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ABSTRACT

Ascites syndrome, as one of the most common metabolic disorders in fast growing broiler chickens, has
received considerable critical attention. Understanding the complexity and key factors in occurrence of as-
cites is vitally important for control of economic losses. Specifically, the hypothesis that will be tested is
that higher ascites incidence can be observed in fast growing commercial strains. To confirm this hypothe-
sis, the overall goal of this report was to pursue and compare growth measurements between two groups of
birds: a healthy (control) group reared under standard breeding conditions and an ascites syndrome group
reared under ascites inducing conditions. Two populations of broilers were used and differences between
male and female broilers were recorded. For this purpose, growth characteristics data were collected from
seven body weights between the ages of one and 42 days and nine growth rate parameters were studied in
two populations that originated from 47 and 71 paternal half-sib families of meat-type sire chicken line.
Statistical analyses for association study and estimating the heritability for particular traits were performed
according to appropriate models using SAS, WOMBAT and Thrgibbs1F90 software. Our results showed no
statistically significant difference in body weight and growth rate traits between healthy and ascitic broilers
(P>0.05). Moreover, the results demonstrated moderate to high heritability (0.19 to 0.62) for ascites indica-
tor traits (AITs). This finding highlights that selection for AITs may genetically improve resistance to as-
cites in this investigated chicken line. A further novel finding is that there were no consistent direct genetic
correlations between AITs and growth traits (GTs). This evidence provides the opportunity to grow birds to
heavier live bodyweight because high growth rate and body weight are not the main cause of susceptibil-
ity to ascites syndrome.

LA 01K ascites, broiler chickens, growth traits, rapid growth rate.

INTRODUCTION

Research on ascites syndrome, also called hypertension
syndrome, in commercial chickens has a long history since
the 1960 s (Hall and Machicao, 1968; Julian, 1993; Das and
Deka, 2019). Unfortunately, this well-known problem is
reported to affect approximately 5-8% of broilers world-
wide and was reported mostly in fast growing chicken
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strains (Maxwell and Robertson, 1998; Pavlidis et al.
2007); with an estimated 20% mortality rate (Afolayan et
al. 2016). Most previous literatures highlight that ascites
metabolic disorder causes several negative consequences
including increased mortality (Druyan et al. 2007a), re-
duced body weight (Closter et al. 2009), and reduced meat
quality such as reddish color of the breast fillet (Pakdel et
al. 2005a), causing economic damage to the poultry indus-
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try (Kamely et al. 2015; Tarrant et al. 2017). Numerous
studies have provided a description in the early stages of
occurrence of this syndrome, in chickens with normal body
size. However, typically chicken growth showed a signifi-
cant reduction during the development of ascites (Wideman
and Kirby, 1995; Kamely et al. 2015; Afolayan ef al. 2016).
Many authors have suggested an association of incidence of
ascites with high altitude. However, the same incidence of
ascites has been reported in low altitude chicken farms
(Scheele et al. 2005; Ahmadpanah et al. 2017). Despite
numerous studies and the fact that the key factors causing
ascites have been heavily researched, information on how
growth rate and bodyweight of chickens is related to sus-
ceptibility to ascites are still limited. Therefore, further
studies are required to differentiate these complexities in
the ascites syndrome issue (Wang et al. 2007).

Several theories have been proposed to clarify this syn-
drome. For instance, deficient oxygen supplyis often a
primary cause of ascites, particularly when this factor is
associated with rapid growth and high feed efficiency in
birds. Also, previous studies have emphasized that lack of
oxygen for metabolism initiated several cascades of events
such as heart and lung failure during ascites in chickens
(Kamely et al. 2015; Tarrant et al. 2017). Studies by
Druyan et al. (2007a), and Girmachew et al. (2020) con-
cluded that higher-growth rate chicks had a tendency to
higher ascites incidence and mortality rate than slow
growth chicks. A closer look at the literature on the associa-
tion between body growth rate and ascites incidence, how-
ever, reveals a number of gaps and shortcomings. There-
fore, the purpose of the present study being to test associa-
tion of ascites incidence with growth characteristics in two
commercial chicken strains.

MATERIALS AND METHODS

Birds and experiment conditions

Two separate trials were designed for this study using two
pure broiler lines, namely S1 and S2. The experiments were
performed using two different generations of the paternal
line of a pure meat-type line and in each generation twice
hatched. Prior to the main experiment, a population of 1608
chickens of the first generation was established using 67
paternal half-sib families and wing tag banding was used
for individual identification and pedigree identification at
hatchery.

This experimental generation was used to create average
of 20 offspring from each paternal family (47 families) with
similar genetic background to allow for logical interpreta-
tion of the main ascites resistance and the susceptibility
situation in line herds.
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Criteria for selecting the birds were as follows: live body
weight and growth characteristics and additional data re-
lated to ascites incidence. Subsequently, overall, 461 birds
originating from 47 paternal half-sib families of a pure
meat-type parental were then used for further investigation
and were reared under ascites inducing conditions (AICs).
We utilize secondary data from 994 birds with the same
genetic background which were kept under both different
induced high and low ascites stress conditional treatments.
We cannot deny the presence of natural cold season in ex-
perimental geographical location don’t allow create induced
cold stress condition to all birds and therefore, for all ex-
perimental birds provided standard breeding conditions
(SBCs). Data were collected from two comparative ascites
occurrences under SBCs and AICs. Parental family was the
main criterion for genetic background evaluation and we
ignored the role of the maternal effect. Similarly, 1550
chickens belonging to the second generation originated
from 71 paternal half-sib families (an average of 15 off-
spring from each paternal family) and wing tags were used
for individual identification. Similar pattern was done for
this sample size too. Next, to combine and summarize this
approach, 823 birds created from both first and second pa-
rental chicken line populations under two low-ascitic and
high-ascitic conditions were chosen for further research.
Sexing of chickens was performed by feather sexing and
broilers were reared in litter floor housing.

In the current research, ascites was induced using a cold
temperature model suggested by Daneshyar et al. (2009). In
order to enhance the probability of incidence of pulmonary
hypertension in almost all of the susceptible chickens, cold
temperatures were combined with high energy diets to en-
courage a rapid growth rate (Wideman et al. 1998).

The chicken house was divided into 42 separate pens of
the same dimensions (1.8 meter length, 1.2 meter width and
90 cm height), and then litter floor cover was provided us-
ing a 3 cm layer of straw material to ensure the welfare of
the experimental chickens. Cross ventilation systems were
incorporated at the poultry farms to control environmental
conditions and a central heating system plus lighting based
on ordinary lamps were provided in the poultry rearing sys-
tem. House temperature was similar at then beginning of
rearing for both first and second regeneration of parental
chicken lines.

