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REGULATION OF AVIAN GASTRIC FUNCTION: RECENT FINDINGS
G.E. Duke and S.B. Chaplin

Department of Veterinary Biology, College of Veterinary Medicine
University of Minnesota, St. Paul, Minnesota 55108

I and my colleagues have studied digestive function in turkeys and chickens
for the last 20 years and we have previously summarized our findings in
Agricultural Experiment Station reports (Duke, 1987; Duke and Dziuk, 1981) and
elsewhere (Duke, 1982; 1983; 1986a; 1986b; 1987). The purpose of this paper
is to update previous reports.

A major focus of our research has been to describe (eg. Duke et al., 1972;
1975; Dziuk and Duke, 1972) gastroduodenal contractile activity (i.e.,
motility) and then to determine how it is regulated (e.g., Duke and Evanson,
1972; 1976; Duke et al., 1976; 1979). We have also studied gastric secretion
(Duke and Bedbury, 1985; Mosher and Duke, 1985). Both gastric motility and
secretion are regulated by hormonal as well as neural means. The hormone
avian pancreatic polypeptide (aPP) was found to depress both gastric motility
and secretion in chickens (Duke et al., 1985). In humans and dogs pancreatic
polypeptide (PP) does not affect gastric function. The upper portion of the
gut of fowl is, however, quite different from that of mammals, in that it has
a crop for storage of food and a gizzard for grinding food. So, differences
in regulation between mammals and fowl are not too surprising. To pursue this
apparent phylogenetic difference further we decided to determine the influence
of aPP on gastric secretion and motility in Red-tailed hawks which, while they
do have a crop, their gizzard is more comparable to the mammalian (non-
ruminant) stomach. Also, hawks, humans and dogs eat discrete meals, whereas
poultry tend to be continuous feeders. We found that aPP had no significant
affect on gastric function in hawks (Duke et al., 1987a). Thus, the
physiological role of PP appears to be more related to feeding habits and to
gastric function than to taxonomic relationships.

As indicated above, PP has no effect on gastric function in mammals. The
principal effect in mammals appears to be to suppress pancreatic and biliary
secretion. To further examine relative differences in regulation of digestive
processes between mammals and birds, we undertook to investigate the effect of
aPP on these secretions in SCWL hens (Duke et al., 1987b). The hens were
surgically prepared with cannulae for collecting secretions from the cystic
duct and the duct draining the ventral pancreatic lobe, and for infusing the
jugular vein with aPP or saline. An infusion rate which produced a plasma
level of 15 ng of aPP/ml of plasma was used. A comparison of values obtained
during saline infusion to those obtained during aPP infusion indicated that
pancreatic and biliary secretory volumes and pancreatic total protein
concentration were significantly depressed by aPP (Table 1), while the pH of
pancreatic and biliary secretions was not significantly affected.

Thus, the role of aPP in regulation of pancreatic and biliary secretion
appears to be similar in birds and mammals, however, unlike gizzard function,
pancreatic and biliary functions also appear to be similar between mammals and
birds.

In the studies described above, aPP was infused intravascularly (i.v.). It is
also possible to administer drugs or hormones through an implanted cannula



into a cerebral ventricle (i.e., intracerebro-ventricular or ICV). In the
former situation one tests "peripheral" responses to a hormone vs. "central"
responses in the latter situation. Since aPP is found centrally in brain
tissue and peripherally in pancreatic and intestinal tissue as well as in the
blood, it is important to understand how it might regulate digestive processes
centrally as well as peripherally. Dr. Mike Denbow from the Poultry Science
Department at Virginia Polytechnic Institute, an expert in ICV administration
of hormones, joined us for these studies and food intake as well as gastric
function were studied. Centrally administered aPP was found to increase
feeding but to have virtually no effect on gastric secretion and motility
(Denbow et al., 1987). Thus, aPP does act centrally but its central and
peripheral influences seem functionally inconsistent, i.e., why does this one
hormone increase feeding when administered centrally, but decrease digestive
function after peripheral administration? Obviously more study is needed.

