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ABSTRACT

The developmental patterns of digestive tract growih and some digestive
enzymes activity have been studied in two broiler strains at the first day post-hatching,
2, 4 and 6 weeks of age. The strains used were Hubbard (A) and Arbor acres {B),
unsexed, day-old broiler chicks. Growth performance data and digestive tract length
were recorded. The intestinal contents of proventriculus (P); duodenum (D}; jejunurn
{J) and ileum (I} were collected, weighed and kept in equal quantities of buffer saline
unitl used in the determination of amylase, lipase, trypsin and chymolrypsin activities
during different growth periods. Some blood plasma enzymes, RBC's count,
haemogiobin concentration and heterophil to lymphocytes ratio were also examined.

The results showed significant (P < 0.05) strain differences in body weight,
weight gain, feed inlake and feed conversion ratio. Starin A surpassed strain B in all
growth performance parameters studied, which reflect their different genetic
background. Moreover, strain A has better feed conversion (2.10) than strain B (2.18)
during the whole experirnental period.

Digestive tract length increased rapidly from post-hatching to the second
week of age, with the most pronounced increases in duodenum, pancreas, jejunum
and sleumn. In generel, there were significant strain differences in the rate of growth of
different intestinal segments during the whole experimental period. From the
physiological point of view, these intestinal segments, (D, Panc, J,. and 1) are
considered as early mature parls due lo their importance as siles of digestive
enzymes secretion or nutrients digestion and absorplion.

Results showed also that amylase activily was higher in all intestinal
segments studied except in proventriculus contents due to its acidic environment. This
enzyme increased post-hatching till the 4™ week of age and then decreased. Lipase
activity increased during the experimental period and reached its maximum level
between 4 and 6 weeks of age. Moreover , lipase activily was higher (P < 0.05} in
duodenum, and jejunum than in ileurn and proventricuius. A significant (P < 0 07)
strain differences in lipase activity were observed which reflect their different obesity
{fatness). Trypsin and chymotrypsin aclivities were higher at 2 and 4 weeks of age
and then significantly (p<0.05) decreased in both sirains, due to the higher rates of
prolein turnover from digestive tract lo muscles building during the first period.

There were significant strain and age differences in all blood parameters
studied except the activity of LDH in blood plasma. Howevr,, plasma LDH activity
increased with age and reached its maximum level at 6 week of age. Furthermore,
alkaline phosphatase (AP) activily in blood plasma significantly {P < 0.05) decreased
with age, although higher values were observed during the first growing period (up to
4 wk) , that coincident with the higher osteoblastic aclivity.

Finally, considerable variations in Hb concentration and RBC'S counts were
also observed in both strains, and also in H/L ratio which indicates that strain A was
more sensilive to different stressors than strain 8.

It is concluded that the developmental growth pattern of the digestive tract in
broiler chicks exceeds that of the whole body during early post-hatching period. . Also,
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the digestive enzymes that measured in the present study, reach their maximal
activity at different periods, which makes the dietary addition of exogenous enzymes
during the whole growth peried is questionable and needs further study.

Keywords: broilers, digestive enzymes, growth performance, blcod constiluents).

INTRODUCTION

The gaslrointestinal tract of the newly hatched chicks is in continuous
process of development and maturation. Many studies indicate that the
digestive syslem is a limiting factor in food intake, digestion and absorption
and subsequently growth during the first period post hatching (Sell, et al.,
1991; Mahagna and Nir, 1996; Yamauchi and Tarachai , 2000). it should be
pointed out that the digestive tract development, especially duodenumn,
jejunum and paicreas in the modern chicken strains takes place during 6 to 8
days posthatching (Noy and Skian 1996).

Sturkie, {1986} showed that the pancreatic secretion of domestic fowl
chicks contained proteolytic, amylalitic and lipolytic enzymes, but the
activities of these enzymes were poorly developed until seven days after
hatching. However, determination of the total enzyme activities close to
hatching has indicated an increase in intestinal trypsin, amylase, and lipase,
all of which were correlated with both intestinal length and body weight (Sklan
and Noy, 2000, Sklan, 2001 and El-Wardany et al.,, 2003).

Mahagna and Nir, (1996) showed that the intesunal contents of
broiler type chicks exhibited lower activiiies of amylase, lipase , Irypsin and
chymotrypsin compared with egg-type chicks during the first four days post
hatching. These findings suggest that the production of pancreatic enzymes
is triggered by feed intake and that they are secreted at relatively constant
amounts per feed intake as the chick grows {Tarvid, 1995 and Skian, 2001).

