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ABSTRACT
Three experiments were conducted to study changes in exocrine
pancreas function in relation to age, dietary fat and digestibility in
poultry.

In the first experiment, 120 White Leghorn and 120 Hubbard

chicks were fed a basal diet with or without 5% animal fat.

Total units

of lipase, amylase, trypsin and chymotrypsin activities in pancreas
increased linearly with age in Hubbards from 2 to 29 days, but plateaued
after 16 days in Leghorns.

Hubbards showed higher total pancreatic

lipase, amylase, trypsin and chymotrypsin activities compared with
Leghorns.

Addition of 5% dietary fat significantly increased total

lipase activity in pancreas, but decreased total amylase activity.
Added fat had no well defined effect on total pancreatic trypsin and
chymotrypsin activities.

Fat digestibility in Leghorns fed the low fat

diet increased significantly from 14 to 30 days of age, but not in
Leghorns fed the high fat diet; while Hubbards fed both diets showed a
significant decrease in fat digestibility.
increased with added fat in both breeds.

Fat digestibility was
No direct correlation was

found between nutrient digestibility and corresponding enzyme activity.
In the second experiment, 80 young White Leghorn hens were fed a
basal diet with or without 5% animal fat.

Fat supplementation did not

generally significantly affect lipase activities, but total lipase
activity in pancreas decreased after 10.6 and increased after 12.7 mo in
pancreata of birds fed both diets and fed the high fat diet,

12
respectively.

Fat digestibility was not affected by age, but was higher

with fat supplementation.
In the third experiment, 96 older White Leghorn hens were fed a
basal diet with or without 5% animal fat.

Total pancreatic lipase

activity showed a U-shaped curve with the lowest value at 15.7 mo and
increased after 15.7 mo following either natural or force molting.

Fat

supplementation did not significantly affect lipase activities.
Amylase, trypsin and chymotrypsin activities decreased with age from
10.2 to 15.7 mo, but were increased with fat supplementation.

Fat

digestibility was not affected by age, but was significantly higher with
fat supplementation.
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CHAPTER 1
INTRODUCTION
Age is an important factor in relation to diet for poultry
production because of interactive effects on nutrient digestibility.
Chicks, young pullets and older laying hens differ in their ability to
digest feed.

Fat digestibility is still developing in the young chick,

reaches maturity in the young adult and apparently loses efficiency in
older laying hens.

These changes in the abi1tty to digest feed could be

related to changes in the function of the exocrine pancreas.
The exocrine pancreas manufactures and secretes enzymes which
hydrolyze food components to facilitate absorption through the
intestinal mucosa.

These enzymes are mainly amylase, trypsin,

chymotrypsin and lipase.

Amylase hydrolyzes the glycosidic bonds in

carbohydrates; trypsin and chymotrypsin hydrolyze the peptide linkages
in proteins and peptides; and lipase catalyses the hydrolysis of
lipoproteins and trig1ycerides.
Lipase is of special interest because of the role of fat in
poultry diets.

Chickens are able to utilize very high proportion of fat

in the diet as a concentrated source of energy (Fedde, Waibel and
Burger, 1960), and the addition of fat to the diet has become a standard
practice (Reid, 1983).

Fat improves the efficiency of feed conversion,

enhances the digestibility of other components of the diet, increases
the availability of energy for growth and improves the growth rate

14
(Fedde et al., 1960; Reid, 1983).

An increased efficiency of feed

utilization also has a favorable effect on egg production.

Since fat

sources vary in their availability and price, increased efficiency can
result in significant savings in production costs.

It thus becomes

important to explore the factors which influence the utilization of fat
by chickens to determine the age at which fat supplementation can be
most effective.
This study investigates the effects of age and diet on exocrine
pancreas function and fat digestibility in poultry.
three main experiments.

It is divided into

The first section is a study of fat utilization

and the exocrine pancreas in young chicks of two strains from 0 to 4 wk
of age.

The second section investigates the effects of fat

supplementation in pullets.

The third section presents results for

older laying hens, including force molting effects.
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CHAPTER 2
LITERATURE REVIEW
Fat utilization
Fats, composed of trig1ycerides, are digested mainly by the
breakdown of ester bonds without further digestion (Deuel, 1955).

The

products of the hydrolysis of trig1ycerides are glycerol, monog1ycerides
and free fatty acids (Tortora and Anagnostakos, 1984).
Pancreatic juice contains most of the lipase enzymes which
hydrolyze fat and digestion occurs mainly in the duodenal loop of the
small intestine (Deuel, 1955; Tortora and Anagnostakos, 1984).

Little

fat digestion is possible in the absence of the pancreatic juice.
The intestinal walls secrete other 1ipases and esterases in
small quantities which have specificities for different fatty acids,
trig1ycerides and other lipids (Deuel, 1955).
Enzymes which hydrolyze fats act at the water-fat interface
(Deuel, 1955) which is greatly increased during emulsification, caused
by the churning of the gastrointestinal tract and enhanced by bile salts
and other compounds (Deuel, 1955; Goodhart and Shi1s, 1980).
The bile salts play an important role in fat digestion.

The

most predominant bile salt in chicks is chenodeoxycholic acid (Gomez and
Polin, 1974).

Some bile acids accelerate or inhibit the action of

certain 1ipases or esterases (Deuel, 1955).

Young chicks apparently

have a deficiency of bile since a number of studies have shown that
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supplementation of sodium taurocholate significantly improved fat
digestion (Gomez and Polin, 1974).

Lipases are usually inactivated by

bile salts unless colipase is present (Goodhart and Shils, 1980).

Bile

salts are partially excreted in feces and partially reabsorbed into the
ileum portion of the intestine to maintain the pool (Deuel, 1955).
Bile salts activate pancreatic lipase and break fat globules
into a suspension of fine fat droplets.

These micelles are soluble in

water and release their content of fatty acids after hydrolysis, to the
mucosal cells for absorption (Deuel, 1955; Goodhart and Shils, 1980;
Tortora and Anagnostakos, 1984).
Within the mucosal cell, fatty acid binding proteins (FABP)
transport the long-chain fatty acids from the plasma membrane of the
microvillus to the endoplasmic reticulum across the cytosol aqueous
medium (Ockner and Manning, 1974; Katongole and March, 1979).
Short-chain fatty acid and glycerol molecules are soluble in water and
they enter the blood capillaries (Ockner and Manning, 1974; Tortora and
Anagnostakos, 1984).
Long-chain fatty acids are activated and re-esterified on the
endoplasmic reticulum of the intestinal mucosa, which is also the site
of chylomicron formation (Ockner
1980).

~

al., 1972; Goodhart and Shils,

Birds transport both short-chain and long-chain fatty acids in

the form of triglycerides, in the hepatic portal system, to the liver
where metabolism occurs.

This mode of transport is different in

mammals, where the major portion of the dietary lipid is delivered to
the venous blood in the form of chylomicrons which are transported in
the thoracic lymph (Goodhart and Shils, 1980).
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Factors affecting fat utilization in chickens
Melting Point
The body temperature of the chick is 42 C.

A fat having a

melting point equal to that value or lower will be in a liquid state in
the intestine.

Dispersion will be then facilitated, and the need for

emulsification is less important (Hakansson, 1974).

Unsaturated fatty

acids and fats with a high content in unsaturated fatty acids have lower
melting points and are more easily digested.
Saturation, Length and Nature of Fatty Acids
The binding to a transport protein in the cytosol of the mucosal
cells is higher for unsaturated than for saturated fatty acids (Ockner
et al., 1972).

Unsaturated fatty acids are thus proposed to be

esterified more rapidly in the cytosol of the jejunal mucosa (Ockner et
al., 1972).

Higher true metabolizable energy (TME) values are inversely

related to level of saturated fatty acids (Sibbald and Kramer, 1977).
Hydrogenated fats are resistant to hydrolysis and poorly utilized by the
young chick (March and Biely, 1957).

The inclusion of oleic acid, and

in general, of unsaturated fatty acids in a mixture of saturated fatty
acids increases the absorbability of the mixture (March and Biely, 1957;
Renner and Hill, 1961a; Hakansson, 1974).
Ockner et a1. (1972) reported that the binding of long-chain
fatty acids to proteins in the cytosol was greater than the binding of
medium chains.

However the absorption of free fatty acids decreases

with an increase in length of the carbon chain (Hakansson, 1974).
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Oleic acid is well absorbed by chicks, but stearic acid is
poorly utilized (Renner and Hill, 1961b).

Linoleic and linolenic acids

also are well absorbed by the chick (Renner and Hill, 1961b).

Boyd and

Edwards (1967) reported that a high ratio of oleic acid or linoleic acid
to saturated fatty acids improved the absorption of palmitic and stearic
acids.

Renner and Hill (l96lb) also showed low utilization of palmitic

acid by four week-old chicks and higher utilization of lauric and
myristic acids.

Lauric acid has an irritating effect on the

gastrointestinal tract of the chicks and depresses growth (Renner and
Hill, 1961b).
Position of Fatty Acids in the Glyceride Molecule
Renner and Hill (196la) suggested that the high utilization of
palmitic acid in lard is due to the preponderance of saturated fatty
acids, palmitic acid, in the two-position.

Only a few palmitic acid

residues from lard appeared in the gastrointestinal tract because
pancreatic lipase is specific for the primary ester linkages of
trig1ycerides.

In fact monopalmitin is better absorbed than free

palmitic acid.
Sibba1d and Kramer (1977) also indicated that the position of
fatty acids in the triglyceride molecule influenced the completeness of
the enzymatic hydrolysis and the absorption from the intestinal tract.
Bile Salts
The addition of cho1ic, chenodeoxycholic, dehydrocholic,
hyodeoxycholic and ursodeoxycholic acids improve intestinal fat
absorption in young chicks (Eyssen, Vanderput1e and Evrad, 1965).

Gomez
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and Polin (1974) also showed that cholic acid added to the diet
increased the apparent absorbability of all fats, and increased their
metabolizable energy (ME) values.

However, Gomez and Polin (1976) also

noted that bile salts were only effective in absorption of saturated
fats in young chicks whose absorption mechanism was not fully developed.
Adverse effects of raw soybean meal on the apparent absorption
of fat in young chicks is reversed by bile salts (Gomez and Polin,
1974).
Fedde et al. (1960) suggested that exogenous ox bile exerted a
direct action on fat absorption or stimulated the liver cells to secrete
more bile acids.

They observed that .5% ox bile improved the

absorbability of a.20% tallow diet, but higher levels 4-8% ox bile
significantly depressed growth and the efficiency of fat utilization.
Lithocholic acid has an hypercholesterolemic effect, depresses
growth in young birds and decreases egg production in laying hens
(Eyssen et al., 1965).

These authors pointed out that lithocholic acids

caused malabsorption of nutrients and impaired the efficiency of feed
utilization.

They also indicated that lithocholic acid interfered with

the metabolism of chenodeoxycholic acid, a main constituent of chick
bile.
Eyssen et al. (1965) reported that intestinal flora produced
bile acid metabolites which could be highly toxic to the host.
Unconjugate bile acids are generally more toxic than their taurine or
glycine derivatives, although taurolithocholic acid is as toxic as its
unconjugated derivative (Eyssen et al., 1965).

B-ketocholanic acid

20
exhibits the same toxicity syndrome than lithocholic acid (Eyssen et
a1., 1965).
Katongo1e and March (1980) increased the concentration of fatty
acid binding proteins (FABP) by supplementing a high tallow diet with
sodium taurocholate, and observed that utilization of tallow was
improved and excretion of soap fatty acids reduced.

Katongo1e and March

(1980) also noted that bile salts per eg might have an effect on
enterocyte synthesis of FABP.

Kussaibati, Guillaume and Leclercq

(1982a) also demonstrated that the addition of sodium taurocholate to
raw soybean meal inhibited the effect of an antinutritiona1 factor
believed to be responsible for the malabsorption of the lipids in this
feedstuff.
Gomez and Polin (1976) indicated that the ability to produce
bile was only a partial factor responsible for the maturation of
saturated fats absorption process in young chicks.
Nature of Fats
Renner and Hill (1960) found that soybean oil was highly
digested and absorbed by growing chickens; and they also reported that
linseed oil was well utilized by chicks.

Mutton tallow was much less

well utilized, leading them to conclude that, in general, hard fats and
tallow were less well utilized than greases by chicks.

Renner and Hill

(1960) also noted that corn oil was better utilized than beef tallow,
which in turn was better absorbed than hydrogenated fats by young
chicks.

Katongo1e and March (1980) also indicated that corn oil was

more efficiently utilized than tallow.
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Fedde et al. (1960) pointed out that vegetable oils had higher
ME values than animal tallow for chicks.

They found that 10-20% corn

oil, safflower oil or frog grease caused little fat excretion in feces,
whereas 20% beef tallow induced abundant excretion.

Hakansson (1974)

reported that extracted fats were digested much better than fat in
intact seeds, and he also stated that vegetable fats were better
digested than animal fats.
magnesium soap formation.

The animal fats caused more calcium and
However, bone fat was shown to have an

excellent digestibility due to the position of the fatty acids on the
triglyceride molecule; it also contained high levels of monoglycerides
and diglycerides, which decreased the requirement for emulsification
before the action of lipase (Hakansson, 1974).
Dietary Mineral Intake
March and Biely (1957) noted that the dietary levels of calcium
and magnesium had a marked effect on the digestibility of the
hydrogenated fats.

Fedde et al. (1960) reported that a high level of

dietary calcium (3%) lowered the absorbability of beef tallow at 2 and 4
wk of age, but that decreasing that level to .33% caused an abrupt
improvement in fat absorbability.

Fedde et al. (1960) pointed out that

low levels of ionized calcium in the gut of chicks decreased the
formation of insoluble soaps and allowed more tallow to be utilized.
Hakansson (1974) also showed that in laying hens, a high level of
calcium in the feed depressed the digestibility of stearic and palmitic
acids.
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Other Compounds of the Diet
Decreased excretion of tallow in the feces as neutral fats by
the addition of lecithin in the diet was mentioned by March and Biely
(1957).
Young, Garrett and Griffith (1963) found that the absorbability
of lard fatty acids was increased when fed in a 28 or 30% protein diet
as compared to a 24% protein diet.

Young et al. (1963) also pointed out

that the use of corn as source of carbohydrate instead of glucose
improved the absorbability of the lard fatty acids.

This was later

shown to be due to differences in digesta passage rates by Mateos and
Sell (1981).

Sucrose greatly lowered feed passage times.

