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B E: RO S ERG AR AT A R 45 A B D RE Ak B e, DL SR T ) o e 8 D T 5, A
PRI P X A7 T, I LA AR 00 1 B AR IR R S L L D AN 48 A, 245 5 50 PR 2K 6 45 ) 197 TAT Boxc-
Benhnken .02 SiA IR LA AR T2, 45 20 e 0BT 2% 0 - WA I 1] 3.8 h RHRCEL (w/v) 1:3.2 g/mL, Jinifg
T 6.2% o TEMANFT , EPBERR G AODg, =1.173 4 = 0.015 0, [AlIN 5 S A A5 1F 5 15 1 ) i
SR HEAT RS D B A B 0 T <1 kul ~ <3 ku3 ~ <5 ku5 ~ <10 ku, =10 ku (9 5 415>, Hfb— 2L
A2 X W FAGE R TR 11 A5 K i 2 TR AE ) ORI EA TAIT TS o S SRR W] EMEIAGEBRER 24 h IR R Zop,
oy 1 <1 ku AL 73 (e ME B EERR T A2 7 A BRASCR fie 0« W AVBEBK R SE iE AODgy, Ay 1. 050, 5557 3E MY pH HE

PIHAEREE T 1.06,
KA A B PEIMEERRIN; HTE
HESES: TS254. 1 SCBRARARED: A

Wt A A TEOR BB AL B B i R, 45 28 7 2
A TITE /R ¢ N T NS G R et
B R Ul , — 1 E B A B 5 AR 208 2 I R
o, PRI, o4 AR SRR e TR R AR YA
BPERVESRIUR B BIIE R IR W) v S e fip
TRV LI, X I 200 B 00 4 AR e D REVE &
Al HA O BB

ZRERIZ RN WL RAIRA WL+, 73 5l 2
it A AR A i ) R SRR UL, e i A R
wEEE RN T . HE, BN E T 2
Bl 2 A TSGR AT O BIE TS O T2 MR A IE
ST I e 4 AR W AR I I HBE RS A AL
P TE R AW, 2 IR0 68 A A K
HOEAXS A MR TE A IRA A E, H
i, S D5 AU Kk R PR G
RISt B B IR Z ke AR A R A . A
BRI E A, Sh Y 8 E ) 2 5k TR AP 2 5 5
A, A R R P AL EG ) B B B AR R
W, (EL Bl P 2 R Y 22 JIR e 4 AR AR K R E 5 )
[ CF 1

IFE B A 2020-07-02 &E B3 2020-09-05

T 1 ( Ctenopharyngodon idellus ) &-F% [EVR /K 77
B AR — T, AR P B IR BIR /K f AR B Y T
Gz —TE A RS PR KR B TR
PULCIER S50 R VS Be I e 7/ IO s R R 28 2 S R R N
R YEIR LR SRR B B S

BUR B, LAZK ™ i il 7 00 A Sk o B A=
WIEPERI IR 5, © B WO T4 58 e, HE
VRSN LA —, B T IROA I BT
DIAZ A 72 [ i S& A R iy I H
RFAR Y RAR ORI BT LUK, DL
H I IFFET G, F T XUBR 2 1 Tt 1 A £
oAbl s T 20, FH- 0 5EA [R] 23 8 1 T e ) ) o
PR BRI 1) 1 58 R0 P BRI 2 o BIF 9 45 SR AT LA
S I P 255 R BT R 5 AR TR T fg
B I IF R B SR

L ARSIk

1.1 #HR5H
wAR W TR 5 VAL
SR s R R I (1. 24 x 10° UZg) Il A H

ESWBE: LIRS R R T 4 (A2-2006-00-200209 ) 5 |- ¥ iy ez A Bl 2 4 (2020)
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AR Y i A ol bk X 2 E s e BROBE Bk T ((CICC-
20174) 0 B o E Tl G0 W) T B AR A 3
O HARPITA G B Fi 2 s kA (bR R
ol B0 AR 9
1.2 (#E5E&&

