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e A Ry K A, T 2R, T
AN TR] i 7 2K R LA b T AR R T
A5 R W IE o R RN T Ak B ) A
2 BImWOEAL S . 27 ) R A RE A i ACEWG P
JF S B B 1 e A A A BF 9 . ARFE LR E =
72 0 4% B 3% B (Haliotis discus hannai) 3%,
RSB E A, R E R . PR
F1 il % i B L 8 11 il o 4R A TR T = & 1Y
fify £ ] S U AR R R, E— 2B A AT T AR 2
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L1 #R 55
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SDS-PAGE M #5 #f 5 F & Fermentas/\ w) =
iy AEIREE ARG . ATRBEFLE AR . KW Hip-
His-Leu (HHL) >~ SigmaZy @ 7= 5 s S IML4F Bk &
el . M E RO AT = A PR
LR TSGR 4 [ 77
1.2 LBRMUFS5EE

LG HLPT-2100, Fi+Kinematica/\ i 5
pHil, f#[E Sartorius/s & ; HIR KB, HEE
MemmertA 7] ; & H BT VK E, 3¢ Bio-Rad 2y
Al BER AR, Pe[E Syngene/N Fl; AN
J# 1t Lambda 35, ZE[E Perkin Elmer A& ; & 2434
F, F i 73 % Phenom-World BV, faf 22 Phenom/A ) .

1.3 47hER & 1 AN H &

Wil 25 J7 s . DA el fh,  fiof 3% B £8 2 58 I
PHE, HUAPEE; QT HlbE®, A fEhfn [ R
T 2K B I T20%, SERTTE KRR K24 h
J& . T100 °C/K 10 min; QRE I 6645, Az ff i
oK AL BEHE, T 121 °CK A8 min; @ il
fifg 4110, A fef £ F 100 °C/K 3 10 min. 43 51 H
A £ ) 56 g IF DIRE (K/D 29 2 mmx2 mmx
3mm), fiTA60mL%E0.15 mol/L NaCli) 25 TK ,
B PR AT LR PRSI, 4~5 min/Ik, B ASTA]
AT R EL A LA S0, F T IE AR .
14 BEIE&RBEHRE

4 W (simulated gastric fluid, SGF)iH k£

HE 56 ] 24 L sk e, R A 250 U/mgl)
WMEEAMW, | LEME WP &2 g NaCl, H
1 mol/L HC1 ##lpHZE 1.2, {RIMEFL H W IH L35 %
Z M Thomas®5 277, JFMEAEE . SR R
J550uL, HE AR SILNE A LGN S0Ww),
e LA AT 300 ul, 43 E T2 mLE O 4
i, F37 cCKIB TR0 minf5, A 250 pLAR )
B, WRZHIRAT, FE37 °CoK U L AS [) i [i]
(0. 1.2, 5, 15, 30, 60F1120 min), F3kh
mFiE] 5, A 50 uL 200 mmol/L NaOH, 3843
RA), LAk, Hf, 0 minkE S48 A S0 uL
200 mmol/L NaOH, i 5 & F1HFAR . X 4R
INEE AR, HARESAIME, S EE 3R,
1.5 EHBF&RELIRLE

F 480 1% ¥ (simulated intestinal fluid, SIF)Z &
X E ML BCH S5 A RN AR AR 1
g . 2 B e 2L AR 1 14 43 ) R 3251593 U/mg,
1 LB % W 2 6.8 g KH,PO,, 111 mol/L NaOH
WpHR 7.5, B IHE L% S I Huang % "y
B, AR . S5 AR RN R R AR
A Jiga 5% L B 1 G SRk 5 £ L PR ST 2RO R D
RSB VT A6 B R AR R R 550 wL, AR
fifg | JBREE L 7R A S 6 fn LA B ARG R34 R
1: 50(WIw), H(300 Lt LN 5138w, & T
2mLELOAE T, TE37 °CKIB A0 minf5, HIA
B W 250 uL, 1E37 °CKIE IR AS [6] i [A] (0
5. 15, 30. 60, 90. 120F1180 min)., JHE&EEAE
P Ak B R R 5 R R FT AR, 7E37 °CoK
WHRB0, 5. 15, 30, 60, 120, 18071240 min,
Bk NS, BP 2] 550 uL 500 mmol/L HCI
FEAPIRE), LA, xR A INE A, H
ARAE PSR IR], U0 E R 3K
1.6 EHBBRRELRTIE

