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Effect of Chlorine Dioxide (ClO;) on the Malodor Suppression of Chicken Feces
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ABSTRACT This study evaluated the efficacy of chlorine dioxide (ClO,) as an oxidant to reduce malodor emission from
chicken feces. Two experiments were performed with the following four treatments in parallel: 1) fresh chicken feces with
only distilled water added as a control, 2) a commercial germicide as a positive control, and 3) 2,000 or 4) 3,000 ppm of
ClO; supplementation. Aluminum gas bags containing chicken feces sealed with a silicone plug were used in both experiments,
and each treatment was tested in triplicate. In Experiment 1, 10 mL of each additive was added on the first day of incubation,
and malodor emissions were then assessed after 10 days of incubation. In Experiment 2, 1 mL of each additive was added
daily during a 14-day incubation period. At the end of the incubation, gas production, malodor-causing substances (H,S and
NH; gases), dry matter, pH, volatile fatty acids (VFAs), and microbial enumeration were analyzed. Supplementing ClO, at
2,000 and 3,000 ppm significantly reduced the pH and the ammonia-N, total VFA, H,S, and ammonia gas concentrations in
chicken feces compared with the control feces (P<0.05). Additionally, microbial analysis indicated that the number of coliform
bacteria was decrease after ClO, treatment (P<0.05). In conclusion, ClO, at 2,000 and 3,000 ppm was effective at reducing
malodor emission from chicken feces. However, further studies are warranted to examine the effects of CIO, at various
concentrations and the effects on malodor emission from a poultry farm.

(Key words: chlorine dioxide, chicken feces, malodor suppression)
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Table 1. Information related to the present study
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Korea)oll Al 105TC=E 1613k o]/ HdZ3ste] 3¥kEc 2 F4
skt W-8&2 pHe AEH SFTE 149 Bl&= &3

gt & pH meter(Thermo Sci, Korea)E ©]-83l] =739

RS AN FE AEETE(10Y)

A7k LA 7k 50 mL FAP|E o] &8t TS S

Hzol 7}@3“011 ERsA 7k AR 9] é%ﬂ
=2

N

o N L 4

FEE ZhemolA 1 mLA ﬂié i@ stef 7k Almet
3715 1:500® 3|AgE & Hd7|skeba] AlAzE g
GasAlertMicro-5(BW Technologies, USA)°l| A|& 7}2~5
Ysted =743ttt GasAlertMicro-5(BW Technologies, USA)
©] NH;7k2=9F H,S7k2=9] &2 9]= 22} 0~100 ppm, 0~500
ppm7HA] S%o] 7FsshH Ealle2 1 ppmel Utk 2} AR
33] sl S = P =2 s Asa b nid
Ay A=) AT 07 32 Ao, 2 mL o]&tE EH Al
59 AF 3 T 7P =2 @S FAskith

Ad 2004 7k F2 4 DT 7EAE 50 mL A
71E o]&ste] S8, 7k Awe w42 Hstd
%—‘?—91 7Pi‘ﬂ1°ﬂ EF5te] AL BAsith AF 59, 10
7b gt 2 7k E, AR tiE
"3% ‘4’5}‘%? %F—% st A4 13 L o=
SHsith s 343 T AR AEdFS VT
S NHy7F2=9F HoS7H~(mL/g DM)®] A &2 AlLkst
ATt
ik 28 T A8 U ¢Ry ol A (ammonia-N)2]
2 Chaney and Marbach(1962)2] WH o g F243}3t). vl
ol o 141 5-2] 7] (Labogene, 1730MR, Korea)= 10% F<F

ol
wt

o
Orp

9,425 x go 2 YA EESA 45 20 uLE 15 mL
2] A& 27 ol phenol color regent 1 mL<}

alkali-hypochlorite reagent 1 mLE &3}l 30427 2ol A

Items Experiment 1! Experiment 2’
Incubation day 10 14
Total solution added to feces (mL) 10 13

! Experiments 1=single dose of diluted chlorine dioxide at the beginning of the experiment followed by 10 days incubation.
? Experiments 2=daily dose of 1 mL diluted chlorine dioxide for 14 days of incubation.
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Table 2. Chemical composition of the chicken feces used for this study

Composition Amount
Dry matter (%) 21.85+0.605
pH 5.70+0.034
Ammonia-N (mg /100 mL) 56.71x15.228
Total VFA' (mM) 35.96+1.456
Acetate (% of total VFA) 84.39+0.815
Propionate (% of total VFA) 7.76+0.462
Butyrate (% of total VFA) 5.00+0.363
Valerate (% of total VFA) ND?
AP ratio’ 10.92+0.756

' Total VFA=total volatile fatty acids.
2 ND=not detected.
3 AP ratio=acetate:propionate ratio.
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Table 3. Microbial analysis of the chicken feces used for this experiment
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Items Amount (log CFU/mL)
Total microorganism 10.71+1.012
Lactic acid bacteria 9.34+0.296
Yeast 7.34+0.035
Fungi ND'
Coliform 5.69+0.688

'ND=not detected.

