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. ABSTRACT

Seven different but integfated ekperiments were conducted to study
the factors affecting the utilisation of dietary energy. The first
fwo experiments involved féeding.broj1er chickens diets tontaining
either corn 611 or corn starCh-as the sUpp]ementary source of ‘energy
at two protein levels. Herring meal was used in all diets because of
the high biological value of its protein. ATl diets were calculated
to be isocaloric and to contain the same balance of amino acids;
'minerals and vitamins were added to méét the requirementé for these
nutrients. |

Live weight gain and the efficiency of food utilisation within
calorie:protein regime were not improved when fat was substifuted for
starch in isocaloric diets. The superiority of.the low-fat high—pfotein
diet in promoting the highegt metabolisability of energy,’quesfions'the
va]idftj of the claim that added dietary fat has an "extra-ca]oric“ |
effect. Birds fed the high-fat Tow-protein diet which had a Tower
calorie:protein ratio, depOsited more abdominal adipose tissue,:indi-.
cating thét’in evaluating growth performance, the balance between
energy and protein is of greater significance than the source of
supplementary energy.

Formulation of 1soca]of1c diets has necessitated the inclusion of
© the so-called nutritionally-inert ingredients such as ce11u1o§é. Since
the diets uséd to test the main hybothesis of "extra-caloric effects"

attributable to dietary fat incorporated cellulose, the effect of the



latter on the physiological parameters under study, was tested. At'
high Tevels of inclusion cellulose depressed body weight gaih. Adverse
-effects of added dietary_cel]uToselon food conversion efficieﬁcy and
energy metabo]isabi]ity were also evident. Another effect of ,added
dietary cellulose which is particularly interesting is that it decreaéed
abdominal adipose tissue.

Results of the above studies have shown significant differences
among the different treatment groups in body weight gain, efficiéncy of
" food utilisation and metabo]isabi]ity.of energy within the first three
weeks posthatching. The possibi]ity that the residua] yolk may influence
thg metabolic parameters in questfon was-ﬁonsidered and tested. Absenée
of the yolk sac, excised surgically, did not influence the performante
of birds on the basis of growth and energy utilisation as measured by
body weight gain énd metabolisable energy values, respectively. The |
residual yolk did not inf]uénce.food conversion efficiency in the first
and third weeks of the experimental pefiod. However, depression of
food conversion efficiency resulting from the removal of residual yolk
was found to occur in the second week. ‘It was noted that birds without
residual yolk retained a greater amount of nitrogen compared to birds
with residual yolk in the first week pdsthatchfng. |

The residua] yolk does not contribute significantly towards the
nourishment of ‘the chick in the first week posthatching as evidenced
by the fact that abstinence from food resulted in the death of both
fhe groups retaining yolk sacs and those without yolk sécs‘at‘approxif

mately the same time.

The presence of a large bacterial population ﬁn the avian caeca |
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band extrapolation of the féatures associated with_bacteria-host.
Symbiosis in ruminants and othef animals to the domestic chicken have
led ‘to speculation thatlthe avian caeca perform some cellulolytic and
proteolytic functions. The relevance: of the éoncept of caeca-mediated
nutrient uti]isatioh to the topﬁc undef study'prompted_an experiment
using intact énd caecectomized chickens to 1nyestigate the effect of
the excision of the caeca 6n the utilisation of dietary energy and
protein. Caecectomized andtintact control New Hampshire cockere1s'were.
fed diets.used in the pfevious studies. Metabolisable energy values -and
uric acid excretion were used as the criteria for measuring dietary

“ehergy and protein utilisation. ;Caecectqmy did not affect the metabol-
_isabi]ify of the diets. Metabolisability of the diet- incorporating corn
_ starch was more variable and s]ight1y lTower with the caecectomized birds.
Uric acid excretion was similar for the .caecectomized and‘the intact
birds.

ﬂacrpstopic and histological examination of sections of the caeca
:revealed that regeneration of the caeca héd.occurred in four caecectom-
ized birds that survived until autopsy 85 weeks 1ater. Although the
.onset of the reéeneratioh of the caeca was not observed,‘it would appéar
that the degree (or'the absence) of regeneration of the caeca in caecec-
tomized -birds may be responSib]é for the discrepancies in the findings

reportéd with such birds.
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1. GENERAL INTRODUCTION

Energy uti]isation has a centra]»roTe in the efficiency of nutrient
metabolism, Accumu1ating-eyidence indicates that the source and level
of diétary energy influence the efficiency of utilisation of energy.

Carbohydrates and fats are the principal and'most-economic'sources.

-~ of dietary energy with carbohydrates being the dietary ehergy source

used more extensively. This'trend, however, is changing in the 1ight:of
the widespread and consistent observation that it is possible 'to obtain.
-exce11ent performance from chickens fed diets containing high fat levels.
The indications are that the substitﬁtion of fat for glucose calories
produceé an energetic effect higher thén can be accounted for by the
caloric content of the ehergy-yie]ding components of the diet.

Nearly all of the significant data available on the "extra-caloric"
Aeffect'attributab]e to the adjustment of nutrient-ratioé by means of
.dietary fat, have concerned turkeys and categokies of chickens other than
_ broi]ers. Since species, breed, strain and-even individua]-differénces
are_known to exert sigﬁjficant or marked differences'on various physio15:f
"ogical phehomena, Qur.genEraT understanding of the ut11j§ation df energy
by poultry may wé11'be a very restricted one indeed.

The work to bé reported herein was, therefore, cérried out as a
contribution téwards the advancement of the state of knoWledge of nutrition
with regard to the effects of the adjustment of nutrient ratios on the
efficient utilisation of energy by broiler chickéns. The specific objec-

tives of the research were:



. To determihe the effect of dietary fat on the performance of broiler '
| chickens,

. To determ1ne the Pffect of added cellulose in diets 1ncorporat1nq
vary1nq 1evels of dietary fat on enerqy metabo11sm,

. .To determine whether the yolk sac1nf1uences energy metabolism in the |

ear]y 11fe of the ch1cken, and

. To determine the role of the caeca on energy and protein metabolism. .



2. LITERATURE REVIEW

2.1 The Utilisation of Energy from Alternate Sources

2,1.1 Historical perspective on energy utilisation

- The central importance of energy metabolism in the economy ofanutfi—
ent Qti]isation has been recognjzed for a long time, as has been the
influence of tHe source of energy on the efficiency of metabolisable
energy utilisation. Current]y, metaboTisab]e energy values are popular
among the consulting nutritionists (Vohra, 1972), Because where usé is
made of compUtef formulation of Teast cbst.pou1try diets, the-inclusion
or rejection of a particular feeding stuff is gréat1y déﬁendent on the

metabolically useful energy values (De Groote et al., 1971).-

2.1.2 Effect of dietary source of energy on the performance of poultry

: 2.].2.1 Dietary source of energy
Cafbohydrates and fats are the primary energy—containing'macro;

nutfients used in poultry formu1atiohs with the former being the dietaryv
source more widely used for_thé.purpose of supplying energy. It_appears,
howéVer, that the body does not require carbohydrate or fat per se
~ for the.supply of energy but rather compounds such as glycerol and

amino acids or precursors of compounds capable of being oxidized for
energy.' When soyabean oi]-fétty acids were included in a Carbohydraté—
free diet for chitks; growth rate and food consumption were severely
depressed demonstrating that the glycerol mofety of the fat 1s.essentia1
_ for fatty acid uptake and utilisation in the absence of carbohydrate'

(Hi11 and Brambilla, 1965; Allred, 1969). This finding forms the basis



of the We]]-documented fact that thé use of either carbohydrate or

. fat in the form of triglycerides as the exclusive_source.of non-protein
enérgy does not result in depressed growth or impaired efffciency of .

- feed uti]isation.

Accumulating evidence in the literature shows that "carbohydrate-
free" diets bk diets in which the source of non-protein calories is pfea
dominantly fat, have produced févourab1é Qrowth response; "Donaldson et
al. (1957) and Rand et al. (1958) showed ﬁhat the chick can use high
levels of fat as a source of energy. The latter workers keported that
the substitution of fat caiories for glucose calories resulted jn'
improved weight gains and greater.protein'and energy utilisation. Evi-
dence presented by Begin (1961) indicated that carbohydrate energy~can
be replaced calorie for ca]orie‘byvfat. Similar results were obtained
with- growing turkeys by Yacowitz gﬁ_gl, (1956), Waibel (]958), Touchburn
and Naber (1966), and Jensen et al. (1970). ‘Forbes g;!gl, (1946),
Frehch gﬁ_él. (1948),.and Swift and Black (1949) demonstrated similar
physiological response in rats. No adverse effects were noted invthe
grbwth rate, feed cohversion efficienéy and nitrogen retention of chicks
(Renner‘andlETcombe, 1964, Renner, 1964) and rats (Dror et al., 1973)
when fat_supp]ied praﬁtica]]y all the non-protein calories.

Favourable growth response has béen shown also in chicks fed diets
in whichAaT1 the non-protein calories were supplied by gjucose (Donaldson,
1964). Hdwever, in thé wofk cited above, chicks fed "fat-free" diets -
o*idized fatty acid maximally at one day of age with the ability to
oxidize fatty acid declining with age.

While carbohydrates have been the dominant source of dietary energy

and can effectively replace fats in this regard, it is evident that under



certain conditions at least, the energy needs can be more.efficiently :
met by_supp]ying a part of the food energy in the moré concentrated
form of fat. The interest being currently shown in the incorporation

" of fét into the diets of poultry attests to the Va1idity of the abové

statement.

2.1.3 Fat as a dietary source of energy .

The concept on quantitative use of fat'as dietary source of energy
has undergoné extensive revision. Recent advances in nutrient metabolism
have changed the view from one suggesting minimal use of dietary fat

on account of its reported interference ih the digestion, absorption’

and normal hetabo]ism of other nutrients to“that recommending}the inclu-
sion of fat in the diet in substantial amounts for improved efficiency

of utilisation of other nutrients. _

Vermeersth and Vanschoubroek (1968) carried cut a comprehensive
review‘on the subject of fat suppTementation to poultry diets 1n‘an
-attempt to establish a quantitative efféct of increasing levels of
various fats on the performance of chicks.

v ‘As a result of a detailed analysis of the data in the Titerature
.these authors reported fhat the fats studied:soyabean‘di],soyabean soap-
-stock,'maize o0il, lard and ta]]éw, were similar in theﬁr effects on food
consumption. The food consumption decreases significantly With rising

percentages of dietary fats according to a Tlinear function. No differ-
ences were noted with regard to kinds of fat on food consumption. While
the incorporation of 2 to 20% of fats in the diets of growing chicks was

found to improve body weight gain, there was absence of .a re]ationéhip



between body weight gain énd the Tevel of‘dietary fat.

- A correiafibn was shown between efficienéy of food conversion and
the kind andl1eve1 of fat: here the 1mprovemént is correlated with the
Tevel of faf added - the higher the level of fat, the better the effic-
iency of food conversion. Regarding thé kind of faf, the degree of |
improvement in the efficiency of foodiconversion was, in an ascending
order:'tailow, lard, gréase, maize oil, soyabean soapstock and soyabean
oil. | |
| The general conclusion from fhe review which covered 60 papers
spahning the years 1954 to 1966 was that the incorporation of fat in
poultry diets results in a decrease in food consumption énd in an improve-
ment ﬁn the efficiency of food conversion,

The review by Herstad (1970) encompassing 15 papers covering fat
supplements in broiler diets conffrmed the‘features established By
Vermeersch and Vanschoubroek (1968). The various fats studied increased
the rate»of gain of brdi]ers. The first 3% of soyabean 0il or grease
increased feed consumption; more than 3% fat in the diet decreased food
consumption, although metabolisable energy consumption increased. The
. increase in consumpfion of food which incorporated certain fats was -
attributed to the poor digéstibi]ity of the particular fats.

Vanschoubroek et al., 1971, reported sfudies on the comparison of
the effect of certain fat on the performance of broiler chicks. Soyé-‘
Bean 0il included at a level of 4.5% of the diet 1mprovéd feed conversion
by 4.5% over lard to 4 weeks and by 3.3% to 8 weeks, in agreement wiﬁh
the results previously calculated by Vermeersch and Vanschoubroek (1968)

using data from the literature.



2.1.3.1 th digestibility and absorbability

Poor digestibi]ity and absorbabi]ify mainly account for the avoid-
ance or the 1nc1U§ion at a minimal 1éve1_of fatvin poultry diets in the
early days.. A change or reversal in the attitude of nutritionists occurred
as a result of remarkable nutrftiona1 advances made in the ensuiﬁq Vears.

The metabo]isab]e.energy content of a fat is the product of its
gross energy content and its absorbability (Whitehead and Fisher, 1975).
Several factors are now known to affect the digestibility and absorb-
'abi]ity of fats. These factors include the typé, melting point, fatty
acid profile, and the structure of the triglycerides (i.e. chemical char-
acteristics) of fat; the number of fats in the diet (Young, 196]), the
néture_of the basal diet, the level of contaminafion Qf the environment -
'by‘microorganisms, the level of inteStina] bacteria and thé age of the
birds. |

In genera],vvegétabTe oils with high Tevels of unsaturated fatty
acids are more completely digeétéd than animal fats. The difference in
ut11isation between fats which contain similar levels of fatty acids may
be attributed to the difference in the distribution of fatty acids on the
triglycerides of the fats concerned (Renner and Hi]], 1960; Mattson, 1967).

Young et al. (1963) found that the absorption of lard fatty acids
was gréater when fed in a diet containing 28 or'30% protein as compared
to a 24% protein diet. An imprbvement was observed in the digestibility
of fat in four week old chicks fed antibiof%cs (Young g}_gl,; 1963). :
Supplee (1960) observed a 20% growth response when 13.3% corn 0il was
.added to the diet in the presencé of 50 mg of oleandomycin phosphate

per kg of diet, but only a 10% increase in growth in its absence.



v,Resu1ts pub]ﬁshed by Mattson (1967) of a study on the effect of diet

on the bacteria found in the intestinal tract of rats showed that the
additioh of antibiotics reduced caecal coliforms 50 times and total aefobes
approximately three times. Cleanliness of chick batteries (Donaldson,
1962) and laboratory (Young et al., 1963) has been mentioned as a

factor affecting the utilisation of fats. These reports suggest that

the utilisation of fat may be enhancéd by controlling the level of’con—
tamination of the environment by microorganisms ok'the balance of intesj
tinal microf]ora. -Variations in these factdrs may account for some:of
'_the variation in response to fét as repdrted in the Titerature (Salmon,

1972).

2.1.4 The specific_effect of<dietary fat on growth rate

The improvement in growth rate and efficiency of food utilisation
resulting from feeding high levels of fat to pou]fry has led to fhe
recognition'of fat as having an.”extra-caloric“ effect (Touchburn and:
Naber, 1966; Jensen et al., 1970). Donaldson (1966)‘exp1ained that if
the total energy available fof tissue synthesis were similar for chické
fed both fat and ."fat-free" diets, the fat-fed chicks woqu have the
advantage of not having to synthesize tissue fatty acids and thus might
have re]atjve]y more energy available for tissue protein synthesis.

Marion and Edwards (1963) stated a similar hypothesis and referred to

~ the amino-acid-sparing effect of dietary fat.



~2.1.5 The importance of nutrient balance

The.myriad of problems associated with feeding diets containing
particular nutrients in excess of normal concentrations, cou1d be‘attrib—
uted largely fo improper balance resulting from such processes; Studies
_on the re1ationship of proportions of dietary nutrients to the overall
efficiency{bf utilisation of nutrients have made it increasingly clear
“that nutrient metabolism is affected not only by the composition of _
individuaj.feedingstuffs but also by the toté] composition of the dijet.

~Studies in this area have stressed the importance of halancing
nutrients in relation to the energy level and amino acid balance. The
work of Biely and March (1954), Munro and'Nikramanayake (1954), Thomson
vand‘Munrd (1955), Munro et al. (1959), contributed towards the develop-
ment of the concepts that_interaétion existed between dietéry protein,
carbohydrate and fat and that dietary carbohydrate "spared" the protein
of thé diét~by increasing theé nitrogen ba1ance of.the animal in a positive
direction.

Annison (1971) suggested 1mba1ancesvin ratios between essential
émind acids and energy, inadequate consumption of vitamins or trace
e]ements; or the occurrence of toxic factors in fats as factors respon;,f'
sible for the poor fesu1ts experienced by some investigators who fed

diets, the energy of which was largely contributed by fat to pou1try.

2.1.5.1: Ca1br1e:protein ratio

The crucial role Qf the ratio existing between energy and protein
in poultry nutrition was demonstrated by Biely and March (]954) who

éhowed that supplementation with fat increased the level of protein
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necessary for maiimum growth of both chicks and_pou]fs. ‘This.finding
was confirmed by Waibel (1958). Donaldson et al. (1955) showed,thaf
the ratio of energybto protein in the diet Tnf]uenced the-ca1bric
intake, feed effiéiency,‘growth rate and carcass fat and fhat further
widening of fhe calorie:protein rafio resulted in impaired gfowth and
increased fat deposition of broiler chickens.

