

of energy. Results of the experiments reported herein showed 

that chicks fed vitamin B^^'^^ficient diets reduced feed 

intake. If the chicks used alternative metabolic pathways, 

then these pathways must have been as efficient since no 

significant difference in caloric efficiency was observed on 

supplementation with vitamin '^hen feed intakes were 

equalized. 

The data summarized in Table 4 also show that 

irrespective of whether the diet was adequate or deficient 

in vitamin B^^^ the substitution of hydrogenated fat 

isocalorically for carbohydrate increased the amount of 

energy deposited as fat and improved efficiency of the 

utilization of energy. These results are in agreement with 

those reported by Forbes et al. (1946) and Carew and Hill 

(1958) which showed that rats and chicks, respectively, 

utilized calories from fat more efficiently than calories 

from carbohydrate when fat was incorporated in the diet at a 

level of 20%. Recently, Baldwin (1970) calculated the 

theoretical efficiency of utilization of energy (100 x net 

energy/metabolizable energy) from glucose and triglyceride 

for fattening to be 89 and 96-97%, respectively. Blaxter 

(1962) summarized data on the efficiencies of utilization 

of metabolizable energy provided above maintenance for 

fattening in adult animals. Values for glucose were about 

70% and for fat ranged from 80-86%. Although Baldwin's 

calculated efficiencies are higher than determined 

efficiencies, they do show that dietary fat can be 
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converted to body fat more efficiently than can dietary 

carbohydrate. Results of this experiment show that chicks 

like other animals utilize dietary fat more efficiently than 

dietary carbohydrate for fattening. 

Relative liver weights and levels of liver fat in 

chicks fed carbohydrate-containing and "carbohydrate-free" 

diets with and without supplemental vitamin 

summarized in Table 5. Analysis of variance and application 

of Duncan's multiple range test (Steel and Torrie, 1960) to 

the data showed that liver weight in proportion to body 

weight increased (PC 0.05) when glucose was replaced 

isocalorically by hydrogenated fat in the diet of vitamin 

Bi2-deficient chicks fed ad libitum. When, however, the 

hydrogenated fat diet was supplemented with vitamin B^^^ 

pair-fed^ relative liver size decreased significantly 

(PC 0.05). Since level of liver fat was not altered by 

either source of energy or level of dietary vitamin ^^,2' 

it can be concluded that the increased liver size observed 

in vitamin chicks when non-protein energy was 

supplied by fat was not due to the accumulation of fat. 

Previously, Moore and Doran (1962) observed that vitamin 

B^2 deficiency did not affect level of total lipid in the 

liver of chick embryos, although lipid composition was 

altered. They observed increased triglyceride and decreased 

sterol esters in liver lipid of vitamin chick 

embryos. 

That vitamin deficiency also results in an 

increase in relative liver size in rats was observed by 
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Hegsted et al. (1967) and Gyorgy et al. (1967). In contrast 

to the chick, however, Gyorgy et al. (1967) observed a marked 

accumulation of fat in the liver of rats fed diets high in 

fat and low in methionine, choline and vitamin The 

administration of vitamin B^^/ choline or methionine 

alleviated the fatty infiltration of the liver. 

Experiment 6 

Results of experiments 1, 2 and 3 showed that the 

isocaloric substitution of hydrogenated fat for carbohydrate 

in the diet increased the requirement for vitamin Bj^2* 

Since vitamin has recently been implicated in acetate 

metabolism in sheep (Somers, 1969) and humans (Cox et al., 

1968), the question arose as to whether the increased 

requirement of chicks for vitamin when hydrogenated fat 

was substituted isocalorically for glucose in the diet 

might be due to the fact that more acetate is produced in 

the oxidation of fat than in the oxidation of an equicaloric 

amount of carbohydrate. If in vitamin B^^^ deficiency oxida¬ 

tion of acetate is reduced then acetate, acetoacetate and/or^- 

hydroxybutyrate may accumulate in the bloodstream and this 

accumulation should be greater when non-protein calories 

are supplied by hydrogenated fat than when non-protein 

calories are supplied by glucose. Thus, the object of the 

following experiment was to compare levels of blood ketone 

bodies in chicks fed diets with and without vitamin B^2 

which non-protein energy was supplied by either glucose, 

hydrogenated fat (Crisco) or beef tallow. In addition, the 
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effect of vitamin liver size was studied. 

Experimental 

The composition of the carbohydrate-containing diet 

used in this experiment was similar to that shown in Table 1 

except that level of supplemental methionine was reduced to 

0,074%. "Carbohydrate-free" diets in which non-protein 

energy was provided by hydrogenated fat (Crisco) or beef 

tallow were formulated by substituting hydrogenated fat or 

beef tallow isocalorically for glucose using the values 

3.64, 8.59 and 6.78 (Renner and Hill, 1958) kcal/g for the 

metabolizable energy of glucose, hydrogenated fat and beef 

tallow, respectively. Cellulose was added to improve the 

texture of the "carbohydrate-free" diets in an amount to 

maintain their caloric density equal to their carbohydrate- 

containing counterpart. When diets were supplemented with 

vitamin ^ level of 100 /vg/kg was used. 

Each diet was fed to duplicate groups of 10 male 

day-old crossbred (Dominant White x White Plymouth Rock) 

chicks to 29 days of age. The feed intakes of chicks 

receiving diets containing supplemental vitamin B^^ were 

restricted to that consumed by chicks fed comparable diets 

without supplementary vitamin Chicks that were pair- 

fed received their daily allotment of feed once every 24 

hours. The method of allotment, housing and weighing were 

similar to those of experiment 1. 

At 4 weeks of age, samples of blood were taken from 

representative chicks for the determination of blood ketone 
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bodies. Blood samples were obtained from the jugular vein 

of chicks using 1.5 mg sodium oxalate per ml blood to prevent 

coagulation. Protein-free blood filtrates were prepared 

using the procedure of Erwin et al. (1961). The blood 

filtrates were then frozen and stored at -240 until analyzed. 

Total blood ketone bodies were determined using a modification 

of the method of Bakker and White (1960). This modification 

consisted of heating the tubes in an oil bath at 110-1200 for 

10 minutes and for a further 30 minutes in an autoclave at the 

same temperature after mixing thoroughly with the potassium 

dichromate. 

After the blood samples were collected, the chicks 

were killed using chloroform. After allowing the carcasses 

to cool, the livers were removed and weighed. 

Results and Discussion 

Liver weights and levels of blood ketone bodies in 

the chicks fed the diets with and without supplemental 

vitamin B^^ which non-protein calories were supplied by 

glucose, hydrogenated fat and tallow are summarized in 

Table 6. Analysis of variance and application of Duncan's 

multiple range test (Steel and Torrie, 1960) to the data 

on liver weight showed that liver weight was not affected 

significantly by source of energy or by level of vitamin b2- 

The finding that in this experiment the isocaloric 

substitution of hydrogenated fat for glucose in the 

vitamin diet did not increase relative liver 

size is contrary to the results of preceding experiments. 
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Since in all three experiments (Exp. A, 5 and 6) the 

substitution of hydrogenated fat for glucose did not alter 

feed consumption, no explanation can be suggested to account 

for the discrepancy. 

Similar statistical treatment of the data on blood 

ketone bodies showed that addition of vitamin ^o the 

diets did not alter blood level of ketone bodies significantly 

(P > 0.05), irrespective of whether non-protein calories were 

supplied by glucose, hydrogenated fat or tallow. These 

results suggest that vitamin chicks were able 

to oxidize acetyl CoA just as completely as chicks pair-fed 

the vitamin B^2~s’^PPl®'^®^ted diet and are in contrast to 

results reported for sheep and humans by Somers (1969) and 

Cox et al. (1968) , respectively. 

In this experiment source of non-protein energy 

affected level of blood ketone bodies. The data show that 

the isocaloric substitution of either hydrogenated fat or 

beef tallow for glucose increased levels of blood ketone 

bodies significantly (P0.05). In the case of vitamin 

Bi2-deficient chicks, hydrogenated fat was as ketogenic as 

tallow; however, hydrogenated fat was less ketogenic than 

tallow (P < 0.05) when diets adequate in vitamin B^2 '^ere 

fed. The effect of degree of saturation of dietary fat on 

level of ketone bodies in chicks fed vitamin Bj^2“^^®^^^te 

diets ad libitum is unknown. Nath and Nath (1967b) 

have observed higher levels of blood ketone bodies in rats 

fed the more saturated fats. Recently, Dupont and Mathias 

(1969) presented evidence supporting the concept that 
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oxidation of unsaturated fatty acids results not only in the 

formation of acetyl CoA but also some propionyl CoA, Since 

propionyl CoA is glucogenic, this could account for 

unsaturated fatty acids being less ketogenic than saturated 

fatty acids. Further studies are required to determine 

whether fats vary in their ketogenicity for chicks. If 

propionyl CoA is produced in the oxidation of unsaturated 

fatty acids in chicks, it could contribute to the increased 

requirement for vitamin observed when high fat diets are 

fed, since vitamin is involved in the conversion of 

propionyl CoA to succinyl CoA. 

Summarized in Table 7 are data showing average 

weight gains, caloric consumption and caloric efficiencies 

of chicks fed diets with and without supplemental vitamin 

B^2* Analysis of variance (Steel and Torrie, 1960) of the 

factorial arrangement of treatments indicated that the 

growth response to both vitamin B^^ source of energy was 

significant, the level of significance being P < 0.025 and 

P 0.01, respectively. Application of Duncan's multiple 

range test (Steel and Torrie, 1960) to the data on growth 

showed that under pair-feeding conditions, when non-protein 

energy was supplied by glucose or tallow the addition of 

vitamin to the diets did not increase growth significant¬ 

ly (P > 0.05); however, when non-protein energy was supplied 

by hydrogenated fat, chicks pair-fed the vitamin ^2_2~ 

supplemented diet grew significantly faster than chicks fed 

the unsupplemented diet suggesting that vitamin B^^^ increased 

the utilization of some dietary ingredient. This finding is 
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in contrast to results of preceding experiments (Exp. 4 and 

5) which showed that when the feed intake of chicks fed the 

vitamin B^2“Supplemented diet was restricted to that of 

chicks fed the vitamin Bj^2”*^sfic:ient diet weight gains were 

equal. The levels of supplemental methionine used in this 

experiment (Exp. 6) and the preceding experiment (Exp. 4 and 

5) were 0.074 and 0.1%, respectively. Whether this difference 

in level of supplemental methionine accounts for the 

difference in results obtained is unknown. 

The data also show that when chicks were fed ad 

libitum a diet in which non-protein calories were supplied by 

hydrogenated fat, they grew faster (P < 0.05) than chicks fed 

diets in which non-protein energy was supplied by glucose 

without increasing feed consumption. This finding is similar 

to the overall effect observed when hydrogenated fat was 

substituted isocalorically for glucose in experiments 1, 2 

and 3 and suggests that hydrogenated fat has a methionine¬ 

sparing action. Since the isocaloric substitution of beef 

tallow for glucose failed to stimulate growth it would appear 

that the growth promoting property of a fat is dependent on 

its fatty acid composition. 