Table 4. Effect of chlorine dioxide on chemical composition of chicken feces after 10 days incubation (Experiment 1)

Items CON! PC? T2000° T3000* SEM® P-value

Dry matter (%) 6.89" 19.58° 11.42° 11.65° 0.288 <0.01

pH 7.60° 3.07° 5.86° 6.06° 0.143 <0.01

Ammonia-N (mg/100 mL) 138.31° 18.22° 25.02° 20.66° 2.576 <0.01

Total VFA® (mM) 520.9° 10.32° 11.07° 7.11° 3.124 <0.01
Acetate (mM) 369.9° 3.39° 8.00° 5.59° 4726 <0.01
Propionate (mM) 110.6° 0.20° 0.91° 1.04° 2.055 <0.01
Iso-butyrate (mM) 2.92° 0.06" ND 0.05° 0.083 <0.01
Butyrate (mM) 34.34° 0.32° 2.09° 0.37° 3.858 <0.01
Iso-valerate (mM) 2.50° ND 0.08* 0.07° 0.038 <0.01
Valerate (mM) 0.73° 6.37° ND ND 1.403 <0.01
AP ratio® 3.35° 17.22° 16.32° 7.13° 2618 <0.01

' CON=distilled water.

2 PC=commercial germicide.

3 T2000=ClO, (2,000 ppm) solution.

* T3000=ClO, (3,000 ppm) solution.

> SEM=standard error of the mean.

® Total VFA=total volatile fatty acids.

7 ND=not detected.

¥ A:P ratio=acetate:propionate ratio.

*¢ Different superscripts within row are significantly different (P<0.05).

Ammonia-N-2 t Z7(138.31 mg/100 mL)<} Hlw3le] PC= o|Akatd A Aol A NH; 712~9} HyS 715 23619

87%, T30002 85%, T2000-2 82% A3l tHP<0.05).
Total VFAE W29} Hlwsle] PC, T2000, T3000 4] Zt
Zv 87%, 82%, 85%7} ZAdFSItHP<0.05). Butyrate}
valerate’t Z+2} i Z7(34.34 mM)<} PC(6.37 mM)ollA 7}
7 = e o o] ikstd 4 A el el A= butyrate 3
o] fold o2 FAY valerates HEHA ZEUTHP<0.05).
Z 7} 9@ NH,, HoS 7F2=9] 23 Table 59 2t}
H FAIZHE?E F 7hAaEAY B o] Z2ol|A] 283.1 mL/g DM
© & T2000(26.97 mL/g DM), T3000(14.73 mL/g DM), PC
(8.00 mL/g DM)E.t} =4 EAE JATHP<0.05). 53] 1L F

w| AZo] 2] EALKPC, T3000) HETHT} fojHow
ZFABFATHT2000; P<0.05). RlAES] gkl 3t A=
Table 63 ATt 23 194 = 79} Hlwate] o]itstad
A Agd e nAE 7o \ske fo4 Aol gl
v PCH | Tl AT Zakt, tigtato] feldo s hast
ATHP<0.05).

3. A3 2: olABlAe| HhEN Fyjoll whE o M
nl

A8 290l A& &3 pH, ammonia-N, VFAL] FAdo] &



292 o5 ol

2(CIOy) A2I7t AR o7 Al mAE 9%

Table 5. Effect of chlorine dioxide on gas production and composition of chicken feces after 10 days incubation (Experiment 1)

Items CON! pC? T2000° T3000* SEM’ P-value
Total gas (mL/g DM) 283.1° 8.00° 26.97° 14.73% 5.185 <0.01
NH; (ppm) 17.75° ND¢ 1.75° ND 1.923 <0.01
NH; (uL/g DM) 506.1° ND 7.20° ND 0.053 <0.01
H,S (ppm) 50.50° ND 4.50° ND 5.026 <0.01
H,S (uL/g DM) 1,439° ND 18.55° ND 0.143 <0.01

! CON=distilled water.

2 PC=commercial germicide.

* T2000=CIO; (2,000 ppm) solution.
* T3000=ClO, (3,000 ppm) solution.
3 SEM=standard error of the mean.
® ND=not detected.

*¢ Different superscripts within row are significantly different (P<0.05).

