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Abstract: In order to investigate the novel method to extend the shelf life of chilled chicken, thereby addressing the bottle-
neck restricting that constrains high-quality development of the industry, the antibacterial effect and storage quality at 4 °C

of plasma activated water (PAW) and organic acids (0.2% citric acid, 0.2% lactic acid solution) on chilled chicken were
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explored in the current investigation. The results showed that PAW synergistic organic acid treatment effectively inhibited
the increase of total viable count (TVC) and coliform population of chilled chickens (P<0.05). It reduced the initial TVC by
0.77~1.21 1g CFU/g and the coliform bacteria count by 0.07~0.57 1g CFU/g. During storage, the PAW synergistic organic
acid treatment inhibited the increase of the pH, K value and malondialdehyde content of chilled chickens (P<0.05). In the

early stage of storage (0~8 d), PAW synergistic organic acid treatment had not an adverse effect on the color. The synergis-
tic treatment of PAW with organic acid reduced the shear force of the sample, but not significant (P>0.05). Although PAW

and organic acid treatment increased the nitrite content of chilled chickens (P<0.05), to a maximum of 21.43 mg/kg, which

was still within the safe range and would not cause food safety issues. In conclusion, compared with NaClO treatment,

PAW and PAW synergistic organic acids treatment effectively extended the shelf life of chilled chicken by 8 and 12 d, and

maintain storage quality. This study could provide a theoretical basis for the application of PAW synergistic organic acids

in the preservation of chilled chicken.
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2024 4, FREXG P 7SN 1500 J7 0, Bl 4
2 W 22 JE RS R R AR e E N ARk, 22
CERTE” IR A SPETE R, K EE RS 28 7k SR T
PR, SR, VKEEXSAS B AT (T80 ) L) S 3R
HTE LR (B84 . A DL L 2530, TR AR | Fak
Sy ENNSBRAEIAT IR AL, At . a el fe b
TRLRE P BTG A, M S SO AR B 255 | & 5
LA, P EE SIS AR, TR A AR
AT, P E AR ST PR AR, 3 B R TR, BHARA T
Wi R R RER . HRT, FEECRFHAREL. IS
PR . ARG B8 IR BR S CRE 7 VR PAE— 3 E 1 JR)
RIPEBY, 5] 4, vk SR 8N T RE -5 A8 AL SN A i B
JEEW, 3 | R L A Trl ) PR A5 s Ak F el i
PSS IE R B S E R B A AL, SR
AR AL, MUTTTE l E B RIS 2 ok
—E B ETSZ A | SR 2 B S i e sz U8
PR, B AT T 2 SR INS 0 | e 4 | SR
HIPEE )75, TEAPUE AR e T, Pl vk et
XSJEF AR T . S DR ARI | LR EE VKBNS AT AR .

LB TR AL K (Plasma activated water, PAW),
JERF AR AR e A e B T K P el SR T A T A
TR AT, PAW AU HEA RO K A1
), I RELERFE AR B 10 5 TS A7 kS R i, I
HEAEEMER L AHRE ) ORI 5
PLRR EZAFEATER . FLIR . 5%, T H AR
IR ARTEROR B2 2 2805, 2 M H TR T
AP SR, BA—B0 PAW BRAT HILER 40 RSO A BR,
£ PAW 545 LRI A AL P, A BE G 5i 4170 PR R
B, M HEI > B A, REAA S, Wu S5
Zhang 25" FH PAW 5105 4 BREX & Ab B et L) 3% 55
T B, AT T A o (o A A R A 4 s 1.92 il
4.04 1g CFU/g, LAh, ¥ PAW SATESRREX &l FH AL
HREED] 3 B IR AR L B AR R . Qian S5 & BE,
TEAFEIZRAF T, 0.2% FLER 5 PAW BX G AL FRREAL (S
AR VT TR AL 3.52 1g CFU/g, T F.— 1)
2% FLER ALK 3.45 1g CFU/g. Kang 2509 % FL4%5
FEYDI] IR R T X 1k ) S XS JhR A R 1T, SR PAW
55 MR AL TR 10 min, X Y FING R Py T

