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SRAT DA IS i L3R AT e S S RTARAG A I, (H
K% HRA TVB-N FIR & S HCHEAT W R 43, $RbRid
T, HERRTEA R . JF HIX SR EE LR AR R S R 251
AR BEAT RS TN, e SR A G P PR 2K 16 T R
fE BRI CEAT FUXT, ASRE SEELN A 2SR AR B 22 T
T o FRT UL, RIS P PR A 0 R R A B S 1
T ANz, HERRVEAT AR E D IRE, AR TR R A
K. g8 LR, TSIl A SR e RO HER 10
Bt SEIF R AT, DL AR AR D ST T, I
BERRAEIN R S B LSRRI OC R, 2% Sun S5 i)
PR YT %, IR AL RGUKEHE R RE(E RN
TERBEE A, ST 2 RS A, AT
B REAR RS 3 AT A FEE PR T AR, Dy PR SIS Bt R 1) T
Wi S R AT ARG T R B o

1 MRS

1.1 #R5RF

MEL: 9UEKEF4EEH Sun SURME ERSRE NS
TSR D JE R R B AP E X, G 12 H IR e R,
T 6:00 MiEEE, Kbk, BORIAMES, B
BUGHRAY 100 g, MIEIAKE S, F7H.

WA 2K BB IR, WRIRM, A mHral;
PCA (plate count agar) #5783k, |7 RIYAENRIHH
PRAR]; HEELL, RAPEEmZE, 22kl
1.2 UFE58&

pH-STAR Zfli{A& pH it, fEE MATTHAUS 2 l;
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PSS JETF RYUKET Y BEAR 250 F PR B B2 (1 8 Ber ) 25

CR-20 B z21t, HAN B RERRIEHMRAF: Pro-Nitro
A EHNYIKERN, RS HEENSRERAA;
SEM4000 A HLE, HA ISM Ad]; UV-2450 L4806
FeFET, SEAALERE (hED HRAF.

1.3 RIEFE

1.3.1 SAREFEBE G4 S

YUK AFYERE R 2% Sun UG, FREUR
BOHON 12%E AR (Polylactic Acid, PLA) &T —
S W%t (Dichloromethane, DCM) &R+, FEERE 14
FEA5 1 DL 500 r/min RELESIFE L 2 PLA FORL A S f7: AR
BURE BN 04%MEHF RE T ZFREFBEZ (N,
N-Dimethylformamide, DMF) H, FE7ERESIHiHE4s 1 LA
500 r/min FFEENPEEBIETE R AT, BEEXIER
BIN PLA W, ROWERI R 2w, Hh
DCM/DMF HJJii&A 3 1 2.

Frlgiee b B 5% Sun UM, YT LR
TENEIRT DA BT RS 28 (B 10 mL) 1, 3
F g L, R ALY, YinS
BN IEHEA+20 kV: XS SIREEN 20%; R
HERHH Y 1 mL/hs B3 B2 150 r/min; 2R 4E22 1) 2
A REE BN 18 em; 23 (AR RIS (8] 9 30 min. 55
P39 K AP 4R TRCT 50 “CRYEL S T4 b TR 218
JF .

1.3.2 HRSFHB e EAE

1) FH 253455 (Scanning Electron Microscope,
SEM)

B AT S (SEM-TM4000Plus, Hitachi
High-Technologies Corporation, Japan) it 5{EH 240K
SR 2 IR SR T TR SR AE o M P AR 1 i O it o fL R Dy
15kV, TAEFEEN 1~5mm. %A image pro 6plus /E R
SEM EUZ 153 B

2) Rt

16 FH B ZGVRAE N B S, SR 002 7 3 A A P
FeBUBRYE . 4l R e, RV @ 528 PRI
WSR2 ARBGRIGAE 25 CF . ARXHE
FE 54%26 A4 N T, S Ri IR LA EN 15 mL IR 1~
100 mg/L IR K, ARIEHE (1 emx2.5 cm) ZEFH A,
7853 N 24 h i, GBI UV-2450 8403 FE I 5E
=R B .

