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WE: 2R KIS F o, fl‘f‘ FRALE )RR, ARZEEGHAER, FAFALE TR, X FE5TH @
fo& g FiTmEa s, BEFIRARALETRMRAOER. 208 334E, 25 AILEE 13 4k, RBEIAFH (Lactobacillus
pentosus )+ FLBR R IKH (Pediococcus lolii ). 423LEBATE (Lactobacillus brevis ). Z I AFE (Lactobacillus fermentum ). Fa-3047 K,

( Weissella confusa); *TAFE 74k, #EFF0ATH (Bacillus subtilis )« N EHFFATH (Bacillus velezensis ); #)2)3KE 9 ¥k, AR
FERE (Staphylococcus sciuri ) FKE ERE ( Staphylococcus kloosii ) X8 F B R E (Staphylococcus gallinarum )+ 4 212 F BRE
( Staphylococcus lentus ); 2 #EEEH , &2 488 (Pichia kudriavzevii ). @¥% ( Geotrichum candidum ); 2 ¥RER, EREARE
( Lichtheimia ramosa ) #o4=5A&AZ % ( Lichtheimia corymbifera). A ARE. ERBRERP R EE AL MR, HREH, £
B2 B S AE R R 5T AL BN 2E ( p<0 05), KB 6 d, ABTS FhEREHLEXIRE, H 92.67%F 13435 mg

GAE/10 g, DPPH #IA% 4 79.98%, LA 2B TRHLEERME, AT LBERRALE Z R0 RA.
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Abstract: Okara are a by-product of soybean processing, which has the characteristics of large output but insufficient application. In order
to improve the utilization rate of okara and develop new okara products, microorganisms were isolated from the fermented meitauza of
Shaoyang in Hunan province, with the aim to obtain strains that could utilize the nutrients in okara. A total of 33 strains were isolated, including
13 strains of lactic acid bacteria (Lactobacillus pentosus, Pediococcus lolii, Lactobacillus brevis, Lactobacillus fermentum and Weissella
confusa), 7 strains of Bacillus (Bacillus subtilis and Bacillus velezensis), 9 strains of Staphylococcus (Staphylococcus sciuri, Staphylococcus
kloosii, Staphylococcus gallinarum and Staphylococcus lentus), 2 strains of yeasts (Pichia kudriavzevii and Geotrichum candidum), and 2 strains
of fungi (Lichtheimia corymbifera and Lichtheimia ramosa). Solid-state fermentation of okara was conducted using Geotrichum candidum,
Lichtheimia corymbifera and Lichtheimia ramosa. The results showed that the content of total phenolics and antioxidant activity of fermented
okara were significantly higher than those of unfermented okara (p<0.05). After fermentation of okara for 6 d, the ABTS scavenging rate and
total phenolic content reached the highest (92.67% and 34.35 mg GAE/10g, respectively), with the DPPH scavenging rate being 79.98%. It was
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confirmed that fermentation of okara can improve the nutritional value of okara, which contributes to the application of okara and its by-products

in foods.
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Biotech) JRHU#EER DNA; B R ERAGAR TG,
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51404 ITS1 A1 1TS4: 5-TCCGTAGGTGAACCTGC
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2 SRS 2HB 16S IRNA —3
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DPPHF HIE % /% = (1 -

— A2 100%
Ao

EWiE
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1.3.8 HIBEHT

TG S B R EUR I S S TR e 1 4G
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2 #R51He
21 EIBYHAENERERMARRAH#
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211 FEzHPIBRAGSTAMFLATLER
Bl e 25 B 5 EzBiocloud WCRIIARMEEFE DNA
JFHHATEERT, AR FNRTE 4, B [EETE 97% LA
HI4HE 16S IRNA 51, #HATH S RGRK B 01T
HHE 1 al%1, MESREZIEF DB T 13 FRARE; W
Bl 1a fw, Wk R11L. R12. R13 ShreEp koo
& (Lactobacillus pentosus) FRAE—i2, HEFEM R11,
RI12. RI3 5HEFATHIIFFIAREE BT 99%,
UESERE PR R11. R12, R13 NHEAAT R [RIBLATAL,
PPk R21.R22.R23 IR BR T (Pediococcus lolii) s
PPE R31.R32.R33 N FUA B (Lactobacillus brevis),
Bk R4l . R42 KB FLAT B ( Lactobacillus
Sermentum), H35)5 FARRT SR HE R A 1) 7 51 A ALLEE
BIRT 99%. Wl 1b PR, 7 EAEIHE R51.
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[Fl—3 1, HFFPIRMEER T 99%, Hilt, R51. R52



