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It (g:mL) 1:4.9, NaOH #5341 1.00% . $EGREE 65 °C. $2&HRETE] 3 h, BRYT pH=3.5. eI
32 h BRI T AT, WRBHREEARBER 17.31%£0.84%. DIEEEE ARG 3 h #1460 N F2 %
JEEE FRGHE ) TR B R T E VA8, BTin ik o 800 pg/mL Y D1 S22 8K 2 A 1 B4 XoF 4
NO R AMHI R AT Ik 51.85%+1.39%, BEAEINHIIE KT IL-6 1 TNF-a BEHUKT-, IR EJEHTHR T IL-10
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Acidification-high pressure extraction of shell nacre protein with preparation
and efficacy evaluation of its enzymatic hydrolysis products

LUO Zhe', XU Jiaxin', LIANG Xingtang®, MIAO Jianyin'*
(1. Guangdong Key Laboratory of Nutraceuticals and Functional Foods, College of Food Science, South China

Agricultural University, Guangzhou 510642, Guangdong, China; 2. School of Petroleum and Chemical Engineering,
Beibu Gulf University, Qinzhou 535011, Guangxi, China )

Abstract: The shell nacre protein was extracted from the nacre layer in the Pinctada martensii shell by a
combined technology of acidification-high pressure, with the extraction process optimized through
single-factor and response surface experiments using the protein extraction rate as index. The protease
hydrolysis products of the shell nacre protein were then prepared, and evaluated for its amino acid
composition, anti-inflammatory activity as well as skin repair activity. The results showed that under the
optimal extraction conditions of hydrochloric acid concentration 0.18 mol/L, alkali material-liquid ratio
(g : mL) 1 : 4.9, mass fraction of NaOH solution 1.00%, extraction temperature 65 °C, extraction time 3 h,
acid precipitation pH 3.5 and resting time 32 h, the extraction rate of shell nacre protein was 17.31%+0.84%.
The enzymatic hydrolysate of the shell nacre protein produced via bromelain hydrolysis for 3 h showed no
cytotoxicity and was beneficial to the macrophage proliferation. The inhibitory rate of the hydrolysate with
a concentration of 800 pg/mL on NO release reached up to 51.85%=+1.39%. Meanwhile, the hydrolysate
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exhibited activities of inhibition against the pro-inflammatory factors IL-6 and TNF-a, and up-regulation of

the anti-inflammatory factor IL-10 release, thus demonstrating good anti-inflammatory performance. The

enzymatic hydrolysate of the shell nacre contained 17 kinds of amino acids. Among them, the total relative

content of 8 kinds of essential amino acids for the human body was 32.626%, the total relative content of 7

kinds of hydrophobic amino acids was 34.513%, while that of 3 kinds of positively charged amino acids

was 16.173%. The shell nacre active peptides could significantly improve cell proliferation and cell

migration of fibroblasts L929, and improve cell viability induced by H,0,, inhibit ROS production, and

exhibit good skin repair activity.

Key words: shell nacre; protein extraction; process optimization; anti-inflammatory activity; skin repair

activity; amino acid analysis; modernization technology of traditional Chinese medicine
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1 LIGEH

11 w8 KFEMEE
SICEREE N E B R)Z , LRI EY)

BHEARRA R, AREEE (8x10° U/g). HEN
fit} (4000 U/g). HHFAHF (3000 U/g ). 355 &
(6x10° Ulg). HEEMAM (2x10° U/g). #tEH A
fiti (2x10° U/g), BT HefiAd TR A R A ;
DMEM K5 ## 4L Jii 4= M3 FBS ), 32 [ Thermo Fisher
Scientific A7) ; /NERE VRN (RAW264.7 ), /Ml
ILEF AN (L929), HhRkEE 40T .

