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B AR HE A (Hemp Protein Isolate, HPI) A J&#At, i idA2 % k4 By Ba At R & 3F HPI #4720,
M E TR E A T & aigfg =4 (hydrolysate of hemp protein isolate, HPIH) #9% 7 M Bthe £t Ak 2.k (SDS polya-
crylamide gelelectrophoresis, SDS-PAGE) ®ik4fte. £ @HFE KK, A A2, Lot i hiEfe MR R KL
DB RAER A, BHEONEM T, XA, BFH/E (ultra-high pressure, UHP) (0.1, 100, 200,
300 MPa) 432t HPI Bgfg R LA — 2 694 gh4E R, LR /) 69 A S B R B AZ R B #7138 K, 4 F 2 B #EIK;
HPI 24 MG, HKEARNZHER, AOHEKEMEANERALABE TR, BT ERFHEFE (P<0.05) ,
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Abstract: Hemp Protein Isolate (HPI) was used as raw material to modify HPI through ultrahigh pressure assisted enzym-
atic hydrolysis reaction. The SDS-PAGE electrophoresis characteristics, surface hydrophobicity, sulfhydryl content, FTIR
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and endogenous fluorescence of the hydrolysate of hemp protein isolate (HPIH) were determined under different pressures
to investigate the structural changes of the HPI before and after modification. The results showed that ultra-high pressure
(UHP) (0.1, 100, 200, 300 MPa) treatment had a certain auxiliary effect on HPI enzymolysis reaction, and with the increase
of pressure, the degree of enzymolysis reaction increased gradually, and the molecular weight decreased gradually. After
HPI modification, the hydrophobic groups were gradually exposed, and the surface hydrophobicity increased first and then
decreased with the increase of pressure, the change difference was significant (P<0.05). The surface hydrophobicity reached
the maximum at 200 MPa. After enzymolysis, the free sulthydryl content of HPIH decreased significantly (P<0.05), while
the surface sulfhydryl content increased first and then decreased with the increase of pressure. The determination of amino
acid composition and content of protein before and after modification showed that the amino acid composition of HPI
remained unchanged before and after modification, but the contents of various amino acids decreased to varying degrees.
According to the fourier infrared spectroscopy, compared with HPI, the absorption peak intensity, peak shape and peak area
of HPIH changed to different degrees, indicating that the secondary structure of protein was changed by the ultra-high
pressure assisted enzymatic hydrolysis reaction. The endogenous fluorescence spectra showed that the fluorescence
intensity of HPIH increased and the maximum emission wavelength was redshifted, indicating that the tertiary structure of
HPI was changed by the enzymatic hydrolysis reaction. The results of antioxidant activity showed that appropriate pressure
treatment could effectively improve the antioxidant capacity of enzymatic hydrolysis products. When the pressure was
200 MPa, the reducing power of HPIH of DPPH- and ABTS™ reached the highest. In conclusion, ultrahigh pressure
assisted enzymatic hydrolysis modification can significantly change the secondary and tertiary structure of HPI, exposing

hydrophobic groups and other active groups, thereby improving its antioxidant properties.

Key words: hemp protein isolate (HPI); ultra-high pressure processing (UHP); structure; antioxidant activity

VUMK (Cannabis sativa L.) JE=ZR B . DURFF Y
—AEABEAAE YY), A KIR . KRREEN, DURTEIE R
J135H, AEFR A HL AR R R, L LA P I SRR
FiiE X A B A& AR, DU AP & 8 Fp
MNAR T FERRY, HHh 2H SR AU 208 19 & 0 Hh s
=, B — Rl A B A LR AR AW,
DURER 1 BT R 2 SRR A 25 S & i T & M B HE 58
GRET] . BUAAk . PUIEST . BRIMUBE . 4ERFs 8 AT
AR, J2—Fh Z DU AR A B3RP, {HIRR
B TS A B AR, BREPE TR 22T, S EOTHELIE
A SRR TR ACE SR M E S A R, R, A
WA o HE LB R R T B b H O R DA B A Hb 5T
KAHMRE A, 2T 5w Ji.

