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Abstract: In order to screen suitable strains for solid-state fermentation that can improve the nutritional components,
phenolic content and antioxidant activity of quinoa, and provide a theoretical basis for the development of quinoa products,
quinoa was treated by solid-state fermentation (SSF) with single and mixed microbial strains of Lactobacillus plantarum,
Saccharomyces cerevisiae, Rhizopus oryzae, Aspergillus oryzae, and Neurospora sitophila were performed in quinoa for
30 and 48 h. Effects of SSF with different strains on the nutrients, phenolics content and antioxidant activity in quinoa were
determined and analyzed. Results showed that: After SSF, the starch and insoluble dietary fiber content in quinoa decreased
respectively from 54.61% to the lowest 39.32%, and 2.32% to the lowest 0.26%. While the soluble dietary fiber content
increased from 2.58% to the highest 4.38%. With the extension of the fermentation time (from 30 to 48 h), contents of free

polyphenols and flavonoids in quinoa increased by 1.72 and 1.72 times as much as those in unfermented quinoa
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respectively, and the contents of bound polyphenols and flavonoids increased by 2.88 and 1.84 times as much as those in

unfermented quinoa respectively. Although the antioxidant activity and DPPH free radical scavenging ability of free

phenols in quinoa decreased after fermentation, the total antioxidant activity, DPPH and ABTS" free radical scavenging

capacities of the bound phenols increased significantly (P<0.05). In general, the antioxidant activities of quinoa phenolics

were significantly improved after SSF with mixed cultures for 48 h, especially for the fermented quinoa with three mixed

strains of Lactobacillus plantarum, Saccharomyces cerevisiae and Neurospora sitophila for 48 h, which was the best

combination of strains for SSF processing of quinoa.
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200 uL NaNO,(5 g/100 mL) IR G5 G Rt IR
B 6 min, ILA 200 pL AI(NO;);(10 g/100 mL) %
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Table 1 Experiment design of inoculation proportion
BB AAR (mL)
RS B BES T (g) — —
WIFATH  ERNERE  ORIRE KilhdEE  FEPKEE JCRK
KR IR - 300 0 0 0 0 0 90
L THYELAF A 3 0 0 0 0
S PR e B 0 3 0 0 0
R KARE 0 0 3 0 0
A AKithaz 300 0 0 0 3 0 87
Fefhel N I B BkAE A 0 0 0 0 3
LS T LT BT - R P R=1 1 15 1.5 0 0 0
LSR  AHAFLFFEE B i Rs KR =111 15 1.5 15 0 0
LSA  MYIFUITER : B L: o ihE=1:1:1 300 1.5 1.5 0 1.5 0 85.5
LSN AEWFLAT oA BRI A R R =1:1:1 15 1.5 0 0 15
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Table 2  Effects of solid-state fermentation with different strains on the proximate composition of quinoa (%)
Moy
R BETE] A5 CHTVAME G
: K4 s ey B C IOV G
KK 9.33£0.03  5.04+0.07"1  54.61+0.97° 24.25+0.16®  4.67+0.08°  2.32+0.11°  2.58+0.09°
30h THELFFIA 9.26£0.01'  5.26+0.09"  50.98+0.80° 23.96+0.13%  4.42+0.01°  1.08+0.08"  4.30+0.09°
TR e 1 13.19+0.03°  5.57+0.05  45.59+0.53"  24.68+0.16°  3.89+0.00"  2.94+£0.12°  3.03+0.15°
KAREF 9.09£0.10%  5.37+0.16%%  54.22+1.01*  22.92+0.19%  3.76+0.00"  0.45+0.05%  4.38+0.05*
PN iiE 13.6240.06°  7.47+0.02°  42.41£0.51¢  25.15£0.15°  4.15£0.08°  0.65+0.05"  0.42+0.02"
gEgli SN 11.81£0.00¢  5.30+£0.11°%"  50.34+0.35%  23.67+0.21'  3.84+0.01%" 0.26+0.025  4.00£0.13"
MY FUAT R/ B 9.91£0.23"  5.48+0.00°°  51.52+1.27°  24.32+0.16"  3.51£0.00%  0.42£0.05"  1.34:+0.20¢
R LT TR /RS P B DR AR B 7.96£0.14™  5.59+0.05°  53.85£1.22°  23.31£0.13  3.93+0.03° 0.91+0.03%  3.16+£0.13%
R LT TR /RS P 0K T 8 12.3240.05°  5.19£0.20%  48.61£1.07°  23.13+0.11%  4.36+0.05° 1.35+0.00¢ 3.56+0.17>¢
HYFU B /EOE R R B IR 10.7620.10°0  5.78+0.19°  49.72+0.78>¢  23.94+0.18™  3.59+£0.037  0.45+0.037  3.32+0.00°
48 h L7/ E AT 10.38£0.01"  5.74£0.02°  49.67+1.08*  25.04+0.11¢  3.63£0.01'  0.76£0.10¢" 3.39+0.11%%
TR e B 11.67£0.03¢  4.41+£0.08%  4829+1.11°  26.29+0.10°  3.45+0.02% 1.442£0.13%  3.070.18°
KAREE 13.29+0.08°  6.95£0.12°  39.32+0.57"  28.26+0.14°  4.02+0.02%  1.02£0.15¢ 3.67+0.15%
Keith 10.45£0.03®  4.90+£0.00°  50.37+0.75™  25.84+0.09°  3.59+0.037  1.05+0.03¢ 3.63+0.21>
B kAL 10.58+0.08%  5.16+0.02¢"  48.29+0.76%  25.80+£0.15°  3.49+0.01  0.39+£0.047 3.38+0.16°*
AE ) LT TR/ TR e 11.3640.05°  5.64+£0.05  51.15+0.48°  23.81+0.11"  3.45+0.02%  0.45+£0.02%  3.64+0.16™
FEYI AT B R K AR B 10.59+0.09%  5.20+0.06="  48.64+0.41°°  28.58+0.08"  3.82+0.012" 0.46+0.119 3.27+0.13%*
R FUAT /B e koK 2 8.29+0.070'  4.78+0.06'  49.02+0.87°  28.45+0.12°  4.05+0.00° 1.27+0.10%  3.47+0.00°*
FEYIFUFF oA/ R R B KA 10.61£0.07®  5.53£0.09%%"  49.68+0.57°¢  24.12+0.13%"  3.79+£0.03#"  1.56+0.03°  3.36+0.21°*

