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Abstract: In order to improve the utilization value of N. oceanica, the effects of enzyme-bacteria synergy treatment on its
nutritional and functional components as well as its biological activities were investigated. Papain was used to hydrolyze N.
oceanica, and the enzymolysis process was optimized by single factor and response surface test. After fermented by lactic
acid bacteria, the contents of total phenols, peptides and flavonoids as well as the antioxidant and hypolipidemic activities in
vitro before and after fermentation were measured. Sensory evaluation was also performed. The results showed that the
optimum enzymolysis process of N. oceanica was as follows: Enzyme amount 5.0%, pHS8.0, enzymolysis time 4.0 h,
enzymolysis temperature 76 °C. Under this condition, the content of polypeptide significantly increased by nearly 1.3 times
and the total phenolic content increased by 5.1%, while the total flavonoid content decreased by 32.5%. The antioxidant
activity and pancreatic lipase inhibitory activity of the fermented products were enhanced, among which the DPPH free
radical scavenging rate in mixed bacteria fermented group increased by 1.2 times, and the pancreatic lipase scavenging rate
in mixed bacteria fermented group increased by 59.4%. Moreover, the sensory score of the sample after fermentation was
significantly improved. In conclusion, the synergistic fermentation of enzyme-bacteria can significantly improve the
polypeptide content, antioxidant activity, hypolipidemia activity and sensory properties of N. oceanica, thus provides
reference and technical support for the development of functional fermentation products.
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LIRS AR R e A AR e R 1Y) — it
e, AR YeaReEs . Sriha s, B R
At REFAIASKE S 2 TidtisRse & ™ i T
fiZ (Ethernet for Plant Automation, EPA) H A& 1
THRNHSTR (Docosahexaenoic Acid, DHA), EPA &
A ISAB IR BRI 30%, ELAINE . = IKTos
IR S SN % N et 2 N s = DI = i s =4
WA, BT 2021 AR E SR AR 5 A B UR B o
AT, s e 1 i S0 N FH Bk R, T TR A
RN . et R AR G D) 45 B T R B AR DG B,
EPSSYiS NS Wog = Sui i P T

Bt o P W) R e AL T e Wl L2, P
AT AR A B R 25 AR AR B BT B iE
BEHE . DU BEEPUA s J1 55D REY), dlad & 7
T AR BTAH S) . BRI RO T ) o, B
Drgeim HEF-E R A, I n] BEERRTX R . 105
SEEUSY )Tt T P ) ) 8 DR RIS S 6 3 i A )
JRAREE, H: DPPH H H AL IEER R 5 106.92%. 4R
RPT A W5 SR I i i PR IW) A0 BEAS 21 i ACE ]
JURIEAHE T BRI SR R A s8R . AT DL, AR AT
APy R — BB A W] 20 RS 1, i
R 09 3R S AT AR S B P R) A B g AR
FEJTT

ILTFLU_EBUIR, AT DA ER v S ECRE, F1F
AR B EAT A, LA Z2 S B 3EAR, FH AR
R R ne) R T A AU BR e A il T 2S5 T
IS 5 TR It S ARk e A T A T, WS
W) BT/ 20 5 A R 38 SR I T LS B A S XA S M 4R
AH. BEIMABTE RS20, [RIEEXT A2 e Js i i ek e
PATIRYEVPAE, it aRse s iR H A D ae B 5 i1
TRPEESZ HHAR TR
1 MRI5REE
11 MRS

AU ER T (Nannochloropsis oceanica) ¥Ee
FHEETT IR AR A YA R m]H2 44 KB1 A%
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Table 1 Factors and level of response surface optimization
. KF-
-1 0 1
AR (%) 3 4 5
B pH 7 8 9
CHif#A ] (h) 2 3 4
DRI (C) 60 70 80

1.2.1.4 ZAKEEMNE 20K RAH OPA KU, B
50 uL 35, A 2 mL 0.8 mg/mL OPA Wik
FE 5 min, T 340 nm A0 E W SGEEE, DURSE A
bR AR, 158 RIS RS y=3.2274x-0.3338,
R?>=0.9993
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WA FREAIEAL, AR 2 IS HCEAE 37 °C 15
IRIEFEREIR PR B R 24 h &
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o, SRR BB EEC C; 100 uL i Vi BB
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pH FILEER: SRASZEZEE pH 1HUE pH. &%
Fr GB/T 12456-2021 l5E ER .

B JEME: SR DNS bkt B 1 mL BV’
JNA 2 mL A 3,5- " AHIFEEE RS A WEETE 8 min
S, KA S INaliE KRR, 7F 487 nm R E

1% (CFU/mL) = % M

WSGRE, LA B bR A bR AP HE T 2K, 45391
[EF 57 y=0.1636x—0.1601, R>=0.9991
1.2.3.2 Sl EEAZ RS ENE Sl R
Folin-Ciocalteu "2, HX 0.2 mL £&5_EiERINALE
MBI S W 5 min J5ATA 3 mL 0.2 g/100 mL
B2 FRIS W, 7E 75 °C F SV 15 min, #i7K ¥ E 5 7E
765 nm UL SCRE, LAV B TR AR ah AR v Bl
£k, 155 1975 y=0.0069x—0.0003, R*=0.9955 .

