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ABSTRACT

Since the early Dcentury, the poultry industry has influenced thewgh
of broiler chickens significantly through the implentation of highly selective
breeding programs which focused primarily on breasscle deposition, feed
efficiency, and growth rate. In this study, the ptwlogical differences between a
modern broiler line (Ross708) and a line maintaifnech the early 26 century
(Heritage) were compared. The purpose of the sitadyto determine if the selection
for breast muscle, feed efficiency, and growth ragilted in an increase in intestinal
mass, length, cross-sectional area and villus tetagallow for more surface area in
order to increase absorption and therefore incretiegncy. Both lines were grown
in identical batteries with ad libitum access tedend water and continuous lighting.
Samples were taken of the duodenum, jejunum aadhiletermittently over a 35-day
period. The data showed a significant increasevarail jejunum and ileum masses,
lengths, cross-sectional areas, and villus lenfgtims the Heritage to the Ross708 line.
The differences within the duodenums of the twedimere not as drastic as seen in
the aforementioned sections. The data from thidystuggested that the selective
breeding in the poultry industry targeted the giopatterns of the small intestine,

specifically the jejunum and ileum, by increasihg bverall surface area.

Xii



Chapter 1

INTRODUCTION

The modern chicken is believed to have been docag¢stl nearly 8,000
years ago in Asia from its wild ancestor, the tabjefow! Since then, farmers have
been breeding these birds to meet the demand fatr anel eggs production. It was not
until the early 20th century, however; that the dachresulted in a bifurcation within
the poultry industry, leading to extensive gensélection for either high yield egg- or
meat-producing chicken%The two resulting groups of chickens are knowregsris
and broilers, respectively.

The broiler industry focused specifically on imyiregg muscle
deposition, feed efficiency and growth r&the drive for this focus on muscle growth
originated from market demand. The National ChicKexincil reported an increase in
per capita consumption of poultry over the pasy@@rs’Not only was the market
demanding more chicken but larger chickens as Viathilers are marketed in three
main categories: whole chicken, parts, or furthecessing, such as debonighole
broiler chickens and parts are normally marketetbup25 pounds, while chickens
used in restaurants and trade are generally thiestnaf three, around 4.5 pounds or
less. The chickens used in processing and debdmawggver, require a higher meat-
to-bone ratio and generally weigh greater than pdnds’. Since 1962, the
percentage of broilers sold as whole birds drogpmd 83% to only 11% in 2007,
while the percentage for chickens being processa@ased from 2% to 46%, a 23-

fold increasé. This drastic shift in demand for larger birds pldconsiderable



pressure on the industry to produce more broifasser and larger than before. Today
the modern broiler weighs an average of 5.60 paumds 3 pounds more than its
1925 counterpart. In addition, that extra weight is gained durincharser time period
of only 48 days as opposed to the 112 day averag@a5
While it is known that chickens have been bredrtiw larger, more
rapidly, the mechanisms which allow for that phiagical shift are poorly
understood. The purpose of this study was to deterihthe selective pressures for
muscle deposition, feed efficiency and growth ve¢ee associated with an increase in
surface area within the small intestine of thesdsbi
The small intestine is the major site of nutriabsorption in the avian

digestion system. The duodenum makes up the prdxnth The jejunum is distal to
the duodenum and proximal to the ileum which isdis¢al-most aspect of the small
intestine. All three segments are active in nutrasorption in the chicken. Within
the small intestine there are numerous folds whlldw for an increase in surface
area. In addition to the folds, villi are presettietr also increase the surface area
significantly? An increase in this surface area would provide naea available for
nutrient absorption, therefore increasing absonptade and possibly growth rate. This
concept was supported with work by Mitjans et &9@) who found that the increase
in surface area “...may contribute significantly atisfying the functional
requirements of the animal during development.”

The study analyzed the differences in intestinadsrend length, cross-
sectional area and villus length between a linehatkens comparable to those grown
in the early 20th century, not selected for rapmwirgh, and a modern line which

exhibited the increase in growth rate and overabsrseen in the poultry industry



today. The line representing the modern broiler thesRoss708 and was obtained
from a local hatchery in Delaware. The UIUC linerfr the University of Illinois
represented the heritage broilers in this studg. lirte was developed by H.M. Scott
and is the result of the cross of a New Hampshakeiine and Columbian female
line, both inbred since the late 19483he Heritage line was compared to the
Ross708 as a baseline to understand the charéicgesslected for in the small

intestine since the early 20th century.



Chapter 2

METHODSAND MATERIALS

Raising the Chickens

Two lines of broiler chickens were chosen for 8tisdy. The first line
was the Ross708, which was obtained from a lodahleay. This is a popular breed in
the broiler production industry currently and regeneted the modern broiler line. The
University of lllinois (UIUC) strain has been maairied since the 1940's and was
chosen as our Heritage line to represent the bsaittlized in early 26 century
poultry production.

Both lines were raised from age day 2 post hatchérid placed in
identical starter batteries with 20 chicks to ebattery for the first 3 weeks,
whereupon they were transferred into grower batser total of 120 chicks was
raised for each line. They received continuoustilghas well as ad libitum access to
water and feed. Their diet consisted of a commestaater feed until they reached 4
weeks of age, where they were then given a comaldngishing feed. The focus on
the study was aimed at the differences in develop@ued growth of the two lines;

therefore, to prevent a second variable, an effag made to select only males.

Specimen Sampling

Samples were collected on day 7, 10, 14, 17, 21ai3% 42 post-hatch

(PH). Ten chicks from each line were selected, haig(live), and euthanized by



cervical dislocation. The birds were then disseeted the intestinal segments were
separated into the duodenum, jejunum, and ileumast at this time that the sex of
each bird was confirmed.

The three segments were determined by gross arblamndmarks. The
duodenum was determined to begin at the caudab&tind gizzard and included the
length of intestine comprising the duodenual IoBpe jejunum began at the end of the
duodenum and continued to Meckel’s diverticulume Tleum then continued from
that point until it reached the junction with theca and the cloaca.

Segments were emptied and cleaned, the mesentemem@ved and they
were weighed and then measured for length. A smsgietion was cut from the

middle of each segment and preserved in a fornsalution for further processing.

Preparation of Slides

Two methods were used in the preparation of slidesiatoxylin and
Eosin staining was implemented in order to obtdinwlengths and cross-sectional
areas. The specimen were removed from their fomsaliutions, embedded in
paraffin wax, mounted to slides and were then sththrough standard H&E staining
protocol and preserved in a xylene-based mountiaignal.

The second method of preparation was immunohistoida staining for
Proliferating Cell Nuclear Antigen (PCNA) to ideytareas of proliferation within the
intestine. The kit used was a mouse monoclonal (P@ILPCNA kit from Abcam Inc.
The antibody was visualized using rabbit anti-mauseaoclonal secondary antibody
in addition to 3,3’ Diaminobenzidine (DAB) with Heeradish peroxidase (HRP).

The manufacturer’s protocol was improved upon \&ithadditional rinse

with TBS after the peroxide incubation prior to bggtion of the secondary antibody.