FG 243 59820 0.98 F1 1.19 1g CFU/g. Jyung 5017
RIMAEAVUIRFPIEAE, PrEIRCR R 22 57, B
EREAYNRE- .. ZEBIFELE . AR A%
B . BRI HLnT FHF & 28 1, IR IR BE
FPERIR . FLIR S PAW PpEILbEE, BRIERE A F = X vk
EEXGFETAIHAE PAS BARCR, B R Dk S XS [R]
P T R II]

ARICRH PAW ., PAW PRI HLER CFLER . Fri5t
12 ) Xt UK S XS 4 T AL FH, AFFEAS R Ab BT pK e XS e A
PyFE bR (V& S KIGTEEEEO . #ieFE R (pH.
25 N KA. WASERER) S it i (35 Y1 ) By 5%
i, S FEC OKEEXS B LR DL K PAW B EIEHLERVE N
R S [ELUEN SE 5 N e
1 #MR5RE%E
1.1 #RISEE

VKEEXS PP R SR RUA RS, 45~50 H %, 57
JEHHEIA TR S 2 h 345, Fr24 B iR IR A bR
N SRR IR TR S EO O R R R A
TR SEE 3M AW FLER . FREER Sriral,
[ 25 A b2 AR A BN A e iR . &5k oy
Hraf, HAS QSSOLUTION 23 &5 PN 1 & & 4601
HAlE  JEEERSEE AR A BRAF; & 5 AR
e ieEiEFE i EEREYREARAE .

PAW-2 B FIIRIb/KIES  TlziE &Rt
FeA R T SW-CI-2FD i TS PisEIras
Wl HEAT BN )5 MS 3 basic fUBIMRIMIR S 12
[ IKA 2\ F]; DNP-9162 fEIR T4 g H 1L
PRVBEAT RN W] ; pH-STAR P BT pH (B B 4
FEZ R 22 7] ; Chroma Meter CR-400 fB#E= (8, 224%

H 7% Konica Minolta 2\ 7l ; C-LM3B i LA

A PEIREAALALO R T R4 ; QS-3201 fif
BE{Y  H A< QSSOLUTION 4\ ] ; Infinite200 Pro £
DIRERARMY B Ha B Rl SYG-A2-4 HL#E TR /K
Wy RET RHRUES A TR F; UV-6100 2541
Al WYEAEERE T L OCHT A BRAS H; S810R 75
BRSO, 5425R H R B AL fEE I ARAE
N



- 414 - Q&T\lv*’Lﬁ

2026 4F 6 A

1.2 LWHE

1.2.1 St ASHFgR iz pU-Sab B, 5350k
NaClO(NaClO ¥ 4 0.005%) . 458 TR itk 7k
(PAW) | 855 AL FLR (plasma activated lactic
acid, PALA) | 85 8 TG (LA T4 (plasma activat-
ed citric acid, PACA)

1.2.2 {EAKEIE SFFIECH] 0.2% (w/v) FFEERR I
W . 0.2% FLERE W (v/v) LK 3L B il i s i &
SEE TR B, ST S TR R L, Ab 3R
20 min, AbFRSE G H H B TR M AR TR A B2
Mike 25 REE T SEBRA IGO0, BHA LE 1.5:1 WIlLF=
BLOKEERS H AN R 2%, FH i Rtz Lu ) T4 [R] b
HRLA HIZ 15 min SRSy, IATCELSH, 177
T4 CE&MHT.

1.2.3 BIEREMLTGHEEENE  VKESEE RN
[FIEF(NaClO, PAW , PALA . PACA)AMH 15 min
J&i , STEVEUCH S A TC 2 B A8 R, T 4 °C R TR
ML 14 d, BERE 2 d XRES TR E L T . BAE R
W R TR B AU Y vk, AR TC R AR A
0.9% A= FRER/K, AR FREK SUKEEXG T E L 1:1, 4%
HE FAEIRIR G #5YR Y 10 min, F£3 A 300 r/min,
XA WS E BEAT 10 15H0 R, B BSE AR,
H 1 mL 6 BV N T B s S 8003 i R g T R
MR, I-T 37 °C fHIEEFRFTFE 48 he

1.2.4 pHIxE FH{EHEZ pH T RSP pHo
FEME AT, T 22 A pH 405128 4.01 F1 7.00 (RS HiE
WA AT HE . B pH TGS A A s,
LRI AR AR E — 3K, 1R Ja 8.

