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Abstract: In this paper, the quality and polycyclic aromatic hydrocarbons (PAHs) content of garlic stick, Perilla frutescens, dried
tangerine peel, pear wood, peach wood and jujube wood liquid smoke were studied, and toxic equivalent factors (TEFs) was used to evaluate the
toxicity risk of liquid smoke. The results showed that there was the significant difference in quality index of liquid smoking, the density was
1.01~1.04 g/mL, the color L* value was 45.01~67.56, the a* value was 23.06~29.86, the b* value was 86.68~96.16, the soluble solid content
was 8.90%~15.77%, the pH value was 2.54~8.65, the total phenol content was 1.95~8.18 mg/mL, the carbonyl compound content was
2.23~19.81 g/100 mL, and the total acid content was 1.53%~12.51%. There was a great correlation among the indexes of liquid smoke. In the

E[BE W

T BT, 5.6 PR 5 S L A e )R EARD] B R i RH2,2022,38(4):224-233

WANG Fei, QIAO Mingwu, HUANG Xianqing, et al. Comparison of quality and toxicity of polycyclic aromatic hydrocarbons in six
kinds of liquid smoke [J]. Modern Food Science and Technology, 2022, 38(4): 224-233

WiFsHER: 2021-07-26

HEWB: ERESHEITREE (2019YFC1606200)

fEE®EN: X (1996-), B, MLHIRE, HIRAE: REEFSRE, E-mail: wangfeil4406611320163. con
BREE: BMEF 1977-), B, @1, &%, HRAR: RREFSRE, E-mail: hxq8210€126. com

224



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

positive correlation, the density had the strongest correlation with the content of soluble solids, and the correlation coefficient was 0.998; in the

negative correlation, color b* value had the strongest correlation with soluble solid content, and the correlation coefficient was -0.986. The 16

kinds of PAHs were detected in the liquid smoke, among which the content of benzo(a)pyrene (BaP) was 0.13~1.53 pg/kg, and the total PAHs

content ranged from 123.53 to 2222.31 ng/kg. Acenaphthene was the main PAHs in liquid smoke, and the proportion of 3 rings was the highest,

ranging from 60.05% to 97.39%. The toxic equivalent quantity (TEQ) values of 16 kinds PAHs in liquid smoke were 5.00 pg/kg (pear wood),
4.25 pg/kg (dried tangerine peel), 3.18 pg/kg (commercial), 2.25 pg/kg (Perilla frutescens), 1.74 pg/kg (garlic stick), 1.37 pg/kg (peach wood)

and 0.64 pg/kg (jujube wood). Through the determination of related indexes, as well as the analysis on distribution characteristics of PAHs and

toxicity risks in liquid smoke, it can provide reference and basis for the safe use of liquid smoke.

Key words: liquid smoke; PAHs; correlation; distribution; risk assessment
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xR 1 RERIERIEFRATNIE
Table 1 Determination of physical indexes of liquid smoke

£5| ) (g/mL) &% L* &% ax eFbr TEEEHHEEY%
AT 1.01£0.00°  66.72+0.19°  23.06£0.01° 89.47+0.31° 8.90+0.10°
R 1.02+0.00  60.41+0.52° 27.98+0.46° 89.97+0.30° 11.40+0.10¢
T & 1.02£0.00  67.56£0.22°  25.20£0.25'  96.16+0.06" 8.90+0.10°
R 1.04+0.00°  45.82+024%  29.09+0.56"  86.68+1.06° 15.53+0.06™
A 1.03£0.01°  45.40+0.26% 28.85+0.72" 87.28+0.63¢ 15.40+0.10°
BAR 1.04£0.00°  45.01£0.62°  29.86+0.22"  86.87+0.27° 15.7740.15°
FAECK 28)  1.15+£0.00°  3.10£0.03°  18.79+0.37"  4.88+0.09¢ 45.6+0.30°
E: RN BFERRATERSEE (p<0.05), CKigstLL., £ 2 F.
7 2 BRI EIEIREINE
Table 2 Determination of chemical indexes of liquid smoke
13 pH 14 BEBAF/(mg/ml)  HAAEH/(g/100 mL) KBR/%
AT 4.76+0.02° 2.1840.05° 2.2340.06° 1.53+0.02¢
B 8.65+0.02° 1.95+0.09° At Atk
194 2.95+0.02° 2.70+0.10° 10.58+0.24¢ 7.08+0.13°
HAR 2.59+0.01° 8.08+1.19" 16.44+1.37° 10.74+1.28°
ek 2.54+0.012 8.02+0.44° 19.81:£0.40° 12.5140.30°
AR 2.64+0.02° 8.18+0.88" 19.0740.51° 12.07+0.34°
TECK 48)  2.67+0.02¢ 8.99+1.01° 40.36+0.65° 11.76+0.42%
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7E 1.0 gmL 45, 5 Ketut 2 w5t 45 524400

| b.C |
| f.g .

