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ABSTRACT: Objective To investigate the transformation rule of flavonoids in Abelmoschus esculentus (L.)

Moench seeds induced by roasting and its impact on antioxidant activity, elucidate the underlying material basis and
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mechanism of action. Methods The antioxidant activity of Abelmoschus esculentus (L.) Moench seeds before and
after roasting was evaluated using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay, expressed as
the half-maximal inhibitory concentration (ICs). The total flavonoid content was determined by ultraviolet-visible
spectrophotometry. The content changes of 3 kinds of key flavonoid compounds—quercetin-3-O-gentiobioside,
isoquercitrin and quercetin—were quantitatively analyzed using ultra performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS). Results

(L.) Moench seeds exhibited significant component transformation and enhanced activity: The DPPH radical

Compared with unroasted samples, roasted Abelmoschus esculentus

scavenging capacity was substantially increased, with the ICsy value significantly decreased, indicating
approximately 9-fold higher activity than the raw product (P<0.01). The total flavonoid average content was
346.3% (P<0.01).
quercetin-3-O-gentiobioside and isoquercitrin decreased by 39.1% (P<0.01) and 48.9% (P<0.01), respectively, while

significantly increased by Component analysis revealed that the content of
the quercetin content significantly increased by 60.0% (P<0.01). Conclusion Roasting can induce the cleavage of
glycosidic bonds in quercetin glycosides (quercetin-3-O-gentiobioside and isoquercitrin) in Abelmoschus esculentus
(L.) Moench seeds, directing their conversion into the aglycone form—quercetin. This structural transformation leads
to the exposure of free hydroxyl groups with stronger free radical scavenging capacity, which is the primary material
basis and key mechanism for the significant enhancement of the antioxidant activity in Abe/moschus esculentus (L.)
Moench seeds. This discovery provides a theoretical foundation for the deep processing and development of
functional products from Abelmoschus esculentus (L.) Moench seeds.

KEY WORDS: roasting; Abelmoschus esculentus (L.) Moench seeds; antioxidant activity; quercetin, component

transformation
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JEHEA EE R -3-O- SRR ZHTE . S L M R4
AW R R L1 =R 2 = R R M
(1,1-diphenyl-2-picrylhydrazyl, DPPH) [ FH B35 B v S 4t
K AT ¥ Rk 25 A 9 DPPH [ 3 O B0 R W
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T 3% [Abelmoschus esculentus (L.) Moench]fFPF, FEIEFR
AT B TEFBE 2N T 4R L0, TR
A7

Hit Bz 2 -3-O-J8 IR W57 X B GH (CAS 50 7431-83-6,
5 wkq22062413, 4E1 =98%) ., S Kz 4T BE b (CAS
5 7431-83-6482-35-9, #it5 wkq22081711, 4liJF =98%).
Wi B2 20 IR B (CAS 5 117-39-5, #'5 wkq22051613, 4l
= 98%)(MU 1| 45 4t v 47 A W B B 45 BR A wl); DPPH(HIL 5
1898-66-4, 4l 98%, LR EWAHRAF), FEE(E
At/ ALy N WRR(EIEAD) . 95% B, JUKE R
FRER[AINO;);* 9L O1(Z T 4B )(PY B Bl 2# B 00  BR 23 7)), 4
H & C (vitamin C, VC, #t5: 1140552011, #A%: 500 g,
A R GEA: 25 A FRA R,
12 UFE5EE

CBR-101 il MEHL RS HL (5 [ Genesis 23 7]); FW100 &
MENLOR T TR AR A IR R); SH10 B8 Sl vl
(BUUE T L E$A BRZA w]); MultiskmgO 438 BFRAY (3 [
Thermo Fisher Scientific 2\ &]); UV-1800 £84ha] W43 6 2
T+ . LCMS-8050 = F PUR AT ST AL (BL B Nexera X2 #
EIROB A I RS, U5 SPD-M20A #ill#% . SIL-30AC
Hh#FFE4F . LC-30AD i i 58 (5 B A% A IR A A );
ME204/02 H,F R -k 0.1 mg) . XPE105 f et RO i
0.01 mg)[ 45 -FLH ZAUAF (HH) AR A H, WS E
B AR AT %)), CS120FNX 8 i AR 25 WL (kX
2x4t A SrAEAT); VORTEX GENIUS 3 iR BER & g (1
IKA ZA]); ACQUITY UPLC BEH Cjg ffi41(2.1 nmx100 nm,
1.7 um)(ZE [E Waters A A,