Similar statistical treatment of the data on caloric 

efficiency showed that caloric efficiency was not affected 

significantly (P > 0.05) by either source of energy or 

12 • 
vitamin B 



oc 

bae .qxa) aixismxTtsqxQ pnib90©iq e:tXi/a9X iasiinoo ni 

arli bs5 eXoirio sMsd^ni fosa'i 9rfd nsdw dsifd bsworie riolflw (2 

^ do darid od bsdoittdao's ajsw dsib bsdnsmsXqqi/e-^j-a nifliEdXv 

919W BjnijBp dripisw dsxb dnsioidsb-^j-a nxmediv arid bad a^oido 

aidd nX bsau snxrioxride/n XfidnomsXqqcfa do aXovsX edT . Xeupe 

bnii .qx3) dnomxiaqxs pnxbaosxq arid bne (9 .qxa) dnsmx^taqxs 

aonoieddib axrid xaridariW .'^Xavidosqaei »#X.O bns ^TO.p eisw (2 

arid xod ednxfoooB anxnoxridam iBdnamoXqqua do XsvbX nl 

.nwon->frti/ ax bsnxBddo sdli/aax nx sDnsiaddib 

bfi bed 9X9W a^oxrio nsriw dBrid woria obXb Bdsb 9riT 
X.*' 

Yd bsxXqqi/e &ibv} bsxxoXbo nxadoiq-non rioxriw «i daxb b flu/didil. 

bad aXoxrio nBrid (50.0 >*3) xadasd ws-xp ^dsd badsnapoibyri 

aaooLflp Yc( baxXqqtia bbw ypxaaa nxadoiq-non rioxriw nx adaxb 

XBiijnia ax pnxbnxd axriT .noxdqmt;anoo baad pniasaxoax duoridiw 

EBW dsd badBnapoxbYri nedw bavxaedo doadda XXBxavo arid od 

S ,X adnamxxaqxa nx aeoonXp xod. Y^XBoxxoiBOcax badt/didadua 

-aninoxridem b 3Bri dsd badBxiapoxbYri dBrid adeappua boa t boB 
t) 

daad do noxdndxdadua oixoXBpoax arid aonx<5 .noXdoB pnxXBqa 

xcsqqs bXnow dx ridwoxp adBXu/nxda' od balisd. aaooi/Xp xod v/oXIsd 

no dnabnoqab ax dcd b do ydxeqo'xq pnido/nod:q ridwoxp arid dBrid 

^ .noxdxaoqiTt'oo bios adX 

oxxoXbo no Bdfib arid do dnamdsaxd XBoidaxdBde neXimia 

badoaddB don saw yonaxoidda oxxoXbd d&rid baworia yonaxoXdia 
1 

xo ypxana do aoxuoa xaridxa yd (50.0 < q) yXdnBoxdinpxe 

^ * *Si^ nimsdiv 



31 

PART II 

METHIONINE REQUIREMENT OF CHICKS 
FED "CARBOHYDRATE-FREE" DIETS 

Literature Review 

Methionine, an indispensable amino acid, is required 

by the chick for protein synthesis, as a source of -SH groups 

for cysteine synthesis and as a biological methylating agent. 

Recently, the Subcommittee on Poultry Nutrition of the 

National Research Council (1966) indicated that the minimum 

methionine requirement of chicks consuming a diet containing 

20% protein, 0.35% cystine and 2750 kcal metabolizable 

energy per kilogram was 0.40%. 

That the requirement for methionine is dependent on 

the criterion used to estimate adequacy has been shown by 

several workers. Thus, Almquist (1952) showed that chicks 

required approximately 0.1% more methionine for maximum feed 

efficiency than was required for maximum growth. Subsequent¬ 

ly, Nelson et al. (1960) confirmed this observation and in 

1961 Carew and Hill reported experimental evidence providing 

an explanation for this observation. They found that chicks 

fed a diet which was marginally deficient in methionine grew 

at the same rate but consumed more feed and deposited more 

fat and less protein than chicks fed a methionine adequate 

diet. As a consequence, they found that feed efficiency 

decreased but observed no difference in efficiency of energy 

utilization based on determination of metabolizable energy, 

productive energy, heat production and tissue gains. 
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Dietary factors known to affect the chick's require¬ 

ment for methionine include level of choline, vitamin 

folic acid. That these nutrients affect methionine require¬ 

ment is to be expected since they, like methionine, are 

involved in the metabolism of single carbon units. Thus, 

Almquist in 1952 stated that the minimum requirement for 

methionine should be estimated only under conditions of ample 

vitamin ^^2' that the metabolic load on methionine is 

diminished as far as possible. 

Other dietary factors known to affect methionine 

requirement are level of dietary energy and protein. With 

the realization that chicks eat to meet their energy require¬ 

ment, it soon became apparent that as the caloric density of 

the diet is increased, protein level must also be increased 

if growth rate is to be maintained. Subsequent studies 

conducted by Baldini and Rosenberg (1955) have extended this 

concept and showed that the methionine requirement of the 

chick, expressed in percent of diet, increases as the 

productive energy level of the diet increases. More 

recently. Nelson et al. (1960) showed that although the 

requirement for sulfur-containing amino acids was affected 

by both protein and energy it was a constant of the protein 

required to balance the energy content of the diet. 

Whether the methionine requirement is affected by 

source of non-protein energy is unknown. High fat diets 

might tend to increase methionine requirement if the need 

for bile salts is increased, since taurine, which is 

required for synthesis of taurocholic acid, is derived from 
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cysteine which in turn can be synthesized from methionine. 

Furthermore, if the need for one carbon units increases as 

fat intake increases the requirement for methionine might 

increase. On the other hand, other factors may tend to 

decrease the requirement for methionine by increasing its 

utilization. In this regard, Pearson and Panzer (1949) 

observed that dietary corn oil tends to lower the urinary 

excretion of methionine and valine in growing rats. More 

recently Nakano and Ashida (1970) have shown that rats, 

prefed a diet in which non-protein energy was supplied by 

fat, excreted less urinary nitrogen when changed to a high 

protein diet than did rats prefed a high carbohydrate diet. 

They found the decreased excretion of urinary nitrogen to be 

due to retardation of the formation of amino acid degrading 

enzymes. These results suggest that fat may have a protein 

sparing action. 

Experiment 7 

Results of experiments 1, 2 and 3 showed that the 

isocaloric substitution of fat for carbohydrate in the diet 

of the chick increased the requirement for vitamin 

Since vitamin a methionine sparing action, the 

question arose as to whether the observed increase was 

actually for vitamin whether it merely reflected an 

increased need for methionine. Thus, the following study 

was conducted to compare the methionine requirement of chicks 

fed diets in which non-protein energy was provided by either 

carbohydrate or fat. 
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Experimental 

Carbohydrate-containing diets with and without 

supplemental vitamin (100//g/kg diet) and containing 

either 0, 0.1, 0.2 or 0.3% supplemental methionine were 

formulated from the carbohydrate-containing diet shown in 

Table 1, by either decreasing or increasing the level of 

supplemental methionine at the expense of glucose. Their 

"carbohydrate-free" counterparts were formulated by 

substituting hydrogenated fat (Crisco) isocalorically for 

glucose using the values 7.16 (Renner andHill, 1958) and 3.64 

kcal/g (Anderson et al., 1958) for the metabolizable energy 

content of hydrogenated fat and glucose, respectively. 

Cellulose was added to improve the texture of the 

"carbohydrate-free" diet in an amount to maintain the energy 

in a given volume equal to that of its high carbohydrate 

counterpart. 

Each diet was fed to duplicate groups of 10 male 

day-old crossbred (Dominant White x White Plymouth Rock) 

chicks to 29 days of age. The chicks were assigned at random 

at one day of age to each experimental group. They were 

maintained in electrically heated, thermostatically controlled 

battery brooders with raised wire-screen floors in a 

temperature controlled laboratory. Feed and water were 

supplied ad libitum. Data on growth and feed consumption 

were obtained weekly and feed wastage was determined daily. 

Fecal collections were made from selected groups on the 

twelfth, thirteenth and fourteenth day of life for determi¬ 

nation of metabolizable energy. At 4 weeks of age, the 
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chicks were killed, the livers excised and weighed and the 

entire carcasses from eaqh experimental group (minus the 

livers) were prepared for analysis as in experiments 4 and 5. 

Results and Discussion 

Summarized in Table 8 are data showing weight gains, 

caloric consumption and gross efficiency of feed utilization. 

Analysis of variance and application of Duncan's multiple 

range test (Steel and Torrie, 1960) to the data on growth 

showed that in the absence of vitamin the addition of 

0.1, 0.2 and 0.3% methionine caused significant and progressive 

increases in rate of growth, irrespective of source of non¬ 

protein energy. In the presence of vitamin the other 

hand, the addition of 0.1 and 0.2% methionine to carbohydrate- 

containing and "carbohydrate-free" diets caused significant 

and progressive increases in growth rate, with no additional 

growth response on the addition of 0.3% methionine. These 

results show the requirement of chicks for supplemental 

methionine when fed these carbohydrate-containing and 

"carbohydrate-free" diets to be at least 0.3% in the absence 

of vitamin from 0.1-0.2% in the presence of vitamin 

Bj^2‘ Assuming that the basal diet contained 0.63% sulfur- 

containing amino acids, these results show that the require¬ 

ment for sulfur-containing amino acids of chicks fed a diet 

containing 24% protein was 0.73-0.83% when adequately 

supplemented with vitamin B^^ least 0.9 3% in the 

absence of vitamin These results also show that 

vitamin ^ methionine-sparing action. Since source 
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of non-protein energy did not affect methionine requirement, 

it can be concluded that the increased vitamin requirement 

of chicks fed "carbohydrate-free" diets which was observed in 

experiments 1, 2 and 3 was not due to a methionine-sparing 

action. 

Using caloric efficiency as the criterion to assess 

requirement, the data in Table 8 show that the amount of 

methionine required to produce optimal caloric efficiency is 

reduced by the addition of vitamin to the diet but is 

unaffected by the source of non-protein energy. The results 

indicate that the requirement of chicks for supplemental methionine 

was not greater than 0.1% and 0.2% , respectively, when diets with 

and without supplemental vitamin B^^ were fed. Comparison of 

these results with results obtained using growth as the 

criterion indicates that the amount of methionine required 

to promote optimal gain is greater than the amount required 

for optimal feed efficiency. This finding is in contrast 

to the results of Almquist (1952) and Nelson et al. (1960) 

who found that chicks require more methionine for maximum 

feed efficiency than for maximum growth. 

Data on carcass composition summarized in Table 9 

show that in this experiment chicks fed diets either severely 

or moderately deficient in methionine did not increase their 

fat deposition. This is in contrast to results reported by 

Carew and Hill (1961) and suggests that in this experiment 

chicks did not overeat to meet their methionine requirement. 

This experiment, however, differs from those of Carew and 

Hill (1961) in that the basal diet used was severely 
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deficient in methionine but was supplemented with cystine 

while the basal diet used by Carew and Hill (1961) was only 

moderately deficient in sulfur-containing amino acids and 

contained no added cystine. Whether these differences contri¬ 

buted to the differences in results obtained is unknown. 

Also summarized in Table 9 are data showing the amount of 

protein retained by chicks fed carbohydrate-containing and 

"carbohydrate-free" diets containing varying levels of methio¬ 

nine with and without vitamin Analysis of variance and 

application of Duncan's multiple range test (Steel and Torrie, 

1960) to the data showed that, in both the absence and presence 

of vitamin 0.2% supplemental methionine resulted in maxi¬ 

mum nitrogen retention when chicks were fed carbohydrate- 

containing diets whereas 0.3% supplemental methionine caused a 

further increase in nitrogen retention when chicks were fed 

"carbohydrate-free" diets. These results suggest that the 

isocaloric substitution of fat for carbohydrate increases the 

methionine requirement for maximum protein retention; 

however, no firm conclusion can be reached since the diets 

were not isocaloric. The carbohydrate-containing and 

"carbohydrate-free" diets contained 15.2 and 18.7 kcal 

metabolizable energy/g protein, respectively. This differ¬ 

ence was due to the hydrogenated fat having a metabolizable 

energy value of 8.59 rather than 7.16 kcal/g (Renner and 

Hill, 1958). Thus, whether the increased requirement for 

methionine for maximum nitrogen retention was due to the 

isocaloric substitution of fat for carbohydrate or to 

changes in calorie:protein ratio is unknown. 
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Experiment 8 

Results of experiment 7 showed that the amount of 

40 

methionine required to promote optimal growth of chicks was 

unaffected by source of non-protein energy. Since the 

calorie:protein ratio of the carbohydrate-containing and 

"carbohydrate-free" diets differed, the question arose as 

to whether comparable results would be obtained when calorie; 

protein ratios were similar. Thus, the following study was 

conducted to compare the methionine requirement of chicks fed 

carbohydrate-containing and "carbohydrate-free" diets. 

