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Characterization of Malodor Release from Decaying Foods and
Tactics for Odor Control through Microbial Treatment

K.H. Kim’, Y.H. Kim*, M.S. Im, S.Y. Park, Y.J. Hong, and B.S. Choi*

Dept. of Earth & Environmental Sciences, Sejong University
*Dept. of Food Science and Technology, Sejong University

In this study, the concentrations of major odorous compounds were measured from decaying food samples
made of meat and fish as a function of time. The experimental data were collected as part of two different
experiment types; experiment type 1 was made using food samples decaying continuously, while experiment
type 2 was made by applying microbial treatment to those decaying food samples. The results of meat samples
have shown that the emission concentrations of most odorous compounds were distinctive enough; in the case
of reduced sulfur compounds such as hydrogen sulfide and methane thieol, their concentrations commonly
approached a few hundred ppm values. However, the observed concentrations from fish samples were sub-
stantially low due to the effect of the initial salt treatment. According to the microbial treatment experiment,
its initial effect is dramatically effective enough to remove the dominant proportion of certain odorous species
such as some reduced sulfur compounds and ammonia; however, such removal effects are found to fade away
through time. The results of our preliminary study were successful to characterize odorous emissions from rot-
ting food samples. However, more studies are needed to explain mechanistically the effect of microbial treat-

ments under different experimental settings.
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Table 1. A list of chemicals investigated for malodor released by decaying food samples in this study.

Full name Modified Name  Structural formula Ref Tresholq
concentration
Formaldehyde Form-A HCHO
Acetaldehyde Acet-A CH;CHO * 0.002
Acrolein Acrolein CH; =CHCHO
Acetone Acetone CH;COCH,4
Propionaldehyde Propion-A CH,CH,CHO * 0.002
A crotonaldehyde Croton-A CH,CH=CHCHO
Carbonyl Butyraldehyde Butyr-A CH,CH,CH,CHO * 0.0003
compounds Benzaldehyde Benz-A C,H-CHO
Iso-valerldehyde Isovaler-A (CH,),CHCH,CHO * 0.0002
valeraldehyde Vale-A (CH,);CHO * 0.0007
o-Tolualdehyde o-Tolu-A CH,;C¢H,CHO
m-Tolualdehyde m-Tolu-A CH,;C¢H,CHO
p-Tolualdehyde p-Tolu-A CH,C¢H,CHO
Hydrogen sulfide H2S H,S* * 0.0005
B. Methyl mercaptan CH3SH CH,;SH* * 0.0001
Reduced Dimethyl sulfide DMS (CHy) ,S* * 0.0001
S compounds Carbon disulfide CSs2 CS,* 0.21
Dimethyldisulfide DMDS (CH,) ,S,* * 0.0003
C. Ammonia NH3 NH,4 * 0.1
N compounds Trimethyl amine TMA (CHy) 5N * 0.0001
Total VOC TVOC C
Benzene B CeHg 0.9
Toluene T CsH5CH,4
Ethylbenzene E CeH5C,H;
D m,p-Xylene MPX (CH3) ,CgH,
Total ‘an q 0-Xylene (0):¢ (CH,) ,C;H4
individual VOC Styrene STY CsH;CH=CH, * 0.03
Bromobenzene BB CsH;Br
1,3,5-Trimethylbenzene 1,3,5-TMB (CH3) 5CgHg
1,2,4-Trimethylbenzene 1,2,4-TMB (CH,) ;CgH7
p-Isopropyltoluene p-IPT CioHuis
n-Bultylbenzene n-BB CioHus

*A list of chemicals designated as malodor compounds by the Korean Ministry of Environment (Since Feb., 2005)
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Table 2. A scheme for decay experiment with and without microbial treatment as a function of time (number of days).*

Exp Type™ | Exp No. Ref
(sample) 1 2 \ 3 4 ] 5 6
[1] Exp type 1: Decaying only
M1(F1) \ 0 8 \ 8 + 1hr 9 \ 15 40 \ « Decay
[2] Exp type 2: Decaying with microbial treatment
M2(F2) ‘ 0 8 <« Decay
1 hr 1 7 32 ‘ < Treatment

*Samples are prepared as replicates and analyzed separately for two different experiment types.
**(Capital letters of M and F denote meat and fish, respectively, while numbers of 1 and 2 denote experiments with decay

only and decay plus microbial treament, respectively.
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Table 3. Results of meat corruption experiment as a function of decaying inverval (ppm unit).