Sibbald and

Kramer (1977) suggested that soybean meal increased the utilization of
the saturated fatty acids of tallow.

They also noted that the apparent

metabolizable energy (AME) value of fat was increased by blending with
other fats.

The relatively saturated fats or fatty acids show an

increase in digestibility when fed with relatively unsaturated fats or
fatty acids (Sibbald and Kramer, 1977).

Sibbald and Kramer (1977) found

that the AME values of corn oil and tallow varied with the composition
of the assay diet.

Rising (1988) showed that hens fed animal fat

exhibited higher heat productions than hens fed corn oil diets.

This

author also suggested than amino acid deficiency increased heat
production, thus lowering the efficiency of energy utilizatIon.
Level of Fat Intake
March and Biely (1957) indicated that the digestibility of
mutton fat was depressed when the level in the diet increased beyond 6%
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for the chicks.

Renner and Hill (1960) noted that a high level of fat

did not have a major influence on the digestibility and absorption of
other nutrients, but that any such slight effect was negative.

The same

authors added 10 to 20% dietary fat did not alter nutrient utilization.
Shannon (1971) found that the digestibility of mutton fat by chicks was
decreased by 4% when the dietary level was increased from 6 to 9%.

This

author found a curvilinear relationship between the ME value of tallow
and the level of intake.

Rising et al. (1989) also found that the

addition of 3% dietary animal fat improved energy retention of birds fed
various diets.
Free Fatty Acid Content
Shannon (1971) reported a linear relationship between the free
fatty acid content of fats and net absorption.

He showed that free

fatty acids in tallow were less well absorbed than intact tallow.
Increasing the intake level of a tallow containing a high content of
free fatty acids depressed net absorption and ME value.

Renner and Hill

(196la) also indicated that overall absorbability of a mixture of fatty
acids from tallow, lard and soybean oil was lower than the absorbability
of the neutral fat from which they were derived.
Feed Intake and Feeding Rate
Fedde et al. (1960) found no change in feed efficiency or in the
ability of the birds to absorb beef tallow when feed intake was
restricted.

However, Hakansson (1974) reported that a higher

consumption of dry matter depressed fat digestibility fat.
Hill (196la) pointed out that passage of feed through the

Renner and
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gastrointestinal tract of chickens was very rapid, only 3 h, and
suggested that when the mucosa cells were loaded with fat, the entry of
further fat was prevented until further metabolism or transport to other
tissues could occur.

Kussaibati, Guillaume and Leclercq, (1982b) showed

an improvement, by addition of bile salts, of ME values only at ad
libitum intake levels, and no change in digestibility of fats in
relation to feed intake from 1/3 of ad libitum to full feed.

They also

showed that saturated fatty acids were better digested by addition of
bile salts when the birds were fed at the ad libitum level.
Kussaibati et al. (1982a) also pointed out that the apparent
digestibility of unsaturated fatty acids was not affected by the feeding
rate, but the saturated fatty acids showed a significant decrease in
digestibility with feeding rate of a diet containing animal fat.
Age
Renner and Hill (1960) indicated that the utilization of tallow
by the growing chick was low and by 8 wk of age, comparable to adults.
Fedde et al. (1960) also found that the absorbability of certain fats by
the chick improved with age.

This was explained on the basis that the

absorptive mechanism for certain fats in very young birds was not well
developed; however, the high utilization of safflower oil and corn oil
fatty acids by young chicks suggested different processes were involved
in the digestion and absorption of beef tallow.

Shannon (1971) also

reported that the ability to digest mutton fat increased with age to a
maximum of 4-8 wk.

Gomez and Polin (1974) suggested that young birds

were unable to replenish the bile salt pool, lowered by fecal excretion,
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as readily as older birds.

Hakansson (1974) specified that young chicks

had a limited ability to emulgate or digest glycerides containing
palmitic or stearic acid.

Katongole and March (1980) found that the

level of fatty acid binding proteins (FABP) at hatching declined during
the first one or two weeks of life and reached a maximum in the
intestinal tissue after 4 wk of age.

These authors noted that the

beneficial effects of exogenous bile salts depended on the age of the
birds.
Breed
Sibbald and Slinger (1963) reported that White Leghorn chicks
metabolized more energy per unit of feed than White Rocks, and that
Whi~e

Rocks required higher nutrient density than White Leghorns.

Katongole and March (1979) also mentioned the possibility of a genetic
difference in the amount of intestinal fatty acid binding proteins
(FABP).

In 1980, these authors observed that New Hampshire chicks

utilized fat more efficiently than broiler-type or White Leghorn chicks.
At hatching the concentration of FABP in the intestine of broiler-type
chicks was significantly lower than in New Hampshire and in White
Leghorn chicks (Katongole and March, 1980).

However, they agreed that

the breed differences were most evident when the chicks were only three
weeks old and these differences in fat or oil utilization did not
persist beyond the first few weeks of life.
Germs
Young et al. (1963) found that fumigating a laboratory improved
the absorption of the lard fatty acids.

They noticed the same effects
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with addition of antibiotics in the diet.

On the other hand, Eyssen et

al. (1965) proposed that gut flora caused the formation of toxic bile
acids.

Boyd and Edwards (1967) were brought to the same conclusions

about the absorbability of fatty acids by chicks in relation to
antibiotics or a fumigated laboratory.

They found that a germ-free

environment caused an increased retention of palmitic and stearic acids
from corn oil and beef tallow.

They suggested that the germs changed

the physical and chemical properties of the lumen content causing a poor
stability of the micelles, especially with a high content in
and stearic acids, and thus decreasing absorption.

pa1~itic

Another alternative

was that the brush border of the intestinal mucosa cell of germ-free
animals contained more enzymes that esterified fatty acids, allowing the
entrance to the cell of more palmitic and stearic acids (Boyd and
Edwards, 1967).
Exocrine pancreas
Scheele (1979) summarized the information regarding the
mechanism by which pancreatic exocrine cells synthesize secretory
proteins and transport these proteins from the cytoplasmic space to the
extracellular medium.

The following review on the exocrine pancreas

function is based on Scheele's article.
Function
Twenty of the enzymes and zymogens that are involved in the
degradation of dietary macromolecules are secreted by the acinar cells
of the exocrine pancreas.

Many of these enzymes are represented in
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multiple forms.

Similar studies have shown the same conclusions for

guinea pigs, rabbits, dogs and humans.
Secretion process
As for the pathway, the following scheme is generally accepted:
Synthesis of the proteins occur on membrane-bound ribosomes.
During synthesis, the proteins are vectoria11y transported across the
microsomal membrane and are segregated in the cisternal space of the
rough endoplasmic reticulum.

From the rough endoplasmic reticulum, the

proteins are transported by an energy-dependent process to the Golgi
complex.

The proteins become condensed in secretory granules called the

condensing vacuoles.

Secretory proteins are stored within mature

zymogen granules and the proteins are discharged from the apical portion
of the cell by an energy-dependent and hormone responsive exocytosis.
Scheele (1979) also pointed out that at all times secretory
proteins are within membrane-bound compartments; transport of secretory
proteins is vectorial and irreversible, and proceeds from the basical
portion to the apical portion of the cell through a series of
interconnectab1e membrane-enclosed compartments.

Under normal

conditions, approximately 30 min are required to position secretory
proteins for discharge into the extracellular space.
Scheele (1979) also indicated that exocrine pancreas proteins
are synthesized as polypeptides with an additional peptide extension of
10 to 20 amino acid residues (transport peptide).

These presecretory

proteins are reduced into authentic secretory proteins by the microsomal
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membrane, which removes the peptide extension.

The site of the

transport peptide removal is the rough endoplasmic reticulum.
There are other examples of accessory peptide domains,
associated to the secretory proteins, which determine the ultimate
location and function of the proteins.

Removal of the peptide extension

may be associated with functional activation of the secretory protein.
The site of removal of the accessory peptide in trypsinogen is the brush
border of the intestinal lumen.

Premature activation of trypsinogen can

occur and then degradation effects are directed not only toward
nutritional macromolecules of the diet but also toward structural
macromolecules in the tissue.
Other authors have reported similar facts and more insights
regarding the secretion process of the exocrine pancreas.
Rothman (1967) reported that zymogen granules release their
contents in mass and that the proportion of different enzymes in
pancreatic secretions are determined by the relative rates of their
synthesis.

This means that the transport of protein from ribosomes to

the sites adjacent to the apical plasma membrane of the acinar cell is
not selective for specific molecules and that the transport through the
plasma membrane out of the cell is also unselective.
Jamieson and Palade (1967) presented evidence that secretory
proteins are transported from the cisternae of the rough endoplasmic
reticulum to condensing vacuoles via the vesicles of the Golgi complex.
They summarized the cycle of the exocrine pancreas into four steps: 1)
the incorporation of amino acids into the different digestive enzymes,
on the ribosomes attached to the membrane of the rough endoplasmic
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reticulum; 2) the transfer and segregation of the secretory proteins
into the cisternae of the rough endoplasmic reticulum; 3) the
intracellular transport of these proteins to the Golgi complex where
they are packaged into zymogen granules; 4) migration of zymogen
granules to the cell apex and discharge of their content into the
glandular lumina from which they eventually reach the intestine.
Rothman (1976) measured levels of amylase, chymotrypsinogen,
trypsinogen and total protein in pancreatic secretions collected from
annulated ducts of anesthetized rabbits during perfusion of the upper
duodenum with a balanced salt solution with or without 5 mM glucose.
Glucose did not influence overall digestive enzyme secretion, but
changed the proportion of the enzymes in the secretion indicating that
pancreatic enzymes can be secreted independently of each other.
According to Scheele, Palade and Tartakoff (1978) cell
fractionation procedures and autoradiography point to a similar
conclusion: secretory proteins pass successively from the rough
endoplasmic reticulum to the Golgi region, to condensing vacuoles and to
zymogen granules, where they are stored before release into the luminal
compartment of the extracellular space on hormonal or cholinergic
stimulation.
According to Steer and Manabe (1979) enzyme secretion occurs
exclusively by fusion of the zymogen granule membrane with the luminal
plasma membrane to allow for enzyme discharge into the ductal system.
They reported that stimulation with CCK-PZ caused parallel discharge and
they implied that if the digestive enzyme composition of the zymogen
granule and cytoplasmic pools were identical, parallel increases in the
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secretion of each enzyme would follow but nonparallel discharge would
merely indicate that the enzyme composition of the pools are not
identical.
pietary adaptation of the exocrine pancreas
In 1942 Grossman, Greengard and Ivy noted with rats that
pancreatic enzymes adapted to the predominant constituent of the diet:
on a high carbohydrate diet, there was a pronounced increase in amylase
together with a decrease in trypsin; on a high protein diet a greatly
increased trypsin content and a less extensive but definite increase in
lipase; on a high fat diet, there was essentially no alterations in
lipase or trypsin.

They also noted that a diet high in fat and low in

protein caused a uniform repression of all pancreatic enzymes.
Veghe1yi and Kemeny (1961) summarized the effects of starvation
on the pancreas.

Long-term starvation is accompanied by gross atrophy

of the pancreas, mainly associated with atrophy of the secretory acini.
Veghe1yi and Kemeny (1961) reported, with rabbits, a decrease in
all enzymes when food was restricted by 50%; and, with starved rats,
that a gradual parallel decrease in the activity of all enzymes was
proportional to the weight loss.

These changes disappeared soon after

feeding was resumed.
Pavlov (1898) who had worked on dogs, cited by Veghe1yi and
Kemeny (1961), observed that the preponderance of a constituent in the
diet increased the production of the enzyme splitting the material in
question.
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Desnue11e, Reboud and Ben Abde1j1i1 (1961) fed rats balanced
carbohydrate-rich, protein-rich or

1ipid~rich

diets and they found that

there was a specific adjustment in enzymic level to the main constituent
of the diet for amylase (carbohydrate) and chymotrypsinogen (protein).
Trypsin remained nearly constant on all diets, and there was no
adjustment in lipase to the lipid content of the diet; lipase was
depressed

b~

protein.

Reboud, Ben Abde1j1i1 and Desnue11e (1962) also found that rat
amylase and chymotrypsin levels closely followed starch and casein
contents of the diet.

Lipase levels were not consistent with an

adaptation to the main component of the diet.

The specific activity of

trypsin remained constant on all the diets.
Bucko and Kopec (1968) found, with rats, a 75% starch diet, a
58% oil diet and a 70% casein diet that pancreata homogenate enzymes
increased in relationship to the substrate present in excess in the
diet.

They specifically reported, contrary to many authors, that lipase

also adapted to a raised supply of fat in the diet.

Robberecht et a1.

(1971) found a fourfold increase in the specific activity of lipase in
rats fed a lard diet.

Snook (1971b) also found a 70-80% increase in

lipase after feeding an isonitrogenous diet when carbohydrate (10% vs.
70%) was replaced by fat.
Deschodt-Lanckman et a1. (1971) found that the specific activity
of lipase increased three-fold in the presence of 50% corn oil.

They

also found that the specific activity of lipase doubled in rats,
rendered diabetic by alloxan administration, when compared with normal
rats fed chow.

They also reported that diets rich in starch, fructose
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and glucose increased lipase activities.

Different sources of fat, all

stimulated lipase activity; triolein and vegetable oils (olive, corn,
sunflower, walnut and linseed oils) were twice as effective as more
saturated fats (tricaprylin, tristearin and lard).

Lavau, Herzog and

Tremolieres (1971) measured exocrine pancreatic enzymes in Wistar H rats
fed a standard or a high-fat diet.

On the high-fat diet, lipase

activity was increased by 100% and when the rats were returned a
standard diet there was a full reversal of the lipase induction.
Hulan and Bird (1972) reported that chickens fed a high fat
(14.5%) exhibited decreased total protein concentrations and increased
levels of lipase in pancreatic juice.
Gidez (1973) in studies on the effect of dietary fat on
pancreatic lipase level in the rat found it was possible to raise the
level of lipase by supplementing commercial chow with added fat or by
raising the level of fat in a semipurified diets.

He concluded that

levels of pancreatic lipase were increased when the fat content of the
diet was raised from about 5% to 15-22% but that further increases in
the amount of dietary fat produced little or no additional increase in
lipase level.
Dror, Shamgar and Budowski (1976) fed young chicks 15% soybean
oil without changing the calorie-protein ratio and produced a slight but
significant increase in lipase activity.

However, there was no

difference in lipolytic activity with 10% added soybean oil or with
fasting or fasting-refeeding.