Experimental 

Carbohydrate-containing diets containing 0, 0.075, 

0.150, 0.225 and 0.300% methionine were formulated from the 

basal diet shown in Table 10 by substituting methionine, 

weight for weight, for glucose. Their "carbohydrate-free" 

counterparts were formulated by substituting hydrogenated 

fat (Crisco), isocalorically, for glucose using the value 

3.64 and 8.59 kcal/g for the metabolizable energy content of 

glucose and hydrogenated fat, respectively. The diets were 

formulated to contain 18.6 kcal metabolizable energy/g 

protein. This level is similar to the calorie:protein ratio 

of the "carbohydrate-free" diet used in experiment 7. The 

diets were not fortified with vitamin 

Each diet was fed to duplicate lots of 10 male day- 

old crossbred (Dominant White x White Plymouth Rock) chicks 

to 29 days of age. The method of allotment, feeding and 

housing were the same as in experiment 1. Fecal collections 
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Table 10 

Composition of 
carbohydrate-containing basal diet 

Ingredients % 

Soybean protein^ 20.28 

L-cystine 0.25 

Soybean oil 4.00 

Limestone 1.49 

Dicalcium phosphate 2.15 

Salt 0.60 
. • 2 

Mineral mixture 1.26 

Vitamin mixture^ 0.43 

Antioxidant^ 0.025 

Chromium oxide 0.30 

Glucose^ 69.21 

^See footnote A, Table 1. 

2 
See footnote 6, Table 1. 

^See footnote 7, Table 1. 

4 
Ethoxyquin. 

5 
Cerelose. 

were made at 24 hour intervals at 12, 13, 14 and 15 days of 

age and again at 26, 27 and 28 days of age for determination 

of metabolizable energy and fat absorbability. Data on 

growth and feed consumption were obtained weekly. Feed 

wastage was determined daily. 
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Results and Discussion 

The results obtained for weight gain, feed consumption 

and gross efficiency of feed utilization are presented in 

Table 11. Analysis of variance and application of Duncan's 

multiple range test (Steel and Torrie, 1960) to the growth 

data showed that the addition of increasing levels of 

methionine to both the carbohydrate-containing and 

"carbohydrate-free" diets caused progressive and significant 

increases in growth up to a level of 0.225% supplemental 

methionine. Plots of weight gains versus levels of dietary 

methionine expressed as log2_Q (0.240 + % added methionine) and 

calculation of the two lines which best fit these points 

using regression analysis showed that irrespective of source 

of non-protein energy these lines intersect at 0.20% supple¬ 

mental methionine. These results confirmed the results of 

the preceding experiment, showing that the methionine 

requirement of chicks fed carbohydrate-containing and 

"carbohydrate-free" diets is similar when growth is used 

as the criterion. 

Analysis of variance (Steel and Torrie, 1960) also 

showed that source of non-protein energy affected growth 

significantly (P < 0.01). The data show that chicks fed 

diets in which non-protein energy was supplied by fat grew 

significantly faster than chicks fed diets in which non¬ 

protein energy was supplied by carbohydrate even though 

caloric consumption was not increased. The combined 

results of experiments 1, 2 and 3 also showed that chicks 

grew significantly faster when non-protein energy was 
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supplied by fat, however, no effect was observed in 

experiment 7. The failure of fat to promote more rapid 

growth in experiment 7 may have been due to the difference 

in the calorie:protein ratio between carbohydrate-containing 

and "carbohydrate-free" diets. The possibility exists that 

in experiment 7 chicks fed the "carbohydrate-free" diet 

containing 18.7 kcal/g protein were able to grow at the 

same rate as chicks fed the carbohydrate-containing diet 

having a calorie:protein ratio of 15.2 kcal/g protein 

because of the protein-sparing action of fat. 

Statistical treatment of the data on caloric 

efficiency showed that supplementation with 0.075% methionine 

caused a significant increase in caloric efficiency in both 

carbohydrate-containing and "carbohydrate-free" diets with 

no further significant increase being observed on the 

addition of higher levels of methionine. These results 

show that, as in experiment 7, when caloric efficiency was 

used as the criterion the requirement of chicks for 

methionine was unaffected by source of non-protein energy. 
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PART III 

ABSORBABILITY OF FAT 
BY CHICKS FED "CARBOHYDRATE-FREE" DIETS 

Literature Review 

Information on the major steps involved in the 

mammalian absorption of fat has recently been summarized 

diagrammatically by Isselbacher (1965) (Figure 1). 

The diagram shows that both intraluminal and intra- 

mucosal processes are involved in fat absorption. The major 

intraluminal factors affecting fat absorption have been 

shown to include pancreatic lipase and bile salts. Studies 

have shown that deficiency of either in rats or dogs causes 

a marked reduction in absorption of triglycerides. Recent 

studies have shown that bile salts promote fat absorption 

by facilitating the formation of mixed micelles (Hofmann 

and Borgstrom, 1962), by facilitating the action of 

pancreatic lipase (Borgstrom, 1954) and by facilitating 

the reesterification of fatty acids in the intestinal 

mucosa (Kroebel and Ryan, 1963; Saunders and Dawson, 1963). 

Intramucosal factors affecting fat absorption in 

mammals have been shown to include cell structure, enzyme 

levels and the presence of the required protein for 

chylomicron formation. The importance of normal cell 

structure in fat absorption is illustrated in studies 

conducted by Dawson and Isselbacher (1960) and Brice ct al. 

(1965). They showed that patients with Whipples' disease 

or nontropical sprue whose mucosal cells were deranged 
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showed reduced rates of esterification of ^^C-palmitate 

into triglyceride. The importance of levels of intramucosal 

enzymes on fat absorption was shown by Isselbacher (1967) 

and Watson and Murray (1966). They showed that the 

decreased ability of adrenalectomized rats to absorb fat 

is due to decreased levels of enzymes required for the 

esterification of fatty acids and monoglyceride. Lack of 

protein for chylomicron formation whether caused by 

treatment of the rat with puromycin, acetoxycycloheximide 

(Isselbacher and Budz, 1963; Sabesin and Isselbacher, 

1965) or ethionine (Hymans et al., 1966) resulted in 

reduced levels of plasma triglycerides, accumulation of 

neutral fat within mucosal cells and decreased fat 

absorption. In addition humans suffering from the 

genetic disorder abetalipoproteinemia also show decreased 

ability to absorb fat (Isselbacher, 1967). 

In the case of chicks, the mechanism of fat 

absorption and intramucosal factors affecting it have not 

been studied as extensively as in rats. Information has 

accumulated using the chick as the experimental subject 

which favors a partial hydrolysis of fat prior to 

absorption (Renner, 1960; Renner and Hill, 1961a; Young, 

1961; Renner and Hill, 1961b; Young and Garrett, 1963). 

Studies have also shown that in the chick as in the 

rat, lack of bile markedly decreases the absorption of 

oleic acid and linoleic acid when fed in triglyceride form 

(Young, 1965). Hydrolysis of bile salts by enteric 

bacteria has been suggested by Donaldson (1967) as the 
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reason why conventional animals absorb less fat than "germ- 

free" animals. He proposed that hydrolysis of bile salts 

reduces the stability of the mixed micelles resulting in 

decreased fat absorption. 

The role which pancreatic lipase plays in facilita¬ 

ting fat absorption in the chicken was demonstrated by Young 

(1965). Using pullets having ligated pancreatic ducts he 

found that the absorbability of triolein and oleic acid was 

10 and 75%, respectively, when incorporated at levels of 10 

and 20% in diets in which amino acids were furnished by 

enzymatically hydrolyzed casein and energy by glucose. 

Information on the effect of intramucosal factors 

on the absorption of dietary fat in the chicken is limited. 

It is known that both the glyceride-3-phosphate and mono¬ 

glyceride pathway of reesterification are operative in the 

chicken (Bickerstaffe and Annison, 1969). Studies have 

also shown that fatty acids pass from the mucosal cell into 

the circulatory system as triglycerides of very low density 

lipoprotein, however, chickens differ from mammals in that 

chylomicrons are absorbed directly into the portal rather 

than lymphatic system (Noyan et al., 1964). 

The effects which dietary deficiencies have on fat diges¬ 

tion and absorption have not been studied extensively in either 

rats or chicks . Studies have shown that the absorbability of 

soybean fatty acids by chicks fed "carbohydrate- and 

glycerol-free" diets is high indicating that carbohydrate 

deficiency has little or no effect on fat absorption (Renner 

and Elcombe, 1964 and Brambila and Hill, 1966). Further 
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studies (Renner, unpublished) have shown that increasing the 

protein content of a high fat diet from 16% to 27% increased 

the absorbability of lard slightly but significantly 

(P < 0.05) during the first 4 weeks of life. Sibbald et al. 

(1961) observed that increasing the protein content of the 

diet from 24 to 34% significantly increased the metabolizable 

energy of fat. The effect appeared to be greater for tallow 

than for soybean oil but the interaction of protein and type 

of fat was not significant. Young et al. (1963) also 

observed that the absorbability of lard fatty acids was 

increased when the protein content of the diet was increased 

from 24 to 30%. In the case of the rat Carroll and Richards 

(1958) and Barnes et al., (1944) have reported that rats fed 

low protein diets absorb less fat than do rats fed high 

protein diets. They observed that protein level of the diet 

affected the absorbability of fats of low absorbability 

more than fats of high absorbability. The effect which 

methionine deficiency has on fat absorbability is unknown. 

Lyman and Wilcox (1963) have shown that omission of 

methionine from the diet of force-fed rats resulted in 

decreased activity of pancreatic lipase and protease but 

not amylase. This finding suggests that fat absorbability 

may decrease when methionine-deficient diets are fed. 

In the case of the vitamins, Tidwell (1950) showed 

that choline given either orally or intraperitoneally 

enhanced the absorption of olive oil. In 1959 Fox et al. 

suggested that vitamin and/or methionine may play a 

role in fat absorption. This suggestion arose as a result 
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of the observation that the addition of vitamin to a diet 

high in fat but low in methionine and vitamin caused a 

marked increase in caloric efficiency. 

In order to study the effect of deficiencies of 

vitamin B^2 methionine on fat absorbability, samples of 

diets and excreta collected in experiment 7 were analyzed 

for fat and energy. Subsequently additional studies were 

conducted in an attempt to explain why methionine deficiency 

decreased fat absorbability. 

Experiment 9 

The object of this experiment was to determine the 

effect of deficiencies of vitamin B^2 and/or methionine on 

the absorbability of fat. 

Experimental 

During the course of experiment 7, excreta were 

collected from chicks fed the carbohydrate-containing and 

"carbohydrate-free" diets with and without supplemental 

vitamin B^2 containing either 0 or 0.3% supplemental 

methionine. The excreta were collected at 24 hour intervals 

on 4 consecutive days during the second week of life and 

were maintained in the frozen state until processed. 