FEALL T T A S N AR R 700 uL, BB
LN R s e RS NS R A R i
B 5 B BOIE AR AR, RN 37 °C
Kt T, BE, 300 pLAE AL 450 ul 5 mg/mL
B 2 B 16 60 minJ5 A S0 uL 200 mmol/L
NaOHZ |13, P TpHZET.5; MIAS0 uL 15 mg/mL
JBERE IR, ROV 120 min/, 4RZEHIASO pL 15 mg/mL
JREESL B I, [V 240 minf5 & 1k, nzEE K
AR AR 2R AR KR TR Ol R R
A, R EREIW.
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1.7 SDS-PAGE

SDS-PAGEF % % # Laemmli'" ) 5 1%, R
FH e 48 Bt TR B R 5% . A S S HR R 8% i SDS-
PAGEXT R B W I Ak =y #4543 5 1 2 A At
LR W0 B B AT A 7 W SR R 4 i ik
H5% . Sy ES e B R 15% 1 SDS-PAGE .  HLUK 45
WG, DB D2 x iR a, RaEEN
2 g i, SR G AGE SR &G
1.8 SR A I A4 o7 &
KRR E T R BT EE, Ha
B feh FE LK, AR BRI B T, B IR ST
WE4s, B g
1.9 ACEH&IE MR E

ACEM 36 P 09 2 2 % Cushman5§"1J7
B, JFERAEIES. SE)5 A 20 uL ACE%S K 520 pL
B I W SIH AL, FArIR AT, 37 CCHik
5 minji, SZBIHIASO pL 6.5 mmol/L HHLIA I’k
(100 mmol/L#ifR+h 22 i, pH 8.3, 0.3 mol/L
NaCl), F37 °C/K{A60 min, M50 uL 1 mol/LEk
BRIk R, 4ESEIA300 nLZ R 1K, =i
2553 t/min& .05 min, WHL 200 uL, H
HRAE KR TR TR, IMA 600 pLZE IR K 8501
f# 5, 3610 r/minES.0>3 min, £ K228 nm T
E FE WA WOGAE . o, X B2 T 2R 1R K AR
B, SAademARmREmARY ., Ha
AR,

ACEM ] #(%)=1—(As~A0)/(4,-A0)* 100
X, A4 XA OGIE ; ARS8 50 4 1Ot
5 Aoz A BIBOGIE . 1CsofR R ACEN ] %

R 50% X R A RE IR B, BIICso /N, % RE A
B A CEAV i) 375 4 78 1
2 4

2.1 A[E]40 & ] mn iR HL B iR iH 1L BYSDS-PAGE
T

RSP B WAL, BT T RS TR T
J7 3 O6) 3 fa L TR AR B S R X T A e
il s, B A R AE AT R (S min) P9 HLER 2R
[ & 4f (myosin heavy chain, MHC). &IJLERE A
(paramyosin, PM) LA K L3 2 1 (Actin) 1) 3277 B i
SEA (Kl 1-a) & il fifd £a JUL IR R 3 4 v © ISR AN 2]
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MHC, 7EBHL S HH16S minff, PMAIActindy) %
A R R R AR, FLBE T L ) A K
LR A s R RO R (P81 1-b) T4 i £ 1) JIL A 2
P 5 A e S A B O AR ARG, R B AR S b
120 min, {54 7 & K T 60 kult & (15547 5% 2
(El1-c)o FH T HABIFOM T 752, il 2 f6 rp
PM. Actin®5 8 [ ERLLE W IH A6 15 min)5 6%
fift ot e (B 1-d). BA HALI LT, IR F R BE
fife 5y BTG 2, 2% B E ) B £0 0 A5 ) B R
1l o