1.3.3 4R ST 5 P37 85 a9 40

IERCESEREA, NG G RSN KA 20 min, 1)
FRETAZ, JEEEREIN N 25 g T ARG, Kl
KEAFLERE (1 emx2 em) FECTTHS, AEAlPIFE . X500
FEEFRRHM MTBIRE (10£2) C, ZF4EBHIEF A
BRACAT IO B . NS A AN B 1 AT F R AT . R
e R . TVB-N. B S5 pH E. BRE/A T
RBUMYK T LERR I 2 H AE , B2 2 R R M2
. BURIGERE 3 AT, EEHHMT 3 Ik, LARIES
SRAERAE o

JEVERE: % 10 LR IIIVPAN SO i 7 8]
ERBTIEE I, VR bRdE LR 11,

*1 FRAREWER

Table 1 Sensory evaluation table of mutton
—REEE CREEE SREE UREE 5
Pk (54%) 44y 34 Q24 (1%\)
In dit::ators First Second Third Fourth Spoil
freshness freshness freshness freshness lp o1 figte
(5 points) (4 points) (3 points) (2 points) (1 point)
, w B, O W4, IREEEE BFE, A
FE Ot ek
G BHL MR T e T ok B, DU mp
HAEER N
ek RERIUR T Rk mask ok Uk
. B, oSk NI
PN
- - o PRPE—RR,  TERRME, fE OBtk
ks TR IR LS, e okt RRARE SRR

JRSAMRE IEJRRERE W " FIE

TVB-N: 2% GB 5009.228—2016 {157, FIFH4HZh
ILE RN E TVB-N &g, B M IIE 3 IECFAE.

HEEHE: 3% GB 4789.2—2016 {7732, AR
THEE I 2 PIRE 1 R Ve e B, BRNMRE SR E 3 YR 5ME

pH: AR pH THIE £ pH AE, B S IIE
3 IRECF41E

B /A RS 2 RREI G, BLl0g
¥, LBRAE, VIRRABE, IO 90 mL ZE4EK, Hiikdy
5GP E 30 min, 1UERF . B 10 mL 38, NN 40 mL
MK, IRAVET I T E KGR, A 0.1 mol/L NaOH
T, PR NIR AL HAE 0 B N AN GE I,
FEM NaOH VAR R MR H . SHL 50 mL Z&TH/KE
F=MFH, KK 5 mL 0.2 mol/L fiERF 1 W
0.02 mol/L =LA, TRAIMME 40~50 C, Fhn
A 10 mL WFEHER, SEEIA 0.02 mol/L &l FRAH I 5 »
HERKEHIOAH 30 s WABERI AR EL S, BT
THFE I = R R VA R A AR B R S Ak AE

YR AT AERE ) (22 . {3 FH (0 22 300 52 £ 4R FEE (1 L 62
LN, a* ML JEE, bR, FERIE 3
WHCFEIME . 2 AE 5 AR

AE=(L =L+ -d' )+ -b,)° (D

K Lo*, ag™ b AL AEREIVIGEE B, L*, a*Fl b*
NEFYEREAE FH 2 JE HIME
1.4 BERGITS DAL

f§iFH SPSS 22.0 #KAFx #2475 2= b, A
Origin2018 R AF AT VE K 43 #T, 14 F Image plus pro6 14
ML 4K B4R, % IMP Pro 14 B H#ET A SR 20 HT
TR 2R Py g T RS Y R R TR B AR v R T
WA T 52 Br A TE AN TN g 47 S BR A7 o AR AR I B

2 HBREHH

2.1 YRAUEEREIRERIRAE

HIF 1 ATRR, GUKREF YRR RERRAE 2 L 2ok 1,
HEEHRM . 1 SEM MIEBIER, BRSO EHE
122979 250 nm [T S SIRESE ZR LT HELL R R,
TEHI R BRI A
2.2 BEBURME