Chromium oxide was incorporated in all rations at a level 

of approximately 0.3% as an index substance in order to 

eliminate the need for quantitative collection of excreta 

and quantitative measurement of feed intake. Two methods 

were used for determining fat utilization: (1) metabolizable 

energy determined by bomb calorimetry; and (2) absorbability 
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determined by analysis of diets and excreta for fat. The 

methods of processing excreta, conducting chemical analysis 

for moisture, nitrogen, combustible energy, fat and chromium 

oxide and computing metabolizable energy and fat absorbability 

from these data have been described previously (Hill and 

Anderson, 1958; Hill et al., 1960 and Renner and Hill, 1960). 

Results and Discussion 

Summarized in Table 12 are data showing the effect 

of deficiencies of methionine and/or vitamin the 

metabolizable energy value of carbohydrate-containing and 

"carbohydrate-free" diets. Analysis of variance and 

application of Duncan's multiple range test (Steel and 

Torrie, 1960) to the data showed that the metabolizable 

energy value of the carbohydrate-containing diets was not 

affected significantly (P > 0.05) by dietary level of either 

methionine or vitamin • Their metabolizable 

energy content varied from 3.57 to 3.69 kcal/g of diet. The 

finding that the metabolizable energy content of the 

carbohydrate-containing diets was not affected by the 

deficiency of methionine is at variance with the results of 

Baldini (1961) who claimed that a methionine- 

deficient carbohydrate diet contained more metabolizable 

energy than did the same diet supplemented with methionine. 

These findings are, however, in agreement with those of 

Carew and Hill (1961) and Shoji et al. (1966) who showed 

that metabolizable energy was not affected by either a 

marginal or severe methionine deficiency, respectively. 
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when carbohydrate-containing diets were fed. 

In contrast, statistical analysis showed that the 

metabolizable energy content of methionine-deficient 

"carbohydrate-free” diets was increased when methionine was 

added irrespective of whether or not the diets were 

supplemented with vitamin The data also show that 

vitamin increased the metabolizable energy content of 

the methionine supplemented "carbohydrate-free" diet but 

did not increase the metabolizable energy content of the 

methionine-deficient "carbohydrate-free" diet. 

Data showing the utilization of fat by chicks fed 

"carbohydrate-free" diets as determined from metabolizable 

energy and absorbability are summarized in Table 13. 

Analysis of variance and application of Duncan's multiple 

range test (Steel and Torrie, 1960) to the data showed 

that the addition of vitamin to either the methionine- 

deficient or methionine-supplemented diets had no effect 

on utilization of hydrogenated fat as determined from its 

metabolizable energy or absorbability. The data show, 

however, that utilization of hydrogenated fat is affected 

by level of dietary methionine. Methionine deficiency 

reduced absorbability of hydrogenated fat from 94.3 to 

86.9% and utilization (ME/GE x 100) from 93.2 to 83.9%. 

The reason why chicks fed methionine-deficient diets 

absorb less fat is unknown. Several reasons for the 

decreased fat absorbability can be proposed. First, it 

might be due to impaired transport of fat from the mucosa 

due to lack of protein. This is suggested by the finding 
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that incorporation of ethionine (a methionine antagonist) in 

the diet of the female rat inhibits protein synthesis and 

interferes with the intestinal transport of long chain fatty 

acids (Hymans et al.^ 1966). Secondly, it might be due to 

impaired chylomicron formation due to lack of choline for 

phospholipid synthesis. This is suggested by the finding 

of March and Biely (1956b) that the choline requirement of 

chicks is increased by the addition of 6-12% tallow or 

herring oil to a corn-soybean meal diet. Thirdly, it might 

be due to impaired digestion caused by decreased secretion 

of pancreatic lipase. This is suggested by the finding of 

Lyman and Wilcox (1963) that omission of methionine from 

the diet of force-fed rats depressed activity of pancreatic 

lipase. Finally, the possibility also exists that synthesis 

of triglyceride in the intestinal mucosa due to lack of 

coenzyme A or glutathione may impede fat transport and 

reduce fat absorption. This is suggested by the finding of 

Clark and Hiibscher (1960) that coenzyme A and reduced 

glutathione are required for resynthesis of triglyceride in 

the intestinal mucosa and that methionine deficiency in 

rats results in reduced levels of hepatic coenzyme A 

(Kataoka, 1966) and reduced glutathione (Kano et al., 1968), 

respectively. Whether one or more of these factors 

contributes to the decreased ability of methionine- 

deficient chicks to absorb fat forms the basis of the 

following experiments. 
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Experiment 10 

The object of this experiment was to determine 

whether the decreased absorption of fat observed when chicks 

were fed a methionine-deficient diet could be alleviated by 

increasing the choline content of the diet. 

Diets containing 0.150, 0.225 and 0.300% supplemental 

choline chloride and 2 levels of supplemental methionine (0 

and 0.3%) were formulated from the carbohydrate-containing 

basal diet (Table 1) by adjusting the levels of methionine 

and choline. All adjustments were made at the expense of 

glucose. All diets were supplemented with lOOy^g vitamin Bj_2 

per kilogram diet. "Carbohydrate-free" diets were formulated 

from their carbohydrate-containing counterparts by replacing 

glucose isocalorically by hydrogenated fat (Crisco). 

Cellulose was added to improve the texture of the 

"carbohydrate-free" diets in an amount to maintain the 

energy in a given volume equal to that of their high 

carbohydrate counterparts. 

Each diet was fed to duplicate lots of 10 male day- 

old crossbred (Dominant White x White Plymouth Rock) chicks 

to 29 days of age. The methods of allotment, feeding and 

housing were the same as in experiment 1. The chicks were 

weighed at weekly intervals, feed consumption was determined 

weekly and feed wastage was determined daily. 

Excreta were collected at 24 hour intervals at 12, 

13, 14 and 15 days of age and again at 26, 27 and 28 days 
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of age. Each 3 or 4 day collection was maintained in the 

frozen state until processed. Chromium oxide was incorpora¬ 

ted in all rations as an index substance in order to 

eliminate the need for quantitative collection of excreta 

and quantitative measurement of feed intake. The methods 

for processing excreta, conducting chemical analyses for 

moisture, nitrogen, combustible energy and fat and for 

computing metabolizable energy and fat absorbability from 

these data have been described previously (Hill and 

Anderson, 1958; Hill et al., 1960 and Renner and Hill, 1960). 

Results and Discussion 

Summarized in Table 14 are data showing the 

utilization of fat by chicks fed "carbohydrate-free" diets 

containing graded levels of choline with and without 

supplemental methionine. Analysis of variance and 

application of Duncan's multiple range test (Steel and 

Torrie, 1960) to the data showed that increasing the level 

of dietary choline chloride from 0.15 to 0.30% did not 

increase the utilization of fat as determined by its 

metabolizable energy or absorbability at either 2 or 4 

weeks of age. These results indicate that the decreased 

ability of chicks to absorb fat when fed a methionine- 

deficient diet is not due to lack of choline. The data 

also show that chicks fed the methionine-deficient diets 

absorbed significantly less fat than chicks fed the 

methiohine^supplemented diet when either fat absorbability 

or metabolizable energy as a percentage gross energy was 
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used as the criterion. These results confirm those obtained 

in experiment 7 although the differences are not as marked. 

In the course of this experiment data were also 

collected on growth, energy consumption and caloric 

efficiency of chicks fed "carbohydrate-free" diets containing 

graded levels of choline chloride with and without supple¬ 

mental methionine (Table 15). Analysis of variance and 

application of Duncan's multiple range test (Steel and 

Torrie, 1960) to the data showed that increasing the level 

of supplemental choline in the diet to 0.300% did not alter 

growth, caloric intake or caloric efficiency of chicks 

irrespective of level of dietary methionine. These results 

indicate that 0.15% supplemental choline is sufficient to 

meet the choline requirement of chicks fed a diet high in 

fat and low in methionine. March and Biely (1956b) 

concluded that the choline requirement of chicks is 

increased when high levels of fat are added to a diet low 

in methionine. They found the requirement of chicks fed 

diets containing 12% tallow to be between 0.13-0.24%. The 

failure of chicks in the experiment reported herein to show 

an increased requirement for choline may be due to the fact 

that the calorie:choline ratio was maintained constant 

while in the experiment of March and Biely it was permitted 

to increase. 
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Experiment 11 

Since Lyman and Wilcox (1963) found that omission 

of methionine from the diet of force-fed rats depressed the 

activity of pancreatic lipase, the question arose as to 

whether the decreased absorbability of fat observed when 

chicks were fed a methionine-deficient diet was due to 

decreased secretion of this enzyme. It was hypothesized 

that if the decreased ability of chicks to absorb fat is 

due to lack of pancreatic lipase then methionine deficiency 

should reduce the absorbability of an intact fat but not a 

hydrolyzed fat. Thus, comparisons were made of the 

absorbability of soybean oil and soybean fatty acids when 

chicks were fed a methionine-deficient diet. For compara¬ 

tive purposes the absorbability of soybean oil and soybean 

fatty acids was also determined when chicks were fed a diet 

adequate in methionine. 

Experimental 

Duplicate groups of 10 male day-old crossbred 

(Dominant White x White Plymouth Rock) chicks were fed 

diets containing two levels of added methionine (0 and 

0.3%) in which non-protein energy was supplied by glucose, 

soybean oil or soybean fatty acids. All diets were 

supplemented with 100//g vitamin B^^/kg diet. The 

composition of the carbohydrate-containing diet containing 

no added methionine is given in Table 10. The diet 

containing 0.3% added methionine was formulated by adding 

methionine at the expense of glucose. "Carbohydrate-free" 
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diets were formulated from their carbohydrate-containing 

counterparts by replacing glucose isocalorically by soybean 

oil or soybean fatty acids plus 0.105 g glycerol/g soybean 

fatty acids using the values 3.64, 9.21 and 8.65 kcal/g for 

the metabolizable energy values of glucose, soybean oil and 

soybean fatty acids, respectively. 

The diets were fed from 1-29 days of age. The 

methods of allotment, feeding and housing of chicks were 

the same as in experiment 1. The procedure used for 

determination of fat absorbability is described in 

experiment 9. 

Results and Discussion 

Summarized in Table 16 are data showing the extent 

to which chicks absorbed soybean oil and soybean fatty 

acids when fed diets with and without supplemental methionine. 

Analysis of variance (Steel and Torrie, 1960) showed that 

the interaction of fat x methionine x age was significant 

(P < 0.01). The data show that in this experiment level of 

dietary methionine had no effect on the absorbability of 

soybean oil at either 2 or 4 weeks of age but did affect 

absorbability of soybean fatty acids, decreasing absorbabi¬ 

lity at 2 weeks of age and increasing absorbability at 4 

weeks of age. These results do not support the hypothesis 

that the decreased ability of chicks to absorb fat when fed 

methionine-deficient diets is due to lack of pancreatic 

lipase. The reason why level of dietary methionine did not 

affect absorbability of soybean oil is unknown. Others, 
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Table 16 

Effect of methionine deficiency on the absorbability 
of soybean oil and soybean fatty acids 

by chicks fed "carbohydrate-free" diets 

Absorbability 

Level of 
methionine 

Soybean oil Soybean fatty acids 

2 wks 4 wks 2 wks 4 wks 

% % % % % 

0 96.6 
96.7 

96.6^'^ 

97.5 
96.3 

96.9^ 

93.2 
92.7 

91.6 
89.1 

93.0^ 90.4^ 

0.3 97.8 
98.2 

98.0^ 

97.6 
97.3 

97.4<^ 

89.1 
90.1 

93.3 
92.5 

89.6^ 92.9^ 

Underlined values are averages of duplicate lots; individual 
replicate values are in the respective left columns. Values 
without a common letter in their superscript are significant¬ 

ly different (P 0.05) . 

however, have observed that in the case of protein deficiency 

the absorbability of fat of low absorbability is affected 

more than fats of high absorbability (Barnes et al., 1944). 

