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Emission Characteristics of Odorous Sulfur Gases from Food Types:
A Case Study on Boiled Egg, Milk, Canned Meat, and Strawberry
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Abstract

In this study, the emission patterns of reduced sulfur compounds (RSC) were investigated using four different
types of food samples (boiled egg, milk, canned meat and strawberry) between fresh and decaying stages. To this
end, the concentrations of RSCs were measured at storage days of 0, 1, 3, 6, and 9 under room temperature. Four
sulfur compounds (H,S, CH;SH, DMS and DMDS) were selected as target compounds along with two reference
compounds (CS, and SO,). Their concentrations were quantified using GC-PFPD equipped with thermal desorption
(TD) system. The boiled egg showed the highest concentration of H,S (3,655 ppb) at D-1, while CH;SH reached its
maximum value of 64.4~78.5 ppb after 3 days. In milk samples, concentration of CH;SH, DMS, and DMDS went
up to 487, 16.3, and 578 ppb, respectively with the progress of decay (D-9). In case of canned meat, concentration
of H,S and CH;SH peaked in the beginning (D-0) such as 345 and 66.6 ppb. In case of strawberry, CH;SH and
DMDS showed the maximum concentrations 135 and 50.5 ppb at D-1, respectively. The olfactometry dilution-to-
threshold (D/T) ratio by air dilution sensory (ADS) test showed similar patterns when sum of odor intensity (SOI) was
derived via conversion of odorant concentration data. The results of this study confirm that the time of strong RSC

emissions is distinguished for each food type between fresh (e.g., strawberries) and decaying conditions (e.g., milk).
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Table 1. Information of the target sulfur compounds investigated in this study.

Chemical Molecular MDL*  RSE®
Order Full name Short name CAS No. formula weight (/mol ) (ng) %)
Major odorous sulfur compound
1 Hydrogen sulfide H,S 7783-06-04 H,S 34.1 0.019 2.17
2 Methyl mercaptan CH;SH 74-93-1 CH,S 48.1 0.022 2.71
3 Dimethyl sulfide DMS 75-18-3 C,H¢S 62.1 0.024 2.21
4 Dimethyl disulfide DMDS 624-92-0 C,H¢S, 94.2 0.017 0.11
Reference sulfur compounds
5 Sulfur dioxide SO, 7446-09-05 SO, 64.1 0.025 0.79
6 Carbon disulfide CS, 75-15-0 CS, 76.1 0.013 0.71

*MDL: Method detection limit; " RSE: Relative standard error
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Table 2. Information of target food samples and samples codes used in this study.

A. Basic information of four food sample type
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Order (Sample code) Country of origin (or Volume)
1
2 Boiled Egg
3 .
(EG) Korea 502 ¢
4
5
6
7
Milk
8 (ML) Korea 50 mL
9
10
11
12 Canned Meat
13 (€M) US.A. 499¢
14
15
16
17
18 Str";‘g;’)e”y Korea 50.1g
19
20
B. Code name of food samples through time
Order Elapsed time (day) Day code Sampling date EG ML CM ST
1 0 D-0 12-01-31 EG-0 ML-0 CM-0 ST-0
2 1 D-1 12-02-01 EG-1 ML-1 CM-1 ST-1
3 3 D-3 12-02-03 EG-3 ML-3 CM-3 ST-3
4 6 D-6 12-02-06 EG-6 ML-6 CM-6 ST-6
5 9 D-9 12-02-09 EG-9 ML-9 CM-9 ST-9
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Fig. 1. lllustration of sampling device and impinger system. 1. Ultra pure air (99.999%); 2. N, flow regulator; 3. Impinger
bottle; 4. Glass tubing with a bubbler tip to evenly distribute the diluent gas; 5. Food samples: Egg, Milk,
Canned Meat, Strawberry; 6. 10 L polyester aluminum bag (Collect gas samples from food samples).
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Table 3. Information concerning the operation condition of TD/GC/PFPD system for the sulfur gas analysis.
A. Laboratory condition
Sample Temp mVol (1 atm)
ID °C L/mole
Lab 23 24.3
B. Operational conditions of TD/GC/PFPD system for RSCs analysis
GC-PFPD system (CP-3800, Varian, CA, USA)
1) Injector 3) Column
Off BP-1, SGE (Australia)

Film thickness: 5 wm

Length: 60 m
2) Oven Diameter: 0.32 mm
Initial temp: 80 °C
Rate: 8 °C/min 4) PFPD detector
Final temp: 200 °C Detector temp: 200 °C
Initial hold: 5 min Air (1) flow: 17 mL/min
Final hold: 5 min Air (2) flow: 10 mL/min
Total time: 25 min H, flow: 14 mL/min

AS/TD (UNITY, Markes International, Ltd., UK)

Cold trap: Carbopack B+Silica Gel=1.5:2.5 (Volume ratio)
Split ratio: 10:1 Trap (low): temperature —15 °C
Split flow: 15 mL/min Trap (high): temperature 250 °C
Hold time: 5 min Flow path temp: 80 °C
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Table 4. Concentration of target sulfur compounds measured from four target food samples for the duration of up to 9

days: all concentrations in ppb unit.

