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Construction and Characterization of Pea Protein-Chlorogenic Acid-Chitosan

Composite Film Based on Tyrosinase Crosslinking

NI Yidan, ZHOU Quancheng, LI Yajie, GUO Tingting, BAI Haimei, HAN Qinshuo, SHENG Guihua™
(College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China)

Abstract: A composite film was developed using pea protein (PP) as the film-forming substrate, chitosan (CS) as the film-
modifying material, chlorogenic acid (CA) as the functional component, tyrosinase (Tyr) as the crosslinking agent, and
glycerol as the plasticizer. The physical parameters and microstructure of the PP-CA-CS film were determined. The aim was
to explore the effects of PP-to-CS ratio and the concentrations of CA and Tyr on the structure and properties of the composite
film and to study the interaction between its components. The results showed that the antioxidant potential and mechanical
properties of the composite film were significantly improved after the addition of CA, and Tyr catalyzed the covalent cross-
linking of CA with PP and CS. With the addition of CA and Tyr, the cross-linking degree and mechanical properties were
improved. At a PP-to-CS ratio of 1:1, at 20 mmol/L. CA concentration and at 18 U/mL Tyr concentration, the composite
film had the best mechanical properties, antioxidant properties and water vapor barrier properties. In addition, the tensile
strength of the film was 130.78 MPa, the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging capacity was 69.05%.
Compared with pure PP-CS film, the mechanical properties of the PP-CA-CS composite film were increased by 3.6 times,
the antioxidant potential was increased by 3.2 times, and the water vapor permeability was decreased by 8%. The results of

scanning electron microscopy (SEM) showed that the PP-CA-CS composite film was smooth and compact, so it had high
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water vapor barrier performance. No new functional groups were generated in the film formation process as demonstrated by

infrared spectral analysis. Therefore, this study provides a new idea for researchers in the field of new food packaging, and

offers data and theoretical support for the development of edible films.
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FRAR: Tyr (1100 U/mg) S AEEEAMBHA R
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1) PPECSHHI A E: B PPECSH AT
5 HN3%, PPEHCSELEI 4 7I83:0, 0:3, 1:1, 1:2,
2:1, CAWKE N20 mmol/L, Tyriin&E 18 U/mL.

2) CAMNINE N E: B HPPL CSHE AT 4L
N3%, PPHCSHLBI AL 1, CAWKESHIMN0. 10, 15,
20, 25. 30 mmol/L, TyrifNliE N18 U/mL.

3) TyriE AL E: B PPSCSH AT/
N3%, PPSCSHBI N1, CAWE N20 mmol/L, Tyrik
In&E~N0. 9. 18, 36+ 54. 72 U/mL.

2 R E A5, PPECSHLI A3 < O I i
PEEGZE . Tyrids N & 954 U/mLAN72 U/mLIPP-CA-CS &
AR BERR, LA 3 T E 5 SR bR .

SEG R T E A G HR ONPP-CA-CSE &, PP:CS
Ebfl N1 1, CAYRIIENO mmol/L, TyrishiiE N0 U/mL
(82 25 RIS, RO 25 A PP CSELBIh
0: 31 TFR 3% CSIE, PP:CSELBI N1 11 E & MR
J9PP:CS 1: 1/, 1:2f#1°APP:CS 1:2/158, 2:1[¥APP:CS
2: 1B CARINIE N EEMIESFRACARE, ARENE
(0. 10, 15. 25. 30 mmol/L) {143 & FKk A CA-OJE .
CA-10/i8, CA-15i. CA-25. CA-30/; Tyrifsfn&E AL
HNEATESEHONTYE, ANERINE (0. 9. 36 U/mL)
153 0 T AR 9 Tyr-OfE . Tyr-9f. Tyr-36/8.
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B, KEEE BN RS, WELHGSE,
MV SRR AFBEGE, @IS asiL: (2
BE) o oa* (G4 Fb* (U /8 () B e W IR
o, BAHAMES K, LRERHPERR. BEOEAE
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AE=[(L*—1) "+ (a*—a) >+ (b*—b)" (1

1.3.4  PP-CA-CSE & MU MEREN &

g a] & A A ~F 20 mm X 60 mm A A
TES gl 71+ 20 mm 4] 46 7 A8 #E 25 A13.0 mm/s 47
A T AR R U o B T R
CR5£0.001 mm) 78 R X3 rb (1) 10 ANBEALAL
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1.3.5  PP-CA-CSE AP A MM REN &

¥ M Lin DerongZ5 My 1,1- — 2K FE-2- = A 3L 2 ik
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0
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FEMRA (EAA20 mm. FETS mm) L. B FET
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mXd

AHEFS (¢ (Passem) = o (5)

K mAEN R EEINE g ONEE R /mm; ¢
NBIE ) /ss AR AT AY/m®; AP RETE2S C
PR 7283 22 /kPa.