2.2 FEIEE & F @RS & E L SDS-PAGE
vl

XA e A, PR I T 78 S5 B[R] (S min)
WA MHCHIPMIE L8 4. BEE H it 1T,
Actintli G218 7 i, B B8 B oy T 129026 kulty
Kok ik 7= ) (11 2-) 75 il B0 £ 76 i 2 P it 905 6.5 min
IF, PMUFT Actin) i 4 45 4 B i o6 4>, (H R
THAL90 min/5 1157 /b 5 43 1 2 426 kulty B it 7=
Yy (E12-b)o Tl £ 25 J A 11 O AL RIOR 5 8
i e AR BN, (E A B 4 1 2 R 26 k) B A 7
Yy 2 R (B12-c). T R 1 £ 1) 2R 7E T b
5 minfi K 2 FEAf /N5 8 TR B (1812-d) .
Fb A A A ()0 T 7 32 o s %) 6 £ 2 J 2 1 O
fbJa &8, A% R LA 8050 i WL i ok
Gy R, R U ) fa JL DY R S R o A
B, 26 I IR R R A H T B B R AR A R
TR FBGE AL BRER , DT = A S8R

X AR £, MHCHIPMZ e, & A i
TH AL 180 min/5 B M 58 4 o Bl 25 B[] 19 ZE 4G,
Actin® 2812 /3%, 60 mini 5¢ 2 K (Bl3-a). &
il 0 £ 7E T A6 S minJ5 , PM#EREAR 545 30 min
&, ActinJL-F- 952 2 1H A (B13-b) . 5 2 il i f1
FEG, i ff fa B AE 22240 mind {6 AT A 4 F
R 26 kul) B i 1) K i 5k BR (813-c) o X T IR
fof 11, JBREE 7L AR 1 T A A B AT (1S min) A K
HALKFE A, WA T R8T 15 kull/h oy
TR B(E3-d),

2.3 A EtEEF mELS RS IEKXRSDS-
PAGES 1

HE— 20 AN E W S A, BT
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B g Eeas @Al E B RIS RIH L ISDS-PAGES 1
@EE, O)EH, T, (RN, MisdisE, CHAl, TIH
Fig. 1 Effect of SGF digestion on H. discus hannai muscular proteins prepared by different processing methods

(a) raw, (b) cooked, (c) dried, (d) canned, M. protein marker, C. control, the same below
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100 <M
30 Actin
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33 25
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M 0 5 15 30 60 90 120 180 C min M 0 5 15 30 60 90 120 180 C min
ku
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100 | €M 00 PM
28 Actin 28 Actin
30 30
25 25
% 20
15 15

(©) (d)

B2 SHyEHRSRINAEBZSKXUGIREREQBE)HILHSDS-PAGES 1
Fig.2 Effect of SIF (trypsin) digestion on H. discus hannai muscular proteins prepared by
different processing methods
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B3 My BesRlAEBSELNE &R EBEE)HLAISDS-PAGES 1
Fig.3 Effect of SIF (chymotrypsin) digestion on H. discus hannai muscular proteins prepared by

different processing methods

AL Ak B e B A AR AL B P Y
T A R B T R QA B A A e, HF
il b B 1 UL PR R F A e o S B R A
AR T 5 3 A A e LA 2 AR N AL
60 min, 2B LEAL B [ i IR At 25 0l AR R 1 b
oy, TRARER M B4R 22 TH 16 120 min, K
ki B TH R o IR 2 T BE FL B PG B 1k
240 minj5 , JLF A B IR A o5 42 (8 4)

24 AEHHEH &AOMREL D0

SR FH A L S AR X 4o 1 =Ko A 1
fofy £ JL PR HE AT WSS A i 0 £ UL I R 4 L T
2E MR AR AR IR B, AR RS 1
R (K5-a), 52 A, B Aa I A A9 UL
£F Yl GOFN B I A5 A L SUHE SN O B %, IR ELil
LR 7> BELG BAR (1K1 5-b) Tl iy 1 AT 20 2K
Ab T, E K A R AR A LG, LA 4 K
AT, HEPVE AR . BUE (K 5-c). il B £
R ERAAR, 5EA SRR 4, B
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HEFV B G , IR — R 1 2R AR G5 1 Bz 1
(PEI5-d) o 45 R 5 e W 28 1O 3 1) 288 A R 1 ) i
LA H S B A R A — B D ESR
SR, AN TRV T 5 3k ) 1 6 £ ) ah P TR 25 A
FAAEW R 22 5, X il T T # b i 3 3
PEAR B DA SRR i % KRR B A ) i 3, 4 D 5k s
SR BT A B LA TR T AR A T T A 22
SR A

