R EmiB Modern Food Science and Technology 2021, Vol.37, No.7

HERGEEI D BN . BIRERMKIMNIELIENE

BEHE"Y KB, WERITS, W&, i, B, BB’
(1. AeH R LK FABFR, r AN 510642) (2. 77 R RALAF Ak 5 R F Sohe TARHT, RALRATES
REREETRE, JRARTEMIELTLIRET, A M 510610)

THE: AR AMA, BLBRTEESSEMRY, KA S ERTF RS B UFE) 4 ERY R, BT Gaurine
i (LC-MS). ##kdk (NMR) S5k 7 ik 5w A M), 4 AN oilh 6-33-2-84X-1,2,3,4-09 Sk 4- 2 B
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Abstract: Brown rice bound phenolics were extracted by alkaline hydrolysis and separated by multiple chromatographic methods. Four
monomers were obtained and their structures were identified by high performance liquid chromatography-tandem mass spectrometry (LC-MS)
and nuclear magnetic resonance (NMR). The isolated compounds were elucidated as 6-hydroxy-2-oxo-1,2,3,4-tetrahydroquinoline-4-carboxylic
acid methyl ester (1), 4-carboxymethoxy-6-hydroxy-2-quinolone (2), 4-carboxyl-6-hydroxy-2-quinolone(3) and 2 - (5-hydroxy-2-oxoindole-3-yl)
acetate methyl ester (4). Compound 1 was a new natural product and compound 2 was reported from brown rice for the first time. The contents
of four monomers were determined by high performance liquid chromatography (HPLC) and the content of compound 1 was the highest (0.9
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mg/g DW). Antioxidant activity of four compounds was evaluated using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging, ferric
ion reducing antioxidant power (FRAP) assays and oxygen radical absorbance capacity (ORAC) methods, respectively. The strongest DPPH
radical scavenging activity was compound 4, with the I1Csy value being 72.19 uM. Compound 2 exhibited the highest FRAP reducing activity,
which was 249.60 mmol FeE/mol. ORAC method showed that compounds 3 and 4 had the best antioxidant capacity, which were 2.87 and 2.69
pumol TE/umol, respectively. These results will promote the cognition of brown rice bound phenolics. It can also provide scientific basis for the
development and utilization of functional substances in brown rice.
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M4, HPLC RHEE. ZBRAI 2 E ik
Al TARHEE. IR E S AT A %
BTN LR T AR R A PR A & A2 72
Trolox 7). %%, DPPH (2,2- I 1- 15,
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2000 LC-MS-MS, Z£[H Applied Biosystem/MDS Sciex
AF]; BSZ-100 HARUSERS, v i



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.7

/~1); BrukerAVANCE HD 500 BUAE Sz iRy, 14
[ 41 % 57/ ;. Bruker Bio TOF I1IQ MS, [ & 5r
NG

1.2 377k

12,1 25 RS SEHLIZHIZIC

W 110 kg KEKH 95% LBHZHL (3 1K, FHK 48
h) EBRIFER, FREIEI S, BIFE 2R
B PT E UTE YN 2 mol/L NaOH &
CERRLE 1:400, FeIlBUEE, KIBRGHRRI 2 h,
FITASHEBGR 6 mol/L HCI 30T pH = 1, RG]
PR (1:2) 2B S Ik, WG IF IR CREZEHUH,
LR 2 RANAE 45 C M TR, A4 68
P Ko B 52.1717 g.
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521717 g MR G IEARERCA: 2 M 4388, —&UH
Bt/ g (10:0~6:4) BAFEEGENL, WbEhy, H=EE
B, &IFEMERHS F2~16. F2 (16.1699 g) 4
MPLC Z}E5, Wi 10 mL/min, HEE/7K (4:6~10:0)
BEEVERL, A MECIERT, 5N F2-1~14,
F2-2 (0.7811 g) i1 SNEERAT =M 70 2, FRIEBEI,
M2 g T, 5978 F2-2-1~5, F2-2-4 (259
mg) £ HPLC 4iifk, HEE/K (11:89) AFsh, Wi
# 6 mL/min, f3ELEY) 1 (g 75 min, 3.7 mg) Ffk
A4 (92 min, 42mg). F5-5 (0.5892 g) LH%
PB4 RS, FHREGEM, MmEMEaEnE, &
15 F5-5-1~3, F5-5-3 (85mg) £ HPLC 4lifk, FfE
/7K (23:77) A, E 6 mL/min, 5EMLEY)
2 (tz 102 min, 53 mg). F6 (7.8679 g) %4 MPLC %3
2, i 10 mL/min, FEE/K (2:8—10:0) BAEEVEML,
WA HEERER T, &30 F6-1~8, F6-3(0.3925 g)
SRR B, WREEML, & ik
7, A3 NF6-3-1~2, F6-3-2 (148 mg) £ HPLC 4fi
b, HEESK (28:72) AifEhAH, & 6 mL/min, 13
FEY) 3 (k25 min, 7.2 mg).
123 ZH3URAEEELH

