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Abstract

Prepare Forsythia leaf powders with average particle sizes of 60 mesh, 150 mesh, 250 mesh, and 450
mesh, respectively, to study their physicochemical properties and antioxidant activity. The results
indicate that as the particle size of the powder decreases, the swelling power, water solubility, oil-
holding capacity, tap density, and water-holding capacity significantly increase, while the bulk den-
sity decreases. Over time, the dissolution amounts of flavonoids, proteins, and polysaccharides in the
four particle sizes of Forsythia leaf powders gradually increase, reaching maximum values of 25.65
mg/mL, 445.3 mg/mL, and 0.03 mg/mL, respectively. At a concentration of 5 mg/mL and a mesh size
of 450, the Forsythia leaf powder exhibits scavenging rates of 67.6% for ABTS radicals, 81.3% for
DPPH radicals, and 71.5% for hydroxyl radicals, with a reducing power of 1.72. This study can pro-
vide a reference for the full development and utilization of Forsythia leaf resources.
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L

AIRAF; E G NE 0P TDSA: WIFPUARHE R A IR AT IEF 28 K ds RE-52AA: R IZRA ML
ST AVETR KA HHS: LR SEA R AR TR0 UV-721: Bl RS CRA
BRZAH]

2.3. LW H*

2.3.1. HRF&E
B HAE 3500 r/min [FFEE FREE 5 min, S3EEMMHHDN A, B A FE H B RS2
BLEESSF1N 604 1504 250+ 450 H FIEMMKHAR, % H.

2.3.2. B RBNE

(1) MEZRK JoilsE12]

I3 S FRECAS [FDRL S (3 I Ry R 2% 1 g, BT ZIEEE . N 20 mL 81K, RAIRGER, =
HEE 24 h, 0SMOR SRR BRAE R RO R R WK 7

(mL/g) = (V wx —V pa)/m pa (1)

(2) K¥EPEN E[13]

PR 1 g FERE T ZIEMRE T, mHEFmzEEK 25 mL, 80°C &M NHEIIH+: 30 4050, SRIGTE
TN 4500 r/min PS5 FESO 15 mine 48 FIEMREIARFRILG, TEEEEBSEE, AEHERE. 1T
SRR R 7K IE VR A R

(g/g2) = (W szmpess — W osiem)/W s 2)

(3) FEAKIIHIME[14]

TEBS O S FREL 1 g BE S, KRR BRR L 1:25 (W/V)I LB B, 7045 # 30 min, 25
£ 25°C. ARJEH A OB E] 4500 r/min, I1A24 15 min &0, &5 E NIUEY, FROEEOERMPE
VI E R, HEHTIds. MR EK TR AR W T

(g/g) = (W parzmes — W zmee— Wopa)/W pa 3)

(4) Fr I sE15]

SMEEHRRI 1 g #E 5, 1% 1:20 BB SAEAR M SR G, WiEEY 30s, T FifE 1h J51E
B LHLEEHE N 4500 r/min ({26 AF R B0 15 min, JEPTHER . FREEOE ULLOEM BRI R E. &
TR AR FE I BT A W F

(g/2) = (W marmpos — W apes— W e )/W gn “)

(5) HERVE FZRIMIE[15]

I3 AAEA ZVEE VS PRI 1 g FEdh, EEIFICSRaaE i R AR P o5 AR AR o TSR R R R M
B LI o~ 2N R

g/mL = (m #a/V a) (5)

(6) RS L HIMIE[15]

Y FREORE i 1 g, AR ZIFERVE A N IR B R0 R AR AR TR, B S s oy
RAEE TG AR JE R AR IR S BT S A T

(g/mL) =m pa/(V msiwann — V moskans) (6)

2.3.3. RBEATE
BAREL 1 g ANFRRARFERHR A, 07K 100 mL 52 B & W51, fERE N 70°C 444 T 450
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# 5min. 10min. 30 min. 60 min. 90 min, ZR/5EHATHIE, (RAFIEM, FEXHIEM H B E 2R S
ATV PR VR AT A I 22 B AT

(1) ZHEBLRE61TTE, KRG E S & Bl 7 TlE . EBE5 T brdEs, BUf
25mL N 6 K, &4k 1 B—u ik, #AEETHEERT 10min, 510 nm &AM 2RO, LA BN
PALFR(Y), TR ABALAR(X), fFEIETFEN Y =0.0553X +0.005, R>=0.991.,

