& El M Lk Bob T
- 4 & Scopus B R B 01
‘a ,- I DOAJ M hEAHE DI FICSTPCD
VM EBSCO

M EE DA B FIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA o ST % (WICT) 4%
M FSTA o & SRR S TR T R I g H 3 55— 5B T1
HF ISSN 1002-0306  CN 11-1759/TS 7 IST

INR A RER YRR REERR I FUA 3208 A AL AT 5T

MER, fedst, 2 B, X %, X 4k, B &, ERA, SHE%

Promoting Proliferation of Streptococcus thermophilus FUA329 and Antioxidant Activity of Enzyme Hydrolysis Products
of Larimichthys polyactis

LU Xiaoyue, HUA Ziyan, WU Qing, WU Hao, LIU Shu, YANG Guang, HOU Xiaoyue, and FANG Yaowei

TELRRIEE View online: https://doi.org/10.13386/].issn1002-0306.2023110147

FAT AR IR H A S R

Articles you may be interested in

R il T A =y fe it v PR ER I SR A
Optimization on Enzymolysis Conditions and the Proliferation Effect on Streptococcus thermophiles Growth by the Anchovy
Hydrolysate

i Tl BHE. 2019, 40(2): 189-194  hitps://doi.org/10.13386/}.issn1002-0306.2019.02.033
RETARERR PR & Il R 98 5 T 20k

Optimization of Fermentation Process for Streptococcus thermophilus Improved Natto

1 ih Tl BHE. 2020, 41(6): 161-166  hitps://doi.org/10.13386/j.issn1002-0306.2020.06.027
B K SRR 2 T I T 20k S e = Py i) e e A T

Optimization of Preparation Technology and Antioxidant Activity of Enzymatic Hydrolysate from Boletus edulis Hydrolyzed by
Protease

£ Tl BHE. 2021, 42(12): 209-217  https://doi.org/10.13386/1.issn1002-0306.2020090169

I RR IR PR X A5 i T Rt i B 14T 52 )
Effects of Streptococcus thermophilus on the Fermentation Quality of Liquid Black Garlic
B TbEHE. 2024, 45(16): 168-181  https:/doi.org/10.13386/j.issn1002-0306.2023090076

ARt FL A b kN 0 T A B A0 2 Ty s O it St (4 52
Optimization of Low—temperature Vacuum Fried Small Yellow Croaker Processing Technology and the Effect of Packaging Method on

Its Quality During Storage
B T RHE. 2019, 40(24): 110-119  hitps://doi.org/10.13386/1.issn1002-0306.2019.24.019

/N A R ) B BN O R H S R PR 45 ot e R T TS
Extraction of Visceral Oil from Yellow Croaker and Mass Transfer Modeling of Its Palmitic Acid Enrichment by Low Temperature

Crystallization
B RS 2020, 41(19): 219-225  https://doi.org/10.13386/j.issn11002-0306.2020.19.034



http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023110147
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.02.033
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.06.027
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020090169
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023090076
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.24.019
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.19.034

KEMAF AT, PAFHEZFENLEE



5 45 % 4 18 4] i Tl B Vol. 45 No. 18
2024 4 9 H Science and Technology of Food Industry Sep. 2024

WESEH , AERERE, SN, S5 /INEE f0 il A 7 ) I v ARVHE BR B FUA329 B4 7 RN A RIS (], & & Tl B4k, 2024, 45(18):
138—145. doi: 10.13386/j.issn1002-0306.2023110147

LU Xiaoyue, HUA Ziyan, WU Qing, et al. Promoting Proliferation of Streptococcus thermophilus FUA329 and Antioxidant Activity of
Enzyme Hydrolysis Products of Larimichthys polyactis[J]. Science and Technology of Food Industry, 2024, 45(18): 138—145. (in
Chinese with English abstract). doi: 10.13386/j.issn1002-0306.2023110147

-EYTEE -

/e R =Y R RS PEEBR T FUA329 HE5E
YL EAPE T

R, A, R B, &N %45 X, EER, B
L BEFERFEFR RS A IALFIR, L E =3 222005)

