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Study on extraction technology and in vitro antioxidant activity of
broccoli sprouts

, WANG Peng, LIU Meng-lu, XU Xiao-xiao, ZHONG Bin, WANG Geng-shen
(Qingdao BNP Bioscience Co., Ltd., Qingdao 266111, China)

LI Xin~

Abstract: Single factor and orthogonal experiments are designed to optimize the extraction time, extraction
temperature , solvent ratio and extraction times in the water extraction process, with yields of glucoraphanin and
polyphenols as indicators. The activity of the broccoli sprout extracts in removing 1, 1-diphenyl-2-picrylhydrazyl radical
(DPPH-) and 2,2’-azinobis- ( 3-ethylbenzthiazoline-6-sulphonate) cation radical (ABTS™) is also detected.It is found
that the optimal water extraction process for broccoli sprouts is as follows ; extraction temperature is 100°C , extraction time
is 60 min, solvent ratio is 12 times, and the extraction repeats for 3 times. Under these conditions, the yield of
glucoraphanin from broccoli sprouts is 1. 197 3£0. 078 8 mg/g,and the yield of polyphenols is 1. 569 9+0. 003 3 mg/g.
The IC50 value of the extracts for scavenging DPPH- free radicals is 0. 26 mg/mL,and that for scavenging ABTS" free
radicals is 0. 39 mg/mL,indicating a good in vitro antioxidant activity.

Key words : broccoli sprout; glucoraphanin; polyphenols; extract; antioxidant activity

BRUL R R4 PG 22 AE R 7oK 4R 4 B i

o BB it JEURLAY 2 S VRV R T B dh OB

Oct. 2025
- 381 -

Ko EEAAR A Z 8 EA R RN Y
JE BRI ARE (A DB ) 2 TS 22 AR RS
TGS 2 IR AR ) 2 — | ZE K 15 31 5 B
GRRER (W MERER) |, AT LAB 1k 2 R e, o nl
Wee AR O ML A 1) XIS, A7 B T 9T 85 1 A A
SR AAAE LA B Pl 2B A T 2 (8 S R
JRATERE 55 o KA R T 2R 250 1, A IR M 1
L AT E R R PRR

PRLGSE B LA D B TR S A i AR
22 AERIBIF ST LB AR VY 22 AEFF VU 22 A28 VY 22 AEAE

VEEAE 20 R R v BB R (2
il P T AT BT DL A 2% 5
BT E SRR, ARTTERT, B A ik
FERIH A=A o J2 BB TR AR Y 22 AE2F TP AN
JRAERA AT B AR B R SRR 2 R T A
PO, A 28 S b Al B RIS B 7 , 45 LD s B R
R H AT LB L, 2 AP E MR 2
By - T B M DR A R, PR K
A P 22 4K ZF R d i, O Bl B — 20 AR T R
AIRE720 BRTATH TV 22 AR TSRS e H

75 B #1:2025-03-04 ; /&[] H #§ : 2025-07-22

YEB BN 28 (1990-) , L i, P TR, WF5E 07 [n] S RAR 25 A2 | il iHIK R A 18053240825@ 163.com,,



. 382 - LA, 44 L S5 45 HBIBT 2
REHIFAE I, 100°C , RIS o0 8 A5 ES, X8 M1 LA e 2 15

ZE LTI ARSI LAV 22 A 2R 8 N 2
T WER G SR FH LR 23 S 00 ff o SR IS B
Fl, P IE A S AR AE K SRR R T 20 JF it 1,1-
TOREE-2-SHE AR A AR (DPPH - ) (2,2 - BRA -
T(3-LE-IEITEME -6 - R R ) BHE T A R
(ABTS™) {H BRI, PFH V4 22 46 2R K B2 42 U 19
AN EARIE T . P 22 A8 ZE K SR A B etk
i 5 2GS I — 2 IR AT 5 A S L 2 e
WA

