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SUMMARY

The current field study was applied on two availa-
ble different broiler environments (closed and
open houses) during winter season in two differ-
ent localities, AlJuaymah (NE) and UmSahik
(NW) to Al Dammam city. A total of 20500 and
6850 birds of Rose-308 and Cobb-500 breeds re-
spectively were used to study the effect of differ-
cnt broiler environments on their indoor air quali-
ty and the microbial ecology of air and litter
started day before baby chicks admission up till
marketing. The indoor air parameters included
(Ta.C° RH % ,AV m/sec) , some gases (CO, and
NH4 ppm) and microbial load of air and litter
(fungal and bacterial colony forming units, cfu
counts/m? and cfu/ gm respectively).The results
revealed the foliowing:- During winter season the
closed system seemed to be more suitable for
brooding baby chicks regarding to controlled in-
door Ta C° RH % and AV m/sec, despite the ex-

pected gases accumulation for keeping warm en-

vironment and increased litter microbial load and
air fungal load that represent risk factors for both
birds and their keeper .The obvious effect of in-
door air parameters (positive correlation except
CO, showed negative one) and litter microclimate
on microbial loads in both environments threw
light on efforts must be done by owners and ever
alerts to follow up , manage and alternate the in-
door conditions for controlling indoor microbial
niches , starting before chicks admisston till mar-
keting to keep indoor and outdoor livings health.
Open system characterized by significantly low-
ered indoor air parameters levels Vs closed sys-
tem Indoor Ta .C° showed positive correlation
with litter f cfu only , While RH %, CO, and
NH3 were positively correlated with air and litter

microbial load.

INTRODUCTION

The raising poultry in confinement houses devel-

oped from an economic need for high production
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yield utilizing little space and the consequent con-
centration of their waste products and contami-
nants mainly gases (Jones et al ; 1984). The con-
centration of ammonia was differed between sites
in the rate of release from the litter as well as the
seasonal variations, where it was increased in
winter and with age 12-45 ppm Vs summer 2-9
ppm that might be attributed to the lower ventila-
tion rates (ConceiCao et al; 1989 and Redwine et
al; 2002). Litter moisture, pH, temperature and
ionized ammonia (NH4+) contributed to NH3 vol-
atilization from litter surface, where the mechani-
cally ventilated houses could be easily monitored
than naturally ventilated because of its accumula-
tion near the litter for floor-raised bird and near
the air exhaust (Gates et al 2000;NAS, 2002 and
Wheeler et al ; 2003). Airborne microorganisms
might be liberated directly into the air (fungi, bac-
teria and viruses) and could transmit for long dis-
tances by way of ventilation systemn into the envi-
ronment depending upon kinds of microbes,
location and the environmental conditions (hu-
midity, temperature) of the samples taken that in
turn might affect the respiratory health of people
living close to livestock (Theresa and Wathes,
1989 ; Al-Dagal and Daniel 1990; Hartung .1994
and Zucker et al 2000). Winter air in turkey con-
finement houses contained significantly higher
concentration of some fungi and yeast species Vs

summer air (Debey et al , 1995) . Ventilation is

used to remove noxious gases including ammonia
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and carbon dioxide as well as moisture in the
building so altering the microbial ecology of
water damaged sites (Wayon , 2004 and Nevalai-
nen and Seuri 2005) . Therefore, the current field
study was carried out to throw light on the effect
of different broiler environmen.ts on their indoor
air quality including temperature ,relative humidi-
ty ,air velocity, some gases as NHy and CO; and
the effects of these parameters on the microbial
ecology (fungal and bacterial colony forming

units ) in air and litter.
MATERIALS AND METHODS

a) Site description:

The current field study was applied on two availa-
ble diffcrcnt broiler environments { closed and
open houses) during winter season in AlJuaymah
(NE) and UmSahik ( NW) localities respectively

to Dammam city, KSA

b} Procedure:

