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Improvement of Antioxidant Activity of Defatted Selenium-Enriched Rice Bran by Lactic Acid Bacteria Fermentation
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Abstract: Selenium-enriched rice bran is a major by-product in the production of selenium-enriched polished rice, which
is rich in selenium, dietary fiber, and active substances such as phenolic compounds. However, the high-value utilization of
selenium-enriched rice bran has not been fully explored. In this study, four strains of lactic acid bacteria (Lactobacillus
acidophilus, Streptococcus thermophilus, L. plantarum, and L. delbrueckii subsp.) were used to ferment defatted selenium-
enriched rice bran. The physicochemical properties, nutritional characteristics, microstructure, physicochemical properties
and antioxidant activity of selenium-enriched rice bran were compared before and after fermentation. The results showed that
lactic acid bacteria fermentation increased the insoluble dietary fiber/water-soluble dietary fiber ratio in selenium-enriched
rice bran by 20%-45%, the contents of total phenols and total flavonoids by 5%—6% and 16%-31%, respectively, and the
conversion efficiency of inorganic selenium to SeCys, by 42%—-49%. Moreover, the fermentation reduced the particle size
of selenium-enriched rice bran, made the surface more loose and porous, and enhanced the hydration properties, cholesterol
adsorption capacity and antioxidant activity. The decreasing order of the comprehensive scores of fermented selenium-

enriched rice bran in principal component analysis (PCA) was L. plantarum > L. delbrueckii subsp. > S. thermophilus >
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L. acidophilus. Among these samples, the sample fermented with L. plantarum exhibited the strongest antioxidant activity in
vitro, as well as the highest contents of total acid, SeCys,, total phenols and total flavonoids. This study provides a theoretical
basis for the intensive development and utilization of selenium-enriched rice bran.
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AH]; MS200080GRIEEAX B B /R SUAE AT PR A A
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5% )5 55 SO T RSV E B . A E TR SRR &
KB EE20%, FFHAHT36XUEAT 5 £ L H k1T 5%
JEB ALK EEALEE BT 3H 150 r/min, B EBALIRE
130°C) . AHE, HHBEER100 Hif, FREC100 ghiA
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N6%, —20 CI 5% .
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K6 247
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A7, Wi AE I XU BB 10 min 5 BN SO T R ASCEEAT T
fift, FEFWRIFIR. HELERGERAH, KHEMRRE
AN AR E IS mLERFRVETR (6 mol/L) , TEIHIR
RO ARSI EIFBIE =, FIEHRAHE, A%
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(ERIFSEER IR i
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Table1 Microwave digestion program settings
iz EIC LRIV [8)/min Ji 73/bar
1 80 2 10
2 120 2 20
3 150 2 30
4 160 2 40
5 180 30 40
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FEMETALEE . FREXO.1 gFEdh, BN mL Tris-HCIZE
M (pH 7.5, 30 mmol/L) , ZiR#A30 minf5, MMA
1 mL&E [ REKIATR (2.5 mg/mL¥E TpH 7.5 Tris-HCIZE i
WD, IRAJERESR, 58 ClHEIEIRY R M4 h, 505
IE.

FEMATAA: HL0.4 mL FiEW, JINO0.8 mLAfiiR L%
M (pH 9.0) F10.6 mL CNBF#74: 7] (70 mmol/L %
T4l , #Ho, 60 TKIBE30 minfsAHE=RE, H
TR 2 vl 2 ¥ 223 mL, #}&%30s, HEFE10 min, o
0.22 pm A HLIEME, FFI . 23 0 B =R EE 98, 16,
32, 48. 64. 80 pg/uLi]SeMeCys. SeMet. SeCys, itk
WL IR R AT A

O . (034 Y Thermo Hypersil Gold Cg 52 7] {4
WA (250 mm X 4.6 mm, 5pm) ; FEIAHA N30 mmol/L
LWR- MM (pH 4.9, £0.02%=2) ; Wi
FMBRZHE-K (1:1, VIV) 5 KEiE: 30 C; Jik:
0.7 mL/min; #%4: 240 nm; #EFFE: 20 ul.

