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Effects of different modified atmosphere packaging on freshness and
microbial community of chilled beef during storage

DENG Jie', ZHANG Xiao-Mei'*, GAO Li-Juan', YAN Li-Ting’, QI Yu-Xia’, LI Ran-Tong’,
ZUO Jia', LIU Yue', MA Qiao-Yun', BAI Yu', WANG Qiu-Shui'’
(1. Institute of Analysis and Testing, Beijing Academy of Science and Technology, Beijing Center for Physical and Chemical

Analysis, Beijing 100089, China; 2. Beijing Yanqi Yueshengzhai Islamic Food Co., Ltd., Beijing 101407, China;
3. Beijing University of Agriculture, Beijing 102206, China)

ABSTRACT: Objective To explore the effects of different modified atmosphere packaging on the freshness and

microbial community structure changes of chilled beef during storage. Methods This study established 4 treatment
groups: Modified atmosphere packaging group 1 (LAR) (20% O,, 10% N,, 70% CO,*absorbent pad), modified
atmosphere packaging group 2 (ARAB) (20% O,, 10% N,, 70% CO,tself-made antibacterial absorbent pad),
modified atmosphere packaging group 3 (MAR) (45% O,, 10% N,, 45% CO,+absorbent pad), and modified
atmosphere packaging group 4 (HAR) (60% O,, 20% N,, 20% CO,+absorbent pad). The 4 kinds of different types of
chilled beef in modified atmosphere packaging were stored at 4 °C for 10 days. The sensory properties, pH, total
volatile basic nitrogen (TVB-N), thiobarbituric acid reactive substances (TBARs), drip loss rate and total viable count
of the chilled beef during the storage period were regularly measured, and the changes in the microbial community
structure were analyzed simultaneously. Results During the 10 d storage period, all the samples treated with
modified atmosphere packaging remained at the first grade of freshness, and the TBARs did not exceed the standard
limit. On the 10th day of storage, all the samples showed unacceptable conditions such as unpleasant odors. The total
number of colonies increased to varying degrees from 0 to 6 days and then tended to stabilize. TVB-N did not exceed
the limit (15 mg/100 g) within the 6-day storage period. The drip loss rate increased in all groups during the storage
period, with the MAR group showing the smallest rate of change. At the beginning of storage, the dominant phyla in
all modified atmosphere packaging treatment groups were Firmicutes, Actinobacteriota, Proteobacteria and
Bacteroidota. As the storage time increased, the dominant phyla also changed. In the high oxygen content treatment
group HAR, the dominant phyla were Firmicutes and Proteobacteria, while in the other groups, they were all
Firmicutes. At the genus level, the dominant genera in the HAR treatment group were Leuconostoc, Lactobacillus,
Lactococcus, Serratia and Pseudomonas, while in the other treatment groups, the dominant genera were Leuconostoc,
Lactobacillus and Lactococcus. Conclusion In this study, different modified atmosphere packaging has certain
effects on the freshness and microbial community of chilled beef during storage. It is worth noting that the dominant
bacterial genera in the LAR, ARAB and MAR groups are all lactic acid bacteria, while in the HAR group with an
oxygen content of 60%, the dominant bacterial genera are Pseudomonas, Serratia and other genera.

KEY WORDS: modified atmosphere packaging; chilled beef; freshness; high-throughput sequencing; microbial

community
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SRR WA A A R A2 7 325 45410 T 70 s ARl I3 T LA
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PR B i SRR A 0 A 7 45 A 1140 52 0 728 A B 5 R X 4
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AR B N RIEE L pHL TN SR BT bR AT, [l
AP v A B ARG LB A WA 2 R 9 A2 AR A T 230,
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1 HR57®

1.1 MRS

P 2R R (AL S B Al 3R AL ) IR AR (22 AR AT 28
HBRAF); FEEBEIRA . 9 mL AERFRK, 225 mL 4
PRER K (A6 BT B AR A A BRAA 7D); 4B 2K — H R & A b
HEVR W (pH=4.00) . BEEREARUES K (pH=6.88) . SAfL5H .
Reor | S 2 VY 2R AN OrbTal, EIZGEER L
WA BRAFD); AAbEE . TR 1,1,3,3-DUZ A SE e 4l
A SRR R ), BRI E /A H(0.1 mol/L,
Aestdt o Rl it B AR B ); =R R iral, b
A RBAHE A RA A, B iR (o at, I AR R
A LA B2 H])
1.2 UB/BEE

LRH-250 A: k553246 (1l —fH R E AR A BRA F);
HG-80 = E K #s(H A Wada Stainless kogyo 22 #]); SQP
R FRAF-(REE 0.1 mg). PY-ASI &4 A (5 5 55 2 F
W B2 U8 B2 F]); BHC-160011A/B3 B4 A= W) ‘i 448
(AIRTECH #2825 S5 R A R Al); PHSI- 4A pH it
(AR AR A A R A F); KD-310 A BBl E R
I GREF R A BRA F); SHA-2A B K IBIRY w7
MRS ); DZKW-S-6 B HVE IR AR (db 5t
i AOEH B AU g A B /1), UV-1900 240 A WA RE
FHS Al A B (P AT FRZA F]; NanoPhotometer®435%

