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Effects of different drying methods on chemical composition and antioxidant
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Abstract: Objective The effects of five drying methods of hot air drying at 40, 50, 60 °C, microwave drying and vacuum freeze-
drying on the quality and composition of Fanhonghua (Crocus sativus) flowers without stigma were studied in order to develop a
production and processing method of flowers with good drying effect, high efficiency and low cost. Methods UPLC-Q-Orbitrap

HRMS was used to compare the material basis of flower samples by different drying methods. At the same time, principal component
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analysis (PCA) and orthogonal partial least square-discriminant analysis (OPLS-DA) were combined to evaluate the quality of flowers
with different drying methods and screen and identify the differential compounds. The contents of four different flavonoids were
determined by UHPLC-MS/MS method. The antioxidant activity of flowers of C. sativus without stigma in vitro was evaluated by
using antioxidant kits. Results A total of 59 common compounds , including one alkaloid, six organic acids, 11 amino acids, two
nucleosides, 33 flavonoids, five terpenoids and one coumarin, were identified from dried flower samples by five drying methods using
UPLC-Q-Orbitrap HRMS. PCA showed that there were differences in the chemical composition of flowers under different drying
methods. A total of 14 differential compounds were identified by OPLS-DA, mainly flavonoids and amino acid compounds. UHPLC-
MS/MS quantitative analysis showed that the contents of kaempferol, kaempferol 3-O-glucoside, quercetin and quercetin 3-O-
glucoside in flower samples by different drying methods were different to some extent. The content of quercetin by microwave drying
samples was the highest (63.07 = 2.69) pg/g. The samples by different drying methods showed antioxidant activity, among which
microwave drying was the most significant. Conclusion Different drying methods significantly affected the quality of flowers of C.
sativus without stigma. Hot air drying and freeze drying have the problem of destroying the internal structure of flowers to varying
degrees, and the active ingredients are easy to be oxidized during the hot air drying process, and the antioxidant capacity of the flowers
is reduced. Microwave dried flowers have significant advantages in color, total flavonoid content, and in vitro antioxidant capacity,
which can be considered as the preferred drying method for the processing of flowers in the production area to support the further
comprehensive development and utilization of flowers without stigma.

Key words: Crocus sativus L.; flowers; drying process; antioxidant; hot air drying; microwave drying; freeze drying; UPLC-Q-
Orbitrap HRMS; principal component analysis; orthogonal partial least squares-discriminant analysis; coumarin; kaempferol;

quercetin; colour and lustre
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Fig. 1 Appearance characters of C. sativus flowers without stigma by different drying methods
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Fig. 2 Total ion flow diagram of UPLC-Q-Exactive MS of mixed reference powder and C. sativus flowers powder without

stigma by five different drying methods in positive and negative ion
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Table2 Common compounds of flowers and stigmas identified

b

36 11218 TR0 Ca7H30016
37 11.284 IiZER-3-0- i H R0 CaHisOn
38 11.304 ZEE}-3-0-F pEF 13160 C27H30016
39 11308 (LM CisH10Os

T 609.14539 -1.21 633.14246,303.049 71,85.028 88, 71.049 80
"~ 46107171 ~1.81 287.05475,269.049 63, 153.018 14,67.018 37  HHHK
© 61115882 ~2.32 449.107 24,287.054 99, 213.054 69, 145.049 80 K
©287.05427 -2.60 287.054 84,259.060 10,241.049 70, 165.018 37 HiHK

