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Preparation of Edible Wheat Gluten Film and its Application to
Seasoning Package
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(Key Laboratory of Food Nutrition and Safety, Ministry of Education, Tianjin Food Safety & Low Carbon
Manufacturing Collaborative Innovation Center, College of Food Engineering and Biotechnology,
Tianjin University of Science & Technology , Tianjin 300457, China)

Abstract: An edible wheat gluten (WG) film was developed and the effects of pH solution, WG addition amount and etha-
nol concentration on the barrier property (oxygen permeability) and mechanical property (tensile strength) of the film were
evaluated using response surface methodology. The optimal film-forming conditions can be expected with pH 11.4 solution,
10.7% WG addition and 57% ethanol concentration. Under this conditions, the oxygen permeability and tensile strength of
WG film were 20.74 meq/kg and 12.98 MPa, respectively. The morphology of the WG film was characterized using scan-
ning electron microscopy (SEM) , atomic force microscopy (AFM) , Fourier transform infrared spectroscopy (FTIR)and
thermogravimetric analyzer (TGA). The results indicated that the surface of the resulting WG film was smooth and com-
pact. Such film can be used as edible seasoning packaging materials in instant noodle products. After 45 days of
preservation, the appearance of the oil, powder and vegetable bags was still complete, neither the peroxide value (POV) nor
the acid value exceeded the national standards, and the water content of the powder and vegetable bags was lower than that
reported in literature.
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Fo [ B4R BRIk 30 7R, Hpm ks T 540 T A
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AR, W T A S X IR LR RN A Rl
BHATE R, AT 1z T AR B W R b | Rl e |
THIKE BT AL RE T I B A A5

D5 T 7 B F B A A R S & S
B T ET5 S TS AR R T A 2R
HH AR AMFECR B R S0, 5T AR
il £ 25 A X6 /N2 1T A 2 1 (WG) ] £ B HLAR P E AN
REL I 1A R P 52 0 5 R D i 7 TR 92 10 A e o e A e T
254 M SEM,AFM  FTIR fl TG FEXF WG
PEEATRRAE. FECIERE b, F98 WG e 5 {68 i DR
IR, B Tl A P R AL RS AR A

1 FRS

1.1 ERE5EE

Sk GEEB SRR 70.73% ) , KA Al & e
E TRHEAT B2 Rl 5 A0 38 o [ 7= o Fr i, 124
b2 AR AR R oK, 52505 [

UVmini-1240 BUERAM-0] WL EET, REEER
AL AN A PR ] 5 KQ5200DB B 75 I i e 7%
Bl s A BRA s TAXT. Plus BYFAG{Y,
JifE Stable Micro System 23 F]; XL-3 FlHiH ¥
W, KA 3 ISPM-5200 AU W isss, H
AHL T/ ; VECTOR 22 Tl B A5 341 A3k
e TR A TGA Q50 MU /MY, £ TA
1.
1.2 INEEHEL (WG) TREH&FiE

FRE—E Aok, A 3 mL H Il A —E e
) 2, {#FH NaOH #f pH & Z= 6, 80 ‘ClEIEHIFE
30 min, T 16 kHz T %R 15 min, H45 (0.09 MPa)
A 10 min, Hl75 AR S 10 mL AR R (3]
16 BRI EEAR (15 em x 15 em) b, Y5467, 60 ‘CT-
Bt 2.5 h, BUR S RAETAHXHEEE Ky 54% Y tEn 8
.
1.3 FEMEENIE

Pr b o FE S W 24P KR ALY GB/T 1040.1—
2006 BTN 5 AKFE B RRYE GB 1037—88!
HAUAR I A T I A 5 AR 1 R 44 B SR [
PN RE 5 334 IR SCRR[9TAG 5 I E A 0 5 5 3B Th &R
B BESCER 10104 704 Tl

AEHEAREEE H335 FH3W

1.4 BRZELEIEIT

g pH(5.6.7.8.9.10.11,12) \FEAR
hndE (8%, 9% 10% . 11% ., 12%) . ZEEARF 8 (30% .
40% . 50% . 60% . 70%) FIHE 7= Bf ] (5,10, 15,20,
25 min) X WG Al & BEA | Aok R KZE R E
B2 SN ITE AVAT L4 AN TV LB I NG v ot OB v 1 Ep A L M G
(R FE ).
1.5  BEND R L8t

