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Preparation and Performance Characterization of Eggshell Membrane
Enzymatic Hydrolysate/Chitosan Composite Film

LI Xinyi, WU Xialing', LIU Qun, WENG Wuyin, ZHANG Yucang’

(College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract: Eggshell-membrane-based films with antimicrobial and antioxidant functions can be used to preserve food to
reduce economic losses and increase the comprehensive use of eggshell waste. We used biological enzymes to hydrolyze
eggshell membranes, investigated the effects of hydrolysis conditions on lysozyme activity and the DPPH- scavenging rate
of the enzyme solution. We prepared active packaging films via compositing the lyophilized material obtained from the
enzyme solution of eggshell membrane and freeze-drying (enzymolysis of eggshell membrane (E-ESM)) with chitosan. Our
aim was to investigate the effects of E-ESM on the chitosan film structure and properties and apply the film in preserving
strawberry. The lysozyme activity and DPPH- clearance of the enzymatic solution of eggshell film were 2.26 U/mL and
38.23%, respectively, after 9 U/mg alkaline protease enzyme digestion at 50 °C for 4 h. The film prepared with E-ESM and
chitosan in a 3:5 (v/v) ratio showed appropriate mechanical properties (tensile strength 11.32 MPa and fracture elongation
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11.75%), UV-blocking ability (UV transmittance 42%), water vapor permeability ((8.89+0.6)x10™"" g-m/(m?-s-Pa)), and
oxygen transmittance ((2.124+0.6)x10~ g:-mm/(m’s)). The film inhibited 83.33% and 80.85% of Staphylococcus aureus and
Escherichia coli in experiments, respectively. Cell survival and biocompatibility were above 90% after 8 days of storage at

24 °C. The weight loss rate (29.06%) in the experimental group was 15.43% lower than that of the control group. The
malondialdehyde content (911.78 umol/L) was 6.96% lower than that of the control group, and 74.82% of the V. content
(57.27 mg/100 g) was retained compared with that of the control group, with a pH of 3.77 and brix of 11.03°Brix. The

composite film was able to effectively extend the shelf-life of strawberries by 4~6 days and could be used as an active food

packaging film.

Key words: egg shell membrane; enzymatic hydrolysis; lysozyme; composite film; structure and function; strawberry
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FALBE 755 . MRS B FE BRI T HSEER N M,
XY SRR WA B 2 —, 2023 AEFREFERS 11.9 12
HEERY, 2015~2023 4EH E R3S 8 5= M\ 2589 J7 il
A A 3100 R (NG AE S B 1% 1Y FHE
W) — 85 50 38 B WA D R SR & 5T el R AU A
g g FH, 39 2R 52 b BT & 19 7B 55 I (Egg shell
membrane, ESM)ZJ 90% YR 5, & A E & e
SRR BEAR . T T AT, R T A P TS
PR iR IEMEFIPLUEALTE S A YTEMEDIET . Wang
S BRI R BB T IR T S IR B G5 R VR
HitsmprEfbtEfE, Khalid 88597 & 8 FHIG % | 55
RS e ] 25 T AR S P 22 |« Pidefetl . R,
Tt 52 G ARG AL R SR T 0] - K 5 TS TR B 1
TR S 72 R NEE A REBE VR M — AR P RR ST AR,
AT SR S e E A A

AP RO IE T SRR A, FIFHAY)
AR FERE A TR, RO H B REBREE
A K i 22 R Be R SRS TR Bl s BFF 9 T A~ [R]85 70 B g
A% T (Enzymolysis of egg shell membrane, E-
ESM)/FE5H8% (Chitosan, CS) B IR AR A HERE N
JGiFE AR JIEAVERE . KIE AR RO RN . SR
F i 4#45% (Scanning Electron Microscope, SEM) | ##
Ei 43 HT ( Differential Scanning Caborimetry, DSC) Fll

