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4. T IR AR AN 5 £ F K JR R Teagase B ARATR T0, /R BITE 999014)

RE: Y TH I HREFERFTAELRTHNA, NEEASIBEANERN, flA®
MBI ERERTNERS 2% & g ity (BPIH), 8% 53 KK iE#H (RS) & H
ZACH B E R o L m N R B K T ¥ H 4 BPIH, Jf 4 A% RS 87 3%, 6%
9% (JRE B 2 th) #HATAm. BTN E RS BRI ShAF M. A PR U B 445
AN BPIHW e L E R, RET, MEBEH LW RESFF: BREL
5000 : 1 (U/g). Befatla 3h. Bk bk 1.00 @ 3.81. Bff 8 F 46.36 C. B f# pH 6.30, A%
16 1 (NSI) £ Fr (8 85.41%+0.82%, & T 1E 86.37% #:1 . 1% B8 fift & 1 T BPIH K f# &
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By M8 IR F (T,) fn e (AHr); Au X\ BPIH 8§ K K iEty, ZAHEMAEMARAIA, #
FTERRMNERE NI . FHRFKY, BPIH #4301 % RS £ 4 C 1R 77 ¥ o] 5%
IR Ak TR, BIRFTRRG T ERS TEHNRE, WA HIEEZ RS HEHH
o RARNEAS A B EOBENELRETARSTHEARBEERSE.
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il ] B KR AR K AR, R IR ILRE 8 43 BT M Ak
KKVER 73 F 2], BHIEEHIE R, HAMHK
KVE R TR 2 AR PE .

IR AR E L HAEFRMER . 2R
M, R AR KR E AT
B )Lk s, AR T 5 E
AR, I BEFE = 77 A 0 RN, W R B4 LR
R ARA M EFREOR, TP a0k
BB AT, N SMIE ST 2 e A AT
WL EE N, AU SR LA TR
B, R RERAEW . E AR, SR,
Tl R MR EAS TR EMEZE, |
RISy, BoRAEEEE . HEEAL, ©
DRHAT — 28 B BUE LA i ik o BE XT3k — (R,
AT P &b 3 R P PR Bl 22 i A 1) AT
etk o Alahmad 55 {f FH G AE SR & EEXT 6 (Hypo-
phthalmichthys nobilis) T B S, R IR
HC S i BE E BT R K f BE RN pH Y [l N AT Gk )
84.88%~95.48%, M KR w1 B8 FH (Y nl B
Hemker 55 %t J& % % JF 1 (Oreochromis niloticus)
B2 9 o0 8 88 R T R 0 B A e, ek
T B R s L R BT S
Yathisha 25" {if FH 1 8 1 B VD 8 (Leptur-
acanthus savala) 751, K& PLEEREENS B 2 52 R
FIBT 0 H AR R A W T R L R
Sy, ACE- T Ml F1 DPPH F i BE BRI  #
[B % (Decapterus maruadsi) XFREIR M, 2T EE
AR AT ARz —, 2022 4F 5 7 5 4 [
P AL 39.5 U7 t, H e filigiit 19.0 77 t,
JE A EE A, BT SE Kk PR s T A AR
o 0 B 5 B B RIS R L FLARTE L R PESE
TIReArtE, LV A 8 i it i A 185 1 388 g 1 m

ARSI LI R 85 03 B o 4, DT i
A R (CRUBHE B0 o Tl A 5P B PE A 8 A
SR FH e 7 TR A A TS, AR B A
P FEAN RS I S T AOKE R, DLBESE
il 7= IR ROKVE S A A A T R S e, BAEN
K A TE R A RORHE H N SRR 27

1 MRS I

1.1 #MR5E

VKEE 5 59 5 (B A5 29 F 150 @) W T 1] Tl vy
KPR T o FORVER W T IC8) 4 R A W FH
ABRA T . AN IR KRR . B
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B, thPEEREE, PR T REEAEY TREARA
Ao O R250, MEERA A, @IgEgH
iz . 2, 3£ Fisher Chemical 2 &) ; Fr 4= I
HHEF (BSA), 3[H Sigma 23 F .

1.2 UE5&F

Avanti J-26S XP K #I 5 = i HA R 5 L L,
% [E Beckman A\ F) . 759 s 2AMA] WLAMEGE T,
FEBREHEARA R A . GF-1260 = 80RAH {0 1%
1%, 5 Agilent /3 . Mini-PROTEAN 25 [ Jfi i,
Vk#E, 5% Bio-Rad /A Fl . Alpha 1-4 LDplus 1%
RHL, f5[E Christ /A7), Phenom Pro 1504
ML BB, 22 Phenom-World Pr /A ) . DHR-2
WAL, Q2000 2l SEE TA {ERAH],

1.3 LIk

RIE R 255 &E SEINREED 1)
Tride, SR PO e -5 v e DT UE 12 1 45 8 0 5 O
B A BB 4 C 7. B R 651 L
W, NINA 8 AT KK H4 SR, 8 pH % 11.0,
PEFEIE B0 I s, dRS2RY pH £ 5.5, &
O ST TE o A5 B UTTE A — %€ & NaHCO; i
W pH EHPE, T-20 CIEAERH ., LKidEF
AN B BN LI S e B, IR R AR
AP AT T ZE 51 23 2 1% B 2 1 B2 AT o

BRE5 B xaBFHOHE HIER
s E NS —ERBBAUKIRGIFH R, A
2k e VR T A L EE T TIUER 20 min,  FE S (R A A%
PF R AT SO0 o BEAARLS SRS WK I # 10 min K,
B0 RIS ) 65 3 2 2 1 B A BT W (BPIH), IR
R

FIA 45 48 (NSI) 49 ) 7 %% Sukkhown
FUV R, I Bk, AR B 100 uL 4
B A, A 2 5 IR R R (20
mmol/L Tris-HCI (pH 8.0), 7% 8 mol/L /R &K, 2%
SDS], St Mt IE 19 2L FIRE S . R R L
WHLSEA SRR —EMAEUE, 2% Lowry 51
M 7RI E B H A i, DA IS & (BSA) 231
PrfEIZE . NSI (%) HEAR:

NSI(%) = "mi;x 100 (1)

A, my B LA A H F i (mg/mL);
my N AR RE S ) B8R 1 B (mg/mL).