Dror et al. (1976) concluded that

pancreatic lipase activity in chicks depended on factors other than the
amount or type of fat consumed.
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Forman and Schneeman (1980) also found that a high level of
dietary corn oil increased pancreatic lipase activity in rats.

Poort

and Poort (1981) studied the synthetic pattern of the rat pancreas after
feeding different diets and found that a protein-rich diet increased the
synthetic rates of the proteolytic proenzymes and of ribonuclease, but
the rates of amylase and lipase were lowered.
Sommer and Kasper (1981) reported that a carbohydrate-rich diet
resulted in a relative increase in amylase secretion and in a decrease
in lipase and chymotrypsinogen output.

A fat-rich diet increased lipase

and chymotrypsinogen secretions and reduced amylase.

The adaptation of

exocrine pancreatic function was due to changes in the organ itself
rather than to altered hormonal stimulation.

Sabb, Godfrey and Brannon

(1986) also found that a high fat diet increased rat pancreatic lipase
activity and suggested that the adaptation was primarily to the amount
of dietary fat with responses to type of fat being less important.
Wicker and Puigserver (1987) noted that the intensity of
adaptive response depended on species, type of fat, unsaturated lipids
being more efficient, and age of the animal.

They suggested that the

responsible agent was not the amount of dietary lipid but the percentage
of energy provided by dietary fat.

In their experiment, they observed

that the ingestion of diets containing 3-20% lipid resulted in a
progressive increase (up to two-fold) in lipase and colipase; and
chymotrypsin up to 1.6-fold when animals were fed the 20% fat diet.
Further enhancements in the activities of lipase and colipase were
obtained with consumption of hyperlipidic diets containing 25 and 30%
fat, but chymotrypsin was unaffected.
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Mechanism of pancreatic adaptation
Lavau et al. (1971) found no increased in serum free fatty acids
in animals fed high fat diets; however, a large increase in B-butyrate
and acetoacetate content were noted.

They suggested that a very intense

catabolism of lipids yielded metabolites that might be responsible of
inducing the synthesis of lipase in the rat.
Lavau, Bazin and Herzog (1974) compared the levels of the
exocrine enzymes in homogenates of pancreata of rats fed intravenously
or orally.

They observed that diets high in starch or glucose increased

amylase and lipase activities.

Administering glucose intravenously

produced effects similar to oral feeding.

Diets high in lard or oleic

acid, at the expense of carbohydrates, raised lipase and decreased
amylase.

They obtained similar pancreatic enzyme patterns whether they

fed lipid intravenously or orally.

A high casein diet also increased

lipase when compared with a high starch diet.

However, a high amino

acid diet fed orally, decreased lipase activity.

These data supported

the hypothesis that lipase and amylase are induced by end-products of
digestion appearing in the blood, but proteins induce their respective
enzymes by a different mechanism.
Malaise-Lagae et al. (1975) presented an interesting view of
secretory regulation of the pancreas.

They found that patterns of

amylase, lipase and chymotrypsin in the pancreatic tissue surrounding
the Islets of Langerhans differed from those of the rest of the pancreas
and suggested that this topographic partition could play a role in the
regulation of pancreatic juice composition.
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Recent studies suggest a preferential and rapid release of
certain hydrolases evoked by intragastroduodenal administration of
certain nutrients or by intravenous injection of chymodenin, a peptide
extracted from the hog duodenum.

However, a commonly held view is that

pancreatic enzyme secretion is an en masse discharge of secretory
granules in which the different enzymes are packaged together.

Malaise-

Lagae et al. (1975) advanced the thesis that functional
compartmentalization of the exocrine pancreas could reconcile these two
proposals.

Thus, differences between the peri insular acini and the

teleinsular tissue exist in the level of their secretory activity,
response to various secretagogues, and relative content in different
hydrolases.

These differences suggest that precise concentration of

hydrolases in the pancreatic juice, and adaptation to diet may be
dictated in part by a coordinated participation of hormones from the
gastrointestinal mucosa and the islets of Langerhans which affect
distinct areas of the exocrine pancreas.
Factors influencing digestive enzymes
Among the factors known to influence digestive enzyme reserves
of the pancreas and small intestine, Snook (1974) cited: diet, genetic
defects, hormonal abnormalities, and various infectious and degenerative
disease states.

According to this author however, the effect of diet-

induced fluctuations in digestive enzyme levels, such as protein
malnutrition, other nutrient deficiencies and varying levels of protein,
fat and carbohydrate, are not clear and may not be significant.
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Snook (1974) also reported that nonspecific pancreatic enzyme
deficiencies resulting from surgery, genetic defects, or diseases are
more harmful to fat and protein than to starch digestion; to digestive
function in chicks, dogs and man than in rats and pigs and to younger
organisms.

Also, according to Snook, defects in pancreatic secretion

are less detrimental to nutritional status than functional defects in
the intestinal mucosa. ' Snook (1974) noted that changes in the activity
of a specific enzyme did not necessarily cause an alteration in
digestive function.

The reasons advanced were that hydrolysis might not

be rate limiting, and also offsetting or compensating adjustments might
o,:cur in other digestive enzymes, in transport mechanism, and in
gastrointestinal motility.
Girard-G1oba, Bourde1 and Lardeux (1980) performed a 24-hour
study in rats to study the regulation of protein synthesis and enzyme
accumulation in the pancreas.

By timing of dietary protein

administration a clear rhythmicity in both synthesis and storage of
pancreatic hydro1ases was noted.

These authors concluded that digestive

hormones and amino-acids supply acted independently to stimulate
synthesis of hydro1ases in the pancreas.

They found that the amount of

enzyme stored depended on the timing of the protein meal, that is,
timing of maximal synthesis, with respect to the period of most intense
feeding and maximal secretion.
Stimulation of pancreatic enzymes
Sarles et a1. (1966) studied different modes of excitation and
enzymes levels in human pancreata.

Secretin perfusion increased
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bicarbonate flow, caused lipase to disappear after about 6 h, and did
not affect other enzymes.

Simulated feeding caused an increase in

lipase, trypsin and chymotrypsin but did not affect amylase.
Pancreozymin caused a very significant increase of all enzymes.

These

authors suggested that the discharge of pancreatic enzymes was not
parallel and that either each enzyme was secreted in a different zymogen
granule, secretion responded to very specific mechanisms for each enzyme
or some enzymes are secreted in zymogen granules and others are not.
Scheele and Palade (1975) demonstrated, using guinea pig
pancreas, that the same protein mixture is discharged by the lobules
whether stimulated by carbamylcholine, caerulein or by 75 roM KCL;
carbamylcholine mimicked the action of acetylcholine and caerulein that
of pancreozymin.

The composition of the small quantity of protein

discharged in the absence of stimulation was also unchanged.

The

authors also showed that the major secretory proteins entered the
condensing vacuoles of the Golgi complex and appeared in zymogen
granules in apparent synchrony.
Bazin, Lavau and Herzog (1978) studied rat pancreatic lipase
activity under ketogenic conditions and found that both blood ketone
body and lipase levels increased linearly with increasing amounts of
dietary lard (from 9 to 72% of energy).

A 55% level of energy as oleic

acid was better absorbed and more efficient in raising lipase levels
than a diet containing palmitic acid.

Metabolic states with high

utilization of endogenous lipids were found to be associated with high
blood ketone body levels and increased pancreatic lipase activity.
These authors reported that under their experimental conditions lipase
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levels were positively correlated with the concentration of blood ketone
bodies, and negatively correlated with amylase levels.
infusion of B-OH-butyrate induced an increase in lipase.

Long term
Bazin et al.

(1978) suggested that these fat metabolites could play a role in
stimulating pancreatic lipase.
Factors involved in the intestinal feedback regulation
of pancreatic enzymes secretion
Forell et al. (1971) investigated the effect of endogenous bile
flow on pancreatic secretion in man and established a close correlation
between bilirubin and enzyme content in duodenal juice.

They suggested

that their experiment was evidence of an indirect influence either
through the release of hormones or by the action of local nervous
reflexes.
Green et al. (1973) showed results supporting the concept that
protein stimulated increased pancreatic enzyme.
Nutrient effect of secretion
Magee and Hong (1956) found that methionine increased lipase and
protease activity.
According to Christophe et al. (1971), oils rich in unsaturated
fatty acids were more efficient than saturated fats in increasing the
levels of lipase.

They observed that the differential adjustments of

the levels of pancreatic hydro lases were mostly due to proportional
adjustments of their rates of biosynthesis.
Meyer and Jones (1974) working with canine pancreases found that
fatty acids of less than nine carbons in chain length did not stimulate
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pancreatic secretion and fatty acids of longer than nine carbons in
chain length stimulated pancreatic secretion in a dose-related fashion
over concentration ranging from five to 160 mM.

The juice stimulated by

fatty acids was higher in bicarbonate:protein ratio, fact not explained
only by the release of endogenous cholecystokinin (CCK).
Effect of egg formation on enzyme activity
Rideau, Nitsan and Mongin (1983) observed the influence of egg
formation on lipase activity.

They found that dry or fresh pancreas

weights were not significantly affected but pancreatic enzyme activities
increased gradually from 2 to 22 h after oviposition, during a cycle of
14 h artificial light and 10 h of darkness.
production

They concluded that egg

which affected food intake, might affect synthesis and

secretion of enzymes.
Effect of age on secretion
In 1962, Zeigel reported that the production of increasing
amounts of secretory material accompanied increased amounts of organized
ergastoplasm in the acinar cells in the chick pancreas.

He found a few

small zymogen granules at 6 days of incubation and observed mature
cytoplasm configurations at approximately the time of hatching.
In 1964, Kulska and Duksin described the pattern of growth in
the developing chick pancreas.

They found that the protein content of

the pancreas increased rapidly from 10 to 13 days, more slowly from 13
to 18 days, very rapidly from 19 to 22 days and again more slowly from
22 to 25 days; hatching occurring on day 21.
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RNA concentration was found to be virtually constant from 13 to
25 days of development, however the concentration of DNA per mg of
protein which was constant from 13 to 18 days, fell sharply between 18
and 21 days.
Kulska and Duksin (1964) also reported that the period from 18
to 22 days was marked by striking developmental changes.

There was a

burst of rapid growth and a increase in the cytoplasmic volume of the
cell.

They specifically cited day 19 as being a turning point in the

development of the pancreas, because there was a pause in cell division
and protein synthesis immediately followed by a period of intense cell
multiplication and protein synthesis.
Robberecht et al. (1971) observed during the period of 14-21
days, increased lipase in the small intestine and also but less
evidently in the pancreas.

After weaning (21 days), they found that the

enzyme activities were modified by the nature of the diet.
Snook (1971a) who had studied pancreatic development in rats
aged 0-28 days suggested that dietary fat and carbohydrate affected the
enzyme complement of the pancreas but that the developmental alteration
that occurred during the third week of life was not directly related to
a change in diet.
Chang and Jamieson (1986) after having studied the secretory
responsiveness to cholecystokinin suggested that there was a CCKreceptor interaction in the fetal pancreas that triggered intracellular
Ca* mobilization.

However, one or more signal transduction events

distal to Ca# mobilization had not yet matured.

They suggested that
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the onset of secretory response to CCK that occurred post natally might
depend on amplification of these transduction events.
Greenberg and Holt (1986) who studied the effects of aging upon
pancreatic digestive enzymes in rats concluded that aging could induce
modest changes in pancreatic digestive enzymes which were unlikely to be
physiologically important, and that the pancreas of aging rats did not
adapt to changes in dietary intake as well as young rats.
Pancreas development
With developmental age, the pancreas becomes functionally more
active, and undergoes hyperplastic and hypertrophic responses (Werlin et
al., 1987).
content.

The organ weight increases, also DNA, RNA and protein

The exocrine tissue represents a proportion larger than the

endocrine tissue.

Thus changes in DNA, RNA and protein contents during

experiments are presumed to be primarily alterations in the exocrine
tissue (Werlin et al., 1987).

This fact is supported by the observation

that [3H]-thymidine isotope given to rats is found predominantly located
over acinar cells (Werlin et al., 1987).
Werlin et al. (1987) found that DNA content per gram of tissue
generally increased with developmental age.

Protein content initially

decreases, maybe because of rapid depletion of zymogen granules, but
then it also increases.

Increased DNA and protein content can be

brought by an increase in synthesis, a decrease in breakdown, or both.
Werlin et al. (1987) have demonstrated both high rates of DNA and
protein synthesis in pancreata of young rats.
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Attaix et a1. (1989) who found increased pancreatic protein
content with age in the suckling lamb, also postulated that protein
synthesis in major part involved secretory proteins.

Changes in total

protein synthesis rate are often used as an index of variation in
individual synthesis rates of the pancreatic digestive enzymes.
However, so far it has not been possible to distinguish between
secretory and constitutive protein synthesis rates.

Solomon (1981)

stresses the fact that independent regulation of different enzymes is
ignored in this process.
Determination of pancreatic content depends on accurate
measurement of total pancreatic weight (Solomon, 1981).

Total

pancreatic weight is difficult to determine in the rat, because rat
pancreas is thin and diffusely distributed.

Lack of knowledge about

total enzyme content of the entire pancreas in most studies leads to
wrongful interpretation of the meaning of changes in enzyme
concentration.

Concentration, or amount of a substance relative to

another substance, depends on changes occurring in two substances.
Thus, enzyme-specific activity given as units of enzyme per unit mass of
protein or DNA or tissue or per volume of solution depends on changes in
both the numerator and the denominator.

These measurements do not

provide information about changes in total amount of enzyme in the
entire organ.

Both concentration and total content in the organ, which

may vary in opposite directions, must be determined in order to fully
characterize rate of enzyme synthesis (Solomon, 1981).
The information on the influence of age and diet on pancreatic
lipase activity and fat digestibility in poultry is scarce in
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literature.

The following work attempts to contribute to the present

knowledge on the influence of diet and age on pancreatic enzyme
activities and nutrient digestibilities in poultry.
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CHAPTER 3
EFFECT OF AGE AND DIETARY FAT
ON EXOCRINE PANCREAS FUNCTION AND NUTRIENT DIGESTIBILITIES
IN CHICKS
Introduction
The exocrine pancreas manufactures and secretes enzymes which
hydrolyze food components before absorption through the intestinal
mucosa.

Theses enzymes are mainly amylase, trypsin, chymotrypsi~ and

lipase.