Typically, gastrointestinal (GI) hormones are released post-prandially. Some
are released by the act of eating, some by the presence of food in the
stomach, some by the presence of food in the intestine, etc. These hormones
both stimulate and inhibit digestive processes. The presence of food in the
intestine releases aPP.

To gain some insight into the role of some of the other GI hormones in birds,
we studied the effects of three common ones, cholecystokinin, secretin, and
vasoactive intestinal peptide on pancreatic and biliary secretion (Duke et
al., 1987¢). Infusion (i.v.) of these hormones following a control infusion
of saline indicated that they were primarily stimulatory (Table 2). Thus,
since aPP was shown to be inhibitory, its apparent physiological role is to
oppose or modulate the actions of other, stimulatory GI hormones. These three
hormones did not affect the plasma concentration of aPP (Duke et al., 1986).

As indicated above, regulation may occur via neural or hormonal means.
Regulation of GI motility may also be myogenic (i.e., arising from the muscle
layers in the GI tract). In the mammalian GI tract an ongoing electrical
activity can be recorded from the muscle layers which is called the
"pacesetter potential". This arises from specialized cells called the
"interstitial cells of cajal". We could not record this activity in the
stomach of turkeys and, although we could record it from the duodenum, it did
not appear to be "setting the pace" of duodenal contractions (Duke et al.,
1972). We have hypothesized that the complex gastroduodenal contraction cycle
of fowl is neurogenic, i.e., it arises from and is coordinated by the
myenteric neurons (nerves lying between the longitudinal and circular muscle
layers in the GI tract). We have recently begun studies to test this
hypothesis.

In addition to the myenteric, or intrinsic nerves, the GI tract is also served
by extrinsic nerves from the spinal cord and the base of the brain. These
extrinsic nerves may both innervate GI muscles and connect with the myenteric
nerves. As a first step in study of the influence of the myenteric nerves, we
sought to determine the influence, if any, of the extrinsic nerves on
initiation or coordination of the gastroduodenal contraction cycle. The vagus
and two gastric branches of the sympathetic nerve were sectioned at the level
of the glandular stomach. This denervation had no effect on the initiation of
contractions, frequency of contractions (Table 3), nor on coordination of the
gastroduodenal cycle (Chaplin and Duke, 1988). Thus, although the vagus and
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Hourly temperature and relative humidity data for
representative winter months were inputted and stored in a data
file. The file contained both below normal and normal temperature
data. The below normal temperature data used ranged between -27
and -5 C with a ten day average of -17 C. The normal temperature
data ranged from -24 to 1 C with an average of -10 C.

Solution procedure

Equations (1) - (9) provide a system of three independent
equations with five possible unknowns; inside temperature, inside
relative humidity, ventilation rate, supplementary heat and litter
moisture content. To obtain solutions the ventilation system
limits in Table 1 and typical ventilation control strategies were
used.

An iterative solution procedure was used each time step to
solve the system of equations. Solutions found were compared to
the ventilation system limits. A solution was accepted if it fell
within the ventilation system limits and the management strategy
guidelines. Once the results were accepted, the next time step was
begun by updating the temperature and production inputs.

ESUL D

The purpose of this model was to describe ventilation of
turkey grower barns including the moisture movement into and out of
the litter. The factors considered for this report were the litter
moisture diffusion coefficient, bird age and outside temperature.
The end points considered for comparions were; the litter moisture
content 1.0 cm below the surface, inside temperature and relative
humidity, supplementary heat needed and the average ventilation
rate.

i r i ia LEf

Preliminary results obtained during development of the litter
moisture content subroutine had indicated that the diffusivity
value had an significant impact on the nominal litter moisture
content. High diffusivities (easier moisture transfer) produced
lower nominal litter moisture contents while low diffusivities
resulted in higher litter moisture contents. Figure 1 shows the
litter moisture content at 1.0 cm below the surface versus time
using a diffusivity of 1.7 x 107° cm?/s and below normal ambient
temperature data. The litter moisture content ranged from 15 to
16.3 percent wet basis. Using a diffusivity of 3.0 x 1075 cm?/s
produced litter moisture contents between 10 and 12.5 percent wet
basis. Results obtained using a diffusivity of 4.0 x 1076 cm?/s
resulted in litter moisture contents around 36 percent wet basis.