N DR S AT R A L)
JKf#E (DH, %) 2% Nielsen " /Y OPA H:E1T
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WE, FEm/EBt, LL0.1 mg/mL L-22 % 1R V5 W
ARUES,, B 400 pL FFIAE &5 3 mL OPA {5
TRA), ZIE N RGN 2 min J5 I HAE 340 nm
TGRS, DA Bk R ES X R

Asample — Ablank

Ser NH, =
: Astandard - Ablank
0.951 6 meqv y VXN @)
L XxP
Ser NH, —
= er 2—B 3)
@
h
DH (%) = — x100% 4
htot

iﬁ: '4:' , Asample N Astandard %ﬂ Ablank ﬁ%ﬂ%%/% @%J:/jﬁg
TR . BRUEVE R S A2 (0 R ZE 340 nm 19T
et VEREESIEF (L); NERMBEEG X
FORFER TR (g); P AR AE S rh BT & 8 11 T Jo
B8, pEERM 040; a BHRG 1.00; 1 Fmi
i 2 5T 2 A KRB (mmol/g) s Ay 287 SRR
SIREEEL, A3R15 8.6 mmol/g,

i % R iE R B A S EG Ik 4 Fh AR A
it (A AR IR . XUBRER OB . w2 i A v e
ARG, LABSER R e 2 . b
% I8 2 ol A S I 2% A M RS L 5000 = 1 (Ulg) .
NEEFIE] 4 by B 1 4, BEAR IR FI pH Y45t
R RS A (6 1) DA L5 AR R AL
VAN A [v) il 1 A8 SR, O o B 5 3 1) Bl AR A T
fitg i T2k

R 1 4 MEBEOBKEMEREIEEREN

Tab.1 Enzymatic activities of the four proteases and

their optimal hydrolysis conditions

GHEL I HE/(Ulg) B/
enzymatic pH y
protease types activity temperature
AJNEEAFE  papain 1.57x10* 6.0 50
KR HE  flavourzyme 2.18x10* 7.0 50
TR AR alcalase 5.24x10° 8.0 50
FYEEEEEE  neutral protease 1.49x10° 7.0 50

$RZRE W EISA R B AR R
JEH 5000 : 1(U/g). BHELL 1« 4. B 50 C.
fitg i pH 6.0, BEAFASE] 4 ho AR LB L (1000 -
1. 3000:1, 5000:1, 7000:1, 9 000:1,
11000 : 1U/g). BHEN (1 :2, 1:3,1:4,1:5,
1:6), M6 (35. 40, 45, 50. 55. 60,
65 °C). Mf# pH (5.0, 5.5, 6.0, 6.5, 7.0, 7.5,

R E K7 2: 2 E /) sponsored by China Society of Fisheries

8.0) FIEEAR#TE (1, 2, 3. 4. 5, 6h) AT,
BN [A) S AR Bt NSTAE RS20

AR AR AR ER SR L,
FERRRLE (A). TERILEE (B) FIBEE pH (C) i B
K2, B %9 NS (Y) 4 Wi b i, A Box-
Benhnken 31 i B A7 0 B 18 A0 T X 86 15 1
FE MK 2, 18 H Design Expert 12 B AF4 &
PRI 25 5 7 P 22 (B) P BRBOC 2R, 43 T 0 75 R A
M e TS50

*2 MNERAEEESKFRITE

Tab.2 Response surface experiment factor and levels

# factors

i

code A B C

! 1:3 45 55
0 1:4 50 6.0
1 1:5 55 6.5

e ACRHRLEL, B BEMRRE(CC), C.HEf#EpH, FIE.
Notes: A. solid-liquid ratio, B. enzymolysis temperature (C), C.
enzymolysis pH, the same below.

Bafgin T REHN  RAERBER L E
A 10 A WA P W o L A0 A, 2% Wu
SR L, IR B, ffH TSK gel G2000
SWXL (¢7.8 mmx300 mm) {3 #E , 4 I 3 K N
220 nm, P % E R 0.5 mL/min, FEIEH 25 C,
AR 10 uLo 25| GPC offline #1447 43
Br, THEAS B BN W] 73 BTt 437 LA

Tricine-SDS-PAGE Z:7% Schagger” 5
14T Tricine-SDS-PAGE 3 #r o Kf A% i fife 1t fit
JERER B E A SRR | mg/mL, 2 SDS{LJE
L RESEATHLIK

Baffah Ak T LA VAT
fif B R 65 B R, O e IR VR,
BTG B a0 TR 48 h, By KRR TIRIR
TR A H

AT BRI SRR/
7RIS S, B 0.3 g KOKTER (RS) &iF
e 30mL BAiKh, MER 3%. 6% Fl 9% Y
BPIH(VATE K3 T 3831, o 43400 B8 i 2 3 fy 2y
W, W KN 20 min M1k EIERI IR E 40
mL BEIFEH A, 30 C FiE, 4 1 hidst
R IE W EE (H)) FITE RS = B (H), Rl sk
8 ho JH IV VR B AR 53K bt sf [ 14 22 A ke 25 1 it
2, MIMFoRTERM REEDTE, A
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N\ H N N N,
Mwﬁ%ﬁéxmwa (5)  BALKES:, GO EAEEAS IR R ALES (AHY).

K, Hy WE/NET EIE W (em); Hy 25
P e B S (em).

M ERFEEMN T BE NiuET R
75 ekt , (A 40 mm AT AR AR AT F 4
[ B A 1.0 mm. il #5 Bt 2 53 50Ch 5% 14 RS & il
W, R AVEM T EEE & 3%, 6% il 9%
BPIH, iitiRyR% 5 min J5, 7B RS 2 AR (A
IR, i 2 % A T BT DA BT 1B 7K 43 28 K
D F AR T, IR W AR IR D 95 C, R
20 min fff JE BB ST A WIA 2 )5 S BRI B
FEZ 4 °C. 74 CHEMT, KiEmesis (G). i
FERL I (G) FIHBLRE ff1 IE V) (tand) 1 A B i) £ R 4R
058 3 o H S I AR RV 2 AR 43 5 A 5%
1 Hz (% MEZE I TE )

WA F o Frm E I 22 75 4 i PR
(DSC), 7F = 4 A S EE T 4047 RS A1 RS-BPIH
() PG AR I B HEAT 4 . 5% Niw &8P i 7 ik,
EARERVE . FREL 3 mg RS FAIHHR T, AR
e JF BPIH ¥A K 6 pL, ffi BPIHs & ¥k B 4 3%,
6% 1 9% (VEM T 55, B0, Frf iR e
ZElht FEE 120 DIsEsK G 1£30~90 C, LL10C
/minf1E 8 DRGSR ST B, AT R
IR EE (Ty T,. T.) FMIALSE (AHg). M
fLIG FFESTE 4 °C THEAF Sh, DU ER &1k
SRJ5, 10 °C/min [ 1EE #H M 30~90 °C PRIl

80 ¢
b c £
R —;‘5 B —EF—
SE 07 d
% S —F—
== 40
¥ &
K g 20
& e
L L L]
1 2 3 4 5
EqEllTEUES
protease types
(@)

# 4L % 47 49 SEM (scanning electron micro-
scope) AT S H EMRE T R IFEE Y
B, BCH BT 50 7% ) RS B Ui, 473
ATEN THEE &1 3%, 6% 1 9% BPIH, Wifb/5
T4 CILE 10 h, SRJ5HURBEAT S R TR
BURT B VERE S, B2 R W4 75 s J5
FEEE IR 1000 15 WO S5

1.4 HIESH

S K Design-Expert 12 B34 7 0 R 1 3
W%t 504, R H Excel Fil Origin 2021 #4422
K, >KH SPSS 17.0 344 Duncan [CK: IR VE1T 22
S EM AT (P<0.05 S B2 5) . SLI AR
HA 3, BE L BEAR R 25 R0 .