Agilent 1260 HPLC %t (FiC# DAD il &%) Al
Zorbox SB-C18 4 (250x4.6 mm 4%, 5um, USA);
FEIRON 40 °C, PN 1.0 mL/min, FEFEARN 10
ul, MEIHEREAER A (0.1%28%, v/v) FEH B
(HEE), PEMUBREEA: V71 B: 0~20 min, 10%~50%:;
R KA 280 nm. KRN BRI SWIVE IFRED)
i, AT AIRCE R 6 MASFHE (100~3.125 pg/mL) [
PRAETR I, B AR vE VA ORI RE S IR RN 0.5
mg/mL) 73 HIERE, ARHEI R IR AL AR, AH

(TR AN bRz 4 MEEPDFrAER 2R, S5
FRAR T AR RiE E &
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%% PIO-LEON 7 it RifEsek, AR
4,00 mg DPPH #%f#T 100 mL 95%Z B¢, EIA 0.1
mmol/L ff] DPPH TAEW. ¥ 4 ARSI TR
FERGRE, 19BN FREE AL L 50 puL AR
FEHIRE SIS 150 uL DPPH TAEMR /R, IR
WENE SN 30 min, 7E 517 nm K FIEROEE A,
[EESIUSE 50 pL ANFIA FE BRI S 150 ul 95% &
BERIOERE Ay A 50 uL 95% Z.F% 5 150 uL DPPH T-{F
THIRIERE Ags LAGEAEZR C RIPH XS IR, FMEE A
MKRFEESE 3 K. 1% FHIATHE DPPH H HIEER
2, [F SRAFIE BREEA S0%IN BT F A IR FE, BV ICso
15:

i%ﬁ%%/%{l-%}loo%

HF: Ay 150 uL DPPH TAE&+50 uL 95% LB 4498 5,
JE; Ay A 150 uL DPPH TAE&A50 pl R R IRE AAE il
A, A 150 L 95% LBE+50 UL TR IR Z 6494 Smidii.,
1242 FRAP SPUALLRE Iz

SIREMAS 7%, BEEAEIFLAIIA 5 i
FFUFESIAT, S AL 5 UL Z8187K, Ak ph 264
TFLIIN 5 uL ANFHRFER) FeSO4-TH,0 ArEia,
] BT A R FL I ANIREC ) FRAP AR 180 pL; VR
%), 37 CW¥E 5 min J5, T 593 nm A FIER
B, MRAEbRAEM S AR FRAP i, A Trolox
FBHMEXTHE, FRAP 455U mol (LAY FT &1
FeSO,-7H,0 4= ~, B mmol FeSO47H,0/mol.
1243 ORAC $HUsEMEE S E

SR AT N7, JerBla A LI 20
uL 75 mmol/L pH 7.4 SRR L2, HARFLAHIIMA
20 pL B SRR AN FR B Trolox AREIA 1R (6.25~50
umol/L) LK 17.5 umol/L [ FH A X6 HE A 3T BRI
5 10 min 5, FATAFLIIA 200 pL 0.96 pmol/L %2
FERIN AW dREEFE 20 min J&5, FRXTHRFLAR,
ANFLIIA 20 uL 119 mmol/L AAPH ¥&T. #)a¥4 96
FIBURN B, EBURIEK 485 nm, KK
520 nm FIE &ENFLIIZOGAE, & 4.5 min —x,
EHN 35 K. HR4E Trolox Anifk I ZE T HAFE MY ORAC
fE, ORAC { A% pmol £ H BT & 1 umol Trolox X4
XN, Bl umol TE/umol.
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Fon. FIH SPSS 24 #EATGLHH b, KGR ENE
(p<0.05 FIRERLE) .