The present study was conducted to evaiuate digestive enzymes
activity in two broiler chick strains ditfering in their genetic background and to
obtain some information about growth performance and some blood
constituents related to post-hatching transition from embryonic endogenous
feeding to digestive system - dependent exogenous feeding.

MATERIALS AND METHODS

The present study was carried out at the Poultry Physiclogy
Laboratory, Faculty of Agriculture, Ain Shams University during summer
months,

A totai number of 300 one — day old chicks from two broiler strains (A
and B) were used in this study. Chicks of each strain were housed in batlery
cages under continuous lighting regimens. They were fed on a slarter diet
during the first three weeks post-hatching, thereafter, the finisher diet was fed
til the end of the experimental period. Table (1) shows nutrients composition
and calculated analysis of the experimental diets.
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Table {1): Formulation and nutrients composition of the experimental

diets
Ingredients % [ Starter [ Finisher

Yellow carn 64.97 T 69.70
Soybean meal (48%) 25.24 21.50
Concentrate (52%) g.41 8.35
Bone meal 0.30 0.36
DL-Methionine 0.08 0.09
Calculated composition %

Crude protein 22.66 20.69
ME (K cal/ kg) 3084 3128
Calcium 0.92 0.84
Available phosphorus 045 0.42
Lysine 1.23 1.10
Methionine 0.42 0.39
Methionine + Cystine 0.76 0.70

= Each kilogram supplies 2332 ME Kcal / Kg, 7.2% crude fat, 7.7% calcium and 3.1%
available phosphorus

Experimental procedures:

On the first day post-hatching and at 2,4 and 6 weeks of age, ten birds
from each strain were randomly chosen and necropsies.

Blood samples were collected at 2,4 and 6 weeks of age in
heparinaized tubes, centrifuged (4000 rpm for 15 min) and then blood plasma
were decanted and stored (- 20 C) until the determination of some bilood
constituents. Specific aclivities of lactic dehydrogenase (LDH) and alkaline
phosphatase (AP) enzymes in blood plasma were determined using available
commercial kils (Bio Merieux, 69280 Mary, |'Etoile, France). Hemoglobin
concentration (mg3%) in blood and RBc's counts were measured using both
laboratory Haemometer and Haemocytometer, respectively. At lthe same
time, blood smears were done to determine heterophils (H) and lymphocytes
(L) count and the H/L ratio was recorded and used as physiclogical indicater
of stress as reported by (Maxwell and Robertson 1998). Digestive tract
segments and pancreas were removed and their lengths were recorded !o
the nearest centimeter.

Digestive enzymes activity:

Chicks were slaughtered in a horizonta! position to reduce the
anliperistalsis movement of the intestinal segments and regurgitation of the
food. In order to minimize the possibility of mixing betw.en the contents of
the adjacent segments, the gut was clamped with artery forcepses at the end
of oesophagus, proventriculus, jejunum, gizzard, ducdenum and ileun, then
the content of each intestinal segment was collected, weighed and kept in
equal volumes of buffer saline solution. The contents were then individually
centrifuged (6000 rpm for ten min.) and the supernatant fluids were decanted
and used for the determination of some digestive enzymes activity. Amylase
activity was determined using the method described by Pinchasov and Noy.
(1994), lipase activity according to Sklan, et a/, (1875) and both trypsin and
chymotrypsin according to sklan and Helevy (1985).
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Statistical analysis:

Data concerning the results of growth performance, hiood parameters
and digestive enzymes activity were analyzed with SAS® software using
ANOVA procedure (SAS, 1994). Means were separated and compared by
using Duncan's multiple range test {Duncan, 1955).

RESULTS AND DISCUSSION

1- Growth Performance:

Means (£ S.E) for live body weight and body weight gain (BWG) of
both strain A and B at different ages are shown in Table {2). It is clear that
strain A has significantly higher body weight at 3 and 6 weeks of age.
However, both strains were nearly similar in BWG during the period from 3-6
weexs of age. It appears that the growth pattern of both strains during the
whole expermental period was not similar which may be due to the genetic
backgrcund of each strain as previously reported by many authors (Zuprizal,
ef al., 1993; Berrong and Washburn, 1958; Hammouda, e! a/,, 2001).

