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Cellulose is a renewable, biodegradable polymer with broad applications in
food and pharmaceuticals. Bacterial cellulose (BC), produced by fermentation
(e.g., Komagataeibacter xylinum), is valued for its purity, flexibility, and mechanical
strength. In food systems, BC can serve as a low-calorie thickener, stabilizer, fat
replacer, and flavor carrier, thus supporting the development of functional and health-
oriented products. However, high production cost limits its use, prompting further
exploration of cost-effective substrates, such as tea. Therefore, this study investigates
BC production from Thai tea kombucha, focusing on its yield, physicochemical and
mechanical properties, and nanofibrit (BCNF) production via high-pressure
microfluidization. The resulting BCNF is then applied in jelly candy as a model
nutraceutical delivery system. The research comprises four main studies as follows.

Study 1 evaluated Thai tea kombucha as a low-cost and culturally relevant
medium for BC production under static conditions at 30 °C for 15 days using a
commercial SCOBY. Among four tea varieties tested—Chinese black, Assamica black,
green, and red—Thai red tea (RTC) produced the highest wet BC yield (168.00 +
2.93 g/L) and was selected for further optimization. Its yield was enhanced through
additives such as ethanol (RTC-EtOH) (218.36 + 12.85 ¢/L) and a sucrose-glucose
combination (RTC-SGlu) (259.54 + 8.92 ¢/L). Additional optimization of pH, tea
concentration, harvest frequency, and cultivation methods showed that unadjusted
pH (~5.20), 2% tea, biweekly harvests, and static cultivation gave the best results. Its
property characterization (SEM, FTIR, XRD, TGA, nanoindentation) confirmed RTC
kombucha as a promising medium for BC production.

Study 2 applied a response surface methodology (RSM) with a central
composite design (CCD) model to optimize BC production from Thai red tea kombucha.
A total of 34 experiments were conducted to evaluate the effects of the sucrose-
glucose ratio, tea concentration, and ethanol level. The model generated 53 optimized
formulations, three of which were validated. The recommended formulation (RTC-V1)



%

achieved a wet BC yield of 621.71 + 24.06 ¢/L, a 238% increase over the RTC-SGlu
formulation. Further characterization on the obtained BC properties confirmed high
crystallinity (83.23-85.97%), thermal stability, and strong mechanical properties,

confirming the effectiveness of RSM-CCD in maximizing the BC production.

Study 3 examined the effects of high-pressure microfluidization (HPM, at
10,000 psi, for up to 20 cycles) on BC. The resulting BC nanofibril (BCNF) showed
reduced fiber diameter (from ~37 nm to ~25 nm), decreased WHC (from 96.6 to ~31.0
¢ water/g cellulose), reduced particle size, and improved particle uniformity. SEM, XRD,
and TGA analyses confirmed structural and thermal modifications, demonstrating

HPM’s role in tailoring BC properties for wider applications.

Study 4 incorporated BCNF into jelly candy along with bioactive ingredients
(vitamins C, E, butterfly pea, and tomato extract). BCNF impacted jelly candy texture,
especially firmness and chewiness. Vitamin E yielded the firmest texture, while tomato
extract and vitamin C softened it. In simulated digestion experiment, BCNF-enhanced
jellies improved antioxidant retention in vitamin C formulations, though the effects
varied across bioactive ingredients. These findings highlight BCNF’s potential as a

structural and functional component in nutraceutical jelly candy products.
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