VMarch and Bieiy (1972) showed that the optimum diefary TeveT of a
effective protein fs dependent Upon fhe cdmbined energy input ffom envir-
onmenta} temperature and dietaryvmetabo1jsab1e energy.and.that incfeased
energy in fhe form of either heat or dietary metabolisable energy 15
responsible for aggravating the depressing effect of dietary aminb

acid_imba]ance on feed consumption and growth rate.

2.1.5.2 Calorie-nitrogen storage relationship

Ahrens et al. (1966) showed that.for-young rats fed two 1eve1$ of
calorie ihtake, there were higher nitrogen gains when rats in the High
calorie group'feceived the nitrogen as casein rathef than as a mixture
of amino acids simulating éasein. This effect was not shown in rats
of:the same age fed diets providing similar nitrogen intakes at a
‘1ower calorie 1evé1, thus indicating the dependence of nitrogen storage

on.calorie intake rather than the source of nitrogen.

2.1.5.3 Implications of changing nutrient proportions

The substitution of one nutrient for another has its metabolic
complications. 'The Tlack of consistency in the findings reported in
the literature on the effect of dietary fat on body weight gain was soon

recognized to be due to restriction of nutrient consumption as a result
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of reduced food intake when diets'containfng high fat levels were fed.
The requirement for methionine (Baldini and Rosenberg, 1955), and lysine
(Schwartz et al., 1958) has been shown to be dependent on the dietary -
enerqgy 1eve1.' Not only protein requirement is affected (Aitken et al.,
v T954; Slinger gﬁ_gl:, 1955) but other dietary-fequirements also were |
found to increase when fat was added to the diet. The requirement for
 folic acid (March and Biely, 1955) and choline (March and Biely, 1956) |
was shown to increase in the.presence éf a high level of dietary fat.
Other studies have shown that the isocaloric substitution of fat
for carbohydréte ih the diet of the chick increases its requirement for

vitamin B12 (Looi and Renner, 1974a) while it appears not to affect its

- requirement for methionine (Looi and Renner, 1974b).

- 2.1.6 Protein-carbohydrate interactions

The efficiency of protein utilisation is largely influenced by
.fhe extent to wh{ch the ahino acids in the profile are available to the
animal. Factors that affect or 1nterfere'with‘protein digestibi]ity
will also affect or interfere with amino acid availability and ipso
facto, the efficiency of protéin utilisation.

Lea and Hannon (1950) studied extensively reactfons that occur
between proteins andicarbohydrates,and reported that in the presence of
" a considerable amount of carbohydrates with reducing sugars, proteins
containing amino acids with.free.amino groups such as lysine will react

to form a protein-carbohydrate complex which may not be utilizable to
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the animal. Nesheim (1965) diséussed the fate of such a compound and
suggested two possibilities. The compound could be degraded to yield
products of little or no nutritional va]ue‘to the animal or it could

'be completely destroyed.

Lack of a free émino group (on a protein containing an amino acid
such as 1ysihe) as a result of the linkage between it and the carbo-
hydrate would make the protein resistant té hydrolysis by proteolytic
enzymes. In such_situafions the protein-carbohydrate comp]éx should
be expected to appear in the excreta provided it had not beehAattacked
by the micrbf]ora of the lower gut. Microbia]ldegradation of then
protein-carbohydrate compound may lead to the production and absorption
of nitrogen in a form other than amino acids. Barnes and Kwong (1964)
suggested that‘the nitrogen may be absorbed in the form of ammonia, a

product of bacterial fermentation in the digestive tract.

2.1.7 Protein-fat interactions

Available evidence indicates interaction between protein and fét
similar in néture to that occurring between proteins and carbohydrates.
Lea et al. (1960) reported a drép in protein quality as a result of the
reaction between fat oxidation products and amino acids, particuarly
lysine. There was a fall of 8% and'4%-resbec§ive1y in the aVéi1abTe
lysine of untreated andbanfioxfdant—treated hekring meal stored at 20°C
for 12 months compared to the available 1ysine‘content of fresh herring
meal. . |

It is suggested (Nesheim, 1965) that under stbrage conditions

which would permit oxidation or autooxidation of fat, carbonyl products
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Tiberated during the oxidation of the fat could react with the free
amino groups of lysine in proteins to produce bonds resistant to the
'actionS'of-digestive enzymes or a compound not useful as a source of

lysine.

- 2.1.8 Fishmz=al quality

Herring meal is wide1y‘used‘as a source of high quality protein.
.It contains a considerable quantity of high1y'unsaturated fatty acids
and this accounts for its chehica1 and hutritiona1 reactivity. Factors
‘that affect the nutritive value of ffsh meal are wé]] documented (E1-
Lakany, 1972). The bio]bgica] value of herring meal has been reported
~ to decline considerably as a result of processing and storage. During
processing and storage, the po]y—uﬁsaturated fétty acids are subjected
tO'bxidation. Depending upon the concehtration of polyunsaturated
- fatty acids and the réte of okidation the fish meal may underqo spon-
taneous heat1nq which could result in the destruct1on of amino ac1ds
(Laksevela, 1958; Lea g}_gl~, 1960), part1cu1ar1y lysine, trypsin,
cysteine-and histidine. (Boge, 1960). Laksevela (1958) reported that
the deterioration that resulted from spontaneous heating was of such
magnitudeiés to cause a serious reduction in growth rate of chickens.
There are conflicting reports'oh the‘effect of storage on the
‘  nutr1t1ve‘qua11ty of fish meal. Biely et al. (1951) and Miller (1955)
did not find any adverse effect on the nutritive quality of fish meal
stored.unde? various temperatures for periods of three to twelve months.
- However, Stansby (1948), Almquist (1956) .and Lea et al. (1958)~showed

that deterioration of the nutritive value of fish meal occurs under



14

various storage cdhditions. March et al. (1961) showed that low storage
temperature favoured the formation of protein-lipid complex which Teads
to a decline in the nutritive qua11fy of herring meal. |

In.generaT, fish meal qua]ity varies wfth the methods of drying,
prdcessing and storing of the meal;. A marked dec]fne in.avai1ab1e lysine :
locCurs in diets in which fﬁsh meal of redchd nutritive quality is the

~only source of protein.

2.1.9 Effects of dietary factors on bddy composition

The effects of dietary factors on body composition of chickens
were first described by Fraps (1943), who was able to produce chickens
with widely varying amounts of body fat by adjusting dietary components.
- Subsequently, Donaldson et al. (1956, 1958), Rand et al. (1957), Spring
~and Wilkinson (1957), Combs et al. (1964),-Davidson'_£~_l, (1964),
Summers et al. (1965), Yoshida gﬁ_gl..(1966,v1970), Thomas and Combs
(1967), Yoshida}and Morimoto (1970a, b), Thomas and Twinning (1971),
and Kubena et al. (1972), 1nvestigated.the specific effects of dietary
protein, energy and calorie: protein ratfo on the body‘composition of
chicks and poults.  Through these studies, it wés established that as
the dietary‘ca1orfe:protein ratio widened,.ehergy intake and carcass fat
deposition increased, while body water content decreaéed; Yoshida et al.
(1966, 1970)‘ahd Yoshida and Morimoto.(1970a, b) have reported that the
éffect of dietary protein concentration on carcass fat content is rapid

and reversible. Thomas and Twinning (1971) too, observed considerable

changes in carcass fat content, as early as 10 days after alterations
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were made fn profein concentrations.

The specific effect of dietary fat on body compbsitionvis not yet clear.
While moét of the'reborts.reviewed above appeak to establish that increasing
the amount of dietary fat increased carcass fat wh11e it decreased.its.
protein content, Edwards and Hart (1971) failed to observe any change‘{n
total carcass composition when all the non-protein energy was derived from
various oils. Bértov et al. (1974) reported thét dietary 0il supplementation
Egﬁ_gg_did not 1ncfea$e the amount of carcass fat as long a§ the calorie:
'brotein ratio was kept constant. If there existed any consistent trend at

all, it appeared'to act in the opposite direction: towards a decrease in

carcass fat.

2.1.10 Effect of cellulose on metabolisability

- The increased interest 1n.energy nutrition of the chicken and'progressive
1ncrease»in the level of fat and, cOnsequent]y, the density of diets used
) for poultry, has led to the present accepted practice of fofmu1af1ng experimenta]
diets to contéin_varying levels of fibrous materials usually in the form |
of cellulose. There is conflicting evidence regarding the effect of cellu-
lose on some physiologﬁca1 parameters of the chicken. Reports which 1nd1§ate
that growth and food utilisation are impaired when diets cdntaiﬁing fibrous-
fngredienfs are fed to chickens, have been presented by Penquite (1936),
Sheehy (1939), Heuser gi_gl, (1945), Fraps (]946); Carrﬁqk and
 Rober£s (1974a, b). Scott et al. (1947), Robertson et al. (1943), Panda
“and Combs (1950), Hill and Dansky (1954); Peterson et al. (1954), Mraz

et al. (1956), and Richardson et al. (]956), have explained the
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deleterious effect (attributable to fibre) on the basié'of reduction in

energy intake mediated by fhe energy-d11uting property of fibrous ingred-
| jents. Halnan (1930), Robertson.gi_gl, (1948), and Wells (1963) attrib-
uted this effect to the jmposition of physical limitation on the intake
of digestibTe‘nutriénts.

There are, however, some reports which indicate thét feeding moderate
. amounfs of fibfous materials may increase gfowth and improve the util-
isation of food above that obtained on the 10W fibre basal diet. Morris
et al. (1932), Wilcke and Hammond (1940), Récord (1943), Davis and
Briggs (1947, 1948), O]sébn'(1948), and Saito et al. (1959) are among
those who are of the opinion that fibre‘may be of benefit in pouTtry
- diets. | | ,

Sibbald and Slinger (1960) fed diets of which cellulose formed up
to-42% and bbtained’data which indicate that dilution of a chick starter
diet with ce]]u]ose does not change the metabolisable energy content.
This findihg was substantially confirmed by‘PQtter gi_gl, K1960) who
showed that alpha-cellulose had zero or less metabb]isab1e enerqy vé]ue.‘.
Bégin (1961) using 150ca]oric diets and a constant nutrient balance
technique demonstrated that the.additjon of woodpulp cellulose had
neither a growth-depressing nor avgrowth¥stimu1ating effect when inclu-
ded in the diet of the chick. "He explained that the major attribute
of .cellulose wheh included in the_diet‘without supp]eméntary energy was
a depression in growth and feed utilisation and an overall decrease in
the utf]isatidn of thé diet as measured by the percentage of the gross
energy that was metabolised. According to Begin (1961), ce]]ﬁ]oée is

inert in respect of its effect on metabolisability or nitrogen retenfion..
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2.1.11 Species, breed, strain and sex effect on enerqy metabholism

Differences occur in the response of different breeds (Gardiner,
1971) and strains of chickens to diets with the same (Nowland et al.,
1971) or with different energy concentrations (Farrell, 1972). wé11s
(1963) noted differences in enekgy utilisation with respect to the sex
of the bird.

There is evidence in the 11terature-which pdints to species difference
regarding metabolisability of energy. S11nger et al. (1964) showed that
chicks metabolised more energy from a high-energy diet than turkey poults.
Conversely, poults metabolised more energy from Tow;enerqy diet than
chicks. Also, a slow-growing breed of chicks metabolised more énergy
from a high—enérgy diet than a fast-growing breed. Sudgen (1974) noted
differences between the bantam chick and the blue-winged teal (duck) in
respect of their ability to metabolise energy from various dietary sourées.
_S]inger-g;_él, (1964) and Sugden (1974) concluded that metabolisable
.enefgy'va1ues measured with one kfnd of bird cannot validly be applied
to another kind.

Data presented by Leeson et al. (1974), do not support the above
conc]usion.v The latter group of authors found no difference between
turkeys and chickens in their ability to metabolise energy. Values ob-
tained with the tufkey for more fibrous materials, hoWever, appeared to
 be substantially greater than have been found with the chick, suggesting |
tdrkeys with their larger digestive tracts might have a greater capacity

for digesting fibrous foods,
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2.2 The Avian Caeca and_Efficiency of‘Uti1fsation of Dietarv~Protéin

and Energy

2.2.1 Ovefview '

Very little is known about the physio]ogicé] or nutritional role of
~the avian caeca. For many years there have been sﬁecu]ations as to
whether the functions of the avian caeca are similar to thbserffbthér
anima1s,'particu1ar1y the horse. It haé been suggested that the caecum
may be a site for: | |
a) microbial digéstidn of cellulose;

b) digestion of carbohydrate and protein;-

d) absorption of non-protein nitrogen

)

)

c) microbial synthesis and absorption of vitamins;'
)

e) absorption of water, and/or

f) biosynthésis of antigené.

Various hypotheses have been-aﬂvanced to support.these suggestions and of

these perhaps the most popular Has been the 6ne attributing a rumen-1ike

function in the 'digestion of cellulose and protein and the biosynthesis

and absorption of vitamins.

- 2.2.2 Carbohydrate and crude,fibre digestibility

Kaubb and Ivey (1922) obtained crude fibre digestibility coeffjcients"
with - poultry varying from 2.2-peréent for extracted soybean meal .to 11.7
percent for oats. Hunter et al. (1930) reported that fibre can be
digested in the avian cecum. Maas (1934) using fowls with artificial

anuses, reported digestibility coefficients of 2.4 percent for the crude
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fibre of rye and 3.6 for that of wheat.

Halnan (1949) presented an excellent review embodying the work
of Radeff (1928) and others on crude fibre digestion. While the crude -
_fibre_fn bar]ey'was not digested by either normal orcaecectomized»fowls
“that of wheat was better digésted by the normal fowl (4.6-5.7 percent)
than the aﬁcectomized fowl (1.4 percent). An even more remarkable
difference was shown with the crude fibre of maize of which the normal
fowl digested more (17.1 percent) than the(xﬁcectomized'fow1 Which
showed. zero percent digestibility. The source of fibre appears to be
of significance in relation to its degradation in thecasca. Variations
within the same food have béen reported'by Mangold (1934) who found
that the coefficients of digestibility of crude fibre for barley ranged
from 0 to 37.5 while those of oats ranged from O to 6.9 percent.

That the aviankxeca posséss some cellulolytic function is also
shown by Dukes (1955) and Nitsan and Alumot (1963).. Thornburn and
Willcox (1965a) studied the significance of thebcaeca in the digestion
of dry_métter, crude fibre, cellulose, pentosans, and starch by poultry
and reported a reduction in the overall digestibility of dry matter in
the food after caecectomy. Cellulose digestibility was reduced in {ndiv—
_1dua1 birds after caecectomy, but/When they were compared with intact
birds of identica] age, the reduction in digestibility was not always
evident. Variation in the caecal flora between birds was used to explain
the inconsistency of results between the intact and the caecectomized
birds (two in each case).

’ Not all evidence, thever, is in accord with tHe above-mentioned
findings. The observation by Masson (1954) of the presence of potéto

starch in the caeca makes the hypotheses of starch digestion in the
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caeca.less acceptable. Thornburn and Ni]]éox (19658) faiTed to produce
.conclusive evidence on the diQestibi]ify of carbohydrates in thé intact
~caecum. Evidence presented by Scott (1955), Griminger (1957), Nelson

| and Norrfs (1961), McBee (1971), also disputes the claim of §e11u1o—'
"-]ysis in the avian cééca. The repeated faiTure to find 1in thé domestic
‘birds caecal bacteria.capab1e of hydrolysing cellulose must Have prompted

McNab (1973) to express doubt about the caeca as being an organ of

sighificance in the digestion of cellulose or crude fibre.

2.2.3 Protein digestibility and utilisation

The role played by,the.avién caecad in the Qti]isation of protein
is equally far from clear. Maumus ahd Launoy (1901) and Maumus (1902)
“both cited by McNab' (1973) studied the action of different substrates
of caéca] juice from chicks, ducks énd geese and reported the presence,
-in the caeca; of a proteolytic enzyme similar in action to trypsin.
Nitsan and Alumot (1963) éxamined the caecal contenté of chicks which
had been fed diets based on raw and heatedsOyabean meals for proteo-
lytic activity and noted hjgh'aétivity on both diets up to four weeks of
age. Differences were:noted 1h‘enzymebactivity in the sixth week between
_birds fed the heated and those fed the raw beans - the former showing a
marked decrease and the latter only a slight decrease in enzyme activity.
Increased proteo]ysié was‘observed at eight weeks of age when the chickens 
were transferred from a heated to a raw soydean based diet.