Ascites-inducing conditions

During the initial 21 days of the rearing period, all birds
experienced standard normal temperature housing condi-
tions. For both SBC and AIC bird groups, indoor tempera-
ture of the poultry house was kept at 32-34 °C during the
first and second days of age. The conditions for the AIC
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bird group were an intentionally induced cold stress condi-
tion produced by turning off the central heater during 21-
42 days of rearing and maintaining the indoor temperature
around 15-18 °C during the day and 10-15 °C during the
night to guarantee occurrence of ascites in the chicken
house. For the first two days, 24 hour light was provided
and subsequently the intensity of the light was gradually
decreased and changed to 23 hours light and 1 hour dark-
ness. Feed and water were provided ad libitum during the
entire trial. A three-phase diet was formulated to meet nu-
tritional requirements for broiler chickens in the starter
(days 1-10), grower (days 11-24), and finisher stages (days
25 upward). Both male and female birds used one type of
diet.

Diet ingredients used in the preparation of this diet in-
clude: corn, soybean meal, wheat bran, soybean oil, di-
calcium phosphate, NaCl, calcium carbonate, lysine, me-
thionine, vitamin and mineral supplements, enzymes and
permitted additives. The energy (metaboizable energy
(ME), kcal/kg of diet) and crude protein (CP) (%) contents
of the starter, grower, and finisher diets were 2986.9 and
20.71, 3047.3 and 18.69, and 3083.5 and 17.60, respec-
tively. The ingredients and chemical composition of the
basal diets were listed in Tablel.

Diagnosis of ascites and monitoring of mortality rate

In this trial, mortality in the SBC and AIC groups was re-
corded along with the symptoms and presumed cause of
death. Birds with ascetic fluid in the abdominal cavity or in
the hydropericardium and a right/total ventricular weight
ratio (RV/TV) above 0.30 were considered as ascetic and
given code 1 after autopsy and birds indicating normal and
healthy phenotype and appearance were assigned the code
of zero.

Growth characteristics and related parameters

In order to investigate the effects of SBCs and AICs on
growth related parameters, birds were weighed individually
once a week after 2 h of starvation. Growth rate (GR) or
average daily weight gain was calculated individually as
shown below:

GR= (Wj-Wi) / (dj-di)

Where:
W; and W;: estimated body weights at day j (d;) and day i
(d;) of age, respectively.

To study the relationship between GTs (body weight and
growth rate) and ascites incidence, records of weekly
weights from 1 to 42 days were used separately for the SBC
and AIC groups.
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Growth characteristics data were collected from seven
body weights (BW;, BW;, BWy;, BW,;, BW,, BW3s,
BW,,) between the age of one to 42 days and nine growth
rate parameters (GR;7;, GR7is, GRizn1 ,GR2;, GRyis,
GRyg35, GR35.42, GRy140, GR4p) in same period in the
population of birds that originated from 47 and 71 paternal
half-sib families of meat-type sire chicken line.

Statistical analysis
Comparisons between the two groups (AICs and SBCs)
separated into male and female were made using proc
FREQ and proc CHISQ and a Pearson correlation analysis
was conducted in order to assess AICs and SBCs experi-
mental group using proc CORR using SAS statistical soft-
ware version 9.4 and also significance levels were set at the
and 1% level SAS (2004).

FOXPRO software was used to record and edit collected
phenotypic data. Mixed procedure of SAS was used to ana-
lyze the mentioned data using the following model:

y=pu+ Sex + HS + SexxHS + Sire + ¢

Where:
Sex and HS (health status): considered as fixed effects.
Sire and residual: considered as random effects.

Tukey multiple-range method was chosen for comparing
the least square mean differences of the ascitic and healthy
chicks. Comparing the least square means between different
levels of sex effect and other effects were not reported.
However, if the interaction between health and sex was
significant, comparing the least square means between
healthy and ascetic birds in males and females was reported
separately. Water belly, also known as ascites, and ratios of
right/left ventricular weight (RV/LV) and RV/TV are the
most significant AITs. To estimate the heritability of
RV/LV and RV/TV as well as genetic correlations with
GTs, WOMBAT software (Meyer, 2007) based on the
maximum likelihood method was used and to estimate the
heritability of water belly and its genetic correlations with
GTs, Thrgibbs1F90 software (Tsuruta and Misztal, 2006)
based on Bayesian and Gibbs sampling was used. In the
study of the genetic relationship between GTs and the inci-
dence of ascites, the data of live body weight traits and
RV/LV, RV/TV of both SBCs and AICs and the data of
water belly were used only from AICs.

The heritability of AITs was estimated by univariate
analysis and the correlation between GTs and AITs was
assessed by bivariate analyzes. The statistical model was
used as follows:

y=u+A4+Sex +e
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Where:
A: considered as random effects (additive genetic effects).
Sex (male and female): considered as fixed-effect.

In the maximum likelihood algorithm for both univariate
and bivariate analysis, the convergence criterion for stop-
ping replications was 10®. In the analysis of water belly
with other traits, the relevant files were made using soft-
ware RenumF90 and after the analysis, software post-
gibbsF90 was used to calculate the final values of the com-
ponents of variance. After estimating these components,
genetic correlations of different traits were calculated. The
number of Gibbs samples was 100000 and the number of
samples removed at the beginning of the analysis was con-
sidered to be 30000 samples. Out of every 10 Gibbs sam-
ples, only one was used to estimate the final values of (co)
variance components.

RESULTS AND DISCUSSION

In this study we investigated the genetic pattern and vari-
ability of incidence of ascites in paternal chicken line and
correlation between the incidence of ascites and growth
characteristics. We hypothesized that the individual bird
response variability would be different from that of the in-
duced ascites rearing conditions.

In the present study, the incidence of ascites began in all
four rearing periods after three weeks, which intensified as
the end of the rearing period approached, which confirm
that cold temperatures after 21 day of rearing are able to
artificially mimic ascites occurrence and associated ascites
symptoms within individuals of a chicken flock.

Our results are consistent with McGovern et al. (1999)
and Squires and Julian (2001) who exposed birds to cold
temperatures to induce experimental ascites after three
weeks and also Luger et al. (2003) and Scheele et al. (2005)
who examined different lines of broilers and stated that
temperature fluctuations during the day and night increase
the weight of the right ventricle of the heart and the inci-
dence of ascites and death. When comparing our results to
those of older studies, it must be pointed out some re-
searchers used a hypobaric chamber (simulated 3000 m
above sea level) as discussed by Pavlidis et al. (2007) and
Wideman et al. (2013).

A similar pattern of results was obtained by Shlosberg e?
al. (1996) who reported that ascites generally occurs below
the temperature of comfort zone and cold stress is one of
main factors which stimulates ascites in a poultry house
(Wang et al. 2007; Daneshyar et al. 2009).

In the present study, we used a cold stress protocol to in-
duce ascited and to identify birds genetically susceptible
and resistance to ascites.

