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Antioxidant Activity of Rice Buckwheat

YAN Jing', CAIYixi', XUE Qiuyan', LI Junjian', LI Pan"?, DU Bing"*"
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Guangzhou 510642, China)

Abstract: In order to study the influence of different treatment methods on the nutritional composition and biological
activity of rice buckwheat, germination, fermentation, steaming and fermentation after steaming on the reducing sugar,
protein, free amino acids, y-aminobutyric acid, total phenol, total flavonoids and antioxidant activity. The results showed
that after four treatments the content of total polyphenols, total flavonoids, scavenging DPPH free radicals and iron ion
reduction ability of rice buckwheat were higher than that of untreated rice buckwheat, while after steamed processing the
content of reducing sugar, y-aminobutyric acid and rutin decreased compared with untreated rice buckwheat. By correlation
analysis, the contents of total phenols and total flavonoids were significantly correlated with DPPH free radical scavenging
ability and iron ion reducing ability (P<0.01). Among then, the raw rice buckwheat was the best treated by fermentation of

lactic acid bacteria, with the highest content of reducing sugar, y-aminobutyric acid, total phenol, total flavonoids, rutin,
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respectively, 3.62%, 4.84 mg/g, 13.63 mg/g, 4.63%, 39.80 mg/g and DPPH radical scavenging ability andiron ion reduction

ability were the strongest. Therefore, fermentation treatment is a good processing method, which can further improve the

nutritional composition and biological activity of rice buckwheat, and can provide a reference for the deep processing and

high-value utilization of rice buckwheat.
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B & P I, ELAT R R IR R, AR 9286 25 AR G
5 B W TR R 2L AT R i T TR | B s A
MM ARAFEDIRL 0, AR ZUAT B R R HERE T,
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1.1 RIS

KIFFE A TEH TP DU-106 FLER 2
T 8 ( Bacillus sp.) « #4 % FL#F & ( Lactobacillus
plantarum) L AERG AR KB BEURE G S T RE
PEFRIPEA BT s S8 R AR, FEZ2F0) PNk
AW FE R 1x10'2 CFU/g B TR RY, B 35 B8 A 352
12:1 A7 BOAS S50 AT FH B BE A s 725 T . M 32
v dm, HP B A 2N R R T G 5 R AR L A PR -
My . BRFREN . 3, S-AHIE/KAGIR . iNFRER . I ASFREN

Sriral, E 2R EG A E] 1, 1- 2
EFEORE(DPPH) . EEZEEHY  S€[E Sigma 2\ H]; 3%
BFRR s, ISR SE A AT BRAF]; 5-6
FoKkglE NS T A BRAE .

UV759 BUSESNMOGRETT PR ERI#ES
AR H; ANKE TDL-5-A BUBLLHL B 2EE5)
BT 2S A FRIFAE /N &l ; Labserv K3 BIEGHRIL  FEER
KRB (R ED B R F]; L-8900 4> [ 32 &
BRATHTAL  HASH S W] Agilent 1260 BY 240 AH
3l LR R F; IDS-BA AUH IR /K ISR
i KIiRAAS A BRZ F]; Elementar rapid N exceed
RIFLELHFE E Y Elementara 2\ 5] ; HH-4 20 515

KR E N TR BT A A PR F]; DHP-600
RUEVR B FEFE  dE BT AOGIABEIFINAS) s FD-1 %Y

HAARHRTENL AN BHEES A R H] .
1.2 XFHEE
1.2.1 FREHIE ARIFER . Pt e mleht, ok
IINFEAS B, BRI KSR, PR K U, (IR
IR, R, 1ok 80 Hfi.

