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Validation of the HPLC Analysis Method for Cyanidin-3-O-Glucoside
as a Marker Compound of Purple Corn Husk Extract
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ABSTRACT

Cyanidin-3-O-glucoside (C3G) was selected as a marker compound to standardize the husk extract of purple corn for
potential applications in food and functional ingredient development. An analytical method for C3G was established and
validated using high-performance liquid chromatography with photodiode array detection (HPLC-PDA). The method showed
specificity because the retention time and spectrum of the C3G standard solution matched those of the purple corn husk
extract. The method showed high specificity because the retention time and UV spectrum of the C3G standard solution were
consistent with those of the purple corn husk extract. The calibration curve showed excellent linearity with a correlation
coefficient (R?) greater than 0.9999. The limits of detection (LOD) and quantification (LOQ) were 0.065 pg/mL and 0.197
ng/mL, respectively. Intra-day analysis revealed accuracies ranging from 91.73% to 101.06% and precision with relative
standard deviations (RSDs) of 2.54%-3.96%. Inter-day analysis showed accuracies between 96.89% and 99.25% with RSDs
of 2.20%-3.53%. The recovery rates of C3G at different concentrations ranged from 97.78% to 100.94%, with RSDs below
1%. These results suggest that the established HPLC method is reliable and suitable for the quantitative analysis and
standardization of C3G in purple corn husk extract.
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L CeC-Ce9] 718 B4 T2E 2+ 2
2o &tk 7] A4 dAE o
=], ME s} %, aglycone! QFEA]oF Y (anthocyanidin)ol]
23 g SR ol me} tEAlopde] TRV @il
THLi CY & 2008). FEAOPAL etEAJop ol o] Z2]
FApol = Aekg o] F= widAloltt. QtEAloRd e 7|3 &
7} H= EAloPY Y FFE cyanidin, delphinidin, malvidin,
pelargonidin, peonidin, petunidin 5°] $low 21& U Ex)3}
© 78 M EAoPd o' A tHTan J 5 2019). ¢F
Exlolde) A e do| £ 920 w ek )
A7 ZA8HH cyanidin-3-O-glucoside(C3G)+= 71 EH A
o2 LEF cyanidine] W@ o]t} o]2]3gt glycoside A7
2 EABhE tEAloRd wigH = theket ARd S vERd
tHKong JM & 2008; Khoo HE & 2017).

AN egg THI} oA eyanidin-3-O-glucoside(C3G),
pelargonidin-3-O-glucoside(Pg3G), peonidin-3-O-glucoside(P3G)
s 1052] StEAJopdo] EEjE 2l e oF €3G dthE o
e Y 39.8%, & 20.9%°]ATHLI CY & 2008). &A1=
T A FEEAM 3GE EF3le] P3G, P3G T £ 4F
o] QtEAJopdo] HEE o™ o] F C3GY ko] FUAE
Alobd tiu] 2F 39%91 Ao & 2l % )t Chuntakaruk H 5
2021). =W 574 FFQ «FAFEY] F9 FEAohdR
C3Go]™M(Kim JT % 2020), =%, Egjn]o}, S SollA A
HiE s AP S ge] T, S, FFH| F8 gHEAlobdo]
3G9 AL E HuEATKCai T %5 2023). A gtEAJM
C3GE ZEd BE 2 PAT A4S oz A A

A4 A A%, LEFAL oAl Zejsl 2
& R tiAb Aeks osle &ee] AtK(Tan J 5 2019).
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24, GLUT-13} GLUT-49] @& 2 Q&3 A3 /A &
= 7 %% 9 thOumeddour DZ 5 2024). & A7) W=
W 3G FolE HE BEsta oA PFF 5HS A=
o2 HuEth(Baek H & 2023).