WEMERE (MTT ), 122 SOk AE ARRHEE e A B
I 2VT-TAROEE ZCREE ( DCFH-DA ), |-
R RAEYFEAR B ARAF; IBZH (LPS ),
AW (DMSO ), £ E Sigma A w5 FE L.
R (WREE 1 mol/L ), Rt KOs b2=ilH) . BT
A2 it FEGR A A AT 4l

L530 A4 &5 AL [ 3P 2500, 0w AL SE
K SALERIT KA PR 5 S-433D B4 [ Bh& JE R 5
B, FERM (dta) Bl A RA R 2300 7Y
ZIJHeEEPR Y, 5 [# Perkin Elmer 24 7] ; EVO-MA-15
HIF 4B 2 isE (SEM ), fEE Carl Zeiss 22 o
12 FHik
1.2.1 ZHREZORK

TG, WS IR SRR 2 M e it 200
Hifi, SEB%EN; KRG, BE2HRZH%ER T
(g:mL, FRE)1:3MAWEN 0.3 mol/L fELR
PEATIRICAL R, #8120 )5, &%k (110 kPa) it
(121 °C,20 min ), K5 F 4000 r/min &5.(> 10 min,
FE FVEW, W R DT YHRNE I 1 2 5 InA BT &
£ 1.00%1) Z A AN AE 65 °CR 4L 3 h, Hilij,
IR, FHYREE A 1 mol/L BYERRKF I8 TR pH T =
3.7, WUEAE 4 CCTFH#E 24 h, 15222 HE A HH
W &Ja, HERZEARBGE T 4000 r/min .
10 min, BEMUIENBHKEZERAMEY, 2Nl
A&P-PPCE.

EER i 13w SEY NN NGRDS7 I3 ik & o7 4 5 A
TGt 53450 1.00% 119 S A AL AR TRAL 3 3 h, JiliDE
REER . RE, FIWRIEN 1 mol/L MyER MK IE
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0 pH JHZ 3.7, HUETE 4 °CTF#E 24 h, 5RBHE
HEREOR . &5, B ZHE AR T 4000 r/min
B0 10 min, 152 U0TE RIAERR b -2 R ER 2 5 1
Y, idh PPCE.

WRPEL (1) HHHBREEARICE (%),

FHZBCR/Y%=mu/m 5 x100 (1)
K. muly A&P-PPCE 5 PPCE TH:)5 i, g;
m g R R FHBIL I A D e 1 B2 3K 2 v R B 1Y
i, go
1.22 RO =HhEE&

FREL S mg BER)ZE MY, WA SmL £
TKJG, FHHREH 0.1 mol/L AYEEARIH %2 — & pH,
FREEIE A o0 1 (R R 52 RZE AR Y 5
HIESE, FED 03%MM A FEE, KA
fi# 3 h, W4 15 min EHE 1R BEfEEUS, T
95 °C/KIE KHE 10 min, RHZEE, T 4000 r/min
BL 10 min, B EEFERZ 20 CAETE 12h )5,
RN SEE R ZE H M- YR T8, B T-20 °C
RArE .

1.3 HHRESHERENIK

SEM 3 : B 28 R A - i FE A BRI IS 1) DL FE 2 B
2R, IS b TR PRAE 3 1 2 R T 5 1Y XU
LA FUBPRAS L |, 7 LS A5 T W4 9 5 min,
KRR W F (LED) #i30, TAEHIR 20 pA,
HL s L e 5.0 ko

K H GB 5009.124—2016 5 D1 722 ER 2 Bt
7 v 45 T S S R 1 2 B B
1.4 - Ay
141 NEBREFQRRERNEZ LR

Pl 1.2.1 4, A&P-PPCE Hyfil & 7 i s
W, R RE (0.1, 0.2, 0.3, 0.4, 0.5 mol/L ).,
BRRRRAEL (1:3, 1:4,1:5,1:6,1:7), &%
A ARV R 238 (0.25% . 0.50% ., 1.00% . 2.00% .
4.00% ). FEBUEIE (45,50, 55,60, 65.70.75 °C).
PR (1, 2, 3. 4, Sh), BRULpH (3.3, 3.5,
3.7. 3.9, 4.1) FEERE (8, 16, 24, 32, 48h)
XTSRRI BOR R, B 25050 5 450
LK LAFL BRI 0.3 mol/L . BRI 125,
AN BT E 1.00% ., BRBUEEE 55 °C. 12
Bt a] 3 h, BRTT pH=3.7 & WHa] 24 h J Ui,

