547 % T i Tl B Vol. 47 No.7
2026 4F 4 H Science and Technology of Food Industry Apr. 2026

JEOT, BRI, DY, A5 VY 2L AER T N R BRI A AU SO PR S PR (0] A LR, 2026, 47(7):
422-430. doi: 10.13386/j.issn1002-0306.2025030361

TANG Wan, LAI Fuli, HAO Guifang, et al. Optimization of the Extraction Process of Extract Containing Sulforaphane from Broccoli
Seeds and Evaluation of Its Immunomodulatory Activity[J]. Science and Technology of Food Industry, 2026, 47(7): 422—430. (in
Chinese with English abstract). doi: 10.13386/].issn11002-0306.2025030361

-ErSReE -

2R FE MRERBYIH S T2 &
ﬁEﬁ% 30 PR

(1.éj;ﬁ$7ﬂ£’w\\é] , wP z@ﬁwi 3 w)ﬁgiv«;ci ;éfub/é; ﬁ,ﬂ;’zﬁ #19b X8 435100;
2.3 e 2 L RG] B 5 435000)

.

S

H EARTBEZRMN TP MAERERRIEFS A LR ERETIN, ABZRMNTHRM, ERTHR
o, CERRE. RIET, RIUR L AR IBUL %!m‘?l RERBRZEY heg AL, B3 ERKRHRRIEA
HETHRM; RAHD &L RBREEANSZ PAEIRBRDLIZ AT EREFTIFN. EREW: ARk
1:22 (g:mL) , TEEARFBURE 10%, kﬂlﬂi’lﬁllh RICREZ A0 C, BP2LRWIEEHTE FMAEFRFER
#, M 1824mg/g. %IEEWITFMLEREY, é;&xaihﬁ-ﬁ?d%é’a%:fﬁwé—i SF MNRAGZRMATREME
& (200 pgmL) . F (100 pgmL) Rz EARERDL & B mBAEEARR, £F (100 pgmL) . 1K
(50 ug/mL) FlZ@BA T @ty ik &hak, £5 (200 ug/mL) .+ (100 ug/mL) . A& (50 ug/mL) &
WMARFHREMBR Y EXEWD K, BINE NATORERRIZANA LR FRIFN, HEDIFHARE
B RARAET iR &}%m

EREBEIAAT, Y FAREA, BRI EMA, BRIFE, L e B %95 IR
FE4r3ES:TS201.1 XERFRIRAD: A XEHS:1002-0306(2026)07—-0422—09
DOI: 10.13386/).iss11002-0306.2025030361 A3 FF:

Optimization of the Extraction Process of Extract Containing
Sulforaphane from Broccoli Seeds and Evaluation
of Its Immunomodulatory Activity

TANG Wan', LAI Fuli', HAO Guifang', CHEN Yang', SHI Wanyin', WANG Suqin’, WANG Zhe',
YANG Qiang', XU Jian""

(1.Jing Brang Co., Ltd., Hubei Key Lab for Quality and Safety Control of Traditional Chinese Medicine
and Healthcare Food, Daye 435100, China;
2.Jing Brand Chizhengtang Pharmaceutical Co., Ltd., Huangshi 435000, China)

Abstract: In order to investigate the optimal extraction process of sulforaphane from broccoli seeds and evaluate its
immunomodulatory activity, broccoli seeds as the raw material, the effects of parameters including solid-liquid ratio,
ethanol concentration, extraction time, extraction temperature and extraction times on the yield of sulforaphane were
examined. The parameters were optimized by orthogonal experimental design. The immunomodulatory activity of its
extract contains sulforaphane was explored based on the immunodeficiency zebrafish model. The results indicated that the
highest yield of sulforaphane was 18.24 mg/g under the conditions of a 1:22 g/mL solid-liquid ratio, ethanol concentration
of 10%, 1 h of extraction time, 40 °C of extraction temperature and two extraction circles. The immunomodulatory activity

tests showed that the extract contains sulforaphane had strong immunomodulatory activity and could significantly enhanced
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macrophage phagocytosis in zebrafish at high dosage (200 pg/mL) and medium dosage (100 pg/mL), improve T cell

reduction at medium dosage (100 pg/mL) and low dosage (50 pg/mL), and improve neutropenia at high dosage

(200 pg/mL), medium dosage (100 pg/mL) and low dosage (50 pg/mL). By optimizing the extraction process of

sulforaphane from broccoli seeds and evaluating its immunomodulatory activity, the study provided a theoretical and

practical basis for the research and application of the extract contains sulforaphane.