Summarized in Table 17 are data showing weight gains, 

caloric consumption and caloric efficiencies of chicks fed 

diets with and without supplemental methionine in which non¬ 

protein energy was supplied by glucose, soybean oil and 

soybean fatty acids plus glycerol. The data show that the 

substitution of either soybean oil or soybean fatty acids 

for glucose in the methionine-deficient diet permitted 

chicks to increase caloric consumption by 50% and weight 

gain by 50% with no significant increase in caloric 

efficiency. In contrast, the isocaloric substitution of 

soybean oil for glucose in the methionine-supplemented diet 
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did not increase caloric consumption, significantly, but did 

increase weight gain (P <. 0.05) and efficiency of utilization 

of energy (P<0.05). The data suggest that soybean oil has a 

methionine-sparing action, an effect previously observed 

with hydrogenated fat (Crisco). 

Experiment 12 and 13 

This experiment was conducted to determine, whether the 

effect of methionine on fat absorption was specific for 

methionine or whether deficiency of another amino acid such 

as lysine would also decrease fat absorbability. 

Two experiments were conducted to determine the effect 

of lysine deficiency on absorbability of hydrogenated fat 

(Crisco) and beef tallow. The composition of the lysine- 

deficient carbohydrate-containing diet is shown in Table 18. 

A diet containing 0.8% supplemental L-lysine was formulated 

from this diet by substituting lysine, weight for weight, 

for starch. Diets containing either hydrogenated fat or 

beef tallow were formulated from these diets by substituting 

hydrogenated fat or tallow isocalorically for corn starch 

using the values 4.12, 8.59 and 5.78 kcal/g for the 

metabolizable energy content of starch, hydrogenated fat 

and beef tallow, respectively. Cellulose was added to 

improve the texture of the high fat diets. Because the 

high fat diets do not total to 100, their content of 

supplemental lysine will be referred to as the level present 

in the carbohydrate-containing diet from which they were 
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Table 18 

Composition of lysine-deficient diet 

Ingredients Grams 

Variable 

Corn starch 44.87 

Constants 

Safflower meal^ 45.65 

DL-methionine 0.07 

Soybean oil 4.00 

Limestone 0.79 

Dicalcium phosphate 2.15 

Sodium chloride 0.60 

Mineral mixture^ 1.26 

3 
Vitamin mixture 0.28 

Chromium oxide 0.30 

4 
Antioxidant 0.025 

Vitamin 100//g/kg 

^Pacific Vegetable Oil Corporation, World Trade 
Center, San Francisco 11, California. Contained 
not less than 42% crude protein, 0.50% crude fat, 

15% crude fiber and 8% ash. 

^See footnote 6, Table 1. 

^See footnote 7, Table 1. 

4 Ethoxyquin. 
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derived. All diets were formulated to contain 15.4 kcal/g 

protein. 

The diets were fed to triplicate groups of 10 male 

crossbred (Dominant White x White Plymouth Rock) chicks in 

experiment 11 and to duplicate groups in experiment 12. 

The diets were fed from 8-29 days of age. During the pre- 

experimental period chicks were fed the carbohydrate- 

containing diet supplemented with 0.8% L-lysine. The 

methods of allotment, housing, feeding and weighing have 

been described previously (Exp. 1). Excreta were collected 

during the second and fourth week of life so that fat 

absorbability could be determined. The methods for 

determining fat, chromium and moisture and for computing 

fat absorbability from these data have been described 

previously (Exp. 9). 

Results and Discussion 

Data showing the effect of a moderate lysine deficiency 

on the absorbability of hydrogenated fat and tallow are 

summarized in Table 19. Analysis of variance (Bancroft, 

1968) showed that fat absorbability was affected signifi¬ 

cantly (P< 0.01) by level of lysine, age, type of fat and 

experiment. Statistical analysis also showed that the 

interaction of level of dietary lysine and age was significant 

(P < 0.05). Application of Duncan's multiple range test 

(Steel and Torrie, 1960) to the data showed that at 2 weeks 

of age the absorbability of hydrogenated fat was decreased 

by the addition of 0.8% lysine to the diet; while the 

absorbability of beef tallow remained unchanged. The data 
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show that as chicks aged, their ability to absorb dietary 

fat increased and that at 4 weeks of age the addition of 

lysine to a lysine-deficient diet increased the absorbabi¬ 

lity of both hydrogenated fat and tallow. These results 

indicate that lysine deficiency decreases absorbability of 

at least some fats at 4 weeks of age. Since this effect 

was previously observed in a methionine deficiency, the 

possibility exists that the deficiency is actually one of 

protein, lack of which could interfere either with the 

integrity of the intestinal mucosa or with transport of fat 

from the mucosal cell to the circulation. 

The finding that the ability of the chicks to absorb 

beef tallow increased with age is in agreement with the 

finding of Renner and Hill (1960). The reason why hydroge¬ 

nated fat was absorbed to a greater extent by chicks at 4 

weeks of age than at 2 weeks of age when fed with safflower 

meal but not when fed with isolated soybean protein 

(Exp. 9) is not apparent. 

In the course of the foregoing experiments, data were 

also collected on growth, caloric consumption and caloric 

efficiency of chicks fed diets with or without supplemental 

lysine in which non-protein energy was supplied by starch, 

hydrogenated fat or tallow (Table 20). Analysis of 

variance (Bancroft, 1968) and application of Duncan's 

multiple range test (Steel and Torrie, 1960) to the data 

showed that the isocaloric substitution of hydrogenated fat 

for starch increased caloric consumption, weight gain and 

caloric efficiency only when lysine-deficient diets were 
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fed. The data show that when diets adequate in lysine were 

fed the isocaloric substitution of hydrogenated fat for 

starch decreased caloric consumption and decreased weight 

gain but had no significant effect on caloric efficiency. 

These results suggest that when lysine-deficient diets are 

fed, hydrogenated fat has a lysine-sparing action. A 

similar methionine-sparing action was observed in 

experiment 8. The failure of hydrogenated fat to increase 

growth of chicks fed diets in which protein was supplied by 

safflower meal plus lysine is in contrast to the increase 

observed when hydrogenated fat was substituted for glucose 

in diets in which protein was supplied by isolated soybean 

protein plus methionine. Whether some component in 

safflower meal interacts with dietary fat is unknown. 

The possibility also exists that if fat does act by 

reducing the activity of the amino acid degrading enzymes, 

then one might expect fat to have a greater effect when 

the protein content of the diet is low. In this regard it 

should be noted that the calorie:protein ratios of the 

safflower meal and isolated soybean meal diets were 15.4 

and 18.7 kcal/g protein, respectively. Furthermore, if 

dietary fat does reduce activity of amino acid degrading 

enzymes then lysine if added in excess in a diet in which 

non-protein energy is supplied by fat would be more toxic 

than in one in which non-protein energy is supplied by 

carbohydrate. Calculations indicate that lysine may have 

been added in excess. The calorie:lysine ratio for the 

lysine-supplemented diets was 204 kcal/g lysine. 



t 

IV 

9:i9w E:t9i:b ftsriw worls eiisb ©ilT .bs^ 

-lol bsiBnapo-ibYri io noilti:tx:t8dua oixoleooei erii bsi 

d^dpx0w b9ae&io9b briB noxd^qmxfafioo oI^ioIbo bssBe^osb 

.Yonsxoxiis oxioXbo no J’nsoxiinpxa on bed ii/d nxBp 

g:ib 8j0xb dnoxoxisb-aniaYl norlw dBdd dsoppne adlx/aai sasdT 

A .noxdoB pnx'ssqa-onxsYl 6 asrl :fBi bsienspoibyd ,b9^ 

nx beviaado aBw noxdoB pnxxBqa-snxnoxriiam xeXxoixa 

saseionx od dsi boXBnspo^bYd io s"!!/!!©! srIT .8 dnsmlxaqxs 

yd bDXiqqna asw nxedoiq rioxdw nx asalb bei 8>loxrio 5o xidwo'ip 

9a69:tortx arid od daBxdnoo nx ax anlayl ei/Iq iBam lawolHee 

aaoonip xod badudx:^adua asw iBi badBnspoxbyrl nsriw bsvsoedo 

nBSdyoa bedsloax yd bsilqqna aaw nx9dodq rioiriw nx adsxb nl 

nx dnsnoqflioo emoa i0ri:t9i1W .anxnGxridam aniq rUadodq 

.nwonMfuj ax dBX yiLBisxb rfixw a:Jofii9dnx Isom x0woI1t!kBa 

yd iOB asob dB^ dx dsfld edaxxe oalB ydxlxdxaaoq sriT 

,8sfflysn9 pnxbBdpab bxoB onxmB arid do ydxvxdoB srid paxonbei 

neriw dosdds xodsaip b svBri od dad doaqxs ddpxm sno nsrid 

dx bdBpsd axfid nl .woX ax dexb srid do dnsdnoo nisdoiq arid 

arid do aoxdB:t nxsdodqrsxTolBO arid derld bsdon ad bix/orfe 

^,51 910W 3d0Xb lB0/n nasdypa bsdBloax bns iBam dswolddae 

dx ^eioir.'isildixj'i .ylsvxdoaqaoi ^nxsdodq p\XbojI V.8X bnB 

pnibBipab bxoB onxma do ydxvXdOB aonbad asob dad yxsdsib 

fioxriw fii dsxb b nx asaoxe nl babbB dx snlayl narid asniysn© 

dxxod 0^o(n ad bXnow dsd yd b0.lXqqua ax ypisns nxsdodq—non 

yd bsxXqqna ax ypxsns nx9doiq-non rioxrlwj nx sno nl narid 

9VSfi yBfli anxayX dBrid adBoxbnx anoxdBlnoXBD . sdBxbyriodxBO 

0fld lod oxdBi snxayX: sIioXbo sriT .aaaoxs nl babbs nssd 

.anxayl p\Xbo^ ^0S anw edsib bsdnsniaXqqua-anxByl 



72 

Calculations from the requirements as stated by the 

Subcommittee on Poultry Nutrition of the National Research 

Council (1966) indicate the calorie:lysine ratio should be 

250 kcal/g lysine. Whether lysine was present in sufficient 

quantities to depress growth in the presence of fat is 

unknown. 

The effect on chicks of the isocaloric substitution of 

tallow for starch is in contrast to the effect observed 

when hydrogenated fat was substituted isocalorically for 

starch. The results show that the isocaloric substitution 

of tallow for starch failed to stimulate caloric consumption 

and growth when lysine-deficient diets were fed and 

markedly decreased caloric consumption and growth when 

diets adequate in lysine were fed. In a preceding 

experiment (Exp. 6) beef tallow was also observed to differ 

from hydrogenated fat (Crisco) in that it did not 

stimulate growth when substituted isocalorically for 

glucose in a diet deficient in both vitamin ^^id 

methionine. These results suggest that the growth 

response to fat is dependent on its fatty acid composition. 
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PART IV 

UTILIZATION OF NUTRIENTS BY CHICKS FED HIGH FAT DIETS 

Literature Review 

Fats, particularly vegetable oils, added to 

nutritonally complete diets have been reported to stimulate 

growth and have been shown to improve efficiency of feed 

utilization in chicks (Hill et al., 1958; Dam et al., 1959; 

Rand et al., 1958 and Carew et al., 1964). The possibility 

that the growth stimulating effect may be related to the 

higher caloric density of diets containing added fat has 

been suggested in studies conducted by Baldini and Rosenberg 

(1957) and Begin (1961). However, Carew et al. (1963) 

reported that improvement in chick growth in response to 

dietary additions of corn oil or degummed soybean oil can 

also occur independently of changes in caloric density of 

the diet. They found that chicks fed diets containing 

soybean oil or corn oil consumed more metabolizable energy 

and grew faster than chicks fed comparable diets low in 

fat, regardless of alteration in caloric density. Carew 

and Hill (1964) also reported that the isocaloric substitu¬ 

tion of corn oil for dietary carbohydrate increased 

metabolic efficiency of energy utilization by chicks, 

measured as total gain in tissue calories per unit of 

metabolizable energy intake, even when the intakes of all 

nutrients including energy were maintained constant. This 

effect of fat they suggested may be mediated through the 

heat increment component. A similar phenomenon in rats 
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had been observed by Forbes and Swift (1944). They claimed 

that fats decreased the heat increment of the dietary mixture, 

resulting in more efficient utilization of metabolizable 

energy. 