KA e i 4. 0~5 min, 84% A. 16% B;
5~10 min, 84%~64% A. 16% ~36% B; 10~20 min,
64%~55% A. 36%~45% B; 20~30 min,
55%~40% A+ 45%~60% B; 30~35 min,
40%~35% A. 60%~65% B; 35~50 min,
35%~30% A. 65%~70% B; 50~55 min,
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30%~16% A. 70%~84% B; 55~60 min, 84% A.
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B, K290.2 g@ KM (my) 510 mLAH & FE 5
AEE (1 mg/mL) 78505 (L& Am,) , 37 CHE
HIR2 )5, 8 000 r/min0>10 min, WEHX400 pL Fi&E K
T, A5 mLARSE — HEEA (0.1 mg/mL)
A1 mLIRERR, W5E30s, I T HE 10 min, F550 nm
WA AL G T, 45 A HE T B s o il 2 11 5 V5 R
[ P B o ELLEIREVR B i@t =X (6) THA:
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{FIEAT 2 153 53 HT o

2 gR5HW

2.1 FLEREA AT B AR ER A R It R B AR 53 (R 5 e
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Table 2  Effects of different strains on the physicochemical properties,

proximate and biological components of defatted selenium-rich rice bran
et} CERB LaERB S-ERB Ip-ERB Lb-ERB

TARAL (g (CFUg) ) SOIE006  937H004 9474005 937H0.02°

pH 6891005 5910010 SATEO0L 536004 560005

BHY (mgmL) 0981007 220£0.13"  284F017° 3024008 256+0.12°

BRE (mglg) JOAE016 2282006 1972008 210+008"  2.06+0.08°
HEA% 13994025 13414025 13982026 13574108 1411£026

TDF/% 31565023 3120£031 32024041 314049 31032061

SDF/% 8392023 9984031 1239041 1LM4E049" 783061

IDF/% BI6H094° 222500 19024021 2LI0H031° 23194079

SDF/TDF/% W61E074 32002101 8IEL M36EIST 2526197

BRI (mgkg) 020E001 0192001 0242002 021£002" 04000

FHA (mgkg) 0I0£001° 0052001 0.06£002% 005001 005£001°
VRIS % TBIELH T899 WML $19£597  BI£451

BB (mgl00g) (DUEATEIL) 353842694 I0SIE714° 369834868" 375954514 373034694

BER (mglo0g) (UVETIH 11062578 1830£671° 145914601 136824455 13455+ 13.64°

e WA R T REROR R B (P<0.05) . .

22 LR RN TR I

WR2F7R, AR FLER B R T 0T It A s KA T Rk
IR AEAE — 8 22 5 o RN & WK AR TDF it & 73 44
TR ER, BSt. Lp. Lafit B (L BIDF# 4k NSDF,
IDF/SDF 4> 33 m45% (St-ERB) . 29% (Lp-ERB) .
20% (La-ERB) . WEHEERRE Y. HMIATHE, g
P LA T P2V R e IR AT i 7= A S AR 4 R B b
HEFEYIR, A8 T IDF L NSDF% . AR E A
B, 8 AR T o B A 0 ) B N 5 % ~ 6%
16%~31% . AH5TH Lp3e F- a1 1) s 77 5 T H A FL R
B, TE R I AR v A 2 I I G AR R B AT DR R S
PR T 2 (25 Ay 1 Ladk B Ja )y A0S B & &
TRFEES (P>0.05) , ULWIAF KBTS0 K
TR YRS B & R AR L 2 Y

WMR2Pr7R, WG W 2 A AU, A
JREBTI%LL L. SHHRAICERBAMILL, FLERH K EERE
TERACTHN S &, AV S IN7%~13%. LR
A AR, BRI NN R R e R
SNEIAE HURE T, IS B KR A HLAN O 224 SeMet
SeCys,f1SeMeCys. SXTIRLICREBA L, ZLa. Lp. Lb
RI%48 hJG LI Ak A SeCys, 1 RE 114 IR & T 49% .
42%. 49% (K1) . SeCys, ey itt— 5 k& B Nl &
F, RIFPUAABTE. 3T FOR AR B A 20 .

