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Abstract: To achieve high-value development and use of the abundant Cinnamomum camphora seed resources in China
and screen the a-glucosidase inhibitor peptides derived from Cinnamomum camphora seed kernel (CCSK), the aim of this
study was to produce a-glucosidase inhibitory peptides from CCSK by optimizing CCSK protein enzymatic hydrolysis
conditions through single-factor experiments and orthogonal tests. Degree of hydrolysis (DH) and a-glucosidase inhibitory
activity were used as evaluation indexes. Subsequently, the amino acid composition and in vitro antioxidant activity of the
obtained a-glucosidase inhibitory peptides were analyzed. The results revealed that the following were the optimal
conditions of CCSK protein enzymatic hydrolysis: papain as the hydrolase; substrate concentration of 2% (w/v), hydrolysis
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temperature of 55 °C, pH of 6.0, hydrolysis duration of 2.0 h, and an enzyme addition of 16000 U/g. At these conditions, the

DH of the obtained CCSK a-glucosidase inhibitory peptides was 26.81%, while their median inhibition rates (ICs, values)

on a-glucosidase, DPPH free radicals, and ABTS" free radicals were 11.52, 5.42, and 0.64 mg/mL, respectively. This study

provides a theoretical basis for production of a-glucosidase inhibitory peptides from CCSK.

Key words: Cinnamomum camphora seed kernel; enzymatic hydrolysis; bioactive peptide; degree of hydrolysis; a-

glucosidase inhibition rate; antioxidant activity; amino acid composition
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RE, EIR T ESANEE 12 h, & EHETS B s
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JE A R R ELCALLL 4800 r/min HUFEE 25,0 10 min,
WA WIS pH AR 7.0, ZH SR % TG
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Table 1 Enzymatic hydrolysis conditions of five proteases
WEEMFNE BodREE(C)  pH  BIEI(h)  ERFINEE(Ug)
UK (1 il 37 5.0 2.0 10000
M2 1 il 38 3.0 2.0 10000
B M2 1 il 38 9.0 2.0 10000
PN\ Rl 40 5.0 2.0 10000
bR 38 7.0 2.0 10000

WA BE | W pH BB TR] 5 PR 2 AR R
B AT 00 o= 1 25 HH T B T S RN/ B2 1) 5
ni, SR A SR .

P EEEZINE A 10000 U/g. pH N 5.0, JEMIH
B2 2% (w/v) FNEEMEI TE] 2y 2.0 h, 25 8RR R AR
(35, 45,55, 65, 75 °C)XIEHH =M o-FZ5HEH
T T 2R N 7K A B B R )

PEEBHFIEE R 55 °C. pH N 5.0, R E N
2% (w/v) FI i BF 18] R 2.0 h, 25 20 s in a2 28 fk
(10000, 12000, 14000, 16000, 18000 U/g) X i~
YN o- R 2E BT BEE ) SR RN A S B AR T

PBEEMHHIRE R 55 °C, BEUSINEA 16000 U/g.,
pH & 5.0 FIEFEFE] 2y 2.0 h, BEZENEYHRE (w/v)
A (1% 2% 3% 4% 5%) XF B =000 o-F %4
R TR ) SR AT A 5]

B BRI S 55 °C, BEESHINEY 16000 U/g.
JRPIHEE R 2% (w/v) FIEFEET TR A 2.0 h, 5 E<Hif
pH 2516(4.0. 4.5, 5.0, 5.5, 6.0) X EHE =1 a-F
ZEPHEE P ) SN AR S B SR R

P BB IEA 16000 U/g. BERIEEE N 55 °C.
pH 2l 5.5 FANRHH 2y 2% (w/v) , 5% [a] A8 1
(1.0, 1.5, 2.0, 2.5, 3.0 h) B}, X Ef#E=HI 00 o-Hi%3
A D ] 3R FN A A B SR
1.2.2.3 IEASIREGHA E Al T 2228 FETm
RIZE IS AILE IR, $2 18 Lo (3Y) IESS BET R BT
AR B0 T 255 . L oA 280 T B
TR B SRR, FEHRIHEE S 2% I BE PRIk
B2 BEUASINEE . BEf% pH. BT AV s K2R 2%
ShABR SR, R ILER 2.