HE K FE KR ZF 275 T8 — g AU BT, i
B B—E SR FRIE VRS, AR S 5% IR
BRENIE U 15 min f& FITE/KBES, IR T2 12 h, &
THA P ZIE4E ARG IR LA, TREE 20 °C . AEXHE
JE 75% BIMREE T A& 3 d, BF d =A% IR LY g
IR, A PEACLRRFRIEIR S . RIS, WA i
KT PRGEEE &I IKFET-20 °C vKFEIRAE, 1K
IR, i, i 80 HIi -

AR & FRAE 0.5 g Bacillus sp. DU-106 Fl
FIFUT R EBC RS, T 0.9% A= BiEhk Fhikfb. HL
60 g KFFTFHIEMH, BKEE 1:3(g/mL), FARPHRE
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InEA 2%, BE AT 2% 2R, BT 28 °C HIiE
WEFEF PGSR 3 d, REEES S % T By, i3 80 H
i, 25 FH o

BOKFE: TEZRAR O INA RSB FoK, /KBS I, ik
A 60 g KIERIZETEE T2, 751 20 min, Z2E845
WG T—20 °C vKFE A7, RIS UR T8, B, i
80 Hffi.

BOKFER I 2RI AR T, Y T A TR, A3 Ty
1.2.2 IBJEHERINE SR 3,5- Ak (DNS )
FIE . DL AR bR vEY BT, 43 3 E 0. 0.2
0.4,0.6.0.8, 1.0, 1.2, 1.4, 1.6 mL FZHARIER IR
(1 mg/mL)T* 25 mL i, #KZE 2 mL, fill 1.5 mL
DNS ¥, 1R51, T-EK Hhoin# 5 min, B, &)
FEIRGF/KELZE 25 mL, 76 540 nm AL 5E I S
B, bRuERRLR R 5 R R v=0.3593%—0.0102, HL5E
F5% R*>=0.9988.,

P H A JFORE A R B 1 g AESICA 50 mL
HEIEM T, FH/AD R ZRIR KR SRR, PRI 25 mL
ZEBIK, BEREIA), T 50 °C /KA IEEE 20 min, Fl1UE,
FHZEIBAKIS s, WERIERR, VK EZA 2 50 mL.

A JEOE S I s BRI 1 mL & 25 mL
e S, il 1 mL 247K F0 1.5 mL DNS B, #%
SYGAEB K INEN 5 min, BB EIRIG UK ESRE
25 mL, TS 540 nm FiE G, MRHE =154
T it )3 S 5

;zv‘z x 100

T C FRARE R UE R 2R T A5 K e J5 108 O &5
i, mg; V, FoRERBURL SRR, mL; V, 3Rl A HL
JHBAARER, mL; m RasEE i, mgo
123 EAMSEMNE S TEHRREN W
2, BEAENR . B ORI SR A AT,
I HGES SR, ICRE . BRI AA T T E A
AL PARE S B, [ ShEREARGIN, [ AR AR A P B
A v £, DI A5 A g T R AR i F o, A5 HH BB
A B (%) . FHE AR E T (6.25) KA
T (Vo) PR AR R A i, LA (%) R/ .
1.2.4 VS ESR S EAME B 0.1 g FEM T B
B, A 3 mL 5% IR, PiZ IR E i
B 1 h, =& T 12000 r/min &.C> 10 min, B E3EH
JH 0.22 pm TEFLIEREINE, DEMCR 4> H sh 2 SR 4y
HHAGHEA T AE -

1.2.5 p-Z3ETRSEMNNE SHUEE
%, MEE A PRUERRZENE T RN y=1.9963x+
0.0623, R=0.9992, HX 0.25 g KFErehh, JHFEME /K%
R ERZE 25 mL, 60 °C #AiZHE 1 h, 4000 r/min
B0 20 min, B FE RIS £ 0.45 pm JEET UE, 15
M. HL 0.5 mL FFII, HIA 0.5 mL AR Eh 2% vh ik
11 mL EZERN, F850 855, 2~3 min J5IIA 1 mL

i SR (%) =

WG IREN R, IR215 37K 10 min, BCH 57 RIpKE
20 min, ANWiIRG;, HEES OIS, TIA 60% £
B 2 mL, FRIRG 5], #E ST 645 nm 1<
AR OGRS