2 4R

2.1 HIEREBRTHIE

2o KB U . R AR R L R AR AR
AN RIS, Fo ) NSLIE 2000 51.50%+
0.81%. 66.71%+1.20%. 65.11%=0.68% 1 69.37%:+
0.36%, R E B Em(E, BrEE g
R AR Z, KRR I ERRAL (B 1-a), 5K
Bt A B % RE L AR L, AR 4 S, KJICER (i
fiff 1) 2 AR Ay B b (IR 1-b), R I 7R 40
HE a5 —5%., AU L8R, mEANE

(b)

1 T EESEERRA NSI (a) SEERFHES (b)
LWL, 2. KRR EEE, 3. IR AR, 4. PIEEARE, 5. ANEARE. NRTRRRERES (P<0.05), NSLAEEH, TH.
Fig.1 The NSI (a) and enzymolysis samples (b) hydrolysed by different proteases

1. control group, 2. flavourzyme, 3. alcalase, 4. neutral protease, 5. papain. Different letters indicate significant differences (P<0.05), NSI. nitrogen solu-

tion index; the same below.
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FIRBHED T IS 22 T AR Ak T F 1) 245 2R s, NIST (L I i e F 1) ) 22E
22 BEZRE K2 9 0O T A E 3 h i iR FI 5 KA
70.97%, It LAV e A MR E) 4 3 h (151 2-¢).
XEBEIEE . ORHREL L R B L AR IR A pH

SRR W 2a B, NSIEREE M 2 PR

LSRN B T, (EERIR A 5 000 - w0 BRI R A I K 0 Box-
I (Ulg) ZJ5 . NSURMBEA R, 7 g Benhnken BRI, AERFIEILDy 5000 : 1 (Ulg).
WA, I HLEEEE 5000 ¢ 1 (U/g). i fg st a] 3 h Y, HEER L (A). TR

B BRI O, NSTE R nF s T (B) AT pH () RTRIRIZ I3 ik I 4] NST(Y) 1)
2B (K] 2-b), ERHRELE 1 - 4 B AE] NS {E 455, SEM, WA o RIS T T S RN SR 3 s,
HIREIZIR AR, B 1 4. SRR S 2 i Design Expert 12 4

@Eﬁ?‘ﬁg Xj NSI {E E](J %/; I][I?J ﬁn 2-¢ ij% 'ftFX‘T%:{ 3 gﬁ%ﬁﬁ?zﬁ@uﬂ*ﬂ% ’ @j NSI (Y)
NS BT A s e e s VERALEL (A). BEARIREE (B). W pH (C) B

. B E] (D) 2 0 R BIH T FE .
B 7157%, P, Bl e (D) IR R
Y =—-1823.38+58.54A+35.55B+309.11C+

H 50 C.
2
pH 6.0 A G i 7 1y NSI{H i 51 ik K fid 0-25AB-0.084C=05BC =5 Tod™
72.04% (I8 2-d), 5355 T HABSIE (P<0.05), B 0.338°-20.99C (©)
PABERE pH 6.0 S5 idi B pH. 7 AGAT EIAREEY 200 NS 4 iR,
90 | 92 90
80 | . . 80 | 80 |
b a a a a  ab
S 700 b o\°70./1:/+——0—4 c\°7ow
= = = c
Z 6ol Z 60§ Z 60l
50 | 50 | 50 t
40 - - - ; 40 ' ' : , 40 ——
1 23 4 5 1:2 1:3 1:4 1:5 1:6 35 40 45 50 55 60 65
il IS b /(U/g) BRI MEEEPC
enzyme substrate ratio solid-liquid ratio temperature
(a) (b) ()
90 | 90
80 80
b a be a a a a
270§y S g = p/f;b/t/*’—f—‘
Z 60! Z 60l
50 | 50 |
40 — 40 —
50 55 6.0 6.5 7.0 7.5 8.0 1 2 3 4 5 6
pH I} ) /h
time
(d) (e

2 FEEZEXT NSI A2
(a) BEJEEL, 1.1000:1, 2.3000:1, 3.5000:1, 4.7000:1, 5.9000: 1; (b) kHktk; (c) BEMIESE; (d) BEMR pH; (o) BN IR, R
FHRER R 2 R W3 (P<0.05).
Fig. 2 Influence of different factors on NSI
(a) enzyme substrate ratio, 1. 1 000 : 1, 2. 3 000 : 1, 3. 5000 : 1, 4. 7 000 : 1, 5. 9 000 : 1; (b) solid-liquid ratio, (c) enzymolysis temperature, (d)

enzymolysis pH, (e) enzymolysis time. Different letters indicate significant differences (P<0.05).
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=3

Wi R TR 36 1 T R 45

Tab.3 Response surface experimental design and results

Gt

standard order A B C Y/%
1 -1 -1 0 78.11
2 1 -1 0 69.23
3 -1 1 0 55.41
4 1 1 0 51.61
5 -1 0 -1 63.24
6 1 0 -1 59.65
7 -1 0 1 73.56
8 1 0 1 69.82
9 0 -1 -1 71.55
10 0 1 -1 55.25
11 0 -1 1 84.52
12 0 1 1 58.68
13 0 0 0 81.14
14 0 0 0 80.68
15 0 0 0 82.63
16 0 0 0 79.53
17 0 0 0 80.91
Y. AIHEHNSL
Notes: Y. nitrogen solution index.
BERL FAH A 136.51, F {5 f1 T M 75 11 51k 114 n] g

AN 0.01%, [IFAA P<0.000 1, —# FWHiZ

BEARZ [0 B A AL A T AR 22 - R B 5 i
P=03152>0.05 h A&, MEREFHY ., R
FEAT 1, AR AT DL G AR S B S 5 A
A ST B P E R RN 0.994 3, X E B
99.43% MAT A ARAL T RPLG R AR, LG BEHR
o U R’=0.946 1 5% R*=0.987 1 £ 5F/NTF
02, “HGH B, FMILHR 3401, KTIhA
H4.0, FUHESE, BAEEGH, 7TH.

