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Effect of Crossing on the Size of Digestive

System in Growing {ockercls

G.A R, Kamar, A Mostggeer and S, Kotby

Animal Production Department, Facully of Agriculture,
Cairo Untwersity, and Ain Shams University, Caira, Egypr,

wr nesvrad and  five  cockerels from thiree pure breeds,

Fayoumi, white Leghorn and Rhede Island Red and four reci-
procal crosses of Fayoumi wih the two other breeds were killed
at 10, 12, 16, 20 and 24 weeks of age. The following resulls were
obtained from the slaushter tests of the cockerals @

I. Most of the development in the complele digesive sysient,
as well as different parts of it, absolute weight and relative weight
were acheived at the age of 10 to 12 weeks of ape.

2. Maternal eficcts were observed in the total weight of the
complete digestive system and also in the wel :hts of its different
parts.

3+ It seems that the absolvte weight of the proventriculus and
the caecca could be consiceicd us a measurement of feed efficiency
cspecialy when comparing breeds with crosses.

Extensive studies were done on the microscopic anatomy of the digestive sys-
tem parts of mature chickens (Calhoun, 1954). However, little was done
on the differential growth of this system either on microscopic or gross anatomny.
Also, most of the morphological studies dealt with the measurements of the
different parts of the digestive system. (Kersten, 1912 ; Marsden, 1940
and Calhoun, 1954).

In this study, the gross anatomy of the different parts of the digestive
system was studied  at the period of the highest body growth for different
breeds and crosses to investigate the differential growth of this system and
the effect of crossbreeding on its size.

In general, the alimentary canal s an early maturing system as it is
considered to ba essential link for the phsiological welfare of the bird at
the early ages of life (Hafez, 1955 and Yamani, 1963). In ducks, most of
development in the digestive system is attained before the first two to three
weeks of life. However, some of the digestive system parts tend to mature
earlier than the others (Yamani, 1963). Liver absolute or p'mportioncvl
weight is at its highest value at one week of age, then decrease until 10
weeks of age (Schoettles et al, 1956).
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Material and Micthods

Males from three pure hreeds, Fayoumi (I}, Rhode Island Red (Ri and
white Leghorn (L) were available.  Grossbred mafes were secured from
the following four types of matings :

Rhbode lsland Red feruales 3 Fayoumi males . IRTY
‘White Leghorn females X Fayowni fewales | .. (LI,
‘Rhode Tsland Red males » Payouwmi males ... ... (LF) and
White Leghorn 1ales o Payown females 19

At the ages of 10, 12, 16, 20 and 24 weeks, three males out of each of
the seven matings (a total of 105 cockerels) were taken for test. These males
were brooded, reared and managed together under the same conditions.  Dur-
ing the first 8 weeks the chicks were fed a balanced sia ing raton contain-
g 21 percent protein, consisting of the fellowing percentages : corn 20, corn
glutin 20 ; extracted rice bran 5 : syheat bran 8.5 ; rice starch by-products
10 5 decorticated cotton-seed cake 20 ; bone meal 2 ; caichuin carbonate |
sodiun chloride (1.5 and minerll salt mixture 3. Later (from 8 wedks onwards),
and 18 per cent protein growing ration was used consisiting of the following
pereentages : corn 200 5 corn glutin 20, extracted rice hran 20 ; wheat bran
2 ; caleium carbonate 1; sodimm chloride 0.5 and wineral salt mxture 3.
The diet was supplemented by green feed, animal protein source, antibiolic
and vitaming according o the hird’s requirements. The areen food was
applied as Egvptian clover.

Birds were weighed alive in the carly morning before feeding. "The
experimental animals were sacrifiecd after) fasting for 12 hr to standardize
the differences due o digestive canal contents. Saerification was achieved
by cutting the blood vessels at the end of the jaw. After dressing the birds,
the digestive organs were carefully separated fromn the viscera. Yach part
was weighed full and enpiy from food, and food contents were obtained by
difference.  Ail the values used in the results were for the empiy  parts.
Total contents of food were calculated for the whole digestive canal. The
parts studied  were esophagus, crop, proveniriculus, gizzard,  duodenum,
pancreas, liver, caeca, small and large intestines, Total digestive system
size was obtained by adding 1o that the sizes of all the previous parts.  Also,
the total intestine length was ohtained by adding the lengths of dundenumn:,
ceeca, small and large intestines. The relat've weight of each part was
caleulated in relation to the absolute body weisht or to the total digestive

%L (1) = The organ wt. X160
_Boc!y wt.
system welight as follows : 94 (2} = The organ wt. X 100 and

Total dig. syster wt,

Fopep' o Anim, Prod., 14, No. 2 (1074,
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The analysis of variance was carried out according to 1he method of
more than one itemn in the subclass, (Snedecor, 1956).