GABA® #(mg/g) = EXVxN

. C 278 GABA HRJE, mg/mL; V 2R $i2 X
WARFHR, mL; N KRR RBAEEG m RoRmFE AL, go
1.2.6 SEMIFAEEMME SREF NY/T 1295-
2007 KFEZE e A it Hp S R S 2 e YA e o
1.2.7 P AW RS EANE SRS
FSEEG T 1%, BEAE B, TRAXT HE S i A i 45 R
Bt iz 22 56 B 2 mg, BT 10 mL 25 A, A
FH TS 5 25, A5 Mi iz 22 %) BB W A 905 R IBURT T 4 I
8 mg, BT 10 mL Z IR, HilHe 2 %) Bl S s i
1 mL, FH R s 25, ko™ T Wb Rz 22 o v 3 43 |
A7 0.8018., 0.0198 mg/mL BYTRAXTHE I UK

PR SRR T A FRED 0.5 g KFFFEME T —
FRE, DA 70% ZUB5 25 mL, FRE BT &, A8 43
30 min, B E G, I 70% RN I8 I B R, $E
%], Fil1yE, 10000 r/min B.Cr 10 min, B #, BIFS4t
VAT

4 3% 25 fF . (3% A & Agilent Zorbaxsb-C g
(150 mmx=4.6 m, 5um); FishAH: FEE(A)-0.4% R
(B), B B %E B (0~7 min, 20%—40% A; 7~14 min,
40%—60% A; 14~18 min, 60%—90% A; 18~
20 min, 90%—20% A), J5iz {7 H}[A] 8 min; A4 ¥ :
40 °C; K9 9% K 360 nm. Hi Fz X i H 0 i 1] Sy
10.13 min, & T HUgERSE] A 13.72 min,

CxXVXN

FT B R B (mg /) =

o C Fom ARHEIIZ T M 20 ot i
W, mg/mL; V ZoRFEBRUEAATY, mL; N FRoRiks
580G m R HER TR, go
1.2.8 RS HEMIE FREREFIRRES 25 mg,
JHAKESRIG EZET 250 mL 2, #4543 0.1 mg/mL
PIPRHEN VAR o S BB B T IR 25 VA TR
0.00.0.25.0.50,0.75.1.00,1.25,1.50mL &7T 10mL
HIgias h, 43 BIA 1 mL #8AK-BHR5R, 3250 5 1
SN 2 mL 12% Na,CO, ¥, FIZKAEZRZE 10 mL,
o), iR FROGRV 1 h J&, 76 765 nm P Rl
SEWCRE . DAV BT IR R BE A RR AR, LA
W GRS SR ALBR, 2 Tl BRHERT 2R y=76.705x+0.1026,
R?>=0.9989.

FREL 0.5 g BE&L T 25 mL 4R, JILA 10 mL
60% ZBEEW, IRAT, 7E 75 °C T 50 min, $2HX
W) 3000 r/min BS.0> 20 min, B EIEW, S EBEREK
AR, WHL 1 mL F&ERE T 5 509 B £ By 32 UK T
10 mL B2 08 0, -5 A 1 mL #EAR-1 55 K2
2 mL 12% xERENEE MR ITH 60% LB 45 B2,
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FEFEIE T RGN 1 h, £ 765 nm I AL XEFE i
PSR
CxVxN

S (mg/g) =
Fr: C FoR bR ZRAS IR & B 1 o
WP, mg/mL; V FOR$EBR AL, mL; N Fon ke
154G m FORFE T, g.
1.2.9 KRRy SR FED R RE 110 5200
1.2.9.1 KFFRBOURMIHIFE  SHAHLEN 1y
B, WA B M. FREL 0.5 g KFEFRE S, Fok Wt

1:25 A 50% PN ER, F 55 °C #8755 25 min, 2500,

A TR . R HRIBOR IR, & I8, FH 50% P
ERZE 50 mL, BT vKFEA R, 5.