Amylase hydrolyzes the glycosidic bonds in carbohydrates,

trypsin and chymotrypsin hydrolase peptide linkages in proteins and
peptides, and lipase catalyses the breakdown of lipoproteins and the
hydrolysis of triacylglycerides.

Many authors have investigated the

variation in the exocrine pancreas function in animals.

Pavlov (1898)

cited by Veghelyi and Kemeny (1961) first showed that the preponderance
of a constituent of the diet induced an increase in dogs in the
production of the enzyme that split the material.

However most research

on pancreatic exocrine function has been conducted using rats, and the
findings have often been contradictory, especially with regards to
adaptation to the composition of the diet.

Grossman et al. 1942)

observed that pancreatic enzymes adapted to the main dietary
constituent.

However, he found essentially no change in lipase activity

with high fat diets.

Bucko and Kopec (1968), contrary to many authors,

reported an increase in lipase with a raised supply of fat in the diet.
Robberecht et al. (1971) and others have also confirmed the adaptation
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of lipase activity to fat content of the diet.

Moreover, Wicker and

Puigserver (1987) have suggested that what was responsible for
pancreatic lipase induction was the percentage of energy provided by
dietary fat.

However, according to Snook (1971a) the developmental

alterations in the exocrine pancreas which occurred during the third
week of life in rats were not directly related to diet.

Various

patterns of exocrine pancreatic function and development in the rats
have been described which were not directly related to diet composition
(Howard and Yudkin, 1963; Kulska and Duksin, 1964; Robberecht et al.,
1971).
Two conflicting hypotheses, parallel and non-parallel, have been
proposed for enzyme secretion by the pancreas.

The view that zymogen

granules release their contents into the lumen of the pancreatic duct
similar to a mixture of gases pouring out of a number of punctured
balloons in a random fashion was once familiar, and according to this
theory the proportions of different enzymes in pancreatic secretion were
determined solely by the relative rates of their synthesis (Rothman,
1967).

Rothman and Wells (1967) designed experiments to determine

whether pancreozymin, which is known to stimulate the secretion of
pancreatic enzymes, would also affect synthesis.

They found that

pancreatic secretion did not necessarily produce compensatory
enhancement in the synthesis of the proteins being exported.
Steer and Manabe (1979) reported that stimulation with
cholecystokinin-pancreozymin caused parallel discharge of enzymes from
the in vitro rabbit pancreas.

However they did not mean that digestive

enzymes were discharged from only one intracellular pool.

Instead they
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implied that non parallel changes in enzyme secretion if observed would
mean that the composition of the zymogen granule and some cytoplasmic
pool was not identical.
Sarles et al. (1966) who studied how different modes of
excitation influenced enzymes in human pancreas found differential
response by the different enzymes.

Rothman (1976) also suggested that

different digestive enzymes could be secreted independently to each
other.

Prost, Belleville and Valantin-Rollet (1988) showed that in rats

the levels of pancreatic hydrolases varied with age in a non-parallel
manner and that the maturation of each pancreatic enzyme was different.
These authors also showed evidence of the non-parallel behavior of
enzymes in the pancreas and pancreatic juice in relation to the nature
of the diet.
Very few such studies have been conducted with poultry.

Kulska

and Duksin (1964) observed an increase in the pancreatic protein content
between 1 and 4 days after hatching.

Hulan and Bird (1972) found an

increase in the specific activity of lipase in the pancreatic juice of
chickens fed a high fat diet.

Dror et al. (1976) after feeding chicks

different levels of fat, and testing fasting and fasting-refeeding
regimens concluded that pancreatic lipase activity in chicks depended on
factors other than the amount or type of fat consumed.
Snook (1975) found that the apparent digestibility of dietary
nitrogen was not reduced in rats with reduced pancreatic enzyme
reserves.
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The present study investigates the changes in the exocrine
pancreas function in relation to age, dietary fat and digestibility
values in two different breeds of chicks.
Materials and methods
The experiment involved 120 White Leghorn and 120 Hubbard
chicks.

Half of the birds were fed a low-fat basal diet and the other

half was fed a diet supplemented with 5% animal fat (Table 1).

Initial

pancreata data were obtained from 12 two-day-01d chicks from each
strain, and from the same hatch as chicks fed experimental diets.

All

birds were sacrificed by cervical dislocation and the pancreata excised.
Samples were then frozen on dry ice, placed in tared vials, and weighed.
Samples were stored at -80 C for further analyses.
Six pancreata were collected from each experimental group at 9,
16, 22 and 29 days of age.
For digestibility studies, chromic oxide was added to the feed
as an inert marker.
and 30.

Feed and excreta samples were collected on days 14

There were four samples of pooled excreta from six birds each.

Digestibi1ities were measured using a chromium oxide marker technique
(Edwards and Gillis, 1959).

Total fat was extracted using

ch1oroform:methano1 (2:1, v/v).
to the method of Clegg (1966).

Total starch was determined according
Crude protein was analyzed by

nesslerization of microkje1dah1 of diet and fecal samples (Association
of Official Analytical Chemists, 1980), and is given as 6.25 x percent
nitrogen.

Digestibility means were calculated as arithmetic means for

the four pooled excreta samples.
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TABLE 1.

Composition of experimental diets (Experiment 1)
Added animal fat

Ingredient

Ground milo, %
Soybean meal (48) , %
Dehy. alfalfa meal, %
Ground limestone, %
Dica1cium phosphate, %
DL-Methionine, %
Salt, %
Vitamin mixl, %
Trace mineral mix 2, %
Chromium oxide, %
Animal fat, %

0%

Added animal fat
0%

5%

5%

- - Leghorns

-

Hubbards

69.45
22.71
2.27
1.02
1. 82
.07
.35
2.00
.10
.20

63.16
24.01
2.27
1.00
1. 84
.07
.35
2.00
.10
.20
5.00

61.54
30.25
2.27
1. 26
1.77
.25
.35
2.00
.10
.20

55.24
31.54
2.27
1. 25
1. 79
.25
.35
2.00
.10
.20
5.00

20.0
2.26
3.09
1.0
.45
.67
1.00

20.0
7.10
3.30
1.0
.45
.67
1.03

23.0
2.11
3.05
1.1
.45
.93
1.23

23.0
6.95
3.26
1.1
.45
.93
1. 26

Calculated nutrient composition
Protein, %
Fat, %
Metabolizable energy, kca1/g
Calcium, %
Available phosphorus, %
Total sulfur amino acids, %
Lysine, %

lSupp1ied the following per kg of diet: 3965 IU vitamin A, 615
ICU vitamin D3 , 1.8 mg riboflavin, 11.2 mg niacin, 4.5 mg calcium
pantothenate, 5.3 ~g vitamin B12 , 2.2 IU d-a-tocophero1 acetate, .9 mg
menadione sodium bisulfite, 372 mg choline chloride and 50 mg
ethoxyquin.
2Supp1ied the following (ppm): 20 Fe, 60 Zn, 60 Mn, 4 Cu and 1
Mo.
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All pancreata were homogenized each in distilled water up to a
total volume of 15 ml, using a Polytron homogenizer (Po1ytron Probe,
Brinkmann Instruments, Westbury, NY).

A1iquots of homogenates were

centrifuged at 4 C for 30 min at 15,780 x g in a Beckman Model J21
centrifuge.

Supernatants were collected and separated into a1iquots.

Soybean trypsin inhibitor was added to all a1iquots, except those for
protease analysis, to a final concentration of .01%.
stored at -80 C until analysis.

All a1iquots were

Lipase (EC 3.1.1.3) activities were

determined by automatic titration (pH Stat, Radiometer America,
Cleveland, OH) using an emulsified olive oil substrate with excess crude
co1ipase (Sabb et a1., 1986), and expressed as units (U)
acids liberated

pe~

min).

(~mo1

fatty

The protein contents of the homogenates were

determined by the Lowry method using bovine serum albumin as the
standard (Lowry et a1., 1951).

DNA was analyzed by a microf1uorometric

method (Catto1ico and Gibbs, 1975).

Amylase (EC 3.2.1.1) was analyzed

by a modified Phadebas blue starch method (Burrell, Brannon and
Kretchner, 1981) and expressed as units (U)
min).

(~mo1

maltose released per

A1iquots were incubated with .015-.02% enterokinase (EC 3.4.21.9;

Sigma E-1256) for 1 h at room temperature for activation of trypsinogen
and chymotrypsinogen according to Brannon, Collins and Korc (1987).
Trypsin (EC 3.4.21.4) was analyzed by hydrolysis of benzoy1-arginine-pnitroani1ide at pH 8.1 (Erlanger, Kokovsky and Cohen, 1961) and
chymotrypsin (EC 3.4.21.1) by hydrolysis of N-glutary1-L-pheny1a1aninep-nitroani1ide at pH 7.6 (Erlanger, Ede1 and Cooper, 1966).
were expressed as units (U)

(~mo1

Activities

substrate hydrolyzed per min).
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Data were statistically analyzed by a multifactorial analysis of
variance (Steel and Torrie, 1960) where the following factors were
considered: age, breed and diet.

Treatment group means were separated

by least significant differences (LSD).
Results and discussion
Pancreatic development
Data obtained for pancreata weights, protein and DNA contents
indicate differences in developmental patterns between the Leghorn and
Hubbard chicks (Tables 2 and 3).

Pancreata weights increased with age

in each strain, but in the faster growing Hubbard birds pancreata
weights increased at twice the rate of those in the Leghorns (76 mg/day
yg. 38 mg/day) (Table 3).

Body weights for the two strains as expected

increased at different rates; the Leghorns chicks grew at a rate of 9.5
to 9.8 g/day while the Hubbards gained an average of 29.7 to 32.0 g/day
(Table 3).

Body weight changes were over three times faster for the

Hubbard chicks, while pancreata weights changed only two times faster
for the Hubbards (Tables 2 and 3).

Protein accretions in pancreata

tissue were three times faster for the Hubbards; while DNA per pancreas
was only 1.3 to 1.7 times faster for the faster growing Hubbards chicks
(Table 3).
Hubbards were heavier, had heavier pancreata, and more protein
and DNA in their pancreata, when compared with Leghorns (Table 2).
Supplemented fat significantly increased total pancreatic
protein in the Leghorns at 29 days, and in Hubbards at ages 9 and 22
days (Table 2).

Because the rate of protein increase with age was

Body weights, pancreas weights, protein and DNA contents in chick pancreas
(Experiment 1)

TABLE 2.

Days
of
age

Added fat

Added fat

Added fat

0%

0%

0%

5%

Body wt.
--g-Leghorns
2
70 j
9
114i
16
153 g
22
266 e
29
Hubbards
2
9
16
22
29

138 gh
313 d
508 c
726b

5%

5%

Added fat
0%

5%

Added fat

Added fat

0%

0%

5%

5%

Pancreas DNA
Pancreas protein
mg
mg/g-- - - J1g-- - - J1g/g--

Pancreas wt.
g

72
118hi
187 f
264 e

.114k
.472 j
.682i
.978 f
1. 124e

.114k
.495 j
.695 hi
.939 f
1.174e

12.11
49.5k
65.6 j
86.1i
95.3h

12.11
56.9k
70.0 j
91.8hi
107.4fg

110 ef
105 gh
95 jk
90 lm
850m

110ef
11Sda
101hi
98 ij
9lH

355 j
2101 i
2931h
3963 f
4984d

355 j
2610h
3292 g
4061 f
6596 c

2957 i
4476 cd
4320 de
4121 ef
4441d

2957 i
S281b
4715 c
4343 de
5663 a

142 gh
302 d
512 c
776 a

.115k
.810 g
1.384d
1. 838 c
2.158 a

.115k
. 777 gh
1. 436 d
1. 957 b
2.083 a

15.9 1
87.7 hi
121. 6e
191.4d
267.2 8

15.9 1
104.2 g
114.3 ef
206.7 c
243.7 b

148 a
109 fg
88 lm
105 8h
126 c

148 a
134b
83 n
106 fgh
117 d

439 j
3389 8
459g e
6899 c
8005 a

439 j
33608
4631 e
7551b
7641b

3876 fg
4236 de
3397h
37948
3779 8

3876 fg
4358 de
3332h
3879 f8
3740 8

j

a-nMeans within column pairs not having common letter superscripts are significantly different
(P<.05) .

....
VI
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TABLE 3.

Average daily accretions of body and pancreas weights,
total pancreatic protein and DNA contents,
and total pancreatic enzyme activities.
Differences between the regression slopes
(Experiment 1)
Added animal fat
0%

--Body wt. , g/day
Pancreas wt., mg/day
Protein, mg/day

5%

Added animal fat
0%

Leghorns

9.5 b
38 b
3.0b

5%
Hubbards

9.8 b
38 b
3.4b

29.7 8

32.0 8

76 8

76 8

9.0 8

8.3 8
277 8

166b

208 b

55 b

77 b

278 8
234 8

Amylase, U/day

1100b

889 b

5817 8

299 8
5628 8

Trypsin, U/day

1168b

1465b

3101 8

3173 8

DNA, j.Lg/day
Lipase, U/day

Chymotrypsin, U/day
b

37.6 b

48.2 b

170.4 8

169.28

Means within rows not having common letter superscripts are
significantly different (P<.05).
8-
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slower with high fat diets (8.30 Y2. 9.04 mg/day), at age 29 days, the
Hubbard birds fed the high fat diets showed lower pancreatic protein
contents (Tables 2 and 3).

Fat supplementation markedly affected the

amount of protein per gram of pancreas for each strain; pancreatic
protein was increased in Leghorns as a result of fat feeding but the
increase was less in Hubbards.

DNA contents, as an indicator of cell

numbers, were significantly increased by fat supplementation in the
Leghorns chicks, but because the Hubbards' rate of DNA increase with age
was lower with high fat diets, high fat diets led to lower values of DNA
at 22 and 29 days of age in Hubbards.

DNA per g pancreas was

significantly increased by dietary fat addition in Leghorns, but not in
the Hubbard strain (Table 2).
These data (Tables 2 and 3) indicate significant differences in
pancreatic development between the two strains used in this study.
Age, dietary fat, lipase activity and fat digestibility
Total lipase activity increased with age at an average rate of
55 to 77 U/day in Leghorn and of 234 to 299 U/day in Hubbard chicks, fed
low and high fat diets, respectively (Table 3 and Figure 1).

Total

lipase activity in Leghorns plateaued at 16 days while in Hubbards it
continued to increase.

From hatching to 16 days, the addition of 5%

animal fat did not significantly affect pancreatic lipase activities in
either breed (Table 4).