Key words: broccoli seeds; sulforaphane; extraction process optimization; extraction yield; zebrafish model; immune

activity evaluation
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Table 1 Factor-level of orthogonal experiment
. SN
*r KRG (gimL)  ZBEABIE (%) SRBURIE(C) SRR (h)
1 1:18 10 40 0.5
2 1:22 20 45 1.0
3 1:26 30 50 1.5
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Fig.1 Effect of liquid to material ratio (A), extraction
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temperature (B), ethanol concentration (C), extraction
time (D) on yield of extraction rate of sulforaphane
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Table 2 Orthogonal experiment design and result analysis

. A s .c D e

iR ﬂ%ztt SRR MR }fém%& LB ] (mg/g)
(g:mL) (%) (c) (h)

1 1:18 10 40 0.5 15.63

2 1:18 20 45 1.0 14.49

3 1:18 30 50 1.5 13.35

4 1:22 10 50 1.0 15.50

5 1:22 20 40 1.5 13.69

6 1:22 30 45 0.5 13.45

7 1:26 10 45 1.5 14.88

8 1:26 20 50 0.5 14.77

9 1:26 30 40 1.0 14.06
¥ifE1 14.45 15.29 14.82 14.67
2 1472 14.72 14.37 14.68
¥i{E3 14.57 13.72 14.54 14.38
2 0.27 1.57 0.45 0.30

M 2 G L R T LU ), £ E e
WKRIR N« £ e B >4 IOl B > 48 IR ] > Vg Lk,
i L AT 4 SRR ALB,C D, N AR EAA:
HE, WI2EHAEVE 2B R TP 8 DR SR IR
2k BRR B 1:22 ZEFERFIRE 10% . HEHUR RS
40 °C. $&HXHTTE] 1 he
23 T ZUESEEURELL

¥ AR A T A ST 3R BUEGIE, B 3 WP
A7, PUEAEFF i 8 DRSPS 15.06+
0.17 mg/g($2HL 1 ), ART S50 1 F1 4, FET IS
XHRARL G SE50LH 1. S50 4 SRR T
BIAIE, 2555 FIFRIL 10, 20, 30 g PH2EEFFTFHIKR,
FRAEEFREL 3 07, B4R 3L 9 28 S5 [R] B F
ATEEEL, 2 MR RIS RSB AN E] 2 iR, fefE T
A MRS 15.3740.11 mg/g, = TEE804H 1
(15.10+0.10 mg/g) FISZH4H 4(15.03+0.13 mg/g), It
HANF ARV, RNZ T2 G301, feinfE:
T A4 N T ER B B LAk, a5 SR E 3 o,

SEA
SIG2H
B2 $REGR I E S IR

Fig.2 Extract experiments of conditional repeated verification

PRS- (mg/g)

PEICEL
K3 N[ HROCEOR RIS A5
Fig.3 Effect of different extraction times
on the extraction yield

PEHC 4 ¥ 15 R 53 51 e 1537, 2.87, 0.48,
0.05 mg/g, LG AHXT PRI A TSR A=y il 22808
SNAR, VerE PRI 2 IRECHAGEL, A MR AR B
USR8 18.24 mg/g.