P tR_/ &L lER S AR HTRR (ﬁjﬁ A WRET (ml) IYIES
min Bf (X109
1 1230 AR CeHoN30; [M+H]"  156.076 63 —1.19 156.076 75, 110.071 56, 95.060 84, 83.060 93 ZILEK
2 1.295 MEERI CeHuN20: [M+H]"  147.11253 —1.84 130.086 41, 84.081 35, 56.050 21 FARE
3 1.301 FARERRIY CiHsOs  [M—H]" 135.02885 -3.70 135.029 17, 117.018 56,89.023 48, 75.00779  HIEMAE
4 1303 BERI CeHusN:O2 [M+NH]" 175.118 64 -1.09 175.119 08, 116.070 96, 70.065 83, 60.056 38 H ALK
5 1336 &R CsHoNO;  [M+H]" 11607065 040 116.070 83,70.065 78, 68.050 03 R Es
6 1352 RARM CsHNO;  [M-+H]"  148.060 09 —2.96 148.060 42, 130.050 00, 102.055 36, 84.044 94  ZILEK
7 1435 HEARI CsHiNO; [M-+H]" 118.08626 0.03 118.086 53, 100.076 23,72.081 45,55.054 98 ZILEK
8 1441 MRk CeHsN2O  [M+H]™  123.05522 -0.56 123.055 51, 106.029 37, 96.044 85,78.034 41 A4k
9 1485 ARV CoHiNO; [M+H]"  182.08101 —0.91 165.054 60, 136.075 71, 123.044 22,91.054 73 ZAMHK
10 1489 &R R CiHaoN203 [M+NHJJ* 229.154 34 233 229.154 79, 116.070 86, 86.096 99, 70.065 12 ZAMK
11 1491 JRmEHEM CHN.0; [M-+H]  113.03468 111 113.034 53,96.008 19,95.024 15,70.029 21 ##%
12 1499 R CeHisNO; [M+H]"  132.10177 -1.06 132.101 82, 86.096 97, 69.070 55, 58.065 83 BHEMK
13 2,093 WETHRI CHOs  [M—H]"  169.01346 —4.61 169.013 63, 125.023 57,107.01295,83.01284 HHLEAE
14 2101 AHZRK CoHiNO; [M—H]  164.07078 -2.28 166.086 29, 149.059 81, 118.065 78, 103.054 66 HHEEK
15 2473 fafigmspg CsHeN202  [M+H]™  127.04993 -220 127050 05, 110.023 88, 109.028 47, 84.044 73 #HF%
16 3.826 GER CiiHiN20y [M—H]™  203.08197 -3.10  203.082 29, 159.092 33, 116.049 77,74.023 79 &HEMA%
17 4013 HFE-33-ZHFLREFIY CrHxOis [M—H]  641.13337 —3.99 481.096 10,319.044 68,301.032 18, 85.028 96  # i
18 4.025 BRAF-3-0-KHEHY CxsHnOr  [M+H]"  641.17023 —1.55 479.116 18, 359.074 68, 317.065 52, 274.047 15 #Ei%
19 5.060 4-F5H 7K F R CHeOs  [M—H]"  137.02346 -2.99 137.023 74,93.033 65, 65.038 64 ANERE
20 5341 INEM-3-0-H EREL-7-0-RERHD] CsHuOn [MAH]T 75721649 —1.79  345.062 99, 303.049 80, 129.054 66, 85.028 95  FHIK
21 5364 ZEBTERRRY CioHi20s  [M—H]  195.06560 —-3.46 195.066 06, 151.075 90, 136.052 28 EpINES
22 6905 KHR CHeO:  [M—H]" 121.02847 —4.01 121.028 69, 108.020 81,93.033 73,91.01759  HHLEK
23 7467 BRI CisHioOs  [M+H]"  273.03180 —1.68 319.044 71,271.039 28, 217.049 39, 153.018 30 ik
24 7476 BME-3-0-M LA R0 CoHxOi  [M+H]  481.09672 —1.80 319.044 65,245.044 11, 153.018 30, 85.028 98  # i
25 71761 ZHILER-3-0-CRE Y CoHnOu [M—H]”  449.108 62 —0.65 421.113 62, 287.056 27, 259.061 34, 125.023 63 #Hi%
26 8.056 WWAM-3-0-£EFHEH-7-0- CyuHuOn [M—H] 75520793  4.93 449.10773,287.054 81, 153.018 37,85.028 98  # %%
ML B (13160