This prevented uneven staining and unwanted sainrat the secondary antibody,
otherwise seen in the slides. Also, the suggestetioth of the primary antibody at
1:6000 was adapted to 1:2000 for more consistsunttee The slides were then
counter-stained with eosin in order to detect #reaining tissue. Finally, the slides
were dehydrated using a standard ethanol and xgkeimgdration protocol and

mounted in xylene-based mounting material.

Data Collection Techniques

Data collection occurred at different times durihg study. The first
occurred during the dissection of the chicks, idiilg the mass and length of each
intestinal segment. Measurements later taken pifteressing of the slides was

completed included cross-sectional area, as wellilhss length measurements.

Intestinal Mass and L ength

After cervical dislocation, the chicks were disgselctor various organs of
interest including the three segments of the simedktine. The small intestines were
removed from the abdominal cavity and the threi@es were separated, the contents
removed and the sections were weighed individuBlich segment was then
measured for length before being preserved inradbn solution. The measurements

were taken in centimeters using a metric ruler.

Cross-Sectional Area

Cross-sectional area was collected using the HalBet slides. Because
the samples were too large to capture under a sgope, measurements were taken
manually with an average standard deviation 004052 cm. Length and width of

transverse sections were measured using an Impgs@Em-based vernier scale and



were converted into metric. The length and widtlea¢h sample was multiplied to

find the area of the surrounding rectangle.

VillusL ength
The techniques for the villus length measurememdstbe PCNA analysis

required Nikon Imaging Software. Images were takieam magnification of 40 in order
to capture the entire villus length. Image-Pro Rloftware was then used to take the
measurements of the villi.

Villus length was defined as the distance fromlkdasement membrane of
a crypt to the tip of the corresponding villus. Alomal villus structures, such as

damaged or degraded tissue, were excluded fromumegs

Proliferating Cells

The areas of proliferation were visible by micrgseafter the staining
process. Using the Nikon software, images wereucagtand assessed based on
location of concentrated PCNA positive areas. Smsiges did occur with this process
due to the age of the specimen. The antigen wéasutifto retrieve consistently due to
the age of the samples. It is recommended that imotmatochemical staining of
PCNA be completed as soon as possible after disegctherwise the antigen is

difficult to retrieve and therefore produces aneliable stain.

Statistical Analysis

The statistical software JMP was used to analyizsash collected
throughout the study. There were two main effetttdied between samples. The first
was the analysis of the sample days within eaeh Tihe second method of analysis

was a comparison of the two lines at each samplayg Statistical significance was



determined by a p value less than 0.05. Only sangpulays with three or more
different samples per segment were used. Dayslesththan three reliable samples
were not considered. Examples of unreliable samptdsded segments that were

damaged, degraded or obtained from a female bird.



Chapter 3

RESULTS

Intestinal M ass

Duodenum M ass

HERITAGE. The mass of the duodenum continually increasetrsgar
with a mean of 1.979 g (S.E. 0.24) at day 7 PH1t834 g (S.E. 0.211) at day 42 PH.

It was a total increase of 9.374 g or 5.74 foldrdlae entire growth period (Table 1,
Figure 1).

N
N

*%O
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. iié%* §

0 T

- -
oo o N
1 1 1

Duodenum Mass (g)
2

7 10 14 17 7 21 ] 42 Each Pair
Age Post-Hatch (day) Student's t
0.05

Figure 1 Duodenum Masses of Heritage Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.



Table 1 Comparison of Mean Duodenum M asses of the Heritage Line by Age
Post-Hatch Letters represent significant difference betweersalf an age has the
same letter as another, they are not significattfgrent.

Age PH Mean Mass (g)
42 A 11.353846
21 B 6.356000
17 C 4.771000
14 D 3.403000
10 D 3.059000
7 E 1.979000

Each day showed significant growth from the prasisampling day. The
only exception to this was the period between d&yand 14 PH where no significant
growth was observed (Table 1). Average daily g&ithe duodenal mass varied
throughout the study. Days 7 through 10 PH hagrifstant increase in rate of gain,
followed by a sharp decrease during days 10 toHADRIring the decline there was
only an average of 0.086 g/day (S.E. 0.085). Afteds the rate increased and
surpassed its previous rate to reach 0.456g/d&y (S113) during days 14 to 17 PH.
There was a gradual decrease from days 17 to 4@H&rk a final rate of 0.238g/day
(S.E. 0.214) was reached (Figure 2).
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Average Daily Gain of Duodenum Mass with Standard Error

1.2
)
< ! T
2
c 0.8
'Sﬂ —
= 0.6 l T
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o} T 1
D 0.4
(@)
&
S L
. s
0 L
7to 10 10to 14 14 to 17 17to 21 21to 42
@ Ross708 | 0.411963333 | 0.6597775 0.70625 0.50375 0.178333333
| Heritage 0.36 0.086 0.456 0.39625 0.237992667
Growth Period (day post-hatch) O Ross708
B\ Heritage

Figure 2 Average Daily Gain (ADG) of Duodenal Mass of Heritage and Ross708
lineswith Standard Error: ADG was calculated by the difference in mean mass
divided by number of days

ROSS708. The Ross708 line also showed an increase in tbdethal
mass over the entire 35-day study. Every samplargpg was significantly larger than
the previous. The period from Days 7 to 10 PH wertestatistically different (Table
2). Starting at Day 7 PH with 3.491 g (S.E. 0.58i%) mass of the lleum reached
15.245¢ (S.E. 0.648) at its highest on Day 42 FgufE 3). There was a total increase
of 11.754g or 4.37 fold over the course of the ytud

11
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Figure 3 Duodenum Masses of Ross708 Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table2 Comparison of Mean Duodenum M asses of the Ross708 Line by Age
Post-Hatch Letters represent significant difference (p valug@5) between ages. If
an age has the same letter as another, they asgynditcantly different.

Age PH Mean Mass (g)
42 A 15.245000
21 B 11.500000
17 C 9.485000
14 D 7.366250
10 E 4.727143
7 E 3.491250

Average daily gain increased from Day 7 to 17 Phkere were
significant standard errors during the period betwBay 17 and 21 PH. In addition,
there was a drastic decline in rate of gain by B&yH. The highest rate of gain
during the study was observed during the period/éet Day 14 and 17 PH with an
average of 0.70625¢g/day (S.E. 0.286) and the lowastat the end with only
0.17833g/day (S.E. 0.046) (Figure 2).
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ROSS708 AND HERITAGE. Throughout the entire study the Ross708

line maintained a significantly higher mass tham ieritage line. There was a
difference of 1.512 g at day 7 PH and a final dédfece of 3.891 g at day 42 PH. The
day with the greatest difference was day 21 PH %il44 g difference between the
two lines. Ross708 and Heritage were closest irsrttasach other at day 7 PH and

there was an observed increase in the differemoagh day 42 PH (Figure 4).