Ll G Percentage inclusion and calculated composition of basal diet in starter, grower and finisher period

Ingredient (%)

Starter (1-8 days)

Grower (11-24 days) Finisher (25-42 days)

Corn 60.00 66.5 70.00
Soybean meal (44% CP) 335 28.3 25.00
‘Wheat bran 0.95 - -
Soybean oil 0.90 0.73 0.77
DL-methionine 0.33 0.27 0.26
L-lysine, HCL 0.22 0.19 0.17
Threonine 0.08 0.07 0.07
Di calcium phosphate 2.02 2.00 1.83
Calcium carbonate 1.11 - -
Oyster mount - 1.00 0.95
Common salt 0.22 0.24 0.25
Sodium bicarbonate 0.17 0.15 0.15
Vitamin premix' 0.25 0.25 0.25
Mineral premix” 0.25 0.25 0.25
Coccidiostat - 0.05 0.05
Total 100.00 100.00 100.00
Calculated composition

Metabolizable energy, kcal/kg 2986.9 3047.3 3083.5
Crude protein, % 20.71 18.69 17.60
Available P, % 0.520 0.450 0.440
Ca, % 1.072 0.900 0.880
CL % 0.187 0.187 0.186
Na, % 0.166 0.166 0.166
K, % 1.086 0.969 0.902
Lys, % 1.228 1.069 1.014
Met + Cys, % 0.090 0.810 0.797

! Supplied per kilogram of diet: vitamin A: 12000 IU; vitamin D5: 5000 IU; vitamin E: 80 IU; vitamin Kj: 3.5 mg; vitamin B,: 4 mg; vitamin B;: 8.00 mg; vitamin Bg: 4.00
mg; vitamin By,: 0.018 mg; Biotin: 0.020 mg; Folic acid: 2.20 mg; Pantothenic acid: 20 mg; Choline: 1700 mg and Nicotinic acid: 70 mg.
2 Supplied per kilogram of diet: Cu: 16 ppm; Zn: 100 ppm; Fe: 50 ppm; Mn: 120 ppm; Se: 0.30 ppm and I: 1.25 ppm.
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From the observed results of the first generation birds,
11.2% (164 out of 1485 chickens) illustrated during whole
twice period of rearing. The additional outcomes demon-
strate two things. First, the frequency of ascites was signifi-
cantly (i test; P<0.0001) higher in the AICs group (28.4%)
in comparison to the SBCs group (3.11%). Second, the dif-
ference between males and females for the incidence of
ascites during the research experiment were not significant
(¢ test; P>0.05).

For the birds of the second generation, 36.7% (569 out of
a 1550 chickens) illustrated during whole twice period of
rearing. The statistical analysis found evidence for signifi-
cantly higher ascites occurrence frequency ()* test;
P<0.0001) in the AICs group (65.9%) versus the SBCs
(9.3%) group. Furthermore, the incidence of ascites in fe-
males (47.9%) was lower than in males (52.1%) under the
AICs rearing condition in the poultry house.

Together, the present findings confirm the incidence of
ascites was more frequent in certain paternal families in the
first generation. The study results provided some interesting
findings regarding to ascites, for example, in almost 3 in-
vestigated paternal families surveyed, under AICs or SBCs,
no ascites birds were observed, however in the other fami-
lies, more than 50% developed ascites symptoms under the
AICs rearing condition during the experiment.

Some complicated observation also generated during
study. For example, some paternal families expressed the
syndrome only under the AICs and did not indicate any
ascites symptoms under the SBCs. In contrast, some fami-
lies expressed ascites in both rearing conditions as well in
the first generation group. Moreover, in the response to
simulated ascites-inducing conditions, almost all parental
families in the second generation expressed a higher inci-
dence of ascites symptoms with high variability within and
between investigated families which produced suitable raw
material for further study.

Figure 1 presents a graphical distribution of ascites oc-
currence in different investigated paternal chicken families.
From the data presented in Figure 1, it is apparent that ge-
netic background of investigated families could create dif-
ferent response to ascites-inducing conditions during this
experiment. Therefore, selection against this metabolic
syndrome could produce some genetic improvement to con-
trol its incidence in commercial herds.

Figure 2 illustrates the frequency of families with differ-
ent incidences of ascites. A zero number indicates that all
members of the family are healthy, and the non-zero num-
bers indicate the proportion of family members expressing
ascites symptoms. The normal level of ascites incidence
expected in commercial broilers is estimated around 3%
and can be up to 5%; however, the majority of these studies
describe that more than 5% causes significant economic
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damage to the poultry farm (Maxwell and Robertson,
1998). We did not find the same pattern and the frequency
of this abnormality in this chicken line was higher than
similar reported works.

The findings of the present study are directly in line with
previous findings regarding to incidence of ascites reported
by Naghous et al. (2012a) and Naghous et al. (2012b)
(16.6%) and Closter et al. (2012) (9.5%) in a Netherlands
pure maternal line. However, these basic findings are in-
consistent with research showing lower incidence of ascites
in studies reported by Druyan et al. (2007b), Druyan et al.
(2008), Druyan et al. (2009), Gou et al. (2007) and Pakdel
et al. (2002). By comparing these results, it seems that there
is a tendency for females to express lower incidence of as-
cites than males. It is generally accepted that variability of
response pattern to ascites-inducing conditions depends on
the genetic background of investigated commercial chick-
ens. Druyan et al. (2007a) demonstrated that genetic selec-
tion against ascites can create offspring with significant
relative resistance to this metabolic disorder. Researchers at
the University of Arkansas have verified that breeding
strategies and divergent selection can result in the produc-
tion of birds that are either resistant or susceptible to as-
cites.5% and 60% correlation coefficient in first and second
gen. Wideman et al. (2013) reported 7% resistant birds and
98% susceptible birds in the 14™ generation of genetic se-
lection against ascites. In the present study, the results of
the correlational analysis of ascites incidence between dif-
ferent families under AICs with SBCs are set out high sig-
nificant a positive trend. From the statistical analysis, it can
be seen 32erations, respectively. The incidence of ascites
under SBCs was higher for fast-growing birds than for
slow-growing birds (Druyan et al. 2008).

Table 2 provides statistical description of the traits meas-
ured under AICs and SBCs in the first and second genera-
tions.