142 N &HkEHE QR0 T %R

JfiE NSe iR EE AR I 2, fEf A
FEALY SRl I, N Design expert V8.0.6 #1511
SHE AR TR, EBERRRE | Bk
WG . BRUC pH S A7 HL, BIREE HERBCR A
NAE, AR AR ARV R 0T 5340 1.00%

PR 65 °C . HEHUSE] 3 h, #fE AT 32 h, M
o7 T PR 2R KT LR 1

1 AT S PR KR

Table 1 Factors and levels of response surface experiment
K . ?$+ -
A TEFRWRBE/(mol/L) B BEHERA LL/(g : mL) C FRUL pH
-1 0.1 1:4 33
0 0.2 1:5 3.5
1 0.3 1:6 3.7

143 B ILREERE
Fi R 1.2.2 WAL ER, DL NO #2241
febR, FEARIRIER AR Bl A (3R 2) T TG
il i A5 WA 7 ), 25 SN R AR B X R 7 ) NO
N A
T2 N[REE ARG SRl RN 1

Table 2 Optimal reaction conditions for different proteases

H A ol R /°C 5 i i pH
B H A 55 7.0
RN 55 6.5
ERiEl 37 2.0
rh 2 1 45 7.0
R 2 11 50 9.0
JB A 1l 40 8.0

F IR 1.2.2 WA BR, DL NO R A PE
fehr, EECHE M RAER AR, %95 A R e
B (1.2, 3. 4. 5h) XU SE2ERZE AR
NO HHI A 52
15 HMmAFEEITEN LW
1.5.1 mpaiik

BN BB A0 M0 RAW264.7 3680 T 7 mL & B it
4340 10% FBS ) DMEM 3535 3L ( fifR s &k 323 )
Hr, BT COLMRFUNE 5%, 37 CANMLEEFR46 T 1%
7% CJa SCIR LI E 404 ), FraifA: & 2 x040E K 0
HEATAEAR.

1.5.2 RAW264.7 & L3 35 F ) 2

S R[5 F ARl , SR MTT 350 4
MfEER, AR E 3 AP E . Bk, Bt
K/ NEUE 2T RAW264.7 1270 7E 96 FLAR T A=,
WEE 12h, FERK. R, SEERAMA 100 pL A~
[i) S5 VA 8 1 DL SE IS 2R 2 B L = (T 8 e
FEIEWL R, BRI 100, 200, 400, 800 pg/mL ),
25 X IRZ L) 100 pL 58 2R3 IE0EH 24 h, &L
A 100 uL MTT ( Fitt R EEH 0.5 /L), #EEIFH 4 h
Ja, 7 MTT %W M5, BFLINA 150 uL % DMSO
WM EESR, ¥ 10 min, JARGEAR{CN E LI
WAE 490 nm ARRIMOERE . R4 (2) T 4R
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S SCER[16] 7 IRk sl , MakE 3 4
FATEAL . E S, BN A K 9 B A
RAW264.7 A0 7E 48 LA TP A, W& 12 ho 2R8)5
25 IO B AR 4R 82 0L 200 pL 58 4By R 3L
B FHAIA 200 uL V522 BR )2 8 1 0 ot
HREEH 100, 200, 400, 800 pg/mL ) ¥ F 12h )5,
W RS FR 3 a8 (AR IR I A SE e R Rk, B
AL A MA 200 pL B 1 pg/mL 8 LPS
W, E 24 ho RS, WA BWEW, DAGEFL S50 uL
A 96 fLtir b o et , LKA 50 L Griess
Reagent | 3| F1 50 pL Griess Reagent 1135, #z%%
TRAYISG  TAREAROIN E B LI RAE 540 nm ALY IR
eI, fn, R NO RIS AT iR IR RIE R
HY NO Bt . ARFESC (3) 318 NO R (% ).

