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McGovern, R.H., Feddes, J.J.R., Zuidhof, M.J., Hanson, J.A. and
Robinson, F.E.. 2001. Growth performance, heart characteristics
and the incidence of ascites in broilers in response to carbon
dioxide and oxygen concentrations. Canadian Biosystems
Engineering/Le génie des biosystèmes au Canada 43:4.1-4.6. The
effects of carbon dioxide (CO2) and oxygen (O2) concentrations on
growth performance, heart characteristics and the incidence of ascites
were studied in two similar experiments. In experiment 1, 600 male
broilers were subjected to LOW CO2 treatment (600 ppm CO2 and
20.9% O2 at wk 0; increasing to 2500 ppm CO2 and decreasing to
20.65% O2 at wk 6) and 600 male broilers were subjected to HIGH
CO2 treatment (6000 ppm CO2 and 19.7% O2 at wk 0; decreasing to
2500 ppm CO2 and increasing to 20.65% O2 at wk 6). In this
experiment, final body mass and total feed consumption were not
different between the two treatments. The birds in the LOW CO2
treatment pens did not have a reduced ascites score compared to the
birds in the HIGH CO2 treatment, however, the right ventricle area
(RVA) was significantly reduced at the lower level of CO2 exposure
from 0.50 to 0.47 cm2 suggesting an increased stress on the heart as a
result of ascites in the high CO2 treatment. In Experiment 2, 300 male
broilers were subjected to the LOW CO2 treatment (600 ppm CO2 and
20.9% O2 at wk 0; increasing to 2500 ppm CO2 and decreasing to
20.65% O2 at wk 6) and 300 male broilers to HIGH CO2 treatment
(6000 ppm CO2 and 19.65% O2 at wk 0; at 6000 ppm CO2 and
increasing to 20.3% O2 at wk 5 and decreasing to 2500 ppm CO2 and
increasing to 20.65% O2 at wk 6). In this experiment, body mass and
rates of gain were the same for both treatments. With the more extreme
exposure, there was no difference between the ascites score, RVA, and
right ventricle mass between the LOW CO2 and HIGH CO2 treatments.
Mortality did not differ between the LOW CO2 and HIGH CO2
treatments in either experiment. Under recommended management
practices, CO2 levels should not be a contributing factor to the
incidence of ascites.

Deux expériences similaires ont permis d’étudier les effets des
concentrations de dioxyde de carbone (CO2) et d’oxygène (O2) sur le
taux de croissance, les caractéristiques cardiaques et la fréquence des
ascites. Dans la première expérience, 1 600 poulets à griller furent
soumis à un traitement comportant de faibles concentrations de CO2
(600 ppm CO2 et 20.9% d’O2 durant la semaine 0, CO2 augmentant à
2500 ppm et O2 diminuant à 20.65% à la semaine 6), alors que 600
poulet à griller étaient soumis à un traitement comportant des
concentrations élevées de CO2 (6 000 ppm CO2 et 19.7% d’O2 durant
la semaine 0, CO2 diminuant à 2500 ppm et O2 augmentant à 20.65%
à la semaine 6). Dans cette expérience, il n’y eut pas de différence
entre les traitements pour ce qui est de la masse corporelle finale et de
la consommation totale d’aliments. La fréquence des ascites chez les
oiseaux ayant été soumis au traitement comportant de faibles
concentrations de CO2 n’était pas moins élevée que chez les oiseaux

