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Preparation and perfor mance of fish scale gelatin/chitosan/lavender
essential oil antibacterial composite film
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Abstract: Antibacterial composite film was prepared by blending fish scale gelatin (SG) with chitosan (CS)
and lavender essential oil (LEO). The composite film obtained was then characterized by FTIR, XRD, SEM
and thermogravimetric analysis, followed by evaluation on its mechanical, optical, barrier and antibacterial
properties. The characterization results showed that LEO was well blended into SG/CS base film.
Compared with the control SG/CS base film, at LEO content (based on the volume of SG/CS film forming
solution, the same below) of 1.00%, the composite film displayed a tensile strength reduction by 10.46%,
elongation at break increase by 12.96%, transparency decrease by 8.70%, DPPH radical scavenging rate
elevation by 247.88%, and decrease of water content, water solubility and water vapor transmittance by
22.48%, 30.49% and 26.41%, respectively, while still exhibited good mechanical strength [(26.36+
0.45) MPa] and significantly enhanced water resistance and water vapor barrier performance. Meanwhile,
the composite film showed significant improvement in oxidation resistance and good inhibitory effect on E.
coli and S. aureus.

Key words:. fish scale gelatin; chitosan; lavender essential oil; mechanical properties; optical properties;

barrier properties; bacteriostatic properties; functional materials

KRS EHE: 2022-04-19; A EHI: 2022-06-21; DOI: 10.13550/j.jxhg.20220366
E&WA: PR AR S 2 LR 4 %) (2572019BLO1 )
EE®: AR (1978—), B, 18+, MIFHZ, E-mail: zhangqunli@nefu.edu.cn,



© 2260 ¢

A% 4m 4 T FINE CHEMICALS

%39 %

PURITERE . J12EMERR O S A S (A PR OR BT TR AL R
BB 7 5 0 F AR 45 4015 2 ey e s, AT TR
FT AT . B th 2R LR AL H B A E
TR R AT, nT i sl i B Sk sz R e ik
PARPES A . BRI, B R AR A
ZEVERN R, Bl 32 P T4 5 v e 2 O A
A B ( SG ) —Fh 5 | 24 B SR A 1 ol IR,
rp D A R, R PR R B A RN R AT
VAR HARIREE R R T, BB SR A A M R L A
14 SG il £ Al BT T BB £ R A AT L AT VR A
B R AN (R

A Tl P T B R A A R A 4 A ok i
ZRNE R EH TR, AR AYUE RN 2
— A AR T B RIF 5 5 7 FH 2L BSR4 T A s 2022
SR FI T A T S o 2] B i L e R e R 45
g2 AR (LEO) BEA T 1A & v fn
Praafett, PR A P AOosl g 00 B SO B Tl
AR KIIT &2, ¥ LEO ¥ &= B i
e, [ESEREE (CS) 4 Ahl& R G0, I
JE RURILA P A T Xo6  A AREE F A 4
P a2 B SG il A E e E &
JE BAR IR SRV SG oM BE I, MRINAS /AT R
A AT T A8 AT B ORI, IR RIS X A e A A
R PR, SRR, PREERBE A SUE KB
ok A A TR BT 4] R S M AR R T A
et SG il A A R S A S, WFSEAS TR
T BEXT SG U AR . (ELRERE A BA—
JREZH A A5 I S A I T 2R AN, R 75%
(It ) R AR HARER Bk 9.58 MPa.
TP T B AR A S S SR H &
AN, ZEWKS CS AR FIxF &4 B
SRR, CS 43 A 3 1A 6 5 B I 4 F 7= 2k
FRE S R A S SCBRE T, MR CS 1A
Fooh 6« 4 IF, 554 T B Fr A 5 B8 AR 2L R 8 845K
F R H