s [F)— 3 AT Y NG FRERIR P<0.057K P A7 135 24 57 Fe3~F4ln).
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HEIET T | 2T 2 355 42 DRI IR A feailse, m]
DLy HY £T 4 2 B AR IR T, [t 5% S . S8y
B IR A 250
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Tifg . £THE 515 MBS AL (AR R S50, [ P9 EREs &
PRI RS SR, NIRRT & BT e, X
BRI, HAERAZ SR Pl R B A 8L T
JoT, 5 B SRR T B BRI

Y v e e N M R N G e g e e
WK 2.32% Fil 2.58%. BRI, [EA K B3 E
ORISR B LT 4 S BERRAIS, VTSRS T A o A
T o Hop, B Bk I8 B & % 30 h(0.26%) F1 48 h
(0.39%) IWBEZZRE S v, NPT PERE 2T 452 FR%
A 4 AEPIFLAT T (4.30%) . SKAREE (4.38%) | IFE ik
TH (4.00%) K 30 h (IZEZERESh b, nIEE R B 4T
Y1 I 2 e T A ZA 3 (P<0.05) -

TR S W A R B 2T 4 22 K S, 7T LAY
WG B LT LR OB, A AN B LT i B
TV PERG LT HERS ™, P as T W, PR Rl
TR R IAH b, ARZLAT B KA A R kA B PR
UK 9% 30 h Ji5 A) s PG B £ 4 5 1 nd 385 i s Sy B
fnd, 31X AT BE R B S B B I R v, NI AL A
PPV E R, A RS R = A (O 2T 4k R AR SR
PR T 22, T IR T T I AT 4 TR BP0 Xk
TR AW 5, AR A P AR VR ek r= A A
VEFH, — 7 T B (0] 1R 55 4o A A IS 1) 5300 7= e ik
A, Gy T, PR R SR (OB G B 4T 4R K i
fity, UNZTHEZE M . LT 4R KA, FEREEG ) WAEAE
H—E A EAERH (PRIEE A HD , T S350 2174
AR A S0,

