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Abstract: To develop a new type of food packaging film and improve the level of resource utilization of enoki mushroom,
polyvinyl alcohol (PVA) was used as the film-forming substrate, and the composite film of PV A-enoki mushroom aqueous
extract was prepared by blending with enoki mushroom aqueous extract. The physical properties of the composite film,
such as tensile strength, elongation at break, water resistance, thickness, opacity and water vapor transmission rate were
taken as parameters to study the effects of PVA addition, 2-acetyltriethyl citrate (ATEC) addition, enoki mushroom aqueous

extract addition, drying time and drying temperature on the physical properties of the composite film. Principal component
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analysis was used to comprehensive evaluation of composite film performance. The multiple regression equation model was
established for the preparation of PVA-enoki mushroom aqueous extract composite film by response surface analysis, and
the conditions for the preparation of the composite film were optimized. The effects of composite film on freshness indexes
such as browning degree, weight loss, vitamin C and malondialdehyde of strawberries during storage (6 d) at 20 °C were
also investigated. The results showed that 4.0 g of PVA, 4.0 g of ATEC, 3.9 g of aqueous extract of enoki mushroom, 62 C
drying temperature and 3.5 h drying time were the optimal conditions for composite film preparation. The tensile strength of
the composite film was 31.76+0.50 N/cm’, elongation at break was 97.99%+0.25%, water vapor transmission rate was
1.44x107°+1.53x10"" g-mm/m*-h-kPa, water resistance was 549.14+0.94 s/mm, film thickness was 0.062+0.002 mm,
opacity was 20.97+0.39, and a combined physical property score of 102.25+0.16, with a relative error of 0.57% from the
model prediction. Infrared spectroscopy, scanning electron microscopy and X-ray diffraction analyses showed that the
composite film was structurally intact, and the aqueous extract of enoki mushroom was compatible with the matrix and

bound by hydrogen bonding. According to the indicators including the browning degree, weight loss, vitamin C, and
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malondialdehyde, the prepared composite film showed a better preservation effect during strawberry storage.

Key words: enoki mushroom extract; polyvinyl alcohol; principal component analysis; response surface analysis
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Table 2  Factor level design of response surface experiment
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Fig.1 Effect of PVA addition amount on film properties
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amount on film properties
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%, 1551 1.39x107° g-mm/m?-h-kPa, By 0.0713 mm,
SERARME R 100.99%, FARTREL S 19.85 N/em?, J2ix
FHELIT 86.87%, TMif 7K R ECA 432.09 s/mm, S d5 5
{HI 98.99%. ZEHKAE, THEEE N 60 °C B
LEAPERERRAT
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B BT FRRAEER . ANE I E MOKZES B R
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Fig.4 Effect of drying temperature on film properties
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Fig.5 Effect of drying time on film properties

HITETTREER N 76.436%, T\ AL SRR TP 48 R4
=5, UEH T4 F1. F2 0] DL e dg 5 184 B e
SERIE A, 45 IL3E 3,

3 ERMEAF(E K Tk R

Table 3 Eigenvalues and contribution rate of principal

component

- 4 e St 2 otkR
T B, %) %)

1 3.528 58.803 58.803

2 1.058 17.633 76.436

3 0.645 10.746 87.182

4 0.397 6.617 93.800

5 0.260 4.337 98.136

6 0.112 1.864 100.000

PRI 258 a7 5002 FH R 1 38 45 18 A X 32 1l 43 1 5%
M, ASWTFEH 6 -3 PR - A8 48ty Z50FT PRI~ R 250 0
* 4.
2.2.2 PVA-GE4T /KIS A B R ERELE &
W BAMRLEE PEEEIT A IBM SPSS Statis-
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Table 4 Factor loads and factor coefficients for principal
components F1 and F2

2% 6 MR R S g

Table 6 Response surface experimental design and results

FHSTFL FHITF2
A+ - -
P HATRA, AT 280U, BIFRATERA, T 280U,
B 0.868 0.462 0.333 0.324
NEWE 0.817 0.435 0.510 0.496
EALInES 0.812 0.432 0.058 0.056
BT R4 fifi % 0.787 0.419 -0.052 -0.050
(R CEEY 0.718 0.382 —0.453 —0.440
KZEELFE 0560 -0.300 0.690 0.671

tics 19 BRAFXSPLAHGR L | W22 S A 5 55 22 TiUH8 AR 2
AT RS I3, BE A FEPRAIACE . PRIRER |
UGPSR LR 7K R B 3 DA AR AR P R
bf, IR TIEARSCHE bR, TR | ANEWIRE SRS
Bt R 3 SRR EBUNETE R TERE LY, IR T
AR IR XTHEATIA— AL B, ZR 5450
SN ACi7 N W iR
_ 58.803A, +17.633A,

76.436
HBARPA ERE =0T
7

i

Xz
SUM(Z, : Z,)
THREERILER 5, S AP B RELR 54500
Y K 2 45 75 g Y=0.18P,+0.19P,+0.15P;+0.14P +
0.17P+0.16P.