Total 6 and 5 available visits (weekly) were done
in accordance started day before baby chicks ad-
mission up till marketing A total of 20500 and
6850 birds of Rose-308 and Cobb-500 breeds re-
spectively started from day before baby chicks re-
ceiving up till marketing .The indoor air parame-
ters were measured and recorded on field (Ta.C®,
RH %) using digital thermo hygrometer and AV

(m/sec) using anemometer, some gases (CO, and
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NH, ppm) using Kitagawa precision gas detectors
(Komyo) pump and specific detecting tubes for
cach gas ( NO .126 SF and NO 105 SD tubes re-
spectively) according to{ Lott et al; 1998 and Bru-
zual et al ; 2000). Air microbial loads (f and b cfu
counts/m2) were estimated gravitationally by ex-
posed open plates contained nutrient and sabaroud
agar (2 plates from each media/ site/ visit) were
located in six fixed sites represented all indoor air
volume occupied the house for 15 minutes each
(Sauter et al ;1981). The well defined labeled col-
lected air sampled plated were kept in portable
fridge ( cooler) till back to the college lab. where
they were incubated either at 37°C /24 hours (bac-
terial growth) or 24-37°C / 24-48 hours (fungal
growth).The total colony forming units (cfu) were
counted used manual colony counter (mini light
box, Bel-Art product NO. 37862-0000).The col-
lected data of indoor air parameters and microbial
viable counts were subjected to statistical analysis
using personal Spss V 10 to get X+SD , correla-

tions ( r) and T-test values.
RESULTS AND DISCUSSION

Results in table- 1 showed in closed system,
indoor Ta. C° was 27.94C°%
2.054 & RH% was 57.20% 8.377 and AV was
0.33530.445 m/sec. The lowered temperature dur-

mean values of

ing brooding especially 15t week , less than rec-
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ommended 34 C° by (Sainsbury , 2000 ) reflected
the efforts should be done during winter to keep
required environmental temperature despite the
heat controi used in this system ,while CO, was
903.0£511.0 and NH3 was 10.179+10.807. These
levels looked high and annoying birds (noticed
difficult breathing, gasping, collected birds near
doors during workers activities) , their keeper and
even the researchers which was as a characteristic
field feature also as a consequence of reducing
ventilation rate to save fuel cost for warming dur-
ing brooding, this was coincided with explanation
of (Bottje et al;1998) especially for ammonia and
because man and chicks supposed to be sensitized
by level started 5 ppm (Tom Tabler, 2003). Mean
indoor microbial load (Table-2) for air f.cfu was
45.35x103440.48 & air b.cfu was 142,50 x103 +
217.00 while litter f.cfu was 614.66 x103 +
5261.29 & litter b.cfu was 974335 x103 4+
581.47. Litter had higher microbial toad Vs air
and the higher loads were at 35 days old for all
except air f.cfu was at 28 days old, the association
of increased ammonia levels on 21-28 days old
with the increased fungal count in air confirmed
inadequate ventilation that enclosed the indoor
gases not exhaled. On regarding the effect of in-
door air parameters on microbial ecology shown
in (Table 3}, the indoor Ta.°C was positively cor-
related with atr microbial load f & b (P=0.042 &

0.002 respectively) but negatively correlated with
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litter f & b (p= 0.109 & 0.066 respective-
ly).Indoor RH% and AV were positively correlat-
ed with air f.cfu only (p=0.001&0.015 respective-
ly).Meanwhile, CO, gas had no significant effects
or correlations with indoor air but with litter f. cfu
only(p=0.108), despite NHy showed positive cor-
relations with indoor air f & b (P= 0.08 and
0.086) and so with litter b. cfu (P= 0.007). Fungal
growth had been demonstrated to occur in broiler

litter depending on various environmental factors

especially litter microclimate (Schipper et al;1982

and Bacon,1983).