27 8.067 Mt &K-3-0- B30 CyHxO1r [M—H]”  625.13963 -1.96 303.049 68, 300.030 00, 271.023 70 HEIE
28 8.257 “EMiE R0 CisHnO7  [M—H]"  303.05092 —0.38 259.060 15, 231.065 26, 153.018 33, 149.023 50 #fiE
29 8270 “EM K R-7-A E RHELO CaHnOn [M—H]"  465.10334 -1.16 465.103 03, 285.040 47,303.051 27, 151.003 07 &
30 8.996 FHRAALEITS CiHsO7  [M+H]"  331.17434 —2.44 169.122 38, 151.118 20, 123.117 07, 109.101 59 2k
31 9.296 M i &-3-0- 7 E o) CoHxOn [M—H]  463.08785 —-2.59 303.049 77,229.049 48, 153.018 37,85.028 98  # %
32 9.538 IIZE-3,7- -0 R FEF11316] CrHxO16 [M+H]"  611.15882 —1.39 449.107 64, 329.065 89, 287.054 87, 153.018 05 #Hi%
3310124 RRZE3,7-Z-0-MEHE BT CsHpOy  [MAH] 66315190 0.05 479.118 99, 317.065 40, 285.039 06, 153.018 31 Hifi%
3410484 7 RER-3-0-LAMEH CpHnOn [M+H]"  479.11746 -1.59 317.065 40, 302.041 75, 285.038 70, 85.028 95 #i ik
35 10.820 5 % -3-0- BRI CuHxOn  [M—H]"  449.108 73 —0.46 449.109 47, 152.010 89, 151.003 08, 107.013 05 #f2k

[M—H]

[M—H]

[M+H]

[M+H]
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£2 (&)
" a4 pra Nr AT RE HITRT B R
min KA BY (X109 (mlz)

40 11405 FEER CisHsOs  [MAH]" 269.044 21 -0.89  269.044 19, 241.049 36, 139.054 50, 103.054 49 FEH%E
41 11466 X7 R CoHs03;  [M—H]™ 163.03926 —4.94 165.054 84, 147.044 14, 119.049 44, 91.054 77 FHEE
4213201 IIZF-3-0-R T30 CaiHOn0 [M+H]™ 433.111 54 =3.20 287.054 84, 129.054 76, 85.028 98, 71.049 80  #fi2t
43 13317 IWZH-3-0- TR TF-O-FTH AR CyHasO1s [M—H]™ 579.13528 —1.01 579.136 23, 284.032 87, 229.050 42, 151.003 01 HHH%
4413793 R REE-3-0-ZF R CasHnO16 [M—H]™ 623.161 62 —0.19 479.115 84, 317.065 40, 302.042 05, 274.047 36 #HH2L
45 13.844 IIAF-3-0-H & U316 CaHxOn [M+H]" 449.10623 -3.14 287.055 15, 258.052 25, 213.054 47, 165.018 63 #HH2L
46 14.157 TGHLALRENT1S) CioHis0 [M+H]" 15111159 —0.98 151.111 82, 107.085 95, 105.070 31, 81.07049 K
47 14339 WWZEM-3-0-EFHI0 CoH3001s [MA-H]" 595.163 88 —2.74  449.108 67, 287.054 75, 213.055 00, 129.054 73 ¥
48 14359 I AF-7-0-H & U316 CaHxOn [M+H]" 449.10692 —2.03 287.054 93, 269.045 99, 258.052 37, 213.054 28 #f2t
49 15.050 B E-3-0-ML R R E-6'- L BRBE61) CosHapO13 [M—H]™ 505.098 77 —0.01 303.049 62, 187.060 27, 153.018 22, 127.039 14 #HH%
50 16.684 M &-7-0-H B RE ) CaHnOn [M—H]™ 433.11380 —0.54 271.061 43, 177.019 10, 151.003 10, 119.049 45 #H2t
51 16.948 FHE-3-0-H BRI CaHxOno [M+H]" 433.11232 =120 271.059 78, 153.018 22, 119.049 18 HFIR
52 19.819 Hipz K161 CisH1007 [M—H]™ 319.04601 —0.82 301.03577,178.998 23, 151.003 11, 121.028 82 # {2
53 19.840 FRARI CieHO7 [M+H]" 317.06500 —1.88 317.065 19,302.041 81,229.049 42, 153.018 16 #Hi
54 21.404 P4 ACH 1072 CaHesO2s [M—H] 97537105 -0.44 651.266 42, 327.160 40, 283.170 35, 239.180 48 5%
55 21410 FHLLAEH 072 CHuOw [M—H] 65126379 -3.12 47321561, 329.174 47,311.163 88, 293.153 32 #5%
56 21.773 F4LAERRIT CaoH240s [M—H]™ 327.15997 —0.64 265.15820, 211.111 05, 197.095 47, 157.100 80 2
57 22.989 Hlif R CisHi20s [M—H]™ 271.06091 —1.25 273.075 84, 153.018 36, 147.044 22, 119.049 50 #HH2%
58 23271 M &-3-HEHI10 CigH1207 [M—H]™ 31505072 —0.97 315.050 60, 300.026 89, 271.024 20, 25.029 60  #HH2%
59 29.804 Hilf E-3-0-R M -7-0- A BELFI316) CyrH0016 [MHH]™ 62819342 -0.94  465.100 59, 303.049 71, 153.018 22, 85.028 97 %k