PITE SO R P 7 A R A AR, NH %
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AR = P A P 3 B (B AR P Rk B3 e rp N
SeLERECON T R, BXAEE pH (B B4k, B
DL FHZ AR E ARSI 90 K 41 4 8 e A 2 Uk M AL <,
PRI, SRl s K A e R e Uk, K IR 35 T AT
H (1~100 mg/L) WG, H UV-2450 KAt
e PR A e SRR Ce i, S5 2 fr
TRe AET BRI INRISIETE 500~550 nm 2 [, UV-2450
AN TR BIAKEFHERRAE 533 nm Ak H I KR
Wik o B IR EE 3G N, RSO SCGZ B, IR
KT 70 mg/L B, e KRS AT 2 o b S W R SR AT L
N POKEFLEET UG R EHE LR MR TEARS,
TH =P RASERZINBR N, B RAER, ET
HFREBEIEE T F, BT IRIES T BRIER TR G T
B EERR, RUEERT AR R, BT BRI 4R
eI, HAE— iR IR T AT, it
i P R RS H, X FPEs A & —Fh T A2
25 BRTR, 9PKEF4ERAE 533 nm HIRAMNEOEE SEIRE R
R FR (GERAA: 1=0.907 06-0.003 8x, R’=0.9897) ,
UESE T A 4ERE MM (AR (A, w] AR RTIR IR, A
FELAE = R (13 FEASH IS FH 4 LAk B

N

NN
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HE.12 Diameter/nm

c. BRI

b. FYIES
b. Fiber morphology (X5 c¢. Diameter distribution
X 10’ times)
B 1 SR QIR GG Z T & 5 MALLEA
Fig.1 Macroscopic morphology and microstructure of
nanofiber film
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Fig.2 UV absorbance of the nanofiber film immersed in different
ammonia concentrations

2.3 YRRETUE B REFRE X RO FN BT A M
2.3.1 FAmEaEae s %

JREVEE . pH . TVB-N. Wk S BMERE /A )
BB E PR RE 1 F R AR, I E 2 A A
PR FIRFRARAOAE A, SEINE 2 PR P (K0 A 2 2
A R R G DR Y BeAr 25 M R RS B, 43

AT e bR 2 06T 2 PRI S ARG N P 7 A 12 o

JERE VP R AR (B RT 2 SUIR S S A
S IR R, R oM B E k. R 2 AT,
J& 52 I (P 5 2 P A BT R RR RN 2 . LT 4 B0
A HEURERLF, BEWPrRe, AR EH
WAE . BEE R TR 3G I, 2R R UP 4 188 T %,
1E 48 h I, FRRSTURE W ER 2.20~2.70 Z |1,
BARR IR WK ) H B, oA IS 20 (0, A
IR R . HIURSIAE, SHMHE TR, 4%
IR 72 h i, BT BB A R, RS AR A,
BERZIWRA, WERTHIETFRE, VR
JRIE S, B F R B A I

R2 FARBIETHRETESR

Table 2 Sensory evaluation results during mutton storage

. P
Stj)ij?eﬂgrlr?e/h “Uk Flavor €2 Color Orgaiﬂizé/a\t(ilf)(ﬁtatus
0 4.99£0.02"  4.98+0.02° 4.98+0.03"
24 3.73£021°  3.53x0.21° 3.83+0.15°
48 22040.10°  2.33£0.25° 2.63£0.47°
72 1.00+0.02¢  1.23+0.25¢ 1.57+0.25¢

I RPAFEVNG FREOR F — R bR A F B 7] 22 7 2% (P<0.05) .
Note: Different lowercase letters in the table indicate that the same index has a
significant difference in different storage times (P<0.05).

PRI pH B A O SR PR /K PS5 b SR BRI,
AE— e R B s 25 UL PR P RS M, AT 52 2
MR, SR 8% PO S ISR R P A S, 2 487 AL T
fief i AR 2, WA 3a o, BESAOMIAG pH E
N 5.68, J3HTIR IR E PRI Ok AR AR B, 7R
THREZAMR, W5 pH EWIEP. BfE, ERK pH
EiEE B, X AR BT WIS 2, WU
WK, KERRN Ca™ s THE AR, it
WUIR 27 4 55 AL B R /Ny 7 2 1K, 3090 2 IRk SRR
TR AR, X L B S AR AT K S ot S A A
FE T A R, e 2 pH (B T 2420,

HERMEILE (TVB-N) WHE LI m, &N
TEMBOS R, EER. 2RSS S B S
PR S A0 o, PR AR P R R I, e, =
Hf . R ORI RS R G RR T 2N
TVB-N fH/MF 15 mg/100 g MR, 15~20 mg/100 g
RNUREER, KT 20 mg/100 g AJEMIAP. H 3b ATA1,
EWHILE TVB-N i 7.6 mg/100 g, % 24 h J5 K
11.6 mg/100 g, ML EPRLLTHEEHS; i#E 48 h I,
TVB-N {E T+ 2% 18.8 mg/100 g, M 2 A O B4 2 VT 6 2%
i 72 h B E R TVB-N H 235 2 32.9 mg/100 g, i
m TR, CA AR .

