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Effects on the preservation of chilled mutton by using polylactic acid

nanofiber films loaded with perillaldehyde
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Abstract: Objective: The purpose of the study was to investigate
the antibacterial mechanical properties of PLA nanofiber film
loaded with PAE and its preservation effect on chilled mutton.
Methods: By loading different amount (0, 12. 5, 25, 50,
100 /20 mL) of electrospinning solution perillaldehyde (PAE)
in polylactic acid (PLLA) matrix, the antibacterial nanofiber film
packaging with certain water absorption properties was prepared
through electrospinning technology. The appearance and
mechanical properties of PAE-PLA packaging film and physical-
chemical indexes of mutton during preservation were analyzed via
scanning electron microscopy and electronic universal testing
machine. Results: With the increase of loading amount of PAE
amount, the diameter, breaking elongation and tensile strength
of PAE-PLA nanofiber films increased first and then decreased,
which indicated that the addition of PAE can change the surface
charge density of electrospinning solution. Therefore, the
diameter of nanofibers was affected, and thereby the breaking
elongation and tensile strength of nanofiber packaging films were
changed. When the added PAE concentration was 50 pL/20 mL
PAE-PLA nanofiber films

of electrospinning solution, the

showed uniform distribution, a largest diameter (370 nm) with
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good mechanical properties, i.e., elongation at break of 68.72%
and tensile strength of 1.80 MPa. After 12 days of storage, the
total bacterial count and volatile salt nitrogen of mutton packaged with
PLA membrane loaded with 50 L. PAE were 5.52 1g(CFU/g) and
12.55 mg/100 g, respectively, which are significantly lower than
the critical values of fresh meat and spoilage meat [ 6.0 lg(CFU/g)
and 15.00 mg/100 g] (P <C0.05). Conclusion: PAE-PLA film
loaded with 50 pL /20 mL PAE solution has good mechanical
properties and antibacterial properties.

Keywords: perillaldehyde; polylactic acid; electrostatic spinning;

nanofiber film; preservation
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/NEIF
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BT U7 BEIRERHL . LYD220S M, EIg4E & M i A
AT
1.2 RWAE
1.2.1 WEY2WH % % 3 g PLABMT 20 mL N,
N-ZH BB e — — & e A W (Ve
Vogmr =3 DH,TF 50 CHA 30 min ZERILMRT LW
i, AFBIES AN 12,5, 25,50, 100 ul B9 PAE, B J1 5 ¢
12 h,#7 30 min.JE i PAE-PLA #2522 B , IFHE Ik
FRi€ A PAE-12.5. PAE-25, PAE-50, PAE-100, /& % fil
PAE NXfHE4
1.2.2 PLA-PAE B % #4%4 5 mL PLA-PAE #
L W & o TR g 227 &, &% 18 S M4,
TEV I 0.005 mm/s, HLE 20 kV, 5 # 0 %5 A FE 10 cm.,
25 ‘CHI 50 %018 BE A B T i 2 22,
1.2.3 PLA-PAE JERUWLEH 48 RH EVO-LS10 %
L T B LSS PLA-PAE 94K 27 4 B8 5 45 48 , I %
H Image J XF 4G BEAT 54T .
1.2.4 X HFHLATH (XRD) ] Bruker D8 Advance X
P BT T A3 BT AR B 2 AN [R] 5% U T FL 2 I HE AT 4 AT .
HUE R 20 KV, HLHE 5 mA,Ka(A=1.541 8 A), ik %
4 (°)/min, K 0.02°, FHH I H 5°~60°,
L.2.5  AHUBCHEREIN I &8I PLA-PAE BEU1E N
0.5 em X 3 cm FE & F AR ORI A A A & 2 AR
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[l & R B, 36 T 3 R B, & 7 AR I 3 AL 4 A
PLA-PAE éVMffrf’HﬁE’thﬁir“ﬁliﬁﬂ{ﬁﬁ K, P
6] B BE 25 2.0 cm, 3 B 50 mm/min.
1.2.6 “FRIK  7ETCRE IR BRI, B R R 2 T Y
Ja A RFE T U R 30 g BT R SRS T PAE-12.5,
PAE-25.PAE-50 . PAE-100 B 17403 , DL AR A0 2% 1 FF
& R %t B8 (Control) . WG AE S BT 4 CUKF TP IE#E, 0,3.6.
9,12 d, AT PREHX BN
1.2.7 W E $8 45 K J7 i

