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Abstract

Pork belly meat is one of the most preferred food items for many Korean people. The odorants released from

cooking of pork belly meat were measured by three kinds of cooking methods (Charcoal-grill (C), Electric Pan (E),

and Gas burner-pan (G)). A total of 16 target compounds including carbonyl compounds, volatile organic

compounds, and poly aromatic hydrocarbon were selected and analyzed for comparative purposes. Their emission
concentrations were quantified using HPLC-UV, GC-MS, GC-TOF-MS, etc. The gas samples collected by
Charcoal-grill cooking showed generally enhanced concentrations of most target compounds among all three kinds

of cooking methods. In Charcoal-grill, concentration of benzene, formaldehyde and pyrene went up to 543, 516,

and 402 ppb, respectively. It the results are compared in terms of the sum of odor intensity, the highest value (4.25)

was also seen from Charcoal-grill. The results of this study confirm that the significantly reduced emission of

harmful pollutants can be attained, it pork belly meat is cooked by the Gas or electric pan instead of Charcoal-grill.
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Table 1. Information of the target compounds selected for the investigation of CCs, VOCs, and PAHSs released from the smoke of pork belly meat.

Short CAS Chemical Molecular 2013-10-10° 2013-12-26"
Order Group Full name .
name No. formula  weight (g/mol) slope R>  MDL(ngF slope R2 MDL (ng)
1 Formaldehyde FA 50-00-0 CH,O 30.0 15,935 0.9903 0.03 16,208  0.9994 0.03
2 Acetaldehyde AA 75-07-0 C,H,0 44.1 12,310 0.9934 0.04 12,537 0.9996 0.04
3 Propionaldehyde PA 123-38-6 C;HO 58.1 9,592 0.9935 0.06 9,770 0.9998 0.06
4 Carbonyl Butyraldehyde BA 123-72-8 C,HgO 72.1 7,796 0.9923 0.07 7,964 0.9998 0.07
5 N Isovaleraldehyde 1A 590-86-3 CsH,00 86.1 6,679 0.9926 0.08 6,816 0.9997 0.08
6 COm%%mds Valeraldehyde VA 110623  CsH,,0 86.1 6433 09925  0.08 6485 09996 008
7 €O Acrolein AL 107-02-8 C;H,0 56.1 11,088  0.9972 0.05 11,405  0.9993 0.05
8 Acetone AT 67-64-1 C;HgO 58.1 9,676 0.9931 0.06 9,844 0.9997 0.05
9 Crotonaldehyde CA 123-73-9 C,H:O 70.1 8,702 0.9920 0.06 8,804 0.9995 0.06
10 Benzaldehyde BZA 100-52-7 C;HsO 106 5,715 0.9908 0.09 5,829 0.9991 0.09
11 Methyl ethyl ketone MEK 78-93-3 C,HgO 72.1 25918  0.9892 0.06 123,720 0.9940 0.06
12 Methyl isobutyl ketone MIBK 108-10-1 C¢H,,0 100 26,696  0.9968 0.06 114,479 0.9960 0.07
13 Butyl acetate BuAc 123-86-4 C¢H,,0, 116 26,212 0.9967 0.06 117,968  0.9978 0.05
14 Isobutyl alcohol i-BuAl 78-83-1 C,H,;,0 74.1 23,920 0.9995 0.07 109,638 0.9938 0.05
15 Benzene B 71-43-2 C¢Hq 78.1 20,971  0.9485 0.07 108,124  0.9961 0.08
16 Volatile Toluene T 108-88-3 C;Hg 92.1 34302  0.9828 0.05 210,088  0.9920 0.05
17 organic p-Xylene p-X 106-42-3 CgHy 106 37,961  0.9886 0.04 202,993 0.9946 0.06
18 compounds m-Xylene m-X 108-38-3 CgH, 106 38,112 0.9879 0.04 230,189  0.9960 0.05
19 (VOC) 0-Xylene 0-X 95-47-6 CgHyo 106 37431 0.9943 0.04 212,223 0.9979 0.05
20 Styrene S 100-42-5 CgHg 104 30,352 0.9957 0.05 195,217 0.9974 0.05
21 Propionic acid PPA 79-09-04 C;H(O, 74.1 2,953 0.9927 0.53 23,394  0.9927 0.05
22 n-Butyric acid BTA 107-92-6 C,H;0, 88.1 8,534 0.9926 0.18 61,364  0.9958 0.05
23 i-Valeric acid IVA 503-74-2 CsH,,0, 102 8,094 0.9922 0.19 54,600  0.9991 0.05
24 n-Valeric acid VLA 109-52-4 CsH,00, 102 10,444 0.9864 0.15 75,691 0.9994 0.05
25 Naphthalene NAP 91-20-3 C,oHg 128 609,185  0.9990 0.23 - - -
26 Acenaphthylene ACL 208-96-8 C,Hg 152 514,073  0.9972 0.27 - - -
27 Acenaphthene ACN 83-32-9 C,H)o 154 598,740  0.9989 0.23 - - -
28 Fluorene FLR 86-73-7 C3Hy 166 529,755  0.9969 0.26 - - -
29 Phenanthrene PHN 85-01-8 CHyo 178 559,347  0.9977 0.25 - - -
30 Poly aromatic Anthracene ANT 120-12-7 CiHy 178 529,455  0.9933 0.26 - - -
31 hydrocarbon Fluoranthene FLT 206-44-0 Ci6Hio 202 706,303  0.9991 0.20 — — -
32 (PAH) Pyrene PYR 129-00-0 Ci6Hyo 202 665,691  0.9973 0.21 - - -
33 Benz[a]anthracene BAA 56-55-3 CgHy, 228 323,265 0.9834 0.43 - - -
34 Chrysene CHY 218-01-9 CgHy, 228 367,068  0.9889 0.38 - - -
35 Benzo[b]fluoranthene BBF 205-99-2 CyH)» 252 142,500  0.9978 0.98 - - -
36 Benzo[k]fluoranthene BKF 207-08-9 CyH), 252 260,830  0.9892 0.54 - - -
37 Benzo[a]pyrene BAP 50-32-8 CyH), 252 18,629  1.0000 7.50 - - -