TR A I B -41 48 6% ( Attenuated Total Reflection-
Fourier Transform Infrared Spectroscopy, ATR-FTIR)
R ARNT BE-ESM/CS B &R T T 8, &5,
5T 2 MR 5 S8 A ) T8 1k (s ) AR EEE AR
ABFENG B ) S 5C RN T 2 &, iR Y%
ik L KRBT AP A LR BRI 2 ThREE AW
ZFEACA B S AR AR S I T IR A 4 A
D7 g, RIEHSE B T B S E e v R, ZERRAIR
MR AS 5 358 A by 1 HA XSGR A Fe et e .
1 MR5RE
1.1 MR5EE

BRSNS (T E, BT, 23X
EN=L 0O BT, Lead slikis v e i 7ol & 7o sepl
(B2 =85%) WL A 7e 2l A R w1 03
PEFE FAEF(200 U/mg) ISR T A Ab BB ey 4
B 2N w5 A0 vk 3 B (100 U/mg) o AR 3R A il
(800 U/mg) . RIE (250 U/mg) LR
BHEAA PRAF; B HEABE(3000 Umg)  _1HEEE vabk
AR B A BR S F] 5 ¥ v ) & (L ik, 2w
5:D799854-0030) A= T AW TR (W) A RR
ocdl BEE W H ERUKR (R E, E], 2K =R
B HL 28 ) KBHFIF(E. coli) ATCC 25992, 4x (4,
W2 ERIF (S, aereus) CMCC(B)26003 W T+ | g6
AERHEARR A

UH-5300 ¥£4h-1] W56 6 881 H AR HITA-
CHI /A 7]; STA 449F3/F5 TG /3 #riY  f#[E NETZ-
SCH ZAH]; LH 221 #563%4Y FHERIIBOGEREHY
HBRATF]; Everte U7 T43 R A EWREIEE T HH
B IR AI-7000-ST JTggidgedl ' E GOTECH
5] SDC100 22 P EZRSE T A s
A RRZF]; WZS90A Brix HEE T RIG{X R ELG
AU A PR ] FE28 pH i1 M4 £ 20 5l
NICOLET IS50 {7,214 GIEAY. S EFERR Kl
IREBH A Ry F]; Phenom Pro 34 TR s &
EIFEBR KRB BRA T .
1.2 XWFEE
1.2.1 ECEMMER T2 (E-ESM) AUl & &E5¢
JEEE T 50 °C MEFH T T, By T8 s i AR 7o It
JH 60 B MH43. 5 g AT INA 100 mL 255
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Tk, A 9 U/mg FIER RS, FH 1 mol/L 1Y NaOH
1 1 mol/L fY HCI ¥4~ pH( B & Al pH=3, TiPEE
PR . PR AR R . A TCER P R 2 1 pH=7),
TE 40 °C SEATEEA . AR U0 5l S A e 25
5,40 C &7 ERHEME ST A e B, G —
pH Z& B0 LR 45 T A 1 AT B, ws /8 pH Ay R i)
PR2E . ARG TR BRI ) A s bGP Fe s
A T S N SR 7/ 7L e SN - S e AP
S B VR AR AR B 1 A T2 R I A I
(50 °C) . FEf#IE] (4 h) PG R ZRANAR, SRITma MR
BEFHE (3. 6. 9. 12 1 15 U/mg) LN ; A5
FREFHE (9 U/mg) | BlEf#ETTE] (4 h) PR ZAAS, B-5T
BEHEHREE (30, 40, 50, 60 Fll 70 °C) HIFENH; {A4508:
FHABFHE(9 U/mg) | BT (50 °C) P EIZRANEE,
RIT T E] (2. 4. 6. 8 F11 10 h) BOSEIA . BEfR4h
WIS, 7E 90 °C F hn# 10 min B B K% . A6 K
T =F A g ok DB R 2 A, WSS Wil A TR, V2 TR TR AR
15 E-ESM,,