O CERB O La-ERB @ S-ERB
200r  mIp-ERB mLbh-ERB 4
g b
=150} ab
= 100
pod
3% 50
1 1
SeMeCys SeMet SeCys,

#)

FRARFRRZFREE (P<0.05) , KE5FH.
Bl 1 AFFURER KR SeMet, SeCys,HiISeMeCysHItFeAL i Emi
Fig.1  Effects of different strains on the relative conversion rates of
SeMet, SeCys, and SeMeCys

23 FLERTA RIS MG B A KRR A% R 25 44 1R 52
231 KRS

AN TR) 7L R T K % R 3 PR AR T ORI S (&2,
P<0.05) o Lp-ERBZH{D,y» D5« Doy Spanii/v. Span
R TR AT 5T, KR A a R A, Ry K455
PEMAE . AR K RA B TR Ry Ta4ER,
WRNRLARRT B AR AR N, HR T AER, Rk
Ae o lkem, CRGERANI, Sl ST AR
M (R2) .

1 10 100 1 000
SRR AR /um

B2 A ELAR B R R R By S
Fig.2  Effects of different strains on particle size

232 FTIRMT

A T U R B R TR I AT KRR TR S 0 TG . 3 R AL
(B3) o 3312 cm™ "B H P98 LI (R i b, L 2F
YER R T4 RO—HMFZE RSN K. 3 017 cm™ Al
2 851 cm ' IT A R VA G S R 2 — CHL, ¥ A 4 9% 2 T
J. 1710 cm™ ' BRIE A MR AL U4 Sy i A% ol 4 50 R 2R )5 Tk
FEUHE R 1 531~1 152 cm™ BRI 0 W g 066 9 2K 11 TR
MZPERRS IR 1021 em™ " BT o W i i 3= 25
AR 4L 4E R C—O0—CRC—OMI 4
W& R R EE G, 3 312 om "B AW g
/N CERBZH, 3 B LR 1 i I 7 A= 1) T2 B R 55 T
YRRV g RN T RIS EER S, HEE
AR
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Fig.3  Effects of different strains on FTIR spectrum

233 TR
ARIRIFLER B R 5 A KOREZE S00ANIS 000 5 F i
ot e B4R . 5CERBAAHEL, FLRRH K E248 h)5,
B RS G S BAS , SORIEE /N, DURAIE . 24
B SE KA BT BT+ P0G TG AR P 2 AR B 1

A~E. 7 E£RCERB. La-ERB. St-ERB.
Lp-ERB. Lb-ERB; FHsl. 2.J%K500. 5000 fif.
B4 AR FURE B S R BROML s B g 5

Fig. 4  Effect of different strains on microstructure

2.4 FLERBH R B YIALEREE HR

WF3IFR, LRE KIS WG, &RERK .
PEFE BB 77 VRIS B B SR TE (P<<0.05) , [k
JIRFEE, FrmATLRFEEN (P>0.05) . 5CERB
AHEC, La-ERB. S-ERB. Lp-ERB. Lb-ERBHF/K 11 iR
PEAF DR THT %~ 20% M16% ~18%, X A& K 9 FLIR 1 A 1
PR IR S T A A A AT Y 1 1A A A EAE
M7 (B3 , i HE WK B mifs (Kl4) , FER
O 2 R B T, 5K R 2 1 AR B R T
XF T WE AR A R ALNEE, o JE I e 5 N 2 384 0 1L A 9
%5 X% . 5CERBAHLEL, La-ERB. St-ERB. Lp-ERB.
Lb-ERBJH & BEW b 7142 T+ 73.2~7.6 fi5, XK NAR
TR R A KR S A A2 15 i As 2 4L (814) , H.SDFJi
BOMHEM (R2) . Mk, 5CREBAMLL, FLIRHEKE
J5 B KA K JTBRAR T 3% ~19%, X 7] fE R AR
24 hJ5 & WOKHE A & EE B R MBI REER,
302 AN NS