UM, b R B 88 A A IR W AR
721G "] WG T, R R A A TR
AT AR ZQLY -300 fH i PR B IR A, RIS
ACEAT RS AR 77 5 ¥ UR T AR AL, b o ol s B 52
BA AR AT PR W A2 7 5 Agilent1260 755 850 AH 415
I, £ E Agilent B/ 6] 4 77 ; Agilent SB-C18 {5,
A ,4.6 mm x 250 mm,5 pm, FELEERRN
AR T AR 77 5 BT, T P SHUR) o A% B AT BR Y
AR pH T, RHEEREE R A A A R R AR
PR, AR AR TR (B IR A R A T
A7
1.3 X®H*E
13,1 BAEERE o b 2

A A % FH 22 1 K Uk 2B e PR AR o, HE A PR
B 10.00 g fin A 150 mL Z&487K A, ol Hh K Ab 2R
2 min J5 , B 3 HEHE 30 min, A IRKE R ICER
A, 10% (w/v) FrERRVE IR I 24 h, 281K
TR, AARTIE, 20 CHAiEHEH™,
1.3.2 FeaWfRfR Y 7 ik

wE AR B AR T 20 S R 5
SR VR B . R 1% T 0 28 It UK fi

R JEEE RFRS B AR (5. 000 £ 0.002) g,
R Bt b, I ACE HERYZRIROK, BT K
HOmFA 30 min, (FH H AN, WA R, G
0.1 mol/L HCl %% #10. 1 mol/L NaOH 7 817
pH=7.00 + 0.02, Bfi)5mA—E & E H i,
50 °C i — B a) g, 32 B A 100 °C /Ky o
10 min fHE FEHET R REIRGTES CTHY
SR U8 BTV R TR, A5 R W )
(grass fish scale hydrolysate, GFSH)
1.3.3 s fn W Y 5 A R e

DAVE PG BR TR 4 5 1 ( AOD o ) AP AR,
TEFEDR R 53 31 by Tt At B[] BRI B (w/v ) AN it

o
Mgt EF T 38 RHRCEE (w/v) 123 g/ mL, T
H(w/w)5 % , BiEff 1) 2 o 1,23 .4.5.6 h,

BRI EE (w/v) 15 NG (w/w)S % (T (]
3 h RRB I (w/v) iy 1:1.1:2.1:3 124 (155
1:6 g/mL, finfEa: (w/w) i85 RHE L (w/v) 133
g/mL WA INFE] 3 b, JinEg i (w/w) 2390 4% |
5% 6% 1% 8% o VL kBt did 3 0,
1.3.4  BfafgfifFfE o4 i b i Box-Benhnken H1.0»
A1
ETHRREBREZR, #y =R =K
Box-Benhnken Hv.02H 5 105, DA g FAEE BR 72 19 51
It (AOD o0 ) 1 Ay 0 07 AEL, R 28 7K SF- 1 9 i dn 5% 1
Bz o

F1 MWEERHIEERERKTMHD

Tab.1 Independent variables and their levels used in the response surface design

H&E 7K Levels
Factors -1 0
A Ff#m}[R] Time /h 2 3 4
B B k. (w/v) Ratio of material to water /(g/mlL.) 1:2 1:3 1:4
C JinfiffE Enzyme concentration /% 5 6 7

1.3.5 R I B ER 1 7 1) 1

I MRS 5537 3 RIS W ] 45 18] A ) 1 43
eI K g AR BR B2 AP LTS , 37 °C T E R S
F:24 ho Ji11.000 mL ()G B A= B R K 552 ik
[T AR Ak T 5% 35 22 1 2% T, %% 6 R Ak v % o 2 1
1A B 7 P B TG R A B ER K R IR IR SIAE N R
T W — 8 Uk T Y B BRI R A B
SR IR O MR R 100. 0 WL 5 Rl T O
A 5.000 mL (175 A A0 % AR 1) A s 55
Wb o TR 37 C YRz # B4 160 r/min [y fH

ARG IR AR P R 18 ho M2 55 37 IR AE 5251
AT UL 600 nm (ODgy, ) AEHIIE G . W HAEE BR T Y
PRI
AODgy = ODggp, = 0Dy, (1)

U AOD o 9 & FABE BR T (1438 58 1 5 OD oo, 1 1
IABEBR TR 7 75 A 0 I R AR ) 1 5 B SR
ARG AL 5 OD o0y, 7 W8 BAVHE B 1 613 JIBE AR L (AN
as i R H R OLE.
1.3.6  HEHIGEACR GFSH ¥

