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ABSTRACT Changes in small intestinal morphology,
in the indices of cellular development, and in the
activities of some mucosal enzymes were examined in
broilers from hatch through 14 d. In addition the effects
of holding birds without access to feed for 36 h and of
deutectomy were examined. Development of the intes-
tine was rapid from 2 d after hatch although rates of
development were different in duodenum, jejunum, and
ileum. Villus volume in the duodenum reached a
plateau after 7 d although it continued to increase in the
jejunum and ileum. Enterocyte density changed little
with age. Indices of tissue activity, ribosomal capacity,
and cell size decreased with age but at differing rates at
the three intestinal sites. Sucrase-maltase activity was
low in the duodenum and highest in jejunum and ileum

and increased in the jejunum to a maximum 2 d after
hatch, then decreased.

Delayed access to feed after hatch depressed mucosal
development for several days, with the duodenum
generally reaching control values earlier than the
jejunum. Morphological changes following delayed ac-
cess to feed included some clumping of microvilli on
Day 1 after hatching and abnormal crypt structure
between Days 7 and 9.

Deutectomy resulted in initial decreased intestinal
growth, but this was compensated for by 6 to 8 d in the
duodenum, after which development was parallel to
that of normal chicks. It appears that nutrient supply
from yolk is less crucial for mucosal development then
withholding feed for 36 h, which delays normal
intestinal development.
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INTRODUCTION

Following hatching in birds, an abrupt change occurs
in the source of nutrients as yolk is replaced by
exogenous diet rich in carbohydrates. During incubation
yolk is the sole energy source and the remaining yolk is
internalized into the abdominal cavity on Day 19 of
incubation and continues to supply energy for several
days posthatch.

Intake of exogenous feed is accompanied by rapid
development of the gastrointestinal tract (GIT) and
associated organs to assimilate the ingested nutrients. In
previous studies we have documented changes in net
secretion of some pancreatic enzymes to the intestine
from 4 to 21 d and observed that after 7 d the secretion
of pancreatic enzymes and bile were constant per gram
of feed intake (Noy and Sklan, 1995; Uni et al., 1995).
Digestibility also changed little after 7 d and was
uniformly high (Noy and Sklan, 1995; Uni et al., 1996).
Examination of changes in intestinal morphology from 4
to 21 d of age indicated increased villus volume and
crypt depth but little change in enterocyte density with

age (Uni et al., 1995, 1996); however, changes immedi-
ately following hatch have not been described.

The use of RNA/DNA, RNA/protein, and protein/
DNA as indices of tissue activity, ribosomal capacity,
and cell size, respectively, have been described in the
duodenum of young chicks (Uni et al., 1996) and the
jejunum of feed-restricted chicks (Palo et al., 1995).
Neither of these studies compared these parameters at
different intestinal sites.

One aspect of intestinal development with age that
has not been extensively examined in the chick is the
development of mucosal enzymatic activities. During
migration of enterocytes from the crypt toward the
villus tip they acquire differentiated functions for
digestion, including expression of enzymes such as
disaccharidase and alkaline phosphatase (AP) (Moog,
1950, Moog , 1951, Weiser, 1973; Semenza, 1986). This
study extends our previous reports of development of
the small intestine by examining morphology and tissue
constituent indices in the immediate posthatch period as
well as reporting on the development of some mucosal
enzyme activities with age. The effects of exogenous
feed and yolk on development were also examined.
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FIGURE 1. Morphometric measurements in duodenum (ÿ), jejunum (o), and ileum (π) from hatch until 14 d. Villus volume (VV) is shown in
the left panel, crypt depth (CD) in the center panel, and enterocyte density (ENT) in the right panel. Results are means ± SD from 10 adjacent villi
in 5 birds. Mean body weight (grams) of chicks were: 45 at 0 d, 46 at 1 d, 52 at 2 d, at 75 at 4 d , 90 at 5 d, 125 at 7 d, 161 at 9 d, 212 at 11 d, and 288
at 13 d. Villus volume (VV) was greater in the duodenum then the jejunum until 7 d, VV was greater in the jejunum than the ileum from 4 d. Crypt
depth (CD) was not different in the duodenum and jejunum, but was lower in the ileum than in the duodenum and jejunum between 7 and 11 d.
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MATERIALS AND METHODS