1 RS

1.1 ##

P22 40K, I Pk B s SO 78 s 38 N B b
e (=98%) , R A Y RHEA R A\ VC 7
e, PR A R FRA A & T R bR HE
(90. 8%) , [ £ i 24 Wi AS: 78 I 75 e 5 To K 1 (4
Brat) | Bl 4 kst a4 R 2 ) o 6 R B (o AT
ali) [ 2 4 B AL F 0 A R /s A AR (B
afi) , b R ERHE A RA R ; DPPH(96%) , L
MRS ABTS(98% ) , 7R AL Tolk kUt

R 8,3 A (LC - 20AT ) |, H A< i HE 2y
Al AN WA BT (LeS B ) | i) L 43 Bt
IR BN 7] 3 2 BER S AE R /K VA 5 ( YRE-201D
B LT RS EARAA,; BT R
(AUW220D #1) | H A HA A - RF (PLO02E
ALY MR8 - FC R 2 A A R A Al e
(500 mL #A%) , JLaRHAE S g g A BR A F]

1.2 EWHE
1.2.1 B2EFEFH

VU2 AEZE P 2 bR IR B AR, K E ik il
JE 20~25°C , AHXS W EE 40% ~ 60% , K V4 22 AL AR
W8~12 h 5, T EHAHAEFTHIER L, &K
YL FHIBS AR BT K 1 min (F T ARAINAK)
1.2.2 #RIY

FREBUE PG 224628 B AK T ARIRAR I, KR
PO g e I TERR NG E A ER R, &
W5 25 I PR U P R ) i 8 SR e DA
W PrE AR

(1) HRERHZL

R 1201 PRI I T 2, B BUR E N
70+10°C 90+ 10°C , 42 HUNHA] A 1 h, dEFIf5 = 8
FEAE %8 MR LA S 22 W45 3R A 52 0 5 25 4 S T
[B]24 15 min.30 min,1 h.2 h.3 h, I2BGR E H

FINFE; BRI L R 1:4 1:8,1:16,1:32.1:
64, PEIUE B R 100°C , B2 I ] 1 h B %% MR
VS EA T RSN

(2) IEA 55

PAVG A0 2R 0 8 N DA R 2l B e R
BhR, JEEU ] (A) FEBUREE (B) AR E(C) .
PEBOREL(D) s R 2R 1F 28 5L 00 4 1 S 245 28 L
1,

£1 EXTRFHAEEEER

KO A BRERE, B ERBUREE,  CWRIGRY D ARBOR S
min C 5 w
1 15 80 8 1
2 30 90 10 2
3 60 100 12 3

(3) % M & EE
ZMOCHR[ 24 ) MR & BRI 7 1 Fiek
2 HR B LU R T A R AR I
x2 BIERHG

(e aa Inertsil ODS—3(250 mmx4. 6 mm,5 wm)
FEIL/C 30
A6 I 9K/ nm 225
MBI A/ % LEAERT 2
Wi st B/ % 0. 1% R K R 98

(4) ZW & ki) >

RAORYBLH]  BEEIEACK 10 mL AR ARE K]
FFER 100 mL, 345

TR ) 1 T ]+ A 25 AR BTG 7Kk TR M A 75 48
K ARSI TCOK B FR A BT 5 S R 7. 5% , B I
fiff, HCEE R, TR

Xof HRG ot VA VR T A < FH KA A T 1 ok R
FERIBC S 0. 100 0 mg/mL BV, 5 FH . 2 BIHL O,
0.2.0.4.0.6.0.8.1.0 mL B9 T 25 mL &I,
Jin 2.5 mLAXF@, 184S ,3 min JFEIA 7.5 mL i
M, WKL B2 RS, BAERMET
37°CKIBTH RN 1 h, T 765 nm KA 5E WBOERE

grfilfabrEfh g (1) .