1.2.9.2 DPPH HHIEIHEREMNE SRR
FA S T v, BRI, FREL 19.7 mg DPPH fH 50%
NI BT 50 mL, T 4 °C T ROGAE, B
1% DPPH fii#5 W, 45 /. fEHT, #H 5 mL DPPH
fiti %5 W FH 50% DN TR 72 25 2 50 mL, il B N
0.1 mol/L M TAEW o WEHX 2 mL AN [R] ¥k B ARV,
S 2 mL DPPH %W, iR EFE~], ##5' 30 min J5F
510 nm AMIZESGEE A, IEERRAZN:

A —A,

2

DPPH H H2&7ERR R (%) = (1— )x 100

o A RN ERRINE I GIE; ASh 50% PR
AL S IR OGIR s Al 50% PRERACES DPPH ¥
P SAE
1.2.9.3 Fe'WRJFEEE S HIMIE SR E D] fysL
o7 vk, MG S . FBE 2.5 mL A [EIHE AURE L T
WT N, In A 2.5 mL 10% 2k & 4687 F1 2.5 mL
pH6.6 MIBEIRZE P, IR )5 T 50 °C /K ERhKis
20 min, KIEEEH G 7 SR BRI EI 251
A 2.5 mL 10% =& 4%, ¥25))5 20> 10 min, 7
B S mL LW T 55— 3R89, INA 1 mL 1% =
FALEIREA)EERE 1 min, T 700 nm 52 W SGIE, T
SeEA AR A RRE T -

1.3 HIELIE

S RT3 W E A A, T Fodis O3
{HEFRUEZEFRIR . R Origin 8.0 44X Edin 24 T
LI 53 AT
2 HBRE5ESH
2.1 AREEBHAIKFLIENES SRR

AT A B 7 2R R SR 3A OE 5 d 1 2 e an 1] 1
s KIFR ZE AR AR Z 4200 BRI N, g A
JoT . ARZSAIBEZS AL AL, R HRG R IE SRS O i
EREAR, 1 3.36% FREE 2.59%(P<0.01), AHELF4=
KFFTRET 22.92%, 5 AE0NPREES [ pF 5845 R —
B, WA K RN TR AR R SRS JFE S i &=
3.62%, FEIEP LR TR A IR ] R F B 3R 5
KFEITERY S LH oA PR | AR 2 LA

I JEORE, (3 O S s it 7, S KRR R I T T
BEELANHA TR SR o ZEHII BTl s S o- 2 LR 23
R FEPIAE ST RS, TEACIE FORE, WA A FR SRS
I OB S B S 2 R R (P<0.01) o X 25 e i ok
FEIEAT R BEAL PR 2 3 — 20 S EOL JFRE & i TR R
2.03%(P<0.01), iX Al e S FLAR A 7E R et A2 h Al
WIS ST A A MR A IR & b A G,

4- kk

AT (%)

P AR Ry O K TR IO 5 e 5
Fig.1 Effects of different treatments on reduction sugar content
of rice buckwheat

T R 54 KGEM LN B 2R (P<0.01); #E R 5
BORSFM AR B3 2 5 (P<0.01), ] 2~9 [A],

22 AEREBEARIKFEBAREENN

AT AR HR 7 2 AR SRR P 5 & i sE i an 15 2
Fiase HE 2 T8, SR ZEAN RS, KFEM AR TS
HOAH PG AR R 2R R IR NG 17.75%, 22N
BRI, T SRR R R AL RE T, (R ST
H >, S B TS AR R U0l LEE 48P0
0 e PO NIl 2 08 L LA E R 1| e s =4 == D D AR S
B, SARSCIHITTIR A IRAHIS L. 16 S 2EHI AL BEGE
K FEE TS 8.24% WHINE 10.32%, X
AR FE BRI T2 LI PR R B AL A, B P o 5
PIAANRIRRBERIREAIR, 539 FRE T 14.34% F1 20.53%,
V45 R T R Ry K A PRS2 1 o A A K e, 7
AR Z SRR . 22 ORI B 2 LR A AR IR, A
T B0 5 & BRI