E 1 RERNINI
Fig.1 Appearance of liquid smoke samples
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AW IR Pearson AHC ZEMHTHHEEIL 9 /N5
JRTRARZ AR, FHOCREOERK,  BiRR TR ARIE 1)AH
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Table 3 Correlation analysis of quality indexes in liquid smoke

TR ARAT A EFL*  EFar &Fbr THEHEHMY  pHA BB RS KRR
HE 1
EFEL* -0.969%* 1
&% a* -0.636**  0.470* 1
&% b* S0.981%%  0.924%*  (.756%* 1
TAMEHS  0.998%F  0.973%F  _0.645%*  -0.986%* 1
pH {4 -0.315 0.405 0.068 0.238 -0.317 1
BBy 0.593**  -0.772%*  0.186  -0.452* 0.599%* -0.695%* 1
BEAAY  0948%*  0971% 0379  -0.877** 0.941%* -0.643%*  0.777** 1
BB 0.490*  -0.634** 0330 -0.324 0.476* -0.939%* 0.877*F  (.735%* 1

VE: MREE 001 K () ERFARK, FREAE 0.05 KF () ERFAK,

SR B P € 25 2 B TR R AT I [ T4
Sy, BRI A RRAAE - EMERR. (E L*
5T Y & B S s, MR RECN
-0.973, XAEHTEFE LMERPIRARTE R, Al
PEE A & B R B AR A LR ) i, FlE S
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Iz RARE 1 Ry o TR HTOIREE, pH (BN HYRFEE# S, TMifE
JHE pH (A5 FE MBS B S B H R R, S8 pH (5 RRE
Y. SRR EEZ TS (p<0.0D), HrvatRE SEAAH IS
YEETLEEMINE (p>0.05). HA pH EH 5 BERT . o e g s
FCHERSE, A% R HOR-0930, SORBUY pH g o0 BT PAHS SR ATE R AT
F4 MERTSTSRENEE
Table 4 Concentrations of PAHs in liquid smoke

A5 PAHs/(ug/kg) AT B 1Y 4 AR A AR W& (CK 410)
1 A 14.61£3.52°  9.13+1.9° 37.10£9.23°  362443.77° 3423+3.90° 42.14+5.16°  5.71+1.17°
2 JEHe 166.56+14.64° 167.94+38.45° 1586.45+86.05° 27.8+2.52%  68.09+3.61% 50.52+14.33%  393.64+9.80°
3 J& 88.88+16.30° 118.41+19.28° 294.57+53.88" 38.43+10.96° 14.84+3.04° 30.33+3.75°  182.65+9.90"
4 % 60.69+8.53°  76.13+1.80° 169.80+19.33°  6.71£0.21¢  10.79+4.09° 29.98+3.23%  438.64+46.53"
5 3 24.12+435° 73111348  61.62+6.12°  0.60£0.23°  2.02£1.32°  420+1.41°  32.54+7.85°
6 & 23.8144.25°  55.924691°  60.41+598  0.64+031°  1.594049°  142+0.66°  26.06+2.38"
7 RKE 253026°  0.99+029°  24.00+6.81*°  0.10+0.04°  0.64+0.14°  0.45+0.12° 3.30+0.13°
8 it 1.6940.40°  2.07+0.77°  11.83+4.00°  0.18+0.05°  0.44+0.13°  0.17+0.07°  2.46+0.02°
9 FH[a] B 0.72£0.06™  0.29+0.06° 1.05£0.34®  0.43+0.16°  0.59+0.18"  0.28+0.09° 1.61£0.47*
10 i 0.18£0.02°  15.94+520°  21.49+0.06"  0.28+0.05°  0.52+0.08°  0.39+0.18° 1.87+0.15°
11 FHbEE 0242000 0242003 030£0.10°  0.99+0.09"  046+0.12°  0.10£0.03°  0.41+0.06™
12 FAKEE 0.38£0.00°  0.37+0.09° 0.45+0.05° 1.87£0.44"  0.45+0.15*  0.13£0.01° 0.54+0.06°
13 K H[a]it 0.36+0.05°  0.32+0.08  0.32+0.00%  1.53+0.13*  0.62+0.14°  0.13+0.06° 0.39:0.03¢
14 BHR[123-cd]ft  0.50£0.01°  046:0.11° 0.51£0.06°  2.96+0.01*  0.23x0.06°  0.16£0.05° 0.48+0.01°
15 ZF5fahl&  059+0.01°  0.62£0.19°  0.69+0.09°  2.70+0.09°  0.42+024°  0.26+0.03° 1.14£0.39*
16 FIHF[ghiltt  0.50£0.02°  0.44+0.08°  0.56£0.04°  2.07+0.13°  034+0.14°  0.18+0.02%  0.47+0.06"
17 PAH4 138+0.30°  16.86+£3.70°  23.42+0.12°  321+044°  2.184036°  0.90£0.25°  4.08+0.74°
18 PAHI16 372.06+25.34% 476.42+83.29° 2222.31+31.83" 123.53+3.87° 136.23+2.65° 160.82+18.58° 1101.91+58.38"