Table {2): Effect of strain and age on the growth performance of broiler

chicks.
Variable Age {week) | Strain A Strain B
0 38.40+ 1.31° 3961+ 1.12°
Body weight (g) 3 750.94 £ 66.18° 698.86 + 74.80°
6 1712.48 > 159.75° | 1668234+ 148.38°
0-3 712.55 + 62.61° £59.28 = 55.43°
Body weight gain (@) 36 962.21+ 48.48° 969,59 T £4.17°
0-6 1674.25+ 136.50° | 1628.69% 165.80°
0-3 958.70 + 84.15° 91592+ 72.63°
Feed intake (g) 3.6 255926+ 180.66° | 2632.33% 152.45°
0-6 3517.92+ 208.50" | 3548.22 % 180.64"
0-3 135+001° | 138+ 008
Feed conyersion 386 266+ 0.13° 2.72+0.16°
-6 J 2.10£0.12° 2184 0.217

1. {0} week = one day old

2. a, b, Means with different superscripts within rows are significantly gifferent {P < 0.05).

Results also show that broiler chicks of strain 8 consumed
significantly less feed than those of strain A during the first period of growth
{0-3 weeks of age). This reduction in feed consumption may be due to the
differences in growth rate of both strains, as indicated by the higher (BWG) of
strain a during this period. On the other hand, feed intake was significantly
increased during the second growing penod(3-6 weeks of age) in strain B,
although their body weight was lower than strain A . in general, the difference
betweeri both strains in the cumulative feed intake during the whole
experimental period (0-6 weeks of age ) was not significant.

Results of feed conversion ratio (Table 2) showed that strain A has
significantly better feed conversion ratio compared by sitrain B during the
whole experiment,
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2, Digestive tract length (cmj} :

Digestive tract segments length (proventriculus, duodenum,
pancreas, jejunum, ileum and caecurn) are presented in Table (3) . It is clear
from the results that both strains have nearly similar intestinal part lengths at
the first day post- hatching except jejunum which was significantly longer in
strain B. This holds also true for the whole digestive tract length at one day,
2 and 4 weeks of age .

Table (3): Effect of strain and age on the digestive tract length {cm)

Ag:kl Variable P2 | o |Panc.! 4 | c IS:?:'
Strain A 1.20+ 1610+ (2.18% 11367114031 [4.03% | 4538+
034 [ 114 | 032 | 1.78° | 264 | 062 | 3.62°
Strain B 122+ 687+ |2.78+ | 1567+ 1420+ 14.30+ |48.44 %
0' 019 | 143 [ 049 | 1.2° | 228 | 068 | 2.87°
Strain effect NS' | NS NS * NS NS .
% Strain{Ay - - - - - -
hangeStrainB | - - - - - - -
Strain A 276+ 2490+ [11.66+ [70.44 £ |51.30+ | 11.14% |170.22
011 | 1.62° | 1.45° | 877 | 427 | 038 | 25.3¢°
Strain B 268+ 28684+ [12.48%|72.06 | 53.06+ 10,42+ | 176.66+
2 041 | 7.47* | 0.50° | 809 | 880 | 115 | 18.55°
Strain effect NS - * . * NS -

% Stain(A) | 220 | 4.10 | 530 | 510 | 3.60 | 2.80 3.70
changeStrain (B)| 2.20 | 420 | 450 | 460 | 380 | 2.40 3.70

Strain A 3701255+ [13.63+66.13+ 6675+ 11563+ (19248 +
0.49°| 208 | 075 | 409" | 7.59° | 149 | 20.15°

Strain B 405+ 12575+ |14.68 1| 73.00 |70.38 £ 16.20 % (20464

4 0.33*| 386 | 1.27 (£6.82% 335" | 1.39 | 16.73°

Strain effect NS - - NS -
%  SuainfA) { 1.30 1.02 1.20 0.94 1.30 1.40 1.10
ichange Strain (B)| 1.50 0.0 1.20 1.01 1.30 1.60 1.60

! Strain A 475+ [27.50% [12.93+(81.88+[87.0+ 18.75% 237.263
0291 311° | 084 [ 1096 | 816 | 2.70 | 23.61
Strain B 438+ 2925+ 13,95+ 8263+ [82.06 £ 19.55+ |235.56 +
3 0.048| 2.08° | 0.67 | 500 | 6.81 | 393 | 20.12
Strain effect ‘NS * * NS * NS NS

%  Strain{A) | 1.30 1.10 0.95 1.20 1.30 1.20 1.20

L changeStrain (B)| 1.10 1.10 | D.95 1.10 1.2¢ 1.20 1.20
08 | % Svain(A)|396 | 451 [592° 598" [621°|466° | 523

changeStrain (B)| 3.59 | 4.24 | 6§.02° | 526° | 577° | 455° | 4.87

1. 0 week = one day ald

2. P= proventriculus, D= duodenum,, Panc.= Pancreas, J=Jejunum, l-ileum, C=ceca,

3. DT=Total digestive tract length includes cesophagus, crop and all segments except
ceca

4. NS5= not signilicant, * =P < 0.05,** P < 0.01.

From the first day post-hatching till the second week of age a rapid
growth rate of the whole digestive tract was observed for both strains. The
most pronounced increases were detected for ducdenum (4.1,4.2 fold),
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Pancreas {5.3,4.5 fold) jejunum (5.1;4.6 fold) and ileum {3.6, 3.8 fold), in
strain A and B, respectively,