1.3 LWL
AR E A 043 M7 45 S W e 1 5 ik Ak, A

FGE R i A PRI R0 AL T it

SPTEALEE T R 79% C BE A SR E, DA A

JURE G R Sy R I E S A AL(NOS); HE ik 2R,

K 60% T SR B DL P S RO 5 ke Sk i
EF XM -3-0- B BH MR L SR et e R
UPLC-MS/MS JE i 73#r, WIERT 70% HY BRI i3 e 2 e,
B AERA O HARIAS S BRI, I IR KRR B b AR T 1% 2 A7 114
ST B BT T R A b, 22 Sk Ab B R
HEAAF B THRIRAEAS A I IR R T R ERAEE, e 2L
LR ORI A3 BT B ] A A
1.3.1 #FHARRE T A eyt

Pl DPPH H HiSEERREE 1 (ICs) NTEHR, Wil AR E
BRI BE (210, 220, 230, 240, 250 °C)
FRLRERTE] (10, 15, 20, 25, 30 min).
1.3.2 DPPH & Wi st A1l

i Ffl 79% 1 25 mL HE75 (450 W) 20 min 4331 il 5 5%

FREEATLE O S LR AL SR BOR, JFRPFRREN 6 ik
BE, A b B B YR 20.000, 10.000, 5.000., 2.500,
1.250. 0.625 mg/mL; MRS 5 5T ALk BE AR YK & 5.00000
2.50000, 1.25000. 0.62500, 0.31250. 0.15635 mg/mL. L) VC
SR ER G, Tt 0.04 mg/mL DPPH GRS, IUECHUN).

T 96 FUtR PRI B FESLAL: 100 pL #E SR (EE VC
TEW)+100 uL DPPH ¥ 25 4 100 pL FEIR(EL VC ¥
H)+100 pL 79%Z M, XFHE4: 100 pL DPPH %#i+100 uL
79% 15

A 3 ANEIL, IRAFE#ER 30 min, F 517 nm
MEWSEEE ), ARG DPPH A H3LERRR, Frilidl
SPSS 27.0 45 1Cso {8, LIS HTAILITIEIC) BAIE, TEiEbe).
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133 EHEAEn T

AR ZE AINO,); B 057, DI A2 25 % IR A, (i
SEHNAT UL AT I BT B AR SEAT EA LR i 04 S T
HEE .

(1) A BT 5 200 2 A R VS VR P ) 5

B RKEEATAE T . B R B2 0.5 g WERE,
3 E T HIEMIE, BEMA 60%E: 25 mL, M
PRI 20 min J5, 3UEFE 25 mL AT, 0 60%Z B RE
BANREL, W1,

(2) A T A5 03000 %o Rt VR P 1 5

A B R i, KRR E, I 60% & FEE 4%, 15
0.202 mg/mL # Bz 22 %5 B A R o

(3) 4 a0 g ol 4

FRELAAH ST AI(NO:); 10 g F) AI(NO3); *9H,0 17.61 g,
WEHIRE, il ERE 100 mL, RIS 10% AI(NO;); B4
R . SRR, B .

()R I8 1) e

Fh LI b IR EC AT (A M R 2% BRSAR 1.0 mL L AR
SRVEWE 2.0 mL . MU SVAW 1.0 mL, 2 BIE T 25 mL A
i, A 10% AI(NO,); %W 4 mL, il 60% £ B 2 215
£k, $50, HCE 10 min, PHAHIZS (S H, 1E 240~500 nm
JEREIEA T .