1.2.2 K 5% 55 A v 09 bt | Ak BE T E M K
0.1 mmol/L {9 DPPH(1,1- 232 H P I 5
R 10 5% 10 25 50 BB R VAR i S AR BUR &, 7R =
T BEEEREE TR 30 min, FHLESR-T] WLAMG0E
THOSRTE 517 nm ARG EEN, ARHEA (D)1
eI ER R Y DPPH -1 RHE 7, VG 85 70 IE
WA bEE T -

A -A,

DPPH - i& B (%) = 1 - x 100

0

o, Ay J225 A OGRS s Ay JZFE S 2 Y
FCRE; A, ST RRZH IROGRE
1.2.3  FRS5CNE B O RS I e (s e
it 3R] 0 i 5 7 M i v P TR 5 . R
BT ACK AR AE S BCHI B 2.5 ng/mL BUPR R
Fo— LV REMERE I 1 mL PBS 228, 1R
By, BRI A TR . FE0 45 R A =119
P4 B P B PR R, BRFH B, FH SRR ST . B 200 pL
T FE B WORE S A 2000 uL W P FE RS o
37 °C /KW 15 min, 32 BVECH B F KoK 3 min, &
FHCHFEIA 1 em @A, JHSHDEEEETTHE 530 nm
ARG, F3 S T OKAVE 2 BRI .
1.2.4 E-ESM B9 |- - Jot L5 1R 40 -2 D9 445 T i 16
JB&Z g, Pk ( Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, SDS-PAGE) £ 1 JH SDS-PAGE
FAE E-ESM H g BRI 10 43 HE B B, LAV PR AR i
TERXT IR . HH 12%(w/v) 53 B BT 5% (wiv) He 4
U AT HL UK S . ds e, IS S s g
Bl R-250 B f 30 min J& ddH,O B (0. {8 H BRI %
1R R GEXTBER A T
1.2.5 E-ESM/CS ¥ I i il & % E-ESM(0.2%.
0.4%. 0.6%. 0.8%) 435I 100 mL CS(1wt%) ¥

W, B R M FE AT I PR IS AT 45 min 7S AP
DL EBRAME . RAAIEE 45 E-ESM/CS i, 7E
115 mmx165 mm FYBEES L HNA 70 mL AR,
TE 40 °C AP 24 h, 345 E-ESM/CS #EI2
1.2.6 E-ESM/CS MR B T 53 RbE
B 5 AASE B AR AR
1.2.7 E-ESM/CS #iIEE63R  ffHE Rt
E-ESM/CS 7 JIEEXE 380~760 nm [X 0] (¥ A ULO'GiZE i
3 (Visible light transmittance, VLT) #1 365 nm &b
L2 h 5171 3 (Ultra-violet transmittance, UVT) 347
WME o OB BT EI AL 5 cm=5 em BIE I . 4
0.04 mm R UVT Al VLTI,
1.2.8 E-ESM/CS #iIY) ATR-FTIR F/F  #EEE
il IR 4 2 T 48, I ATR-FTIR X v I
AT FRAE, FHE7E Bl 2 4000~400 ecm!, 4y HER N
4cm’',
1.2.9 E-ESM/CS #i i oW 2 E T il % 19 E-
ESM/CS 7 B3 a7 -5 A8k 8% 187 (19 fROUL TR S EA 73R AIE o
) S L SRR i [ FE 2R & b, mE s,
SEM SHrEE S I OUIIE S, IR R 5 kV o
1.2.10 E-ESM/CS # ISy fa @ = 1E A A
TG S3IHr AT E-ESM/CS 85 iy #iuka e P b A 7 3R 41E,
FAESA: 76 N, GBI, 3L 30~600 °C, TR
#3310 °C/min'?!,
1.2.11 E-ESM/CS 3 B i ML 1 B8 P A o &
( Tensile strength, TS) F W 24 fi1 < 3 ( Elongation at
break, EAB) J& £ it i 2 3 Ji 19 B TR M e ==
— 81, ¥4 BE-ESM/CS i 511 31 3% il 44tk (75 mmx
4 mm), A, ICSREE . AT RERIEHLT E-ESM/
CS AR A AL P BEUEA 700K, P33 2% 2 20 mm/
min.
1.2.12 E-ESM/CS W/ il iK%
TGN T BB (14 7K 322 Ml A1 (W ater contact angle, WCA ),
5387 E-ESM/CS R REL /KN, 4 10 pL ayk
ali K AR R SR T, 7 E-ESM/CS I iy
5 ADNASENL BN WCA
1.2.13 E-ESM/CS /K75 GE i R A GsE L
SEIIIE R IRRR S RHXTRE 50% ) 2% 45) [ a2 78
R O GRS W 8 em, HAR 1.7 cm), il
TSR A e PRI RERCAE TR B, K st
A R R, OB TR RV IR P (R 4 ¢,
FEXTREE 78%+3%, 1B U B Fl+3%) o FZELL W
3 d, B:fA 24 h BUB B FRE, 108 = A8k (Amy,,),
APPA RS i 7k 28 s PERE
Amy X X
tx AXAP