22 [ER&EEERH LRS00

221 BB FEE 2SR EES LR
Xof 22 Wy S ARSI DL 3. R R IR R ES 19 A
G TR Th 2 Wy & &S0 53.46 F1 21.33 mg
GAE/100 g DW . i 125 Tk 2 W& (%) 22 1y 0 8 1 43
PR AU S A 22 W I IS A s 435 Sk B e
22 1y P ] 3 530 BT B Sk 4856 285 22 1 PN 55 25 Bl
Z[FAS KA TR LR, AKAREE . AR LA oA/ TR e B/

23 EEREENREE Z W R
Table 3  Effects of solid-state fermentation on polyphenol
content of quinoa

£ & (mg GAE/100 g DW)
S B IA] 415

KR 53.46+0.67 21.33+0.22

30h HYIFLAT R 66.47+0.55¢  22.80+0.58"
Fi P R 69.04£1.16"  29.04+0.20¢

KRAREE 65.40+0.53%  21.54+0.46

Keith g 71.04+1.09°  22.92+1.047

I kA 63.34£1.20"  24.56+0.44"

TR FUAT TR /RIS 1 B 102.94£0.51*  61.97+2.09°
TEYFUAT R /BN AR OR AR EE 49.85+1.08%  63.810.34°

TEY TR /B AR ORINEE 51.49+0.92%  60.67+0.58™
m%ﬁé@ﬁﬁ‘%%ﬂ/ 46.96+1.45  58.77+0.81°

48 h isLY/ER AT 52.70+0.72 51.68+0.37¢
TP R 52.01£1.33  59.05+0.66%

KRB 92.06+1.44>  23.03+1.007

Kithas 51.54+1.27%  22.25+0.55

Syl 58.65+0.63  61.42+0.61°

FEAFUAT B /TR T e R 76.22+0.94°  24.79+0.22"
THYIZUFF R BB B L ORAR S 73.7120.11° 48.39+1.65"
THYIZUFF R BOR EEEE ORI RS 69.28+0.957  25.87+0.64"
tﬁ#@ﬂgﬁggﬁ%ﬂ/ 85.08+0.83°  52.07+0.37°

DB KA PR R I 48 h IYZEAZ i e 2 Wy & i Tt
Fe B3, 43 5°h 92.06. 85.08 mg GAE/100 g DW.,
FIRFR ST L0 0| [ 3 R R A P llif BS A 2 Wy & 5 BT
R, AHBHE R IR E] 30 h ZEKCZE 48 h, IXE6ZH BI)3F
AW BN, %S Dordevic 2811
WFFELE R —2

FIAS R AN IR SR L h a5 G2 S e -
Ft, Hovb, 18 Y 2LFF B /BRI B2 R (61.97 mg GAE/
100 g DW) | AEWZLAT BA /BRI 7 B/ 2K AR 5% (63.81 mg
GAE/100 g DW) & B% 30 h, L K UF & Ik # 5 (61.42
mg GAE/100 g DW) &% 48 h IWFEE R P& 634
M B RS o
2.2.2  [EIE R WERTRE G WO & RS2 S R
PR W S B IR AN 4., REWEBEAE I, UiFEs
MGG E IR S 53 362.71 F1 336.42 mg
RE/100 g DW. #40% ¥ 30 h A FHR & 5 R [, H
o, AR PR LA B /WP R 2 TP 30 h e Ui B A B I
5K (337.00 mg RE /100 g DW), KAREE A B 30 h
5 45 A B R e B (322.46 mg RE/100 g DW)
W6 &% BEER TE] 30 h SIEK 28 48 h, RS ARG G A
i b 49 4 2 T (P<0.05), B Dk 18T 2 1% 48 h
J5 U7 B S BB T 5 2 624.65 mg RE/100 g DW, A
PR FLAT B /IR TPY 9% B R 15 48 h S 45 S AT 5 =
617.83 mg RE/100 g DW, 43548 Jy A K L F2 R
FY 1.72 F0 1.84 1%,