A B4 E @ R 40 CTHE 03 b BirE
81 .7 B AR50 C TR 4 '.' ~. o
4 A AR 60 CTI ; o 0° 0o® o
5 0] & BT _ | @©® o oo o &
S 7 'y > = o ©
= ] ; i @ (@]
" : 0.1 ® q° 00
—4 - { . .
1 e)
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—81 -0.3
, ‘ i s e 5
-10 =5 0 5 10 -0.2 —0.1 0 0.1 0.2
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Fig. 3 PCA scores and loading diagram of Crocus sativus flowers without stigma by different drying methods

E: 14~16min, 80%Z.ffE; 16~17 min, 80%~5%
ZHE; 17~18min, 5%ZNE; AR SuL; AR
& 0.4 mL/min. #£§7 MRM f FHHTIE. 75
TI3HT o B S BRI FMINE A B E R 35,
40. 40psi (1psi=6894.757 Pa). ALJE HIES 1%
55 B R ANYRIGE 43754 5500 V A1 450 C, 9 Ry
FrAT IS HIffE MRM S50U03% 4 Fiok. HES X
W E MRM N AN 105 90 s 7o 43 I T fR
R A] . HdE i Analyst™ 1.6.3 B4 USCEEFI 20 HT
254 ZPEXRFRFEHE IR “2.527 BUR L &

ST HE SR VET, DA 50% LB NIEFE R R 7 A
ANFEFRRAREE, 32 RF A % “2.5.3”
T~ UHPLC-MS/MS 24t Wl A~ [R1 46 B2 VR 5 % HEE
it FH B B U TR AR o LIK HEL it o Ak P A I AR A
(X0, WETHRUME NS (V) LhlbrdEdh 2k, HHT4k
PERNETHE, SEEFE S5 R 2 Y=7.469 8
X+3307.628, R2=0.999 5, £t 100.3~20900.0
ng/mL; LI 25/ Y=73.738 2 X+43 783.200 0, R>=
0.998 3, Z&MEVEl 96.96~20 200.00 ng/mL; 111
y-3-O-/ i Ml Y=47.3347X+22816.643 1, R2=
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Fig. 4 OPLS-DA score plots and S-plot of C. sativus flowers without stigma powder with different drying methods