#Using HPLC system for CCs analysis
b Using different Q-MS in ‘13-10-10" data and *13-12-26" data

¢MDL: Method detection limit
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(a) Gas burner pan

(b) Charcoal grill

(c) Electric pan

Fig. 1. lllustration of gas sampling system from cooking of pork belly meat.

Table 2. Information of target sample codes used for cooking Kor pork belly meat between three different cooking

methods in this study.

Order Roasting approach Sample code Weight (g) Cooking status Sampling date
1 Gas burner pan G 200 Well done 8-Oct-13
2 Charcoal grill C " " "
3 Electric pan E " " 26-Dec-13

Charcoal-grill (C)2 A3}z E& Egl £ of
el A 2= AHE3HE A= RHE Grill e AH-813
o 3) et e 2 A7) E o] 43t Y 4 U=
= A28t Electric Pan (B)2 ©]43}e] A==
5—"43]"’3‘:]'( a5 D.(HF el w8, )2 HS 2
A9l g0l wrol AW AHT 4 olere. A
Aoz oqdel w28 hsqel At anhn 65T
& sleh 22 717
Electric Pan© 2 3 ZAFHA71A] A85L 7+
7 G.C.Ex pmes guseln Ass 279
=72 RS §7) AR AdezRE 10%
%, 22717 A= 30em EoldlM dA7AEE AF
st ARggE 27]9] 77 Bl AlgAFHY Sl o
g AAE RS = 20 A ste] AAEAT A
AFe Aol wet 7 7 ez Assigld
A, VOC, CC Alge] AES EA37] 93] lung
samplerE ©]-§3}o] Z 10L Polyester aluminum bag
(PEA bag; TOP Trading Eng., Korea)el] $<4 5L -

min"'e2 10Le 7|AAES zH_,JH]-OﬂU]- EE
PAH A Q9] A¥-& AF7] 93l HdHe Ax
Ao & ¥ (Quartz tube: QT)el| = (MP-)_300, Sibata,

¢l Gas burner-pan, Charcoal-grill,
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Table 3. Operation conditions of HPLC, TD/GC/Q-MS, and TD/GC/TOF-MS system for the analysis of target compounds
(VOC, CC, and PAH) in this study.