Results and Discussion

Body weight

‘Fhe live weights of all cockerels sacrificed showed rapid increase through
all the ages of study ('l'able 1) The period from 16 to 20 weeks was chara-
cterized by the utmost increase in all the cockerels, (I} cockerels were the
lightest among all the pure and crossbred cockerels, and (I'R) cross was
the heaviest, The (R} enckerels showed the highest fnerease among  the
purebred cockerels, while the (F} showed the least, Among the crosshreds,
the increase in live weight of (FR) cockerels was higher than all other crosses.
It seems that the rate of increase in body weight of crossesis greatly influenced
by maternal effects, The crosshred cockorels hatched from () eges showed
the lowest rate of increase and body weights in all ages (compared to those
hatehed from (L) or (R) ¢ggs.  However, the maternal effect i MOre express-
ed when the (R) breed were used, The (R} dams produced the heaviest
crossbred cockerels with larger bodies than did the (L) ones, All the differen-
ces between  ages, hreeds and crosses and the interaction  were highly sig-
nificant, (Table 11).

The whole digestive syste

{@) The total degestive system  weight increased in all the breeds and
crosses throughout, the experiment until 24 weeks of age, (Table 1),

The highest increase in the digestive system weight was achieved during
the period from 12 to 16 weeks of age, no appreciable changes were ohserved
thereafter, (F) and (LF) had the lightest chigestive argans anong the pure
and crosshred cockerels, while the (R) showed the heaviest. It seems that
the rate of increase in digestive syalem weight of crosses s greatly influenced
by maternal effects. The crossbred cockerels hatched from (I} eges showed
the Jowest rate of increase and the lowest sizes in all ages as compared to
those halched from (L.} or (R) egps. The maternal effect was also more
expressed when (R) Treed was used. The (R) dams produced cockerels having
the heaviest dipestive systern. - All the differences betwen: ages, breeds and
crosses and the interaction were highly signifcant, (Table 1.

The welshts of the digestive organs followed the same trend abserved
m bhody we'pht previously discussed. The arowth in absolute body  weight
of course should he correlated with the development in dizestive svelem

(b) The relative digestivo sysfem weight to body weipht was high at
the tenth week of age then decreased dlightly thereafter until the end
of experiment (Tahla 1. Tt seems that the digestive system iy an
carly developing mechanism as it js supposed to play an important
role in converting the fand stuff, during the early stages of life during
which the rapid growth occurs.

Egypt, J. Anim. Prod., 14, No. @ (1974).
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TARLE 1. Age, breed and cross differences in body weight and total digestive system
weight and the percentage of digestive system to body weight.
[
Breeds and crosses
s | A8 —— e
F R L 'R R¥ Fi, LY
Body wi. 10 420 520 ‘ 440 492 593 537 477
12 518 600 615 660 595 617 575
16 742 910 977 | 1148 795 938 812
20 1058 1078 1180 ‘ 1483 1275 1293 1125
24 1150 1727 1610 | 1528 1595 1352 1120
|
Total | 10 i SE.Si ST 54. .'| 64.0 67.1‘ 66,7 56.2
digestive P12 58,6, 77.3]  73.3 ?3.4‘ 67.0, 74 1‘ 65.8
system wt. 16 93.4; 106.8|  102.9 123.7, 95.6| 107.5 84.3
| 20 ‘ 92,3% lod.s|  or.8 114.8 1007 1005 974
24 93.4  147.2 120.0 104.7 115.8 115.6 59.4
SR e e W e Mt s
Total ‘ 10 12.5‘ 1.1 12.4 13.0, 11,3 12.4 11.8
dizestive | 12 ‘ 11.3 12.9‘ ]_I|.9| 11. 11.3 12.0 11.4
system % (1) 16 ‘ 17.5‘ 11.7]  10.5 10.8 2.0, 11.5 10.4
20 8.8] 9.7 8.3 T 7.9 8.5 8.6
24 ‘ 8.1 8.5 7.5} 6.9 T3 8.6 8.0
] [ S| S S - - S — L 5
Total 10 125 136 127 143 144 141 140
digestive 12 146 170 151 166 148 164 141
systcxﬁ 16 169 211 181 206 174 181 171
fength (cm)* 20 176 182 173 197 182 195 177
24 174 218 180 177 193 196 169
|
* Total intestine length included {he length of ducudenam, small and large intestines
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TABLE 2. Age. breed and cross differences in esophagus and crop weight, percentage
to hody weight and percentage o digestive system weight

Breeds and crosses Av.
Hems | AR T ‘
. ) | R ‘ L | R RE ‘ FL LyF |
| | |
RN |
FEsophagus and crop: 10 4.6 ! 5.2 ! 4.7 4.8 4.9 4 4.1 4.7
wt. () o2 b oas osel| 63| s 56| 5.4 4.8 5.4
16 | 5.9 | 6.8 ; 7.2 B4 | 6.7 7.0 6.4 6.9
20 P | | 8.2 | 8.8 87| 7.7| 5.0 7.0 8.1
24 S 8.7 g1 i 7.6 7.4 B.5 Tk T
Av, 5.5 69| 1.2 6.9 6.9 7.0 5,9 -
| |
Esophagus and 10 [1G 1.00) 1.07) 0.9% 0.83 0.91] 0.856 0.95
crop % to body (1) 12 0,93 0.93) 1.02) 0.77 0.94 0.8 0.83 0.90
; 16 {H_T&)i 0,75 0.74 (J,'?3i 0.84 0.75] 0.78] 0.76
| 00 f?; 0.76] 0.75 0.5 0.60 0.70| 0.62) 0.67
24 ! G.a4 030 0.57 0.50 0.460 0.63] 0.63 0.353%
| [
| Av. 0.71 071 075 0.65| 0.67| 0.74] 0.72 —
Esophagus and : 10 8.8 9.0 8.6 Tl b Fi¥ T3 7.9
crop % to : 12 | 82| 7.2| 86| 69| 84| 73| 73| 7.7
digestive (2) . 6 | 63| 64| 7.0 | 6.8 7.0 6.5 7.6 6.8
20 770 78] 90! 76 T4 8.2 72‘ g
! 24 3.5 5.8 l 7.5 T3 ! 6.4 | 7.4 7.9 6.9
| |