F 3 AU K R B AR Y

Table 3  Effect of lactic acid bacteria fermentation on hydration properties
B %gg)ﬂ EREL% J%(%ga g));/ Hﬂ'ﬁiﬁi@“’/ Eﬁ/rjﬁ/};)/
CERB 2094002 2246+£032° 190011 1284046  443£0.18°
La-ERB 2234004 26524063 196014 840153  3.6040.23°
SERB 24740.03°  2445£0.63° 2054004 595+120°  43040.06®
Ip-ERB 2504001 2383£050" 1954008  1099£022° 3.9140.14"
Lb-ERB  2384£001° 24974020° 1954014  534£117°  4.24£021™

2.5  FLERE R EENBUEALRE TS

w5, 5CERBHHE., La-ERB. St-ERB. Lp-
ERB. Lb-ERBX{DPPHH HZEFIABTSIH S T H 3R
Ae 1 R S PLAARE 1y T 113% ~215% 4% ~13%
8%~ 13% . IX T ft -5 FL L P & IR A5 B AP K B AR 15 i A
Z AL, W ARG AN B IR SR R S R, T R
B R R
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Fig.5  Effects of different strains on antioxidant activity in vitro
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2.6 FLERWH K EES TR bR-S PSR A AH SV B gy
v
2.6.1  BARARARAS B AGE T AR G S

W4, DPPHHE HFEFIABTSEHE 1 H SR
it /1. FRAP{H 5pH{H 2 % M AHE (P<0.05) , HE
My RS IEM (P<<0.05) ; DPPHEH hi&FABTSHH
BT HBEEREE S AR R R E IR (P<0.05) ;
DPPH [ H1 335 B B8 /1 FIFRAP 5 34 J5 b 5 1 22 67 4 %
(P<<0.05) ; DPPHH &I R AR /)AL S 2 225 TEAH
K (P<0.05) . 45RKRY, FLRRH KWK 41
HHUER . YRR B & BT S A B ™,
M4k, FRAPIH 5SeCys, R EZFH EM* (P<0.05) ,
A5 o HLAN 2 %R G (P<0.01) o fHELHA]
A, FLIR A K I R S 0 IR A K OR T LA A Ak
NSeCys,. SeCys, &AM H kit ALYl (glutathione
peroxidase, GSH-Px) M .CyE MRS, GSH-PxA2AL
AN T ZAAER — R E B R, BAER A f
K HATAD) . D MR E A Y B 3 R LA BT A
A IR RE JT 03X AT Rl DR D 7L IR TR R A0 KR
TEMLAR A B B AR AT R {2 3E G SH-Px 1 7= £ B,
e m T B bR

Aed LIV B I B WK BB b 15 B SUIL 5 b0 A % B

Table 4
activity in selenium-rich rice bran fermented by lactic acid bacteria

Correlation between physicochemical indexes and antioxidant

FLIR 1 R T B G KB R AL T B 5 0 A A v M TR A b
P33 A S FE IR AE A . DIBRE (RS) KA
FFE (R6) o 3 N RFITTHR % N98.224% (>
80%) , i T REZHHFEAFEE (GRS .

#5 BRSIREAESL e STk R

Table 5  Eigenvalues and contribution rates of principal components
W HIRRHE SRR

‘ Bt EARW Rtk Bt BEAMMG Bt
1 9474 67.673 67.673 9474 67.673 67.673
2 2404 17.174 84.847 2404 17.174 84.847
3 1873 13377 98.224 1873 13377 98.224
4 0.249 1.776 100

50 87X107° 624x107" 100

6 370x107° 264%x107° 100

700 239%107° 170X107" 100

8§ 9mx107" 695%107" 100

9 =369x1077 —264X107" 100

10 —1L14X107"° =8.11x107" 100

1 =202x107" —144%x107" 100

12 =301x107"° —215%10°" 100

|
13 —492x107" =351x10°" 100
14 —141x107"° —101x107" 100

Bt DPPHH A% BREE 71 ABTSPHE T AL E R AE FRAP(H
pH1E —0.953* —0.897* —(.894*
B 0.936* 0.903* 0.871
Py —0.932* —0.788 —0.909*
SDF 0315 0.335 0.201
IDF —0355 —0301 —0.268
SeMeCys —0.189 —0.488 0.026
SeMet —0.326 —0.575 —0.108
SeCys, 0.775 0.671 0.956*
TCHLAR —0.864 —0.772 —0.975%¢
ey 0.919* 0.893* 0.982%*
ey 0.891% 0.746 0.718

W = AEP=0.05/K TR FM K s+ LEP=0.017KT-RFAHK .