(A) Laboratory condition

Sample Temp mVol (1 atm)
ID °C L/mole
Lab 25 245

(B) Operational conditions of HPLC system for CCs analysis
Pump (SPECTRA SYSTEM P4000, Thermo Scientific)
Column: ZORBAX Extend-C18, 4.6 X 250 mm, 5 wm (Agilent Technologies)

Mobile phase 70 : 30

(Acetonitrile : H,0)

Injection volume : 20 uL
Flow rate : 1.5 mL/min

Detector (SPECTRA SYSTEM UV2000, Thermo Scientific)

Analysis time : 16 min
Wavelength : 360 nm

(C) Operational conditions of TD/GC/Q-MS system for VOCs analysis
GC (SHIMADZU GC-2010, JAPAN), MS (SHIMADZU GCMS-QP2010, JAPAN)

Column: CP Wax (diameter: 0.25 mm, Length: 60 m, film thickness: 2.5 um)

1) Oven setting 2) Detector setting

Oven temp : 40 °C (4 min.) Ionization mode : EI(70 eV)

Oven rate : 5 °C min™! Ion source temp : 230 °C
Max oven temp : 220 °C (3 min.) Interface temp : 230 °C
Total time : 40 min TIC scan range : 35~600 m/z
Carrier gas : He (99.999%)

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

Cold trap : Carbopack C+Carbopack B

Split ratio : 1:10 Trap low : -10 °C
Split flow : 5 mL/min Trap high : 320 °C
Hold time : 10 min Flow path temp : 180 °C
Sampling Tube

Absorbent : TenaxTA+Carbopack B+Carbopack X (in quartz)

Desorb time : 5 min Desorb temp : 300 °C
Desorb flow : 100 mL min™!

DTD (UNITY, Markes International, Ltd., UK)

(D) Operational conditions of TD/GC/TOF-MS system for PHAs analysis
GC (Agilent 7890), MS (Bench TOF-dx)
Column: DB-5 (Length: 30 m, Diameter: 0.25 mm, and Film thickness: 0.25 um)

1) Oven setting 2) Detector setting

Ist oven temp : 80 °C (5 min.) Tonization mode : EI(70 eV)

Ist oven rate : 20 °C min™' Ion source temp : 230 °C
2nd oven temp : 320 °C (10 min.) Interface temp : 230 °C
Total time : 27 min TIC scan range : 35~600 m/
Carrier gas : He (99.999%)

Column flow : 2.5 mL min”!

271843 A A30A 435
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Table 3. Continued.
Thermal desorber (Unity, Markes, International Ltd., UK)
Cold trap : Quartz wool+Carbopack C (volume ratio=1:1)
Split ratio : 1:2 Trap low : 20 °C
Split flow : 5 mL min”! Trap high : 350 °C
Trap hold time : 10 min Flow path temp : 215 °C
Sampling Tube
Absorbent : Quartz wool in empty quartz trap
Desorb time : 10 min Desorb temp : 350 °C
Desorb flow : 100 mL min™!

