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Effects of two-step heating process on hydrophobicity and

barrier properties of protein-based composites
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Abstract: Objective: To improve the film heating process.

Methods: In this experiment, edible protein-polysaccharide films

were prepared by using the method of chain dissociation at 35,

40, 45, 50, 55 °C at one stage and denaturing and heating whey

protein isolation at 85 °C at the second stage. The structure,

hydrophobicity, barrier properties and mechanical properties of
the films were compared, and the optimum film forming process

conditions were determined. Results: The oxygen resistance,
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tensile strength (TS) and elongation at break (EAB) of the film
increased by 25.0% ~58.7%. 54.8% ~89.9% and 40.2%~
59.2% . respectively, when the film was heated at 25 °‘C and
85 °C respectively. Water vapor barrier performance improved by
20.0% ~ 52.6%. The infrared map of the film shows that
temperature does not cause the change of the valence bond of the
C/85

film. It was found that 45 ‘C two-stage step heating

effect on improving the

After the

process had the most significant

properties of the film. Conclusion: process

optimization, the film’s barrier properties and mechanical
properties have been improved, which has the potential for food
packaging applications.

two heating film; whey protein isolate;

Keywords: steps

structural change; hydrophobicity; barrier property

FLIE o & E A B 5 A R 81 (whey protein isolate-
sodium caseinate, WPI-NaCas) & & I B A KB I 1 J1 2=
REFIBH R P AE . ¥ & 2 2 (pullulan, PUL )‘Fﬁﬂ%ﬂ’)ﬁﬂﬁ
HAEH— EW w8 v T $ost B B R, A BT
FEHI R FLE R A AE 35 CUJ_":%‘NZF}Fﬁﬁﬁ?%’%thi
R BETE 70 °C LU L, BROIR 43 F IF 4R R T i K Sk ] A
3 5 B e 5 HG Al B B B AR T TR O AR
HET R E L5 4> F R ALK, Cheng 5571 & 3, 50
PBEE B E 1 h S5, BE TR R (TS) 4 5
27.7% KFES BB R FRAK 58 %0 o U I W T 4 038 T A
PERE . EICED R I A m R IR A SR, A 4T
it At O R AN BT A 9 B W] 4 55 G g B o 2L A O 4



HAH 3 FUNDAMENTAL RESEARCH

BT & B0 V0 R P i R OR BRI 2R 1 1Y B3 A 5 4 T 25 4
TN HL A TG B LT B R o SRR S A L P
ZEE AT e R S T AR M S 2L A i A I 1) AR
JEL U ROR A BRI ER ., FARFR R, E RS
V0 25 K 2 PR T Y 43 F IR0V D R e 0 O R R 1Y B
B 22 TR 0 A 5 T R AR M S B AR Ay T S5, DA T 5 T
T B 45 0B AL 4R AR

HIEAF 5T SR FH B — 32 2% I 4R 1 7 = 220 00 T
JE AR A B T 22 K A S O R AR BE Y R, DA
24 43 b BN PR 1 B TR M R R i 1 A
b, T b TR — B IT 4 A 25 . BF T A0OR AR IR
S TR 4 St e R i S S T 907 e R 7 A AR AR B B
TR T vk e ) B TP TR, DR e R T IR L B 4
)RR
1 MES5Jk
1.1 B eFni 7

FLIE /8 B AR R R A 8= 98%, 35
Isopure 23 #) 3

i 2 PR B < 2R TR A3 42=99.21 %, LI 3 T AR
AR A B A 5

Yoty 2 20 R BN 98% . BB BEI Ak 2 H R AT
P2 5

=B CH D o bT 4l B 37 s bl AR A BR A T 5

KB FK IR A

oA 3498 43 4
1.2 UFEH5EE
2N U-3900 8, H A H Sz B 3R Bl 2
01,2242 : CR-400 AL, H A J& R ERE A A RA A 5
2 fil R 4. JC2000C B, |- P R BT H R W4
HIRAF

