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ABSTRACT: Objective To detect the bacteria that cause blown pack spoilage in vacuum-packaged ready-to-eat

duck meat products, explore the sterilization conditions for the bacteria causing blown pack spoilage, reduce the
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food safety risks brought by blown pack spoilage products. Methods Firstly, conduct a microbial test on the
blown pack spoilage products to identify the microorganisms caused the blown pack spoilage problem and then,
perform microbial tested on the raw materials of duck meat products, duck products at different stages of
processing, the manufactured facility environment, and production tools to locate the source of contamination.
Conduct temperature tolerance experiments on the isolated Lactobacillus plantarum to explore its temperature
endurance and inactivation conditions, and compared the correlation between different thawing methods and
high-pressure sterilization parameters with the positive detection rate of Lactobacillus plantarum under the same
cooked conditions. Results The primary dominant bacteria in blown pack spoilage duck products was
Lactobacillus plantarum, which originated from the raw materials of the duck products. The viable count of
Lactobacillus plantarum decreased dramatically after the bacterial suspension was treated at 60 °C for 10 minutes.
Further research had found that duck meat products thawed under static water showed better performance in
subsequent sterilization processes compared to those thawed in room temperature air. The optimal
ultra-high-pressure sterilization parameters suitable for this product were 600 MPa for 5 minutes. Conclusion
Lactobacillus plantarum in raw materials of duck meat products is not completely killed in the cooking process,
which is the main reason for the loose packaging of vacuum ready-to-eat duck meat products. By selecting the
appropriate defrosting method and ultrahigh pressure sterilization parameters, it is helpful to kill microorganisms
in food and reduce the loose packet rate. Enterprises shall monitor the production process of products and
formulate corresponding prevention and control measures to ensure food safety.

KEY WORDS: vacuum-packed ready-to-eat duck meat products; blown pack spoilage; Lactobacillus plantarum;
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Fig.1 Bacterial composition on PCA agar medium of
blown pack spoilage products
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Fig.2 Mass spectrometry of Lactobacillus plantarum from blown
pack spoilage duck meat product
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Table 1 Fermentation experimental results of Lactobacillus plantarum from blown pack spoilage duck meat products
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contact surfaces and brines on the production line
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Table 3 Bacterial identification results of duck meat products at
different stages of processing
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Fig.3 Mass spectrometry of Lactobacillus plantarum from raw
materials of duck meat products
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Table 4 Similarity comparison results of the 16S rDNA sequence of Lactobacillus plantarum from raw materials of duck meat products

IR 5 NCBI Fr AR BE fie oy B TR AP (B[R 8 5 5) J7 40 1R P %%
L1 Lactiplantibacillus plantarum (NR_042394.1) 100
Lactiplantibacilluspentosus (NR_029133.1) 100
L2 Lactiplantibacillus plantarum (NR_042394.1) 99.66
Lactiplantibacilluspentosus (NR_029133.1) 99.66
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Table 5 Fermentation experimental results of Lactobacillus plantarum from raw materials of duck meat products
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Table 6 Total number of colonies of Lactobacillus plantarum after treatment in MRS broth medium at different temperatures for

10 minutes (CFU/mL)
e I UG TR IR /°C
k7S .
i PR T 50 60 70 80 90 100
SY 2.1x108 1.2x10° 3.6x10* 0 0 0 0
SLI1 1.9x10% 1.3x10° 3.9x10* 0 0 0 0
SL2 2.4x108 1.6x10° 4.2x10* 0 0 0 0
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Fig.3 Impacts of different thawing methods and ultra pressure
conditions on the positive rate of Lactobacillus plantarum

VR 2 RS ) i A 7 R OR AT BB A — 3R, A
TE AR T T, SRR UE PR T Y DGR R 2R R DL AR
B A 2 SRR REOK AR S SRR S R
AL AT, 5 URGE 7 IR AT A e 1 A R Oy XL
P a5 R ARG o AEL [T PR AR A B A SR A Y TR R
B2, B TMERREK, 552804 mt™, &
KRGS IR A I P A K, 5K T IS ik
FfE IR E 0, FLE SRR TRCR S, R b R
JRARFE DO BoK R ARG A REA TR A A L
25 SRR DR A REASAHE, K SR PR AR (1 TR A 8K
AR A BUR IR T 25 SR dil . IR sk B A & i gy
3, DA BA AR, A B TR S K R RCR .