Egyp!. J. Awim. Prod., 14, No. 2 (1974).
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Similar trend in digestive systen development has been observed in
chickens by Tlafes (1955} and in ducks by Yamani (1953).

The (R) had the highest relative digestive system weight to body weight
among the pure and crossbred cockerels. The (L) crosshreds, however, showed
higher relative digestive systemn weight as compared to the (R} crosses.
Although the (R) had the highest values by the end of the experiment, its
digestive system  matured Iater than the other two light breeds, possibly
due to heritable efféct since the crosses of the two light breeds (1 F) and (FL)
had matured digestive system earlier than (I'R) and (BRF) crosses. Difference
due to the effect of age, hreed and crosses were significant (Table 11),

Esoplagus and crof

(a) Esophagus and crop absolute weight increased gradually until 20
weeks then slightly decreased afterwards in ahmnost all the breeds and
crosses (Table 2). The (R) and (L) esophagus and crop seem to
mature later, with respect to the other groups as their weights continued
to increase until the end of the experiment. In general, it could he
said thal these parts are early maturing parts of the digestive system as
their function s associated with {he reception of feed stuff,

The highest weight of ctop and esophagus was observed in the (L)
cackerels and the lowest in the (I} among the pure and crosshred cockerals,
It Clould be said that the rate of development and the sizes of esophagus and
erop of crosshred cockerels are greatly affected by maternal mfluences,  Cross-

hreds hatching from (F) eggs shewed smaller sizes and lower rates of increase
in all ages compared ta these hatching from (L) or (R) pgoe

The maternal effect was more pronounced In the differences hetween
the two reciprocal crosses (LY) and (FL), and became more clear with advanced
age. Difference due to age, breed and crosses were significant (Table 11).

(b) The reative esophagus and crop weights with respect to hody weight,

were high at 10 weeks of age and decreased gradually until 24 wegks
of age in all the breeds and crosses studied (Table 2). This also
emphasize that these pavis are carly maturiug organs and are more
important in young than in the adult ages.  The (L) cockerels had
the highest values, while the (R) crosses had the lowest. The
esophogus and crop of the two Tight breads (L) and {F) matured ecarlier
than those of the heavy breed (R). This character was transmitted to
the crosses and caused the crossbred birds of (1) Blood (F1.) and
(LI') to have higher values as compared to the crosses.

(c) As the esophagus and crop were early maturing digestive organs,
their relative weights with respect to total digestive system weight
were high at the early ages and decreased afterwards until the end
of the experiment. Ag far as the breeds and crosses used were con-
cerned, the relative weight of crop and esophagus to total digestive
svstern welght followed the same  trend previowsly  discussed  with
respeet to their weight relative to hody weight,

Fayp'. . Anim. Prod.. 14, No. 2 (1974,
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Proventriculus

Progressive increase in proventriculus absohute weight was observed dur-
ing the period of study (Table 3). Ammog the purcbreds. (R) showed the
highest weight at the 5 ages studied. The (1) averages were always higher
than the (F) ones. The crossbreds did not show a clear trend, hut generally
ihey lad higher weights at all ages compared lo the (I") parent. ‘the
average of the 5 age. of the crosses was almost exactly as the average of the
two parents.  However, the crossbreds of (L) blood showed some sort of mater-
nal effect, which could not be of a certain significance i we examined the
trend of weights in the D ages separately,

The (R) breed, known to be the heaviest among the purebred used, seems
i develop heavier weights of proventriculus at earher ages. "Uhis is, however,
expected, since it is the most important part of the digestive canal in the
production of enzymic secretions. It could he suggested that the high efficie-
ney of feed wilization is correlated with the development of this part of the
digestive tract. When we study the relative weight of the proventriculus
to body weight, still the (R) ranks the first in almost every age among crose-
ored.  But the differenceg between breeds become less clear. It can be
seen, however, that there is no clear effect of crossing ag regards thiy charac-
ter. The Fayvowni White Leghorn Crosses, however, stowed  higher values
thas the (R} crosses, A clear effect of age is shown in all crosshreds and
purehreds between  hreeds,

The proventriculus percentage to digestive system weight showed almost
the same trend as its percentage fo body weight, It seem thal the absolute
welght of the proventriculus is a better measurement of feed efficiency especi-
ally breeds.