1.3.7  PP-CA-CSE A /KRN &

A& KRN E S 2% Lee S i 19 75 V5 B
B, MMEEEREN (2ecmX2cem) WWIIEFE, I&N
M, BJ57E65 CHAFR IR EBE R, WETREN
P&, WM, &KW TR B ER R
Aok, % (6) HEA KR,

Ml

—M
ﬁyk%az/%:szmo (6)
1




274 2024, Vol.45, No.21

E6miltl Z

1.3.8  PP-CA-CSHE & IRH0 AN i g 12 1) I g

S HERRBEP) R IR BB L. Tris-Gly (H&
FR) ZE3hi: 8 mol/LJE & . 0.086 mol/L Tris. 0.09 mol/L
Gly. 0.004 mol/LZ —JfZJU Z.® (ethylene diamine
tetraacetic acid, EDTA) .

A ENME: BPP-CA-CSEABRBIET FHET
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10 min, 412 nmAbMEBIEE (A, ) > A (7D 1
R e
73.53X A4

C

A CHFERMEARERE/ (ng/mL) .

MRS BEWE: W1 mL EREABE®R, WA
0.05 mL B-3i%E 2 5 Tris-GlyZE M, SN 1 hJg i
10 mL=S 4RI (0.734 mol/L) , RHIRE. 7
ST hJE, 3 500X g& 015 min, WETTHE, MA
10 mL Tris-GlyZ2 i, IR EMDTIE, B4 mLiZE R,
HIA0.04 mL Ellmanif7l, M4b% 10 min/5 1412 nmAt
TEWIEE (Ayp ) » BN (D HHEAHES R,

WEHE (B5E) F8/ (umollg) = @)

1.3.9  HHiE T BB A5

KAARME TEMBEENEEES.O0 KV, BK
1000 i 2% FF I W22 R 1) 26 TH R 38K TR BROU 46544
1.3.10  FTIRIE

A8 PTG 2% 3 930 4% SO B I FTIR OGS B2 S0k 1%
T ST 2N vk A, b R 43 2 (R A ELAE
Fl. 7£4 000~400 cm P00 Bl HEAT32 WA, A
ZEE N4 em ',
1.3.11  #Fae itz

PESE MR Z R AR B (differential scanning
calorimetry, DSC) 5. ¥ E%2.0~3.0 mgli/h
R, EHEEEMERS, IR E RO
PR FEIEHE25~150 C; FHREEZ15 C/mins NLHE A
20 mL/min. AR ACE TP SRR o R
1.4 HdEgit o

AL ELEZ K, S RE R NxLEs. SPSS 19.05>
Mrocst BdE, Origin 8.51F K.

2 ZER5450%
2.1 PP-CA-CSE&HMtELEE

BHEEWHBOSH IR, LWELEL. 3% CS
HEBRMLAERT AR, RY3% CSREABK P E

W, FEMEE S, RN, HEEZHEENN, S5
BARYR, JEARRS, HCA-0RAMLESZE AR R &%
A, MIRINCARE A BRLHE R E K, XRIPP-CA-
CSE &AL ZHCAS R I HEETyr S &
Frm, SEAMEEEZEALE, AN TS ARAEHE
. Mz LT, PP:iCS 1: GRS AHERK,
PR, BARIRES M T E 2 S, (HEEEK
Hetk B R IE T IRIFHIYER,, PP-CA-CSE A LRI %
AR B SR TR T 9 5 A R R R S A R IR TR AL
XA FIT et 5 AR

1 SR KB s b

Table1  Analysis of thickness and color of composite films

e JEE fmm ¥ a* b* AE

als) 00680004 4682128 40254237 —4074%105¢ 0
3% CSE 00970003 3B57+166° 3153300 27784355 58704453
PPCS1E2BE 005620002 26604263 8646%3.15°  —8175H24 6698273
PPCSTEIBE 004220000 334122920 STO0E301°  —85.87H414F  6840%475
PPCS2IBE  005710002% 16651261 8447+2530°  —48.68%1025% 61711466
CA-OB 008510005 4779%173  3L19E19F  —2954E216°  13.89£291°

75304295 —37444275% 45004934
3544400 —4017H593 329941573
T661387"  =3T01E207 41494373
$A01E8.15° 406647317 5121+809"
013348700 =395 36654365
Tyr9fE 007320003 2937£126°  TI88E308°  —5749E162° 398433397
T30l 006410004 34624060 81031327 —68.904855 52194843

E: FVNG FREAFRRRZER B (P<0.05) .