25 AEMEH HEUSBRECER=I0N
ACEHHIE M

A: fif ) £ AL B B VT K 28 W ACE I il
TEVER AR, 1CsofH M803.9 pg/mL; & il fif1 iy
775.7 ng/mL; Tl i 4 665.4 pg/mL; i HE 5 7
177 1y 36 P B v O ACEM RIS P, 1CsfH
464.2 pg/mL([&16), S il in T x5 fifd o L 1A 8 11 A8
PESAINE , T A B X AR B A%, IF =4k
XoF ACEA T P 55 e B 72400 o 000 T o ) £ e 2%
TH AL 7= P 1C s (A AR 1 Ji R ply 1 i g 8 f
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M 1 2 3 4

2](()3 <«MHC 21(%

100 100 <PM
50 <«PM 50

0 <Actin () < Actin
30 30

25 25

20 20

15

© @

B4 Fo AR RINAEERMEHEKEN
SDS-PAGE4} #f7
M. bRAEE [, L XTI, 20 B E T A 60 min, 3. & FEE
A AE B 2 0 R BT 4k 120 min, 4. 15 2K A BRI AR O AL RE
it 228 JBf e L 2R 8 4. 240 min
Fig. 4 Effect of total digestion on
H. discus hannai muscular proteins prepared by
different processing methods

M. protein marker, 1. control, 2. pepsin digestion for 60 min, 3. pepsin
digested sample digested by trypsin for 120 min, 4. pepsin and trypsin
digested sample further digested by chymotrypsin for 240 min

5 AREHNEH MARERTEERE
Fig. 5 Scanning electron micrographic views of

H. discus hannai muscle by different processing methods

1200 -
1000 1

800 1

HH

600 1

IC,/(ug/mL)

400 1
200 1

0
1 2 3 4

L5 5%
processing methods
6 4Fphn T 75 AR SR S AL P L L2 = 0
ACEHIFIE M
LA, 20 %, 3T, 4 6
Fig. 6 Comparison of ACE inhibitory activity of
H. discus hannai muscular proteins prepared by
4 processing methods and digested by pepsin,
trypsin and chymotrypsin

1. raw, 2. cooked, 3. dried, 4. canned

i f0 7 F N B AR T, SRR UL i
EA WY, fETHERES, WXL E AT
Gy R AAR S DR T KR
£:100 °C 10 minfn#h, & [ 22 PR 3 — 22
K, BEUIOL B, WA EERNT,
1 2 H AT ACES il 7 FH 4 7= W A= 1 o

3 e

AN TRl 77 28 0 LA 2 Ry A BAE
SR A E A YRIE A A R FFEEE S . Zhang
SEUOFEH, 100 °CU I R IR AL BB 8% (Theragra
chalcogramma)fa i J5 , 1ESDS-PAGE I ] WL%¢ 5|
MHCHI Actin &4 I8 59 G . FEABISE T, ZHE
il Jn #6142 JJL Y 7E SDS-PAGE I [Al B 9 1
MHCHI Actin 2547 I 55 , #EME B TR T 40+
R T 200 kuf = > THEE AL G YT

ENRE) EZ AR, B E & gk,
o W T 1 Jige A 1 Tl A MR L AR T B A
FTH LR EEAEH . DoFE" ISR FRM, 40
hEE R SREEME AN, B0l
PESREMG, HXTTEWEE, mTHRNEEA
B IS PEAL, B E A R N Hk,
M ST W Y i AR 1 T R B B FL AR 1
X A IE A E R Y . AL E T W ik
SRR, AR Ak AR T 7 A Y R R )
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FEEWT R 225, X0 T [ 19 1k Bl T Bk B Y
SRR A SN FE TS, W B EEA R
Z YR Sk, (HAG Y6 $E Phe sl Tyrsk 2 1Y
Coni W fifk , T8 2R 11 g 5 5 B 45 P 37 4 LysFl Arghk
LA 5, T BB LA e DU A0 S e R P A6 Ry O
TR HEMR (Tyr. Trp. Phe)flLeuffy 5k A",