T 1R TR R TR A A DA AL A T, X8 e
SRR R A, B 100~1000 MPa JEALBE, 4ids—
SERTRLS, SEE XTI VR, AR 40 58 20 it RN 2 g
F, M A & AR A, A SR A H 9
R KB ARE AR B HAR, AR T S8R
PR, (B0 bz R RO A SRR T
rpr 46300 B SRR TR K T A B AT AR R AW, A Ak E
AT S PR T, AH— S ) A B SRR KRS,
AR [ RS AT B, R T R e R
SHEYRBMEGEY, A5 SE GB/T 416452022
CR R R T BRI ) |, XA e 5
PN ) 5 AN s [E] 20 5 EA TR, & B 500 MPa T, 3~5 min
& 600 MPa, 3 min A3 REMLEE B RIM FUAT I PHE . & A A
7 i B R R K R IR SR 600 MPa, 5 ming iXHR7R, T
BEXF 7 b R PR R A3 1 i R K TR S48

3 %

WSS DAY oy 22 JEORE PR AL FUAT T, A R BR T R
SEARARIR I 2 RIVE TG P A AL ELAY RN . R BESE
4K T B R FURF R R B A AR A PRSI T, R RIS il
i R B K AL B M HEAT AR, R Al B SR,
SPEMEIRI KA . HYIFUT RTE 2 AR h R T R
PR, AMERAR S pH, SEIE TR, T HLE 2 R
PR AR, SRR AL RN . IR I T
HOES S o 1 A O, 53 A R D7 S URAS L L, UOK A
VRIS il ah, REDS R AR JRORE R SUAT 1 10 950, 7 R 221
77 i K BRI T g s AR RS 1 o e R TR
PRy i TR iR Je — KRR, feEZS 800 600 MPa,
5 min, 7EHABA IR SHONERTEOLT, OKRE T
SZSHREG, ABEEIL T IR R 1k
Aall B o Az 7 e e e SR A, A B A,
REATCE i 2 A XU, B PR B 2 4

SE MK

[1] PEREIRA PM, VICENTE AF. Meat nutritional composition and nutritive
role in the human diet [J]. Meat Sci, 2013, 93(3): 586-592.

[2] OKUBO H, SASAKI S, MURAKAMI K, et al. The ratio of fish to meat
in the diet is positively associated with favorable intake of food groups
and nutrients among young Japanese women [J]. Nutr Res, 2011, 31(3):
169-1717.

[3] XUBH, REHH, iz, & MR RGO R IR S5 15 1),
Adh Tk, 2017, 38(2): 275-279.

LIU Y, TANG LJ, WANG LY, et al. Industry development status and
market prospects of ready-to-eat meat products [J]. Food Ind, 2017, 38(2):
275-279.

(4] il frdh PR 19 o B A 0] B A, 2018, 3(11):
77-79.

LI D. Analysis and control of microbial hazards in food [J]. Mod Food,
2018, 3(11): 77-79.

[5] RULFR, INEDE, T, 45 S AT PEmRIKBAEI N 8 5 %
SE[]. SEHRERGI, 2024, 2(1): 52-57
ZHU HL, SUN HH, ZHOU H, et al. Isolation and identification of
microorganisms causing rancidity in vacuum packed rice dumplings [J].
Lab Test, 2024, 2(1): 52-57.

[6] MAKINDE OM, SULYOK M, ADELEKE RA, et al. Bacteriological
quality and biotoxin profile of ready-to-eat foods vended in Lagos,
Nigeria [J]. Foods, 2023, 12(6): 1224.

(7] TKAE, FEFIE, BRALEE, 45, RRVUAE T i i B A S R E TS etk
LIS 434 3], BE2=3h B, 2017, 33(6): 610-613.

SHEN T, JIAO LP, WEI HQ, ef al. The microbial contamination
monitoring and analysis of cooked meat products in Weinan City of
Shanxi Province [J]. J Med Pest Control, 2017, 33(6): 610-613.