(1) pH:Z M GB 5009.273—2016,

(2) @22 A 22 0N & F RSB L {8,
CLPE o fHABEEE 07 (., (AT, 58 B2 B AR M E AR

HEATIGOE o A FE S IR 3 AN 7R ) o7 & A7 0 o 5 &5 SR

WOV S5108 DL DR ERRE 1 2 59 1k

(3) HEBE 2| GB 4789.2-—2016, - M VE 2 3h .
FRUR 5 g ARET & A 45 mL 0.95 % A= 31 £k 7K (1% 6 1 4 TB
T, T4 CCHEIR B riR A, R0, 4 U A0 4 0 °F A &
T 37 CHEEK 74 B9 24 h RO .

(1) ¥ %M FEE (TVB-N) & & 2 1 GB 5009,
2282016 "YWL IF R M sh. BRI 5 g AT

IS 25 mL Z8 KBS 0 4 d S IR 98 L 38 FE 7R vk T8
SAFF ¥ 30 s, IR 30 min J5 L uE, SRR AR .

1.3 #iEsbiE

K Excel il SPSS 19.0 X 12t 46 £ 8% ¥ 17 &8 11 fn 25
SRS JH P B 4 AR U 22 R OR L P<70.05 KR B E M
#Z5 ., 3 Orgin 18.5C #AT/ERl,

—1 pm

(b) PAE-125
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) XHHRZ
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2 RS0
2.1 PAE-PLA XK FHBERMES S

A1 FIR 1AL B PAE g5 N, PAE-
PLA R YR HAE R TG LT TR Rk
P L 48 M E W W Ak, PAE i gk & b F 0~
50 pl./20 mL HH 25 22, PAE-PLA 99 K 27 4 Y
2 Bl A8 1 1G0T S8 R R B, B ¥y T B4 Y
(123.91 nm) , W PAE AT el GE k28 T R FLAR 4 9k
Gy FIORIAR  HE T X 4F 4 EAR A W] A AR, A LB AR
% PAE Hflh 3 4, PAE50 A KT 4 H 2| K, N
114.65 nm, YK 4000 B B4 s PAE i 8 K Fali/h T
50 pL/20 mL i HL 25 22 R 90K EF 2k 1 R 90 0K AF 4t
B4, X AT RE A IR Ol 7 BOR [l  () PAE S i H1 25
22 TR % 3% 10T R oy 2 R T AR R L, T IR R A AN Ok &
At 2% i A5 % 100 A, o 25 B Y BRI A 0T BE I R AT 4E
B FE L B PAE gk & 0 30, 44 K £F 4k 4 A
RHLIN 3% W25 AT AS R G W 22 IR ZS 24 PAE RN
EIAF] 100 pL/20 mL § e 25 223 25 4i B 1 BT 22 A
RN BURL 1Y R 42, U6 W] PLA X} PAE faskfig 1 B —
JERRE .
2.2 PAE-PLA #ARKFHETREED T

it XRD #8455 T fi# PAE i PAE-PLA 4 K £ 4
JE Y fb R 2+ . & 2 s Xt B4 \PLA-12.5 PLA-25,
PLA-50 . PLA-100 94K £F 4E JE7E 17°F1 31° AL HB A5 WA~ 52
P45 I A St 0, 2% 200 ] DA B B 2 RO A L L O v 1K 0

(¢) PAE-25

d) PAE-50 (e) PAE-100

B 1 ¥58ABFx PAE-PLA %k 4 4 i 2 W4 M b4 %

Figure 1

xR1 EFEBHFEXN PAEPLA HKFHEERN
ALEERSHHEMN
Table 1 Effects of perillaaldehyde loading on the

diameter distribution of PAE-PLA nanofiber

films

205 YKL 4 B AR /nm
X A 137.91+41.97
PAE-12.5 107.16+£41.71
PAE-25 91.41425.33
PAE-50 114.65+31.99
PAE-100 91.43+31.89

Effects of perillaaldehyde loading on the apparent structure of PAE-PLLA nanofiber films

