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Abstract: Using the food safety risk monitoring data of meat and meat product samples in Guangzhou from 2015
to 2020, a safety risk assessment model for meat and meat products was constructed to understand the food safety risks
and time-varying characteristics of meat and meat products in Guangzhou during this period. The gray correlation analysis
method and the explanatory structure model are adopted to establish the risk index, and the implied risk state behind the
observation is explored based on the value of this index as the observation of the Hidden Markov Model. The analysis results
show that the results of the composite risk index for all samples from 2015 to 2020 are between [0, 0.45], and the overall risk
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is small, with the highest risk in 2019; ranking the risk index shows that the risk rank from 2015 to 2020 is [1, 2, 2, 2, 3, 1];

the hidden risk rank for these six years is [0, 1, 1, 1, 2, 0] obtained by HMM analysis, which is consistent with the observed

risk results. And the HMM predicts that the risk level of 2021 is 1, which means that the risk of meat and meat products in

Guangzhou develops toward a good trend. Finally, the analysis of the causes of risk differences was conducted, and it was

found that there were differences among meat product classifications. The risk indices of salami, chicken and bacon were

higher than those of other categories, and the increased detection of salami and bacon in 2019 was a reason for the increased

risk. Overall, Guangzhou meat and meat products are less risky, but still need to be monitored for improvement.

Key words: meat and meat products; risk assessment; gray relational analysis; interpretative structural model; hidden

Markov model
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Table 1 Chemical detecting indicators from 2015 to 2021
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Table 6 Sample mean and sample variance of risk index for
each meat product classification
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&H 0.043 2 0.003 5
W 0.050 7 0.003 7
AT 0.0519 0.004 7

ERERN 0.065 7 0.004 6
41 0.067 9 0.006 0
%A 0.0722 0.003 9
R 0.078 5 0.006 4
B 0.080 7 0.003 8
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R 0.090 2 0.004 4
g 0.109 0 0.0059
3, B 0.109 3 0.009 7
g7 0.1133 0.008 7

TE A X PR B PR i £ RGBS AF 98 24, [ P 4
K 2% B T 4R A v e o R R 2R R R, XA
J% A b R A U P SR T s 2, B2 Bl
SRR (FaxS RY) BR 2R EY R ()
WL T, IR 5 A SO
(T ) N L A= 7 S = N o DI
1, (HAKIHA —LeXt A E, BARX i an T,
DL 2011 & 2014 4F 4= [H P K A i) b B08E 9 6, Xin
22 P i e R A 70 Sk 4 ] A % A 1 4 X
BVTAL, e o e RRH PR XU 4 i 1 A o)
AR, MANEE (EE LS. KA EA)
PR CEFELRR. KPR & EEXR
TH. XA, ARCHRAEMA. e E
TR BRI, 528 RS —8G miE
ABAS I E |, AW 1 BAEH, T A & R
i I 7E 2018 £ 2019 30 T B fE 7 (R4S L 3Y
B KRS BN, (HAE 2020 IR T iX ks,
R TEAGEIE S, 2018 G KA. XEeh
%5, 2019 FFH TGRS TSR SEFPE, XX el il i Fh 2k,
AR KH RN EE NG ITNE, 1 2020 457
AL 4 B4 S 7E R G DR AR R RS, TR R S B IX S 4R
Bro IXAHULHR T IRATM B RS & ZFAE, H
X0} IR o S (PR 0 i s A B BRI X TS A
s, XA o AR e — R R R VAR
TR AETRENE, T T 2016~2020 £ EH RS A
A B R BRI, 45 R T E XY 2