F) 8 7= JE (ultra-high pressure, UHP ) 4 Bl i
FEARLNHEIEE T, 238 T gt DA R BhRet: Bk A=
AR SR 1 TR BRI 22 oAk i [RIA, i fiae
T A B O BOR A DY B AR FE AL . BRI
SNPGRS () B, P2 E R M. AFoR
W7 it in <= {8 BT SR AR, R AR Z IREERY
AP R AN ST ARG A A O H i 2 & i I R B /K P
S R AEARARN O, R S RN A T A
R, 28R B e 25 s e s i iS5 i 2
V1) (R B2 , AT R B AR [ BT E R M BT 0 ol « 1l
FEH RN LA MoK S A 2 e R, R
A v R A B A S N R PV PR 4325 7R 1 (hemp pro-
tein isolate, HPI), #&£5% HPI EAETHEEM:AME, X 7550
F AR AR R T4

BTHAZERNT 78 O 2B DA v Rl B B A S I 1)
F 2 i (525 3 A B ) 5000 U/g., B ot
pHS.0. B TEIREE 55 C | B R E] 50 min.

TEMCELA T ASHF R FH A s il B e 2 i Xk HPT
AT AR B, ERT eSS HPT S5M 28 1k, LA
BB ATR HE T RERO LR, X 45 TS BRAz =l 7E
Sy A HPT B HAT S B RE S
1 MRS
1.1 MRS

DURRSFES R A (B 2% 96% ) B IpyT A8 KPS
SO SN BREARET OREEILE AR
AR ] B A 40 B A R E R
B RRARAF, HElR il 2 ARHAA R
T ; & % VU Z & ( Ethylene Diamine Tetraacetic
Acid, EDTA) Amesco 4> T AE=91i5; 2 &8 E
G . 2 LI G-250., A4 ML 1 = i it
S I LE (Tris) . 1,1- R FE2- = f LR PEC1,1-
diphenyl-2-picrylhydrazyl, DPPH) . 2,2'-HX & -X -3-
£, FE 28 - 15E R Wbk - 648 1R ( 2,2"-azino-bis( 3-ethylben-
zothiazoline-6-sulfonic acid), ABTS) dt 5% Solar-
bio BHEABRAF; =M AR dbaint HEEERT A
BRAT], =&fegk &b B4Rl ek BRA s
RV R 25 4R A Ak 2E R R A R =5 KA R
Kgifb T =] ARAH]; | fbm Rl
22 A BR 2 |l 5 8-7K JHE -1-ZE fitff iR ( 8-Anilino-1-
naphthalenesulfonic Acid, ANS) Sigma 2y 7]; UL _E
AN R 53 Hr el

HHP-400 M R34 PRI AL TR &
B IR HE]; FDS-3 BB YR THRHPL S SIM Al
8400s (N7 ARLL MG H A By H L ] 721 A
ST H S RFEAES (AR A5 BRAA F]; HH-
4 TR E IR KIS . DF-1 53 GCHE i dkas &
IETH SEESZE AN 28 ; DY CZ-40D % B[, 7Kk AL



- 26 - £ Tl B4

2024 4 2 A

JbES—AER) 75 721 RIS Lo s
A BRAF]; PT-3502G AR JbEt ¥ IR
A BRAF; PHS-3C B pH i Mde#h- TR 284
RS H]; Sartorius BSA223S BIHL 7 K57 FEZHHT
Bl ZS (AL ED) A BRA F]; GZX-9140MBE I H Hhasd
RRRFE R R Sl A BRAS R BRI T R4S L-
8900 ZA LR /- HT A R3E (P D) Bl2A U84 B
N

1.2 EWHE

1.2.1 &G IR s B 2 Bl 50 g/L 197X
JFRAE AW, T 1 mol/L NaOH ¥ H W pH &
BoS(E. BEINAE AR S HIRESRIRS], Kk
W BITE R A L Leh, A HHP-400 #8 i5 K1
£ T AEES(0.1, 100, 200, 300 MPa) |, 754
RE VIR P AT B AR P N BRI 2R S, LAV
IR S EFR R, Tiiise HH s B I R 25 7K
W4 FD5-3 B UR TP TR T4 8 B A & o
LRI IR ST 0 A, B AR A S N S R A
& M BN BE 5000 U/g, vt pHS.0., od P 15 B
55 °C. PCPERTE] 50 min, b4 R HPI BYS R IR
%] 83.55%, IKFARFEIRT] 10.5%!',