Time (Days) | 0 | 8 |  so4 | 9 | 15 | 40
Pollutants'] Concentration (ppm)
H,S v 0.02 I 689 v 36.8 v 737 v 2080 v 21.4 v
CH3SH V | 8.71E-062 486 v 186 v 231 v 2305 v 121 v
DMS v 0.01 I 0.007 [] 0.006 1] 0.007 I 0.08 I} 0.08 mn
CS, 0.02 0.94 1.72 1.24 19.1 19.7
DMDS | V | 4.84E-08 6.60 \ 463 v 731 v 83.2 v 247 v
Form—A 138E-03 844 n 6.34 Il 228 1l 1.0 i 1.15 1
Acet-A | V 0.02 I 50.6 v 71.3 v 457 v 3.24 N 6.09 [
Acroleln S20E08 107 n 107 il o7 n 103 n in mn
Acetone 0.12 417 6.43 543 1.8 1.7
Proplon-A | v | 1.00E-03 5.18 v 6.52 N 2.64 v 117 I 0.65 I
Croton-A 3.40E-04 119 1.18 119 1.09 071
Butyr-A | v | 3.60E-04 1 127 Y 404 v 2.92 v 116 v 5 N
Benz-A 3.39E-04 1.16 1.16 1.16 110 1.08
Isovaler-A | v | 3.55E-:04 ! 125 v 125 v 135 v 113 v 118 v
valer-A | v | 3.68E-04 1.30 v 1.30 v 1.30 v 118 v 1.23 v
o-Tolu-A 3.63E-04 127 1.27 127 A4z 1.20
m-Tolu-A 3.61E-04 123 1.23 123 1.26 1.20
p-Tolu-A 341E-04 124 124 124 125 113
Voo 180 293 651 459 336 291
B 9.17E-05 0.00 0.09 014 0.09 0.09
T 9.27E-03 4.24 I 39.0 n 381 0.50 0.20
E 3.91E-04 0.31 0.75 062 0.10 0.38
MPX 4.14E-04 0.31 I 0.84 1 0.66 I 0.11 I 0.42 1
oX 5.42E-05 0.29 1 0.85 1 0.33 I 0.08 0.05
STY v | 8.30E-05 0.32 Il 0.20 I 0.08 I 0.08 I 0.87 n
BB 1.59E-04 0.16 0.18 016 0.6 0.16
1,3,5-TMB 1.02E-04 0.49 1l 0.44 1 055 1l 0.10 I 10.5 n
1,2,4-TMB 1.37E-04 0.14 1 0.29 1 012 I 0.05 I 0.28 I
p-IPT 1.07E-04 011 [REY 0.11 011 0.51
n-B8 1.54E-04 0.15 015 015 0.15 0.15
NHs v 0.12 218 v 109 v 133 v 432 \ 14.9 v
T™A v | 247E-03 1l 0.01 1l 0.02 I 0.22 n 0.36 v 0.73 v
/7% NM 4481 448 1442 1442 3000

1] All odorous pollutants investigated In this study: vV markings given for 12 odorous criteria pollutants.
2] All underlined values imply below detection limits (BDL).

3] The number of dilutions to treshold (D/T) is measured after diluting all original samples by 1000 times.
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Table 4. Results of fish corruption experiment as a function of decaying interval (ppm unit).