B, I REE i T 2 22 AR R A T A B R L AR T
SR BT BT 5 AR B 0 W 457 Bt U B PAE B I A I R Bl
A PLA A RIRZ M, R PLA 5 PAE B R
A A B F e PLA B ER e ok .
2.3 PAE-PLA 45k £F 4 BE 5 4 1% 8 5 47

i # ARl PAE (19 PAE-PLA 44K 2T 4k 09 LA 14 Bk
M 2 Fin . W% PAE R34 0, PAE-PLA 44K 21 4
JIBE g i fift =R B B 0 R S 2 3 S R AR A AR R B
PAE fi# ik 50 L./20 mL % 25 22 W B, 44 K 27 4 i
JE % RN by R R B 3k B R . 4 Bk 68.72% Al
1.82 MPa, # 2 W . PAE-50 41 5 4E i 5 b XF B8 41 An
PAE-10041 4> B42 85 T 15.17 % M112.32 % , 357 8 38 B L
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Figure 2 Effects of loading concentrations of

perillalaldehyde on the stability of PAE-
PLA nanofiber films

XTHEZH \PAE-100 4H 40 548 T 24.13%,25.00% , X 7]
e — M E PAEWIN AR ET RABRHH Y LK
W — Pk, 8 in PAE 5 PLA 42 F ] /4 5 4F /., i 15
PAE-PLA i /) 2% 4514 25 5 AU SO L 38 = 1 80 5T hr
BECT S TR B T R R R BN L Bk A IR
JE 2 Y AE T B L 36 ) PAE fgkom 2
U3 PAE-PLA BBLARRR 1 1 T 2 1E 45

2.4 PAE-PLAMKFHBEOEFXHAMNRELRE

2.4.1 FR pHEMA B2 3 AT, R, ¥ 6
F W pH fHFE PAE 20 i 19 22 S 2 R RSk %, B
A W g ] (E] A R4, ¥ B S R AE 6 d 5 pH (3 3 M 3R Y
Jom sk B o B e 2 A B P TR X PR AR A0 A SR R i A
0P 0 SBT3 P T, BT e S Y S e A
A IR 2 L PAE 348 9 0~50 /20 mL B 25 22 3%
I, B8 PAE S i3 fm, pH I+ &9 22, 3L 8] PAE
A 2K 2 3 okt O 7 A RARMEIVE . PAE gl &R
100 p1./20 mL #HL 25 223 0.6 d Al 12 d B PAE-100 5
PAE50 44 pH H2Z R R 8., XA & H T PLA X
PAE M55 14> A EAE M J1, Bl £ 4% PAE 7E# i1
2y 22 3o 5 U AN B R L AR T PLAJEE (Y A 28067

BE261 8 | 202347 A | RASHM

x2 EREHFEN PAE-PLA YK FHETMHEM

MAEER I
Table 2 Effects of  different  concentrations  of

perillalaldehyde on the elongation and tensile
strength of PAE-PLA nanofiber films
205 FEAR AR/ % BUHisR B/ MPa

X 2] 59.6741.45% 1.45+0.12

PAE-12.5 62.2544.234 1.55+0.16

PAE-25 65.28+2.344 1.6740.10

PAE-50 68.7241.458 1.8040.20

PAE-100 58.12+1.264 1.4440.20

T FASRE TR A R KR 22 5 W 3% (P <C0.05).,

%5 PAE-S0 A2 I RIPREEACR . W 12 d )5,
PAE-50 4 pH {H N4 F &A%, 6.50, #H LR P, PAE-
50 24K £F i 5 n] A 2500 5% 2 DA 1Y) K AR I