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.6

P R S BT IR -

et Rl R, FUERTERSCHEH], BERE
R R, SCRA AR RS, AT RN
BT A PEDRE, R T B R RAE AR
Ogodo %5 VRIF FLBR & RIBE GRS, 2008 RILVE
R ASNEACEIIIN T 8.75%, RSMEEBUHLZIE N
T 8.16%, Hali. BESATRHLF 4RSS SO GE
W IESEEM LIRS AR A, ATAEHE
IMEATHAER .

a

Lactobacillus brevis/NRIC 0138/AB362619.1/
Lactobacillus brevis/FERM BP-4693/AB266535.1/
69 | Lactobacillus brevis/JCM 7775/4B911501.1/
R31
100 | R33
R32
Lactobacillus brevis/HISIL7/ KT757226.1/
RI1

KBI21 .1/
B1211/MH844895.1/

R21
Pediococcus lolii/LMG25667/JX311435.1/
lolii/LMG27029/JX311434.1/

100
R23

R22

Lactobacillus fermentum/HT4/JF414110.1/
R4l

100 | Lactobacillus fermentum/KLDS 1.0622/EU419596.1/

66\ Lactobacillus fermentum/NWAFU 1475/MG551140.1/
Lactobacillus fermentum/44197/DQ779203.1/
Lactobacillus fermentum/NWAFU 1442/MG551106.1/

R42

Weissella confisa/TS7-2/EUS07756.1/

Weissella confusa/JCM-1093/AB023241/
Weissella confusa/TS7-2/EUS807756.1
R52
R51
Weissella cibaria/KACC 11862/AEKT01000037/
Weissella oryzae/SG25/DF820520/
Weissella soli/KACC 11848/CP017326/

96— Weissella bombi/LMG 28290/LK054487/
Weissella hellenica/NCFB 2973/S67831/
100 Weissella paramesenteroides/ATCC 33313/ACKU1000017/
68 Weissella thailandensis/FS61-1/AB023838/

L il HT4/JF414110.1/

El1 FEENARGL SN
Fig.1 Phylogenetic tree of lactic acid bacteria

212 FaEYFRAAGs TANFERE
x

I 2 77, MMEGREET 3 E T 6 HREFHIA
B HH Y11 Y12, Y14, Y15 Ak B 2EAFF 1 (Bacillus
subtilis ) Y21+ Y22 N VSRR ZF AT (Bacillus
velezensis) o

FHEEABEN AT, KHHTRE KA
L) b R R P A R T 1R S S R FRME, W Al
SEIVRI F b A 5 % I ) T 0 b 4 45 3
— R EZEAUAT B KCTC 13241, FIFHH LR G
VEIEME, 25K, Hfh 1% R B KCTC
13241 FIEHE, HAEM & EEHERHN 5.99 mg/g,
DPPH i bR RIA$ 94.24%, ABTS & B RIAF] 86.03%;

RERG VIEREINEFMEMPTUEEEE ), UESEAL
TZEMATE KCTC 13241 BAEBLEM A ThhE,
Kobayash 2513 Al 55 2 A 1 2 e 25 K 1N
o, SREBEMAZRGH, KRS MAEZ KRG
WHREHIEIN T 19.4%, Kb T 19.4%, 367K
BRI EFRNE.

Y14
a

Yis
Yi3
Yi2
Yi
Bacillus subtilis/ZGL14/MH362700.1/
Bacillus subtilis/CICC 10366/KM365462.1/
Bacillus subtilis/A10/MW276095.1/
Bacillus tequilensis/KCTC 13622/AYTO01000043/
Bacillus subtilis subsp.inaquosorum/KCTC 13429/AMXN01000021/
Bacillus halotolerans/ATCC 25096/LPVF01000003/
Bacillus nakamueai/NRRL B-41091/LSAZ01000028/
Bacillus amyloliquefaciens/DSM 7/FN597644/
Bacillus CTC 13613/AJVF
Lysinibacillus macroides/LNHL43/MG008637.1/