.Ffsher and Griminger (1966) tested the hypothesis of caeca] proteo-
1y$is'and failed to accept the suggestion of Nitsan and Alumot (1963)

that the observed increase in proteolytic activity in the eight week old
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chicken was attributable to compensatory pfoteo1ysis which occurred to-
- obviate 1nhibited&proteo1ysis in the small intestine. 0On the basié-of
'good growth raté ofhthe céecectomized‘chicks.1n’comparison with that of
unoperated controls, Fisher and Griminger (1966) concluded thqt caecal
digestion of rawsoyabean protein is of negligible consequence ih the
growing_chicken! |

Mesheim and Carpenter (1967) fed undamaged and heat—damaged fish
meal to normal and caeCectomized birds and reported that a éignificant B |
proportion of the protein and peptides which escape hydrolysis and absorp-
tion in the sha]]bintestine enters the caeca and is fermented in such a-
way that the nitrogen is liberated as ammonia or'éome other substance
- of no nutritional value. This vjeQ is strengthened by the work of Salter
~and Coates (1971) who cbnc1uded that microbial activity did Tittle to
_ increase the availahility of protein to the chick.

Payne g;jgl,‘(1971) inveétigated the effect of caecectomy on appar-
ent.digestib11ity_of proteiﬁ and found that caécectomized birds had a
proteﬁn digestibi]ity coefficient that was slightly (though not éignifi—

cantly) smaller than that of normal intact birds. Despite thé above |
' tfindings, Payne et al. (1971) argued that the large experimental error
coupled with the small number of observations per treatment (5 birds)
accounted for ‘the lack of statistical significance and concluded that
proteins thatlare digested within the caecum afe'absorbed from the

caecum and on that basis the caeca are involved in protein digestion.

2.2.4 Absorption of nutrients

~The fact that microorganisms inhabiting the a]imentary tract of
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ruminanté are responsib]e for act%vities of nutritiona] significance
to the host anﬁha]s has given rise to cpnsiderab]e speculation on the
1nv01vementbof intestinal microorganisms in the digestion and/br_absorp-
tion of nutrients by the domestic fowl. | |

The presence of a large pbpu]ation of microorganisms.in fhe ali-
mentary tract, particularly the caeca, has been reported by Shapiro
bénd Sar1es>(1949), Barnes and Shrimpton (1957), and Barnes and Impey
'(1970), Although the avian caecum is one of the areas of greatest micro-
bial pro1fferatibn and activity (Barnes and Impey, 1970), there is no
- clear evidence that microbial activity 15 beneficial or detrimental to
the host. |

One possible way in which the presénce of microorganisms can be
“regérded as beneficial to the domesfic fowl is that carbohydrates or
proteins of dietary or endogenous o?igin that escape digestion in the
upper gut might be catabolized by microbial action in the lower gut with
subsequent absorptfon of the end products such as monosaccharides or
diséctharides in the case of carbohydrateé, and amino acids or amino_
acid degradafory products in the case of proteins. This would be in
égreement in part with the suggeétions of Thornburn and ¥illcox (1965b)
and Nesheim and Carpenter (1967). |

A]ternatjvé]y, they might be of no nutritional value, if, for.
1nsténce,‘1actic acid 1s;2§d product of carbohydrate catabo1ism and
biologically unavailable peptides or.excessive ammonia are the end pro-

ducts of protein breakdown.

2.2.5 Uric dcid production

Since some protein hydrolytic function is suggested for the caeca.
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~and uric acid is the main nitrogenous excretory substance in the bird
the pqssibi]ity ekists that uric acid could be involved in the metabolism
of the caecal microflora and that the microflora would contain a signi-
ficant population of urié acid?uti1izihg bacteria.

Barnes and Impey (1972) found three iso]ates of usic acid-decompos-
-ing anaerobes and in subsequent Study (Barnes g}_glg, 1972) found that
the uric acid degradatory organisms were always present at a minimal
level of'108-109/g. Mead and Adams (1975) studied changes in the caecal
flora of chicks aged between approximateTy 3 hours and 14 days and
reported thét during the 14-day period, approximateiy 100 percent of the
organisms isolated through conventional anaerbbic~p]ating method utilized
uric-écid'up to fhe»third day but this activity declined with age to the
extent that in one case‘it represented only four percent of the total |
f]bra. None of the fso]ates showéd an absolute requirement for uric
acid.’ Exéebt with a.few strains there has been little evidence for the
utilisation of uric acid as a carbon source. However, Barnes (1972)
found that a number of the uric-acid utilising bacteria utilized ammonia -
as ‘the main source of nftrogen. Bafnes (1972) explains that the con-
tinua] presence of a large population of uric acid recycling bacteria
in the avian caeca suggests that a major functibn of the caeca could
~be the metabo]iSm‘and reutilisation of the excretory products diverted
into the.caeca with the possible ré—absorption of water and any other
of the Qitémins, volatile fatty acids or amino acids synthesized by
fhé microorganisms. Akester et al, (1967) have reported that an un-
known physio]ogical mechanism, induced by the appropriate'stimu1us
~initiate cpntracfion of the coprodeum which then results in the

retrogréde flow of urine and fine particles of digesta into the caeca
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3. PART 1. THE EFFECT OF SUBSTITUTION OF FAT FOR STARCH ON THE
PERFORMANCE NF BROILERS

3.1 Experiments 1 and 2

3.1.1 Introduction

The increasing wbr]d shortage of grains which, nitherto, héve
been the prgdominént dietary sourcelof energy for poultry, ‘has stimu-
Tated interest in thé search for a1t¢rnativé dietary source(s) of energy
for poultry.
A number of researchers have studfed energy uti]isatién and have

demonstrated the potential value of fat not only as an alternative, but'
also as an economic source of dfetary enérgy. The attempts being made
_afe 1n‘the direction of establishihg a dietary eneréy concentration that -
- would promote an efficient utilisation of nutrients,_particu]ar1y protein.

~ Data published by Touchburn and Naber (1966) and Jensen gg;glr
(1970) appeér to establish a concept that supplemental dietary fat has
an "extra-caloric" effect on thé'uti1isation of metabolisable energy by -
-turkey broilers. In a series'ofvexperiments_these groups of workers
showed that added dietary fat improved utilisation of metabolisable
energy and that "a wider calorie:protein ratio could be to1érated‘when
fat was added to the ration than when no fat was used". |

| There.is 1ittle or no direct 1nformation,§n the broiler chicken »
regarding the effect of added dfetary fat on the utilisation of metabol-
isable energy and tolerance of a wider caﬁorie:protein ratio. A study
‘has, therefore, been made of the éffect.of partial substitution of dietary
~ fat for glucose calories on metabolisability of energy, body weight gaih,

efficiency of food conversion and carcass fat content of broiler chickens.
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3.1.2 _ ~ Materials and Methods

.Thﬁs phasé of the study comprisédAtwb experiments conducted using
broiler chicks. The same formulation of diets Qas used in both experi-
ments. The.cdmposifion of the diets is presented in Table 1. The basal

diet contained 3% corn oil to keep down dﬁstiness of the mash, and more
’1mportant1y, fd subp]y the dietary essential fatty acids, particularly |
~linoleic acid, tHe lack of which would precipitate metabolic disorders
whfch,'cdnsequent]y, would affect the expressfon of the parameters under
study. There were four diets consisting of two levels of supplementary
fat, 4% aﬁd 8% fed at two protein levels 18% and 22%.

' Four hundred4and sixteen chicks were housed in a thermostatically-
, confr011ed electrically-heated meta] battery brooders-with raised screen
'floors; and wére fed a holding practical-type broiler starting diet for
two days. The chicks were then wing-banded and distributed'random1y into
twd major lots of stock for the two experiments. The two lots of chicks
continued to be brooded in the manner described earlier, fed the same
experimental diets, and kept in the same room except where it is otherwise
specified. Food and water were provided ad libitum to all the chicks
involved 1ﬁ the two:éxperiments. One.lot of chicks, consisting of one
hundred and fifty six, was fandom]y rediétributedvinto four groups'according
to the number of dietary treatments wifh three replications. The 13'chicks
per-replicate were assigned to one battery comparthent. This constituted

the stock for the first experiment.
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~Table 1. Composition of;diets used in experiments 1 and 2.

Low Protein High Protein

Low Fat High Fat v Low Fat ~ High Fat
Diet Number :
Ingredient, :
or calculated 1 2 3 4
analysis
| , Percent

Herrﬁng meé] (72%)v 13.0 13.0 21.3 21.3
Wheat (12.45) 70.9 70.9 53.0 53.0
Corn oil | 3.0 7.0 3.0 11.0
Corn starch 9.6 - 19.2 -
-Bone meal 1.5 1.5 1.5 1.5
Limes tone 1.0 1.0 1.0 1.0
Iodized salt 0.5 0.5 0.5 0.5
Premix! 0.5 0.5 0.5 0.5
Cellulose - 5.6 - 11.2
Protein 18.19 18.19 21.93 21.93
Fat 5.57 9.57 6.08 14.08
M.E. (kcal/kg) a5 3347 3382 3385

]Miéronutrients supplied per kg of diet: manganese sulphate, 132 mg; ribo-
flavin, 3.12 mg; menadione, 0.48 mg; calcium pantothenate, 9.62 mg;
folacin, 0.55 mg; vitamin B12, 0.13 mcg; pyridoxine, 2.87 mg; biotin,
0.09 mg; choline chloride, 1.32 g vitamin A, 4400 I.U., vitamin D3,

440 1.C.U.; vitamin E, 18 I.U.; zinc bacitracin, 27 mg, chlorotetra-
cyc11ne, 124.9 mg; ampro11um 11 mg.



27

There.was a sTight modification 1h the replication of the dietary
tféatment groups of the stock used for the métabo1isab1e energy‘study.
There were five replicated lots of 13 chicks each. This wag done in
order to allow each chick the same floor space as in the first'experiment.
wifh~13 chicks in each replicate there were 65 chicks for each of the
four dietary treatment groups, making a total of 260 chicks maintained
under the same management conditions as the first experiﬁentf "

3.1.2.1

Experiment 1

This study was,designed to investigate the effects of diets.varying
in. fat and protein levels on the perfdrmance of broiler chickens using
body weight gain, food conversion efficiency and efficiency of protein
'Qt11isation as ‘the criteria for evaluating performance.

The chicks were individually weighed at weekly intervals throughout.
the experimentd] period which lasted seven weeks. Food consumption was
determined on group basis and was done at the time of weighing the chicks.
Spilled food was removed from the excreta‘bysxweaﬁngvand added to the
remaining feed in the troughs before the feed weigh-back. Data collected-
~on body weight gain, food (conversion) efficiency and protein efficiency
ratio values were treated by analysis of variance (Snedecor, 1956) and
significant differences among treatment means were identified by Student-

Newman-Keuls multiple range test.

3.1.2.2
Experiment 2

The second experiment involved 240 chicks. At 1, 2,.4 and 7 weeks

of age; 60 chicks made up of three chicks from each quintuplicate Tot -
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of the four dietary treatment groups respectively, were randomly removed
.from the second lot of chicks described earlier. The f1fteen ch1cks
_removed from each d1etary treatment group at each specified. per1od were
redistributed random]y into tr1p11cate groups of five chicks and each
group was ass1gned to an e1ectr1ca]1y heated, thermostat1ca11y controlled
adgustab]e battery compartment with raised wire screen floors in a we]]- o
ventilated, temperature contro]]ed chicken room in the laboratory. The
size of the compartments was adjusted at each hous1ng period commensurate
with floor space requirement. |

A1 the chicks were individually weighed at the commencement and
termination of each period lasting one week. Food consumption records
uere kept for each period. The chicks were continued on the same experi-
mental diets forvtwo_and one half days. Food was withdrawn 18 hours
. prior to tne commencenent and termination of'the co]]ection'of total
excreta. = Feathers, food and extraneous materials were oarefu11y picked
from the excreta and the three days' collections from each replicate
'group were pooled according to treatment and frozen. The frozen excreta
was 1yoph1]1zed ground and stored in screw-cap sample jars and stored
.unt1] required for ana]ys1s

Moisture determjnatlon was carried out on at] samples to permit
ca]cu]ations to be made on dry weight basis. Aesay for energy content
of botn food and excreta was done using Parr Oxygen Bomb Plainjacket
' Ca1or1meter} Kje1dah1.macro-method was followed in the determination
of crude protein.

At the end of the experiment, all the chicks were killed and,three
chicks from each rep]icate group were selected at random for determination:
of the weight of the abdominal ad1pose t1ssue which included the abdominal

fat pad and that assoc1ated with the viscera.



3.1.3

Experiment 1 - Results
Statistica] ana]ysis'app11ed td'the total bOdy weight gains (sum-

. marized in Table 2) shows that the chickens were able to attain pract1ca11y
the same final we1ght to approx1mate1y seven weeks. of age, regardless of
the source of dTetary energy/fat or protein level. The average body
weight gafns per bird fed diets 1,l2,'3 and 4 were 1653, 1665, 1646 and
1704 grams,'respectively. Fig. 1 shows*theAc1oseness of bodvaeight
values throughoutbthe expérimenta] period. The data (Table 3) on weekly

“body weight gains subjected to statistica]vana1ysis,'revea]ed no signifi-
cant differences in this trait among the differeht dietary groups. In
the first week, significant differences occurred among the'dietary groups.
Birds fed the low-protein diet in which fat was fhe source of supple-

"mentary energy (diet 2) made the poorest body weigﬁt gains. With. the
exception of the fourth week, there were no significant differences in
wéek]y body weight‘gains among the various dietary groups from the third

week to the termination of the experiment in the seventh week.

The.food convefsion efficiency values are presented in Table 4.

With the exception of the second week in which the food conversion
efficiency was best on the 1owjfét high-protein diét (diet 3), the.best.
food conversion efficiency values were obtained with the high—fat’high—
proteiﬁ diet (diet_4). Next in order of food conversion efficiency was the

low-fat highéprotein diet, indicating better food conversion efficiency on
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Table 2. Effect of dietary fat.and brotein levels on body weight qains
in Experiment 1. ‘

D I & T _ ~ Mean! Body Weights in Grams
io. “Fat Protein | Initial? , Final | Gain
1 Low - Low N < R V2 1653a
2 High Low 68 1733 1665a
3 Low High 67 1713 l646a -
4 High =~ High 66 - 1770 1704a

1Means within a column followed by different letters differ significantly

(P < 0.05)

2Birds were 2 days old at initiation.
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Table 3. Effect of dietary fat and protein levels oh weekly body
w2ignt gain. |

1

01 E T ' Mean' Body Weight Gains in Grams
| | | Weeks .
~ No.  Fat Protein 1 2 3° 4 5 6 7
1 Low ~  Low 93bc  162b 2142 225b 277a  344a  338a
2 High  Low 89c  167b 218a 224b 266a 360a 341a
3° Low  High 99  169b 209a 222b 269 344a 334

4 - High High . 107a ~ 178a 22la 253a 272a 338a 334a

1Means within a column followed by different letters differ significantly

(P 5.0.05).
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Table 4. Effect of dietary fat and protein levels on food convérsion -
efficiency!, 2. ’

D I E T o : Weeks
No. Fat Protein 1 2 3 4 5 6 7 Overall
1 Low  Low 1,51 1.48° 1.71 1.75  2.15 2.21 2.4 1.8%
2 High  Low 1.53 1.46 1.73 1.74 2.16 . 2.16 - 2.45 1.8%
3 Low = High  1.3¢ 1.32 1.74 1.58 2.02 2.14 2.2% 1.77b
4 High  High 1.24 1.33 1.62 1.44 2.00 2.04 2.30a 1.71b
1

Units of food consumed per unit of body weight gain.

2Va]ues within a column followed by the same letters dre not significantTy

different (P < 0.05).
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the Hfgh-protein diets. There was no difference in the overall food
conversion efficiency between the birds fed the two iow-protein diets.
These birds gave cdnsistent]y lower food conversion values during all
' week1y'périods of the experiment.

There was a consfﬁtent decline with age in the efficiency of food
converﬁion of birds fed diet 4 except during the'fourth wéek when there
was an improvement in this criterion. This trend was alsp shown by birds
fed the,ofhervhigh-protein diet.(diet 3) which had exhibited a similar |
- tendency in the second experimental week. Birds fed the Tow-protein diets
showed improvement in the second week after which they showed a consis-
tent decline in efficiency of food conversion.

The level of dietary fat in low-protein diets does not appear to
inffuence the efficiency of food conversion_as evidenced By’the fact that
" birds fed the basal dietary fat (dief 1) converted food with equal effic-
jency as those fed the addﬁtiona] fat (diet 2).in the Tow-protein category.
Birds fed'thé basal fat, high-protein diet (diet 3) gave practically the
same food convérsion efficiency value as fhosé fed the high;fat high-
protein diet (diet 4),: The trend for the cumu]ative food conversion -
efficiency values for the various dietary'groups is shown in Fig. 2.

Table 5 shows that the protein‘convérsion efficiency (body weight
gain/protein consumed) by the birds féd the two low-protein diets, was
signifidantly better than:that obtained by birds fed the two high—protein
diets.b'Birds fed dfets containing the basal fat 1evelsv(diets 1 and 3)‘
gave the gkeatest protein conversion efficiency values. As noted in the
case of food conversion efficiency, the source of dietary'energy or the

Tevel of dietary fat in the low-protein diets did not influence the
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Table 5. Protein conversion efficiency

Body Weight Gains/Protein Consumed (g g~!)