2 N[BT ORI 5 i R
Fig.2 Effects of different treatments on protein content of rice
buckwheat
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23 ARG RICKFEHFEEERS SN

AN R4 3 5 OO K i B 2 BRI 5 B 5 i 41
22 1 . KRR ZERT IR ES 2 25008 & 10 (2026.77+
16.52) pg/g, &2 3 d J5 Ui B & SL R & & o 3 IR
(P<0.05) o KFFFEHE R, MR WTo-2E, Gk
B2 MR IR B & E ) 5, T BEKFEAEAE AR A T e A
LR, AT 3 380007 28 20 Bk e R i R AIR 2, (R k25
AL B, RFEM O TF A IERR N Eb R 21.26% 3=
42.58%, X -5 a2 (5T i R HL R 2 R vh b e A
IR AR A A — 3, & ZEAKFE P I A R
AR EE ARG, BERH & ZEA AR KSR I s 57
MBI -

[RIAE, XA KSR T R A PR, U 25 2 1R
5 N, (LT E SRR S LB . 7E 7 AR
LM, BT AR 1Y & = i (221.43+1.39) ng/g
TREZ(120.12+0.63 ) pg/g, HAWITE E LR A &1
o, Hodp, TN AR I R 04 A e R i B e
(P<0.05), HABA Y k= fE iR N S S = 1)
FR Al S o i B in 22.(79.44+0.65 ) ug/g F1(39.15+
1.10) pg/g, Vi BH & AL 3 A8 $2 m k Fe iy 2 3= A 1
o ARIFER T R FLIR T [ B 43 W 2 g ]
PRAE SRR A5 3R, HFLIREE I B S
AR SEE LR B SN, X RB ARSI T e 3
PR S BRI N, XZEEPY B g R B S FhELBR M E A
R WA I s AR B B i) 75 LR & i e T
21.23%, S5ARSCHFSTLE A —38 . X RFEIA T2E S AL

PRAT I 5 & LR & e, S (2574.71+£19.09) ng/g,
(ELAFG E IR o LUAH L FAKSRE TR A 17.68%, T
XFEIK A T LR Bl A2 A BT, i s S e i b b
F FRE(P<0.05), {0 M (342.10+13.20) pg/g, Whasaa tk
PR o Eb Al FREZE 15.20%
24 AFEBHRITKTFR »-FE TR ERFMN
-2 I THR(GABA ) J&— PR LR, &
Y2 R GE— PPN 2R I, S IR E T 2
R e B E R TRy, BA R . s D Re S A E
FHP, HE 3 AT, KR ZFACPREEAL KT I Y p-a Sk
TS EM B EIEIN(P<0.01), M TR & 2K
FEy-B AT RS =N T 2 4 £5, "TRE S KFFE L
TR B A S A A 2 1 I S B O S R K
FeAS G P & A IR AE R IR T AR R p- 20 T R
FRPN, ZEBA PR RGE T - TTRE R/
B, FBLIE PR N p-E L T TR AE = R I B b 2 vk
o MFLIR B & AL PRI RE M A R SE AR IE -
T W& B BN (P<0.01), 435N ZE 4.84
1 2.81 mg/g, Horp ALK R TEN p-20 38 T 1 & i fe
=1, N AEKRSEN 5 % BN p-2 5L T R ] B &
FH PR AR A i), — PR & e R o b e LI o
MZERACEH, BRSPS AR R, POnTZK R 1 A
B RIS O — P LR TR A P R T B
FEHAE T P TE AT 2R I &, b4 R 25 a-
PRI p- I T RS, HInTTS, &2 KRG HR
PIREMEKFERY -3 T R & m 3, B A k3wt
1T R EFANER p-2 B T R & i = o