W OE ARG AEEL R 2T ol kR FUA329 #9378 4 1, R 2 REl o F 280~ eh L 84k
. ERFLRREKMNF &R T Fhe Al AARKNE ATk &3 F T, ABERT = 3t
g PR IR 693G FE AR IR A AR, SRR B E L e 8 @ kR ALEE R AR, T EERE A 69 RSN AL E
HAFME ., ARAH, MEERIZHEBEMOREI LA S : BHEE Sh, Hikk 1:51 (wy) , WS
2.8%. BRALKAFT #4690 & 2RI T2 RS H 4 4K £ >10000 Da, 5000~10000 Da, 3000~5000 Da,
<3000 Da, # "4 F2<3000 Da &9 ;i B AR 278 Ak R 09387868 ) 58, 3k 285 43+ T DPPH. g ki
%n%\;wﬂr%%élmmﬁ/a % F 5 53k 2] 68.75% 56.23% #= 30.64%. (N K S EEAE AT ToE MR E 693 A —
AR AR, RIEA—RORANE S, AF LY ERERA RROES .
KR DR & R, RSN R O BER R, B YA, AL E M

RESES:TS254.1 SRFRIRAD: A ME4S:1002-0306(2024)18-0138-08
DOI: 10.13386/j.iss11002-0306.2023110147 AXRF: E@

Promoting Proliferation of Streptococcus thermophilus FUA329 and
Antioxidant Activity of Enzyme Hydrolysis Products of
Larimichthys polyactis
LU Xiaoyue, HUA Ziyan, WU Qing, WU Hao, LIU Shu, YANG Guang, HOU Xiaoyue, FANG Yaowei'

(School of Ocean Food and Biological Engineering, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: To determine the promoting effects of enzyme hydrolysis products of Larimichthys polyactis on the proliferation
of Streptococcus thermophilus FUA329. The in vitro antioxidant activity of the enzymatic hydrolysis with different
molecular weights were determined. Papain was selected for the enzymatic hydrolysis of its by-products on the basis of
selecting different enzymes to hydrolyze the processing by-products of Larimichthys polyactis. Taking the proliferative
effect of enzymatic degradation products on Streptococcus thermophilus as an indicator of evaluation. The enzymatic
hydrolysis conditions were optimized through single factor and response surface methodology. The in vitro antioxidant
activity of the hydrolysis products of the by-products of Larimichthys polyactis (HPBL) were determined. The results
showed that the best enzymatic hydrolysis conditions included the hydrolysis time, material-liquid ratio and enzyme loading
were 5 h, 1:5.1 (w/v) and 2.8% (w/v), respectively. The HPBL prepared under the optimized conditions was separated by
ultrafiltration into four fragments, according to the molecular weight: >10000 Da, 5000~10000 Da, 3000~5000 Da, <3000 Da,

among which the fragment with molecular weight of less than 3000 Da promoted the proliferation of Streptococcus
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thermophilus significantly. The scavenging rate of HPBL for DPPH, hydroxyl radicals and superoxide anion radicals

reached 68.75%, 56.23% and 30.64%, respectively. The enzyme hydrolysis products of Larimichthys polyactis significantly

promoted the proliferation of Streptococcus thermophilus FUA329 and showed antioxidant activity. HPBL would have a

certain promoting effect on the proliferation of Streptococcus thermophilus FUA329, and a certain antioxidant capacity,

which would have the potential to be developed as a nitrogen source for Streptococcus thermophilus.

Key words: Larimichthys polyactis; Streptococcus thermophilus; promotion of proliferation; protease hydrolysis; enzymatic

process optimization; antioxidant activity
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WP YRNE HUR)ZE K, B E R M X Ao
AU ERIN T T S AL, HSLER
FPINE R 220N T RI= ™, FEE TS i 2
A PR, O A i AR 22, ax e T gl
TR A R T S SRR B T BRI 2R A E A R
Bais LBl S T 23 AN TR PR, e i
FEER N T EINE, 15 R i & vr sk 243k,
WU A W g A R 4 A R N B AR il A5 K R
BRI RIBR &, VYRR SRR s | T
R 4l B R B AL I I AR R e r, BT i
A JBTASAY DA R ARG = 56 PRI TR A= AR R 1 25 A7F, X
O, N A0 Sk Sk SR RURLH & IXUR (ORI N B
fa RIR IR R o SXEEHFSEE s T /N Al r= )
ALHETT =, B/ T b A R E R
PEARPATIRAIZIR, A6 £ I 219 IS 7 10 AE
—E Jm PR