FEAWTFELE R I JLAFAH W 5 iR 47 e
X, ZEIRANR 3 s RABZAEPI PR MR
PRI TAHF T A3, S0HT R AT BB HAR I
Iy i S A AL S IRUAA SR T, O HAESE
HBAR ZR TP BRI EE A D, SR TR MR
PRI Ao A RS, XM REZAZIFSE rh B S5l ok
A LA LA, (U 2515 S5 i o A4 AR I
S ) A A R T PR EAR Y; HR s s M
FARU AR T AT, X —4E Rt —2 PRI
WFFE P PEIO R BR, B N SR AR B e, JF
HERB T AT S22 3008

3 AW EAHITRCRA

Table 3 Comparison of this result with relevant research achievements

¥ JERL FHARRIE S PR W MR RS R
1 Vi FhFRIE, 10% B, BRI EET: 22, 40 “CHARTRFZIL h 15.3740.11 mg/g(AWF5Y)
2 (V7SS PG 22 AERh TR S5 A TR, 258 T /K30 CHH#4 h, Z BRI 3.1 mg/g!"
3 P22 AER T JKAEIRIEE39 °C, BRI 5.8 h, VRN 40.07 me/g, RHE1L1:35 6.41 mg/gl"®
4 Vi A 12 h, BEfEpHA 7, BEFRENA L R 1 4, BEAFIRE30 °C 6.71 mg/g!""
5 [iE=viasine ] IRIMSMIERG, pHA S, BT 68 min, 275 A IR 36 °C 155.376+0.48 pg/g'®
7 [y WAL FE S MR RS A A B PG > A6 25, 1 I AT TG TE, $ G g R 6.72 mg/g"®"
8 VA S it fre st ()8 h, WEARERA L 2, B pHT.0 6.682 mg/g?
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24 WS &EEEIETIEETN

2.4.1 VAR B IR A BE S £4 1 MTC %
2 S B Rrb 25 38 B X B B A S5 MTC
FEPEE FRR Sy 2000 pg/mLPY, 235§ HH 7 52 56 45
B, BoRHE M 1000 ng/mL [6] B BUE . ARHE
P U X A AR R BT A1 A5 S M DL AR 4 T
TN GEW MR VE L AEFP T HE B TE 1000 pg/mL B
B BT, AR N R B e K MTC R 5
S 200 pg/mL, B bR E X R R MTC 3R B R
10 ng/mL,

2.42 RIFEVEAMEVEDIROTM SRR
FFi [FE AN CIAERTE G R 3 X 0 G2 I R AR,
LD CIAERAE S S 40, B W 4B i & 4 e 2 D i
FWEDCIHER . BE S RN RER DGR S5 E
I3 240 0 A W D B s S PP I s 2 A A Sy o 0 2
A, SRR IR iE R g b B R oy, A i
2 B2, I 2 A e e R e A . A3
HOARMG . AR R P WRRIA T4 . = 5 4HE

100
#
~80F
<_ %75
EHEH * * %*
=
2
i
N NI 4
IS
SMIROMIOMEN
PiEAERh T % MRE
g ie 7]
SEYRLH B

P4 7Y 2= AR UNT E Wa 2 FA I05 S BR 14 52 el
Fig.4 Effect of broccoli seed extract on the phagocytic function
of macrophages
i *RR SR 2 SR 22 5 3 (P<0.05), **RR S g Al
SRR 22 5 0 (P<0.01); #3 R 5 IE W 4 22 57 W

#(P<0.05), 51 6. 41 8 [A]..

MR 5 P AR SR D REAEFF D LA PR S a0, an
& 4 FIE 5 Fias, 5155 4AH b, AR ZE AR PN 28 561
BRECEL I Wk 22, UL R BT i B VR M A i D e
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Fig.5 Residual fluorescent microspheres in zebrafish treated
with broccoli seed extract
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Table 4 Investigation of the MTC of broccoli seed extract in three zebrafish models
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Fig.6 Evaluation of the improvement effect of broccoli seed
extract on neutropenia
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Fig.7 Fluorescence intensity of T cells in zebrafish treated
with broccoli seed extract
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Fig.8 Evaluation of the improvement effect of broccoli seed
extract on T cell cytopenia
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Fig.9 Fluorescence intensity of T cells in zebrafish treated with
broccoli seed extract
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