Open ecosystem, (Table 4) revealed that mean in-
door Ta.°C was 18.49 £ 2.188 & RH% was 69.31
+ 5.89 and AV was 0.15 m/sec + 0.087. Indoor
CO; mean was 447.84 ppm +105.31 and NHj3
was 3.254 ppm + 3.32. These results threw light
on the severity of cool and highly fluctuated
weather on housing broiler in open ecosystem
during winter and the health risk for brooded baby
chicks and the effect of incomplete thermal insu-
lation on dissipating the indoor air elements and
gases to outdoor air compared to the closed sys-
tem. During 2-5 weeks old advised temperatures
must be 27, 24 and 21 °C respectively ( Sainsbu-
ry, 2000) .The negative effect of Ta. °C on fungal
load was partially coincided with results of

(Debey et al ; 1995).

Results in (Table 5) clarified that, mean Indoor air
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f cfu was less( 88.20 x10 >+ 84.42) than litter
cfu (118.94x 10 = £ 251.3) while air b cfu was
higher (335.2 x102 + 270.6) than litter b.cfu
(147.77x102 = 199.75) ,these differences should
be considered regarding the effect of both indoor
air and litter microclimate on kind microbial ecol-

ogy which also related to kind environment.

Data in (Table 6}, Indoor Ta .°C showed positive
correlation with litter f {(p=0.017) and so RH%
with air { & b (p=0.039 & 0.012 respective-
ly)..AV had no significant correlation with indoor
air and litter microbial loads that might be attrib-
uted to the improper and low Av Vs closed sys-
tem, so air circulation and redistribution of micro-
bial loads were not recognizable between air and
litter. Indoor CO, was positively correlated with
air f & b (p=0.008 & 0.046 respectively) as well
as with litter f (p=0.025).On the other hand NHj;
was positively correlated with air f & b ( p= 0.001
for both) and with litter f & b ( p= 0.002 & 0.001
respectively). These findings might be attributed
to the possibility of dispersed contaminated food
particles with fungi accompanied humid environ-
ment .Ammonia gas generation and emission
were mostly result of litter microbial activity and
interaction of indoor climatic factors (Weaver and
Meijerhof; 1991 and Groot-Koerkamp, 1994).
The effect of indoor RH% on air microbial popu-
lation ecology confirmed by (Al-Dagal and Dan-
iel,1990). The positive correlations between in-
door and microbial

gases population  were
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recognized partially as their metabolites and par-
tially birds exhaled air (Gustafasson and Martens-
son , 1990) , On comparing the mean differences
of indoor climate between closed and open envi-
ronments as shown in (table 7) showed significant
mean differences were in indoor Ta .°C , AVm/
sec, CO, and NH; ppm where increased in closed
Vs open (p= 0.001, 0.036 ,0.001 and 0.001 re-
spectively) while RH% increased in open Vs

closed (p=0.001), the effect of season on indoor

gases accumulation (mainly ammonia) especially
in closed Vs open houses was previously con-
firmed by (Seedorf and Hartung , 1999) . The na-
ture of environment affected some of indoor mi-
crobial loads as revealed in ( table 8) where
indoor air f & b cfu were significantly increased
in open Vs closed (p=0.033 and 0.008 respective-
ly) , while in closed environment the litter b.cfu
were significantly increased Vs open( p=0.018) .
From the aforementioned results it could be con-
cluded that closed system had high indoor gases
levels that might annoying birds and their keeper.
Litter had higher microbial load Vs air and the
higher loads were at 35 days old for all except air
f.cfu was at 28 days old , the association of in-
creased ammonia levels on 21-28 days old with
the increased fungal count in air confirmed inade-
quate ventilation rates that enclosed the indoor
gases not exhaled .The indoor Ta. °C was posi-
lively correlated with air microbial loads( f & b

cfu counts) but negatively with that of litter.