Mean Duodenum Mass Comparison between Ross708 and
Heritage with Standard Error
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Age Post-Hatch (day) O Ross
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Figure4 A Comparison of Mean Duodenum M ass by Age Post-Hatch between
Ross708 and Heritage lineswith Standard Error Mean values for each line are
displayed in the table below the associated age
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Jelunum M ass

HERITAGE. The jejunum of the Heritage line had a startingrage
mass of 2.056 g (S.E. 0.48872) at day 7 PH. Byd@ayH the mass had increased by
12.5849 to reach a final mass of 14.64g (S.E. (.4@tere was a 7.12 fold increase of
mass of the jejunum from day 7 PH (Figure 5, Ta&)le

20 *
J %
C *
2 157 4= O
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0 7 " 10 " 14 T 17 T o210 T 42 Each Pair
Age Post-Hatch (day) Student's t
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Figure 5 Jgunum Masses of Heritage Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.
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Table 3 Comparison of Mean Jgjunum Masses of the Heritage Line by Age Post-
Hatch Letters represent significant difference (p valu&@5) between ages. If an age
has the same letter as another, they are not isignify different.

Level Mean
42 A 14.640000
21 B 6.734000
17 C 4,976000
14 C |D 4.,143000
10 D |E 3.285000
7 E 2.056000

There was significant overall increase in the ntddbe jejunum,
however; the consecutive days had some instancgatgtically insignificant growth.
The growth rate during the period from day 7 tdPHwas insignificant, as were days
10 to 14 PH and days 14 to 17 PH (Table 3). Avedaglg gain of the Heritage
jejunum varied throughout the study with a notidealecrease in rate of gain during
the period between days 10 to 14 PH. The finaydglin seen during days 21 to 42
PH was 0.3765 g/day (S.E. 0.032) (Figure 6).

15



Average Daily Gain of Jejunum Mass with Standard Error
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O Ross708 0.42643 0.976115 1.306526667 0.7384175 0.731968095
m Heritage | 0.409666667 0.2145 0.277666667 0.4395 0.37647619
Growth Period (day post-hatch) O Ross708
m Heritage

Figure 6 Average Daily Gain (ADG) of Jgunum Mass of Heritage and Ross708

lineswith Standard Error: ADG was calculated by the difference in mean mass
divided by number of days

ROSS708. The mass of the jejunum of the Ross708 line irsgeédrom

5.565g (S.E. 0.4887) at day 7 PH to 32.993g (Y4E61) at day 42 PH. This was an

increase of 27.428g or 5.93 fold over the entivelg{(Figure 7, Table 4).
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Figure 7 Jgunum Masses of Ross708 Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table4 Comparison of Mean Jgunum Masses of the Ross708 Line by Age Post-
Hatch Letters represent significant difference (p valug@5) between ages. If an age
has the same letter as another, they are not isignify different.

Age PH Mean Mass (g)
42 A 32.993333
21 B 17.622000
17 B 14.668333
14 C 10.748750
10 D 6.844286
7 D 5.565000

There was a significant increase in mass in tluayem during the study
overall, however; days 7 and 10 PH did not displayatistical difference in mass, nor
did days 17 and 21 PH (Table 4). Average daily géitne jejunual mass increased
from days 7 to 17 PH, reaching a peak between téysd 17 PH of 1.307g/day (S.E.
0.532). After day 17 PH there was a decrease inatieeof gain by 0.5681 g/day. From
days 21 to 42 PH there was only a slight decreasate to 0.7320 g/day (S.E. 0.084)
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(Figure 6). In the case of Ross708, the lowestohgain was seen during days 7 to 10

PH and not at the end of the study.

ROSS708 AND HERITAGE. The mass of the Ross708 jejunum was

significantly greater than the Heritage line onrgnaay throughout the study. The
difference between the lines at day 7 PH was 3g683d it only increased as the study
continued. By day 42 PH there was a 2.25 fold ckfiee between the two lines

(Figure 8).

Mean Jejunum Mass Comparison between Ross708 and Heritage
with Standard Error
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B Heritage 2.056 3.285 4.143 4.976 6.734 14.64
Age Post-Hatch (day) O Ross
m Heritage

Figure 8 A Comparison of Mean Jggunum Mass by Age Post-Hatch between
Ross708 and Heritage lineswith Standard Error Mean values for each line are
displayed in the table below the associated age
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Ileum M ass

HERITAGE. The mean ileal mass increased significantly fron24g
(S.E. 0.2560) on day 7 PH to 8.910g (S.E. 0.2387™ay 42 PH. This was a total
increase of 7.1869g or 5.17 fold. By day 42 thers wavider range of values than seen

in the previous sampling days (Figure 9, Table 5).
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Figure 9 lleum Masses of Heritage Line by Age Post-Hatch Statistical significance
with a p value < 0.05 was presented on the rigte sf the graph.
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Table5 Comparison of Mean Ileum M asses of the Heritage Line by Age Post-
Hatch Letters represent significant difference (p valu&@5) between ages. If an age
has the same letter as another, they are not isignify different.

Age PH Mean Mass (g)
42 A 8.9100000
21 B 4.0820000
17 B 3.3720000
14 C 2.6080000
10 Cc |D 2.3300000
7 D 1.7240000

There was a significant increase in ileal mass tweentire study.
There were periods of time where there was naatesstally significant difference
between masses. These periods of time included®ty40, days 10 to 14, days 17 to
21 PH. While these days were not statisticallyedé@ht from their specific
counterparts, they were, however; significantlyetdént from the other sampling days
in the study (Table 5). Average daily gain of ile@dss saw a drastic decrease from
0.202 g/day (S.E. 0.12) between day 7 and 10 RHO@O5 g/day (S.E. 0.090) during
the period of day 10 to 14 PH. From days 14 to H#tiere was an increase to the
maximum rate of 0.2547 g/day (S.E.0.121) and it uaskly followed by a decline
during days 17 to 21 PH and a slight increaseeaéttd of the study from days 21 to
42 PH (Figure 10).
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Average Daily Gain of lleum Mass with Standard Error
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m Ross708 | 0.209463333 | 0.4465625 0.707 0.7079025 | 0.677571429
m Heritage 0.202 0.0695 0.254666667 0.1775 0.229904762
Growth Period (day post-hatch) @ Ross708
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Figure 10 Average Daily Gain (ADG) of Ileal Mass of Heritage and Ross708 lines
with Standard Error: ADG was calculated by the difference in mean masdetl
by number of days

ROSS/08. There was a significant increase in ileal mas$foss708 over
the entire study. The starting average of the ieats was 4.448g (S.E. 1.0512) on day
7 PH and the final average mass was 26.045g (2138) on day 42 PH. The total
increase in mass was 21.596 g or 5.85 fold (Figarerable 6).

21



35 v
304 °
B 257 @ Q
& 204 °
2 °
154
£ . P -
- @% .
<> 8
0 7 " 10 " 14 " 17 " 21" 42  EachPair
Age Post-Hatch (day) Student's t
0.05

Figure 11 Ileal Masses of Ross708 Line by Age Post-Hatch Statistical significance
with a p value < 0.05 was presented on the riglg of the graph.

Table 6 Comparison of Mean Ileum M asses of the Ross708 Line by Age Post-
Hatch Letters represent significant difference (p valu&@5) between ages. If an age
has the same letter as another, they are not isignify different.