Grzzard

The absolute weighl of gizzard showed progressive increase with age
it all breeds and crosses throughout the experimental period, (Table 4].
Among pure breds the (L) generally rauvked first and the (I') ranked the
last in the 5 ages studied. With respect to the crosshreds, a clear maternal
effect was observed.  This organ of the digestive tract could be of no definite
mportanee 1o the efficiency of feed conversion or rapid growth rate during
the carly period of the birds I¥e, For both (R) and {L.) had doubled the
weieht  of ewzard durng the course of this study. The giward is gaining
importance with advanced age as it is specialized in grinding food, while
chicks food s supposed to have low percentage of [ibers,

The g'zard percentage to hody weight and to digestive tract showed
negative trends with the advancement of age. In the earlier ages the (L)
and (FL) birds had the highest [igures, this maternal effect was still clear at
the 24¢h week of ave.  The (1), however, which followed the (I7) with respect
to the percentage of gizzard to body and digestive tract weights did not
show the maternal effect clearly in ils crosses.

Egypt. J. Anim. Prod., 14, No. 2 (1974).
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TABLE 3. Age breed and cross differences in proventriculus weight, percentage to
bedy weight and percentige to digestive sysiem weight,

| | Breeds and crosses

| .
Items | A‘s‘!:’!em = _I T e 'T_—
| ol oR L FROER | OBL | Lp | Av,
(Q) | | | : i i |
Proventriculus wi, | 10 20| 2.6 2.3 24| 26 ‘ 2.6 | 2.1 | 2.4
& ‘ : |
() b2 |22 g | 2.?! 27129 29| 31| 28
|
|16 | 36| 38| 36! a2 34 4

I T A
(" | |
Prov. % fo’body(ni 10 | 0.48 0.50! 0.52| 0,49‘ 0.43 0.48' 0.44‘ 0.48 .

| 12 0.4 0.45| 0.4, (L4|i' 0.48) 0.47] 0.54" 0.47
| 16 0.49i 0.4-2| 0_3?; 0.37 0.43| 0.49| 0431 0.42
| 20 | 0.30 043| 0%1‘ 0.27] 0,30 0,33‘ [).36‘ 0.32

A 0.30 o.le 0.28

0.35  0.32! 0,35| 0.39| 0.39| —

() |

Prov. ¢ to I (1} ‘ 3.8 4.5 | 4.2 3.8 3.9 | 3.9 ‘ 3.7 ‘ 4.0
digestive (2) | | ‘
12 | 3.8 %8‘3.7|2F-4? 3.9‘4.7| 40
W | 39| 3.6 3.5 | 34 ‘ 361 | ol ‘ 4.2 3.7
| 20 | 3.4 1.4|3‘s*35i3.x|39 41‘ 318
| { |
I 24 3.4‘ 3.5 8.7 37| 3_7‘ 3.5 3.5 | 3.6

Av. | 361 3.9 | 3.8| 3.5 | 3.8l 3.9 | 4t

Egyptl. J. Awim. Prod., 14, No. 2 (1974),
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TABLE 4. Age, breed aud cross differences in gizzard weight, percentage to hody weight
and percentage to digestive system weight,

]
Breed and crosses
Agein |

| weeks | [ )
.'I | F R L ‘m RE | FB BF Av.

‘Gizard wt. (g) ‘ 10 ( 14.0 ‘ 17.0 | 17.2 ‘ 17.2 |

Hems

] 17.6 | 21.3 | 16,3 | 17.2
2 | 14.2 | 18.8 ! 20.5 5 16.9 | 20.3 | 18.4 | 18.2
L6 | 7.3 | 26.2 | 30.5 | 29.7 | 23.0 | 28.2 | 21.8 | 26.7
20 [ 21.7 | 25.1 1 28.6 9 ' 235282250 25.9

| 43, 27,1 | 31.5 | 34.2 | 24.5 | 31.7

]
-
12
W
=
2]
[
0

Av. 12001 | 261 2?.0‘24.3 2.5 1265|212 —

-Gizzurd‘_‘-{,iobody{l)‘ 10 ‘ 3.33 3‘27! 3.91I‘ 3.49| 2.97 3.97| 3.42| 3.46

oon 274 3.3 3.33] 2,800 2.84] 3.29| 3.200 3.04

16 | 368 2.87) :-,,_12" 2‘59! 2.8 3.01 2.68 2.96
L 20 2.0:!, '2.33‘ 2.42 |.95| 1.84| 1.18] 2,22 2.14
‘ 24 ’.03‘-- 2,50, 3.3?! 1.77. 1.97, 2.53| 2.19| 2.20

2.32 2‘79‘ 2.58!

Gizard % to | 10
digestive (2) | 12 ‘24.2- 26.0

26,2

9

24.3 | 27.9 | 23.2 ‘ 25.2 | 27.4 ‘ 27.9
0 ‘ .1 | 26.2 | 25.9

25.8 | 25.7

2.6 | 27.4

25.3

[ ]
- =
[ ]
o e
-
13

8 B
L =
e 2
- 2
= I
[ S S ]
o
o
[ ]

88
(551 d

26.2 | 31.9 ‘ 29.0 ‘ 28.8
‘ 22.0

30.1 | 5.3 25.2 | 27.9 | 26.0 l -
s )

Egypt. J. Anim, Prod., 14, No. 2 (1974).
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Byodenum

Among purebreds, at the ages of 10 wecks, the welight of duodenum wag
lower in (F) than both (R) and (L) which showed similar weights, (Table 5), The:
(R) crosses had higher weights than those crosses of (L), while all crosses.
at that age had higher weights lor the duodenunt as compared to the purebreds.
£t the age of 24 weeks, (R) ranked the first among all breeds and crosses..
It could he seen from Table 5, that in all parebureds and crosses, that the
duodenum  almost ceased growth after the 16th week of age, except im
the case of (R) which probably continued to grow until the 2444 week
of age.