CA-I0B 007740002 23984311
CA-ISIE 006320001 20944523
CADSIE 007310003 24.03%134%
CA0BE 008110005 21374227
TyOl  0002+0019% 25414240

75 3% CSiE  PP:CS 1:2f PP:CS 1:1/f PP:CS 2: 1/
CA-OJf5t CA-10J CA-15J CA-25J5 CA-30f5
Tyr-0fi Tyr-9fix Tyr-36/ix

1 BEAEE

Fig.1  Pictures of composite films

MEIF R, PP-CA-CSHE & K JE i E A
0.042~0.097 mm, H:A13% CSEERIEE (0.097 mm) &
ERTZAM (0.068 mm) « PPSCSUIAS[FE ELHIRA 1
HA R KT 25 A RI3% CSHE, 1X W] fE 5 PPARICS
HEE R R ECE K. BAECARINERIE M, PP
HCAZTHFEE R WM, WS HMZRHEE, EEEE
FERRAR, I HACATINE 20 mmol/Li & A ik & i »
[, Tyrds A F18 U/mLI, f5 i J5 1 532 FE AN
0.042 mm, IR 4RSS, B IK R RE U BT Y
I, X RT R R T I R A B T B P S SR A AR 4y
A 51,
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22 PP-CA-CSE &RMPLEAILIE M
WERATR, a2 4 S EAEBRDPPH E H 55
Yo 3% CSHEE A WP A TGV R T CS 45 4 h ¥ 56
FIENAELE, EIANIETEG R, M T3% CSHEA
B, A EBUE A E SR, ATREE B TPPHK A
PLAMIER, EIEMEHRK. BEBETCSE 2R
s srEE TS ETEERRAC. BkAh, BAEREAL
HRESCAMBINESG X, AR, B YrTLlE
ERE B PUEATEE . BEECAREN TR, A
PE R E R, HECA 20 mmol/LEf, DPPHH H
HiEM R m, N69.05%, 5745 AR 72.2 1%,
X R BIPPFICSHR R P AE 7 i 3 52 i CA 5] 2
(17, AHMCAR I 4k 2L 34 N £25 mmol/LI, Hré kg
JITBE, XATREEH T 2B SR n, "A B S AR,
B, FEURBSR T CAD AL, (EfRSEs O feh—
HCARYTE, AEBBUEEMEH. FE, STyrdsinEik
F18 UmLi, BAEPTAM AR s, (H2 STyl
ISR, SARIPUEIGIG TR, TTREZ T NTE
IR Tyrfi#t FPPSCABHT A B M AR AR F A, At
PRSI T CARILS), SRR G IRPUAMIG PRI,
© 80
\ 70
g; 60
o

H
{EU3O
= 20

& 10
[a)

iaallgdiilall

P G NN q, AT TR .
"5’,,)5\? S & CF’QY’ rerer < &%&ﬁ‘

SEE 415
NEERARIFRZESRE (P<0.05 , K4, 5.
B2 SEOBEDPPH LR %
Fig.2  DPPH radical scavenging capacity of composite films
2.3 PP-CA-CSE &MU RE
MUMRVE BE 5 R 58 53 28 20 1 437 [ R 43 P AH ELAE
A K, B3 Rm T ARFRCS. CAMTyrik ¥ T PP-CA-
CSE G MU PERE,  RRBEIE T b 26 53 iR B AR A 22
S 2 R A L 2 M AR ELAE ATz R
SN LE R, MPPECSHLBI L LI, P om i
K, EREBNIETyrfEA T, CAEPPRICSHIAZ LSS
BESEE, CSHLBI4kasfiim, & & BuhsmiE i,
X 5Wang QiankunZs"S 7T 45 B — 8. HCATIEN
20 mmol/LIf, HLhisi ik Bl . WINCAJE, Rk
RAPUE TR A ECE N, (2 T CAEPPHICSZ A5
e, Mmdem TR R, A, ZE R AN
NEEZAMmFRE, 65 8 O IR A et

