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Antibacterial and antifungal properties of halloysite nanotubes by loaded linalool

ZHANG Yuansong , GAN Wenxin , ZENG Qinzhi , ZHAO Weigang , CHEN Nairong , RAO Jiuping’
(Key Laboratory of Plant Fiber Functional Materials of National Forestry and Grassland Administration, College of

Material Engineering, Fujian Agriculture and Forestry University, Fuzhou 350108, China)

Abstract: Linalool has good antibacterial and antifungal properties, but is volatile and thermally unstable.
Halloysite nanotubes (HNTs) are often used as nanocarriers because of their special hollow pore structure and their
ability to protect and release active substances. Therefore, the study of HNTs loaded with linalool (LNL) was carried
out and antimicrobial tests were performed. Preparation of linalool acidified halloysite nanotubes (L-AC-HNTSs) as
a novel antibacterial and antifungal agent by loading LNL into the lumen of 3 mol/L hydrochloric acid acidified
halloysite nanotubes (AC-HNTs) using a vacuum-negative pressure method. The inhibitory effects of different
additive amounts of L-AC-HNTs were investigated on Escherichia coli, Staphylococcus aureus, Aspergillus niger, and
Penicillium oryzae, which are commonly found in bamboo products. The thermal stability and slow-release proper-
ties of the additive were also tested and characterised. The results showed that 1.5% mass concentration of
L-AC-HNTs had the best inhibitory effect on the above bacteria and fungi, and the inhibition rate reached 100%.
The peak thermal decomposition rate of L-AC-HNTs reached 279.9°C, which was 81.5°C higher than that of the pure
LNL, and the retention rate of LNL after volatilisation of the AC-HNTs at 50°C for 72 h was 94.6%, with only the loss
of LNL 94.6%, with only 3.4% loss, while the retention rate of pure LNL was 8%, and the LNL loading increased from
5.0% to 15.6% at the highest after acid etching. The broad-spectrum bacteriostatic property and thermal stability of
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L-AC-HNTs provide references to its application in bamboo products.

Keywords: halloysite; linalool; antibacterial and antifungal; load; thermal stability
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Fig. 1 Preparation process of linalool acidified halloysite nanotubes (L-AC-HNTs) antibacterial and antifungal agent
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Table 1 Content of Si, Al and C elements in HNTs,
AC-HNTs and L-AC-HNTs

Sample Siatomic/at% Alatomic/at% C atomic/at%
HNTs 14.20 12.39 14.83
AC-HNTs 14.18 12.26 13.19
L-AC-HNTs 12.84 11.20 24.59
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Fig. 10 (a) Nitrogen isothermal adsorption-desorption curves of HNTs, AC-HNTs and L-AC-HNTs;

(b) Loadings of HNTs to different additions of LNL before and after acidification

HNTs. AC-HNTs il L-AC-HNTs I k. 3% i 2
AL SE R B PE 0 ¢ 2 Br7n , HNTs (19 He 26 1 F1
R FL A FR 43 3 4 13.5389 m?/g il 0.04 cm®/g, R

%2 HNTs. AC-HNTs 71 L-AC-HNTs By Lt REFR (Sger) FA
LREEEIE
Table 2 Specific surface area (Sgpr) and porosity data of
HNTSs, AC-HNTs and L-AC-HNTs

Sample SBET/(mZ‘gil) Vpore/(cmg'gil)
HNTs 13.5389 0.04
AC-HNTs 37.2893 0.09
L-AC-HNTs 28.8100 0.08

Note: V},,,,—Total pore volume.

b J5 B HNTs (1 H 2 1 BB L AR BUHE K R
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AW G, #— LU RY KT HNTs i 45 I
WA FIFLIRFR . T L-AC-HNTs fi4 H 2% 1 A2 A i AL
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0.08 cm®/g, X2 T HNTs % i /& LNL (9 £ % 171
i E, K5 LNL BT HNTs 198 AL

3 4t

SR FHBCZs f R 3k T O AR B (LNL) £ 2 T
PR AL YR 1% A1 KA (AC-HNTs) Hr, il 2 H B A A
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