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for the application of protease restriction modification technique
in corn protein. Methods: Corn glutelin was extracted from corn
gluten meal. The response surface method was used to optimize
the hydrolysis conditions of corn glutelin hydrolyzed by alcalase
and protamex. The effects of different hydrolysates on the foam
properties of corn glutelin and the additional amount on the
quality of chiffon cake were investigated. Results: The optimal
hydrolysis conditions for the protease alcalase and protamex on
corn gluten were: pH 8, temperature 60 °C, enzyme dosage 3% ,
pH 7, 0. 81%.,

stability of

temperature 50 “C, and enzyme dosage

respectively. The foaming property and foam
hydrolysates were increased. When the amount of alcalase
hydrolysate and protamex hydrolysate were 10% and 30% .,
respectively. The texture characteristics of chiffon cake were the
best. At this time, the expansion degree of chiffon cake reached
the highest, the hardness and chewability reached the lowest,

and the elasticity and recovery reached the maximum. In
addition, in this addition amount, its chroma was the closest to
that of the 0-addition group. Conclusion: Corn glutelin can be
effectively hydrolyzed by alcalase and protamex to obtain glutelin
hydrolysates with good foaming properties, which will be
beneficial to expand its application in the food industry.

Keywords: corn glutelin; foam ability; chiffon cake; texture
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1.2 WREAHE

121 ERAEAMBI S RIEHSED) Pk ik
R TR K B L )5 19 CGM B2 1 pH 6.5, I i e &
10 g/100 mL W/K I . T 65 CHEIRK AR iR,
MA 1 g/100 g (9 o-FE ¥ B JZ B 2 h 4+ pH 17 &
(0.1 mol/L NaOH) , BJ5 ¥ KB 15 min, % il T &L
(4 000 r/min, 15 min) , I A3 TTIE FH 28 18 /K PR 4 (3 10 5 Bt
ToMERET 7000 EREBRICHBE 1 :
10 (g/mL)],60 ‘ClEEME 2 h,4 000 r/min &.0> 15 min
(EEME 2 0O, B IR T B E LB L 1 -
10 (g/mL) ¥ F 0.1 mol/L NaOH, F 60 “C1E & /K& 1 11
TEAEAR R 2 h 5.0 (4 000 r/min, 15 min) , ¥ b
W HCL(4 mol/L)##97 pH E45 /& .4 000 r/min & L
15 min, JUIEH 70 %0 B Z REFNZE 4B 7K 43 B VE U 3 U, JF ¥
pH W[ % 7.0, 8 P18 £ R A E O E T B i 8o H i
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120 min, KfEEE 50 CHIS&MT % % pH {H(pH 6,7,
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37K R LL 0.1 mol/L NaOH 45 pH {H 18 & , I &
IR, A 30 min K B, KR W T 4 500 r/min 25 .0
15 min, i3 B RE T 5 . FR .

1.2.7 CGH TEW N EAEHIET R HEW 1. 44
Wi E KM, 1 1IRG 50, il A SRR B (IRATD 78 50
FEEIMA B ERFEEIN0E .M. BREW 2.0 CGH IR

2607 7160
1150
2401 €

#HE 1140 = ¥
2E D
ol 220f R
® g 1130 E5
= E=

200 1120

180 ‘ ‘ ‘ 110

7 8 9 10 11
pH

Ca) P A 7S5 00 2 9 P 9 TR A

BB . BRAMERSEAKBY BB RRE N

JnEE 0,10% ,30 % .50 %6 #B 43 5 A8 W il £ & 550, A
FTRAR BT Z UL IF 40 3 W A GE & A Rb B, 4T 2T
R M. BRAW 1 5RAY 2 Bk, # AR
H 150 CHHHl 30 min, El 4 BLELLH
1.2.8 BRERAENNE S REERSE Ry
AR AR K T AR R VR A A U0 T, SO
AR BN EE L o™ b7 JHP o™ B8R
], 0" k¥ A 1l
1.2.9  JOAEAETH M e S B0 E U O ik R
TEBE. W ERFT AR MK 5. B R 2 em 1 IE
iR P/36 R RSk UEAT &AM 4T . e S8 0 58
AR 5 mm/s, & B 10 mm/s, T 5 3% 10 mm/s, JE
HL 40% .51 & 7 0.049 N, 3l KRR [ 5,
1.3 HiEsbE