AOROE T R WK L. OX-TRAN2/2H ®, % [
MOCON A # 5

K28 R 35 o M AL . PERMATRAN-W1/50G %,
2% E MOCON A #l;

BHREHL TP SR IE L XLW (EC) 2, 3 B WG AL
HAABRAFA.
1.3 Ak
1.3.1 BBMME SR & AT EDN
AT E . CK1.CK2 X A iRk Al 25 Cli
it — B 85 °C L ABLC.DLE Jy izt B 28 43 5 4% 3 Wi B
[ #6635 °C /85 °C .40 °C /85 °C .45 °C /85 °C .50 C/
85 °C .50 'C/85 C., Wil : M43t RF-FRit 13.6 g FLiE 4
BIE.20 g WE 22 LHE,10.22 g BEE R EN . 2 ) VA A
TE 200 mL X8 Fok 78 25 CoR a4 HE 2 h %

/L\\#

&l

BE267H | 2024 £1 B | RARSHM

SERIE R ECRM S IE R EA S 2 2R
FIEWFE® S 1 h, 5548 5 4, 4r B TE 35,40, 45, 50,
55 CHESIKBERBEPE 1 h 34T — B AR IR % 5 26 1 86 e
L H B85 (CHEIE /KA 15 min, fEERARE (H i
FIBE K SE A R B R T EH A . W8 6 85 CARE
B AR RO H) IR A A B 35 V0 B H I 4
1 h, BAMFE - MAEFNERAHNEZRE, TF
VLA BE 0.098 MPa &4 T 1 h, BIIR WA <l
PR EER . EACETE L, 7E 65 CHE X T 448 vh T4 5~
6 hJE BUE A B PR BROICEE 30 °C LR BE 50 Y6 (¥ 1E IR A h
B 24 h R,
1.3.2 Sy E b Re I

(1) JEJE ARYE Sukyai 507 () 07 S SO R ¥ Y
JEJE A 0~25 mm =B 0.001 /Y HL 55 18
JHE I B A8 3E A7 0 . R T RS B ALY 5 AN 7 A, P
¥IfH.,

(2) HLMPERE AR Pankaj 21 Ay 7B ocin R . ff
F XLWEC) % B i T 7 1280 58 AL I 50 38 58 A% oz e 5 )38
FTWT 24P B AR Y BB VT AR 20 mm X 150 mm 1Y
I AR HF K 65 mm, B 300 mm/min,
B AR 3 R BT
1.3.3  BOERME  MRIE Han L7 BRI T
W TN 0.8 cm TE.2.0 cm K AYAETE i 16 £ 40 2060k
JE T LY 0L PN BE 58 A0 23 OB BE T AE 200~800 nm
T S PR P T R 9 R o St ) VR SR P L RS B R R T B
1L Ay 28 6 AR, B A R 3 R I(E
1.3.4 HARBFHFENE WA Gounga %1 Y Iy ¥k P47
T o FRE 00 S8 DD B AR 29 9 50 mm A RE
SARE L E 3 ZE 0.50 MPa, JH T 00 42t 9 I 96 00 2 )
BYE S0 101.3 kPa, 7E 25 C F Il @ MM A BB X,
A4 R R 3 R B
1.3.5 JKIEMEM E M IE Carvalho 21 1% 77 12 I 3= 1
AR, BARESPTI R 2.0 em X 2.0 ecm B9 /N H, 78
105 “CHYMEAE T4 24 h ARV IR E A id W, ke A
BT 50 mL ZEMK P 24 b B OR B R 0GB RE & T
105 CFHK TR HEHE, BAHRILH W, . BAFE
eI E S E AL 3 W, ARG (O I B Y KR T (water
solubility, WS) ,