AR I S ot (22 1 R B ) 322 PR
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Table 4 Effects of solid-state fermentation on flavonoids
content in quinoa

P - B & it (mg RE/100 g DW)
KK BE 362.7145.62¢ 336.42+6.14

30h TEIFLAT B 441.22+6.05" 403.78+7.58¢
TR P B 431.6242.82" 416.93+4.61°

AR 463.37+5.56% 322.46+3.48

P N i 499.00+3.69° 328.66+0.547

BB IR 508.95+7.64° 385.05+7.86"

FE Y ZUAT 1R/ e 337.00£9.69' 585.49+9.16°

TEYFUT R/ BN R ORIREE 392.62+3.15  584.50+9.76°
TEY TR /B AR ORI EE 484.88+7.157  542.73+4.56°
FEDFUAT R /B Rl A KT 421.28+6.84° 514.34+5.61°

48h THYFLAT IR 548.63+5.56° 584.74+6.82°
TR P B 563.53+7.64% 564.29+4.71°

AR 511.59£6.27° 587.63%9.75°

P N iiE 552.11£7.93% 514.34+3.66°

R cyiieion:| 624.65+13.21* 537.09+6.43

R LT BT /RS P 549.78+3.42% 617.83+6.59
THYIZUFF R BB B REORAR A 536.50+8.90Y 521.72+6.04°

TP FUFF A ERPT R OR M8 514.70£8.31° 568.87+5.44°

FEPIFURT BB TR AR 567.28+8.37°  523.00+£2.83¢

TEIRAS, — BT UFESATAE, 53 —HB 55 A RE AL o3 (2
TR RLAA A BN FIA T2 (A BRI S 4P
LA )TN LGS & A0 . AUFRER, IFES A
P RAEEANMS , EZEE AR A (O
T A8 ) A #RIEE AP EARTE PSS, 4SS
A2 o A 2R [ G e id b2, E AR R IE s (-
AR LA Sy e A s, Is I A R,
AR K 48 h 52222 TP ISy i & et b, 222
SRR P R Tt 7= 2 PP i S, 22 e
R A, RO Iy 2 B LS R . Ak,
[ R AL FR AR v, S A A R T DAY W2
B ASHT RN TR SR i b, (RS A B Rt
2.3 [ER&EEZREN RN

2.3.1 [FELBEXFEE SPUEALBE AR ES
KB B A7 vy 2 T R bR RE S s m an ] 1
X} TR R BEOIZEZZ AT, EES Iy FNSs & IR bt
EALBE S143H M 211.61 F 55.53 Bffi/g DW, B3
EALRE ST M 267.14 Hifi/g DW. WIS LS, B
HR S A B R U R AL BE T TR, Tigh & ek
WS BTEbRE W] i e . AR FUAT TR/
BB /B K A T A2 T 48 h (Y ZE 2R I v it 25 1k
PR BhTEARBE J1{h 103.71 Hifii/g DW, T[4
e Ry B S AR A LR R/ RS P B 2 T 30 h AR 1%
B AP FURT B /BT R /A KA A R T 48 h Y
FEAZRE S, S5 G R BB TE A LRE ) TR
A &, Y885 T 180 BAfii/g DWW,

2.3.2 [EZSKEEXTEEZE DPPH H 3L REE J1 195
ma o [EAS R X RESE h 2 i DPPH H HH RETE R

THERE 55 BN RENFER B IR B i U AT s - 135 -
00 gas
z CAWES v b Le
0300{ mm =l 1 Jms
= 2ET n o L
% 200 allallal P b . -l-
R 1 mNlZ bl [leel| fef]| - e
=2 i 7 elli A Ziz Mtz
3 AN s
& 100 - M
:1.5"
0

0

SOSSIRISESEY
FEdh
KU1 B KX 2 A By 2R W BORL AR W Y
ST RE ) BRI
Fig.1 Effects of solid-state fermentation on the total
antioxidant capacity of the crude extract of quinoa phenolics

O L AHFLFT TR S: BRI IERE; R: KA EE; A: K EE; N: 47
EUKAER; &2 5 R 25 5 A5 A0 B A5 A B KR, ARl
BFHEIR P<0.05 K AT % 22 57 I 2~181 3 [A].

