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Fig.1 CO, simulation environment construction diagram
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Table 1 Effect of volume ratio of high amylose corn starch to PVA on AFIF membrane

& A4 2 ORI /PVA R AR /% A% 5% % /MPa i ZA K H/% &R EI%
9:1 11.11 +0.041 24.94 +0.147 37.876 + 0.0023
8:2 14.87 + 0.062 50.64 + 0.242 41.879 +0.0035
7:3 15.09 +0.075 76.98 + 0.343 51.915 + 0.0040
6:4 23.05 + 0.087 85.78 + 0.349 35.875 +0.0031
5:5 25.92 +0.091 117.82 + 0.401 32.866 + 0.0029
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H-C—H 3£ [ ,1 000~1 100 em™ 1) C—OH % [ I
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WE TSR L, W] HAMS & A1 /9 C-OH FE Rl 2,
A HF 4l PVA A4l HAMS J% 1 55, AFIF 5 78
1 424 em™ £ 4 # H-C-H JE£#1 Al 1 000~1 100
em™ 1) C—OH F& A 119 P A 4 AiE 06 45 1 415 15 25 i
B, 2 B MR SE A 2 1) & A T A ELVE (SRR ), TR
i AFIF B () C—OH 3 AR C—H A4 W AL 06 ) i
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PVA GIRGF A2 b  7E 690~710 em™ H B
TR R R P 4a R B 0% 1 108 em ™ L T
C-O-C H M sl g, X KW HAMS Fil PVA
SPRFE LA TN R, R A PR AR 3 2 (R e A R
BRSNS HAMA Fil PVA 2> FR800n 7%
BRI
2.3 HimiHmEXT AFIF B 188 220

FER HAMS/PVA () S8 100 mL, 5347
IS TRV I 4 H i %) AFTF Bk sEn 82 mg . il &
3a Fl 3b AT LA Y, BEE H i as in &2 19 7t i3 Ot
F(a) M) PERE (b)) BARZ L ETHE TR
B, HE AT RE SR B H AR /N T S )
TN B AR W 5 v A R OK U R =2 (] Y S
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PR SR TP AN A ) 2% 45 0 45 AFTF ) 7 24
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Fig.2 PVA, HAMS and AFIF film infrared spectra
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Fig.3 Effect
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Fig.4 Comparison of tensile strength, bibulous rate and diffusion rate of AFIF films with different urea content
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BB) 9 &1 (6 1l 56 A Bof 8] B PR 28 9N in i 19 384
T Z T AE 4G 3X A B Y T2 AFTF X MR-
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JEHO 30 R A B T K B I A i T s A7 )
FEARTE KM 52 F T PR KU o 1 14 n B AIG
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PHCHE B, R AR IRBEIRINGE N 2 ¢ B &2 A
AFTF SRAGIE 241 F1 2R BE B8 HOME AT K 1

2.5 pH E&1ERF (MR-BB)X AFIF &5 R
EA:E=A

pH & 4 18 8 7 (MR-BB) X%} AFIF %38 7 1
RE OS2 A A3 WA T T, — & IR 7 i 2
Ko He i), —J& MR-BB W ¥R
2.5.1  PUFRFE /R 0 LB X AFTF 48 7R P RE
M MR-BB & A 46 78 7 B L 20 s B gy
WAL R, Horp i B L AT pH 5 R TE L N 4.4~6.2, 1R
AR pH FE/RIE R 6.0~7.6, ¥ —H G
feiEAT LIS, W & Ak 248 7 R pH 48 7R
FEL 0 €0 1) ECAMVE T, ol 2 0 3 T 4 ) 7 0K 6 1Y)
0], L A 2 n AR A0 T I U R MR FE R
TN IR 2 FnEe 3 Hhaf A, SR R I IS L
BIAS TR B AFIE 2R 51 FE & B 00 2360 B 7 25 5%, (1
JE R IRAR LR (O R AFIF B4 A5 €2 5¢ ) st i) 1 Bt
& MR-BB 9 Ffi 48 7 70 1 L A5 A2 A6 1 AS 7]

[F] B 2 205 f 8 ) 400 o 44 i, 75 2 AFIF i
ARG AN EK, ZRa 0 B YRS
TRE EEB SN 1:2 B, o2 E ok, HAR D
I A] f 4, BT L MR-BB & 4548 7% 371 4 1) 52 I He 461
12 WHRAE,