] 5 — o JoR R A R Y e Bl R ) 1 K
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VL, T BB — R 174 R £ 86 G A 00 /K R 3 5
BR R, AR S R AR ) TE G O SRR P Y
R4y W4 0.0.1.0.2.0.3.0.4.0.5.0.6,
0.7.0.8.0.9.1.0.1.1.1.2.1.3.1.4 1.5 1.6 1.
7.1.8.1.9.2.0 ¢/L, Z3 | #ERf X 100. 0 WL 1)
P A E] 5. 000 mL 20 F A [ 57 5 4 B 1
GFSH £ 335,37 °C 160 v/min (514 TF,
IR g IABERR T 18 h, 230 TH5 AODG, fH, i 5
AR AV Ik T 44 B 5 R e A 1) R % T i 40 o
WA, LRI ER 3 K,
1.3.7  AN[R) Gk 110 5 £0 695 6 £ 40 0] v AR5 R
PR A Rl R 8™ R I i)

FH L. 3.4 75705 3 1 5 It 4% 14 0 e e 95 39 47
Tt | L v — 8 43 R 0 8 8 A TR IR AT V8 R T
W, 55 g 05 G R 00 O S R, 5 R BB i 2
M5 EEEAT 4 F R A0 A I8 o B o — B4 Y
e ST iR B O3 N 1.3.5.,10 ku B IE AR
T TEVKIE PR T EAT R, 3R A5 5 AR IR 43 1
et R ) 8 i )V T, 43 0V TR TR S L A
FIAH R A R BERG Y ( <1 ku:GFSHI;1 ~ <3

ku: GFSH2;3 ~ <5 ku: GFSH3;5 ~ < 10 ku:
GFSH4; =10 ku:GFSH5) ,

g3 S Bl A 8] gy 1 i 8% AR )
GFSHI ~5 il #& Mg TABE BRI 15 U 7R, Horlp,
S MR R IR WP R PR 1.5 o/L,
L 100. 0 wL FF3 43 3 A 5. 000 mL 5 FpA
[Fi) 73—~k e £ B8 A P 1) 5 A IR R, 37 °C
160 v/min P Z0F T, BEAFE 2 h JIl7E 1 X AOD,
{EA pH, LU BiIRIEE 3 K.
1.4 HUEHW

{# Ff] Excel 2016 Fl Design-Expert 8. 0.6 437
B L TR I 3T o

2SR5

2.1 E@BBERERRRE

PL ST A S [R] OB EE (w/v) RN
i (w/w) 3 A PR ER NS g B TR T 49 B R 1 Y
Wi o ATLL 3 A% RS BUAH DL 5, 2 il
AR 4 A TR B SOR S BT IR A R B

1.2 1.20 1.2

1.1 1. 15 L1
g 1.0 £1.10 g
g g g 1.0
< 0.9 < 1.05 <

0.8 1.00 L

0.7 0.95 0.8

1 2 3 4 5 6 1.1 1.2 1.3 1.4 1.5 1.6 1.1 1.2 1.3 1.4 1.5 1.6
EEfART A Time/h BB L (w/v) Nk E
(a) Ratio of material to water/(g/mL) Enzyme concentration/%

ARREGFEFR ZE LB R E 25 (P <0.05),

Different capital letters show significant difference (P <0.05).

(b) (©)

1 E@aRRAR

Fig.1 Single factor experiments of hydrolysis

Xt e o ) oA 158, R DA T g 2 S 1 A0 30
et B S R O 2 I, BE A N IR SE G, R
5 AR SO 5 B8, BT 4 1 FH 00 400 A i)
KA G A%, DT 5 T B o B G BR R A 4
G TR HG oK U, LI DR AT B R 1L
AV S LA ARAE T, R LK e i S R e
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2.2 E & E5EEHAERY YA E Box-Benhnken (> Expert 8. 0.6 73 #r % 4 # Box-Behnken 5L 55 1% 11

HERE JCRE 0 FBUIE A F ) CA ) ORHIBEE (B) 0000 Al
2.2.1 WANL[T Box-Benhnken HULA IG5 (C) 4 A, DIWEEERR IR IS 5 (AODgy, ) Ny
Lo Wi AR, B T 3 PER 3 ZKF e B T 3 A ik 3