Table 1. Rutin standard curve reaction system

= 1. AT iR R AR

A 1 2 3 4 5 H6
PRI (mL) 0 1 2 3 4 5
ZFE(mL) 6 5 4 3 2 1
ML AER4M(mL) 1 1 1 1 1 1
THERER(mL) 1 1 1 1 1 1
A H(mL) 10 10 10 10 10 10
ZET87K (mL) 7 7 7 7 7 7

BYAS [ L )52 50 P SR RV - S5 mL, AN 1 mL ZEEVATR(60%) % 6 mL, MRy 5% 0 itd B4
W 1 mL, VB2, 58 E, N 1 mL ) 10%MAHERES VAW, HikEa2), 10 085, N 10 mL 45%
[) NaOH %5, /17 mL Z&18/KE] 25 mL, #£5)EHE 10 min, 7E 510 nm R IE1E.

() AIEEER A ER A DRI E[17]. RHAREL 0.1 g 4+ IMiE & AN 100 mL &,
IR BC bR o SR RO E N 1000 pg/ mL. %72 2 WESTE 6 > 25 mL FIVE iz — I NIRF, K i
ARG, BRE S BETE 595 nm AT EROGE . LA A EUADAEAR(Y), JREIRE B ALFR(X), 13E
A2 Y = 0.0041X +0.0087, R>=0.9933. HUAN AR AL IE R R IEH A 1 mL, A 5 mL % S
WA, BA)JEHE Smin, fF 595 nm FlEWRGE.

Table 2. Bovine serum albumin standard curve reaction system

F 2. FMEBEEBELR MIER

A 1 2 3 4 5 H6
PRI (mL) 0 0.02 0.04 0.06 0.08 0.10
Z5187K (mL) 1 0.98 0.96 0.94 0.92 0.90

% L 5 (mL) 5.0 5.0 5.0 5.0 5.0 5.0
HH WS (ng/mL) 0 20 40 60 80 100

(3) FIFHZE®y - BRERVEIN E Al vAME 2 P & 818]. B 5 mg U A FEFRUE B3 25 mL B BT,
FEINZRK AT, TR RRE N 0.1 mg/mL HIFRUER &AM . #ER 74 25 mL 5, R¥EE 3 B8
IMNER . IREETE 40°CRBH M 30 min, PR 10 min, 7EJK 490 nm A e GE. PLAEN
PALFR(Y), TR ARTAAFR(X), BEIFFFEN Y =92.464X +0.0139, R?=0.9976,

2.3.4. iR LEMAINE

F 70%H) Z. BB BIREE A 5. 2.5, 1.25. 0.625. 0.3125 mg/mL HIAFRARE M IH-# RIS T 30°C R
A REL 30 min, SRJ57E 3500 r/min B0 15 mine B IS .
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Table 3. Glucose standard curve reaction system

3. AEREER% R Bk &R

i H

2 3 E 4 S % 6

s

B E B
PRI (mL) 0 0.2 0.4 0.6 0.8 1.0
78 187K(mL) 1 0.8 0.6 0.4 0.2 0
2RI (mL) 1 1 1 1 1 1
WRBRIR(mL) 5 5 5 5 5 5
4 R ¥ (mg/mL) 0 0.001 0.002 0.003 0.004 0.005

(1) ABTS H HEERRZE N E[19]

BCE ABTS W A 7 mmol/L, HIAIS B BRE VAW 2.45 mmol/L 55 & +E, 25°C NELIRIE 16~18
AN o A FH AT TE 7K R R EROGAE N 0.7 + 0.02. BUAR RV ERE SRR 0.15 mL, 23 BTN
BN, MAMEER ABTS ¥ 2.85 mL, 7£25°C F XM 10 min, 734 nm KM EHROGIE . KR L
0.15 mL ZESAEWAENFE . ABTS H HEEBRERM T E AR T

ABTS H HEEERRE (%) = (1 — A/Az) x 100% (7
Hor: ACAFESARITRCREEE: Ay N IR TR .