AR T BRI B WO R B DR, ¥ B R T 5 11
VREFRME R : —REERE: /NT55T 5 1gCFU/g, RGBT :
5~71gCFU/g, J&EM: KT%F 7 1g CFU/E™. & 3c
ATAL, EPEIR AT B V& S 0N 2.1 1gCFU/g, R 2E R
AbT TR B . BE A BT RIS I, RS 24 h
I ORMEFERG N, £ S BN 2R . P& AR P I
AR KA, TR 48 h I VR S BE % 7.6 1g CFU/g,
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mTEEHE, FRk e E.

FRFE /A1 RN pH B S5 EMAMIE, 2%
VB L 2 1) 57 —Faon e bnt ™). i 3d wl %0, 2F IFE R
IR /A R BRI R (P<0.05) o J&
DRl 2 = PR PE i s 1) 25 1 3 AE S AR 0 AR R 3 o il =
ARV, FEARNRE TR, SUERE/ A EE
R TR, X5 pH HE4E R ME 80, B—FER
(A& Bifi 5 2E RRE D I K R B ATAE K, SR 13
I, BUERREE/ AN R EE E K (P<0.05) P,

gE FATA, ERTEMEGTRER, pH ELZET i, BREE/
AL RBOZHT %, TSR BERE 48 h ik B M
8 REVES TVB-N UTEERIfgR 72 h B, FERRCHE
WA . 256 UL b Fabr, KRR TR g, R Ak
] (<24 h CHHE) , 24 h<e<48h (VHHE) , =72 h JEWD .
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6.4 1[3 2 30t
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£E 07 r
geol o e P
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L 8 5r
5.6 N INS = 0 L CNNT L NNT )
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a.pH A b. FER MR
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*: ARNSERRRAREREE (P<0.05) . TR,
Note: Different small letters mean significant differences between groups
(P<0.05) .The same below.
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Fig.3 Freshness index of mutton during storage

2.3.2 MREFLRNEZ

IR FEAN KL 24 7 BE bR 28X = AL BT 6 52 1) s I mT 47
P, BLTVB-N %) 73 3 PRR 6 B2 1) £ B4R AR, M
BHEOANE TVB-N KRR, FRINE 4 Prox. FRAE
iU RE T, B RO LR R, 7 VR VE B AT AR
YWIERT, A T iERIEEYIZ, naE. =W, .
JE Ak, IX e R AR K S B pH B N, AETT
S b g B 86 oV S (S5 A RN s D e W T
T, SUE PR EF YR A AR Y L S i 2 K
TVB-N {HZ1°8 7.2 mg/100 g, 47 1 d J§ TVB-N g &
11.6 mg/100 g, [ B 44 K £F 4 J55 200 €5 I\ 200 €738 Sl v by
tt, AE (AZ{E) A 4.9, CREPAIRATRAP, H2¢
W7 3 d i, TVB-N {H#% % 32.97 mg/100 g, RFAK L
AT, (RIS G b R K 2T 4 T R (A8
f, AE % 13.6, XA PLik—A R A LRI R .