2 ZR51Me
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2.1.1 AuAdh s EAT
12 NMR . MS R 5077 1456 SCHk A it
HEnie, KBS 1~4 NEYAEY), 45

FneE 1 iR,
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Fig.1 Chemical structures of compounds 1~4

&% 1. HE HR-ESI-MS m/z 222.0757 [M+H]"
GHHEAE 222.0761) #E5r T 55 FUEHfE 701808 221,
53§ A CiHNOy, AEFIEEN 7. LIRSS (R
D BRE 1 A5 ABX &5 5 06.76 (1H, d,
J=2.6Hz,H-5). 6.73 (1H, d, J=8.5Hz, H-8). 6.67
(1H, dd, J=8.5, 2.6 Hz, H-7); 1 MKHIEEFS §3.92
(1H, dd, J=6.6, 3.5 Hz, H-4), 1 MIHFIAZ S 62.80
(1H, dd, J=16.4, 3.5Hz, H,-3a) A12.73 (1H, dd,

J=16.4, 6.6 Hz, Hy-3b), LK 1 MHEIEES 63.68
(3H, s, OCH3). IR ER (R 1D F64
FFIMES (0154.6~116.5), 1 NEHEBES 033.6
(C-3), 1 MXHIERR(ES 043.5 (C-4), 2 DERIEmK
55 0173.8 (C-11). 171.6 (C-2) Al 1 MHERES
0529, it AP IEE—ARET, HEB A
FE—A 2-WEiEER B0 MR A AL ('H-'H
COSY) FISiZ s (HSQO) a5
TR (B 2). fERZZEMAIEE (HMBC) g+
(B 1), H-3 506435 (C-4). 1229 (C-10). 171.6
(C-2) #173.8 (C-11) MK, Hyr-4 5 533.6 (C-3),
116.8 (C-5). 122.9 (C-10)+ 131.0 (C-10)+ 171.6 (C-2)
A1173.8 (C-11) #5%, OCH; 5 173.8 (C-11) #H%,
BT ERER, a1 h 6-25-2-548-1,2,3.4-
VU Embk-4- 3R FR G, S5t 1 s, &N
1 AR o

HO

N

B2 A1 'H-'H COSY (FH4%) « HMBC (F7h) HHXIES
Fig.2 *H-'H COSY (bold lines) and HMBC correlations (arrows)
correlations of compounds 1

=1 LAY 1~4 B9 H (500 MHz) F1°C (125 MHz) NMR #iE
Table 1 *H (500 MHz) and **C (125 MHz) NMR data of compounds 1~4

B la 2b 3b 421
Position = UinHz) o sumult JinHz)  dc Sumult JinHz)  dc Smult(JinHz)  dc
2 1716 160.1 160.5 181.1
3 273dd(164,66) 336 6.88 s 12422 6.81's 1234 371dd(77,48) 438
2.80dd (164, 3.5)
4 392dd(66,35) 435 1162 116.7 672d®83) 1113
5 676d2.1) 1168 749d@21) 1095 758420) 1100 1543
6 154.6 152.4 1524 664dd(83,25) 1153
7 667dd(85,21) 1165  708dd(86,21) 1206  7.05dd(85,20) 1204 674425 1130
8 673485 1179 724486) 1168 722d®85) 1168 135.9
9 131.0 1389 140.8 1316
10 122.9 132.8 1329 279dd(168,7.7) 352
3.01 dd (1638, 4.8)
1 173.8 165.9 167.1 173.1
OCH, 368 52.9 392 52.7 366 524

JE: O: chemical shift in ppm; J: coupling constant; s: singlet; d: doublet; dd: doublet of doublet; a: recorded in CD;0D; b: recorded in