At 22 days of age, fat supplemented birds had

significantly increased lipase activities in both Leghorn and Hubbard
breeds.

At 29 days of age this effect was still evident in the heavier

breed (Hubbards); Hubbards showed a response to dietary fat for each of
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FIGURE 1. Variation in total lipase activity in pancreas with age,
breed and diet. Ages range from 2 to 29 days; breeds are Leghorn and
Hubbard chicks; diets are without and with added 5% animal fat.

TABLE 4.
Days
of
age

Added animal fat
0%

5%

Lipase activities in chicks (Experiment 1)
Added animal fat
0%

5%

-- U/pancreas --

-- U/g pancreas --

2
9
16

157 i
760 h
1683 fg

157 i
762h
1782 fg

1288 ij
1624gh
2472 c

22
29

1450 g
1644fg

2296 e
1970 ef

134i
1698 fg
3170 d
3346 d
7125 b

134i
I558 fg
30n d
4772 c
8552 8

Leghorns

Hubbards
2
9
16
22
29

Added animal fat
0%

Added animal fat

5%

0%

5%

-- U/mg protein -

-

1288 ij
1546 ghi
2540 c

12.12i
15. 61 fgh
27.39 b

12.12i
13. 52hi
25.18 bcd

. 44hi
.36 ij
. 61 def

. 44hi
.29 j
.54 efgh

1499 ghij
1446hij

2417 cd
1650 gh

16.31 fgh
17.l2 efg

24.43 cd
18.21 ef

.37 ij
.33 j

.5rfg
.30 j

1192 j
2127 def
2284 cde
1832 fg
3317 b

1192 j
2024 ef
2285 cde
2488 c
4145 8

7.58 j
19.83 e
25.83 bcd
17.80 ef
26.37 bc

7.58 j
14. 32 ghi
27.42 b
23.24d
35.418

.28 j
.50 fgh
.72c
.49 gh
.98b

U/J..Lg DNA -

.28 j
. 46 ghi
.68 cd
. 64 cde
1.13 8

8- j Means within column pairs not having common letter superscripts are significantly different
(P<.05).

V1
V1
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the comparisons (U/pancreas, U/g pancreas, U/mg protein and

U/~g

DNA).

The differences between the two breeds in their response to dietary fat
at 29 days of age resulted from the higher pancreatic protein and DNA
contents obtained with the Leghorns with supplemental fat as compared
with the Hubbards at this age (Table 2).
Fat digestibility in Leghorns fed the low fat diet increased
significantly from 14 to 30 days of age (59.9 Yli, 66.0%), while the data
obtained for the Hubbards fed both diets showed a significant decrease
in fat digestibility over this period (45.9 to 64.1 Yli, 30.6 to 54.4%)
(Table 5 and Figure 2).
Dietary fat significantly increased total fat digestibility in
both Leghorn and Hubbard chicks (Table 5 and Figure 2).
Correlations of total pancreatic lipase activities with fat
digestibility data failed to demonstrate a significant relationship.
This finding is in agreement with Snook (1974) who suggested that a
decrease in the functional reserve capacity of the pancreas was not of
metabolic significance.

Snook explained that hydrolysis was not always

the rate limiting step in the digestive process, and enzyme deficiency
compensations could be provided by enzymes located in other parts of the
digestive tract, by microbial enzymes, by membrane digestion, or by
adaptations in transport mechanisms and other processes associated with
digestion.
Age, dietary fat, amylase activities and starch digestibility
Total amylase activity increased with age at an average rate of
1100 to 889 U/day in Leghorn and 5817 to 5628 U/day in Hubbard chicks,
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TABLE 5.

Percent nutrient digestibilities (Experiment 1)
Added animal fat

age

0%

5%

Added animal fat
0%

Fat

5%
Starch

Leghorns
14
30

59.9 c
66.0 b

80.18
81. S8

96.6 8
96.28b

96.3 8b
96.lb

Hubbards
14
30

45.9 9
30.6 f

64.lbc
54.4 d

95.0 c
95.0 c

94.7c
94.6 c

0%
-

5%
Protein - -

64.4 8
49. Sc

8- f Means within column pairs not having common letter
superscripts are significantly different (P<.05).
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fed low and high fat diets, respectively (Tables 3 and 6; Figure 2).
From hatching to 29 days, the addition of 5% animal fat did not
significantly affect total pancreatic amylase activity in Leghorns
. (Table 6 and Figure 3).

In Hubbards fat supplementation decreased total

pancreatic amylase activity at 16 and 29 days, but caused an increase at
22 days.
Amylase activity per g pancreatic tissue showed a developmental
pattern which did not increase linearly with age (Table 6).

The pattern

of amylase activity per g pancreas depended on the balance between
variations in pancreas weights and total amylase activity.

From 2 to 9

days, amylase activity per g pancreas significantly decreased in
Leghorns and in Hubbards fed low and high fat diets; at 16 days amylase
activity per g pancreas increased in all categories, remained at the
same level in Leghorns, but significantly increased in Hubbards, up to
day 29 (Table 6).

However these increases did not reach the original

high levels at 2 days.
Amylase activity per g pancreas was higher in Hubbard chicks
compared with Leghorns.

Fat supplementation decreased amylase activity

per g pancreas at 29 days in Leghorns, and in Hubbards at 9 and 16 days
(Table 6).
Amylase activity per mg protein and amylase activity per

~g

DNA

varied with age in a pattern similar to amylase activity per g pancreas
(Table 6).

The changes in amylase activities per mg protein and per

~g

DNA also depended on the balance between variations of total amylase
activities on one hand, and total pancreatic protein or DNA on the other
hand.

TABLE 6.
Days
of
age

Added animal fat
0%

5%

-- U X 103/pancreas
Leghorns
2
9
22
16
29
Hubbards
2
9
16
22
29

5.92 j
l2.70j
30.67 ghi
23.96 1
33.78 gh
10.18 j
36.343
77 .50 9
107.66 d
169.49 8

Amylase activities in chicks (Experiment 1)
Added animal fat
0%

5%

-- U X 103/g pancreas

Added animal fat
0%

5%

-- U/mg protein --

5.92 j
11. 52 j
25.25hi
24.07 1
28. 71 gh1

53.64d
26.57 ij
34.9l fgh
31. 49 gh1
30.76h1

53.64d
23.07 j
36.41 fg
26.61ij
24.lOj

470 c
25l f

10.18 j
28.66 gh1
64.l4 f
ll8.13 c
154.77b

94.83 8
44.69 9
55.61 d
58.50 cd
78.13b

94.83 8
37.31f
45.33 9
60.86 c
74.59 b

Added animal fat
0%

5%

- - U/jJg DNA - -

355 9
364 9

36]0

470 c
198 9
360 9
272 f
262 f

l6.89 cd
6.00 jkl
8.l4hi
7.68 h1j
6.90 ij

l6.89 cd
4.40k1
7.67hij
6.05 jk
4.341

661 8
417 d
634 8
565b
627 8

661 8
275 f
552 b
571b
637 8

24.228
10.65 g
17 .66 c
15.54d9
21.77 b

24.228
8.68h
13.69 f
l4.84 9f
20.61b

8- 1Means within column pairs not having cornmon letter superscripts are significantly different
(P<.05).
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The addition of 5% fat in the diet significantly decreased
amylase activity per mg protein at ages 9, 22 and 29 days in Leghorns,
at ages 9 and 16 days in Hubbards (Table 6).
significant decrease in amylase activity per

Animal fat also caused a
~g

DNA at age 29 days in

Leghorn and at ages 9 and 16 days in Hubbards (Table 6).

Thus the

addition of animal fat to the diet seemed to generally lead to a
decrease in amylase activity.

Hu1an and Bird (1972) also found an

increase in amylase activity per mg protein in the pancreatic juice of
chickens upon changing from high fat to low fat diet, and a decrease
with a change from a low fat to a high fat diet.

Bazin et a1. (1978)

also showed that lipase levels in rats were negatively correlated with
amylase levels.

These same findings were also reported by Christophe et

al. (1971), Deschodt-Lanchman et a1. (1971), Lavau

~

a1. (1971),

Robberecht et a1. (1971), Snook (1971b), Gidez (1973), Lavau et a1.
(1974), Forman and Schneeman (1980), Sommer and Kasper (1981), and
Wicker and Puigserver (1987).

The question of why fat supplementation

should decrease amylase activity awaits further investigation.
Leghorn chicks utilized significantly more dietary starch than
Hubbards.

Starch digestibility was not significantly affected by fat

supplementation in this study (Table 5 and Figure 2), but Reid (1983)
found an increase in starch digestibility with high fat diet based on
wheat.

These differences might be explained by the fact that two

different ingredients were used, milo versus wheat; wheat being
naturally less digestible than milo.
Since the addition of fat to the diet decreased amylase
activities without an effect on starch digestibility (Table 5 and Figure
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2), there seemed to be no direct correlation between starch
digestibility and pancreatic amylase activities in this study.

Dietary fat, trypsin and chymotrypsin activities, and protein
digestibility
Total trypsin activity increased with age at an average rate of
1168 to 1465 U/day in Leghorn and 3101 to 3173 U/day in Hubbard chicks,
fed low and high fat diets respectively (Tables 3 and 7; Figure 4).
Total chymotrypsin activity increased with age at an average rate of 38
to 48 U/day in Leghorn and 170 to 169 U/day in Hubbard chicks, fed low
and high fat diets, respectively (Tables 3 and 8; Figure 5).
Hubbards showed higher total trypsin (Table 7 and Figure 4) and
chymotrypsin (Table 8 and Figure 5) activities than Leghorns.
Addition of 5% dietary fat in Leghorns did not significantly
affect total trypsin activity (Table 7 and Figure 4) until the age of 29
days, when it caused a significant increase, but it significantly
increased total pancreatic chymotrypsin (Table 8 and Figure 5) activity
at 16 and 29 days.

In Hubbards, addition of 5% fat significantly

increased total trypsin activity at 23 and 29 days (Table 7), but
significantly decreased total chymotrypsin activity at 16 days (Table
8) .

Chymotrypsin and trypsin activities per g pancreas significantly
decreased in Leghorns fed low and high fat diets at 9 days (Tables 7 and
8).

At 16 days, trypsin activity per g pancreas in Leghorns

significantly increased in the high fat diet, but chymotrypsin increased
in both dietary groups.

At 22 days trypsin activity per g pancreas in

TABLE 7.
Added animal fat

Days
of
age

0%

5%

-- U x 10 3 /pancreas
Leghorns
2
9
16

22
29

Hubbards
2
9
16

22
29
8-

Trypsin activities in chicks (Experiment 1)
Added animal fat
0%

5%

-- U x 10 3 /g pancreas

Added animal fat
0%

5%

-- U/mg protein --

Added animal fat
0%

5%

- - U//Jg DNA - -

j
6.37
21. 62 i
32.45h
35.99 fgh
38.l0 gf

6.37 j
17.11i
32.6lh
39.86 ef
44.01 de

56.00 8
45.58 bcd
46. nbc
37.00 ghij
33.78 ijk

56.00 a
34.32 ijk
47.30b
42.38 def
37.23 ghi

483 8
434bc
487 8
415 cde
400 de

483 8
295 i
465 8b
435 bc
407 cde

16.08 8
10.29 cdef
11.00bcd
9.06 fg
7.64 gh

16.08 8
6.49 h
10. 17 cdef
9.81def
6.78 h

3.68 j
33.67 gh
46.59 d
66.51 C
91.13 8

3.68 j
31.39 h
45.09 d
86.89 b
82.73 b

33.11 jk
42.72 cdef
33.53 ijk
36.48hij
45.35 bcd

33.11jk
40.70 efg
31. 68k
44. 38 bcde
38.91 fgh

307hi
393 de
382 ef
352 fg
355 fg

307hi
300 i
392 de
418 cd
333 gh

9.43 ef
10.08def
10.70 cde
9.74def
12.48b

9.43 ef
9.31 ef
9.65 def
11. 62bc
10. 78 cde

k Means

within column pairs not having common letter superscripts are significantly different

(P<.05).
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TABLE 8.
Days
of
age

Added animal fat
0%

5%

-- U/pancreas -Leghorns
2
9

16

22
29

Hubbards
2

9
16

22
29

Chymotrypsin activities in chicks (Experiment 1)
Added animal fat
0%

5%

-- U/g pancreas --

Added animal fat
0%

Added animal fat

5%

-- U/mg protein -

5%

0%
-

U/ILg DNA -

151 j
344 i
654h
1043£s
1064£s

151 j
293 ij
927 s
1195 e £
1315 de

1346 d
722h
963£s
109g e
944 s

1346 d
589 i
1345 d
1292 d
110g e

12.38 e £
6.84i
10.15 s
12.30 e £
11.07 s

12.38 e £
5.08 j
13.28 de
13.29 de
12.16£

.43 d
.16 i
.22s
.26£
.21s

.43 d
.11 j
.2g e £
.2g e £
.20shi

180 ij
70lh
1822 c
3583 b
4474a

180 ij
559 h
1485 d
3746 b
4297 a

1609 c
866 s
13l2d
1943b
2098 8

1609 c
723 h
1057 e £
1933 b
2074 8

13.54d
8.04h
15.03 c
18.67 8
16.67b

13.54d
5.33 j
12.76 de £
18.24a
17.66 ab

.4JC
. 21 sh
.4l d
.52b
.59 8

.47c
. 17 hi
.32 e
.51b
.56 a

8-jMeans within column pairs not having common letter superscripts are significantly different
(P<.05).
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FIGURE 5. Variation of total chymotrypsin activity in pancreas with
age, breed and diet. Ages range from 2 to 29 days; breeds are Leghorn
and Hubbard chicks; diets are without and with 5% added animal fat
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Leghorns significantly decreased in both dietary groups, but
chymotrypsin increased in the low fat group; at 29 days trypsin activity
per g pancreas significantly decreased in Leghorns in the high fat group
but chymotrypsin decreased in both dietary groups.
When activities are expressed per g pancreas, whether they
increased or decreased depended on the balance between the increase in
the pancreas weights and the increase in the activities; for example
trypsin activity per g pancreas in Leghorns decreased at 9 days because
the pancreas weights increased by about 76%; whereas this activity
increased by only about 70% (Table 7).
In Hubbards, trypsin activity per g pancreas significantly
increased from 2 to 9 days in low and high fat diets (Table 7); but
chymotrypsin significantly decreased in both dietary groups (Table 8).
At 16 days trypsin activity per g pancreas significantly decreased in
Hubbards fed low and high fat diets, but chymotrypsin significantly
increased in both dietary groups.

