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Abstract

Cellulose is the most abundant renewable resource in nature. With the reduction of fossil resources,
the rational utilization of cellulose meets the strategic needs of green and sustainable development in China.
The preparation of nanocellulose from cellulose is one of the current research hotspots, widely applied due
to its advantages of high specific surface area, high mechanical strength, and good biocompatibility. The
most mature research on nanocellulose preparation involves the acid hydrolysis of cellulose and enzymatic
hydrolysis of cellulose, with solid acids garnering significant attention due to their rapid separation and
recyclability. With the advancement of fish farming technology, the production of fish bones, a by-product
of the fishing industry, has significantly increased. Fish bones possess complex pore size information and
high adsorption characteristics, yet they are not adequately utilized. Based on this, this study first prepared
solid acids using fish bones as raw materials, then explored the mechanism of action of solid acids and
cellulases in the joint preparation of nanocellulose. Furthermore, a class of edible nanocellulose films was
developed around the produced nanocellulose, as follows:

(1) A groundbreaking fish bone-based solid acid catalyst was innovatively prepared using the
carbonation-sulfonation method. This catalyst was then applied to the cellulose hydrolysis reaction to
prepare nanocellulose. The results revealed that sulfonation disrupts the microstructure of the catalyst and
reduces its BET-specific surface area, but this does not hinder the introduction of acidic groups. The total
acid content of the prepared fish bone-based solid acids was 3.76 mmol/g, with a -SO3H group content of
0.48 mmol/g. Furthermore, the prepared fish bone-based solid acids exhibited excellent thermal stability,
with a percentage mass loss of less than 15% at temperatures up to 600°C. They also demonstrated high
catalytic activity in the cellulose hydrolysis reaction, with a nanocellulose yield of up to 45.7% under
optimized reaction conditions. The fish bone-based solid acid catalyst also showcased remarkable
reusability, maintaining a nanocellulose yield of 44.87% after five cycles.

(2) In the study on the preparation of nanocellulose by hydrolysis of microcrystalline cellulose with
solid acid combined with cellulase, the team investigated the effects of different sequences of addition of
solid acid and cellulase on the yield of nanocellulose. Under the optimal conditions of enzymatic
hydrolysis for the preparation of nanocellulose, the yield of nanocellulose obtained from solid acid
hydrolysis was 41.3%, the yield of nanocellulose produced by enzymatic hydrolysis was 27.1%, and the
yields of nanocellulose produced in the co-treatment group, solid acid followed by cellulase hydrolysis
(SA-E), solid acid hydrolyzed together with cellulase (SA+E), and cellulase hydrolyzed by solid acid
followed by cellulase hydrolyzed by cellulase (E-SA) were 73.37%, 67.46%, and 57.21%. This clearly

demonstrated a synergistic effect between solid acid and cellulase in the SA-E treatment group and the



SA+E treatment group. The team then inferred the synergistic mechanism of solid acid and cellulase
through a comprehensive analysis of XRD patterns as well as Fourier infrared spectra.

(3) In the study of edible nanocellulose films, we prepared nanocellulose-modified gelatin/sodium
alginate composite films and meticulously studied their properties. The results show that: the addition of
nanocellulose, up to 6%, led to a remarkable increase in the film's tensile strength, reaching 40.12 MPa,
and a significant decrease in visible light transmittance, down to 62.4%. Moreover, including nanocellulose
notably enhanced the cohesion of the substances in the film base liquid, particularly the non-polar matrix,
thereby creating a more convoluted path for water molecules and significantly improving the film's
water-blocking performance. The water vapor transmission coefficient also decreased substantially to
1.246 g-cm/cm?-s-Pa.

Key words: fishbone; solid acid; nanocellulose; edible film
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Abbreviations

247 W ] PR TR
HAP Hydroxylapatite PR A

SA Solid acid [

MC Microcrystalline cellulose Wi A4
R-SA Solid acid hydrolysis residue [ 425 5% 7K A% B )
R-E Enzymatic hydrolysis residue ity 7K fidt ik B2 )
NCC Nanocrystalline cellulose YK A Y 25 AR
WC Water content Koo B

WS Water-solubility KT
WVP Water vapor permeance IKFEAEL R

TS Tensile-strength Ao B
EAB Elongation at break W2 K R
GAF ) e R 5 2

Gelatin sodium alginate composite film

Vil
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