The means and standard deviation for the weight of birds
at 35 days reared under SBCs and AICs were 1670.04 g,
(+£250.54) and 1660.04 g (+220.14), respectively. Also, the
same ratios for the weight of birds at 42 days were 2324.58
g (£313.21) in SBCs and 2255.24 g (£297.21) in AICs. It
can be seen from the age of 28 days until the end of the
rearing period that body weight values and growth rates in
bird reared under SBCs were higher than birds reared under
AICs. A significant reduction of growth occurs in the AICs
during the 42 day period due to ascites symptoms and low
feed intake. These results are in agreement with findings
reported by Roush and Wideman (2000), Closter et al.
(2009), Closter et al. (2012), Pakdel et al. (2005a) and
Pakdel et al. (2005b) who stated that ascitic birds after the
age of 28 days had lower growth rates than their healthy
counterparts due to disease.
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Statistical description of the traits measured under ascites inducing conditions (AICs) and standard breeding conditions (SBCs)
First generation Second generation

Traits
AlCs SBCs AICs SBCs

Number Mean SD? Number Mean SD Number Mean SD Number Mean SD
BW, - - - 1104 60 5.7 739 45.99 432 823 45.13 3.99
BW; - - - 1058 128.70 19.2 723 135.99 20.55 811 127.71 18.75
BWy, - - - 1020 290.94 48.4 725 290.33 49.07 793 274.92 53.44
BW,;, - - - 1194 602.85 102.5 709 577.07 97.84 785 547.98 98.72
BWyg 411 1077.09  163.15 590 1076.33 171 598 953.04 159.87 777 972.87 164.14
BWs;s 414 1660.04  220.14 617 1670.04  250.54 493 143573  262.59 765 1519.61  242.83
BW,, 342 225524 29721 800 2324.58  313.21 309 2006.20 316.45 735 2133.63  301.71
GR; - - - 1025 11.45 2.84 723 15.11 3.26 811 13.76 2.94
GR7.14 - - - 987 23.15 5.20 725 22.22 5.21 790 21.06 5.62
GR 42 - - - 949 44,74 9.32 709 41.23 9.37 785 38.95 8.73
GR; - - - 954 27.20 4.99 709 26.58 4.80 785 25.14 4.87
GRy 25 396 67.09 11.68 523 69.02 11.89 595 53.85 14.12 773 61.02 11.56
GRag35 380 83.32 14.67 553 84.56 17.20 485 69.34 24.93 762 78.24 15.85
GR3s.42 330 84.96 21.77 579 92.77 21.60 306 76.93 34.15 733 86.65 18.95
GRy 11 328 78.38 11.25 501 82.66 11.66 309 67.84 12.70 735 75.55 11.46
GR .4 330 53.64 7.09 672 55.02 7.71 309 47.82 7.68 735 50.93 7.33

BW, to BW4,: body weight traits between the ages of one and 42 days and GR,.; to GR,.4,: growth rate traits at these intervals.
SD: standard deviation.

Least square means of growth traits (GTs) in healthy and ascitic chickens in the first generation (reared under standard breeding conditions
(SBCs))

Male (n=433)* Female (n=561)

Traits  Healthy Ascetic  Difference’ Significance level Healthy  Ascetic  Difference Significance level
(n=418)  (n=15) (%) (P>F) (n=544) (n=17) (%) (P>F)
BW, 60.0 59.2 1.4 NS 60.1 60.4 -0.5 NS
BW, 129.8 129.9 -0.1 NS 125.6 119.1 5.5 NS
BWyy 294.2 286.3 2.8 NS 279.6 261.6 6.9 NS
BW,, 616.2 629.4 -2.1 NS 584.5 578.3 1.1 NS
BWyg 1113.6 1162.6 -4.2 NS 1043.0 1022.3 2.0 NS
BW;;s 1754.0 1831.3 -4.2 NS 1598.6 1496.7 6.8 NS
BW4, 2485.7 2447.0 1.6 NS 2202.5 2014.7 9.3 NS
GR,; 11.64 11.83 -1.5 NS 10.89 9.65 12.9 NS
GR7.14 23.67 22.32 6.1 NS 21.78 20.40 6.8 NS
GRis1 46.08 46.29 -0.4 NS 44.05 44.77 -1.6 NS
GR. 27.74 27.68 0.2 NS 26.18 25.98 0.8 NS
GR1.08 72.41 76.62 -5.5 NS 66.18 63.56 4.1 NS
GR35 91.45 96.23 -5.0 NS 78.44 64.45 21.7 **
GR3s5.42 102.51 89.75 14.2 NS 86.38 75.16 14.9 NS
GRy1.42 89.54 87.61 22 NS 77.84 67.08 16.0 *xx
GRi4 58.89 57.93 1.7 NS 52.19 48.18 8.3 NS

' The number of birds for each class were in parentheses.

% The difference between means of healthy and ascitic chickens [((healthy-ascitic)/ascitic) x 100].

BW, to BW4,: body weight traits between the ages of one and 42 days and GR.; to GR|.4,: growth rate traits at these intervals.
* (P<0.05); ** (P<0.01) and *** (P<0.001).

NS: non significant.

Mean values and standard deviation of the weight of
birds at 35 days reared under SBCs and AICs were 1519.61
g. (£242.83) and 1435.73 g. (£262.59), respectively. Also,
the same ratios of the weight of broilers at 42 days were
2133.63 g (+301.71) in SBCs and 2006.20 g (£316.45) in
AICs. Body related traits expressed lower values in AICs
than for the SBCs during the 1-28 days period of rearing in
the second generation. This trend continued during days 35-
42 of the rearing period due to the incidence of ascites
symptoms at this specific bird age.
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Overall these findings are in accordance with findings
reported by Closter et al. (2012) and Varmaghany et al.
(2021) who stated that the highest mortality of broilers due
to ascites was after 30 days of the rearing period and the
mortality peaked between six and seven weeks.

Tables 3, 4, 5 and 6 show the least square mean of GTs in
healthy and ascitic birds measured under SBCs and AICs
conditions.

There was a significant effect of gender (P<0.05) on
growth related traits in all rearing situations.
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Least square means of growth traits (GTs) in healthy and ascitic chickens in the first generation (reared under ascites inducing conditions
(AICs))

Male (n=223)" Female (n=241)
Traits Healthy Ascitic Difference’ Slgrlnetzzélmce Healthy Ascitic Difference Slgr;;%z?nce
(n=152) (n=71) (%) (P>F) (n=180) (n=61) (%) (P>F)

BW, 60.2 61.5 -2.2 NS 59.6 59.6 -0.1 NS
BW; 1334 128.50 3.8 NS 128.0 130.3 -1.8 NS
BWy, 305.5 306.23 -0.3 NS 286.1 297.8 -3.9 NS
BW;, 625.2 638.5 -2.1 NS 585.1 598.6 2.3 NS
BWyg 1114.0 1143.9 -2.6 NS 1024.3 1063.1 -3.6 NS
BW;s 1730.7 1747.1 -0.9 NS 1593.5 1589.9 0.2 NS
BW4, 2377.4 2308.7 2.9 NS 2189.0 2053.7 6.6 *
GR,; 12.19 11.22 8.6 NS 11.38 11.82 -3.7 NS
GR7.14 24.57 25.28 -2.8 NS 22.58 23.69 -4.7 NS
GRy401 45.51 47.95 -5.1 NS 42.69 43.34 -1.5 NS
GR 28.26 28.95 -2.4 NS 26.28 27.24 -3.5 NS
GRy1.28 70.87 72.23 -1.9 NS 62.64 64.96 2.4 NS
GR35 87.70 85.30 2.8 NS 81.15 76.79 5.7 NS
GR35.42 91.96 88.30 4.1 NS 83.15 68.74 20.9 ok
GRy1.02 83.55 80.00 4.4 NS 75.90 69.47 9.2 H*
GR .4 56.48 54.92 2.8 NS 51.92 49.47 5.0 NS

! The number of birds for each class were in parentheses.