W, —W,

S:Txmo%, @D)
A

S—— KM %

W, WD) 16 T4, g

W, W T R fE T, g,

1.3.6 WEBERTE M AIE BT 1.0 cm X 3.0 cm
FECT T 2 BB T 0.5 em &b K 3~4 pm B ZE IR K I



&M | Vol.40, No.1

T TR 2 T FH 00 A A LD ST R T A T R 42 k]
16 o g R BN 4 3 AR [R] 04 2 5 Tmage] 3500 %) 3K
1 R BT 53007
1.3.7  KRESRJE S RWE MW CHRLII]IRA
PERMATRAN-W1/50G % /K 2% 3% i 2 0 i 4L 52
U8 2 H i 5 B AR X R E 10%/100% , ﬁt{EU“
37.8 °C, HFp MM & 3 W, KA.,
1.3.8 ZLAMGIG BT KN BT 65 CHLAR T
i 5~6 h K BRK 4, D PR 800 B PR 7E 35 % LA L 43
PR 4 em L HAWIE 4 000~ 500 em L =R B
16 W R Omnic8.0 kA7 96 3% - fr e,
1.3.9  WEE 250 BT MR 25 AT e W A A B
AR 3 W AR fE IR (L' =92.16,0" =1.13,6" =
3.96) XA AR T S AE M ATAL M, W B B L oo M6 {H. $&
KRR LA,
AE=/(L—L")*+(a—aH)*+wb—0)"%, @)
vl
AE—— 5 FRE IR 1 B 241
L\L/—?@%Wﬁm&%rﬁ;

b AR ﬁ?ﬁé{*&éﬁﬂ*é&

1.3.10 BB Ik MRIE Laemmlit™ 1+ e
BHEMVIM TR BRI T E OB LB TR R
10 7%, 78 25 CoOKA P #E Bk 15 min J5 3E17 2 4
K 5 43 BB e A e 1 JER o A R 1296 ,5 %6, HL K
J& A% D sn X I AT R A e

1.3.11  ZaREAMEH(DSC) W Tavares &0 177
FAEUAN T  FRE AR B (45 me) BRSNS A
M AEEIR EAREY T (RAKKEN
20 mL/min), 2L 10 °C/min MMM 0 °C ] 200 C
HEAT N4

407
3.5¢
£ 3.0
g 25 2
bﬁf?o ’ b b
HE oof
g3 7
HE st
£
£ 1.0}
0.5
0.0
CKI CK2

Lth

Process mode

(a) HrfHsgpE

EE FRNBEMARBEIZNEEEESM BT KM ER TR T

1.4 Zitsh

AL RE I i 3 ROF-ATRE . i SPSS 20 #f if
ANOVA X 88 HEAT G H A B A0 2007 . B8 2R 1
{6 +FriEZE  IF 01 F Origin 9.0 BEAT 8048 b 34,
2 #R55
2.1 BENFEEE

CK1 &b 325 44 F 2L % 4 2 o A AL A 59 09 48 B4R
FA W0 E 7 LB KR S K R AR MR T 2 T RE A
5 Guckian 5577 BT IE M9 250 ARBL . By B m Ay n T T
2005 B T B K RO Y 3k R 58 Ok AR B K A
T R WA T BT Y TR G A, TR A A g

B e ) T T S8 5 T B 3 A 9 R g, R AR R (1 7R A
ARG EAER . WE L FTR . BB
A0 7 Z0F X IR 4 CK1 L, CK2 B f BT hi 5 & (TS) |
Wi (K (EAB) AR b i 3 (P<C0.05), 4bF C 5 A B,
D.E DL K %t B84 At TS.EAB % k. &b 8 % (P <
0.05) , 43 Mr e B H Al B L .45 °C /85 °C B BE BB i 34
RIS — BEIMBGR N 45 CXFEE 25.35,40 °C 45— Bohn#i
I B A v A T A T R R R O R, MU RR BT 2 ML I

iR 2R R 4N 4 1 2 AR B 3 4y, AR A B =2 I 5
EAREMEZN MM RERIE S, o FZREM "R,
VR ) B 1 A B LA T RS R, 50,55 C AR R TRLE T g
ST IR — S 55 1) U R S 0 LB TR R S T 43 22 TR Y
VAL 2R, 40k T 5 0 T S 14 )~ MR BB . B R N AR B R
B A AT R P 2 T S IR R Y O B DA
22 ERETELW