VIPEIE AR 2 R S8R, B RGEEE R
A3, S BiE ] SPSS 17.0, Origin 8.0 K Dx-8 %k 4 3t
7 ANOVA 23 M1 (P<C0.05)  [&] 3% b B8 Kz Wi 157 171 734 .
2 ERE
2.1 EXBEAKEBEGHRK
2.1.1  pH X [ 5tk R R R E R iR
B 1AL ke pH TR L. CGH M FA K FS #5 Ja7t
FE FRERaS, WE 1) FoR, 25 M E A §E K% pH
T3 pH 8.0 B, FA K FS # ik K, 435 4 (247.39+
2.48) % ,(149.11£0.96) %0 , B J5 /K i ¥ 1 FA & FS 8 3%
TR FE pH ik 10.0 J5 B WiV, WY R A HEE K A
Yt FA & FS 7E pH EJFZE pH 7.0 Wik & k. 20k
(348.80+1.63) %,(227.10+=1.34) %, b & pH Ay 4k L I}
w5 FA J¢ FS W3 T HEL7E pH 35 9.0 5B Wi P12, L
B 1(b), 3XJEH Tk MR pH (R 85T 8 A B Y Ok il
Rl DT 3 5 1 2 P i 1 B 5 A 00 B SR e s T AR 1 Y
1 RBOLS F R E AU A S 255 68 188 . K hig
B R S s e Rl W R ol 2 o N el o S

4001 7300

3501

L
[S5]
wn
(=]

©
S
S
Foam stability/%

i
Foamability/%
(98]
=
<

250+ 4150

200 . . . . . 100
6 7 8 9 10

pH
(b)) S48 KR R I M A R AR e T

FHRARF LR TE P<<0.05 K P F A REXER

A1
Figure 1

pH 2 CGH AL i M B 8 K A8 T M 09 % v
Effects of pH on foamability and foam stability of CGH

199



200

FF % B B DEVELOPMENT &. APPLICATION

WM B TR R S EFRAIG , Liang 2522 R 8 20 R 0 T
ARG . P, B Ol M 2 (LB K A pH 7.0~9.0 R & &
%Hﬁ@ﬂ(fﬁ’% pH 6.0~8.0 15 Ay jif T i 56 1) A 387K -

2.1.2 R BEEXTE AR LR E N h
2<a>7%u,é|w$§5%7kmmxf 45~55 °C i Hk
R FA FFS G218 I, MR EE ik 60 C I, H FA I
FS 2 M Tt & 3k B 0 {6, 47 il o (248.28 £ 2.49) %,
(146.62E1.10) 5 , IR BEAR L TH R 2 65 “C Y, H FA il FS
WBETRE. hE 2 a5, M52 & & H K R 7E
40~50 CHF, K@Y FA M FS 23 L AIFFERE R
50 °C A3k RAE 4391 2 (353.73 % £0.89) %, (230.29 4+
1.15) % MR 4k 2L -/ & 55 CJ5 H FA Rl FS 18 (%
%, B IR A e A R e B S M e B
it T I 35 VR 4% 1 T 2 R I R O L I S O R 4%
- i 055 1 32 S A R A SRR U KA R R I, AT
SBCH K i 0 R R R R R E R AL, 5 AR AR R
ST K S /N B R T AT 45 R — B, R I, 1 R A v AR
P Bl K il T 55~ 65 °C K B A R K R B 40 ~
50 “C A Ky i) 7 T 32 46 1) B 3K T

2607 1170
2401 R .\- 1160
=}
S S
3 2200 1150 219
e d g
# £ 200 / / \ 40 £5
8 g E
= =
180) 1130
./
160 ‘ ‘ ‘ . 120
45 50 55 60 65
B
Temperature/ °C

Ca) BPE 2 11 K 7R 400 F) S Y0 9 TR AR RE

B 2648 | 2023F 10 A | AR5V

2.1.3 0 it A R M R R AR B M R
&l 3 Frw , B & INEg LA 3G n, CGH /9 FA FIl FS # 2 %
HERJE /N AR fE fa 3. R B 3 Ca) TT AT, 24 B R
W E/STE 1% ~3 %0, K EI FA F1 FS B E/S 975
P TE L Y Rk 3 Y FA R FS 3k e KAE , 43 0
M (252.29740.66) %, (152.44+1.67) % , i J5 A B T F.
M 24 52 4 26 1 0 i 5 0.81 % P& 3(b) ], He oK iy