K5 AR T RO AR PR
Table 5 Coefficients and metric weights in the composite
model score

Eistan A R, FEARAN
JEE 0.43 0.18
N 0.45 0.19
EALIEII S 0.35 0.15
P 4 4iE fif1 % 0.33 0.14
(R 0.40 0.17
IKZER BT R AL 0.39 0.16

2.3 MEEIREER S

2.3.1 ML ERERSE R PVA-S£MEE/KEEY 2 &K
il R N AT S 25 SR LR 6.

2.3.2 HEHMEER 2 Design-Expert 11 X3 6
BARHA T I 225307, 3T ai R 3k 7.

M 7 AT LIFE H AR i 35 (P<0.05), Je$DII01
AN ZE (P>0.05), BIFFsE AR R 5, Hodr PVA
WNE . ATEC Wi . 4Tz /KREIEising . T
W R TR TR P BN 0.05, R #R I 2, 4%
K2 Z (Bl 38 H g 2R B 1A PVA BnE:-
ST ahE KRR T IN & . ATEC %00 & - SR 5 5 |
ATEC Byini- TR Ta] . S5t msK ISR - 15
R E /KR as i - TR ]

APVA BATEC C4&4#iKkiE DT ETH %46

B (o) IR (e) PRI Ge) TRAECT) M) 54

1 3 3 4 60 3.5 4921
2 5 3 4 60 3.5 51.48
3 3 5 4 60 3.5 51.30
4 5 5 4 60 3.5 4179
5 4 4 3 55 3.5 2650
6 4 4 5 55 3.5 54.90
7 4 4 3 65 3.5 80.16
8 4 4 5 65 3.5 39.45
9 4 3 4 60 3 40.53
10 4 5 4 60 3 60.32
11 4 3 4 60 4 75.53
12 4 5 4 60 4 38.52
13 3 4 3 60 3.5 62.84
14 5 4 3 60 3.5 21.27
15 3 4 5 60 3.5 2087
16 5 4 5 60 3.5 53.31
17 4 4 4 55 3 68.70
18 4 4 4 65 3 81.61
19 4 4 4 55 4 78.87
20 4 4 4 65 4 83.83
21 4 3 3 60 35 34.26
22 4 5 3 60 3.5 2298
23 4 3 5 60 3.5 21.10
24 4 5 5 60 3.5 21.87
25 3 4 4 55 3.5 70.40
26 5 4 4 55 3.5 67.67
27 3 4 4 65 3.5 80.26
28 5 4 4 65 3.5 70.23
29 4 4 3 60 3 65.39
30 4 4 5 60 3 32.32
31 4 4 3 60 4 45.05
32 4 4 5 60 4 60.94
33 3 4 4 60 3 65.84
34 5 4 4 60 3 59.60
35 3 4 4 60 4 77.87
36 5 4 4 60 4 61.31
37 4 3 4 55 3.5 61.71
38 4 5 4 55 3.5 3792
39 4 3 4 65 3.5 58.89
40 4 5 4 65 3.5 70.71
41 4 4 4 60 3.5 98.83
42 4 4 4 60 3.5  101.57
43 4 4 4 60 3.5 98.40
44 4 4 4 60 3.5 9839
45 4 4 4 60 3.5 101.14
46 4 4 4 60 3.5 103.12

BLR R KCIE R* B WUl R 43 51l S 0.9897.
0.9814 F1 0.9607, If- HL M R* 542 1E R* #UEAH2E
/N, MR LRy 35.7392(>4), A I 1T 7 FR 4Bl & 5
Feva, WEOM R, SR 25 /)N, WU R AT LA Sk X
PVA-E4 R /KIBYI I G IR0 T 254 Tt b DL &
T, sz AT R RO Z ot R R E R
BEA ., 25515 45 =100.24—3.25xA—2.96xB—3.35xC+
6.15xD+2.98xE—2.94x AB+18.50xAC—1.83xAD—2.58x
AE+3.01xBC+8.90xBD—14.20xBE—17.28%CD+12.24x
CE—1.99xDE—19.83xA%-33.76xB?~40.01 xC?>—9.29x
D?*-12.25%E?,
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Table 7 Analysis of variance of quadratic models of
response surfaces