WE 2 s A8 C M RIEIBEROP) S
CK1.CK2.A.B.E ) B A B F M2 5 (P<<0.05), ii_Lﬁ
BTSSR B A AR, R A A H R B I 2%
SEECE (3G m 2> 8 BT IKEE Z 18] A ER AR R //",ﬂ&g

80
701
601
2 501 b

il

CK1 CK2 C D E
Lth

Process mode

(b) Wik

I %
Elongation at break/%

TR A R 28 7 835 (P<<0.05)
B 1 ERARIAh R E Ak Ak F

Figure 1

Tensile strength and elongation at break of thin films
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Figure 2 Changes in oxygen transmittance
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Figure 3 The permeability of water vapor changes
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Figure 4 Changes in water solubility of thin films
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Table 1 Film contact angle change
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Figure 5 Absorption pattern of ultraviolet spectrum

EE FRNBEMARBEIZNEEEESM BT KM ER TR T

Al B, 35 T A A S e R R O b . Lh A A S
R 7K P TR 32 L 7 2 Pk R BEL B R A 5 e A Y 5 Bh
J1 2 Y 1 S BB DL R A R R G Bk .
XFLE 2.2.4 v R K P A2 BT T A, B R AT A T 22 )
B VR FH g i, S S R AT ] 288 %o b T P g 2
1360 BHLBe 1 6 .
2.7 HBEBEDW

RIGAH 5X AL AL (L — L) L&A W B2
SR D HMEHIRT 85, R MR FEIE, Aa {H (a —
a’) Sk B e AR /N R O B € R R ) R 6, AD fH
Cb—b") A IEAR AR M, 987 0% 0 A 1) 9, 3K 6
5% A WA R B SR A TTREER T .0 A
AT O B R BN A B B R 0 R R
@ WREAERI T 1R (65 CHTH LB & B M2 A A
T RPN . B R e AR B TR
P4y DR e 5 s | Wi 5 AT, DA R 2R PR R MR i K O 4 3 R ok
S0 o5 530 R 2 W S A A T B R, & E
PLAE AR A AR AR B,

®2 HRBEEHTL

Table 2 Variation of film chromatic aberration
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i
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E 90.05+0.82* —0.214+0.08* 9.3941.16° 5.97+0.47¢

T PR RN 22 5 B (P <C0.05)

2.8 HEMLMRESH

Hi &6 AT A M LL A R B R R R E R,
UE IR i # As pk DL R F R R S AR b, #E 1 500 ~
1700 em ' EHAEHA RFANZEL, BER SN R
PR 2 I IR B 1 600 ~1 700 em™! A BE A
(C=0 i 4 3h) & ah iy, Jovb, o IR JE 7E 1 650 ~
1660 cm "Ab,B-HT B TE 1 610 ~1 640 cm ' &b, %% A 7
1660~1 700 cm "4k, AT 72 1 640~1 650 cm™'%,
LLANGHE R W ZZ BN LE 1 640,1 635 cm AL 45 IR ) 78
AR X ] 32 B BT B IR B, 4k R - B IR U
B N—H M C=0 ZRJE M AE MW &4, B.C.DFH
B B Jin A ik A2 rp 4 B el TR IR 2 2 R 1Y iR e R RN
B K A 28 0 T B s TR B i, T R
JUKR % B A B 3, A 7 A a0 e A S A e Y 3 2