TEFR R R s ALl |, R Box-Benhnken
SRS, B pH L R CIANINE: | ZFERF 4L
HEAT 3 B 3 7K Y- L T S K
1.6 FERHEEERRE

SR A 1 L Sl R 5% I 3 T R L8 o e
ShR, M2 T AOIER B 1.0 kV, CRAEEL
800 £ (WD) . 3 000 5 CF-1H) 5 R EF I W Adga ik
— X R AT A R AR S BT 1 em x
1.5em Frk, FIRUHREIGEEZD & L, FER X
T, REE 5 pm BRI BEREE AR, USRS ; R
FAAE B AR S 2T A A BS54, FIIFH ATR
S B , 05 SRR 400 ~ 4 000 em ™! FIRISOGTE , 94
UOBCH 32 UK, 23Ry 4 em™ 5 SR PP A3 HT {3
JIES ) P EE SE ML RE S L 10 "C/min 19 TH IR R B
40 CTHRZE 600 C, L Ny R, FEG TR 5 ~
10 mg.
1.7 FE@mARSENELE

B WG BEFBTAL 7 cm x 7 em FIR, SR A ETHL
HEAT =30 A, 3 ORI B ER TR
B ATRRML b WS 3L 8 R R E T
25 °C  AHXHEEE Jg 33% AREIR RS R, AR 45 d,
b 15 d I i EAE | R SO L AR
KA. KA E R A AR EAR S GB/T 5009.3—
2010 HEA TN 5 5 BRANARYE GBT5530—2005" 47
I
1.8 HIELE

K F Origin 8.5 A%} SIS K F TR K 5y 22
5387 (one-way ANOVA) , A[a) - BbE 2R Fidis 7] A i
FE2R (P<0.05).
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Tab.1 Effects of pH on film properties

pH AARBEIL % (meqkg ™) KRR B/ (grmm:-m™>-d"-kPa™) YUPLE E/MPa PSR /% BERI%
14.42 +0.73° 1.192 +0.074° 1.767 = 0.012° 184.87 +11.53° 40.00 = 0.65°
9 16.44 + 0.45° 1.317 £ 0.076™ 1.416 = 0.086° 201.95 + 6.08° 42.22+0.07
10 19.43 + 0.42° 1.590 + 0.099° 1.894 +0.167° 193.44 = 11.05° 49.95 + 0.89"
11 18.23 + 0.74° 1.516 £ 0.048" 2.639 +0.092° 273.99 + 16.37° 39.40 +0.32°
12 19.14 + 0.55° 1.409 + 0.036™ 1.600 + 0.105™ 196.66 + 0.87° 37.71+0.18¢

2,12 B GR A bR 6 ¥
HEABIEXEIERERR IR IR 2. BEEAR
IR ZETHEIN, AR R BRI TR
o, EEIIEAE 9% RHAFIRAL, BEETHARE
AR I I A9 480 565 R AR B R B WA
P am 2 18 B A S, W R R R N
s ORISR, FTEE AR 10% I iE
TR EIHARE M. X AT RS TR B
(AR A R, IR P A 2 501 R L [ 4R

OYRL, oy REE R L2 D, DR REL AP A H A
Pos. BERE AL, 25 ROV & A R
OrFRCHSEIN, 23T (A RERE G0, 5 R R AE |
PUBRPERERF 2R T}, M E SO BE— 2480, 25
By ¥ IO e R, SRR E P R ) |
SRPTRLSH LS vy | FHERPERERE N, EUR i T EE A 5o
TRA SRR, BRI IEREA R, Hik
g SRR
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Tab.2 Effects of protein content on film properties

B ETINGE/% ARBIEHR/ (meqkg™) IKFE Bt/ (grmm-m™>d " -kPa™) BRISREE/MPa LK /% BEIEI%
8 2720+ 0.77° 4394 +0.223° 3.595 + 0.024¢ 76.04 +0.11° 43.10 + 0.49°
9 22.85 +0.39¢ 3.089+0.113° 5.511 +0.298° 6.39+0.21° 4391+ 1.36°
10 23.93 +0.16% 2.371 +0.094° 6.190 + 0.306° 7.82 £0.26° 53.34 +1.22°
11 25.63+0.13° 2.002 £ 0.371% 5.954 + 0.064° 8.99 +0.36" 40.69 + 0.20°
12 24.56 + 0.53% 1.617 + 0.005¢ 10.432 +0.033" 7.23 +0.09¢ 35.08 +0.23¢

2,13 TEARRS BT AR H ¥ vh
AT BN IEPERE RSN DL 3. B L
PRFR BN, SR A B Bl e B R )
B, TECTHATRSI B 60% B IR B IR, B A L
B ECT B AT A B EVEREAR ; K78 B
ARE eI/ NGRS, 1E LRI ECE 60%
I AT SR AR 5 PO 568 B2 SE 0 i/, 78 L BEARR
IR 60% IIE RO, 2 T H Al L W AR
OPECRIBURLIRIE 5 Wi R B B2 55 3D
AL BLSE I/ G R B B, 1E LR R B
50% WX Bl AR, X AT RESE h T/NE A E A T &
WEdE A G, BEE CBERT & LU BRI O, B T

