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Research progress of multifunctionalization of cigarette microcapsule technology

YE Hui'? ,WANG Yu >, WU Junzhang® ,HU Wenhao' ,PANG Yuxia',LOU Hongming'

1. College of Chemistry and Chemical Engineering, South China University of Technology ,Guangzhou 510641, China;
2. Technology Center, China Tobacco Guangdong Industrial Co.,Ltd., Guangzhou 510310, China

Abstract; To comprehensively assess the development and application potential of microcapsule technology in the
tobacco cigarette industry, this paper systematically reviews the research progress on multifunctionalization of
cigarette microcapsule technology from seven dimensions: aroma sustained-release, moisture retention and
humectation, antibacterial activity, harm reduction, temperature control and heat conduction, dyeing and color
fixation, and mainstream smoke pH adjustment. Meanwhile, the development status of novel microcapsule
preparation technologies is elaborated. With technological innovation and advancement, cigarette microcapsules
have expanded from a single aroma sustained-release function to a diversified functional system. For aroma
sustained-release, mechanisms including capsule shell diffusion, wall material degradation, and pressure-induced
rupture can effectively regulate the release rate of cigarette flavoring. Regarding moisture retention and
humectation, the low volatility of oily core materials and the multifold protective effects of composite wall materials

can stably improve the moisture content of cut tobacco. In terms of antifungal activity, natural antibacterial flavor
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Abstract ; [ Objective ] This study aimed to screen pectinase-producing strains and mine the key genes involved in
tobacco pectin degradation. [ Methods ] Pectinase-producing strains were screened using the 3, 5-dinitrosalicylic
acid ( DNS) method with tobacco pectin as the sole carbon source. Transcriptomic analysis was performed to
examine differential gene expression during tobacco pectin degradation, and key genes were verified and identified
by real-time quantitative PCR ( RT-qPCR). [ Results] A tobacco pectin-degrading strain designated GB3 was
obtained, and its enzyme activity against tobacco pectin in the fermentation broth reached 32. 95 U/mL. The strain
was preliminarily identified as Klebsiella variicola based on morphological characteristics and 16S rDNA sequence
analysis. During the degradation of common pectin, 1076 genes were upregulated in strain GB3, whereas 1100
genes were upregulated during tobacco pectin degradation. Differentially expressed genes ( DEGs) related to
tobacco pectin degradation were mainly enriched in galactose metabolism, glycolysis/gluconeogenesis, and other
glycan degradation pathways. A total of nine candidate enzyme genes potentially associated with tobacco pectin
degradation were screened. RT-qPCR analysis further revealed that rlpA, lacZ, ogl, rhaA, and P48843 were the
key genes involved in tobacco pectin degradation. [ Conclusion ] This study confirmed that genel209, genel526,
gene310, and gene4941 are the key tobacco pectin hydrolase genes, providing a reference for investigating
pectinase genes, regulating pectin content in tobacco leaves, and improving tobacco leaf quality.

Key words :tobacco pectin; DEGs ;tobacco pectin hydrolase ;transcriptome ; RT-qPCR
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microcapsules can inhibit the growth and proliferation of molds. For harm reduction, porous adsorbent
microcapsules are predominantly adopted to reduce the contents of carbon monoxide ( CO) and nitrosamine
carcinogens in mainstream cigarette smoke. In terms of temperature control and heat conduction, preliminary
research on temperature-responsive microcapsules offers a promising approach to optimizing the heat transfer
efficiency of heat-not-burn (HNB) cigarettes. For dyeing and color fixation, via the dual mechanisms of physical
isolation and chemical protection, microcapsule technology remarkably improves the oxidation resistance and color
stability of natural pigments in cigarette paper. For mainstream smoke pH adjustment, encapsulating organic acids
via microcapsule technology and incorporating the encapsulated products into cigarette paper enables effective
control of smoke pH. Novel microcapsule preparation technologies, with the merits of precise controlled-release
design and low-temperature green processes, offer novel solutions to the inherent drawbacks of conventional
methods, including unstable encapsulation efficiency, wide particle size distribution, and susceptibility to damage
of heat-sensitive components. Nevertheless, their large-scale application in the cigarette industry is still hindered by
challenges such as low throughput, high production cost, and difficulties in process scale-up. Future research
should integrate the merits of novel preparation technologies, focusing on intelligent regulation of release behavior,
optimized design of core-wall materials, and multifunctional integration, so as to accelerate the development of
cigarette microcapsule technology toward precision, intelligence and greenization.

Key words: cigarette; microencapsulation technology; multifunctionalization; aroma sustained-release; cigarette

moisture retention ;antifungal and harm reduction
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