BEJIRUSEMR DLIE] 20 AR REEMIFEA AL S b, U B A
ZEE TR AT DPPH H 3L BREE 143518 23.10
F1 2.10 pmol Trolox/100 g DW, & DPPH K Hi 3%
& fE J1 4 25.20 pmol Trolox/100 g DW., [ 25 & 1%
J&, WFESPHLEE M 9 DPPH [ H BLiE R Bk 128 bR
—, Hirh, RARER R 48 h S5, LT S Wy R R W 1Y
DPPH H I REE ST/ K, v 25.67 umol Trolox/
100 g [EIZSARESEGHHIZME Y DPPH H HH A
BRRE S HB 2 E T (P<0.05): & B2 30 h )&, FEZLT
T /R % £ (15.05 pmol Trolox/100 g DW) | 84,
AT PR /PR P 19 B 2K it 8% (15.15 pumol Trolox/100 g
DW) | AU B/ TR PR B 4 B KA PR (13.05 pwmol
Trolox/100 g DW) 2 9 ZEFE v, 455 T M FR R 1Y
DPPH H F &7 BREE 7 G K (P<0.05); &5 48 h
J& , BRI EERE(13.60 umol Trolox/100 g DW) | e ik
JEEE (14.81 pmol Trolox/100 g DW) | AHMF AT B/HR
W PEERE/ AR £ (13.39 umol Trolox/100 g DW) | #8541
LA BA /R T R /4 B K FE B (13.45 pmol Trolox/
100 g DW)EFhZEA: h, 4546 k- Y DPPH H

40 7

B CI4AH .
34 4 Em%a - 4dc b c
298 3 s T Tl e
G 0284wl e al e M
w8 %1 EhEEE ] e
o= 224 ;“';l 7 ol 1 ([
B2 01 OB | A= L
=2 18 aRIZIE H\Zly
S 16 1 ZlZlz %
I = 14 %
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Fig.2 Effects of solid-state fermentation on DPPH radical
scavenging ability of the crude extract of quinoa phenolics
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P BEVE R BE T o o RMASTIT 5, AE A LA R/ TR
BEAFE KA A 48 h HYBEZAE b, 2 ot
SMAR) DPPH A i BEHEBRAE JJ B &, S 36.23 pumol
Trolox/100 g DWW,

2.3.3 [ERKBEXTZEZE ABTS™H H UG MREE T 952
W) [ES AR R T2 BT ABTS' A H 25T
EREESTRUSEMR WL 30 AR KRR AL v, U 25 1 AN
25 G I ISR ABTS [ H 2L 75 R e 719051 R
12.34 1 11.86 pmol Trolox/100 g, & ABTS [ Hy 3t
WEREE SIS 124.20 pmol Trolox/100 g DWW, [FZ5 %
WS, AR FLAT IR . KRAREE R 30 h YZEAL i, i
Wy M P2 ABTS A H1 L35 BR A8 J B um, Mk it
25 pumol Trolox/100 g DW; FEMZLAT B . BRI L) &
18 48 h FIAE ) ZLAT BR1/BR 7Y 1 B /e 18 JDK O B 4 1
48 h KA AR G, 455G W JOHPR AT ABTS A

HLIEIRAE s, YOkEid 130 pmol Trolox/100 g DW .
A160- T 4551 2 @
E% 140 - FI .
& = 120 W
o 9
%S’ 100 -
= E 80 ) .
o
ZE o [T
£ S 404 i| |, e ¢
E.EE;ZO- : B ! dre ]dl,dekhcd b‘cd
Iie! bl x| b [|eh ]
o LBz O 7
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AT
K3 ISR B2 LS W ) ABTS' A 5k
THERAE T BRI
Fig.3 Effects of solid-state fermentation on ABTS" free radical
scavenging ability of the crude extract of quinoa phenolics

