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I. Introduction

Variations in gut size associated with variations
in diet have been found among different popula-
tions and in different seasons of the year within
species. The guts of California quail are longer in
winter when the diet is more fibrous and less
digestible than in summer (Lewin, 1963) and the
guts of wild red grouse, eating mainly heather,
are longer than those of captive grouse fed on a
concentrated pelleted diet (Moss, 1972). Savory
and Gentle (1976) also showed that gut size was
larger in brids fed on a high-fiber diet,in females
and in older birds. In swine,organ weight, when
expressed as a percentage of body weight, was in-
creased for total gastrointestinal tract (GIT),
small intestine, cecum and colon as dietary alfalfa
increased (Kass et al., 1980).

Similarly, the rate of feed passage through the
gastrointestinal (GI) tract of the fowl has been
investigated (Cherry and Siegel, 1981). However,
they did not consider the relationship between the
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retention time of the different levels of the fiber
diet in each segment and chromium as a marker
in the rate of passage studies.

The experiments described in this report
were conducted to obtain information on the dif-
ferences of gut size and on the chromium turn
over time in each segment and the entire GI tract

of chickens fed diets of different fiber contents.

II. Materials and Methods

Three-week-old, broiler-type, mixed sex chicks
were used’ in a study conducted for five weeks.
The four experimental diets for this study were:
1) an 18% (15% from 7 weeks of age) protein
corn-soy control diet, 2) control diet plus 10%
wheat bran, 3) control diet plus 20% wheat bran,
4) control diet plus 20% wheat bran plus 0.008%
cellulase. Chicks were assigned to 24 groups of
10 chicks for two replicates of 12 treatments. A
completely randomized experiment with a 4x3x2
factorial arrangement was used.

After a five-week experimental period without
a marker a 24-pen battery of the four diets were
supplemented with 1% chromic oxide and fed 100g
per bird daily. The diets contéining chromic oxide
were fed for a 2-day preliminary period and for
a 2-day collection period. Feces were collected
three times daily from each diet group for two
d‘ays at 2, 4 or 8 hours after feeding. At the end of
4 days, within each diet group, birds were random-
ly selected for slaughter at 2, 4 or 8 hours after
feeding and the entire gastrointestinal tract was
removed and ligated to form five compartments:
the gizzard; the proximal small intestine, which
is the duodenum and jejunum; the distal small
intestine, which is the ileum; the cecum and the
rectum. The lengths of the proximal small intes-
tine, the distal small intestine, the cecum and the
rectum were measured after straightening, and
the gizzard was emptied and weighed. Tlie digesta
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from each compartment was removed for analysis
and immediately weighed, placed in aluminum
pans and freeze dried. The dried samples were
ground using a 1 mm mesh Udy mill. Samples
of dried feed, feces and gastrointestinal contents
were stored in air-tight glass bottles until analyzed.

Samples were analyzed for chromic oxide
content by the Bolin procedure (Bolin et al,
1952). Chromium turnover time in each seg-
ment and in total GI tract was calculated as des-
cribed by Uden (1978). A computer program (Barr
et al.,, 1982) was used to compare treatment ef-
fects. Duncan’s Multiple Range Test was used to
determine treatment differences when the F-test
was significant (P < 0.05).

. Results and Discussion

The effects of level of wheat bran on gut
dimensions are shown in Table 1.

Adding wheat bran to the basal diet increased
gizzard weight, The group fed on the high-energy
basal diet had the lowest gizzard weight (P < 0.05).
The main reason for the longer guts of birds fed
on high-fiber diets appears to be their greater food
intake (Savory and Gentle, 1976). They also said
that gut size was larger in birds fed on high-fiber
diets, in females and in older birds. But Fenna and
Boag (1974) found no differences in food intake
or gut size between quail fed on a low-fiber diet
and those fed on the same diet containing 300g
cellulose/kg. However, this supports the idea that
gut size is mo}e closely related to food intake than
to intrinsic properties of fiber.

Cellulase supplementation showed no effect
on gizzard weight. There were no sign{ficant effects
of diet on gut dimensions of the small intestine,
cecum and rectum (Table 1).

Presumably the gut of birds fed 20% wheat
bran plus cellulase in this research did not have

to accommodate more material at a time or pro-



Table 1. Effect of dietary wheat bran level on gastrointestinal tract measurements of chicks.
. . Prox. Small Dist. Small
Diet Gizzard Intestine Intestine Cecum Rectum
% Body Wt, cm cm cm cm
0% Wheat bran 1.28% 76.52 51.48 16.20 7.01
10% Wheat bran 1.509) 76.16 51.24 16.42 6.82
20% Wheat bran 1.53% 74.49 50.11 16.00 6.83
20% Wheat bran 1.51® 75.27 50.63 16.01 720
+Enzyme

a-b) Mean values not having a common superscript are significantly different at the 5% level of probability.

vide greater areas for absorption than that of those
receiving the control 20% wheat bran diets. Hessel-
man et al. (1982) also found that there were no
significant differences in the weight of ceca express-
ed as a percentage of body weight between their
enzyme treatment group and a non-enzyme treat-

ment group.

