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Abstract: Lignin nanoparticles (LNPs) and tea polyphenol (TP) were prepared through self-assembly and infused with a
sodium alginate (SA) polysaccharide membrane solution using a blending technique. SA/TP/LNPs composite films were prepared
using a casting method. The effects of the LNPs content on the properties of the SA/TP/LNPs composite film and its application in
pepper preservation were studied. The prepared LNPs were approximately 98.33 nm thick. The SA film is an excellent carrier for
LNPs and TP. With increasing levels of the LNPs, the color of the film gradually deepened, and the light transmittance gradually
decreased. The overall performance of the SA/TP/LNPS-5 composite film (LNP mass fraction of 5%) was improved compared with
that of the SA film, as the tensile strength increased by 114.67% and the elongation at break and water vapor transmission rate were
reduced by 47.81% and 72.04%, respectively. The composite film exhibited inhibition rates of 91.28% against Escherichia coli
and 89.20% Staphylococcus aureus. The free radical scavenging rates of DPPH and ABTS were 88.75% and 87.21%, respectively.
A preservation experiment demonstrated that the SA/TP/LNPs-5 composite film effectively reduced the weight loss rate of pepper
and delayed the consumption of Vc content in pepper compared to the CK and PE film groups. On the 10th day of storage, the
weight loss rates were reduced by 49.93% and 39.12%, respectively (P<0.05). The highest Vc content in the SA/TP/LNPs-5
composite membrane group was 54.17 mg/100 g. In summary, this study introduced an environmentally friendly composite film
with antibacterial and antioxidant properties, providing novel insights for the application of lignin. The composite film has promising
application prospects in food preservation.
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WS 1 iR, SA MRM & KE RS T HAME
G, BEE TP NN, SA/TP & & B 1) & /KR F %
£ 47.20%, HIEFEN: KoTFH SA Bk 1%
B TP 5 SA JEAR 2 [AF 0 Z B AH BLAE IR, M
K TR PSR, SRR SRR AN, BN
LNPs /5, SA/TP/LNPs & &I & KE KKK, SA/
TP/LNPs-5 ] & 7K 28 £ K 5 31.06%, F X 4& SA/TP/
LNPs-3 (34.72%) #11 SA/TP/LNPs-1 (36.81%). W] fig
A, LNPs BIMA S35 17— 1 SA 4018 1) 2%
AR, FE1RK T HELEEAN . RIS I LNPs 5 SA
TERR T S B4, (15 5 H A5 1Ky T2, [,
X PR EAE TAE LR T T IRIEE B, A — PR
il T K5 FAE R R A RS O BT S
AR & KBS LNPs & 2 103N S8 8 Kk
Ho Aadil ™R, N E AR B I R BRI
K E T2 i TN T 2K M AR ER . (P<<0.05).

m# 1 Prow, ERARSERES, SA MEARR
THVEM IR (79.62%), XZHT SA A HKSE
KPP 33 N LNPs BLA TP 5, &R KE M
BFEAL (P<0.05). SA/TP/LNPs-5 fIW RIS BRI A
44.54%, H X j& SA/TP/LNPs-3 (54.29%) F1 SA/TP/
LNPs-1 (62.42%). &G BE S K2 AR B R 1
Py R4 B W 5 2R 7K 70 1 TR TR BN R S TR ARV

K A IE b 2R TR B KA KR ) T 5 — )
B EEARbR, SRR BRI A
) WVP B unge 1 fiion, SA VR /K 28K iE L R &
=N 0.10%, SA BISEKMEAEFT 5 G 0 BE R 148 22,
SA/TP/LNPs & & WVP & KT SA # Ll & PE
M (P<<0.05), H:rf SA/TP/LNPs-5 [f] WVP ik A
0.03%. FEJFEK N LNPs B =4 1 B 7K B 1
Tk T K ZE S AR BRI 5 %% . LNPs 5 SA
Z AT s AE EAE FH TR R 1 5% M 4 1) 30 T IR 2 A
W0 1 L DX 245 (1 25 BRAFL T RE, A4S /K28 S HME DATE
W B, LUK TP AR TE K& e B A5 PR A,
TS TR ANy T TR R AU, BRI K 2K
A SERIEERT, BT CL LNPs (900N 2 25 B AR T L
] WVP,
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Table 1 Physical properties of 7 kinds of membrane materials

JE A J&-J& fmm KEE % TR /% WVP/% TS/MPa EB/%
SA 0.0850+0.002°  54.83+1.3° 79.62+1.44° 0.10 +0.003" 3.00 % 0.49° 252.35 +5.48"
SA/TP 0.087 0 £0.005"  47.20+1.7° 72.00+1.12° 0.084 +0.005" 3.55+0.06°  221.63 +19.05°
SA/TP/LNPs-1  0.090 0 +0.003*  36.81+1.13° 62.43+1.66° 0.05 + 0.004° 3.91+0.15° 178.39 +3.78°
SA/TP/LNPs-3  0.0927+0.001°  34.72+0.98° 54.29+1.321 0.04 + 0.003° 533 %0.48° 152.35 +5.48°
SA/TP/LNPs-5  0.093 0 £0.001*  31.06%1.28° 44.54%1.91° 0.03 +0.002° 6.44 +0.29" 131.69 +4.97°
PE %5 0.089 7£0.001°  0.95+0.01" 0.77+0.01" 0.06 +0.02° 13.80 £ 1.43°  380.00 % 20.66°

i B HEE N BFELARENY, ATEENEFEE (P<005), AETHARNEFHHERTEFRRTE (P>0.05).

