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Influence of alkaline-ethanol filming system for wheat gluten-based

films containing wheat-bran cellulose
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Abstract: Wheat gluten and wheat-bran cellulose were mixed into al-
kaline-ethanol system. The blend dispersions were used to prepare
composite films using a film casting method in this study. The effects
of solid-liquid ratio, wheat-bran cellulose content, the additive
amount of glycerol, ethanol concentration, pH values and xanthan

gum content in film forming system on physical properties of com-
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posite films were investigated. The physical properties contain tensile
strength, elongation at break, water vapor permeability, water solu-
bility and light transmittance etc. In the results, wheat-bran cellulose
could significantly enhance the tensile strength., and decreased the
water vapor permeability and water solubility. The highest tensile
strength was 20.44 MPa, which was 140% higher than pure wheat
gluten film. The factors of film forming system have different effects
on the physical properties of the composite films. The glycerol
content was the most important for the physical properties, followed
by wheat-bran cellulose content and xanthan gum minimum. The re-
sults have carried on the preliminary exploration to wheat gluten
composite films with excellent properties.
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24 h fRH i gk 7 d, Sl R EIRR E AR . i 5
HHEKZER BT RE
wyp — - v xd )

AXTXAP’
A
WVP— KZES BT ZE g/ (cm + s » Pa);
R A2 018 00 7 o 2 g5
d—JEBY RS em;
AAIIWiﬁI\&%[ﬁﬁwcm ;
TR Sk B () ) B s 5
AP——EFI i K 28 R 2% , Pa,,
(5) F ik B A U] B A W T L —
FT R €6 0L X AR Y0 5 B AR E 600 nm &E@ﬁk%{ﬁs/ﬁ#

A LN E 5 U SO T H s (6) TR R T
o 710gT61](7
R = 7 (6)
o
R—— & W BEE 5

Tsoo— W+ 600 nm &b 1935 3F 5

d— R cm,

75 WA R A R A, 9 A T3 W i /s
1.4 HiEKBES5HHF

JT A H A 45 S DAV 9 £ bR o 22 08 KR s R SPSS
20.0 1 Origin 9.0 #R44 E 47 504 b 38 0 2 &5 R ) O 22 43 #r
AT Duncan’s £ L E 00T . B 2 K7y P<<0.05,

2 #iRkSe
2.1 B X 5 A B A BE RO R MR

E1RFEIE BR T AR B X E G B TS EAB,

F1 HBELNESEEAEE.QKEKBEMKESELTRE(WVDP)H

WVP KKV MRS W S 0, 45 SR R 0T, bl 25 kL
WL B3N S A B TS 2 AR Y # %5 EABL &K it fLE
A 3 2 e 1 A KU R R SRR AR FE e (B R IR
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Figure 1  Effects of solid-liquid ratio on TS and EAB

of composite films
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Table 1 Effects of solid-liquid ratio on transparency, moisture content, water solubility and WVP of composite films
BHE H (g/mL) %W e FoKE/ % K % WVP/(X107"# gecm™! » 57!« Pa™!)
1:8 4,10440.111° 9.16+0.04¢ 22.7240.53% 1.545+0.023¢
1:9 3.93540.051° 9.314+0.14¢ 22.1040.10" 1.550+0.002¢
1:10 3.72640.025¢ 9.334+0.16¢ 22.0940.02" 1.501£0.0244
1:11 3.70740.014¢ 9.7640.28" 22.5740.22% 1.746£0.027°
1:12 3.635740.035¢ 11.01+0.39% 23.23+0.30° 2.08540.008%
T FHAFENE 5B R R 2 57 83 (P<<0.05).,

14



B R

2018 % 3 #

R2 EHARLSENEFEEPREE.SKEKBEMKESE

TRB(WVP) M

Table 2 Effects of wheat-bran cellulose content on transparency, moisture content,