£2 EREREEIT
Table 2 Orthogonal experimental design

HE
A& (U/g)

KV E R (C) HifitpH  WEAREIR] (h)

A B C D
1 45 14000 5.0 1.5
2 55 16000 5.5 2.0
3 65 18000 6.0 2.5

1.2.3 TR 8 B4 a- A2 BT B ] 32
BIIE SR Rm AR T RS EE R 17 96 fL
AP HIIIA 70 pL 0.1 mol/L BRERZE ik (pH6.8)
M B A E R U VR (A B 43502 0.25, 0.5, 1. 2.5,
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FERESH Y a-HAPYE TR, 255 1C, ([HER .
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1.2.4 FEREFAA 2R I B AR  /K 2 (DHD) i a2
2% Nielsen 252 fitiA )7, SRAGEZR - H I (OPA)
VI AR AR UK R K (DHD . 58,
HEBAFRE: 50 mg 2250 RPRE LA R T 218K H It
2% 500 mL, BLiS R 22 Z R ENR (0.9516 meqv/
g, Rt g LG PRI e T B IR O 22 R SR B0 s SR
J&, B 400 pL 22 Z PR EW 5 3 mL OPA 5% (31
B IR, MERIZ V. 2 min JEAEIE K 340 nm KT
M5 W S EEE (ODs ) (BB F KIS L) o K ARt
KA B 5 T 280K H O3l SR BRI, B
400 L PR BR A AR5 3 mL OPA 5]
(BEOIRG, EE LA FHEAE, ME G (OD,y,,) o
AR YA ATA 2 1 A I IR 4 B AT AS ] S SR R AR X
Sy RO Fe (2 R 3) IR B 8 (h, ), B
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TR RAE RS FTEENE 3 K.
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IR R AL mmoD) = e i 2 TR R
X ()

Jok 4 == B8 R % (mmol)
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BA S E) 8

h,(mmol/g) =

Serine-NH,(meqv/g) =
OD,ypie =ODye 09516 meqv  0.1x 100

ODstandard - ODblank % L X X P
D)
he Serine-NH, -8 ® (5)
a
h
DH(%) = — x 100 X (6)

Ao IR 2 PR R BN B 100 g R H
ity R A T) 2 PR 1 75 R A HAF O o35 o )
A, mmol; ZIEML AR AR 100 g Fapkr 8 AR
ity FPIT S AN R SRR Y S i, g5 by, RO g AR
AT ER RS T S I Y 22 R R 2, mmol/gs 85 F50

HONAE 100 g AR ER R S v T R SR Y
i, g; Serine-NH, R/n 5 g WM FF{ 8 A B
DA 22 G B b o i T 55 A5 31 1) A 2 R JR B Y i,
meqv/g; OD 1. 2678 400 L ASRE R~ 2 1 42
¥WE+3 mL OPA IR 1O EE(E (OD; ) s ODgandard
IR 400 pL 22 ZH FRFRHEW+3 mL OPA {5 iy ko't
JE(H (OD5 ) s ODyp 278 400 pL 25 F7K+3 mL
OPA FI K FCE(H (0D, ) s X FnamI A FR
BRI 00 T b, g5 P 2RIk 8 P B v h 2 1
M & i, Y%; L R AR K E, ecm; h R 5 4) g
AR R A I Bl A 42 ST 2 PR 17 222 B8 SR 2N, mmol/g;
FEL o, B 43 HIBCEUE 1.00 F1 0.40; DH KAk
=3B B K R, %o fdiH] BCA 2K F
ARG, e BEAT FH UARH P E I e A AR A 1~ 2 P il
R AR A R

1.2.5 R ER T o~ 35 208 T D K1) 22 kiR
M E MRS GB 5009.124-2016 £ e 4 FE 52
Bt £ T SRR I Y14 7 TR A SRR 4 A
BT S A T2 SR AL oM o A Sl AT AL
HERAFREE 20 mg A KA 35 1 a- 52l i Tk
(& H 84.09%, N=6.25) T 20 mL 28545, 1K
YKHILA 10 mL 6 mol/L HCI1 F1 1 g i3, %<, 10 min
DIHEBR 2, ARG LR BT 110 °C BRIV
24 h ffAE S S RK% . IR TSI, B R U
B vk, (R AKESS S 50 mL, BUE ERES
FHEEFRILA, 60 °C /KIGZE T eI ARBAl K7,
HEEIET 2K, RIGHINA 2 mL £E 5 F B (pH2.2)
A2, PRiFIRAS, i 0.22 pwm EIESE FHT2ERES T
1.2.6 AR 1 a- M2 I T AR P L
P