Order Sample code H,S CH;SH DMS CS, DMDS
1 EG-0 3,655 11.3 0.82 0.98 0.01°
2 EG-1 1.85 0.50 0.02 0.10 0.01
3 EG-3 13.5 67.1 16.1 0.18 4.30
4 EG-6 101 78.5 75.3 0.49 6.20
5 EG-9 123 64.4 3.20 0.56 1.83
6 ML-0 0.02 0.65 8.41 0.09 0.63
7 ML-1 0.54 0.50 1.79 0.29 0.48
8 ML-3 0.02 0.26 1.57 0.17 0.99
9 ML-6 0.02 8.36 234 0.09 2.90
10 ML-9 0.02 487 16.3 0.01 578
11 CM-0 345 66.6 2.81 2.94 0.30
12 CM-1 107 16.9 2.16 4.70 0.17
13 CM-3 27.8 5.18 0.56 2.75 0.01
14 CM-6 2.00 1.00 0.02 3.84 0.01
15 CM-9 0.22 1.11 0.02 2.06 0.01
16 ST-0 0.02 31.0 0.02 0.01 4.88
17 ST-1 0.02 135 1.50 0.01 50.5
18 ST-3 0.02 0.40 0.36 0.07 9.24
19 ST-6 0.02 0.02 0.02 0.10 0.15
20 ST-9 0.02 0.25 0.02 0.01 0.20
*The underlined values imply below detection limit (BDL) of each sample in each analysis
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Fig. 2. Concentration of all four reduced sulfur compounds measured from food samples as a function of time.
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Table 5. Odor intensity (Ol) formula for each odorant and the resulting Ol values and the corresponding D/T ratio.

Order Code H,S CH;SH DMS DMDS SOI  D/T-ratio®
OI formula® Y=0.950logX+4.14 Y=1.250l0gX+5.99 Y=0.784logX+4.06 Y=0.985logX+4.51
1 EG-0 4.67 3.56 1.64 NC* 4.71 2,080
2 EG-1 1.54 1.87 NC NC 2.04 300
3 EG-3 2.36 4.52 2.65 2.18 4.53 300
4 EG-6 3.19 4.61 3.18 2.34 4.64 669
5 EG-9 3.28 4.50 2.10 1.81 4.53 300
6 ML-0 NC 2.00 2.43 1.36 2.60 10
7 ML-1 1.04 1.86 1.91 1.24 2.26 14
8 ML-3 NC 1.50 1.86 1.55 2.15 448
9 ML-6 NC 3.39 2.78 2.01 3.50 250
10 ML-9 NC 5.60 2.66 4.28 5.62 2,080
11 CM-0 3.70 4.52 2.06 1.04 4.58 2,080
12 CM-1 3.22 3.77 1.97 0.80 3.89 669
13 CM-3 2.66 3.13 1.51 NC 3.27 173
14 CM-6 1.58 2.24 NC NC 2.33 67
15 CM-9 0.66 2.30 NC NC 2.31 45
16 ST-0 NC 4.10 NC 2.23 4.11 2,080
17 ST-1 NC 4.90 1.85 3.23 491 9,655
18 ST-3 NC 1.74 1.36 2.51 2.60 6,694
19 ST-6 NC NC NC 0.73 0.73 3,000
20 ST-9 NC 1.48 NC 0.87 1.58 100

“Dilution to threshold (D/T) ratio
PRefer to Nagata (2003); X: concentration (ppm), Y: odor intensity
°NC: Not calculated

Egg Milk
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Fig. 3. Comparison between D/T ratio and SOl measured during decay experiment for each target food sample.
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Fig. 4. Results of correlation analysis between D/T ratio and SOI.