[8] WAZIR H, CHAY SY, IBADULLAH WZW, et al. Lipid oxidation and
protein co-oxidation in ready-to-eat meat products as affected by
temperature, antioxidant, and packaging material during 6 months of

storage [J]. RSC Adv, 2021, 11(61): 38565-38577.



519 wEOHK, S5 LS RO oA i i P SO G A B BRSO R AR AR T 129
[91 BR3CSC, ARart, BUR, 4. FTFA Wyl AR TG R AE 2 A [21] DOUROU D, SPYRELLI ED, DOULGERAKI Al et al. Microbiota of

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

At IR HERR )], AZERITSE, 2020, 34(3): 75-81.

CHEN WW, ZHU LX, LUO X, ef al. Recent progress in the application of
biodegradable active packaging in cooked meat products [J]. Meat Res,
2020, 34(3): 75-81.

DORN-IN S, FUHRER L, GAREIS M, et al. Cold-tolerant

microorganisms causing spoilage of vacuum-packed beef under
time-temperature abuse determined by culture and qPCR [J]. Food
Microbiol, 2023, 109: 104147.
Th e, B AR T i P et DR AR TS U B A B T B AR O ATF
FE[D]. AT AIF KA, 2011,
MA HX. The antiseptic study on facultative anaerobic contamination
microbes in vacuum-packed cooked meat products [D]. Shihezi: Shihezi
University, 2011.
WeEes, SL955R, RA N, 4. 3 Fir MALDI-TOF MS Ut ¥4 & REH
HBIFIE ). BT BR2F, 2022, 46(3): 173-178.
LIU TT, XIA SS, SONG HX, et al. Comparative research of three
MALDI-TOF MS microbial identification systems [J]. Mil Med Sci, 2022,
46(3): 173-178.
JOHN G, HOLT PHD. Bergey’s Manual of determinative bacteriology [M].
Ninth Edition. USA: Lippincott Williams & Wilkins, 1994.

HHEP]. YU R R K R A A D] RO gl R
2019.
RAN HM. Construction of plasmid expression system in Lactobacillus
plantarum [D]. Wuhan: Huazhong Agricultural University, 2019.
XA, oKk, £, 55 Gl L-FLRRIERE 1 9 LR F DNA 751
YSE Lactobacillus sp. DMDL 9010[J]. #EF5 R T2 2441 (H KRB,
2014, 42(3): 137-144.
LIU DM, FEI YT, WANG P, ef al. Identification of Lactobacillus sp.
DMDL 9010 by upstream and downstream DNA sequences of L-lactate
dehydrogenase 1 [J]. J South China Univ Technol (Nat Sci Ed), 2014,
42(3): 137-144.
X, FhbeZs. TR
18(4): 328-330.
LIU C, GUO XK. Progress on the genomics of Lactic Acid Bactria [J].
Chin J Microecol, 2006, 18(4): 328-330.
KAUR M, WILLIAMS M, BISSETT A, et al. Effect of abattoir, livestock

SR A2 bR (0], o i 2R 4R, 2006,

species and storage temperature on bacterial community dynamics and
sensory properties of vacuum packaged red meat [J]. Food Microbiol,
2021, 94: 103648.

SKAT. AT B-D- AW AL N i L S M RIFSE D). A
PILRAMBHE K2, 2014,

ZHANG Z. Intracellular localization and characterization and
characterization of f-D-glucosidase from Lactobacillus plantarum [D].
Yangling: Northwest Agriculture & Forestry University, 2014.

SRk, E1, HE, S ORISR 422 BRI R R Y
SR, hEE SR, 2022, 22(11): 247-255.

ZHANG WQ, WANG B, LIU YX, et al. Effect of different types Lactic
Acid Bacteria on the fermentation characteristics of whole wheat
sourdough [J]. J Chin Inst Food Sci Technol, 2022, 22(11): 247-255.
SIEZEN RJ, VAN H, VLIEG JE. Genomic diversity and versatility of
Lactobacillus plantarum, a natural metabolic engineer [J]. Microb Cell

Fact, 2011, 10(1): S3.

[22]

[23

[24

[25

[26]

[27

[28

[29]

[30]

(31]

[32

133

[34

chicken breast and thigh fillets stored under different refrigeration
temperatures assessed by next-generation sequencing [J]. Foods, 2021,
10(4): 765.