BB BRSO IR R, SRk, TENY
PRI 2 I XU LA, (HAAAE — e IR B i, (H
2O R PR R 24 5 BDIR G AE AN [F A4 1R AR 5
L. MTEARSTH, FRATEZHF A F 0 R KA
Bl I ZE A MBS L. BEAh, T MG ER IR bl
B2, LRk ia g oM, WA 1l k) £
I8 RAE 2019 4538 P Rp 28 AW, BEAD H R AE
— AR BE, AELL M, H 2020 SESIR T 50 )15
FRIXANEbR. FEHIER, 40403 B AR E o LUK I
2019 4 R —AMFERMBR ) FE RN R T8, H
BAE N 9.28, HAWES A 1, BT M 2019 £EHhAGFE
VN R IR AL AR S S % =L i 0y 3 - AL D At N % e
W, X5 TREBIESNERAES, 1IR&
Z5 S RS RLE, E R E R B
R 5 A 2 BET B RFEAREE, &
PHBEECPIM T RSP ES (CoVHY (Pb). K (Hg)-
fih (As) FF (Cd) 5 MEEEMAIH @)K FE
FEAN [ i PO BBITIEI 9 25 A A0, o FEadh AT XU PR A
Rhghie: BRERASERNE S BRI [a] b T
B0 B R R o AR SOGB4 PR B PR A B
1T HE & B RSP, R 2019 &5 H Al AE 4y 1) =
RN ZE F N T oA R 2 5, 1 2019 45390
THER. A, XBMTmSuE 7R S
4R RN, 5 ARBTG5 45
AW T4 R S WA R

3 #ig

M 2015 22 2020 4, T S AR Ak T
JeW 25 G WU 18 B AR AR, 15 31 1 R 18 Z50AR
7E[0, 0.45]1 2 8], Her, 2019 XK & &, HIX
52019 SRz I4EFRAS 40 DA R IS A . RS e 28
LA FEEE SN

HMM 45 5 578 M 2015~2020 4308 24 () X
W6 55 2 O 5 B R R S5 g — B[R] I R 7R 2019
FERK: S8 . AN, HMM FIE s M K A )
AT P B TE A RIS AR E -

M 2015 22020 4, 5ZEE KRR EAHEL, K
S PR it B 4 A S G AU 25 A 4 TR 2 R G
N, HIRZEG WS a8CH — & 21k, Rl 2018 4F,
HBERBFHF PRGN, HEEE R XUl
HATE 2018 4F, [ 51 4 @ A L A AS W 6 A 6] 25 6 X
(SE R E RN - AL

AN TR A B R i) ot b 28 4 KU R B0 — o 2=

319




HREEEH

Modern Food Science and Technology

2024, Vol.40, No.4

Sto FCRL BET. MR AR ECR, A %
TASRTER K

HOIR £ RO o B R AR R
B, UL T T L AR AT SR
bRFE I

I PRI AR 5 R 11 5
i, AR R S A K G AR, TR
T 7 2 R U o L S B R
Jr%e ORI S AT AR, 075 o
AU, FUFATIR I BE AT A0 TR
54, RSO R (R A R L
A RO, KB A RO T T BRI
FAH 5 USRI A R R AR L

S L BT T T ORI BRI
T LA S T 42 A P P
B KR FI KOO I AL T R B g
T R, A A R R
ERRP

[1] CHIOU J, LEUNG AHH, LEE HW, et al. Rapid testing
methods for food contaminants and toxicants [J]. Journal
of Integrative Agriculture, 2015, 14(11): 2243-2264.

[2] LAM HM, REMAIS J, FUNG MC, et al. Food supply and
food safety issues in China [J]. Lancet, 2013, 381(9882):
2044-2053.

[3] S BT A v AR I R BNE B0 B il 22 4 AR Tt
iR RHEFD] AR P E R A %K 52,2021.

(4] B EE K& E R F RN A&7 e
LA 2R T,2021,4:1-4.

[5]  Sia i ATMS, 45 8RS e T A e I I H RS K
VAL 1 it 2 2 ARG 23 B B T[] ot 22 4 A I =
##,2022,13(16):5374-5381.