Arbor Acres chicks were obtained from a commercial
hatchery 0 to 4 h posthatch and were either held for 36 h
with no access to feed, subjected to deutectomy (Harvey
et al., 1953), or allowed access to water and a diet
formulated to meet NRC (1994) requirements. Deutec-
tomy was performed on a special operating block by
making an incision (0.7 cm) under local anaesthetic
(Esracain, 5%)2 and generally a single suture sufficed for
closure. Five chicks were each killed at five intervals
between hatch and 14 d with an intracardiac overdose of
sodium pentobarbital. Segments (1 cm) were removed
from the duodenum, jejunum, and ileum as follows
from: 1) the apex of the duodenum, 2) midway between
the point of entry of the bile ducts and Meckel’s
diverticulum (jejunum), and 3) 10 cm proximal to the
cecal junction (ileum). The intestinal segments were
flushed with cold PBS and were then used for
morphometric analysis, RNA, DNA, and protein con-
tent, and enzyme activity determinations.

For morphometric analysis, segments were fixed in
10% neutral buffered formalin solution and routinely
processed to 5 mm hematoxylin-eosin stained sections.
Morphometric indices were determined using computer-
aided light microscope image analysis3 as described by
Bird et al. (1994). The morphometric variables analyzed
included: mucosal thickness, villus height (from the tip
of the villi to the villus crypt junction), crypt depth
(defined as the depth of the invagination between
adjacent villi), villus width, and the number of entero-
cytes cells per length of villus epithelium. Villus volume
was calculated from the villus height and width at half
height. Values are means from 10 adjacent villi and only
vertically oriented villi and crypts were measured.

For scanning electron microscopy, fresh intestinal
segments were excised longitudinally into small pieces
that were fixed in 25 g/L glutaraldehyde and 25 g/L
paraformaldehyde in 0.1 mol/L sodium cacodylate
buffer, 0.35 osmol/L, pH 7.4. Samples were then
processed routinely (Anderson, 1969) and examined
under a Jeol JSM 35C scanning electron microscope.4

The RNA, DNA, and protein were extracted from
segments frozen in liquid nitrogen, using TRI
REAGENT-RNA/DNA/Protein isolation reagent5 and
mean concentrations were determined colorimetrically.

Enzyme activities were assayed in homogenized
tissue (50 mg tissue/mL of saline). Sucrase (EC 3.2.1.48)
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FIGURE 2. Concentrations of DNA (left panel), RNA (middle panel) and protein (PROT) per gram of tissue in duodenum (ÿ), jejunum, (o), and
ileum (π) from hatch until 14 d. Results are means ± SD from 5 birds. Weights of birds at the different times are described in Figure 1.
Concentrations of RNA were greater in the duodenum than in the jejunum and ileum at all ages, and were greater in the jejunum than in the ileum
after 2 d.

6Sigma kit 104, Sigma Chemical Co., St. Louis, MO
63178-9916.

TABLE 1. Linear relationships between
developmental parameters and age1

1Intercepts and slopes ± SE.

Dependent
variable Intercept Slope R2

RNA
Duodenum 1.283 ± 0.019 –0.052 ± 0.003 0.778
Jejunum 0.630 ± 0.085 –0.014 ± 0.001 0.752
Ileum 0.466 ± 0.006 –0.019 ± 0.001 0.844

RNA/DNA
Duodenum 0.204 ± 0.002 –0.008 ± 0.000 0.904
Jejunum 0.138 ± 0.001 –0.006 ± 0.000 0.938
Ileum 0.098 ± 0.002 –0.003 ± 0.000 0.549

RNA/Protein
Duodenum 29.637 ± 0.361 –1.139 ± 0.060 0.831
Jejunum 21.865 ± 0.419 –0.554 ± 0.071 0.498
Ileum 24.423 ± 0.405 –1.082 ± 0.069 0.782

Protein/DNA
Duodenum 7.249 ± 0.045 –0.272 ± 0.008 0.948
Jejunum 5.139 ± 0.083 –0.181 ± 0.014 0.702
Ileum 4.748 ± 0.090 –0.108 ± 0.015 0.432

and maltase (EC 3.2.1.20) activity were assayed
colorimetrically in duodenum, jejunum, and ileum by
using sucrose and maltose, respectively, as substrates
(Dahlqvist, 1964). Data are expressed as micromoles of
substrate hydrolyzed per gram of intestinal tissue per 1
h (Palo et al., 1995). Alkaline phosphatase (AP) (EC
3.1.3.1) activity was determined by measuring the
hydrolysis of p-nitrophenol.6 Units of activity are per
grams of intestinal tissue per hour at 37 C.