YILMAZ B, BANGAR SP, ECHEGARAY N, et al. The impacts of
Lactiplantibacillus plantarum on the functional properties of fermented
foods: A review of current knowledge [J]. Microorganisms, 2022, 10(4):
826.

FIDANZA M, PANIGRAHI P, KOLLMANN TR. Lactiplantibacillus
plantarum-Nomad and ideal probiotic [J]. Front Microbiol, 2021, 12:
712236.

World Health Organization. FAO/WHO guidance to governments on the
application of HACCP in small and/or less-developed food businesses [J].
FAO, 2006, 86: 1-74.

BRLIHE, ?ﬁﬁ HR, . HYFUR R AR I R MO ALK B L
T ERE[T). BhiESR2#H, 2023, 35(6): 3410-3421.

CAI HY, LI DJ, MENG K, et al. Research progress on physiological
functions of lactobacillus plantarum and its application in poultry [J].
Chin J Anim Nut, 2023, 35(6): 3410-3421.

TANG Q, YI H, HONG W, et al. Comparative effects of L. plantarum
CGMCC 1258 and L. reuteri LR1 on growth performance, antioxidant
function, and intestinal immunity in weaned pigs [J]. Front Vet Sci, 2021,
8:728849.

DIVYASHREE S, ANJALI PG, SOMASHEKARAIAH R, et al. Probiotic
properties of Lactobacillus casei-MYSRD 108 and Lactobacillus
plantarum-MYSRD 71 with potential antimicrobial activity against
Salmonella paratyphi [J]. Biotechnol Rep (Amst), 2021, 32: ¢00672.

LI Z, GUO Q, LIN F, et al. Lactobacillus plantarum supernatant inhibits
growth of Riemerella anatipestifer and mediates intestinal antimicrobial
defense in Muscovy ducks [J]. Poult Sci, 2024, 103(2): 103216.

WANG S, PENG Q, JIA HM, et al. Prevention of Escherichia coli
infection in broiler chickens with Lactobacillus plantarum B, [J]. Poult
Sci, 2017, 96(8): 2576-2586.

SHIN Y, KANG CH, KIM W, et al. Heat adaptation improved cell
viability of probiotic Enterococcus faecium HL7 wupon various
environmental stresses [J]. Probio Antimicro, 2019, 11(2): 618-626.
ANNOUS BA, KOZEMPEL MF, KURANTZ MIJ. Changes in membrane
fatty acid composition of Pediococcus sp. strain NRRL B-2354 in
response to growth conditions and its effect on thermal resistance [J]. Appl
Environ Microbiol, 1999, 65(7): 2857-2862.

BB, TR, RN e A TR R X Bk A e £ A
JE]. fld: Pz, 2023, 50(1): 368-376.

HU XY, WANG DX, SONG LY. Emerging roles of Staphylococcus
epidermidis in skin health [J]. Microbiol China, 2023, 50(1): 368-376.
NAKATSUIJI T, CHIANG HI, JIANG SB, et al. The microbiome extends
to subepidermal compartments of normal skin [J]. Nat Commun, 2013, 4:
1431.

AT, B, ROCHR, A B R T PR R R e
SRR ST [T]. SRR R RHE, 2017, 33(6): 142-149.
ZHANG YJ, CHENG W, WU W1, et al. Preliminary identification of
dominant spoilage bacteria in vacuum-packed bittern duck and their
sensitivity to essential oils [J]. Mod Food Sci Technol, 2017, 33(6):
142-149.



130 B 4 4 T e A 2 i F1s5E
[35] ABU-NIAAJ LF, AL-DAGHISTANI HI, KATAMPE I, et al. Pomegranate [46] sKif, aR4l, AR, S5 BUHITOREHE MOR A P B ARG B s AR

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

peel: Bioactivities as antimicrobial and cytotoxic agents [J]. Food Sci Nutr,

2024, 12(4): 2818-2832.

DE-ANGELIS M, DI-CAGNO R, HUET C, et al. Heat shock response in

Lactobacillus plantarum [J]. 2004, 70(3):

1336-46.