The rate of passage of digesta through the giz-
zard, proximal small intestine, distal small in-
testine, cecum and rectum and entire GIT of
chicks fasted for 2, 4 or 8 hours as estimated by
chromium turnover time (total chromium in
segment/total intake in 24 hours) are summarized
in Table 2,

Table 2. Chromium turnover time® (Turnover time by diet) in gizzard, proximal small intestine, distal- small intestine,
cecum, rectum and entire gut of chicken fed 0, 10, 20 or 20% wheat bran plus enzyme,

Prox. Dist.
Diet Gizzard smail small Cecum Rectum Total
Intestine Intestine

min. min. min. min, min. min.
0% wheat bran 61.43 121.55 45.40 11.67 21.50 271.15
10% wheat bran 50.77 104.40 53.35 8.83 17.65 23430
20% wheat bran 50.13 87.25 59.35 8.17 16.45 226.25
20% puls enzyme 56.83 100.15 61.25 11.77 16.45 241.00

(2)' Chromium turnover time=Total chromium in segment/total chromium intake in 24hrs.

Chromium turnover time (minutes) in the
gizzard, proximal small intestine, distal small
intestine, cecum, rectum and entire GIT of chicks
tended to decrease as the level of wheat bran in-
creased, but the differences were not significant.
Addition of cellulase apparently showed longer
retention time but there were no significant dif-
ferences. Castle and Castle (1956) and Kass et al.

(1980) reported that the length of time digesta
remain in GIT, where it is exposed to digestive
enzymes and microfloral action, is greater when
cell wall content in the diet is reduced.

The passage rate is affected by various factors.
Hillerman et al. (1953) said that laying and non-
laying hens had about the same rate; 3 hours and

45 minutes, and 3 hours and 50 minutes respecti-
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vely. They also showed that food passes thi'ough
th alimentary canal of laying turkey hens in 3
hours and 13 minutes and through non-layers
in 4 hours and 16 minutes. According to Fedorov-
skii (1951), the first food entering the crop passes
directly across the dorsal portion, through the
proventriculus, and into the gizzard within 2
minutes, Thus using starved birds should result
in the minimum food passage time. A 2 to 5 hour
spread in food passage time was observed in
similar birds in these tests.

Nakahiro et al. (1974) reported that the
ratio of chromic oxide to crude fiber showed
almost the same tendency as to the crude fiber
content, and both the crude fiber content and the
rates were remarkably lower in the cecum than
those in the lower ileum and the rectum. They
suggested that this fact may indicate that a portion
of intestinal ingesta was selectively introduced
into the ceca. Jensen et al. (1957) followed the
passage of meal supplemented with chromic
oxide through chicks fed ad libitum and found
that peak excretion of the marker occurred five
hours after the meal with small quantities being
excreted through ten hours after withdrawal of
the marked feed. McRae (1974) said that chromic
oxide has a density of 5.25 and an extremely fine
particle size and is probably not moving with the
same speed as the solid digesta, especially not in
herbivoras.

It seemed possible that some of the variation
in the mean retention time might be a function of

differences between markér and diet. Conse-

V. References

quently, chromic oxide is not fully represntative
of the diet, This could intrbduce an error. The
method, described by Uden (1978), appears to
have several advantages over more conventional
procedures, but its limitations should be reco-

gnized.

N. Summary

Three-week-old, broiler-type, mixed sex chicks
were divided into replicate groups of 10 birds each
and fed forS weeks. The wheat bran was defatted
and added at 0, 10 and 20% levels. A fourth gro-
up received the 20% wheat bran plus a cellulase
enzyme added at the level of 0.008%. After a five-
week experimental period without a marker a 24-
pen battery on the four diets were supplemented
with 1% chromic oxide and fed 100g daily. Aftera
2-day preliminary period, feces were collected
three times daily from each diet group for two
days at 2, 4 or 8 hours after feeding. At the end
of 4 days, within each diet group, birds were rando-
mly selected for slaughter at 2, 4 or 8 hours after
feeding and the entire gastrointestinal tract was
removed and ligated to form five compartments.
The lengths of each segment were measured after
straightening, and the gizzard was emptied and wei-
ghed.

The summarized data showed that the group
fed on the high-energy basal diet had the lowest gi-
zzard weight (P < 0.05). Chromium turnover time
(minutes) in the each segment and entire GI tract
of chicks was not influenced by the high fiber diet

or cellulasg.
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