A R R B A R U R L& B
A BR,  WUBI I RS A 0 5 TG 1 G B 4 g e e
() —ADNAATEE I S5 W3R 1 Fn, SA W EAA
W 2K (EB) MEMRMIRMSRE (TS), K
#F TP NN, 548 SA/TP [ 4 i 58 4 i $2
Chen S5V 4 (3 & 2% / AL 4E R AR / 25 2 )
PR E AR, BEE TP NN, EA& KA
o5 P A 25.28 MPa 38 11 E] 39.07 MPa. Wi 54 4 %
FEA%. X AR T TP i SIS M T SA )
W2 5P X S EE TP AR N 2049 7 2 M 2
Beyek /b, DA TP/SA W48 45 b TIN5 %, I NIFE 15
B 7 g, MPE AR SS. 45 N LNPs 5, &
4 I SA/TP/LNPs-3 F1 SA/TP/LNPs-5 ] TS it k - i
HERRAN A A, 4358 533, 6.44 MPa, Wi
LNPs [N $E 5 SA SERER K am i,  BRACIT
FUR AR, AT RE A R N B A R 5T 38 49 K UKL 25 B 1) 4k
gedn, KAV, G191 A T T, HESE
FE— R 2 T[R4 T IRGR NG & 71, 6155 T IRl
WIS I0, SRR, ANITT3G SR 7 52 & I hr s i

27 ReMEW FER T

™ o» B\ o
v N
%PJ gP»\

S

)
N

7 SA/TP/LNPs £ & &R ZitAE
Fig.7 Anti-fog performance of SA/TP/LNPs composite films
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BT IR BRI AR, A e p Rl R T 2 R AR 54k,
IKGY TS AEM BLR RS TE K . 59 1T Res 5l
EREM AR, FERGEMEAR RIS
PERECSY, a7 Fios, K 60 A1 120 min BF,
M 1E PE R KA, B 0T, A,
SA/TP/LNPs & & JE R %A T KoK, KPHEA
RAFIIBK M K ERPLS . TEAH RIS TR,
SA/TP/LNPs & & 1% W] T SA Wi xf TR
Ki%, PE MEZRE M —20 CH:H 3 % iR I ik Z 1k .

HHERTARE KSR, BA RIFHIA SRR,

2.8 B o fEEYUE MRS R

100 - C 1 Geq (A ER A 5 ¢ E
[ PNI7ZRTEIE RS d
80 < D
. C
X
~ 60 L
%
= 4o
20
T L I S o
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Fig.8 Antibacterial activity of SA/TP/LNPs composite membrane
against Escherichia coli and Staphylococcus aureus

E: ONBFERARAATEREE (P<005). THR.

8 W~ | SA/TP/LNPs E & JEXT S. aureus Fl
E. coli HUwTEME. 5 SA WA PE S IEAHEL, SA/TP/
LNPs 5 & B A B AT s 20R), H, S48 SA/
TP/LNPs-5 W4 RCR B af, HXE S, aureus 1B %
N 91.28%. XI E. coli FIH B % 89.20%, — J7 Il
K4 TP J8 I il R B AR 4E MR 544, T4 1 & DNA 1)
EHEIhAE, PHASEARE A& RMERE, 55—
SRy LNPs [y 25, AT 5 S50 40 i 58 & Bl K R pH
B, TP 0 R A0 M R (0 R T Bl S0 40 A
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W AAE R . Zhang S M RE T RBILE R, KU
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LNP &2 —EMKIOCR, KU LNP E’Jf"‘bui‘?ﬁT
Eéﬂ%ﬁ’]ﬁmﬁ Mo K LNPs A1 TP 700 £ 5 $2
TEEBEAPUEETE, B BB AR, o
VA R TRy p S

29 BAHWBMGUAMMER LRI

W sE 7 & ) DPPH H il 3 3 R BE 7.
ABTS" H HZEIEFREE S, 2R E 9 FroR ] LUE H,
SA/TP/LNPs & & AT B H 75 B e 7 s b b e
JI¥ 45T SA B% SA/TP@H%?FHPE W, fES
R LNPs & & 15 A 2 A R B B2
Bk B8 7732 7 1 o8 L IR — Eﬂa$7kﬁi%ﬂlﬂﬁ:szi

MIm R4, EATR DAE st AR, FH 1k BUE 22
HHESE AR E AR —RET TP

HRABPUANY R —E LG E R, B d IS EREE
JIAFAE By [ 3% 5 4E FA®' . DPPH H thZ3E bRk 11 5
ABTS" H 1535 Fr e ) Bl e AR R e 95, — 3% )
HHIIE.