0.997 8, £kt 254.4~84 800.0 ng/mL; i &-
3-O-HEPEE Y=97.966 4 X+5 044.368 54, R*=
0.997 1, £ty 47.8~15920.0ng/mL; 45 E W]
25y, (LM -3-0- &M Wl & Mt ER-3-
O-HI & HEE BT FE REIIRT 0.997 DL |, 2tk
KRERLF,

255 FEEERLS IR R R ARSI AT 2
T, ELEIERE 6 £, SR KRILER . 1L EMH-3-0-

HIEREET . MR 25, M 3R -3-O- B AT R g T AR
RSD 754 2.80%- 3.89%. 2.55%-. 3.81%, i&%
PRI 2 R R A

256 HEEMIRE MR “2.5.27 TUFKIHIE T
AT ) 8 B LLAL AL SKAE ST TR I 6 1
IR “2.5.3”7 TUR (g 24 ME 6 At mnid il L
AWy I AW-3-0- AR MR, i R-3-0-
AR AR, R R ARAE D 2R S B S
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®3 SHAETFRGERBERRY

Table 3 Common components of flowers by five different drying methods

fr/min & SR WS TET(m/z) | w/min &Y T ST RS T(miz)
1230 LR CsHoN3O2 156.076 63 1499 L-Fo% i CoHi3NO2 132.101 77
1.301  L-F3hERR C4HzOs 135.028 85 2,101  L-FHAEER CoHiNO2 164.070 78
1.303  DL-WEIR CsH1aN4O2 185.118 64 9.296 Mt &-3-O- &MY CuH2012 463.087 85
1336 D-(H)-HEEE  CsHoNO:» 116.070 65 11.380 1l Zf C1sH100s 287.054 78
1352 L-BAMR CsHoNO4 148.060 09 13.844  (LWZE®-3-O-# &P CaH200n 449.107 48
1435 L-(H)-8EK  CsHuNO2 118.086 26 19.819  #it = CisHi007 319.046 01
1459  DL-BSE R CoH1NO3 182.081 01 22.989 M ER C15H120s 271.060 91

Fz4 4 MEMLEY MRM 0 &4
Table 4 MRM detection conditions for four flavonoid compounds

WE r/min XS FHE BEET QD) TET (Q3) LEHEL (DP)YV fifEdiE (CEYV WlE T

Wit 3 -3-O- M B BT 3.61 464.4 463.0 300.0 -165 —40 [M—H]

M -3-O-HEMEE  3.89 448.4 4472 255.0 -170 -55 [M—H]~

M e 2= 5.12 302.2 303.3 285.2 80 32 [M—+H]*

HIESL) 6.11 286.2 287.1 153.0 180 30 [M+H]*

[¥) RSD fH. Z5RRHILAER . (LA&m-3-0-% %
MR iR R -3-0- 71 4 B T2 4> B0 RSD
SN 3.08%- 3.62%- 3.12%- 3.64%, HE MR IF.
257 FEtEilie MRS “2.5.27 TR RIS
T LACTAESLAC AL MIF M, #5I] “2.5.37 TR &
A E, A 0L 2. 4. 6. 8. 104 12, 24
h &y, I&EE-3-OFE M. MR v =-
3-O-F s MEEF I THIAR 1) RSD fH, 45 81 25y, 122
Fy-3-O-7F1 2 HEEF . Mt B 2= it R -3-0- I & HE T
W THAR RSD 43 HIA 2.71%- 3.61%- 3.94%- 2.29%,
HER VAR AE 24 h W AGE M BT .

258 MFEEMSGRES  FEEFREL 6 0 Tl E 4L
LRI AR 0.05 g0 RN —E Rl 25
Wy 1L 25T0)-3-O-F6 & M . M 25 #iH R 3-3-0-7
HIEE AR IR, IRA S, IR 92,527 TR
BVFRATH G, IR €2.5.37 TN GG AT
W, THEREREI. (LIZEm . (L Zm-3-0-5 & b
. Wi R iR 2-3-0- & RInAE RN R 4y
A& 98.93%. 100.90%. 101.20%- 102.34%, RSD
AN 1.90%. 2.49%. 2.77%- 1.68%.