Figure 1 also shows the inside relative humidity versus time.
The litter moisture content paralleled the inside relative humidity
very closely after conditions had stabilized from initial wvalues.
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The litter moisture content maximums and minimums lagged behind the
relative humidity maximums and minimums by about 2-4 hours.

The average ventilation rate, inside temperature and supple-
mentary heat were similar for all three diffusivity wvalues. The
below normal outside temperature data kept the ventilation rate and
inside temperature at the minimum values allowed. The supplemen-
tary heat summed to around 45 GJ over the ten day period analyzed.

Bird age

Bird age affected the sensible heat, moisture production and
allowable inside temperatures used as inputs to the model.

Figure 1 showed the results using 14 week old toms. Figure 2 shows
the litter moisture content and inside relative humidity results
obtained for 18 week old toms using the below normal ambient
temperature data. Figure 2 shows the paralleling between the
litter moisture content and inside relative humidity seen
previously. After an initial continious increase in litter
moisture content, it fluctuates between 16.5 and 17.5 percent wet
basis. The slightly higher litter moisture content obtained with
the older birds was confounded with the change in allowable inside
temperatures for the older birds. This is a common practice in
Minnesota in the winter because the lower inside temperature saves'
energy and increases the inside relative humidity which reduces the
dust level in the barn.

As expected, the ventilation rate was higher and the supple-
mentary heat needed was lower for the older birds. The 14 week old
birds used the minimum ventilation rateé 2.7 m3/s, continuously
while the rate ranged from 2.7 to 5.5 m°/s and averaged 3.6 m3/s
for the 18 week old birds. The 14 week o0ld birds required 45.7 GJ
of supplemental heat while the 18 week old birds used 0.85 GJ.
Again this effect was confounded with the change in allowable
inside temperature.

Ambient temperature

Results using the normal January temperature data produced
expected increases in the inside temperature and ventilation rate
and a decrease in the supplementary heat for both the 14 and 18
week old birds. The normal temperature 14 week old birds had an
inside temperature of 21 C whereas the cold weather data
essentially did not deviate from the minimum inside temperature of
18.5 C. The ventilation rate during the normal temperature
averaged 3.0 m3/s, reaching as high as 4.4 m3/s, whereas the cold
temperature data required the minimum ventilation rate of 2.8 m3/s
continuously. Energy use during the normal temperature data was
18.6 GJ, almost 60% less than the 45.7 GJ used during the cold
temperature analysis.

The 18 week old birds also required more ventilation,
averaging 4.9 m3/s during the normal January compared to the
3.6 m°/s averaged during the below normal analysis. No supple-—
mental energy was needed using the normal temperature data.

The ambient temperature affects on the litter moisture content
were different for the two bird ages. The 14 week old birds had a
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litter moisture content increase of 0.3 percent wet basis between
the cold and normal January temperature data. The 18 week old
birds had a decrease of 0.6 percent wet basis. These results occur
in part because of the effects that inside temperature and relative
humidity had on the equilibrium moisture content at the litter
surface. These results indicate complex interactions exist between
weather, bird age, ventilation and the litter moisture content.

patials ) e i r

The selection of the initial litter moisture content had a
significant impact on the results over a limited number of days.
Selecting an initial moisture content far from the nominal value
resulted in a steady increase or decrease in the moisture content
until it reached the nominal value. This can be seen in Figure 2
during the first 40 hours of analysis. The duration of the
increase or decrease depends on the diffusivity and deviation from
the nominal value.

The initial moisture content values used for these results
were below and within 2% of the average litter moisture content
values so that it stabilized within 48 hours.