Y = 0.013 8X - 0.000 3 (Ii’2 =0.998 5) (1)

A, X SRy 0 R AR M WA TR R BE , mg/mL; Y
R OCREAE



2025 F 10 B

1.2.3 A F AR

(1)DPPH 525

ZHESCHk [ 26 ] 73, FE il 50.0 weg/ml Ay
DPPH & (B DPPH 5.0 mg & T /K LB,
EAE 100.0 mL, #OGIRLE) o

HRUPY 22 A6 K SR IO 4R W VC X IR R KR
FE 2 IR Y E 5054 5. 00~0. 005 mg/mL ) £ 3]
VW, A 5 B WA H DPPH YW 3 mL 7Y
T RBOR/ i A R C AW AN AR 1 mL,
BETRE (A, ,mL) ;BUGK L8 3 mL 59422462
PRI/ A R C &AL AR 1 mL, & Tk
(A, mL); B DPPH T/EW 3 mL 5 4l fk 7k
1 mL, & T T (A, mL) B IE R ST 5
WEYCRIR 0.5 h, FEPE S 517 nm AW (e,

DPPH- H HEH BRI AL (2) .

P(%) =1-[(A, -A4,)/4,] x 100% (2)

(2) ABTS 5256

ZHESCHR[ 27 ] B9 J7 i, ABTS B:W L il )5 %
TR ROGTICE 24 b, FEFH 95% ZBEAR BEZ 120 435, 0
OGRS 0. 70+0. 02, 55,

HUPG 22 A 2 K SR IO 4 W VC X BE, B K
P2 [ I W) W B 23 514 6..00 ~ 0. 001 mg/mL %
W, KA HL ABTS W2 VA 3. 6 mL 545 R 7
2R/ MR C U 0.4 mL, & T D
(A, ,mL) ;BU95% Z. % 3. 6 mL 5451 i 74 2 46 25/
b % C R AW 0.4 mL, B T T (4,,
mL) ;B ABTS TAE¥ 3.6 mL 54lifk/K 0.4 mL, &
FEH (A, mL) ; UL ESFERIE R SR A 57
RGN 5 min, T 734 nm R UAE

ABTS" [ H 535 B %1155 A L DPPH - F
H—, WK (2)

1.2.4 33Baze

FIH Excel B0 5% I 35 #5256 %4l , 45 5% LU
X+SD 7R, iz | SPSS Statistics 26. 0 34 3t 47
K297 229341 (One—Way ANOVA) | 24 P<0. 05 fif
TN F V2SS, 18 Origin 2024 34221l
Pk,

2 HRE5HM

2.1 HFEFER

PUR A BCEFE R S R R E S 0 K, 1624
TEFFTHE 1 RIFIREE HHARAR 5 3~4 RRF 43762
ZEE A, MR P = ZFKEZ 1.5~1.7 em,
WKL 1.7~2.0 em, A XHAFEW 587,

FTEF OEZRFRERNTI ZREFRIMAELEEHRR - 383 -

K23 d 5B SRR AR b S A A
o LT 4 RSP =625, 52 L7t T
R FIEAS S0
2.2 EHIE
2.2.1 FRFRBELER

FIL RS ES R 1,

1.0

F08t b

b0
E
& 06
o

# 04}
S

-~ .

0.2}

€
50 60

70 80 90 100 110
RBUREE/ C

(a) JEBURBEXT S B2 A5
0.90

076660 70 80 90 100 110
RBUREE/C

(b) S MUl X 2 W A2 (52 )
12

¥ MRHSR/ (mg g ™)
s -
o
(-}

e
o
T

o

c

50 100 150 200
I [B]/min
(o) PEEUHT XS B B AR A5
0.90
=0.85-

e

%

(=
.