O LB T , Weeks :
N05 Fat Protein 1 2 3 4 5 - 6 -7 0-7
1 Low  Low 3.63  3.72  3.22  3.15 . 2.56  2.49 . 2.27 3.0
2 HWigh Low  3.59  3.77  3.18  3.15  2.55 2.5  2.24 3.00

3 Low  High  3.41  3.45  2.61  2.89  2.26  2.13  2.03  2.68
4 High  High  3.69°  3.44  2:81 316  2.28  2.24  1.98  2.80

9¢



37

utilisation of dietary protein as reflected in fhe 1ackvof.d1fference
' “between:the two 1ow-pr6tein diets which differed only in the source of
supp]ementary-energy‘and fat level. . It is 1ntere§ting to note that a
similar re]ationship.existed befwéen birds fed the two high—prdteinv_
diets which differed a]so 1n‘the source Qf supplementary ehergy and

':.dietary fat,]eve];
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3.1.4

Experimeht‘1 - Discussion
ATthough chickens fed the nigh-fat high-protein diet Qrew signifi- '
cantly heavier in the first,‘secohd and fourth vieeks than those fed the

_ othervéxperimental diets, the final body weight gain daté (Tab1e 2), the

weekly body weight gain data (Table 3), and the closeness of data on
overall growth rate (Fig. 1) do not demonstrate the concept that has been
estab]ished for turkeys that supplementary'fat_promotes superior growth.

- The absence of 'a significant difference 1h'1ater weeks 1h the final body
weights between chickens fed either fat-based or carbohydrate-based diets
indicates that the influence of dietary fat on growth rate would be

‘exhibited in-early rather than Tate in the life of the bird. This obser-
vation is in close agreement with the finding of Touchburn and’Nabef
(1966) who reported that the beneficial effect of supp]ementafy fat;on
the performance of turkeys became 1ess'appérent in the final interval,

12 to 14.5 weeks of age and that of Salmon (1972) who did not obtain a
significanf difference in the final weights befween turkeys fed a’high—
fat diet for the entire 24 week éxperimenta] period compared with others
fed a high-fat diet from 16 to 24 weeks.

| The observatidn that no significant differences existed in the final
body weights ahd the overall body weight gains among the differentvdief—
ary groups could be reconci]éd with two well-established concepts. It
has been documented that as dietary fat increases, 1ipogenesis assumes

~relatively less importance (Donaldson, 1966) and that.dietary fat has a

sparing effect on amino acid conversion to fatty acids. As Donaldson

(1966) explains, "if the total energy available for tissue synthesis were
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sjmi1ar for chicks fed both fat and 'fat—frée' diets, the fat—fea
chicks would have the advantage of not having to synthesize tissue fatty
acids and thusbmight have relatively more energy available for tissue 
protein synthesis". Thellevel of dietary fat of six percént and ten
percent in the low-protein dfets may have been nigh enough to depress
1prgeneéis aﬁd jnduée tissue protein synthesis. In the other series,
“the dietary fat level of six percent may have similarly debressed lipo-
| genesis whi]e the protein levels may have been adequate.
 The protein efficfehcy ratio data (Table 5) provide evidence which
supports thié view. Ratios of units of body weight gain per unit ~of
protein ingested werebhigher for the Tow-protein diets than the high-
protein diets. These results are in agreement with those of Biely and
March (1954)vand Waibel (1958) who found that growth promotion is ‘achieved
.only if the concentration of dietary protein is increased in accordahcev
with the'dietary'energy concentration; Since the dietary energy concen-
tration within'the protein series was the same and since there was no
significant difference in growth between the dietary groups within the
- protein series, it appears energy to protein ratio is a factor of greater
significancelin the promotion of growth than the source of dietary energy.’
This observation supports the statement of Scott et al. (1969) that,
"Diets containing as much as 35 to 40 percent fat and 45 to 50 percent
-prqtein; with 1ittle or no carbohydrate, and with énergy-va]ues as high
as 5000 kcal ME/kg, will support excellent growth in young chicks,. as 1oﬁg
gs;fhe»protein and amino acid 1evéis are maintained at the optimum ratios
to the energy".

The Tack of significant differences in overall body weight gain
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among the différent dietary groups seems to suggest also that there
was a superfluous supply of protein qnd aminovacids in the high;protein
diets. The-widgr ratio (Kca]:perpent protéin), 186:1. having produced |
1.the same growth responSe-as_the narrower ratio,V154:1,_cou1d be considered .
as being more efficient as far as protein level is concerned. |

Poults given a low level of added dietary fat required a narrower
energy:protein ratio tb four weeks of age ahd were.more sénsitive to
energy .protein imbalance than those given higher levels of added dietary
fat (Salmon, 1974). Chickens involved in this study may have reacted in
a similar manner to the different dietary energy:protein ratios, par-
ticujar1y the_wider ratio in the first four weeks and this could account
for the variation 1n.growth in the‘pekiod under-reference.

~ The data on body weights of bifds studied in this experiment confirm

ihe finding of Vermeersch and Vénschoubroek (1968) that, while dietary
fat incorporated at Tevels ranging from 2.to 20 percént improves body
weight gain, there is no re]atidnship between body weight and level
of dietary fat. |

The overall results relating to efficiency of food utilisation
(TabTe 4) show that cbrn 0il substituted 1soca10rica11y for corn starch
does not improve the efficiency of_fbod utilisation. The results rather
show that protéin,1eve1'affects this trait. In interpreting these résu]ts
. which appear to coﬁtradict the findings of Touchburn and Naber, 1966;
Vermeersch and Vanschoubroek, 1968; Herstad, 1970; Jensen et al., 1970
and Vanschoubroek et al., 1971, sight should not be lost of the fact
that when'fat'rep]aées starch gravimetrically rather than isoca]orica]]yv )

there is a change not only in calorie density but also in the ratio be-

tween energy and other nutrients.
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 The lack of significant differences in the efficﬁency of food
'conversfon between the chickens fed on the Tow-fat low-protein diet (1)
and those fed on the high-fat low-protein diet (2) throughout the duration
of the experiment and the superfority of the group fed on the diét incor-
porating high-fat high-protein (4) over the group fed dn'the diet contain- -
ihg 16w-fat high-pbofein (3) in the overall statistical analysis demon-
strate again the validity of the suggestion fhat diets incorporating
fats shbuld*cbntain a cohcomitant level of protein in order to achievev
a satisfaétory.food conversion efficiency value. A'possible exp]anafion
for the better food cdnversion values obtained with chickens.fed the
high-fat high-protein diet is that thiévdiet contained a morersatisfactory
metabo]isabTe energy concentration agsociated‘with a favourable calorie:
protein ratio. This is consiétent with the repdrted low energy cdst»of
fat hydrolysis in and the absorption of fat'from the 1ntestine,‘of
triglyceride resynthesis ih the epithelium and of transport and deposition
fe]atfve to the efficiency with which fatty acids and cafbohydrates

supp1y aéety] CoA for energy requirement or fat synthesis (Annison, 1971).
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3.2.1

Experiment 2 = - Results

The metabolisable energy values (ME) for the four experiménté] diets
are presented in Table 6. In the first week, birds which were fed the
16Q—fat high—prbtein diet (diet 3) metabolised enefgy signiffcantﬂy
better than birds fed all other experimental diets. The differences
between all other dietary treatments during the rest of the experimental
.periods were ﬁot statisticai]y significant. However, there was a sig-
nificant difference in the combined values for the entire experimental
period. The trend observed in-the first week was repeated in the overall
metabolisability of the diets with the value for the basal-fat high-
pkofein diets being significantly higher than the two 1ow~protein dietsL
The added fat appeared.to 1nf1uence-metabo]isabi]ity of the diets incor-
porating thé low protein Tevels as evidenced by the significantly higher_v
ME va1ﬁes for the low-protein diet (diet 2) which contained four percent
more fat than the other.

As shown‘iﬁ Table 7, no significant differences wefe observed in
édipose tissuéAamong the four dietary groups. Birds fed the low-protein
diét in which fat replaced starch (diet 2) gave the highest adipose tissue
Weights each week throughout the whole experimental period. Birds fed
the high—pfotein diet in which fat replaced starch (diet 4) gave the
secoﬁd highest_adipdse tissue weights. The.1owest‘ad1pose'tissue weights
were obtained in bfrds fed the diet incorporating the basa] level of
dietary fat and high level of protein (diet 3). There were observable

variations within the dietary groups during each week.
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Table 6. Effect of dietary fat and protein levels on metabo]isabi]iﬁy

of energy.
0 1 E T , Calories' per gram of food
_ Heeks . ‘

No. ~Fat -Protein o 2 4 7 Overall
1 Low Low 3343a 3460a 3568a 3560a 3483a
2 High  Low . 3270a 3482a 3530a ‘3516a 3450a
3 Low High 3429b 3532a  3604a 3533a°  3525b
4  High - High 3280a  3469a  3618a  3560a  3482a

'.]Means within a column followed by different letters are significantly

different (P < 0.05).



a4

Table 7. Effect of fat and protein_ levels on/mean]-abdomina1 adipose
tissue weight.
| Grams
D I E T
_ Weeks
No. Fat Protein 1 2 4 - 7
1 Low Low 1.5740. 07 4.87£0.84 15.3030.72 22.76+4.84
2 High Llow  2.1040.21 6.2040.03 17.6741.23 32.674.7
3 ‘Low High 1.6010,06 4.80;0,33 13.0747,39 19.03+1.36
4 High High 1.60$0.17 6.17+0.50 13.07+0.83

27.00%1.31

]Standard error of means.
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The utilisation of metabolisable energy for body weight gain was
essentially the same for chickens fed ihe-1ow¥prote1n diets (Table 8).
A similar relationship was shown by chickens fed_the higher protein diets
for the second and the seventh weeks of the experiment. However, in the
first week there was a difference between the two groups fed diets con-
taining high levels of protein. Birds fed the 10w-fa£ high-protein diet
uti]ised_]ess metabolisable energy for a unit gaihbin body weight. Com-
~parison of the metabolisable energy intake per gram of'body_weight gain
'revealed less intake for chickens fed the diets with high-protein levels
up to the fourth week. This difference between the two protein-level
groups did not exist in the seventh week. All groupé of birds utilised
metabolisable energy with the same efficiency in the first two weeks éxcept
the group that was fed the high-fat high-protein diet Which utilised 1ess.
metabolisable energy in the first week. An 1ncréasé in metabolisable
energy intake per gram of body weight gain was shown by a11}dietary'groups
in the fourth and subsequent weeks. Mortality among the dietary groups
was slight and-variab1e. The respective deaths were 4, 2, 1 and 3 for |
dietary groups 1, 2, 3 and 4. A1l tHe losses occurred between the

fourth and sixth weeks and were attributable to perosis.
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Table 8. ,Metdbo]isab]e energy intake per bird per gram body
‘weight gain
D ICE T - © WEEKST
No. Fat Protein Factor 1 2 4 7
1 Low Low ME (kcal/kg diet) = 3343 °~ 3460 - 3568 3560
Food intake (g)¢ 20.1 34,2 54.2  117.0
ME intake (kcal) 67.3 118.5 193.5 416.4
Weight gain (g) 13.3 23.2 31.1 48.3
ME/Weight gain 5.1~ 5.1 6.2 8.6
2 High Low  ME (kcal/kg diet) 3270 3482 3530 3516
" Food intake (g) 19.5 34.8 55.2 114.9
ME intake (kcal) 63.6 121.1 194.8  404.0
Weight gain (g) 12.7 23.9  31.6 46.8
ME/Weight gain 5.0 5.1 6.2 8.6
3 Low 'High‘ ME (kcal/kg diet) 3429 3532 3604 3533
Food intake (g) 19.0 31.9 49.8 107.3
ME intake (kcal) 65.0 112.7 176.6 . 379.0
Weight gain (g) 14.2 ~  24.1 31.5 47.7
ME/Weight gain - 4,6 4.7 5.7 7.9
4 High High ME (kcal/kg diet) 3280 3469 3618 3560
"~ Food intake (g) 19.4 32.6 50.6 110.3
ME intake (kcal) 63.5 13.1 182.9 392.6
Weight gain (g) 15.6 24,6 35.0 47.9
ME/Weight gain . 4.6 5.2 8.2

]The birds were 2 days old at the commencement of feeding experimental

diets.

2

Food intake per bird.
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3.2.2

- Experiment 2 - Discussion

The results of the metabolisable energy determinations (Table 6)
:suggest the need for dietary carbohydrate calories early in the life
of the“broi1er chicken. The fact that the diets incorporating higher
fét levels were more pdor]y metabolised makes it reasonable to assume
that high dietary fat Tevel depresses metabolisability of diets in young
chicks to one week of age; It is known that’fafs_and oils have»norma11y
a véry high availability of metabolisable energy (Tasaki and Sakurai,
1969). However, the metabb]iséb]e energy content of a fat is the product .
of its gross energy content and its absorbability (Whitehead and Fisher, |
1975). It has been established that corn oil is readily absorbed by-
chicks (Renner and Hill, 1960) and that the Tevel ofyabsorbab11ity remajns
‘the same up to 8 weeks of age. More recent determinations by Carew et
al. (1972) of absorbabilities of corn 0il by chicks indicate that the
newly hatched chick to 7 days of age does not have full physiological
capacity for fat absorption. It is suspected that the chicks involved
in this study must have absorbed.fat at a sub-optimal efficiency and this
could have resulted in a lowered metabolisab1e energy intake in the first
weék. It is difficult to explain the discrepancy between the observed
higher body weight gains on the high-fat diets in the first week (Table 3)
and the_]oWer metabolisable energy values on the same diets in the same
| period. The higher adipose tissue content of the high fat diets may
have contributed to the highef body weights. There is evidence that 10

~to 15 percent more energy was deposited in the carcass of chickens



receiving diets containing 5 to.10'pereent fat compared with similar
diets low in fat and that this phenomenon occurfed even when metabolis-
1ab]e energy intake from the two diets was thevsame‘(Carew et al., 1964).
Forbes and Swift (1944) observed this phenomenon in rats and termed it
"the associative dynamic action of fats. The improvement in energetic
"efficiency can be attributed to a lower metabolic cost of uti1isin§ fats
in comparison to the other major source of dietaryrenergy - carbohydrate,
The suggestion that poor absorbability may have contributed to the

observed depression in metabolisable energy values of the high-fat diets
seems valid in the light of the observed improvement in the metabolisa-
_bility of diets incorporating high dietary fat in subsequent weeks when
they had deve]oped their physiological capacitytfor_fat absorption. The_
lack of significant differences in the metabolisable energy values of the .
diets.from.two through seven weeks 15'1nteresting from the point of view
of its economic implications. In terms of metabolic implication, it has
been reported that-protein is not the only dietary factor that must be
adjusted cohmensurate with dietary .fat Tevel (Aitken gt_gl,; 1954, S1inger
_‘et_gl,,-1955). The ieve]s of other nutrients, notably some vitamine,
fequire adjustment (Mérch and Biely, 1955, 1956; Looi and Renner, 1974a).
It follows that the eubstitutiOn of fat calories for starch calories
without changing the proportions of other dietary.factors, particularly
the micronutrients, creates an imbalance among nutrients. The incidence
on the high-fat diets.of perosis, a condition attributable to a deficiency
of manganese could have been precipitated by nutrient imbalance. Farrell
et al. (1973) observed small differences in metabolisable energy values

comparable to those being reported in this study and explained the poor
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growtﬁ rate of br0j1ers fed diets of varying enefgy concentrations on
the basis of nutrient 1mba1ahce or deficiency.

Wide variability occurred within the d1etary groups and this could
have contributed to the lack of significant differences in adipose tissue
accumulation among the different treatment groups in the first two weeks
" of the experimental period. Chickens fed the high-fat jow—protein diet
(2) showed a significantly heavier adipose tissue weight in the fourthv.
and seventh weeks (Tab]e_7). It is 1nterest1ng'to note thatvthe periods
in which the birds fed the high—fat 1ow-protein'diéts deposited signifi-
Scantly more‘adipose tissue coincided with the ﬁeriods in which the group
in question gave the lowest metabolisable energy values. Since the dif-.
“ferences in the latter response criterion did not reach étatiética] sig-
nificance (P £ 0.05) there was little or no basis to explore the possibi1ity
of a statistical re]atjonship. The reasons for the differences in faf
deposition among the treatment groups are not immediately obviéus. Since
the highest deposition of fat occurred in birds fed the high-fat low-
protein diet, the possibility exists that the 18 percent protefn Tevel was
adequate in terms of amino acid levels and balance. With an adequate
4 supply of émino acids and preformed fatty acids, the maghitude of nutrient
“interconversions w6u1d be comparatively less and this‘would result in a
saving in energy which would have been expended on biosynthesis of nutrients
that might be required. The "surplus" energy could have been converted
1nto fat. It 1s'noteworfhy that fat deposition in birds fed the high-fat
high-protein diet wés less than that jn birds fed the high-fat low-protein
diet. The possibility exists that the energy saved as a result of the
specific dynamic éffect of fat was directed towards utilising more prqtein

_ for muscle tissues. This view becomes more attractive when it is considered
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that birdS-fed the low-fat high-protein diet, whiéh waé 1$ocaloric with
the other diets, deposited the least amount of adipose tissue.