CONCLUSTON

A turkey ventilation model was developed using sensible heat
and moisture balances to estimate inside temperature, relative
humidity, litter moisture content, ventilation rate and supplemen-
tary heat. The moisture balance includes a finite element method
subroutine to describe moisture movement into and out of the
litter. The model uses stored hourly ambient temperature and
relative humidity data and weekly adjusted turkey production data
as inputs. It accomodates various ventilation systems and manage-
ment schemes. Results from the model indicated that the litter
moisture diffusivity was a very important parameter affecting the
nominal litter moisture content. The litter moisture content
paralleled the inside relative humidity. Factors that affect the
inside relative humidity in turn will affect the litter moisture
content. Bird age and ambient temperature had a greater impact on
the ventilation rate and supplemental heat needed than on the
litter moisture content. Basic research to determine the
appropriate diffusivities and equilibrium relationship is needed.

TABLE QOF SYMBOLS

C = litter moisture content (percent wet basis)

Dk = moisture diffusion coefficient for turkey litter (cmz/s)

hj = inside air enthalpy (kJ/kg DA)

hg = outside air enthalpy (kJ/kg DA)

htp = turning point enthalpy of the air, evalulated at the
outside humidity ratio and the inside temperature
(kJ/kg DA)

Mg = equilibruim moisture content (percent dry basis)
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= moisture generation (kg/s)

= moisture removed by ventilation air (kg/s)

= heat loss through walls, roof, doors, etc. (kJ/s)

= sensible heat produced by the animals (kJ/s)

= supplementary heat (kJ/s)

= sensible heat used to heat the ventilation air (kJ/s)
= ventilation rate (m3/s)

= time (s)

= time at end of the current time step (s)
= inside air temperature (C)

= outside air temperature (C)

= heat loss factor determined from the building situation
(kw/C)

= inside air specific volume (m3/kg DA)

= building air volume (m3)

= litter volume (m>)

= inside air humidity ratio (kg/kg DA)

= outside air humidity ratio (kg/kg DA)

= distance (cm)

= litter density (kg/m3)
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— Bird age (weeks)
Bird weight (kg T2 10.4
Sensible heat production (W/bird) 33.3 48.6
Moisture production (g/hr-bird) R 17.9
Spilled water and feces moisture (g/s) 1, CEE ) RSP0
Inside temperature range (C) H8LS =24 15=18
Number of birds 5000 5000
Minimum ventilation rate (m3/s) 2k 2.8
UA (W/C) 1125 1125
Maximum ventilation rate (m3/s) 47 .2 47 .2

Maximum supplementary heat (kW) ikl 117
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Figure 1. Model results for 14 week old turkeys using

a diffusivity of 1.7 x 1075 cm2/s and below
normal January temperatures.
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Figure 2. Model results for 18 week old turkeys using

a diffusivity of 1.7 x 10~5 cm?/s and below
normal January temperatures.
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NUTRITION, ENVIRONMENT, AND CARCASS QUALITY IN TURKEYS

P. E. Waibel, E. M. Oju, J. C. Halvorson
A. S. Csaltlany, S. L. Noll, and M. E. E1 Halawani
Departments of Animal Science and Food Science
and Nutrition, University of Minnesota

There are varying aspects to carcass quality, including proportions of fat
and protein, weights of body components, fatty acids and other nutrient com-
position, stability, flavor, and texture. These add up to nutritional value
and consumer acceptability.

What are the controlling factors for these characteristics? Surely the
greatest immediate and alterable factor is nutrition. The most important long
range factor is genetics. Physical environment and bird health are influen-
tial.

Not too long ago carcass quality was readily associated with the "lack of
finish" problem in roaster-fryer turkeys marketed at an early age and about 10
pounds Tive weight. Now, with the whole large bird, turkeys have too much abdo-
minal fat. These are important considerations when marketing the whole bird.

With further processing, primary interest is in turkey parts. Strains with
more white meat are valued. The types of fatty acids laid down and carcass sta-
bility will be ever more important.

There is also the need to produce turkey meat with the greatest efficiency
of calorie and other nutrient use. It is very inefficient to produce birds with
excessive carcass fat. So even though only the breast, thigh, or wing may be
used, a bird with unwanted fat is looked upon with disfavor.