1.2.2 SDS-PAGE HLPk4-HT =35 30k [15] ik,
WEA B . Sl BT B YE EIFE 14.4~97.4 kDa
LK 3.3~31 kDa B9 U sebndiE i FH T 1 BT Sk
PERR SRR SR BRI IT . IR 2R P TTRE S O
WEEH 2 mg/mL B, IMAZE A A2 ik (B -
BB, RS, /KU 5 min, FAEESN 10 pL.
TS el 12% SrES e . 5% Hedii i FH TR 2R R AR
VKATHT LA B2 20% 43 B S . 10% Je 2 e 4% He 46 e
JHF e ST AL UK A3 AT, e S8 s, o IR
AP Z 0], 3§ AP FSERREERTE il . HLUK: [ JEHE
HELE 80 V, B[] 30 min, FJZHEE 120 V, A [a]
100 min(JRZEF); 30 V i 1~2 h J5, FriE s AT 3]
BB T, JHZE 100 V, M 5~6 h(HeHEE FFES) o
gee S5 h . 82 W EE R-250 T4, 4t
BTl HIAE 20 min Z247, JL a3 5 4 AN (g (VK
BEFZ 10%, FPE 30% ) i (0 28 2515 15 W o

1.2.3 FRETBKMERME =75 308k [16] ik, B
ks, FH 0.01 mol/L WYBSIRERZE ik (pH7.0 H52R
ERFE SR 0.025~0.02 mg/mL, Bl 8 mmol/L
8- FE-1-ZEAA IR (ANS ) IS TAE Mo 4T o 4350
B BEAR S 5 mL 5 ANS 8% 50 pL 1RG50 )5 i
GV 20 min, i FHEE G536 RE T H 2 S
B, W T FECR B R BB 435 2 390 nm.
470 nm, &5 FAX O RS ANS IRGER .. |
JoR AR T B KM S B BT B S P e LA Tl )
T RRIIRRE

1.2.4 DURSTES B 45538

1.2.4.1 PR & M BUARTH A

it 0.1 g T/KMRE F, It A 10~15 mL 6 mol/L HCI,
FEAR S B TR U, AR, ST AR
(110 CHOKf# 22 h J5, BRI E 45 2 50 mL, #E
BRI 1 mL T8, fFTEsee)s, FH 1 mL #v
TR 4N 2% phis i (pH2.2) B2 %%, b ik )5 FAE, SR &S
12 A s G o7
1.2.4.2 AHSLMLIAMNGESHT S5 SCRE [18] ik,
BEA BB . B RRIIAE S A TR AR N PO T BRI
W JeRRARE B AU (105 COBET SR
SRR, B AR AR T LA M GRS ASGHA T 0BT
Z b, FFREL 20 mg 2B TR S S KBr By oK (L)
A 1:100) 7857 5 AR ER b 38 45 B0 18, R L7 s
K FAAE 7 v 21 46 GRS 3 AT 4 3 B 1 4 (400~
4000 cm™ ), 9 4 cm L.
1.2.43 #FFMIEFEAME S 30wk [19] ik, B
Heksh o WS H Ak I A - FF AR SRR A B ) R
10 mg/mL YW, B 1 mL 5 pHS.0 B Tris-H %4
Ji% 2% P ¥ ( 0.086 mol/L Tris. 0.09 mol/L H 4 1'% .
8 mol/L JR 2 . 0.04 mol/L EDTA)5 mL T EP &,
JMA 4 mg/mL (% DTNB %% 0.04 mL, iR & 5) )5
TR R EE N 20 min, 7E 412 nm ZbE G
FE(HIC N Ao

2% T AL 0 DU SE - OB AR T JORE A IS R R
10 mg/mL FYER, HL 1 mL 5 pH8.0 By Tris- H & &
2% #h % ( 0.086 mol/L Tris. 0.09 mol/L H %4 1i& .
0.04 mol/L. EDTA)S5 mL F EP &, iIR&G¥ISE T
IR RV 20 min, £ 412 nm ARG
{HICH Ayye TTHEAEINT:

