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Preparation and Characterization of the Bacterial Cellulose-Chitin-Zein

Particle Composite Membrane

GAO Ruohang, LI Qing, WAN Zhili’, YANG Xiaoquan
(College of Food Science and Engineering, South China University of Technology, Guangdong Province Key Laboratory
for Green Processing of Natural Productsiand Products Safety, Guangzhou 510640, China)

Abstract: Bacterial cellulose-based functional nanocomposite membranes were fabricated using an efficient and scalable papermaking
process (filtration and hot pressing), with bacterial cellulose (BC), chitin nanofibrils (CH), and zein nanoparticles (ZN) as nanosized building
blocks. The effects of the mass ratio.of BC to.CH and the content of ZN on the structure and properties of the composite membranes were
studied. The effect of incorporating thymol (TH) on the thermal stability and antibacterial properties of the membranes were further investigated.
The results showed that the tensile strength (from 183.45 MPato 171.38 MPa) and elongation at break (from 2.58% to 2.11%) of the composite
film did not significantly change when the mass ratio of BC to CH was decreased from 10:0 to 5:5, respectively. Scanning electron microscopy,
thickness evaluation, Fourier transform infrared spectroscopy, and elemental analysis confirmed that ZN could be effectively incorporated into
the BC-CH membranes. Further, the contact angle data (from 49.15° to 77.28°) indicated that the surface hydrophobicity of the composites was
improved in the presence of ZN. The thermal stability of the composite membranes was not affected by the addition of thymol, but their
antibacterial effect was improved. Thus, the surface hydrophobicity of BC can be improved by compositing with CH, ZN, and TH to prepare
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new BC-based functional membrane materials. These results can provide guidance for the development of BC composite membrane with

additional functional properties.
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JR S IR IE A T ) G g TS YA
KIS, BB B S NSRRI AN B 2020
FEIRIBARATLIK, JEMmP. 4ER0. RILRWE]
Vefi R E B L ARG R G, NI kL %
IR TERE . gl 274825 (Bacterial Cellulose, BC) 7&
— I AR B8 S5 A AR W) R B B — Bl R SR g K &
BB, HAWFEHSHEMA AR BRIRE
BC HFZ AR A, BB SR KA LKA 4E4H
G HARE TR B AR 0 R A U M R, 4l
BC EhRe s — X LM E N ThREA R R FEE R, RIS SR
KA I 8 P A AU R R R A1) T LA B i AR I Cnp
MED RIS BT, 8 7% BC BOE T8 KRR
RUGR RN, 5 AT 2% BC 5 H AR
i AR, mATD HTE SIS R E LR
(G RO,

523 (Chitin) &5 ERTAYER 1 —R4E
YIEEY), W BERAME—RAE 20, 12
ETHR, 8. FHEHSEEMES, Ry i
HSH T, fAEDT WA Tl S8, PR B
(PsR BRI . ILAh, 1EANEYRIER RINEEEY).,
e m B R AV SR AP nl e, &
—FheR IR ERNS. BT, O EN LR
i A AU AR BE ) 5 99K 274 (Chitin Nanofibrils,
CHD, Jf¥4H S HAE BC A& i, Yang 557
¥ CH 7£ BC JE A7 & Bir BUMA , Ealifv 155 43 2
YPKIA N ; ZJFALE U B BC ML R —E R
POV RN« AR T7 sCAE P RS, 7= i it 5 nt A=
KRBTSR m . R, A D SR PR A 2 T
2K 2 DhRERFE Y BC-CH B & . FOKEEIAE
H (Zein) A—MEEEEE, Wi IS A ] £ H
YKRRL . R KIE B UKL (Zein Nanoparticles, ZN)
AJ AT BB KT 0 2 DhEe AR, HE
A FUUE PR LS N B LR b (el AT 4,

SR, H AT 5C TPt i) £ 2l R SR kLR D g
PRSI TE . PAFEARNE N — TR NG AR T,
BABAER R, FER SR A, B A 4z NE 5
5] RIEIGH, FIT A KRR A =01, BEF-1
FARF T 45 U, ARSEEG DL BC. CH AT ZN AL, FiIH
PR PP YR T2 508 il o 2 BB VR (1) DR 43 7K
5y, Ja VIR IREEL i 2 FAE 511453 BC-CH-ZN E &1,
HAUITFE BC Al CH AL LI AT ZN BRI BC R

WEER S HLE R AR A A e . RIRHdE—P
1E ZN AN KA A H &% (Thymol, TH),
%2 TH ¥ In%t BC-CH-ZN A JEHUMERE R . i
&, WREEBHFEE. TR ITRPIRE RS .
KRN R BA T 2 DiReRetE ) BC S & Rt
BFEN.