1.2.5 E@FENE A H O OPATAS R B AE 5
MBI AR b, ISR AIT, S8 PR UE IR A v, SR
EfAR 20, PR C IR, SoFH B AUIRE UK B YA S
T Ky, BrFLAE N 8 mm AR 3 B TRE S #2 ml,
XF UK EERG S J A TIN A . B E RNy LT (52,
—MEEE) | a” (FLLfn, L) R b (G, —iER) o

1.2.6 SHEEMNE HL 0.2 g XAE T 2 mL &
BLLEHIFINA 600 L mAEMRIER . HBYJITF 30 s
PR BY AR N, PRI A S ARSI RES, pH, (15
RSP B E 5 min 5, BCETEWARH . #
TR 3] 7 PR DR ] S 28 I, J HL Dk B v i 140
WIRTENEAC L, fEUR AR5 . W 5 pL IS W
TEURACHI TR B AL B, EDE SRR =ML, 76 800 V

HL R4, LKA 85 5 min. S50 5 O pE 4Rk e
FHEAE T 2 min, SRESGEISUS, T K AETTH4K
PERIATAS3) K {H.
1.2.7 NS EWE SR ARG I 257 &
) 5 AN ] Ab B DK f5f XS R i 1A D 1 5 e, FARERZ
0.2 g X g, i A 2 mL $2 R AT KIS T
8000 r/min, 4 °C Z&{F F ES.0> 10 min, B i W HAT
MR
1.2.8 WAHFREL BB SR AR IR £R 5 A
TR I s A TR Ab FELZH K XSS it 114 SR i B 2 &,
HERAFREL 0.4 g XS P, 513%, A 1 mL $2HBUR—,
BEKHE 15 min, BRIV EZR)S, MRKEKMA 1 mL $2E
W 1 mL 20K = 2 mg 7] =, ¥ 30 min,
F 8000 r/min, 25 °C £514F #5000 20 min, B 5K
AT AE .
1.2.9 BYUI e HOw ik PR S 2 nT ULAR AN
JUIEE, B HAETT AR 1 ecmx1 cmx3 cm FY A 45, B T-2%
BASH, F 80 °C MZKIEEN I 20 min JEHELH .
TR 322 R i T LT 47 1A bR S A ),
B IEN (N 6
1.2.10 BREEM  BREMENSE TS T,
PR/ IV 8 4 B A, PAXS IRI I (a3s . A<M L 3R
TETZH L URAS M A2 =2 A DA 7 T TR, PR R
HEINER 1 B,
1.3 IR
BT RES AT RE 3 ¥R, B LISE S (bR v 22
TR o MR ZE J7 25 57 MR Al IBM SPSS Statistics
27.0(IBM 2 H], 2 HE), FIH Duncan 28 LWEEXTEL
PEo WA T 40T, WEPEKSEh 0.05, SR Ori-
gin 2024(Origin Lab 2\, 25 ED #4454,
2 GREHH
2.1 kEFRSIEHAR RS S A KA ER AT
MEL TCA) AT, W23EE 0 d B, 5 NaClo £ 4
b, VKEEXS 2 PAW. PALA. PACA Ab3 S, T
V& BB R W3 (P<0.05) . 7ENCHEYINE], NaClO 2H
P B 7 B I B bR, IR A 6 d B Y GB 16869-
2005 fF . RE PR AL )T RILE B9 11 SE{E 6 1g CFU/g,
M PAW. PALA. PACA 4b B 24 {¥ N 5.68. 4.26.
3.71 1g CFU/g, itk T NaClO #H, H:+f PACA &b B
HMAERBR Bl . MSZEEE R AT 50, PAW., PALA
PACA AbERZH T2 8. 14, 14 d BHIGFYE.