259 EEMR. AWK H 2527 TUNREAS X
MR, 50% B B HERE 4% IR “2.5.37 T
IR TIE, 10T T R S R R 1)
Pefl, 415 5 omBEAIg 2 sm fE Z Lh 20k 3 f5 {5 L
AT 10 FE G LUAE R PR A e PR, 45 R 1L 251

Ll ZEWy-3-O-H G F T Wit 31 M 31 -3-O- 1 i bk
TR HBR 254 159.6+ 17.8. 3.8, 100.0 ng/mL, &
R4 319.2. 888.0. 188.0. 200.0 ng/mL. 4%
BRI, I8 7RIS B 7 VA H SR AN 75 1 =R
/N T FRUE R BOAS H PR AN E PR, 358 7 VA 2
% 4 PR SV R S, Refig i e & &
D 5E 1 75 2L

2510 FEEME B S MORFEITFE RO
FRESLAETRE SRR “2.5.27 TR 7 ik R A
W, TR “2.5.37 WU AT 20 b, il SR T .
MRIELRME R RS LAy 125y 3-O-H & hE
W= MR 3-O- R B HEH 4 Fhe iR ik S0
TEFMITEE EZ5 (ANOVA). HLALEM
SKAEHAE M S B R NE S,

5 HACSAE S L 25 1 22 -3-O-F A Y
Wt 3R\ Wi R -3-O- R B AFE R 2 5o R
50 CHEFEIN 60 CHLE. A 40 CTHRFIE
TR R MR EER, T
L 2R A BUR E m T R 4 TR
25y 3-O- %) 08 H 1 5T 5 4 O = B ARSI
T T > K 50 CHE>HUR 40 CT >
K60 CTHE>AERTHE, HrhHX 60 CH M4
BRI 50 CHEFG TR B3 %=
Tt o MR R BT R B v B S s T4 >
PR 60 CTIE> K 40 CT45> A T8> #UA
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x5 FRFBREZEEELERERD 4 HREELEY
MEE (Xxs,n=3)

Table 5 Contents of four flavonoids in C. sativus flowers

without stigma by different drying methods (X £ s,n=3)

R 6 FETEREEERLAEREIMIELEE
(Xts,n=3)
Table 6 Antioxidant capacity of C. sativus flowers without
stigma by different drying methods in vitro (X £ s, n=3)

e H (ugg™)