A7 B EE VS A | T 22 48 2 v T I, 7E 2
FEIRTRA R 60% B, ISR R AR 544
EAHIAE, BRI NE AR, LEARF
B K, KRR, A R A B B b, &
AT A E], BERUR S 32, KRR B
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15 min IAFIER/IME, @& T I A I ] 5 K75
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Tab.3 Effects of ethanol concentration on film properties

LR % A ET R (megrkg ™) IKFERIBELH/ (@mmm™d"kPa™) BUhiimEs/MPa WAL 2/% BR%
30 23.07 +0.10° 2.697 + 0.306° 3.010 £0.044° 15026 + 7.98" 51.94 +0.42°
40 21.09 £ 1.16" 2.949 +0.073 4240 +0.130° 116.14+10.97°  40.13 + 0.46°
50 19.35 +0.82° 2.265 +0.087° 3.931 +0.031° 11525+7.76"  39.12+2.42°
60 18.14 £ 0.08° 1.078 +0.034° 5.158 + 0.136° 105.93 £4.98°  44.67 +0.87"
70 19.27 £ 0.47° 3.979 +0.291° 2560 £0.087°  106.65+2.22°  4592£3.21°
8 7 B ) S B 1 i A 2
Tab.4 Effects of ultrasonic time on film properties
I E/min - ASED %/ (megrkg ™) IKFESELH/ (g@mmm>d " kPa) HUPLHREE/MPa T /% B
5 21.56 + 0.04° 2.397 +0.090 5.528 +0.200° 9.92+0.11° 39.13 +0.06
10 18.09 = 0.69" 2.678 +0.053" 7.425 +0.552° 8.88+0.81° 40.88 0.07°
15 1332 £1.21° 1.996 + 0.030° 8.475 + 0.085 8.55+0.19" 36.99 + 1.08°
20 17.66 = 0.06 1.669 +0.227° 7.025 +0.156° 9.89 +0.38™ 35.12+0.514
25 19.50 £0.53" 2526 £0.216" 9.540 + 0.416" 5.81%0.36° 36.35 + 0.06%
P ERRTESS BT B0 T 8 R T %6 MEETHER
”% @I ’ 1@:@5{%1‘&@“ i ’ GE‘EUEJE Eﬂﬁ/ﬁ“ﬁ Eﬁ% BE{EE‘% Tab. 6 Results of response\sul:face experiments
2.2 ImMREEIT SRS R REIESLE POVSPL R T——
HEHEE S TEVHIR R 1SS B2 A A TS0, 45 R G4 B % ume
% 6. S B SB IR  HURIREE A, A T 1 0 o an 0502
ﬁﬁ'ﬁ:xﬁ}]ﬁ?ﬂa‘ﬁ%iﬂ:ﬁj‘ IEUEI ﬁ*ﬁ‘ ’ @TL:W\“@E‘Z @Uﬂ%‘i 2 11 10 60 21.82 11.470
B, AR R BE R (1), FEXT RN 5 F2 E 3 12 11 60 18.88 9.508
T ZDHT, a0 7.3 8. 4 /8 pH, B & 4 210 55 21.58 7.597
INER NI, C R OFARFU L 5 1 1 55 21.66 13.880
PLUARAGE 2 m AR, 2B A G, 45500 6 12 9 60 25.19 5.262
S oIV A B 7 11 9 55 25.46 5.566
Y=2137-0.864 - 1.50B + 1.54C - 8 10 10 65 29.54 2.879
1.044B - 0.27AC - 0.01BC + 1.714° + ? 10 o 60 2591 3725
) 10 11 10 60 20.79 12.549
1.38B% + 1.72C° €))
11 10 10 55 23.16 8.144
x5 MEEIRIZTESKES 12 11 10 60 2323 9.398
Tab.5 Response surface experimental design for WG film 13 10 11 60 25.8 4766
preparation : 14 12 10 65 25.18 5272
lﬁf m” 7%_ ” 15 11 11 65 23.45 2.755
R IR % 9 10 1 16 11 9 65 27.29 2.785
LR 5% 55 60 65 17 11 10 60 20.46 13.453
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Tab.7 Anlysis results of response surface experiments

P 3 ERFM HBMBEE ¥WHEZE F{EA P BEME
TR 101.14 9 931 734 00077 @ **
A 16.85 1 588 464 0.0682
B 18.06 1 18.06 1424 0.0069  **
C 23.12 1 18.85 14.87 0.0062  **
AB 433 1 433 341 0.1072
AC 1.93 1 028 022 06522
BC 0.0004 1 0.00  0.00 0.9863
A 12.76 1 1225 966 00171  *
B 7.57 1 797 628 0.0406 @ *
c 1290 1 1239 977 00167  *
B 2% 8.42 7 1.27
P 640 3 229 453 0.0892
LRI 2.02 4 0.50  7.34
S 109.56 16

. *FOREH (P<0.05), **FmRi R (P<0.01).