E: RN EFERRATEFES (p<0.05), CK 45T,

FH% 4 TI%N, 7 PR 16 P IR 05 R HAG P TR BRI PR, RHER S R
ME|, ANEMEER T PAHs ZHEK, SREEAN ISR, FEHGAF K95, PR, ARMER
0.10~1586.45 ug/kg. H: PAHs HIFYIZE I [a]tE ) HRR T o R K T R S A & . BRI
BEJEEZ 0.13~1.53 pgkg, ZARFIBEANE ZRL H ) RS ER AR RS, HUGR e TR
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3 L %Jﬁ%i@ﬁﬁ:fﬁ o o ‘
3.3 MHERH 16 Fh PAHSs S# AN 2]  MHZE 7 H PAHS
3.1 ARSEEEE 6 AR FIH B S A BT DI AT, FEREHATE, H-AOMBEER 3 3

PR S L 1) 5 MR JE, U HAEASERALSRARAN 16 Fih %2
MoTkera iy A LS G, ST
TAERS E o JH BRI R A RN AT AR B 22 5
MR AR O, FR AT R LB, B
W5, EICRBR HEER a*{EAT bHE Y I E,
B RV CE 3P v 1) 21 CE MY B € 5 O VR 5 SR R A
S TR B S50, pH [E4 8.65. =B E
WPAVEETEY). S, B, MREE S
Tastts RI5 PRECHEE, X3 B2 T R
A P32

32 MHEEIN SR FEAATAE S AR RN E o i
S LHE. i bHE. AETEETE SR Bk
WEW: R LHME SR bHME. AlVETERITEY) & &
BEAL A OFF oHE S AR &
WY& R S pH HS SR E BRI R
HIPE 0.9 VLE, IXRUHER oy S92
WECREY), HA A, BIMbEY. MREER

PAHs 5t . K BaP HIEEME L& 7% 7 R
TR RSV, , WEFTRAE, B SR
W BEA—EENE, BERMEICOR: BASHRE>
TS LTS FE>HAS A

BH bk

[1] Leviyani R A, Kurniasih R A, Swastawati F. Application of
liquid smoke for Chikuwa tilapia [C]/ IOP Publishing: IOP
Conference Series: Earth and Environmental Science, 2019,
246(1): 012084

[2] Mathew S, Zakaria Z A. Pyroligneous acid - the smoky acidic
liquid from plant biomass [J]. Applied Microbiology and
Biotechnology, 2015, 99(2): 611-622

[3] Swastawati F, Boesono H, Wijayanto D. Antimicrobial
activity of corncob liquid smoke and its aplication to smoked
milkfish (Chanos chanos Forsk) using electric and

mechanical oven [J]. International Proceedings of Chemical,

231



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

(10]

(11]

232

Biological and Environmental Engineering, 2014, 67:
109-113

Pino J A. Characterisation of volatile compounds in a smoke
flavouring from rice husk [J]. Food Chemistry, 2014, 153:
81-86

Maga J A. Smoke in Food Processing [M]. Crc Press, 2018
Fp U6 i S PAY o] it R 0 R XU 5 5 B4 0], ALK IT 9, 1988, 1:
8-10

YANG Zheng. Smoked flavor and coloring of cured bacon
products [J]. Meat Research, 1988, 1: 8-10

P e B, BB S 00 DAL R D T rh 22 34 5 A
HRIRETY A S B2 T IR S R (] B 5 R L
Mk,2022,48(2):293-301

XUE Guizhong, QIAO Mingwu, HUANG Xianqing, et al.
Progress of polycyclic aromatic hydrocarbons and
heterocyclic amines generation and preventions in grilled
meat [J]. Food and Fermentation Industries, 2022, 48(2):
293-301