(5) B H A o S Ty kA R

O FE W 2 e 2t e R

it s W BUR e 2R %o BRI R 0.25, 050, 1.00, 1.50,
2.00 mL, 4r3)EF 25 mL &, A 10% Al(NOs),
IR 4 mL, M 60%LEARREZIE L, #5), E 10 min.
PIHARIZS A2 b, BREAR-0] WA 6 e BT, FERi &
S0 T8 WG RE o DA ST 5 B A B AR R (X, mg/mL), WGy
AR (Y)EE 7 mH AR
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@ B FE R 5 55 I 2 A 7 R e

1 B A — S RS TR 1 mL, % b
W E A, EEWE 6 WOEEE, TTHE AN bR R
(relative standard deviation, RSD){H .

) B 2 2L I Ao 1k 1 e

KB A — S AR SR | mL, %k
WD 6, TRE 10 min JFIFHRITE, 45075 0. 10,
30, 60. 90, 120 min B WY, 1155 RSD {H,

@ B FE R 2 5 2 A R

MRIE 1.3.3 RVEER & SN T R A TR A,
7 [F)— S R EAT BT SR, R L mL, #% B
F B A I E AR, PATHERAE 6 iy, 1144 RSD fH.

SR ) 0 S A SR R

TP 0 T e A B KSR B R 2 0.25 g,
TEEIRE, FErE i SIS =AY 100% 0 AR R 2% 1R
i, AT 6 3o $E B3R 1.3.3 ok S RAG ) 45  k hl 45
5 e O RE, TR [T 3 Rl RSD .

(6)FF: i LB 1y 7 S0

KR RPUE SRR 2 mL . HUERSLVAVR 1 mL, SrHIE
F 25 mL FRHAP, BEFNEWRCE, HRIELE Ry
PP AR MU B S . AR T 3 0
HEAKXQ)~G)WT .

C XVXN
Y= @)
B
C XVXNXx2
) (3)
w
%

K Y w. ¥ a0l LR S A P BB Y
mg/g; C s, C w0 A fd A0 A ol 000 5 VR P A 8 i o 2 v
B, mg/mL; VA ERRR, mL; N ARRREAEEG Wa, Wil
BA B S A A S R B, .

1.3.4 BEAEERENF I HERY R A ZHNE

(U T 3 e 0 %o R o 8 YRR A ) 25

WU R 3 -3-O- R I 0E 1T . St 17 . M =454
1 mg, HEFE, 2HET 10 mL AP, 0 70%H B
i B 3 2 B 2R, A5 A — o MR BE (R R B A R
0.107, 0.106. 0.103 mg/mL).

()T M I3 55 o I S A VTR A

A3 A B PRI KSR AT AL i LS O R 52 1 g,
JNA 70%H FE 5.0 mL, FUAEERES, BT 4 °CokFE+
FrER, WIRNRIEIRD 6 o BURFEM, #MEA RS
. L1 10000 r/min B.0> 10 min, B EEBZE 0.22 pm AL
TR, RS

) @ iE- ik A
OE g

F &%+ ACQUITY UPLC BEH Cig (2.1 nmx
100 nm, 1.7 um), WEIH 0.1%H BR(A)-Z 5 (B), #

YEBT (0~5.0 min, 20%~60% B; 5.0~6.0 min, 4EF 60% B;
6.1~8.0 min, 20% B); {AFIjifH 0.4 mL/min; Fi 40 °C;
HEREARFL 0.2 L,

Qi %A

L5 55 15 Ui (electro spray ionization, ESI), £ &
5 (multiple reaction monitoring, MRM), 15 FHiz; %
AU 2.0 L/ming ISR E 10 L/min; $ HEE
300 °C; R FIEIREE 250 °C; IMPBIEEE 400 °C; TS
Fi & 10.0 L/min,