(ERRERR A R R, BISE AR 3d I, AE IRERK,
(7 IS UL 5 8 26 B €00 A 28 1) 22 3 LK, SR A R TH
EWM L, RERAC. 2PEREGE, FREHE
Wis RERATAE RS, SO AR E IR A,
BT ST RIRBAR, & T EIRE R 25
O BIMEZ, KLY REAR AR 5
Wi AR R fEAR TVB-N KB 2B, mr bk
PREE B X = ALHT e FZ AT R0 TE B Il

18r
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<
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5
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Fig4 Change of color difference for smart label during mutton storage
2.4 EEEARE LN FE S E A TUNRE KR AN A
.41 FEEIGATHATL E £ 09N KL AT

NINBTEEREARFR ST 4EIE AE ISR, 34T AR
PEartr. H138 3 AT, GUKETUEIE AE 5IRE VRS B
FHR (P<0.001)  SHRE/ AN REE W3 AR
(P<0.05) ; AE 5 TVB-N. W% REM pH H¥) 2R
FIEAAK (P<0.001) o HILHTHI, AE 5&$E05 EE
FIAR SR, T DAY DA PSSR B 52 R PP 3 1R o

®3  FAEMEREHE S IERRE RS
Table 3 Correlation analysis of various indexes of
mutton during storage

o AL
o . big =t »
e Ry B i IRE Bz

— Total Color
Sensory  FEH Acidity
difference
assessment TVB-N nélgllgrire(s)f pH value /oxidation

coefficient

Ei=(a
Indexes

RE VP
Sensory 1
assessment
RV A
TVB-N
[Eafr3st i
Total number of -0.961 3*** 0.83] 3*** 1
colonies
pH {f pH value -0.983 9%** 0,907 5*** (.977 2%** 1
B/ AL
. jjg‘ﬁ . 0.7955%*  -0.594 1* -0.899 T*** -0.799 4** 1
Acidity/oxidation
coefficient
7
Color difference -0.981 1*** (0.962 1*#** (0.910 6*** (0.938 1*** -(.772 8** 1
AE

Al
A 0950 4%0 1

T FFORMIRMERIE (P<0.05) , RN EE (P<0.01) , ***
FRAARMEMF R (P<0.001) .

Note: * means the correlation is significant (P<0.05), ** means the correlation is highly
significant (P<0.01), *** means the correlation is extremely significant (P<0.001).
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2.4.2 TAMFAREGHE L
FRE VRS TVB-N. WvE a3 pH EFIRR /AL
NEBIERFA R, ¥ AE 1FH BB = TEA. 5/ IMP
BAF AR AE 3R, AE (223 0% B i B TR E T, F)
F IMP BT RSN, B3R 4 TTLLE Y, S B,
A FRARII I B 5 R, BB R e 25 R
e 0.9 PLE, HACNERZE, IR CKRIIE. H
T TVB-N {EA E sl 78 BE i bnitE, BTLAE A TVB-N
BT 2 PRBT L P (1 PR Y . TS B G
1 UREIEE) =4.79-0.29AE+HAE-6.38) (0.007 (AE—6.38))
(2
y, (TVB-N) =2.87+1.97AE+(AE-6.38)( 0.097 (AE—6.38))
3
v (TR D =3.62+0 4TAEHAE-6.38)(0.039(AE-6.38)) (4)
ys (pHAE) =5.75+0.04AEHAE—6.38)(-0.002(AE-6.38)) (5)
vs (BREE/AA 1 RE0
=3.23-0.46AE+(AE-6.38)( 0.069 (AE-6.38))  (6)

F4 BHELE
Table 4 Model summary

YesE REL

{845 Coefficient of % R?
R Root mean square

YoriiRzE Fi Pl

Indexes  determina-  Adjust F-value P-value
tion R error
RE VP 0.973 0.967 0.268 162.196  0.000 1
TVB-N 0.967 0.959  2.175mg:100g™" 130.225 0.000 1*
BVE S 0.963 0.955  0.5171gCFU-g'  117.761 0.000 1*
pH {8 0.915 0.897 0.065 48.894 0.000 1*
B2 R/ AL
. 0.975 0.970 0.442 180.053 0.000 1*
VIES /o
2.4.3 TR A BARA I E