HAH 3 FUNDAMENTAL RESEARCH

951
90
85
80
75
70
65
60

HO B0 WoO
g

Light transmittance/%

SL . 1630
1700 1660 1620 1580
1 600

&

Wave number/cm™
B 6 AF2rhish kg R
Figure 6

1540 1500

1680 1640 1560 1520

Fourier infrared spectroscopy

YR IR (14 5 A O B R O 8 B SRR . — B
CK1.CK2 FIP B #b B A VE B35 A7 P BN 1 625~
1640 cm ™' P45 4 W A5 A5, SR I BE F EUESS & R 4
FREWM ST Z 0 1E 135557 i 5 a8 55 vk 2% g
TERE VR Z5H AN 2 0 UL CH I o T R TR R A R
P15 30 ) 4% 5 g ) R DL S G AR 40 F AR O i R
T, AESEEAN L ARAM B-FLEREASH
A% A5 Y% HPT &Y 4T85 o BRI/ B &
HE N ZRA Y, T MR 4 R AR A
IR0 R = 3 (U R AR s SR A RS - A R e A
ST AR DT 52 ) 9 BE 0 4 MR e A B RR MR R . 4 Ah
T 2 1) A WA S v A 6 R Bl L 3% IR TR A S BT
7EAE T W5 B B Jn A R AR B VA W R AR s R, 2R
WET/HAFZMMHEER D . SBKBUEEASZ
G HIRER S U
29 BREBBRERKBXITARLEEH THKXE

B

HFE S EHEA FERNITE o FLHE A (e-La) JS-F,
BREE 1 (B-Le) , PI & A F & 00 8 7] B 68 AR 28 5 4k .
WM 7 Brs,CK1.CK2, A B By AL B4 4R, SR H B
B4, C DVE a7 A8 55 . 3K J2 ti T 58 — B Bon #2245
TR A o B R R N R R R R RIS
AT 2R A U S R T L 3 K I A R —
FL UK 2% 434 32 B, T BE B o o A R e e S B AL P i
PR BB 2R I 1 i T 2 ) 2 o sk 2R A L B TR A
VE 53 SN E L/ R 3 I SRS
s 55 2R TR S A 1 =2 IRV A G, U Bk I3 22 1]
PR 0B, T8 B = R A AR .
2.10 DSC £ #f

WA 8 B « BT A v RS S s ) I B i L 4% 41 7Y DSC
M £ 78 150~175 °C 30 B N A P Ak 23 B8 A% 48 o B2 g 0, of
o7 HC T B O R R R (T ) o N ZE A R — A I ]

BE267H | 2024 F£1 8 | RSG5V

63.5kD B —FLERER 1 =Rk

43.5kD
30.2kD

20.1kD

B -FLERE
144 kD

o ~FLERIE

B 7 — B e B B o i

Figure 7 One-stage heating and two-stage heating
electrophoresis
[ I il 0
CK1 \ )
CK L A AL
TR AC LA ———
— 158\

. A 164 °C .
2 B O (R S
£ R

3 C 167 C

£ oS

o 171 «C
. 1360 e
161 C
167 C
120 140 160 180 200
B
Temperature/ C

B 8 FFAZIRE &M T 6 H B DSC W & 4 41 B8
Figure 8 DSC curve analysis of thin films at different

temperature conditions

Fl 2 59 A M L 1 T R — S 5 A YK R O A R T W 0
S8 AN U THE T S A B e, T R DL R e L A Y
AT S = MR R R SR S B 0 IR Ak
PR J7 3 CK2. A B.C. D E (K4 Bt i & 2 T %137 7%
HiRg6 A T, 2 KE &M MG, 45 'C/85 ChbH
B MR T (84 5 165,171 °C, 55 T Hifth & 4L i, 3¢
B H T A AR S kL ROR T BIZ A T R T Y 4
TR EE T L AE &=, 456 Ik & 41,45 'C/85 “Chb
FR 0 B PV R T R R R, 4 2 AR ) B SR Bl
TR R PR TR . R T 2 TR BRI 11 ) O
A 25 T AR BRI T8 R E G B g, Ak i
55 350 R R A I ) 0% 5 P R B G L JE — B A R T T B
APy B A T R A T2 M AE T, X 5
AW NGRSy KT
3 g5

T 5% 38 2o 308 B RS 34 Oy 2 0 Ak B RS T2, o i
JLAS RS AR AT R GE A RAE . PR BB B 4 i X
HCTE R AW 22 18] (4 P9 3R J, 16 6 9 I 3 A4 =2 1) A A L 1R
FSCORE W ER . Bk a6 LN i E
iR S //B R R AN de el IR (2= P - AN
HEEMNBUEE S EARMEREARR R, WEK
AR A b B A T MU T R T R M