Results are presented as least squares means after
analysis of variance using the General Linear Models
procedure of SAS (SAS Institute, 1986). Differences
between pairs of means were tested using Student’s t
test and were considered statistically different at P <
0.05. Regression analyses were conducted using the REG
procedure of SAS (SAS Institute, 1986).

RESULTS

Intestinal morphology was examined from hatch at
three sites in the small intestine. Villus volume changed
little in the first 2 d after hatch, but thereafter increased

rapidly in all segments (Figure 1, left). In the duodenum,
this increase was complete by Day 7, whereas in the
jejunum and ileum, villus size continued to increase
through 14 d. Jejunal villus volume was initially lower
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FIGURE 3. Sucrase, maltase, and alkaline phosphatase (AP)
activities per gram of tissue per hour in duodenum (ÿ), jejunum (o),
and ileum (π) from hatch until 14 d. Results are means ± SD from 5
birds. Weights of birds at the different times are described in Figure 1.
Sucrase activity was higher in the duodenum and jejunum then in the
ileum on Days 1 and 2, and on Day 11. Maltase activity was higher in
the duodenum and jejunum then in the ileum and Days 1 and 2. The
AP activity differed in all three segments on Day 1, and was higher in
the duodenum and jejunum than the ileum on Days 2 and 4.

FIGURE 4. Effect of withholding feed from chicks for 36 h (π) or
deutectomy (ÿ) on villus volume as percentage of values found in
birds with immediate access to feed. Results are means ± SD from 5
birds. Mean weight (grams) for chicks on control, feed withheld for 36
h and deutectomized, respectively, were 42, 42, and 34 at 0 d; 41, 40,
and 33 at 1 d; 48, 41, and 34 at 2 d; 72, 65, and 45 at 4 d; 87, 81, and 60
at 5 d; 132, 126, and 99 at 7 d; 177, 169, and 138 at 9 d; and 231, 223,
and 195 at 11 d. Villus volume was decreased in the duodenum in both
treatments between Days 2 to 4, and was decreased in the jejunum
from Day 1 to 11. Villus volume in the ileum was decreased by
deutectomy on Days 1 to 4 and on Day 11. Withholding of feed for 36
h decreased villus volume on Days 1 and 2 and from Day 5 to 11.

than duodenal villus volume but became greater after
Day 10, whereas ileal villus volume was lower through-
out.

Crypt depth increased two to threefold with age and
was greatest in the duodenum (Figure 1, middle).
Increases with age were greatest in the duodenum and
lowest in the ileum.

The number of enterocytes per villus area ranged
from 200,000 to 280,000 cells in all segments and
changed little with age (Figure 1, right). Microvillus
density increased slightly with age at the different
intestinal sites (data not shown). The DNA content in
duodenum, jejunum, and ileum ranged from 15 to 25
mg/g tissue and showed no clear pattern of change with
age (Figure 2, left). Concentration of RNA per gram of
intestine tissue in all three segments decreased with age;
however, jejunum tissue had significantly higher RNA

concentrations than other intestinal regions (Figure 2,
middle, Table 1). No significant differences were ob-
served in the protein content of tissue between duode-
num, jejunum, and ileum or with age (Figure 2, right).
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FIGURE 5. Effect of withholding feed for 36 h (π) or deutectomy
(ÿ) on crypt depth as percentage of values found in birds with
immediate access to feed. Results are means ± SD from 5 birds.
Weights of birds are described in Figure 4. Crypt depth was decreased
in the duodenum and jejunum by both treatments from 1 to 7 d. Crypt
depth in the ileum was decreased by deutectomy between Days 1 and
4, and by withholding of feed between 1 to 7 d of age.