DMSO-d6.
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&) 2: HE HR-ESI-MS m/z 218.0463 [M-H]
A>T B TR E 7 T8N 219, 43 130N CiHoNOy,
ABEFPER 8. T NSAEY 1 A]LL, itk T
WA T RS St &9 2 B
1A 134-ZHURIZRIE . 1 AR, PRANIREERT 1 A
AL, BRI T 50EY | BUMZHEERE S,
BE— AT A LE P MU A PR R (R D,
B 2 HEIIRN 2,3 ML ETE R T R, LED
(81537 2B R —HEIWT . 5 SCHRPO R (e
BHTEHOXS, BRI A 2 T 4-78 A -6 72 552
WEEEE, ZERIIE 1 R A6 E Y BTN K
BROE, X2 E RN T R E A

th&Y) 3: R4S HR-ESI-MS m/z 204.0303 [M-H]
H m/z 205.0594 [M+H] DT 5 FIEHIE 2 FEN
205, 713N CoHNOy, AMEFEN 8. A5
&Y 2 #EL, E5Rhb T —A CHyo BZBEEIREE
B R EY 3 HRIFEA 1A 1,3 4-=HURR
1AM PIAEREE, RIS T 510E 1 244
MRHIHRGES (R D, ANRZAZWEY 3 T
—/NHREIEE S, XL EYT 11 AE— MR
B[, WA RKERERCEUR. @i A% A
(HSQC) FI5#Z £ EAH G (HMBC) XHLEWIN
HAEHATIRE . 5 SCHRE RIS MR AT H, B
R AN 3 4- PR FE-6- 728 -2-E TR TR, 45MItniE 1
Fi7R, 32 IR IE A A E U R AR A
RURAER

th&Y) 4: R4S HR-ESI-MS m/z 220.0589 [M-H]
W TR TUEHRE /T8N 221, SA SRS
S HEWHZA SV 7708 CiHuNO,, AR
FEN T, S FREHEY 1 M. MRS, )
PESE A FAZ R ARG (HSQC) Btk &4 4 h
A1 134-=HURIIRI, 1 EHFEE, 1 AR,
2 AMEREEAN 1 AL, R T S5MEY 1 UK
R ERAE S (R 1), 5 3CHRP RIS i 47ttt s
WEA B 4 R 2-(5-F8E-2- S AR NG| We-3-3%) TR FF R
gERnPE 1 R,

2.1.2 AW R AR

AP B AR S AR I — R RTEPE R AR
PR, BERRIIEE 2R, AR EBYIREK S
SR 0) E E RIS (1-3) FImREE (4). 1k
GV ORI, RA AR TR HAL 251
FRZREE G . Chung SO B K KRR Z SR B 2
BRI THEY 3, KRE IR IRE XS
AT ANMNCKHRSE ) 4y B RE A A9 2 A 4, FFHE
WX M AR AE MR AE K 2R 3-1I Wk SRR 1A

PP, 4 AR I 1 TR
22 BiEfeome 2R EaA

PLAT A 2 BRI S 1~4 NbsEYIR, it
HPLC XJHEK &5 & My e Uy v i 2 2t i AT 48
N, GRWE 3 R, WEY) 1~4 ERBE R 55508
13.02, 18.6, 8.6, 14.5 min. L HMREEN 4 MLE
YIRS B TIE, SREIEY 1~4 S 2S5
40.19, 0.14, 0.17, 0.13 mg/g DW, A KR4

a1 SEE

1.2x10¢ -
1
8.0x10°
>
=
4.0x10°F 3 A A
| ﬁ >
L J
0.0
0 5 10 15 20

A 18] / min
[ 3 £BYREREATSHHREIR HPLC EE
Fig.3 HPLC chromatography of bound phenolics extract from
whole grain brown rice

2.3 AL I

23.1 DPPH g s FH 4
* 2 ZBUMLEYIR) DPPH BEREBRRE 10018
Table 2 The ICs, value of DPPH free radical scavenging rate of
compounds 1~4

o] DPPH (ICsy uM )
1 >1200
2 805.67+9.5°
3 >2000
4 72.19+3 45
Ascorbic acid 34.04+0.17*
E: RARFHEATEFRE (p<0.05). FAF.