262  FEWSH
N R W iE ST Bk kR T, DLiE— PR A

TR IR N9.474, 5 ZETTHR R N67.673%
(R5) , REFEMRSy, FBELZS T AR, SeCys,.
My, SEEH S EADPPHH HAE R EE /). ABTSIHE
T HHEERREE I MFRAPE (£6) 5 F 2R IE
H92.404, JFETEVENIT.174% (£5) , FTELGH
T SeMeCysHliSeMet & & (F£6) ; F R 3MFFIEE R
1.873, JTETEREN13.377% (F£5) , FELz4 TIDF
JREE (R6)

6 TR HTEAT

Table 6  Principal component analysis loading matrix
ik e
1 2 3
pH{H —0.996 0.070 0.031
=73 0.990 —0.123 —0.067
I 5 —0.979 —0.165 0.054
SDF 0.515 —0.255 —0.809
IDF —0.559 0.069 0.823
SeMeCys —0.137 0.981 —0.088
SeMet —0.192 0.907 —0.373
SeCys, 0.828 0.474 0.275
TEHLAT —0.936 —0.318 —0.114
pENiis 0.977 0.099 0.146
B 0.919 —0.105 —0.267
DPPH [ &7 g 0.947 —0.069 0.197
ABTSPH & [ H 25 B e /1 0.891 —0.335 0.279
FRAPH 0.926 0.195 0.298

i EREOR AT R, A3 D Em A RE Lk 14 MR
bR, 3T PO A PR AT G BEAL SR AR BEAT PP ML LE
3AFRG o AE SUNY, L Yo Yy, AREERRAEE A Rk
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SR A, BE& RS EERIER, 2nlin
R (7)) ~ (9) FiR:

Y,=—0.3242,40.3222,—0.3182,+0.167Z,—
0.182Z,—0.045Z,—0.062Z,+0.269Z,—0.304Z,+0.317Z,,+
0.299Z,,4-0.308Z,,+0.289Z,,4+0.301Z,, D

Y,=0.0452,—0.079Z,—0.106Z,—0.164Z,—0.045Z,+
0.633Z,4+0.5852,+0.306Z,—0.205Z,+0.064Z,,+
0.0682,,—0.045Z,,—0.216Z,;+0.126Z,, (8)

Y,=0.023Z,—0.0492,+0.0392,—0.5912,+0.601Z,—
0.064Z,—0.273Z,4-0.2012Z,—0.083Z,+0.107Z,,—0.195Z,, +
0.1447,,40.204Z,,+0.218Z,, (9)

Kb: Z,~Z W FRpHME . BB, & EBE.
SDF. IDF. SeMeCys. SeMet. SeCys,. LHLA.
By, & 3EWd. DPPHH HAIEFRAE /). ABTSFHE ¥ H H
FLHBRAE 1 FRAPIH . 4% 35 5o % I 1R 7 22 DUk R A
NRE, BEIGETFIER (10) -

Y=0.677Y,+0.172Y,+0.134Y, (10)

F R FE RSB R WMRTHIR. G54 IR W A B
WK E TR S E MU EE Y, HEA R =1
WA Lp-ERB>St-ERB>Lb-ERB, H#WLpKEIEE
WKAESE T S BR . SeCys, By S 3EE & =R DPPHH
HHIEIERRAE /). ABTSPHE 1 B 5 iE B e /) FIFRAP{E
B iH . La-ERBIEY, B35 fe i, RO La R T i IG & ik
HRAE 1T LN 2 A JySeMeCysHISeMet ] HE /) it o Lb-
ERBFEY, F455) i, R BHLD R I IR & WK {2 2 IDF
AL NSDFIRE /155 . % b, FLER W KRS TH & oK
BB TE R B8 ) 1 25 A HE P A Lp-ERB > Lb-ERB > St-
ERB>La-ERB.