LR/ (mg- g
S

e

9

=
T

e

0-65 552060 80_100 120 140 160 180 200
HIU 8] /min

(d) SEHF )X 22 W Ao () 52 )

N ) b

e
00— 12 21 28 35 42 49 56 63 70
we R R

()RR XS MR AR




- 384 - LA AL T

1.00

£ 0.95F

LIS/ (mg- g
o
&

07 14 21 28 35 4/1'2 49 36 63 70
(0) VAR N 2 B3R (0 B
1 REORE REE [ AR EE
ME MR RS BAEENYE

PRI B OO EUE M, T 2R P 22 AR
(R RETT TR T K0, b7 IE 3 MR AL, s
SNV L AR T ROBFFE R, 2 pH N 7 B ARSI
U FE T X BT i ) Bl PR R AT A I 6T AR 55 ~
60°C. i Fif it J32 - i 107 AT, PRk, SR AT 60°C LA | 34
IREEIC, o] i BETT BTG, VY S A 2R PR G
Firb B N AR SR R SR IGR EE Y TS (0. 073 8+
0.021 8)mg/g T+ % (0.935 2+0.001 6) mg/g, >4
TREEIRE] 100°C B, B b G 45 2808 B e i, 79 =
AEZEER ) v 22 B 1523 it o B2 BB RE 1 T i Sl R
JEREA TR, MR IR B 90°C i, Z SRR T
IE{E (0. 850 6+0. 003 5) mg/g.

PLEUAE] . 7E 15~ 60 min B, 8 MR 205
FRE A B IS [ A9 ZE 4 T AS D T =5, KT B )R
60 min I, P4 22 fEZF SR OGS R TR 8 S i L 2 15
RIPRFN e, 7094 (1,109 0+0. 022 8) mg/g il
(0.828 8+0. 002 9) mg/g, HHLHU AL 60 min
J5, 8 MR AR TR, ATREE R T2 b
T 1 LA SER 3 Z2 B Wy AR, 32 8T K it

S nIM ) IS ISl TR R E A E RS S
IEAHSCHE N, 25 R iR 32 A BT, 8 N AR R
(1,152 1+0. 003 8) mg/g, AKLEIE N ZE 64 f5HT, 8
N3 T B I R A B R 32 f5 T, 2 1E %
J7(0.980 4+0. 008 1)mg/g, kLI ZE 64 f5H}, £
(S R T E
2.2.2 EXRBLR

AR R A R BT AVE 22 JE 25 P A 8 N
DL Z WA 2N AR bR i IE 2SR g . FL s A
A LIRA PR R R AL 3G i Bk
B D ERI A, AR BOR B 3 R I
12 f50F, ATl B R 32 A5 PR B . LUiR
HURR] (A) BRIBGREE (B) AR (C) BRI
(D) Fsgmm R FR  IER B SREG R WLE 3,

545 HIZT 2

®3 EXHBHER

B M Z 1
A/ B/

b/ .
7K TR, BER/
min C i K

(mgeg™) (mg-g™)

1 60 90 12 1 0.8425+  1.0219+
0. 0081 0.0074

2 60 100 8 2 0.9676+  1.2638+
0. 0346 0.0143

3 30 80 12 2 0.2243+  1.3068+
0. 0220 0. 0226

4 30 100 10 1 0.9260+  1.0151+
0. 0067 0.0077

5 30 90 8 3 0.6771+  1.3400+
0. 0127 0.0179

6 15 100 12 3 1. 1458+  1.4867+
0. 0037 0. 0320

7 15 80 8 1 0.2314x  0.7796+
0.0018 0.0338

8 60 80 10 3 0.4436+ 1.3891+
0. 0225 0. 0159

9 15 90 10 2 0.3158+  1.2952+
0.0146 0. 1801

RRE DA

K1 1.69 0.90 1.88 2.00
K2 1.83 1.84 1.69 1.51
K3 2.25 3.04 2.21 2.27
R 0.56 2.14 0.53 0.76
i EA)
K1 3.56 3.48 3.38 2.82
K2 3.66 3.66 3.70 3.87
K3 3.67 3.77 3.82 4.22
R 0.11 0.29 0.43 1.40