1 RSk

NI PR E

M A g, Wl E N ARAR; HRR
(CTD, INWARBFERDFHEARAT; T KEAEN

Zein, ZEESigma A#]; JKESEE (rAraD, TTRGE
B A B A 7

RK3AKWT B % H PP AR AR S, HHA| PTI
/A¥l; INSTRON 5943 R b7 4 A4 BHALG AL, S5
Instron A F] 5 OCA20 BIRATO =AMl e A%, 4[]
Dataphysics A 7]; BSA224S Bt R T, F£2 FIHiAl
EARAMRATF]; DF-1 8RR, (LA ESIRTH
TR ZEISS Merlin B 70 HE R 47 & A3
HBi, [ Zeiss A7 ; L&W 250 R JE AL, it
Lorentzen& Wettre A &) ; M-110EH-30 B4 75 JE AL 40
KL, FE MFIC A5 TY98-TIID B 5 i,
B AEMIRHEARA ] RVIO0 digital e 78 KA,
B[ IKA AF]; TG209F1 4 TGA #AE 4 HrA%, fE
M3t 23 7); VERTEX 70 Y {d LR 2T Ah i, £l
Bruker /A 7 ; Vario EL cube ® 7o & 70 ¥4, #EE
Elementar A ) o Fx A HEAR AT

12 L

12.1 @it % (BC) &BiFmeH %
1.2.1.1  4ifk

F4iizk 2 BC R IHVR B 13 TR 25 WK SR G
¥ HE T 0.2 mol/L ¥ NaOH ¥AWH, T 90 C 7
30 min. 7535 BUH FHAUKER e 2 ik, HEREH
£ BC 780 -
1.2.1.2 HUAEEE

YaalifhJ5 1 BC H4K R EL 1:1 1R A, fFHY
JFEHLERE (12000 r/min) 7] 10 min, B HE TR
PREERBY] 30 min FE—DAIET4E, S faiid R
it (1379 MPa) 4bEE 10 IR, 3K13 BC YRKREF4E207K -

211



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.11

122 FrisAerg (CH) EBFkayH &

S Tuku ZE0F 0% 5%, FREX 1 g CH MK 5
BUE 99 g 4lisKrh, FHVKESER A pH MH2 3.0, #iEFE 10 min
Ja & T ML (10 000 t/min) BIY) 5 min, FFHEER
SR (137.9MPa) 4bH 10 7%, 3815 CH EIF.

123 EARBERGOMETE (ZN) ¢4 %

%% Patel W& 7715 B 1 g Zein EARLE
40mL 80% (V/V) WILBERHH, BEEHRIRFE S 780
TR 75 1 000 t/min FEFEIRE TR, 44 100 mL 47K PRIE
SN zein BT, AR HE 15 min J5RAATRE T i€
BEFRRALT (40 °C, 100 r/min), B2 ZBEHI/LEKSY,
IRAZ 1 wt%l) ZN 7 HGR
124 #8245 (TH) 49 ZN %%

2 Li GUAHI T5. FREL 1 g Zein ¥y K, ¥
fIETE 40 mL 80% (V/V) WIZFEEIEHRY, BWiHkZE R i
iRt BEJE, Bl ER TH BRI Zein FEIER T,
TH &2 HONE AR 10%~40%. &5, KM%
AR (A 1.2.3) #IFE A A FERE 4 TH (1 ZN 5
U (ZN HREZRE 2N 1 wit%o).

125 BAMRH &
1251 ZMwA4eR-FRRPKAYE (BC-CH) S
JELFD i) %

4 0.1wt% BC 1 0.1wt% CH £:IF 3% i 8 H10:0.
9:1. 7:3. 5:5. 3:7. 0:10 A, BRELTFEN120g
HRAEW: 25, FZIRAWIEE 1 h 5 & TR
{CHAEEE 10 min, THFN 100 W fr R N 50%
V4 7 S TR AR S AT 8 AR RS BB IR . B
JE R B Tyl s ARG (90 °C, 0.1 MPa)
T4 10 min, FEIE A,

1252 A ez - F R gUK 4 4E- B A Bk
(BC-CH-ZN) EH i

B EBEARFEKRER TH (ZN R4 0~40%) 1)
ZN ik (1wt%) Al BC-CHE AW (0.2wt%, it
55 RA, BRNERRAIERN120g, REL
HEIRFEN 0.1wt%, ZN WA 0.01wt%~0.05wt% (£F-4E
Ji B AT B 10%~50%) o 4% 1.2.5.1 AITid J5 vk H45 &
10%~50% ZN XM AT 4 ) E .