(DTEVED & B E 7 iR 5%

OEHEP o & LI E Lt X R

R AW 1.3.4(1) 5001 Bz 22 -3-O- i IE 4T B
W 0.1, 02, 0.4, 0.8, 1.2, 1.6 mL, AHIET 10 mL &
AR, AR WIS B T A VR R B 2 ) B
WA 0.05, 0.10, 0.20, 0.30, 0.40, 0.50 mL & F ik
YR ZS IR, S 70% W B R R 2 LR, #R5), BIARIR
BN RS TR T o TE 1.3.4Q3) 5 Tt AT AE o AT HE 5l o
WHE B AL AR (X, pg/mL), W TR AL AR (Y), JEAE
(LCHFE R AL F B AT IR, 2 5, Je o A7 4 [l
0T, VI RNE T AR R AR 2 R EL

Qi 5 B £ I R A 2 B i

I —HER B RKEEAT IR MR | g, KEBFRE .
e 13480 N EHl S HEmIER, £ 1.3.40)5M4 M kst
6 WHEREFMRE, 0~ 2 -3-0-Jp 0 ZWEHF . St 4 .
Mtz 2 g AR, T RSD fH.

U o 5 2 ) A AU M S e

B A —HE R KRBT SR L | g, MHFRAE,
i 134T Jr ikl R, THISIEM 0,2, 4,
6. 8, 12, 24 h M8 1.3.403) &M T HEENE, ICF# MK E
S3-O-JBMH ZWETT . BT . M E g A, T
RSD 18,

@5 5T S I E A2

I —HER R R LR R R 2 1 g, FHRRAE,
Fie 1.3.4)80 N LA FERA WL, 16 1.3.43) 5% NikkE
W5E, PATEAE 6 fy, THEM L R -3-0- b ZH . S
et Wit R 5 B RSD fA .

O 4 o 5 £ 00 2 AR T s R4t

IS B & B I B BCEAT RS S K 29 0.5 g,
KBRRE, TR TP £ -3-0- 0 I R . SR
Mt Ez 2 S i 100% AT IS, AT 6 1, % 1.3.42)5
Frdlgs, £ 13404 FilbFEE, S5 % -3-0-J8
RE b . SR L A 2R B IR & RSD fH..

(S)TE MW o e

BURKEEATAE L L R R &2 1.0 g, RERFRRE
e 13450 F kil s HE TR, A 1.3.40Q)44 Milkef
W5, THER O RE L P 3R -3-0- eI R . SR
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1.4 FIEAIE

UL IS PE A 0 RE A 25 SRR FH - B4 (B bR v i 22
2R, DL SPSS 27.0 B, SRAAMSIAEA ¢ K3t 48 11
A3, it Levene f3G JIW 225540 A EHE T 2R
¥, B IEIG W RS, 45 5 2555, M ¢ A .

2 HER5SH

21 BREFFHBETZHHE

A S AN [ IR T BBk kF 9 DPPH F i
FERFERAR AT BT A B 1), HLPSAUTS A B i 2 T
PR BUE ETHE TR, FELE 240 °C, BEEE 15 min 5

2.0r

1.81

e,

1.6r

-

1.4f

1.2f

1C,/(mg/mL)

1.0
L] L]

0.8+

210 220 230 240 250
HERE IR /°C
B 1
Fig.1

FT1 BEMEIFER. BEESR IC HENM=3)
Table 1 Average ICs, values of raw and roasted Abelmoschus
esculentus (L.) Moench seeds (n=3)

Pk Py 1Cso MRS 57
#I‘léﬂjﬂjl IC / / L [218] 50/~ A0 AR
He i} | so/(mg/mL) ICa
A 16.85+1.56
01 9.49
JERS 1.78+0.09%*
A 21.93+1.24
02 11.15
JEES 1.97+0.12%*
A 12.47+0.94
03 7.04
JERS 1.77+0.11%%*
A 14.56+1.24
04 8.49
JEES 1.7240.18%*

T PR SRS AR T B AR B 22 F4(P<0.01), 323, 6 [,

23 WEAEREMEFLRIISELERER
23.1 gk kehiiELR

ARFERFH AINOs); Bk, PHkFIa (A th, X
ik Bz 0T B SRVAS TR L LT VAR L A VR VTE 240~500 nm
TR N TR . S5 R W] = HI7E 268 nm KT AR
B, WLE 2, FILEESE 268 nm /E AP .