The results relating to the efficiency of metabolisable energy
utilisation using the number of'calorieé of metabolisable energy per a
gram of body weight gaih as a response critefion (Table 8) were the same
for the diets containing the Tow protein level. A similar effect was
shown betweén the high-protein diets. The lower ratios obtained on the
diets 1néorporat1ng higher protein Tevels and which contained a narrower
ca]orie:protein ratio, again emphdsize the importance of this principle
with regard to the efficient metabolism of diefary energy and nutrients.
The conclusions to be drawn on the results of this‘study agfee essentially
with those repbrted by Payne and Lewis (1964), Farrell et al. (1973), and
.Fafre11 (1974), in that there appears td be an optimum energy concéntration
in the diet beyond which perfokmance of birds does not appear_to\impro?e
and in some cases actually deteriorates. Payne énd Lewis (1964) found
that growth rate of broiler chickens did not fncrease at energy 1eVe1s
above 3.1 Mcal ME/kg and calories consumed per gram of gain were the same

for diets ébove 3.2 Mcal ME/kg.
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3.3 The Effect of Added Cellulose on the Performance of Broiler Chicks

3.3.1

Experiment 3 . - Introductﬁon

The domestig chicken has limited digesfive capacity for fibrous.foods...
Ce11u1oSe has been used frequently as an inert filler in many poultry éxperimen-
té1.diets. In addifion to increasing the bulk ofvfood, cellulose is known

to accelerate the rate of passage which meané a shortened time for sub-
strate-enzyme contact and a consequent reduction in.digestion of food
and absorption of nutrients. Thé présente and level oandded'ce11u1bse
in poultry diets, therefore,_imposes a very important prob]eh that has
notvbeen 1nvestigated sufficiently. The results of Experiment 2 justify
an assumption that - -the pfesénce of ce]]u]dse must have contributed to
the poorer metabolisability of the diets which included that 1ngred1ent
as compared with those devoid of added cellulose in the early life of the
chicken. Unfortdnately, most. of the . papers published on metabolisability
of diets ﬁﬁcorporating added cellulose have involved chicks which were
older than one week. |

The paucity 6f information as'indicated above prompted the foi]oWihQ
experiment to be conducted with»the objective of evaluating the effeét
of added cellulose on growth rate, food conversion efficiency, metabol-

isability of energy and fat deposition..
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3.3.2

Experiment 3 -~ Materials and Methods

Day-old bfoi]ervchiéks Were randomly distributed into 12 groups of
six chicks each. All groups were b]aced in a'six—tier'battéry brooder
equipped.with wire floors and thermostatica11y—con£ro11ed.heating units.
Thé groups were assigned-at random to four experimental treatment§, three'
groupé per treatment. The'treatments weré four diets designated, respec-
tively, as dfétsv1, 2, 3 and 4.H The cbmposition of the diets are snown. -
in Table 9. Diets 1 and 3 were devoid of added cellulose while 2 and 4 |
each contained 11.2 parts added cellulose Diets 1 and 2 differed from diets
3 and 4 1h>containing corn starch as the source of supplementary energy.
The latter contained corn 0il as the source of supplementary energy.

| Each group of chickens was fed its experimental diet and water ad
libitum for six weeks. Records were kept of weekly food consumption and
individual body weights. Food conversion efficiency‘values were computed
from the weekly food consumption and body weight gain data. ‘Samp]es of
excreta were co]]ected.at 24-hour intervals on_thé.last three days of
each'exberimental week. The daily collections were immediately frozen
and thé'three-day collections for each group were pooled together, 1ybphi-
lized, finely ground and kept in screw-capped g1ass'jars for various
ana]yseé.

Mbisture was determined according fo A.0.A.C. method. Determination
of nitrogen content of the diet and faecal samples was conducted'by the
Kjeldahl method and gross energy by bomb calorimetry using Parr plain

- jacket oxygen bomb calorimeter. The substance used as an_index for



Table 9. _Combosition of diets fed in Experiment 3.

DIET
Ingredient 1 2 3
weight

Herring meal 21.3  21.3 21.3 21.3
Ground wheat 53.0 53.0 53.0 53.0
Corn starch 19.2 19.2 -

Corn 0il 3.0 3.0  11.0  11.0
Calcium phosphate 1.5 1.5 1.5 1.5
Limestone 1.0 1.0 1.0 1.0
Salt 0.5 0.5 0.5 0.5
Premix) 0.5 0.5 0.5 0.5
Cellulose - 1.2 - 1.2
Total weight 100.0 111.2 8.8 100.0
Ca1cu1a§ed chemical %

ana]ys1s. ‘

Protein 21.9 9.8 24.7 21,9
ME (kcal/kg) 3382 3046 3814 3385
ME:CP 154 154 154 154

]Micronutrients as in Table 1.
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digestibility coefficient was 4N HC1 insoluble ésh. The method used
is essentia]]y the one described by Vogtmann et al. (1975) Fdr food
and excreta approximately 10 and 5 grams respectively of dry samp]es
were used. The samp]es were hydro]ysed by means of bo111ng in 100 m1 of
4N HC1 for 30 minutes. 'The hydro]ysates were filtered through ashiess
fi]ter>paper,'aﬁd wéshed with distilled water until free of acid (final
drops of fi]tfate tested withvlitmus baper). The filter papers with the
hydrolysates were ashed at 600°C for a minimum of six hours.

The metabolisable energy values cofrected to nitrogen equilibrium

were determined using the following equation:

MEd = CEd - CEexﬁ—d-azz(Nd Ne X 43 )
where,
~MEd = Metabo]isab]e energy in kilo-calories per gram of diet
CEd = Combustible energy per gram of diet ’ |
Cte = Combustible energy per.gram of excreta
Ad = "Ash per gram of diet
Ae = Ash per gram of excreta
Nd - = Nitrogen per gram of excreta
8.22 = .Combustible energy of uric acid (kcal/g of N)

The data were analysed statistically using the analysis of:varfance
and the Student—Newman;Keuls multiple range fests Wefe used to test means
which are significantly different. _

This exper1ment was 0r1g1na11y designed to last three weeks but 1t was
cont1nued to six weeks before it was terminated. This necess1tated the
mixjng of a second batch of diets at four weeks for the extended period

of time.



55

3.3.3

Experiment 3 .- Résu]ts
| A éummary of the effect of the dietary treatments on tota1'b0dy _

weight gain is presented in'Tab1e.10.. Average body weight gain obtained
with the Tow-fat ce]]u]ose—added'diet was significantly Tower than that
obtained with the high-fat ce]]u]ose—exc]uded diet. On the.basfs of
source of dietary energy, highef total body weight géins were obtained
with the fat-based than with the starch-based diets. Within the set )
relating to energy source, higher body weight gains were obtained with
the diets which did not incorporate cellulose. When the data on body
~weight gain were analysed on‘wéekly basis.(Table 11), it was shown that

the bird; fed the diets without added ce]]uiose were generally slightly
‘heavier than those fed the diets incorporating added cellulose. The
progressive increases in body weight géin on the "cellulose-free" diets
were ref]eéted in significant differences in mean weekly body weight gains
among the dietary groups in the third and sixth weeks of the experimental
period. Fig. 3 shows thé trend of growth among the différent dietary
groups. |

+ The addition of fat resulted in improved efficiency of food conversion

in the first three weeks. Birds fed the diets incorporating added cel-
lulose made pooref conversion of food. The poorest food conversion
efficiency values were obtained consistently with the birds fed the low-
fat cellulose-included diet (Table 12). The relationship existing among
:the determined food conversion efficiency values as plotted against each
wéek]y period of time is markedly altered when the adjusted food conver-

sion efficiency values are similarly plotted. As shown in Fig. 4, the
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Table 10. Effect of source of supplementary dietary energy and
‘ cellulose on total body weight gain.

D I E T ‘ ' ~ Mean body weight] in grams
.No. Starch Fat -Ce11ulose Initiai | Final Gain
1 4% Basal -2 33 1227  194ab
2+ Basal  + 33 1170 1137b
3 - - 2. 1327 1295a
4 - + s 3 1286 1254ab

]Means within a column followed by different letters are significantly

different (P < 0.05).

2(4), (<), signifies present, absent, respectively.
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Table 11. Effect of source of supplementary dietary energy and

cellulose on weekly body weight gains.

D I EoT | Mean] body weight cains in grams.
. : : Weeks
No. Starch- Fat Cellulose Initial 1 .2 3 4 5 6
1 +% Basal - -2 (33)  55a 138a 203ab 233a 261a 306ab
2+ Basal  + (33) 552 127a 188b 2292 272a 267b
3 - + - , .(32) 6]a 1352 221a 252a 295a 331a
4 - e (32)  -64a 13%a 221a 240a 292a 297ab

]Means in a column followed by different letters are significantly

different (P < 0.05). -

2(+)., (-), signifies, present, absent, respectfvely.
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differences among the treatmentrgroups are virtually eliminated or
non-eXistent-in the adjusted values as éompared to the determined food
- conversion efficiency values (Ta51e 12a).

‘The results of the determinations of metabolisable énergy values

are presented‘in'Tab1e 13. Severe debression of metabolisability of
.energy‘was observeq with the diets 1nc0rporating.ce11u1ose.b The greatest
depression occurred_in the fifst week. For the‘first three weeks the
metabolisable energy va]ueé'were progressively higher for all diets.

"The introduction of a second mix of diet was attended with a decrease in
'metabo]isab]e energy'valueslin the foufth week. There was a rise in
metabolisability of’energy_in the subsequent weeks.

A‘comparison betwéen.the.determihed metabolisable enerjy values
(Table 13) and the cOrresponding adjusted metabolisable energy values
(Table 14)}_shows cIear]y the effect of the added cé]ju]ose on the effic-
iency of energy metabolism. The relationship existing among the deter; |
'minéd values is compared to that_existing émong the adjusted values

(Fig. 5). | | |

The mean adipdse tissue weights are presented.in Table 15. The
dietary source of energy'appeared to have no influence on fat deposition |
in this experiment. Although the birds fed diets with fat as the major
source of energy laid down more fat than those fed diets with carbohydkate
as the major source of energy, this difference becomes negligible when
the values are compared on the basis of ce]]ujose level. The birds which
~were fed diets which did not contain added cellulose had the héavie?

adipose tissue than those fed diets containing added cellulose.



Table 12. Effect of source of supplementary .energy and ce]iu1osé

on food .conversion efficiency.

60 -

D I E T

Units'of food per unit of gain

. . Weeks |
No.’_StarEh Fat Cellulose 0-1  0-2 0-3 0-4 0-5 0-6 Overall
1 +  Basal - 1.24 1,28 1.47 152 1.67 1.81 1.50 a
2 ¢ Basal 42 1.50 1,55 1.61  1.74 1.90 2.01 L.72c
3 - 118 1.23 1.24 1.3 1.50 1.58 1.350b
4 - ¥ +2 .21 1.37 1.38 1.53 1.73 1.91 1.52a

]Va1ues-within a column followed by the same letter do not differ significantly

(P < 0.05).
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Table 12{a). Effect of source of supplementary dietary eneray
‘ component on_food conversion efficiency calculated
on_the basis of ingredients other than added cellulose.

‘Adjusted units'of food per unit of gain
D I E T ' '

Weeks _
- No. Starch " Fat Cellulose 0.1 0.2 0.3 0.4 0.5 0.6 Overall

1o+ Basal - 124 1.28 1.47 1.52 1.67 1.81 1.50a
S 2 o+ masal 4% 135 1.39 1.45 1.56 1.71 1.81 1.55a
3 - + - 1,18 1.23 1.24 1.36 1.50 1.58 1.35b
w4 + +2 1.07 1.22 1.23 1.37 1.54 1.71 1.36 b

-]Values within a column followed by the same Tetter do not differ sig-
nificantly (P £ 0.05).

x2The added cellulose waé not used in calculation.
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Table 13. Effect of source of supplementary dietary enérgy and

cellulose on metabolisable energy values.

: ’ L Ca]ories] per gram of diet
b I E 7T ‘ Weeks ,
No. Starch Fat Cellulose R 2 3 4 6
1 +2 Basa]2 - 3349 3652 3777 3608 3608 ¢
2 +  Basal + 2966 3148 3444 3177 3264 a
3 - T+ - 3252 3867 3933 3651. 3863 d
4 - + o+ 2591 3268 3556 2972 3349 a

TMeans in a column followed by different letters are significantly

different (P < 0.05).

2(+), (-), signifies present, absent, respectively.



Table 14. Effect of dietary source of supplementary dietary energy on metabolisable

energy values calculated on the basis of ingredients other than added

cellulose.
Adjusted energy~va1ues]1n
- calories/g of diet
D I E T Weoks
No.  Starch Fat  Cellulose 1 2 3 4 6 overall
1 +2 Basal -2 3348 3652 3777 3608 3608 ° 3596a
2 +  ° Basal .t 3298 3500 3830 3532 3630 3558a
3 - ; + - 3252 3867 3933 3651 3863 3713b
¢ - + 2917 ° 3680 4004 3386 3771  3544a

]Means in a column followed by different letters are significantly different
(P< 0.05). ' -

' 2(+);’(-), signifies present, absent, respectively.
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Table 15.

- Effect of source of supplementary dietary energy and
cellulose on final (sixfweek) adipose tissue weights.
D I £ T Grams of meén abdominal fat
No. "Starch Fat Cellulose. , (§1x-week)

B +2 Basal -2 C25.72 + 2,72
2 +  Basal + ' v 18.33 + 1.95
3 - s 31.79 + 4.55
4 - + S 19.68 + 2.89

]Standafd error of the mean.

2(+), (-), signifies present,-absent, respectively.
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3.3.4

Experiment 3 - Discussion .

The higher'body weight gains of chickens fed diets devoid of added
, qu1u1ose in cohparison.to those fed.dietsvincorporatﬁng added cellulose
indicate that 11 percent added cellulose has adverse effects on body
weight gain (Table 10). This finding is in accord with a ]argé body of
evidence in the literature. However, it is at variance with thbse of
-Morfis.gglgl; (1932), Davis and‘Briggé (1947, 1948), and.SaTto‘gg_gl,
(1959), that feeding moderate‘amounts of fibrous materials may increase
grthh and improve the uti]isatidn of food above that obtained on thé 1ow‘
‘fibre basal diet. The'éignificant difference’in tota]'bddy weight gain be-
tween the chickehs fed the high-fat ce]]u]ose-exé]uded diet and those fed |
the Tow-fat (carbohydrate-ﬁased), cellulose-added diet, appears to cbnfirﬁ
in principle the statemeﬁt made by Begin (1961) that the major effect of
cellulose when included in the diet without supplementary energy was a.
depression in growth. This appears to suggest that diets high in fibrous
ingredients should contain a high proportion of energy which cqu]d be uti-
lised for growth or production. Corn 0il is superior to starch in that it
contains the much-needed fatty acids while sfarch does not. Therefore..
chickens fed thebcorn oil-rich diets had the advantage of utilising the
.energy which.wou1d_have been expended in fatty acid biosynthesis for growth.
Hence,'increase in body weight of birds which were fed the fat-based |
cellulose-included diet overvthose fed the starch-based ce]ju1ose—inc1uded
diet, is understandabTe. The data on food conversion efficiency (Table

12) are in line with the concept as mentioned earlier that the addition

of high levels of fibrous ingredients to chicken diets depresses the
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efficiency of food utilisation. The evidence shows that within the
series relating to the source of dietary energy, the birds fed the

diets incorporating added cellulose utilised -more food for a unit of

body weight gain 1ﬁvcomparieon with those fed the‘diets containing no
added cellulose. The fact that the differences existed between the two
mean weekly va]ues w1th1n the starch based or fat-based ser1es, becomes
marked]y reduced or practically non-existent (Table 12a) when the values
are calculated to. remove the effects attributable to the added cellulose,
demonstrates the 1nf1dence of added cellulose (Fig. 4).

The mucosa of the gastrbintestina] tract acts as a barrier against
the entryAintb the'body of large molecules, which, if.absorbed, are not
well uti]ised-(White~g£ gl,, 1973). Hallsworth and Coates (1962) reported
. that high fibre diets'Caused'greater destruction of mucosal cells. This
action may explain the observed severe.depression of metabolisability
of'energy obtained with birds fed the diets 1ncorporat1ng'added-ce11u1ose.
As shown by.Fig,VS, the reductfon in magnitude or elimination of signifi-
cant differences between the observed (Table 13) and the adjusted (Table
14) mean metabolisable energy values, provides additional support for the
©oview that, at higher dietary levels added dietary ce]lu]ose depressed
metabolisability of energy. This finding is contrary to those of
Sibbald and Slinger (1960), Potter et al. (1960), and Begin (1961)
who reported cellulose to be inert in respect of its effect on metabol-
isable enerdy va]ues.