The duodenum weight as a percentage of body weight tended {o decrease
with advanced age. At 12 wecks of age the (R) had the highest figure
among the purebreds and crosshreds. The crossbreds had higher figure as
caunpared lo the (F) breed. At the 24ih week of age {F) and (R) had similar
figures and were higher than (1), The (R} crosses shoyeed lower figures than
their partental purebreds, while the (L) crosses had higher ligures than their
parental purebrads.

The duedenum percentage with respect to digestive tract weight tended
to decrease with advanced age, although, this trend was not continued clearly
after the 12th week of age. At the 24th weok of age the (I") showed the-
highest. percentage, while the (L) was the lowest among the birds studied
All the crosses had alimost the similar percentages at the age of 24 weeks,

Fanereas

As was expected, the pancreas showed increase in welght with advanced
age, (Table 6). At the 108 week of age, the pancreas of the (IR} hreed had
the heaviest among the purebred. The (R) reciprocal crosses showed ahnost.
smilar weights, and were heavier than the parenta! purebreds, and were-
alse hebvier than the (L) crosses. At the 2444 week of age, the {1.) almost
douhled its pancreatic weight with respect 1o its weight at the 107 week
of age, and got the heaviest pancreas among the purchreds.  In all ages studied,
the (F) showed, nearly the lowest figures among the purebreds and crosses:
imvestigated, (his could be related to the efficiency of feed utilization of that

breed.

However, the pancreatic weight as a percent of body weight did not vary
significantly among the differdnt purebreds and/or crosses. Therefore, if
the pancreatic weight could he related to the efficiency of feed utilization,
then its ahsolute weight rather than its percent o body weight, could be

considered.
Liver
At 10 weeks of age, the (I') liver was the heaviest as compared  tor

the (R) and (1) breeds, while the weights in the case of the crosses were:
even heavier than their parental purebreds, (Table 7).

Egypt, J. Anim, Prod., 14, No. 2 (1974).
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TABLE 5 Age, breed and cross differences in duodenunm weight, percentaze to body
weight and percentage to digestive sysiem weight,

I Brecds and crosses
Age in
Ttems weeks | T | . o I —
| i3 R L I R¥ ‘ i, Ly ‘ Ay

duodenum wt. (g 10 2.6 3.l 3.1 4.0 4.0 ‘ 3.2 ‘ 3.3 ‘ 3.3

12 6.7 | 5.1 | 5.6 5.4‘ 5.5 4.6 5.3

' o6 | 8.0 8.0 54| 7.2 7.1 ‘ 5.3 7.1

i |
| 20 i 6.0 7.6 1.6 : 6.8 6.5 0.9
L 24 99| 7.0 6.6 7?‘ 7.7 58| 7.3
| |

Av. 5.1 i 3.8 6.4 6.3 6.1 5.1 —
Aduodenum ) o | 13 0‘621 0. 60 U.Tﬂl 0.81 0.67 0.60; 0.69 0.66
nody (1) 12 0.81) 1.12 0.83 0.85 0.91 0.89) 0.80 0.8%
16 0. 74 0‘88‘ 0.82) 0,73 0.91 0.76| 0.63 0.79
| 20 0.62 0.7 p.S1| 0.51 O.55 0,53 0.57 Q.57

24 0.57 0.37| 0.43' 0.43| 0.4%) 0.57] 0.52 0.51

==
(=]
=2
I
t

| Av 0.66) 0.73| 0.60 0.60 0.63
duodenuin 0 to | 4.9 5.4 5.7 6.3 | 6.0 4.8 55 5.3
i
digestive (2) 12 7.20 &7 tol| 7.6 8.1 7.4 | 7.0 7.6
| \
16 59 7.5| 7.8| 6.8| 7.5| 6.6| 63 7.0
i ;
| 2 7.0 7.4 61| 66| 70| 62| 67 6.7
‘ 24 ' 70| 6.7 58] 63| 6.6| 67| 6.4 6.5
! | |
[ Av. | 65| 7.2] 65] 67| 71! 64} 5.5‘ =
i i : ]

Byypt, J. Awim. Prod., 14, No. 2 (1974}
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TABLE 6. Age, breed and oross, difference in pancreas weight, percentage (o body
weight and percentage to digestive system weight.

