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Abstract: UV-visible spectrophotometry was employed to establish the most suitable complex chromogenic system for
detecting corn silk total flavonoids (CSTF). CSTF extraction was performed using 60% ethanol as the solvent, and fractional
extraction was undertaken using different polar solvents, which gave the normal hexane (n-hexane), ethyl acetate and
normal butanol (n-BuOH) extracts. Using different types of corn silk flavonoids as reference standards, comparisons were
made with the total flavonoid content of the ethyl acetate and n-BuOH extracts under the NaNO,-A1(NO;),/AlCl;-NaOH and
KAc-Al(NO,),/AICI; complex chromogenic systems. High-performance liquid chromatography (HPLC) was also performed
on the flavonoid content of the ethyl acetate and n-BuOH extracts to identify the most suitable reference standard and
chromogenic system.The flavonoid content of the ethyl acetate and n-BuOH extracts detected by HPLC was 83.45%
and 57.36%, respectively. The comparative results indicated that the KAc-Al(NO,); complex chromogenic system with
rutin as the reference standard was the closest to the CSTF detected by HPLC. In conclusion, the KAc-Al(NO;), complex
chromogenic system was the best method for quantifying the total flavonoid content in corn silk and in each extract, and the
flavonoid content of CSTF extract detected using this method was 1.08%. Therefore, this is a simple and accurate technique
that can serve as a basis for the development, utilization and quality control of corn silk flavonoids.

Key words: corn silk; flavonoids; spectrophotometry; complex chromogenic system; high-performance liquid chromatography
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Ve e R R EE E SR IR G, IR E I,
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1.3.4 1 CSTF & &46 .

1.3.12  #l#EAEFn-BuOHAHLY)

HF 80 B J5 KoK 2 20.00 g, 4% 1.3.1.1 7
EREE, HIEM A I EE T 500 mL FEZARHEH, I
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MR I 53 B 73 $ 5% NaNO, %W 0.30 mL, k%
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JR 541 B0 10% F AINOS,), Y85 3 45 1 2 43 50 10%
(1) AICL; V57 B %505
KAc-AI(NO,)y/AIC, % 4 i th R Ak & 2 4R
L REPUNEMT SRR TR A RO . HERE
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Wz Ko 5 2 mL 0.10 mol/mL ) AI(NO,), V&
% 0.10 mol/mL ] AICL, VAW B 1% 925 .
1.3.2.2  ARIZA O R AR 2 14 ]
NaNO,-AI(NO,),/AICL,-NaOH %% & & 4 J b {4
Fo: O AIHER AL L 1.3.2.1 v L A AR v W 0.00.
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Tol RIS, BRI, ASFES ER % NaNoO, i ik R 11
AR, HIEE 1 F{XFH NaNo, & ik R T
AI(NO,), #B4r HICUER G . 3 1 1 %1, 1F NaNoO,
BERRT, CSTF S0 TRER. MR, &
JLA R AT IE 3 2R I R KA 2 BOR, 47
S 122, 140, 162 #1200 nm, 5XHEBS T 15
KB K i i, XAHZE 14 nm, BT AR 35 6
WRIEHER I R SRR R EM A
2, 791N NaNO, i ik 2 T s 6l 1 b

Kl 1c A1 1d AN KAc & Ak & T A(NO,),
AICL (B EE5 5, ik 1c ME 1d fizn, CSTF Al
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KAc-AICl, (d) RAz{EFRRIZESN - AT E
Fig.1 UV-visible spectrogram of NaNO,-Al(NO;);-NaOH (a), NaNO,-AICL;-NaOH (b), KAc-Al(NO;);(c),
and KAc-AICl, (d) reaction systems

%= 1 NaNO,—-AI(NO,);—~NaOHFIKAc-AICI,
KRR 7 BB KR (nm)
Table 1 The maximum absorption wavelength of NaNO,-
AI(NO;); -NaOH and KAc-AICl, reaction systems (nm)

NaNO,-
AINO),-NaOH ~ RAc-AlCk
&R EHR
A4 RKER RKE RRKR RKEK

Pokk KE ok KE

CSTF %% 496 376
a 3B
2T e 510 14 418 42
FEE & 374 122 338 38
WEE EBREE 356 140 269 107
£JL s
A B 334 162 282 94
R*E T
it o XE 296 200 250 126
,/g\_%_ TR