That'added dietary ce]]u]oee has a depressihg effecf on adipose
tissue deposition is shoWn by- the data presented in Table 15. A possible

eXp]anation for the observed higher‘values of mean adipose tissue weight
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obtained with birds fed diets devoid of added cellulose within the
series relating to supplementary energy source, appéars to be a pbssib]e
lowered energy intake. Halnan (1930), Robertson et al. (1948), and Wells
(1963) attributed a similar observation to the imposition of physical

limitation on the intake of digestible nutrients.
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| 3.4 The Effect of Residual Yolk on the Performance of Chicks

3.4.1 Experiments 4 and 5

3.4,1.1 Introduction

There is a wide variation among metabolisable energy values assayed
with chicks up to three weeks of age. Sibbald et al. (1960) considered
the influence of age on the metabolisable energy vé]ue of corn to.be
small and negligible for practical purposes. Bayley g}_gl; (1974)
»repofted the metabolisable energy values df,ten samples of‘répeseed meal
determined with both chicks and mature roosters to be equal.

On the other hand, there are reports that indicate that the metab-
olisable energy vaTUQS‘for some feed_ingredieﬁts and diets are higher.
for mature birds than for Chicks (Baldini, 1961; Young, 1961;.Carew
et al., 1963; Zelenka, 1968; Lodhi et al., 1969; March et al., 1973).

An attractive theory used to exp]afn the discrepancy dmong report%d_
‘metabolisable energy values of diets determined with chicks is therne
~implicating the residual yolk. Available evidence indicates that absor-
'ption of the yolk sac continues until about the 14th day fn the life of
- the chick (Zelenka, 1968). Sibbald and Slinger (19635 suggested that

the residual yolk might furnish the chick with a'significant supply of
nutrients for periods up to 10 days post-hatching. A significant.supply |
of thrients'from the residual yo]k would indicate that the.metabo1isab1e
energy values determined during this period wdu]d be influenced in accor-
daﬁce with the magnitude of contribution of_nutrfents by the residual

yolk.  Zelenka (1968) tested this hypothesis and published results that

indicate changes in the metabolisable energy values of diets within the
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first 14'days of the chick's Tife.

As the efficiency of utj]isation of’metabo1isab1e»ener§y is the’
prime concern of this phase of the study, two expekiments were conducted
to investigate the effect of residual yolk on thé metabolisable énergy '

values of a practical diet and on the survival of chickens.
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3.4.1

Experiment 4 - Materials and Methods .

Day-old broilers were distribﬁted at random into three groups of
twelve chicks each according to treatments which wére cohtroi, sham-
operated and surgical]y—aitefed. The sham-operated chicks had their
yo]k sacs brought outside'the body cavities, manipulated and returned to
position intact while thé surgica]]y;a]tered chicks had their yolk sacs
ablated through the following technique. Approximately 0.2 ml of pento-
barbitone (nembutal at a concentration of 60 mg/ml) was injected infrae
venoué]y into each chick. Thé anaesthetiied chick was placed back
agownwards with the vent quards the operated ahd was fastened to an oper-
.ating board by its legs and wings with elastic bands. After p]uckingl |
the down on théVabdomen, the chick was washed with an antiseptic solution.
The yolk sac was reached tnrough an 1ncisidn made into the skin and the
underlying muscles to the left of the centre line of.the abdomen. The
yolk sac was.brought out with forceps and:was ligated at the stalk before-
section. The.yolk sacs of sham—operéted chicks were brought out, handled .
and pushed back; The abdomina1.wa1Ts.of both tne yolk 5ac—ab1ated and
sham—operéted chicks ‘were closed by cotton sutures each passfhg through
the skin and the muscle layers. A topical antibiotic dressing was applied
to the sutured area. The operated chicks were put in a battery brooder
and no special treatment was necessary after complete recovery from the

anaesthetic which Tasted approximately two hours.
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The three groups oftintact and operated chicks were housed, accor-
ding to treatments, in electrically-heated, thermostatica]1y-contro11ed'
battery brooders with raised wire screen floors, in a we11-vent11éted,
temperature-controlled brooding room. One treatment group consisted of
two'rep1icates of six chicks each. A1l were fed thg same experiﬁenta]
diet, the composition of which is shown in Table 16. Food and water
were provided ad 1ibitum. Records were képt on body weight and fodd con-' -
sumption on weekly basis. Both‘food and excreta samples were analysed
for moisture, nitrogen and combustible énérgy according to methods»as

described for Experiment 3.



Table 16. Composition of experimental diet - Experiment 4

Ingredients | | Percent
Herring meal (72% CP; 3197 kcal ME/kg) ' o 21.3
Ground  wheat ' ' - 53.0
Corn starch . B | 19.2
Corn oil | ' ' ' 3.0
Limestone | | ' 1.0
Calcium phosphate | , ' | 1.5
Premix’ o ’ . | .0.5
Iodized'sa1t » 0.5

]Microingredients as described in Table 1.
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3.4.2

. Experiment 4 - Results
For the period of.1-21-day$ posthatching, there were no significant
differences in body weight gainS'betWeen the treatment groups. Table
17 shows'that in the first week the chicks without yolk sacs gained
sTightly more weight than.both chicks in the control and the sham-opérated
groups but thié feature was not shown'invthé second week. The final
body weights do not show any significant differences between treatment
groups. Fig. 6 gives the gfaphfca] representat{on of‘the trends in
growth rate. |
.Theke was a significant differencelin the overall efficiency of
food conversionvbetween>the control and'sham-operated groups on the one
hand and the group with yolk sdc§ removed on the other (Table 18).
Throughout the expekimenta] period, the chicks W1thdut residual yolk
utilized more food.per unit gain in body weight than either the contro]
or the sham-operafed chicks. Fig. 7 shows the trends relating to effi- -
| ciency of food utilisation that existed among the three treatment groups.
Data on the effect of trqatment.on'the metabolisable energy valués of
the diet are presented in Table 19. The:treatments emp]oyéd'had no
apparent effect on metabolisability of the diet. The siightly higher
metabolisable energy values obtained with birds without residual yolks
' compared with those obtained with the sham-operated birds provides
clear evidence that the surgery per se did not affect .the chicks ability
to metabo]1se energy
An interesting point brought out by the data (Fig. 8). is the
higher appa%ent retention value (2;53 g/100 g of diet) obtained with

the birds withoﬁt residual yolk compared to the 2.18 and 2.13 g/100 g
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Table 17. Effect of residual yolk on weekly body weights and total "

body weight gain.

Mean] body weight and weight gains (g)

Weeks '

Total

Treatment . ‘ Initial T 2 3 Gain
Control - 33 89a 2252 426a : 393a
Sham-operated =~ 3a  90a  226a 437a : 40da

Yolk sac removed 32a 93a 224a }4276 : . 396a

]Means within a column followed by the same letter do.not differ signifi-

. cantly (P g 0.05).
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Effect of residual volk on food conversion efficiency.

- Table 18.

Units' of food per unit of body weight gain

Weeks _
Treatment 1 2 3 Overall
Control 1.24a - 1.28a 1.47a 1.33a
Sham-operated 1.18a 1.31a. 1.40a 1.29a
Yolk sac remoVed 1.37a 1.49b 1.54a 1.46b

1

(P <

Values followed by

0.05).

different letters are significantly different
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Table 19. Effect of residual yolk on metabolisable energy values.

Mean] ME2 values (kcal/kqg)

. Weeks

Treatment ' ' : ] 2 | 3
Control o ~ 3402a 3673a 378%a
Sham-operated . 3348a _ 3625a 3776a
"Yolk sac removed ' 33%a 36354 : 3776a

]Means within a column fo]Towed by the same letter are not significantly
different (P < 0.05).

2ME : Metabolisable energy.
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with the sham-operated birds provides clear evidence that the surgery

per se did not affect the chicks ability to metabolise energy.

An interesting point brought out by the data on apparent nitrogen -

retention is the higher apparent retention value (2.53 g/100 g of diet)
obtained with the birds without. residual yolk compared to the 2.18 and
2.13 g/100 g obtained with the intact and the sham-operated birds, res-
| pectively, in the first week and the dramatic drop to practically the |
same level (2.39'9/100 g of diet) as that of the sham—operafed birds
in the second week (Fig. 8). vThe value for the birds without residué]
yolks rose as sharply as it had dipped reaching a level of 2.68 g/100 g
of diet, the highest of the fﬁree vé]ues'in the third week. Both the
intact and the sham-operated birds showed a gradual rise in apparent
nitrogen retention from the second week and by the third week, both

groups had reached the same level of apparent nitrogen retention.
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- 3.4.3

Experiment 4 - Biscussion

The data bn body weight gain reported here (Table 17) indicate
c]early,ﬁhat residua]’yoik has no effect on the groch rate of chickens
to 21 days of age.  Since the higher mean body weight gain of the chicks
without yolk sacs did not differ significantly from the mean quy weight
gains of the other treatments in the first week and since the lead in
weight gain was-Tost in subsequent weeks, further discussion on this
'obsérvation does not appe&r Warranted. The lack of significant differ-
ehces in mean overall body weight gain justifies thé above conc]usfon.
The.c]osehess of the mean body weight values of each of the three
treatment groups is 111Qstrated in Fig. 6. Residual yolk apbears to
haVe.efféct on the efficiency of food convefsion as demonstrated by the
consistently poorer food conVersioh_vaTues obtained with birds without
residual yo1ks and the consistent lack of significant differences between
the intact and the sham-operated birds, the yolk sacs of which groups
were not rémoved. It.is surprising that the differences in food con-
version efficiency amonq the treatment groubs in the first week did not
reach the five percent statistical signfficance level. There is no
obvious explanation for the better food conversion efficiency values
~obtained with the sham-operated chickens over those of the intact groups.
However, it appears the surgical treatment must have stimulated some
.growth in the first week.‘ Evidence to support this suggestion is pro-
vided by the fact that the birds which had undergone surgical treatment =

gained a s1ightly ‘higher average weight than the intact birds (Table 17).
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~ This stimu]afed growth.which can logically be expected to be‘compen?
safory in nature muét have been accompanied by é rapid turhover of
nutrients in the first week. The sham-operated; Qithout Toss of tissue
compared to fhoSe with yolk sacs removed, under such stimu]atioh may
have utilised food more efficiently. A similar response could have

- been shown by the birds with yolk sacs removed bUt the loss of tissue
would militate against achieving the'same ratio Obtafned_by the sham;
operated group. The narrowing of the gap in food conversion'ratios
between the birds with ye1k sacs removed and the intact birds (Fig. 7)
appears to indicate a trend towards "normalisation" of physiological
processes.

The Observed‘higher apparent nitrogen retention value (Fig. 8)
obtained with the group of chicks without residual yolks and which also
had the highest body weight gaih in the.first week is consistent with
the fact that there is a positive correlation between rapid growth rate
and nitrogen retention. The difference in the apparent nitrogen reten-
tion between the intact birds and those with yolk sacs: removed could
probably be explained on the following basis. There is evidence that
although the_y01k sec is connected directly with the 1ntest1ne,.there'is
little or no movement of material via this route even after hatching and
that the residual yolk is absorbed through the yolk sac membrane and
trdnsported to. the tissues by the omphalomesenteric vessels (Fritz,
1961). The residual yolk is rapidly utilised by the bird within five
days (Freeman, 1965). In the absence of information on the.utilisation
of nutrients derivab]e from the residual yolk qualitatively and quantit-

atively, the possibi]ity should be considered that the end-products may
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be High1y nitrogenous in nature and this could add to the normal
nitrogenous excretion to bring down. the value of apparent nitrogen
retention. | |

Zelenka (1968) found the metabolisable energy values of the diet -
to increase rapidly during the first days after hatching, stabilise
about one week of age and increase again until two weeks of age; a
finding»which the data of this experiment (Table 19) would generally
tend to .support. However, it does not agree with the observation of
Sibba]d’gﬁ_gl,-(1960) who, aftef a series of experiments designed to pro-.
vide-furthér information on the age of birds.on metabolisable energy |
ya]ues of corh, concluded that there were no significant differences
between ages (2 weeks to 16 ménths) within diets and suggested that if
age differences exist, they are negligible for all practical purposes.
It is worthy of nbte thaf their determinations did not cover the metab-
vo]isabTe energy values for one week‘post—hatching. Removal at hatchihg
of the residual yb1k did not have any significant effect on the chfcks
ability tQ metabolize energy, an important observation fn view of the
fact that discrepancies in metabolisable energy values in the first.
.seven to ten days post-hatching have been explained on the assumption
fhat the residual yolk supplies nutrients in amounts significant enougH
to affect metabolisable energy values (Sibbald and Slinger, 1963; and
Zelenka, 1968). | |
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3.5 Effect of Residual Yolk on Survival of Chicks

3.5.1
- Experiment 5 - Introduction

The purpbse'of this experiment was to test the hypothesis that the
residual yolk furnfsheé chicks with a significant amount of nutrients
for a period as much as 10 day5~éfter hatching. "If this assumption were
true, chicks whose yolk sacs had been:removed within a day of hatching
and without access.to food, would be expected to die in a significantly
shorter time ‘as comparedbto those with intact yolk sacs but also deprived

food.

3.5.2 _
‘Materials and Methods

The experimental procedure was the same as in Experiment 4. The
only difféfences were that White Leghorn males were used and that the
chicks were not fed throughout the test which lasted eight days. "Al1 the

chicks had access to water at all times.

3.5.3
Results -

Table 20 Summarizes the resu]ts-of the éffect of yolk sac on the
Tivability of starved chicks. There was no mortality in the intaét
control Qroup in the first five days of the experimental period. Two-
thirds of the control group died on the seventh day. The rest died on
the eighth day. Most of the mortality among the sham-operated group
occurred on the sixth day whén 23 out of a total of 32 died. The longest

period reached by chicks for this group was 8 days as it occurred in the



Table 20. Effect of yolk sac on the survival of chicks.

"~ ‘Days mortality eccurred

Treatment 1 2 3 4 5 6 7
F_Contro1 no. of birds - - - - - 3 16
Sham-operated no. of birds - - - 1 2 23 5
Yolk sac removed no. of birds 2 2 2 < 3 17 2

]Tota1 number of chicks on each treatment:

Control - 24
Sham-operated - 32
Yolk sac removed - 28
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case of the control chicks. With the exception of the fourth day,
mortality occurred on each day for the seven days that was the duration
for the group without yolk sacs. Seventeen of the total of 28 chiéks
withodt.yo1k sacs died on fhe sixth day.

Fig. 9 represents the trend of mortality among tﬁe three treatment

groups.
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3.5.4

Experiment 4 - . Discussion

The observation that mbrta)ity Was severest on the sixth and‘sevehth
days for the SUrgica11y—manipu1ated and the intact birds respective1y |
afgues againsf a major role for . the resiaua1.yolk in supplying
' ‘significant amounts of nutrients in the first few days after hatching.
THe observed.heaviest mortality occurr{ng on the same déy.(the fifth
day). for the surgically-altered birds'(Fig.'9) might be associated with
the effect of surgery. It is difficu]t to reconcile the finding in the
present paper that residual yolk does noﬁ furhjsh chicks with a signifi-
éant amount of nutrients during the first week after hatcﬁing to the
| observation.of Zelenka (1968) that by the fﬁfth day post-hatching the
yoTk sac_had Tost 13.71 kcal represenfihg about 85 percent of its 15.4
kcal of‘energy af hatch. The‘concept_that fhe residual yolk supplies
signfficant amounts of nutrients_during the early days has been based
' upon an observed fluctuation in metabolisable energy values in the
first week. Interpretation of results of stﬁdies on nutrient utilisation
in the newly-hatched chick has to take into account the fact that at
hatch the chiéks ébi]ity to dfgest food is not fully developed and
“that subsequént development of the ability to digest food and absorb
1 nutrients is largely accountable for the rise and stabilisation of

nutrient utilisation. from the second week onwards.
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3. PART 2 THE AVIAN CAECA AND EFFICIENCY OF UTILISATION OF

DIETARY ENERGY AND PROTEIN

3.6 The Role of the Caeca in Energy and Protein Metabolism

- 3.6.1 ,
Experiment 6 -  Introduction

The presence of a large bacterial popd]ation in the avian caeca
and extrapolation of the feature§ assdciated with bacteria—host'symbibsis
in ruminants and‘othér animals to the domestic chicken continue to prompt
sporadic investigations into the role of.the avian caeca in the utilis-
ation .of dietary nutrients. These investigatfons have failed to estab-
Tish a characteristic function for the caeca of the domestic chicken.
There is stronger evidence to support fhe hypothesis of ce11u1o1ytic or
proteolytic functions for wild birds than there is for domestic chickens.
Recent studies by Thompson and Boag (1975) of the utilisation of dietary‘
:energy by intact and caecectomized Japanese quail showed that the

caeca coniributéd 5.7% of the daily energy requirement. In a previous

study; Fenna ahd Boag (1974) concluded tHat the major function of the
caeca 1s to retain nutrient-rich ingesta for further digestion and absorp-
tion while allowing the bulkier cellulose material to be excreted more
rapidly from the qut.