AREHMIENE  RIEERITH, AL
B. C Xt NSI{EA W 2 E#m (P<0.01), H F{E
ATDABAE =AY 114 5 i b 5 G A
HEE (B)> pH (C)>RHK L (A). 2 HIIH, A IR
J& /pH (BC) 3¢ H.AE Itk i 3 (P<0.01), HARYTC
BE M (P>0.05),

BER IR B3R LR 2
JC R B Ty A8 AR Ty 25 43 B A B A 405 B A
L T S R =S L I S A NG R S R (Y
M5, MR R BEAEM B, BUENERRA

T 2O R W, TR EE RN pH Y 28 HAFE TR

Nmﬁi%%m MR L S5 . BRI S pH
128 HAE X NSITE R AR E, 55K 4 45
—3.

o6 LB Al T AR A B R GIEOIEL:D

BAVE BE R . BRI F o 164, BWRE  BIFON A5 R 65 73 25 & A B Ui 1 2 2800k
R4 WEEERSESH
Tab.4 Response surface model analysis of variance
T3 ZHRVF REil H ¥175 Fi& PlE BEN
source sum of squares df mean square F-value P—value significance
A model 1936.71 9 215.19 136.51 <0.000 1 *x
A 50.00 1 50.00 31.72 0.000 8 **
B 850.07 1 850.07 539.27 <0.000 1 **
C 170.21 1 170.21 107.98 <0.000 1 **
AB 6.47 1 6.47 4.11 0.0823
AC 0.01 1 0.01 0.00 09515
BC 22.730 1 22.730 14.420 0.006 7 **
A? 353.37 1 353.37 224.18 <0.000 1 **
B? 285.05 1 285.05 180.83 <0.000 1 **
C? 115.95 1 115.95 73.56 <0.000 1 **
5% residual 11.03 7 1.58
FKAI lack of fit 6.08 3 2.03 1.64 0.3152
4fiR%  pure error 4.95 4 1.24
AR cor total 1947.74 16
S ZERLRE(P<0.01), * FFRE(P<0.05), R*=0.9943: Rpy=0.987 Ii Rop,=0.946 1; {F4EL1=34.01.

Notes: ** hlghly significant dlfference (P<0.01), *. significant dlfference (P<0.05). R°=0.994 3; R’ agj =0.987 1; R’pre =0.946 1; signal-to-noise

ratio=34. 01
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NSI/%

55

53
[
-
m e
2 49
=g
m e
47 4
45

1:3 1:351:4 1:451:5 1:3 1:35 1:4 1:45 1:5 45 47 49 51 53 55
A: BTG A: BTG B: iR SE/°C
solid-liquid ratio solid-liquid ratio temperature
(d) (e ®

SRCTIRIIN
e 0N
S SOOI

NS1/%

(©

NSI/%

3 RUREE. SREF pH ZEAER YRR E A F S L E

Fig.3 Response surface and contour lines of the interactions between solid-liquid ratio, temperature and pH

W Eb 1.00 : 3.81, [iff fift I 46.36 °C . T fif pH
6.30, A5 1 F5 3 ) NSI 100 {5 4 86.37%. % &
B SEPRERAE R T S, B LA S 000 ¢ 1
(Ulg). BItTE] 3 h, BH&LE 1.00 = 3.80, R
46.40 °C . [igf# pH 6.30 2514 F #HATIUE LK,
i 34T, 15 3 BPIH /Y NSIE ) {E N
85.41%+0.82%, SPMAIEL, RAMGHA AT
5t TEUCEHRSME TSR0 BPTH KAREN 21.62%.

24 STFREDWH

) FH 1R S50 A €6 1% 35 A1 Tricine-SDS-PAGE 43
M BPIH (5> it 434, &l 4-a 7] UL, BPIH
() H 06 Bsf R 32 AE HR AR 14~30 min, BPIH 4431
/N F 3000 u G RIK, Horf/hF 1000 u 9K
17 79.94%, /NTF 500 u B BK &7 56.44% (£ 5), Ui
iR T AR AN o S G S R e
B 78 Wi R /oy TR R SRR, X 5K 4-b (1)
Tricine-SDS-PAGE 445 5—%% ,

2.5 EMMIELTM
KA i 5 R TE) ) SiE K T B WD, A 2~
5 h BFEEDUHE R, Shg@dita T Vi, 7t

HHE K752 ) sponsored by China Society of Fisheries

UL 8h )5, WIAREM DIEWAARFELIIRE] 50% L) I
(1 5). RS-BPIH A iy L 75 VA4 B 20 B5OLE BT A7 it (1]
FHEMET RS S, JF H B BPIH ¥ B9,
AR HOE A
2.6 EMRAENSRGEMNE
TERIAL S S B R & 4 °C JEA 7 sh St a 4
5, LA Hrie Brmi7E 3 b ) Ak 7 b i 2 g
ek, RS HY G'7E 3 h INHRZe K, Hdh &)
1h PP T, I e S 2 D ks T AR
(# 6-a), 5 RSAHI, RS-BPIH ) G'# K #a i 5
RS #HML, H¥/NT RS, HWI G'ki%E BPIH i
TR BRI W AR, GRS RER B W AR 1S
SF-2% ., RS F1 RS-BPIH 1 tand<1, FifiHsa] (148 fin i
MG 24 T (F 6-b), 1 G>G", #Edh
HpE S RS0 546, RS-BPIH M tand {H 5 T RS,
Jf H B4 BPIHs ¥ it i3 i34 im, ik RS-
BPIH SR /34 RS /0, 5 G'RYZE AL AL
—3.
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Fig. 4 Molecular weight analysis of BPIH
(a) HPLC of BPIH; (b) Tricine-SDS-PAGE analysis of the blue round scad protein isolate and BPIH, M. standard protein Marker, 1. unenzymatic diges-

tion, 2. after enzymatic digestion.
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=
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O\O N
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S5 a0l
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=~ © RS
T 8 20 f -~
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+ S 10| —o- RS-6% BPIH
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5 AEIRE BPIH Xf A KIEHHIEETME A9 5200
(a) VEMYBIEEDTYE RIS [0 (942 46 (b) VER I B 0 h A1 8 h IUERUTIE AL, 1~4 fKIKF R RS, RS-3% BPIH. RS-6% BPIH. RS-9% BPIH.
Fig.5 Effects of different concentrations of BPIH on the retrogradation of rice starch paste

(a) changes in the retrogradation of starch pastes over time; (b) retrogradation of starch paste after standing for 0 h and 8 h, 1-4 indicates RS, RS-3%
BPIH, RS-6% BPIH, RS-9% BPIH, respectively.