HEE 3 Al & R 2 8 N A5 R0 AR
WU R B(PRBURE ) >D ($2BUREL) >A (LB E ) >
CEFIMER), it T. 25N AB,C,D,, B $2 B
60 min $EHURE 100°C B FIfG &0 12 5 F2H 3
RS E S A I EATRCE SR I3 88
BO>COHEFMEE) >B(HRBURE) >A ($RHAE])
BT LN AB,C,Dy, BRI 4 HL 60 min | £ B 2
100°C AEFIAT ok 12 £ $H03 IR,

SEEER 4 T 22 W E M, A 1R B R [E] R
A, ,60 min; #2HBUE N B, , 100°C ; B HIfG =N C,,



2025 F 10 B

12 /f%;%%ﬂjlmﬁj\j D3 9E|] 3 D/_(o
x4 HESH

A 0.1714 2 0.0857 286.95  <0.05
B 2.3020 2 1.1510 3852.96  <0.05
C 0. 1425 2 0.0713  238.59  <0.05
D 0. 2963 2 0.1482  495.94  <0.05

ZETFR
A 0. 008 2 0. 004 0.962 i E
B 0. 043 2 0. 021 5.366  <0.05
c 0. 100 2 0. 050 12.496  <0.05
D 1. 060 2 0.530  132.462 <0.05

2.2.3 HiEFEE

PL100°C FEHL 60 min 5 FIfF i 12 £%  $2H 3
WM, AT 3 APATIEE , 25K st T
LM AR F R R DR RN
(1.197 3+0.078 8) mg/g, Z W3 % A (1.569 9+
0.003 3) mg/g, RSD {6 <5%, i T 1IEAZ F H ir A 41
S, FIEAZ SRR AL R AR RS e v AT, T
AT TR 22 AR 8 MR R
2.3 mEMLEHE
2.3.1 DPPH

WK 2 s W BREA 4k 3 C DL KV = AR 2E 4
BU¥A % DPPH - [ H LV BRIDAE 7, W & 1 ey
THRAE ) MG, UL BE ) BSR4V 22 A8 2R R R
VI EEiAH) 5. 00 mg/mL B, DPPH - H FHJL3 bR %k
FITIL. 62% , ~FA il #e & (1C5, ) {4 0.26 mg/mL,
Bk DPPH- [ B ZE A RE J 38 T 74 == fE R 5 TK
BEW

img/%mg- 3L_1)4 56
1—VC; 22— 2 FEHE I
2 WX FRBA A DPPH. B d 2 & R %
2.3.2 ABTS
WA 3 Jros W R 4EE R C DL P 22 JE 2R R

FTEF OEZRFRERNTI ZREFRIMAELEEHRR - 385 -

BA X ABTS" H I HEVE BRI ), Wk BE 8w T
WRBE )R B fL R s, V8 22 A6 2R R I
WeSEH 4,00 mg/mL B, X} ABTS™ [ H 3% 1 75 bR %
1% 95.10% ,1C,, 549 0. 39 mg/mL, Hi# K ABTS" H
R RE F7 580 T 78 2 BB T /KEE B RE 1

< 1.25

//1

[/

i 0.75¢ "2

1T 0 12 3 4
WREE/ (mg - mL)

1—VC ;22— 22 fE 2R I
W3 WAL FRB T ABTS B i 2508 fx &

3 #ig

AR SOG4 A6 ZE AR BT 28 B peE AL P dE A 7
THFE, R FH B 0 T 4 st (R] Y Rl 15 ~
60 min, FHUEEE g 80 ~ 100°C , I FIME =32 1%,
PR EAC R B0 15 2 P8 22 JE 2R i e AR I T 2
S BEBGE B 100°C , $2 BT [E] 60 min, i 7% & 12
£ $2HU3 K, % T AR NI N RS
FH(1.197 3+0.078 8) mg/g, ZHTER K (1. 569 9+
0.003 3)mg/g, PHEALZFEEEY)IERE DPPH - H H
HRY IC, R 0.26 mg/mL; i FR ABTS™ H 31 IC,,
9 0.39 mg/mL,, Hi AT ULV =2 FE 2 4R iU B 3%
LRSI AT M A AR FE A B, SR
Sk HI DPPH - 1 ABTS™ 1Y FI H 515 BR 68 1 M ATy #7
FE— 8 SR B VG 22 A ZE T E B MR
Al N A AR Y 2t [ A5 3], T DPPH
PR ABTS 00 22 19 5 1 9 [ H 36 LT A FH A
PEDO ORBEFE 43 S WA P 2k BRIV 2% 46 2F
PEIUYIAE R DY 0 25 36 AR AR S5 (A5 1 —
5T,