The thedry which suggests that microorganisms in the caeca of the
domestic chicken are a source of cellulolytic. enzymes which would enable
| fhe chicken to obtain some nutritional value frdm dietary fibre (Nitsan

and Alumot, 1963; Thornburn and Willcox, 1964) has not gained wide
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acceptance. McNab (1973) doubfs whether such a process, if it occurs,
would be of any nutritional significance fo the chicken.-.Nitsan and
A1umotv(1963) reported that caecal proteo1ys1s compensated in some
degree for inhibited proteolysis in the small 1ntest1ne when raw . soy-
bean meal was fed to intact and Caecectomized birds. There was no dif-
ference, however, in nftrogen uti]isation when heated soybean meal was
fed. Caecectomy did not appear fo affect the nitrogen excreted in the
~ experiments of Nitsan and Alumot (1963). Barnes and Impey (1972, 1974)
| Have reported that many different typee of caecal anaerobes are capable
of breaking down uric acid.: What this may have on the nitrogen economy
of “the bird is unknown. | _ |

The absence of a well-established function for the caeca of the
domestic chicken underlines the need foriresearch in this area as it is
absurd, from the te1eo1ogicel viewpoint, for the domestic chicken to
possess an organ of this size that ha§ no characteristic function.
This view suppofts Mattocks' (1971) contention that selection pressure
against possession of an organ with no function might be expected to
cause the organ's extinction and that an organ with a blind end such as
‘the caecum would be particularly 5uscept1b1e to parasitic invasion
resulting 1n'd fata],peritonitis.

The paucity of information as indicated above and the re1evance.of
the concept of caeca-mediated nutrient utilisation to the topic under
' 1nvest1gat1on prompted the fo110w1nq experiment using intact and caecec-
tomized chickens to 1nvest1gate the effect of the excision of the caeca

on- the utilisation of dietary energy and protein.



93

13.6.1

Experiment 6 - Materials and Methods

Nine-week-oTd New Hampshire chickens each weighing approximately 800 g
were caecectomized. Food was withdrawn from them.at 1ea$t 18 hours before
the operation. THe chicken was tied to the opefation board with elastic -
straps so thét its ventral part was up and toward the'opérator.- Sur-
gicai anaesthesia‘was induced with pentobarbitol sodium (Nembutal) and
~ether. An average of 0.4 ml of Nembuta]-(60 mg/h])'was stowly injected
1nto.the wing vein untilthe chicken lost -consciousness. The 18-gauge
needle used was pointed toward the body and nearly parallel to the wing
as it was inserted. The operation lasted about twenty.minutes per
chiéken and in some cases the amount of Nembutal administered was 1nade;
quate for this length of time, therefore ether was used as a standby .
anaesthetic. A bottle containing ether-soaked cotton wool was p]aéed
arouﬁd the head of the chicken for a few seconds until the chicken
showed signs of sedation. |

The caeca were reached through a 2.5 cm-Tong longitudinal incision
made into a deplumed area (about 5 cmz) of the skin'and into the abdom-
inal wall muscles in tﬁe left ventral-lateral (postventer).region'Z.S
cmvfrom'the midTine and 2.5 cm anterior to the vent. The peritoneum
was torn with forceps and the distal portioﬁ of the intestine with the
. caeca was carefully brought outside thé body cavity with a blunt probe
whereupon the cervix of each caecum Was Tigated and held with a haemostaf

before excision was made with scissors at the ileo-colic junction leaving
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a 5 mm stump for suturing.‘ One caecum was excised and the stump
sutured before the other was touched. |

A modified purse-string suture was used to ciosé the circular
opening of the stump using a surgical silk (No. 4/0) and a 3/8 circle
round bbdy surgical needle. The sutufé was passed in and out around
the circular opening and the two ends of the suture was drawn tight.

The need1e‘was then drawn béck_thrdugh the stump and the thread was

. wrapped a few timeé,around it before the needle was driven through oﬁce
more for a surgﬁcai square knot to be made. The caecal part of the
“intestine was then put back in p}éte and the wound was sprayed with an
antibiotic preparation, V—Sporinf (trade name for a topical antibiotic
. manufactured by_we11come Division of Agrco Pharmacy Ltd;,;Lasa11e,
P.Q.).

The layers of muscles were stitched by a method similar to the
mattress suture using a 1/2 circle cutting surgical needle. The suture
was continuously applied béck and forth tﬁrough both edges of the wound.
The modification was necessitated by én observatibn made previously that
the straight pursefString suture tore off as a result of pressure exerted
by the digesta. The two edges of the skin were brought togethér_and
clipped with 18 mm'wound.cTips. The wound of the muSc]e and skin was
sprayed with V-Sporin* before the chickens were th back in iheir cages
~and given the necessary post-operative care. The suture clips were
removed seven days after thé operation, except in twb cases where
removal was effected ten days after the operation.

Caecectomized and intact control birds were méjntaihed on a 17%

protein diet for the ensuing 11 weeks. The abi]ity of the birds to
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- ufi]ize nutrients from two different diets was then determined. The
~composition of the diets is shown in Table 21. Diet 1 contained 19.2%
corn starch. Diet 2 contained 8% corn oil and 11.2% ground cellulose

in place of corn starch and was isoca]oric and isonitrogenous with

‘Diet ]; Each diet was fed to six intact and six caecectomized birds

| during succeséive threé—week periods. Feed consumption and total ”
excreta voided by the individual birdé were measured during the last
three days of weeks 1, 3, 4, 5 and 6. Metabolisability of the diets

" was determined for each Week. :The‘mefhod used is the one of_quantitativé
.feeding and collection of excreta énd bomb calorimetry. Protein utilis-
ation was evaluated by measuring nﬁtrogen retention; apparent nitrogen
absorption and‘uric acid'excretioﬁ.

Total nitrogen was determined by the macro-Kjeldahl method. The
procedure for uric acid determination was a modification of the method
described by Pudelkiewicz et al. (1968). Samp]es of‘fine1y qround excreta
were: extracted with 50 m] of 0.5% 11th1um carbonate, in a 250 ml vo1umetr1c
flask for 30 minutes at room temperature with constant shaking of the
flasks. The flasks were then made to 250 ml with distilled water. and
mixed thoroughly. Approximately 10 ml of the extract was centrifuged
for about ten minutes and 0.25 ml of“the Supernafant was analyzed for
uric acid concentration usiﬁg a modification of the prdcedure described
iby Practoribus (1965). Faecal éxtract obtéined as described above was
used ‘instead of plasma, 0.25 ml of supernatant of the extract was.added
to 2.75 ml, 0.1 M glycine buffer (8.06 g glycine + 14.2 g sodium hydroxide per .
1itean9-3)-. A uric acid standard was included to check accuracy. Uric
acid concentration was-read at 292 my on an ultraviolet spectrophbtometer..

(Unicam model SP 1800).



~Table 21. Composition of diets fed to intact and cacecectomized

chickens.
- DIET
Ingredient 1 ' 2
| %
‘Herring meal | 21.3 - 21.3
Ground wheat 53.0  53.0
Corn oil o ‘ 3.0 11.0
Corn sfarch | 19.2 -
Ground ce]Tu]ose < - 1.2
~ Bonemeal | _ _ 1.5 1.5
Limestone _.' . 1.0 1.0
lodized salt | 0.5 s
Micronutrients] 0.5 | 0.5
' 100.0 100.0
% Protein 2.0 - 24.0

]Micronutrients_as listed in Table 1.
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:Considerihg the fact that the caeca are areés of high micro-

‘bial activity, it was oftinterest to ascertain whether there was
any difference between .the intact and. the caecectomized chickens in

the proportion bf_the excreta due to bacteria.: To achieve this objec-
tive, the bacteria were separated_mechénica11y using the following
procedure. ’Fresh1y voided excreta from individual birds was collected,
thoroughly mixed, and an average of O,5'g'of sample was weighed and
placed in a 50 ml centrifuge tube. .To this 49.5 ml bf distilled water
“was added and the sampTe was thordugh]y mixed and spuﬁ'in an MSE
Angle Centrifuge at maximum speed for ten minutes. The supernatant

was removed and the sediment was p]aced in a dilution bott]e containfng'
| about 60 ml distilled water. Glass beads were added and‘the.bott1es
were shaken for 1 hour on an aéjtator. The mixture was filtered
through four layers of cheesecloth onto a 50 m]l centrifuge tube. The
filtrate (about‘40 ml) Was,spun as mentioned earlier. The supernatant
was rembved'and the remaining solids which éonétitute.a crude bacteria
cdntent of the excreta were weighed and dried in a vacuum drye?. The
bacteria cohtent as a percentage of a pre-dried excreta sample was

then ca]cu1ated;
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3.6.2 | Results

The metabolisable energy values obtained for the diets when they
were'fed:to the intact and caecectomized birdé are given in Table 22.
These values have been corrected for nitrogen retention. Diet 1 was
utilized with practically the same efficiency by both groups of birds.

A similar. picture emerges for Diet 2 which contained added cellulose,

. higher fatllevel and no corn starch. Significant differences in meta-
bolisable enengy values between Diet 1 and Diet 2 were hoted. Higher -
metabolisable energy values were obtained on Djet 2. The ME values
obtainéd with intact chickens were always slightly higher than those

of caecectomized chickens on hoth diets but the differences were not
statistically significant.

Tab]e»é3 suhmarizes the result of uric acid excretion (as measured
by uric acid concentration) in the faeces. The results in respect of
Diet 1.were variable. In the first week the intact birds excreted more
uric acid than.the caecectomized birds but this situation changed in the
third week. The results for Dief 2 were more consistent. The intact
birds excreted more uric acid than the caecectomized birds.” The differ-
ences, howevér, were not statistically significant. The percentage of
1ngesfed.nitrogen és‘Uric aéid (Table 23) also followed a pattern similar
to that of the uric.acid concentration.

The nitrogen balances of tﬁe chickens for the period over which
‘collection was made'are'presented in Table 24. With the exception of the
third week, the nitrogen retention in the caecectomized chicken was

s]ﬁght]y higher than that of the intact chickens as was the case for uric
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Table 22. Metabo]isab]e energy va]ues]’of dﬁets.

(corrected for nitrogen-retention).

“Age of o
‘ chickens Intact ' Caecectomized

Diet . in weeks kcal/kg kcal/kg

| |
(Cornstarch) 21 ‘ 3345a : 3325a
23 3350a - 3305a

2 | |

(Corn 011 & ‘ 24 : 3535b ' - 3530b
Cellulose) = 25 _ 3520b . 3515b
26 3520b ~ 3510b

]Values not followed by the same Tetters differ significantTy (P< 0.05)
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Table 23. Uric acid concentration in excreta by intact and

caecectomized chickens.

Age of
' chickens
Diet in weeks Intact Caecectomized
AN %! %2
1 .
(Cornstarch) 21 8.4 22.0a 7.7 20.0a
23 - 13.7 36.2b 14.3 38.0b
2 .
(Corn 0il & - 24 8.4 28.8c 7.8 25.0c
Ce]]u]ose) 25 - 10.3 33.7d 10.0 32.6d
26 10.7 34.9d 9.5 31.1d

]% in excreta, dry matter

basis.

2% of ingested N excreted as uric acid.

comparisons are between intact and caecectomized groups within diets
and values followed by the same Tetters do not differ significantly

- (P< 0.05) -
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Table 24. Apparent Nitrogen absorption (expressed as a percentage
of nitrogen ingested) by intact and caecectomized chickens.

Intact Caecectomized

- Diet . Age of
chickens _
in weeks % absorption % absorption
o - . .
(Cornstarch) . 21 64.3 + 3.42 63.5 + 2.13
| 23 66.9 * 1.89 65.6 + 1.17
2 _ _
(Corn 011 & 24 70.2 £ 0.47 69.0 + 3.14
Cellulose) 25 65.9 + 2.63 . 68.4 £ 5.90
+ 0.81

26 70.9 = 3.24 69.2

]Standard error of the means.
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showed no clear trend as Table 24 shows.' It is interesting to point
out that the birds were still gaining weight (Table 25).
The intact birds voided faeces which contained significantly
,'(Ri 0.01) more bacterial residue than did the caecectomizéd birds.
As can be seen fhom Table 26, the range was from 15.6 to 30.5 (mean:22.5)
among the intact birds, while the values for the birdsvwithout caeca

ranged from 9.87 to 19.00 (mean:13.6)(



Table 25. Body weight gains of individual chickens.
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Intact ..

420

Caecectomized
g % gain1 g % gain
551 19.3 398 16.8
n 0.4 408 16.3
739 321 531 24.0
310 ' 1.2 424 17.7
187 7.4 388 14.6
264 10.5 368 17.2
Mean 344  13.7

17.7

]Differences,between body weights‘at,Zl and 26 weeks of age.
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Table 26. Bacterial content of excreta of individual chickens,

‘percent on_a_dry matter basis.

Intact | Caecectomized
% oy

17.9 137

22.8 | 99

30.5 o | 19.0

25.9 | N2

15.6 14,3
Mean' 22.54 | 13.6b

]Mean value followed by different letters differ significéntly (P< 0.05)
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'3.6.3 Discussion

The metabolisable energy values (Table 22). show-that metabb]isa-
bility of neither diet was altered by caecectomy. The energy required
.by the chicken is derived from carbohydrate (mainly amylose and amylo-
pectin), lipid and protein cdmpbhents of'the‘ingested food. The digestive -
tract without the caeca is anatomically endowed to carry out the processes
of digestioh and‘absorption which means that_the absence of the caeca will
not significantly alter this attribute. The absence of the caeca may cause ,
an abnormal proliferation and 1ncrease'pf microorganisms in the small in-
testine. Jayne-Williams and Fuller (1971) suggested that the presence of
microorganisms and/or their metabolic products causes increased thickness
of the intestinal wall and a reduction in the absorptive efficiency of the
sma]]nintestine. On this premise one would expecf the paecectomized
chickens to uti]isé hutrients less efficiently. However, the results of
this investigation do not show that. The lack of significant difference
between intact and caecectomized chickens in respect of their ability to
metabolize dietary energy is an experimenta1 evidence which providés an
indirect'support to the %1nding that the presence of a microflora has little .
'effect on amy]aée activities fn different sites invthe fowl's alimentary
tract (Lepkovsky et al., 1964).

The results of this experiment are not in agreement with those obtained
by Radeff (1928), Henning (1929) and Thornburn and Willcox (1965) that
there is miCrobiaT_digestion of fibre in the caecum of the domestic chicken.

Even if some bacterial digestion occurs in the caecum, it probably plays an
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insignificant part in the metabb]ism of the host chicken compared'to '
that:occurring in the caeca of the wild bird where it represents 5.7% of
the daily energy requirement (Thompson and Boag, 1975).

The higher metabolisable energy values obtained for the diet which
contained corn 0il as the major source of dietary energy (Diet 2) agree
with va]ﬁes reported by'other workers who substituted cofn oil for carbo-
hydrate (Donaldson, 1964, 1966; Donaldson et al., 1957; Rand et al., 1958;
Carew and Hi]T, 1964; Dror et al., 1973). The observed higher va]ﬁes for
'Dieﬁ 2 can also be explained on the basis that by the time this diet was
fed, the age of the chickens had increased and that their digestiye tracts
nad been more developed to cope with bulky digesta. |

Many of the types of bactefialinhabiting the caeca utilize uric aqid
and since uric acid.is the primary,nitrogenoué excretory product formed
in the avian specjes, the possibility was considered that removal of the
caeca might increase the amount of nitrogen excreted as uric acid. The
data shown in Téb]é 23 show that there was no appreciable effect of the
removal of the caeca on the amouht of uric acid ex;reted.‘ This was true
whether the amount excretéd was calculated as aypercentage.of the ex;reta
or relative to the amount of nitrogen ingested. The values of the excreta
. nitrogen expressed as a percentage of the nftrogen.consumed by thé Confro]
group in this study (20-36%, mean 31%) are analogous to those (20-25%,‘
mean.23%) reported by Featherston and Scholz (1968) who fed a diet containing 
a similar 1eVe1 of protein to cHicks from day-old to 10 days of age. The
percentage of ingested nitrogen excreted as uric acid increases with age

(Featherston and Scholz, 1968) and this may explain the difference between

‘the two means. In Table 24 the apparent absorption of nitrogen has been
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estimated as the sum of uric acid nitrogen and retained nitrogen. It

Wi]] be seen that there was no difference between the intact and the
caecectomized chickéns in the apparent absorption of dietary nitrogen.'
Although the chickens were 20 weeks of age, they gained weight during the
test (Téb{e 25). The significantly reduced average percentage of bacteria
in the.excreta from the caecectomized»chickens (Table 26) appears;to be

of consequence. Since there wés Tess loss of nutrients via excreted bac-
teria in the Caecectomized, it was 1ogiéa1 to expect some.compensatory
increase in the loss of nutrients via other route. Similar fesu]ts have
been obtained with germ-free compared with conventional animals. It might
be expected that germ-free animals would show less excretion of faecal

_ nitrogen than do conventional animals. The reverse situation, however, has
been shown to occur. Under the dietary conditions of the present experiment,
the caeca did not appear to be essential for maximum utilisation of energy
and protein. If there are advantages associatéd with the presence of the
caeca, they must have been counter-balanced with éome’disadvantagés. It

js tentatively suggested that the ba]ancé is between bacterial and éndog-
énous protein and amino acids with Tittle effect on absorption of ingested

nutrients.
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3.7 REGROWTH OF THE AVIAN CAECA FOLLOWING CAECECTNMY
3.7, -
Experiment 7 - Introduction

Caecectomy has been employed extensively as a means of studying the
role the caeca may b1ay in the nutrition and physiology of birds, particu-
larly thé domestic chicken (Sunde gz_gl,; 1950; Beattie and Shrimpton,
1958§ Nelson and Norris, 1961; Nitsan and A]umbt, 1963; Fisher and
Grimiﬁgér, 1966; Barnes, 1972;‘Kese and March, 1975). A]though several
~articles appear in the Titerature concerning the méasurement of various
physiological parameters after caecectomy, re]ative]y few discuss oper-
ative procedure and post-mortem observations. Surgical ablation of the
avian caeca is attended by some problems not the least of which is that
of certainty of completeness Qf the ektirpative procedure. The omission
of descriptive of the surgical process, particularly the completeness of
caecectomy does not allow one a common base fof valid comparison.of
surgical treatment and data.