NO 5 /%~ jz —h 100 (3)

2
K A, ARV 4 LA ; 4,
I RO LS i
1.5.4 XERFKFRZ

SR T R ek, BARE 3 4
TR AL B, BOWEUE KB IEA I RAW264.7
AT 24 fLARP, iR 24 h 5, FEEE. RE,
SEEFA AN 500 pL & A B R DL A B R E R
B P i 2 s TR 3, 25 O BR AU RIS R 4 fin A
500 pL SEEE IR, PHMEXT IR LH Sl SEKAS , 4ksk
R 24n )5, SRR MG, 2 H4MA 500 pL
S BEFRIE . HAMHMA LPS (JFiEHE X 1 ng/mL)
WU, AREERESE 24 he Fede, U ETEWR, RA] ELISA
TR G AT I A4 8 5% S W IL-10 . IL-6 A1 TNF-a
7K.

16 RBkEEFEMEITEMNEE
1.6.1 L1929 tmjt A& Zml &

BORHESCAE /N RO EF AR 4TI L929 $eFP7E 96
LA AR, HABAEATRE 1.5.2 97 RGN (4)
THEHMAETE R (% ).

AN IFENG R/ %=(4,'-A'/4,")x 100 (4)
K AT AWE; 40 8% AW,
1.6.2 Ao x)JR 55 3

S UK 81T R I Mg AR kgl O 4504 K
/NERBLEF R4 A L929 $FP & 6 fLik, EH T CO,{k
B 5%, 37 CHFAETPE LK. 78 6 LUK
TR — AR, FE =55 AR 200 L #B Sk TR

il i M b ) A TR R, DMEM
Rege b e AN FLLA BRI o 255, S0
HMA 1 mL AS[R) 5T &9 B Y DL 72 B2 2R 2 4R 1 A
FEIEE 24 h, 25 PO BRAL A S B AMEE 2% FBS
H5E i TR Rk S T 24 ho MR RIS, HBM
T WL 2% 40 R 0 4 BE T S DL Bt EL o M e 7= 40
X 40 L B RE 1 TSGR -
1.6.3 H,0, % 1929 4 i 757 F 04 % v

2% K[ 1917 LIV E sk sl . B 5, BOW 4L
KWL 4R 1929 AR 96 fLR, WE
12h, SRJ5, A 100 uL D 5E B2 A R~
AbEE 24 h, FPEFE, BEFLITA 100 pL 9 HyO, (¥
FE 200 umol/L), #IEWFE 24 ho M/, ®FLIMA
100 uL i MTT ( Jl R 0.5 g/L), #OLIFHE 4 h,
Frds MTT B . FRZERHFLINA 150 uL A9 DMSO %
fif SRR, HRY% 10 min, ), FHEFFRMUCN & &
FLIAWAE 490 nm T MG
1.6.4 #MHZA (ROS) #Hixgn e

S SCHR[201 7 WL R FEAE B e, B e, BOW 4k
AR AT AN 1929 R0 T 24 LA, K537 24 h
Ja, FWER . R5, FERAINA 500 pL %A [E B
IR D SE B R 2 AR e e R, =
% PR ZH ARSI ZH A 500 pL S84 b5 350k, dksi iy
F% 240, FWEW . BEE, 2 H4UMA 500 pL 584
Rigedk, HAHINA Hy0, (HRFE 200 umol/L ) %,
URERE SR 24 ho FEHSE 2 EE SR DCFH-DA ik
1000 )5, Fifil. fia, EESLLIMA 500 pL
DCFH-DA W, #6MFE 30 min J5, 7E9OGEIE
R T HE TR
1.7 EELIE

JI A SEE R R UL P B R 227 R B2
THEFE Origin 2019 FAF T 52 A, M 7 11 S 5 15 1 A1
25 B0 HEAE Design expert V8.0.6 FHEfT, SZEG4s R
JH IBM SPSS Statistics 26 B A43#47 585047 o