Vg% S/ SErE AME M P PfH
HE 25338.97 20 1266.95 120.04 <0.0001
A-PVARINE: 168.53 1 168.53 1597  0.0005
B-ATECTR I 139.83 1 139.83 1325  0.0012
C-EATHKIR AR 180.02 1 180.02  17.06  0.0004
D- Tl 606.00 1 606.00  57.42 <0.0001
E-FHEnsf[a] 141.64 1 141.64  13.42  0.0012
AB 34.67 1 34.67 328  0.082
AC 1369.12 1 1369.12  129.72 <0.0001
AD 13.33 1 13.33 126 02717
AE 26.61 1 26.61 252 0.1249
BC 36.27 1 36.27 344 0.0756
BD 317.00 1 317.00  30.03 <0.0001
BE 806.55 1 806.55  76.42 <0.0001
CD 1193.74 1 1193.74 113.10 <0.0001
CE 599.48 1 599.48  56.80 <0.0001
DE 15.80 1 15.80 1.50  0.2326
A? 3433.54 1 343354 32532 <0.0001
B? 9948.83 1 9948.83  942.63 <0.0001
c 13967.16 1 13967.16 1323.36 <0.0001
D? 752.82 1 752.82 7133 <0.0001
E? 1310.46 1 131046 124.16 <0.0001
W2 263.86 25 10.55
PRPu 24421 20 12.21 3.1 0.106
BN S 19.64 5 3.93
BRE 25602.82 45

2.3.3 WA E R AR R LRI K 6~1F] 10 43R
A& H L 351 ATEC Bhni-THaata) . 44 akK
EWEIINE-T IR | PVA BN -S4 25 /K38
Whnt: . ATEC BSINED- TR B G FH K 2 s
- TR B R] 38 55 ni) 45 15y 2% 1] B e i 18] 3D & .
RYEE 6~IE] 10 ATl P PR 38 B 5200 R 22 A4 fefdErk
SEE 4352 ATEC SR INEAE 3.78~4.09 g Z [a] A}
TR EIAE 3.48~3.70 h 2 [8], &4t /K2 g &
TE 3.65~4.11 g Z [8] B} T4 IR BEFE 59.72~64.86 °C

Z ], 4 EF s PR EU BB AE 3.85~4.03 g 2 [a] it
PVA #ANEAE 3.73~4.05 g Z [a], ATEC ¥ Hl & 7E
3.83~4.25 g Z [A] B T4 & B FE 59.50~63.55 C =

120
100
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Fig.6 Response surface 3D plot and contour map of the effects
of ATEC addition amount-drying time on the composite film
comprehensive score
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Fig.7 Response surface 3D plot and contour map of the effects of enoki mushroom aqueous extract addition amount-drying

temperature on the composite film comprehensive score
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Fig.8 Response surface 3D plot and contour map of the effects of enoki mushroom aqueous extract addition amount-PVA addition
amount on the composite film comprehensive score
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Fig.9 Response surface 3D plot and contour map of the effects of ATEC addition amount-drying temperature on the composite film
comprehensive score
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Fig.10 Response surface 3D plot and contour map of the effects of enoki mushroom aqueous extract addition amount-drying time on
the composite film comprehensive score
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(], &£t aE /KBS I AE 3.80~4.10 g Z[A]AT
YRSt E]AE 3.48~3.68 h 22 [H],
2.3.4 BRSBTS RS PVA TS
N 4.033 g ATEC Wt 4.005 g, & EF ok /K2
WhE 3.871 g, T MR BEE 62.245 °C. T M) [A]
3.507 h, B G M GEHNB LR 515430 101.67 430 N
{8 FSLBRECES, % PVA BN 4.0 g, ATEC Bl
4.0 g, EETKIEMEINE: 3.9 g, TR 62 C.
TSR] 3.5 h Z%AFEA THE, B MR =R TR
JE R 0.062+0.002 mm., A% B B A 20.97+0.39,
PLARSRE 31.76+0.50 N/cm?, Wi ZLFE {3 97.99%+
0.25%. M7k 2R 549.14+0.94 s/mm ., /K& i%EiT
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43R 102.2540.16, SRV A £5-5 557 HARXT R
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Fig.11 Cross-sectional and surface microstructure scanning
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Fig.12 Infrared spectra of PVA film, enoki mushroom aqueous
extract and PV A-enoki mushroom aqueous extract composite film
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Fig.13 X diffraction pattern of PVA film, enoki mushroom
aqueous extract and PVA-enoki mushroom aqueous
extract composite film
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Sl
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5 6 d, Z5 FIXT A AR MR AL TR F] 0.7669, A&
EZH BEAE RS SIS N 0.5473, ¥ AS IR T 28.63%.
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Fig.14 Effect of different treatments on the browning
degree of strawberry
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Xof FEZH AR S O R TR, 7R 3 d I RUREAE
TSR R ELIAF] 18.98%., MIE 15 AfLIGH, E4&
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Fig.15 Effect of different treatments on the weight loss
rate of strawberry