o} (Rojo Camargo and Toledo, 2003). =3}k, X1}t
o] T AFel Heol EA3H, dut¥ oz Aukgt
o] Bt AAES 7Y FR, FE 59 =&
7He& 3l9& W, PAH AlQ2] X7} FolX &
o =2 Jepdo} (Phillips, 1999). 713 & &= 34 o)| 4]
2027 7708 AIHE AR ¥, PAH Al9e] AEE
o] WM EAE HPLC WA oz 2XM3 Avts A
X, PHN, PYR, BAA, BAP Ao 77z} 839~
17.37,3.27 ~53.05,02~12.67,02ug - kg''oz 1}
EFsto} (Houessou et al., 2008). 1811 F7|& 2587}
2L 3% FoAlx BAA, BBF, BAP A %o Ztz+
0.91~1.14, 0.15~0.17, 0.10~0.14 ug - kg ™' $Fo
2 st Aoz veldT)(Seo et al., 2009). # 3
9} Fr) o] Fold 49 AL, e Alzte] A
G5 PAH A2 AEES A FVE=
A Uk B dFeM = RS 3 A
ZollA] PAH7} vlehts Zlez 3qlslgith CAE
AN L A2 vehe 2oz AHAS 3P
g Al ARAM o= 5] A4 ofd
2 "olx] FFelAl il AAHAF A 3Tz
A8l o=F wAEE Aoz A9 4 gl PAHA
> WM F EdHeldE AW glem <Al
288 AEEs BEslw ¢} (Baan et al., 1994).
CCAYE t2 AEE v& 2 =9 £2
Z x1x)8txz 9l FA (G: 53.1, C: 516 ppb), AA (G:
72.9, C: 210, E: 16.3 ppb), AL (G: 19.4, C: 140 ppb) A
FEo] A7) AgelA ¥ $A2 el 3
7] £ CCx dul¥ oz FASt AA AHo] 717
Fera Bysi= Aoz A AT (Muller, 1997;
Williams et al., 1996). 123 o]5 o] Alfje] &
A& 7, ppb 9] U Fmelw 717}l S

>}L %2 ofl ot

N

© o)
=2 =2

i
B

=

rl

oJ3k& A 4= gt} (Horvath er al., 1988). ¥ &+
9} §AFs}A DNPH =4 @ HPLC A& o] 43}
o 5%9] ‘ﬁ%l°“7i£ A AdAdrAARs B,
Y 22RO = FA, AA, AT JESo] A $z
ZA) 8= 7;1% 2 4~ ¢Jo}(Chang and Rhee, 1985). ©]
Eo] ATl &3, A7) RSl 47 0.49~6.04,
3.07~6.93,1.29~354ug - L' $Foz 7é€51041:}
webA] 93 A LAYsE CC A9 X

55 AEE o83ty A7 Wl H3k A7t
23 Ael) o]} (Kil er al., 2008).

VOC A Q2] RS2 CAlE2] B(543ppb), T (94.8
ppb), S (28.5ppb) & | &5t HukH o7 e $3
2 Jepyteh A5 Felwa] hshe VOC Ald
o] JEE GC-MS Hu|E o] &3le] EA3 AlH =
Asnm, B, T, IVA A3o] 27} 0.94, 13.1, 166 ppb
2 sk RS A 5 UGk A= o
F 323 VOC A2 sl FAosiA A 7Fs
shet wheba] Folubalat 2 S xE] A] <A
35 FHastelr] $l8] HAT 7| E = Fiel
A8 F2l3 Dert ek (Ahneral., 2013). & 4139
EAATE I 200 AR HlaT 4 gl

[«
=

3.1.2 ECNtAloZ XN 2kst Non-target M &

B ATl e ZA A EE GOMSA 28 ©
4kl 248 2FABE FR|7L o AR
5% Non-target 52 EF3lge) o] 59 A%,
ECN (Effective Carbon Number) ©] & (Szulejko et al.,
2013)& Xq_g_é‘].o:] =52 Aoz =39t
Target A2 A A A}Lslol=wl 244 FA| 80
A9 PLASE EON WAL ol 480o] BAA5el
o3t 7+ Zﬂ’\E AF&E3F o} (Kim and Kim, 2013).
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Table 4. Concentration of target compounds measured between three types of cooking methods: concentration in