Age PH Mean Mass (g
42 A 26.045000
21 B 11.816000
17 B |C 9.695000
14 Cc [D 7.908750
10 D |E 5.077143
7 E 4.448750

The ileal mass of Ross708 increased significdntiy day 7 to 42 PH
however there were multiple groupings of sampliagsdwhich did not show
significant growth between them. Days 7 to 10,d.04, 14 to 17, and 17 to 21 PH
were pairs of days between which, there was nstaily significant growth. On the
other hand, all of these groups were significaditierent from each other (Table 6).
Average daily gain saw a trend of an increase 0a2095 g/day (S.E. 0.513) during
day 7 to 10 PH to a maximum of 0.7079 g/day (S38%) during days 17 to 21 PH.
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Standard errors were very high during these gr@etiods, especially from days 7 to
10 PH. After this time period, the average dailingiecreased slightly to 0.6776 g/day
(S.E. 0.086) during days 21 and 42 PH. The minimait@ of gain was seen during the
beginning of the study between days 7 and 10 PgL(Ei10).

ROSS708 AND HERITAGE. The Ross708 ileum had significantly

higher masses than that of the Heritage line tHrdbg entire study. The difference
between the two lines continued to increase froyn/d@ day 42 PH. At the beginning
of the study the difference was 2.72 g by day 4ZhBtdever, it rose to 17.14g. By the
end of the study the Ross708 ileum mass was 17.4B33§0 fold greater than the
Heritage line (Figure 12).
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Mean lleum Mass Comparison between Ross708 and Heritage

with Standard Error
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Mean lleum Mass (g)

7 10 14 17 21 42
O Ross 4.4488 5.0771 7.9088 9.695 11.816 26.045
W Heritage 1.724 2.33 2.608 3.372 4.082 8.91
Age Post-Hatch (day) O Ross

W Heritage

Figure 12 A Comparison of the Mean Ileum Mass by Age Post-Hatch between
Ross708 and Heritage lineswith Standard Error Mean values for each line are
displayed in the table below the associated age

Intestinal L ength

Duodenum L ength

HERITAGE. The growth of the duodenum was significant betwean7
and 42 PH with a starting length of 15.450 cm (8.B4324) and a final length of
27.369 cm (S.E. 0.73957). It increased by 11.91®ci#v%. Days 10 to 17 PH had

very little growth and were statistically very slariin size (Figure 13, Table 7).
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Figure 13 Mean Duodenum L ength of Heritage Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table 7 Comparison of Mean Duodenum Length of the Heritage Line by Age
Post-Hatch Letters represent significant difference (p valu@@5) between ages. If
an age has the same letter as another, they asgynditcantly different.

Age PH Mean Length (cm)
42 A 27.369231
21 B 22.450000
17 B |C 20.750000
14 D 17.980000
10 Cc [D 19.350000
7 E 15.450000

There were certain sampling days which did notssignificant
growth between them. This occurred in the middlthefstudy, between days 10 and
14,14 and 17, and 17 and 10 PH. Days 42 and 7 €& significantly different in size
from any of the other sampling days (Table 7). Agerdaily growth had an overall
decrease in rate during the study. The origina o&tl.30 cm/day (S.E. 0.396) from
days 7 to 10 PH dropped significantly during da@4d.14 PH to 0.345 cm/day (S.E.

0.398). There was a larger standard error durirsgtitine period. The rate then

25



increased during days 14 to 17 PH only to decreetie following growth periods.

The final average daily growth was also the lowatt observed during the study,

with 0.2342 cm/day (S.E. 0.053) (Figure 14).

Average Daily Growth of Duodenum Length with Standard Error
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Figure 14 Average Daily Growth (ADG) of Duodenum Length of Heritage and

Ross708 Lineswith Standard Error: ADG was calculated by the difference in mean
mass divided by number of days

ROSS708. The Ross708 line saw a significant increase imalve

duodenal length from an average of 18.75 cm (S&8336) for day 7 PH to 30.5 cm

(S.E. 0.79138) at day 42 PH. This is a total ineeeaf 11.75 cm or 63% (Figure 15,

Table 8).
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Figure 15 Mean Duodenum Length of Ross708 Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table 8 Comparison of Mean Duodenum Length of the Ross708 Line by Age
Post-Hatch Letters represent significant difference (p valug@5) between ages. If
an age has the same letter as another, they asgynditcantly different.

Age PH Mean Length (cm)
42 A 30.500000
21 B 26.000000
17 B [C 24.166667
14 C 22.750000
10 D 19.285714
7 D 18.750000

While there was significant overall growth, tharere days that were not
statistically different in size from one anothehese days include days 7 and 10 PH,
14 and 17, and 17 and 21 (Table 8). Average dadwth showed a spike in growth
rate during days 10 and 14 PH. There was no sagmifidaily gain from days 7 to 10
PH. Following that time period the rate rose td66.8m/day (S.E. 0.251) between
days 10 and 14 PH. After that period, the rate begalecline until it reached 0.214
cm/day (S.E. 0.056) during days 21 to 42 PH.
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ROSS708 AND HERITAGE. The length of the Ross708 and Heritage

lines were very similar in size from day 7 to d&y/PH. There was a significant
difference between the lengths of the two linesefgery day except for day 10 where p
> 0.05. The difference between Ross708 and Herdaaday 7 PH was 3.30 cm. The
largest difference was seen on day 14 PH and wascin. The difference between the
lengths then continued to hover around 3.4 cm daifl42 PH which lessened to the

smallest observed difference of only 3.13 cm (FedlLB).

Mean Duodenum Length Comparison between Ross708 and
Heritage with Standard Error
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Figure 16 A Comparison of Mean Duodenum Length by Age Post-Hatch between
Ross708 and Heritage lineswith Standard Error Mean values for each line are
displayed in the table below the associated age

28



Jejunum L ength

HERITAGE. There was significant growth in the length of gaenum of
the Heritage Line. Day 7 PH had an average leng#6.d5 cm (S.E. 1.124) and had a
final length of 51.591 cm (S.E. 1.072) on day 42 Rias a total increase in length
of 24.841 cm or 93% over the entire study (FigufeTable 9).

Jejunum
Length (cm)

oO@p O

20 T

14 17 21 42 Each Pair

Age Post-Hatch (day) Student's t
0.05

Figure 17 Mean Jgunum Length of Heritage Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table9 Comparison of Mean Jgunum Length of the Heritage Line by Age Post-
Hatch Letters represent significant difference (p valu&@5) between ages. If an age
has the same letter as another, they are not isignify different.

Age PH Mean Length (cm)
42 A 51.590909
21 B 40.850000
17 B |C 37.850000
14 Cc |D 35.850000
10 D 33.700000
7 E 26.750000
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While there was significant growth from day 7 toPH there were
some days which did not show a difference in lerigiitn one another. These days
included, days 10 and 14, 14 and 17, 17 and 21TRHI¢ 9). Average daily growth of
the jejunum showed the highest rate from daysIOtBH of 2.317 cm/day (S.E.
0.530). There was a drop in growth rate during déyso 14 PH because these two
days were found have no significant differenceize sAfter days 10 to 14 PH there
was a slight increase in daily growth from dayd41 PH, only to decrease, finally to

0.511 cm/day (S.E. 0.074) at days 21 to 42 PH (Eig8).