Wl : >R NaNO,-AICL, 1P, B 3 mL EiE
W, A 1 mL 0.5% B9 NaNO, 2/ 5 min, JILA 1 mL
1% 1) AICl, Jiw 25 °C 7K 6 min, A 10 mL 1% 19
NaOH ¥ W, fie )5 Bk 70% B9 L BE 2 25 mL W
15 min, T 510 nm % WOGEE S, DA R2 38 s
bR v 2R, #5931 [ )5 7 FE y=3.4369x—0.0023, R*=
0.9985,

ZHR S I ER 1.2.1.4.
1.2.3.3 PrEfLEMEMIE  DPPH H HETEFRAER
JTHGIN E 218 Martinez 2504 k. BX 2.5 mL ££ 5
EiEW, I 7.5 mL DPPH ¥ ¥ % 4L )2 % 30 min
(A ), XTHEZHFHFES N 95% Jo/K ZEE(A,), 25 4
ali /K il DPPH % (A,) , £ 517 nm b0 51K 5t
BE AL A, Aye FHR()THH
_ACA,

A

0
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FRAP 7% Benzie %" (7 i #4752 o HR
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Table 2 Table of sensory evaluation criteria for fermentation
enzyme hydrolysate of Nannochloropsis oceanica

TR Wb SME
AR BEAR, TOREEA RSBk 18~25

FR(255)) TR, WA BMERGEA R Ak 11~17
BARBATTR, WA B EREA RS 0~10

T RS, oI, T | RN Rk 18~25

WR(254y)  WE DM, AREGURERR . TR TRIR 11~17
IE F PR, AR IR, IR IR 0~10
AR, GFA -8 BEE 18-25
IRETE iR, GRS, REHN 1117
TUERZ, AMBEME, GEFEANE), BEE 0~10

— IREIEZ 18~25
- (254})1 SAREEZ 11~17
SERANREIEZ 0~10

1.3 HUEAIE

RGP T =P T , BE LA E R
WE2EFRIN . R Design-Expert 10 FA4FHEA7 00 5 1]
BT FH SPSS 21 4418088 43 B B Sk 2544
453873 F Excel 2010 345 53t f T4 & .
2 BR55H
2.1 REUEKEESRR T Z ML
2.1.1 PANZESIGLER  WE 1A R, BE T
M) AR N2 Bk R 22, IEAE 3 h IR T fek
8, BJE N R, 3T HESEDR S 3Eot v (14 25 P SR e
Ak R Z IR R St Bt Bt e K Z2 Ut — 25k
A Sk SR, WA o i RN, A B =
BREr AW, 75 4% W () 1B), )aa T M
A HEI AT BE R Y3 22 AU R EE R 4
Var L i ivan ] i3 NI AN AEAE AT 291 ae b 1]
it bt 3=t v B T - =2 TR B A K eV S 3501 Tl
OB, T Z RS FRERO . BfFEBf pH 1932
1, 2K SRS R RS BT R, A pHS B &2
K(E 1C) o pH 50 53 —F RS 90 B0 55 fie R A4,
S pH ASTEIE 2490 BBl Y V5 PR S50 55 R 0, FEAIK
Pt/ R4 3R Y, T AR pHS B Y 1 A5 3] 78 40 B R
T, ARS8 e i AT Z2 K& i e . & 1D Al
1, it A T AN, 2K e T R g e
THZEHET TR, HIEEIRE] 70 °C B, ZRREE
15, ISR TR 2 IS N X nT RE IR XA
JIEE ARG PR 2R, 3Bt v A TR B A 2 5 i it
T, T AR 22 U e A Rk i s v, R L 1) 22 ek
%, 2 b, YePRERERATTE] 2~4 h, BEE 3%~5%. B
pH7~9 FIRFARIRIE 60~80 °C AT N HjiEe
2.1.2 iR m At RIS 45 R 25 A
RGO LE R, DIE i (A) . pH(B) | BT E](C) | B
R (D) Sy [ AR, Z2 K5 28 Sy B, AR B

A 25

20F

15k

Z K& i (mg/mL)

T 2 3 4 s
gt B 1] ()

s}

3.0

251

20

1.5F

Z K& (mg/mL)

0.5

0.0

o

24

22+

20F

1.8+

Z K& (mg/mL)

1.6

22

|w)

20F

1.8

1.6+

Z K (mg/mL)

1.2+

1.0

40 50 60 70 80
iR (°C)
1 Rl (A) | B (B) | pH(C) | BRI (D)X iU
B2 IS YRR
Fig.1 Effects of enzymolysis time (A), enzymolysis amount
(B), pH (C) and enzymolysis temperature (D) on the polypeptide
content of Nannochloropsis oceanica

e R RVING R R 22573 3 P<0.05, 18] 3~181 6 [A].