ANTR) T 1y 28 6 £ UL PR AR $8 17 W 7 5 il
EJRADL W g AR, R £ A X A AR
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BRI, ERL BT AL R, 4R [
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Tit 70 J 25 L 2R O AL S S T Bl e B . M
Mot e B EAMNEA, WNES T
Jige 25 11 ol A J 5 LA P AR P L R R R
SE4, Nt T IHARRY R, REEN] T HEA
Jil %k T 2R T A EE B

ACE il Bk i 15 M 5 F 25+ % U) AH ¢,
Hernandez-Ledesma®8 "k M C & B AR .
N 2 IR N i 2 IR A A, N 3 A 4001 TR B 5
i % 5 %) ik B AT DA v 280 I ACENS 1 o — i
F o, AR i IR o i IR AR b WL AR R
W, A S S B3 3 I AL BRI S 4 FH X 4
o £ T i X BE LR A R HL R R X
ACEHA A [R] B4 ) 253

AWFTEBEE T A L T SR 4
AN TR 2 Xk 0 £ L T AR R 5 A 1) 52
Me o ASEAUL S W W A 4 SR R, i Ty X
0 LA TE AR A — o 52 e o AN [] o T A
HhEBIEALE . WO AR 8 ST AR
e R XS AR U W A > 7 > A >R T AR 2
) 2 BRI ACEAI i 1 M (1C ) Uk B il (464.2
pg/mL)<T il (665.4 pg/mL)<Z il (775.7 ng/mL)<4=
i (803.9 pg/mL), PRI, o i £ >R FH B Wi T
AT DUA R m AR, B B B
ACEI TG . MR MEES R o, AEm Ty
KBS OS2, |
e H B
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Comparison of the digestibility of abalone (Haliotis discus hannai) produced by
four different processing treatments

WAN Chujun', YOU Yinchuan', WENG Ling ', ZHANG Lingjing *,
LIU Guangming ', CAO Minjie "*
(1. College of Food and Biological Engineering, Jimei University, Xiamen 361021, China,

2. National & Local Joint Engineering Research Center of Processing Technology for Aquatic Products,
Jimei University, Xiamen 361021, China)

Abstract: In order to know the effect of different processing methods on protein digestion of abalone (Haliotis
discus hannai), the effects of four processing methods including raw, boiling, canning, and drying on the
digestibility of abalone muscular proteins were investigated. Simulated gastric fluid (SGF) as well as simulated
intestinal fluid (SIF) was used to study the effects of in vitro digestion. The products were evaluated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Scanning electronic microscopy (SEM) was
used to observe the differences in the fiber of the four products. The results showed that the digestibility of proteins
in canned abalone was the highest among the four processing methods. Proteins from dried abalone were most
resistant to digestion both in SGF and SIF. The four processing methods revealed different fiber structures under
SEM. Furthermore, the angiotensin-I converting enzyme (ACE) inhibitory activity of the digested products
exhibited the following order: canned (464.2 pg/mL) < dried (665.4 pg/mL) < boiled (775.7 pg/mL) < raw (803.9
pg/mL). In conclusion, our present study suggested that different processing methods of abalone significantly
affect the digestibility of proteins and the ACE inhibitory activity of the final products, which may provide a
reference for abalone processing and consumption.

Key words: Haliotis discus hannai; processing methods; simulated gastrointestinal digestion; ACE inhibitory
activity

Corresponding author: CAO Minjie. E-mail: mjcao@jmu.edu.cn

Funding projects: National Natural Science Foundation of China (31471640); Public Science and Technology
Research Funds Projects of Ocean (201305015)

http://www.scxuebao.cn



