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530, [ 455 ] R BN MR E N, REERE 43 °C, 1086 pH 6, MR 5%, M rEHEERRE 18748
FEER BTG A B R (6.82 UML), B4 R B R : OH-H fi LM DPPH H i 3L38 bR ik ) 3 FAIL
(P<0.05), {HAMSR BA KR ITERAT-, S HSPUEIRE ) R (P<0.05), [ 4518 ] FaBRERR) K I
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Abstract: [ Purpose] To develop a high-quality feed protein source from shrimp meal.

[ Methods ] The antarctic krill shrimp meal was fermented with Streptococcus thermophilus 18748,
and the factors affecting fermentation were explored. The fermentation condition of the strain were
optimized by response surface methodology to increase enzyme activity. After simulated gastric di-
gestion in vitro, the antioxidant activity was analyzed by DPPH free radical scavenging rate, OH- free

radical scavenging rate, total phenol content and total antioxidant capacity. [ Results ] The signific-
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ant factors affecting fermentation were: the temperature of fermentation was 43 °C, initial pH 6, inocu-

lum amount 5%. At this condition, the protease activity of S. thermophilus 18748 reached the maxim-
um of 6.82 U/mL. Antioxidant analysis result showed that: both OH- and DPPH free radical scaven-

ging rate were significantly decline (P<0.05), and it still had a high clearance level. The total phenol

content and total antioxidant capacity were significantly improved (P<0.05). [ Conclusion] Dur-

ing the simulated digestion process of antarctic krill shrimp meal fermentation broth, pepsin may pro-

mote the release of antioxidant active substances, and still has good antioxidant activity after diges-

tion. This study provides a reference for the further industrial development of fermented shrimp meal

research and the development of antioxidant products.

Keywords: antarctic krill shrimp meal; Streptococcus thermophilus; fermentation; simulated diges-

tion in vitro; antioxidant activity
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1.3.1 Plackett-Burman X4 % it

FIH] Plackett-Burman 1% 1 T/F 2% 4% 1 [8] i AH 5.
Y I B L 8 1 Tl 0% P 9 52 ) (LE &% 5% 71 3%
M) A7 BT iR/ IMEAE RS, BE S de A R Y
M HERY, ERERRR MR, B
104~ AR & (9 N ZE R 1A A iR 2 10 i
A5, Wi #E1T n=12 #¥ Plackett-Burman ji{
5, BN RS HIEAR (1) A (+1) 2 DKF,
A Minitab 17.0 £ 0F 47 1056 3 3 A8 70
Pr Gk 1.

#& 1 Plackett-Burman i 3§1% it

Tab. 1 Plackett-Burman experimental design

. KF
s L level
number factor ﬁ
A R 9RIRE/C temperature 37 43
B Y14 pH initial pH 5 7
C k3R 2/% inoculation amount of strain 4 6
D Fif [7]/h time 23 24
E 5 E E & 8/% soluble starch content 2 4
F 1 %7 B 5 /% glucose content 4 6
G 29 B /mL liquid volume 80 120
H R /% shrimp meal content 20 40
J NaCl i &% /(g-' L") NaCl mass concentration 4 6
K FEPLEF- virtual factors -1 1

1.3.2 Box-Behnken R4 i 11
3 F Plackett-Burman s % /9 45 &, F H
Box-Behnken J5 2% i 35 5 Ml [l - 301 7k — 20 3
BT, B0 DR T i A ARy 7 2 1 Tl 1) e AR 2
o FEBOT SR, A XU Z A EAE 20
JEARAT S N A0 Ak i 2 S T G B, D
Plackett-Burman i 5 i & ) (%) 35 2 R BE (4). %)
fi pH (B) FIHER & (C) 5% 3 R F N R it
3 [ 3 KRS (6 2), i Design-Expert 8.0.6
BAF A AL BRSO BOAAT 5 4H E A
UKL, O 17 HEdE T 2ot .

®2 MNEREEESKF

Tab.2 Response surface test factors and levels

i H% K Tevel
number factor -1 0 1
A K9/ C temperature 35 40 45
B #I%E pH initial pH 5 6 7
C $:F &/ % inoculation amount 4 5 6

1.3.3 ] v T 4 R 558 v 45 S RN S0IE

D] 3 T o B 45 N R Z M A8 BAEH
AR HAEFRH R B RE MR, — 2 ) 1o [T 56 5T
B UASHEE AN HR AR D7 ] BEAS B I RS AN R 2
)22 HAEFHR5RTS . Ihk I asakBE, KHEZ
() s T 4 5 R AT, SN
o R B RE R e, R Z A58
HAERBON 3, S GR35 e N A
BB AE S T IR R R IT & I rE A by, ol
BB AR 37 3 f AR A TN ELEA T LB IE -
1.4 RAMERE AR