AL R A R, FEIROK IR s
FEE e, TR A N K E AR SG Bk
2 —. HAT, R ILE 54 SG/CS it
PR A IR AR 5 e A 41 K 5 SG 5 ¢S 3t
TR £ SG/C'S FE ] B8 i 2 45 vy B — 41 43 W g L
SR e =AW o S R 1 = W Ay
ik LEO BRI A BESE 5 & A I R A B /K R
FEAOKZR BT, fEmE AN E eI B
PE R IR PERE . M IZHE TR . e Ak i B
PP SG FEAE W e bRl vp R R 70, il
X e o £ o A o R AR e R e A L

MIPLIE R AR, A SCLISRIEF & B Ff SG fil CS
JEkL, LEO MR, it IIRIE T S P E A,
Jfil i LEO U8 e A8 Ak S B Bt il Ik 1 1) 4
9SG W] FEFRPL IR B Ak N BIF & $R BT LI

STENRAEPP R AL |l O g 15 T 2 25 55 s .
A R L A5

1 SRIGERSY

11 AFIE5NE

B, W H B RER VIR RN Y, LEO,
TR AE R A R A E] CS, A BEEE=90%, -
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BilE, BR, JbntBiH R A Y ARG RIAEA ] ; 2,2-
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faff 1.5 h, XS TS, G KBRS,
EERTFRBWL 123 (g mL)mA %R
(0.5 mol/L ) IR 10 h, o XF FIr 15 2] f) £
K WE S 4~5 W, Wit ¥ failE T 35 CHL
R EF T, AR 2 AR, &,

SG MHREL : 2% SCHR[291F] FH#K B 2 5L SG.
IGE A B S o fa ik, HoRRgtk 1: 25 (g mL)
IMAEE TR, 7680 CTRAKBMMA 4 h, RHNEZE
WE, B0, B LW, T 60 CHEIRT/% 24 h
3] SG, &,

1.2.2  SG/CS H 64 ) &

FREGE R SG, A LB /K, ZEZRTFEK
30 min, FCHUT %L 1.25%0 SG IE . FRIGE &
CS ¥ T i 7 48 1% MK SRR, e sl o i
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X100 mL JRBER A A 24 cm=24 cmx2 cm SRR SFATIE 3 SRR CE S E
H ‘ it 53 2P #o -
Hep, 7825 CRHET 10 h, 153 SG/CS i we o Mi=My 00 (1)

1.2.3 SG/CS/LEO #uiE & 4B oy ) &
s 530 1.5% CS W IR B i 4341 1.25% SG

W, RRFLL 6 4 JRAIFFES N by o 3 o o
(CS F1 SG 5 ) 20%F) PEG200 1l £ iU,
JNAGE JRE I LEO Alnt i -80 ( mhiE 5453 LEO Ji
BN 1:4), 78 10000 r/min 5544 F 4% 3 min,
B 100 mL IR B A 24 cm*24 emx2 cm 1 )i AR
Hr, 7£25 CFHET 10 h, 83| SG/CS/LEO BiH
BEMB, HEHILE 1,

# 1 SG/CS/LEO Hitl & & IHL 4
Table 1 Composition of SG/CS/LEO antibacterial composite
films

. SG i CS ¥ LEO WAl PEG200/ nt i -
ke

/mL H/mL /% g 80/g
SG/CS 40 60 — 0.28 —
SG/CS/LEO1 40 60 0.25 0.28 0.03
SG/CS/LEO2 40 60 0.50 0.28 0.06
SG/CS/LEO3 40 60 0.75 0.28 0.09
SG/CS/LEO4 40 60 1.00 0.28 0.12

T F R RN ; LEO # &L SG/CS mUIE i iR F,
IGE
1.3 SHHMRMESHERENIK
1.3.1 #H#kie

FHURAL SR Ry I B di 2 A ) FTIR 5 1A,
HHEVEFEITE 4000~500 cm ™' ; B kE S R mHE S, I
SEM W54t 18 &2 A B Y SIOUL T 35 5 78 i e
40 kV. ML 30 mA . 20 & 5°~50°4%A F il ik XRD
SITPLRE R GRS
132 #E Mgz

