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Effects of different drying methods on flavonoids content and antioxidant
activity of Epimedii Folium
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Abstract: Objective To investigate the effects of different drying methods on the flavonoids content and antioxidant activity of
Epimedii Folium (EF), so as to optimize the best drying method for EF. Methods A total of 12 samples were prepared by freeze-
drying, shade drying, microwave drying, stir-frying, shade drying after steaming and drying at different temperatures (50, 75, 100, 125,
150, 175, and 200 “C). The flavonoids content, alcohol extract content, the ratio of the total peak area of the fingerprint to the volume
of the sample (ratio of sum) and free radical scavenging rate were used as the indexes for detection. Results Drying method had a
great influence on the contents of five flavonoids, epimedin A, epimedin B, epimedin C, icariin, and baohuoside I, the microwave-dried
(S10) sample had the highest contents of five flavonoids. The freeze-dried sample (S8) had the highest contents of total flavonoids and
alcohol extracts. The ratio of sum of dried sample at 175 “C (S6) was the highest. It was found that the microwave-dried sample (S10)
had the highest comprehensive score based on the above four indexes. The free radical scavenging experiments showed that microwave-
dried sample (S10) had the strongest scavenging ability on DPPH free radical and superoxide anion free radical, while the high-
temperature dried sample (S5—S7) had the strongest scavenging ability on hydroxyl free radical. Conclusion Considering the
content of flavonoids and antioxidant activity, microwave drying is recommended as the best drying method for EF, but whether
microwave drying can be used in the industrial production of EF remains to be further studied.
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Table 1 Different drying methods and required time of Epimedii Folium

M5 Fo7 FriamtiE | s FI577 50 Fraaitlal | s F77 0 T A it A
S1 50 ‘CHEF 1h S5 150 CHT 5 min S9 M+ 44
S2 75 ‘CHEF 47 min S6 175 CHEF 4 min S10 TR T 3 min
S3 100 CHET 31 min S7 200 CHET 3 min S11 150 CTIBT 6 min
S4 125 CHEF 16 min S8 PRI 24 h S12 #%1h, Y&, BT 1h+4d
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=2 KOMELER (Xts,n=3)
Table 2 Moisture measurement results (X £ S, n=3)

i EKEY% | T BKEMY% | RS BKEY%
SI  7.07£0.14| S5 531£0.14|S9  5.52+0.40
S2  6.83+£037| S6 4.73£0.07 | SI0  4.43%0.03
S3  6.53%0.11| S7 3.68+0.07 | SI1  6.31£0.20
S4 5.82+0.18| S8 5.82+0.92| S12  7.47£0.01

TR A XS T VA

233 il BiEHCN Agilent Zorbax Eclipse
XDB-Cis #£ (250 mm X 4.6 mm, 5 pm); A 30 °C;
HEFER 10 pL; KK 270 nm; JRBEHA K-8,
VEMREF S (P EZGH) 2020 FRGEFE TR &
TR R (0 2 7 vEN, Bl 0~29 min, 25% 4,
i§: 29~30min, 25%~41%Z.fi; 30~55min, 41%
NG BRI 1.

234 ZMEXRRFER M ERIBA XIS E
FCR TR AR (B E A 1.15. 2.30. 4.61.

9.22. 18.44. 36.88. 73.75. 147.50. 295.00. 590.00
ng/mL; FAEEE B: 1.05. 2.11. 4.22. 8.44. 16.88.
33.75. 67.50. 135.00. 270.00. 540.00 pg/mL; &7
5E C: 0.98. 1.95. 3.91. 7.81. 15.63. 31.25. 62.50.
125.00. 250.00. 500.00 pg/mL; ¥EF#1F: 0.97.

1.94.3.88.7.75.15.50.31.00- 62.00 124.00. 248.00.,
496.00 pg/mL; FHEH 1: 1.01. 2.01. 4.02. 8.05.
16.09. 32.19. 64.38. 128.75. 257.50+ 515.00 pg/mL),
TENBAH ETEA 10 pl, AR Ve [ AR 2o ) b o fh 42,
HATENYERNA, 15 5 Fhssear iR E 7 R e it Y
I RINEHEE € A Y=1150.9X—137.38, R2=0.999 3,
LR MEVEE 2.30~590.00 ug/mL; FHEEE BY=1341.6
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Fig. 1 HPLC of blank solvent (A), mixed reference
substances (B), and Epimedii Folium sample (C)