RTINS, BT T S 45 Uk 3 .

i#l 5 Design-export A AT hT, SR 2 H
TR VL TET 1Y T A R - R=2.45+0.0731A+0.12B+
0.15C+0.20D—0.18AB—0.030AC+0.17AD+0.030BC+
0.085BD—0.077CD—0.23A%—0.67B>~0.015C>—0.26D?,,
RYEFR 4 FnxXd R Ay B AT, AR . B(EE#E pH) |
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Table 3 Response surface test design and results
e s A B C D R Z ik i (mg/mL)
1 1 0 -1 0 2.17
2 1 1 0 -1 1.37
3 1 -1 0 0 1.70
4 0 1 0 1 1.88
5 0 -1 1 0 1.80
6 0 0 -1 -1 1.69
7 1 0 0 1 2.35
8 0 0 0 0 243
9 -1 0 0 -1 1.87
10 ! ! 0 0 1.10
11 0 0 0 0 2.45
12 0 0 0 0 2.52
13 0 0 -1 -1 2.22
14 0 0 1 1 2.54
15 -1 0 0 1 1.92
16 -1 1 0 0 1.81
17 0 0 0 0 2.45
18 0 0 -1 1 2.32
19 1 0 0 ! 1.62
20 0 -1 0 -1 1.31
21 1 0 1 0 2.35
22 1 0 1 0 2.29
23 0 -1 0 1 1.48
24 0 0 0 0 2.38
25 0 1 1 0 1.99
26 0 -1 -1 0 1.55
27 1 1 0 0 1.67
28 0 0 -1 0 1.62
29 -1 0 -1 0 1.99

C (it Az sk 0] ) AT D CPiE A TR RE ) X A 3R 756 1 A A 1)
Z RS B2 (P<0.01) . TRl A] DA HiAE R
F=66.54, P<0.0001, B RUAK i 32, R4 F=2.27, P>
0.05, AL IHAE [l Y= AL 7Y v JC 4 225, 18 AR U 4L

G L, R°=0.9852, R?,;=0.9704, 25 4L 3R W], iz 11
FEHIA] LIRS 97.04% MSEE R 22 5, 5 S PR d
V-GBS

Bl 2 S P R 3R A2 B X 22 Ik & &2
3D E. nT ISR RS B A (ET ) B (B pH) I
AE I A i) D (RS ) X S IR v 1t v 1
Z K R AR 5 S B I B(HEE pH) D (BH# IR
JE ) FNAE FH TG C (WA Ta]) D (BHE 1R ) X it 2R v
it F T 1) 22 IR s R i S 55 38 BT A (i) C (Tt
fie Bt Ta] ) A =2 B 450 B (F R pH ) C (A st 1a)) X i
BREEFGIR ) 2 RS i AN 2

) N T DA 3 e DA BR e it i 125 My ity
H 5.000%. pHS8.009 . [ifffi: st [[] 4.000 h. Fiff e i3
75.635 °C, ZRK & 2 S (E A 2.484 mg/mL., A
{EF S BRERAE, B MO i &L 5% . pHB.0., FffEHT
[E] 4 h, BEMEIEE 76 C, A3 52~ 2.45 mg/mL,
SRR, UL IZAR AR AT H
2.2 KR A BRI R

2 A PR BRIk i T oA U B A W Ay
BT . UIIER I &R 157 24 h 5, TR B 4005 8% 22,
KBI1 &Rz, W AT 107 CFU/mL(E 3A), i
FOUER R 2 A PR U 1 A R LT, (R AN TR R 2 (]
HAA @m0 22 5k, [RIas DA T 2 iR T bl ek Sare i
PR A T R T LA B 2 B R E FHEE S i 22, Jr
DITR PR A AR Fe 22 BTG TR 2 o

il 3B. 3C FoR, AR TE 24 h )5 pH ¥k
E T RE(P<0.05), BAR & i R In(P<0.05). 5
CK ZHAHLL, & A BEAL BB FRIE S T 4.9~6.1 5. %
A= R A o OB R 1R 2 (HMP) AP IR 152
(EMP) i 5244 3L 50 Hh B2 A = A= 2L Fn Co,,

Fd o AR T 2200

Table 4 Variance analysis of regression model

He Ui 5 A ¥i7 F{H Pl B

el 4.53 14 0.32 66.54 <0.0001 ok
A 0.064 1 0.064 13.10 0.0028 ok
B 0.16 1 0.16 33.45 <0.0001 o
c 0.28 1 0.28 58.30 <0.0001 o
D 0.48 1 0.48 99.54 <0.0001 o
AB 0.14 1 0.14 27.85 0.0001 o
AC 0.035 1 0.035 0.72 0.4101

AD 0.12 1 0.12 23.74 0.0002 o
BC 0.035 1 0.035 0.72 0.4089

BD 0.029 1 0.029 5.94 0.0287 *
CD 0.024 1 0.024 4.90 0.0439 *
A? 0.33 1 0.33 68.28 <0.0001 o
B? 2.92 1 2.92 599.86 <0.0001 o
c? 0.014 1 0.014 0.28 0.6029

D? 0.44 1 0.44 90.45 <0.0001 o

52 0.068 14 0.049

JRAYI 0.058 10 0.058 227 0.2234
iR s 0.010 4 0.026
J=b= 4.60 28

R P<0.0122 AR B3+ RIP<0.0522 5 3
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