R T 2, TS, S SR MR B DA i S AT A R IR
R 8 A 9], L e A AI51,2018,2:94-97

HAN Ming, ZHENG Yuxi, DONG Lei, et al. Purification and
volatile flavor components analysis of longan wood smoke
liquid [J]. China Food Additives, 2018, 2: 94-97
FYER, K S EANLS P I R b S R A 1
REMISZIm]. B A S5 T %,2016,37(6):161-165

WANG Weijun, ZHANG Yi, WANG Wenhang. Composition
analysis of three liquid smokes and its effects on properties
[J]. Food Research and Development, 2016, 37(6): 161-165
A5 AR AT, A AR 2D, 5%, — P I RUNR 0 e L) 26 AP
R4 CN110463893A, 2019-11-19

GU Fenglin, SONG Li, ZHU Qiujin, et al. One kind of
preparation method of pepper liquid smoke [P]. Hainan
Province: CN110463893A, 2019-11-19

GB 5009.2-2016. % it 2 4= F S bRt £ b ARG 2 I
[S]

GB 5009.2-2016. National Food Safety Standard -
Determination of Relative Density in Food [S]

ISO 2173-2003 7K SRAN il ity ] 34 1 B A7) & B il 5
[S]

ISO 2173-2003. Fruit and Vegetable Products -
Determination of Soluble Solids Content [S]

FROC B e, A (0 22 AR MR A R o A D
R[] 5 FRH%,2020,53(10):9

GUO Wen, LI Yuming, ZHAO Ruifeng, et al. Application of

colorimeter in color detection for tobacco flavors [J]. Tobacco

[14]

[19]

[20]

[21]

Science and Technology, 2020, 53(10): 9

GB 1886.127-2016. 1 fih 22 A [E 5 bRifE £ abiAS IR (LA
ZAREEwEL T 5. 115(S]

GB 1886.127-2016. National Food Safety Standard - Food
Additives -Hawthorn Nuclear Fumigation Flavor I and II [S]
TRININ AL AR TR ) A 1 S5 22 BB 9E (D]
B PALARMBHR,2010

ZHANG Shanshan. Biological activities and chemical
profiles of pyroligneous acids from walnut shell [D].
Yangling: Northwest Agriculture and Forestry University,
2010

GB 5009.265-2016. f dh &4 E AR AT 2RI
TZE(S]

GB 5009.265-2016. National Food Safety Standard
Determination of Polycyclic Aromatic Hydrocarbons in Food
[S]

Ketut B, Amim, Yetti M, et al. Liquid smoke production
quality from raw materials variation and different pyrolysis
temperature [J]. International Journal on Advanced Science,
Engineering and Information Technology, 2016, 6(3):
306-315

Toth L, Potthast K. Chemical aspects of the smoking of meat
and meat products [J]. Advances in Food Research, 1984, 29:
87-158

T IR RN, S R %% SR LB AT FE ik
JE[I AL T3 )#,2020,39(9):3723-3738

WANG Caiwei, ZHANG Shouyu, YANG Dongjie, et al.
Research advance in preparation and formation mechanism
of wood vinegar [J]. Chemical Industry and Engineering
Progress, 2020, 39(9): 3723-3738

Vitt S M, Himelbloom B H, Crapo C A. Inhibition of Listeria
innocua and L. monocytogenes in a laboratory medium and
cold-smoked salmon containing liquid smoke [J]. Journal of
Food Safety, 2001, 21(2): 111-125

BT, T RS, BN T, Al T v RO B AR AT I
V5] J5 V5 BB P 40 56 T A 2 704 7 [ ] DA B i R, 2021,
37(1):282-291,259

MAO Qiping, HE Mingzhen, HUANG Xiaofang, et al.
Analysis of chemical constituents of Perilla frutescens by
different methods of drying and freeze drying based on ultra
high performance liquid chromatography-quadrupole/ time of
flight mass spectrom (UHPLC-Q/TOF MS) [J]. Modern
Food Science and Technology, 2021, 37(1): 282-291

Faith N G, Yousef A E, Luchansky J B. Inhibition of Listeria

monocytogenes by liquid smoke and isoeugenol, a phenolic



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.4

(23]

[24]

[25]

[26]

component found in smoke [J]. Journal of Food Safety, 1992,
12(4): 303-314

Petzold G Gianelli M P, Buguefio G, et al. Encapsulation of
liquid smoke flavoring in ca-alginate and ca-alginate-chitosan
beads [J]. Journal of Food Science and Technology, 2014,
51(1): 183-190