(2) DPPH H H 235 B 2 1)l 2 [20]

FEHAFRE DPPH [ 0.004 g THebirh, FE/K BRI €24 100 mL, FEAEEI H @R TE
I o 1A TR A B8 e SRR R o, DS T LR 4

Table 4. DPPH radical scavenging rate sample addition table
% 4. DPPH B HAEBREMER

5 R
Fori 26 AN [ B2 PR LM YA/ Ve 20 pll + DPPH 9% 180 pL
X HEZH 20 pL /K 2.8 + DPPH VAW 180 pL
FHEHA Ta7K 2,1 200 pL

FEMECAAE NS 30 min, T 540 nm A AL ZERFARA Il OD {, DPPH H HHZEEERRFIHE AKX
R
ODXvJ i ODﬁ—lﬁ': x100% (8)
OD;sy —OD.y
Hef: OD wu AERMELE Ve OLEE: OD «n NZ AN RALROEEME: OD wu AT HRFLR N EAE .

(3) FdkE HIIERR RN E([21]

73 5l 1 60% £ I K SRR VA AR IS [ B, BB & o 7E 96 FLBRH RN 10 mmol/L (1)
IK#E 60 uL 2.5 mmol/L #5/% 60 uL. 3.6 mmol/L H&E 2k 60 uL. kiAW 60 pL F1 0.88 mmol/L
Hy0, 60 uL. LRI SIHRT 10s, (ESIEWBIRST, 75 37°CHH TR 20 min, T 490 nm i <AL I & #
mBOGRE A, FVENIE LA 60 uL ZEE(70%) A A M VA IS 1023 VRO EE Ao FTEL 60 pL ZETR/KAE
H,0, JG IIFE IO RE Axo, AEFAIE FIHE, AXUF:

PR HERERRE (%) = {[A, — A, — A ]/A,} x100% ©)

4) BRI E22], WA 5.

DPPH H HIZET5 R (%) =
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Table 5. Reducing power assay sample addition table

5. WRDEGMEMAER

B gE| B &2 3 4 ES5
F %9 (mL) 1 1 1 1 1
1% F A (mL) 0.125 0.125 0.125 0.125 0.125
10% =S £ F(mL) 0.125 0.125 0.125 0.125 0.125
A (mL) 1.5 1.5 1.5 1.5 1.5

BINBREALE S, T 50°CHUKGFAE T RN 20 min, SRJE KGRI =5 LR A EACERIE MO TR 1t R
H)51. T 700 nm PAAEDE RO GAE -
3. GRS N
3.1. PR RANE

3.1.1. BEKHRMIE
Wk 1R, BEEEEH ARSI, K TEARTIE R, 450 B R HEIMRY R 1
i A% 60 HIFIIEK T 63.15%, #5150 H A1 250 A KB4 HIEEK T 30.3%F1 10.1%.

12 ¢
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® 08 f
on
E 06 |
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Figure 1. Measurement results of swelling power of Forsythia leaf powder with different particle sizes

1. TR A R B RN E LR

3.1.2. FKRHERIMIE
wlE 2 B, 450 HiErfB R I/KEMES 60 B ARAXT L, /KSR 7 17.5%, MAE 150 H A

250 HWi 25 HAH &,
3.1.3. #KDANE

W] 3 fro , B RLAR RO/ R R 2R R4 K I EEAN BT I8 K, 78 60 H I F5 7K /7 /N 2.368 mg/mL,
£ 450 HIHAFK F1355) T 4.031 mg/mL, 60 HIEK T 70%.
3.1.4. FHNORMUE

Wi 4 Fros, ERIR R I RR I BEE RS IR NEARWIE K, 7E 450 HI AR mmis® 7
3319 mL/g, 60 HEfHEMM T 61.6%.
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Figure 2. Measurement results of water solubility of Forsythia leat powder with different particle sizes
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Figure 3. Measurement results of water-holding capacity of Forsythia leaf powder with different particle sizes

3. NERLEERM R FFK DN ELER
35
3.0
25

20

¥/ (mL/g)
o

1.0

05

0.0

0 150 250 450
H¥% (H)

Figure 4. Measurement results of oil-holding capacity of Forsythia leaf powder with different particle sizes
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3.1.5. B ERNE

W s fis, SRR 60 B MRS 578 450 B R MRS AR, /N T 61.3%, BEE
TESUI MY AR AR/, FR R BEEE AR A3k, BRAS Tk AR ORI B HERL,  HoR R
FRANR GRS E iR, WA SPECEMEE LU T %,

0.6
05
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03
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0.2 r

01

0.0 - : : :
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H¥% (H)

Figure 5. Measurement results of bulk density of Forsythia leaf powder with different particle sizes