water solubility and WVP of composite films

EHAYE AR/ N % Al ok % KL/ % WVP/(X107"# g+ em™! « 571« Pa™!)
0 1.86640.075" 10.93+0.42 22.3940.09" 1.665+0.024"
10 2.06740.126¢ 9.8640.14¢ 21.64+0.57< 1.66340.008"
20 2.97640.0774 9.7240.054 21.00+0.534 1.63240.023"
30 3.75340.078¢ 9.7040.214 21.4540.444 1.512+0.044¢
40 4.076+0.052" 10.4140.27" 22.75+0.68° 1.68140.053"
50 5.07240.092¢ 12.40+0.47¢ 26.6640.38% 2.02840.114¢
T RS NG T REFROR 22 5 3% (P<C0.05) .
nf e dh 710 WAL
gl N\ T BRI - 1120 I 37 U 15 7 2 2 e 4 A T A 3
£ 4l 1100 :M T [ S 4R Y Az B 4T 2 5 A7 0 ik (600 3% R4 T o -
2% 16 . 180 Z ¥ LTI b PR 22 5k 2F 4 19 € 3 4 R I th o (0673 52 45 I
St N o EE wmesRER, E%F@%ZV{%
£ S {EC 2.3 BB E A B AR
op -~ S~ L Kl 3 fk 3 j]ﬁym%ﬁugﬁi &I TS.EAB.WVP, %
T KAk K PR BB . A B TS Bl il S
0 1020 30 40 50 B 0T A6 L LA 3 9 ik £ 34 T 84 0, WP
IR Y i
Wheat—bran cellulose content/% K KA B R B Tk S g — H 2 B
CEEES Sk Eﬁikﬂ%wﬂ%f*@sﬁwﬁ R s TR — RN T ROBH L 5 S TR A K4y

(EAB) #9 %=
Figure 2 Effects of wheat-bran cellulose content on TS and

EAB of composite films

3. TS 5230 S6 38 0 )5 B A 1 it ¥ EAB — B 2 /)
M WVP 3K i FUK I 2 e o s, &
B TS ZELF 4 & &y 40 %0 i e K AH - 2y 20.44 MPa, AH %¢
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X BEAH B 22 R B 3 (P<C0.05)
WG TEPE CWEVE W A BT 9V M 50 8 B B 4
T 101 1 100 2% 55 K40 , 27 Bk 2F A Sy /N JURE T A 2550 i 3 7 31
AREG A 25 BR2Z 0], T B N BOR 0 o F 450 s Z ke e B
ik m K BE 4y TSI i FREAR B RS R BT, A
RGARBHRED SRS WG 4T RED
KW RIS LAY LA BN T B A BB AT
REH TS KT EAB, WG 5 22 5k 2T 245 % i 1 8055 JH 45
PR K ZE S F BN B G B AR R i 37 K T AL
PHS KR, L KRR T B A
WVP {8, BHAK YRR B4 5 . R, 0% A5 i s e 3 2
BN EKEAKEE Ky FFESBELEARE S TEA
JRBE 2 ), 22 BR 4T 4E ¥ 0k 5 8 1 PSR SRR T L (15K 7 O
BT LG 2 A Y &K S RRAR BRI, e 4
R AR TR RS WG TR S a4 1R
BT WA A b S A B R D SR g TR R
AR FE TR TP 46 25 0 P A A S 3 D S B0 1Y AR AR A AR
B A2 A B TS T R WVP (E ] 8 75, & 7K & Ak

THEZ 8] BN T 8 A T (8] B4 R 2% S5 4 58 0 T 1]
FIEAR D B 7 IR =S S 8O A TS AR,
EADB S0, K ¥ o 38 o H il A T A 1 i 2 U5 ] A
AHEZS B AT 360 T K 28 Y & 3 L 1S WVDP BT,
o T H T BA R K. S BUR & R &K B
ERIRZS) Rt E R by INIR: ) O I T D) | PN 27 N 2= 24
ROy T HE WA EAR T B AR T 5 45 B8 0 45 52 L (815 52 4 i
11 e i 3k S AT 3 B A B 3
24 ZEREXESERMERKRM

Hi & 4 AT BE £ B E R 3 R 2 A A TS Se ok
JE W/ EAB B R B R R, TS 7E LWk A

30 %M ke KON 14.44 MPa, M3 4 F H LBl 2 B9 5 138
40 7150
35t khjw R
—a f .
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B g 251 130 § %
= 30 5w
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\. IS-
5L ——
0 T 0
10 15 20 25 '30
s
Glycerol concentration/%

E 3 'ﬁ'/éﬂ/ﬁ"/]azxj_il\}]%;}’iL;§ (TS)%"L)T

10k £ (EAB) % % &%
Figure 3 Effects of glycerol concentration on TS and

EAB of composite films
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Table 3 Effects of glycerol concentration on transparency, moisture content, water solubility and WVP of composite films

