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Abstract: According to the solubility of protein in an aqueous solution, salt solution, alcoholic solution and alkaline solution, four types of
different protein components were separated from walnut meal: albumin, globulin, gliadin and glutenin. Among which, the contents of globulin
and glutenin were higher (16.90% and 71.40%, respectively). The defatted and dephenolated walnut meal, glutenin and globulin were used as
raw materials to prepare the proteolytic solution, and the DPPH free radical scavenging rate and protein recovery rate were used as indices to
optimize the proteolytic conditions and investigate the relationship between molecular weight distribution and antioxidant activity. The results
showed that the enzymatic hydrolysate had higher DPPH- scavenging rate and protein recovery rate under the conditions: alkaline protease, pH
8, and enzymolysis time 9 h. The DPPH- scavenging rate for the enzymatic hydrolysate of the defatted and dephenolated walnut meal was
higher (83.29%) than those of glutenin hydrolysate (79.25%), and globulin hydrolysate (72.27%), with their protein recovery rates being 69.83%,
66.42% and 73.71% respectively. The peptides in these protein hydrolysates were mostly small molecular peptides, and among which, those
with molecular weights not more than 1000 accounted for 42.73% (hydrolysate of defatted walnut meal), 63.91% (hydrolysate of glutenin) and
55.10% (hydrolysate of globulin), respectively. It is speculated that their antioxidant activities may be related to the contents of small peptides.
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Fig.1 Separation and preparation of four kinds of walnut
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Table 2 Four kinds of protein contents in walnut protein
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A IR W R B B B S S
fREE B A, EEAUIN TR EEZ
bro HHIE 2a R, AZBRAS HE I E KUK E I e 2% 1
TERABWCER SRR, 1A 55.28%, 1EHHME S IR %
PE R A RISCRBAR A 42.05%, {H R0 2R (1 REREAR
TR DPPH- & BR R EhF, 155 49.18%; AJNEE i
S E 1 RIS A IR 54.46%, 1H DPPH I %
BRfI%, 938.66%. MZBRERER FITEH It 2 I Mg B 25 1
TEARCE SR, 53] 58.79%, ik AR T
A RS P ARG %1 T DPPH IR
AR, BVEEE EIREREA 25 1F T DPPHARIR R B, &
49.28%. MR ZARAHTEA AR I BERE A 5 1F N 2
FIESCR iR i, T8 41.04%; EHPEER AR A1 T
HARMCRERAC: FERE S A RERE A% (F ~ DPPH /&
i, A3 48.83%; fEXWRE FBENEA T T
DPPH- {5 IR B i

e =i e AR R R R B, TIRTE

R I B AR 2% 1F T T i o A 1 2 (1 (R0 %)
KTREAMBRES, XATAeE b T BRI & A
FHRE 2R, A EAMERE A B B idae
PE R RS BRSO
B BCR IR T A SRR EAMEREAY, RS
B ERIERE RO, BRI R AR A A
DR AR & A RS TR, X ATRER
BT HRIA PE A B R BRI VR I BR B (1 SR 25 ) TE G A
IS8 P U R i R 5 A T v A 5%

M DPPH-i& B4t E, =M kR Em
PR SRR 2% F N I 5k DPPH iR .. R A
ARG, B~ MIRIPT A E S HBUKEARDS, Bk
PERRK, PUEALRE SRR, T 2 i )
IMEIEBUK TR . ARRAR HAR R PR AR, B
PR BRI R A FICR AT AR, 7T Re AR &
1E pH 7 26 N HABE R IR FL SRR3R . T Lodid
AL Bl A 2% R P B A RN, R OR IR 1Y
DPPH-ERRIGME. Rk, 2567 iR Pemiit & LR
Rt A