28.51%. 34.67%, 525 FAXTHEL | 4l PVA HRgH M fkfef
JESZHAH bl 5245 HRLH s 8 R 53 il T 29.64% .
21.40% A0 17.77% B EFRY B mSE . HILAT W, &
A — R AR T SRR RO, 31X
T BB PR A 52 A B A PR PR = 2R T — 2 1
FEmi, FE HANH T B EE A, R T
WAL AR R EEAREE, vl T X R R IR
[ REER Z O = Y2 R 2 WA A K v &0 S E 7 £ L
2.7.3 HEEBEREEZEZR C ygm PULZHANIE T
KXF i3 C REARMFEIILE 16, TE5 4 d, =5
FXTREZH A4l PVA H4EA- 2 C PR RIEZE 60% LA
T, EAHYEA R C IRFEZFEWIESE 5 d KRR 64.52%,
TEHS 6 d BFEZE 60% LLF o FERAERE S IV A], 25
FIXT B AR AR 2R C AR B R LYK E 35.87%,
2li PVA JEZH SRR g 2 C IR B RALE 40.12%,
AR L LH B REAE S A 2 C AR B R 55.86%, 2
A L FRRE S AR 2R C AR Rl 58.98%. 5
S XA . 4l PVA BRH M AR gl 428 C 4%
B RAA L, 2 A IRAL T A 4 2 C B B RS 3R
BT 64.43%. 47.01%. 5.59%, H AT UL 4 lsEw] LA
PSR BRI RN A R C B S AS, BOR 5%
EEARAE Y

100+

o
o
1

(o)
(=]
1

N
(=]

| = pva-etaskcmen s 4
| =t

- 4PVAJE
= 25 IR
2 3 4 5 6 7

I ] (d)

K16 A[FAEIE Ty A FARE A 3R C IR AR5
Fig.16 Effect of different treatments on the retention rate of
vitamin C in strawberry

2.7.4 A NEXT AN RS2 PUZH AR B T X
Sof A P R IR e e DL 17, PUZH B
NS EERAL T EIads, AER Fsaim], ASR]ZH W]
NS EIINRZSHR R, NE 17 fTLER, %
I 9Ef 6 d, 25 FAXTREZH . 4l PVA B4 | &2 -G RR4H L
Lo AR fief S 25 g v Y RS N353 0] 2l 289.16% .
224.88%. 108.37%. 163.32%, & & NELH N S
RIS XA | 4l PVA JR2H FIAR R 2l 43 9
BT 62.52%. 51.81%. 33.65%., {EREEN, H hE:
AR AL T i S A S g, AR A B T T
PRSP T AR SR SR AR M A A . AR
PN R i S B AR A R R 451493 B E L, B
2 ERE MRS, B ETT L, PV A-S ok /KR
B A IR RS T RLaE TN S B, fdre
BEANMENEAG, D/ S A S Rz, DT E 28 5 1) S L,
FEA AR

L RCIARR (%)

N}
(=]

0




- 216 - £ Tl B4

2024 4 5 A

300 % PVA-SFI KR AR
- (R A5

—— A[iPVAJE

- 25 R

200

IR (%)

1001

N_

0 T T T T
1 2 3 4 5 6 7

IR TR] (d)
B 17 IR A B 5 2O B e Y S A (4 5200
Fig.17 Effect of different treatments on the growth rate of
malondialdehyde in strawberry
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