T APESe B A7 Lee KY 5 2018; Kim HY &
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T8 = £ 9= AAsH
#7127](TIHP-1003, Joongang Precision Co., Ltd, DaeGu,
Korea) 40CollX A% & Badle] FZ2ABR AFESINITE £
A AZEZAR 500 goll 30% oNeHE(Merck Co., Kenilworth,
NJ, USA)S 10 L Z7FskaL 124171 B<t AFe mukslod 23] uk
B FELE FEAE st AgEEsta FEAR 20

~30% dextrin(GLUCIDEX-12, Roquette Freres, Lestrem,

20233 AHlE MAS5E ZTES
1L X3S B v uEA
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France)= 7138t T E5713(MH-60, Mihyeon Engineering
Co., Ltd, Anyang, Korea)dlo] #-2H Wig]dle]d A|82 A3
SHTh A xE 3 lote] 2 BFAAE FE2ES 717} 20 mg?
ekl A 2sta 0.1% citric acid(Sigma Chemical Co., St,
Louis, MO, USA)E 313} 30% olehe 100 mL< 71sk] 3
FTE571 2 mgmLo] =5 A8 g o 217 15mm, 71
7] (pore size) 0.45 ym<Q] membrane filter(Sartorius, Goettingen,
Germany®l] 52417 HPLC 2418 A2 AHgalsion BE
AL 33 ¥hE AAsigith 48 A9k} &ufj= HPLC
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48 93 #3E2Q cyanidin-3-O-glucoside(Fig. 1)=

PhytoLab(Vestenbergsgreuth, Germany)AFol| A T3l A8

Rl

o 2= 98%o|Rth EFEZ 10 mgoﬂ 50 mL
0.1% citric acid7} -5 30% oe+2-S H7lsta &A1 A

200 pgmLe] FER FEQNS 2AGAT EEUAS

AR oz BM3ld] 1,25, 5,75, 10 pg/ml EE=] FFEH S
ZAIsle] HPLC 49 ARgalsint. Eedel Jd=ils
2gela 29 FEwe] AEAE 36 S BAslt:
3. HPLC 24
AW EFG ] FEE E C36 T 9] 412 Nano

Table 1. HPLC analysis condition of C3G

HoFA oF BAEREAERS

Fig. 1. Chemical structure of C3G.

Space SI-2 HPLC(Shiseido, Tokyo, Japan)E A8-3t5t). A
-2 Unison UK-C18(150 x 4.6 mm, 3 pm, Imtakt, Kyoto,
Japan)S AF&-3F 1L, 0.1% Trifluoroacetic acid(TFA, Sigma
Chemical Co., St, Louis, MO, USA)2} 100% acetonitrile
(Sigma Chemical Co., St, Louis, MO, USA)S ©| 5322 A}
L3519t} A7) o] 54S gradient A2 A% 3aL photo
diode array 73Z7](PDA, Nanosapace, Shiseido, Tokyo,
Japan) 525 nmol|A B8tk Al FUF S5 1L, 2H 2
= 35C, % 1 mL/min, B4 A|ZF2 30| th(Table 1).

Classification

Condition

Instrument
Column

Column temp ()
Mobile phase

Flow rate (mL/min)

Nano Space SI-2 (Shiseido, Japan)
Unison UK-C18 (150 x 4.5 mm, 3 pm)
35

A: 0.1% TFA in d-water
B: Acetonitrile

1

Injection volume (uL) 5
Detector PDA 525 nm
Run time (min) 30
Gradient table

Time (min) Flow rate (mL) %A %B

Initial 1 95 5

5 1 95 5

10 1 80 20

20 1 95 5

30 1 95 5
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2MeH ZHZE(Method Validation)
ta A=A e w4 doly EE flste] <ojof
W o] wlz]dlo] A 7}o] =(KFDA 2007) S #adte]
i C3GY TEd EFE9S HPLCE #4353 on,
Jo]E1e] o] d(specificity), 241/d(linearity), HZ3H|
(limit of detection; LOD) ¥ g #&HA|(limit of quantification;
LOQ), @A (precision), g & (accuracy) S =% 3tk
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o] HEE Al7H(retention time; RT)T} AZunlE 1S v
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Al F7Vste =5 YERT ol & H7kskr] flaEl C3G £
T80 =Y I3 WAS sFRAEt] ARdE A
3l 31, A% A9 (coefficient of determination; R%)S AHZ3}
of A= ATtk A ZFIA(LOQ)et H=3HAI(LOD)
= 7 Ao Al § e HAE AT TR HE

wE o BE A 1187S)% y
AR REAK0)E ol8a0] ofzle] Aoz AvTh

b

(LOQ =10 x ¢/S, LOD = 3.3 x ¢/S, 0 : y2He] FFHX
S HEde] 71€70)