X—171.33, R?=0.999 2, ZkM:Vull 2.11~540.00
png/mL; FHEE C Y=1 1904 X—122.67, R*=
0.999 3, Z&MVEM 1.95~500.00 pg/mL; ¥EFFEF
Y=1593.3X—193.31, R?=0.999 0, £kt {5 [ 1.94~
496.00 ug/mL; FHH 1Y=22583X—14844, R*=
0.999 5, Z&MVEH 1.01~515.00 pg/mL.
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AR T, AR BV 7 BT H R % Bl 2R i B
SER LR 3. (P EZH) 2020 RN E PR HE 204
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SV ECSG HE it i 4 0+ 100+ 200+ 300 400+ 500 pL,
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PR A 5 N R AR
243 ZMXRARFELK DFHBEFKRE, 7£270nm
WA TN SR R RIS IR (4D
B, WE 3K, BCPFIME, DA 8 56 IR ) 5
BIREENBALER (XD, A EANRES (V), ZHilbr
e 2L, HEATZERNE, 3 EIHT7FE Y=36.877 X—
0.027 5, R*=0.996 0, &GN 0.005~0.025
mg/mL.

244 FESIE  RESRAELS SR 50 pL, B
T 5smL &, IMHPREERZRZIE, B WiE 4
B, “PAT 34, R AETHSERSE, 5580
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F=3 STHEERSMELER (XLs,n=3)

Table 3 Determination results of five kinds of flavonoids ( X £ S, n = 3)

M5 HIET A%  HIEEBY%  FIEEC%  EFEEE/%  AMENSEYY%  FEEU% S MhEiSEY%
S1 0244001 0274000  0.76+0.01  0.52+0.01 1.7940.02 0.7240.01 2.5140.02
S2 0314001 0354001  126+0.03  0.85+0.01 2.78+0.04 0.6240.01 3.3940.03
S3 0.2940.00 0334000  1.11+002  0.76+0.00 2.4940.02 0.5940.00 3.0940.02
S4 02940.01 0344000  1.04+004  0.76+0.05 2.4240.08 0.6140.01 3.04+0.29
S5 0.00£0.00  0.16+0.00  0.00+0.00  0.28+0.02 0.4440.08 1.8340.05 2.2740.07
S6 0.000.00  0.15+0.00  0.00+0.00  0.280.00 0.4340.01 2.4740.17 2.9040.16
S7 0.000.00  0.15+0.00  0.00+0.00  0.23+0.01 0.3940.01 2.1840.03 2.5640.04
S8 02640.00 0314000 0974002  0.69+0.02 2.2340.02 0.7840.01 3.0140.03
S9 0324001 0374001 1454005  0.9940.00 3.1340.05 0.5040.00 3.6340.03
SI0 0354001 0404001  1.90+0.03  1.3440.08 4.0040.08 0.4440.01 4.434+0.18
SI1  026+0.01 0302000 0904002  0.6940.00 2.1540.02 0.7640.02 2.9140.12
SI2 028+0.00 0334000 0974001  1.3540.02 2.9140.03 1.060.02 3.9840.05

Fon (hEZ) 2020 SERRR T LM BRPRERY IR € A~C MNEFET 4 FHE R S8

“denote the total amount of for flavonoids, epimedin A—C and icariin, which are the indicator components of Epimedii Folium in the Chinese

Pharmacopoeia (2020)

K 4. (P EZGHL) 2020 FEROME TR 28 10 A8 TR
BT 5.0%, BIER 4, AFETET R0
12 MR BRI o Y R IR, B
FEAAE (9.061+0.15) %~ (10.39+0.11) %, HH
AURTIEFE M (S8) FITIE T4 M (S10) IR
Pl B o
2.5 EEREHMIEENE

Fo (rpEZGHL) 2020 AFERRPYHS 2201 TR RI#A
RS, gE R LR 40 RNETET TR EE M
FR YR HE (16.25+10.57) %~ (29.72+
0.13) %, mRBtTFES (S5~S7) MENR HY& &
PUET 20%, AEETEFESS (S8 KIER HY & &
i, IAE] 29.72%.
2.6 IEWENLEHR
2.6.1 Al [\ “2.3.17 i,

R4 DAMAMEBEREMEE (Xts,n=3)

Table 4 Total flavones and alcohol extract contents (X S,

n=3)