P Amy, Fon iU BRI IN (g) 5 x TR ik
JEEE (m); t TV T B I RFEema] (s); A FoR
TEIEARE M ABB A (m?); AP o4 812.5 Pa(4 °C).

KRS ZE (g - mm/(m® - s - Pa)) =
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AR (6 g) FHERMS . IR R AN AL AN Tt
B 1:2:3 gk KRZIREWE TSRS G
BHEFREIR A, B AR PR EIRAAZEAE S s
WA TR PN o SLIGFFSE 3 d, 3911 309 5 o AR
fetel,

Am,
Axt

o, Amy FRARHETFABHINTT i (g) 5 t s Py
BHE] (s); A FERFREFAIE H A (m?) .

1.2.14 E-ESM/CS B PLEREIE T A RIGFF e
(E. coli, B2 G MR A4 ¥ (0B 2 BRI (S, aureus,
W2 PG BHEE D VE BN o K 100 pL ZH 2T
W (1x10" CFU/mL) A EI & 10 mL LB E53R35E0)
A, A BIin A 200 mg A~ [A] B-ESM #8 hin42: 11 78
5, T — S A Al B R TR G 8% 3 AR in A
200 L KAE Xt BRZH, SR FR & Wi B AR YR 7%
(150 r/min)H 37 °C 553 12 h, & 3 h BRI . &%
JE A FHER ST WA Y66 RE T & 600 nm Ab YR
FINERE . HETE B

1.2.15 E-ESM/CS #EAAHIEENE  XT E-ESM/CS
TR IS A O 3 AT AN R EE M A I DT, o H AR R
1.5 mm AYERRAE LB FoK 2 12 h, ZR59% 10 pL
e B Y UR B EE AL LO2 41 g (1x<10° CFU/mL) .
WEE 24 h )5, BRZLEEFREE, A 100 pL 10%(v/v)
CCK-8 IHFM . 53¢ 4 h J5, FIHEFHR{LFE450 nm 4k
MREAE S WG . BB TR XL . A
FESRIEA T 6 A-FA 755 .

1.2.16 E-ESM/CS TR ELTE T1

1.2.16.1 W a5 IR R W AREEXT &, BF5T E-
ESM/CS #ifE LR EERE 11, SE8G 1. 2 ZHFNXT IR
RRLH 5 BT S8 IO Y RS, AT 3 4. 430
fdiFH CS #IE (256 1 4H) . E-ESMO0.6%/CS il (52
5 2 2H) R AR BT Y RLE , DAKRTE 35 WA
BEVE AT HELH, JTAE 24 °C 1B 70%+2% MISMT
14T 8 do X ELRFAY A BRAALIRFRIEATINAE o