22 TRE%a L EKANTEd LKL

R 295 MR A AEPIM 28 S RO RN AR R T
HIbRHE TAF th 2ok, ik 2 Al g, 7 TAEPITAMA &
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2.3.1.1 HPLCT{F £k g r

BT, RILEER. KRR, ABRFEER. Hl
FBFR TRE. AR, FAET,. FRER
Gy AVHEAT 2 AERR AR, DABRAES PR (o)
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Table 2 Standard working curve of Rutin, Apigenin, Quercetin, Epicatechin and Anthocyanin under different reaction systems

NaNO,- AI(NO,);-NaOH NaNO,-AlICl,-NaOH

AR

KAc -AI(NO,), KAc -AICl, C

= )2 542 R )2 A2 R’

592 5 42 R )35 A2 R /(ngml)

FT  3=L16x-00115 09997 3=1.1116x-0.0074 0.999 9

y=3.069x+0.0172 0.9997  y=3.2208x-0.0074 09999 7~250

FEE y=11.284x+0.124 5 0.998 0 - - y=15.065x-0.0489 0.999 5 - - 7~250
i &y - - - - - - - - 7~250
%L

e y=1.117 5x+0.1196 0.9923  y=1.199 6x+0.080 5 0.999 0 - - - - 7~250
ﬁg‘;fb - - - y=6.024x+02965 0.990 8  1=8.808 4x+0.2607 0.9941 7~250

& 3 9 MEBEFRMEMAIHPLCHRAE i e KRR

Table 3 Linear regression data of nine main flavonoids in corn silk

LAk HERIEA = )20 42 R*  C/(ug/mL)
BT HEHERF )=24.053x+41474 09999  7~250
FILEE  EHEE )=18.086x+80.487 0.9998  7~250
ARBEFEG HEHEF y=13480x+47363 09998  7~250
MR E  EBABE  p=33.229x+55.328 0.9999  7~250
FRZE #H =37431x-13.8793 09991 7~250
itk E FRE )=66450x+93.549 0.9994 7~250
Fir¥ g ARG )=34.223x-95.556 0.9994  7~250
FRAEE  HEBE )=41.684+10.1787 0.9996 7~250
ABFEE ) 1=50.799+16.7350 0.9979  7~250

2.3.1.2  HPLCHM 43 5 9F T K 20 5 il

¥ EAE 1 n-BuOH 1 Ml ¥ 8 it 0.22 pm JE &
S48 1.3.3.1 M7kt Ar ki, A gs Ran i 2 pr
TN o P R AR 5 b A i PO B T [R) B A T
W 1 YL, RT : 3.64 min, U2 HARREL,
RT : 3.92 min, &3 A )L %, RT: 32.52 min,
W 4 NF5T, RT: 53.30 min, W& 5 Al %2, RT:
59.19 min, U 6 NARBEHEZEK, RT: 66.18 min, g7
NIEHZ, RT: 81.78 min, 1§ 8 NFMZEXK, RT:
82.36 min, U 9 ATNIETEEE, RT : 85.36 min. JL
b g I Fry e Y A0 23 B B2 R 4F o EAE 1 n-BuOH £
TR U 45 B 4n & 2b A1 2¢ Bz, {E EAE ZEHUAN
n-BuOH W, S ERmIIARAEET. K&
VIR TH AR N bR i R S AR, Bl g R
% 4 Fion, EAE A n-BuOH A = 35 85 il 55 &0 )
N 83.45% F1 57.36%

PREAIFIE] / min

b1

2

4 5 8
3 6 7
NM
QM‘J\}\J\,M B
0 10 20 30 40 50 60 70 80 90 100
LREF I E / min

Cl1

2

3 45 6 3
RS NV NE A IS 5
; 16 210 310 410 5]0 610 710 810 9IO l(l)O

LREARS A / min
B2 9 ERMEAMA HPLC BIEE (a) .
EAE ZEU4# HPLC &iE%E (b)) #n
n-BuOH ZEEU# HPLC &i&E (c)
Fig.2 Chromatogram of nine main flavonoids in corn
silk (a), chromatogram of the ethyl acetate extract (b),

chromatogram of the n-BuOH (c)
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& 4 EAERIn-BuOHZEE K FHPLCEMEIM HMN S 8
Table 4 The contents of nine kinds of flavonoids in EAE and n-BuOH extracts determined by HPLC