EAHAA AEE = e AFaS
TEE onleh LOQ #kol HETE
A ] ATt =2 AR ot
o] A FEde 7 $4 Vs
T e O g grleta, B4 =4
ol 5o 43 AgHeln Lok}
dET 7 A=A e IAEE e
WHTH(Clinical & Laboratory Standards Institute[CLSI] 2012;
Chavan SD & Desai DM 2022).
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Cyanidin-3-O-Glucoside &A% &84 A% 537
Aol g9l 1, 5, 10 ug/mL FEo] EFENE A&S:
T XY FEud £96] 33 vk Z4sleH, ol &
sl Bt 35-&7 RSD &S Attt

5 SAHIEH

BE Alge 3k o] SAsto] £4stal 24 HlolH
ArzRE FEI FE0A FNESHAE S

Za { o3

1. AT 2 FESO| XrdE 28

A= 7N 715 2 AW ks 2 3, 1y 3
2 AAUAL A F T Al dia a3 vehie
AAdez g2 A77H AYH I Ik A=l EAlste A
ded T2 vi§ vt B 722 ol Fa slem A
gl 2dE Uehlis 249 793 74, e 24 el
= AL 7% 2 A7

o] 3 Fofo]tWang H & 2003;
Kunle OF & 2012). 215 7|5k 7154 &4 7oA &%
AR dle 987t 2tn e AR ER e g 24
< Yele A7) ¥4 FsPojol dlti(Atanasov AG &
2021). TAHES ¥33 A dEE 5, AiA L Au)gt
7, FEA7 B4 58 7 A, & 20 T 7FA g o
2t B9 e o] 2k 4 UTHLI S F 2008;
Tiwari U & Cummins E 2013; Kumar R 5 2024). o] 2.
7] 93 AR E HA F& 2 B ZEspF 2as)
™(Rural Development Administration[RDA] 2020) A %4 &
g 2 74, AlEH A5 AT AE 7T 98 2
715 - 4 Aol B 78S TFstelof gtk mhEkA
7154 489 RFTSE fst] AR ES AFst] 4%

AL
& F2 71 E FEsta AYE ARGEE VIEeR

=

[¢}

e AR T 21952 URET § Jde F IFER
AR ¢ glom ol AAE A BAPE-S EAsHE SolA
I Aol grEojof drkKim Y 5 2012).

AN S SrE WE 49 o2 g 89 ool &

gl 2AKSE 23) F 25~30L0] & A7)o|t) A}
ALpp TP Aol =8HH o] atoll ] TH S R, 40T
WEAE dx27)dlA FREF 5~6% ©lstE AxAIT &
AR 2 AMEETE A A SEFE A 1fr 4 F52
2 7t AGAE Bt A7 E4E NE dEE I
Hau vk AMEFF FE2E A A 7 A A A=
£ FA9RE FFate] 1 A7l th ol gk AR RS
wAete] 212 AR v BT st vk &5