It is likely that this increase is a consequence of the pronounced
increases in feed consumption which take place during this period. These
results are in close agreement with those reported by Nitsan, et al., (1991);
Murakami, et al, (1992) and Jin, et al.. (1998) who reported that the length
and weight of the whole digestive tract or its individual segments are changed
by increasing feed intake as the birds aged.

Alter this increase a slower phase of digestive tract segments growth
was observed at 4 and 6 weeks of age. The percent of increases were lower
in both strains from 2 to 4 and from 4 to 6 weeks of age. However, the
present results (Table 3) indicate that from the first day post-hatching to sex
week of age (0-6), the proventriculus increased by about 3,96 and 3.59 foid;
duodenum by 4.51 and 4.24 fold, pancreas by 5.92 and 5.02 fold; Jejunum by
5.98 and 5.26 fold ; ileum by 6.21 and 5.77 fold, ceca by 4.66 and 4.55 fold,
and the whole tract by 5.23 and 4.87 fold; in strain A and B, respectively.

From the physiological point of view, this means that duodenum,
pancreas, jejunum and ileum segments are considered early mature
segments which reflects their importance as sites of digestive enzymes
secretion or nutrients absorption. These findings support the previous results
of Uni, et al, {1996 and 1999), Jin, ef af, (1998) and El-Wardany, et al.,
{2003) who reported different rates of growth in intestinal segments related to
genetlic background of chickens strains.

3. Digestive enzymes activity:

Table (4} shows the specific activities of amylase, lipase trypsin and
chymotrypsin enzymes in the contenis of some intestinal segments in toth
strain A and B at different ages. It is clear that amylase activity in the
duodenum, jejunum, and ileum contents was higher than in proventriculus
content in both strains of chickens. Moreover, the results show Lhat amylase
activity increased , in all segments studied, after hatching until the fourth
week of age and then decreased. The effect of age on amylase actlivity was
significant , while the differences between strain A and B were only significant
at the first day post hatching and at 4 weeks of age.

Concerning the activity of lipase, results in Table (4) showed
considerable increases after the first day post hatching up to & weeks of age
in all intestinal segments and in both strains. In contrast to amylase, the
activity of fipase enzyme reaches its maximum between 4 and 6 weeks of
age. Also, lipase aclivity was significantly higher in duodenum and jejunum
contents than proventriculus and ileum. This may reflect the role of lipase in
fat digestion and absorption in the previous segments. Furthermore, it
appears from the results that there were significant differences between both
strains in lipase activity. This may explain the differences in the weight of
abdominal and subcutaneous fat that observed at the end of the experimental
period {data not included) .
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On the other hand, trypsin and chymotrypsin activities were
dramatically increased at 2 and 4 weeks of age and then decreased
significantly in both strains. The effect of strain was significant at this period
of growth far trypsin activity but not for chymaotrypsin.

(tis likely that this increase in trypsin activity and also chymotrypsin
(although insignificant) reflects the higher rates of protein turnover from
dipestive tract lo build muscles during this period, and thus needs higher
proteolytic enzymes activity.

From the previous resulls, it is clear that a limited synthesis of
digestive enzymes was recorded at the first day post-hatching and then a
gradual increase was observed around the 2 to 4 weeks of age. It appears
also that chicks are hatched with some reserves of pancrealic enzymes
produced during the late embryonic growth period.

The present results are consistent with those reported by Nitsan, ef
al, (1991) and Noy and Sklan. (1995, 1999) who suggest that adaptation of
birds to exogenous feed was associated with increases in gastrointestinal
tract length . weight and the specific activities of digestive enzymes.

it is also of great importance to notice that, the maximum enzymes
activities were recordad around the second and the fourth weeks of age for
all enzymes studied except for lipase which reaches its maximum activity at
six week of age. This may be due to the higher energy content of diet du-ing
this finishing period or the tendercy of birds to build up adipose tissues
instead of muscular tissues.

In general, our results confirm those reported by Yamauchi and
Tarachai (2000) and sklan (2001) . It is concluded that the broiler type chicks
ate at a rate approaching gut capacity and it may be suggested that the
genetic background of the strain has 3 profound effect not only on patterns of
body weight arowth but also on the digestive tract size and digestive
enzymes activity.