Rt 5 SR 2 B IR 0 T2, DR B S T A
AW, g AR B R I HAT 2R A D BE 1T #4552 7
B, REPBERREE (Streptococcus thermophilus )YEH
—FhZ2 g A, e HcGE ANMAIE M AEZSS . BT
JEEP YRS IR dE R e LA AT, (H SRR
FEBR A X AR R SRR ZE R LA wr 2], JU ORI
AR RE 18055, SEm T mEIREE BRI i —25
FFEFIH . Fit, $598 4 08 2 1R 4G 58 1) 4 i 37
B IEE T 12 ek, 2R = ey el =
Wi Ja T LIAE S SRR P 25 A p AT, R
g I TR P01, P P 6 Gadus
morhua L.) PINEKf#7 PIVE R R T AR A ) FLAF
B KA . BRI AR DL R ZLER A, SR
FRRCERAH Mo AL 7, Safati S8 X 25 68 46
1t ( Thunnus albacares) <P AT B ff 345 ik,
10 g/L B RREAR 18 g/L IS 25 1 AR, FLBR B
P e R 1 2R L 1 I 2R A, (E SR T R Y
MRS & AN, YT fh (Sardina pilchardus) & 5=
WIEREAASE ATV S IR AT PR N BIRTR p BR A 0 R 4T
FUIR, REAZ Il 25 FEATC A5 AL B I A R AR 920

PT NBEFLAYREIREEBR TR FUA329 B A A
W WSO FH R A PR 5 Ak S AR5 ORI H B A 2%
FRALAIEIRPY . Fm™) . iR, bl S0
MRAFE A, BT A NI WENEJ1=9, H
T, BEPEBRE FUA329 A KBNS . BRlItL, AHF

ST I NI AN TR = Sk SRR, e i B )
HCHEF TR, UF5E HPBL X FE#GEER I FUA329 %
FE I SENR, 1] FH PR 22 5206 K i 1o TR e %o il 45 4
AT, IF-XF HPBL AR ANt S8 A 1 P B 47100 52 o
AT FELE RN FRAGAE PG PUEIR T FUA329 B
RURBEE SO0 FEA, I A/ N A 1 (AR FH AT
Ji58i2 o

1 MRS

1.1 MRIENE

Wi/ N AL (Larimichthys polyactis) W H %z
W TIT T £ i S BL A TH s WEREBEBR 1A Streptococcus
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FAfF (200 U/mg) . F M85 i (500 U/mg) . B &
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Table 1 Response surface independent variable factors and
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-1 0 1
AR (wiv) 1:2 1:5 1:8
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CHEf# ] (h) 4 5 6
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Fig.1 Effects of different proteases on proliferation of
Streptococcus thermophilus FUA329
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BevE PR AS B, ARJRER FIG S /N85 w7 2 A6 3L
Al AN, B AR 22, B KRR, A5 850
ik T ARG A S, A HESE IR B9 A= 1l B 7K Bk —
BN, TR0 R B PR K R AR BE R, AR Tt
I, FAER T SEAR A AL iR, PRIk ] AL mg v BR A
FUA329 1E A ORI R BAR R e/, AT S350
BEREPUEERREE FUA329 HYMETEAL RN 22 .

030

% /*

0.20 -
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0.10 -

AODyy,
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Fig.2 Effects of material-liquid ratio on proliferation of
Streptococcus thermophilus FUA329
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Py B A 25 G VEE BR B FUA329 1457 %) ZE K58
b, FEATCTINTE Bk PN, Jne e (4 15 i T (e 12 £ 5 2 K
fie AR SIS 3] 3% B, AK AN et )
Y7 A AR T R PVRE BR B FUA329 341 1) Ik Bt e
Z . PR N, PRBCR K R A BRSO AN
INZERR I 2 LR, I 2 T BB FAEEBR B FUA329 11
AODy, TH TR BREREAED W5 W £ J Tl 1)
A U I8 AR BR BRI SV FH IS 2 BN 5 3.0% X1/
f%) ODyg (ELHE 5 TN 2.0% X A9 ODyq, fH., 5
ARSI AN P —F ., AT R Y JEE DR R Bl N A 1 2
— PR, 3 S ARAL T AR R B OK ST, 2R
PR VG HEBR I FH 1V E 220 W
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Fig.3 Effects of enzyme loading on proliferation of
Streptococcus thermophilus FUA329
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i 4 Fr o, B 25 N I TE] S I, AODg, 1H.
SR K JF IS, TEBEER T A28 5 h Bk # i K AE .
Juillard 45P g R EH, Wg FAGEEBR A B 0l (] 1) FH
I (A S R EA TG 5, T RAA FR v i B 2 T
TR S - FL3Y), [ 25 v sk 100 B 18 T, 52 v A4 22
AW = A A3 /N R B, TR G A SRt ot ey,
FEAE 5 h BRI EE; 25, BT A6,
I T 28 LAY B K S S AR ZR i AR IV 11 il
ARSZIRK A NN S BETR, (AR JE G S ER TR FUA329
HEEMRCRAE 2 .
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0.26 | /}\
024
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Fig.4 Effects of hydrolysis time on proliferation of