Average Daily Growth of Jejunum Length with Standard Error
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Figure 18 Average Daily Growth (ADG) of Jggunum Length of Heritage and
Ross708 Lineswith Standard Error: ADG was calculated by the difference in mean
mass divided by number of days of growth period.
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ROSS708. There was a significant increase in jejunum lerigththe
Ross708 line from day 7 to 42 PH. The mean lengtlay 7 PH was 42.75 cm (S.E.
1.63) and the final length was 79.33cm (S.E. 1d0lay 42 PH. It was a total growth
of 36.58 cm or 86% (Figure 19, Table 10).
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Figure 19 Mean Jegjunum L ength of Ross708 Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table 10 Comparison of Mean Jgjunum L ength of the Ross708 Line by Age Post-
Hatch Letters represent significant difference (p valu&@5) between ages. If an age
has the same letter as another, they are not isignify different.

Age PH Mean Length (cm)
42 A 79.333333
21 B 57.200000
17 B 55.333333
14 C 49.500000
10 Cc [D 45.000000
7 D 42.750000

While there was a significant difference betwday 7 PH and day 42

PH, there were multiples days which did not shaynigicant growth from the
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previous. These days include day 7 to 10, 10 tafd,17 to 21 PH (Table 10).
Average daily growth of the Ross708 jejunum hadharease from day 7 to 10 PH to
a maximum of 1.944 cm/day (S.E. 0.835) during dayoll7 PH. Day 17 and 21 PH
were not statistically different from one anothed @herefore showed a dramatic
decrease in growth rate. The final average groatinwas 1.053 cm/day (S.E. 0.134)
during day 21 to 42 PH (Figure 18).

ROSS708 AND HERITAGE. Throughout the study the Ross708 jejunum

was significantly longer than the Heritage. At dalH Ross708 was 16 cm greater
than that of the Heritage line. This differencerdased on day 10 by 4.7 cm. The
difference then began to increase until Ross7082Wa&4 cm or 54% greater than

Heritage at day 42 PH (Figure 20).
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Mean Jejunum Length Comparison between Ross708 and
90 Heritage with Standard Error
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Figure 20 A Comparison of Mean Jg unum Length by Age Post-Hatch between

Ross708 and Heritage lineswith Standard Error Mean values for each line are

[leum L ength

displayed in the table below the associated age

HERITAGE. The ileum of the Heritage line increased in length

significantly over the 35 day study. At the firahgpling day, day 7 PH the average

length was 25.70 cm (S.E. 1.123). By day 42 theameelength of the ileum in the

Heritage line reached a maximum of 27.409 cm ($.861). This is an increase of

21.809 cm or 85% (Figure 21, Table 11).
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Figure21 Mean Ileum Length of Heritage Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table 11 Comparison of Mean |leum Length of the Heritage L ine by Age Post-
Hatch Letters represent significant difference (p valu&@5) between ages. If an age
has the same letter as another, they are not isignify different.

Age PH Mean Length (cm)
42 A 47.509091
21 B 39.200000
17 C 35.050000
14 C 33.070000
10 C 32.200000
7 D 25.700000

While there was significant growth from day 7 ®MH, there was a
period between day 10 and 17 where little growtk wlaserved. This stall in growth
hovered around 32 to 35 cm in length for the 7gfmgn (Table 11). Average daily
growth of the Heritage ileum showed a high rat2.@67 cm/day (S.E. 0.525) from
day 7 to 10 PH. During days 10 to 17 PH, whereigoificant growth occurred, these

rates were much lower. By days 17 to 21 PH theiestill a low rate of 1.034 cm/day
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(S.E. 0.393). It declined again between days 214a2nEH to only 0.396 cm/day (S.E.
0.073) (Figure 22).

Average Daily Growth of lleum Length with Standard Error
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Figure 22 Average Daily Growth (ADG) of Ileum Length of Heritage and
Ross708 Lineswith Standard Error: ADG was calculated by the difference in mean
mass divided by number of days of growth period.

ROSS708. The ileum of the Ross708 line had significant glowom day
7 to 42 PH. On day 7PH the average length was B&i#b(S.E. 2.816). By day 42 PH
the ileum had reached 79.167 cm (S.E. 3.251). whsan increase of 40.417 cm or
2.04 fold (Figure 23, Table 12).
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Figure 23 Mean Ileum Length of Ross708 Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table 12 Comparison of Mean |leum Length of the Ross708 Line by Age Post-
Hatch Letters represent significant difference (p valu&@5) between ages. If an age
has the same letter as another, they are not isignify different.

Age PH Mean Length (cm)
42 A 79.166667
21 B 58.200000
17 B 57.083333
14 B 52.625000
10 C 44.071429
7 C 38.750000

Significant growth was seen overall however tiveas no significant
growth observed between days 7 to 10 PH, nor daayg 14 through 21 PH (Table
12). The average daily growth depicted these dseseim growth rate. Days 10 to 14
PH however, show a significant growth rate of 2.t88day (S.E. 0.103) and then
another drop during days 14 through 21 PH. At tiee@ the study days 21 to 42 PH
had an increase in rate to 0.998 cm/day (S.E. 0.@&E@ure 22).
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ROSS708 AND HERITAGE. From day 7 PH until day 42PH the

Ross708 ileum was longer than the Heritage. Duhegperiod from day 7 to 10 PH
the differences between the two lengths were 18m2b611.87 cm respectively.
Afterwards the difference grew to 19.555 cm on #&yH and was somewhat
maintained during that time. By day 42 PH howetts,difference had increased to
31.658 cm with a final length of the Ross708 ildomng 79.167 cm (S.E. 3.251) and
the Heritage being 47.409 cm (S.E. 1.061) (Figdne 2

Mean lleum Length Comparison between Ross708 and Heritage
with Standard Error
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Figure 24 A Comparison of Mean |leum Length by Age Post-Hatch between
Ross708 and Heritage lineswith Standard Error Mean values for each line are
displayed in the table below the associated age
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Cross-Sectional Area

Duodenum Cross-Sectional Area

HERITAGE. Due to a limiting number of measureable samplely, o
days 7 through 21 PH provided a sufficient numbeneasurements. There was a
significant increase in average cross-sectiona eréhe Heritage duodenum from day
7 to 21 PH. Day 7 PH had an average of 0.108(&E. 0.0123). By day 21 PH the
area increased to 0.225 T($.E. 0.011). This was an increase of 0.118am2.12
fold (Figure 25, Table 13).
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Figure 25 Duodenum Cross-Sectional Area of Heritage Line by Age Post-Hatch
Statistical significance with a p value < 0.05 wassented on the right side of the
graph.
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Table 13 Comparison of Mean Duodenum Cross-Sectional Area of the Heritage
Line by Age Post-Hatch Letters represent significant difference (p valuaGs)
between ages. If an age has the same letter dseantbtey are not significantly
different.