B FA Fl FS ik 20 0k (358.0842.92) %, (234.05+
3.78) % . ULBIFE Lk & BT, W 589 O 3 A b T 1
ARAS ARSI £ T B 5 R W AL T oo i RAR A B
il 7T R Ak A T DT (58 45 KA 4 100 7 76 4 R R AR
SEPEREAR  Klost STV 78 /K fff i & 25 1 i s & B0 T 3 b 3R
%, B EEEERE AN R2Y% ~4% R E A ENA
it SN £ 0.71 % ~0.91 Yo 11 S i 7 THT U 38 1) PR KT
2.2 MR ERLIRE

e B[N A 56 Rl AT e
IKFEWFE 1

R4 Box-Behnken Fﬁ&ﬁ i e 7 T 3 8 48 AT IR
WL A EE RN R P Sk E MBI R

IDATTREN: w87 TS I

4001 a 1240
—aFA ®. b
—~ s T~ 1220
3501 ;\ \: o
R . 1200 .35
) b ZH
2E 300 & 180 B
B § d %g
= « 1160 2%
2501 f/.
— d 1140
e
200 ‘ ‘ ‘ ~ 120
40 45 50 55 60
R
Temperature/ C

(b)) S A HE 1A Ak 490 ) 10 M A PR AR E

[F] — 5 hr F R R R R R AL S P<0.05 K P A REES

B E AT CGH AR M A AR MR

Figure 2 Effects of temperature on foamability and foam stability of CGH
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B & 2 A AT R (Y ) iR R e (Y. K
UNL R AT E R = 37 PR
(1) Bl S 0 K A7 00 T A o Tl 01 5
Y, =250.95+2.86A +2.8B +9.11C — 1. 27AC —
10.25A% — 11. 03B* — 13.75C? (R? = 0. 993 5, R4, =
0.985 1), (3)
Y,=150.13 + 0. 17A + 1.06B + 2.5 — 0. 55BC —
4.58A% —4.52B* —9.08C*(R*=0.992 3,R%;,=0.982 4),
4
(2) 526 58 T K A 90 90 A5 o 1] 01 5 72
Y, =354.27 —5.24A +9.37B +15.4C — 1.25AB —
28.6A% —19.99B% —20.15C* (R =0.997 2,R%; =0.993 5),
(5)
Y, =235.28 —3.18A +6.69B + 9.26C — 7. 18AB +
0.5AC+4.93BC —13.56A% —18.99B% — 13.63C* (R? =

BB . BRAMERSEAKBY BB RRE N

0.952 7,R%4=0.891 9), 6)

Xof b3 ] VAR A BEAT O 22 Ay B, A Rk 3 Kk 4
JiR o B R G S G AR T A [ A A T ) 2 3 R
P<0.01, 2 ATHA & 2 43 1) 4 0.58.0.74.,0.79 K 0.06, 1t
B J7 B 5 S Bl 0 AH A B 58 LA R O3, i nT A e 1e
VAL R X a0 2 R AT 4 A o 3 ik e T 40 A 45 2 B
EAMRET 440 pH 8.0, B IR EE 60 °C . il &
3Vo AEMARE T AT 3 KT A B S8, W A5 M R O
R KB FA 9 (247.45+3.90) %, FS 9 (149.94 +
34D Y%, HEIETRIAE B A M B AR ARt AU
A4 :pH 7.0, B 3R B 50 °C, = 0.81% . 7 Uk &5 14
T 3 WHE W E T g WA A R K fE Y B FA
J9(350.5742.83) %, FS (228.39+2.90) % ., 5 B if #i
U/ AR ST, 18 B o 7 TR A b 3k 55 i A5 08 B AR T A T 2 S
VGIE

F1 MEEREEERKER
Table 1 Response surface test factors and level table
i P R Tl HEE A
ApH  BIE/C CmEga/% ApH  BiliE/C CInlga/%

—1 7.0 55 2 6.0 45 0.71

0 8.0 60 3 7.0 50 0.81

1 9.0 65 4 8.0 55 0.91

F2 MEEmREBETRER
Table 2 Response surface test design and results
. A 5 A A HEEA

FA/% FS/% FA/% FS/ %
1 0 —1 1 231.85 138.53 319.53 197.52
2 0 0 0 249.32 149.39 307.29 194.83
3 0 1 1 237.44 140.10 294.74 195.62
4 0 —1 —1 214.91 131.87 339.53 220.88
5 0 0 0 253.29 151.24 353.54 230.48
6 1 0 1 237.65 138.87 308.73 197.94
7 0 1 —1 220.50 135.65 321.55 223.90
8 0 0 0 250.85 150.52 288.73 194.31
9 1 1 0 235.97 142.00 301.55 196.26
10 —1 0 1 235.75 138.53 357.16 236.37
11 1 0 —1 220.71 134.42 325.54 218.57
12 0 0 0 249.38 148.90 354.17 233.68
13 1 —1 0 230.38 140.43 350.76 238.82
14 —1 —1 0 223.38 140.08 355.73 237.03
15 —1 0 —1 213.72 134.08 285.50 196.61
16 —1 1 0 228.97 141.65 316.30 221.55
17 0 0 0 251.93 150.62 292.30 195.92