A A,,xD

FiHEE E(umol/g) = xo

K Ay, TR 412 nm AR GIE; D KR
BEAEEL; & FRARTHIGFREL, 13600 mol '/em; C FRI/RFE
fneBE, mg/mL.
1.2.4.4 NIEZCCESAT S5 3CHK [20] 7%, B
Heksh. B A BAESSH 0.01 mol/L . pH7.0 BilRER
ZE b e RS Y 1 mg/mL BIIE, B 1 mL
o Ut B = o SN 1| R N | V25 P 00 o w0 - 0 2 I R N o
ST, B BRI . RS S5h 295 nm.,
310~450 nm, 3% FF 1200 nm/min, LABERRELS% np
R As P IE
1.2.5 PUMRSTES R PTG I I
1.2.5.1 DPPH H HZEIWFRFRNME S 30wk [21]
J7 I AE R 3, FREL DPPH 3 2R 5 mg, 7EBEGER
B WS R IOK OB ST A, FREZY S 100 mL,
oA 50 ng/mL B9 DPPH VAWK, 1275 W B0 FLRE o
PR 1 BYINE W, s Fe R G55, SR
JZ % 30 min, T 517 nm &b SR ARSI 2 W2
Bz, iR an=(2) .

= (D
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DPPH H HIEH R Z (%) = 1 - x100

D)
o A, FoRFESL S DPPH IR G WOGIE; A,
PRI -5 T0K SBHRAG WO G A, FRARZRIEK
5 DPPH RGO GIE

As _Ac
A

b

1 DPPH [ oy {5 BRI P 2 45 R s

Table 1 DPPH free radical scavenging activity determination
of reagent addition amount
WAL R A(uL) A (uL) Ay(pL)
DPPHI 100 0 100
LA RITEaR L 100 100 0
FERIA TR 0 0 100
TooK LB 0 100 0

1.2.5.2 ABTS'HHIEFHRRME S 308k [22]
J7 kI AE RS, FREL ABTS 200 mg, i fii iR £
34.4 mg, % T 50 mL ZRR/K T, BiFEI 5, REOLER
B 24 h 5, B8 ABTS £, JH 95% LB iE &
ABTS B} M BE 2 WG EE (B AE 0.7+0.02 N (OD55y,)
i, AU ER I . FREER 2 USSR, 43R 5e
SSRGS, BEIREDGN 5 min, 7EPAS 734 nm
Kb R AR S 2 WG, TR A an=X(3) .

. A, - A
ABTS*Q@%%@%(%):%MOO = (3

b
e A, ToRZEIWK S ABTS IR A WOGIE;
A, FORFER S ABTS IRARIRSEIE
2 ABTS'[ Hy BETB BRE M 45 10 s i

Table 2 ABTS" free radical scavenging activity determination
of reagent addition amount

AR A(pL) A, (pL)
ABTSIHR 180 180
TR 20 0
FEAIR A 0 20
1.2.5.3 WBSJFEEENME S35 30k [23] JrikItmgtE

M3, 43 ECH] PBS 22 4R (0.2 mol/L) . £kE 1k
BRI (1%) « SHALERIE W (0.1%) . S O TRIF IR
(10%) o H—E LR AL SER . PBS 22 R
AN S AN B 1:1:5 FeliRAI, T 50 °C 7K
W HERE 20 min, SRE EE FINA SRR —
B L =S R VR MR, 4000 r/min 25.0> 10 min Ji7
PR LIS FERENER 3 IR, il e iR &
£3 WERESME S RF G E

Table 3 Reducing power determination of reagent addition

amount
205 ¥ (uL) FACEIE W (uL) ZEIEK (uL)
FEAHZEA, 70 70 70
ZHAA, 0 70 140

¥5g 0, T 700 nm A0SR FH BRI 52 WG RE,
AKX N(4) .

LJERE S1(nm) = A, — A, X @

Kb A, FoRFES 5 SRR G IROEE; A,
FORFEIR K G F AR A O G
1.3 HIEAIE

% ] IBM SPSS Statistics26 17 i 25 M 4> #71
(P<0.05); FJFH Statistic 8, Origin 2019 Pro F4-*14%%
PaPEAT o3BT B2 B, T AT S 2l B9 EA T — UROPA 158
5, BER AP B R .
2 BERS5H5H
2.1 BEEFHENESHER M3 HPI BBKEF RIS