Age PH Mean Cross-
Sectional Area

(cm?)

21 A 0.22526000
17 A |B 0.19504000
14 A 0.20283684
10 B 0.16215000
7 C 0.10613936

While there was significant growth overall therererdays that did not
show an increase to the next sampling day. Thegeideluded days 10 to 17 and 14
to 21 PH (Table 13). The average daily growth efctoss-sectional area of the
Heritage duodenum had a maximum rate of 0.0187day (S.E. 0.006). The rate then
decreased during days 10 to 14 PH and decreagbérfirom day 14 to 21 PH

because these days had no significant growth (Eig6yJ.
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Average Daily Growth of Duodenum Cross-Sectional Area with
Standard Error
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Figure 26 Average Daily Gain (ADG) of Duodenal Cross-Sectional Area of
Heritage Linewith Standard Error: ADG was calculated by the difference in mean
mass divided by number of days

ROSS708. There was a problem with a sufficient amount oasugable
samples with the Ross708 duodenum cross-sectioze)| therefore, only days 7 and
14 PH were available for comparison. From day X4d®H there was significant
growth in the cross-sectional area. Day 7 PH haavenage area of 0.168 &(8.E.
0.013), while day 14PH had an average of 0.386(&E. 0.016). This was an overall
increase of 0.218 chor 2.30 fold (Figure 27, Table 14).
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Figure 27 Duodenum Cross-Sectional Area of Ross708 Line by Age Post-Hatch
Statistical significance with a p value < 0.05 wassented on the right side of the
graph.

Table 14 Mean Duodenum Cross-Sectional Area of the Ross708 Line by Age

Cross-Sectional Area (cm”2)
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Each Pair
Student's t
0.05

Post-Hatch
Age PH Number of [Mean Cross-Sectional Area (cm?) Standard
Samples Error
7 5 0.168458 0.01276
14 3 0.385514 0.01647

lines the former was significantly larger than kger. On day 7 PH the Ross708
cross-sectional area was 0.062 greater than its counterpart. By day 14 PH the

difference between the two lines increased to 0ctf3 On day 14 PH the Ross708

ROSS708 AND HERITAGE. When comparing Ross708 and Heritage

line was 90% larger than the Heritage line (FigzB8g
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Mean Duodenum Cross-Sectional Area Comparison between
Ross708 and Heritage with Standard Error
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Figure 28 A Comparison of Mean Duodenum Cross-Sectional Area by Age Post-
Hatch between Ross708 and Heritage lineswith Standard Error Mean values for
each line are displayed in the table below the@atal age

Jeiunum Cross-Sectional Area

HERITAGE. There was significant growth in the Heritage cresstional
area of the jejunum from day 7 to 21 PH. On day#tiie average area was 0.08%cm
(S.E. 0.013). By day 21 the average cross-sectimeal had increased to 0.169°cm
(S.E. 0.013). This was an increase of 0.087@n2.06 fold (Figure 29, Table 15).
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Figure 29 Jgunum Cross-Sectional Area of Heritage Line by Age Post-Hatch
Statistical significance with a p value < 0.05 wassented on the right side of the
graph.

Table 15 Comparison of Mean Jgjunum Cross-Sectional Area of the Heritage
Line by Age Post-Hatch Letters represent significant difference (p valugG5)

between ages. If an age has the same letter dseantbtey are not significantly
different.

Age PH Mean Cross-
Sectional Area

(cm?)

21 A 0.16910000
17 B [C 0.11336000
14 A |B 0.15449735
10 A |B 0.13016667
7 C 0.08234633

There were multiple groups of sampling days whiehne not
significantly different from each other. Days 7 d@tland 10 to 17 PH did not show
significant growth. Days 10, 14, and 21 PH were alst significantly different from
one another. Day 17 PH was unlike any of the adherpling days. It showed a

decreased average cross-sectional area of 0.14@ck 0.013) (Table 15).
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ROSS708. In the Ross708 line there was significant growitthe cross-
sectional area from day 7 to 14 PH. Day 7 PH haavemnage area of 0.138 €iiS.E.
0.017). Day 14 had an average of 0.247 (&E. 0.021). This was an increase of
0.109 cnd or 79%. Day 17 PH was not significantly differémtm either day 14 or day
7 PH, therefore, it may be possible that there avdscrease in the cross-sectional area

of the jejunum at that time (Figure 30, Table 16).
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Figure 30 Jg unum Cross-Sectional Area of Ross708 Line by Age Post-Hatch
Statistical significance with a p value < 0.05 wassented on the right side of the
graph.
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Table 16 Comparison of Mean Jgjunum Cross-Sectional Area of the Ross708
Line by Age Post-Hatch Letters represent significant difference (p valu&Gs)
between ages. If an age has the same letter dseantbtey are not significantly
different.

Age PH Mean Cross-
Sectional Area
(cm?)

17 A |B 0.20163333
14 A 0.24713822
7 B 0.13821666

ROSS708 AND HERITAGE. All three days available for comparison in
the Ross708 line were significantly larger thanieegitage line. On day 7 PH the
Ross708 cross-sectional area was greater by Or68®By day 14 PH that difference
decreased to only 0.093 &nThe difference between the two lines on day 1 7Rl
0.088 ci (Figure 31).

45



Mean Jejunum Cross-Sectional Area Comparison between
Ross708 and Heritage with Standard Error
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Figure 31 A Comparison of Mean Jgunum Cross-Sectional Area by Age Post-
Hatch between Ross708 and Heritage lineswith Standard Error Mean values for
each line are displayed in the table below the@atal age

Ileum Cross-Sectional Area

HERITAGE. There was growth seen in the cross-sectionalcdrtee
Heritage ileum from day 7 to 21 PH. Day 7 PH hadweerage of 0.0614 ¢n(S.E.
0.013). Day 21 PH increased to an average of ctf3S.E. 0.013). The growth of
the cross-sectional area was very slow over th@gay4 and the majority of the days
were not significantly different from each otheayB 7 through 14 and 10 through 21

PH were not significantly different within the respive group (Figure 32, Table 17).
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Figure 32 Ileum Cross-Sectional Area of Heritage Line by Age Post-Hatch
Statistical significance with a p value < 0.05 wassented on the right side of the
graph.

Table 17 Comparison of Mean Ileum Cross-Sectional Area of the Heritage Line
by Age Post-Hatch Letters represent significant difference (p valu&@5) between
ages. If an age has the same letter as anothgrat@eot significantly different.

Age PH Mean Cross-
Sectional Area

(cm?)

21 A 0.11336000
17 A |B 0.08863400
14 A |B 0.09531340
10 A |B 0.08542500
7 B 0.06136506

ROSS/08. The Ross708 line had significant growth from dag 74PH.
After day 14 PH there was no significant growthyJ&PH had an average cross-
sectional area of 0.102 ér(8.E 0.010) and increased to an average of 0 A6{S.E.