R IKES A RE R

Table 1 Standards for sensory evaluation of chilled chicken
. 1350 brife
st 8~10(41) 5~7(43) 1~4(41)
[EkES EEFIEH, AL EPERTIR, JCIE 2 WIERHR, TOLE
RS TEH G PSR X RIRIR, TSIk XM, 47 SR
RIMHLURZS MR KT INRT R TG F KT
R R S — NIE: 24




478 % 128

AR, S SR T ORI AR DM B PR A SRR S 58 ot S ) - 415 -

(A) 10 NaClO
N PAW

)

-]

a5}

)

&

&

3

s

"

0 2 4 6 8 10 12 14
T st 1] (d)

=

NaClO

KIgwHE (Ig (CFU/g))
S S R Y

IE ORI (d)
1 ANTRI AR BEEH oS A0 PN v SR (A)
R EHE (B) A4k
Fig.1 Changes of total viable count (A) and coliforms (B)

of chilled chicken with different treatment during storage
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Fig.2 Changes in pH of chilled chicken with different
treatment during storage
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Table 2 Changes in colour of chilled chicken with different treatment during storage
~ TR ] (d)
Bhn bR
0 2 4 8 10 12 14
NaClO 73.38+0.39%  72.93+0.91* 72.87+0.33% 72.46+0.98*  72.29+0.44*  70.86+0.82%  69.26+0.73¢  67.55£1.51*
. PAW 73.65£0.58™  73.25£0.43  73.15£0.64M°  72.91£0.52M"  72.4240.61"  71.28+0.51%°  70.50+1.16*"  68.58+1.21%
PACA 73.73+0.83% 73.4+0.66™ 73.63+0.60 72.99+0.29% 72.49+0.46"° 71.20+1.04*° 69.86+1.12%° 68.73+1.4274
PALA 73.46+0.614* 73.6+0.64* 73.69+0.524% 72.92+0.344% 72.52+0.86"° 71.27£1.20%  70.37+1.12%°  68.65+1.40%
NaClO 1.37+0.21% 1.24+0.174 1.32+0.36™ 1.17£0.12% 0.83+0.234° 0.74+0.18*° 0.7120.15% 0.49+0.35%¢
) PAW 1.19£0.084  1.09£0.09°®  1.04£021%  1.05+0.18" 0774025  0.71£0.21"  0.6740.19"  0.1420.75"
a
PACA 1.16+0.35" 1.07£0.12% 1.05+0.30" 1.03+0.14" 0.63+0.28"* 0.11£0.52% —0.87+0.51%  —0.88+0.78"
PALA 1.010.29% 1.10£0.20" 1.04+0.11% 1.05+0.15% 0.56+0.21*° 0.16+0.53" —-0.90+0.36%  —1.09+0.56™
NaClO 1.13£0.15%  1.20£0.30*  1.18+0.21°  1.23£0.37*"  1.26£0.29*"  1.41x0.24*  1.66+£0.31*"  1.70£0.35*"
b PAW 1.34+0.40"° 1.3240.314° 1.30+0.274° 1.38+0.284% 1424025 1,520,327 1.72+0.414 1.78+0.44"
PACA 1.11£0.27%¢ 1.2620.347 1.22+0.24% 1.31£0.19" 1.35+0.14" 1.45+0.29" 1.75+0.33% 1.81+0.38"
PALA 1.19+0.28%° 1.25+0.214% 1.24+0.174% 1.27+0.247% 1.39+0.21% 1.54+0.24" 1.73+0.30" 1.82+0.53%

