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Effects of different modification methods on gelation of
walnut protein concentrate
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Abstract: In this study, walnut protein concentrate was modified
through physical and chemical Methods respectively. After modifica-
tion, free sulfhydryl group, disulfide bond content and surface hy-
drophobic of walnut protein concentrate were determined and the
effects of different modification methods on gelation were explored.
In order to obtain walnut protein concentrate with stronger gelation
potential, the appropriate modification conditions were determined
and textural characteristics of protein gel were also analyzed before
and after modification. The results showed that the appropriate con-

dition of physical modification(ultrasonic processing) was being trea-
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ted using ultrasonic power at 840 W for 6 min. The proper condition
of chemical modification (reducing agent sodium sulfite) was being
reduced using a 0.625 mmol/L reductant for 60 min. It turned out
that the ultrasonic modification was the more appropriate method to
obtain the optimum gel performance of walnut protein concentrate.
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B S, T AR R AE & 3K 4 TR A2 Bk Ve 45 7R 1O T R 1) AR AL
VA9 356 A5 05 B 588 32 A i P AR Bk W A R 1 SR LA R
PR e A ] R (A T A AR AR A A Ak i L 1
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30 min, B0 5 UT TR R T4, IDAS Bk vk 4 AR 11 & T K
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pH 1. PHS-3C B, 1R 2% B 2030 A IR A
1.3 REAHZE
1.3.1 BbeAFmE A ML SR k.
1.3.2 7 el Ak 2 2% 1 1 1

(1) 75 4 PR A 3 2 - 8 %0 3R 1B TR R WG B HE 9
AY05 TR P A0 T BL PS8 AR R AT A i A A TR 6
2 em 4b A T4 48 o0 OB, 43 BIHE 360,480,600,
720,840,960,1 080 W L F 4L H 1 min, ¥ VR T 1 )5 15 5
WOHEAZ ARV 4 B L W R R B A R S R K
i B K MR H

(2) P b PR E] A A AR A AL BEIE] B LA 1.3.2CD Y
R T X E A4 AL B 1,2,4,6,8 min, ¥ % T4 515
S WCPE B L I A R B A L G A Y e R T R
KT H
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1.3.3 30 Ji 00 S 2 A Ak 4 2% A7 ) B

(1) S0 B0 R 40 e A 0 o - BB 9.6 %0 B R B e 4 B 1 &
TR 25 mL fiInA — 41 B ARt SR 5 1] B A BE AR b 43 51 m A
5 mL ¥R & # 0.250,0.375,0.500,0.625,0.750,0.875 mmol/L
V18 320 5 590 S0 A R M VS L - o L IR T 4R 5 OB 30 min,
WA TG B B O I O R s A
i M R T B K AR L

(2) S0 12l Ak 39 B i) 6 5 < B 9.6 20 1 A% Bk ok 4 R
BRI 25 mL in A — LB AR L SR 5 1) A4S B AR o A
L33 il AR M WAL R BN 5 mL B F=IRT
AR KM 15,30,45,60,90,120 min, ¥ % T4 )5 15 3
WP R T D T L R B Y e R R T K
P E.
1.3.4 VrEsEM s R E SEIuikiil], 7
10 mL &4 8 mol/L JRER Tris—Gly(pH 8.0) I 5% ix W
(BT & 10.418 g Tris,6.756 g Glycine,1.169 g EDTA)
FIR AR A 1 h J5 20 (10 000 r/min, 10 min) , {# & F
K.

(1) ¥F 8 53 (SHe) 9 I &2 . B3 mL B3 A
120 pL Ellman’s i3 (400 mg DTNB % F 100 mL Tris—
Gly s i) IR A JG 8 5 min. F) 2 4040 66 B i1
TE 412 nm AWESBME . 7B ik & X (DI 5.

_ 73.53X Ay

SH; = o X 100% , (D

K

SHy—if B 5 & it , pmol/g;

73.53——10°/(1.36 X 10*) , F 1 1.36 X 10* 3k Ellman’s
T 7 B 3 11 B AR RO R AL

Ay,—412 nm 2 GME

C— FEamBE AW  mg/mL,

(2) BHiFE (SHo M E: B3 mL B3, mA 1%
B3 2 30 pLL APRE R ALIE 2.5 h FLFEMA 12% =R 2
B2 4 mL 4T B EUTEA B 1.5 h J§ 3.0 (10 000 r/min,
10 min), #& J& ¢ Bk LW A A 1226 = & £ 8 Uk % UL
3 FHUOER F 3 mL Tris—Gly ZZ b P I 2 mL
VA VR LA iR 25 3 1 0 S AT GE