1.2.16.2 JLHZHE BEE . pH pyllE  FIHE R
PR A R T R EE AR, SRR SR T Y R
WEEE A e 4 H BT 2 5ds . 4 Brix B
THME R A8 b SRR ISR, B 1 g SRR
1 mL 23 F/RIEBCSK A, A pH 1 1HE pH.
1.2.16.3 Vo &HEAGME sy, It 2%
J&, FRECAT B %43 10 g, #wekt b 6: 1 A 0.5 mol/L
NaCl 7 Wk SE47T W, R A5 5 A2 6 5 Pt W, R A
0.5 mol/L NaCl M2 HBUKEZT 2 10 mL, F2 2 #0048
71, 4000 r/min Z5.0> 10 min, WA 13757 BN A 7250 25
BEEIR . 4 °C B mGR CIRAT o  EIERRGRE i)
A METRRRHUES O 2 mL FIEWE T 10 mL L&
B, 0 1.0 mL pH=4.7 #J Z. 13- Z. R 4N 2% vhw, i
0.5 mol/L NaCl #iF:Z&E 10 mL, #5) . 1EI 265 nm
Ak, L 0.5 mol/L NaCl =288, Iz HiW 6 . indi

ARIBEL K (g-mm/(m’-s-Pa)) =

PR A LAY 3R R DG BT 5 - WG HR 1.00 mL AEUE,
JILA 0.50 mL 100 pg/mL CuSO, ¥, A 1.0 mL
pH=4.7 B ZBR- Z AN i, F22 138 5 I g Ho
SRR,

F AR AE T e A IASE 5 -5 S I ARL R ] Ab 2
JE B VAR DU ASE &t PR IR G AR, ARV A AR A o h
Ve &S

cX Vi X Ve X 100

V£ (mg/100 g) =
c T ime/100 &) = === 7000

o, ¢ s pRAE Sy RIS R 4EA: R
C M B, ng/mL; V o A W HURE i 25 AR FH, 10 mL;
Vg A SE AL 55 SR FH, mL; 100 24 100 g SR
V| SR HRE SR AR R, mLs W A HRBR TT AL, g5
1000 S#da 558 -
1.2.16.4 TN [ (Malondialdehyde, MDA )& & 14l
£ FH 5 mL =44 4AR(100 /LY 1.0 g HREHRIE.
IAE FIWITAE 4 °C F1 10000 r/min B0 5 7E 4 °C
fEAE . B 2 mL 3O 2 mL BRACE L Z2 (Thio-
barbituric acid, TBA) ¥ (0.67%, w/w) £ b (A
A, Bk 20 min, ¥EHG, 435I7E 450 nm(OD,s,),
532 nm(ODs;,), A1 600 nm(OD ) AN 5E - 77 7% W
SRR,

KLU A I X R AR MDA &% 5 (Cypas
pmol/L) A TIIE .

¢ = 6.45 X (0ODs;, — ODgy) —0.56 X OD,5,

CMDA =

Va

b, o fRERAFE S MDA ¥R EE (pmol/L); V AR
FRESARIC AR (mL)s V,, AR T I 5E ke
AR AR (mL) o
1.3 IR

FITA B A7 =K. {# ] Origin 2018 4K
PR S2BBE . HTH SPSS SEitH- X sE i 2H Fl
Xof AR 2H BEF TR g AL FR, SR FH Duncan &30 38475347 o
P>0.05 FoREA WEMEES
2 HBRESH
2.1 E-ESM B9
2.1.1 RSN TR SR HRSY LRSI
R 0V TR S 71 A0 DPPH - 15 & RE 71 MF5H%R, #8797
AT AWK g 25 o FERFAS N 9 U/mg 11
SR, 40 °C A 4 h, BFSE 5 FhEE 111 (IR 3
FIRE . PR . AR . A TR AT AR
it ) Tl fi 2 50 RS =4 PR ¥ BRI 3 J1 Fil DPPHL -5 R E
F1(E1A) o B8 FARFERRTE A PREE A ELA 4 o A il
T IR, O B AR A EHA R M pH PR 3. Bt
fifg, v b B P, A TCER PRI B B AE pH Y
7 YA LA A v B BN 72272, 33 DU R A 2R ) pHL 4
FEPE 7 iAo SRR, Bl AR P B RR S S 45 1 IR
B WA P A TR B 3G T o Zhao 2520 FE RS2 FIEL
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2,0 c c 7 ¥ 2,0l 30 3¢
S 20 % % S5 % 0 & 520 &
:% 15 — % c c % 20&% i%;; 1.5 20%\
10} & 1.0 &
0.5 - % Z Z Z 10" E os 105
0 0 0 0
L N x
Y L
M s IR sy %
_ 25 ¢ 140 _30F
E S E 25l H40
S 20 |9~ S 5
= s & = 2.0 30 &
2 = 21 =
= 10 20z & H20 &
W & ® 1.0 &
o 10 s 05 10