At 22 days, trypsin activity per g

pancreas significantly increased in the high fat fed group, but
chymotrypsin increased in both dietary groups.

At 29 days, trypsin

activity per g pancreas significantly increased in the low fat group and
decreased in the high fat group, but chymotrypsin activity significantly
increased in both dietary groups.

At the end of the experiment, trypsin

and chymotrypsin activities per g pancreas in Leghorns were decreased
but they were increased in Hubbards, compared to the beginning of the
experiment.
Compared with Leghorn chicks, Hubbard chicks had lower levels of
trypsin activities per g pancreas at 2 and 16 days in both dietary
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groups, and higher trypsin activities per g pancreas at 9 days in the
high fat group, and at 29 days in the low fat group (Table 7).

Compared

with Leghorn chicks, Hubbard chicks had higher levels of chymotrypsin
activities per g pancreas at 2, 9, 22 and 29 days in both dietary
groups, and at 16 days in the low fat group; Hubbard chicks had lower
levels of chymotrypsin activity per g pancreas at 16 days in the high
fat group (Table 8).

The outcomes of these comparisons depended upon

the rates of pancreas weights and total activity increases in each
breed.
Dietary fat caused a significant decrease in trypsin activity
per gram of pancreas in Leghorns at 9 days, and in Hubbards at 29 days
(Table 7); a significant decrease in chymotrypsin activity per g
pancreas in Leghorns at 9 days and in Hubbards at 9 and 16 days (Table
8).

Dietary fat caused a significant increase of trypsin activity per g

pancreas in Leghorns and in Hubbards at 22 days; and of chymotrypsin
activity per g pancreas in Leghorns at 16, 22 and 29 days.
Consequently, no general pattern could be found in the
variations of trypsin and chymotrypsin activities per g pancreas, with
age, with breed, or with fat supplementation in this study.
Trypsin and chymotrypsin activities per mg protein in Leghorns
decreased at 9 days in low and high fat diets (Tables 7 and 8).

At 16

days trypsin and chymotrypsin activities per mg protein in Leghorns
increased in both dietary groups.

At 22 days trypsin activity per mg

protein in Leghorns significantly decreased, but chymotrypsin activity
per mg protein in Leghorns significantly increased, in Leghorns in the
low fat group.

At 29 days trypsin activity per mg protein in Leghorns
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was not significantly affected in both dietary groups, but chymotrypsin
activity per mg protein was significantly decreased in both low and high
fat groups.

The outcomes of these comparisons depended upon the balance

in the variations between total pancreatic proteins and total pancreatic
enzyme activities.
In Hubbards, at 9 days trypsin activity per mg protein increased
in the low fat diet, but chymotrypsin per mg of protein decreased in
both dietary groups (Tables 7 and 8).

At 16 days trypsin activity per

mg protein in Hubbards decreased in the low fat group, but chymotrypsin
increased in both dietary groups.

At 22 days, chymotrypsin and trypsin

activities per mg protein in Hubbards significantly increased in both
low and high fat diets.

At 29 days, trypsin activity per mg protein in

Hubbards significantly decreased in the high fat group, but chymotrypsin
activity per mg protein significantly decreased in the low fat group.
Thus the patterns of variation of trypsin and chymotrypsin
activities per mg protein did not show a regular pattern of variation
with age in either breed and in either dietary group.
When compared to Leghorns, Hubbards showed lower trypsin
activity but higher chymotrypsin activity per mg protein (Tables 7 and
8) .

Fat supplementation caused a decrease in trypsin activity per mg
protein in Leghorns and Hubbards at 9 days, and an increase in Hubbards
at 22 days (Table 7).

Fat supplementation caused a decrease in

chymotrypsin activity per mg protein in Leghorns at 9 days and in
Hubbards at 9 and 16 days, and an increase at 16 and 29 days in Leghorns
(Table 8).

The effects of fat supplementation on the activities per mg
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protein depended on the effects of fat supplementation on total
activities and on total proteins.
Trypsin and chymotrypsin activities per

DNA in Leghorns

~g

significantly decreased at 9 days in low and high fat diets (Tables 7
and 8).

At 16 days trypsin activity per

the high fat group, but
dietary groups.

chJ~otrypsin

~g

DNA in Leghorns increased in

significantly increased in both

At 22 days trypsin activity per

~g

DNA in Leghorns

significantly decreased in the low fat group, but chymotrypsin
significantly increased in the low fat group.
activity per

~g

At 29 days trypsin

DNA in Leghorns significantly decreased in the high fat

group, but chymotrypsin significantly decreased in both dietary groups.
In Hubbards, age did not affect trypsin activity per

~g

DNA in

the low fat group before 29 days, but at 29 days there was a significant
increase; in the high fat group trypsin activity per
significantly increased at age 22 days (Table 7).
activity per

~g

~g

DNA

However chymotrypsin

DNA in Hubbards significantly decreased at 9 days, then

linearly increased up to age 29 (Table 8).
Compared to Leghorns, Hubbards showed higher levels of
chymotrypsin activity per
per

~g

~g

DNA (Table 8).

However trypsin activity

DNA was lower in Hubbards at 2 days, but significantly higher at

9 days and at 22 days in the high fat group, and at 29 days in both
dietary groups, compared to Leghorns (Table 7).
Fat supplementation caused a decrease in trypsin and
chymotrypsin activities per pg DNA in Leghorns at age 9 days, and an
increase in chymotrypsin activity at age 16 days (Tables 7 and 8).
Hubbards, fat supplementation caused trypsin activity per pg DNA to

In
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increase at age 22 days and to decrease at age 29 days, and chymotrypsin
activity per

~g

DNA to decrease at age 16 days.

Consequently, it was not possible to specify clearly the effect
of fat supplementation on trypsin and chymotrypsin activities.

Grossman

et a1. (1942) found that a high fat diet essentially caused no
alterations in trypsin.

Many other authors have also reported the same

finding (Reboud et al., 1962; Gidez, 1973; Lavau et al., 1974).

However

Hulan and Bird (1972) found increased amount of trypsinogen with a low
fat diet compared with high fat diet in the pancreatic juice of
chickens.

Contradictions were also found in the literature concerning

the effect of added fat on chymotrypsin activities.

Wicker and

Puigserver (1987) observed that the consumption of hyperlipidic diets
containing 25 and 30% compared to a control of 3% lipid did not result
in a change in the activity of chymotrypsin.

Lavau et al. (1974) found

that proteolytic activities were not affected by feeding the rat with
diets enriched with lard or with oleic acid at the expense of
carbohydrates.
findings.

Gidez (1973) and Snook (197lb) reported similar

However Snook (197lb) reported an increase in chymotrypsin

activity by up to 40% when carbohydrate was replaced by fat and provided
less than 10% as opposed to 70% of the dietary calories.

Wicker and

Puigserver (1987) also observed that the ingestion of diets containing
3-20% lipid resulted in a progressive increase in the activity of
chymotrypsin.

Sommer and Kasper (1981) also reported a stronger

secretion of chymotrypsinogen in fat-rich diet compared to a control.
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More contradictions were found in Forman and Schneeman (1980)
who reported that higher level of corn oil (25 vs. 5%) slightly slowed
the chymotrypsin and trypsin activities in the rats.
Protein retention decreased with age (Table 5 and Figure 2), but
total trypsin and chymotrypsin activities increased with age.

Protein

retentions decreased with high fat diet at 14 days in Leghorns, but the
effect of added fat on trypsin and chymotrypsin activities were not
clear.

Consequently, correlations between protein digestibility and

protease activities were not evident.
Conclusions
Body weight increases were over three times faster for the
Hubbard chicks, while pancreata weights changed only two times faster
for the Hubbards.

Protein accretions in pancreata tissue were three

times faster for the Hubbards; while DNA per pancreas was only 1.3 to
1.7 times faster for the faster growing birds.
Total units of lipase, amylase, trypsin and chymotrypsin
activities per pancreas increased with age in Leghorn and Hubbard birds
fed low and high fat diets.

However in Leghorns total enzyme activities

plateaued at age 16 in both dietary groups.

Hubbard birds showed higher

total pancreatic lipase, amylase, trypsin and chymotrypsin activities
when compared with Leghorns.
Addition of 5% dietary fat did not significantly affect pancreas
weights, but increased total pancreatic protein and DNA contents.
Addition of 5% dietary fat significantly increased total lipase activity
per pancreas, but decreased total amylase activity.

Added fat did not
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seem to have a specific effect on total pancreatic trypsin and
chymotrypsin activities.
The effects of fat supplementation, age and breed on enzyme
activities per g pancreas, per mg protein and per

~g

DNA depended on the

balance between the variations of pancreas weights, total protein
contents, and total DNA contents on one hand, and total enzyme
activities on the other hand.
No direct correlation was found between nutrient digestibility
and corresponding enzyme activity.
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CHAPTER 4
EFFECT OF AGE, DIETARY FAT ON LIPASE ACTIVITY AND
FAT DIGESTIBILITY IN YOUNG LAYING HENS
Introduction
Laying hens lose some of their ability to digest fat as they get
older (Baco, 1985), as well as humans in old age (Goodhart and Shils,
1980).

Whether this occurrence is related to an alteration in the

function of the exocrine pancreas, more specifically the synthesis and
secretion of digestive

enzymes is not known.

The production of

digestive enzymes is affected by physiological and environmental
factors, such as age and diet, and may increase or decrease with
variation in nutrient composition of the diet (see Chapter 3).
Research on the influence of fat on pancreatic lipase activity
has been contradictory, and most research on pancreatic exocrine
function has been conducted with rats.

Grossman et al. (1942) found

essentially no change in lipase activity with high fat diets.

Bucko and

Kopec (1968) reported an increase in lipase with an increase in dietary
fat.

Robberecht et al. (1971) and others have also confirmed the

adaptation of lipase activity to fat content of the diet.
Few such studies have been conducted with poultry.

Hulan and

Bird (1972) found an increase in the specific activity of lipase in
pancreatic juice of chickens fed a high fat diet.

Dror et al. (1976)

after feeding chicks different levels of fat, and testing fasting and
fasting-refeeding regimens concluded that pancreatic lipase activity in

76
chicks depended on factors other than the amount or type of fat
consumed.

In a previous experiment with chicks (Chapter 3), we found

that adding 5% animal fat to the diet increased pancreatic lipase
activities after 22 days.

Thus it seems that the relationship between

dietary fat and lipase activity is complex and involves factors not yet
well understood.
The present study investigates the changes in pancreatic lipase
activities in relation to age, dietary fat and fat digestibility in
young laying hens.
Materials and methods
Eighty White Leghorn birds of the strain Hy1ine W36 were used in
this experiment.

Half of them were fed a basal diet and the other half

a similar diet supplemented with 5% animal fat (Table 9).

Control

pancreata were collected initially from 8 birds aged 7.3 mo of the same
strain and from a similar environmental background as hens fed
experimental diets.

Pancreata were collected at the following ages:

8.5, 10.6, 12.7 and 14.3 mo.
group.

There were 8 animals in each experimental

Feed and excreta samples were collected at the following ages:

8.3, 10.4, 12.0 and 14.1 mo.

Co11ec~ions

previously described (Chapter 3).

and analyses were performed as

There was no breed factor.

Amylase,

trypsin and chymotrypsin activities were not measured in this study, nor
starch or protein digestibi1ities.

77

TABLE 9.

Composition of experimental diets
(Experiment 2)
Added animal fat

Ingredient
Ground milo, %
Soybean meal (44), %
Dehy. alfalfa meal, %
Ground limestone, %
Dica1cium phosphate, %
DL-methionine, %
Salt, %
Vitamin mixl, %
Trace mineral mix 2 , %
Animal fat, %

0%

5%

64.07
21. 31
3.03
8.69
1. 33
.11
.35
1.00
.10

57.85
22.52
3.03
8.68
1. 35
.12
.35
1.00
.10
5.00

16.0
2.08
2.71
3.8
.35
.58
.72

16.0
6.91
2.91
3.8
.35
.58
.74

Calculated nutrient composition
Protein, %
Fat, %
Metabolizable energy, kca1/g
Calcium, %
Available phosphorus, %
Total sulfur amino acids, %
Lysine, %

lSupp1ied the following per kg of diet:
3965 IU vitamin A, 615 ICU vitamin D3 , 1.8 mg
riboflavin, 11.2 mg niacin, 4.5 mg calcium
pantothenate, 5.3 ~g vitamin B12 , 2.2 IU
d-a-tocophero1 acetate, .9 mg menadione sodium
bisulfite, 372 mg choline chloride and 50 mg
ethoxyquin.
2Supp1ied the following (ppm):
Zn, 60 Mn, 4 Cu and 1 Mo.

20 Fe, 60

78
Results and discussion
Pancreatic development
Birds fed the low fat diet failed to maintain body weight during
the course of the study (Table 10 and Figure 6).

These birds lost an

average of 208 g from 1.3 to 14.3 mo of age; while the hens fed the high
fat diet maintained their initial body weight.
Pancreata weights were decreased in each dietary series as the
birds became older (Table 10 and Figure 7).

Initial pancreata weights

of 2.671 g (1.70 g/kg BW) decreased to 2.11 g (1.55 and 1.35 g/kg BW
respectively) by the end of the study (14.3 mo of age).
Total protein contents were also reduced with age (Table 10
and Figure 8), but·the protein content per g pancreas was not
significantly affected by either age or dietary fat level.
Total cell number, measured as DNA content, was increased as the
birds aged from 7.3 to 14.3 mo (Table 10 and Figure 9).
DNA contents per g pancreas data suggest significant increases
in cells per g pancreas with age in both the high and low fat groups.
The decrease in protein content and increases in DNA levels in
the pancreata resulted in statistically significant increases in the
DNA/protein ratios from 14 to 22-26 with age, during the study.
Combination of the data for the dietary treatments to evaluate
age effects showed a linear decline in body weight beginning at 10.6 mo
(Table 10).

Pancreata weights also declined at this time along with

protein contents.
The effects of dietary treatment are also shown in Table 10.
The high fat diet significantly increased body weights, decreased the

TABLE 10.

Months
of
age

Body and pancreas weights, protein and DNA contents of pancreas in young laying hens
(Experiment 2)

Added fat

Added fat

Added fat

Added fat

Added fat

Added fat

0%

or

0%

0%

or.