100 - ) DPPH [ HiJLiE R fE /7

B ABTS'H IR AL E £
80 |- D E ¢
S Sy d
~ 60_
@ 40 +
20 +
0 A a B b
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415
& 9 SA/TP/LNPs £ &REI AL E S
Fig.9 Antioxidant activity of SA/TP/LNPs composite membrane

2.10 B A FEXHMAINF v

1E 10 d IO, BERR P R AT A AR, i
SR AN WL 5 B (8] ) 38 o AR B AR Ak, Wi 10
FioR, CK 41H B MHULE 55 6 RIS IF Uf 808 1 1%
510 RETREIAAE 0™ B A R AOMG, K55t
RHIMRAE R, MM, PE B4 KBRS 8
REILRESE, 2510 R BB 7250, Mz R,
SA/TP/LNPs-5 5 & I BAE AL A BT 5, R
RLFHREEPERE . 5 Lan PSRN IR 5l / 55 %
Ty & A5 B ZRAL, AT TR B & TP 1B 25 k)l LLPE A
VIERBERR, CRRR R R K A 2R, B kK oy
WEFF RS $eAh, TP BB E T DA 2%
BFE, MR IR

10d

CK PE SA SA/TP SA/TP/LNPs-5
& 10 AS[E] Ab 22 28 X ERHSN R B9 2 i
Fig.10 Effect of different treatment groups on the appearance
of papper
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TP B & M4 K E % L IHiR KT CK M1 PE 41.
RERAE RN 01T 78 6 18 FH R P IR AR FH AS T 7 6 4

PE TR AT, DL A R I TR (R, 2 B
KOKEBWIG, FEHBURE TR hE 1

AT AT, 5510 K, SA/TP/LNPs-5 & & 5 2H Bb 2k &
N 10.35%, 5 PE#EE (17.00%). CK (20.67%)-
SA/TP & (14.83%) ZHAH L7 7 B4R T 39.12%-
49.93% F1 30.88%, ¥JE B #FH M ER (P<0.05). A
AE EH T AR S S RP IR AN 2R K, AT AR L 2R
HE,

25 - —a—(CK
—e—PE a
20 ——SA
——SA/TP a b
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Fig.11 Change of weight loss rate of pepper during storage
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TR R 2 BT VA T & SRR AR . o,
CK ZH BT v Mk [ T & B B B e R, PE W
S AR VA R [ % ) FCAE B AN e R 3K T SA/
TP/LNPs-5 £ & EA4LF SA/TP 52 & 4. 5] HoAth 78 i
HAHEL, SA/TP/LNPs-5 & -G fE2H nl i e E T & &
PRFER A A, TEIREE 10 R & &N 5.0%,
JESERHT PR T 16.67%.
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Fig.12 Change of soluble solid content in pepper during storage
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Fig.13 Changes of Vc content in pepper during storage
Ve & B PP BORUOE 5B 5 5 ) B R bRz — . 1E
SRR A, B Ve S EAMA R T EBES. HE 13
ATEN, AR R b RN AT R AL B (CK 4D,
BT Ve S 61 mg/100 ¢ FF4#3) 42.67 mg/100 go PE
BN A R ZE P BRI R BRI Ve & B N R, I
JEEE 2 KA, SA/TP/LNPs-5 A4 (59.50 mg/100 g)-
SATP H A fHA (57.17mg/100g) 5 PE 4 (56.17mg/100 2)-
() Ve S BMZERK (P>0.05). I F % 10 K},
SA/TP/LNPs-5 5 & i 41 A1 SA/TP 5 & 5 25 19 25 335 b
) Ve S8 HER T 54.17 mg/100 g A1 51.17 mg/100 g,
L PE 41 (48.50 mg/100 g) BMUA Ve & & &
10.47% 1 5.21%, JF2EEMEZER (P<0.05). TP Al
LNPs 5 R i I Pr A 5, =38 FH 45 & il & 10
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73 Al AN 79.62 Yo 54.83 % FEAIK F 31.06 % 1 44.54 % [F]
B, SEEEMRAMYEREE H BER (P<0.05) Hiv
55 I 3.00 MPa $£ 51 5] 6.44 MPa. 5 PE AL,
SA/TP/LNPs & & A RUFHIEIMRIRE 1. BiZ 1T
Ae. M MERE BT A L PERE, REFSIIGERD], 5 CK
Y0 PE 3 4L M EE, SA/TP/LNPs-5 5 & i 4, 255 11 35k
WAET R 10 d JE PR EEB e, H Ve & BIARFF R
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