Pl 1 Sy v 4 B e S N BT e HPT 8 FL vk
P, 3 e A5 A0 AT FEIEL TOURR S B R A A ) o T i
SiHTe BT ECHES PR R 0T A TR, TERRfE
BERE FL UK T AR SR ESCRASAE, DR IR T
VKX B = 1) oy T gEA T4 . BRI 1 R, ek
RIS R F T A IV 320l 2 2 B ke, HPT 7EFR Tk R
] DL =45 W R AY, SRS AE 34 kDa i AT,
2 By A ) 7/ = o B = = R 2 (A = WA S A A £
FEINEG T HPL W B EE, o S S e 2,
{EAS[R) ) A B8 Ffg A = ) S5 e AR 1 B 454
WARARAFAE, VLA —FR 50 Ko T 85 P ARk
it o

M1 1 M2 2 3 4 5
kDa kDa
75
63
48 31 b — "
35 20.] = —
14.4 ———
25 6.5 m—— -~
20 el B F
3.3 d—
17

P NIRRT A ) R SIS HL Dk e 3%
Fig.1 Gel electrophoresis patterns of enzymatic hydrolysis
products under different pressures
{E: M1—Maker(14.4~97.4 kDa), M2—Maker(3.3~31 kDa), ik
B 1—HPI %77, ki 2—0.1 MPa i 520 7™ 46417 , Tk
3—100 MPa Jlfift 2 W= P 4574, PKIE 4—200 MPa [igfigk S5 i
FEYIAAT, Ykl 5—300 MPa BSOS 44

22 BEEHEEERRR X HPI REH/K MRS
R AN /K RN B 7132 1 /K AL AT 1Y
Bk, TR 1 BT R M D RE M BT I B SRR
Z—o MRS R AR BTSN, HER s K
DBl bl = 8 g sl G, SR A A R
R AR, 1R BT R E B KRR, 88 s LAk
e AP, U 2 BT A v R B A S
X 7 A R T R /K A B 52 ), S DT IS R, TURR
B 7 ) (HPIHD 14 2= 18 B 7K M S 1 & s B
%, £ 200 MPa B 3 [T B /K M fe o, 24 & 77 7 2]
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300 MPab A5 T B, (HA)5 F AR &K HPL, iXJ2
PRI Sk B s 2 el v PR J 28 AR AR A B IIAAT, KBS
JEIT, (25 P55 T /K Sk A2 i 52 5%, MAITT 22 1T 67
JKPERESE, SR 300 MPa J& 7 AT B 3¢ m g K M
FITREAR T B2 DR A R 1 BOFE T 7K Sty s SR 4,
i 8 52 T2 T PR B /K 3 A BT B RO T AR 4 TN
R, AT UL, v S A SN 7R R i HPT SR 16
IR AR S PMNRWE, SR ES K Eei 2
= AT RE T - AR AT 255

1200 F b
= 1000 | % ///
= . %
g o0l . | | % / /
H§400- % % % %

il

Vel 2 e o ol B I ik SNy %o HPT 8 T K 1 1 52 1
Fig.2 Effect of UHP combined enzymatic hydrolysis reaction
on surface hydrophobicity
TE: a~e FR R S A 2257 3% (P<0.05), I 4. 1] 6~[] 8 [l