(3) TR & 4RO

SH; —SH.
SS:%XNO% , (2)
IQEP:

SS— & i L% & . pmol/g;

SH— RS 5, pmol/g;

SHy— i B i & it pmol/g.
1.3.5 T B K PR AR BRI E ik R A ANS S8R B4
HEU Y ANS 5 2R [ e A B K X A e &
BN R A MR SR AG I 2R M R T B K AR R, R AR
ER T 0.01 mol/L A BERR 2% vh i W BC il & 1 mg/mL Y
2R JE B0 (10 000 r/min, 20 min), B b 375 & R %
Tl W 8 B WP 0 R AR, FFA 0.01 mol/L
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Y5 U7 S8 Ty ik o A At M 4 R 4 T

PO B TR 2 b i VA 13 R 40 0 R R 3] 0.200,0.100,0.050,
0.025 mg/mL. WA [ H BE 1AL 4 mL, 43530 A 20 pL ¥
B4 0.008 mol/L i1y ANS ¥ i (ffi 1] 0.01 mol/L,pH 7.0 f#y
BEFR 22 vh I R I D L IR A1 )5 # B 10 min I i 9256 43 066 i
PI s HL A 6R B A SR Y R BT KR 390 nm, ik
WA 470 nm, B J5 DL U< ok B B AR 1 0 vk B A il 4%
P il 28 14400 2 A 5 B Sy 8 P JOAE o () 2 T B K PR H
1.3.6 BBVt O A IR BE A A I L 0.4~1.6 g
FIRHE AT 10 mL 19 2% B F 7Kk 0.1 mol/L % NaCl ¥ Wi
KRR I AL T 4~16 ¢/mL B H . A 1 mol/L /)
NaOH J#+7 pH £ 7.0 J5 . R~ # S5 £ 60 min, 3 1%
B EF 90 CKIE P im# 30 min, IH 5 133 vk K i
REBZER,ET 4 COKFRAT 18 ho BUH J5 X 58 i 1 o 1k
AT A 1A B B 25 B AR I SR U S R 47 T
SRR R s AR T S — 7 A RE T U S . DA Ok
F VKT B T2 RSG5 JSE ) e MV B P VR B B AV O R A

1.3.7  BEHev e 28 A RS A PR I s AR TA-XT2i 4
O A (ST A% Bk e 0 R 1 U ) B R L M I B 4 7 kAT
FE o WS BRSPS BB R AR BT[] - 40 5538474
L TAP A AT AL -2 mm/s; WA 0.8 mm/s; M5
B2 mm/s; FHEMES .50 % 7 . 50 kg MK« =
W AR E 3 R EE AT E ., T HE w40 E

45
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B BTG T RS A PRy 600 WA 720 W i
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FARE . T EER RS BT EY. A 2 e,
BB KV A R B S R R R AR LA A R
K T A PR T AR 2 1) B A AR T A
S o A T 2R AT 1 B 1 AT S S R L 4R T
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WA A kT T T R A A DA SR 2 AR
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Figure 1 Effect of ultrasonic power on the SH/-S-S- content
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Figure 2 Effect of ultrasonic power on the surface

hydrophobicity index of protein
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T SEYRNR R BT SBU FHENT A R TR K
Gy FHEREME . DR GRS AL A E] 6 min Ay £ L G 09 U B
FAEE T HN 19.95 pmol/g, ZHRAE S H N 5.50 pmol/g, F
B K PR B 14.96.

2.2 TDHRELA &b 12 X5 AR 1 B B2 T

2.2.1 WHEERRBAMA RS E  hE 5.6 AT, 246 R A
A (<C0.625 mmol/L) F BT, 8 1 5T AP i 8 3 3 10
E IR, RS R T RSB B RE R, X Ed T
EIFEF G RITH T EA PN . A Eh
0.625 mmol/L B, 2 [ % i 17 25 3% 45 & 5t & 23.65 pmol/g,
HIE A AR S A LB T T 73.26 00 B S N
4.90 pmol/g, 5 JFf B Bk vk 4ii 25 AR L AR T 37.82%6 5 Ik
k5 1 5 A % T K PR R B 17,15, 5 5 AR B Pk e 5 AR
LIRS T 77.725%0 . ZJ5 - 4R S 38 W A5 Ak 40 A9 3 i i
T S A A A A R 3R B K M R B K
A B EVER AL (P>>0.05) , [H I, T 6 BR 448 B A A A
0.625 mmol/L,

