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Relationship between Cholesterol and Oxidative Potential from
Meat Cooking
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Abstract Identification of the major sources contributing to PM is of importance in order to understand their quantitative

contributions to atmosphere. In the viewpoint of the meat cooking in Korea, only a few analyses of organic molecular markers

have been conducted due to analytical difficulties. In this study, ten different parts of meat (i.e., blade shoulder, belly, and a
shoulder of pork; ribeye roll, top blade muscle, and short plate of beef; leg quarter, breast, and wing of chicken; du

rm
ck;

mackerel) were pyrolyzed to generate the cooked PM using an electronic heating plate. Generated PM were collected by the
pyrolysis sampling system to identify total carbon (TC) using a carbon analyzer and cholesterol using a Liquid
chromatography tandem-mass spectrometry (LC-MSMS) based on fragmentor voltage (FV), precursor ion, collision energy,
product ion. In addition, oxydative potential (OP) analysis using dithiothreitol (DTT) method were discussed to investigate the
toxicity relates. Highly correlated pairwise scatterplots between the cholesterol and TC indicate that oxydative potential was
highly associated with different parts of meat. This study provides insight into the meat cooking components of PM, which

could be drivers of the oxidative potential relates.
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Schauer et al., 1999).
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Fig. 1. Schematic diagram of the pyrolysis sampling system from meat smoke.
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Table 1. Operational conditions of LC-MSMS system.

Type Condition
Column Agilent Poroshell 120 EC-C18
(2.1 X150 mm, 4.0-Micron)
Column temp. 21°C
Gas temp. 325°C
Gas flow 4L/min
Nebulizer 60PSI
Capillary 4000V
lon source APCI
Time segments scan type MRM
Time segments polarity Positive
Eluent 80 (Acetonitrile) :20 (Methanol)
Solvents flow 0.6 mL/min
Injection volume 50puL

Pall, USA)E AM&5to] =874 #3& AAT &, 3
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1171 (duck)®] 10EFF 17|15 9 750 (mackerel) &
FAm A7) FefoldS o]gsto] A4 37 HHC
2 & 9wtk 2T
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St 7] F0] B2 U £A5H= PM,, cholesterolS &
A5}t (Bae et al., 2017). LC-MSMSE ¢ A& &
atmospheric-pressure chemical ionization (APCI)
source (Nagy et al., 2006)Z 0]-85}9, cholesterol A
£g olesksla, 1F sl £ A9 A 147
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2.1 X 150 mm 4.0-Micron)-& ©]-85}o], 82|l
nitrile (ACN) ¥ methanol& 4:19] H|&Z, 3%F 0.6
mL/min S}of] EA5FITE o]&, FAL T 325°Co A
60 PSI 948 Stoll, 50 uL 793 Al =9} oA A 24
7|2 FAH.

aceto-
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719 thEA] F o] A% AeF ubH FEAof o], &
A ol A o] 2 24-Z AA O =N FA A ERE

Table 2. Mass fragment ions (m/z) for cholesterol using LC-MSMS.

Compound Molecular weight Fragmentor voltage (FV)

Precursor ion (m/z)

Collision energy (CE) Product ion (m/z)

Cholesterol 386.65 119

369 15 160.9
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Fig. 2. Mass fragment ions (m/z) of precursor ion (369) and product ion (160.9) for cholesterol using LC-MSMS.
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Fig. 3. Chemical loss basis of the dithiothreitol (DTT) assay
followed by its reaction with 5,5-dethiobis-(2-nitrobenzoic
acid) (DTNB), which is converted to 5-mercapto-2-nitroben-
zoic acid for the absorption at 412 nm (Sameenoi et al.,
2012; Ayres et al., 2008; Cho et al., 2005).
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Table 3. Analytical dithiothreitol (DTT) compounds for
meat smoke.

Compound Concentration
Potassium phosphatt? dibasic & Potassium 100mM
phosphate monobasic
dithiothreitol (DTT) 2mM
Trichloroacetic acid solution 1%
5,5-Dithiobis(2-nitrobenzoic acid) (DTNB) 2mM
Tris(hydroxymethyl)amino-methane 0.08M

1% 39 vrebd Hie} o] AFsteheldt-g-9l DTTH
2 3A F ERgo R FAHE A HA, PM,, i &
AAita B JEY DTTO] §HE, 5 §4, ZHR
DTTS] ‘IAgt-golct, & ghg-2 A5 U 4g4ta
& % RS DIT & AtooflA, AJte] g ¥
£ot 712 o] ok &, ARt ohE R
DTT2} 5,5-dethiobis-(2-nitrobenzoic acid) (DTNB)
o] 7§ AYAE<Ql 5-mercapto-2-nitrobenzoic acid
(thionitrobenzoate, TNB)S 412 nm ST of| A £4]
ToRM Az o YL BEE HHHOR 2
431 WHolth, 2, DIT BB HE 442

A Alm W AR FAE el w7 AR E
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B Ao AREE HhE AloF S 3 30 UrERTH
7HEFs], whgofl a3t & 8l (potassium phosphate

dibasic & potassium phosphate monobasic (100 mM),
trichloroacetic acid solution (1%))™} 2 mM DTT, 2
mM DTNBE ©]-83er, DTT #5352 Alefel
0.08 M tris(hydroxymethyl)amino-methane®] AF-&-%]
ek A4 9.5 mL DTT 24 Eetollo] Hh-g- A2 &
40 WlellAl, 37°C T2 it stoll, & 53] F1t 412
nm FZEoA DTT H4S3 e
TNBE 23519t} & DTT 4&H] 448 (DTT
= Aol oJsf 4

