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Effect of Plasma-Activated Water Combined with Biological Preservatives on Beef Preservation
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Abstract: To prolong the shelf life of fresh beef, we designed and evaluated a preservative (PAW-e-PLH-nisin) by
dissolving e-polylysine hydrochloride (e-PLH), nisin, and sodium hexametaphosphate as a water-retaining agent in plasma-
activated water (PAW). The effect of the preservative on the quality changes of beef during cold storage was investigated.
The results demonstrated that after storage under vacuum at 4 C for 28 days, the total bacterial count of beef treated with
the preservative was 5.1 (1g(CFU/g)), within the acceptable limit. The total volatile basic nitrogen (TVB-N) content was
18.3 mg/100 g after 21 days of storage, meeting the criteria for the second freshness grade. The PAW-g-PLH-nisin treatment
notably improved the redness of beef, kept beef texture and sensory characteristics stable during storage, delayed lipid and
protein oxidation in beef, and maintained fatty acid stability. These results suggest that PAW-¢-PLH-nisin has significant
application potential and high development value in fresh beef preservation.
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PRFIVHE T 5 B GB 4789.2—2022 (£ M AE M0 56
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FACT- AR RED B 14%) » FRZIRE) G MEE
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B, S EHAEMILEE (023 um) 3398, RS,
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MYa BN . WIER IR 290 C, RS minfg LA
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240 CHARFF10 min. LA37 Fhflig 7 R FH ER VR Bn A A v
i, THEEAF IR S . E T RIS R
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%7 Gao Wenhong25" 1 7 iR ME B 2. HL2.0 g&¢
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FER 51 min, YR 5ER)E T4 C 44 T LL10 000 r/min
B H B0 10 min, BEJE 5 B3GR, PO FINA20 mL
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B0 min, B EIEWR.
1.3.10.2  SEREEES RN E
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Ja TE R A IR AV NN 0.4 mL DTNBV W (0.1%) Ff
FRE], BEE{E40 CEE/KBH I E 25 min, T
412 nmAbM EWR G, BRAFE 3 UCEAT, IR R
THERE R R S A B (LEAET) -
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2% Lin JunS N AR RS . BUL.0 mLJUE £ 4

FEAHBW (2mg/mL) , AT mLAT2,4-—f53E K BHE R
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=S O (15%) bz, 5T 14 000 r/minff]
4 CAEBEOILEOS min, FF % LiGHGE 6 H L8 L8R
W (121, VIV) VRERDUGE, BEEJEIIA3 mL#) i ER AT
(6 mol/L) ¥, 137 CWEE15S min, #—4, T4°TC
PR B HL14 000 r/minES 05 min, HU B3GR, e HAE
370 nmAbWROGRE, BRLLRE S HEAT3 CPAT SRR, TR AR IR
TRUFERF SRR ERE S E (DERARET) -
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A370nm
eXCXR (3)

XA £422000L/ (mol * cm) ; CHAHM LR £ 4
EAREIKRE/ (mg/mL) ; RAWENZE (1ecm) .
14 HUESiH504

K FHExcel 20230 i k17 8 21, R FSPSS 2641t
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BT EE, 25 8E MM NP<0.05, KA Origin
20195 Hidh AT 4%
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2.1 PAW-g-PLH-Nisin 2= P i {5 6 445
2.1.1  PAW-e-PLH-Nisin X 4= P I s A 18] 43l 2= 4 1 5 1
I A

AP A K B 5 R A S P SRR O BN K,
A 2 A P ) T O R KO B SR AR T 1 X 10° CFU/g™.
TR LAY 2, BE A U ] e A, % AL B
A R BB, xIE4 (T1) K&SHMP
MEEH (T2) WMHEE SR LR, 25 MNEOR
4.8, 4.6 (lg (CFU/g) ) EF-RIHE14KI
7.1. 7.1 (lg (CFU/g) ) . PAWAFY (T3) .
e-PLHALFEAH (T4) FMINisinfbF4H (T5) R H
KA K, HEELH D HMNEORT4L.5,
4.5 (lg (CFU/g) ) F2.1 (lg (CFU/g) ) #5514k
f16.8. 6.3 (g (CFU/g) ) F15.0 (g (CFU/g) ) . H
i, e-PLHALFEZH (T4) FMINisingbPEZH (T5) FEHETR
I B V& A BOA OR R R SRR i B 79 8 1 D 3
REE RN 2 R A Y B3 . H S K T [R) 22
21d, e-PLHAINisinf{#IE/EH CA R . A, 7E8A
gt f2H, PAW-e-PLH-NisinZbFRZH (T6) B4 =
BUH AT Al 2 M2 4K, HAESRO0. 7. 14, 21K
FI28 RIS 43 Wh2.5. 3.2, 4.8, 4.9 (Ig (CFU/g) ) M
5.1 (lg (CFU/g) ) . LAL&RER, HMmAPAWALHE
B —EMEER, EIFARE, fie-PLHA
HFINisinAbh BEAE /A5 AT 14 A B BEIER, 25
M E AT R, i PAW-e-PLH-Nisin &b 35 75 B2 AN 5k
W (28 &) #ARLF IR R, XRHPAW, e-PLH
JeNisinZ A A7 LE R 1 1 5] 34 8GR /R