#5 BPIH 5T RENTHLLA 9% BPIH i, WE{EIE M RS 1 (69.99+0.26) °C $

Tab.5 Molecular weight distribution ratio of BPIH = 3 (74.43£0.39) °C, TMMIALES M (4.05+0.05) J/g
SRR BHER G011 (o,

~3 000 13940.16 WG TEMMESTE 4 C IR Sh)E,

1 000~3 000 18.6440.19 FRRIAT DSC FHEFRT , S b R R R,

500~1 000 23.50+0.95 ZACTE R HOER B — A2 3 e g (1] 7-b),

<500 56.44+0.96 XF B RS W #R I Y BLAE 37.73~67.30 °C, WE{H IR

JER (57.15+0.27) C, ZA0KEH (1.16+0.08) J/g (3K 6)o
W, B35 BPIH ¥R RGN, We(HIRE (T,) B¥T  %m BPIH J5 B840 724 RS 4 Ty, FRAKT T,
THE, WIS (E (AHE) BH#TFEAL (K 7-a). fEIMA T, FIEEALKE (P<0.05).
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Fig. 6 Effects of different concentrations of BPIH on G’ (a) and tand (b) of retrograded starch
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Fig. 7 Effects of different concentrations of BPIH on the thermal analysis patterns of
gelatinized starch (a) and retrograded starch (b)
6 A[EIRE BPIH XHALIEMFIE IR M TIRE MBS IR0
Tab. 6 Effects of different concentrations of BPIH on the transformation temperature and
enthalpy of gelatinized starch and retrograded starch
B WIHLUERY  gelatinized starch ZALVER  retrograded starch
samples TC T)C T/C AHg/ (U/g) TyC 1/)C T/C AHr/ (J/g)
RS 65.80+0.33° 69.99+0.26° 78.25+1.31° 4.05+0.05* 37.73+0.81° 57.15+0.27* 67.3+0.84" 1.16+0.08"
RS-3% BPIH 68.85+1.25°  71.82+40.42°  80.44+0.08°  3.65+0.07° 39.66+£0.67°  56.59+£0.02°  66.57+0.23"  0.78+0.05"
RS-6% BPIH 69.5740.45%  72.26+1.11"  81.93+0.6 3.41x0.16° 41.4240.19°  55.09+0.57™  65.3240.64"  0.59+0.05™
RS-9% BPIH 70.84+0.26" 74.43+0.39* 83.38+0.26" 3.11+0.11° 42.68+0.31° 54.45+1.1° 63.25+0.98° 0.45+0.12°

e AP R REROR 22 57 2.3 (P<0.05)

Notes: Different letters in the same column indicate significant differences (P<0.05).

10 hfg 0 Z AL ) oM &5 4 . £ 4k 19 RS 5 RS-
BPIH A i Wi i) = 4k e 2% (IR Her i iR
4 F A g2 HY RS 5 RS-BPIH £ 4 C 20 RS LI A/, BH I B8 T o N S0 i B A

[ K 722 2: 32 /5 sponsored by China Society of Fisheries https://www.china-fishery.cn
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g%, HIE L rg RDIR A (BIW-1); b A BPIH
Jo, BRI R 4% B FLER % BPIHS ¥S Jin & A9 384 Jin i
B (I fR-2~4)

3 e

3.1 TRiERIERLEE

NST 28 4o W 5 8 0T 76 35 W i 3 1ok 0T
W 25 STV AR B 0, R B RN T AT 5K
fiff A TR AR fE B 3, 2o 4 FOAS TR) 2 14 it
), 77 NS H B i 2 25 5% (P<0.05), VLHA

AN [) il % W (B 6% 4 5 2 11 A SR AR TR 18 NS
(AR A BTl R Y R A P R, AR R
1 it e 7™ 20 LA R TG R A A 1, BRIk 4
HE VG I3 A Tl A R 1R 65 00 B B i — AR T

AN TR BRGSO M 22 ST e IH R TR B
TG 1 22 35 T 2L B RN [) B P G il D) o7 s 1) 22
S RO B 1 R — Aok B oK i R R Y
AR FAMNKERR A Y, B2\ 2 e AR i U1
RIEMR, AR AT A -NH, Sk A IR, BT LLaT fE
T R A X R B R I . PR
BGRB8 T U, BoA ) 2 i

Bl KAKEH- 7.@5%%%5@5%#}§Aﬂiﬂﬁﬂ%%ﬁ?m Eﬁiﬂl

1~4 YRR R ALK RS, RS-3% BPIH. RS-6% BPIH. RS-9% BPIH.

Plate
1-4 in order indicates RS, RS-3% BPIH, RS-6% BPIH, RS-9% BPIH for short-term retrogradation.

AT, TP B 2 X R R g DA 5 A T R
B 7K PE IR AR 14 KB AT 5 B s R K R I et
T ACJTCEE 1 P (14 Pl i 5, 2 2O R . S R
FIH Z R 9 -COOH ¥, ) IR 25T i i He
ANTR) D5 3 4 00 W I 65 O B AR R TR 2R SR, O
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Image of short-term retrogradation of RS and RS-BPIH

XF oy B R BB R AL SGAT AT, R BRI -2
LR DTS I PRI 23 B A AR . RS 2R A
HEmRAAR RS, HILHILZT, *MEE
filg SIS S AR A B B H , S TR
S o T AR AL o
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AT AR, NSIEREZ B, Mgk s 42 &
T, RS AT B A S S TR AT, NSIHE
B AR, R ] 2-a AT, AR SZEG R R ER H i
& WS Ll 5000 ¢ 1 (Ulg). BHE LT, 248
W HEARES, R EAIRYWE LS, BO0M
WAR S mBR G TR S E AR AHEAEH, S350
AT, BEE KB, BN AR R SR
15, AEK A FRFEE I N AS 2 %) NSIAE Y R Fp 4k
IR . Rk, ST WA, R R R
W R 1 4 (B 2-b). Bl R AR Kt w3 &
e AR R R RO, IR 50 C BE, R
JNEE IR 2 il VR IR (8] 2-¢). pH ZZ 4L T
e REUE A RG2S WA S A8 4k, DT R A i 0
P, FFR S R A ARAS, R R st
B B 5 AR AN ) 1 il e S I R AT Y, AR S Hh ik
$& pH 6.0 A JNEE [ 19 feids pH (K] 2-d)o 241
R NS TR] A 1~3 h B, RO %6 5 s ) TE A G
INSI {EL B il fie sf [ 9 S K T 2 i s 2 S W&
A A ZE K, NSIE IS Sl faE, 3~6 h I
EHIN (P>0.05), Fr ARG A#T A 2EHE 3 h (] 2-¢).

2 8 B SLBR I A B A, A5 [ 2
fifd JiE L o 5 000 : 1 (U/g), Bl fi Bk el 3 h, f
Design Expert 12 /470 Hr b tL . 1 3 A1 pH 1)
HZ=ZBAER . BAEE 1 IR AL P<0.000 1,
FZALAL G 3 R P=0.315 2>0.05 A i
=, AR EE T AR R 00 B S A X S A
HEATHP o o A A A RDERE H (A, IR EE
(B). pH (C) HETH—A~EELE 0 /K, AR
F) 53 AP PR 2R 1 58 B FH AR B 1) 5 1) G 2220
Pl i 7 ph T R A e 2 T ] DL, R L [
14T, BREBUEEZKER, NSUHERE
pH M F S T HT G K . 4 pH ANZERT, NSIAH fifi
FHRE WA, & EEREE (& 3).
R L S . B LS pH B9 28 HAE FHXF NSI
MmN, 53R 4 855850, i hy Ay
U B L T2 S8R EE 1.00 = 3.81, i fiF
IR 46.36 °C . [ifFf# pH 6.30, {EIZ &1 F1551K)
BPIH 52B5 NSI {84 85.41%+0.82%, STiME#ER .