S 3k

[1] Yan L,Zhou G,Shahzad K,et al.Research progress on the utiliza-
tion technology of broccoli stalk ,leaf resources,and the mechanism
of action of its bioactive substances[ J].Frontiers in Plant Science,
2023,14.1138700.

[2] Melim C, Lauro M R, Pires I M, et al.The role of glucosinolates
from cruciferous vegetables ( brassicaceae) in gastrointestinal canc-

ers; From prevention to therapeutics [ J ]. Pharmaceutics, 2022, 14

(1):190.



- 386 - FAX AL L

[3] Vanduchova A, Anzenbacher P, Anzenbacherova E. Isothiocyanate
from broccoli, sulforaphane , and its properties[ J].Journal of Medic-
inal Food,2019,22(2) :121-126.

[4] Park H S,Hwang E S,Choi G Y, et al.Sulforaphane enhances long-
term potentiation and ameliorate scopolamine-induced memory im-
pairment[ J ].Physiology & Behavior,2021 238 ; 113467.

(5] Y EMg, MR AT P 22 0P 8 SRR R S e AL PR
[J]Ab%: TR, 2023, (4) :104-109.

[6] Geng J,Li J,Zhu F,et al.Plant sprout foods: Biological activities,
health benefits, and bioavailability[ J].Journal of Food Biochemis-
try,2025,46(3) : e13777.

[7] Sim H W,Lee W Y, Lee R,et al.The anti-inflammatory effects of

broccoli ( brassica oleracea L.var.italica) sprout extract in RAW
264.7 macrophages and a lipopolysaccharide-induced liver injury
model[ J ]. Current Issues in Molecular Biology, 2023,45(11):
9117-9131.

[8] Holman J M, Colucci L, Baudewyns D, et al. Steamed broccoli
sprouts alleviate DSS-induced inflammation and retain gut microbial
biogeography in mice[ J].mSystems,2023,8(5) :e0053223.

[9] Holman J,Hurd M, Moses P L, et al.Interplay of broccoli/broccoli
sprout bioactives with gut microbiota in reducing inflammation in
inflammatory bowel diseases[ J].The Journal of Nutritional Bio-
chemistry,2023;113:109238.

[10] Gurgul A A, Najjar Y, Chee A, et al. Phenylpropanoid-enriched
broccoli seedling extract can reduce inflammatory markers and pain
behavior[ J |.Journal of Translational Medicine,2023,21( 1) :922.

[11

[

Azarashkan Z ,Motamedzadegan A, Ghorbani-HasanSaraei A, et al.
Investigation of the physicochemical, antioxidant, rheological , and
sensory properties of ricotta cheese enriched with free and nano-en-
capsulated broccoli sprout extract[ J].Food Science & Nutrition,
2022,10(11) :4059-4072.

[12] Wang J,Zhang J,Chen L, et al.Combination of broccoli sprout ex-
tract and zinc provides better protection against intermittent hypoxi-
a-induced cardiomyopathy than monotherapy in mice[ J ].Oxidative
Medicine and Cellular Longevity,2019,:2985901.

[13] Li S,Wu H, Tollefsbol T O.Combined broccoli sprouts and green
tea polyphenols contribute to the prevention of estrogen receptor-
negative mammary cancer via cell cycle arrest and inducing apopto-
sis in HER,/neu mice [ J]. The Journal of Nutrition, 2020, 151
(1):73-84.