HamaE /% EWEE ER S A4 KEE/ % WVP/(X107 " geem P esTtePal)
10 4.168+0.050"  8.13+0.19¢ 18.76+£0.13° 0.88540.028°
15 3.86740.083"  8.47+0.16¢ 20.02+0.24¢ 1.051+0.022¢
20 3.71340.060°  9.2340.14¢ 21.2540.36¢ 1.51140.007¢
25 3.53940.098¢  10.29+0.23" 22.7240.22" 1.978+0.040"
30 3.273+0.127¢  11.71+0.23° 24.25+0.31° 2.96140.170¢

PRSI ANG R % 5 % (P<0.05),

KGR WVP &K K 7 PR 5 B 56 e AR5 39

20 7130

8 7 01— T 0. g oL

WG 5% h 32 48 2 442 B2 1 AL 2 T AR Sier o P
8 25 G v 22 T BV R A R T B L 8 — o S ab L " o £ o
55 IS R 20 85 L2 0k 2 4 A £ o 5 i o 02 B % E 71 \-\ £
Gt LR RGN AR PO RS TREMAMRE T 7 4 " 1P E=
5 WG BRI A B W 5 I 245 10 0 DA T ol 1o &
545 1 BB P R L BELAK P K I . 3 6 2 I 0 2 3k 2 2 6
B VA T € 3 0T L I A I B O b B A T 20 30 40 50 60 >
35 1 I i 2 O O 0 38K T bl como RS

G PR R, B SRR B 3G, B A R EE 2 B4 B EN AR AR E (TS) fe i 2L
0 W o T 5 1 4 2 T 00 TR 2 L S 0 5 4 I 1% % (EAB) 8 %
WS WERE . XEFE AR OBk E &, T R R Figure 4 Effects of ethanol concentration on TS and
HEEV 5 790 7% R R R sk D5 e A A R S BV FE R i L i EAB of composite films

K1 ZBREVMEGEEVREME.SKE KAEMAKESELRE(WVP)HEE

Table 4 Effects of ethanol concentration on transparency, moisture content, water solubility and WVP of composite films

LR EE /Y B EAE kR Y KiEHE/ Y WVP/(X107 2 gecm ! es ! ePal)
20 3.47740.072¢  10.95+0.01% 24.1941.047 1.595+0.010¢
30 3.61140.053¢ 9.7840.13" 22.3540.47° 1.48140.0444
40 3.929+0.179" 9.3840.22¢ 22.29+0.11° 1.45140.010¢
50 4.59340.179* 8.9240.094 20.7740.16¢ 1.750+0.012"
60 4.662+0.153" 9.7040.24" 21.57+0.414 1.97340.083%

t WFIA NG F 8RR 22 57 8 3 (P<0.05)

I Xof 52 TSV A1 3 ) A R S o 2 T I T 8 A 2 O R 20 . 135
) gL e HUhERE
TR, I T 130
2.5 (K% pH x5 & B AL 1 B = — 15 2
&% pH EXWNE SR HEHBE:JE o " § 14 ./ \:\. 25 E 4“;
5 F 5 R T RS IR R pH X 8 B TS, 5 'é“ 12 e
EAB.WVP &k h KBHERB Lm0, # KR pH ST / 15 £ 8
HI R EA B TS.EAB 2 3 Je 38 K5 w8/ 18 % ;é 6 ~ 110 é
HEABM AR ¥ . LA TSIERR pH A 11 6, 3% 4 / Is
BHf 14.89 MPa. {K % pH i 11 i EAB(19.72%) oo | | | o
pH Jy 9CEAB=1L79%) (4% T 10 A, th# 5 a4 R
AR WVP LK s oK 7 RIS 325 W) RE 40 52 90 i SE R IR H5 thZ pH LA E A B4 45 0% E (TS) Fo i 3
T

1K & (EAB) % %R

WG I & 22 4 8 M 22 Wy 8 R 25 W R 4 3 O 4.0~ Figure 5 Effects of pH values on TS and EAB of

5.0 F1 6.5~7.0. 3 5 1% T BR SR . X WG il b IR ik
16
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x5
Table 5

FRPHEMNEAREREE.SKE KBEMKESELIRH(WVP)HHE

Effects of pH values on transparency, moisture content, water solubility and WVP of composite films

& pHH & R K E/ % K/ % WVP/( X107 geem ™! e st «Pa™l)
9 6.78240.131¢ 10.0540.01" 24.58+0.24% 1.62140.025"
10 3.668+0.043¢ 9.7540.28¢ 23.35+0.48" 1.559+0.029¢
11 3.83540.0454 9.2340.144 21.354+0.36¢ 1.50440.001¢
12 4.3614+0.095¢ 9.6440.09¢ 19.99+0.30¢ 1.59440.019"
13 5.957+0.167>  10.924-0.07¢ 25.04+0.36° 1.933+0.043%

T SR NG T B R 22 7 3 (P<<0.05) .