F&M | Vol.40, No.1 x

(i) 4 P ZSCER i 158 L B g 14 g 2 P A L P
BEAR K PP R 28T A . BB A T
M R A R SRR R P L B 2 45 °C/85 T
B i o i i BEL AR P BE L 0 A P e A O 3 L K
PEREA PTG 00 ) o5 1 W R LA 3 B SR R £
I AH 2 AEL N v 2 R R 0 1R LR R L SR 1Y AL A
P R RE 8 B 420 B il B R R B M Al g 3 i R A
A AR B B R S IR A g g R A7 o P R S B9 7 1 T L
FIAEFAH M BB L R . & — BBy 50,
55 “C i P B B T 0 R4 R B A — A5 B L 4 U
O T IR ) T B B =0k v T R O P ROR N
X — WL R T FERA .

2% Uk

[1] AW, SREAE, ZRmifE, 55 o] A Yy R i i 3 & 2 2 — DR 5

E M — I = 0 A2 5 I Y R A R Mk BE BF O (0], BORERLAL,
2022(12): 11-17.
YANG F, GUO Y H, LI LY, et al. Preparation and properties of
biodegradable pullulan polysaccharide-potato starch-gelatin ternary
composite films[J]. Plastic Science and Technology, 2022 (12):
11-17.

[2] CHENG J J, WANG J, LI Z Z, et al. Improving the mechanical and
water-resistance properties of pea protein-based edible film via wet-
heating Maillard reaction: Insights into the simultaneous effect of
heating and Maillard reaction[J]. Food Packaging and Shelf Life,
2023, 35(35): 201-210.

[3] L, AT, M, 55, 5 IR IR oM B OK B AR R Y
TEMAC K AERES BT[] £ Tl B, 2021, 42€16): 207-212.
DONG S, LT X Y, SANG W C, et al. Process optimization and
performance analysis of corn alcohol soluble protein membrane
modified by high pressure wet heat method [J]. Science and
Technology of Food Industry, 2021, 42(16): 207-212.

[4] FNE R, Wy A, RUBKIE, 55, £0AMmFAKT K G2 5 AR o
BRI (7], & Tl BHEE, 2017, 38(5): 196-198.

SUN H X, YANG C H, LIU L L, et al. Effect of infrared heating on
damp-thermal Science and
Technology of Food Industry, 2017, 38(5): 196-198.

[5] ZBFE, BA, m 3OS, 5. RSN LIS A B E R
PR 1H 05 45 2 2 Ml o 5% BEL s 41 % 47t S A 1 9 e P AT 5[],
T 5 R B Tl 2020, 46(14): 70-76.

QIE Z H, LEI Q, GAO W J, et al. Modification of Maillard

denatureof soybean protein [J].

crosslinking on barrier and antioxidant properties of WPI-NaCas
pullulan based edible films[J]. Food and Fermentation Industries,
2020, 46(14): 70-76.

[6] SUKYAI P, ANONGJANYA P, BUNYAHWUTHAKUL N, et al.
Effect of cellulose nanocrystals from sugarcane bagasse on whey
protein isolate-based films[J]. Food Research International, 2018,
107(5): 528-535.

[71 PANKAJ S K, BUENO-FERRER C, MISRA N N, et al

EE FRNBEMARBEIZNEEEESM BT KM ER TR T

Characterization of dielectric barrier discharge atmospheric air cold
plasma treated gelatin films[J]. Food Packaging and Shelf Life,
2015, 6(1): 61-67.

[8] HAN J H, FLORO J D. Casting antimicrobial packaging films and
measuring their physical properties and antimicrobial activity[J]. J
Plast Film Sheet, 1997, 13(4): 287-298.

[9] GOUNGA M E, XU S Y, WANG Z. Whey protein isolate-based
edible films as affected by protein concentration, glycerol ratio and
pullulan addition in film formation[J]. Journal of Food Engineering,
2007, 83(4): 521-530.

[10] CARVALHO R A D, GROSSO C R F. Characterization of gelatin
based films glyoxal and
formaldehyde[J]. Food Hydrocolloids, 2004, 18(5): 717-726.