ayant été soumis au traitement comportant des concentrations élevées
de CO2. Cependant, dans le traitement avec concentrations élevées de
CO2, lors de l’exposition au taux de CO2 le plus faible, la superficie du
ventricule droit (RVA) avait diminué de manière significative, de 0.50
à 0.47 cm2, ce qui laisse supposer un stress accru sur le coeur causé par
la présence d’ascite. Dans la deuxième expérience, 2300 poulets à
griller furent soumis à un traitement comportant de faibles
concentrations de CO2 (600 ppm CO2 et 20.9% d’O2 durant la semaine
0, CO2 augmentant à 2500 ppm et O2 diminuant à 20.65% à la semaine
6), alors que 300 poulet à griller étaient soumis à un traitement
comportant des concentrations élevées de CO2 (6000 ppm CO2 et
19.65% d’O2 durant la semaine 0; 6000 ppm CO2 et O2 augmentant à
20.3% à la semaine 5; et CO2 diminuant à 2500 ppm et O2 augmentant
à 20.65% à la semaine 6). Dans cette expérience, la masse corporelle
et le taux de croissance furent les mêmes pour les deux traitements.
Lors des expositions les plus extrêmes, il n’y eut pas de différence
entre les deux traitements pour ce qui est de la fréquence des ascites,
la superficie et la masse du ventricule droit. Les taux de mortalité
furent les mêmes dans les deux traitements, que ce soit dans
l’expérience 1 ou 2. Lorsque des techniques d’exploitation
recommandées sont suivies, le taux de CO2 ne devrait pas être un
facteur qui affecte la fréquence des ascites.

INTRODUCTION

The ascites syndrome (ascites) is the primary cause of death for
rapidly growing broiler strains, resulting in economic loss
(Huchzermeyer and DeRuyck 1986). Ascites is a condition that
leads to accumulation of ascitic fluid, in body cavities resulting
in carcass condemnation or death. Physiologically, low oxygen
(O2) concentration creates an oxygen deficit (hypoxia) and a
demand for more oxygen. The increased demand may exceed
the cardiopulmonary capacity to supply sufficient oxygen,
resulting in pulmonary hypertension and right ventricular failure
(Julian 1993).

The housing environment, including factors such as
temperature (cold or fluctuating temperatures) and air quality
(dust concentration, carbon dioxide levels, and oxygen levels),
is known to influence the incidence of ascites in broiler
chickens. The incidence of ascites greatly increases at altitudes
greater than 1300 meters above sea level, presumably because
of the low oxygen partial pressure (Hernandez 1987).

Broilers may not be able to adapt to increased oxygen
demands related to environmental stress. If broilers exhibiting
lung capacity deficiencies encounter factors that interfere with
oxygen transport, breathing ability, or cardiac output, they could
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Fig. 1. Experiment 1 - Carbon dioxide and oxygen concentrations
over a 6 week cycle.

Fig. 2. Experiment 2 - Carbon dioxide and oxygen concentrations
over a 6 week cycle.

develop hypoxia as a primary stimulus of the ascites syndrome
(Anthony et al. 1994; Balog et al. 1994). Decreasing the oxygen
level to below normal could cause the broiler to become more
susceptible to ascites (Jones 1995). The primary objective of
this study was to discover the effect of carbon dioxide (CO2)
and consequently oxygen levels on the heart characteristics of
broiler chickens and relate those to differences in the incidence
of ascites for Alberta conditions where the higher incidence of
ascites has been attributed to the higher altitudes (Personal
communication: K. McMillan, Chief Veterinarian, Lilydale
Cooperatives Ltd., Edmonton, AB). Oxygen consumed is equal
to the volumetric carbon dioxide produced by the birds and is
assumed double the carbon dioxide produced by open flame
natural gas brooders (Feddes and DeShazer 1988). 

This study is part of a research program that investigated the
effects of litter oiling, feed restriction, and temperature
fluctuations (McGovern et al. 1998b; McGovern et al. 2000).
Also a technique to assess the incidence of ascites syndrome

was developed in this program (McGovern et al. 1998a).
The cross-section of the right ventricle of the heart was
digitally recorded as RVA and found to be a reliable
indicator of ascites syndrome in a broiler chicken. 

Litter oiling in which canola oil was sprinkled bi-
weekly on the litter (0.8 L/m2) reduced the RVA
significantly. However, an application rate greater than
0.8 L/m2 resulted in oily feathers and presumably a high
heat loss due to less thermal resistance especially under
fluctuating temperatures and resulted in no reduction in
RVA (McGovern et al. 2000). 

