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Selection and Compounding Preparation of Fungus Inhibitor for Food
Outer Packaging Materials
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Shandong Sport University, Jinan 250102, China;
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Abstract: Objective: The formulation and concentration of fungal inhibitors in food packaging materials were screened and
optimized to provide reference for the control of fungal contamination in food packaging materials. Methods: Three
bacteriostatic agents, which were suitable for food packaging materials, including organosilicon quaternary ammonium salt
(OQAS), sodium dehydroacetate (SD) and polyhexamethylene biguanidine hydrochloride (PHMB) were selected as the
target disinfectants and tested on four kinds of fungi including Cladosporium cladosporioides, Aspergillus niger,
Penicillium aurantiogriseum and Cladosporium herbarum. The mycelial growth inhibition effects of these three
disinfectants on the four fungi were tested separately. Results: The effective concentration range(100%) of the three
disinfectants were determined. Then these three disinfectants were combined to get a new compound bactericides,
consisting of OQAS (0.38 mg/mL), SD (0.69 mg/mL) and PHMB (0.49 mg/mL), in which the total concentrations of
bactericides were 1.56 mg/mL. Conclusion: The dosage of OQAS, SD and PHMB could be significantly reduced by the

combination, which would make the antimicrobial agent more safe and efficient.
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Table 1 Experiment design of OQAS, SD and PHMB
A R PN win w2

[E(Ik s

0 0 0 0
g 3.7 0.5 0.5 0.5
ﬁﬂﬁiéﬁfﬁ{&fg 9.3 3.7 0.9 0.9

(mg-mL™)

18.5 18.5 3.7 3.7
37 37 13.9 13.9

0 0 0 0
o 05 001 0.01 0.01
WA TR AR 1 01 0.05 0.05

(mg-mL™) ’ : X
1.5 0.2 0.1 0.1
2 1.5 0.2 0.2

0 0 0
R o 0.5 0.01 0.01 0.01
RIS P UINER PRk vk 7 1 01 0.05 0.05

(mg-mL™) ’ ’ :
1.5 0.2 0.1 0.1
2 0.3 0.2 0.2
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FI AB AR T A0 s AR B SE BRI BEAKOPARL, AX JEAS
BFSR Y F AR B X ]

ARYE B —FN BRI R G 25 R, i 2 ST
FRT ZEACRAS I A 12080 25 DR 3R i i 7K L3 2

%2 Box-Behnken i3 153K 2 g S K-
Table 2 Box-Behnken test design factor coding and level
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Fig.1 After 5 days, mycelium growth states of Cladosporium
cladosporioides (a), Aspergillus niger (b), Penicillium
aurantiogriseum (c) and Cladosporium herbarum
(d) in the control group
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Fig.2 Inhibition rate of different concentrations of OQAS on
mycelial growth of fungi after 5 days incubation
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Fig.3 Antifungal activity of different concentrations of OQAS
on mycelial growth after 5 days incubation
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Fig.4 Inhibition rate of different concentrations of SD on
mycelial growth of fungi after 5 days incubation
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Fig.5 Antifungal activity of different concentrations of SD on
mycelial growth after 5 days incubation
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Fig.6 Inhibition rate of different concentrations of PHMB on
myecelial growth of fungi after 5 days incubation
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Fig.7 Antifungal activity of different concentrations of PHMB
on mycelial growth after 5 days incubation
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Table 3 Test results of Box-Behnken
SRS i Y (%)
Xl XZ 3

1 -1 1 93.15
2 0 0 0 90.56
3 1 0 -1 88.52
4 0 0 0 88.98
5 -1 -1 0 87.22
6 0 0 0 90.28
7 0 1 -1 91.11
8 1 1 0 100

9 -1 0 92.59
10 1 -1 0 87.59
11 0 -1 -1 85.93
12 1 0 1 100

13 -1 0 -1 88.33
14 0 -1 1 89.81
15 0 0 0 90.47
16 0 0 0 90.82
17 0 1 1 100

#4 AT

Table 4 Regression equation analysis of variance

Ty KR 05 B2 F P
F5E 9 34.53 92.31 <0.0001
X, 1 27.45 73.39 <0.0001
X, 1 142.05 379.72 <0.0001
X, 1 101.60 271.61 <0.0001
X, X, 1 10.50 28.06 <0.0001
XX, 1 13.03 34.84 <0.0001
X,X, 1 6.28 16.77 0.0003
X, 1 5.17 13.81 0.0005
Xy 1 0.89 2.38 0.0218
Xy’ 1 2.90 7.76 0.0020
JAUT 1 0.018 0.1818 0.6918
alifR 2 4 0.099
syl 16
HE ZRUR 0.9916
CV(%) 0.67

1 P<O.0SE/NA BEER; PO.01FREFNEE .
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83.03X,>
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X R AW TE PR FH B SE 71 B g6 i it n] 5
B Ak, AE R 5 R A HOI0R ORI X2 X2 Y
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Fig.8 Response surface curves of the interactions between any
two factors on the inhibition rate
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Table 5 Formulation optimization of compound
bacteriostatic agent
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Table 6 The dosage of three kinds of bacteriostatic agents
acting alone in complete bacteriostasis
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Fig.9 Effect of the optimized formula on mycelial growth inhibition of Aspergillus niger (a), Penicillium aurantiogriseum (b) and
Cladosporium herbarum (c) cultured after 28 °C for 5 d
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