2 HR5WR

21 BREEARINIZEZR
2.1.1 REZZELFMHGHA

Fie 1.2.1 T THEEC, B 1A i A&P-PPCE il
PPCE HJ42HUE

M A ATRAEH, gad iRb-m B £ AR AL
HE, N2 Z2HEARICEA RS . KREm
v AL B, 4 0 FH A R Uk B AR R
9.91%+0.44%, 1ML mAk-m RS,
PR LA PR IO I 4R S B 13.72%+0.64% . 3X AJ
REERh, Zadffb-E AL B, DI BRI 2450 5
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BEIRIZM LS A T W kA, AR R S |
fL, XHERIE 2 5 EBOR 42 A AR, 4R U
RS FE A o 5 SCHR[21 P F 4R 1L 75 B 2% T a—
FE R G ERZ SRR 0.021%H e, A SCHREGH ARV ¥/ (mol/L)
SOEZ 7 N A= il N F 57 =S ) s il i) 15 B b
0.171%, PHIHE , J5 S5 FF1 e W -85 PEAL BB R JF B )
JE I FE TR Z R A T 20k . 10 & 7 2 .
15 1‘%‘
A I @ 5
< 10 _I_
% :
5 1:3 1:4 1:5 1:6 1:7
5r MBI /(g : mL)
20
C
A&P-PPCE PPCE 15| I —
S
E& a
il
oL : : : :
Bl 1 R BT 2 A PN T2 Bk 2 2 14 BOR 025 030 100 200 400
W (A BIE-REFEAERRG (B) I (C) MGk . AR
JEBHiH SEM [ D o S 4 ab
Fig. 1 Effect of different extraction process conditions on a = ]
extraction rate of shell nacre protein (A); SEM ]
images of shell nacre protein powder before (B) and NS 107
after (C) acidified high-pressure treatment ﬁ-
212 BEEEBLR LN =l
2 W FEB R PR U R R B R
M 2A FTLAE M, S ER RS 0.2 mol/L 1, . . . . .
Bk 2R ERCRA SR, 25 B Sk N
3015 BR 2 BB B OR B, 4 R MRV I N TR
0.5 mol/L i, BBRJZME (HRIBCKILFN R AL, BT e
REEh, MARRRIE, HEMEKIG R, 250ENR s w 4 ¢ d
BRSO, AFATHEEFIEL, H#EmEiF2%ZE < b £ F
HAFRAAREY, B SRR 3K, RIRES S ﬁrlo .
BB EE TS, M MRk, WA Ela’
REVS R T 2 0945, S fi 2 AR AR B g B 3 [RIA 5
R ESR RO SN E AW, SR %R, Rl
Wevk 255 0.2 mol/L.. 0745 50 55 60 65 70 75

FRBURE/C
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0
33 35 3.7 3.9 4.1
FRUipH
15 C
G ab be 2 My
a AN
£
<10
x
=
B
5+
0
8 16 24 32 40
HrE I E/h

R B NE R RN B ) 22 7 B3 (P<0.05), TA
A—ERFR U BE 3 B—O8BURHR LG 5 C— SV AL B TR BT 1t 4340 D—
S s E—$RBGR AT ; F—RRUT pH; G—f B i)
K2 AFENZEXN B RRE AR PRI
Fig. 2 Influence of different factors on extraction rate of
shell nacre protein

MIE 2B ATRAE B B8RORHE EE )
BIRZE A TR e e TR, Xl RER I,
W5 BRBORH R LB/ IS 7 B, 4 Ak v B
W, HE AR ECSCR AR R, P LU A SRR
{EBRIBORHR LA SR/, 23R B R EA R
AW, SEEEA TR EREAT, e R
AR I KA B A . R AR,
HOHBORHR L ] 1 5

MIE 2C ATRIE , BEHE S A s oy
BRI R, BERREARICRT & XN,
TERPERRSE h, o1 [ B HEHE R AR,
WA . RS A AN, BRI
H B B G ER B ROAE T . (B A A il
BT 80>1.00% )5, WSS ER 2 E H A fEHeR B
THETFZ% . ek iE, S AMmER R 8oy
1.00%,

MIE 2D af LA, BEFE SRS B, 2
BRJZ 8 HAR ORGSR o SR HUR R]>4 h 5
PIRZEARPCRIA TR, TR, EH
B s ) Ak - B 2% 1 RT R 23 5 B0 A B A K
FRRVZEPERY S PR, BRIBURRILL 3 h R