FT O BRSRRGA RS KA

Table7  Comprehensive scores and ranking of principal components

B Y, Y, Y, Y HE4
CERB —5.30 —0.73 0.10 —3.70 5

La-ERB 0.09 2.45 —0.54 0.41 4

St-ERB 1.53 —0.60 —1.84 0.68 3

Lp-ERB 2.40 —1.58 0.38 1.41 1

Lb-ERB 1.29 0.47 1.91 1.21 2
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B E M BETE MG A N SeCys,. FLIRH & B fe 1 K AR
HEits 2 fL, AT am. ST EEE, B RSNt
EALTENE . X FLER B A S oK BEpHAE . SRR LR
SDF. IDF. SeMeCys. SeMet., SeCys,. AL, it

My, L HiEd . DPPHH HAIERAE /). ABTSHHE FHH
FIEMRAE /1. FRAPIHZE14 TRk EAT ERA 0¥, 454
P EoR, 4 MR E WHET ALp>Lb>St>La. Lptsh
PUAATE A X B, SR SeCuys, e Moy Al T I 2
AT B . ASHEFE S BN E KRR S R TS R
R THEIESE,

EE DU

(11 Ze3e55, W% Rk Lal=Pnokiss &R RaT e []. i 5
Tk, 2020, 27(6): 11-14. DOI:10.3969/j.issn.1672-5026.2020.06.003.

[2] SHARMA S K, BANSAL S, MANGAL M, et al. Utilization of
food processing by-products as dietary, functional, and novel fiber:
a review[J]. Critical Reviews in Food Science and Nutrition, 2016,
56(10): 1647-1661. DOI:10.1080/10408398.2013.794327.

[3] CODA R, KATINA K, RIZZELLO C G. Bran bioprocessing for
enhanced functional properties[J]. Current Opinion in Food Science,
2015, 1: 50-55. DOI:10.1016/j.cofs.2014.11.007.

[4] LIY X, NIU L, GUO Q Q, et al. Effects of fermentation with lactic
bacteria on the structural characteristics and physicochemical and
functional properties of soluble dietary fiber from prosomillet bran[J].
LWT-Food Science and Technology, 2022, 154: 112609. DOI:10.1016/
7 Iwt.2021.112609.

[51  Hogsx, B, Wi, 55 &5 ZORB I IT FT kR K T
EE]. R a s R, 2021, 29(5): 11-20. DOI1:10.16210/
j.cnki.1007-7561.2021.05.002.

(61 7575, FURES, B EAE, . 5 A A B0 358 TR Ry S A A
B E RS2 [)]. & Rk, 2023, 44(1): 98-106. DOI1:10.7506/
spkx1002-6630-20220130-306.

(71 i, MEL, kAN, 5. FUER B R IE X G AR 77 gy (5
MR [J]. o A S AR, 2020, 20(1): 118-126. DOI:10.16429/j.1009-
7848.2020.01.015.

[8] Chemists A. Approved methods of the American Association of Cereal
Chemists[D]. AACC, 1995.

[91  kE&AF. w8 AU (0 V5 x ' AR 08 it i A (1 35 43 HT [D].
B HE PR, 2017: 19-24.

[10] k&R, AAf, B0 A, 45, B RIOH BT I I /N K KB (9 978 44t
PEAN G I8 2 AR PR RS [J]. b R A2 AR, 2016, 16(9): 53-59.
DOI:10.16429/j.1009-7848.2016.09.008.

[11] TIHH,LIQ,ZHANG R F, et al. Free and bound phenolic profiles and
antioxidant activity of milled fractions of different indica rice varieties
cultivated in southern China[J]. Food Chemistry, 2014, 159: 166-174.
DOI:10.1016/j.foodchem.2014.03.029.4.

[12]  2BDAE, W7, MORER, S5 BRYT S J 58 AR R AL R 0]
iR, 2017, 38(9): 59-65. DOI:10.7506/spkx 1002-6630-201709010.

[13] &P, D3, AR, & EO 7R R MEH 00 KT
PE[I]. &R, 2017, 38(7): 23-28. DOI:10.7506/spkx1002-6630-
201707005.

[14]  #E30%, BRI, TR, S5 B CE0 ZRHEE A/ T A AR
Je ERREE I s [T]. & SR, 2022, 43(7): 45-51. DOI:10.7506/
spkx1002-6630-20210607-093.