DPPH 1] AT IR U T2k 2 R k],
HAE 517 nm PEARKACHEERIIRG, @R 1A
PR BRFE AT I B BE RIS BRAE ST, AT HEI T i
PEP, T1Cso (A% B FRIETE IR I 500 T 75 IORE
ARGE, 1Cs fE#/N, WA HESFREE TR, BT
Ak, R 2 R, B 4 1 1Cs fEED,
FHAH DPPH H HIEIERRAE /2w T HAh 3 ME &
W, (HECBHYERTIE Ve 55 AT eE 2 1R
i DPPH H HAE RIS, 1X 5 Chung S RIE 45 R —
L, SRR AY 1 A1 3 REDLH DPPH A HEiskk
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T, ICs¥IKT 1 mM.
232 FRAP &dadbse
R 3 BBRAEUEMNSKEFTRE
Table 3 FRAP of compounds 1~4
&4 FRAP (mmol FeE/mol )

1 17.69+0.5%
2 249.60+3.19¢
3 211.01+1.74°
4 109.83+3.34°
Trolox 244.15+26.12¢

KA SPUEARE RIS (FRAP ) X4y
BRI 4 MR A TR, AR
KMLEY 1~4 BA—Epradisgte, i, E
Yy 2 WIEJRREJ1ER, IEJERE T EL 249.60 mmol
FeE/mol, S5FHMEXE Trolox AHY: H'& 3 A™MELEW)
MR FS T IR (p<0.05) , 4 DEARITIE R BE
T KREVNA: HEY) 2>3>4>1. FRAP iEEBPELT,
PR HLPRE,  DUE A S = I A S I S
REJJ, ME AR AEL SIS R, DRI, JRARESE
SR TRN B ph 2 X S BT AU 7 BRI PRI e A e
7.][23]0
2.3.3 ORAC #AIEE

ORAC it E T Al mMER T (HAT) #l
it Pl = s 11 T e 03 E R R N = T e K e A S
Jrid, B A BB MR AR R Y. sk 4
Fi7R, ORAC % H HHER I RE il e 45 R AL &4
2,34 HHRERFIPUEIRE ST, HOETE LURRYE % &
TR (p<0.05) . 1MHEY 1 ORAC Fitafbae 1
# (0.18+0.02 pumol TE/umol) , 455 5 DPPH %
FRAP 455 —8, RIMLEY 1 2 4 MEAW IR
IS TR ZE ) o

F4 BRIMMLEYIR ORAC &
Table 4 ORAC value of compounds 1~4
a4 ORAC/(umol TE/umol)

1 0.18+0.02°
2 2.3240.15°
3 2.87+0.18¢
4 2.69+0.15¢
Gallic acid 1.59+0.11°

XTEL 3 FiRAMTTE IS PESE S, DPPH H HEH
BRAE TR B 4, Ho1Cso [HA 72.1943.45 pM;
FRAP HAALRE TR 21 &4 2, FRAP fHAN
249.60+3.19 mmol FeE/mol; ORAC 5 45 K1 &
Y3 A4 HUEABE S, =R TR e 5
RAEZE R, HATRER R R A FHT A 2 ik
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(1) 8 FH RS R e iR AN [A] . DPPH Ml FRAP 52
BT, WAERAE SN, SRR
JE SR TR AR ARG ORAC VR TR T
R, W RBBUEMARE T S R A S E
. FRAP M ik 5HAMMFNEARR, FRNHAWE
KA, M=k (Fe™™) iBE N Ik (FeD
k2 ORAC AiEH H AR AAPH, A/~
Azt 3 A B E R AR N A7 1 —F E
£, & HATE PR FE 0 —F & TR RE
JFFPPL Ak, N T RPN L S TR AL,
%2 /D R W AR UA_E TR T R TR

3 g

I 2 M BT B A Al O iE I B e
TAMEEY, 5 RIN6-FE3E-2-54R-1,2,3,4- U &M bk
4-REEHE (1), 4-FR A HE-6-F25E-2-ME I (2D,
A-FRFE-6-F2FE-2-WEVET (3) FN2-(5-F2FE-2- 5 A M5| k-3~
) CFEHEG (4), HAUEMUNHRAY), ED
2NEIRMBER 7 B RIE . 4R B &1
SRR, N0.19 mg/g DW. 43 B8 EIH44 kb &
MIBIRI T — 2 IPUETEYE . BEKSS IR
HER T OB RS IR SRR A, B F
B HEDBIE IR -
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