[14] Bauman J E,Hsu C H, Centuori S, et al.Randomized crossover trial
evaluating detoxication of tobacco carcinogens by broccoli seed and
sprout extract in heavy smokers [ J ]. Cancer Research, 2021, 81
(13) .LB221.

[15] Lozanovski V J, Polychronidis G, Gross W, et al. Broccoli sprout

supplementation in patients with advanced pancreatic cancer is dif-

ficult despite positive effects—results from the POUDER pilot study

55 45 &IBTF 2

[ J].Investigational New Drugs,2020,38.776-784.

[16] Yun J,Kim J E.Broccoli sprout extract suppresses particulate-mat-
ter-induced matrix-metalloproteinase ( MMP ) -1 and cyclooxygenase
(COy ) -2 expression in human keratinocytes by direct targeting of
p38 MAP kinase[ J ] .Nutrients,2024,16(23) :1-20.

[17] Noble R M N, Jahandideh F, Armstrong E A et al.Broccoli sprouts
promote sex-dependent cardiometabolic health and longevity in
long-evans rats[ J ] .International Journal of Environmental Research
and Public Health,2022,19(20) :13468.

[ 18] Baenas N, Gémez-Jodar I, Moreno D A, et al.Broccoli and radish
sprouts are safe and rich in bioactive phytochemicals| J].Posthar-
vest Biology and Technology,2017,127.60-67.

[19] Bella M C D,Niklas A, Toscano S,et al.Morphometric characteris-
tics, polyphenols and ascorbic acid variation in Brassica oleracea L.
Novel foods: Sprouts, microgreens and baby leaves[ J]. Agronomy,
2020,10(6) :782.

[20] Ebert A W.Sprouts and microgreens—novel food sources for healthy
diets[ J].Plants,2022,11(4) :571.

[21] Miyahira R F,de Lima Pena F,Fabiano G A et al.Changes in phe-
nolic compound and antioxidant activity of germinated broccoli,
wheat, and lentils during simulated gastrointestinal digestion [ J].
Plant Foods for Human Nutrition,2022,77(2) :233-240.

[22] Aloo S 0,0fosu F K, Daliri E B M, et al. UHPLC-ESI-QTOF-MS/
MS metabolite profiling of the antioxidant and antidiabetic activities
of red cabbage and broccoli seeds and sprouts [ J]. Antioxidants
(Basel ) ,2021,10(6) :852.

[23] Rt , R A S FERIX IR A LB B S, 3 2 23
A KSR [ C].2018 4R 20T 207 RE Iyl BebiF 0 & AT 2%
2018.

[24] 2L, 2200, 250, 5. P = B KPP % SRR A9 HPLC 23 B
[J] ARSI, 2016,25(3) :24-28.

[25] iKk#z, X055, 3O 46 B v S 2 s it 8 22 9 S R Y 4 A1
%M#&iﬁ’f\mﬁ'r’ﬂﬂ.%FE1J¢%5T%,2024,44(6) :167-
172.

[26] FRff:, AREIR, 55X, 45 AR S0 B BB B I T 2 K b e AL i
PERFSEL ] ALPEAL T, 2024 ,44(12) :5-6,12.

[27] KM, BRI, Sk 5T, 55 SR B TR F UL Z i i1k & 4k
SMFURATEVERTSE [ 1] E B A A BT, 2024, 43 (12) 243~
51.

[28] Lv X,Meng G,Li W et al.Sulforaphane and its antioxidative effects
in broccoli seeds and sprouts of different cultivars[ J].Food Chem-
istry ,2020,316:126216.

[29] fEigEsE X B , 45, 1Y 22 A b i BTl A6 7 1 Jo M G
REIBFFE 1] B iRt oR 241, 2019,37(5) 198-102.
[30] BALTHH, LGRS - SCF0 Bk Bt | S8 PR SME A L SR A i
M 0 R 2 430 . DPPH AL ABTS[J]. H AL Tk ( rhe

) ,2024,54(7) :866-872. 1