IC,,/(mg/mL)

IRFNEAE . SR, TEDLAAE R ARBEARE &2 T 0 A Akl
M NI SRR S R S R BRI AT, AT ek
P& 240 cCHEES 10 min 1F RS2 460, LISIE(R-E
FEHTAALT RN, Bt S e 2
SRR E A RER
LTS HLRE S KRR IE PR R, A S AR
ML BOR A BENSBR DPPH A 3k, JLBE: AL 1Cs, 1
BART A, BARSE RIS 1. S5 50T, 4 HEH R,
e 4 TC 50 908 B2 12.47~21.93 mg/mL, K% 5 1Cs, i Fil 2
1.72~1.97 mg/mL, Bl RART A0, fF1ERE G725
(P<0.01), “V-IHT A ALIE M3 m R ECh A= i i 9 %, BERH L
FREEFP 2L 5 BT SRS PR 31 T i 5 i

2.2

0.701

o
W
(=)

T

8 10 12 14 16 18 20 22 24 26
B[] /min

ARt JEE R F 15) B SRR SR Y TC 50 B AE (n=3)

ICsy values of Abelmoschus esculentus (L.) Moench seeds at different roasting temperatures and roasting times (n=3)

1.00
2
<
2
¥
=
0
-0.43
240 300 400 500
WK /mm
T L R SR B GRVA 2. RS AL VAU 3. AR BRI
P2 B R RN A 2 AN 141 (240~500 nm)
Fig.2 Ultraviolet scanning image for determination of total
flavonoid content (240-500 nm)
232 BHEWEETMET EFERER

(1)L H A ) s et o6 R &5 R

DI Bz X IR, ST AR HERT 2R Y=68.266X+0.0099
(=0.9999), HAE 0.002~0.016 mg/mL J& R R RIT

(2) S E T £ R0 S G % R R B 4 SR

PR VA (O )5 SR 6 IJEEEERA
WA, AR R AIR A RSD {H0 0.05%, Uili{Las
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(5) 60 BT 5 R 2 R [ i 3 e 45 2R

B 6 O IRE RDSCRE V8 TR €5 I A5 14 WO B 1
FANE R, AL IR 98.10%, RSD AN
0.55%, BLEHIZ Tk mIeR AT, HARILER 2.
233 REWRAEZMNELR

X M BT I BBk S R B IO AT RO B I, BT
AR R, THE A S ARLRS Sh i S i o i, 2
LR 30 F 3 AT 4 LTRSS RFA: i R 5 2 Rl

HIN % BT

(3) Bl £ e 000 A P A 2 SR

B AT B A5 7E 0, 10, 30, 60, 90, 120 min
B AR IR AR AR A B R, SRR e M58 i) RSD A
9 0.50%, UEHIRES B ASSTE 2 h NEE.

