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Figure 1 (Color online) Application fields of biomass-based anti-
bacterial materials (classification based on CNKI).
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Figure 2 (Color online) (a) Structural formula of chitosan [12]. (b) The mode of action of chitosan on Gram positive and Gram negative bacteria
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Figure 3 (Color online) Antibacterial activity against Salmonella
typhi and Staphylococcus aureus: (a, c¢) Cu/Cu,0O NPs-chitosan;
(b, d) Cu/Cu,0 NPs-PVP (control: chloramphenicol (+) and sterilized
water (—)) [42].

171



HSCE A5 LW RIS R ] o e FL N it

TiO, 5 N A P Hp AN T LR 25 3 R WL PR RE RN
faEtk, JEHES 7R RIS, KRR T
TiO, /™= A FJROS ] LAIE it 48 Ak, 41 A JiE (%) 88 T 5 1,
K BEL BRI K B A 11 A0 4 e €67 2 BR 1 1) AR K

24 FERBESGAANE R

FEIREA] LS — S RARE WU R 4 ok itk — 2P
HESR YU TERE. XN IR H RA BURK =
PEAT RGP AR E,  JF BAT LI R 2503 40 B O
SRUEENE . TN R R U R A,
K5 jpE S — MLt RS &, SoRBE AT LoE I
PP PR OR AR I ABE, DB A AL A7 7 v e 4 4
U TIEA &K BEmRE sy 0™
P P I B AR, AT 53 R s R, SR, 4l
FEIMENS 2 AVE R AR IR, JCHAERR YA S
FoEMEEE. Ak, BN G L ARRAVER C 06 A )
(PEOYE NI FIM YT 2270, R HL g 223k % 1 3¢
TRy E A 9K AT, AR08 58 1 7 BB IPT R
. 2O RO A = P R 2 PR M T ) S
7 B DURIE T, X UR DR TR A I P2 2 AN
ANe S B BEA N B )32 B S A RIVEAE iR 1A
Birh, 2 A AR B R R A e R esh,
(— P55 B ] TR I 2E 73 ) T LA SR 26 7 SR B -
BT, o R T B R 2 ST TR A5 SO BRI H
S IAH  fE 0.

AMInt, HAbAE P ST 2 2 e
RBERPUEAMRIPERE. flhn, MRS S IR
MEEREWRA IR PR MU TERE, W7
N Gyl B G5 TERBENIR LGRS
T E ARG FRE R B I
Fo, AR R SR IR 208 O EE SN TSR
AT 1) 26 B A 18 8 17T T 12 B 0 R M I e SRR AT 2
Y. IXEERTAMIAAE ARSI P B X K AT
AR 3 C0 0 4 TR AT 1) S B MBI RICR, AR AR s
XA R SR RO R R I R AT RO BTRAE . 1k
S, MERN—FRARTIA =R 5, RRRAAT
R P PURSE 2 R AT TR — € KB R
M. BEFEN SR AR A B A8 SR IR I 2 76 7 R 21
4t I, GRS RRIZ TR = R (TPP)SCHL, TR
HA R 5T AHUE RE A e SR B £T 4E. RE SRR
N FFEF XS U Y 58, 17 TPPAZ BN H T Hlb e, &

172

Fikm R R ERUARE ). BT R
VEG U0 KT i, B A B A IR R J2 AN R AL,
FBEAEAA K ORI DAHRAE MR 2R BRI, P e SRR Ak
IR 58 S £T 4 7T B TV 50 A K AT T E) DR 3 LA
(F14). T PR T, < B 00 ) BR A £ L4 i
B LA RERRRER, TR 522 PUE M HE
AP FIRER, R A S R U R AR
R A, R MAATRE. FIRMGTAEAEE
YrEPE L &, BTSN BRI BRI 4% 7 AT
J R T R 5T R - W R I, R ] 9% 4 POl B
IL2DM ARSI AR R BRI L, AL RERFEL R
JTEERMIFRMSEACR. TR EEAS AA
Mgt tERe, FORB-MIRMIRE S HMAML&)E, &
AT DR B 0 R T R, S KT RO, hdh, 261
BT SRR R FLAE TR T T R AL