Table 6. Effect of chlorine dioxide on microbial enumeration (log CFU/mL) of chicken feces after 10 days incubation (Experiment 1)

Items CON' PC’ T2000° T3000* SEM’ P-value
Total microorganism 10.41 10.00 10.23 10.37 0.189 0.450
Lactic acid bacteria 9.80° 4.80° 9.68° 9.54° 0.969 0.008
Yeast 5.53 4.87 5.90 6.41 0.846 0.763
Fungi 1.63 ND° ND ND 0.524 0.116
Coliform 3.15% 0.46" 1.05* 4.08° 0.791 0.022
! CON=distilled water.
2 PC=commercial germicide.
* T2000=ClO, (2,000 ppm) solution.
* T3000=ClO, (3,000 ppm) solution.
> SEM=standard error of the mean.
® ND=not detected.
*¢ Different superscripts within row are significantly different (P<0.05).
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© 2 PC(21.57 mL/g DM), T2000(9.84 mL/g DM), T3000
(8.15 mL/g DM)=E.t} =7 A3 THP<0.05). NH; 7129}
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£ Stk it 445 T3000(0.41 log CFU/mL) X 2]+
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Table 7. Effect of chlorine dioxide on the chemical composition of chicken feces after 14 days incubation (Experiment 2)

Items CON! pC? T2000° T3000* SEM® P-value

Dry matter (%) 575" 19.28° 8.89° 9.08" 0.100 <0.01
pH 7.29° 2.69* 5.23° 5.29° 0.013 <0.01
Ammonia-N (mg/100 mL) 124.2° 20.62° 21.32° 20.58° 1.928 <0.01
Total VFA® (mM) 616.1° 22.22° 18.56" 15.48° 1.625 <0.01
Acetate (mM) 467.2° 9.00° 17.15 14.65° 1.467 <0.01
Propionate (mM) 101.1° 0.33° 0.94° 0.68° 0.865 <0.01
Iso-butyrate (mM) 3.23° 0.10° ND ND 0.052 <0.01
Butyrate (mM) 41.63° 0.19* 0.16" 0.14° 0.489 <0.01
Valerate (mM) 0.59* 12.60° 0.30° 0.06° 0.431 <0.01
Iso-valerate (mM) 2.31° ND ND ND 0.077 <0.01
A:P ratio’ 4.65° 27.07° 18.38° 22.96" 0.700 <0.01

! CON=distilled water.

2 PC=commercial germicide.

* T2000=CIO; (2,000 ppm) solution.

* T3000=ClO, (3,000 ppm) solution.

> SEM=standard error of the mean.

® Total VFA=total volatile fatty acids.

7 AP ratio=acetate:propionate ratio.

“¢ Different superscripts within row are significantly different (P<0.05).

Table 8. Effect of chlorine dioxide on the gas production and composition of chicken feces after 14 days incubation (Experiment 2)

Items CON! pC? T2000° T3000* SEM® P-value
Total gas (mL/g DM) 353.2° 21.57° 9.84° 8.15° 4.056 <0.01
NH; (ppm) 24.75° ND° ND ND 0.668 <0.01
NH; (uL/g DM) 874.3° ND ND ND 0.028 <0.01
H,S (ppm) 61.00° ND ND ND 1.744 <0.01
H,S (uL/g DM) 2,156° ND ND ND 0.074 <0.01

! CON=distilled water.

2 PC=commercial germicide.

* T2000=ClO; (2,000 ppm) solution.

* T3000=ClO, (3,000 ppm) solution.

> SEM=standard error of the mean.

® ND=not detected.

*¢ Different superscripts within row are significantly different (P<0.05).

Table 9. Effect of chlorine dioxide on microbial counts (log CFU/mL) of chicken feces after 14 days incubation (Experiment 2)

Items CON! PC? T2000° T3000* SEM® P-value
Total microorganism 9.83 8.18 9.13 9.90 0.727 0.353
Lactic acid bacteria 8.67° 3.19° 8.62° 8.34° 0.602 <0.01

Yeast 7.06° 0.59° 7.18° 6.41° 0.329 <0.01
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Table 9. Continued

2(CIOy) A2I7t AR o7 Al mAE 9%

Ttems CON! PC? T2000° T3000* SEM® P-value
Fungi 2.61™ ND° 3.83° 2.30° 0.447 0.001
Coliform 3.64° ND 2.51° 0.41° 0.553 0.002

' CON=distilled water.

2 PC=commercial germicide.

3 T2000=CIO, (2,000 ppm) solution.
* T3000=ClO, (3,000 ppm) solution.
> SEMs=standard error of the mean.
¢ ND=not detected.

*¢ Different superscripts within row are significantly different (P<0.05).
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