A4 =& 2] (EG-0 (2,080), ML-9 (2,080), CM-
0(2,080), ST-1(9,655))% 7153t A& A& 4 3l
oh w3l Sl R e 2 S
& 5 doh (& 5). wEA] o]FA 2
ol AlBEES AL, A =EE B
N AEE ez Aoz =2 Aol Sl
A& & 4 gleh

213 &4 5 (Kim and Park, 2008)2] Zz}e] <&
7=t el A$, DT SOI AFAd o] =7
ol &= Aoz deA Qo o|s EAL s}
o, AFe] $7 o=z A3 D/T-ratio Zlol
7N E FH = 2 dRNE 1Y = 9
e AE T 4 vk e 9 dFE A
7ol 9] HQl A= T Uehdrl dF Ee,
EG-33} EG-99] 7% SOI 32 4.53%} 46302 %
Awt D/T-ratio2 7+7F 30002, 713 7Aska}l 7343t
& & 4= 3)vh D/T-ratiog} SOI A& <ol
127] 98, F 2SS AdEAa o s BAgE Aa)
5 I3 4o AAEEH F 52, 2] 5
2 27k 27} 0.825 (P 3k 0.0329), 0.785 (P Zk: 0.0454),
0.353(P 3}: 0.2912) 0.2 A 2 AAAAE B
ok whd, 2k A= 0.134 (P 3k 0.5437)0.2 1}
< AARAE Felatgdek ol#ldt AL YR

s
EAst

37z Acw

#4319
7 e A7) e g3}
£ H,S, CH,SH, DMS, DMDS
& oz ARFRASSIT 18T Fudros

CS9} SO, A¥EE Fbdez e BAsholeh

FAE A (D97 EAEE S aEREA R
< vlmd A3} D0 s AAF A FHT %

J. KOSAE Vol. 29, No. 5(2013)



s A%E 2ol 22T MR AREE v

uel, 7o) gA2) 74 AR T B 5ol

Al weh w9 g} 2o e B EA

o) M= Thersbl ApEstels A & 4 Qe
=43 PAPRPRARE) =S ASTFAL
[e]

2 dH =9 F(SoNNdE H8ate] vlws)] Bkl
2 AelA SOt 5.622 7H ¥4 eRd
(D-9)= CH,CH, DMS, DMDS 4] &-o] 7z}z} 487, 16.3,
578 ppbZ =7 vephdt) 283 SO} 0.73.0.2 7}
7 A veld =7] (D-6)¢ll= DMDS Ad+-o] 0.15
ppbE A vebget 919 F AAS Bl gHelss}
FEAR] =& SO} e /Mde H4ste] A

ANEAE Fal Sug JHBASAE BA A
Aoz QAE AL 4e, 2w ARdes 214
7]

o fu
X
)
o
i)
o
_‘0
AN
1o

2 g
)
oX
2
)
_?{_1’
£
fz
.
et
Ol}l'
2

 d7E 20124 = AR (msAsrlen)e] A
o= sk FAeke] X (dFA: No. 2009-0093
848)& "o} Sa g A7

27 BAEFE A A29A A 55

References

Hong, O.F. and K.H. Kim (2009) The emission characteristics
of reduced sulfur compounds in relation to food de-
cay, Korean Journal of Odor Research and Engineer-
ing, 8, 12-19.

Jeon, E.C., J.H. Kim, J.H. Sa, S.H. Lee, S.T. Kim, M.S. Park,
D.H. Kim, and B.D. Yoo (2003) The study on the
estimation of emission from the odor sources, Korean
Society for Atmospheric Environment, 299-300.

Jo, S.H., K.H. Kim, H.J. Jo, M.H. Lee, Y.H. Kim, J.H. Ahn,
E.Y. Ryu, and Y.W. Kim (2012) Changes in Odorant
Emission Patterns of Boiled Egg Samples between
Fresh and Decayed Stages, Korean Journal of Odor
Research and Engineering, 11, 65-79.

Kim, K.H. and S.Y. Park (2008) A comparative analysis of mal-
odor samples between direct (olfactometry) and in-
direct (instrumental) methods, Atmospheric Environ-
ment, 42, 5061-5070.

Kim, K.H., R. Pal, JJW. Ahn, and Y.H. Kim (2009) Food decay
and offensive odorants: A comparative analysis
among three types of food, Waste Management, 29,
1265-1273.

Korean Ministry of Environment (2007) Odor characteristics.

Korean Ministry of Environment (2008) Malodor Prevention
Act.

Lee, J.I. (2010) A study in Environmental pollution improve-
ment of food waste facilities, Policy Study, 86, 126.

Nagata, Y. (2003) Measurement of odor threshold by triangle
odor bag method, Odor Measurement Review, Mini-
stry of Environment (MOE), Japan, 118-127.

Vazquez-Landaverde, P.A., J.A. Torres, and M.C. Qian (2006)
Quantification of trace volatile sulfur compounds in
milk by solid-phase microextraction and gas chro-
matography-pulsed flame photometric detection,
American Dairy Science Association, 89, 2919-2927.