(U] s SCHE, TR, 0%, 45, R IR AR T 3 48 8 IR Ab B &2 45 2R
A A g A R 4552 W (D). £ S R R T, 2022, 48(6):
103-109.

GAO W J, LEI Q, WU H, et al. Effect of low temperature and low

modified with transglutaminase,

power plasma treatment on structural properties of composite
protein-based films[J]. Food and Fermentation Industry, 2022, 48
(6): 103-109.

[12] TAVARES L, SOUZA H K S, GONALVES M P, et al. Physico-
chemical and microstructural properties of composite edible film
ob-tained by complex coacervation between chitosan and whey
proteinisolate[J]. Food Hydrocolloids, 2021, 113: 106-111.

[13] LAEMMLI U K. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4[J]. Nature (Load), 1970,
227(5 259): 680-685.

[14] T*HEET, 17 A 5. “ SDS-J P4 M IOk iz 8 J0e fL UK " SR B (D). 5
K HE W 2 B2 9T, 2020, 1005): 3-5.

YIN Y X, XIANG B Q. "SDS-polyacrylamide gel electrophoresis"
micro-course teaching plan [J]. Biology Teaching Research in
Colleges and Universities, 2020, 10(5): 3-5.

[15] TAVARES L, SOUZA H K S, GONALVES M P, et al
Physicochemical and microstructural properties of composite
edible film obtained by complex coacervation between chitosan
and whey protein isolate[J]. Food Hydrocolloids, 2020, 113(8):
1-12.

[16] GUCKIAN S, DWYER C, SULLIVAN M, et al. Properties of and
mechanisms of protein interactions in films formed from different
proportions of heated and unheated whey protein solutions [J].
European Food Research and Technology, 2006, 223(1): 91-95.

[17] SCHMID M, KAINZ D M. Effect of thermally induced
denaturation on molecular interaction-response relationships of
whey protein isolate based films and coatings [J]. Progress in
Organic Coatings, 2017, 104: 161-172.

[18] FANG D L, DENG Z L, JUNG J, et al. Mushroom polysaccharides-
incorporated cellulose nanofiber films with improved mechanical,
moisture barrier, and antioxidant properties[J]. Journal of Applied
Polymer Science, 2017, 46: 166-169.

[19] MOHAMMADI M, MIRABZADEH S, SHAHVALIZADEH R, et



10

HAH 3 FUNDAMENTAL RESEARCH

al. Development of novel active packaging films based on whey
protein isolate incorporated with chitosan nanofiber and nano-
formulated cinnamon oil [J]. International Journal of Biological
Macromolecules, 2020, 149: 11-20.

[20] JAFARI H, PIROUZIFARD M K, KHALEDABAD M A, et al.
Effect of chitin nanofiber on the morphological and physical
properties of chitosan/silver nanoparticle bionanocomposite films
[J]. International Journal of Biological Macromolecules, 2016, 92:
461-466.

[21] MA Q, ZHANG Y, CRITZER F, et al. Physical, mechanical, and
antimicrobial properties of chitosan films with microemulsions of
cinnamon bark oil and soybean oil[J]. Food Hydrocolloids, 2016,
52(2): 533-542.

[22] ACOSTA S, ALBERTO M, AITE C, et al. Physical properties and
stability of starch-gelatin based films as affected by the addition of
esters of fatty acids[J]. Food Hydrocolloids, 2015, 49: 135-143.

[23] YOO S R, KROCHTA J M. Whey protein-polysaccharide blended
edible film formation and barrier, tensile, thermal and transparency
properties[J]. Journal of the Science of Food & Agriculture, 2011,
91(14): 2 628-2 636.

[24] BRINDLE L P, KROCHTA J M. Physical properties of whey
protein-hydroxypropylmethylcellulose blend edible films [J].
Journal of Food Science, 2010, 73(9): E446-E454.

[25] JAVIER O, MAYRA F V, PEDROZA I R, et al. Development and

BE267H | 2024 £1 B | RARSHM

characterization of composite edible films based on whey protein
isolate and mesquite gum[J]. Journal of Food Engineering, 2009, 92
(1): 56-62.