0.013) by day 17 PH. This is an overall increas@.055 cm or 54% (Figure 33,
Table 18).
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Figure 33 Ileum Cross-Sectional Area of Ross708 Line by Age Post-Hatch
Statistical significance with a p value < 0.05 wassented on the right side of the
graph.

Table 18 Comparison of Mean Ileum Cross-Sectional Area of the Ross708 Line
by Age Post-Hatch Letters represent significant difference (p valu@@5) between
ages. If an age has the same letter as anothgrat@eot significantly different.

Age PH Mean Cross-
Sectional Area

(cm?)

17 A 0.15703333
14 A 0.17276094
7 B 0.10158367

ROSS708 AND HERITAGE. From day 7 to 17 PH , the Ross708 line

had a larger cross-sectional area for the ileumd&n7 PH the Ross708 line was
0.040 crigreater than the Heritage. By day 17 PH the diffeeebetween the two
lines increased to 0.068 énAt day 17 PH the Ross708 ileum was 77% greager th
the Heritage line (Figure 34).
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Mean lleum Cross-Sectional Area Comparison between
~ Ross708 and Heritage with Standard Error
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Figure 34 A Comparison of Mean Ileum Cross-Sectional Area by Age Post-Hatch
between Ross708 and Heritage lineswith Standard Error Mean values for each
line are displayed in the table below the assodiage

Villus L ength

Duodenum Villus L ength

HERITAGE. There was no significant difference in villus l&mgetween
day 7 and day 14 PH. The average villus length fdayn7 PH was 892.32 microns
(S.E. 68.033) and 1027.31 microns (S.E. 33.329&yr14 PH (Figure 35, Table 19).
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Figure 35 Duodenum Villus Length of Heritage Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table 19 Mean Duodenum Villus Length of the Heritage Line by Age Post-Hatch
with Standard Error Standard error uses a pooled estimate of errtance.

Age PH Number of Mean Villus Standard
Samples Length Error

(microns)
7 6 892.32 68.033
14 25 1027.31 33.329

ROSS708. The Ross708 line had no significant growth fronp ddo 14
PH. The average villus length of day 7 PH was 122 Microns (S.E. 75.182) with a
length of 1184.24 microns (S.E. 75.182) on day B4 Hgure 36, Table 20).
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Figure 36 Duodenum Villus L ength of Ross708 Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table 20 Mean Duodenum Villus Length of the Ross708 Line by Age Post-Hatch
with Standard Error Standard error uses a pooled estimate of errtance.

Age PH Number of Mean Villus Standard
Samples Length Error

(microns)
7 9 1220.56 75.182
14 9 1184.24 75.182

ROSS708 AND HERITAGE. There was a significant difference between

the Ross708 and Heritage lines for both day 7 @EH individually. This difference

did not increase because of the lack of growth beiwthe two sampling days (Figure

37).
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Mean Duodenum Villus Length Comparison between Ross708 and

Heritage with Standard Error
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Figure 37 A Comparison of Mean Duodenum Villus L ength by Age Post-Hatch
between Ross708 and Heritage lineswith Standard Error Mean values for each
line are displayed in the table below the assodiage

Jejunum Villus L ength

HERITAGE. During days 7 to 14 PH there was significant glosgen in
the Heritage jejunum villus length. Day 7 PH hadh&arage of 450.526 microns (S.E.
42.132). After 7 days, villus length increased B9.D33 cm to reach 749.559 cm (S.E.
39.970) on day 14 PH. This is an increase of 66&6 @\days (Figure 38, Table 21).
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Figure 38 Jgunum Villus Length of Heritage Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table 21 Mean Jgunum Villus Length of the Heritage Line by Age Post-Hatch
with Standard Error Standard error uses a pooled estimate of erraance.

Age PH Number of Mean Villus Standard
Samples Length Error

(microns)
7 18 450.526 42.132
14 20 749.559 39.970

ROSS708. There was significant growth in villus length hretRoss708
jejunum during days 7 to 14 PH. Day 7 PH had amageslength of 741.51 microns
(S.E.33.667). Day 14 PH had an average villus len§t207.220 microns (S.E.
29.783). This was an increase of 465.71 micror&386 (Figure 39, Table 22).
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Figure 39 Jgunum Villus Length of Ross708 Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table 22 Mean Jggunum Villus Length of the Ross708 Line by Age Post-Hatch
with Standard Error Standard error uses a pooled estimate of errtance.

Age PH Number of Mean Villus Standard
Samples Length Error

(microns)
7 18 741.51 33.667
14 23 1207.22 29.783

ROSS708 AND HERITAGE. On both, day 7 and day 14 PH the Ross708

line had significantly greater villus length. DayH showed a difference of 290.986
microns. The difference at day 14 PH was even great 457.66 microns. By day 14
PH the Ross708 villus length was 61% longer tharH#ritage line (Figure 40).
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Figure 40 A Comparison of Mean Jgunum Villus Length by Age Post-Hatch

between Ross708 and Heritage lineswith Standard Error Mean values for each

line are displayed in the table below the assodiate

Ileum Villus L ength

HERITAGE. There was significant villus length growth fromyd& to

14 PH in the Heritage ileum. The average lengtiagit7 PH was 336.613 microns

(S.E. 30.953). The average increased to 486.40nEdS.E. 27.068) on day 14 PH.

This was an increase of 150.276 microns or 45%uEig 1, Table 23).
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Figure4l Ileum VillusLength of Heritage Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table23 Mean Ileum Villus Length of the Heritage Line by Age Post-Hatch with
Standard Error Standard error uses a pooled estimate of errcans.

Age PH Number of Mean Villus Standard
Samples Length Error

(microns)
7 13 336.613 30.953
14 17 486.406 27.068

ROSS708. The Ross708 line also showed an increase in \dligth in
the ileum over the 7 day sampling period. Day 7HaH an average length of 541.263
microns (S.E. 37.238). Day 14 PH had an avera@d®1323 microns (S.E. 42.224).
This was an increase of 134.06 microns or 25% (EigQ, Table 24).
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Figure42 Ileum Villus Length of Ross708 Line by Age Post-Hatch Statistical
significance with a p value < 0.05 was presentetherright side of the graph.

Table24 Mean Ileum Villus Length of the Ross708 Line by Age Post-Hatch with
Standard Error Standard error uses a pooled estimate of errcance.