2.3 tE AR 1A By A
80
60| ’J_‘—‘

40t

Z
20 - g
Z
Z

*
OO0
tetete

otete

AAAAAAAS

Nitrogen recovery ratio/ % &
LAANS
0% % 000 %% %"
""’
AR
Tetetelel

,
.0
®,

ANNNNNNNNNNNY
S

c-

O3 6h oh 3h 6h Oh 3h 6h O

=

Glutenin Globulin Walnut meal
b 6o
= 4 4
‘? 50F é
g é i
8 .
2 o4 ® L
on
]
E m Glutenin
z 30r - ®Clobulin
§ AWalnut meal
3
E 20 1 1 1 1 1 1 1 1 1
& 3h 6h O9h 3h 6h 9h 3h 6h 9h
A Glutenin Globulin Walnut meal

[ 3 FEIEgHERTEIZEEENLE (a) FDPPH. (b) JBERREELLER
Fig.3 Protein recovery rate (a) and DPPH- clearance rate
(b)after different time of enzymatic hydrolysis

K 3 it E e R = Ak e, FEAR
PRI 18] BRI 2 1 [mI W A0 DPPH- B RRZE . i
3a ATLAE L, = MEERERRAE 9 h IS S IEOKE H

121



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

R, ARERE S A M PR B 9 h S,
DPPH-/&EFRH D HINIEE] 58.13%F1 44.28%. kL
HEATERHE 6 h J5HUS i K DPPH-J& %N 48.89%,
{H6 h A9 h ¥ DPPH-JERRF LR EMEZR . s
Wk DPPH -y FRZ LLER B (AR R Ay, AT REAE FH
T BRT AR, 5k 2 W KA — € IR
AR . A ATE 3 he 6 h A9 h s TEREA,
JR R AT e 5 AR AR A K. 7658, EH
9 h A I R AR (R EEA T 5 2515

24 Wit pH E B E

a g * *
X
) <k
g 60 Z 3| B3
B A 2 B
2 40} 7 5% 0921 RS
S / 0g B¢ ..:q
2 Z Z 3] 13 B33
=] / / 0:4 0:« R5¢
00)0 20 % % oo llele _0:.
£ Z zZ s RSl B3
z | AU = 3 1) B
» A0 o0 O » A0 0 .0 » A0 .90 .0
’60 AT BT 9° ,60 AY BT 9° ’60 AY Y 9
FEEE SEFLY Sy
Glutenin Globulin Walnut meal
b 90 - m Glutenin
© @ Clobulin a
> 80F @ A Walnut meal A
g 70t - ®
g
.%n 60 i
on
§ 50F g ® A
5§ aof .
:C_‘é 30 1 1 1 1 1 1 1 1 1 1 1 1
2 » A\ »
£ 0&0‘2(;\9;09 A0 O&:X;\%%Q ES x«%ﬁ%ﬁ“
E T TIeY TSN
A Glutenin Globulin Walnut meal

& 4 F[EIEEHE pH BTERAEYE (a) F0DPPHBRRZE (b) LEER
Fig.4 Protein recovery rate (a) and DPPH- clearance rate (b) in
different enzymatic pH

Kl 4 AR pH B A T =Rk 82 R
IR AR I 1 [BIUSCR A DPPH- %, Wil 4a AT
N, G pH JhiE, =MEEMR S o R OR A
ThEr, XR AR FREFER IS R PR )
MEAGTEYE . 1B 4b W%, MR B A Bk RA Rz Ak A iR
FI7E pH 8 251 FESMAY) DPPHISRRZ B, 40l
N 83.29%AH179.25%; HMkEREEATE pH 8 Fl pH 9 i
fiei ) DPPH-S R, TTREMZESR. 76 pH 9 B =
FEfEA DPPHARRFAMAK, FEIRA N, X
ATRER BN, BEfmd i B PR E PR Z IR
FEAWTRE LK, Bonth 7@ RPTEALTETE: Tk
R — R, BATUEIE TR — K AR,
TR T AERF AU TE PR 454 I SE 8RR, T