B
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== 3l
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o] 7] 4] cABSE 408 W 53] (58, 105, 20, 30, 40
2) 249 539 fAa 71878 HElH, No=

Z7] DTT &= 2 ABSo= 7] 4% 3 Uretdl
o} & dAollA= dial 7)ol B4 FEet H|
WE 9o 2 Fu] T2 HSteiA tha Ao
9l5f| dithiothreitol-oxidative potential (DTT-OP)&

2% 2459,

=]

Lo

DTT-OP activity (nmol/min)
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$1 A @)E oA 3 F1] DTT-OP, (nmol/min/m?)
2 TC %% DTT-OP, (nmol/min/pgTC) & A72}5}
o] 21 (3)2} (4)E HEHT

DTT-OP, (nmol/min/m®)
= (6DTTsample — DT Tblank)/m’ (3)

DTT-OP; (nmol/min/pugTC)
= (oDTTsample — cDTTblank)/ugTC (4)

o]7]4 oDTTblanki= Z-2 Z 71049 Hig: A|R9]
FTFE A 71L7E YEHdTH 2 AFolA
oDTTblank® 81.93 nmol/minZ WEFG O™, Alg
T3 AA 718719 AT ZAASY P42
0.98% vl-¢- &7 e

2.4 TC &4

TC 24= flote] A4 ©a247] (Lab based
OCEC Carbon Aerosol Analyzer, Sunset laboratory-
Inc., USA)E ©]&€35}3tt &4AEA7]= National
Institute of Occupational Safety & Health (NIOSH
5040) T2 EZ (protocol)S 7|22 St Qe F
T ¥ ol 8ok FAHolot T 4G A=
H 0.4418cm’ 2712 Fste] FA519] 00, o7
EFAR 9 AR F 10%E A A% 2, et
T3 AUE B 5% 02F ol Al 24w Gl A
AeA, Az thE Al 7l Z2EZ (NIOSH5040,
Interagency Monitoring of Protected Visual Environ-
ments_A (IMPROVE_A), European Supersites for
Atmospheric Aerosol Research (EUSAAR))-= ©]-&3F
TCE A& dAste 2oz UeEt (Oh et al,
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Fig. 4. Carbonaceous thermal distribution for pork (arm shoulder), beef (top blade muscle), and chicken (leg quarter).

Table 4. Analytical results of TC, cholesterol, and ratio of cholesterol from the pyrolysis sampling system from meat smoke.

Type Part Abbreviation TC (ug/m?) Cholesterol (ug/m?) Cholesterol/TC
Blade shoulder Pork BS 54,917 1,015 0.018
Pork Belly Pork BY 50,901 854 0.017
Arm shoulder Pork AS 14,859 94 0.006
Ribeye roll Beef RR 42,241 702 0.017
Beef Top blade muscle Beef TB 30,795 616 0.020
Short plate Beef SP 62,438 916 0.015
Leg quarter Chicken LQ 19,260 273 0.014
Chicken Breast Chicken BT 8,595 23 0.003
Wing Chicken WG 17,130 388 0.023
Overall average of port, beef, and chicken 33,460 542 0.015
Duck - - 31,098 504 0.016
Mackerel - - 68,945 1,227 0.018
2018a). 7teFs], 22 AA % i% O%Jrlli (e

FID)= #A%t) o £4] & Alvict 7 255
A (internal standard)Ql HEH7IAE 0] 83510 =
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2 A= Aor HIAE It (Heo et al., 2016;
Kang et al., 2014; Seo et al., 2014, 2010; Schauer et al.,
1999). 1% 40f aA 7] o5 A% =217

), £37] (A, A7) (trE]) 7+l ¢f 4
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Fig. 5. Results of TC, cholesterol, and ratio of cholesterol concentrations in the sequence sampling time (1 =0~3 min,
2=3~6 min, 3=6~9 min) and pairwise scatterplot between cholesterol & TC from the pyrolysis sampling system from meat

smoke.
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Table 5. Analytical results of volume normalized DTT-OP and TC mass normalized DTT-OP from the pyrolysis sampling sys-

tem from meat smoke.

Volume normalized DTT-OP,,

TC mass normalized DTT-OP;

T Part Abbreviati
ype ar reviation (nmol/min/m?3) (nmol/min/pgTC)
Blade shoulder Pork BS 107 0.0015
Pork Belly Pork BY 152 0.0023
Arm shoulder Pork AS 101 0.0059
Ribeye roll Beef RR 107 0.0034
Beef Top blade muscle Beef TB 88 0.0023
Short plate Beef SP 336 0.0052
Leg quarter Chicken LQ 142 0.0055
Chicken Breast Chicken BT 202 0.0237
Wing Chicken WG 32 0.0022
Duck - - 126 0.0033
Mackerel - - 227 0.0025
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Fig. 6. Results of DTT-OP in the sequence sampling time (1=0~3 min, 2=3~6 min, 3=6~9 min) and pairwise scatterplot
between DTT-OP and TC from the pyrolysis sampling system from meat smoke.
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