0.01

Bacillus velezensis/LGB12/KY962352.1/
Y22
Y23
Y21
89| Bacillus velezensis/SK/MK007327.1/
Bacillus velezensis/CHARPSE 01/MK445133.1/
Bacillus amyloliquefaciens/DSM 7/FN597644/
8! Bacillus siamensis/KCTC 13613/AJVF01000043
Bacillus subtilis subsp. subtilis/NCIB 3610/ABQL01000001/
Bacillus nakamurai/NRRL B-41091/SAZ01000028/
Bacillus vallismortis/DV1-F-3/JH600273/
Bacillus halotolerans/ATCC 25096/LPVF01000003/
Bacillus subtilis subsp. inaquosorum/KCTC 13429/AMXN01000021/
Bacillus subtilis subsp. spizizenii/NRRL B-23049/CP002905/
Bacillus tequilensis/KCTC 13622/AYTO01000043/
Lysinibacillus m ides/LNHL43/MG008637.1/

El 2 FRfENRELEHN
Fig.2 Phylogenetic tree of Bacillus
213 FaAYR ARG TENFERLE
e

Staphylococus sciuri/DSM 20345/
BI2
Staphylococcus sciuri/DSM 20345/4J421446
99| BII
BI3
Bl4
100| | B15
BI6
Staphylococcus lentus/ATCC 29070/D83370/
B4l
Staphylococcus lentus/ATCC 29070/
100) Staphylococcus cohnii subsp. urealyticus/ATCC 49330/AB009936/
Staphylococcus cohnii subsp. cohnii/ATCC 29974/D83361/
75 | Staphylococcus gallinarum/ATCC 35539/D83366/
57196[! Staphylococeus gallinarum/ATCC 35539/

Staphylococcus kloosii/ATCC 43959/AB009940
Staphylococcus subtilis subsp. succinus/AMG-D1/AF004220/
100 Staphylococcus succinus subsp. casei/SB72/4J320272

P i i/GIKT895267.1/

E 3 AEKENRGLEN
Fig.3 Phylogenetic tree of Staphylococcus
HIE 3 AT, B G 25 AT AT RR AR 9 7k,
HHH 6 MR R &K (Staphylococcus sciuri), 73
%9 B11. BI2. B13. Bl4, B15. Bl16; 1 #od A
EIERE (Staphylococcus kloosii) B21; 1 MASH & R
(Staphylococcus gallinarum) B31; 1 PRS2 5 %] BRI
(Staphylococcus lentus) B41,
WIEERE] AR T IRIR fr s, LIEEH
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Table 1 Mycelial and colony morphology of fungi
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4 = HE s .
n I EM RS, PR FIA SO, FEY, hEER
Z1 AT HARE LR R LR, AT E R e T & Heekt, TEK
72 i%“éé’n\#i, Kok AR R AR 4936 F & Bare, 2HK

ta/CBS 291,66/NR 111439,1/
/CBS 958,68/MH859253,1/

c Li [ ,
100{ Lichthei (@ ,
Lichtheimia ornata/GQ342890,1/

amosa/US-A1/HQ285692,1/
a/AS-A4/HQ285634,1/

5 D /AYS08/MG250452,1/

99 II: ia hyal BS 102,36/MH855719,1/

L Lichiheimia hyatospora/¥s07041101/10912656,1/
sphaerocystis/GQ342899,1/

tis/CBS 420,70/NR 111441,1/
s vstis/GQ342901,1/

Mucor lusiltanicus/CBS 851,71/MHS860378,1/

B4 BE 21 WEELER
Fig.4 Identification of mold Z1

7Z: M a ) PDA BARAHARELS; B b AAKREE, bl
2 100%, b2 A 400<; B c ARRKFA. B 5F.

Wbk Z1 BLZiR R, Fibesik (& 4a f
R 1 BRI KRy SCLLIR T 22 U R 227K DL
Je 3 FEAR T ROR S G AR B 70 2, e 5
FJE (B 4b). MRS IEE, YR EHK Z1 3N
EBERHEE (Mucoraceae) .