3.3 BPIH BHUEfM Z1ist
TELL ESE R EERE |, B TS 1Y BPIH
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HRKIEB AR LIRS, B8 KOk TER
S AL o VE R & Ak R4 2 i Ak Y E K
EER SR T EIRCE S, WA AR B W 5 5
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FE SR Y VBRI 0k Bl RO S5 4, R FR
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34 ) AR B 5 S HES SR R R A U |
A AL . AN PERYTER A IR R I i AR
BRI R g A i A 22 i A BPIH RE A (i ik
AWML RS VST (K 5), BETUIEGE, KW
TERYRAE MR B, BV N BPIH AT LUA 23
Tl TE A 1 2 AL P

SASFRTAMEN E T, AERERL R (G7) RN
TEMS 73 X 45 S K ) SR R, R T VE B Ak
HERR (AR AR, WURERL IR (G7) RN TERI I &
it B I B EAT ARk . BFER F (tand) A G”
5 G A, FRomP AR IE B 2k Be a1 Lt ]
SRR AT O I E R AR, RS 5 RS-
BPIH 7£ SC 5 B[] N G'4¢ 2k L F (&1 6-a), tand 3
AINTF 1 HRIEREAL (K 6-b), FIIBTA R & A&
TVEM &AL, Niu S5 7ERF 5805 1050 2R K g it
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S LB E By I 245 1) I B2 V8 00 I T A A ) i
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BPIH 7S Nt 35 I 2 B, G KRR
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AT 5 BOE M 1 AN 58 Ak, DRI g R {3 8
[ia) B v 00 8 7 ) S B 70 YE R AN S8 Ak Ak
AT S S AR RS IR Z BIBIER J1, JE bR
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S EGE R S Z IR YE R b R
KNS5, KSR TER &3 AER AR A 5T,
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TP MK AT, BEARTE B AE B T s, AT BE
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fr R B E AN T LS8, Hl&5830
BPIH H A HiiE My E L Fe Pk, NS 0 35 1 i o 4k
2% RS WA, HAzAE A AE 7 E AR M
X 7] RE & H T BPIH A 1 € #3431 A AL 435 (]
SEERIE N, BREITER TR A, BT HAEE
W ESS . Hik, ERSSEEABRRY S K
KIEMIERA S, BREE T IORER BRI,
MAFRHEE THEm ZRE S . AR5 N R
55y B TR ARV E 0 B R A FCRHE IS 2%

(3 7 WA A SUTC 52 B s A2 B Al 22 o )

https://www.china-fishery.cn

12

S & Hk (References):

[1]

[2]

[5]

[8]

FRER, de R, EF B4 ST R BRI
M. A 5E M, 2020, 27(3): 29-33.

Zhang J H, Meng J F, Wang Y. Overview of patent tech-
nology of children's grain complementary food[J]. Cer-
eal & Food Industry, 2020, 27(3): 29-33 (in Chinese).
s N SR B R DA RS 01 2. B4 L (il
g FEE . WS/T 678-2020 [S]. AL 5t v E bx i
fiAE, 2020.

National Health Commission of the People's Republic of
China. Nutrition guidelines of complementary feeding
for infants and toddlers: WS/T 678-2020[S]. Beijing:
Standards Press of China, 2020 (in Chinese).

Xiao J H, Zhong Q X. Suppression of retrogradation of
gelatinized rice starch by anti-listerial grass carp protein
hydrolysate[J]. Food Hydrocolloids, 2017, 72: 338-345.
H H, MBAR, Mk, S N [R A BN R UK TE R
AREEE I REIA D], B AR RHT, 2020, 41(16): 45-51.

Xiao Y, Yang X B, Lin N, et al. Effects of adding differ-
ent proteins on retrogradation properties of proso millet
starch[J]. 2020, 41(16): 45-51 (in
Chinese).

Niu H L, Han Q, Cao C A, et al. Short-term retrograda-

Food Science,

tion behaviour of corn starch is inhibited by the addition
of porcine plasma protein hydrolysates[J]. International
Journal of Biological Macromolecules, 2018, 115: 393-
400.

Niu L Y, Wu L Y, Xiao J H. Inhibition of gelatinized
rice starch retrogradation by rice bran protein hydrolys-
ates[J]. Carbohydrate Polymers, 2017, 175: 311-319.
IV, BRI SR, XU, 4. A IR 5 IR /A v s
0 B B RUR R S T AR R[] & AR, 2019,
40(12): 22-29.

Sun L C, Lin Y C, Liu W F, ef al. Gelation and digest-
ive properties of blue round scads (Decapterus maru-
adsi) protein recovered by acidic/alkaline isoelectric sol-
ubilization/precipitation[J]. Food Science, 2019, 40(12):
22-29 (in Chinese).

Alahmad K, Xia W S, Jiang Q X, et al. Effect of the
degree of hydrolysis on nutritional, functional, and mor-
phological characteristics of protein hydrolysate pro-
duced from bighead carp (Hypophthalmichthys nobilis)
using Ficin enzymel[J]. Foods, 2022, 11(9): 1320.
Hemker A K, Nguyen L T, Karwe M, et al. Effects of

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.3969/j.issn.1672-5026.2020.03.010
http://dx.doi.org/10.3969/j.issn.1672-5026.2020.03.010
http://dx.doi.org/10.3969/j.issn.1672-5026.2020.03.010
http://dx.doi.org/10.1016/j.foodhyd.2017.06.016
http://dx.doi.org/10.7506/spkx1002-6630-20190709-121
http://dx.doi.org/10.7506/spkx1002-6630-20190709-121
http://dx.doi.org/10.1016/j.ijbiomac.2018.04.047
http://dx.doi.org/10.1016/j.ijbiomac.2018.04.047
http://dx.doi.org/10.1016/j.carbpol.2017.07.070
http://dx.doi.org/10.7506/spkx1002-6630-20180626-484
http://dx.doi.org/10.7506/spkx1002-6630-20180626-484
http://dx.doi.org/10.3390/foods11091320

IR ’%_—L

A

IK P24, 2024, 48(4): 049830

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

pressure-assisted enzymatic hydrolysis on functional and
bioactive properties of tilapia (Oreochromis niloticus) by-
product protein hydrolysates[J]. LWT, 2020, 122:
109003.