[15] HUANG X, LIANG K H, LIU Q, et al. Superfine grinding affects
physicochemical, thermal and structural properties of Moringa oleifera
leaf powders[J]. Industrial Crops and Products, 2020, 151: 112472.
DOI:10.1016/j.indcrop.2020.112472.

[16] NSOR-ATINDANA J, ZHONG F, JOSEPH M K. et al. In vitro
hypoglycemic and cholesterol lowering effects of dietary fiber prepared



154 2023, Vol.44, No.24

E6miltl =

XY TR

[17]

(18]

[19]

[20]

(21]

(22]

[23]

from cocoa (Theobroma cacao L.) shells[J]. Food & Function, 2012,
3(10): 1044-1050. DOI:10.1039/C2FO30091E.

CHEUNG L M, CHEUNG P C K, OOI V E C. Antioxidant activity
and total phenolics of edible mushroom extracts[J]. Food Chemistry,
2003, 81(2): 249-255. DOI:10.1016/S0308-8146(02)00419-3.
SOLARI-GODINO A, PEREZ-JIMENEZ J, SAURA-CALIXTO F,
et al. Anchovy mince (Engraulis ringens) enriched with polyphenol-
rich grape pomace dietary fibre: in vitro polyphenols bioaccessibility,
antioxidant and physico-chemical properties[J]. Food Research
International, 2017, 102: 639-646. DOI:10.1016/j.foodres.2017.09.044.
ARDESTANI A, YAZDANPARAST R. Antioxidant and free radical
scavenging potential of Achillea santolina extracts[J]. Food Chemistry,
2007, 104(1): 21-29. DOI:10.1016/j.foodchem.2006.10.066.

W TR T (A R R AT BN 36 vy LS DU YR 2 e i 2T 4 1y S P O
FE[D]. B & B E K%, 2013: 14-19.

TR, £, A AT AR R U O R AT AR
) R ACREPE RS2 (D], v R il 24, 2021, 36(7): 138-145.
DOI:10.3969/j.issn.1003-0174.2021.07.023.

TN, i, RSP, AL RIEVR RO B R T A AT 4
SRS AN BT [T]. f i Dol BHE, 2018, 39(7): 97-103.
DOI:10.13386/j.issn1002-0306.2018.07.019.

LANDETE J M, CURIEL J A, RODRIGUEZ H, et al. Aryl glycosidases
from Lactobacillus plantarum increase antioxidant activity of phenolic

[24]

(25]

[26]

[27]

(28]

[29]

[30]

compounds[J]. Journal of Functional Foods, 2014, 7: 322-329.
DOI:10.1016/j.jff.2014.01.028.

BOTER, T B, R, S F 0 TV I R A LR 1 R R
SRR, A0k TR 4R, 2021, 37(7): 286-292. DOI:10.11975/
j.issn.1002-6819.2021.07.035.

k. TR LR T & A B8 1 S A RO [D]. W /R ARAbRME RS,
2015: 1-8.

PALOMO M, GUITIERREZ A M, PEREZ-CONDE M C, et al. Se
metallomics during lactic fermentation of Se-enriched yogurt[J]. Food
Chemistry, 2014, 164: 371-379. DOI:10.1016/j.foodchem.2014.05.007.
AT, R, A B, S5, B S AR B G A R X L AT
Y S FRAG R R s [T]. i S kB Tk, 2018, 44(11): 159-166.
DOI:10.13995/j.cnki. 11-1802/ts.017686.

SR, VE AL, PR, S FLER B R T 20 KORIE ) 4 R R 3 B R
IS 1], £ 5 5 R mE Tk, 2023, 49(11): 119-124. DOI:10.13995/
j.cnki.11-1802/ts.034761.

Dy, A, JR T, S SRECTE R ORI AR RS M RS B
ACRE I ARG FE[I]. 05 B Tl 2022, 48(9): 117-122.
DOI:10.13995/j.cnki. 11-1802/ts.030134.

AT %5 A0 L BT VA 1 O S M AT A B L (DL i Tk
Tk K2, 2016: 44-45.