201



202

FF % B B DEVELOPMENT &. APPLICATION

B 2648 | 2023F 10 A | AR5V

®3 WHECBODRABERSTESR

Table 3 Variance analysis of alcalase regression model

-5 i 75 F fif P i

5 S R R A

FA FS FA FS FA FS FA FS

[ 2 749.42 633.49 9 305.49 70.39 118.34 100.44 <0.01 <0.01
A 65.49 0.24 1 65.49 0.24 25.37 0.34 <0.01 0.58
B 62.50 9.01 1 62.50 9.01 24.21 12.86 <0.01 0.01
C 663.39 50.05 1 663.39 50.05 256.98 71.42 <0.01 <0.01
AB —4.55E—13 0.00 1 —4.55E—13 0.00  —1.76E—13 0.00 1.00 1.00
AC 6.48 0.00 1 6.48 0.00 2.51 0.00 0.16 1.00
BC —4.55E—13 1.22 1 —4.55E—13 .22 —1.76E—13 1.74 1.00 0.23
A? 442.22 88.25 1 442.22 88.25 171.30 125.93 <0.01 <0.01
Bz 512.33 85.86 1 512.33 85.86 198.46 122.51 <0.01 <0.01
c? 795.85 347.20 1 795.85 347.20 308.29 495.41 <0.01 <0.01
BT 1807 o1 7 258 070
I AU 6.50 1.22 3 2.17 0.41 0.75 0.44 0.58 0.74
ali iR 2% 11.57 3.68 4 2.89 0.92

EEE 2 767.49 638.40 16

x4 EREOHEAERFESH
Table 4 Variance analysis of protamex regression model
R ¥y F {4 P 1H
A 5 K R F B
FA FS FA FS FA FS FA FS

A 10 434.65 4 851.22 9 1159.41 539.02 273.75 15.67 <0.01 <0.01
A 220.40 80.90 1 220.40 80.90 52.04 2.35 <20.01 0.17
B 702.94 358.32 1 702.94 358.32 165.97 10.42 <0.01 0.01
C 1.897.28 685.24 1 1.897.28 685.24 447.97 19.92 <0.01 <0.01
AB 6.28 206.35 1 6.28 206.35 1.48 6.00 0.26 0.04
AC 0.00 0.99 1 0.00 0.99 0.00 0.03 1.00 0.87
BC 0.00 97.32 1 0.00 97.32 0.00 2.83 1.00 0.14
A? 3 445.19 774.40 1 3 445.19 774.40 813.45 22.52 <0.01 <0.01
B? 1683.33 1517.88 1 1683.33 1517.88 397.46 44,13 <0.01 <0.01
C? 1709.10 781.85 1 1709.10 781.85 403.54 22.73 <0.01 <0.01
T 290.65 24076 7 424 3439
AT 6.30 198.38 3 2.10 66.13 0.36 6.24 0.79 0.06
afi R 2% 23.35 42.38 4 5.84 10.60

PEN=P 10 464.30 5 091.99 16

2.3 CGHHERMSaXBEY
R0 W) 7 17 32858 T A5 3 1 A % R 3 R OKR 4 R 1 ik
AT K e, W0 A5 Bl 25 1 K e B A (15.754£0.68) %0, B A
B K AR B R (15.55020.68) %, I A 174 2 3 41 1 vl A
FEMEIE 4 R,
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Table 5 Effects of CGH addition amount on chroma of chiffon cake
K W/ Fe T B
% L” a’ b L” a’ b”
ACGH 0 75.3441.06% 6.25+1.53¢ 44,2941.11* 87.4840.40" —4.,45+0.29¢  31.5440.59°
10 78.46+3.19° 4.704+1.942 35.59+3.50° 84.4940.23* —2.86+0.07¢ —2.86+£0.07°¢
30 81.4141.76* —0.5340.18" 35.42+3.25° 82.0440.71®>  —1.004+0.08> 28.46+0.38"
50 69.81£5.77"  —1.8640.44" 31.90+2.87>  77.51+1.91° 0.9640.07¢  26.0240.25¢
PCGH 0 75.3441.06% 6.2541.53¢ 44,294+1.11* 87.4840.40" —4.,4540.29¢  31.5440.59°
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30 75.5341.04° 6.5840.35¢ 44,1341.86¢ 86.55+1.27*  —3.1540.10¢  31.48£0.22%
50 83.4441.20* 2.044+0.77" 35.9744.21° 84.43+0.464 —2.37+0.42%  26.38+0.10¢
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