The Minnesota turkey nutrition and management research program has over
the years pursued many experimental objectives with limited personnel. There
has not been the physical time or cooperative relationships to do further car-
cass studies. The bird is weighed at market time and sent to the processing
plant with all its valuable information hid under its feathers,

There are three areas, however, where we have been able recently to do
further carcass studies, and these will be summarized herein. They are: (1)
influence of compensatory growth on carcass changes; (2) influence of types of
diets and environments on carcass composition; and (3) influence of types of fat
and levels of supplemental vitamin E on carcass stability and vitamin E Tiver
storage.

I. INFLUENCE OF COMPENSATORY GROWTH ON CARCASS COMPOSITION

The object of the study was to determine growth and body composition reco-
very and influence on feed efficiency in Nicholas turkeys following protein
restriction during 0-6 weeks of age. The restriction selected was to reduce
protein so that the lysine level was 66% of control (per diet metabolizable
energy). Beginning at 43 days of age all turkeys were fed the same diets. With
toms, diets were modified at 4 week intervals; with hens, after 8 weeks of age,
diets were modified at 3 week intervals. Animal fat level was 2% until 8 weeks
of age, 4% in the 3rd and 4th
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periods, and 6% in the 5th and 6th periods, respectively. Tom and hen
turkeys were held to 24 and 20 weeks of age, and selected data are depicted
graphically in figures 1 and 2, respectively.

The results were similar for toms and hens, so will be described
together. Growth curves are shown in the "a" graph. Following marked
growth depression with the low protein diets, turkeys did not begin
catching up until considerably after 6 weeks of age. However, compensation
did occur, so that by the end of the studies the restricted groups caught
up with the controls.

Shown in the "b" graphs are breast weights expressed as a percentage
of body weight. As with body weights, breast weights caught up
(statistically) by the end of the study.

Shown in the "c" graphs are the body fat weights on a percentage
basis. During restriction the low protein birds were fatter, in keeping
with expected calorie/protein effects on carcass fat. However, when
returned to the control diet these differences disappeared quickly. There
was no effect of early restriction on future fat deposition. The dramatic
increase after 8 weeks of age was similar in both treatments, suggesting
that the number of adipocytes was unaffected by the level of protein
restriction herein.

Shown in the "d" graphs is carcass protein. The early differences
(Tower carcass protein with restricted diet protein) disappeared with time.

The feed efficiency differences in this study were interesting. For
control and restricted treatments, males at 24 weeks of age had feed/gains
of 3.12 and 2.95, and females at 20 weeks of age had feed/gains of 3.08 and
2.97, each respectively.

IT. INFLUENCE OF DIET AND ENVIRONMENT ON CARCASS COMPOSITION

A comprehensive study has been conducted on the influence of
environment and diet on body weight and carcass characteristics of Nicholas
tom turkeys on treatment from 4 to 20 weeks of age. Other details of this
study were presented by Noll et al. (1987).

The environments were programmed into the 4 rooms of the Environment
Building at the Rosemount Turkey Research Unit. Three rooms received
intermittent (I/, as abbreviated in Figure 3) lighting (2L:4D 4X daily).
One room was kept at 7 C, one at 21 C, and the third room cycled (/C) in
temperature (2 hours at 7 C; 4 hours at 21 C 4X daily) in conjuction with
the intermittent schedule indicated. The fourth room had cycling (/C)
temperatures, as the 3rd room, but lighting was continuous (C/) (18L:6D
daily).

There were 16 pens in each room. Four diets were fed, with 4 pens per
diet. In each 4 pen group, two pens were stocked at high density (.21 sq.
m./bird) and two pens at low density (.45 sq. m./bird). The diets included
a control corn-soybean meal series with 1% added fat (diets were modified
at 4 week intervals). A second treatment was the identical diet, but in
pelleted form. A third treatment included 2, 4, 6, and 8% added fat during
the 2nd through 5th periods. The fourth treatment included 20, 35, 50,

and 65% barley fed during the 2nd through 5th periods. Fat and barley were
added so as to keep critical nutrient:energy ratios constant.
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Main effect body weights are presented in Figure 3A. Gains were
better and poorer at 7 and 21 C, respectively, compared to cycling
temperatures. Regarding the types of diets, pellets and fat resulted in
superior gains, while birds fed barley were similar to those fed corn.
Birds at low population density were heavier than birds at high density.
There were no significant interactions among environment, diet, and
density.