HEAT 38 i R AL B, T 0 2R 7 5T 43 PN S 1 1 A LA AL
P R R A F IR AR R ). TRVRE S B A 1 AT R
THRRRE RN BRE FHTHRAORME LT, 55
BAMEE BB EMBH N E A B, 5REW. &
pH 2 11~12 i}, B G R R s Rtk fe . TS 1 EAB
FAE WVP L E 7K S5 1K 7 P 0 B /0N (8 #8 Hh 30 7 B O 1A &
pH {E N 11 8% 12 i 1M Fifl 2 Bl 1 2% 18 A W7 3 K, i 22 Bk 47
YR IVE A 5 TS i LB Ot M 2 A Y B
FEm R IMAEIR R pH Jy 10 B,
2.6 EERKAMEXNESELEENEID

& 6 FI3E 6 3% I s 0 0 Vs i %t &2 A B TS EAB,
WVP . &K i K PEFIAS 3 BB A 5% . 38 S8 7 o AR
AR TS A EAB S0 i 3 (P<C0.05) , B (A 1 BH i3
S AR . 28 JE RS A TR I i > 0.075 % B R A
HE B WVP Filig W B2 A8 4k 22 5 W 3% (P<<0.05), FHid, WVP
EHHEERIE T S AR RS TRAG
o EWRROMASSBHL. E4BENSKEZS AR
KR 22 5 3 (P<C0.05) L fHAS [R]85 J5 IR 8 i 48 =22 ) 22
N N

BRI R T BRI R M 2 MR B, RS Tk
R R B R AR B R B, Y pH (> 11
BF R A 4 R AR R AR Ak 2 I AR R v A e
A FRER ML, FEENRNET, BRKTS WG A
H R A FIY R R AP 1 B G BRI IR F o 3 155 I v g Rk 1) 43
PICE — B DA B 5 42 B 1 AL B M RE L BELK MR 55 . R
bW ER, AR NERRN. 2B 0WE SERHE
30 min, F ARSI UGB G DR LS FREZNH.
Fy TR R Al e A B AR R A 3 2 o A T R B

R6 EERFAMEMESRENEE. SRR KRBENKESEIRHE(WVD)
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Figure 6 Effects of xanthan gum concentration on TS

and EAB of composite films
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Table 6 Effects of xanthan gum concentration on transparency, moisture content,

water solubility and WVP of composite films

WIFKE/ % 7 W] (E oK/ % KM/ % WVP/(X10 2 gecm ! es ! ePal)
0.000 3.691+0.0244 9.5140.26* 23.4070.06" 1.575+0.014
0.075 3.66840.040¢ 9.40+0.37* 22.9140.32% 1.545+0.009
0.150 3.814+0.065¢ 9.2140.13% 22.24+0.08" 1.495-+0.036"
0.025 4.09440.097° 9.0340.30° 22.2840.11" 1.446+0.021¢
0.300 4.48240.046* 8.98+0.567 22.14+0.62" 1.587+0.031¢

t RAIAF/NG FEEF R £ 5 B2 (P<0.05),
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Table 7 The standardized coefficients and ¢ test results based on multiple linear regression analysis
TS EAB WVP % W B {E K oK i
TERETE bR P 1 A Il R P Y A ] . o Y A ] o bR [ R P A ] R o 4 A [ .
mgm T pae M g R e FE D pny R g R
FERA T 0.339  0.000** —0.823 0.000**  0.091  0.073 0.587  0.000**  0.340  0.000**  0.122  0.153
s —0.846  0.000* * 0.278 0.000**  0.838  0.000** —0.138 0.058 0.481  0.000**  0.558  0.000* *
&% pH A 0.003  0.929 0.109 0.011~ 0.132  0.011* —0.149  0.044* —0.121  0.151 0.101  0.236
B 0.109  0.003** —0.111 0.010* —0.184  0.000**  0.056  0.449 —0.043  0.610 —0.222  0.011*
WUk B —0.016  0.654 —0.001  0.990 0.139  0.007** —0.015 0.841 —0.249  0.004** —0.195  0.024*
W5 ST 0.033  0.348 —0.043 0.312 —0.013  0.805 0.117  0.110 —0.097  0.253 —0.089  0.299
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