T AR R 548, R Design- L& 2,

R2 MEEIRER T SEREKEILEER
Tab.2 RSM design and the proliferation of Streptococcus thermophilus

J¥*5 Number A B C AODgy
1 -1 -1 0 0.941
2 1 -1 0 1.014
3 -1 1 0 1.009
4 1 1 0 1.072
5 -1 0 -1 0.998
6 1 0 -1 1.064
7 -1 0 1 1.008
8 1 0 1 1.113
9 0 -1 -1 1.015
10 0 1 -1 1.057
11 0 -1 1 1.042
12 0 1 1 1.116
13 0 0 0 1.179
14 0 0 0 1.183
15 0 0 0 1.171
16 0 0 0 1.169
17 0 0 0 1.170
2.2.2  [AEFRAA K72 0.0384 +0.030B +0.018C +1.21, R* =0.968 9,
JH Design-Expert 8. 0. 6 7 4% /4-45- 3 [0l )3 J5 Ridj =0.928 9
T TIFN T 220 e 4l SR (36 3) ml LAAR 3] =15

AODg, = - 0. 14> = 0. 0938 - 0. 056C* + J AR B (P <0.000 1), Je4BlmiA B

®3 ODEARBEFESHN

Tab.3 Analysis of variance of regression equation

k23 S5 A R ¥1J5 P Prsp _E_*%‘r’ir:
Source Sum of squares df Mean square Significance
1S Model 0.13 9 0.014 29.15 <0.000 1 .
A 0.012 1 0.012 24.18 0.001 7 o
B 7.321 x10 73 1 7.321 %1073 15.02 0.006 1 S,
C 2.628 x10 3 1 2.628 x10 73 5.39 0.053 2
AB 2.5x107° 1 2.5x107° 0.051 0.827 3
AC 3.802 x10 74 1 3.802 x10 4 0.78 0.406 3
BC 2.56 x10* 1 2.56 x10* 0.53 0.492 1
A? 0.046 1 0.046 94. 14 <0.000 1 s
B2 0.036 1 0.036 74.14 <0.000 1 o
c? 0.013 1 0.013 26.98 0.001 3 o
5%2% Residual 3.411 x1073 7 4.872 x107*
Je4B) Lack of fit 2.567 x10°* 3 8.558 x10°° 0.11 0.950 7
1% Pure error 3.154 x10 3 4 7.885 x10~*
L F Total variance 0.13 16

TE:* = P<0.01 FiRBHE,
Notes:The “ # s ” shows highly significant difference (P <0.01).
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A WEFE(P >0.05) , 36 AR5 R 2 0 1 T
OB, HBERIADA BE B WA ) (A) Al
BHBEE (B) X5 i b E ( AOD g ) 52 M A 5825 , i1 il
i (C) X0 B AE ( AODyyg ) 52 M AN 18255, 6 ] i
W7 PB4 il g oK o 6 e A ) — /i 3
(A?) JBHE k390 (B ) ini it —ykomi (C) #f
R o £5 R R R T PR BR T 1 1 R T
(AODgy ) FRFEAMR U A (BRI 1E]) > B CRH
) > COhnER) o 3¢ B35 AB AC il BC Z [
ZEHAEHBISE AN 2
2.2.3 iy T 1 A

B2 B 2 T 2% R 3R 58 B A o
NI 3D FAF =LA . FTLUE W3 ANl
BE I B AR L , 8 FAVHE JoR T 104 4 B 128 1Y)
¥ RS EHE T RER G ME DL B B
SREBEZMWZEAEH, A, @it bk gy 24
Bral 1,3 AR A 2
2.2.4  WRUESEE

R T SR L I VA W AT AT, HEAT T IR
SEE . E G, XA B B H 5 R K A, AT A
TR BR TR Y FE VR 3K B8 KAH AODg, = 1. 1741
W, (A,B,C) = (0.81,0.16,0.24) , BN fi]
3.81 h, B kL (w/v) 1:3.16 g/mL, fif fiff &
6.24% o2}y 1 S B R AE B M8 A M, R 52 56 A5 4 R
R R AR R] 3.8 b BHE LG (w/v) 1:3.2 ¢/mL,
I 6.2% .