2 The difference between means of healthy and ascitic chickens [((healthy-ascitic)/ascitic) x 100].

BW, to BW4,: body weight traits between the ages of one and 42 days and GR.; to GR.4,: growth rate traits at these intervals.
* (P<0.05); ** (P<0.01) and *** (P<0.001).

NS: non significant.

L] B8] Least square means of growth traits (GTs) in healthy and ascitic chickens in the second generation (reared under standard breeding conditions
(SBCs))

Male (n=381)" Female (n=442)
Traits Healthy Ascitic Difference’ Slgr;;f\"l](;mce Healthy Ascitic Difference Significance level
(n=317) (n=64) (%) (P>F) (n=424) (n=18) (%) (P>F)
BW, 45.52 44.99 1.17 NS 45.08 45.26 -0.38 NS
BW; 127.24 128.13 -0.69 NS 25.62 139.35 -9.85 ok
BW4 278.62 278.14 0.17 NS 272.52 283.79 -3.97 NS
BW;, 527.96 545.16 -3.15 NS 522.88 551.96 -5.27 NS
BWos 94231 961.22 -1.97 NS 909.88 883.92 2.94 NS
BWi;s 1490.04 1326.67 12.31 NS 1401.46 1021.09 37.25 NS
BW.,, 2090.02 1216.47 71.81 NS 1940.94 836.40 132.06 NS
GR,; 13.83 13.93 -0.67 NS 14.00 15.66 -10.55 NS
GR7.14 21.99 21.23 3.57 NS 21.15 20.79 1.74 NS
GRys1 39.09 38.92 0.42 NS 38.19 38.53 -0.89 NS
GR 2 25.92 25.37 2.15 NS 24.99 25.54 -2.15 NS
GRoj2s 62.09 62.06 0.05 NS 56.93 52.87 7.67 NS
GR35 80.86 67.09 20.53 NS 74.52 59.53 25.20 NS
GR350 89.36 51.61 73.15 NS 80.08 37.70 112.42 NS
GRy14 80.52 69.09 16.54 ok 72.23 53.58 34.81 ok
GRi4 54.18 47.50 14.06 NS 49.25 39.23 25.55 NS

! The number of birds for each class were in parentheses.

% The difference between means of healthy and ascitic chickens [((healthy-ascitic)/ascitic) x 100].

BW, to BW,: body weight traits between the ages of one and 42 days and GR,_; to GR.4,: growth rate traits at these intervals.
* (P<0.05); ** (P<0.01) and *** (P<0.001).

NS: non significant.

From the results, it is clear that male express high rate A similar conclusion was reached during first generation
value in case of growth measurement indicators than female rearing period as 35 days age male birds express significant
birds. One possible explanation is that males have a higher higher body weight than female in SBCs group.

metabolic rate than females due to different hormonal pro- However, there was no statistically significant associa-
files and perhaps this factor caused a greater susceptibility tion between occurrence of ascites and growth rate in male
to ascites in males. birds.

590



Karami ef al

LEL) G Least square means of growth traits (GTs) in healthy and ascitic chickens in the second generation (eared under ascites inducing conditions

(AICs))
Male (n=381)" Female (n=346)
Traits Healthy  Ascitic  Difference’  Significance level Healthy Ascitic Difference Significance level
(n=111)  (n=270) (%) (P>F) (n=136) (n=210) (%) (P>F)

BW, 47.15 47.47 -0.67 NS 44.24 44.12 0.27 NS
BW; 135.32 135.96 -0.47 NS 134.27 136.21 -1.42 NS
BWy4 300.51 304.22 -1.22 NS 274.56 276.23 -0.60 NS
BW,, 605.11 610.66 -0.91 NS 533.97 547.21 -2.42 NS
BWag 997.01 1000.55 -0.35 NS 894.66 906.13 -1.26 NS
BW;s 1544.01  1493.27 -3.26 NS 1364.71 1344.45 1.51 NS
BW4, 2104.74  2089.27 0.74 NS 1938.78 1929.37 0.49 NS
GRi4 14.85 14.80 0.29 NS 15.12 15.50 -2.42 NS
GR7.14 23.64 24.17 -2.19 NS 20.19 20.23 -0.21 NS
GRis.21 43.67 43.83 -0.37 NS 37.88 38.87 -2.55 NS
GR; 27.92 28.18 -0.91 NS 24.63 25.20 -2.27 NS
GRy1.28 57.00 55.34 3.00 NS 52.32 51.92 0.79 NS
GRys.35 77.05 70.60 9.14 NS 66.92 63.70 5.06 NS
GR35 81.19 74.72 8.66 NS 760.08 76.06 0.03 NS
GRy12 71.18 69.85 1.90 NS 65.43 65.08 0.54 NS
GRi4 43.67 43.83 -0.37 NS 37.88 38.87 -2.55 NS

" The number of birds for each class were in parentheses.

% The difference between means of healthy and ascitic chickens [((healthy-ascitic)/ascitic) x 100].
BW, to BW4,: body weight traits between the ages of one and 42 days and GR|; to GR,.4,: growth rate traits at these intervals.

* (P<0.05); ** (P<0.01) and *** (P<0.001).
NS: non significant.

In contrast to the findings for male birds, at 28 days,
healthy female birds expressed significantly higher growth
related indicators compared to ascites-affected female birds
(P<0.05) in all GTs period. Moreover, our observation il-
lustrated ascites affected birds in both gender in 28 days
age expressed zero to 5% higher weights under AICs. There
was a significant reduction (P<0.05) in growth curve pat-
tern occurred in 21 day old ascitic birds due to cold stress
ascites pressure. The results for both sexes after 28 days
showed that there was a significant reduction of growth-
related parameters during the rearing period. Hasanpur et
al. (2015) showed that before the age of 28 days, despite a
higher growth rate in ascitic birds than healthy birds, this
difference in growth rate was not significant. However,
with increasing age, growth in ascitic birds decreased and at
the end of the rearing period, the weight of ascitic birds was
significantly lower than healthy birds.