2.2.2 W i BR 4R AL BREED AG W RN OA B E AR
0.625 mmol/L ) 2 F . fg & 7.8 AT, 24 4b 3 B [7] g 15~
60 min fi, 2 [ J5 I 225 4 3 A B R 1T R K M R B R R 1R
B, s RN R e TR 7R FR TRy
60 min B, 2 0 UE 28 40 5L % 5O 23,95 pmol/ g, 3 1H B K
PR HA ) 16,90, 5 n A% Bk 45 B (AR L oy AR T
75.386FM75.13 %, A R R 4.93 pmol/g. F R IF
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Figure 5 Effect of additive amount of sodium sulfite on

the SH/-S-S- content of protein
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Figure 6 Effect of ultrasonic treatment time on the surface
hydrophobicity index of protein

20

)
(=]
1
|
—
)

N
wn
T
=
(=}

z -

B E

—_— =

[ o~
ﬂﬂ'&-ﬁ;ﬂzo— B =% H
mé . E;<ﬁ
= 2E 15 v =EE
=g E =3 E&
&Kf« 3 - 2
= =100 “ gl
== —— B E

T e ? e

© ol . .

CK 15 30 45 60 90 120"
SV P M A R st 1)

Reaction time of sodium sulfite/min
B 7 WA AER B AR G R sk e
Bty R s R
Figure 7 Effect of reaction time of sodium sulfite on the
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Figure 8 Effect of additive amount of sodium sulfite on the

surface hydrophobicity index of protein
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P VE RN T 26 11 43 180 B4 A 0 8 6 0l 1 100 L 2 o %0 3 IR
HrP i ok e, B BT s e . B U B AL Ak
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SR =T s ) S W (£ N 2 ol 2 o G 2 B P e N
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RILE 1,

HIE% 1 AT, 24 pH 7.0 B, SO RIS 09 28 1 o 0 1K I
SRR B R B VR B Dy 12 00 B R A TE I A R RS 5
T 8 88 75 oM S B R TE R O 10 04 B B RE TR AT Y A

®1 EAREMERENRWE

Table 1 Effect of protein concentration on its gelation
characteristic
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Y5 U7 S8 Ty ik o A At M 4 R 4 T

TR U BAC 5 2300 DI 300 S0 T 0 o5 1 B AR VR S 10 Do B B A
TE B0 T B B A L A2 12 260 i RE TR AR 4 1) B Rk i . el
AL BV S A% Bk v 4 R AR 5 8 s R F S A
B A% Ak v 6 B 1 TR R Ol A A, R RS AL BRI R P
R 4 Ak 16 2 1 J Ok R O U I 5 R AR TR IO &
F o B K e L 0 2 o W B AR S s IS 2L R — o ok
W A & RE R 0 R B S B AR e I .
2.4 BEFENZRREEQZERASEENEID
O 0 R i R T R AR A M AR 2
J7 33X — M AE A T AR oy EET gk 2 Lk
P i e A Mk 4 R O T R LA W R L &
O g i 1 M R N S R TR I R L 0 DA A
PG I B IS B R K L BRI B N T 149.85 %0 LB R
FIBCHE R R RN T 26.22 % . T 25 78 JB 7 0 HE 19 7R 1 G
T E LE R A A SN T 97,95 % 5 £ O [R) ke 1k 5 i A B B
P I 1 S M OV 3 25 5 L R B O Y R P R R Y T
Y TR 8 St SR L R R
AT 66.67 %6 34 JRU R Bk B 1A 9 B L LE R A 2R 1
T 78.95 % s 2 AN [) e O vk Ak BRI R I I R 4 O
HRFEES AR E OB R A 0B R E TR
EH. B AR BERAS IR R E AT
92.5% IR SR P B M BEIR B A D R R A A B T
80% . Zify BB AL, A 0% U W R 7 T o A% Bk v A 2R 1
Jie 1 ) TS AR T BE R

x2 MUEFTEMERAREEAERREEAZE
Table 2 Effects of different modification methods on the

texture characteristics of walnut protein concen-

trate
FE il R /N e Fhah
JFIREA 86.22+0.98°  0.5740.02>  0.40+0.01"
BEMEER 215.4243.047 0.9540.03°  0.77£0.02°
WEF R EH 170.6742.38Y  1.0240.03*  0.7240.02°

T WSUA ) 7 R AL P<C0.05 1 22 53 B 5 1k
S

B P A ALk FELR I A R M A 3% T T A A VR A R Y
TR 4R U R S A DT 4R A Bk Mk 4 R P L

JREH P o CPE ST R EE 1 R R L L TR B 5 ) S A
E 34 S5O0 T AR P A R R T OB M R A 4R
FOLA R . T AR SRR A 2 R R P R R L R
I P R Ak B i e A Al Mk A A R I Py TR AL
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