Age PH Number of Mean Villus Standard
Samples Length Error

(microns)
7 9 541.263 37.238
14 7 675.323 42.224

ROSS708 AND HERITAGE. For both day 7 and day 14 PH, Ross708

had a significantly longer ileum villus length. @ay 7 PH the difference between the
two lines was 204.65 microns. By day 14 PH theeddhce was 188.917 microns. The
average Vvillus length in the Ross708 line was 38@¢ér than that of the Heritage line

by day 14 PH (Figure 43).
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Mean lleum Villus Length Comparison between Ross708 and
Heritage with Standard Error
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Figure 43 A Comparison of Mean Ileum Villus L ength by Age Post-Hatch
between Ross708 and Heritage lineswith Standard Error Mean values for each
line are displayed in the table below the assodiate

Proliferating Cells

Proliferating cells were identified by immunohigteenical staining with
Proliferating Cell Nuclear Antigen (PCNA). All seanis of the small intestine
displayed the same staining patterns. Also, tha® o observable difference in
staining between the two lines. The highest comagah of PCNA positive cells was
located along the crypt of the villi (Figure 44A).some samples there were positive
cells along the length of the villus but there wwashoticeable trend for this staining
(Figure 45). Also, there were numerous samples evtieare was a high concentration
of PCNA positive staining within the lamina prophbat, again, there was no

noticeable trend to explain this occurrence (Figi4B).
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Figure 44 Small Intestine Tissue Stained for Proliferating Cell Nuclear Antigen
(PCNA) with Eosin counterstain with Positive Cellsin Crypt and Lamina Propria
Arrow (A) depicts the PCNA positive cells concetdhalong the crypts of the villi.
Arrow (B) depicts the PCNA positive cells foundtie lamina propria of some
samples

59



Figure 45 Small Intestine Tissue Stained for Proliferating Cell Nuclear Antigen
(PCNA) with Eosin Counter stain with Positive Cellsalong Villus Length The two
arrows are identifying areas where PCNA positidésagere concentrated along the
sides of the villi.
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Chapter 5

DISCUSSION

Intestinal M ass

The intestinal mass does not directly relate tostivéace area active in
absorption in the small intestine; rather, it carubed to support the claim that areas
within the small intestine were increasing in sigBerefore, when both Ross708 and
Heritage had a significant increase in mass ovédyath lines should have reflected
this in the growth of specific aspects of the srira#stine, such as the villus length or
intestinal length.

Both the Ross708 and Heritage lines saw significammeases in mass
throughout the small intestine, however the modiemmaintained a higher mass
during the entire study. By day 42 PH the mas$i@Ross708 duodenum was 34%
greater, the jejunum was 2.25 fold greater, andl¢iuen was 2.92 fold greater than
that of the Heritage line. Because the duodenutheoRoss708 did not show as large
a difference in mass as the other two segmensspissible that the duodenum does
not have as much of an impact on the rapid groath of modern broilers. A previous
study (Schmidt, unpublished) has shown that theldnom of Heritage line is
significantly larger than the comparably sized Redgle Fowl. Conceivably, selection
prior to the early 20 century may have led to the maximum contributimgrowth

that can be made by the duodenum.
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The average daily gain had a trend throughouifatie intestinal
segments. From days 10 to 14 PH the Heritage ldeahdecrease in average daily
gain while the Ross708 showed a significant in@ehsing that time. Following that,
days 14 to 17 PH had a slight recovery of the fiatéhe Heritage line while Ross708
continued to increase and reached its highestrateg this time. The Ross708 then
decreased in rate and the two lines became néarlyame by days 21 to 42 PH. This
significant spike in the mass of the Ross708 linerdy the decrease in the Heritage
shows a specific change in the physiology and draithe modern line. The
selective breeding in the industry has alteredjtbgvth pattern in the broiler lines to
increase intestinal mass at a much faster rats.Mhy be due to a change in
regulation in gene expression or in the abilityhef Ross708 line to recognize a

certain growth factor. Further research is necgdsadentify the causative agent.

I ntestinal L ength

The length of each intestinal segment was direetbted to the
available surface area in the small intestine. dinedenum of both lines were not
noticeably different in length and therefore, mdatly insignificant in causing the
drastic change in growth rate seen in the modegitelor The jejunum and ileum
however, were significantly longer than the Hertdige from day 7 through day 42
PH. By day 42 PH the Ross708 segments were 54%@&&tdonger, respectively.

This increase in intestinal length supported teadrseen in the intestinal mass
analysis, that the selective breeding specifidaltgeted these two caudal segments of
the small intestine in order to increase absorpte.

The average daily growth of the small intestine giaslar among all

three segments but did not exactly reflect theepatteen in intestinal mass. From day
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7 to 10 PH the Heritage duodenum and jejunum weneasing significantly faster
than the respective Ross708 segments. In the ithuing that time, Ross708 had an
extremely large standard error, making the diffeegbetween two lines insignificant.
Day 10 to 14 PH had the same pattern in growtls r@ebefore. All three segments of
the Ross708 had increased in daily growth ratelewhe Heritage drastically
decreased. During this time the Heritage line wasatiocating its energy into the
growth of the small intestine. It must have beeraed elsewhere while the Ross708
line continued to increase its growth rate andtietigroughout this period, increasing

its surface area significantly.

Cross-sectional Area

The cross-sectional area of the small intestineagasciated with the
increase in surface area in a dimension otherttietrof the intestinal length, by
allowing for an increase in the number of villi.&'Ross708 line had a significantly
larger cross-sectional area for all segments idalt available for comparison. By day
14 PH the duodenal cross-sectional area was 9@érlaBy day 17 PH the Ross708
jejunum was 78% larger and the ileum was 77% |aitggan the Heritage line. These
were all significant size differences and contrdgligreatly to the increase in surface
area within the small intestine.

Average daily growth was not possible to analyzgvben the two lines
because there was not sufficient data from ces@mpling days. This made it difficult

to compare the growth rates directly.
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Villus L ength

The average length of the villi in the small intestrelated directly to the
surface area available within that segment of timesAn increase in average villus
length lended to a significant increase in ovesatface area. There was no significant
growth seen between days 7 to 14 PH in the duodémenther line; however the
Ross708 line was 15% longer than the Heritage duhat time. The jejunum and
ileum did have significant growth during that tiperiod and for those segments the

Ross708 was 61% and 39% longer, respectively.

Proliferating Cells

During the qualitative analysis for proliferatinglls in the small intestine
there was no notable difference in quantity ofcb#tween lines, ages, or segments.
The majority of the proliferating cells were locatsithin the crypts of the villi. There
were some samples which depicted an increaseimrgjan the lamina propria but no
trend was seen for these results. Further resé&arelquired to understand the cause of

this unexpected staining.
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Chapter 5

CONCLUSION

Selective breeding of the broiler chicken during thid-twentieth century
targeted the growth rate and breast muscle si#tgegfoultry lines during that time.
While the two aforementioned changes were obviouke industry, it was unclear
physiologically, what was altered to allow for thliastic change. The data from this
study suggests that the selective breeding targle&egrowth patterns of the small
intestine, specifically the jejunum and ileum. Tééso segments of the small
intestine were increased in overall length, masssesectional area, as well as villus
length from the baseline, Heritage line. All of¢kéncreases provided a significantly
larger surface area within the small intestinertmpote efficient absorption and
utilization of nutrients, therefore, increasing\gtb rate and tissue deposition.

Further research is necessary to determine the eaase of this dramatic
increase in size of the small intestine. A studgnioe found that the Wnt5a gene was
essential for intestinal elongatidWhile this gene has not be identified in the
chicken, it is possible that there is a similaregeantrolling the phenotype. In
addition, because the majority of measurements stidlae Ross708 line surpassing
the Heritage line by day 7 PH, the first sampliag,dt may be worthwhile to
investigate the growth of the small intestin@vo and immediately after hatch to

determine if there is a specific age at which the lines diverge.
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