Yathisha U G, Vaidya S, Sheshappa M B. Functional
properties of protein hydrolyzate from ribbon fish (Lep-
turacanthus savala) as prepared by enzymatic hydro-
lysis[J]. International Journal of Food Properties, 2022,
25(1): 187-203.

AR b B TR, A K R R AEST  u, o
E K= 22, A B ST %-2023[M]. b E
Aok HARAL, 2023: 61.

Fishery and Fishery Administration of the Ministry of
Agriculture and Rural Affairs, Natianal Aquatic Techno-
logy Promotion Station, Hina Society of Fisheries. China
fishery statistical yearbook 2023[M]. Beijing: China
Agriculture Press, 2023: 61 (in Chinese).

R e R ) A AP0 T 52 2 R 1 T RE SRR P R B2
Wi [D]. Bz SRR, 2020,

Liu W F. Effects of limited hydrolysis on the functional
properties of protein isolate from blue round scads
(Decapterus maruadsi)[D]. Xiamen: Jimei University,
2020 (in Chinese).

Sukkhown P, Jangchud K, Lorjaroenphon Y, et al.
Flavored-functional protein hydrolysates from enzymatic
hydrolysis of dried squid by-products: effect of drying
method[J]. Food Hydrocolloids, 2018, 76: 103-112.
Lowry O H, Rosebrough N J, Farr A L, et al. Protein
measurement with the Folin phenol reagent[J]. Journal of
Biological Chemistry, 1951, 193(1): 265-275.

Nielsen P M, Petersen D, Dambmann C. Improved
method for determining food protein degree of hydro-
lysis[J]. Journal of Food Science, 2001, 66(5): 642-646.
Wu Q, Cai Q F, Tao Z P, et al. Purification and charac-
terization of a novel angiotensin I-converting enzyme
inhibitory peptide derived from abalone (Haliotis discus
hannai Ino) gonads[J].
Technology, 2015, 240(1): 137-145.

Schiagger H. Tricine-SDS-PAGE[J]. Nature Protocols,
2006, 1(1): 16-22.

AR/, 2T, IR, SRR I AR A L T
HIE [I]. £ SR, 2018, 39(18): 48-53.

Zhao X M, Li Q M, Su X J, et al. Starch properties of

European Food Research and

new Guihuai cultivars of Chinese yam[J]. Food Science,

R E K7 2: 2 E /) sponsored by China Society of Fisheries

[19]

[20]

[21]

[22]

[23]

[24]

13

2018, 39(18): 48-53 (in Chinese).

HOER, A, B, S ARCVE R - IR B A X e
ZACTE TR E A [T]. R Dk R 22 (B AR B,
2022, 43(1): 49-57.

Dong H N, Wang L, Chen J, et al. Effects of fatty acids
and cooking methods on aging properties of chestnut
starch[J]. Journal of Henan University of Technology
(Natural Science Edition), 2022, 43(1): 49-57 (in
Chinese).

TR, R, KR, S o R IO A £ 85 A TR
il & L2 R EPUARME R AD]. a5 KB T,
2017, 43(5): 160-166.

Tu Z C, Tang P P, Zheng T T, et al. Optimization of
swimming bladder collagen peptide preparation using
response surface methodology and its antioxidant activ-
ity research[J]. Food and Fermentation Industries, 2017,
43(5): 160-166 (in Chinese).

ok, AR, VPRI, & ETRAEM AR E
7K AT LA M D) R B ARSI (0], ARl AR
224, 2021, 37(19): 147-155.

Wang J X, Hu F N, Xu C Y, et al. Effects of soil bulk
density and water content on the mechanical stability of
soil structure using rheological method[J]. Transactions
of the Chinese Society of Agricultural Engineering,
2021, 37(19): 147-155 (in Chinese).

TR, A5 55, B0 FY, S, A ST A DR 14 8 7 A D
WA 1) 260 2% - R AR L2 R AL i [0]. &
R, 2019, 40(24): 265-273.

Ren H W, ShiJ F, Cai Y L, ef al. Peptides from Tibetan
sheep placental protein: optimization of ultrasound-
assisted enzymatic preparation using response surface
methodology and antioxidant activity evaluation[J].
Food Science, 2019, 40(24): 265-273 (in Chinese).

Xu Y X, Galanopoulos M, Sismour E, et al. Effect of
enzymatic hydrolysis using endo- and exo-proteases on
secondary structure, functional, and antioxidant proper-
ties of chickpea protein hydrolysates[J]. Journal of Food
Measurement and Characterization, 2020, 14(1): 343-
352.

TGRSR, 7R AR A 2 AT S R D). R
R, 2011, 38(2): 157-163.

Huang J X. Identification of a Bacillus strain producing
alkaline protease[J]. Microbiology China, 2011, 38(2):
157-163 (in Chinese).

https://www.china-fishery.cn


http://dx.doi.org/10.1016/j.lwt.2019.109003
http://dx.doi.org/10.1080/10942912.2022.2027964
http://dx.doi.org/10.1016/j.foodhyd.2017.01.026
http://dx.doi.org/10.1016/S0021-9258(19)52451-6
http://dx.doi.org/10.1016/S0021-9258(19)52451-6
http://dx.doi.org/10.1111/j.1365-2621.2001.tb04614.x
http://dx.doi.org/10.1007/s00217-014-2315-8
http://dx.doi.org/10.1007/s00217-014-2315-8
http://dx.doi.org/10.1038/nprot.2006.4
http://dx.doi.org/10.1007/s11694-019-00296-0
http://dx.doi.org/10.1007/s11694-019-00296-0

IR "%_—;

A

IK P24, 2024, 48(4): 049830

(23]

[26]

(27]

(28]

[29]

[30]

[31]

SR, TR, KRB, 5. T LC-MS/MS T A Al 8
P B A 0 A R B P 22 e S A T M T ],
LR R =224k, 2021, 26(11): 133-141.

Zhang Y, You L C, Zhu Y K, ef al. LC-MS/MS based
comparative analysis and antioxidant activity prediction
of cow placenta hydrolyzed by different proteases[J].
Journal of China Agricultural University, 2021, 26(11):
133-141 (in Chinese).

BRIE, s, J2MG, A e T A A TV ) v SR
B A DPP-IVA Gk S 80 [3]. & & Tk, 2021, 42(6):
132-137.

Cai X, Dai L Y, Jiang P, et al. Parameters of kafirin DPP-
IV inhibitory peptides prepared by response surface
optimization[J]. The Food Industry, 2021, 42(6): 132-
137 (in Chinese).

FEYE. e Tk i e 7 4 B A PR e PAY 1) % 2 RE PR O
[D]. K& #HHRKE, 2020.

Zhan N. Study on preparation of taurine from mussel
meat with pulsed electric field assisted enzymatic[D].
Changchun: Jilin University, 2020 (in Chinese).