B PR LT Y ) BT & T BRI B e bR 2, AR
3R TVB-N REAY T FE X b 253 7 PR il T B 5 11 980 4% B 42
HIHEAT T, SF R T g o — P IAIE . RIS A
NS T BRI, B O R
B, fERE T 5 @SR EE 8 C (10£2) TC) .
S FIAL GUREF 42 B RS n] 6 2 P e B 3k 47 0]
SRR W, 5 B e I bR A B L AR AR R
WA BT . BRI B R S5 B, —
PR EMMFEZIN 0.002 7 T6 o K UEbR SR I 1 HERA 1,
IMP A AN XS T S TVB-N EH 5Tl TVB-N
B, SRWE 6 fix, KW —FRIEMR, HiRERN,
T AERA B IA 88.2%. 47 LATIR, BREARSNM KA. 77
fEPsE, BRERME, ERIZEMITEIR. SC K T AR AS
SR AFRKIN R, ATSCBRREA . HUBEA
B AR P BT EERE A

RS YORTHERPONIBMAEIT

Table 5 Price evaluation of nanofiber membrane (1 cm X2 cm)

FEZH K} Main materials Jii it Content/g ¥ Price/7t
PLA 0.001 008 0.001 008
Ai 0.006 652 8 0.000 465 696
DMF 0.000 739 2 0.000 480 48
WE# 0.001 0.000 7
SN/ T 0.002 7

B 5 4B b ARL e A

Fig.5 Application of labels in mutton sales
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Fig.6 Comparison of predicted value and actual value of TVB-N

3 & ip

D AeHRYUKRT YR GEAR S HEAZN 250 nm 1]
SRYELZ M AR, SR EIRb 0, HA B B v,
REFRZETE 533 nm MEAMNEOGE 5EIKE 2 R KR
R’=0.989 7.

2) R REARZE T N 2 PRH P ) SN K T AR
ek, HEitAh 5 TVB-N KBURI—B#idEe.

3) ARZEBUE AR AL 5 5 BT 6 AR A ) 2k M K
Z, RHKT 0.9, RAECZEME AE A T E A3 LA
K 45 TR 5, MER R ATIA ) 88.2%, [RINTZAR M HEAK
B, R 0.0027 70, NG SIS SRR TEiR
AT RS IS4 T 3716 5 ) S0+

(& £ x #

(11 TR, SiNAAEY 7 SR RERA M) dEst: ERE
REH AL, 2011.

[2] Kalpana S, Priyadarshini S R, Maria Leena M, et al.
Intelligent packaging: Trends and applications in food
systems[J]. Trends in Food Science and Technology, 2019,
93: 145-157.

[3] Poyatos-Racionero E, Ros-Lis J V, Vivancos J, et al. Recent
advances on intelligent packaging as tools to reduce food
waste[J]. Journal of Cleaner Production, 2018, 172:
3398-3409.

[4] Holman B W B, Kerry J P, Hopkins D L. Meat packaging
solutions to current industry challenges: A review[J]. Meat
Science, 2018, 144: 159-168.

[5] Balbinot-Alfaro E, Craveiro D V, Lima K O, et al. Intelligent
packaging with ph indicator potential[J]. Food Engineering
Reviews, 2019, 11(4): 235-244.

[6] Kuswandi B, Nurfawaidi A. On-package dual sensors label



5 4 3]

P rﬁb%:

FETE B YPIKET YL RERRRE NS 3 PR B2 1 TG 1A ) 29

(18]

based on pH indicators for real-time monitoring of beef
freshness[J]. Food Control, 2017, 82: 91-100.

Mohammadian E, Sani M A, Jafari S M. Smart monitoring of
gas-temperature changes within food packaging based on
natural colorants[J]. Comprehensive Reviews in Food
Science and Food Safety, 2020, 19(6): 2885-2931.

Miiller P, Schmid M. Intelligent packaging in the food sector:
A brief overview[J]. Foods, 2019, 8(1): 16 -32.

Dobrucka R, Przekop R. New perspectives in active and
intelligent food packaging[J]. Journal of Food Processing and
Preservation, 2019, 43(11): 101-114.

Sun W, Liu Y, Jia L, et al. A smart nanofibre sensor based on
anthocyanin/poly—l-lactic acid for mutton freshness
monitoring[J]. International Journal of Food Science and
Technology, 2021, 56(1): 342-351.

PNECTE. ET R EEGIOKE AR ZE ] 48 S mT AL 0 = 1)
HEEE[D]. MEAIERE: NS ARALRE:, 2020.