(6] B, o i, e v, 55 i T il e 1) 3K 3 v (1 7
0 IR 22 A RS VAl 43 SR RTE 5[] 6 it 2 4 o A ) 2
1#,2022,13(1):296-304.

(7] RS, £ R F A, 55 2016-20184F BB L LA G /R
T 2 it o B YRR B0 T e 0 25 SR 20 A (] s 1= o
1£17%,2022,28(11):853-856.

[8] YANG J. Convergence and uncertainty analyses in Monte-
Carlo based sensitivity analysis [J]. Environmental Modelling
& Software: with Environment Data News, 2011, 26(4): 444-
457.

[91 YAZDIM, KABIR S. A fuzzy Bayesian network approach
for risk analysis in process industries [J]. Process Safety
and Environmental Protection: Transactions of the Institution
of Chemical Engineers, Part B, 2017, 111: 507-519.

320

[10] J& % 52, 3R 5 B T AHP ¥ £ i 22 4 R A 357 55 7).
HENLSH T TE,2014,42(12):2369-2372.

[11] LIN X, CUI S, HAN Y, et al. An improved ISM method
based on GRA for hierarchical analyzing the influencing
factors of food safety [J]. Food Control, 2019, 99: 48-56.

[12] LIS, LIU J. Dynamic network risk assessment based on
hidden Markov model [J]. Science & Technology Information,
2010, 5: 80-81.

[13] HANY, CUI S, GENG Z, et al. Food quality and safety risk
assessment using a novel HMM method based on GRA [J].
Food Control, 2019, 105: 180-189.

[14] 8576, 3 3% p L RRE N EOR M e /R R 2
JCIEZS 43 A7 1) DU 37 #E W7 (7] G0 -8 9,2017,34(12):
119-125.

[15] ROUSSEEUW K, CAILLAUT E P, LEFEBVREA, et al.
Hybrid hidden Markov model for marine environment
monitoring [J]. IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing, 2015, 8(1): 204-213.

[16] ZHENG J, YU D, ZHU B, et al. Learning hidden Markov
models with unknown number of states [J]. Physica A:
Statistical Mechanics and Its Applications, 2022, 594:
127047.

(17] AR AR T B B 2R A] SRASR F) £ i 22 4 AR A 7 v
WFFE SR [D].AE 5L 5 TR A,2020.

[18] LAMMERDING AM. Modeling and risk assessment
for Salmonella in meat and poultry [J]. Journal of Aoac
International, 2023, 89(2): 543-552.

[19] Wt 3 Tt AR £ v T TV G B PR 0T 7
JRE (7152 Ty BE 2#,2019,25(6):520-522.

[20] NAUTA M J, HAVELAAR A H. Risk-based standards
for Campylobacter in the broiler meat chain [J]. Food
Control, 2008, 19(4): 372-381.

[21] MORADI S, SHARIATIFAR N, AKBARI-ADERGANI
B, et al. Analysis and health risk assessment of nitrosamines
in meat products collected from markets, Iran: with the
approach of chemometric [J]. Journal of Environmental
Health Science and Engineering, 2021, 19(2): 1361-1371.

[22] XIN H, FANG X, WANG Y, et al. Study on risk
assessment of meat and meat products quality safety based
on risk matrix [C]// Proceedings of the 2015 International
Conference on Mechatronics, Electronic, Industrial and
Control Engineering, 2015, 8: 423-426.

(23] i, T BB, 2578, 5. 2016—2020 48 7 B 7 B 4 P XS
SR P23 2 B B A R XU PR [J]. AR AT 9T,2022,
51(3):497-500,508.

[24] AREOAE, 2= 5255 SR 3 AR i N P B B MR T [a] BE 22
AT B B IRVBSE VA [J].4 7™ b ot i 5 22 42,2023, 121(1):
61-67.

[25] EFBA, IMELE BT, 55.2017—201 8410 744 & dt o
TR SO Tl 2L 0 M 5 SR 2 BT [0 22 o A
2£41%,2020,11(22):8566-8571.