Breeds and crosses
Ttems \:i‘;‘e}i ; — - - F
i R L FR BE ‘ FL ‘ LY
e e | P o !_ S s
Pancreas wi. (g | 10 1.79° 2,17 1.76 2.24 2.23I 1.67; ].83! 1.96
; 12 .27 2.16 I.'c’:lI 2.07 I,ﬁ_l: .30 1.59) 1,71
16 2.31| 2.38 3.6!| 3.77 3.22: 2,80, 2.37| 2.81
20 2,47 3.37 2,83 3.53 2.97) 3.07| 3.000 3.00
24 2,63 3,17 3.27| 2.8% 3,50 3.07 2.30; 2.97
Av. 2.09 2.68‘ 2.64| 2089 2.66) 2.42 2.22! —
|
Pancreas % o 10 0.420 0,41 0.40] 0.460 0.380 0.31 0,38 0.39
body (1) 12 0.24|' 0.36) 0.29 0.3l: 0.27) 0.24) 0.27| 0.29
16 [I!,3,1I 0.28) 0.27) 0,33 0,41 0.29) 0.29) 0.31
20 (.23 031 0.240 0.24] 0,22 0.24] 0.27] 0.2%
24 | 0.23 0.8 0.20 0.190 0.2 0.23 0.21' 0.2t
Av .27 00280 0,260 0.27 0,27 0.26| 0.27 —
Pancreas to 10 3.4 | 3.8 T i3S ] B33 25 | 3.3 3.3
digestive %, (2) 12 | 22| 2.8| 25| 2.8, 2.4 2.0 24| 2.4
16 2.8 2.4 2.8 3.0 3.3 2.6 2.8 2.7
20 2.7 | 3.2 2.9 2.4 2.8 2.8 3l 2.9
i 24 2.8 2.2 2.7 3.3 300 2T ; 2.6 2.6
| Av. 257 27 2.7 | 3.0 I 3.0 2.5 2.3 —
Egypl. J. Anim, Prod., 14, No. 2 (1974
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TABLE 7. Age, breed and cross differences in liver weight, percentage fo
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body weight

and percenfage to digestive system weight,

Items

Liver wt, (g)

Liver?;

to body (1)

Liver %/ 1o

digestive (2)

Age in |

weeks

{ 1o

| 16

| 20

Breeds aad erosses |

— I T T T Aw
F R | L : FR | RF | #L RS
\ |
T e = e
| |
| | ! |
- \
120 | 11.1 | 10.3 | 15.8 148 142 gy | o
13.4 | 16.1 ; 15.4 1188 [ 155 | 17.7 149 15,9
| ! |
2.7 (25.0 1237 323 | 22.1 | 26,6 | 20.5 | 247
8.5 27.0 245 | 319 | 28.3 l202 [o28 | 275
|
242 1382 27.4 | 8.8 | 322 20.7 | 240 | 205
‘ ' | | |
2.1 | 23,5 120.3 | 25.5 | 2.6 238 180 | —
| | |
2.86) 2131 2.34) 3.210 250 2.6 2.5 260
258 2.68 2.50( 2.85 2.1 2.47) 2.5 2.66
[ |
3.06) 2,75 2,43 2.1 2 78| 2.83) 2.52) 2.7
2.60! 2. 50l 2.08, 2.15, 2220 296 203 2.2
| | !
2000 221" 1.70| 1.88, 2.02 2.20 214 2
o
2.58) 2.43 211 2400 2.33 2.48) 2.9
| | ‘ i |
22.9 1 19.3 | 18.8 | 24.7 | 221 203 | 215 | 216
22.9 | 20.8 : 21.0 | 25.6 [ 23.1 | 23.9 | 2.6 J 22.7
| [
243 | 23.4 | 230 | 261 231 | 24.7 | 24.3 | 24.2
1 |
30.7 : 25.8 | 251 1 27.8 | 28.1 | 26.7 | 23.4 | 265
| | I |
5.9 26.0 122.7 | 2.5 | 27.8 | 25.7 | 268 | 26.0
| ’ | |
25.7 | 23.9 | 22.6 | 26,5 | 253 f 26.3 | 200 | —
| | |

Egypt, J. Adwim. Prod., 14, No. 2 (1974)..
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The liver IIT weight continued to increase syith advanced age. At 24ih
week the (R} breed reached more than 3 times the weight of ils 10 weeks
liver, while the (F) breed almost doubled its liver weight, and the (L) liver
was IT[ intermed.ate. A clear difference hetween the recprocal crosses is seen in
Table 7, those of (") sires had heavier liver weights than those of (F) dams.

The liver weight as a percent of body weight showed no clear trend
with advanced age in different groups studies, Iowever, if the liver was
tuken as a percent of digestive wact weight, il tended 1o increase from
the 10¢th up to the 2440 weeks of age.

Since the liver is of particular stnportance in connection with the metabo-
lism of steroid hormones, and since the light breeds are known to reach
puberty and sexual maturity at earlier ages compared to heavy breeds, it
seems logic to study the liver in connection with sexual developrment in different
breeds of birds.

Small infestine

At 10 weeks of age, the small intestine of the (F) breed was heavier
than the other two purebreds, while all crosses had heavier weights as comn-
pared to their parental purebreds. TTowever, the weight of the small intestine
of the (R) breed exceeded those of the other purebreds and erosses from the
12th week of age and throughout the experimental period, careful examination
of Table § shows that the erowth of small intestine almost slowed down after
16 weeks of age in the different groups studied.  As the body weight increased
after that age, the percent of small intstine to hody wegihl was  lower.
‘ihe same trend was observed with respect to the percent of small intestine
to digestive tract weight.

Generally, it could be shown that the erowth of small intestine is accele-
rated during the period from 10 to 16 weeks age, after which time the rate
of growth is slowed down, reaching nearly the same percent with respect to
total digestive tract weight. This trend was observed in all groups investigated,
and could be related to the rate of absorption of digestible nutritions at different
growing periods of animals.