122

TEAFHUEAL BE T IREHNR TS . 48 AR
DPPH-JH R i TERER AR, LRI T RER IR IR
MR — R <. 5 b, WP R A pH 8
ST M O b, XTBUIEBEEZBRRA L pA B AT
BRERER 70 AT BE M -

25 FERMTREN AT ELA

a 2200
2000
1800
1600
1400
1200
1000
800
600
400
200
0

a: Cytochrome C

b: Trasylol

c: Bacitracin

d: Gly-Gly-Tyr-Arg
e: Glu-Gly-Gly

Absorbance / mAu

T T T T T T T T T T 1

(=]
w

Retention Time / min
22

on

20F .
¥=29.00389-4.1526 log (x)
R>=0.96823

18

161

Retention Time / min

100 IO(I)O IO(I)OO
Molecular Weight / u

000r e

3500 -~ J AR R ey

3000 -oo--BBEEREA AN

2500 F T ===t
2000 oy
1500 (- PRGN RN

1000
500 - J\]
0

T/ min

(e]

R

S P e e e e e e - -

Absorbance / mAu

d

[CITTI<1000 [ 13000~1000 £ 5000~3000
==110000~5000 C==<1 >10000

30 40 50 60 70 80 90 100
NTBATEESE /%
& 5 BRI TEDT

Fig.5 Molecular weight distribution of enzymatic hydrolyzate

itk
REF |

i M
HHRH

7
BHEA

0 10 20




MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

STFEMSN, RETEREOEPAR S T2
M2 KT IR A, 2ROk &
el i LR R AR TR, Ty
FRMIESTEMLRR. DGIREER C (). ik
(b FFH K (¢ Gly-Gly-Tyr-Arg (d). Gly-Gly-Gly
(e) AbrER, HATESMWE 5a s, R4 5
ZE v AT A= i X M = 1 S
¥=29.0039-2.1526logx (R>=0.9682), 1[&] 5b .
AR L2560 T TS BRI Az ek . A%k iR
F . Rbkek e CO AR = AT o T E S A (B
5c), MRIEIRAEM LT E & T B (MW<I ku,
1000~3000, 3000~5000, 5000~10000 Az>10000) T4
tL( 54d)-

—FhE BRI LN T IKE 2, AR S
JEHE AR BRA A2 B R AR Pk R B 1 B
X3 EAE 1000 LA FIRKEL 71 7 42.73% 63.91%
Fl 55.10%, 1 =FhEg Y DPPH- & BR 3 2 5 H
83.29%- 79.25%F0 72.72% . FH it g i By bl DPPH.-J&
PRELERE AR E A G, WTRESRImMAIR, FRE
Z Wy iR R AE— 2 TR ERA R X
HEESERE AR T =0 SPUEA IR S K
W, PrEfEE T Re S /N T 1000 M2 RS &H
5, HEEMEPTEE LT, X557k )t
A RAU AT PR 7T 45 R — 2.

3 ZHig

AT ARG E A BREA, B
WEAMGEASNRER, PSRRI E
F BRER LU BN B A AR 20 AT I e T 2t
T TR PUEAME Y S o TR AL 4
REIR, BIRBERZARA . P Rk A
oWk R RS LE pH 8 251 T 70l MR O h, TSR
W DPPH-EER R feiys MM AR 7078/ T
1000 (/73T RONEE, FEMEDTE S VE AT RE 5 3/
DT EREERR K,

(11 AL 207 S5 TR A B AR A Xk 22 Ik T A i 1
(FIREIA]. & AT TS T 4,2013,34(14):106-109
KONG Ling-ming, LI Fang, ZONG Yu-xia, et al. Effect of
enzymatic hydrolysis conditions on anti-oxidative activity of
walnut polypeptide [J]. Food Research and Development,
2013, 34(14): 106-109