OT1 oT2 oT3 2T4 BT5 BT6

28 aaa a a
T 7f b b
2 6F
= » . N
@) . A2 ¢ o
=5 c ¢
o0 4
=3
=
m 2
|
%E[() 1 1 I
14 21 28

P B 1] /d

NG FEERFIZE R R g AR R B 72 5 B2 (P<0.05) , Rl
P R R B AR

Fig.1  Changes of total bacterial count in beef during storage

2.1.2  PAW-e-PLH-NisinXf 2= 5 3 18] TVB-NAE .11
FHIAE
TVB-NZEHARAEMEY A HRER T 9@
PR A M TR, Sk ) B A e PR R B e
i RAEENZER L. WIFEGB 2707—2016 (fE
() & &) FR0E, B4 W TVB-NER <

15 mg/100 g, EWAWF I TVB-N{EAEL5~20 mg/100 g
A4 AU R A g R bR D P
i — 1R 5 PAW-g-pLH-Nisin ik 4= P 4R 6 VE F %
AN [R) A B 2H AR T 30 9 O TVB-NAE HEAT T 58, 45 R4
B2 . 6 4LFE G A TVB-NAE S5 [t 25 0 5 I 1) ) 78 K
MRS, Hastfa (T Mo, HE
0. 14 RAM28KIMTVB-N{E 735 °48.5. 17.5 mg/100 g
M131.3 mg/100 g. SHMPALHEZ (T2) . PAWALEE4L
(T3) . e-PLHAFEZH (T4) MINisinkbPR4H (TS)
FAERBIR BT . BATE ORI TVB-N{E 43 4l
6.2, 6.3, 6.9 mg/100 gF16.3 mg/100 g, 521K I 43
FIIEINF21.1. 20.6. 20.2 mg/100 g#120.1 mg/100 g, 4>
AR R LR bRdE. SR1T, PAW-e-PLH-NisinbF4
(T6) FITVB-NFES0. 14, 21, 28K 3514661 11.1,
18.3 mg/100 g#124.8 mg/100 g, B[ 5528 K A #id — g if i
bR, R4 B EPAW, e-PLH & Nisin [A] {7 ZE4L
RN NEIEE IR (S

35 OT1 oT2 oT3 2T4 BTS BT6
en a
o 30 )
%25_ a hh bb
g Dbep ¢
v20' a d
@15_ bbccd
Elo-a”h‘m thiaid
il Al |
= 0 1 1 1 1

0 7 14 21 28

TS ) 1) /dl

P2 R bR A TVB-NAE M A ik
Fig.2  Changes of TVB-N value of beef during storage

2.2 PAW-¢-PLH-Nisin 2= A8t S 6] J88 B il o O 2
221 e R A L ) AR AL

Pt A2 5 WV 2 3 A W PR 2RO e R Y B B AR A
WE A (a*E) A& MR A P i S R A
a* (AR AL, SR BREEWE] ). 4
WA S H AL A BRES K=&V, B
A RS B S LA B A, o E R B
o R T TR) () ZE A, 7k AL 2T B A SR AL s Bk L AL
BH, Gz eme, o g bR ERE™. FuaE
HH, AR PRSI R 1 AR T R AR TR S AR ) 5 R ) R
2R, R 1 T 2 e AR A B BR P
T E E A REEFIN AR LR, I E T AN A AL EE
HAEWTRIH A Mo E, SRWE3FR. SEAE (TD |
SHMPALFEZH (T2) . e-PLHALHEZH (T4) FINisinkb#ZH
(T5) Ha*{EH R HIEWT T K&, FFEF28RIE
S/ ME . TMPAWALHEA (T3) J2PAW-¢-PLH-NisinAb ¥
A (T6) Ha*BHH EIH L EA)E TREES, WA
i e MEIITE S 1A RB B KAE, TEZEPHE/N, XE
HHPAW B R WA EERH . X & B TFPAWH S
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