Vet.Med.J.,Giza.Vol,54,No.3(2006)

Indoor RH% and AV were positively correlated
with air f.cfu, CO, gas had no significant effects
or correlations with indoor air loads but found
with litter f cfu .‘Meanwhile, NH; showed posi-
tive correlations with indoor air f & b and so with
litter b cfu. Open system had lowered indoor air
parameters than closed . Indoor air f. cfu mean
was less than in litter .These differences should be
considered regarding the effect of both indooer air
and litter microclimate on microbial ecology. In-
door Ta .°C showed positive correlation with litter
f. cfu, RH%, CO, and NH3 were positively corre-
lated with air f & b cfu as well as with litter . cfu
with CO, . Significant mean differences were no-
ticed between environments , indoor Ta, AV, CO,
and NH3 were increased in closed Vs open, while
RH% increased in open Vs closed . Conclusively,
the effect of season on indoor gases accumulation
(mainly ammonia) was noticeable in closed Vs
open house .The nature of environment affected
the indoor microbial ecology, where indoor air f &
b. cfu were significantly increased in open Vs
closed in closed environment the litter b.cfu were
significantly increased Vs open. The severity of
cool and highly fluctuated weather on housing
broiler in open ecosystem during winter should be
considered as health risk for brooded chicks and
the effect of incomplete thermal insulation on dis-

sipation of indoor air gases to outdoor air.
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Table I: Mean values (X£SD) of indoor air parameters in closed ecosystem during winter.

Visits (total) |

00

00

00

1.417 | 60.08 | 8.643 | 57.16 | 4.494 | 67.20 | 2.630 | 61.78 | 3.158 | 48.08 | 3.307 | 57.24 | 8.377
5 00 9 00 8 00 6 00 6 00 1 14 8
17321 .1940 | 0122 | 4800 | .6870 | .6800 | .7791 | .1800 | .0836§ .2100 | .0894 | 3351 | 4453
I 0 80 0 2 0 0 0 7 0 4 7 4
16.50 { 490.0 { 74.16{ 800.0 { 187.0 | 1720. { 311.4 { 1340. [ 89.44 { 860.0 | 245.9 | 943.0 | 511.4
0 00 20 000 829 000 482 000 27 000 675 690 117
.0141 2800 1 1903 4400 | 1.516 | 1620 | 6300 j 27.60 [ 8.142| 13.00 | 4.472 | 10.61 | 10.86
4 ' ) 0 6 00 8 00 5 00 1 79 79

Ta ., RH and AV = ambient temperature .C° & relative humidity % and air velocity in meter/second(m/sec).
CO2 and NH3 .= carbon dioxide and ammonia in part/million( ppm).

V= visit number,

Vet.Med.J..Giza.Vol.54,No.3(2006)

584



'(Tz;.t;ie-Z):Mean values(X£SD) of microbial loads of indoor air and litter in closed ecosystem during

Visits (total) |

Air&
litter N I

—f
0 7 2

. 31.7 623114601934 | 5230 284. | 142.5 | 217.0
air -b 3.18 | 3.28150.34 9 12421 0.26 |92.14 0 ) 5 | 01 0 0

. 0.00 48.2 177.8 | 370. 71.9 1 309.7 | 502. | 6114. | 5261.
litter —f 0.03 5 59.22 9 3292 40.26 2 45 81.84 9 4 33 06 29

. 285.7] 329. 64.0 1859.6] 597. | 1196. | 650. | 9743. | 581.4
litter -b 2.67 |2.04 4 24 97.20 1 52.11 | 73.24 3 0 52 45 71 35 2
V= visit number F= fungal load B= bacterial load
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(Table 3);Effect of indoor air parameters on air and litter microbial loads in closed ecosystem during

Ad bWl Al B

winter.
T .555%%% l3d6%
042 002 109 066
627%+* .254 -037 _187
001 185 851 332
AV (mise0) 447858 -128 113 168
015 507 560 383
286 135 304 134
COzZppm 133 486 108 490
485w+ 324 209 493w+
008 086
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. (Table-4);Mean values(X+SD) of indoor air parameters in open ecosystem during winter,

5T o T oo T o T Tl
X {#SD| X |#sD| X |#SD| X |#SD [ X |=2SDf X |«SD |

3055 | 183401 4037 1643 17925 | 167801 2.977 |

4933 | 67960 5705 [ 74.800 [ 2167 [73.160 [ ;573 [68920 [ |

| Air
QL parameters [

05477

122.47
33 82 00 00 00 14 00 45 00 62

1.7111

Ta.,RHand AV = r ambient temperature .C° & relative humidity % and air velocity in meter/second{m/sec).
€02 and NH3 .= carbon dioxide and ammonia in part/million( ppm).
V= visit number