YEE T (#EE Implen GmbH A T]); Qubit®2.0 it (35 HE
Thermo Fisher Scientific 23 ).
1.3 A
1.3.1 #onibz
F 84 R R, R AN [ SR 2R 28 R i 474
%, BRI HE 250 g AR, ARSI IR L %
ALRAT H 2 RBCEFE 4 °CUKAH, B4l 4 MREM, 59l7E
H50. 2. 4. 6. 8, 10 d XA 2 A AT IR
ERE WAL AT . pH . ¥ & PR FLE (total volatile
basic nitrogen, TVB-N). N [ (malondialdehyde, MDA) .
T AR 2 ZR AR LA BB PET o
F1 RHFATERSFLR
Table 1 Different conditioning methods for chilled beef
45 2% T7 =
KUY 1 (LAR) 20% O,, 10% N, il 70% CO,+W /K 3
SEL 2 (ARAB) 20% O, 10% N, Fl 70% CO+ A Hil 41l B /K 34
KR4 3 (MAR) 45% O,, 10% N, Fll 45% CO,+M 7K H
KR4 4 (HAR) 60% O, 20% N, Fil 20% CO,+1 7K 4
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Table 2 Sensory evaluation of chilled beef
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R IO 4= A, BRI I RO B B e AN
TR AN B 25 PR o R R TR K B R B R A3 (D)
AT

Wioe= 5 =W L 100% 1))
W -W,

O WORTHZR R, %; Wy AR PR B dh B, g5



56 B il 2 A iR A I A 4

FH1TE

W, B 0 d B R R K+ S E o, g W W3 2.d
A RTRE ROk G, ¢,
1.3.7 HHEHenE

S Gk, RS, R GB 4789.2—2022
(BN EEEZFE SRMEYFRI R TE SEE ) gt
AT E
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(0OD260/0D280 F1 0D260/0D230). f#i i Qubit®2.0 7 )it
11 QubitA®dsDNA Kl i) Gl i DNA ¥ . it
UG, g BRSO, SR )5 4% B8 Tllumina NovaSeq6000
-5 B R B R AT
14 HIELIE

AR EAT 4 KER, R Microsoft Excel 2010
HIEC M RH, SR ] GraphPad Prism 9 #4740 PR & Fs
% 2250 #r .
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BN Z (BB E TR TN B TR B, AR R
TP T . YIRCR BB IR SRS 10 d B, BT il a&
B EFRRR, oA SR T A gz 8, A
BT 2~10 d 8], O, F % 1Y MAR F HAR 20 HURCE
FEPR IR G AW B R E I TE O, & LAR
il ARAB 2. MAR (45% O,. 10% N,. 45% CO,)7E 10 d
ORI N, TR PR A RS A e R, X e 2 T )
WF5E I 45% 0, 30% CO,. 25% N, 14035 4= Y R34
SRf i, S5 REN—B SR AIFSE T X —
A UL AT, MAR 4IAAXTECR A O, bl Bh T4+ 1A 5 B9
Pk, MEILREAIXT A IRl SRAFEEHE, T 45%01 CO, fiE
R Bl A ) A A, AT S 8 S A 1 7 A R
Hh T A
22 ARISPAEEX pH IS

pH S RSB EERE T8 hR 2 —, EPRFFRZE Tl
AW ST R 2 U Ik pH AT LA B T4
2 A g ff

& 2 AT, BEE T A ] A3, BT 4 R RE Y
pH B2 T REIFEE P3N I, LAR Fl MAR 7€ 0~2d

pH 2B L FHta%, MG TR ARAB #l HAR 7E)t”
JEIY 10 d N pH 23 T FREREEE, Hb HAR (% pH i 3h
/N pH WTH R, FTRESE: B T 0 7 I ol 72 vh R T Y
AR BB AT, DA R AR B AT B PN R R 2R
FIBCHEAT o0 A7 A T2 e B A B Wy o7 S B 2 T
pH 23 EFHAEHI pH A FREATBE SRS+ COo,
A, TEREIERY 10 d PIIEAR T BRAR, [T pHU' ', 44
TR o B B SE AT — R B Y R LA pH=5.8~6.2, —.
R EERE A I pH=6.3~6.6, JEICAIAY pH 1E 6.7 L1 E1T,
A BE AT, A AL B A A A EE 10 d O RE PY 2 T8 T — 4
fief i
501
45T

-o- LAR
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BTSN 4Y

IOIIIIIIIII
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Fig.1 Effects of modified atmosphere packaging on the sensory
quality evaluation of chilled beef
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Fig.2 Effects of modified atmosphere packaging on the pH of
chilled beef
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Fig.3 Effects of modified atmosphere packaging on the TVB-N
content of chilled beef
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P24 10 d Bf, LAR, ARAB. MAR #1 HAR ] TBARs {
43514 0.41, 0.58, 0.63, 0.49 mg/kg, LR A1, ARSI
HRHF O, X TBARs KA RN E %, AR
0, T HHE 50%~80% 2 (A ASfL %t 4 °CI RGN . 4 HERY
AL AR K
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Fig.4 Effects of modified atmosphere packaging on the TBARs
content of chilled beef

HIPEl 5 AT, Bl TR (R3S, T K 2k R B
ZHEK . I LB K AR R B I AR A [, AR
1], MAR ZH K2k 2 A8 b e/, RS 0 d 1 0% =
10 d 1 6.68%, X5 F VTR e 45 5 — 8. 7EI
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Fig.5 Effects of modified atmosphere packaging on the drip
loss rate of chilled beef
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Fig.6 Effects of modified atmosphere packaging on the total viable
count of chilled beef
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Fig.7 Effects of modified atmosphere packaging on the composition of bacterial community at the phylum level in chilled beef
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Fig.8 Effects of modified atmosphere packaging on the composition of bacterial community at the genus level in chilled beef
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