FIGURE 6. Light micrograph (100×) of chick jejunum intestinal villi
from a chick withheld from feed for 36 h (at 7 d of age). A) Mucosa
with characteristic villus has a region of damaged crypts (marked with
arrows). L = intestine lumen, V = villus, C = normal crypt. M = smooth
muscle wall consists of an inner circular layer. Hematoxylin-eosin, bar
= 40 m. B) Light micrograph (600×) of the crypt of Lieberkuhn. Normal
crypt (NC) contains stem cells involved in replenishment of entero-
cytes and goblet cells of the villi. Damaged crypts (DC) are observed as
dilatation of the crypts, absence of stem cells, flat epithelial cells and
cell debris in the crypt. MM = muscularis mucosa, which lies
immediately beneath the base of the crypts. Hematoxylin-eosin, bar = 7
m.

Calculation of the RNA to DNA ratio, which indicates
tissue activity, showed that the RNA:DNA ratio was
significantly higher (P < 0.05) in the duodenal and
jejunal compared to ileal tissue; in all segments this ratio
decreased with age but at different rates (Table 1). The

RNA to protein ratios, which indicate ribosomal capac-
ity, were higher initially in the duodenum then in more
distal segments, and decreased with age (Table 1).
Protein to DNA ratios, which reflect cell size, were
initially higher in duodenal tissue then in other
segments and decreased with increasing age (Table 1).
Mucosal sucrase and maltase activities (Figure 3, top,
middle) were significantly lower in the duodenum than
in jejunum and ileum. Jejunal activities increased to a
maximum on Days 1 and 2 after hatch, thereafter
decreasing. Mucosal alkaline phosphatase activity pat-
terns differed from disaccharidase activities, with ileal
activity consistently low as compared to duodenal and
jejunal activity, which decreased 4 d after hatch (Figure
3, bottom).

The effects of withholding feed from chicks for 36 h,
or of deutectomy on morphometric parameters were
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FIGURE 7. Scanning electron micrographs of the apical surface of
the jejunum mucosa in control (A) and chicks withheld from feed for
36 h (B). Changes in microvillus orientation are observed in B:
microvilli are clumped, which reduces the surface area, bar = 1 m.

examined. Changes observed were similar within each
intestinal segment, but not across intestinal locations.
Villus volume was similar to the control after Day 5,
whereas in the jejunum a decrease in villus volume was
still evident after Day 11 (Figure 4) with 36 h of feed
withdrawal or deutectomy. Little effect on villus volume
was noted in the ileum. Crypt depth was decreased and
reached control values at 8 to 10 d posthatch in the
duodenum and jejunum and at 5 d in the ileum (Figure
5). In some of the chicks from which feed was withheld
for 36 h (but not in deutectomized chicks) irregular
morphology was observed mainly in jejunal crypts
between 7 and 9 d (Figure 6). Areas of multifocal
distention with flat epithelial cells were observed close
to the crypts. Enterocyte density (data not shown) was
not significantly affected by holding or deutectomy.
Scanning electron microscopy showed some alterations
in the morphology of the microvilli in chicks subjected
to feed withdrawal. Compared to microvillus orientation

of normal chicks, in chickens withheld from feed for 36
h, microvilli were clumped in groups 36 h after hatching
(Figure 7).

DISCUSSION

This study extends previous reports on the morpho-
logical and functional development of the small intestine
and details intestinal cell enzyme activities in the
immediate posthatch period in chicks.

Compared to mammals (Aumaitre and Corring, 1978)
we report that chickens have high capability to degrade
disaccharides in the mucosa immediately posthatch via
the sucrase-maltase complex. In mammals, activity of
sucrase and maltase are located on the same brush
border transmembranal glycoprotein chain (Semenza,
1986) and thus the ratios of both activities are similar, as
also observed in this study. In mammals, sucrase-
maltase expression is influenced by dietary changes
(Broyart et al., 1990; Traber et al., 1992); however, in
chickens, the regulation of sucrase-isomaltase gene
expression and activity by diet has not yet been
examined.

Disaccharidase activity was lowest in the duodenum
and highest in jejunal and ileal segments, as has also
been reported in mammals (Nunez et al., 1996). At 2 d
after hatch, disaccharidase activities increased two- to
fourfold and then stabilized at a lower level in the distal
small intestine. This high level of disaccharidase activity
is intriguing, as the chicks have not been exposed to any
carbohydrates before hatching, and the dramatic in-
crease in activity follows ingestion of only very small
amounts of starch-containing feed. In mammals, the
timing of the first feeding has been shown to be critical
to the expression of disaccharidase activity after birth
(Jonas et al., 1987; Burrin et al. 1994).