Fedh SEE% BER A% R SRR % B A%
SI  9.73+0.14 28.22+0.72|S7  9.061+0.15 16.27+0.32
S2 10.23£0.20 28.50+0.67| S8 10.39£0.11 29.72+0.13
S3  9.80%0.14 28.56+0.61|S9  9.98+0.25 26.86+0.32
S4  9.98+0.14 27.74+0.91| S10 10.3340.14 27.49+0.85
S5 9.41%0.18 16.25+0.57| S11  9.90+0.20 26.54+0.59
S6  9.601+0.21 17.06+0.56| S12  9.3940.25 22.69+0.53

2.6.2 k%M AIEHCN Agilent Zorbax Eclipse
XDB-Cis (250 mmX4.6 mm, 5pum); FEi 20 C;
AR | mL/min; AR 20 pLs Bl 270
nm; BN 0.5% SRR - EE- 0 Heliifs
¥ 25 CHRIRGERY, TEIETREE, BRI S,

2.6.3 FROUENEIES R EE RN % “2.6.27 T
TEREEANE, 15 12 AR TS EE
BRI fR GBI . ARSLIR AR E T 12 M,
SRR R (B 2), FriIAE T HA 3 A,

x5 PERARER

Table 5 Gradient elution program

t/min 0.5% LR KT % HEE/% LK%
0 88 0 12
30 75 0 25
45 75 0 25
45.01 65.5 11 23.5
53 65.5 11 235
55 61 4 35
75 61 4 35
77 65 0 35
85 65 0 35
95 50 0 50
105 0 0 100
110 0 0 100
117 88 0 12
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Fig. 2 HPLC of blank solvent (A), mixed reference
substances (B), shade drying sample (C) and sample dried at
200 'C (D)
RINFAEE B (5 S8, WFEEH (6 F1&) M
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W5 /b LTI/, 50 min DL 2L 06 U T A 484
n, Forbig 12 CREEH D IIEER, 7 50~55 min,

X-new peak  *this peak is a non-common peak

,u;g”yw M&M,M“w

HELT 1 ANHTIE Xo SR S A iR AL B AR
LA T EREE 2 (R, B2 HEE (RAEE E A,
R E By W C FIVREET) WX T C7 40
HIEINE, BN TARBER (R8T AL ST B,
BZEREIL LT I MR D, IR R
WATER 1 A0, FAIREILE 4, BRI
FR T AE S S 7 R AR ) I A R B R 2 [ S A
TERALI I G202, B A LA FE i — 0 7

B 12 ARG W 1 FE AT T —fh Ab HEL,
SERWEE 6. AL, SEMET (S5~S9) FEMIMTE
SRS R I I LB A s, e 175 CHETAE
i (S6) HFLA U ) LUAB AT i
27 FEEESTRER

RO BEWHFEPRHL GV, W AFET
f 7 O B IR R o B B ISR A R . AR BT AR
SPESREE TP E Y, DRI (LS Mk
s S gt A 40 4, SRS RN 30 4y, R
WIS EN 10 5, BTS20 4, 343 100 47,
AP INLEE TS =5 FhEmE & 2R/ 5 F
T S BN X 40 + (2 T R B/ R K S B
)X 30+ (B ) & B/ KERIR & B X 10+
(FLAB AN/ B K ELAE AN X 20, 425803 RINE 7,
ATDLEH, Sl TR (S10) L& 150 B,
IEE T 92.50, [FUk, 8 EE2E R A R IE T
W77 O T
28 MEMIEMNE
2.8.1 RS [\ “23.17 i
2.8.2 WMEHE

A
J«,\f_,___u MJLJLA_AJ
Pl A
S S W AU
0 16.96 33.92 50.87 67.83 84.79 101.75 118.71

t/min

3 AETFEANELEELR
Fig.3 Comparison of fingerprint of different drying modes
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4 BABHRUHEET

Fig. 4 Transformation of icariin into baohuoside I

* 6 e EIEHAIEEERRSEELLERN (Xts,n=3)