Streptococcus thermophilus FUA329

2.4 {RBPEAGETRE FUA329 HE5ERME N EHIL
2.4.1 maR ARG BT S 5 BTN e
PR HEE PSR B FUA329 3451 1Y B DR 25 S92 56 45
5, R HH Box-Behnken 1.0 20 & 3056 X /N85 (1 @) P
Ol NP S G STl S R e A n R S ) VATOR W et e
Seh Rk 2 o,
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Table 2 Design and results of response surface experimental

S E RN (A)  AIAEE(B) BT (C)  AODg, (Y)
1 0 1 -1 0.206+0.004
2 0 0 0 0.283+0.004
3 0 0 0 0.278+0.001
4 0 -1 1 0.238+0.005
5 0 -1 -1 0.226+0.002
6 1 0 1 0.242+0.003
7 -1 -1 0 0.193+0.002
8 0 1 1 0.189+0.002
9 1 -1 0 0.224+0.004
10 1 1 0 0.141+0.002
11 -1 1 0 0.191+0.004
12 0 0 0 0.288+0.002
13 -1 0 1 0.236+0.002
14 0 0 0 0.279+0.001
15 0 0 0 0.283+0.007
16 -1 0 -1 0.237+0.006
17 0 0 -1 0.244+0.004
2.4.2 [EFEFRIFNF 25047  DIREHREEEREE FUA329

AIHEEERLA AODgq AW AL, BEPEHORE L . T b
AN i RF[E] 3 AN ZR AR S A AR BT o fe, AL
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0.035%A>—0.060xB>~7.475x1073<C?

I 225 T R L3R 3., BRI F{E M 93.35,
HAZALHL P<0.0001, 3 B JIT 45 51] (18 B4 A B e b
2, JS4UIR P AE N 0.1336>0.05, 22 R E01H 2 X6 ik
B2k LA R W 20N, 5k 25 R IR T REMLIR 225 RP=
0.9917, Ui Wi AL R (R A2 fi B 99.17% 14 1R Iy {H A%
1b, UG FREE R4, n] DA TR/ N2 fa ml = xhig
PEEEREE FUA329 M3 FEAVE I T4 8T Al .

®3 AR 2200

Table 3  Analysis of variance of the regression model

FEAIE PR AHE B Fld PlH  BEME
TR 0.027 9 2978x107° 9335 <0.0001 **
A 4.500x10° 1 4.500x10°  0.14 0.7183
B 2.965x10° 1 2.965x107° 9293  <0.0001 **
C 8.000x10° 1 8.000x10°  0.25 0.6319
AB  1.640x107° 1 1.640x10° 5142  0.0002  **
AC 2500107 1 2.500x107 7.837x10° 0.9319
BC  2.102x10* 1 2.102x10*  6.59 0.0372 *
A? 5.151x10° 1 5.151x10°  161.46 <0.0001  **
B’ 0.015 1 0.015 47477 <0.0001  **
C? 2353x10* 1 2353x10* 738 0.0300 *
2% 2.233x10% 7 3.190x10°°
RARZE 1.605%<107* 3 5350107 3.41 0.1336 AEE
4iR2ZE 6.280x10° 4 1.570x107°
M2 0.027 16

HE: *P<0.0537R I3, **P<0.001 /il i3

[ 5 2 14 8 S5 R 50 R WA — T B, 22
HI AB, I A2, B X AODg, A IR i

(P<0.01); BIRIZE H I BC, K I C* ik 35 5211
AOD, (P<0.05). F{HZEHRFERHH 3 NHEEXTrEIEE
BREA FUA329 3851 14 52 Wl WU >y - Jn il > il i A
[ >RHA Lt o
2.4.3 WA BT HIE S T, AB. AC 32 H.
VEFH i 55 = £k BRIk 25 A A M, #a TR, 1 BC 38
HAEFM A SR BRSO AR, TR =4k
(3D) Mg 7 T ISEAH T P A8 A PR AR B 22 TR ) DG 3R, i)
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Fig.5 Response surface plot of the interaction between two factors and their impact on AODy,
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