2.5.2 MR-BB % i % R 1E 9 5 (4 15U D) fig
HR 8 SCHR[20] T 0, 76 5 25 1, 24 20 7% 3 fif
JE R AU, AR AR B RV EE 29 2 000 mg/
L Al i 2 Ao Z R A AR AE (A0 i Ak
B Jo 2 ik FE2I24 o 350~380 mg/LL) , 75 BARIE AFIF
JEAE 2 PR 2 AATAS A ARG LA B 45 40 A
520G BRI | %85 MR-BB A9 SR i %t AFIF fi
G500 B 11 5
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Table 2 Film forming color of AFIFS with different indicator ratios

Lo na AR MEREE —
K& * & 416,
1:2 5.0 6.0 0 A, 1=
3:5 6.0 8.0 0
2:3 3.0 8.0 0
3:4 3.0 8.0 0
1:1 4.0 10.0 0
4:3 2.0 9.0 0
3:2 2.0 8.0 0
5:3 1.0 5.0 0
2:1 2.0 72 0

®3 AREIETHELLN AFIF ENBEETERL

Table 3 Color transition of AFIF membranes with different indicator ratio

At A MemEE agme sEi EewE
ke F & 4 &,
1:2 0 9.0 1.0 . | 591 33 min 31 s
3:5 0 8.9 1.6 melF 5.27 35 min 29 s
2:3 0 8.2 2.0 [ 3.61 36 min 44 s
3:4 0 10.1 1.0 | 3.46 40 min 13 s
1:1 0 8.0 1.0 = 4.58 36 min 19 s
4:3 0 7.0 2.0 - 3.46 37 min 41 s
3:2 0 7.0 2.0 o el | 3.0 35 min 125
5:3 0 7.0 0.4 [ 2.27 38 min 27 s
2:1 0 7.0 0.1 J - 2.01 34 min 22 s

B B N AFAE T AFIF b 3 4 FTR 24
MR-BB (U AR T 4% 8], 70 BUS A X 5
HR I R Al Al B ) SRR R RN A TR R
RS A 1 A R b 28 2, 5 B ] 38 ¥ 15 o 5 >4
MR-BB [ # N 4%~6% 0, 43 805 2 #i 8
BT T AN AR @ HELZ R > 24 MR-BB )
W& K F 6%0F ,MR-BB £ AFIF fI5 v i F 41
L X AR AR Btk TR A A R AT L (R
TR Bt R, AE SR PR RN [ ) A Ak
WS T BT AR R e 258 A (i [|] i
s m, It H MR-BB B9 % i 35 2 7% S =LA
I AFTF B 28 rp i Akt TaUK, & H
P28, IS 4 0 4 B & B R I T LA

MR-BB LA & 6%,
2.6 X FUHKBRMEIERANIE
2.6.1 4ok ZRARER B N X AFIF (19 56 A 1k
PiwfER  #Ed 4 AFIF Bt f& b, (U2 nano—
TiO, M I ,0.05,0.1,0.15,0.2 g 1 0.25 g, % %<
ANIF] AFIF B BRI BT PE T, # 4 Fl AFIF BRAE
it BT R AT B R VAR 8 3R L b 38 Ciy K IR A
RS 12 h J5 B I TRV OD A, AR 95 A =X
(6)F 1 4 Bl AFTF BT 0 5, 25 &l 5 s
AFIF JEERHT TR BE 1 B3 nano-TiO, 1Y ¥ fil &
WG N AFRIF RS B0 0 e ) AR W R s L B A
nano—TiO, K E N & AW i, Pz R 2 I H 6 I
FIEZ T E% ., 24 nano-TiO, I FH &= ik 3
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Table 4 Effect of indicator addition on discoloration speed and sensitivity of AFIF

B A A 38 R R W R E %

% 5,974 1 19 (2 000 mg/L, )

% & %A ) (2 000 mg/L &) 380 mg/L M A E X &

1 4 min 50 s
S min 10 s
6 min 56 s
7 min 10 s
4 min 40 s
3 min 35 s
3 min 59 s

o 3 N W B W

4 min 53 s

40 min 15 s FEE
48 min 52 s FEE
54 min 54 s FEE
60 min 42 s FEE
45 min 08 s rEE
33 min 31 s FEE
36 min 15 s e
39 min 35 s T
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(ROS) ,ROS X 2 Jifd i) 45 k6 R ) fie i 473 35, 1 4
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XA n RANMEBEZE AL, £ N 0RIE TR 20 i
BE [R5 473, AT 200 L e i A 2050 e, K35 A= 1™
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nano-TiO, PRI, A LAA Z$E T AFIF IR Hi
PERE,
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Fig.6  Antiseptic analysis of AFIF