Table 6 Sum of ratio of common peak area to sample weight

in fingerprint (X £ S, n=3)

v FA W Ve T B 5 PR B ‘n HA W e T B 5 PR
(LA AT (1) LA AT (I —4k)
S1 0.96+0.02 S7 1.53+0.01
S2 1.04£0.02 S8 1.03+0.06
S3 0.97+0.02 S9 1.00£0.05
S4 0.98+0.04 S10 1.10+0.04
S5 1.37£0.03 S11 1.03£0.03
S6 1.65+0.05 S12 1.16+0.00

xR1 ZEBY
Table 7 Composite scores
et ZRE1E) | B ZGEES | B SR/
S1 72.04 S5 69.75 S9 82.79
S2 82.38 S6 79.63 S10 92.50
S3 77.53 S7 73.31 S11 76.33
S4 77.56 S8 79.72 S12 84.85

(1) DPPH H HH2E75E B SLaa 21221, R 5% 72 B
1 mL %k 10 £5)5 ALK A S 1 mL 80 pg/mL
DPPH R TVEH, #8251, @R 30 min, LA
RN AHIME, £ 517 om HEKTFME 4 8
(4D FFCEARE AR, WE 4 1E (40), R
AREHIEERE=>1—41/40)i1% DPPH H it
TEERE, BAFERES 30, RPIIE.

(2) ¥ HHMEREERRR22: BEHR R
0.2mL, KM R [20 mmol/L pH 7.4 [FREER
MW, 2.67 mmol/L i A k%HE, 100 mmol/L &
“ %Y 2.1 (EDTA)] 0.6 mL. 0.4 mmol/L fAHR R
TWARREEW 0.2 mLy 10 mmol/L i8S AW 0.2
mL, 7E 37 °C/KIB I 15min, FE 500N 1%H67
REZI]R (TBA) HEM 2% =" L (TCA)
WA 1 mL, &b RM, SR 53K 15 min J5
AHEER, UZEBACHZEAAZE, 75 5320m [
E AMH (A1), F# CEARE A, ME 4 18 (40),

S

WA AN, HIEMET 3 4, KFHHE.
(3) AN T H HEER LR, A
FH 3 TE W) R BT R F I (PMIS) -1 J5 R4 4 TONADH)
ARP AR, HTRAREIIME (NBT) &R
Mo B 1 mL, JIA Tris-HCL 20K (16
mmol/L, pH 8.0). NADH-2Na (338 mmol/L). PMS
(30 mmol/L)+ NBT (72 mmol/L) #% 1mL, 215,
FEZ RSN 5 min, FZRKEEE, 1E 560 nm Z&3
E A ME (4, FM SRl dh, T5E 4 (8 (40D,
WA, FAMREREE 37, RPIHME.
2.8.3  PUAEATE LSS R KAEROCE T AF T
107 SPGB 2 B S IO B 2R 75 B g
ARRZESR, AR T AR (S9) K 4R
Bkt DPPH H s A A P& 1 B R AT B e
J1EGE, SR TR (S5~S7) Ik L EEHE )
e H RIS EREE I RE, SERNEE 8. T HE
— PR EIRAR, ARSI R M W B aRiE
(partial least square method, PLS) X} 12 MFEEA[)$5
SUEITE AN B S RS AT T AR AT, DA
FEGOR 3 il HEZERTE ROV E (1), DL&L
FE il B SR W45 S0 3 o A I F e T AR SRR R
EEoVE R (O BTG, PR ILE 5. 12 M3t
gt 6 ML DPPH H HAEERRFR 2 1EH
K AMHINE 1L 2, 5~7. 12, HAg s, 6. 1247
RINEREEE By BFEEHMEET 1. 5 MEAKS
® 8 EFERCERIGEMRBBIFMIER (Xts,
n=3)
Table 8 Comparison of free radical scavenging activities of
Epimedii Folium dilute ethanol extract (XS, n=3)

- THERA%
DPPH HH%: BEAEBME SBENETHHEE

S1 25.09+1.67 23.28+1.14 62.3940.70
S2 26544283  21.1240.79 71.00+£7.07
S3 20384393  18.08+1.01 66.27+6.58
S4 27.14+£2.92  19.58+0.67 67.441+0.69
S5 13.40+£3.93  34.54+2.11 42.71£2.00
S6 26.88+4.94  33.12+1.63 4427+7.43
S7 21284026  36.96+0.40 44.55+1.43
S8 22524277  26.68+1.93 72.30+4.29
S9 29.74+0.44  23.46+0.32 70.28+0.90
S10  3137+5.01 18.95+1.26 75.94+4.65
S11 24194280 22.15+1.80 64.30+1.94
S12 27524247  20.55+0.80 68.44+2.75
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