MATERIALS and METHODS

Air quality assessment
The environment of four enclosed ventilated chambers
housing the birds was monitored every 30 min for CO2
and O2 concentration and temperature. The temperature
was adjusted each day according to those suggested by
the industry. In the high CO2 treatment, the natural gas
brooders were operated by a computer controlled in-line
gas valve to maintain the temperature. In the low CO2
treatment, electrical heaters were operated by a relay
controlled by computer software. The CO2
concentrations in both treatments were controlled by the
operation of the exhaust fans. To increase CO2
concentrations, the time interval between the exhaust fan
operation would be increased. Carbon dioxide (?100
ppm) concentration was measured by a non-dispersive
infrared analyzer (Beckman Industrial, Model 880, La
Habra, CA) and the oxygen levels (? 100 ppm) were
measured by a paramagnetic oxygen analyzer
(Servomex, Model 540A, Sussex, England). Gas
samples were drawn to the analyzers via sample tubes
connected to solenoid activated valves that were
controlled by computer software and hardware. 

Carbon dioxide production 
Both the brooder heaters and the broilers generated CO2
and consumed O2. The open-flame brooders generated
CO2 and consumed O2 in the ratio of 2:1 while the ratio
for the birds was 1:1 (Feddes and DeShazer 1988). On

day 1, the source of CO2 was assumed to be only from the
brooders, however, as the birds approached market age the CO2
source was primarily from the birds. The predicted O2 levels in
Experiments 1 and 2 are presented in Figs. 1 and 2. Oxygen
levels were measured in Experiment 2 and followed the
measured CO2 concentrations as predicted in Figs. 1 and 2.
Electrical heat was used in the low CO2 treatment.

Experiment 1
Over two 6-week time periods, 1200 male broilers were housed
in four chambers of 150 birds. In each replicate, two chambers
of birds were subjected to a low CO2 concentration (LC1) which
increased over the growth cycle from 600 ppm CO2 and 20.9%
O2 at wk 0 to 2500 ppm CO2 and 20.65% O2 at wk 6 (Fig. 1).
The birds in the remaining two chambers in each replicate were
exposed to a relatively high level of CO2 concentration (HC1) at
the commencement of the experiment which decreased over
time from 6000 ppm CO2 and 19.7% O2 at wk 1 to 2500 ppm
CO2 and 20.65% O2 at wk 6 (Fig. 1). The CO2 concentrations
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Table 1. Description of carcass characteristics related to a
specific ascites score.

  

Score Identification

0

1

2

3

4

no lesions

slight hydropericardium and/or slight right
hypertrophy or dilation and/or slight pulmonary
congestion and edema

more pronounced right heart hypertrophy or dialation
with more pronounced (moderate) hydropericardium,
and congestion of the liver evidenced by darker
coloration and rounding of borders

lesions as in score category 2 with the addition of
slight to moderate accumulations of ascitic fluid in one
or more ceolomic cavities (other than the pericardium)
and irregular raised surfaces on the liver may also have
been present

marked accumulation of ascitic fluid in one or more
ceolomic cavities (other than the pericardium), and an
extension of the preceding lesions

cut
lines

right ventricleleft ventricle

atria
fat

Fig. 3. Position of transverse cuts made on heart.

Fig. 4. Cross section of the heart.

were controlled by computer software and hardware which
increased or decreased the chamber ventilation rates to maintain
the CO2 concentration (Figs. 1 and 2). 

Experiment 2
Six hundred male broilers were housed in four chambers of 150
birds each for 6 wks. Two chambers of birds were subjected to
a low CO2 concentration (LC2), which increased during the
growth cycle from 600 ppm CO2 and 20.9% O2 at wk 0 to 2500
ppm CO2 and 20.65% O2 at wk 6. Since few effects were
observed in Experiment 1, the exposure of CO2 was maintained
at 6000 ppm to the end of the trial (Fig. 2). However, during the
last week, the litter conditions became unacceptable because
very low ventilation rates were required to maintain the high
CO2 concentration. Therefore, in the HC chambers, the CO2
concentration was decreased to 2500 ppm CO2 and 20.65% O2
after week 5 (Fig. 2). The CO2 concentrations were maintained
by computer software which controlled the ventilation rates of
each chamber based on the measured CO2 concentration in each
chamber . The computer software changed the stop-start interval
of each constant-speed exhaust fan. 