1 AR ZOORS R B R SR R AR (/g )

Table 1 Effects of different treatments on free amino acid content of rice buckwheat(ng/g)

TFes e o i Ak HRFRR 2 HKFRR HOKFE BOKFR R %
KNER 53.34£0.10° 37.29+0.54¢ 173.07+1.53° 34.89+0.91¢ 0.24+0.06°
2R 8.82+0.15° 21.16+0.52° 39.15+1.10° 4.13+0.23¢ 0.159+0.10°
SRR 22.55+0.88" 28.05+0.64° 68.70+0.24° 22.91+0.42° 0.4305+0.02°

R 47.60+1.22° 54.75+0.63" 233.22+0.12° 26.12+0.61¢ 8.64+0.25¢
iR 50.61+1.52° 54.98+0.54° 79.44+0.65° 65.87+1.51° 8.55+0.22¢
pixt4 26.58+0.48" 22.28+0.37" 31.16£0.12° 28.04+0.23 1.03+0.22°
AR 221.43+1.39° 50.61+0.57° 120.12+0.63¢ 273.4142.02° 33.05+1.29¢
2258 64.65+1.43° 26.87+0.71° 7.10+£0.02° 76.62+1.64° 0.65+0.02¢
Ham 104.85+1.38° 51.44+0.44° 49.85+0.53" 116.40+1.35 20.48+1.12°
HER 246.41+1.02° 91.43+1.41° 271.58+1.03" 279.24+1.04" 5.64+0.21°
215 39.15+0.81° 17.43+0.52° 18.59+0.08° 65.88+0.89° 10.43+0.43¢
NEmR 92.66+1.46" 26.37+0.70 87.26+0.24° 100.89+1.67° 16.69+0.64°
iz 789.66+2.39" 72.29+0.83¢ 240.62+2.98° 1175.82+1.99 199.91+1.89¢
i 2 1R 15.41+0.63 9.24+0.24° 44.39+0.36" 10.59+0.52° 10.49+0.83°
PR 85.71+1.26° 1.65+0.21¢ 13.52+0.03° 117.36+1.46" 19.59+0.47°
it 2R 35.40+0.12° 39.20+1.13° 115.31+0.25 38.52+0.74 0.45+0.01°
RAHR 121.97+0.28" 27.06+1.12° 119.01+0.34° 138.03+1.93" 5.415+0.83¢
FEERR 2026.77+16.52° 632.1+£11.12¢ 1734.66+11.28° 2574.71£19.09° 342.10+13.20°
W A B B 430.93+5.74° 269.15+3.81¢ 744.85+5.36" 455.36+5.82" 52.09+4.26°
AR B R R 21.26% 42.58% 43.94% 17.68% 15.20%

TE: Ryt SRR AT AN R TR k22 52 (P<0.05)
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Fig.3 Effects of different treatments on GABA content of rice
buckwheat
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Fig.4 Effects of different treatments on total flavonoids content
of rice buckwheat
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Fig.5 Effects of different treatments on rutin content of rice
buckwheat

W (=)
T 1

~
T

Wit 2 (mg/g)

(= —_ NS} [O8)
T T T

LA S
K6 A[FALBETT O RFE B R B A2
Fig.6 Effects of different treatments on quercetin content of
rice buckwheat
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Fig.7 Effects of different treatments on total phenol content of
rice buckwheat
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Fig.8 Effects of different treatments on DPPH free radical
scavenging ability of rice buckwheat
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Fig.9 Effects of different treatments on the reducing power of
rice buckwheat
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Table 2 Spearman correlation of antioxidant ingredients with
antioxidant activity

WiH TR B DPPH FRAP
S HER 1.00 0.962" 0.984" 0.934"
BZ 1.00 0.950™ 0.994"
DPPH 1.00 0.926”
FRAP 1.00

TE: RIS BE OBUN) 0.0 10, AHOCHE .3
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