Large intestine

The overall averages of large intestine weight throughowt the experi-
mental period showed no effect due to age on the weight of this organ of the
«igestive tract. Therefore the decrease, of its percent to body and to diges-
tive tract weights, could be expected with advancing age. Surprisingly,
the weight of that organ was lower at the age of 24 weeks as compared
to that weight at 10 weeks of the animals age, in the (RF) and {F1.) crosses.
The typical fluctuation in the weights of thal organ at all ages studied,
-could indicate that this part of the digestive canal was almost fully developed
at 10 weeks of age (Table 9).

Egypt, J. Anim. Prod., 14, No. 2 (1974).



CROSSING'S FFFECT ON GROWING COCKERELS (63
TABLE 8. Age, breed and eross differences in small intestine weight. percentage fo
bady weight and percentage to digestive system weight.
! | Breeds and crosses |
Hews | gl _ | o o T T A
| ¥ |_ R Lo| R | RF | FL i LF ‘
S, inlestine wt, {g}! 10 \ 1.0 | 10,9 l 10,5 1.6 | 13.4 i 12.4 | 11.1 !| 11.6
12 143 18.6 | 15.6 | 14,7 | 13.3 ] 138 | 13.8, 15.1
! 16 | 19,5 | 2.2 | 2006 ‘ 27.0 ‘ 21.9 ' 4.3 183 | 2.4
Lo | 19.6 1202 159 207 199 217 218 200
24 1207 | 28.8 | 528 | 19.5 | 21.3  21.5 | 159 | 216
Av. 171 | 2007 | 17.1 ‘ 18.7 | 17.9 \ 19.1 | 16.2 ‘ -
! i | . i |
S.intesiine " 10 10 |2l z.m! 2.39) 2.3 2.25! 231 233 233
body (1) , 2 2_"?6! 3.10 2.54) 2.23 2,24 2.49, z.ml 2,53
| 16 2.63] 2.76, 2.1:; 2.35 2.75‘| 2.5 2.25| 2.48
20 | 1ss 187 1.3 1400 1560 Les| 193 165
2| 18 1.67] 1.42! 128 134 159 142 50
Av, | 2_20! 2.14] 1.??! r,75| |.84‘ 2 oai 1.9?‘ =
S. intestine ¢, to |i 101209 | 189 ‘ 19.2 i 18.1 | 2000 18.6 1 19.8 | 19.4
digestive (2) I: 12 | 24.4 |' 21213 2.0 1909 | 20.8 | 209 | 21.6.
|16 [ 209 236 200 218 | 2.9 | 22.6 | 21.7 | 2.0
20 200|193 | 1803 18.0 | 198 | 19.8 | 233 | 19.5
|2 (227 196 | 18.9 | 18.6 | 18.4 | 18.6 | 17.8 | 19.2
! | ! | | |
Av. targ a1 | 190 1 reus | 20, | 214 174 =

Egupl. J. Anim. Prod., 14, No. 2
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TABLE 9. Age, breed and cross differences in large intestine weight, pereentage to body
weight and percentage to digestive system weight.

|
| Breeds and crosses ) |

=
< Age in | B 1 Av,
ltems weeks ‘ i LF
r R | Lo} ER | RF | FL | LF }
B I e [ i o
Large intestine wt. 10 | 2,66 2.75 2.09] 3.21| 5 sa| 3.79 2 99E 3.13
© ‘
‘ 120 67 2.33 2400 2.a0| 1.97| 2.27] L.77] 2.09
| | i !
16| 2.90 2,80 3.50 4.00 2,90 2.27| 2.86 3.03
[ [
20 2,700 3.17 2.80 4.17 3.30 2.80| 3.20 3.16
24 3.30 3.63 3.47 3.6 2,93 243 2.47 3.12
|
Av zm\ 2.94 ° 2.85 3.44| 3.11. 2.71; 2.65
|
1. infestine ) to ; ‘ :
body (1) oo | 0.63 0.53 0.48, 0.65 0.75 0.71 0.62 0.62
[ 12 o0 32| 0.39) 0.39] .33 0.33 037 031] 0.35
|
16 0.39| 0.31 0.36/ 0.35 0.36| 0.24 0.35| 0.34
20 0.26/ 0.201 024 0.28 0.26 0.22 0.28 0.26
24 0.29] 0.21] 0.21] 0.24/ 0.18 0.18] 0.22) 0.22
Av. | 0.34 0.30 0.30; 0.32] 0.32| 0.29| 0.32 -
i
L. intestine % to | |
digestive (2) 10 5.1 ‘ 4.8 38| 50 6.6 57| 5.2 5.2
12 2.8 30, 33| 30| 29| 3.1 [ 2.7 3.0
16 3.1 26| 3.4 32| 3.0 2.1 3.4 3.0
20 29 3.0 29 36| 33| 2.6| 3.3 3.1
|
I 24 3.5 2.5 2.09. 3.5, 2.5| 21| 2.8 2.8
|
| | |
Av 3.4 [ 3.0 1313.5"35 30123 -
| ! !