Management and data collection - Both experiments
All birds received a standard pelleted broiler starter diet (13.6
MJ ME/ kg of diet, 23% CP) from 1 to 3 wk of age. A grower
diet (13.6 MJ ME/ kg of diet, 21% CP) was fed from 4 to 5 wk
of age. A finisher diet (13.6 MJ ME/ kg of diet, 19% CP) was
fed during wk 6. A record of mortality was maintained
throughout the experiment. All dead birds were necropsied to
determine cause of death and heart morphology was examined.

At day 0 of age, all birds were wing-banded for
identification. All broilers were individually weighed at day 0
and at 28 and 42 days of age. All birds were scored for ascites
severity at the time of processing (Table 1). All 1800 hearts

were processed for measurement of RVA using image analysis
technology (McGovern et al. 1998a). A transverse cut was made
on all hearts just below the tricuspid and bicuspid valves and a
second transverse cut was made at the stem of the papillary
muscle (Fig. 3). From the 4-mm heart slice, a cross sectional
image of each heart was digitally recorded. Using image
analysis technology (Northern Exposure, 1996, Empix Imaging
Inc., Mississauga, ON) the RVA, left ventricle area (LVA), and
total heart area (HA) were determined (Fig. 4). The right
ventricular wall was removed and its mass (RVM) was
compared to the RVA. The RVM was also expressed as a
percentage of total trimmed heart mass (THM). See Table 2 for
values.

The data were analyzed by analysis of variance using the
GLM procedure of SAS for each experiment (SAS Institute
1994). Differences between means were reported at P<0.05.
Coefficients of correlation were obtained using the REG
procedure of SAS (SAS Institute 1994). 

RESULTS and DISCUSSION

The objective of this study was to investigate the effect of
carbon dioxide and oxygen concentration on the heart
characteristics of broilers and relate those to differences in the
incidence of ascites, growth performance, and carcass quality.
Initial bird body mass was the same for both treatments within
each experiment (Table 3). At 4 wk of age, the broilers in
experiment 1 subjected to the HC1 treatment had a greater mass
(1297 g) than the broilers subjected to the LC1 treatment
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Table 2. Heart characteristics including ascites score, heart area (HA), right ventricle area (RVA), right ventricle mass
(RVM), percent right ventricle area (PRVA), percent right ventricle mass (PRVW), and trimmed heart mass
(THM) as a percentage of body mass (PHM) of all birds after slaughter.

  

Experiment Treatments ascites
score

HA
(cm2)

RVA
(cm2)

RVM
(g)

THM
(g)

PRVA
(%)

PRVW
(%)

PHM
(%)

11

22

HIGH CO2 (HC1)

LOW CO2 (LC1)

Pooled SEM

HIGH CO2 (HC1)

LOW CO2 (LC1)

Pooled SEM

0.27 a

0.25 a

0.03

0.31 a

0.36 a

0.05

3.18 a

3.19 a

0.02

3.20 a

3.14 a

0.03

0.50 a

0.47 b

0.009

0.62 a

0.59 a

0.009

1.62 a

1.59 a

0.02

1.59 a

1.59 a

0.02

7.35 a

7.34 a

0.06

7.32 a

7.25 a

0.06

15

15

0.2

8 a

8 a

0.2

22 a

21 a

0.2

22 a

22 a

0.4

0.3 a

0.3 a

0.0

0.3 a

0.3 a

0.0

a-b Means in the same column within a main effect or interaction with no common letter differ significantly (P < 0.05).
1     Experiment 1, LOW CO2 (600 ppm at wk 0 increasing to 2500 ppm by wk 6), HIGH CO2 (6000 ppm at wk 0 decreasing to 2500 ppm
       by wk 6).
2     Experiment 2, LOW CO2 (600 ppm at wk 0 increasing to 2500 ppm by wk 6), HIGH CO2 (6000 ppm from wk 0 to wk 5 and
       decreasing to 2500 ppm by day 42).