[26] JT H, DONG S, HAN F, et al. Effects of dielectric barrier discharge
(DBD) cold plasma treatment on physicochemical and functional
properties of peanut protein[J]. Food & Bioprocess Technology,
2018, 11(2): 344-354.

[27] GERMAN D B, BUSTI P A, VERDINI R, et al. Glycation of heat-
treated f-lactoglobulin: Effects on foaming properties [J]. Food
Research International, 2013, 54(1): 902-909.

[28] CHEVALIER F, CHOBERT J M, POPINEAU Y, et al
Improvement of functional properties of 3-Lg glycated through the
Maillard-reaction is related to the nature of the sugar [J].
International Dairy Journal, 2001(3): 145-152.

[29] MCKENZIE H A, RALSTON G B, SHAW D C. Location of
sulfhydryl and disulfide groups in bovine-lactoglobulins and
effects of urea[J]. Biochemistry, 1972, 11(24): 4 539-4 547.

[30] RE 4N 4H, TR, Bl . 41k ok AR 52 506 3L T 2 BB P
JeE R KOK KB B R H RIS [I]. B AR, 2012, 33
(19): 133-137.

XIONG Y L, WANG Y S, CHEN J. Thermal and optical
properties, water vapor permeability and digestibility of oxide-
caffeic acid crosslinked whey protein film[J]. Food Science, 2012,

33(19): 133-137.

(LBF 27)

FRAT AL 20 A% 4T B 7 A 52 B L 1 ik ) i S PR A B K1
B, B0 AR VAT ] 507 B35 A N FE TF R AR G 52 1Y 2 il
b BRI 4R 24 T OR (8 £ o T RE PR LA S B9 R 2
e A1, T HE 3h 08 e A T T RE K R BIE R AT T RN

Aot RAERBRRE B —EHHERIREE
ERFIAM

PRI T 5 L4 [E L VLR R i 2 B %

Jz 2 107 T 2 A A0 A 07 9 v ) — b, B A R AR A
I L PRRR R A I I 4 A S X 7 TR X R AT
o AE R B K B XU T A T 2
H o B, A BRI R R T L T BRI TR Y
NG 7 TR 2 0 %S A, IO 3 o A BT o 3 ) 2 B £ T T
BN PR BN R

BRI/ CHEREE EL—AE BB R IR

BEBA
REER: DA IR A T A RS
BT R AR AR

Al R 4 A= 35 7 A B Bl S B AE ) R A
“B AL R ) SR SR — 5 Y A B ) RE A e B A
R R AT A B 2 BT BB SR R4 T . fR fa 1
A2t ASBEEL R EA O TS ANG ST IR . O 2%

B IRRG ATE A S O 2 4R e R R AR, TR A
AR Ak SR TF R 12 RA RS A%

mEh HERER A ItERREREEHE

BEEFR: T P EERREHERESEEREK,
1 o 4 RV DA sy 4T

B bR 5 e — Pl o 4R RS S U, BOR B SRS
R R A T b M r BRI, 3 9% 35 7T LA
B Ak 2T S S R R RV P D A A A
B R . AT R A S T A 2 B Ak AR 25 4
AL AT 2 R (YR 1 L L Pl 2 AT 3 T B L 4 T A
AR ST B B N BT AR B AR R — R S A bR 2 #
1A, 75 B 22 0 400 e 25 51 7 FH R0 3T

A+ I TRE—RRMENEESANE

FRIRE R X FHM, hE SR AR S 4 R
Fe i E O B O R R E TR

YOI BB 2 4 Bk o G T Y VR M SO B RS g
L CRBERIZL S DI RN E R, B H
AIREBOKEE ST, WITRE EERETF AMgm
Fi 3 KRR A 7 i TR 8% DL R A% 32 A T ad R A 38 X
VE Y B AR A B AT R A T AR SRR,
SRR E . BRI A BRI S B E TR
A R R A D R — G

(FPERRMAFHERFLARL

B