MIE 2E W LIE Y, BEF SRR R TR, 23k
JREARPCRE BT, HE =65 Clh, B

JFEPRBCR B TR, XATReER Y, HE
PRI B B T, A BT S A5 R iR
HE R 2 o F v ), (HAR IO B 4k 2 7t
[ = s e = D 0 R o AR o e a0 = ]
EEBMPER . a5 I8, RIUREES 65 °C,

ME 2F W LLE H, K% pH 938N, BIRZE
HERHCR R BT S G R B3, 4 pH=3.5 i},
HEARBCRR K, XENK, fFEFE S (pH=3.5)
B, AR BT OB TR ¥ W TR] H ey 8 AR EHE AR
FHR Kk SS , AR Z) 40 B R SESR , ML TE
B PO, R, VTR AR R AT R e . LI
PR AERR L pH M 3.5,

ML 2G FTUAE Bl B DUE R ] 34
PR ZEARBCRZEEH LT, BTHEEE%, RiE
BEMENORE, FHERHEY 32 h, BCRE A
WEMZER, GFAHE, EEEERTY 32 h,
213 p@ERERS HH

K H Design expert V8.06 #K %] 3 3 Hay %k
AT I A, IR BRI T 208 (£ 4),
198 IS A RN

Y=16.23-1.154-0.13B+0.30C-0.114B+

0.0734C-0.89BC-3.324>-1.09B>-1.65C*
( P<0.001, R>=0.9641)

3 WARL T SR B AR

Table 3 Design and results of response surface experiment

i (i BN

LI sEkE WRRHRLL i gw%
(mol/L) (g : mL) pH
1 0 1 1 0.2 1:6 3.7 12.83
2 0 0 0 0.2 1:5 35 15.52
3 0 0 0 0.2 1:5 35 15.82
4 -1 1 0 0.1 1:6 3.5 12.98
5 0 1 -1 0.2 1:6 33 14.62
6 0 -1 1 0.2 1:4 3.7 14.17
7 0 0 0 0.2 1:5 35 16.56
8 1 -1 0 0.3 1:4 35 10.89
9 0 0 0 0.2 1:5 35 17.16
10 -1 -1 0 0.1 1:4 3.5 13.73
11 0o -1 -1 0.2 1:4 33 12.38
12 -1 0 -1 0.1 1:5 33 12.23
13 1 0 1 0.3 1:5 3.7 10.44
14 1 0 -1 0.3 1:5 33 9.10
15 1 1 0 0.3 1:6 35 9.70
16 -1 0 1 0.1 1:5 3.7 13.28
17 0 0 0 0.2 1:5 3.5 16.11

M AT, B P K 0.0003, % FH)
B35 AU P{EN 0.3687>0.05, ZEHALE; 4
SRR (CV) H 5.2%<10%, 7B R H) 52504
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SIMEL R, AR S, @i [e]
ET7 R AT T LR, EhIRIK ERT B BRI
H AR i o B 8 FER/NAT LA
SN2 ER)Z 3 AR A SR YO O - SRR BE>
PRUL pH>TRRCRHR LL o P, B8 AT LU T3
WRZ B P 2R SR A7 o i sy

x4 TTESIER

Table 4 Analysis results of variance

Tk EFAM AME ¥ FE P{H e
(el 90.79 9  10.09 20.86 0.0003 ok
A 18.27 1 1827 37.76 0.0005 ok
B 0.14 1 0.14 028 0.6133 o)
c 0.71 1 071 148 0.2637 o)
AB 0.048 1 0.048 0.10 0.7610 o)
AC 0.021 1 0.021 0.043  0.8408 o)
BC 3.20 1 320 6.63 0.0368 *
A? 46.50 1 4650 96.15  <0.0001 ok
B 4.96 1 496 10.26 0.0150 *
c 11.44 1 1144 23.65 0.0018 o
B 3.39 7 0.48 — — _
RKEI 173 3 0.58  1.39 0.3687 )
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