Table 7 illustrates an overview of estimates of heritability
of AITs under AICs and SBCs. These data suggest that the
heritability coefficient (posterior standard deviation) of
water belly was high. Another heritability related indicator
of AITs (i. e. RV/TV and RV/LV) indicates a similar high
pattern. As in many studies, the heritability of AITs has
been reported to be medium to high (De Greef et al. 2001;
Ahmadpanah ef al. 2017). This estimated heritability value
for ascites is particularly important as it explains why a
different range of susceptibility and resistance to ascites
was observed in different paternal families.
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It is important to note that this value for heritability of
AlTs (i. e. RV/TV and RV/LV) creates the possibility for
improvement of the genetic of composition of commercial
chicken flocks.

)Y Estimates of heritability of indicator traits (AITs) under ascites
inducing conditions (AICs) and standard breeding conditions (SBCs)

Generation Trait Number h? (SE or PSD)
RV/LVspcs 295 0.51(0.17)
RV/TVsges 295 0.58 (0.17)

First RV/LV ics 327 0.19 (0.17)
RV/TV aics 327 0.23 (0.14)
Ascitesaics 464 0.42 (0.09)
RV/LVspcs 468 0.59 (0.12)
RV/TVspcs 468 0.62 (0.09)

Second RV/LV aics 457 0.22 (0.00)
RV/TV aics 422 0.30 (0.09)
Ascitesaics 668 0.51 (0.11)

RV/LV: right ventricular/left ventricular weight ratio; RV/TV: right ventricu-
lar/total ventricular weight ratio and Ascites: water belly.
SE: standard error and PSD: posterior standard deviation.

Tables 8 and 9 report the genetic correlation between
AlTs and GTs. The results of the correlational analysis in-
dicate significant negative genetic correlations between
AlTs including RV/LV and RV/TV and GTs under AICs
after 21 days of the rearing period because ascitic affected
birds showed lower growth related parameters as compared
with healthy birds under AICs. Because ascitic birds under
AICs conditions have a greater growth retardation than
healthy birds, this amount of negative genetic correlation
seems reasonable.
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[l Genetic correlation between indicator traits (AITs) measured under ascites inducing conditions (AICs) and standard breeding conditions
(SBCs) with growth traits (GTs) measured under AICs*

Generation Tl'aitl RV/LVSBCS RV/TVSBCS RV/LVAK:S RV/TVAK;S AscitesAms
BWys -0.04 0.01 -0.19 -0.19 0.13
BW;;s -0.14 -0.09 -0.20 -0.24 0.18
BW,, -0.29 -0.19 -0.18 -0.27 -0.02
First GRy128 0.11 0.16 -0.10 -0.08 -0.11
GRys:35 -0.55 -0.47 -0.54 -0.70 -0.03
GRss.a2 NC? NC -0.18 -0.45 -0.74
GRy142 -0.46 -0.33 -0.17 -0.28 -0.37
BW, NC NC NC NC NC
BW; 0.02 0.00 0.09 0.01 0.29
BWy, -0.19 -0.29 -0.28 -0.37 0.23
BW,, -0.11 -0.17 -0.19 -0.21 0.19
BWys -0.21 -0.19 -0.23 -0.22 0.17
BW;;s -0.15 -0.21 -0.24 -0.25 0.21
Second BW4, -0.16 -0.22 -0.21 -0.34 -0.17
GR,, -0.03 -0.04 0.00 -0.08 0.17
GR7.14 -0.24 -0.37 -0.38 -0.42 0.15
GR421 -0.26 -0.28 -0.30 -0.25 0.18
GR 2 -0.20 -0.43 -0.28 -0.52 -0.60
GR128 -0.29 -0.30 -0.30 -0.36 0.18
GRys35 -0.09 -0.11 -0.14 -0.10 0.00
GR35 -0.47 -0.58 -0.59 -0.73 -0.11
GRy142 -0.18 -0.27 -0.24 -0.36 -0.31
GR.4 -0.22 -0.24 -0.26 -0.30 -0.39

BW, to BW4,: body weight traits between the ages of one and 42 days; GR,.; to GR,.4,: growth rate traits at these intervals; RV/LV: right ventricular/left ventricular weight

ratio; RV/TV: right ventricular/total ventricular weight ratio and Ascites: water belly.
NC: gibbs samples or convergence problems.

* Standard error for RV/TV in the range of 0.25 to 0.60 and for the RV/LV in range of 0.26 to 0.61 and posterior standard deviation for the water belly were in the range of

0.09 t0 0.61.

However, a possible explanation for this negative corre-
lation is a lack of genetic association between fast growth
and the incidence of the ascites syndrome.

A significant negative correlation was found between
AlTs (RV/TV and RV/LV) and GTs under SBCs condition
although no significant correlation was found between GTs
and the incidence of ascites. Closter ef al. (2009) reported
the genetic correlation between RV/TV and body weight at
14 and 35 days of age as being 0.19 and -0.18, respectively.

Also, the authors demonstrated a positive genetic correla-
tion between RV/TV and body weight in both males and
females at 2, 5 and 7 weeks of age but become a negative
trend at older ages. This outcome is consistent with what
has been reported by Pakdel ef al. (2005a) and Pakdel et al.
(2005b).

As mentioned in the literature review, the history of ge-
netic selection of commercial birds has caused a variable
incidence of ascites in commercial chicken flocks. Our data
showed a high to moderate degree of positive correlation
between water belly and GTs measured under AICs before
28 days of age indicating that fast-growing birds are more
susceptible to ascites, presumably due to need for more
oxygen at an early age.
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No statistical association between fast growth rate and
ascites was found in the present study which is in accor-
dance with findings reported by Druyan and Cahaner
(2007) and Druyan et al. (2008) on the incidence of ascites.
We speculate that this might be due to the genetic architec-
ture of threshold nature of resistance and susceptibility and
possible contribution of one or more major genes for con-
trolling genetic variation of phenotype in this investigated
trait. A similar conclusion was reached by Hasanpur et al.
(2015) who highlighted that the pattern of the growth curve
in healthy males and females is significantly higher than
that for ascitic male and female birds. It is by now generally
accepted that fast growing birds carry high susceptibility to
ascites although this was not supported by our data.
Naghous et al. (2012a) showed no significant difference
between chickens raised in the two ascitic and control
treatments. In general, with an increasing growth rate in
broilers, the amount of oxygen demand in different tissues
and organs increases. This will increase ascites mortality in
fast-growing chickens under stressful conditions (Julian,
1993). Accordingly, some studies have suggested that genes
associated with increased growth rate in broilers also in-

crease the prevalence of ascites.