2.4.2 FERE@EFEMAL  REE 4 R RA M PAE-50
6 R L HEZFMFH 12 XM (P<<0.05), PAE-
12.5.PAE-25 H5E 6 KW L H 55 12 RN ERAN B FH
(P>0.05), PAE-100 4155 12 X ¥ L" {5 0 F K T
6 KI5 12 Kafxf B4 L (68 &K T PAE-50 1,
BE 7 F PAE-25 44 fl PAE-100 4 1y (P <<0.05). 5
PAE-12.5 R L {EM L 2ZF RN B E (P>0.05) . WK
BT, 3 40 40 A0 %t R A @ " (E A AR fb e ORI — B0, T
JE W PAE-50 20 F1 PAE-100 411 o * 18 i 35 &5 T X 1R |
PAE-12.5 Al PAE-25 240, Wbl a0 40 09 o ° {22 fk
e AN E (P >>0.05) , 1 X HR 20 76 0 5 399 07 {28 4k
ZREHE(P<C0.05), M 12 dBfXBA 584 o " Al
b H RS AL, BT M PAE-PLA 44K 2F 4 [543 B T 4 28
PR JE L i 4T 2R 0

2.4.3 EPIREVESBMAIL R2EINEE 5 RHUEY
R IEARSE, MR A RS T 1X10° 1g(CFU/g) , R B HIT
GRUPNALE: I A VN R R e N R A
FAMIE AR A A TR BN . 3R 5 AT TR
TAT 250 B O IS 1) 3B K T 3% ¥ 1 0 5 BB PAE-PLA 42K

%3 PAEPLA GiRFHBEN M LREFICEER pH ERIRM'

Table 3 Effects of PAE-PLA nanofiber films on pH value of chilled mutton during storage
e 5 pk 1) / d Xof R 4 PAE-12.5 PAE-25 PAE-50 PAE-100
0 5.85+0.02% 5.854+0.02% 5.85+0.02% 5.85+0.02° 5.8540.02*
3 6.14£0.018" 6.024-0.00"" 6.0540.018" 5.83740.017 6.03£0.048
6 6.20+0.01¢¢ 6.14740.015¢ 6.1340.008¢ 6.0040.014AP 6.1220.008¢
9 6.4540.01¢¢ 6.3740.008 6.3040.0184 6.1740.014¢ 6.340.015¢
12 6.800.04% 6.6540.035¢ 6.6540.108¢ 6.50£0.0174 6.6040.05"

T AT KRS F AN R R R 22 5 3 (P <C0.05) 5 W3 /NG B [7] 36K 22 5 .3 (P<<0.05) ,
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Table 4 Effects of PAE-PLA nanofiber films on the color of chilled mutton during storage

Hehs Wt E /d Xif & 21 PAE-12.5 PAE-25 PAE-50 PAE-100
L* 0 41.8074-0.66* 41.804-0.66* 41.804-0.66* 41.804-0.66* 41.804-0.66"
3 47.1940.775  48.9474-0.308  45.301.228  49.8941.66%  49.3240.635
6 49.394-0.56%  49.854-1.52%  46.764-1.334b  51.870.06%  50.6941.595%
9 52.6140.545  47.474:0.92%  45.9943.64  51.144-0.298  49,7840.20%
12 50.59+1.27C"  48.4740.68  45.14+1.02%  56.5740.79P  35.5742.24%
a 0 2.780.89 2.7840.89¢ 2.7840.89 2.7840.89 2.7840.89"
3 1.3340.144 1.514:0.104 2.7640.368 1.334:0.66¢ 1.524-0.4640
6 1.3240.82% 1.7420.44M 3.182420.268 1.900.094 0.50220.145
9 1.6540.79A 3.0240.594P 2.2740.26% 1.9240.178 1.7240.124°
12 0.9940.34 1.70£0.742 3.4240.10 1.13£0.08 2.1941.45"°
b 0 8.954-0.31 8.954-0.31 8.954-0.31 8.954-0.31 8.9540.31%
3 9.8840.838 7.394-0.374 10.684-0.368 10.694-1.978 11.3141.518b
6 10.2241.75 8.284-0.53 7.8740.12 10.474-1.40 11.594-0.76"
9 11.2541.028 9.404-0.994 6.884-0.774 9.154-2.744 7.5740.18%
12 12.58+£2.08 9.3240.5 8.1843.02 12.4040.73 10.4240.61°