Table 3. Body mass (g) for low and high carbon dioxide
treatments.

  

Expt Treatment 0 week
(g)

4 weeks
(g)

6 weeks
(g)

11

22

HIGH CO2 (HC1)

LOW CO2 (LC1)

Pooled SEM

HIGH CO2 (HC1)

LOW CO2 (LC1)

Pooled SEM

43.3 a

43.6 a

0.19

42.4 a

42.6 a

0.30

1297 a

1276 b

6.9

1182 b

1202 a

9.8

2369 a

2381 a

14.1

2159 a

2165 a

20.5

a-b Means in the same column within a main effect or interac-
      tion with no common letter differ significantly (P < 0.05).
1     Experiment 1, LOW CO2 (600 ppm at wk 0 increasing to
      2500 ppm by wk 6), HIGH CO2 (6000 ppm at wk 0
      decreasing to 2500 ppm by wk 6).
2     Experiment 1, LOW CO2 (600 ppm at wk 0 increasing to
      2500 ppm by wk 6), HIGH CO2 (6000 ppm from wk 0 to
      wk 5 and decreasing to 2500 ppm by day 42).

(1276 g). By 6 wk of age, however, the treatments had no effect
on body mass (2369g - HC1 and 2381g - LC1). In experiment
2, the broilers subjected to the HC2 treatment had a lower mass
(1182 g) than the broilers subjected to the LC2 treatment (1201
g). Although, the changes in livemass in both experiments were
significantly different at 4 wk, these differences of about 22 g
could be not be explained as treatment effects. At 6 wks of age,
the body mass was not significantly different. The CO2

concentration in the HC2 treatment was lowered during the last
week because the low ventilation rates resulted in unacceptable
air quality and litter condition. Total feed consumption was not
significantly different between the two treatments in either
experiment (Table 4). The feed conversion efficiency of the
High CO2 (HC) treatments was not different from those in the
Low CO2 (LC) treatments. The intent of experiment 2 was to
maintain the high CO2 and lower CO2 levels to the end of the
experiment, however, the ventilation rates necessary to achieve
this air quality resulted in high humidities resulting in
unacceptable litter conditions. When producers maintain good
litter conditions, the air quality in terms of CO2 and O2 should
be at acceptable levels. 

There was no treatment difference in mortality in either
experiment (Table 5). In both experiments, the HC treatments
had numerically greater percentage of mortality due to ascites
and sudden death syndrome than leg problems and other
problems overall. However, there was no significant difference
in the causes of death within the treatments. High levels of CO2
did not result in an increase in the incidence of lesions
associated with the ascites syndrome or in mortality due to the
ascites syndrome.

Although the birds in the LC1 treatment did not have a
reduced ascites score compared to the birds in the HC1
treatment, the RVA was significantly reduced from 0.50 to 0.47
cm2 with the reduced level of CO2 (Table 2). This suggests the
birds had some degree of ascites that was not detected at the
processing plant as an ascites score.

Surprisingly, there were no differences in ascites score,
RVA, and RVM values between the LC2 and HC2 treatments
(Table 2), especially since the environment in the HC2
treatment was extreme especially during the last two weeks, and
not typically found in industry. The litter was moist in the HC2
treatment thus resulting in low respirable dust levels similar to
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Table 4. Feed consumption and feed conversion recorded weekly from 0-4 wk, 4-6 wk, and 0-6 wk for all treatments. 
  

Experiment Treatments Feed consumption (kg) Feed conversion (kg/kg)

wk 0 - 4 wk 4 - 6 total wk 0 - 4 wk 4 - 6 total

11

22

HIGH CO2 (HC1)

LOW CO2 (LC1)

Pooled SEM

HIGH CO2 (HC1)

LOW CO2 (LC1)