Sun Wuliang. Preparation of Anthocyanin-based Nanofiber
tags and Usage in Visualized Testing in Freshness of
Lamb[D]. Hohhot: Inner Mongolia Agricultural University,
2020. (in Chinese with English abstract)

Calingaert G, Huggins F E. An apparent deviation from
henry's law for the system, ammonia-water[J]. Journal of the
American Chemical Society, 2002, 45(4): 915-920.

JiC,Ma L, Yin M, et al. A cyanine dye encapsulated porous
fibrous mat for naked-eye ammonia sensing[J]. Chemistry—An
Asian Journal, 2016, 11(16): 2316-2321.

FAE, B, BENIE, & DRETEREDUR AT B
Vo 5 DR EE ORI BT TE[T]. DIRER BE, 2015, 46(12):
12019-12024.

Wang Liqgiang, Jia Chao, You Liuqing, et al. Study on the
preservation effect of potato starch-based antimicrobial
edible films on the chilled meat[J]. Journal of Functional
Materials, 2015, 46(12): 12019-12024. (in Chinese with
English abstract)

RECHE. ¥ VR TN S SRR X XS PR it 5 ) B WAL 55 [ D).
BEAT: HrER R, 2012,

Zhu Minwang. Studies on Frozen Storage and Repeated
Influenced Chicken Quality[D].
Xinjiang Agricultural University, 2012. (in Chinese with
English abstract)

Senapati M, Sahu P P. Meat quality assessment using Au

Freeze-thaw Urumgqi:

patch electrode Ag-Sn0,/Si0,/Si MIS capacitive gas sensor
at room temperature[J]. Food Chemistry, 2020, 324: 126893.
Liu Q, Mukherjee S, Huang R, et al. Naphthyl end-capped
terthiophene-based chemiresistive sensors for biogenic amine
detection and meat spoilage monitoring[J]. Chemistry—An
Asian Journal, 2019, 14(15): 2751-2758.

Wu L, Tsai I, Ho Y, et al. Active and intelligent gellan
gum-based packaging films for controlling anthocyanins release
and monitoring food freshness[J]. Carbohydrate Polymers, 2021,
254:117410.

Cooper-Driver G A. Contributions of jeffrey harborne and
co-workers to the study of anthocyanins[J]. Phytochemistry,
2001, 56(3): 229-236.

[20]

[22]

[27]

[28]

[30]

Zhai X, Zou X, Shi J, et al. Amine-responsive bilayer
with
electrochemical writing property for visual monitoring of

films improved illumination stability and

meat spoilage[J]. Sensors and Actuators B: Chemical,
2020, 302: 127130.

Pearce K L, Rosenvold K, Andersen H J, et al. Water
distribution and mobility in meat during the conversion of
muscle to meat and ageing and the impacts on fresh meat
quality attributes: A review[J]. Meat Science, 2011, 89(2):
111-124.

Dong T, Zhang Y, Qi X, et al. Evaluation of the effects of
prepared antibacterial multilayer film on the quality and
shelf-life stability of chilled meat[J].
Processing and Preservation, 2017, 41(5): e13151.

Li J, Zhang L, Fu Y, et al. Creatine monohydrate and

Journal of Food

guanidinoacetic acid supplementation affects the growth
performance, meat quality, and creatine metabolism of
finishing pigs[J]. Journal of Agricultural and Food Chemistry,
2018, 66(38): 9952-9959.

Mutwakil. Meat spoilage mechanisms and preservation
techniques: A critical review[J]. American Journal of
Agricultural and Biological Sciences, 2011, 6(4): 486-510.
Odeyemi O A, Alegbeleye O O, Strateva M, et al
Understanding spoilage microbial community and spoilage
mechanisms in foods of animal origin[J]. Comprehensive
Reviews in Food Science and Food Safety, 2020, 19(2):
311-331.

Calvo L, Toldra F, Aristoy M C, et al. Effect of dietary
organic selenium on muscle proteolytic activity and
water-holding capacity in pork[J]. Meat Science, 2016, 121:
1-11.