1.2.6.1 DPPH H HiJLigBRAE 1M K4 GB/T
39100-2020¢ £ ikPrE Lt DPPH 1 ABTS %)
F18) 25 ) S A AR A B 1 o 0 W 00 1) O 1)
DPPH [ H &35 BRAE ST . K FREL DPPH MR T
Tok B, FEHiAS 2 EE A 0.004% (m/v) ) DPPH
W AR FRIBUSA KA FR 1 o- M2 B B IR,
{i B4l AR AKR R BECHI M A 2. 4. 6. 8. 10 mg/mL
MIRESRA R . W 1 mL FESRIAS 3 mL DPPH %%
WR A, FE51 5 B GV 30 min, SRJ5TE 517 nm I
R AR 2 S GREE (ODs, ;) o #524530(7) 314 DPPH
Fl i 3LEBREE T o

DPPH [ 3515 1 (%) = (1 - A_B)x 100

C-D
XD
Hh: A 78 1 mL A£RIEW+3 mL DPPH i3
MG {H (ODs, ;) , B 3278 1 mL A5 A W +3 mL
TCIK 2, B W G BE{H (0D, ), C s 1 mL #B 4k
7K+3 mL DPPH % ¥ B W ' BE{H (ODy, ) , D IR
1 mL #H2E7K+3 mL Jo/K LB CREEE (ODs )
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1.2.6.2 ABTS ' H HEIEFRAE W E KPE GB/T
39100-2020KZ kP& AL PEN & DPPH 1 ABTS 7%)
FA) 7 925 100 2 AR AR AT B T o= ] 26 0 T TR0+ K 179
ABTS"H HFLERREE ST . 437 B 10 mL 3.84 mg/
mL ABTS # 7 fil 10 mL 0.66 mg/mL K,S,Og #7,
IRAJEREYE R W # (12~16 h); BL 4 mL [ W & 7
W T 200 mL 25 5 )l T T A gtk e 25, T
TE 734 nm R SGREEE N 0.70+£0.02, #75 ABTS T
VEWL o A B0 FR BURE A R 25 1 o8 20 B0 TR 07 1)
B, A5 FH R 2l K AR YR BC il M B2 oA 0.2, 0.4 0.6, 0.8,
1.0 mg/mL MFEFER . B 1 mL FE VSRS 3 mL
ABTS' TAERIR G, #2558 G N 30 min, 2RIGH4
734 nm FARANZE RS CEEE(OD5,) o« F2AF(8) 1T
B ABTS™H HILVERREE S -

. A-B
ABTS*QHa%v%B,%%(%)z(l—C D)xwo

X (®

i A 28 1| mL BE5AW+3 mL ABTS TAE
WG E (OD,s,), B 3278 | mL A£ S E+3 mL
Al K I G RE(E (OD55,), C Fm 1 mL B4k +
3 mL ABTS ' TAEW MG EE(E, D %~ 4 mL 4l
KPR CEE(E (OD55,) o
1.3 HIEAIE

A LR = IR B, 25 R PSP R 2
Frno R SPSS22.0 X SEU R AT G244 T
(P<0.05 > HAF W P25 5 MG i3 30, FIH
Origin 2021 FRAFXFSLE A TAER]
2 HBRESH
2.1 ERATHEE

WFEFRE, /N TF AR 25 5 L) 583 i TE 2 pl
A NAARA I EER v, TR A s TR . 2]
P AR 205 L 5 A e ) v I 9 S AR AR O,
PRI, B A /NG IS PR R, S Ak ] —
PATEAF AR B . ARG B A0S Hi A AR IR o- 7
Ze AR TP A B, DR IESR . o= 00 28 A TR0 7] 23
IKFR S RTEHFR BN, 548 5 PR 2R B X AR T
{25 BRSO . anE 1 R, SRR A
BRI S A O SR A TR PR, LA ) e K S B
R 12.99%, SEEEHE N 10 mg/mL B, H a- #2800
T B0 ] 382 27.84%; X AR AR KA 2R I Pl A s AR
2 25 00 JE 08 B F B, Y a0
WL 10 mg/mL B, L o7 28003 1 B0 1) 2R
6.68% . AN [FIREARFFA 85 P BHAA MR 1Y) o= ] 280 T it
INHNEEANE], PTRER AR (B 28R
DI SN E], ForP AR N IS RE TR V2 Ml 2R
FUSTK A C Sy AT 5 A e sl g K P 2 B i 1) Jed K
FEPY, IFH, C ¥y & A 7 i e B R sl B /K R L
P8 14 KAt 3 Y 28 IR HH 05 1 o= 200 A T TR T
PER, PRI, e A TN P il Sy i 2 P A T2k

0V = -t R AL [ 40
SESRI==EIS. 1): 4 a r3s
¥ 30 1 30
E 25 R SIES
& 20 20 &
gw . : A A-15%
il 1
s 5 5