T ARG PR R KRR 2 5 B3 (P<<0.05) ; [ F/NE 5 /AN [F) 378 22 53 .3 (P <<0.05)

LRYERE T PAE B 28 38 38 0, 420 30 413 T B0 n i R B
WU 2% 5 AR LG H i 2R, PAE-50 20 88 i g BE B, T
6 d J& . 4 FRAL G B EA B 5.90 1g(CFU/g) , #2358 A il
BRGSO BB E R T AR | PAE W
PAE-PLA #K £ 4 A1 4% 240 (P <<0.05)., W% 12 d &,
PAE-12.5.PAE-25 . PAE-50 41 /Y 3 & 802> 9 9 8.44.
7.29,5.52 1g(CFU/g) . ¥t W] PAE Xf A H & W 1 7= 2k B
FRAN I VE R PAE B 28 52 38 g 386 n . TG 0F 5 285 o e
PAE-100 41 £ 9 b B B ol 6.46 1g(CFU/) . 5 F
PAE-50 4, 3X #f — 2 iE 52 PLA X%} PAE £ BR 19 f7 28 fig
11,9 L 2 PAE AN A8 985 4 o 48 T 1 B HE R Bk B
fff PAE-100 [ v PAE 4 2 1 2 & v] B8 K T PAE-50,

i) b .26 B, PAE-50 94 K £F 4k b & — Fh A W i A
AR EE LR

244 FRN TVBN FHMAEML GB 2707—2016¢ & i
EEZRUE B RGO ENHENRN TVEN
THRAET 15 mg/100 g, & 6 KU FEW P TVB-N &
et [ 0 ] S T 28 T 3 0 L B PAE £ 4R i 1
AR H TVB-N & e B2 a4, W6 d J5, % i
21353 17.50 mg/100 g, PLA 44K 2F 4 i 4,55 14 ¥4 fof °F
W TVB-N & & 3 A % 28 1% , PAE-12.5 . PAE-25 . PAE-
50 & PAE-100 4 #H ¥ AWM TVBN & # Y K& T
10 mg/ 100 g, W5 12 d. PAE-50 20 TVB-N & & &%
.5 12.55 mg/100 g,

#5 PAEPLAGKAHEN SRS FIATFEELAHNZM
Table 5 Effects of PAE-PLA nanofiber films on the total number of viable bacteria in chilled
mutton during storage lg(CFU/g)
b 36 Fk 1) / d X AR 41 PAE-12.5 PAE-25 PAE-50 PAE-100
0 3.414+0.02% 3.414+0.02% 3.41+0.02% 3.41+0.02% 3.41+0.02%
3 4.8740.09¢ 4.04+0.065 3.8240.0170 4.1540.108 3.7040.184
6 5.90£0.09P¢ 5.187£0.03% 4.3640.085¢ 3.9340.064¢ 4.1840.078
9 7.73740.09Md 7.182£0.07¢ 6.8240.14% 4.9040,177d 5.4740.378¢
12 9.18£0.44F¢ 8.4440.02P¢ 7.29740.09%¢ 5.5240.084¢ 6.4640.1984

ar
ot
i
+

BER TR R 22 5 1835 (P <C0.05) s [M 91 /NG SRR [] 4R 22 57 11 3 (P <C0.05)
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FR 6 PAE-PLA #K £F 4 & 3 I i i

BE 2618 | 2023 F 7 B | RAEHMH

BhAHENHR TVBN EEMZM

Table 6 Effects of PAE-PLA nanofiber films on the TVB-N in chilled mutton during storage

mg/100 g
I J 1F 1] / d xf HE 20 PAE-12.5 PAE-25 PAE-50 PAE-100
0 5.3240.21° 5.324-0.21° 5.324-0.21° 5.324-0.21° 5.324-0.21°
3 12.744+1.02¢P 8.904-0.358b 7.67420.394b 6.574-0.834b 7.20420.3040
6 17.5040.67% 9.51420.714P 9.00420,974¢ 8.467-0,81 70 8.6574-0.30°
9 26.182£0.88%  12.2740.50%  11.8642.947  10.284:1.02%  13.3220.36d
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