Karami ef al

Genetic correlation between indicator traits (AITs) measured under ascites inducing conditions (AICs) and SBCs with growth traits (GTs)
measured under andard breeding conditions (SBCs)

Generation Trait* RV/LVsgcs RV/TVsgcs RV/LVpics RV/TV aics AsCitesacs
BW, NC? NC NC NC NC
BW; 0.01 0.02 0.13 0.06 0.22
BWy, -0.04 -0.04 -0.27 -0.32 NC
BW,, 0.03 0.04 -0.18 -0.18 0.17
BWayg 0.07 0.03 -0.32 -0.26 0.21
BW;s 0.05 0.02 -0.47 -0.40 -0.12
BW,, 0.02 0.02 -0.51 -0.45 -0.06

First GR,; -0.06 0.05- 0.01 0.10- 0.10
GR714 -0.08 0.08- -0.35 -0.39 0.12

GR 421 -0.08 0.08- -0.26 -0.19 0.17
GR -0.12 -0.10 -0.27 -0.28 0.13
GRy28 0.19 0.14 -0.03 0.06 0.41
GRg.35 -0.09 0.11- -0.71 -0.61 -0.37
GRis.42 -0.29 0.25- -0.42 -0.38 -0.65
GRy1.42 -0.08 -0.10 -0.48 -0.38 -0.32
GR .4 -0.11 -0.11 -0.44 -0.43 -0.22
BW, NC NC NC NC NC
BW; 0.05 0.09 0.15 0.08 0.18
BW,, 0.03 -0.02 -0.30 -0.31 0.11
BW,, 0.03 0.07 -0.21 -0.19 0.13
BWayg 0.10 0.06 -0.36 -0.29 0.17
BWs;s 0.03 0.03 -0.50 -0.25 -0.21
BW,, 0.00 0.08 -0.55 -0.50 -0.19
Second GR; -0.10 -0.02 0.03 0.14 0.13
GR714 -0.12 -0.04 -0.38 -0.40 0.16
GR421 -0.09 -0.06 -0.31 -0.23 0.16
GR -0.26 -0.24 -0.46 -0.40 -0.48
GRy28 -0.14 -0.09 -0.29 -0.31 0.17
GR35 0.16 0.18 -0.01 -0.07 -0.30
GRisa2 -0.07 -0.19 -0.75 -0.66 -0.28
GRy1.42 -0.12 -0.19 -0.52 -0.45 0.19
GR 4 -0.09 -0.22 -0.50 -0.48 0.17

BW, to BW,,: body weight traits between the ages of one and 42 days; GR,_; to GR,.4,: growth rate traits at these intervals; RV/LV: right ventricular/left ventricular weight
ratio; RV/TV: right ventricular/total ventricular weight ratio and Ascites: water belly.

NC: gibbs samples or convergence problems.

* Standard error for RV/TV in the range of 0.20 to 0.49 and for the RV/LV in range of 0.11 to 0.61 and posterior standard deviation for the water belly were in the range of
0.11t0 0.61.

In other words, families with higher genetic potential for CONCLUSION
growth also have higher mortality due to ascites (Druyan et
al. 2007a; Arce-Menocal et al. 2009). Future investigations ~ Association between GTs and ascites is an important indi-

are necessary to validate the kinds of conclusions that can cator for understanding the genomics of resistance and sus-
be drawn from this study. ceptibility of commercial poultry strains to ascites. The

present findings confirm that genetically fast growing birds
have a tendency to develop symptoms of ascites. Selection
for AITs may genetically improve resistance to ascites in
the investigated chicken line. A further novel finding is that
there were no consistently direct genetic correlations be-
tween AlTs and GTs. This analysis provides the opportu-
nity to grow birds to heavier live body weight as body
weight does not appear to be the main reason for suscepti-
bility to ascites syndrome.

593




Lack of Association of Ascites Incidence with Growth Traits in Chicken

ACKNOWLEDGEMENT]

The authors thank Jahed Livestock Inputs Company
(NDJ.co) affiliated with State Livestock Affairs Logistics
(S.L.A.L) for data collection and Tabriz University for co-
operation. This work was financially supported by the Ag-
ricultural Sciences and Natural Resources University of
Khuzestan.

REFERENCES

Afolayan M.. Abeke F. and Atanda A. (2016). Ascites versus
sudden death syndrome (SDS) in broiler chickens: A review.
J. Anim. Prod. Res. 28, 76-87.

Ahmadpanah J., Hossein-Zadeh N.G., Shadparvar A.A. and
Pakdel A. (2017). Genetic parameters of body weight and
ascites in broilers: effect of different incidence rates of ascites
syndrome. British Poult. Sci. 1, 32-39.

Arce-Menocal J., Avila-Gonzalez E., Lopez-Coello C., Garibay-
Torres L. and Martinez-Lemus, L.A. (2009). Body weight,
feed-particle size, and ascites incidence revisited. Poult. Sci.
18, 465-471.

Closter A.M., Van As P., Elferink M.G., Crooijmanns R.P.M.A.,
Groenen M.A.M., Vereijken A.L.J., Van Arendonk J.A.M. and
Bovenhuis H. (2012). Genetic correlation between heart ratio

and body weight as a function of ascites frequency in broilers
split up into sex and health status. Poult. Sci. 91, 556-564.

Closter A.M., Van As P., Groenen M.A.M., Vereijken A.L.J., Van
Arendonk J.A.M. and Bovenhuis H. (2009). Genetic and
phenotypic relationships between blood gas parameters and
ascites related traits in broilers. Poult. Sci. 88, 483-490.

Daneshyar M., Kermanshahi H. and Golian A. (2009). Changes of
biochemical parameters and enzyme activities in broiler
chickens with cold-induced ascites. Poult. Sci. 88, 106-110.

Das S. and Deka P. (2019). Ascites syndrome (water belly) in
broilers and its management. J. Entomol. Zool. Stud. 7(6),
388-390.

De Greef K.H., Janss L.L., Verejken A.L., Pit R. and Gerritsen
C.L. (2001). Disease-induced variability of genetic
correlations: ascites in broilers as a case study. J. Anim. Sci.
79(7), 1723-1733.

Druyan S. and Cahaner A. (2007). Segregation among test-cross
progeny suggests that two complementary dominant genes
explain the difference between ascites-resistant and ascites-
susceptible broiler lines. Poult. Sci. 86, 2295-2300.

Druyan S., Ben-David A. and Cahaner A. (2007a). Development
of ascites-resistant and ascites-susceptible broiler lines. Poult.
Sci. 86, 811-822.

Druyan S., Hadad Y. and Cahaner A. (2008). Growth rate of
ascites-resistant ascites susceptible broilers in
commercial and experimental lines. Poult. Sci. 87, 904-911.

Druyan S., Shinder D., Shlosberg A., Cahaner A. and Yahav S.
(2009). Physiological parameters in broiler lines divergently
selected for the incidence of ascites. Poult. Sci. 88, 1984-1990.