MR, AR, 158, &5, RS2 KA 70 5 AR &
FATEAMIR T FU]. £ AR, 2021, 46(2): 217-224.
Lin D, Li L J, He Y, et al. Two-step enzymatic prepara-
tion and antioxidant activity in vitro of peptides from
Euryale ferox[J]. Food Science and Technology, 2021,
46(2): 217-224 (in Chinese).

Karki B, Maurer D, Kim T H, et al. Comparison and
optimization of enzymatic saccharification of soybean
fibers recovered from aqueous extractions[J]. Biore-
source Technology, 2011, 102(2): 1228-1233.

B4, AL (M. 3 AR dEat: R R S H R
#t, 2016: 121.

Kan J Q. Food chemistry[M]. 3rd ed. Beijing: China
Agricultural University Press, 2016: 121 (in Chinese).
43377, FLORME, X 98, 46 % i 3 8 K R oK
VR AL AR AL RS PR S [T, b B 2R, 2016,
16(12): 50-58.

https://www.china-fishery.cn

14

[32]

[33]

[34]

[35]

[36]

[37]

Niu H L, Kong B H, Liu Q, et al. The influence of
hydrolysates of porcine plasma protein on retrogradation
and pasting properties of corn starch[J]. Journal of
Chinese Institute of Food Science and Technology, 2016,
16(12): 50-58 (in Chinese).

TR, AR, FRE . RS RN L TE R ST
070N FH BORIE S8 R 0], £ ol R, 2019, 40(13):
316-321.

Zhang Y, Zhang K Y, Zhang G Z. Research progress on
starch retrogradation process mechanism and applica-
tion of starch anti-retrogradation agent[J]. Science and
Technology of Food Industry, 2019, 40(13): 316-321 (in
Chinese).

5, B, B, & 3 R AEm 5 A ERE
A X H GO AR R R R A D). DR 22 R, 2022,
37(2): 89-96.

XieMY,LiAP,LiDY, et al. Effects of compound of
three crystalline starches and lauric acid on starch retro-
gradation[J]. Journal of the Chinese Cereals and Oils
Association, 2022, 37(2): 89-96 (in Chinese).

Dun HY, Liang H S, Li S S, ef al. Influence of an O/W
emulsion on the gelatinization, retrogradation and digest-
ibility of rice starch with varying amylose contents[J].
Food Hydrocolloids, 2021, 113: 106547.

Li SJ, Wei Y M, Fang Y Q, et al. DSC study on the
thermal properties of soybean protein isolates/corn starch
mixture[J]. Journal of Thermal Analysis and Calori-
metry, 2014, 115(2): 1633-1638.

Yang C H, Zhong F, Goff H D, et al. Study on starch-
protein interactions and their effects on physicochemical
and digestible properties of the blends[J]. Food Chem-
istry, 2019, 280: 51-58.

AR . AT K 2 A A
RWIF [D]. T4 1L K2, 2021.

Zhao Q Z. Inhibition of soluble soybean polysaccharides

AN

on starch retrogradation and influencing factors[D].

Wauxi: Jiangnan University, 2021 (in Chinese).

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.11841/j.issn.1007-4333.2021.11.13
http://dx.doi.org/10.11841/j.issn.1007-4333.2021.11.13
http://dx.doi.org/10.1016/j.biortech.2010.08.004
http://dx.doi.org/10.1016/j.biortech.2010.08.004
http://dx.doi.org/10.1016/j.foodhyd.2020.106547
http://dx.doi.org/10.1007/s10973-013-3433-4
http://dx.doi.org/10.1007/s10973-013-3433-4
http://dx.doi.org/10.1007/s10973-013-3433-4
http://dx.doi.org/10.1016/j.foodchem.2018.12.028
http://dx.doi.org/10.1016/j.foodchem.2018.12.028
http://dx.doi.org/10.1016/j.foodchem.2018.12.028

INR, 2& K= 24, 2024, 48(4): 049830

Preparation of enzymatic hydrolysate of
blue round scad (Decapterus maruadsi) protein isolate and
its anti-retrogradation effect on rice starch

SUN Lechang "**,  SUN Xiaoshu', LIN Duanquan “**, CHEN Yulei >’
WENG Ling "*’,  MIAO Song ¥, CAO Minjie "**'
(1. College of Marine Food and Bioscience Engineering, Jimei University, Xiamen 361021, China;
2. National and Local Joint Engineering Research Center of Deep Processing Technology for Aquatic Products,
Jimei University, Xiamen 361021, China;

3. Collaborative Innovation Center of Seafood Deep Processing, Dalian Polytechnic University, Dalian 116034, China;
4. Teagasc Food Research Centre, Ministry of Agriculture, Cork 999014, Ireland)

Abstract: The protein from marine fish is regarded as an ideal resource of high-quality protein thanks to their high
nutritional value and good digestibility. The application of fish protein in infant rice flour products can not only
give the product a richer flavor, but also improve the nutritional value of the product and meet the nutritional
requirements of infants. To further expand the application of marine fish protein in food products, the enzymatic
modification of blue round scad (Decapterus maruadsi) protein isolate was carried out to obtain blue round scad
protein isolate hydrolysate (BPIH) with good solubility. The inhibitory effects of BPIH on short-term retrograda-
tion of rice starch (RS) was investigated. The enzymatic modification process was optimized by response surface
methodology, and was added to RS at concentrations of 3%, 6% and 9% (W/W). The measurements of coagulabil-
ity, dynamic viscoelasticity, and thermal properties and microstructure of RS were carried out to evaluate the anti-
retrogradation activities of BPIH. The results showed that the optimal conditions determined by response surface
methodology were: enzyme bottom ratio of 5 000 : 1 (U/g), enzymatic digestion time of 3 h, feed-to-liquid ratio of
1.00 . 3.81, enzymatic digestion temperature of 46.36 ‘C, and enzymatic pH of 6.30. The actual value of nitrogen
solubility index (NSI) was 85.41%=+0.82%, which was close to the predicted value of 86.37%. The degree of BPIH
hydrolysis reached 21.62% under these enzymatic conditions. The peptides less than 1,000 u in BPIH accounted
for 79.94%, which were mainly small oligopeptides. The addition of BPIH attenuated the coagulation phe-
nomenon of RS, reduced the energy storage modulus (G') of RS during storage at 4 “C, and significantly reduced
the peak temperature (7},) and enthalpy (AHr) of RS after aging (P<0.05); the rice starch added with BPIH had lar-
ger pores in the microstructure after aging, which enhanced the ability of starch to retain internal water after past-
ing. These results indicate that BPIH can inhibit the formation of gel network and microcrystalline structure of RS
during storage at 4 ‘C, and may also limit the aggregation between starch molecules and inhibit or delay the short-
term aging of RS. The present study provides a theoretical reference for the application of the enzymatic hydrolys-

ate of blue round scad protein isolate in food protein ingredients.
Key words: Decapterus maruadsi; protein isolate; enzymolysis; short-term retrogradation of starch
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