Egyp'. J. Awim. Prod., 14, No. 2 (1974).
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TABLE 10. Age, breed and eross differences in cacca weight, percentage to hody weight
and pereeniage fo dizestive system weizht,

| Breeds and erosses |
= |
| Age in |

lems weeks I- |
| vl r |1 FR | RV | FL | L ‘
|
= _‘_,__‘ L f _,_I| . _7|,—_|-___|.._7__..
Cre.awt. (@) 10 200, 2,600 2.70" 290 3.03 2.50] 2,418 2.6
R 1500 3.80 3820 320 o 7!‘| 3.4
| | | \
o6 sl 6! 5.10 6.0 5 0l 4700 330 49
| | \ [ ;
|20 | 42 s 41| 531 450 4.5 410, 4.5
|
Lo | 3.7 6560 490 470! 4800 440 370 4.7
| | | | | | I |
|
| Av | 32 sl el 4 4.32) 390 3200 _
| } | | ; |
|
| ! | I | | | |
Caceaty to body ()l 10| 0.48] 0.50, 0,61/ 0,58 o_51| 0.480 051 0.5
| |
L1208 068 057 05y 0.64 052|| 0.47 0.57
i |
Lo 109l o2l g5 osal 0.64| 0.50 0.41| 0.54
| | | :
Il 20 | 040 049l 0.38' 0.36! 0.35| 0,35 0.35|' 0.38
|
Co2 o ol ol ol 0.3 0.3l 0.33| 0,33
' | | | |
Avi | ol 052 0.2 0430 o4l 0.41] 0.3
| :
| | | I | | l | |
Caeca?; 1o digesijve | | | | |
2) oo | 3.8 4.5‘ 49| 45| as 5s| 43| 4.3
B 4.3 | 5.3 a8l 52| 57 43 41| a9
| | 1 |
Lo ‘ 3.9 6.1 | 5.n| 4.9 53| 4.4 [ 39 a3
0 4s| 50 46 46l oas| o4y | 42! 4
|
| 24 | 40| 45! 41| 45 ¢1|%x\4,1| 4.2

. |
| Av | 410 510l 4.60 4.80| 4.80) 4.10] 4.10] —
|

Egypt. J. Anim. Prad., 14, No.
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TABLE 11. Summary of analysis of variance of different digestive system parts as cffected
by different ages, breeds and crosses.

Among 1

Ttems C Amens I breeds and | Tnteraction:
ages | trosses ‘

|

| ;
Body wi. (g}, . . . . . .. L WO | 'Y | s
Tolal digestive system wt. (g) . . . . . . . . o | ® | ®
Total digestive swstem 2 (1) - . . . . . . . 8w ! WS
Esophagus and crop wt. (g} . . . . . . . . E R ' i L
Esophagus and crop %5 (1) . . . . . . . . . P .
Fsophagus and crop % (2) N

Proventriculus wi, (g) . .

Proventriculus®, (1y . ., . . . . . . 1 . <
Proventricalus °, (2y . . . . . . . . AT M.
Gizeard wi () . . . . . . : _a #
Gizaard 2 o 5 aom voo i s s ol

z2z ZZ
A M M v

Z BE PRRERRLEEA A
vrnnrininy

(;.

b4

5

<

. =R =

Gizzard %40 « ., oo L L. 3K ! % 8i
Duodenum wt, (g) W | X X% X
Duodenum %(1) o R m . 536 ¥ 5.
Duodenuni %, (2 . . . . . . ; : W N.S. 5.
Pancreas wi. (g) . . . . MK e 4 *
Pancreas U, (1) . e e 55 ¥ 7
Pancreas % (2) . . .. . . .. N.S. x N.S.
Liver wi. (g) P . W ® xR #
BIver %2010 v oo i i e n e s . ¥ MN.S..
Lbver @0 (2y o v v oo, . L o] M S w NS,
Small intestine wi. (g) . . B Bl WX KX 5
Small intestine % (1) . | 5 3 i 3 X N.S.
Small intestine %, (2) . A R W it NS,
Large intestine wi. (g) . . . . . . . . N.S. % N.S.
Large intestine %7 (1) , ., . . ., . . . %X N.S. N.S.
Large intestine 97 (2) . ®x MN.S.
Cacca wt. (g). . . . . , R W R R %
Ceice 2] (1) g #® %
Cacea %0(2) . . . L . 0L L. o > # N.S.
Forrlleh8lly . © oo v on s s oo o oo oe X | 4 N.S.
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Caeca

Among purebreds, the (R) showed the highest weight of caeca at all
ages studied. In general, all crosses tended to get higher weighty
as dompared to (I7), The crosses also gol weigl
wediate between their parental puribreds,

of caeca
ht of caeia which were inter-

The percent of caeca to body or to digestive tract weights showed that
the (R) had thd highest figures among the purebreds, and the (R) crosses
were also superior to (L) crosses. These percentages, however, tended to be
lower after the 16th week of age, (Table 10).

dutestine length

At all ages studied, the (R) had the longest intestine as campared to
those of (L) and ()., The intestinal length, did not continue to increase
after the 16k week of age, (lable 1)

Concerning the (1) crosses, the (FL) showed longer intestine than the
(LI} In the (R) croses, the ('R} had longer intestine than (RT) at the
2ges of 12, 16 and 20 weeks of age.
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