- mz%fé} 3-0- - W#&% 3-0-
BT IR

A 40 C 16.77£0.04* 36.68+0.94° 4.9440.10° 10.4840.24

A 50 °C 22.05£1.12° 62.94+0.15> 2.5240.07* 13.8140.02¢

A 60 °C 20.33£0.40° 20461270 5.5440.03> 5.1240.72

T 36.8121.66° 63.07£2.69° 42.8710.63¢ 12.760.30°

AT 165710210 16.08+1.49* 5.39+0.06* 3.95+0.14

50 CHHE, Hp3R 60 CTEEMA G
REZR, WO TR = R E SO E . HUA
60 CTEFNAZR TR FUR 50 C AN T Ig
Wi e 25 -3-O- 7 ) B 1) i 2 o0 BOAFAE B35 22
Jii 5 53 B i BUIHEZ A B T8 > #x. 50 CF
JE> IR 40 CT > UK 60 C T 45> A T1
AT, BT R v R R S e A R
VIR AR, B G b OR B A AR Y
2.6 RIMAEEMITEMN
26.1 PRHEMIEFREET) BEBHENERIEER
FH I R RIS B B8 i e R i e B . AN [ R
mi 0.1 g SO 1 mL $EBGHEHEATUKI 21 2%, 10 000
r/min, 4 CEC> 10 min, B EIERE K EAFN . ¥
1.5 mL ANF ARSI 1.35 mL $2H H
FIFWAC NI EE (4w, WWHERE, BT 37 C
1 R B IR FEUERA S 60 min. 10 000 t/min, 7 iR 2
> 10 min, BU% EIHBNE 536 nm AL FIROGEE (4D,
SPAT 3 4o ASHIIFE S BC AT IR (A ), 7510
IKFEZS AR (A 200 B H BIEEERRE AT
B ZEMREHIER R E RT . AETR
TEFAE RSN 2 1 E 2R AT BR B8 0 M e B HE
BN T4 > VR T8 > TR, 40 °C 48> #UX
50 CHEE>HI 60 CT, HHX 40 CHLE.
PR 50 CTFHE HI 60 CTFHE. WETH: 4 FhF
BEITEAFIERE S, WO B2 B AR
BrAE B EE T A 4 R TR TE (R 6).
FREHEERE = pa—A w4 20— A ww)
2.6.2 DPPH HHAJERREE/) DPPH H HEEM)IH
B MR E SR R e e iR S e 2. A
6] 1A 0.05 g I 1 mL $2HUR T 40 “CKiB4A
tR 4R 30 min, 10000 r/min, iR B> 10 min, HY

I

oy H HETE R R /%
T T
Bk DPPH ABTS
R 40 T 50.61+7.14° 87.89+1.71* 79.0340.38°
R 50 C 38.81+7.06° 86.3110.58* 80.8241.37°
R 60 C  34.9241.02° 88.14+2.11*° 82.9340.31°
TR 79.68+1.41° 82.68+0.82¢  85.3140.42°
BT 50.81+5.87¢ 87.49+1.19* 84.23+0.40°

EERE UK BRI B 10 pL AN R TR I R RE
TRT 190 uLDPPH #3C NI B (A4 wa), WIE
TRA], HIEBOLEE 30 min, WE 515 nm 4L 4
8. PLIC/K ZFEACE DPPH A E NIRRT (A4 ),
FERCHAE BB AES AT (4 24). DPPH
H 3G RREA R, ZE R EHE R E
(IRRFPAE FH o 5 FPAN [F) )8 07 1 24 kA 2 % DPPH
H NSRBI IR EES, HRREHA
T 80% (£ 6), VLHH 5 FHIE 725 Re IR EE oMk
TEZe % DPPH H 34k 30 58

DPPH HHZEERE=1—(4 wa—A wu)/A =
2.6.3 ABTS HHZEIERAEET) ABTS HHEME
B MR B R BT B e e 1R Sl e 2. A
[E] TR 0.05 g IIAN 1 mL $RBUR T 40 C/K¥B
TR HE 30 min, 10 000 t/min, FEiE %0 10 min,
I FERB UK BRI K 10 pL ASFETFEEI A RRE
AVETRIIN 190 pL ABTS ¥ 0C AMEE (4 #a),
FEAMIRE], FIRBOLEE 6 min, J5E 405 nm 4bF
WERE . RIS U A, DA R AR A AR
ABTS AT NG (4 ), 2K S B XF
B (4 20). ABTS HHIEERFIZARXIM. 128
P RGBT 18 € AR P . AT RITIE S
SLAEZXT ABTS H HIZE TS BR AE 71 M 2R HES
OB T8 > W R TR > HUR 60 CHIE>HK 50 C
TFHE>HA 40 CTPR, Hh Rk TRAHK 60 C
TSR A0 CTEAHIN 50 C IR E 2
S, XF ABTS H HIEFITERRZAE 85% A . kT
W 7320 DAL I B DR B i dE Sk AE 20t ABTS H 2k
AR RE S (R 6).

ABTS HHIEFRFE =1 pun—A4 9w)/4 =
3 g

ANTE) T4 7 10068 B AL AE 2R S A2 AP AR
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Fig. 5 Pathways of flavonoid content in C. sativus flowers without stigma
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