0 t 1 ’—x—r_‘ 0

R
K7 X KT & &
SHEEE A S
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B 1 RIFVE RO BRI o AR R R
TR AL B

Fig.1 Effect of different proteases on a-glucosidase inhibition
rate and degree of hydrolysis of enzymatic products

W AN RS R R — 48 b N IR BE i (B A7 7 3 22 %
(P<0.05), & 2~ 8 [F],

2.2 BREARSWERSH

2.2.1 AR R AR A R I I = S K i B
a-EIEIFE P HIR AR AN 2 BTN, B
W 0 T, REARDREA TR AR 4 (10 mg/mL) 19
IKFHEE S o- AR TR ] SR 2 B8 LS R RERY
#aF, FE 35 °C FE 55 °C X[a] N, /K SHnH RS
TR AR R B IR 55 °C B, KA R -7
Ze W T 1) 23 440 3K B R KAEL, 43 18.93% ANl
35.02%. FEBHFHIESELT 55 °C B, bk & Em 4
TLE R B TR D T s TR HR T, i R s s 2
PO BT EIANE A, S] I B R) F AS TTCR, F fgZK Afe0)
USRI Y 55 °C & 75 °C X [ajist, B =y a7k
SoE R I A RIS O T 28 R RS T, (E 3 sl I
T+ 55 °C BFKAE (P<0.05); AN, BT~ 10 o-
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Fig.2 Effect of enzymatic hydrolysis temperature
on a-glucosidase inhibition rate and degree
of hydrolysis of enzymatic products
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inhibition rate and degree of hydrolysis
of enzymatic products
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inhibition rate and degree of hydrolysis
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Table 3 Orthogonal test results

HREIHF (%)
IS

s M a-RIEP B
A(C)  B(Ug) C D(h) ME(%)

1 45 14000 5.0 15 40.22

2 45 16000 5.5 2.0 41.75

3 45 18000 6.0 2.5 43.44

4 55 14000 5.5 2.5 46.38

5 55 16000 6.0 15 47.66

6 55 18000 5.0 2.0 41.75

7 65 14000 6.0 2.0 36.48

8 65 16000 5.0 2.5 38.00

9 65 18000 5.5 15 32.79
K, 41.803 40223 39990  41.027
K, 45263 42607 40307  42.470
K, 35757 39.993 42527 39.327

R 9.506 2.614 2537 3143
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84.09% ) FOLE IR —34, SRWIRRDFF 3 1 L o745
KEF BN S IR AN S A SR BT, e i RE S AR
TR A~ EE e ™ 0 P /K PR SRR (N =R | 49
P2 ) B3 e o BB RE IR & B 30.06%, 3 R TR
PPAFA R AR PR 2R TR 5 1 26.89%(P<0.05) .
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Table 4 Amino acid composition of a-glucosidase inhibitory

peptides derived from Cinnamomum camphora
seed kernel protein

B R 3 - A T

Rum (/100 g) ik (g/100 g)
KREH R (Asp) 7.63£0.47* 7.44+0.33"
22 R (Ser) 4.43+0.22° 4.724021°
&R (Thr) 2.25+0.17° 2.11£0.11°
A AR (Glu) 17.15+0.90° 16.54+0.77"
H & i (Gly) 3.2740.17° 4.79+0.19
MM (Ala) 3.39+0.07° 2.95+0.13
LR (Cys) 0.90+0.25° 0.860.07°
faE R (Val) 3.59+0.20 4.75+0.28"
HEA M (Met) 1.18+0.00° 1.19+0.04*
S E R (1le) 2.77+0.19° 1.48+0.34°
5E44 R (Leu) 5.65+0.36" 4.31+0.03
i 2% (Tyr) 4.79+0.30° 3.68+0.16"
A NE 2 (Phe) 4.07+0.30° 2.67+0.10°
21442 (His ) 3.12+0.24° 4.61+0.23
2R (Lys) 4.31+0.22° 3.08+0.13°
K%z (Arg) 10.44+0.51° 7.77+0.25
Jifi 44 (Pro) 1.88+0.04 2.14+0.10°*
BAEER 80.82:+4.59° 71.49+2.72°
KSR A SR (%) 26.89+0.30° 30.06:+0.38°

T AT AN TR R AL A7 75 3 22 5 (P<0.05)
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Fig.7 DPPH radical scavenging ability of a-glucosidase
inhibitory peptides derived from Cinnamomum

camphora seed kernel protein
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Fig.8 ABTS" radical scavenging ability of a-glucosidase
inhibitory peptide derived from Cinnamomum
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