It has also been reported that in some, but not 

all studies, dietary fat stimulates tissue protein gains. 

Thus, Carew et al. (1964) observed that soybean oil and 

lightly hydrogenated olive oil significantly increased 

protein gains, whereas corn oil decreased gains in tissue 

protein (Carew and Hill, 1964). Rand et al. (1958) observed 

that when chicks were fed isonitrogenous, isocaloric diets 

the substitution of fat calories for carbohydrate calories 

resulted in improved weight gains, greater protein and 

energy utilization and protein retention. Support for this 

contention has also been obtained from studies of other 

species by Forbes et al. (1946). They showed that on a 

constant intake of protein and energy, the digestibility 

and retention of protein as well as the growth rate was 

improved when the fat level of the rat's diet was increased 

from 2 to 30% on an isocaloric basis. Furthermore, Salmon 

(1947) reported that in rats, the sparing effect of cystine 

on the utilization of casein is exerted only when a high 

level of fat (30% lard) is added to the diet without 

changing the ratio of protein and non-protein calories. 

He also observed that the protein required per gram of 

gain was significantly less in the animals receiving diets 

containing 30% fat than in those receiving comparable low- 

fat diets. Pearson and Panzer (1949) showed that when the 
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protein intakes of rats were equalized the growth stimulating 

effect of substituting 8% corn oil or lard isocalorically 

for sucrose disappeared. They observed however that the 

incorporation of either corn oil or lard in the diet of 

growing rats reduced fecal excretion of lysine, methionine 

and valine and urinary excretion of valine and methionine. 

These results suggest that fat enhances the utilization of 

at least some amino acids. Recently, Katorski et al. (1965) 

claimed that in mice which had previously become adapted to 

a high-fat diet, fat showed a greater nitrogen sparing 

action than it did in mice which were not adapted to the 

high-fat diet. These findings tend to indicate that 

dietary fats improve growth by increasing the utilization 

of amino acids. 

In this regard, it should be noted that several 

investigators have observed that the caloric needs of man 

(Rose et al., 1954), chicks (Reveille and Fisher, 1958) and 

hens (Fisher and Johnson, 1956) are increased when nitrogen 

in the diet is supplied by amino acids, rather than protein. 

Since in these experiments increased caloric needs were met 

by increasing the fat content of the diet, the question 

arises as to whether the need was merely for calories or 

whether fat had a greater amino acid-sparing effect than 

carbohydrate. Recently, Nakano and Ashida (1970) have 

observed that the activity of such hepatic amino acid¬ 

degrading enzymes as threonine dehydratase, tryptophan 

pyrollase and arginase was much lower in rats previously 

fed a high-fat diet than in rats previously fed a high 
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carbohydrate diet. In parallel, urinary nitrogen output was 

found to be less in rats fed the high-fat diet than in those 

fed the high-carbohydrate diet. In their experiment, the 

high-fat diet was "carbohydrate-free". Whether similar 

effects would be observed when non-protein calories were 

supplied by a mixture of fat and carbohydrate is unknown. 

Munro (1951) observed in reviewing the literature 

that in the case of man and the dog, the substitution of fat 

for carbohydrate resulted in deterioration in nitrogen 

balance, whereas in the case of the rat the effect on 

nitrogen balance was variable. Subsequently, Thomson and 

Munro (1955) showed that when fat was exchanged isocalorically 

for carbohydrate in the diet of rats, urinary nitrogen 

output increased for a few days and then returned to its 

former level. Thus, it can be seen that the effect of high 

levels of dietary fat on the utilization of nutrients in the 

diet is difficult to judge on the basis of the data 

available, and more studies are required before any firm 

conclusion can be made. 

The following experiments were conducted to 

determine whether fat stimulates growth by increasing 

utilization of the most limiting amino acid or by increasing 

appetite. 

Experiment 14 

Previous studies (exp. 12 and 13) have shown that 

the isocaloric substitution of fat for carbohydrate 

increased growth of chicks fed lysine-deficient diets but 
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decreased growth when diets adequate in lysine were fed. 

This experiment was designed to determine whether the 

isocaloric substitution of fat for carbohydrate in a 

lysine-deficient diet increased growth by increasing 

utilization of the most limiting amino acid or whether it 

increased growth by increasing appetite. 

Experimental 

In experiment 13 duplicate lots of chicks were fed 

ad libitum diets with and without supplemental lysine in 

which non-protein energy was supplied by either starch or 

hydrogenated fat (Crisco). In this concurrent experiment, 

duplicate lots of chicks were pair-fed. In the case of 

lysine-deficient chicks,the caloric intake of chicks fed 

the hydrogenated fat diet was restricted to that of chicks 

fed the starch-containing diet. In the case of chicks fed 

diets containing supplemental lysine, the caloric intake 

of chicks fed the starch-containing diet was restricted to 

that of chicks fed the hydrogenated fat diet. Chicks that 

were pair-fed received their daily allotment of feed once 

every 24 hours. The diets fed, the method of allotment, 

housing, feeding and weighing of the chicks were the same 

as in experiments 12 and 13. 

Results and Discussion 

Data showing average weight gains, caloric 

consumption and caloric efficiencies of chicks pair-fed 

high carbohydrate and high fat diets with and without 

supplemental lysine are summarized in Table 21. Also 
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included are data obtained from comparable groups fed the 

same diets ad libitum. Analysis of variance and application 

of Duncan's multiple range test (Steel and Torrie, 1960) to 

the data showed that when chicks were pair-fed, source of 

energy had no effect on growth or caloric efficiency, 

irrespective of the lysine content of the diet. These 

results indicate that when chicks have free access to a 

lysine-deficient diet the substitution of hydrogenated fat 

for starch stimulates growth by increasing appetite and not 

by increasing utilization of the most limiting amino acid, 

lysine. The question has arisen as to whether during 

periods when feed is not available, chicks being pair-fed 

catabolized tissue protein thus offsetting the beneficial 

effects of fat on protein utilization. In this regard, it 

should be noted that in previous studies (Renner and 

Elcombe, 1967), increased utilization of protein by chicks 

fed a glucose supplemented soybean fatty acid diet was 

observed when their intake was restricted to that of 

chicks fed the unsupplemented soybean fatty acid diet. In 

that experiment (Renner and Elcombe, 1967), the caloric 

intake of chicks that were pair-fed was restricted by 52%, 

while in this experiment caloric intake was restricted by 

25%. A small but significant increase in protein 

utilization was also observed when the feed intake of 

chicks fed a "carbohydrate-free" diet in which non-protein 

energy was provided by soybean oil was restricted to that 

of chicks fed a diet in which non-protein energy was 

provided by soybean fatty acids (Renner and Elcombe, 1967). 
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In this case feed intake of chicks fed the soybean oil diet 

was restricted by 35%. Thus, it seems unlikely that periods 

without feed are the explanation for the failure of fat to 

promote greater growth than starch when chicks were pair-fed 

lysine-deficient diets. 

Experiment 15 

Combined results of experiments 1, 2 and 3 have 

shown that the isocaloric substitution of fat for carbo¬ 

hydrate in diets containing less than adequate amounts of 

methionine increased rate of growth. In subsequent 

experiments (exp. 8 and 11) the isocaloric substitution of 

fat for carbohydrate in the diet was shown to have a 

relatively greater growth stimulating effect when the diet 

was deficient in methionine than when methionine was 

present in more adequate amounts. This would be the 

expected observation, if fat increased the utilization of 

methionine, since a small increase in utilization would 

have a more marked effect on chicks fed a deficient diet 

than on those fed a diet which was more adequate. Thus, 

the object of this experiment was to determine through 

pair-feeding studies whether the isocaloric substitution of 

fat for carbohydrate increased growth by increasing 

utilization of the most limiting amino acid, methionine, 

or whether it increased growth by increasing appetite. 

Experimental 

The composition of the methionine-deficient 

carbohydrate-containing diet used is shown in Table 10. 
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A diet containing 0.3% supplemental methionine was formulated 

from this diet by substituting methionine weight for weight 

for glucose. "Carbohydrate-free" counterparts were formula¬ 

ted by substituting hydrogenated fat (Crisco) isocalorically 

for glucose using the value 3.64 and 8.59 kcal/g for the 

metabolizable energy content of glucose and hydrogenated fat, 

respectively. All diets were supplemented with vitamin 

(100/^g per kg diet). 

Each diet was fed to duplicate groups of 10 male 

crossbred (Dominant White x White Plymouth Rock) chicks from 

1-29 days of age. Feed and water were supplied ad libitum. 

In addition, two duplicate groups of chicks were pair-fed 

"carbohydrate-free" diets with and without supplemental 

methionine, their feed intakes being limited to that 

consumed by chicks fed the carbohydrate-containing counter¬ 

part. Chicks being pair-fed received their daily allotment 

of feed once every 24 hours. The method of allotment of 

chicks, housing and weighing were as in experiment 1. Data 

on growth and feed consumption were obtained weekly and 

feed wastage was determined daily. 

Results and Discussion 

Summarized in Table 22 are data showing weight 

gains, caloric consumption and caloric efficiencies of 

chicks fed ad libitum carbohydrate-containing and 

"carbohydrate-free" diets with and without supplemental 

methionine. Similar data on chicks pair-fed the 

"carbohydrate-free" diets are also included. Analysis of 



■ .w 
18 

86w sninoiftitsm XfiJntoinsXcjcji/s #£.0 pnxnifiJTioo ^dxb A 
r 

:tilpx9W ic1 idpxsw sninoxriism prtx:^lid xiados dsxb eidd mo:xi 
(S'* fl 

-Blu/n30^ ^IQW BixBq'isdnuoo " 99:i5:-‘9dB:i£>Y^^clTJBD’' .eaoooXp :tol 

YXXBOXiolBOoai (ooexTtO) dsi E)9:fBn9po-xbYd pnxiodxdsdoa yd bad 

0fld :io^ P\I6dM bns td.£ soXbv odd pnxao ssoooXp :roa 

^dfei b3dBn9po:tbYd bne eaooolp io dnsdnoo aldesiXodsdsm 

a nxmBdxv rldiw b3:in3m3l<iqu3 9i9W ed9ib XIA .YXavxdoeqeai 

. (deib :i9q p^v,00X) 