kA SRR ) AT 5 UCPATIRAIESE g, S8
sk ol AODg, = 1. 1734 + 0.015, HiF 525
SR, SEBR S IR A 5 a1 T AP i 21 2
45 R A — B, R W] G 1215 2 09 B i 1)
REAS AT R0 (L 15 V8 IR K TR 1S B
2.3 GFSH REREXEEF LA RN

i 57 TE 3 B 45 380 18 S5 D0 2% A2 0 £ i i
T It , 30— 2090 15 57 2k v G 0 1 e 8 %k g
BRI PEROR 52 . DAL 3 FT LU Y 7E
it gk 00 oG W R AV ) i 7 L Uk R T 4
i, v AR R GG E AR B £ 0.5
g/ LI AR BTG, & 1.5 o/ LI, WE A
HERR A ROR LT AR L, HR R 2 GFSH
Jo U i A1 B, 1 A BR B AR R B T L R
U5, WO A K N8 TR GFSH it ik B A
BE T, v P BR R A= K A T R A R A B
FLRAS , P g PABE BR PR 3G K b T RaE
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100 <3 1.00
. 0 0.50
B:RBBitL Gr/v)  0-90_ "= 0.50 SAE
o of 1.00-1.00 Tﬁ?imﬁe /thﬂ

material to water/(g/mL)

0
comtigit 090 0% 00 O %0 n:mei A

Enzyme concentration/% Time/h

b

o 020

-0. 50
-1.00 -1.00 SRl
Enzyme concentration/% 00 B:RHBLL (/v)

Ratio of
material to water/(g/mL)

(@)
2 AYRWMEAEXZEERRN
I HR S T3K T $ 5 Y iz T ]
Tab.2 Response surface plots of variable parameters

on the proliferation of Streptococcus thermophilus

2.4 FE4FE GFSH XEEMEIKE £ K &k
R EEBREIR M

JRI A= Wi P R 73 F i A B R IR
PRI Ay 23 /N 1) IR — M B 2 5 4 A 0 AR R i
F o BRI, SR [R) 2k 1 2 Bl it i 400 X 1 A
FEBRTE M LE RN IR i HEA T e, 4%
oY TE B R WP I BT R R T 0 2.3
R B E R E 1.5 o/
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2.4.1 a0

Xof B I A A T 45 3 11 B £ % il A 0 R AT 40
TR AT A5 B0 AS [F] 431k 50 0 6 i gk 40 e
LB, R 4 iDL T <1 ku Ty
(I HL A, ik 5] 71.48% +0.06% ; HvkJ& =10
ku, 55 13.96% +0.02% ;50 FRAMAFE 1 ~ <3
ku3 ~ <5 ku f15 ~ <10 ku X 3 /4~ [X [a] /Y
BRI 5 BB . ) M B 2 AR 5 T
N A Z A 0T R & e A SR IR T2
(5T 285 R, B AE f B K 1 KR 40
/NF 5000 u, 4> FHAE 231 ~637 u [ B AR E
FI B 5 HEak 21 74. 058 % . SASHIFSE B 45 A .
2.4.2  XPWETREEER T AR Hh L 1 e

WE 4a PR, 7T DA FEFTE G 2R S Re (2 o
WEPEEBR T 10 A Ko [l B, 45 AR Kl ZR AR 0L, 18
PEEBRTASAJEAE 2 h A2 o AXRTEOW , 10 h 2247
IRENRE W, AR E WG, v AR BR A A 1S
EAHFEREEEZESF(P>0.05), FEIEHH
J& , GFSH 5535 W ) 46 W O FE (B MG 1K T MRS 1

1.2

0.8

A 0D600

0.4

Frdk X AT RERE T MRS S FREE P — 2o A7 4
SR

x4 ARG FEELEFEHFYAT G EEH
Tab.4 Percentage of GFSH with

different molecular weights

AN 5354 DX ) Akl

GFSH with different molecular weights Percentage /%

<1 ku 71.48 + 0.06
1~ <3ku 5.94 + 0.03
3~ <5ku 4.73 £ 0.01
5~ <10 ku 3.89 + 0.01

=10 ku 13.96 + 0.02

T30, 45 A Al S X ROV Y B R A B A ],
ANTR) 73 7 T A 0 A B, GFSHIL 1 4 R 0
0.065 6 +0.001 2( P <0.05) fie i , BEWIAHE T H:
fit 4 A AR o 1 B B B R, N e TR
GFSH1 B¢ 5 G e ABE BR 121 M, fol HL A X 500
P R

0 01 02 03 04 05 06 0.7 0.8 0.9 1.0 L1 L2 1.3 1.4 15 1.6 1.7 1.8 1.9 20

A R R E The GFSH concentration/ (g/L)

ARIRE FHFR ZHE B ¥ 257 (P <0.05) .