Time (Days) | 0 | 8 | 804 | 9 | 15 | 40
Pollutants'] CGoncenttation (ppm)
H,s | v | 1:26E-052 0.009 Il 0.07 I 0.008 I 0.007 1l 0.012 Il
CHySH | V | 253E-03 1} 0:46 v 0.21 v 0.11 v 0.66 v 54.8 v
DMS v 9E-06 0.67 n 0.10 1l 0.08 1] 0.20 1 0.006 Il
Cs; 1.46E-03 151 1.23 0.55 D:24 1.19
pMDS | v | oo1 1l 0,003 1| 0.93 v 0.003 I 0.13 It 3.59 v
Form=A 3.14E-03 468 m 5.60 I 3.36 I 106 1 6.37 1
Acet-A Vv 0.34 m 61.8 v 57.5 v 51.3 v 15.6 v 127 v
Acrolein 0.02 1.07 n 107 n 107 I 103 il i 1
Acetone 4.75E-03 2.31 201 4.80 1.18 077
Propion-A | v | 163 v 2.20 v 3.66 v 3.61 v 1.99 v 0.69 n
Croton=A 6.19E-03 1.18 119 118 1.09 071
Butyr-A Vv 0.05 1] 2.86 v 3.1 v 313 v 3.05 v 0.75 v
Benz-A 1.14E-03 1.16 116 116 1.10 1.08
Isovaler-A | v | 6.26E-03 1l 125 v 125 v 1.2 v 113 v 118 v
Valer-A | V | 003 I 130 v 1.30 v 130 v 118 v 123 v
o-Tolu-A 3.63E-04 1.27 127 127 1147 1.20
m~Tolu-A 3.63E-04 1.23 23 123 1.26 1.20
p-Tolu-A 3.63E-04 1.24 124 1.24 1.25 113
VOC 5.97 315 314 681 264 78.0
B 1.44E-03 013 0.19 11.4 0.09 0.09
T 0.03 0.59 2.69 I 12,2 1] 0.38 0.20
E 1.18E-03 0.09 0.22 0.18 0.06 0.30
MPX 148E-03 0.11 i 0.27 I 467 1T 0.09 0.34 I
oX 1.14E-03 042 0.41 I 0.65 I 0.20 I 0.46 I
STY v | 8.30E-0 0.08 I 0.13 i 6.99 v 0.08 I 0.08 I
BB 1.50E-04 0.16 0.16 0486 0.16 0.16
1,3,5-TMB 4,98E-04 0.10 I 0.12 1 0.10 1 0.11 I 0.10 I
1,2,4-TMB 1.37E-04 0.09 I 0.15 1 0.20 I 0.11 I 0.21 |
o-IPT 9.65E-04 0.15 041 041 0.05 0.47
n-BB 1.54E-04 015 0.15 015 Q.15 0.15
NHs v oz I o7 v 193 v 169 Vv 506 v 59.7 v
TMA v | 491E-03 Il 0.13 I 0.01 1l 0.33 v 0.43 v 1.10 v
/T NM 144 144 144 144 1442

1] All odorous pollutants investigated in this study: V markings given for 12 cdorous criteria pollutants.

21 All underlined values Imply below: detection limits (BDL).

3] The number of dilutions to treshold (D/T) is measured after diluting all original samples by 1000 times.

O
=

ox
dr A

=of A7IRF AX SR tidl, 21 sieo] d8she
= @rkeahel HEE sAll At 7t
o] Fieo] FEshe 10M S7bx|e] AFHERS] gt
& 718 w3 S o83k Table 39
7N ECl ek AsE B, Fol7 dgsiEs o
=29 wjEe] P ol e o g Tk 5
3], Felras AT GAE SEES ¥ ppm
of k= Lsieg] HjEo] o] FoiA|RA,
_11:_9] FEE HY AEF =7 YEett) olgsk Ak
& ARUolE 5 g FAY A== 4 ¥ ppm

~

Li]\:\: 5

Fl

\
N

o Aewrt AT o AEE s = dnh
(10 gof 371, BA, Follsa 59 oFH=d
b $299e) AgATellm =
F=o] ek MEdds S0 v dvk 144

]
o2

rlo
@

o 2 o X
b
o

=S FIAR Adee] A|A RN FElea
ppm, WL 9 ppm T4 F=E FIT Wk Sk
o5 Aol Hlal] i oR oFsiA|Rl, ofF <] wiEol
A&Ee A 7Rd, VOC, TMA RS % &
AT = ot SMul= 8o AFARE Aol 4unt
o o] g Holm 7P A vehtaL, 43 5, 6



SAE] Fo) ofF oF Y B4 3l vES o83

RojelRAG

81

Table 5. The effect of microbial treatment on meat samples is compared by applying microbial treatments on samples
for 8 days under rotting conditions. As the time peirod of these experiments is counted upon the time of
microbial treatment, addition of 8 days will match the time scale introduced in the experimental scheme of Table