(2] PRl A MV, 20 00,55 Bl M 2 M A A D ke 22 ™
WA MR FE )] PE 1B AR L 244%,2010,11:88-92

CHEN lJin-hai, XU Huai-de, LI Yan-fu, et al. Study on
antioxdative activities of alcalase hydrolysate of walnut
proteins [J]. Acta Agriculturae Boreali-occidentalis Sinica,

2010, 11: 88-92

g, 2011,36(1):22-26
LI Jian-jie, RONG Rui-fen. Optimization of the preparation
conditions of walnut peptides by compound enzymatic
hydrolysis [J]. China Oils and Fats, 2011, 36(1): 22-26

[4]  XEFRAE, RS kR A S L M R AN D RERF PR BT 5T
[T].BAR & S RH2,2017,33(1):48-53
DENG Xin-lun, ZHAO Qiang-zhong. Study on conformation
and functional properties of walnut protein and its
components [J]. Modern Food Science and Technology, 2017,
33(1): 48-53

[5] Nakajima Y, Nakashima T, Inaba K, et al. Effects of nitric
oxide on the redox status of liver microsomes-electron spin
resonance monitoring using nitroxide probes [J]. Hepatology
Research, 2002, 24(1): 72-79

[6] Vezin H, Lamour E, Routier S, et al. Free radical production
by hydroxy-salen manganese complexes studied by ESR and
XANES [J]. Inorg. Biochem., 2002, 92(3): 177-182

(7] ZEHEAR AR, PR i, 55 R TV Y A A B R 2 ™
VISR PE R FE[T]. o £ 027412, 2008,8(5) 8- 14
LI Yan-fu, XU Huai-de, CHEN lJin-hai, et al. Studies on
antioxdative activity of walnut residue protein hydrolysate by
papain [J]. Journal of Chinese Institute of Food Science and
Technology, 2008, 8(5): 8-14

[8] Liu M-C, Yang S-J, Hong D, et al. A simple and convenient
method for the preparation of antioxidant peptides from
walnut (Juglans regia L.) protein hydrolysates [J]. Chem.
Cent. J., 2016, 10(1): 39

[9] Liao W, Lai T, Chen L, et al. Synthesis and characterization
of a walnut peptides-zinc complex and its antiproliferative
activity against human breast carcinoma cells through the
induction of apoptosis [J]. Agric. Food. Chem., 2016, 64(7):
1509-1519

[10] Bk, £ v 2 e 5, 55 BaAd 77 20 bk B B ik X Hed
IR L] fr i S P LE,2011,5:63-67
CHEN Yong-hao, WANG Ke-jian, HAO Yan-bin, et al.
Effects of different protease hydrolysis patterns on walnut
protein peptide and its antioxidant activity [J]. Food &
Machinery, 2011, 5: 63-67

[11] b, £, 30 B, 55 Ak B g T 2 AL S B it
AT ). Bl S AR 0k, 2012,38(4): 99-103

123



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.3

[14]

[17]

(18]

124

HOU Ya-kun, WANG Sheng, HUANG Kun, et al
Optimization of enzymatic hydrolysis of walnut protein and
analysis of antioxidant activity of enzymatic hydrolysate [J].
Food and Fermentation Industries, 2012, 38(4): 99-103
RREERTN, 2 52, SUE A B A% 2R A s P Ik T2
SEAFRALLT]. i 5 R T,2010,12: 94-99

KANG Wei-li, TANG Jun-hu, JIN Si-qun. Optimization of
the preparation of antioxidative peptide from walnut protein
with enzymolysis technology [J]. Food and Fermentation
Industries, 2010, 12: 94-99