Ao AREHF RWEE OFT

WEE ABREE  FEE

FREE EhtEE ERWAS

7K /(ng/g) /(ng/g) /g gy /(ugle) /(ng/e) /nge)  /(nge) /(ng/g) /%
EAE 396 147 254 040 31132 55301 23112 19 958 6 960 42 200 5660 83.45
ER2E)
HZ%B%?}; 320 348 206 523 9378 9254 6679 3442 3860 9427 4730 57.36

232 HSRKEERRLALD ERENTEAEF
n-BuOHEBUA ¥ &4 B4

£ NaNO, fl KAc & & R EA R T, MM K
JEFE P, % EAE A1 n-BuOH 1 5 & i & & HE AT R
SN K R S B . o, DU T X B,
NaNO, K R F, EAE &3 HI 5 EiAF] 153.74% Al
138.03%, n-BuOH /2 % i I 5& {8 ik 21| 184.03% A
160.18% ; KAc /A&, AICl, i: EAE fl n-BuOH
REHUR A A R 52 AR 2 105.84% A1 112.48%, 5
SERMEAR SRR . A SCHRIRIE 26 [ B R AEAE BT
SN RN 5 8- S VA (11 2 T SO E [y Tk 7]
SRR AR A AT i ah i, 5y —Af
ARG BRI, XA R DL B RBAR R R R
BRI 52 B K PR S R o AR b 1 B R )
SEHTE, RN NaNO,-AI(NO,),-NaOH A~ g &l
& RIS & .
£ 5 HEREFRMEAEFMN-BUOHERH h A TS 2

Table 5 Spectrophotometric determination of Total

Flavonoids in EAE and n-BuOH extracts

EAE n-BuOH
P ik bS 4. bS48
SE%  AE%

NaNO,-AI(NO,),-NaOH £ 184.03  153.74
NaNO,-AICL-NaOH 3% 160.18  138.03

T
KAc-Al(NO,), % 87.03 61.82
KAc-AICL, % 112.48 105.84
L NaNO,-AI(NO,),-NaOH %  38.23 19.63
FEE
KAc-Al(NO,), i% 29.65 15.96

). NaNO,AINO,)NaOH % 7220  64.64
BRE  NaNO-AICL-NaOH i 6836  52.58

“hait KAc-AI(NO,), % 1927 10.39
X KAc-AICL % 18.34 9.47

HH3% 4 ] %1, HPLC #ll 22 ) EAE 1 n-BuOH
B WA TR S BN 83.45% F1 57.36%. 1445 R
FEAT I8 25 2R ) HPLC vEI & 45 B K, IX AT fg
Sl T TR S, RS AR T, WA o A A A
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PA R AR AN B, AR AN R i 2 25 A 4
¥ro TE EAE Ml n-BuOH 15 & I A7 75 F At 3 i 254
i, DRI TE K A NaNO, 8% KAc P Fl 2% & it 4k
F5E B BT 2 2 # K T 83.45% 1 57.36%. HH
K SATHEN, 5 HPLC VG RBFELMZ ST AS
Y, KAc-AI(NOy), & R TR 1) A& .
W5 A8 — By 32 5k 1 E 3 R 2R i 7E KAc-AL(NOs),
AR R R TR G, BT DA A RTE R
M. DLREPRSR 382 Tbe ISR ) LA 2 M0 e 1 i
RITEWAEE R NS R B AR RS HPLC iEA
SERZNECOR, HENAT B8 H T EA 13 N sl ek
Y, T K2 n-BuOH Al EAE $2EUY) 32 BN 3
B 2R, B SR E—E = R S8 B,
M58 LA T ONARTE i 1) KAc-AI(NO,), 28 CSTF &
I TS
24 CSTF4A &N <

LR T bR e S, R KAc-AINO;), ¥ 52
CSTF & &, HLE 5k, FIME N 1.08%, #
XhRHERZE 0.035%.

x 6 BT AMEBRMKAC-AINO,)ENE S HINSE
Table 6 KAc-Al(NO,); method determination of total flavonoids

HERE  BEF PHME AAARE

/g BE /% % M %1%
1.00 1.12
1.00 1.10
1.00 1.09 1.08 0.04
1.00 1.06
1.00 1.02

3 it

SEAG ST 7 PRI R AER G SR 2D S R
W B 52 B V. B L DAAS [R] 28 7R S i
NS (BT, FRHR. MR, RILER,
WAL ), AR /R R [NaNO,-Al(NO;),/AlCI;-
NaOH 1 KAc-Al(NO,),/AICL] 7 &N EE 5 ) 5 2
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