(4) ST o 5 2 A PR R B 4

K 6 DyRLRE S T €5 T AS A WO B (AR A IR
52, HEHEE MR RSD (H4 1.80%, UilHiZ )ik

HANERST . 1.50~1.84 mg/g, MLk Ah B HEER & REVE IR L 5.52~8.10 mg/g,
F 2 RHEIREENEMMEEEBUR 1L R (h=6)
Table 2 Results of sample addition recovery test for total flavonoids content determination (n=6)
FrkEdt/g B B 2% i /mg JA it /mg 15 4k /mg ] /% S IR % RSD/%
0.2501 2.0042 1.98 3.9313 98.67
0.2502 2.0050 1.97 3.8947 97.98
0.2505 2.0074 2.00 3.9387 98.28
98.10 0.55
0.2502 2.0050 2.00 39112 97.66
0.2504 2.0066 2.01 3.9057 97.24
0.2504 2.0066 1.98 3.9368 98.75
Rt Sk SRR o RO B T, LR E B G2 o
- . v . X
SHP<0.01), FHIERIRF RN 346.3%, BWHHKE S5 73895
SR b 1o A W o B T o5
*%,J:J;ﬂikn ﬁ/\ ST Eﬁﬁﬂ“ﬁ 0 2755 38515 52050 | 65‘7_20
- - - 200 250 300 350 400 450 500 550 600 650 700
F3 EBMEFER HERNERMEE(N=3) T nl)
Table 3 Total flavonoids content of raw and roasted Abelmoschus .
esculentus (L.) Moench seeds (n=3) & 3 %'}EZ%-?"O'iEHE:%ﬁE(]*g&ﬁEPE%[@]
FE i Kb AR 38 o Taits (IM-H]=m/z 625.05)
Elin=2 2H 5 /(mg/g) ERAE Fig.3 Mass spectrum of quercetin-3-O-gentianoside
- ([M-H]=m/z 625.05)
A 1.65+0.03 -
01 —
B 8.100.11%* 389.5 1(7’(5) G00[0D
X
. HE 1.50+0.04 - 8 50 301,00
HERE 8.01£0.22%* 435.0 # 25 17095
0 vy
A 1.84+0.04 - S O O O S O O S O 8 0
03 Lm AT P > ’9? o '{,\6' &
BERE 5.5240.13%* 199.5
Jfif L (miz)
A 1.54+0.03 - . . .
04 . 4 i % -3-0- S IH R — BT
MR 7.12+0.13%* 361.5 (m/z 625.05—>m/z 300.00)
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Fig.9 MRM chromatogram of mixed reference substance
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BER-3-O- LR WHHY . S ECH . MRS

1) RSDs {H
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Table 5 Recovery test of quercetin-3-O-gentianoside, isoquercitrin and quercetin by sample addition (n=6)

SR AT L MR B OT AR Ui Z 43 R 108.44% |
108.85%. 96.85%, RSDs #I/NT- 3.0%, FeH1iZ )7 ik i Bk
RAF
243 FhYEET LR

BEUERE TR AT 3 Rl AL IS AT AR, fCA
FERER, AR 4 HEBTRKEAFAE b . MRS uquﬂ/ﬂ}ﬁl
KR -3-O- M WETT . ST . Wb R A, RS,
W3 6.

N 6 Al MR K -3-0-Jp H T AELE A i
£ 6.05~56.39 pgle, FEMLERS T EAE 5.29~23.44 pglg;
SN R A S S TR 7.22~19.22 nglg, TEMLRE SRS

W5 W53 RO i /ug A /ug M7/ ug Ml /% S IR % RSDs/%
18.22 18.90 39.52 106.45
18.22 18.90 40.08 107.99
Wit Bz % -3-0-JElH 18.22 18.90 40.40 108.84
iy 18.22 18.90 40.35 108.70 108.44 092
18.22 18.90 40.61 109.40
18.22 18.90 40.57 109.29
3.69 3.70 7.94 107.48
3.69 3.70 8.14 110.14
o 3.69 3.70 8.15 110.24 108.85 0,05
3.69 3.70 7.97 107.95
3.69 3.70 8.01 108.48
3.69 3.70 8.04 108.82
1.46 1.45 2.86 98.17
1.46 1.45 2.92 100.20
- 1.46 1.45 2.74 9425 06,55 -
1.46 1.45 2.81 96.31
1.46 1.45 2.90 99.40
1.46 1.45 2.70 92.75
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Table 6 Content of 3 kinds of active substances in Abelmoschus esculentus (L.) Moench seeds before and after roasting (n=3)

B B 1k R -3-0-Jp lE —p 7 St T Mt 2%
e A i) TR e TEEE e amme
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o HERE 5.2940.05%* -12.6 6.17+0.01 -21.7 4.22+0.01%* +67.4

TE: S/ Yo=(AE b B BT b 5 )/ i X 100%.
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