Alam P, Leung N, Su H, et al. A highly sensitive bimodal
detection of amine vapours based on aggregation induced
emission of 1, 2-dihydroquinoxaline derivatives[J].
Chemistry, 2017, 23(59): 14911-14917.
Jia. R, Tian W, Bai H, et al
cellulose-based ratiometric fluorescent materials for real-time

Amine-responsive

and visual detection of shrimp and crab freshness[J]. Nature
Communications, 2019, 10(1): 1-8.

Guo L, Wang T, Wu Z, et al. Portable food-freshness
prediction platform based on colorimetric barcode
combinatorics and deep convolutional neural networks[J].
Advanced Materials, 2020, 32(45), 2004805.

Chow C F. Biogenic amines- and sulfides-responsive gold
nanoparticles for real-time visual detection of raw meat, fish,
crustaceans, and preserved meat[J]. Food Chemistry, 2020, 311:
125908.

Schaude C, Meindl C, Frohlich E, et al. Developing a sensor
layer for the optical detection of amines during food
spoilage[J]. Talanta, 2017, 170: 481-487.

Casaburi A, Piombino P, Nychas G, et al. Bacterial
populations and the volatilome associated to meat spoilage[J].
Food Microbiology, 2015, 45: 83-102.

Chen H Z, Zhang M, Bhandari B, et al. Development of a
novel colorimetric food package label for monitoring lean

pork freshness[J]. LWT, 2019, 99: 43-49.



30 gl TREZAR Chttp://www.tcsae.org) 2021 4E

[34] Khoo H E, Azlan A, Tang S T, et al. Anthocyanidins and [35] Zhang J, Zou X, Zhai X, et al. Preparation of an intelligent

anthocyanins: Colored pigments as food, pharmaceutical pH film based on biodegradable polymers and roselle
ingredients, and the potential health benefits[J]. Food and anthocyanins for monitoring pork freshness[J]. Food
Nutrition Research, 2017, 61(1): 1361721-1361779. Chemistry, 2019, 272: 306-312.

Non-destructive detection of mutton freshness using anthocyanin
nanofiber smart label

Sun Wuliang?, Li Wenbo', Jin Zhimin?, Jin Ye!, Sun Wenxiu'*
(1. College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China; 2. Market Supervision,
Evaluation and Inspection Center , Inner Mongolia, Hohhot 010070, China)

Abstract: A high demand has been growing for non-destructive, cost-saving, and online visual detection on the mutton
freshness. In this study, a prepared smart label was used to detect the freshness of mutton stored at a commercially available
temperature (10+2)°C, and then a reliable prediction model was established. This smart label was made of a nanofiber
membrane fabricated by electrospinning, which was loaded with pH-sensitive anthocyanin and biodegradable polylactic acid.
A scanning electron microscope (SEM) and UV-2450 spectroscopy were used to observe and detect the microstructure and
amine sensitivity of the fiber membrane. Some parameters were measured during the storage of mutton, including the sensory
quality, total volatile base nitrogen (TVB-N), pH value, the total number of colonies, acidity/oxidation capacity coefficient of
meat, and fiber membrane color difference. The freshness of mutton was accurately graded, thereby preliminarily evaluating
the accuracy of the fiber membrane for the detection. The results showed that the fiber membrane was amine sensitive in the
light pink with uniform fiber filaments of about 250 nm. The freshness indicators of mutton demonstrated that it had been
putrefied and deteriorated after 72 h storage, where the fiber membrane changed from pink to white. Correlation analysis
showed that the color difference of the fiber membrane had a significant correlation with each freshness index. A prediction
model was successfully established for the TVB-N with an accuracy rate of 88.2% was successfully established(R’=0.967).
Therefore, anthocyanin nanofiber smart label can be preliminarily applied to the detection of mutton freshness, where the
freshness could be roughly graded according to the color of the label. The reason was that the amines were produced during
meat spoilage, some of which evaporated into the packaging environment, thereby changing the pH value of the environment,
whereas, the anthocyanins were color responsive to pH, which caused the label color to change in turn. The price of the label
was relatively low and the overall price was only 0.0027 Yuan, indicating a great advantage in market applications. The
anthocyanin smart label can be used to realize the non-destructive, visual, and real-time detection of mutton freshness,
providing a new idea to solve meat safety.

Keywords: nondestructive detection; prediction models; mutton freshness; smart label; nanofiber membrane
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