9X£m 01 lo aqoo:tp sdBOxIqob od bsi sbw daxb riOBH 

OTo:id a:?loxrio (>looH rldoo/nYX'i 9dxriW x sdiriW dnBnimoCl) bsidesodo 

.modxdxX bB bsiXqqOE 9:t0W xsdew bos bas'^ io SY^b CS-X* 

b9^-oxsq s'xew sdoxrio do eqoo'xp sdfioxlqob owd ^noxdibJbe nl 

XsdnomsXqqos dooridxw baa ridxw sdeib "sa’rid-odBxbYdodXBo" 
i 

dsfld od bsdXmxI pnxad asdsdnx bsed diarfd ,anxnoiftdem 

•rdsdnooo pnxfiiBdnoo-9ds'2bYdodi:Eo sdd^ bad a^oirlo y^ bsmoanoo 

dnamdoXXs Y-^^Xsb ixsrid bsvxsos'i bod-dxsq pnxsd s^toxrD .ddsq 

' do dnamdoXXfi do bondsm sriT .sioorf ^iiova sono baad do 

BdfiQ .X dnsmx'iaqxa ni ss 909w pnxripxaw bas pnxsood ,aMoxrio 

bns yX^^sw baaxsddo a^iaw noxdqmoanoo b99d bns diwoip no 

.yXisb bsnliniadsb esw spsdssw bead 

■ f^oXesooeXq bns sdXoe>^ 

ddpxaw pnxwofls sdsb ads SS aXdsT ni basi:isnimoa 

do aaionaioidda oi'xolso bns noidqmoanoo oi:£oXso ^enxsp 

bns pninxsdnoo-adspcbYdoddBo modxdxX bs bad a^ioxrlo 
% 

XsdnamaXqqoB doorfdxw bns ridxw sdaib "aa'xd-adsibYriod'xso” 

arid bad-tixsq a3(oiria no sdsb :t6Xxmia .anxnoxridam 
V. v--^ • "" 

do aisYlsnA .babolonx oals 9:t6 adaib "aa-jd-adadbYriodiso" 



T
a
b

le
 

2
2

 

E
f
f
e
c
t
 

o
f
 

s
o

u
r
c
e
 
o

f
 
n

o
n

-
p

r
o

t
e
i
n
 

e
n
e
r
g
y
 

o
n
 
w

e
i
g
h
t
 
g
a
i
n
,
 

c
a
l
o

r
i
c
 

i
n

 

c
a
l
o

r
i
c
 
e
f
f
i
c
i
e
n
c
y
 
o
f
 

c
h

i
-
c
k

s
 

f
e
d
 
d
i
e
t
s
 
w

i
t
h
 

a
n
d
 
w

i
t
h
o
u
t
 

s
u
p
p
l
e
m

e
n
t
a
l

 

82 

Q) 
C 

•H 
c 
0 

•H 

0) -P 
^ 0) 
td g 
-p 

>1 
0 u 

•H C 
U 0) 
0 ‘H 
H U 
fd -H 
U 4-1 

4-1 
O 

C 
•H 
fd 
(Tt 

d' 
\ 
iH 
fd 
0 

4-1 

0 0 4^ 
CD CM rp 
oi 00 ro 

• • • 
00 <y\ 

n n 

n fd td 
CN ai CTi 
CN 

• • • 

CD m LO 

rH iH o ro 00 CN ro CD CM ro CD 
CN CD o rP O CD Ol cr> CD 

• • • • • • • • • • • • 
a\ 00 00 (T> (Ti • CD CD LO LO uo un 

n u 0 43 
d (N CD CN CD oi 
p Oil ro ac| o 
td 1—1 ro 

0) 
P 
fd 

w 
0) 
d u 

I—I 'H 

fd (U 
> r! 

■P 
0) 
-p c 
fd "H 
o 

•H P 
iH 0) 
Pn-P 
(U -P 
p 0 

43 

-P 
& 

d 
0 1—1 n td o 43 u 

U -P o ro CTC p* p* CO 
p -p CN CD p’ <T> in 
p cr 00 o 00 ro in ro 
0 g 1—1 CN (N rsi 

d 
fd w 
U 

-P 
d 
0 
g 
-p 
td 
0 
p 

EH 

fd 0 
■p d 
d -H 
0 d 
g o 
0 -H 

>—t rd 
a^4-> 
Qa 0 
d g 

CO 

dP 

o tn 
(Ti 

O CM 
ro 

iH (N 
(Ti a^ 

cTi m 
CD 00 
ro ro 

ro 
CD ro 0^ r-| 

ro 

fd 

d rp O tP O CD r' rP CN CD CD iP CN P* 0 ^ • 
0 0 ro r-t oc ro in p* CN CD CN CD in CD P o 
u o 00 00 DC rp 00 00 CN CD in ro ro 3i 0 

1—1 CN (N CN CN CN CN 0 \l 
0 d ^ 
-P.P fd 
0 0--^ 
u> 

g g g g •p -p 
Cn d 3 P d d rH d 
d 0 -p -P 43 -p -p 43 Qa • 0 

•p g •P •P 0 •H 0 d 0 p 
43 -P rQ cp 4^ 43 d 0 
0 tn ■p ■P 1 •H •p 1 g 4-1 
0 0 1—1 1-1 p rH 1—1 p 4-1 d 4h 
fP P ■p •p 0 Ip "P 

43 43 td 43 43 fd 0 43 
0 0 Qa td 0 p. 0 O 

0 tp 
Di-P P 

43 43 43 43 0 P -P 
0 0 0 0 P 0 d 

4-> -P -P -p 0P 0 
0 td > o 

>1 0 d d d d 0 0P 
31 O 0 0 0 0 0 0 > p 
P P 0 3i 3i 0 3i 3i 0 -p -p 
0 d 0 0 0 0 0 0 p p d 
d 0 u P P u P P 0 U 3i 
W 0 d 43 -P 43 -P d 43 -P 43 -P 0P 

1—1 >i td >1 td H >i fd tP 0 0 Cli0 
0 m 4^ td 4H 0 td 4H K 4h 0 0 

ro ro ro c c P 
• • • •H "rH o 

o o o 1—1 0 

fd 
d 

43 
-p 
> 

•H 
43 
d 
H 

-P 
d 

• o • 

!3j-P LO 
d-H O 

d 0 0 
I—I p p 
fd fd 
> 0 

^ -p 
43 +j Oj 
0 

p d 
0 0 

43 > 
d -P 

p 
0 

d 
D 1310 



e
s
u

X
b

v
 

5':tB
o
i:Iq

9
i
 

I&
jjb

x
v
x
b
n
l 

.e
q

^
o

d
tp
 

eX
so

x
X

q
iJb
 

3
o
 

a
s
p

B
X

S
V

B
 

s
o

b
 

s
s
ju

I
b

v
 

b
sn

iX
ie

b
n

U
 

n
x
 

ts
^
^
s
X
 

n
cm

/n
o

o
 

b 
^
u

cd
ztx

w
 

asz;X
B

V
 

.en
n

u
iX

o
o
 
i'is

f
 

s
v

x
^
o

s
q

a
s
i 

n
x
 

rid
v

x
p

 
.C

2
0
.0
 
^
 

:tn
9

ie
5

1
ib
 

^
iJ

n
B

o
iix

fip
x

a
 
s
is
 

^
q
x
iO

H
X

d
q
u
E

 

V# r iSW' W f 

se /j 

o 
u 
tp 

a a 
* 

H' 
- P 

in It a 0 U) H- 
(T> iT3 \rt KJ CU El> 

tn ro 00 <b 
• 
ru 

• 
ru 

* ’I 
O' 

• 
ro -1 

1 
<» <tj 

* Hi 
Q> to oi •00 ti- ro o H> Hi 
c; /t> ro O' •t» o H. tJ- O O' ^ tr> 0 
• f • • • • • • « • • • 
ru oj fu ru a/ a* <t> rt> <50 --1 00 m 

.. t' 
* K ( 

tr (i> (J IT 
(K> a> »o <1/ to 

o tr rt5 
•S' *«?■ m Hi 

'I ro ro (O Hi lO o m o 
M rO m a» 00 cu fO (TO •t- fo no <T> <0 

ro *t7 ns- n n Hi Hi 

1 tn 

0 D* a tn a Hi 
00 •t:- •t!- ro ro O i 
ru ro •t>* ts- a* to •j 
ro ru fo CO o GO 
lO to lO Hi 

"ts- ir» Hi <a> O' to H -O O' 
* 

O , Hi O 
0^ ru Q/ to a> to ru ro ro Hi fo 5> 
00 ro ru •c» to 00 oo Hi ro 00 00 O 
to to to lO to to Hi 

3 3 3 a 
C c C a 

O’ u M- CT <4 u 
tD H* H* U) h- H- , ^4( a . o. H» D. a 

1 H* Hi- I H" Hi- 
M Hi Hi U Hi Hi 
H* H" 
o> cr O' in O’ tr 

X) t)i 1 X3 tn tn 

D’ CT tP tr 
0 (D U> (J) 
U <4 <4 *4 
01 tn in tn ' 

a a a 
<p U) u> (1) ij> u> 
'O 03 (U I'd 03 (V3 
0 0. 0 0 0 0 
Vi o M M o 

<4 CT <4 tr <4 tP 3 u tr q 
tn f< »f<; Hi in r< In f< Hi 
*4* s W K CJ H> a tv X o 

ro fO 
« «, * o o o o o o s 

t$ ' 

• V- 

‘W 
K* tn 

O 

<11 

a 
H- 

s 

o 
H- o 
M- h- 

XI 

, W t7> 
■ ra u 

o 
o 

H. cr 
^ to 
(i) (D 
U m3 

U) K 
o ^ 
A u 
C (D 
o a 
(U Cx] 

U) It 
U. 

K- a 
s <fl 

H-'te 

b* 



83 

variance and application of Duncan's multiple range test 

(Steel and Torrie, 1960) to the data showed that when chicks 

were allowed free access to either the methionine-deficient 

or adequate diet, the isocaloric substitution of fat for 

carbohydrate in the diet caused a significant increase in 

feed consumption and growth. Calculations indicate that 

caloric intake and growth were increased 30% and 49%, 

respectively, when fat was substituted isocalorically for 

carbohydrate in the methionine-deficient diet, while caloric 

intake and growth were increased 11% and 24%, respectively, 

when fat was substituted isocalorically for carbohydrate in 

the methionine-supplemented diet. 

The data show however that when the feed intakes of 

chicks fed the high fat diets were restricted to that of 

chicks fed the carbohydrate-containing diets, the growth 

response disappeared in chicks fed the methionine-deficient 

diet but a small but significant growth response was still 

maintained in chicks fed the methionine-supplemented diet. 

If the isocaloric substitution of fat for carbohydrate was 

increasing growth of chicks fed ad libitum by increasing 

utilization of methionine, then the growth response should 

be maintained under pair—feeding conditions, as long as 

methionine is not present in excess. Thus, results of 

this experiment indicate that when chicks are fed ad 

libitum the isocaloric substitution of fat for carbohydrate 

increased growth of chicks fed a methionine-deficient diet 

by increasing appetite. 

The failure of chicks pair-fed the methionine- 
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deficient diet to grow faster when fat was substituted 

isocalorically for glucose is in contrast to the behavior 

of chicks in experiment 8. In experiment 8, the isocaloric 

substitution of fat for carbohydrate increased growth of 

chicks fed diets containing 0 and 0.3% supplemental 

methionine 46 and 20%, respectively, without increasing 

feed consumption. These experiments differ in that in 

this experiment all diets were supplemented with vitamin 

while in experiment 8 the diets were deficient in 

vitamin However, in other studies (Renner and Elcombe, 

1964) the isocaloric substitution of fat for carbohydrate 

in diets containing 15.4 kcal/g protein and 0.8% supple¬ 

mental methionine had the overall effect of significantly 

increasing growth without increasing caloric consumption, 

even though vitamin ^^2 present in adequate amounts. 

It should be noted however that the overall increase was 

only 3% and in only 1 of the 5 experiments was the 

difference great enough to be significant. 

Results of this experiment and others conducted 

in this laboratory (Renner and Elcombe, 1964) indicate that 

the chicks' response to the isocaloric substitution of fat 

for carbohydrate is variable and may be related to the 

level of dietary protein, level of vitamin B^2 and/or amino 

acid balance. In this experiment, the increase in appetite 

observed when fat was substituted isocalorically for 

glucose in diets either deficient or adequate in methionine 

may be due at least in part to a decrease in heat 

increment. Carew and Hill (1964) and Forbes and Swift 
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(1944) reported that fat significantly reduced the heat 

increment, resulting in improved utilization of metabolizable 

energy for growth of chicks and rats, respectively. If the 

heat increment contributes to the regulation of feed intake 

in chicks as has been suggested for rats (Strominger and 

Brobeck, 1953), then reduction in heat increment in response 

to dietary fat may result in increased caloric consumption. 