BUE FHRE FHE 10 °C/min FHELER IR G B A
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1.3.3 A5 Haen g
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BE L WA
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AT, 430 R AT R /25 BT e A,
TE AR A B RN SS E
1.3.5 AKFERKEEMN T

WA SR BN My (g) WA
SORTIRAER, 72105 C UL TR IEE, B
FRE R Mo g), % BRARCL IR EKE(WC),

525 L A 5

1
R P KIS PE . BB A 1 omx4 em K/,
A 105 CE T F Pt T 20 E, HERE w,
(g ) B BRHAE 30 mL ZE1R/K Y, Z IR N 24 hy
VIR AT g, IR AU AR AE 105 °CHYE
AR T 2EE, FRERAE W, (g), §4
FESEEDE 3K, BOFME, #RAK (2) 115

K& (WS):

WS/%=MXIOO (2)

m

1.3.6 KAAGETHEMNE
KRS R AL BGE SR BEIA 50 mL 4%
FRr, AR AR AL, SR AN A, FE
22 CF, AT RER 2 h il i &,
Wt 6 YO E A8 Ak i O BE I Am, #IEA (3)
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AT 3 A A O
Wyp = _Amxx_ (3)
SxAPxt
X x BB, mm; S AR, 18.08x10 % m?;
Am SRR B, g5 ¢ AEFEEE], s; APH
MEWS T B B8 2%, AP=3179 Pa (22 C ),
137 FEAERER T
# 0.005 g DPPH % T 100 mL Jo/K £ FERL AL
DPPH A ¥ 0.2 g MBREMIZHT 5 mL 25
AR5 80% ) LKA ) H 30 min J5753]
KN . BCET He@I, 45 &AE (1) 3 mL 1)
DPPH ¥ ¥#+0.1 mL %5 FH#% 5 s #£40( 2 )3 mL 1) DPPH
VEWRA0.1 mL JZ W (KRG = 30 min ); BE (3)
3mL % HER+0.1 mL Sk (5% 30 min ),
W (4) 7% DPPH H HIETHERE (RAS ):
RAS/%={1—MJXIOO (4)
Al
. RAS & DPPH H HEEEBRR, %; 4. 4.
A A ER S (1)L BESY (2), BRAh (3) 76 517 nm
Ab B AR
1.3.8 @ Makm Z
SHE AR g, T I P AR T
MY E A T KGFF 1 (E. coli ) FN4:H (45 % Bk
W (S. aureus ) WA EE SR,
1.3.9 #HEL%T 5 54
K SPSS 26.0 # {4 (IBM SPSS Statistics ) X
FEASBR AT T 22508 ( ANOVA ), W E MR 585
1A Duncan Z K, W35 /KFEH 0.05,
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Fig. 1 FTIR spectra of SG/CS and SG/CS/LEO antibacterial
composite films
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5 HUfE SG/CS 43 [8], f#i1% SG/CS 43+ By AL
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Fig. 2 XRD patterns of SG/CS and SG/CS/LEO antibacterial
composite films

23 MEES&EREN SEM S

[l 3 2 SG/CS F1 SG/CS/LEO i & & I
i) SEM &, &l 4 2 SG/CS il SG/CS/LEO HiH & &
KT T () SEM A

Bl 3 SG/CS(ARfEIHF], a). SG/CS(b). SG/CS/LEO]
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Fig. 3 Surface SEM images of SG/CS (without plasticizer,
a), SG/CS (b), SG/CS/LEOL1 (c), SG/CS/LEO2 (d),
SG/CS/LEO3 (e) and SG/CS/LEO4 (f) antibacterial
composite films
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WA LR e s, KRG A IRNIE R T AP0
HJT, SG. CS M3 BA MR AHZ M. hT SG
A1 CS #REAT KM, I AKG MG T B i LA,
38 3 FLACAE FAL RS SE 5T 5 6 T AH %S, SG/CS/LEO
YU A IR R A R AW, Jf R
R A & i 3E i, 52 A IR b s B 2 e (&
3c~f), SKEHMBMEN 0.75%~1.00%HF, T4
HAEWRME, 2 AW TEa b =R 78R, o
75 IS 70 52 A IR T T ) — 243 80 2 B kL o