Druyan S., Shlosberg A. and Cahaner A. (2007b). Evaluation of
growth rate, body weight, heart rate, and blood parameters as

versus

594

potential indicators for selection against susceptibility to the
ascites syndrome in young broilers. Poult. Sci. 86, 621-629.

Girmachew Y., Fesseha H. and Tolosa Y. (2020). Effect of age,
weight, temperature and ventilation on the development of as-
cites in broiler chickens in Bishoftu, Oromia Regional State,
Central Ethiopia. Biomed. J. Sci. Technol. Res. 29(5), 783-792.

Gou X., Zhang H., Yin Q.Q., Cheng W. and Jiang Y.B. (2007).
Study on mechanism of ascites syndrome of broilers. Am. J.
Anim. Vet. Sci. 2(3), 62-65.

Hall S.A. and Machicao N. (1968). Myocarditis in broiler
chickens reared at high altitude. Avian Dis. 12(1), 75-84.

Hasanpur K., Nassiry M., Hosseini Salekdeh G., Vaez Torshizi R.,
Pakdel A. and Kermanshahi H. (2015). Influence of ascites
syndrome on growth pattern of chickens reared at normal or
cold ambient temperature. Ann. Anim. Sci. 15(2), 373-385.

Julian R.J. (1993). Ascites in poultry. Avian Pathol. 22, 419-454.

Kamely M., Karimi Torshizi M.A. and Rahimi S. (2015).
Incidence of ascites syndrome and related hematological
response in short-term feed-restricted broilers raised at low
ambient temperature. Poult. Sci. 94(9), 2247-2256.

Luger D., Shinder D., Wolfenson D. and Yahav S. (2003).
Erythropoiesis regulation during the development of ascites
syndrome in broiler chickens: a possible role of corticosterone.
J. Anim. Sci. 81, 784-790.

Maxwell M.H. and Robertson G.W. (1998). UK survey of broiler
ascites and sudden death syndromes in 1993. British Poult.
Sci. 39, 203-215.

McGovern R.H., Feddes J.J.R., Robinson F.E. and Hanson J.A.
(1999). Growth performance, carcass characteristics, and the
incidence of ascites in broilers in response to feed restriction
and litter oiling. Poult. Sci. 78, 522-528.

Meyer K. (2007). WOMBAT-A tool for mixed model analyses in
quantitative genetics by restricted maximum likelihood
(REML). J. Zhejiang. Univ. Sci. B. 8(11), 815-821.

Naghous M., Pakdel A. and Vaez Torshizi R. (2012a). The effect
of induced ascites with salt on growth curve parameters and
ascites-related traits in broiler chickens. J. Anim. Sci. 97, 7-14.

Naghous M., Pakdel A. and Vaez Torshizi R. (2012b). Study of
growth pattern in parental lines of Arian commercial Broiler
chicken. Iranian J. Anim. Sci. Res. 4, 78-84.

Pakdel A., Van Arendonk J.A.A., Vereijken A.L.J. and Bovenhuis
H. (2002). Direct and maternal genetic effects for ascites
related traits in broilers. Poult. Sci. 81, 1273-1279.

Pakdel A., Van Arendonk J.A.A., Vereijken A.L.J. and Bovenhuis
H. (2005a). Genetic parameters of ascites-related traits in
broilers: effect of cold and normal temperature conditions.
British Poult. Sci. 46, 35-42.

Pakdel A., Van Arendonk J.A.M., Vereijken A.L.J. and Bovenhuis
H. (2005b). Genetic parameters of ascites-related traits in
broilers: Correlations with feed efficiency and carcass traits.
British Poult. Sci. 46, 43-53.

Pavlidis H.O., Balog J.M., Stamps L.K., Hughes J.D., Huff W.E.
and Anthony N.B. (2007). Divergent selection for ascites
incidence in chickens. Poult. Sci. 86, 2517-2529.

Roush W.B. and Wideman R.F. (2000). Evaluation of broiler
growth velocity and acceleration in relation to pulmonary
hypertension syndrome. Poult. Sci. 79, 180-191.

Iranian Journal of Applied Animal Science (2022) 12(3), 583-595



Karami ef al

SAS Institute. (2004). SAS®/STAT Software, Release 9.4. SAS
Institute, Inc., Cary, NC. USA.

Scheele C.W., Van der Klis J.D., Kwakernaak C., Dekker R.A.,
Van Middelkoop J.H., Buyse J. and Decuypere E. (2005).
Ascites and venous carbon dioxide tensions in juvenile
chickens of highly selected genotypes and native strains.
World Poult. Sci. J. 61, 113-129.

Shlosberg A., Bellaiche M., Zeitlin G., Ya'acobi M. and Cahaner
A. (1996). Hematocrit values and mortality from ascites in
cold-stressed broilers from parents selected by hematocrit.
Poult. Sci. 75, 1-5.

Squires E.J. and Julian R.J. (2001). The effect of dietary chloride
and bicarbonate on blood pH, hematological variables,
pulmonary hypertension and ascites in broiler chickens.
British Poult. Sci. 4, 207- 212.

Tarrant K.J., Dey S., Kinney R., Anthony N.B. and Rhoads D.D.
(2017). Multi-generational genome wide association studies
identify chromosomal regions associated with ascites
phenotype. Poult. Sci. 96(6), 1544-1552.

Tsuruta S. and Misztal 1. (2006). THRGIBBS1F90 for estimation
of variance components with threshold and linear models. Pp.
27-31 in Proc. 8™ World Congr. Genet. Appl. Livest. Prod.
Belo Horizonte, Minas Gerais, Brazil.

595

Varmaghany S., Jafari H. and Ahmadpanah J. (2021). Evaluation

status,
performance of commercial strains of broiler chickens. Acta
Sci. Anim. Sci. 43, 1-12.

Wang J., Qiao J., Zhao L.H., Li K., Wang H., Xu T., Tian Y., Gao
M. and Wang X. (2007). Proliferation of pulmonary artery

of cardiac ascites rlated factors and growth

smooth muscle cells in the development of ascites syndrome
in broilers induced by low ambient temperature. J. Vet. Med.
54(10), 564-570.

Wideman R.F. and Kirby Y.K. (1995). A pulmonary artery clamp
model for inducing pulmonary hypertension syndrome
(ascites) in broilers. Poult. Sci. 74, 805-812.

Wideman R.F., Rhoads D.D., Erf G.F. and Anthony N.B. (2013).
Pulmonary arterial hypertension (ascites syndrome) in
broilers: A review. Poult. Sci. 92, 64-83.

Wideman R.F., Wing T., Kirby Y.K., Forman M.F., Marson N.,
Tackett C.D. and Ruiz-Feria C.A. (1998). Evaluation of
minimally invasive indices for predicting ascites susceptibility
in three successive hatches of broilers exposed to cool
temperatures. Poult. Sci. 77, 1565-1573.



https://onlinelibrary.wiley.com/journal/14390442

