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Abstract: The purpose of this paper was to study the combined effect of high hydrostatic pressure (HHP) and enzymatic hydrolysis
treatments on the allergenicity of ginkgo seed proteins (GSP). Four food-grade proteases (papain, alcalase, pepsin, and neutrase) were used to
hydrolyze GSP after pre-treatment with HHP (200, 300, or 400 MPa). The extent of hydrolysis and molecular weights of the hydrolysates were
measured by the o-phthaldialdehyde (OPA) method and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), and the
allergenicity was assessed by western blotting and enzyme-linked immunosorbent assay (ELISA). The results showed that HHP could
significantly improve the extent of proteolysis and reduce the antigenicity of GSP when the hydrolase was papain, alcalase, or pepsin, whereas
neutrase showed a low degree of proteolysis and poor anti-allergenicity on GSP, and no significant improvement was observed upon
high-pressure treatment. The highest degree of proteolysis and the optimal anti-allergenicity were obtained with papain or alcalase hydrolysis
combined with HHPtreatment at 300 MPa or with pepsin hydrolysis combined with HHP treatment at 400 MPa. Under the above conditions,
GSP could be hydrolyzed into polypeptides with molecular weights lower than 15 ku, the antigenicity was reduced over 95%, and all
immunoreactive bands disappeared in the hydrolysates obtained. These results suggest that HHP can improve the degree of hydrolysis of GSP
and reduce the residual antigenicity of hydrolysates, but the effects are dependent on the protease used and the magnitude of processing pressure.

Key words: proteins from ginkgo seed; enzymatic hydrolysis; high hydrostatic pressure processing; allergenicity

FRR R 2 AR AT SR s, FRE
FERBEIRFE R, bt An 70%. ARPEHF
WiFsEER: 2015-11-12
HETE: IHEERREESTIE (BK20141073) ; ;IHEHI =T
E (LYsx[2015]25) ; “+=H” EHRRHIEHXITE (2012BAD21B04)
&N BR (1982-) , &, {#t, BHBMISRR, #RAE: KA
EMISHA
BREE: ERE (1966-) , B, #E, WRRE, HRAE: EYFREN
MMISKA

BINEA, SRIAF] 10~15%, HEIERARE .
S, DHRAFEMREGE WHO/FAO HEFRI, J& T
Al BRURE, RAHHAL. TR,
PUMYRE AN G S5 2 A A BEA, R R MBS T e,
HAER ST A DRI CAF 1000 24 1) 52,
ERAER ARSI B N IO, HMERE]
ARBAREE Z A, JLEN FRE RS OF
WHFTIESE, AR S A2 51 ke B N ) 32 2
Jit, B ER A A AT B 1 R AR A S i s

219



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.8

AEFA . ATTRRE] 7 SR & AV 2R
P

H Al B R A O i 2 A A s B
BUIR B A B A R B, BT — S AR AT
S BCR A PR RN, 2 SPTIRES & 52 2R,
SRR B PR WA R I R T et
BNA RN TS, BAERTERA . Ry = o %
R, HAEAYh. KE. W&, IF, AENMNEZEA
(IR AR IR AT IR D). A2 RS, AMUEL
R RRAR, LB AR A i) 2 B BAT S 47 (R PR REAN
ARETE, FERNE S IE R i AR B —F
R AR I R, T iR i R A R
REAL, TR B, R, mfhELs &
SRR 2 N ) AR AR RE DL 57 PR e 2R
H, WK, M S A BEAM AT DA R A 3R
fir, T H I TTANBRER F B KRR L, 4R milg K A
R, WO E A MSRTT, BEEHLA R
JERAL, IR AL B B AT P AP AR B 7E 0y, K
e e A, AT B o BB o e L 2R B e
FE R 2R TR AR Al . PR AR AR
FIREEEAT KM, FRECH KR, B EK RIS
50%, JKFEIFIEIER 184, BEMEE Ak, BEREE
w1 40% "o PR e R B AV T 4 5 2 1 A
RCR, HSENAR S, AT R BA L e A
RIZNEMII GERAL, T DA KRR L AR B

i A SIS B R e A R
THREABRSOT I FIRE . A0 B
re AR BEBOAOR 1 R R FHEAT AR, K AR
oy TR APUSPERATHRL, DI B E SR E B
TN ISR AP IR AN S