BUR BT FE S 2 mL 5 0.85% NaCl % 8 mL
REHL), 6l RMRRR . WAL 3 A A
., HWEfed: SEAM 02 ¢ T 5SmL
0.01 mol/L Ay HCI W, H Tl £ Bl H W,
S mL # R TR, A 1 mL B S W,
T pH 2 2.0; HERX A B S mL FBW T
A& g, WA 1 mL 0.01 mol/L () HC1 %W,
5 pH E 2.0; 25 FAXTIEL . B S mL & Bl Tk
BHIFIMA 1 mL A B KA B i
1.5 HUEALERT T
1.5.1 Sy e8RS b AL EE ST

FREL 0.1 g B TRV i T 50 mL 2815 7K
L 3Rl 0L 1.5, 5.0. 50.0 . 100.0. 200.0
1 400.0 mg/L BIARHETS R, 765 nm Ab 75 1% S
JE, 2 ARE IR RIE AR, SR
o REERAES P ST E LR RE S K Fe' i )5 R
Fe’', Fe’' M Al SAEMEY Bk ik e 4 5, ik
ALSE A L AR BT SRR T o I T iR R
UL AT o
1.5.2 DPPH [ 1% OH- [ 3L fE /10 &

AR SRR 5 W SRR & T 0% T
48h, JFHEET RSN 1, 2, 4, 6, 8,
10, 15 1 20 mg/mL BYFE S o 3 BHCAS [7) o2 2 vk
FERRES 1 mL, A DPPH—JC/K BV e 2544
BURS), ¥Ry, =D 30 min, F 517 nm
TSR Ay 1 mL oK S EEACEAE
BT 517 nm AL IS A S BEIE A Ays 1 mL
JooK Z B4R DPPH ¥ 1517 nm AW OE il
F AN R 3 AT A BIBOR R v
FERRESY | mL P, #2210
A S mmol/L /K#FR—IC/K L BEVE WK . 5 mmol/L
FeSO, A 5 mmol/L HyO, IFH, 37 C /K& 1h
J& T 510 nmAb i 2 OB EEIE S A FHEE K
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FABFET T 510 nm A& RGEIC N Ay; A
BT KR Hy,0, BT 510 nm A E G i
H Ay RImIRE 31T, HUTALIHE
DPPH H 31 OH- H HZEMIERR R ().
A —A,
FE ST T VR B I R R I O R R 15
ICso {H (CF 4] B2 5t vk B2 ) LAPEAN FF i T 4 Ak
PEo 1Cso /2 F F TG BRZEIRE] 50% B AL # T
SH AL B SRR S I B MR, 1Cso B/, FE
PIBT R, 2 K,

W:(l— ))(100%o

2 GRG0

2.1 AR IE

FHE 1 AT PEFREEEKTE 18748 MK fif BE ik
EETRAEYFLFFE 192567 AW H B (P<0.05),
TP E PGS BR T 18748 Nt K BETRE
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An St Ao Pp Lp
i Bk strains

TE: An. BINEE 16404; St PEHEERRTE 18748; Ao. Kl 40159;
Pp. UM BKTA 1926245 Lp. #4FLAT IR 192567, AF/NE FHZRR
25 (P<0.05); T,

Note: An. Aspergillus niger 16404; St. Streptococcus thermophilus 18748,
Ao. A. oryzae 40159; Pp. Pediococcus pentosaceus 192624; Lp. Lactoba-
cillus plantarum 192567. Different lowercase letters indicate significant
difference (P<0.05); the same as below.

1 T EERKEKRE
Fig. 1 Fermentation hydrolysis degree of different strains

2.2 Plackett-Burman i\ 5 5 2 2 1% [K K i e 45

e o B PR 2R AR R I A S PR 9 A
WRIEFT M (36 3), IFdE— L 34T 00
(G 4), nlTed i W& R IR . Wi
pH AR, PHZ 51 0.021, 0.030 F10.044.
2.3 W AR R T
2.3.1 Box-Behnken 13645 5 55 [l H B 7 72 73-#r

Box-Behnken {40 25 R WL 5. X4 45 1)
AT ZITIRIAE , A BERL R R ) )7 7
¥Y=6.49+0.0984+0.022B+0.025C—0.504B+0.0704C—