WPk 21 FER 2247 RIVEVE 7 148 2R UL

(BLAST), Witk Z1 5ERBHKEE: (Lichtheimia

ramosa) BAEIRES AL, FIVEVELE] 100% (Kl 4c).
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45 21 WAERKIIVERAE. FAARUMER R &
GUR BN, EEE 21 KRR AT TR
SRR R AT DUR IR RS ARRE ok, AT
AR AN ?ﬂéﬂ{’%f M,

Cc rnata/CBS 958,68/MH859253,1/
rnata/CBS 291,66/NR 111439,1/
86 |Llch1h lllllllllll ta/GO342890,1/
Lichtheimia corymbifera/DR1000026493/IN638761,1/
‘Lichlheimia col i 62344,1/

‘ 72
ystis/GQ342901,1/

tis/CBS 420,70/NR 111441,1/
spora/CBS 102,36/MH855719,1/
lospora/YS07041101/JQ9122656,1/

a
aer
) ora .
4,00‘; Lichtheimia hyalospor
97\ Lichtheimia hyalospora/JUF00. 59,1/

Mucor lusiltanic 'BS 851,71/MH860378,1/

E5 BE 22 WETEER
Fig.5 Identification of mold Z2
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HE 5¢ 71, Bk Z2.  Lichtheimia corymbifera
strain IDR1000026493 (GenBank NO.JN638761.1) i
Lichtheimia corymbifera strain HBUMO06896 (GenBank
NO.MF662344.1) =3 4b-T [ —43 3, ARV 100%,
g 72 N . BETN TeE i TR
BB i O HOE BN L.

TEER

m/S001/KY486784,1/
m/YTS/KY992078,1/
m/ATCC 34614/KU933412,1/

indidum/TR13,c/KP017413,1/
(COM6F7 GC2/MK350344,1/
[C6M6F8 GC3/MK350345,1/
ja "3MR3F6 GC11/MK350347,1/
Geol trictum/CBS 111234/HE663399,1/
99 Geotrichu trictum/CBS 111234/NG 055378,2/
Lichtheimia ramosa/US-A1/HQ285692,1/

& 6 BEEE J1 HETELER
Fig.6 Identification of yeast J1
E: B a A PDA IR A BT & B b A AR (400 );
BcAhHRREAM. KTR.
Siawtk I MEFEES (B 6a FIFR 1D Mg
(& 6b) Al bk J1 AR, HEZARREIK R
W 2z; A BRAEERIRI T, IR KER. K
BEE wVRDY AR, 2IAA6A, FEEHOAE
Wi VI I e A& R (Geotrichum)
FEBPR J1 BER P37 BLAST, i B Hih
% (Geotrichum candidum) FIFIJFMEIEE] 100%. Ul
K 6b TR, kK 11 5 Geotrichum candidum strain S001
(GenBank NO.KY486784.1). Geotrichum candidum
strain YT5 (GenBank NO.KY992078.1). Geotrichum
ATCC34614 ( GenBank
NO.KU933412.1). Geotrichum candidum strain TR13.c
(GenBank NO.KP017413.1) JAIEF—/3 I, %5
Btk J1 NARE (Geotrichum candidum) . FHIEERE
Rt TN A A B S, RIAE
frin Dk b A E ARz T AR i, 2
B AR R R F I R — S e SR
SER F (TR R SR, IR I R A 2
B FEERIFFES, NIEEESECRL. Noor-UIl 1 ™I7E
R 7 I 1 A S 7 R, A 10° CFU/kg 11
10° CFU/kg RS20 20 5 5t A E, 7 B AR A =R
TRLRLR FH R ARSI S (p<0.05), UESEFHE
Fe— M B 2 A TR

candidum strain

C ichia anomala/M10/FJ865436,1/
TCC 462/AY231607,1/

malalAB331898,1/
‘ Meyerozyma guilliermondii/L8150 2011/MT525211,1/
i ii/L8149 2011/MT525210,1/

evii/ FM 53739/LC389030,1/

M 51979/LC389007,1/
lriavzevii/KDLYL17-1/JX174414,1/
Lichtheimia ornata/GQ342890,1/

B 7 EERHE )2 L TSR
Fig.7 Identification of yeast J2

Kl 7a. B 7o 5321 AR, 02 DAMSR H EEK T
BT, BAMEIEE, WG, ENAa 6,
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B 1 MRRRE R ERT Ak AN 1) rh )
BEE 4 %, 0 NIRALRERER . R 270/ R L
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Fig.8 Total phenolic content (expressed as gallic acid

KBS/ (mg GAE/10 g)

equivalents) during solid-state fermentation of okara
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