El 4 SG/CS(ARMIEHF], a). SG/CS(b). SG/CS/LEO]
(¢). SG/CS/LEO2 (d). SG/CS/LEO3 (e ) Fl

SG/CS/LEO4 (f) Hii & & WY SEM [&

Fig. 4 Section SEM images of SG/CS (without plasticizer,
a), SG/CS (b), SG/CS/LEO1 (c), SG/CS/LEO2 (d),
SG/CS/LEO3 (e) and SG/CS/LEO4 (f) antibacterial
composite films

nE 4 FroR, 4l SG/CS B R 2180, arig
WM, IAMEIEF PEG200 J5, &AW Kk AR
4%, UiBl PEG200 5 SG. CS KAEMEA M. IMA
LEO J&, &AMy AR 155 A RS , Bl RS T
I RGN, AR BB, 2 h TR E Rk
THTE TR 5 % 2, ROAE AN AEERS 0%
24 MEAEEEM TG o

& 5 & SG/CS #I SG/CS/LEO #i# B &R TG
Mhizk., % 2 & SG/CS Hl SG/CS/LEO HiH & & IHiAE
R 5%, 10%. 30%. SO%MTATIEIE ( Tso. Tigv-
T30~ Tso5 )o

WmE s pos, EEA 3 A5 B B & Ak
w1 WY BAE 50~100 “C2Za), ST SG HI
CS 4153 W B K Fn&h & K 2% & BT 8L, LEO ¥ il

0 0.50%F1 0.75%ME AR ERA, ATEeEm T
WIRG S 2 A R S sk, M E &
JEERT & K 038K, LEO Wil 1.00% & &
JEHENN, MTHERE LEO S KL S, 42
BrBEfE 150~200 CZ i), & h3g 5] PEG200 HY1IK
Oy FHEBHE R AL I SG. CS (R R i L[] 5 i
5 55 3 M BAE 280~450 ‘C2 0], E il TESE T,
BATENER SG M CS A RTEL, X—BrBodsm
LEO Ja & AR E T A &, nIRER M TR
I & A RS I D SR 2 DL AR 43 454
AT TS, LEO IINEN 0.75%0 & A IR HE
5% 10% . 30% . S0%H} {3 73514 89.88 ., 135.17 .,
286.33 Fl1334.10 'C (3% 2), HABIMIFENM.
SG/CS . SG/CS/LEO1~4 & & EAE 600 C i & 5% i i
IR 29.54% .24.10% . 25.91% . 25.93%F1 24.78%.,

100
—— SG/CS
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BE
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i
i
40 |
20
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HEEC
Kl 5 SG/CS F1 SG/CS/LEO $i# B &M TG th<k

Fig. 5 TG curves of SG/CS and SG/CS/LEO antibacterial
composite films
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EE/°C

6 SG/CS Ml SG/CS/LEO Hi i & A DTG £k
Fig. 6 DTG curves of SG/CS and SG/CS/LEO antibacterial
composite films

%2 SG/CS Fl SG/CS/LEO i i & £ I 2 F 13k 1
Table 2 Weight loss of antibacterial composite films