23 BEERHBEEMHK X HPl SEBRERN S E
IR

R e S B A AP T HPT 2SR 2 Il S 57
TN 4 Fros e TR AL U R K AR,
RRRIE BIWIR, SO SR NS & B A P AN ELRR XS
IR ST

AL i N A R E T R A SR E,

i 22 4 AT, SPERTIS HPL 2 LR 2H A2 H AP s
Frax, Vs 17 FhaE SRR, 7 FhTF & LR AN 10 Fp
JE TG IR . M ERAR = ) B 2 SR & AP EAN ]
FREE TR, AR MRy T, X Ty rh EEsky) ot
R IA FHIEW BEI/EHNA AR R AR & &
B PO, B ) R AR % BEAE 0.1, 100, 200,
300 MPa B 43 BIFEAR T 9.92%. 11.55%. 10.19% Fi1
10.73%; PR S EAE 0.1, 100, 200, 300 MPa H}4)
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VENYEFF B LR E T AT RS &R & 2 8
ki 4 EE, BRI S R AE 0.1, 100, 200,
300 MPa i} 43 Sl AR T 5.96%. 1.70%. 1.28% #
3.09%, HAEE T H O NEREA S EKEN
S5 H DA B LT P RS 2R B i (2%~4%) P b
Ty G IR T, AR . S SR S R R B R R,
H 4% R ZE 0.1, 100, 200, 300 MPa B 43 5l 5%
T 7.07%. 12.72%. 7.77% Fll 7.42%; 5 5= 2 W& 7F
0.1. 100, 200, 300 MPa I} 43 5] [ K T 7.45%.
1.17%. 12.16% 1 6.67%. L 458 Al 50, B4R
HPIT Z58 i JR 4l Bh B 0 vE e 45 2 S A FEAS R R
FERR, (HAR MK B B e S B i B4
—EHLH, Bk HPI & HPIH ] DIAE 94t 5t B AE )
B AT U5 AR T A B o T FH R BRI e
2.4 BEEHEEESRER NI HPI ZR4EMaI5mm
AT LA NG 8 ] T A 2R T v 2 2R
FEP ARG, SRR BT 22 I R a5 A7y
FEEFEr, HPI 2548 = 650 BB 5N e i e 41
Hh ik & anEl 3 B s, 25 BT AE 3288, 2962, 1631,
1544, 1447, 1394, 1246, 1102 cm™' ZEA1E1EBH &
Wi, oA 7E 3288 em ! BRHUT AL (4 W DI Ay ¥ Sk A
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Table 4 Amino acid content of enzymatic hydrolysis products under different pressures

A HPI 0.1 MPa 100 MPa 200 MPa 300 MPa
KAZ R (Asp) 7.36+0.04* 6.63+0.02° 6.510.05° 6.61£0.02° 6.57+0.03%
FE R (Thr)” 2.26+0.02* 2.18+0.01° 2.15+0.02% 2.13£0.01° 2.1240.02°
225 iR (Ser) 3.56+0.02° 3.17+0.01¢ 3.38+0.03" 3.15+0.02° 3.09+0.02¢
A AR (Glu) 12.3+0.04* 11.0£0.04¢ 10.440.04¢ 11.5+0.02° 12.0+0.05"
HER(Gly) 2.70+0.03* 2.43+0.01° 2.27+0.01¢ 2.44+0.01° 2.37+0.01¢
N (Ala) 2.78+0.01° 2.53+0.02° 2.56+0.02° 2.46+0.01¢ 2.40+0.02¢
LR (Cys) 0.69+0.02° 0.68+0.01° 0.64+0.01° 0.61+0.01° 0.63+0.01%
AR (Val)® 2.83+0.03° 2.63+0.02° 2.47+0.02¢ 2.61£0.02° 2.62+0.02°
AR (Met)” 1.38+0.01* 1.32+0.02° 1.12+0.02° 1.14+0.01° 1.27+0.01°
SseaR(1le)” 2.55+0.03° 2.36£0.03° 2.5240.01° 2.24+0.01° 2.38+0.02°
S5 R (Leu)” 4.20+0.04° 3.90+0.03¢ 4.12+0.04° 4.05+0.03¢ 4.14+0.03
it iR (Tyr) 2.16£0.01° 2.00£0.01° 2.12+0.01° 1.96+0.01¢ 1.91£0.01°
KR (Phe)” 3.21+0.03" 3.18+0.01® 3.15+0.02° 3.04+0.03° 2.99+0.03¢
HiE R (Lys)" 1.60£0.01° 1.58+0.02% 1.5420.01° 1.57+0.01° 1.52+0.01°
ZH & R (His) 1.7240.01° 1.64+0.01° 1.66£0.01° 1.53+0.01¢ 1.50£0.01°
TEE R (Arg) 9.39+0.04* 8.83+0.03¢ 9.23+0.05° 9.27+0.03° 9.10+0.04°
Jifi% (Pro) 2.53+0.01° 2.14+0.01% 2.09+0.02¢ 2.16£0.02° 2.12+0.02¢

T AR AT R AERR, a~d IR 21 ] 22 57 W 35 (P<0.05)
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Fig.3 Fourier infrared spectra of enzymatic hydrolysis products
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under different pressures
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Fig.5 Fluorescence spectra of enzymatic hydrolysis products

under different pressures
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Fig.6  Effect of UHP combined enzymatic hydrolysis reaction
on DPPH radical scavenging rate
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on ABTS" radical scavenging rate
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