Pooled SEM

293 a

293 a

3.94

283 a

280 a

1.29

335 b

348 a

2.70

309 a

304 a

2.56

628 a

641 a

5.97

592 a

584 a

5.42

1.60 a

1.66 a

0.031

2.37 a

2.22 a

0.05

2.34 a

2.19 b

0.036

2.55 a

2.96 a

0.27

1.92 a

1.91 a

0.023

2.17 a

2.28 a

0.08

a-b Means in the same column within a main effect or interaction with no common letter differ significantly (P < 0.05).
1     Experiment 1, LOW CO2 (600 ppm at wk 0 increasing to 2500 ppm by wk 6), HIGH CO2 (6000 ppm at wk 0 decreasing to 2500 ppm
       by wk 6).
2     Experiment 2, LOW CO2 (600 ppm at wk 0 increasing to 2500 ppm by wk 6), HIGH CO2 (6000 ppm from wk 0 to wk 5 and
      decreasing to 2500 ppm by day 42).

Table 5. Percent mortality for all treatments from day 0 to 42 days of age.
  

Experiment Treatments Ascites SDS Leg problems Other1 Total

12

23

All

HIGH CO2 (HC1)

LOW CO2 (LC1)

Pooled SEM

All

HIGH CO2 (HC1)

LOW CO2 (LC1)

Pooled SEM

3.69

3.98

3.40

0.84

4.60

5.23

3.96

0.89

2.87

3.63

2.11

0.84

3.29

2.62

3.97

0.89

2.13

1.81

2.44

0.84

2.15

0.98

3.32

0.89

2.21

2.31

2.10

0.84

1.81

1.96

1.66

0.89

10.88

11.72

10.05

1.02

11.88

10.78

12.90

0.028

1   Other category includes: nonsuitable, omphalitis, peritonitis, liver rupture, dehydration/starveout, cull runt, unknown, hepatitis, anemia,
     intestine rupture, trauma, kinky back, arthritis.
2   Experiment 1, LOW CO2 (600 ppm at wk 0 increasing to 2500 ppm by wk 6), HIGH CO2 (6000 ppm at wk 0 decreasing to 2500 ppm
     by wk 6).
3   Experiment 2, LOW CO2 (600 ppm at wk 0 increasing to 2500 ppm by wk 6), HIGH CO2 (6000 ppm from wk 0 to wk 5 and
     decreasing to 2500 ppm by day 42).

those found in the litter oiling treatments (McGovern et al.
1998b). The lower respirable dust levels lowered the RVA
values in the litter oiling study. This confirms that CO2 and O2
do not contribute significantly to the incidence of ascites under
normal ventilation practices. Beker et al. (1995) found that
reduced oxygen concentration and the resultant inability of the
cardiovascular system to supply sufficient oxygen produced
higher incidence of the ascites syndrome in broilers maintained
at 13.6% oxygen compared to broilers maintained at 20.6%

oxygen. Vanhooser et al. (1995) found that oxygen level (17.6
and 20.6%) impacted ascites only when birds were housed at
32.2°C rather than at 26.7°C, which suggests that oxygen
availability, temperature, and growth rate interactively impact
ascites development. 

High levels of CO2 (6000 ppm) maintained for 5 weeks of
age did not increase the incidence of ascites syndrome. The
corresponding oxygen levels ranged from 19.65 to 20.3% as the
birds matured. These would be the most extreme conditions
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found at Alberta elevations. With electric or hot-water heating,
oxygen levels would be expected to be 20.3% compared to
19.7% for open-flame brooding. A concentration of 6000 ppm
was very difficult to maintain for the older birds, since the low
ventilation rate resulted in high NH3 levels, high respirable dust
levels, and high humidity. 

CONCLUSIONS

From this study, the following conclusions can be drawn:
1. Carbon dioxide and oxygen concentration had no effect on

the final body mass. 
2. The birds in the LOW CO2 treatment did not have a reduced

ascitic score compared to the birds in the raised HIGH CO2
treatment, however, the right ventricle area was significantly
reduced in the LOW CO2 treatment from 0.50 to 0.47 cm2

suggesting more ascites syndrome present in the HIGH CO2
treatment. 

3. Mortality did not differ between the LOW CO2 and HIGH
CO2 treatments in either experiment. 

4. Under recommended management practices in Alberta, CO2
and O2 levels should not be a contributing factor to the
incidence of ascites. 
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