ppb unit.
Order Group Compound G C E
A. Target compound
1 FA 53.1 516 0.20
2 AA 72.9 210 16.3
3 PA 0.28* 33.6 0.38
4 Carbonyl BA 6.72 31.8 1.41
5 IA 0.27 0.27 0.17
6 comg(éunds VA 028 028 018
7 (€O AL 14.7 140 0.17
8 AT 19.4 18.5 12.2
9 CA 0.26 37.8 0.16
10 BZA 0.26 0.26 0.16
11 MEK 0.10 15.9 0.04
12 MIBK 2.71 0.07 0.03
13 BuAc 0.23 0.06 0.02
14 i-BuAl 0.11 0.11 0.03
15 B 3.64 543 0.05
16 Volatile T 7.35 94.8 0.03
17 organic p-X 0.38 2.62 0.03
18 compounds m-X 0.65 3.53 0.02
19 (VOC) o-X 0.30 8.30 0.02
20 S 0.30 28.5 0.02
21 PPA 0.88 15.3 0.34
22 BTA 5.95 11.1 2.43
23 IVA 0.23 0.23 0.02
24 VLA 0.29 7.15 0.03
25 NAP 1.15 16.5 -
26 ACL 2.21 222 -
27 ACN 1.34 1.34 -
28 FLR 141 28.0 -
29 PHN 9.14 245 -
30 Poly aromatic ANT 11.7 65.6 -
31 hydrocarbon FLT 12.3 196 -
32 (PAH) PYR 8.63 402 -
33 BAA 1.68 1.68 -
34 CHY 148 1.48 -
35 BBF 3.44 3.44 -
36 BKF 1.88 1.88 -
37 BAP 263 26.3 -
B. Reference compound”
1 1-Hexene 0.06 214 -
2 1-Heptene 0.04 106 —
3 Propanone 48.5 172 -
4 1-Octene 0.03 39.1 —
5 2-Propenal 0.31 366 -
6 Ethyl acetate 9.77 0.11 —
7 etc. n-Hexanal 2.59 78.2 -
8 Heptanal 0.04 54.5 -
9 Octanal 0.03 18.5 -
10 n-Nonanal 0.57 27.3 -
11 Ethanoic acid 314 768 -
12 2-Decenal 0.02 11.6 —
13 2,5-dimethyl-2,5-Hexanediol 1.01 28.2 -

*The underlined values imply below detection limit (BDL) of each sample in each analysis
b Reference compound was selected if concentration is above 0.3 ppb or detected from more than two samples
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Fig. 2. Concentration of target compounds determined
from gas samples collected during cooking of pork
belly meat: comparison between different cooking
methods (G, C, and E).
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Table 5. Odor intensity (Ol) formula for each VOC, CC, and PAH and the resulting Ol values.

Order Group Compound OI formula* G C E

1 FA Y=1.530logX+1.59 -0.36 1.15 NC*
2 AA Y=1.010logX+3.85 2.70 3.16 2.05
3 PA Y=1.010logX+3.86 NC 2.37 0.41
4 BA Y =0.900logX+4.18 222 2.83 1.62
5 Carbonyl 1A Y=1.350l0gX+6.01 NC NC NC
6 compounds VA Y=1.360logX+5.28 NC NC NC
7 (CC) Acrolein Y=1.510logX+3.30 0.53 2.01 NC
8 Acetone Y=1.790logX —1.64 —4.70 —4.74 -5.07

9 CA NA

10 BZA NA
11 MEK Y=1.850logX+0.149 NC -3.18 NC
12 MIBK Y=1.650logX+2.27 —1.95 NC NC
13 BuAc Y=1.140logX+2.34 —1.81 NC NC
14 i-BuAl Y=0.790logX+2.53 NC NC NC

15 B NA
16 Volatile T Y=1.400logX+1.05 —1.94 —0.38 NC
17 organic p-X Y=1.570logX+2.44 -2.93 —1.61 NC
18 compounds m-X Y=1.460logX+2.37 —2.28 —1.21 NC
19 (VOC) 0-X Y=1.660logX+2.24 —3.61 —-1.21 NC
20 S Y =1.420logX+3.10 —1.90 0.91 NC
21 PPA Y =1.380logX+4.60 NC 2.09 -0.19
22 BTA Y=1.290logX+6.37 3.50 3.85 3.00
23 IVA Y=1.090logX+5.65 NC NC NC
24 VLA Y=1.580logX+7.29 1.70 3.90 NC
SOI 3.59 4.25 3.06

* Refer to Nagata (2003); X: concentration (ppm), Y: odor intensity
“NC: Not calculated

o= WA Y FEE 71534, Ol oz 4t
Zelole o Aoz ¥ SA2 F%s &
WAYEE) s} A2 T e A ¥
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S A58 Ol 5340 Hshed SOLs 4
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