S R XY, S B R A 0} i & 43 B AR (1 SR
PR RIEEM[T]. £ RE,2013,34(23):1-5

JIANG Jiang, ZHU Bo, LIU Yuan-fa, et al. Functional
properties of pea protein isolate subjected to phenol removal
and alkali treatment [J]. Food Science, 2013, 34(23): 1-5
Flbe A ANFHRE L Z & kiR B 4Lk 5 45
FIRFAE[I] T3 R4 B AR R#AR,2011,32(6): 631-635
MAO Xiao-ying, HUA Yu-fei. Composition and structure
characteristics of walnut proteins extracted by different
techniques [J]. Journal of Jiangsu University (Natural Science
Edition), 2011, 32(6): 631-635

Mao X, Hua Y. Composition, structure and functional
propetties of protein concentrates and isolates produced from
walnut (Juglans regia L.) [J]. Int. J. Mol. Sci., 2012, 13(2):
1561-1581

Fang Y, Catron B, Zhang Y, et al. Distribution and in vitro
availability of selenium in selenium-containing storage
protein from selenium-enriched rice utilizing optimized
extraction [J]. Agric. Food. Chem., 2010, 58(17): 9731-9738
Wang X, Chen H, Li S, et al. Physico-chemical properties,
antioxidant activities and antihypertensive effects of walnut
protein and its hydrolysate [J]. Sci. Food Agric., 2016, 96(7):
2579-2587

TR, P SO, A B i I A kIR T BT
TRECR 0] IR B i RH5,2015,31(5):267-271

REN Jiao-yan, LU Yun-jun, LIAO Wen-zhen, et al
Molecular comparison of gel-permeation chromatography
methods to determine the weight of walnut peptides [J].
Modern Food Science and Technology, 2015, 31(5): 267-271

[19]

[20]

[22]

[23]

[24]

[26]

FEWHE, TS 2K I A S8 00 R IR %L s alifl
T SRS (0] DR A i RH%,2015,31(9):155-161

REN Jiao-yan, ZHANG Rong, YANG Ji-guo, et al
Enzymatic  preparation, separation, and  structural
identification of bonito protein hydrolysates [J]. Modern
Food Science and Technology, 2015, 9: 155-161

Luo W, Zhao M, Yang B, et al. Identification of bioactive
compounds in Phyllenthus emblica L. fruit and their free
radical scavenging activities [J]. Food Chem., 2009, 114(2):
499-504

Zheng X-q, Liu X-l, Wang X-j, et al. Production of
hydrolysate with antioxidative activity by enzymatic
hydrolysis of extruded corn gluten [J]. Appl. Microbiol.
Biotechnol., 2006, 73(4): 763-770

Sze-Tao K W C, Sathe S K. Walnuts (Juglans regia L):
proximate composition, protein solubility, protein amino acid
composition and protein in vitro digestibility [J]. Sci. Food
Agric., 2000, 80(9): 1393-1401

Chen H-M, Muramoto K, Yamauchi F, et al. Antioxidative
properties of histidine-containing peptides designed from
peptide fragments found in the digests of a soybean protein
[J]- Agric. Food. Chem., 1998, 46(1): 49-53

Chen H-M, Muramoto K, Yamauchi F, et al. Antioxidant
activity of designed peptides based on the antioxidative
peptide isolated from digests of a soybean protein [J]. J. Agric.
Food Chem., 1996, 44(9): 2619-2623

Wi L W SR SRAESZE, 56 K S B E 73 B Al A I R R 5
[7]. &5 kBT E,2003,29(1):49-52

CHEN Shan, YANG Xiao-quan, GUO Si-yuan, et al. Study
on UF process for the separation and purification of soy
peptide [J]. Food and Fermentation Industries, 2003, 29(1):
49-52

5, VO 5 R, A AR AEE VERK (17 1 B A KA
TR L[] 22 ORI ARHE,2012,40(21):11041-11043
ZHANG Rui, FAN Yuan-jing, CHEN Wei, et al. Study on the
molecular weight composition and antioxidant activity of

peanut bioactive peptides [J]. Journal of Anhui Agricultural
Sciences, 2012, 40(21): 11041-11043