KNG, W FE, ASCRE, AE. AN R A SO P B A R
HISEMI[T]. RZEWFSE, 2018, 32(4): 14-19.

ZHENG X, ZENG L, BAI XZ, et al. Effects of different thawing methods

Appl Environ Microbiol,

on pork physicochemical properties and microbial counts [J]. Meat Res,
2018, 32(4): 14-19.

TR . ARIRIRES B 20ek YIS AL BT S (D). Mt
HAMIEE, 2021

ZHANG XY. Effects of different freezing and thawing methods on the
eating quality of soft-boiled chicken [D]. Nanjing: Nanjing Agricultural
University, 2021.

MG she, FEPA. VRIEC AR R SRR K7 il T R SEIR[T]. B AR
RG24, 2019, 10(2): 306-311.

CHEN YX, JIAO Y. Effects of frozen preservation and thawing on the
quality changes of aquatic products [J]. J Food Saf Qual, 2019, 10(2):
306-311.

XU, AR BRI BT
2021, 42(5): 65-72.

(0] LA TR,

LIU Y, LI BG. Research progress of the application of thawing technology
in meat products [J]. Pack Eng, 2021, 42(5): 65-72.

AQ S, BB K, AS L, et al. Ultrasound-assisted thawing accelerates the
thawing of common carp (Cyprinus carpio) and improves its muscle
quality [J]. LWT, 2021, 141: 111080.

AR, FokdE, BUNE. R B R R
SRR 2R, 2014, 5(8): 2523-2531.

LI RJ, WANG YT, LIAO XIJ. Effects of high hydrostatic pressure on
microorganisms in foods [J]. J Food Saf Qual, 2014, 5(8): 2523-2531.
AGANOVIC K, HERTEL C, VOGEL RF, et al. Aspects of high

1. B

hydrostatic pressure food processing: Perspectives on technology and food
safety [J]. Compr Rev Food Sci Food Saf, 2021, 20(4): 3225-3266.
PATTERSON MEF. Microbiology of pressure-treated foods [J]. J Appl
Microbiol, 2005, 98(6): 1400-1409.

SMELT JP, HELLEMONS JC, PATTERSON M. Effects of high pressure
on vegetative microorganisms [M].

Springer: Ultra High Pressure

Treatments of Foods, 2001.

[47]

[48]

[49]

[50]

[51]

WIFEHERT]. B2 A B I 2741, 2024, 15(9): 1-10.

ZHANG N, ZOU C, YU QM, et al. Research progress of spoilage
micoorganism and its detection and control technology in freshly-made
beverages [J]. J Food Saf Qual, 2024, 15(9): 1-10.

GAN X, CHEN Z, WANG L, et al. Evaluation of ultra-high-pressure
sterilization in terms of bactericidal effect, qualities, and shelf life of
‘Xinli No.7” (Pyrus sinkiangensis) pear juice [J]. Foods, 2023, 12(14):
2729.

LI N, WANG Y, TAN Z, et al. Effect of ultra-high pressure heat-assisted
technology combined with L-cysteine on the color of ready-to-eat shrimp
during storage [J]. Food Chem, 2024, 460(2): 140634.

LIAN F, DE-CONTO E, DEL-GRIPPO V, et al. High-pressure processing
for the production of added-value claw meat from edible crab (Cancer
pagurus) [J]. Foods, 2021, 10(5): 955.

CAI W, FEI L, ZHANG D, et al. Impact of ultra-high-pressure treatment
on microbial community composition and flavor quality of jujube juice:
Insights from high-throughput sequencing technology, intelligent bionic
sensory system, and metabolomics approach [J]. Food Res Int, 2024, 191:
114688.

TOOMIK E, ROOD L, BOWMAN JP, et al. Microbial spoilage
mechanisms of vacuum-packed lamb meat: A review [J]. Int J Food

Microbiol, 2023, 387: 110056.

(GTEZR 4% Rtk Hhoeir)

=3
1
e
>

b )

HEW, Wit TEAH, TERRS
EARR. AR KERRESRLEMN.
E-mail: 78772815@qq.com

F F ETERN, EERRFEA
Bm A KheRESREEN.
E-mail: 52137462@qq.com

0