1.2.6 AR EBILEM AT

KRR 71 B R GK A 4 RO S50 . s
YRR 0.01wt%, fF 100 W 7 10 min f#
B EUAS], BL2 uL BRI R B s R
b, R N EIRTRE, RS 4
ght) (BTSN 5 pmxS pm) .

127 MEEREM 2
FA #2901 pm ) L&W J5FE A 5 i 52

212

BEALIEEUE +ANMLE, e HREE, THEA 2R
FERFEME .
1.2.8 & @MU LM EAE

KA BT RS SR RO
BAWREEREM AL L, W54 10 min 5RO IR
SkV B B Mg = gL
129 JFEApIB4FpE £ AT
1.29.1 HUbEMHEREI &

Z: 8 GB/T 1040.3-2006 (EEEH A RED ) Xt
VAU BB (R 72 732030, R R 4 A RS AL
MRAE G BRIV PERE, 4 P17 48 h J5 I E SRR
40 mmx5 mm RISk, BHIMGE R % EN 10 mm,
P S E N 0.5 mm/s. BEANEE S FAT, B
SPME . Hh BRI (TS) AME TR A2 1 ik
ot 5 IR AT R b (T T332 (EAB) AyJEElkr
K F S5 YNMGK S 2 22 TR BRI LA
1.2.9.2. Hefuli Al e

R FH JA2 N 52 5 MR T /K B A/, 8 TR
i TS s S0 O R 1 T ik S 5 T B i fl 10 s
JE MR . BRI S UCEAT, LB
wMEfE FAAEFAE .
1.2.9.3. 25kt

F FT=IR 4304 S SR AHLAI0 i AR SO 6 , 45486
Y 400~4 000 cm!

1294 JEESHT

HERFREN 4.5 mg BYRE J5 2 & T oo R o
MEH C. He N TEIEE.

1295 #FaEht

FRET (TG) H AR RN Y5 &
5505 B BT R AR A O R, R No, iR B Y
30~600 C, FifESE 20 °C/min.
1.2.9.6 HrBE N E

FRIE GB 4789.2-2016 £ il il A= 4y 27 A6k 56 1 ¥
EIE Y B IR AT EDY, 2% Zhao
SO SEIG Tk, BRI RS 10° CFU/mL B KM AT 3

(2 [RIIME D) S E R ERE (R
PR 3 mL NZE 10 mL 3VE R, FREGE BTG 44840
K 1 h 14l BC i BC Ml CH Jfi & H ol 5:5 ) BC-CH
H AW, BC-CH-10% ZN B4 . BC-CH-30% ZN &
A, BC-CH-40% ZN E A . BC-CH-50% ZN &
A 50 mg T &R, T 200 t/min. 37 CHEKREFE,
Sr BB 12 h J5 1) ODgoo 5% M 42 B V& 15 H AN 1 2E
K 2 R 1 A KA 5L o
1.2.10 #IFELHT AT

i SPSS 17.0 1 Origin 2018 X ¥d #E4T e it+40 47,



MR B R

Modern Food Science and Technology

2022, Vol.38, No.11

GBI A>T 3 IREERIME, Pl EEhr
HERZE"EoR, KHATTZESHT (ANOVA) AFRFEME
Z I ERREE, p<0.05 RRERTE.

2 GRS
21 @ %E (BO) B F K% A4 4 (CH)

B oW, 45 A

YR LY (1) T L W 21 4 () 45 6 1) B2 S
RIS G AT AE RS SRR P S WU B 55 L Al 27 4
JOSFBERA S O LA B S0 R, TR A 47 4 R <)
SR LF AR AL, ATk — 20 5 e ALk P
REBY, PRIk, B 45fE A AFM X BC Al CH BB 45 #)
HATEE . 1 FroR,  JE I e R B N v R A i A
L BC fI CH ITEAR—, G4z I SEWR, fe
TR Y 28 251, B A TEIHI &2 T Ee. 5
BC HtL, CH HAH/NRILT4EREM R, HigEE
BIbF 5~50 nm Z (8], 3X 43505 T NPT Hail 9% A
WU AT B A 4R

Height 5.0 pm

0.0 Height
Bl 1 BC (a) #CH (b) HIBRTHEMRE
Fig.1 2D AFM images of BC (a) and CH (b) nanofibrils
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Fig.4 Contact angle (0 and 10 s) values and corresponding images

of BC-CH composite membranes with different mass ratios
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Fig.11 TGA and the DTG curves of the BC-CH-ZN-TH

composite membranes
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