2.
Concentration of each odorous pollutants (in ppm unit) Concentration ratio (Exp 1/Exp 2)
Exp type Exp type 2 (After treatment) Exp type 1 (No treatment=*)
Time (D) 0.04 1 A 32 0.04 1 i 32 0.04 1 ¥ 32
Ho.S 0.008 0.009 289 749 36.8 73.7 2090 21.4 4757 7861 7.23 0.03
CH3SH 1.05 30.6 891 1140 186 231 2305 121 176.69 7.55 2.59 0.11
DMS 0.006 1.13 0.06 0.06 0.006 0.007 0.06 0.06 0.01
CS, 0.54 0.71 7.22 8.39 1.72 1.24 19.1 19:7 317 1.75 2.64 2.36
DMDS 0.78 1.07 6.33 60.6 46.3 73.1 83.2 247 59 69 13 4.07
Form-A 8.49 1.45 11.5 0.65 6.34 228 11.0 1.156 0.75 1.57 0.96 1.78
Acet-A 42.4 45.5 4.99 2.70 7.3 45.7 3.24 6.09 1.68 0.65 2.25
Acrolein 107 107 103 111 107 107 103 in
Acetone 21 3.05 1.18 223 6.43 543 11.8 1.7 3.04 1.78 10 0.77
Propion—-A 225 4.16 1.17 0.84 6.52 264 1.17 0.65 291 0.64 0.77
Croton-A 119 119 1.09 o7 119 119 109 o7
Butyr-A 1.27 2.87 1.16 0.75 4.04 2.92 116 0.75 3.19 1.02
Benz-A 116 116 110 1.08 116 116 110 1.08
Isovaler-A 1.25 1.25 113 118 125 125 113 l1.18
Valer-A 1.30 1.30 118 123 130 130 118 123
o-Tolu-A 127 127 147 120 127 127 117 1.20
m-Tolu-A 123 123 126 120 123 123 126 120
p-Tolu-A 1.24 124 125 113 124 124 125 113
TVOC 350 257 140 111 651 459 336 291 1.86 1.78 241 2.62
B 0.40 0.22 0.10 0.09 0.09 0.14 0.09 0.09 0.23 0.64 0.93
T 4.47 0.84 0.69 0.17 39.0 3.81 0.50 0.20 8.73 4.56 0.73 1.15
E 0.36 0.13 0.16 0.08 0.75 0.62 0.10 0.38 2.05 4.81 0.61 4.74
MPX 0.41 0.19 0.13 0.29 0.84 0.66 0.11 0.42 2.07 344 0.80 1.41
OX 0.27 0.15 0.08 0.05 0.85 0.33 0.08 0.05 3.1 215
STY 0.08 0.08 0.08 0.08 0.20 0.08 0.08 0.87 237 1
BB 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
1,3,5-TMB 0.10 0.10 0.10 0.27 0.44 0.55 0.10 10.45 4.27 5.43 38
1,2,4-TMB 0.20 0.09 0.06 0.22 0.29 0.12 0.05 0.28 1.43 1.32 0.85 1.28
p-IPT 0.08 0.12 0.11 0.40 011 0.11 0.11 0.51 1.39 0.93 1.28
n-BB 015 015 Q.15 Q.15 .15 Q.15 Q.15 Q.15
NH; 246 193 670 59.7 109 133 43_2 14.9 0.44 0.69 0.64 0.25
TMA 1.72E-03 2.82E-02 0.19 0.75 1.63E-02 2.19E-01 0.36 0.73 9.43 7.77 1.93 0.97
D/T 45 144 I 2080 10000 448 1442 1442 3000 9.96 10.01 0.69 0.30
*Exp days of 0.04, 1, 7, and 32 for after treatment correspond to 8.04, 9, 15, and 40 days without treatment, respectively.
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(A) Normal decaying experiment of meat (Experiment type 1)
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(B) Decaying experiment after microbial treatment on meat (Experiment type 2)*
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*Exp type 2 is conducted by applying microbial treatment on 8-day rotten
samples Refer to the results of 8 days in Fig 1(A) for odor concentrations
prior to the microbial treatment.

Fig. 1. Comparison of release patterns for odorous sulfur
compounds from decaying meat samples is made
as a function of time (number of days).
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(A) Normal decaying experiment of fish (Experiment type 1)
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(B) Decaying experiment after microbial treatment on fish (Experiment type 2)*
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*Exp type 2 is conducted by applying microbial treatment on 8-day rotten samples.
Refer to the results of 8 days in Fig 1(A) for odor concentrations prior to the microbial
treatment.

Fig. 2. Comparison of release patterns for odorous sulfur
compounds from decaying fish samples is made as
a function of time (number of days).
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