W, MimBE s b, thah, AR,
My B KA A P ) 32 B v] DL CS 401 i (1 32 Bk Bl
FEAREBEIER, TR ) B AR RS Pl R R,
T R N U IR g5 /2. filtn, fECS-I e B &
JEF IR LR, TR 2 SN AC R,
F P i ok B N S B Y B IR B BN, R
RS B . Y ARSI E N0 U/mL3E N #1136 U/mL
i, PP-CA-CSHE &I Hihs o B 52 /e T & Ja B AR 1
B, H Y Tyrds A 18 U/mLIN: 53 & 5404 9 15 5%
N130.78 MPa, Mgk EEdE— D4 E, E& MR
PR, 3X A2 PR B S PRI 3 m Rk T Ak S R e
IKEIA R, 7K AR BUR b 1 A8 B BELAS 73 1 552 3 1)
W, DR T AR s, s T B R
R, MR 7 Prdsm iz, PP-CA-CSHE & 15 11 i 4
KA SE &R RE BRI, MR R s,
PP-CA-CSE A B 2 K HE K. 28 I, PPECSELH]
1:1. CAZRINE20 mmol/L. TyrisINE18 U/mL 1,
HE5=AEMEL, PP:CS 1: LN RER ST 172.6 %,

140~ o OPHERIE B R 2100
b

120 d c
< 180 =
B O80F | b . 190 =
iug 60 h f c-40§
= aob i Ll &l &

20+ £l 2 (117

1 1 1 1 1 1 1 1 1 1 1 1 O

O % R R R
B
%gﬁxyé”ﬁgxygxy@&m@
FEE 5
b NSRRI ERE R B (P<005) .
Pl 3 SR PERE

Fig.3  Mechanical properties of composite films

2.4 PP-CA-CSE A RII/KZEIEL %

Ht— B ARAAFEPPSCSILE . CAUINEFMTyr
WINEXPP-CA-CSHE G H/AKAZRBE MW, 4
RiunEl4apir. SEBERKERELEEECSEEM
BmEEBRKE B, XEHTIMAKCSH
BEHML, SPPEANCSHREMKREZL, PPECS
AT EBUE R S5, T2 BUK & E S
B, (AR MR ek R, &6 B i 25 /i T
B, K FREINE Sl S AN R, R KE
B RFECAS ZIIGINE L TG T REM &R,
CA-10fEHCAET R/, SEB P EH S THA L,
KESE L RS B, HEECATEME M, &
G KZEREL R TR, X a2 FE NCATERZ M
BRI T HE5PPHICS/ AL &, H/KES
Bt RN, EiTERCAWII T K & d i Kk
SEP, AT I FS T K &S R AR BB S BT g
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XA I8

WARE 7RI g5 R0, Ak, BE S Ty ik i
b, KESRESREFRE LA, XE&B T2 Tyrkd
HEPPECAZ M LM 22 BE, ‘T 3 PP-CA W % 25 14 A
X E, H B Ty kb 25 CA P 2 1 5% /K M 2k [
WA R, K T A BRKERE T X,
ZEALL KT, PPiCS 1:1BKZE B RRIK, N
2.57X10 g/ (Pass+m) , AT 2 AL T 8%,

¢ c
cd 4 cd cd

ef

LnaRARANINY

CE R R R
5 DG O R
B s Ty o sty
e 5

4 SRR AGE A

Fig.4  Water vapor transmittance of composite films

KB

(107"%g/ (Pa*s*m))

S = N W ks 0N
T

2.5 PP-CA-CSHERMIEKR

KGRV EREMEME 5 1 E B e bR, £ &
FH SRR, 7K a0 B NS X VAR B (1) S0 R T A
P E B, LR R A i B SR R
5, R EE K E S HK R BE FI AR,

KBS N E A BKY SR, PP-CA-CSEAHME
K Z B 45 PP 5 CS LU 1) B /e B AR 5 T m i 34,
M CARIENO mmol/LIN F & & /K E ik, BEECA
wnm, SEBMEKERIK, HFAEABEMSKES
TyrfJU I 2 A E, TR EE A IMACA)E, [
B ERGIEAL T, PPIURE ST I, WEi K5 A
U—CH, 5 5L A 2 Fe R 2c Bk, A Reidid S K sy, S
KRR,

251 a
ab ab ab ab
201 be be
S cd
Jr\% I5F o de cde
& 10
5k
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