In mammals, two different AP activities have been
observed in mucosal cells, one linked to the brush
border and a second located in the cytosol (Nordstrom
and Dahlqvist, 1971; Japundzic et al. 1991). These
different AP activities may explain in part the differ-
ences in activity patterns from the disaccaridases
observed in this study. It has been established that AP is
expressed in active and mature mucosal enterocytes and
has been suggested as an enterocyte maturation marker
(Wieser, 1973; Traber et al, 1991). Our results thus
indicate that in the immediate posthatch period duo-
denal enterocytes may be more mature than enterocytes
in more distal segments.

In this study, we observed rapid morphological
development from Day 2 after hatching, with differing
rates of increase in villus volume and crypt depth in the
duodenum, jejunum, and ileum. This time window was
not examined in previous studies (Uni et al., 1995, 1996).
Duodenal villus growth was almost complete by Day 7,
whereas in the jejunum and ileum development con-
tinued beyond Day 14. These results are parallel to
measurements of gut length and mass with age (Obst
and Diamond, 1992). Other studies have also indicated
that the rate of development of the mass of the intestine
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in the chick is not uniform throughout (Jackson and
Diamond, 1996).

The developmental parameters (RNA:DNA, RNA:
Protein, Protein:DNA) have been previously used to
compare different treatments in single intestinal seg-
ments (Palo et al., 1995; Uni et al., 1996). Here we
compared the evolvement of the duodenum, jejunum,
and ileum and observed that tissue activity (RNA:DNA),
ribosomal capacity (RNA:protein), and cell size (Protein:
DNA) all decreased with age throughout the intestine.
All indices and their rates of change differed in the three
areas of intestine examined. Duodenal tissue generally
exhibited highest activity and ileal mucosa had lowest
activity and the rate of decrease in activity was lower in
the ileum. Cell size as estimated by the Protein:DNA
ratio indicated that duodenal enterocytes were initially
larger than enterocytes from distal segments. These
results suggest that development of the intestine can
only be assessed by simultaneously evaluating changes
in all intestinal segments.

To determine the contribution of yolk to intestinal
growth in the immediate posthatch chick, deutectomy
was carried out. The initial pattern of decrease in villus
volume and crypt depth was similar to that found by
withholding feed for 36 h. However, following this early
retardation in mucosal development, deutectomized
chicks achieved normal villus and crypt size by
approximately 7 d. In parallel to these findings, Harvey
et al. (1953) and Akiba and Murakami (1995) reported
that deutectomized chicks began to grow at normal rates
from 7 to 9 d after hatching. It thus appears that the
presence of yolk, although not of major importance,
provides substrate for mucosal development.

Withholding feed for 36 h resulted initially in
retarded growth in all segments of the intestine. The
extent of the lag in growth was not the same in the
different intestinal segments. In the jejunum, where
growth in normal chicks continued after 7 d, villus size
remained smaller until 11 d; however, in the duodenum
and ileum, initial decreases in size were overcome by 5
d. Crypt depth, which continued to increase throughout
the intestine in normal chicks, was depressed by
withholding feed for 36 h and achieved control values
after 5 to 9 d. The period required to reach the values of
fed chicks was correlated to the rate of increase in crypt
depth with age. In addition to slower growth in chicks
held for 36 h without feed, unusual crypt structure was
observed between 7 and 9 d. These changes may reflect
the lack of nutrients for cell synthesis in the absence of
feed. The regressed crypts and the delay in production
of enterocytes can explain the retardation of growth in
these chicks previously described following delayed
access to feed (Pinchasov and Noy, 1993).

Studies with chickens and other species suggested
that dietary restriction causes regression in mucosal
development (Smith et al., 1991; Palo et al., 1995),
however, lack of access to feed in the hatching chick was
not examined. Studies with mammals have indicated

that the presence of feed in the intestine is the stimulus
for growth (Zarling and Mobarhan, 1987; Butzner and
Gall, 1990). Birds may react in a similar fashion, and, as
this study indicates, exhibit slower development of the
mucosa when access to feed is delayed.

Usual hatchery practices result in a 24- to
48-h transition between hatching and placing birds on
the farm. Access to feed is thus delayed and, as shown
in this study, may decrease growth by depressing
intestinal mucosal development.
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