R Tsy/C Tio0!/ C Ts00/C Tso0/'C
SG/CS 70.61 135.96 294.94 343.14
SG/CS/LEO1 66.66 93.46 255.31 317.71
SG/CS/LEO2 87.14 127.32 280.66 328.22
SG/CS/LEO3 89.88 135.17 286.33 334.10
SG/CS/LEO4 69.67 100.39 273.60 328.76
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&l 6 } SG/CS Fl SG/CS/LEO Hil & &Y
DTG Hi£k. i 6 fix, SG/CS &4 KA Kk &
HFRE (The ) 4 320.32 °C, LEO ¥shn 251k
0.25%. 0.50%. 0.75%71 1.00%F¥ SG/CS/LEO #i
AN Thax N 308.92.315.74.315.21 F1 312.87 °C,
¥It SG/CS ik, X Al fEZEH T LEO MmAX & &
JEZE ¥ R SG M1 CS 43T [] B AH ELAE FH ™= A 5
25 MEAEAEMAFMEEST

% 3 24 SG/CS F1 SG/CS/LEO JE (1) J12¢ RS %k

®3 PR BN Tk

Table 3 Mechanical properties of antibacterial composite

films
R JEEE/um  FLARSREE/MPa W R/ %
SG/CS 20.6+2.1¢ 29.44+2.15% 58.66+1.79°
SG/CS/LEO1 23.8+1.3° 28.40+1.32% 61.80+3.62°
SG/CS/LEO2  29.4x1.1° 27.42+0.48" 62.30+2.49%
SG/CS/LEO3  31.6£1.7"  26.22+0.71° 61.86+2.87°
SG/CS/LEO4  33.0+2.1° 26.36+0.45°¢ 66.26%2.16%

H: AFRFRFRREESEZES (P<0.05),

W% 3 Fr7s, SG/CS/LEO i & 4 MH ) J5 B Fiti
Ffi LEO Wi e mmisg K, FZhF LEO 414
B3R B A A SR E F T LEO s A
LT SG/CS HMEA BT TR, [FE LEO Hy#sinml 4&
f Z A AWK R 2 LEO Wi~ 1.00%H,
YU & A B S 5RO (26.36£0.45) MPa, b
SG/CS KEMEFEAL T 10.46%, WiZfiK K H 66.26%+
2.16%, [ SG/CS FEAEEF T 12.96%, LEO WM
R A R R B kb el BB T LEO DL TE
AN, B84 8E SG/CS HAkr |, 5 SG/CS Kk
AZEPERRAE, H155 T SG A1 CS 4rFal i A AR A,
] Bf 72 2 T A R o T 9 R DR R S B L &
PR, BT R A AR AR e A
JREBI SIS, TR AR TP A B R B A
5 CLEO MU INTE— /2 REBE TR 2 W50 VR
AT T 82 A B 3 P T LEO gty
M FHURE AR R T, 2 BEARR IR R AT
B 1R ((26.36+0.45) MPa ), ARHEBE AR 15
Wit 75% (VAR BT E ) A% FRi/SG B &K
BRI E R 9.58 MPa, Wi K &N 56.53%,
ACHIFSRY LEO R ¥ SG/CS B AWM T CS
4+ FH—NH,, —OH M/ TF A EAEH,
L T B — BH i 41 53 52 A TS fufr 5 5 R Dy SR i 4 R
B A
26 MEEABENXFEEEENT

&l 7 5 SG/CS #1 SG/CS/LEO Hi 1% & & Wit 5

FRMERE . WE 7 i, SG/CS R 135 MR A
FIE A 77.22%+0.13%F1 0.83%+0.07%, A [
LEO ¥R SG/CS/LEO Hi & & I i) 6% 4%
A 75.12%+1.40% | 73.46%+1.52% . 72.80%+0.85%
M 70.50%£1.37% , %5 B 50l o 3.27%+0.81% .