“Internal orgéns react differently to removal of different.amounts
of their tissue (Liozner, ]974). Studies on adult developmental pfoCesses
point to a remarkable ability of animals to replace portions of tissues
or organs removed by Surgery. There are no tissues fn_the bodies-of
warm—bjoodéd verfebrates which are not capable of repairing localized
injuries and in some cases (e.qg. fracture‘hea11ng, feather and hair
reéeneration, or the restitutfon of the urinary bladder), the response
may involve high degrees of histological morphogenesis (Goss,'1965).}

. Adaptive morphological and functional changes following resection of parts
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of the alimentary tract are well documented in éurgica] and medical
Niterature (Wickborn et al., 1975; McDermott and Roudnew, 1976)..
The findings, cited previously, underline the need for studies
invo]ving biopsy and autopsy of caecectomized birds. This section of
the'étudy is concerned with‘the major gross and microscopic anatomy

observed on autopsy.
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3.7.2 o Materials and Methods

The materials and methods are essentially as described for exper1¥
ment 6 because the chickens involved in this study are the same chickens
used'to'study the role of the avian caeca in the utilisation of dietary

energy and protein.

7.3 Results

(93]

The birds-weré éutopsied 85 weeks after caecectomy and the'élimentary>
iract wés examined. As shown 1in Figs; 10 and 11, the four surviving
caeceéctomized birds had regrown their caeca to varying lengths. The
| regrowth rangéd from 17 to over 40 percent of the length of the caeca
in the unoperated chickens (Table 27). Trunk sections_from the midzone
of each caecum of both the caecectomized and unoperated chickens showed,
on histo]ogica].éxaminatjon, that regeneration of the caeca had occurred
asAevidenCed by the presence of most of the elements that constitUte.the
basic structure of the caecum, nqmely, the serosa, the muscularis externa,

the submucosa, the muscﬁ]aris mucosae, and some glands (Fig. 12).



111

Fig. 10. Regrown caeca from 85-week-01d chickens caecectomized at 9
weeks of age and caeca from unoperated chickens of the same

age. First three on the left - caecectomized; the next five
- unoperated.
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Fig. 11. (Left) Regrown caecum from caecectomized chicken, and
(right) caecum from unoperated chicken.
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Table 27. Length of dintact and regrown caeca.

Control Caecectomized
Bird : cm
1 21.6 4.0
2 ' 23.4 _ 4.1
3 23.7 ' 8.6
4 | 24.1 | 10.5

5 ' 24.5 -
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Fig. 12. Transverse section through the mid~caecum.

top: regrown caecum; bottom: intact caecum.



115

3.7.4 Discussion

Studies on the role of the caeca in avian nutrition or physiology
have, so far, failed to,estab]ish‘a function for this organ. In the
light of the fact that regeneration of tissues or organs is not a rare
phenomenon, it is pertinent to make the fo]]owing comments in an attempt
‘to exp]aﬁn what could cause some of the discrepancies existing in the |

literature on the performance of caecectomized chickens. The absence
of precise descriptions of excision methds in experiments involving
caecectomy allows for variation in»methods, particularly with regard to
the amount of residual tissue. The presence or absence of residual’
tissue is likely to influence the healing of the surgical wound or the
regeneration of the organ. The observed regrowth of the five millimeters stump
in this study (Table 27) underlines the importance of this point. Figs.
10 and 11 indicate clearly that a piece of tissue or organ inadvertently
:or purposely left in situ is likely to stimulate some form of regrowth
or reparative'regeneration.. Such a situation is 1ikely to distort |
results.

Ability to regenerate lost orgahs has been reported to decline
with age. Compensatory regfowth or regeneration of an organ, if they
do occur, w111'be faster in younger than in older chickens. Adaptﬁve
morphological and functional changes will be quicker in younger chickens
than in.older oneé. This raises the question regarding the age at which
the occlusion of an organ will make the most significant impact. - When

an organ is removed very early in life, probably before it begins to .

function effectively, it is likely that its (possible) function will be
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taken over by an organ of homologous tissues. If, on the other hand,‘
the organ is removed later in life, it is probable that a different
result would -be produced. Comparing physiologic 1nd1§es of birds
caecectomized'at different ages in life appears thefefore fo be a
probable source of variation in the résu]té. -It is important to bear
in mind the rapidity with which hypertrophy and/or hyperplasia which
lcharacterize the'phenomenon of tissue repair or regeneration takes p]ace;
In the chicken, regeneration and restoration of functionality may be
comp]ete>in one month (Beattie énd.Shrimpton, 1958). Nine weeks, the age
at which the chickens involved in this study were caecectomized, represents
a sfage at which the birds are in active growth (Tab]e 25) and their cells
were still very versatile to undergo all the developmental processes
associated with tissde regrowth. Evenlin,the adult stage, the avian
caeca may undergo deye]opmenta] aajustment to meet functional requirementsf_
In:the Japanese QUai1, for example, it has been well documented (Fenna
and Boag, 1974) fhat changes in some physical attributes Qf food and in
‘the rates of fpod consumption resulted in changes of the morphology of the
caeca. Larger volumes of food ingested per day produced significant
increases in caecal lengths. | |

.It is unfortunéte that the design of the experiment béing reported
did not offer the opportunity of observing the onset and the Fate of
regrthh of the caeca. Such information would He]p elucidate similarities
or differences in response criteria existing between the intact and caecec-
tomized chickens of this study. |

In'cdnclusion; it must be restated that pFoof of a physiological

rd]é(s) for the caeca of the domestic chicken has been elusive for the



117

'fo11owing reasons:

a) Difference in experimental methods - variability in excision.methods;
failure to ascertain occurrence or absence of regrowth,

b) Possibi]ity bf restoration of function - sharing of functional load;
functional shifts to ce]]é of homo]ogous tissues, and

| c) Variation fn age of birds involved in the different studies.
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4. - GENERAL SUMMARY  AND CONCLUSIONS

The research which forms the subject of this disserfation has
considered many implications of the use of dietary fat as a supplementary
source of energy for broiler chickens. The level of dietary fat and the
substitution of fat for carbohydféte_ca]ories at varyingvpfotein levels,
havé been'eva]Uated in terms of growth performance, food conversion
efficiency, metabolisable energy and nutrient uti]isation and abdomihal
fat deposition. Hypotheses considered pertinent to an in-depth treatment
of the topic under investigation were developed and/or tested.

The first Seven weeks in the life of a broiler chicken représent a
'period in which the requirements for balanced protein and.other nutrients
:are most critical (Scott et al., 1969). It is reasonable to expect that |
responses to stimuli induced by dietary treatments would be maximé] during
this period. Tﬁesevfesults_show that the incofporation of fat in the diet
did not have any specia] effect on the growth‘of, or tﬁe utilisation of -

. energy by; broiler chickens. This finding is in agreement withva number

of other'reports on chickens (Bégin; 1969; Velu and Baker, 1974). ABegin
(1969) reported that chickens of the three breeds which he studied used
fat and carbohydrate calories with equal efficiency and thatvno bene-
ficial or deleterious effect was associated with the replacement of _
‘carbohydraié by fat calories. However, the finding of this study differs

- from others in which dietary fat per se was found to improve the efficiency
of energy uti]iéation'by turkeys. '(Touchburn and Naber, 1966; Halloran

et al.; 1972). Breed differences have been noted among chickens in the
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efficiency of nitrogen and energy utilisation regardless of the source
~of calories (Begin, 1969) and, as Salmon (1972) pointed out, a species
difference in the he]ative efficiency of utilisation of carbohydrate
and fat energy 1s'¢onceivab1g. |
| Summers et al. (1964) cqnsider enefgy as one of the most important

factors to consider in the evaluation of nutrients on account of its
influence on food_intake. Factors such as dietary energy concentration
and ba1anéé between amino acids are probably in the forefront as far
as food intake-limiting factors are concerned. The ihportance of consider-
- ing not only the level of energy but also the calorie to protein ratio';'}
of a diet has been emphasized by Biely and March-(1954), Donaldson et al.

(1955), Scott et al. (1969). Anothér.factor, othér than the Tevel of
| energy or protein or the ratio between'them, is the balance between amino
écids It has been demonstrated that an- 1mba1ance (Harper and Kumta, 1959,
'VF1sher and Shapiro, 1961); excess (Almquist, 1954) or deficiency (March
~and Walker, 1970; March_and Biely, 1972) in amino acids résuTts in marked
depression in food intake. An earlier observation that the detrimental
effect of 1hcorrect energy:protein re]atibnship could be a]]éviated'by
1mbroving‘the ba]ance of amino acids in the diet (Hi]i and Dansky, 1950)
. established the 1mportance.of energy and amino acid balance 1n-the evalua-
tioh of nutriehts or diets.

It s 1mportant to point out that in interpreting the results of

the present study congnizance shou1d be taken of the fact that fish meal
_was the principal source of protein. As such it was possible not only to
provide a good supply of essential amino acids but also to maintain a

constant balance between amino acids as the protein level increased.
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Lipdgenesis in the domestic chicken involves thé Conversion of
acetyl>COA to fatty acids'in the cytoplasm (Anniéon, 1971); but the‘
pyruvafe'formed frOm'§1ucose, a major fat'précursor in the bird, gives
rise fo.étety] CoA in the mitochondria. 'Acetyi CoA cannot diffuse into
the'éytop1ésm at a rate commensurate with requirement for.iipogenesis
and haé to be transporfed through the mitochondrial mémbrane as citrate
where it is ;onverted‘to oxaloacetate .and acetyl CoA (Pearce, 1974).

The shunting of this substrate from the mitochondfia.to,the cytoplasm
- necessitates the expenditure of energy; Under conditions of increased
bidsynthetic activity, this energy expenditure may reach significant.
proportions. Quite apért from.the fact that the so-called extra-cé]oric'
effect of fat has been observed most1y with turkeys, the beneficial
effect attributable to'addéd dietary %at is largely a consequehce of
the fact that diets without added fat may not be adeqhate.in terms of
the supply of essential fatty acfds. It is doubtful whether the diets
" without added diétary fat used in the studfes of Toﬁchburn and Naber (1966)
and Jensen et al. (1970) were adequate in meeting the essential fatty
acids requirement by turkey broilers.

| The data presented in Experiment 3 demonstate that added.dietary
cellulose has a deleterious efféct on metabolisability of diets and
efficiency 6f food utilisation. This observatiqn is in agreement with.
éeverai othefs reported in tﬁe literature (Penquite, 1976, Wells, 1963).
However, inclusion df cé]]u]oée in tHe diet at a level higher than that
~used in the present study did not interfere with the birds' abi]ity to

consume sufficient energy for their requirements (Sibbald et al., 1960).
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The difference.betweenlthe finding of the present experiment and the one
under reference may be explained on the basis of differenees 1n_strafn

and growth rate of the bifds involved in the two studies. Under normal

_ physio]ogica1'conditions, high dietary fibre may shorteniingesta transit .
time. The increased bulk of non-assimilable material in the alimentary

~ tract of the chicken may precipitate physico-chemical reeetions which

may affect proceéseS’such as enzyme—substfate binding and water-facilitated
" movement of nutrients towards and through the absorbing mucosal surface.

- As Soufhgate (1973) explained, Tosses of endogenous material Which will
undoubtedly éffect the results of balance studies may occur as a result
of mechanical erosion of the mucosal surface. Piekarska (1964) and Rao
and Sunderavalli (1970) observed increased faeca] nitrogen excretion
and consequently decreased_apparent protein digestibi]ify in rats fed
semi-purified casein diets cdntaining 10-20 pereenf fibre or crystalline
cellulose. Similar findfngs have been obfained with chickens fed diets
econtaining high 1eveTs of fibrev(Kibe et al., 1964§ Vlcek, 1968; Vlicek
and Pazourek, 1970).

‘Contrary to popular belief, the yolk sac does‘not influence metabol-
isable energy values of'nutrients in the early days posthatching. If
" the residua] yolk influences the performance of the chick in the first
few days posthatching, it must be a parameter(s) other than growth as
meéeured by body weights_and metabolisabi1ity of nutrients. Dufing incu-
"bation, the embryo utilizes all nutrienfs, with the excebtion of protein,

to a near depletion level. Through some unknown mechanism, there is a
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noticeab1§ increase in fhé ;oncentration of total proteins in the yoik
(Romanoff and Romanoff, 1967) and the yolk sac (Rol'nick, 1970) compared
to the amount at the midpoint of embryo development. - In addition,

sévera] nitrogenous compounds including ribonucleic acid and some twenty
amino acidé are present (Romanoff and.Romanoff, 1967). The .increased
amount of nitrogenous compounds imposeé additional physiological lcad on
the baby chick. The implication seems to be a stepping ub of the rate

of nitrogén.excretion.i This hypothesis would exp]ain the observed’1oWer
‘apparent nitrogen retention ya]ues obtained with chicks with intact yolk
sac compared to those obtained with chi;ks without residual yolk. Under
the conditions of this exberiment, it has been shown that not only does
the residual yolk not provide nutrients in significanf amounts, but its
presence may interfere with the utilisation or the excretion of the

waste products of'nutriénts, partfcu]ar]y.those of brotein.v

The data presented in Part 2 indicate that eﬁergy uti]isgtion as

measured by metabb]isab]e energy values is not influenced by the presence
or.absence of the caeca. The data support tﬁe observations of Scott (1955),
McBee (1971) and McNab (1973) among others, who dispute the claim of
cellulolysis in the avian caeca. The data also tend to support the finding
of Fisher and’Griminger (1966) that the avian caeca do not play é'signifi-
cant role in profein uti1isation. The assimi]ation.of proteins is the
concerféd processvclo$e1y reqgulated by neural and hormonal . mechanisms
rather than a result of clearly defined individual steps (Gif]er, 1964).
The use of nitrogen balance method as a criterion for the estimation of

nitrogen retention in the body is a sensitive method, so sensitive that
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the balance will vary very rapidly with shifts in physiological states,
fesponding to alterations in diets, endocrine secretions and abnormalities
of -various kinds. One or more of fhe.above-mentioned factors could be
responsible for the. observed variations in the apparent.nitrogen retention
~values wifhin treatment groups and the fluctuations withfn periods. Costa
(1960), Allison and Bird (1964) have reported losses of sizeable amounts
of dietary nitrogen through some unsuspected route, possibly as gaseous
bnitrogen from the lungs. .Nesheim'éhd Carpenter (1967) reported fermenta-
“tion of proteﬁn and peptides-which escape breakdown and enter the caeca
resulting in the loss of nitrogen in the form of ammonia. Thé fact that
uric acid nitrogen was used as a componént for the estimation of the
apparent nitrogen absorption and the fact that uric acid determination
underestimétes the total nitrogen excreted shdu1d be'considered in
arriving at a conclusion on the’proteih utilisation as measured by
apparent-hitrogen absorption or'retention. |

The view is he]d‘by some researchers that the caeca may fqnction'
éctive]y_in trapping protein of endogenous origin or dietary protein
whiéh has escaped digestion and/or absorptfon.in the Upper gut. If this
1svtrue; it is Togical to expect this mechanism to be fully operatidna]
~in situations of protein inadeduacy or deficiency. Recycling may reduce
the amouht‘of protein exéretory products>and this may affect the balance
~ of nitfogen in the body. The level of protein used in this study was not
Tow enough to evoke such a mechanism. The testing of this hypothesis -
that the caeca may recycle protein in cases of inadequate dietary protein

level - will yield valuable information.
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Finally, in view of the integrated nature of the nutritional factors
influencing the expression of any physﬁo]ogic response, further reseérch
should involve the investigation of the broad implications of as many L
brélated factors as possible. The study described herein represents an

attempt to achieve such an objective.
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