KB2 A B nano-TiO, 7E £ i e A AFE F s B 4%
TV R, A W ROS S5 X A o B —
SEMRIAVE S, By kA Y B R RS
nano-TiO, MG =L 2, inE 7 Wi,



245 FHol

20 R AR S A B o BT SF AR AR A RIS R A 231

o e |
CTis oD ...
@ WY %t
o TRIAARIREE. 48
RS ROSE) MRS
e i H:0 0, 0, -0H CO:; ROS
O S 2 -k -

7 MARZEMKEELNERSBIETEE

Fig.7 Schematic diagram of photocatalytic antibacterial and decomposition process of nano-TiO,
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Table 5 Determination of freshness of antibacterial materials for liquid sterilizing milkby AFIF
B IR 6h 12h  24h  36h 48h 60h 72h 84h 96h 5d 6d
CO, A fh & E/(mg/L) 0 0 0 0 210 268 385 420 457 530 602
fit £ % F/(x10* CFU/mL) 0 0 48 57 64 89 160 178 191 214 243
& 216 AE 0 0 0 0 0 0 591 591 591 591 5091
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WRRE C C C C C C D D D D D
Ak E E E E E E F F F F F
T &R G G G G G G I I I I I
G ARG H IR G 1A G5,
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Table 6 Detection of freshness of liquid sterilized milk by non antibacterial materials
B 7] 6h 12h 24h  36h 48h 60h 72h 84h 96h 5d 6d
CO, &4 %/(mg/L) 0 0 350 550 700 960 1420 1930 2757 3130 3602
A % 2 /(x10* CFU/mL) 48 84 143 148 225 293 441 563 742 843 982
& 216 AE 0 0 2.1 591 591 591 591 591 591 591 591
&% A A A B B B B B B B B
BLRARS (0 C c D D D D D D D D
Ak E E E F F F F F F F F
e G G H I I I | I I I |
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Fig.11 Schematic illustration of AFIF membrane simulation
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Preparation of Antibacterial Freshness Indicator Film and Its Application

Yu Dongwen, Liu Zhanxu, Bai Hongbin, Liu Xiugi®
(College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118)

Abstract With food packaging playing an increasingly important role in food quality and safety, freshness indicator ma-
terials have become a research hotspot. On the one hand, it can block the entry of microorganisms, effectively inhibit
the breeding and reproduction of microorganisms, ensure the stability of the internal environment of food packaging, and
then change the quality of food; On the other hand, it can monitor and indicate environmental changes inside the pack-
aging to feed back food quality information. In this study, food grade polymer materials high lost corn starch (HAMS)
and polyvinyl alcohol (PVA) were used as the main raw materials, and the compound pH indicator MR-BB (mixture of
methyl red and bromothymol blue) was loaded. At the same time, nano titanium dioxide (nano-TiO,) with high antibac-
terial activity was used by ultrasonic dispersion method. At the same time, the crosslinking agent glycerol and hydropho-
bic agent urea were used to construct the polymer three—dimensional network structure and optimize its physicochemical
properties. The pH-responsive nanometer fresh—keeping— food freshness indicator material (AFIF) was prepared by solu-
tion polymerization and casting film. Based on the basic performance, the volume of high amylost corn starch and PVA
was 7:3, the amount of glycerin was 2%, and the amount of urea was 2%. By comparing the data and optimizing the
sensitivity and accuracy of pH responsiveness of AFIF film, it could be seen that the optimal volume ratio of MR-BB
was 1:2 and the optimal addition amount was 6%. In this paper, the bacteriostatic performance of AFIF film and the
preservation performance of commercially available milk were analyzed. When the amount of nano-TiO, was 0.15 g (per
100 mL. membrane liquid), the bacteriostatic rate could reach about 80%. The practical application results showed that
the liquid milk of the non-antibacterial AFIF membrane group lost its edible value after 36 h of storage at room temper-
ature, until 72 h, the liquid milk of this group lost its edible value. At this time, the detection time of AFIF film on
spoiled milk was 3 min 35s, the film color changes from blue—green (initial) to deep yellow, the initial discolouring area
was 10% (film area is 9 cm?), the completion time of discolouring was 33 min 31 s, and the color difference value
could reach 5.91. AFIF film had clear function of indicating freshness and freshness of liquid milk on the market. In this
paper, its mechanism was analyzed in detail based on the structure—activity relationship.

Keywords fresh keeping; freshness; film; nano-TiO,; liquid milk