0%

5%

Body wt.
--g
7.3
8.5
10.6
12.7
14.3

1573 ab
15448b
16548
1473bc
136S c

1573 ab
1597 8b
1679 8
1663 8
1559 ab

5%

Pancreas wt.
g
2.6718bc
2.691 8b
2.918 8
2.40Sbcd
2.10Sd

2.671 abc
2.387 cd
2.773 a
2.164d
2.113 d

5%

5%

5%

5%

Pancreas protein
Pancreas DNA
- - mg-- pg/g-mg/g- - - p g
288 ab
292 8b
322 8
222 cd
225 cd

288 ab
257 bc
311 a
194d
217 cd

109 ab
109 ab
l11 a
93 ab
107 ab

109 ab
109 ab
112 8
90 b
105 ab

4035 bc
3S43 c
4122 bc
4878 8b
4822 ab

4035 bc
3509 c
3633 c
5683 a
5262 a

1514c
130S c
1419 c
2047 b
2299 ab

1514c
1469 c
1308 c
2625 a
2520 a

8-dMeans within column pairs not having common letter superscripts are significantly different
(P<.OS).
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average pancreas weight during the study, and significantly increased
DNA content.
Age, dietary fat and pancreatic lipase activity
From 7.3 to 10.6 mo, age and diet did not significantly affect
lipase activities (Table 11 and Figure 10).

After 10.6 mo lipase

activities decreased in the hens fed the low fat diets.

In the birds

fed the high fat diet there was a significant decrease in lipase
activities at 12.7 mo: total lipase activity in the pancreas decreased
by 60.8%, lipase activity per g tissue by 50.7%, and lipase activity per
~g

DNA by 77.1%, in comparison with the previous age; the birds fed the

low fat diets still had lipase activity levels similar to the levels at
7.3 mo.

At 14.3 mo, in hens fed the high fat diet there was, however, a

significant increase in lipase activities: total lipase activity by
49.3%, activity per g tissue by 52.8%, and lipase activity per mg
protein by 48.5%, in comparison with the previous age.
When comparisons were made within the same age, fat
supplementation did not generally affect lipase activities except for
the following (Table 11).

At 12.7 mo fat supplementation caused a

significant decrease in total pancreatic lipase activity, activity per g
tissue and activity per mg protein.

At 14.3 mo fat supplementation

caused a significant increase in lipase activity per mg protein.
Age, dietary fat and fat digestibility
Fat digestibility did not significantly vary with age in either
dietary group from 8.3 to 14.1 mo (Table 12 and Figure 11).

However fat

digestibility was significantly higher for birds fed the high fat diet.

TABLE 11.
Months
of
age

Added animal fat
0%

5%

-- U/pancreas -5156 8
6113 8
5893 8
4563 8b
2898 bc

7.3
8.5
10.6
12.7
14.3
8-

c Means

5156 8
5777 8
5630 8
2206 c
4349 8b

Lipase activities in young laying hens (Experiment 2)
Added animal fat
0%

5%

-- U/g pancreas
2028 8b
2307 8
2036 8b
1883 8b
1367 bc

2028 8b
2423 8
2040 ab

lOOSe

2131 8b

Added animal fat
0%

Added animal fat

5%

0%

5%

-- U/mg protein ---

-

18.77 8bc
21.328
18.46 8bc
20.68 8b
12.79bc

1.36 ab
1.86 8
1. 48 ab
. nbc
.60 c

18.77 8bc
22.34 a
18.10 abc
11. 35 c
22.028

U/j.lg DNA 1.36 ab
1. 79 a
1. 70 8
.39 c
.85bc

within column pairs not having common letter superscripts are significantly different

(P<.05).
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TABLE 12.

Percent fat digestibility
(Experiment 2)

Months
of
age

Added animal fat

0%

5%

8.3
10.4
12.0
14.1

36.8 b
38.8 b
44.9 b

56.S 8b
74.4 8
69.6 8

a-bMeall': not having common
letter- superscripts are
significantly ilifft::.t..t::uc (L'<.Q'l).
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Lipase activities and fat digestibility
Neither lipase activities nor fat digestibility varied
significantly between 8.3 and 10.6 mo.

Lipase activities for birds fed

the high fat diet decreased at 12.7 mo and increased at 14.3 mo but data
were lost for fat digestibility at 12.0 and 14.1 mo.

When compArisons

were made within the same age, dietary fat did not affect lipase
activities at 7.3, 8.5 and 10.6 mo but high fat greatly increased fat
digestibility at 8.3 and 10.4 mo of age.

Thus it appeared that fat

digestibility depended on factors other than lipase activities.
Conclusions
Birds fed the high fat diet maintained body weight during the
course of the study, but hens fed the low fat diet lost body weight
during the study.

Pancreata weights decreased in both dietary series as

the birds became older.

Total protein contents of the pancreata were

reduced with age irrespective of diet, but total cell number, measured
as DNA content, significantly increased with age.
From 7.3 to 10.6 mo, age and diet did not significantly affect
lipase activities.

Lipase activities decreased in the pancreata of the

birds fed the low fat diet after 10.6 mo; and were also decreased at
12.7 mo in birds fed the high fat.

At 14.3 mo, the high fat diet

produced increased pancreata weights compared with those fed low fat.
Fat digestibility did not significantly change with age, but it
was higher for birds fed the high fat diet.

It appeared that fat

digestibility depended on factors other than lipase activities.
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CHAPTER 5
AGE, DIETARY FAT, EXOCRINE PANCREAS FUNCTION AND FAT
DIGESTIBILITY IN OLDER LAYING HENS
Introduction
In a previous experiment (Chapter 3), it was shown that total
units of pancreatic lipase, amylase, trypsin and chymotrypsin in chicks
increased linearly with age from 2 to 29 days.

It was also shown

(Chapter 4) that age did not affect lipase activities in young laying
hens from 7.3 to 10.6 rna of age, but lipase activities were
significantly decreased at 12.7 mo.
Addition of 5% dietary fat to the chick diets significantly
increased total lipase activity in the pancreas, but decreased total
amylase activity; whereas dietary fat had no well defined effect on
total pancreatic trypsin and chymotrypsin activities.

An effect of 5%

added dietary fat in young laying hens was less evident; fat
supplementation caused significantly lower pancreatic lipase activities
at 12.7 rna, but these activities were increased significantly by fat
supplementation at 14.3 mo.
No direct correlation was found between nutrient digestibility
and corresponding pancreatic enzyme activities.
The present study investigates the changes in the exocrine
pancreas function in relation to age, dietary fat, force molting and fat
digestibility in older laying hens.
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Materials and methods
This experiment involved 96 White Leghorn laying hens (Shaver
288).

Half of the birds were fed a low-fat basal diet and the other

half was fed a similar diet supplemented with 5% animal fat (Table 13).
Initial pancreata data were obtained from 12 hens at 10.2 mo of
age.

Eight pancreata were collected from each experimental group at

11.6, 15.7, 18.8 and 20.7 mo of age.

Feed and pooled excreta samples

were collected from eight hens each at 12.2, 18.8 and 20.7 mo of age.
Collections and analyses were performed as previously described (Chapter
3) .

In order to study the effects of force molting, 16 birds from
each experimental diet were moved into a closed house and lights turned
off on days 502 (16.7 mo) through day 522 (17.4 mo).
for three days (days 502, 503 and 504).
days (day 505 through day 522).

Feed was removed

Ground milo only was fed for 18

The birds were returned to the

experimental diets on day 523 (17.4 mo) and the lights were turned on to
provide 16 h light.

Unfortunately in this study, the control birds were

old enough to undergo natural molt, so that the results of the force
molting experiment were not satisfactory.
18.8 and 20.7 mo.

Pancreata were collected at

For digestibility studies, feed and excreta were

collected at 18.8 and 20.7 mo.

For the analysis of variance the

following factors were considered: age, diet, and force molting.
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TABLE 13.

Composition of experimental diets
(Experiment 3)
Added animal fat

Ingredient
Ground milo, %
Soybean meal (48), %
Oehy. alfalfa meal, %
Ground limestone, %
Oicalcium phosphate, %
OL-methionine, %
Salt, %
Vi tamin mixl, %
Trace mineral mix 2 , %
Animal fat, %

0%

5%

70.37
14.96
3.03

64.07
16.26
3.03
8.70
1. 39
.11
.35
1.00
.10
5.00

8.72

1. 37

.11
.35
1.00
.10

Calculated nutrient composition
Protein, %
Fat, %
Metabolizable energy, kca1/g
Calcium, %
Available phosphorus, %
Total sulfur amino acids, %
Lysine, %

16.0
2.23
2.89
3.8
.35
.58
.73

16.0
7.07
3.10
3.8
.35
.58
.76

lSupplied the following per kg of diet:
3965 IU vitamin A, 615 ICU vitamin 0 3 , 1.8 mg
riboflavin, 11.2 mg niacin, 4.5 mg calcium
pantothenate, 5.3 ~g vitamin B12 , 2.2 IU
d-a-tocophero1 acetate, .9 mg menadione sodium
bisulfite, 372 mg choline chloride and 50 mg
ethoxyquin.
2Supp1ied the following (ppm):
Zn, 60 Mn, 4 Cu and 1 Mo.

20 Fe, 60
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Results and discussion
Body weights and pancreatic changes
Body weights were highest at 10.2 and lowest at 15.7 rna in both
dietary groups (Tables 14a and 14b; Figure 12).

Body weights increased

after 15.7 rna following either natural or force molting.
dietary fat did not significantly affect body weights.

Addition of 5%
Force molting

did not significantly affect the body weights of force molted animal,
compared with non force molted birds which also underwent natural
molting (Table 14b and Figure 12).
Pancreata weights were lowest at 15.7 rna (Table 14a and Figure
13).

Pancreata weights increased after 15.7 rna following either natural

or force molt.

Fat supplementation did not significantly affect

pancreata weights.

Force molting did not significantly affect pancreata

weights in force molted birds, compared with non starved birds (Table
14b and Figure 13).
Total protein content of the pancreata and protein per g tissue
were not significantly affected by age from 10.2 to 15.7 rna, but were
significantly increased after 15.7 rna following either natural or force
molting (Tables 14a and 14b; Figure 14).

Addition of 5% dietary fat

caused significant increases in total protein content in the pancreas.
Total protein in the pancreas was not significantly affected by force
molting, although there was a tendency to a decrease probably due to
starvation, compared with non starved birds (Table 14b and Figure 14).
Protein content per g pancreas was significantly lower in the force
molted birds at 18.8 rna (Table l4b).

TABLE l4a.

Months
of
age

Added fat

Added fat

Added fat

Added fat

Added fat

Added fat

0%

0%

0%

0%

0%

0%

5%

Body wt.
--g
10.2
11.6
15.7
18.8
20.7

Body and pancreas weights, and protein and DNA contents of pancreas
in non-force molted laying hens (Experiment 3)

l782 8b
1789 8
1380d
l497 cd
l605 bc

l782 ab
1853 8
l443 cd
l550 cd
l577 c

5%

Pancreas wt.
g
3.325 8
3.145 8b
2.647 c
3.l548b
3.043 8bc

3.325 8
3.279 sb
2.877 bc
3.068 8bc
3.0l6 8bc

5%

5%

5%

5%

Pancreas protein
--mg- mg/g-

--I-Lg

Pancreas DNA
--I-Lg/g - -

211 cd
206 cd
l80 d
29G b
417 8

84l6 bc
8211bc
10975 a
268]6
6851 c

84l6 bc
8778b
8245 bc
4494 d
7409 bc

211 cd 63 8b
221 c
6rb
c
236
68 8
b
280
97 cd
b
306
117 cd

63 ab
68 bc
81 8
95 d
88 cd

2503 bcd
2626 bc
4221 8
914f
19l8 de

2503 bcd
2712 bc
29l8 b
l530 ef
2172 cd

8- dMeans within column pairs not having common letter superscripts are significantly different
(P<.05).
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~

TABLE l4b.

Months
of
age

Effect of force molting on body and pancreas weights, and protein and DNA contents
of pancreas in laying hens (Experiment 3)

Added fat

Added fat

Added fat

Added fat

Added fat

0%

0%

0%

0%

0%

5%

Body wt.
--g
Force molted

5%

Pancreas wt.
g

5%

5%

Pancreas protein
--mg-- mg/g--

5%

Added fat
0%

5%

Pancreas DNA
--l1g - - - - I1g/g--

l630 B
l602 Bb

3.l54bc
3.471Bb

3.043 c
3.505 Bb

263 cd
401 B

256 d
313 b

84 d
116 B

84d
89 bcd

4365 c
5540b

4270 c l384 c
7046 B l675 bc

l4l9 c
20648

Non-force molted
18.8
l497 b
l550 Bb
Bb
20.7
1605
l577 Bb

3.068 c
3.577 B

3.063 c
3.496 Bb

296 bc
417 8

280bcd
306b

97 b
117B

94bc
88 cd

2687 d
6851 B

4494 c 9l4d
7409 B 1918 8b

l530 c
2172B

18.8
20.7

l513 ab
l558 ab

B-dMeans within column pairs not having common letter superscripts are significantly different
(P<.05) .
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Total DNA in the pancreas was significantly increased at 15.7
rna, then decreased to a minimum at 18.8 rna followed by an increase at
20.7 rna in birds fed the low fat diet (Table 14a).

In birds fed the

high fat diet, there was also a minimum in total pancreatic DNA at 18.8
rna, but not significant variation at all other ages.

Total DNA in the

pancreas decreased at 15.7 rna, but increased at 18.8 rna, with fat
supplementation (Table 14a and Figure 15).

Force molting did not cause

significant difference in total DNA in the pancreas in the high fat
diet, however in the low fat diet force molting increased total DNA at
18.8 rna, and decreased it at 20.7 rna, compared with non starved birds
(Table 14b and Figure 15).

DNA per g pancreas was highest at 15.7 rna in

both dietary groups, and lowest at 18.8 mo.

Fat supplementation caused

significantly lower values of DNA per g pancreas at 15.7 rna (Table 14a).
Force molting caused increased DNA per g pancreas at 18.8 rna (Table
14b).
Age, dietary fat and lipase activities
From 10.2 to 20.7 rna total lipase activity per pancreas showed a
U-shaped curve with age with the lowest value at 15.7 rna (Figure 16).
Total lipase activity increased after 15.7 rna following either natural
or force molting.

Addition of 5% dietary fat tended to increase total

lipase activity, but the differences were not significant (Table lsa).
Similar observations were made with lipase activity per g pancreas and
lipase activity per mg protein.