The different capital letters show significant difference( P <0.05).

B3 SAMBIEEMGT GFSH iR & Xk H 555k 1 5 0 220
Fig.3 Effect on Streptococcus thermophilus proliferated by growth media with different compositions of GFSH

http: //www. shhydxxb. com
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1.2
1.0
0.8
o2
S
<
0.6 -@ MRS
-© GFSH
- GFSH1
-~ GFSH2
0.4
- GFSH3
—&- GFSH4
A GFSH5
0.2
0 & 4 6 8 10 12 14 16 18 20 22 24
ff B Time/h
(a) AN[E4rTEGFSH g #iE BR B A K il 28 1 2 i
Effect on Streptococcus thermophiles growth by
GFSH with different molecular weights
6.
6.
E 5
-=- GFSH
2 —¢ GFSH1
—— GFSH2
—# GFSH3
0 2 4 6 8 10 12 14 16 18 20 22 24 £ —&— GFSH4
- ft1E] Time/h —A— GFSH5

0 2 4 6 8 10 12 14 16 18 20 22 24

B Time/h
(b) AFIZ-TEGFSHN G REEERBE = BRAISL (PAE: MRSYEHEEER B A KA R

Effect on Streptococcus thermophiles acidogenicity by GFSH with different molecular weights
(Inner Fig.: effect on Streptococcus thermophiles growth and acidogenicity by MRS)

4 A[ESFE GFSH MWREHRFEIKE £ KRB0
Fig.4 Effect on Streptococcus thermophiles growth and acidogenicity

by fragments with different molecular weights
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2.4.3  XFUEIREEER R R

HE 4b rIDIEH], 258 24 h J5, & F GFSHI
RE SRR pH A8 fb i K, 6.45 [ 5. 39, B AIK
T1.06+0.05(P <0.05) ,3X 15t PH 5 £h gl Bl i 4
H /T 1000 u AER 4 e i A2 i g P 2R
PRAE AR 3 R v 7= A B 2 T TR 1 0 I, AT
IR T REFRIEN) pH, = AR X Bl B 1 JEL A AT RE A
WEREEBR RIS B 2, FLAE Ko AR AR AR Y
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Preparation of grass fish scale hydrolysate and its proliferation effect on
Streptococcus thermophiles growth

LI Luyao', ZENG Lifang', SONG Yishan"”, CHEN Jiankang'
(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. National R&D
Branch Center for Freshwater Aquatic Products Processing Technology ,Shanghai 201306, China)

Abstract; In order to improve the comprehensive utilization of aquatic products and develop new functional
foods containing probiotic bacteria, by-product of fish processing-the grass fish scales was studied. The grass
fish scales were hydrolyzed by flavourzyme ,and the enzymatic hydrolysis process was optimized by the single
factor experiments and the response surface methodology ( RSM ) using the proliferation of Streptococcus
thermophilus as the evaluation index. The results showed that the optimum conditions were the reaction time
3.8 h, the ratio of material to water 1: 3.2 g/ml and the concentration of enzyme 6. 2% . Under these
conditions ,the AODy, of proliferated Streptococcus thermophilus was 1.173 4 £0.015 0. Meantime, the GFSH
under the optimum conditions was further separated into 5 segments by membrane filtration, which were: <1
ku,1 - <3 ku,3 - <5 ku,5 - <10 ku, =10 ku. The effects of five segments on the growth curve and
production of acid of Streptococcus thermophilus were studied. The results showed that in the 24-hour growth
period of Streptococcus thermophilus, the fragments with molecular weights of less than 1 000 u significantly
promoted the growth and acid production of Streptococcus thermophilus, and the AODg, of proliferated
Streptococcus thermophilus was 1.050 ,and the pH of the medium was reduced by 1.06.

Key words: grass fish scale; enzymatic hydrolysis; Streptococcus thermophilus ; proliferation
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