4. Blood parameters:

brotter chicks of strain A and B differ significantly in alkaline
phosphatase (AP) activity , Hb, RBC's and H/L ratio however, lactic
denydiogenase (LDH) levels were not significant (Table 5).

The present results revealed that plasma (LDH) concentration
increased with age . At sex weeks of age, plasma {LDH) leve! was higher
than at 2 and 4 weeks of age. It is well known that (LDH) is a main
cytoplasmic enzyme, that catalyse the reduction of pyruvate to lactic acid
especially in cardiac muscles. Increases of its leve! are therefore unspecific
and occur during stress and in some kidney, liver and heart diseases and as
a results of haemolytic anemia and pulmonary infraction (Lin, et af., 2000).
The specific activity of alkaline phosphatase (AP) was significantly decreased
as the birds of both strains aged. However, strain A has slightly lower values
than strain B. An interesting observation concerning (AP) activity was the
higher values obtained during the first period of growth {0-4 weeks) in both
strains which may be due to the higher osteoblastic activity associated with
bone formation and remodeling. Our results are in close agreement with
those reported by many investigators who stated that the formation of
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medullary bone of different avian species is closely related to higher (AP)
activity (Sturkie, 1986; Qin and kiandorf , 1993), Also , both enzymes were
reported to be changed in birds exposed to heat stress condition. In this
respect, Sritharet, et al, (2002) reported that (LDH) , but not (AP) increased
in blood plasma of Japanese quails exposed 10 heat stress (40°C for 2 h )},
and in broilers exposed to {35°C) for 48 hours (Lin, et af,, 2000).

Table (5): Effect of strain and age on some blood constituents of broiler

chicks.
(' Age (week) Strain A Strain B
Parameter 2 F [ 2 4 é

LDH{UA) 22850+ | 266840+ | 31430+ | 26540+ 1278.30% | 386.80F
16.80" 22.30° 31.60° 20.00° 18.20° 41.50°

P (UN) 14860+ | 164.40+ | 136.70% | 188.40% (170.20%+ | 14420+
12.80° | 20.80° | 16.60° | 2520° | 20.00° | 13.60°

Hb(mg%) | 930+ | 990t | 108% | 10.50% | 960% | 10.80%
1.20° 1.60° 0.72° 2.10° 1.60° 1.80°

RBC'Sx10° | 318+ | 362% | 3.96% | 341% | as2+ | 412%

0.95° 0.89" 1.10° 1.62° 0.93° 0.62°

H/L ratio 056+ 062+ 068t 0.38 % 054+ 050+
0.03° 0.06° 0.08% 0.02° 0.06° 0.08°

a,b.... Means with ditferent superscripts within rows are significantly dilferent (P < 0.05).

Moreover, there is evidence that (AP) activity decreased with age but
{LDH) did not differ significantly (Depta and Koncicki, 2000} which in close
agreement with our results.

The results of some haematological parameters are also presented in
Tabie {5). Haemoglobin concentration {Hb) was significantly lower at 2 and 4
weeks compared to 6 week of age and at 4 weeks only in strain A and B,
respectively. This may be related to the higher body weight of strain A
compared with the other strain. This increase was aiso related to the RBC'S
counts at simnilar ages. It is generally accepted that (Hb} concentration is
refated to the number of erythrocytes and the degree of saturation with
oxygen and the iron level in blood. Also, both (HMb) and RBC's counts are
accordingly influenced by the thyroid gland status and other physiologicat and
nutritional factors. These findings were also reported by Sturkie, (1986),
Samar Elnagar, et af, {2001) and igrahim, (2005).

The resuits in Table (5) revealed that heterophils to lymphocytes ratio
(H/L) was higher in strain A than strain B at different ages. it is suggested that
H/L ratio can be used to detect the presence of physioles:cal stress for most
stressors (Gross and Siegel, 1993). The reference values for this ratio of
about 0.20 , 0.50 and 0.80 are characterishcs of low, optimal and high
degrees of stress, respectively. In this concern, it appears that strain A was
more sensitive to different stressors than strain B. It worsencting that the
present experiment was done during the summer season, and it seems that
strain B was more resistant to various stressors than strain A which may
reflect different genetic background of both strains. This is in close agreement
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with the reports of Maxwell and Robertson {1998} and Al-Murrani, el af,
{1997) who showed the H/L ratio was highly heritable criteria.

It is concluded that the rate of digestive tract devefopment in broiler
chicks during the early post-hatching period exceeds that of the whole body.
However, it is difficult to draw conclusions about the digestion of young birds
without understanding of factors affecting digestive enzymes activity.
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