T RPN RIS R[] — ] AN R AL B2 2 8 22 e W 2, AR [l /N B2 AN [l ] A ] — A B 2 1] 2 57 W 25 (P<0.05), 33 R4l
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{HTC W35 2557 (P>0.05) . W Z 4 6 d B, AN[AI4b3E]
ZH UK EERSAE S 1Y) K HZ2E 5 W2 (P<0.05), X EZ 2
UL P 2 00 Ay YR W& FRIT R B W A 2 1) o 2 AR IR
T, R AT AL SE B TARIE LK PNEA PLRRE
RN HI VK EEXS K AE Y I, A R T m i ] vk 63
L A LARE, Hodh, PAW PRI HLES AL BRI RO
HAE, PACA 5 PALA Ab3R4H G 3525 5 (P>0.05),
HRE PAW AbBHZH

NaClO

S0F  mm pAW
£ PALA

IF R TR] (d)
B3 ASIrI b FRE vk f A9 5E N K 19421k
Fig.3 Changes in K value of chilled chicken with different
treatment during storage
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FY 1.23 mg/kg, PAW 4bFEZH 1Y) TBARS &= threHy
i, AEEE N AN, NS 0 d 19 0.14 mg/kg T
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AT THESZRIL S RAT I HRIOER, 3 it R]

VKEEXGFE S Y TBARS {HARAE THARIK, 2T 056
A, FEAL Y TBARS {ES3514 0.70. 0.68 mg/kg, N
TS B W EIR(P<0.05) . AAHCHISY IR, Pk

B TBARS {HTE 0.5~1.0 mg /kg 35 B N BN & 4= 1 I8
JR AP, Z LA 0.50 mg /kg VE R ERE, T NaClO.
PAW. PALA . PACA AbEHZHSTHITFES 6.8, 12, 12d
A HBR(E . Qian F5P% % BHAE B A WG (L LIRS T
A PRSI PR BRSNS R, X S AR SCT
FEAER 2 PSRRI, IS LR RERE AT
X R W e A DY S i B HS, TR ST T Y
NO HX. HE, WHHREE B AP EIEA . sk,
BARIFE SRR SEIR BT A b R 2, H NO Rl 5L
LI W Fe* 854, Il i 2 ek BRI HI BE
JRAEALL, 28 Al %0, PAW. PALA . PACA 4bFf
RENSAELE pREEXS NG BT A ko
14t NaClO
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Fig.4 Changes in malondialdehyde of chilled chicken
with different treatment during storage
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478 % 128

AR, S SR T ORI AR DM B PR A SRR S 58 ot S )

<417 -

PR, DI EOW AN RS S B, 45 2 A
A WA L AR T B P A AR EL B R TR, PAW
PALA. PACA 4b B 2H A% 5 19 MV fiFf iR £k 25 1 43 51l
M 18.50. 19.63. 21.43 mg/kg 4 HIEZTR 5.92. 7.94,
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Fig.5 Changes in nitrite of chilled chicken with different
treatment during storage
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Table 3 Changes in shear force of chilled chicken with different treatment during storage
- TR 1] (d)
et pisilyiny
2 4 6 8 10 12 14
NaClO 22.87+0.93%  19.8440.70"°  17.88+1.20"°  16.64+0.91*!  15.98+0.90**  15.10+0.63F  13.72+1.28%  12.45+0.85%
W1 (N) PAW 22.63+0.72%*  19.23+0.65°  17.14+0.73"°  16.16+£0.92*  15.75+0.58*%  15.07+0.56""  14.55+0.51*B"  13.58+0.60"¢

17.1120.70%
17.13+0.63%

19.18+0.914°
19.07+1.424°

PACA 22.42+0.58*

PALA 22.55+0.88

16.010.774
15.92+0.75%

13.6420.714
13.70+0.73A

14.80+0.93¢
14.65+0.63"

15.00+0.514¢
15.05+0.67*

15.74+0.39*
15.57+0.57*

K4 [ AE IR DK X R NIRRT AR A

Table 4 Changes in sensory scores of chilled chicken with different treatment during storage

IPojEB] (d)