1 MRERE

L1 R 5 A

SR VLI AR 0%, e 5 B 24 K28 R e F 2L
PR A B R S U RIS R
TR 2R 2B S S AR, MIE B T-25 CUKFRRAF
BHEAM (E.C3.4.23.1). FHEA (E.C3.4.24.28),
WMt E A E (EC342162). KARNEAR (EC.
3.4.22.2). HRPFRCHIFESURI g EFtiA. FGLHIEH
Marker (5~170 ku). SDS-PAGE##k: HLik i a7, 3
T 3£ [ Sigma s 7l s HAhisR3 A = o #r 4t

1.2 (UHE5EE
UHPF-7508 e 6. Bk i RHSA IR

220

TUEAT] ;s UV-16015850-1] WA A6 RETE: HAS By
/AT]; Sartorius PB-10 pHit: {8 [E SR HIE R A F;
TGL-20M#A %5 25O L: 57 R I O ER AT BR A 7] 5
BIO-RAD i3k [ 2R X ATBIO-RAD - T AL ENY -
EEBIO-RADAWRHLARAF]; Thermo 354%4ihR
ICFN96FLEFARIR : S5 A ],

1.3 SLIF %

13.1 aREaesl&

AR kg, AETERE, BB, S8 A
kA R IR T a1k, Replilkse e ks, BL1:1S
(m/V)EIECI I A\ Tris-HCHE R (TBS, pH 7.4, 0.2 mol/L)
HATEARIG 4 °C FRE/IHEHE24 N, 5000 r/min?44 25
015 min, _E3ERST B 40180 ¢/100 mLIEAIE
(NH4),SO AT 5 THE, 5000 r/minA ¥4 250230 min,
UUEA/DETBS (pH 8.0. 0.01 mol/L) ¥fi#, &T#H
BT EN3.5 kulbiZEHr A8 b A R TBSHFAT I T -
FERTIRGR TR B RS A, 4 CEgsies -
132 Z#EAETE

BCES0 mg/mLik LM HRE AR, HHEHT
MWZRIHEREET, METHEE, BETRERE
iy TEERTNHT R R, BE s 155N
200 MPa. 300 MPa. 400 MPa, AbHE[E]$4°420 min,
FHE S FEHEIITE2 min 58K
133 &G R&a 8B R

TEH TR A4 20 X R G i TR AL R 2R A &
AR AR e A A TG AR, BRI
FhEE MR OB, ANEAN. BEOM. Pk
HEEE) ARG BERT, SEEERT0 CHRALEES
min, PAFRZ A A B E0R B RN AT B A R s
YER, 311 mol/L HCIE{ 1 mol/L NaOH R iIpHZE
Tl B 1 ) KA SR AR LA A2 . i P 1 5
YRR EEN1:200. /Kf#2 h)s, 7695 C R KEHE10
min, FAKFBRAE-40 CAFIG T, SFEEHEHE
KA AR L

1 EMEGHRIEKEE
Table 1 Optimum hydrolysis conditions for different enzymes

B BE/C RIEPHIA
bR G B 45 8.0
ANE G B 55 6.5
&G M 40 1.5
TG B 45 7.0

1.3.4 Baffa R& G KRN Z
KA FE I 52 SR FHOPAYEY! . OPAIRFIBCHI: HX40
mglJOPAYA T 1 mLEfEH, SRJ5H HIROPAIE 525



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.8

mL¥#& % 9100 mmoL /LI VUBIER —#M¥AWE 2.5 mLiRE

JN20%[FISDSYAAI100 pL Wi /R &, LS

FIKEZF50 mLEIEBIOPAIRF . 73 HIEUAS [ B 2
RS0 uL, MMAOPAIRFI mL, JRAEIHE], {E=R

THCE2 min, SRJE7E340 nm R GRE .