B4 (MZRRRZIED) 7% SBET7% 70 RPER 5 RIK2 h
FTRE S PTG P, (a) T%7C RBEEE S, BRI RRE 107!
MIRIAT I (b) T%75 MR DA RER, 3R mh 10~
BIRIFFE; (c) 7% FRBHEE S, SR LA RRE 107 1 4 3
A EIERE; (d) 7%50 FMIR BRE R, FAFREE 107 104
R R BR A 1 3R B 8 7 I )

Figure 4 (Color online) Antibacterial activity of samples soaked with
7% chitosan and 7% chitosan in ursolic acid for 2 h. (a) Escherichia coli
diluted 107" in a culture dish with 7% chitosan sample; (b) 7% chitosan
impregnated with ursolic acid, diluted 107" with Escherichia coli in a
culture dish; (c) 7% chitosan sample, diluted 107" with Staphylococcus
aureus in a culture dish; (d) a culture dish made of 7% chitosan
impregnated with ursolic acid and diluted with 107" Staphylococcus
aureus culture [52].
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Classification, functional bacteria and characteristics of chitosan antibacterial materials
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Figure 6 (Color online) (a) Minimum inhibitory concentration (MIC)
of nanocellulose obtained by 100% fractionation of acetone;
(b) morphological changes of Escherichia coli and Staphylococcus
aureus treated with nanocellulose at 0, 4, and 12 h [74].
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Figure 7 (Color online) Synergistic antibacterial mechanism of AML and AgNPs [85].
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Figure 8 (Color online) Preparation of P(AA-co-Lignin,yp-co-SBMA) hydrogel. (a) Alkali lignin is dissolved in NaOH solution and reacted with
allyl glycidyl ether (AGE) to obtain Lignin,yp. Lignin,yp is dissolved in deionized water, and SBMA is added. Then AA, KPS, and MBA are added,
and the mixture is placed in an 80 °C oil bath for 30 min to obtain P(AA-co-Lignin,pp-co-SBMA) hydrogel. (b) The roles of the groups in the hydrogel

[93].
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Table 2 Classification, bacteria and characteristics of lignin antibacterial materials
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Figure 9 SEM images of (a) Escherichia coli and (b) Staphylococcus
aureus after contact with different materials [123].
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Figure 10 (Color online) (a) Preparation process of QNFBC [126]; (b) schematic diagram of amino-silanization on the surface of CNF membrane

[127].
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Table 3 Comparison of antibacterial effects of different antibacterial agents loaded on different cellulose substrates
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Figure 11 (Color online) (a) Comparison test of packaged fruits; (b) fruit retention rate; and (c) volume shrinkage rate of fruits [142].
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Abstract: Pathogenic microorganisms, such as bacteria, pose significant challenges to human health. Biomass-based
antibacterial materials offer several advantages, including renewability, degradability, modifiability, and excellent
biocompatibility, making them a focal point of research in recent years. This paper systematically reviews the
preparation and application progress of representative biomass-based antibacterial materials, such as cellulose, lignin,
and chitosan, over the past few years. It encompasses an analysis of the antibacterial principles of biomass, material
preparation methods, and optimization strategies for enhancing antibacterial properties, including structural
modifications such as quaternization, aminosilanization, carboxymethylation, thiolation, and compounding with nano-
metal or metal oxide particles. This paper introduces grafting principles for biomass-based materials and antibacterial
molecules, examining metal and non-metal composite properties. It discusses the applications of biomass-based
antibacterial materials in healthcare, food preservation, cosmetics, textiles, and sewage treatment. The paper also
summarizes the current research status, challenges, and future trends in biomass-based antibacterial materials.
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