On the other hand, the increase in appetite observed when 

fat was substituted for glucose in the methionine-supplemented 

diet may also be due to increased protein retention 

resulting from decreased levels of amino acid-degrading 

enzymes (Nakano and Ashida, 1970). This would not only 

increase amino acids available for protein synthesis and 

thus growth but might also decrease the heat increment if 

utilization of the most limiting amino acid was increased. 
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GENERAL DISCUSSION 

The finding that the chick's requirement for vitamin 

^12 not methionine is increased when hydrogenated fat 

(Crisco) is substituted isocalorically for glucose in the 

diet implicates vitamin metabolism. Additional 

support for this concept is the finding that in the 

presence of vitamin the isocaloric substitution of 

hydrogenated fat (Crisco) for glucose permits chicks to 

increase feed consumption (Exp. 7 and 15) while in its 

absence or at levels less than 50^g/kg diet the isocaloric 

substitution of fat for carbohydrate fails to stimulate 

feed consumption (Exp. 6, 7 and 8). 

Results of experiments conducted to determine the 

role which vitamin B^2 pl^ys in fat metabolism showed that 

it was not involved in either fat digestion or absorption 

since studies showed that the absorbability of hydrogenated 

fat (Crisco) was not affected by supplementary vitamin 

when chicks were fed semipurified diets containing soybean 

protein. 

Studies conducted to determine whether vitamin B^^^ 

was involved in acetate metabolism showed that levels of 

blood ketone bodies were increased when non-protein energy 

was supplied by hydrogenated fat (Crisco) or tallow rather 

than glucose, however, the increase was similar 

irrespective of the presence or absence of vitamin 

These results suggest that deficiency of vitamin B^^ does 

not affect oxidation of acetate through the citric acid 
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cycle. Since Somers (1969) reported that the rate of 

clearance of acetate declines in vitamin sheep 

and Cox et al. (1968) have observed increased acetate 

excretion in humans suffering from pernicious anemia, further 

studies should be conducted to determine blood levels of 

acetate in chicks fed diets deficient in vitamin 

The question of why vitamin requirement is 

increased when fat is substituted isocalorically for glucose 

in the diet of chicks remains unanswered. Recently, Dupont 

and Mathias (1969) have presented evidence supporting the 

formation of propionyl CoA in rats during the oxidation of 

unsaturated fatty acids. If propionyl CoA is produced in 

chicks during the oxidation of unsaturated fatty acids, it 

could contribute to the increased requirement for vitamin 

since a vitamin mutase is required to 

convert methylmalonyl CoA, an intermediate formed from 

propionyl CoA, to succinyl CoA. Thus, studies should be 

conducted to determine whether propionyl CoA is formed 

during oxidation of unsaturated fatty acids in chicks and 

whether production of propionyl CoA contributes to the 

increased requirement for vitamin B^2 when fat is substitu¬ 

ted isocalorically for carbohydrate. 

Although deficiency of vitamin B^2 reduce 

absorbability of hydrogenated fat (Crisco) studies showed 

a small but significant decrease in fat absorbability when 

chicks were fed a diet markedly deficient in methionine. 

Further studies showed that the decreased absorbability 

was not due to lack of choline or to pancreatic lipase. 



9ri:t isfli b9:tT:oq9i (6961) aisraoS ©DnlS .sXoyo 

qssria J-nsjcol^sb-^^a nimBiiv ni asnxioeb 9i6:t90fi 5o sonsiAelo 

9d’s:)'906 bsass'ioni bBVttsado svBfl (8d€I) .Xs is xoD bne 

leriditfi ,6lni9nB suoioin'isq moii pnittsiiua artenu/ri ni noidd'xoxs 

io 3X0V9I boold 9nim!i9d9b od bsdoubnoo sd blnofia aoibt/da 

,^j.a ninrsdiv ni dnsioi^ieb adsib b©^ asloirfo ni ©dfed’OOB 

ai dnamsiiups'i niniBdiV do noidasi/p srlT 

sBoonIp loi bsdudxdadue ai dsd neriw beaA®sonl 

dnoqua .baiswanfinu anifims:! a^toirio do daib arid ni 

9fld pnidttoqqua eonsbiva bednaaeiq 0V£»ri (6d'6I) a&iddfiM bxiB 

do noidfibixo arid pnx-^ub edjB:c ni AoD lYnoiqoiq do noidjB/mcod 

ni bsouboiq ai AoD XYnoiqo'iq dl . abios badB^iudBanu 
•» , 

di »abioB yddsd bedexudBann do noidsbixo add pnixnb a:>loirfo 

ni/OBdiv xod dnsHiexinpex bsaBsxoni add od* adndixdnoo bXnoo 

od bexiwpsx ai eaedura dnshnsqab-^j-a. niuiBdiv b aonia 

moxd bsmxod sdBibsrnxsdni ns ^Ao^ lYnoXjsmlYridsm diavnoo 

sd bXuoria aaibuda ,8udT .AoD lYnioona dd ^AoD lYnoiqoxg. 

b9mxod ai AoD lYnoiqoxq xsddedw animxedsb od bddonbnoo 

bns asloirio ni abios bsdBxudBBnu do noidsbixo pnixub 

odd od asdudixdnoD AoD lYnoiqoxq do noidojjboxq 3©rid9dw 

-udidadi/a ai dsd nariw nirnBdiv xod dnsmsxijjpsx bsassxoni 
j 

' . 9dBxbYriodX£0 xod YXXBoixoiBOoai fasd 

90i/b9x don bib nimsdiv do y^^nsioidsb ripnoddXA 

bdworie-asibnde (ooaixD) dsd bsdcnspoxbYd do 

fi9dw Y^iXxdBdxoadB dfid ni saBsxosb dnsoidinpia dnd XXBffia b 
I 

.9ninoidd9fn ni dnaioidsb Yibs^ixBfn dsib b bod 9X9w avoids 

YdilidBdxoadB bsaBQXoeb odd dfidd bsworia aaibada -ioddTU'5 

• sasqiX oidsaxonsq od xo sniXorfo do MobX od anbtdon bbv 



88 

Since studies showed that the ability of chicks to absorb 

hydrogenated fat (Crisco) and tallow was also reduced by a 

lysine deficiency at 4 weeks of age, it would appear that 

the reduced ability to absorb fat is not a specific effect 

of a deficiency of methionine or lysine but reflects protein 

deficiency. Deficiency of protein may reduce the amount of 

very low density lipoprotein which is required for transport 

of fat from the mucosa (Noyan et al., 1964), thus permitting 

fat to accumulate in the intestinal mucosa and reducing fat 

absorption. That a dietary deficiency of protein does 

result in reduced fat absorbability in rats and chicks has 

been shown by Barnes et al. (1944) and Renner (unpublished). 

In the course of these experiments it was observed 

that the isocaloric substitution of hydrogenated fat 

(Crisco) for carbohydrate in either methionine-deficient 

or lysine-deficient diets caused a marked increase in rate 

of growth. A smaller but still significant increase was 

observed when fat was substituted isocalorically for 

carbohydrate in a methionine-supplemented diet but a 

similar substitution in the lysine-supplemented diet 

resulted in growth depression. These results suggest that 

hydrogenated fat has an amino acid sparing effect. Since 

further studies showed that the effects on growth were 

lost when the intakes of chicks fed the high fat diets 

were restricted to that of chicks fed the high carbohydrate 

diets, it can be concluded that at least in the lysine- or 

methionine-deficient diets, fat stimulates growth by 

increasing appetite and not by sparing amino acids. If 
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the heat increment contributes to the regulation of feed 

intake in chicks as has been suggested for rats (Strominger 

and Brobeck, 1953), then the reduction in heat increment in 

chicks when fat is substituted isocalorically for glucose 

(Carew and Hill, 1964) may account for their increased 

caloric consumption. 

The failure of tallow to stimulate growth when 

substituted isocalorically for carbohydrate in either 

lysine-deficient, lysine-adequate or methionine-deficient 

diets indicates that this growth stimulating property of 

fat is dependent on its fatty acid composition. In this 

regard Murray et al. (1958) observed that a certain 

proportion of saturated fatty acids is needed in dietary 

fat to produce maximum gain. They suggest the proportion 

to be in the neighborhood of 30% of total fatty acids but 

state it is at least more than 10% and less than 70% of the 

total fatty acids. In support of the observation of Murray 

et al. (1958) is the finding that lauric acid, myristic 

acid and methyl palmitate depressed growth when incorporated 

in the diet at a level of 20% (Renner, 1960). Her finding 

that palmitic acid does not depress growth when incorporated 

in the diet at a similar level may be due to the fact that 

only 5% was absorbed. In contrast 65, 25 and 40% of the 

lauric acid, myristic acid and methyl palmitate were 

absorbed. 
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SUMMARY 

1. Using growth as the criterion, the chick's requirement 

for vitamin was shown to be increased three-fold 

when hydrogenated fat (Crisco) was substituted 

isocalorically for glucose in a semipurified diet 

containing limited amounts of methionine. 

2. On the basis of growth data, the chick's requirement 

for methionine was shown to remain unchanged when 

hydrogenated fat (Crisco) was substituted isocalori¬ 

cally for glucose in a semipurified diet, irrespective 

of the vitamin status of the chick. 

3. The finding that the chick's requirement for vitamin 

Bj^2 i^ot methionine was increased when hydrogenated 

fat (Crisco) was substituted isocalorically for 

glucose in the diet implicates vitamin B^^^ 

metabolism. 

4. Pair-feeding studies showed that vitamin B^^ increased 

growth of chicks fed either carbohydrate-containing or 

"carbohydrate-free" diets by stimulating appetite and 

not by increasing utilization of either protein or 

energy. 

5. Vitamin B^^ deficiency did not result in increased 

levels of blood ketone bodies in chicks fed diets in 

which non-protein energy was supplied by glucose, 

hydrogenated fat (Crisco) or beef tallow. These 

results suggest that vitamin deficiency in the 

chick does not interfere with acetate metabolism. 
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6. Results of absorbability studies showed that vitamin 

is not involved in either fat digestion or absorption 

since studies showed that the absorbability of hydroge¬ 

nated fat (Crisco) remained constant irrespective of 

the vitamin status of the chick. 

7. Chicks fed a "carbohydrate-free" diet, markedly 

deficient in methionine, showed reduced ability to 

absorb hydrogenated fat (Crisco). Studies showed that 

the decreased absorbability was not due to lack of 

choline or to pancreatic lipase. Furthermore, since 

chicks fed lysine-deficient diets containing 21 and 27 

parts of hydrogenated fat and beef tallow, respectively 

showed reduced ability to absorb the fats at 4 weeks 

of age, it would appear that the reduced ability to 

absorb fat is not a specific effect of lysine or 

methionine but reflects protein deficiency. 

8. The substitution of hydrogenated fat isocalorically 

for carbohydrate was shown to have a relatively greater 

growth stimulating effect when the diet was deficient 

in amino acids (lysine and methionine) than when diets 

were supplemented with lysine or methionine. However, 

studies involving pair-feeding showed that the growth 

stimulating effect of hydrogenated fat was due to 

appetite stimulation and not to increased utilization 

of amino acids. 

9. Unlike hydrogenated fat (Crisco), beef tallow failed 

to stimulate growth when substituted isocalorically for 

glucose in diets deficient in methionine or for starch 
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in diets deficient or adequate with respect to lysine. 

These results suggest that the growth stimulating effect 

of a fat is dependent on its fatty acid composition. 
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