Abdominal fat pad data are presented in the same manner as body weight
data in Figure 3B. The association of body weight with fat pad weight is
striking. Exceptions to this relationship are (1) that pellets did not
affect fat pad weight very much although they had resulted in a sizable
body weight gain response; and (2), that diet barley resulted in
significantly depressed percentage abdominal fat pad weight.

The protein and fat compositions as a percentage of dry matter for the
four environments (main effects) are shown in Fig. 4A. Turkeys in the
warm environment had greater carcass protein and lesser carcass fat levels
than turkeys in the cool environment.

Figure 4B shows that barley supported the deposition of greater
protein and Tower fat levels in carcasses. These effects were followed in
order by the corn-soy control, corn-soy pelleted, and high fat diets. When
fat was higher, protein was Tower, as expected on a dry matter basis.

There were no significant (p <.05) interactions among environment,
diet, and density in any of the above-mentioned measurements.

Carcass moisture (%) also showed main effect differences with no
significant interactions. Where carcass % fat levels in figures 4A and 4B
were higher, there was generally reduced carcass moisture. This is
expected as fat is a major component which displaces other components, the
greatest of which is carcass moisture.

IIT. INFLUENCE OF DIET FAT TYPE AND VITAMIN LEVELS ON CARCASS STABILITY
AND HEPATIC VITAMIN E

With more turkeys being marketed as fresh product, in processed or
pre-cooked forms, the stability of carcass meat has taken on renewed
importance. Turkey is known to have relatively poor natural stability
(Mecchi et al., 1956). Supplemental vitamin E delayed the onset of
rancidity and protected against "warmed over" rancidity in cooked meats as
measured by the thiobarbituric acid test (Marusich et al., 1975).

Rethwill et al. (1983) reported that high vitamin E exerted a great
effect in retarding oxidative rancidy in carcasses and that the effect was
modifiable by dietary fat. Four diet series were fed: 1) control,
corn-soy, no added fat (C); 2) corn-soy with 8% hydrolyzed
animal-vegetable fat (AV); 3) corn -soy with 8% soybean 0il (S0); and 4)
corn-soy with 8% animal fat (A).

The TBA data in the Rethwill study are shown in Table 1. The TBA
analyses were for (non-frozen) turkeys stored in a refrigerator for 3
weeks. The 10 IU/kg supplemental level of vitamin E is of particular
interest as it is close to usual vitamin E supplementation in practice;
here, TBA values were higher with AV and A and lower with C and S0. Meat
having 3.0 and 2.6 TBA values with AV and A, respectively, was considered
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to be quite oxidized. The 10 IU vitamin E/kg level did not protect against
rancidity development nearly as well as did the 300 IU/kg level.

The positive relationship between diet vitamin E and hepatic storage
of vitamin E is apparent. Of particular interest again is the effect with
the approximate usual Tevel of 10 IU vitamin E per kg diet. Hepatic E was
relative high with the corn-soy diet series. It was intermediate with SO
or A; however, it was low with AV.

Analytical data provided in Rethwill et al. (1983) showed that the AV
fat used contained 55% free fatty acids and only 12% linoleic acid, while
the animal fat probably contained poultry fat as indicated by its linoleic
acid content of 10%. These analytical values are important as the AV and A
fats used in the present work were not judged to be typical of what is
usually fed in practice. They were, however, obtained from local turkey
farmers as described.

The correlation between muscle TBA values and hepatic vitamin E Tevels
was -.942, and was highly significant. The depressing effect of hydrolyzed
animal-vegetable fat on hepatic vitamin E storage is noteworthy in view of
the greater use of this fat product in current production of turkeys.
Further study is necessary to determine the influence of varying fat
sources and levels on the requirement for vitamin E and other possible
antioxidant components.
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