YR ERIEEAR G, RIS 2K, BE
g PRt RO TR R AT A 3, s AR R L
USSR RN B, B W) JEoR R B 2 1y
e P ST AE AL CRPTIEE s . DPPH H
FLIHBRAE ST ABTS' H HHEIEBRAE 1) BUAR S5
Hres R aNER 5. U S Wy kLSRR ) 22 1 AN B 25 i
R HUEALRE T RIAHOCHEAS S35, S G PR W
Z2 W R B IR 5 b S A R T A RE 0 18] B AR SRR

3, Hoh, g5 SR 2y & 55 DPPH A i
FLIE G RE J B AH 6 R B 1=0.9623 (P<0.0001), FH&
PER R, 2w S RPU AR BE A S MRt g 5
(P<0.05); B & &5 b4 fb e 711 DPPH H
ILTERREE 1 Z 18] pUAH S i o B35 (P<0.05) o
ViE B I NS A A B R A )5, v B 22 1 R 2l
&5 DPPH H A3 Brie 1 B A 2 i AH ek
(=0.7320. 0.6145, P<0.05) .

ARRPUEAEARE T S 2 T & i 2 F I SE R AN
SELFEI RV EAR S E A IR PR AT BB, 2252 KRl i
iR, BRI R AR AR AT, S P G RE i Y B R A
Jo KA = ) A HA BAT B IS R AR 2 S
XA FPHT R AR HE RS A A AHECO, RS r s
YyIAh, RS R U AR, HIE B e Ak
1R, 4N, Rizzello 2508 3@ ifF 5T & B, A4 F LT A&
% 24 h BIZEZZ PRI URAL TS PE R 3 T, H R
DA R P R v, B A B TR = A 2 R 2R
HEZ R, (8 H [ A S R AE A AR B &

LR TR TE I G 25 R, SR 2B A
TR B TR, 2237 BT A b M Eh S s A i 5
15, X AT RESE R A Z2 PR A R T A 00Tl . A AL
TR S QU= RIS N =F &, T i i v we
P/ ITE S SYENTIT= I SN G - LA E 25 S S A i
PR LA AT/ BRI/ U B DRI TR 5 R 1% 48 h s, BEEF
PP AT i = o
3 ZEip

AR SCR A ZUATEA |« BT EERE . KAREE . Kl
B AU E DK B XTZEZZ HE4T T 30 A1 48 h B EA LA FIT
TR B B A, TR T AS IR Rl [ 25 A i 3 2
FEAE IR Sy . W 2 W o A R K B AR A TS TR Y 5
mi, ST A ER, WA KRS, ZEEE TP iE R . A nl
B eT 45 5 W IR, W n] G e 4 | UFEs s
ZWy | GRS RS B R AN LS G A A A A
ST BEAN, WS A IS S B SR T B i
TR P4 ik BE J1 . DPPH F1 ABTS™ [ i HE & K4 hE
F1(P<0.05) . IRFE LB, ARIEMAHEAEHS—&E
P B g, (0 5 SR 0T A B E FH AN T BA B R
W (VR S ERIT P A Wil LA A I = RS B i ==
B, T ERGE S U E O O T EA A R B o

E RS R AT = A  IE S /DY EP S g T

Table 5 Correlation analysis between antioxidant activity indexes and phenols and flavonoids

- "N KRB (PE)
k7Rl i
BhrEfRE DPPH H 335 bR g ABTS"H LT bR
— E47 0.2037(0.4028) 0.2668(0.2696) 0.0607(0.8050)
i i
T 0.2885(0.2309) 0.1705(0.4852) 0.0390(0.8740)
E47 0.8945(<0.0001) 0.9623(<0.0001) 0.1849(0.4485)
55T -
T 0.7283(0.0004) 0.6256(0.0042) 0.4091(0.0820)
. E47 0.4430(0.0575) 0.7320(0.0017) 0.4143(0.0778)
EA -
T 0.4250(0.00697) 0.6145(0.0023) 0.4801(0.0375)

TE: F5 SR RS, 155 R PIE, P<0.0SIHA A BEHEADE,
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