%% 3 Plackett-Burman iR 38i% it 54 R

Tab. 3 Design and results of Plackett-Burman experiments

RIS fitFiE/(U-mL ")
test number 4 B C D EF GHJ K enzyme activity

1 I1-1 1-1-1-1 1 1 1-1 3.91

2 1 1-1 1-1-1-1 1 11 6.67
3 -1 1 1-1 1-1-1-1 11 4.70
4 I-1 1 1-1 1-1-1-11 5.93
5 1 1-1 1 1-1 1-1-1-1 6.22
6 11 1-1 1 1-1 1-1-1 5.01
7 -1 1 1 1-1 1 1-1 1-1 3.81
8 -1-1r 1 1 1-1 1 1-1 1 5.62
9 -1-1-1 1 1 1-1 1 1~-1 5.09
10 lI-1-1-1 1 1 1-1 11 6.03
11 -1 1-1-1-1 1 1 1-1 1 5.66
12 -1 -1-1-1-1-1-1-1-1-1 5.42

%% 4 Plackett-Burman i%iTBIE N 547

Tab.4 Analysis of main effects of Plackett-Burman design

TR SN HE P BEVEHT

number factor t-value P-value significance ranking

KR/ C

A I 29.96 0.021 1
temperature
-

PRl 2135 0.030 2
initial pH
PRI /%

C inoculation amount of  —14.30 0.044 3
strain
i fil/h

D . 11.70 0.054 4
time
HAMEEY%

E soluble starch content 0.040.972 9
2 AR /\\5/0/

poo WERE R ~6.30 0.100 7
glucose content
X /mL

G~ lliE/m 152 0370 8
liquid volume
WKy B E /%

H ifd 11.78 0.054 5

shrimp meal content

NaClffi &Rk & /(gL
J ACURRRENEL ) ) o) hes 6
NaCl mass concentration

R T

K virtual factors 0.2 0.864 10

0.005BC-1.794°-1.64B>-0.78C%, . Y Jyrgk
SERRTH BN EGE J15 4. B, CArRIIRE . )
f pH MR HRIERN .

& 6 n[%l: AB. A*. B> Fl C° X} Y s IRt
B3, MR F=48.980, P<0.0001, FHHiZE
R B BRI F=0.051, P>0.05, 24l
WA, BOALARE, AT FZA A AR g0 4
R=0.984, HA 1.6% MRS AREMRS; KIEME R
B R ,4=0.964, T E Heiz HIZ 11 H 75 R X AR i
B A RS A A A TEUE BT RIZR A T80
2.3.2 WA ST 2R K S v b

mE 2 Al YIRS 43.14 °C . VIR
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# 5 Box-Behnken iX¥ &R KR
Tab. 5 Design and results of Box-Behnken

5 WRFE/IC (4) YIUE pH (B) WRREFNE/% (C) B#HS/(U-mL™)

number temperature initial pH inoculation amount enzyme activity
1 35 5 5 2.46
2 45 5 5 3.71
3 35 7 5 3.42
4 45 7 5 2.68
5 35 6 4 391
6 45 6 4 391
7 35 6 6 3.81
8 45 6 6 4.09
9 40 5 4 3.98
10 40 7 4 4.11
11 40 5 6 4.05
12 40 7 6 4.16
13 40 6 5 6.56
14 40 6 5 6.79
15 40 6 5 6.85
16 40 6 5 6.12
17 40 6 5 6.15

pH K 591, $ERP R 5.05% B, A5l % ok
fHM 6.90 UmL; 5@ = 4i i RE B i)
J& (4) F1 pH (B) R HAEFH R, THEE (4) ARl
1 (C) LA pH (B) AR & (C) M HAEHA
W R R A S5 PR
AT, KIS AR . KR IR 43 C,
WA pH 6, FEFHE 5.00%., 45 ER. fERiEL
BEARIET, BHEIA R KME (6.82 U/mL), KAkl
TR BR 77 2K B TS O 5.09 UmL, 4k JE By
BTG ATy 1.34 45, AEBHZEROLAL Sl B
CIETS
2.4 PRAMEAAEIT KRBT A L RE S B R
2.4.1 DPPH H H3iERRZE

FH 3% 7 0. DPPH [ FH 5L 375 B S5 Bl MR A3 15
FREL TR IR R T T R THAR RS, D-
PPH [ H BE 15 B % i & AL (P<0.05), U85
FEIL TR E A 20 mg/mL B, WEBRRAN A A
90.23%, BHAR R DPPH H H 35T M. 14
FEALRRRTT . J5 ICs fHM A0 1.241 F1 1.499 mg/mL.

xo6 EARBMBES

Tab. 6 Analysis of variance in regression model

H ST H e Yo7 FlE PlE BEM
item sum of square degree of freedom mean square F-value P-value significance
A model 31.200 9 3.470 48.980 <0.0001
A 0.078 1 0.078 1.100 0.330
B 0.004 1 0.004 0.053 0.824
C 0.005 1 0.005 0.071 0.798
AB 0.990 1 0.990 14.020 0.007 *
AC 0.020 1 0.020 0.280 0.615
BC 0.0001 1 0.0001 0.001 0.971
A 113.400 1 13.400 190 <0.0001 *
B 11.300 1 11.300 160 <0.0001 *
c 2.550 1 2.550 36.100 0.0005 *
#% % residual 0.500 7 0.071
AT lack of fit 0.018 3 0.006 0.051 0.983 ns
#HRZE net error 0.480 4 0.120
S sum 31.700 16

e RO, P<0.01; ns. TTRFLW.