5. TEIRLEEE R 1) R R RO E 4R

3.1.6. REFERMNE
Wk 6 Fan, 1E 450 B EER R KR SE % E N 4.03 g/mL, %60 H I T 89%, Ifi 150
H A1 250 H B 4R 5255 A 22 16%.

45
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Figure 6. Measurement results of tap density of Forsythia leaf powder with different particle sizes

6. FRIRIE SR IR EE MM LA R

3.2. AL E

3.2.1. EHEHEANE
Wl 7 FroR, A AR N SR I RO, B I (R AN, DU A R R R SR
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—HK, EikE 25.65 mg/mL.
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Figure 7. Measurement results of flavonoid dissolution content

E 7. REALENELSR

3.2.2. AIRMERRHENNE
W 8 Fraw, FEFIRY AR A R T R R R NN W N, B TR, DR B
HANEMM R EABHE - EIG K, &Sk F] 4453 mg/mL.

—*%—60H —a—150H —=—250H —e—450H
450 ¢
445
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415
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395

AEHESEE (ng/mL)
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Figure 8. Measurement results of soluble protein dissolution content
8. AAMERARSHENNESER
3.23. AR SRR ENNE
s 9 Fow, B RAR N R 2R rh RV I 22 Bl L AR AN I, BEE I TR A 8E o, DY
ot F SR R A R 2 BV HH R — B OR, BRZAE 450 FHIFIAF] 0.03 mg/mL.
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Figure 9. Measurement results of soluble polysaccharide dissolution content

B9 WiAMEZEEHERNNELSR

33. MENFEERNE
3.3.1. ABTS BEEBBRERMNE

B 10 T2, B A % R B EROAR TR 38 KRR ARRLAR 98/, SR A R X ABTS H HH R T R 2
FEARWE K, Hod 450 3R RAEWE N 5 mg/mL I % ABTS B HIEiERFE R B, N 67.6%.

—%—60H —A— 150 —e—250H —®—450F —e— Vc
80 r

70

40

30 |

BBRE (%)

20
10 ¢

0.3125 0.625 1.25 2.5 5

WE (mg/mL)

Figure 10. Measurement results of ABTS radical scavenging rate

[# 10. ABTS BEEEBBRENNESER

3.3.2. DPPH BHEERFRNE
B 11\ %, BEEMARER H AWK, &Mk ARXT DPPH H HEERR B 2 E LA
B, Hoh 450 MR KWK N 5 mg/mL % DPPH H H13E 175 45 %A 81.3%.
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Figure 11. Measurement results of DPPH radical scavenging rate

11. DPPH EHEBRERNELER

3.3.3. BEEBAREBRERDE
FH L 12 AT%n, JEFRMIMR ARG 2 36 ) HH 2 37 R 2R B A i Ik P2 3 n e 38 K, v 450 B 750 M-8
RIEIRE N S mg/mL B X FE H HIEERERIE 71.5%.

—»%—60H —aA—150F —e—250H —®—450H —e—Vc
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70
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40 r
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20 r
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Figure 12. Measurement results of hydroxyl radical scavenging rate

12. AEBHEFREIMELSR

3.3.4. BRI E
EHPE 13 AT, FE S RO B BE & R R 38 I i AN AR K, Jrp 450 H &R oRIEIRIEA S
mg/mL I [FUR IR R 738 1,72
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Figure 13. Measurement results of reducing power

B 13. 2ERNEMELER

4. e ELER

ARFFEERFH, 450 HRAE FRERMTM AR 60 HML, KK T 63.15%. KiEHEE T
17.5%- FE 3G T 61.6%. PRILEFEHEINT 89%. HEFVHEEW /N T 61.3% Fr/AKIBIEINT 70%; bl
IS AT RGN, DURRRE B2 R R R T K B SR 5T 2 MBI BB K, femi e ik B T 25.65
mg/mL. 4453 mg/mL. 0.03 mg/mL; FEIKEAN Smg/mL. HE N 450 B, &Mk AN ABTS H %
SRR %N 67.6% % DPPH [ H1EE TS RR 20y 81.3% A X 12 A B G RE A 71.5%, 3 Hik 5 ik
F 1.72.

AUb Al O, R R AR AR N, A A T B E R R B EAIE I . AT T I 2
FER AR LB AR -

EHEUmHE

P 1% 2 e Bt = B TR 550 H (20YSZX03); 7 ¥ TR 1R T H (2022-2-0001)5 7745 2 Bt 2 1 i ) 3
BDL AL EE 2 THIH (22KYZX09);  BE VG4 KA QLH LI 2R iR H (8202311396057)
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