Lipase activity per

~g

DNA exhibited an

unexplained high value at 18.8 rna in the low fat group (Table lsa).
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TABLE 15a.
Months
of
age

10.2
11.6
15.7
18.8
20.7

Added animal fat

0%

5%

Lipase activities in older laying hens (Experiment 3)
Added animal fat

0%

0%

5%

-- U/pancreas --

-- U/g pancreas --

7753 ab
3368 c
1113 d
6670 b
8195 ab

2386 8
1119b
417 c
2194 a
2330 8

7753 ab
3744c
2681 cd
6516 b
8615 a

Added animal fat

2386 a
1147b
947 bc
2151 8
2411 a

-

0%

5%

U/mg protein -

37.57 a
16.24 ef
6.02 g
22.63 bcd
19.59 cde

Added animal fat

37.57 a
16.99 def
11. 67 fg
23.25 bc
27.30 b

-

5%

U/J.Lg DNA -

.9lb
.46 b
. lOb
8.09 a
1.54b

.9lb
.45b
.36b
1. 81b
1.49b

8-gMeans within column pairs not having common letter superscripts are significantly different
(P<.05).

t-'
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Lipase activities were significantly lower at 18.8 mo with force molting
and low fat diet, compared with non starved birds (Table lsb and Figure
16).
Age, dietary fat and amylase activities
Amylase activities were studied at 10.2, 11.6 and 15.7 mo only.
Amylase activities significantly decreased at 15.7 mo, compared with
10.2 mo (Table 16).

Contrary to previous findings (Chapter 3), fat

supplementation tended to increase amylase activities, but the
difference was not significant.
Age, dietary fat and trypsin activities
Trypsin activities were examined between the ages of 10.2 and
15.7 mo (Table 17).

Trypsin activities were significantly decreased at

15.7 mo, compared to 10.2 mo.

Fat supplementation increased total

trypsin activity and trypsin activity expressed as units per

~g

of DNA.

Age, dietary fat and chymotrypsin activities
Chymotrypsin activities were not significantly affected from
10.2 to 11.6 mo, but at 15.7 mo, there was a significant decrease (Table
18).

The effect of the addition of 5% dietary fat became evident at

15.7 mo; fat supplementation caused increased values in chymotrypsin
activities.

TABLE 15b.

Effect of force molting on lipase activities (Experiment 3)

Added animal fat

Months
of
age

0%

5%

-- U/pancreas --

Added animal fat
0%

Added animal fat

5%

-- U/g pancreas

0%
-

Added animal fat
0%

5%

U/mg protein -

-

5%
U/p.g DNA -

Force molted
18.8
20.7

3938 e
7970 abc

5735 de
9269 a

1255 c
2291 ab

1937b
2646 a

14.8 d
18.9 cd

22.3 c
29.7 a

1. 32 b
1. 91 b

1. n b
1.88b

6516 cd
8615 ab

2194 ab
2330 ab

2151 ab
2411 ab

22.6 bc
19.6 cd

23.2bc
27.3 ab

8.09 a
1. 54b

1. 89 b
1.49b

Non-force molted
18.8
20.7

6670bcd
819S abc

a-eMeans within column pairs not having common letter superscripts are significantly different
(P<.05) .
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TABLE 16.
Months
of
age

Amylase activities in older laying hens (Experiment 3)

Added animal fat
5%

0%

0%

-- U x 10 3 /pancreas
8

10.2

81.93

11.6

19.22c

15.7

27.40bc

81. 93

8

22.22c
35.59b

Added animal fat

Added animal fat

-- U x 10 3 /g pancreas
25.10

0%

5%

8

6.33 c
10.29b

-

Added animal fat

5%

U/mg protein -

0%
-

5%
U/JLg DNA - -

25.10a
6.89 c

436.21a
107.63 d

436.21a
113.63 cd

11.00a
3.02 c

11.00a
3.09 c

12.58b

147.52bc

155.07b

2.61 c

4.75 b

a-dMeans within column pairs not having common letter superscripts are significantly different
(P<.05) .

t-'
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TABLE 17.
Months
of
age

10.2

Trypsin activities in older laying hens (Experiment 3)

Added animal fat
0%

S%

-- U X 103/pancreas
2l7.S9 8
2l7.S9 8

11.6

SS.92bc

78.22bc

lS.7

S2.S7 c

83.22b

Added animal fat
0%

S%

-- U X 103/g pancreas
66.1S8
66.lS 8
c
24. SObc
18. n
19.8lbc

Added animal fat

29.l0b

0%

S%

-

U/mg protein 10S3.67 a 10S3.67 8
269.9S b
3S7 .69 b
282.24b

Added animal fat

3S7 . S7 b

0%
-

S%
U/J,Lg DNA--

2S.SSa
8.17 bc

2S.SSa
10.31b

S .06 c

11.S8b

8- cMeans within column pairs not having common letter superscripts are significantly different
(P<.OS).

t-'
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TABLE 18.
Months
of
age

Chymotrypsin activities in older laying hens (Experiment 3)

Added animal fat
0%

5%

10.2

-- U/pancreas -2506 8
2506 8

11.6

2303 8b

15.7

l223 c

2347 8
l828 b

Added animal fat
0%

5%

-- U/g pancreas
742 8
742 8
741 8
716 8
459 b

637 8

Added animal fat
0%

5%

--- U/mg protein --11.848
11. 84 8
11.028
6.53 b

Added animal fat

10.628
7.85 b

0%

-

5%

U/p.g DNA .298
.29 8
8
.29
.28 8
.12b

.25 8

8- c Means within column pairs not having common letter superscripts are significantly different
(P<.05).
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Fat digestibility
Fat digestibility did not vary significantly with age between
12.2 and 20.7 mo, but was increased by fat supplementation (Table 19a
and Figure 17).

Force molted birds digested more fat than non force

molted birds, probably due to compensatory mechanisms developed during
the starvation period they underwent during force molting (Table 19b and
Figure 17).

No correlation was evident between fat digestibility and

lipase activities.
Conclusions
Laying hens were examined between the ages of 10.2 and 20.7 mo.
Body and pancreas weights were lowest at 15.7 mo.
weights

increa~ed

Body and pancreas

after 15.7 mo following either natural or force molt.

Fat supplementation did not significantly affect body weights.

Force

molting did not significantly affect body weights, compared with non
starved birds; non force molted birds also underwent natural molt.
Total protein in the pancreas and amount per g tissue significantly
increased after 15.7 mo in all birds following either force or natural
molting.

Total protein content was highest with high fat diet, but was

not significantly affected by force molting.

Total DNA in the pancreas

was lowest at 18.8 mo; total DNA was highest at 15.7 mo in the low fat
diet, but did not significantly vary at other ages in the high fat
group.

Fat supplementation decreased total DNA at 15.7 mo, but total

DNA was increased with fat at 18.8 mo.
From 10.2 to 20.7 mo total pancreatic lipase activity showed a
U-shaped curve with the lowest value at 15.7 mo and increased at 18.8 mo
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TABLE 19a. Fat digestibility (%)
by laying hens which have not been
force molted (Experiment 3)
Months
of
age

Added animal fat
0%

5%
%

12.2

4l.6

b

73.3 8

18.8

36.0b

71.4 8

20.7

40.6 b

73.8 8

b Means

not having common
letter superscripts are
significantly different (P<.05).
8-
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FIGURE 17. Variation in fat digestibility with age, diet and force
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TABLE 19b. Effect of force molting
on fat digestibility (X)
by laying hens (Experiment 3)
Months
of
age

Added animal fat
OX

5X
X

Force molted
18.8

43.6 B

20.7

49.7 d

71.0 e
75.9 8

Non force molted
18.8

36.0 g

20.7

40.6 f

8-gMeans not having common
letter superscripts are
significantly different (P<.05).
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following either natural or force molt.

Fat supplementation did not

generally significantly affect lipase activities.

At 18.8 mo in the low

fat diet, lipase activities were significantly decreased with force
molting, compared to non starved birds which also underwent natural
molt.
Amylase and trypsin activities decreased with age from 10.2 to
15.7 mo.

Fat supplementation did not generally significantly affect

amylase activities, but increased total trypsin activity and the
activity per

~g

of DNA.

Chymotrypsin activities were significantly

decreased at 15.7 mo; chymotrypsin activities were also significantly
increased by fat supplementation at that age.
Fat digestibility was not affected by age in this study, but was
significantly higher with fat supplementation.

Force molted birds

showed higher fat digestibility than non force molted birds.
No correlation was evident between fat digestibility and lipase
activities.
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CHAPTER 6

SUMMARY
Three experiments were conducted to study changes in exocrine
pancreas function in relation to age, dietary fat and nutrient
digestibility in Leghorn and Hubbard chicks, White Leghorn pullets, and
older White Leghorn laying hens.
There were differences in developmental pattern between the two
breeds.

Body weight increases were over three times faster for the

Hubbard chicks, while pancreata weights changed only two times faster
for the Hubbards.

Protein accretions in pancreata tissue were three

times faster for the Hubbards; while DNA per pancreas was only 1.3 to
1.7 times faster for the faster growing birds.
Total units of lipase, amylase, trypsin and chymotrypsin
activities per pancreas increased with age in Leghorn and Hubbard birds
fed low and high fat diets.

However in Leghorns total enzyme activities

plateaued at age 16 in both dietary groups.

Hubbard birds showed higher

total pancreatic lipase, amylase, trypsin and chymotrypsin activities
when compared with Leghorns.
Addition of 5% dietary fat did not significantly affect pancreas
weights, but increased total pancreatic protein and DNA contents.
Addition of 5% dietary fat significantly increased total lipase activity
per pancreas, but decreased total amylase activity.

Added fat did not
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seem to have a specific effect on total pancreatic trypsin and
chymotrypsin activities.
The effects of fat supplementation, age and breed on activities
per g pancreas, per mg protein and per

~g

DNA depended on the balance

between the variations of pancreas weights, total protein contents, and
total DNA contents on one hand, and total enzyme activities on the other
hand.
Fat digestibility in Leghorns fed the low fat diet increased
significantly from 14 to 30 days of age, but not in Leghorns fed the
high fat diet; while Hubbards fed both diets showed a significant
decrease in fat digestibility.
added fat in both breeds.

Fat digestibility was increased with

No direct correlation was found between

nutrient digestibility and corresponding enzyme activity.
In young laying hens, birds fed the high fat diet maintained
body weight during the course of the study, but hens fed the low fat
diet lost body weight during the study.

Pancreata weights decreased in

both dietary series as the birds became older.

Total protein contents

of the pancreata were reduced with age irrespective of diet, but total
cell number, measured as DNA content, significantly increased with age.
From 7.3 to 10.6 mo, age and diet did not significantly affect
lipase activities.

Lipase activities decreased in the pancreata of the

birds fed the low fat diet after 10.6 mo; and were also decreased at
12.7 mo in birds fed the high fat.

At 14.3 mo, the high fat diet

produced increased pancreata weights compared with those fed low fat.
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Fat digestibility did not significantly change with age, but it
was higher for birds fed the high fat diet.

It appeared that fat

digestibility depended on factors other than lipase activities.
Older laying hens were examined between the ages of 10.2 and
20.7 mo.

Body and pancreas weights were lowest at 15.7 mo.

Body and

pancreas weights increased after 15.7 rna following either natural or
force molt.
weights.

Fat supplementation did not significantly affect body

Force molting did not significantly affect body weights,

compared with non starved birds; non force molted birds also underwent
natural molt.

Total protein in the pancreas and amount per g tissue

significantly increased after 15.7 rna in all birds following either
force or natural molting.

Total protein content was highest with high

/

fat diet, but was not significantly affected by force molting.

Total

DNA in the pancreas was lowest at 18.8 rna; total DNA was highest at 15.7
rna in the low fat diet, but did not significantly vary at other ages in
the high fat group.

Fat supplementation decreased total DNA at 15.7 rna,

but total DNA was increased with fat at 18.8 mo.
From 10.2 to 20.7 rna total pancreatic lipase activity showed a
V-shaped curve with the lowest value at 15.7 rna and increased at 18.8 mo
following either natural or force molt.

Fat supplementation did not

generally significantly affect lipase activities.

At 18.8 rna in the low

fat diet, lipase activities were significantly decreased with force
molting, compared to non starved birds which also underwent natural
molt.

Amylase and trypsin activities decreased with age from 10.2 to

15.7 mo.

Fat supplementation did not generally significantly affect

amylase activities, but increased total trypsin activity and the trypsin
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activity per

~g

of DNA.

Chymotrypsin activities were significantly

decreased at 15.7 mo; chymotrypsin activities were also significantly
increased by fat supplementation at that age.
Fat digestibility was not affected by age in this study, but was
significantly higher with fat supplementation.

Force molted birds

showed higher fat digestibility than non force molted birds.
No correlation was evident between fat digestibility and lipase
activities.
The results of these three experiments showed that total
pancreatic lipase in Leghorns increased from 157 on day 2 to a maximum
of 6113 - 5777 units with low and high fat, respectively, at 8.5 months,
then decreased to a minimum of 1113 - 2681 units at 15.7 months,
followed by another period of increasing activity after either natural
or force molting, up to 8195 - 8615 in low and high fat diets,
respectively (Figure 18).

A regression analysis of age and total lipase

activity was run between the ages of 8.5 and 15.7 months.

It appeared

that total pancreatic lipase activity declined at the rate of 674 units
per month with low fat diet, and only 384 units per month with high fat
diet.

The ratio between the two slopes equaled 1.75, indicating that

the decline in total lipase activity was 75% faster with no added
dietary fat.
The results of the three experiments also showed that fat
digestibility was highest in chicks compared to adult hens, and did not
change with age during the productive years (Figure 19).

This finding

is contrary to our expectations, and may be attributable to differences
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in diets.

As previously stated, we expected fat digestibility to be

lower in chicks, to increase with age and to decrease in old age.
The correlation between total pancreatic lipase activity and fat
digestibility in Leghorns for the three experiments was negative, more
so in the low fat diet, because added fat increased fat digestibility
(Figure 20 and Figure 21).

It appeared that total pancreatic lipase

activity was in sufficient amount and could not be regarded as a
limiting factor for fat digestibility.

This fact suggests that fat

digestibility is under the control of factors not investigated in this
work, such as the absorption mechanisms.
When considering the effects on growth and maintenance,
expressed as body weights, adding fat in the diet was clearly shown
effective at 22 days in

~~~horn

chicks, at 29 days in Hubbard chicks,

and at 13 and 14 months in laying hens.
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