D SOBL Iy Y
0 2 4 6 8 10 12 14
NaClO 9.67+0.52*  9.00+0.89"*  7.33+0.82%°  533+0.82%  4.67+1.03%  3.33+0.82%  2.33+0.82°  1.83+0.98"
(o PAW 9.83+0.41%*  9.33+0.52**  8.00+£0.63%%°  7.67+0.52*°  7.17+0.75"°  5.33+£1.03%  3.50+1.05%¢  1.50+0.55%
s
PACA 9.83+0.41%*  9.17+0.75%°  8.33+0.52"°  7.33+0.82%°  7.33+0.82%°  7.00+0.89*¢  6.17+0.75°%  5.50+1.04%¢
PALA 9.83+0.41*  9.17+0.75  8.17£0.41%°  7.50+0.55"*  7.67+0.52°%  7.17+£0.75%°  6.00+0.63*  6.17+£0.98*¢
NaClO 9.50+£0.55%  8.33+0.52*°  5.17+1.17°°  3.33+£0.82%  3.00+0.89%  2.50+0.55%  1.50+0.55%  1.00+0.00%
ik PAW  10.00£0.00*  9.00£0.63"  7.33+0.82%  533+121%  4.67+0.82*  3.83+0.75™  3.00£0.63""  1.50+0.55"
U

PACA 10.00+£0.00*  9.50+0.55%*  8.67+0.52%°  8.00+£0.63%%  7.67+0.52"°  6.00+0.89"  5.17+0.75°¢  3.50+0.55%
PALA 10.00+£0.00*  9.33+0.52*  8.50+0.55"°  8.17+£0.75%  7.50+0.55"°  6.17+0.75*  5.17+0.75°  3.67+0.82%°
NaClO 10.00+£0.00%*  9.17+0.75%  7.83+0.72%°  6.17+0.75%  4.50+1.05%  3.83+0.75%  2.50+1.05%  1.504+0.55F
KEHLURTS PAW 10.00+£0.00%*  9.50+£0.55*  8.83+0.75"°  7.50+0.55%°  6.00£0.63%¢  5.17+0.75%  4.17+0.75*F  3.17+0.55%
e PACA 10.00+£0.00%  9.33+0.52*  9.00+0.63%°  7.67+0.82%¢  7.17+0.75°  6.17+0.55*  5.16+0.72"°¢  4.83+0.75*
PALA 10.00+£0.00%*  9.50+£0.55®  9.00+0.63%°  7.83+0.41%°  6.83+0.75"%¢  6.33+0.52%¢  5.17+0.75°  4.67+0.82*°
NaClO 10.00+£0.00%*  8.83+£0.75"°  5.67+0.82%  3.83+0.75¢  3.83+0.72°  1.83+0.75%  1.33+0.52%"  1.00+0.00"
S PAW 10.00+£0.00%*  8.83+£0.75°  8.33+0.52%°  6.83+0.41%  5.50+1.05%  4.50+£1.05%  4.17+0.75%  2.67+0.82%
‘ - PACA 10.00+£0.00**  9.00+£0.63°  8.83+0.75"°  7.33+0.82*%°  8.00+0.63"°  7.17+0.41*  5.33+1.03*¢  4.33+0.82"°
PALA 10.00+£0.00%*  9.00£0.63%°  8.67+0.52%°  7.83+0.75%  7.67+0.52"°  7.17+0.75*  5.00£0.89"¢  4.83+0.75"
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HA(0~2 d), NEIH B ERE PE4r o i 25 (P>
0.05). NaClO A 4 d FHIR IR H (AR
R G RIRIR ELAEA Se i SR g (B 4b F T 42257
JEEIN; BT 28 6 d HELSEIRAH IR | 32l &% 2 Tk
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IRATREFESE 4 d g & &I W T8 L, 1T PAW,
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A, PAW B[R HLER b BRAE S 48 1 H A 437 Rk (R R
P ARG T, e — R BRSNS A i 55 U]
J7, eEEXG IR o 255 45 R bR, PAW., PALA
PACA AbFHZH LT 2RI 43 AN 6 d JEC =8 8. 12,
12 do AWFFREE S ] Sk G PR 5 0 2] K Ak 58T
TR AT T S, S HES PAW FE S S0
R HIR A RSS2, SR, HET PAW HhEAG
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