(Table 5):Mean values ( X+SD) of indoor air and littm" microbial loads in open ecosystem during winter

i o R e — e . —

air £ | 157 | 040 | 3030 [2468| 5474 | 1415] 184,04 8113568 | 9591 |

[Air & vy [ ve | ve | v@ V@) | visits(tota) |
flitter | X | 2D | X 128D ) X 13D | X [ 2D | X 1 #SDIX 1 5D

3.87 357.10

0.03 7.33

0.18 29.32

fand b = fungal and bacterial colony forming units count.
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(Table 6): Effect of indooor air parameters on air and litter microbial
load in open ecosystem duringg

3N 837 017 470
_ . 4338 5134 007 196
RH% :
039 012 975 369
-29] -.256 052 009
A.V (m/sec)
1718 238 813 966
_ ©536%ex 419%* 465** 192
CO2ppm
008 046 025 381
5 B22%ex 607h* 85444
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(Table 7: Mean differences of indoor air parameters between closed and open ecosystems in winter.

Wi

nter

Closed Open T sig

X +SD X +SD -
57.2414 8.3778 69.3130 5.8559 6.10 0.001***

| 33517 44534 15000 08660 2.19 0.036**
| 943.0690 | 5114117 | 447.8261 | 1053115 5.08 0.001%%*
10.6179 10.8679 3.2543 3.3236 3.45 0.001***

Values in column are T test mean significant differences between both indoor parameters during winter.
Significance, * atP<0.1 . **3tP <and ***atP < 0.001.

Vet.Med.J.,Giza.Vol.54,No.3(2006)
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(Table): Mean differences of indoor air and litter microbial load between closed and open ecosystems
in winter.

| Air & litter

!

air £

4535

40.48 :

T 224

0.033+*

air-b

142 .49

217.00

2.78

0.008%* |
*

| litter £

| 6114.06

5261.30

0.07

0.946

litter -b

| 974335

58.15

2.47

0.018**
o

fand b = fungal and bacterial colony forming units count.
Vatues in columns are correlation ( r) and significance , * at P<0.1 . **atP<and ***atP < 0.001.

591

Vet.Med.J.,Giza.Vol.54,No.3(2006)



REFERENCES

Al-Dagal, M, and Daniel, Y. C. Fung. (1990): Aeromicrobi-
ology-A review, Crit .Rev .Food. Sci. Nutr .2% (5):33-
340.

Bacon, C.W. (1985): Effects of Litter Volatiles and ammo-
nia on Fungal Spores Germination .Pouit .Sci, 65:710-
716,

Bottje, W .G; Wang, $; Beers, W. and Gawthon,D .(1998):
Lung lining fluid antioxidants in male broiler Age-
related changes under thermo neutral and cold temper-
ature condition, Poult. Sci., 77:1905-1912,

Bruzual, 1.].; Peak,S.D Brake,}. and Peeblest, E.D.{ 2000):
Effect of relative humidity during the last five days of
incubation and brooding temperature on performance of
broiler chicks from young broiler breeders.Poutl. sci.,
79: 1385 - 1391,

Conceigae M. A, P; Johnson, H . E. and Wathes, C.W.
(1989): Air hygiene in poultry house: Spatial homoge-
neity of aerial pollutants . Brit. Poult. Sci, 3(0:765-776.

Debey, M. C; Tramplel, D. W; Richard, J.L.;Bundy, D.S;
Hoffman, L. J; Meyer, V. and Mand Cox, D. F. (1995);
Effects of environmental variables in turkeys confine-
ment houses on airborne Aspergillus and mycoflora
composition , Poult, Sci .74 (3);463-471.