R 8 LAPUHL R FE o Wi iz B A i R TR 43 47 45 SR

Tab. 8 Anlysis results of response surface experiments

e SR AmE ¥z P PE BEE
fEEY 194.58 9 21.62  7.64 0.0069  **
A 8.25 1 825 292 0.1315
B 23.02 1 23.02 813 0.0246 %
c 57.76 1 5776 2040 0.0027  **
AB 2.57 1 257 091 03726
AC 2.16 1 216 076 04112
BC 17.41 1 1741 615 00422 %
A 29.79 1 2079 1052 0.0142  *
B 23.98 1 2398 847 0.0226 @ *
e 20.92 1 2092 739 0.0298 %
5k 19.81 7 2.83
AU 8.57 3 2.86 1.02 04737
gz 11.25 4 2.81
Jagill 21439 16

. *FOREHE (P<0.05), TR (P<0.01).

AR R =0.904 2, B:ET 1, B ARk
{EREY 55 S0 P 5 U

X B A A ST R R B B B (P<
0.01) , VLW AU 7 2 S 5P affT, HiRZH/D. 1
BRI, EEBINE | SEERF RO AT
B AR F . TR ST I, 3
FO A BE LRI T Ny BRI B> A
A >pH. R, pH BN | ZEHAR
OB AR B A B2 (B D . R P =

0.089 2>>0.05, A3 MR {48 5 R AL CV AL,
7 4.64% , Ut SR E 2 AT S 1.
PABTHE 0 BE i AR, 2 BB , 455256
RS VA EN AT E S|
Y=10.86 + 1.024 + 1.70B - 2.69C +
0.804B + 0.704C - 2.09BC - 2.664° -

2.39B%-2.23C* ()

XA R*=0.907 6, 5T 1, BEBIHTHE
FEREIY 5 S0 A T

X BT B A ST R R A B (P <
0.01) , ULBHZ UG 7 15 SEPrAafT, HaRZER /M.
GO RIS IR PUh R B
O FE RT3 B B P o B R i il I 25 . EBE BRI 5
BSYE DY, X PR s B i s iy o 2 BEARFR 45>
EEBINE>pH., —RIiH, pH EARINE . LB
B BOSBThIR R B (K] 2) . s HIiHh
N A 2 B AR A3 B PTHas JBE R i . R
i P=0.473 7>0.05, N %.

R 7 A DA B T2 Rl S SR
PEAC)E RIS T2 7500, 75 SEPRiAE , IRAb S
M T AZH0h pH 1140 BTN 10.70% . LEHAA
FUYELST% . 9847 3 UG IESEEe. Hoh A E i R
WU 20.35 meq/kg, SZPR{H 20.74 meq/kg ; BT
S B PSS TR 12.434 MPa, S2FRE 12.982 MPa.
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Fig. 1 Response surface plots for the effect of interactions on peroxide value
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Fig. 2 Response surface plots for the effect of interactions on tensile strength
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2.3 MERREERRIRIE
23.1 AW EAE

ReJH SEM AL fie A UIE T 20 A/ INAE T A 2 P
AITOUE S, SN 3 vz, Fa LA /s H A9k
WLLE ALY AT B4 S et 3 B A SO R A — 1k,
/INZE T AT P RS A AR TRT B~ T SOUL S A R, /N2 ThT
R IR B, WA D S BR, JR B0
PRI , HUBRE REFIBHBR A BE QLAY K58

50 pm

(a) JEAUA (b) MEKIA
B3 NEEHEAENEHEERE

Fig.3 Scanning electron microscope (SEM) observations
of wheat gluten film

232 BT BB EAE

/N P 5 um x 5 pm F 70 B A A AR
BIF =4 B WA 4. )77 AR s Nz THT
AR BRI BT — o WARE L. @Rl HaE, AR
FAPEYIHUREEE A 23.9 nm, 275 HUHLREEE 4 30.7 nm.

B4 NEEHEORNBLETN=S4EME
Fig.4 Phase map and the three-dimension graph of
wheat gluten film
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Fig. 5 FTIR spectrum of wheat gluten film
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AR IR K 4328 R 5 1R 5 55 A HAREA# B
BRAAE 279.99 C, RE 17.68% , iX— B Bt i #5%
fife E R R TIE A AL & (Bt 30%) 25k
DR L IEE A W2 5 55 — I Bk AETE 342.85 C L 2k
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2 FH T 1 S A R O B B S . e e
S r B NE A A TG ML aivssie
AH—3, (BAE LSO 8 —BrBe 100 °C L 25 B
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Fig. 6 TG curves of wheat gluten film
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MG e, UG & A8 IR, TERE A7
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Fig. 7 Effect of storage time on lipid peroxide value
and acid value
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Fig. 8 Effect of storage time on the moisture content
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