=]

(=]

IRFTE] (h)

P TREHATR 2 X X8 A R 1 5 1)
Fig.1 Effect of enzymatic hydrolysis conditions on enzymatic hydrolysis of egg shell membrane

e AFRVNE FRFOR 22 5 8.3, P<0.05; B 5~F 6. & 9 [F].

B P /K SRR 0 28] G 2 200 | K 2 R A 1 S

T IR, I R IT RAEMR . A EATR . 222 TRFNH

RIRGAE TR IR, T Riko 25127 % P Lo FLfiR
#HRSPUEALTIREA ¢, P fbie ) 5 HIRY & 2508

ZH B AEICM: . AT g Ao FH i 25 1 iR T b

AR ZEAATFEE 2709, HEFDINLE) 12, "IERHTBiK M
oYY A G SR IR, BRI It B A I A R R

FIB K PR LR FR BT 2= | P i e om, FREH TR

B ABE = A BT E AR P DGR E A, AL, Pk

ORI BT AR FE R A T AR . BE—20, HEAT I

A BRI AR R A A e . B 1B g5 R FREH,
I 5e 25 P PR G T, Bl 2R A 9 U/mg B,
it e v L AT R -1 B B 1 S AUfk e oo an

Bl 1C s, 16 209 TR T $2 = s, {5 2 A e
FhEi 5] 70 °C B, B D RN JJBERE . X2
FH T e T B (VA PRI AR P, B ISR Hiffi

4 h B, BRI ELA A e 1V B I ) F DPPH - Wi R
N 38.23%(E 1D) . T 6 h A X 145 T i B4 7 1
PEFIFAK, KL, L5625 R aIRR, i S B

S AR U BEAESO °C T ALPREE SR 4 h, BE
EHEFHE 9 U/mg.

2.1.2 E-ESM FY SDS-PAGE & F] SDS-PAGE
FLUKXT E-ESM 431 i i [l 347531 . SDS-PAGE
iR /R E-ESM ARG 2 A 467w, R/
ESM UL 8¢ fi S ZFh s F oA —E . E 2
HET L, £ 10~15 kDa Z [BIXEE R 595 AR T
HEVE R — 0 RE L AR, B E-ESM T S 1 BT

kDa M bR FE
55

40
35

25

15

10

K 2 E-ESM iy SDS-PAGE
Fig2 SDS-PAGE of E-ESM
4 M W H Maker., brdt AT RBERS . BRSO E-ESM AL

2.2 E-ESM/CS SERHIRAEF S

2.2.1 ATR-FTIR 3#7  FJH ATR-FTIR XJ il #5 v
IS SRS TRAE (AN 3) . 4l CS R
FTIR YGHETEZ) 3300 cm™ &b T& F) 16 X1 % —OH A1 4%
P 2l W e s 5 N-H A 2 P 20 W i 04 J 8 Rl i R
fEIE, TE 1642, 1546, 1400, 1150 cm "&b 45 BI%T 57
P 147 . BBl 11 47 . —CH, . C-O HAYERIFIG, i 1
I E SR T C=0 M4k shA 56, STt
W SRR B R, XL, S n fiess S55¢
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E-ESM 0.8%/CS .. ‘
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