Gates, R. §; Pestacore, A. J ; Ford, M. J ; Taraba, J. L; Lib-
crly, K.; Cantor, A. H. and Burnham, D. 1. (2000): The
effect of feeding low protein diets on ammonija emission
and total ammonical nitrogen in broiler litter. Proceed-
ings of the 20{X}, at the poultry waste, Management
Symposium Springdale AR. 19-21. pp: 169-180.

Groot-Koerkamp, P.W.G. .(1994): Review of emissions of
ammonia from housing systems for laying hens in rela-
tion to sources , processes , building design and manure
handling. J. Agri.Eng.Res, 59 : 73-87.

Gustafasson , G. and Martensson, L. {1990): Gaser och

592

dammi fjaderfastallar . Swedish .Univ .Agri. Sci. Dept

.of Farm Buildings. Report No. 68 . Lund.

Hartung, J. (1994): The effect of airbome particulates on
livestock health and production , Welfare Sci . Divi-
sion.55-69.

Jones, W.; Morring, K.; Olenchock, $. A.;Willioms, T. and
Hickey, J. (1984): Environmental study of pouliry con-
finement building ,Am .Ind .Hyg. Assoc. J. 45, 760.

Lott B. D.; Simmons, 1. D. and May. J. D.(1998): Air veloc-
ity and air temperature cffects on broiler performance.
Pouit. Sci., 77:391393.

NAS, National Academy of Science. (2002): Air emission
from animal feeding operations : Current Knowledge,
Future needs, Final report. http/fwww.nap.eduw/books/
0309087058/htm/.

Nevalainen, A; and Seuri ,M.(2005): Of microbes and men
Indoor Air, 15 (7); 58-64

Redwine, J . S: Lacey, R . E; Mukhtar, S; and Carey, 1. B.
(2002). Concentration and emission of ammonia and
particulate matter in Tunnel-ventilated broiler houses
under summer condition Texas. Am. Asoc. Agric .Eng ,
45(4): 1101-1109.

Sainsbury, D.£2000): Poultry health and Management .4th
ed. Blackwell science.

Sauter, E. A; Petesen, C. F.; Parkinson, J. F.; Dixon, J. E.
and Stroh, R.C.(1981}) : The airborne microftora ol poul-
try house Poult.Sci. 60(3); 569-574.

Schippers, B.; Meijer, J. W. and Liem, J. L.(1982): Effect of
soil Volatiles on germination and growth of soil fungi.
Tropi .Mycol. Soc. 79:253-259.

Seedorf J , and Hartung, J. (1999} : Survey of ammonia
concentration in livestock buildings . J. Agric .Sci, 133:
433-437.

Theresa, M. M and Wathes, C. M. (1989): Air hygiene in
broiler house: Comparison of deep litter with raised net-

ting floors .Brit .Poult. Sci, 30:23-37.

Vet.Med.J., Giza.Vol.54,No.3(2006)



Tom Tabler .(G.(2003): Brooding chicks and pullets; Envi-
ronmental critical control points .Avian advices, 5 (10 :
1-5.Univ. Arkansas. Division. Agric. Cooperative Exten-
sion service.

Wayon, D. P, (2004): The effect of indoor air quality on
performance and preductivity. Indoor Air . 14 (10); 92-
101

Weaver, W, D. and Meijerhof, R. (1991): The effect of dif-
ferent levels of relative humidity and air movement on
litter conditions, ammonia levels, growth and carcass

quality for broiler chickens Pouit. Sci. 70 (4); 746-755.

Vet.Med.J.,Giza.Vol.54,No.3(2006}

Wheeler, E. F.; Zajaczkowshi, J. S.; Topper, P. A.; Gates,
R. 8.; Xin, H.; Casey, K. D. and Liang, Y. (2003): Am-
monia emissions from broiler houses in Pennsylvania
during cold weather. International. Sympostum. on Gas-
eous and odor emissions from animal production facili-
ties, Horsens, Jutland, Denmark. 1-4 June.

Zucker, B, A, Trojan, 8. and Muller, W. (2000): Air-borne
gram-negative bacterial flora in animal houses J. Vet
Med. B. 47, 37-46.

593