4.82%+0.38% . 6.36%+0.47%F1 9.67%+0.76%. Wi
LEO #INH 34K, SG/CS/LEO $i 1 & 4 W35 Ot
RERRGES, FEREEIES . LEO /iR
DL R S/ INER 2 5 e A2 TS 1) 385 O R RN 55

LEO % 1.00%9 5 & Bz G Ak F] 70.50%+
1.37%, [ SG/CS FERETFE T 8.70%, 5 ik %
9.67%+0.76%, FEJEH T LEO IMAJG, R TR
B G TS5, RBPR A 5 1A 5 6
RGN T LI AR BB S A AR, SR
PriaE g,

80 a b be c
mam d
60
X
¥ o40 L
ol 40
)
20
oL A A
S S = =
G\O G\O G\O G\O
=) < < <
A
12
a
10
< o b
M 6 c
R

4
© ©
& K<

B
© ©
KO KO
v =3
F R Rl E RS B %S (P<0.05), TR
& 7 SG/CS F1 SG/CS/LEO i & & Wiy %% JE Fd Ot %

Fig. 7 Haze and light transmittance of SG/CS and
SG/CS/LEQ antibacterial composite films

27 MEEARRHEKEMKBES

[ 8 2k SG/CS il SG/CS/LEO ¥i & A ey &
IRRFARRNE . NP 8 Pz, SG/CS A5 /K A A
IKEEMEATBIR 37.15%42.64%F1 22.73%+1.63%, #f



511

SRREA, S MBI/ ST R AR R I T R

BT ) A B R <2265 ¢

BWEPAEf SG AWM & KE (39.78% ) FKEF
£ (53.66% ) 2, %N CS 1Y SG/CS J ] ol B Jie
I %) SP- i 7K B e RIS A K 3 1 o AR TR] LEO st (1)
SG/CS/LEO i & & W& /KR40 h 33.46%=
0.98%. 31.44%+1.76% . 30.38%+2.54%FH1 28.80%:+
0.84% , KIEIEST 914 19.10%+1.66% . 17.97%+1.10% .
17.57%+1.30%F1 15.80%+0.70%, [ LEO %N+
FI¥E K, SG/CS/LEO HLH & A I & /K R AUK
PR FEIGE S LEO IR 1.00%9 5 A 16 & /K%
k5] 28.80%+0.84%, Lt SG/CS I TFFET 22.48%;
KPR S 15.80%+0.70%, [ SG/CS MR T
30.49%. FKFETREIEMT LEO Hi/KNE B/ XF
BTN, S5 SG Ml CS TR AT
TR 2 [ AR B T a i i sh b, (4 A Y B
SRR . A MR K MR AR RT BB RS Tl
WHYAEMMEZE 20 5 SG Al CS BB K 45 My 1 2 ] 41
HAEH, 302 LEO R S i, Hi5w 7 SG Al
CS 2T IR B B, 75 5 K 4 F4i =2 1) 5 56 114 4 EL AR
I, FEE LEO Insmim, & 4 BEr Ktk
FeAi. HIE, LEO MMAE SR T & & Bk i fik
gyl

a
40
—I— ab be be
30 oy
X
-
%20t
St
10
e
O\C» (OO (OO (00 ‘00
S A\ v A\ N
& & & &
) ) ) )
< S S <
1
25+ 2
b
20t be be

S \" 9 $H 3
®Q @O Q)O @0 Q)O
< co@ %W :5@ %W
G C O O
<) <) ) )
S S S S
R

8  SG/CS il SG/CS/LEO Hi i & 4 A 5 /K A FIK
Fig. 8 Water content and water solubility of SG/CS and
SG/CS/LEO antibacterial composite films
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Fig. 9 WVP of SG/CS and SG/CS/LEO antibacterial
composite films
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Fig. 10 Antioxidant properties of SG/CS and SG/CS/LEO
antibacterial composite films
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v =g E. coli/mm S. aureus/mm
SG/CS 0° 0°
SG/CS/LEO1 6.49x0.07° 6.47+0.05¢
SG/CS/LEO2 6.60+0.05¢ 6.66+0.06°
SG/CS/LEO3 7.58+0.06° 7.32+0.07°
SG/CS/LEO4 8.17+0.06° 8.03+0.09°
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F1(6.47+£0.05) mm, ¥ LEO J5 BT 1# &2 & M AY 1
B PEREREE LEO WS I p 38 Jin i i 4 v, A
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