Note: “**” indicates extremely significant effect, P<0.01; ns. no significant effect.

2.4.2 OH-HHAEIFHRZE

HY 2% 8 WI . MR Ry BE 35 I R E N
1 mg/mL B, JHALACPEAT . J5 19 OH- H i 3LiE bR
RICW 25 5 Bl WF Ry 3 7 5L o A VR B Y T
i, OH- [ M IEVERFWB W TG HIFh R
R R 20 mg/mL B, OH- [ i J&38 B R
50T Rk 91.04%. THALALFRRT . J5 ICso [EA51 0
0.967 #1 1.108 mg/mL.

243 BBy S ES N

HE 3 ATA: 2 B L), KBRS
W2 2 i TR T AR (P<0.05), 1M H R Al AE
SANHITEYEY) B PUA RE T, S E R X B2
A B B i AR 0 I T R AR (P<0.05).
244 SPUEALEE I

K 4 FH: 2 BEAMELE, ZFR
B S BUA R ) 2 S T ARIH AR AL (P<0.05), i
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Fig. 2 3D response surface graphs and contour plots of enzyme activity

7 HWALIEATE DPPH BEBEERE =8 HIALIEATE OH AEREBMRE
Tab. 7 DPPH free radical scavenging rate Tab. 8 Comparison of hydroxyl free radical scav-
before and after digestion % enging rate before and after digestion
Uk R L B IR L U R VR P/
(mg'mL™") AR BT AL EE S (mg'mL™) ERR A GEE N ] AR
mass concentration of before digestion after digestion mass concentration of before digestion after digestion
shrimp powder medium shrimp powder medium
1 40.09+0.30 b 32.81+0.24 a 1 50.2240.22 a 49.51+0.43 a
2 46.55£0.13 b 45.93+0.13 a
2 53.24+0.39 b 51.26+0.02 a
4 55.04+0.06 b 51.42+0.19 a
6 60.62£0.03 b $8.6740.22 4 59-3720.18 b 55274035 a
8 72.66+0.34 b 61.38+0.82 a 6 63.62+0.15b 62.9240.06 a
10 78.14+0.16 b 73.0140.93 a 3 77444026 b 71364039 a
15 83.33£0.10 b 80.44+0.28 a
£ £
20 94.68+0.08 b 90.23+0.37 a 10 §7.67:0.18b 8357019
E: ARNGFRERORZF R (P<0.05); . 15 92.00+0.14 b 90.11+0.08 a

Note: Different lowercase letters indicate significant difference (P<0.05);

20 94.17+0.25 b 91.04+0.05 a
the same as below.
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H: U R GIDG. BIRIHLA ; GAC). HRXIE4]; BCG.
R TR,

Note: U. undigested group; GIDG. gastric juice digestion group; GACJ.
gastric acid control group; BCG. blank control group; the same as below.
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Fig. 3 Total phenol content of different treatments
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Fig. 4 Total antioxidant capacity of different treatments
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A I ARE /D o i RSN AL o] AR 5% 31
flad B R R A DA BB AR TR PR AR AL, PR T
HAE AR F=IRB AR 5T

2 RSN B W AR S5, DPPH [ 2
TH RGN 90.23%, X AT AESE I TR Bk
PSR A ERRAL, H5R%MY DPPH 4551
FIFEAREY, 31X 5 5 55 SR 45 5. 1 OH- H
T SRR 91.04%, XAl figfth TMLE =
A= F OH- 338 B 36 7= A 4 F %) /N R 4 3
fR™, SHU P ERF 5 A8 2 By AR SN Ak fi bk
BB RIS BT IG5
FELERAML, Z2IHAL)S, DPPH A i JEiE R A
OH- A 1 31 bR R AN A B b MR S A Ak T
VR TE B AL RN F & T JE2EmT
Xof ez PR M A =0 S T A A A Bt e v (R Bt
AARVEFIEATAFSE , I3 ol A (i S AR X &
PRy WA = SO AR A T o s Ak, DAIAS
BRI VR A KB

KEFRIRE 43 °C. WG pH 6. HeFhi 5%, %
FEEFIE] 22 h, NaCl 5%. %50 5% FiFe & &
30% S W IEEER A A& ARy RO BRe i 25 1 s 4opidil
RANEAL)E , FERER R & BT SR ELA B 1)
PrEALTE e, AT AT B BSR4 R AR T e
PR R Tolk A 7= i AR R E S SE R
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