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Abstract: [Objective] The aim of this study was to investigate the structural characteristics of lignin of Camellia
oleifera fruit shells (CFS) from different locations (Yongzhou, Changning, Qidong and Xiaoguo, Xianglin 1,
Xianglin 210) and different maturity periods (1-30 October 2022, Xianglin 53 was collected every seven days) to
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lay the foundation for the high-value utilization of Camellia oleifera fruit shells. [ Method] Milled wood lignin
(MWL) and double enzymatic lignin (DEL) were used as the study samples for comprehensive structural
characterization using FT-IR, high performance liquid chromatography (HPLC), thermogravimetric analysis and
nuclear magnetic analysis. [Result] The CFS from different locations had high content of ASL (7.78-9.91%), and
the lignin derivatives from the six ASL account for 2.96-4.15% of CFS. The separated six DEL samples showed
high yield (68.48-72.40%), high purity, and homogeneous chemical structures with the PDI of 2.00-2.06. 2D-HSQC
NMR showed that the DEL were guaiacyl-rich lignins (S/G < 0.9), having high content of p-O-4 aryl ether linkages
(41.89~48.26/100 Ar), and specific number of C-C linkages, namely B-B linkage (14.84-26.30/100 Ar) and B-5
linkage (9.61-13.85/100 Ar). DELXL210 had the highest thermal stability. The Klason lignin content in the CFS
from different maturity periods increased from 19.5% to 25.5%, and in addition, the acid-soluble lignin content
decreased from 7.4% to 5.9% during the ripening. The molecular weights of the MWL and DEL fractions gradually
increased, and the polydispersity of the DEL fractions gradually decreased from 2.25 to 1.88 with maturity. The
CFS lignins are SG-type lignin with low S/G ratios (S/G < 0.6), and contain an abundance of B-O-4' linkages
(maximum amount of 58.6/100Ar in DEL-2). Moreover, the amount of f-O-4’ linkages in the MWL, DEL, and
LCC-AcOH fractions increased first and then decreased during growth. The phenolic OH content of the DEL
fractions gradually decreased from 2.05 to 1.78 mmol/g as the molecular weight increased. [ Conclusion] The low
S/G ratio and high C-C linkages content of CFS lignin indicated that CFS lignin is not a very competitive material
for the production of aromatic chemicals via catalytic depolymerization; on the other hand, CFS lignin is a promising
feedstock for the development of lignin-based carbon materials. In addition, the excellent thermal stability of CFS
lignin hints at its potential applications in high-temperature resistant materials. The LCC-AcOH fractions exhibited
high antioxidant activity, suggesting their promising upgrading into natural antioxidants. Visualizing the cognition
of the structure and composition of the original lignin of lignocellulosic materials is extremely important, not only
for facilitating the deconstruction of biomass into chemical components, but also for understanding the variations
of lignin macromolecules during plant growth. Consequently, the potential structural diagrams of original lignin
macromolecules from the CFS with different ripening stages were proposed according to the quantitative results
(such as molecular weight, interunit linkages, C9 unit, S/G ratio, and LC linkages) determined in this investigation.
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