DUV 2R, W OCZE, S5 R R B ARG I LR SRS
TR FCE SR [T] BT RETEE R, 2020,8(1):6-14

WANG Zexiang, LI Hang, XIE Wenluan, et al. Progress in
basic structure, pyrolysis mechanism and characteristics of
lignin [J]. Advances in New and Renewable Energy, 2020,
8(1): 6-14

Wik T, 8 B 5 AR S5 3R A SR SRRt F (0] i o T AR R
25 TF4,2019,35(6):157-164

CHEN Bingyu, DI Mingwei. Progress on research of
depolymerization of ligin [J]. Polymer Materials Science and
Engineering, 2019, 35(6): 157-164

Budaraga [ K, Arnim M Y, Bulanin U. Antioxidant properties
of liquid smoke production variation of pyrolysis temperature
raw and different concentration [J]. International Journal of
Pharm Tech Research, 2016, 9(6): 370

Yusnaini Y, Soeparno S, Suryanto E, et al. Physical, chemical
and sensory properties of kenari (Canariun indicum L.) shell
liquid smoke-immersed-beef on different level of dilution [J].
Journal of the Indonesian Tropical Animal Agriculture, 2012,
37(1): 27-33

[28]

[31]

[33]

RN, MR, 23 AR, 25, GC-MS 5 HL IR B 45 500 B3
DRI 53 AT T]. B A #,2020,41(16):193-201

SONG Li, CHEN Xingxing, GU Fenglin, et al. Flavor
components of liquid smoke analyzed by GC-MS combined
with electronic sensory systems [J]. Food Science, 2020,
41(16): 193-201

Zachara A, Gatkowska D, Juszczak L. Contamination of
smoked meat and fish products from Polish market with
polycyclic aromatic hydrocarbons [J]. Food Control, 2017, 80:
45-51

Jiao W, Wang T, Khim J S, et al. PAHs in surface sediments
from coastal and estuarine areas of the northern Bohai and
Yellow Seas, China [J]. Environmental Geochemistry and
Health, 2012, 34(4): 445-456

Gomaa E A, Gray J I, Rabie S, et al. Polycyclic aromatic
hydrocarbons in smoked food products and commerical
Food Additives &

liquid smoke

Contaminants, 1993, 10(5): 503-521

flavourings  [J].

Ma X, Han X, Jiang Q, et al. Historical records and source
apportionment of polycyclic aromatic hydrocarbons over the
past 100 years in Dianchi Lake, a plateau lake in southwest
China [J]. Archives of Environmental Contamination and
Toxicology, 2018, 75(2): 187-198

Nisbet I C T, Lagoy P K. Toxic equivalency factors (TEFs)
for polycyclic aromatic hydrocarbons (PAHs) [J]. Regulatory
Toxicology and Pharmacology, 1992, 16(3): 290-300

(#3588 259 70

(18]

[19]

[20]

Cuntang Wang, Dai Cheng, Jiankang Cao, et al. Antioxidant
capacity and chemical constituents of Chinese jujube
(Ziziphus jujuba Mill.) at different ripening stages [J]. Food
Science and Biotechnology, 2013, 22: 639-644

Q Zhang, L Wang, Z Wang, et al. Variations of the nutritional
composition of jujube fruit (Ziziphus jujuba Mill.) during
maturation stages [J]. International Journal of Food Properties,
2020, 23(1): 1066-1081

J Reche, M S Almansa, F Hernandez, et al. Physicochemical
and antioxidant capacity of jujube (Ziziphus jujuba Mill.) at
different maturation stages [J]. Agronomy, 2021, 11(1): 132
Q H Gao, P T Wu, J R Liu, et al. Physico-chemical properties

and antioxidant capacity of different jujube (Ziziphus jujuba

[22]

[23]

Mill.) cultivars grown in loess plateau of China [J]. Scientia
Horticulturae, 2011, 130(1): 67-72

JEI R T8, 0 7K R Bl AN TR X LR SR R 5 1
BT[] FsE R RN ,2017,54(9):1707-1712

ZHOU Xiaoming, SU Min, TANG Yongdong, et al
Investigation and analysis of natural benzoic acid content of
jujube in different production areas [J]. Xinjiang Agricultural
Sciences, 2017, 54(9): 1707-1712

K 2, N B TP ORIRIR R (IR A S A e &
[7]. 5 [ S AR N 751,2020,31(2):178-181

ZHANG Qingyun, JIANG Zhumao. Traceability analysis and
background value investigation of natural benzoic acid in

food [J]. China Food Additives, 2020, 31(2): 178-181

233