135  + b AR R 4h B 7 i Bk e i i o ok
(SDS-PAGE ) 4#f

AR5 TBSYARC SR FE N T mg/mLIT¥A
FEABAEBRBUN £2.5% SDS 5%p-3i3E LB . 20%H
0.5% R ¥ (1) Tris-HCIAWE (0.01 mol/L+ pH 8.0¥ K -
R 28 R i B Marker 5 R b A E3 CA1: 11 B4 VR
A, WhKES mingg . ACFELFRORE SR E20 uL EFE, 70
VHLIK30 min)&, $RJ5120 vES K FHEIK45~60 min. HLik
SERUE, % R B R-250 4L (o (F R KBS R 7K
5:5:2)4 130 min, &5 FH WG ELGBCH B OKEE R /K, 1:1:8)
Fith., Bisea)s, B TRRMRE RS HRIFET
I3HT.

13.6 %J%¥Pie (western-blotting ) #-

RS UK RS BT HER, SRS AT LBl
EPVDFfiR, #8545 H )5, PVDFRESE FIPBSTYAWE (0.01
mol/LIRZ Eh 22, pH 7.0, &70.15 mol/L NaCIFl
0.05%M:35-20) PS5 min, FL37k, SRIGHEE 2%
NEF-WIIPBSTIRRAERT “C oM NEMER, Pk
& RIPEE S, FIPBSTHREEYE3 I, BHS min;
FHFPBSTIAM, MA/NRITAREAMTE (—H, %
1:100%88), Wilkse 478 %PVDFIE, FERRES), W
PEXTHE, 37 ‘C W2 h; Bl RIS, FHPBST
T3 YK, BHKS min; EHPBSTHW, MMAERT
I g E-HRP (70, f%1:500F%%), #EAR#ESN, 37 C
B2 h; L PR, PBSTATEYES min, L3
Wo BIGMNFENCE B ER. H0,, BEEHI
IO KR b v, 45 AR R AT
1.3.7  BEEX %5 A A (ELISA)

SR R S E R BE 50 ng/mL IR (&
0.015 mol/L Na,CO3£10.035 mol/L NaHCO;3, pH 9.6),
HUORE s o 2196 LB, 100 pL/AL, 4 TR K
H FPBSTHHEER3 IR, 0T BEEARARIL A I E A 50
mL/LBAEZE W5 IPBSE 1M, 200 uL/FL, 37 CIEIEAE
FIFE2 b, A EEEE: RANRPtERER IS (—h,
F21:400%588) IMAMRAL, 100 pL/AL, 37 CIEIEAM i
A2 h, [F_EPess IINEPURIT g E-HRP (3T, 441:1000
Rk, 100 uL/AfL, 37 CHEEF I E2 h, [F_ PR,
FINBECHIOPDJEY) B, 37 “CHEEYE & 30 min;
HIA2 mol/LITH,SO,Z 153K, #4150 uL, HHEgARCT
490 nmAk, LAZS R RFL A S5 I e S FLIR e % E

(0D
L4 Gitar

SIS HHE R B E % (meantSD) FoR,
DPS 7.558iH A3 AT J5 22 0 hT, PAp<0.05 4 535 Mk
IohRE

2 #R51He
21 EREWRERALEEERE A KBEL

B 2 25
00 oA AN .
351 ERPEEE I ¢ mh .
2 o g
300 mAbrEEAR . I
X 25t b
= 20f b
2200 )
X 15F &F,
10F b
sH a b b
0 . , |
Control 200 MPa 300 MPa 400 MPa

E1 HIE (0.1 MPa) A [E)//E (200, 3003%400 MPa) SLERS T
HFMELE EMERNE. ANERE. SE0E. THERE)
FRF=ARTK R K
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Fig.3 Western blotting of untreated GSP and the hydrolysates
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Fig.4 IgE-binding activities of untreated GSP (control) and GSP
treated with HHP (200, 300, or 400 MPa) prior to hydrolysis
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