& = o}
el Aakztel 719 7] A5 Sl 71E A 89 8
lo] & Holz} setdt.
A &4=32] QFEAloPd 2 €3G, P3G, P3G & 109] &
o] &g, BA=HAty Hu=dxm HAA AA B4 A,
C3GE 23 759 FEA|opdo] HPLC-PDAE FA] &4
o] 7F& st thFig. 2). A8 AtollA] ¥zl uke} o] zp
AP M FE A 1359 Ah 55 2 FEEAME
C3G, Pg3G, P3G 5°] HEH AU} ol % %% FEAOPI
Z (3G9 T oF 18~2%= 7H =9ron o|9] F& 7
25 P3G P3GE 22t F 0.37%, 0.93%% C3G 3R
o A HEEQY FEES BA BAsIS Al C3GE
Pg3Ge} P3Gol| M]3t =& ¥4 s Yl o
2} Pg3G9} P3G peakt base line2] 3 o} v‘f‘/ﬂ 2
7} A g BLEo] EolZlthFig. 2(B)). E3h 11X Y8 E ¥
Mg A5 FEEol vlste] Pg3Get P3G 4
ZET Pg3Ge} P3GY] FEE W ©E AE A
AFFE T9 ol HHEs 1
[

11

Cyanidin 3-glucoside
200 200

Pelargonidin-3-glucoside

3.644 D3G

50 2
Peonidin 3-glucoside H

4.284 C3Gal

4640 C3G

100 100

6464 Pg3G

7.800 P3G

————— 5460 C3Ara

- > 9.024 M3G

HolA| o} Akt

Hojof stmz WA FuIE ALl A&ekn A& O
2 QYL et B el Basih B Apds
3G9 BFE SIstel Aga] A7 HEHol we BAPY
(HPLC-PDA)S HH2ksha 1 HE4S AZaah fi
o] AZE ABHE (3G BAWE Foo] A2 35
go] 4 BlSha 7154 el A4 28 o) 7

o B e Agana aek

A

ol 45 glotd EEE
0.1% citric acidE 3 30% ©I Leoﬂ H%"H’S}
2 BEAN3 g8 ARntEaddA &Y BEEY EIe
(resolution)©} RTgE= ISt ¥4 A3l C3GE o2
323 T Rle] &l peaki AE5 0 258 sl

=
2 443 RTAA AEE AckFig. 3). B8N} A|d &

p
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Fig. 3. HPLC Chromatogram of C3G standard solution
by concentration (1~10 pg/mL).
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Fig. 2. HPLC chromatograms of anthocyanin standards (A) and PCHE (B).
D3G: delphinidin-3-O-glucoside, C3Gal: cyanidin-3-O-galactoside.

C3G: cyanidin-3-O-glucoside, C3Ara: cyanidin-3-O-arabinoside.

Pg3G: pelargonidin-3-O-glucoside, P3G: peonidin-3-O-glucoside.

M3G: malvidin-3-O-glucoside.
PCHE: purple corn husk extract.
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dlo] RTEHS 717} 124363, 12468 U1 2 UX| &t th B,
zk gHe] UV spectrum 300~700 nm HENA SL
spectrum &2 FAE 01 525~530 nmellA Ho] & =

2 UEldlo] B9 SoldS E91E 4 AATh(Fig. 4).
AFGE Y el 7S flst] AR A8

S = ARE olleg-&3 SHS] UV cutoff= 190~210 nm
ol o] o]Fe] AT FF=rE 0ol ] Wil
blank &7 2 Z33}tHLide DR 2005). StEAoPAdS] oA
< 93l H7HE citric acidE 210~220 nmol| A FHth S
93-S el 7] wj¥ell(Lide DR 2005) C3G Htl &53+4
1 525~530 nmol A& 0.1% citric acidS T3t 30% ol &
29| vl peaki= HAEEHA] FUTE B BAAHAA B4 &
o] 7hgle] €3G & Rl A Ee RTHS e
T Uk

0:

7t F=l FEEUS HPLCE ] &3te] 3uks A5t

=R WAF R BT v
ATk

HPLC Chromatograms
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mAU

mAU

AW FEY A5 539
B C3GE] FEE XF, ©|8 EAsl] dolA peak WA
< YFCR dto] ®F AFAE Agateiet olw) Ad
o] 7197)% 12846201903l Y AAZE 2,531.52 ElE|g]
o] ABRAFR)E 099992 ]9 =& HHA-E UERf o
2 el AgAe A dAhFig. ).

1,400,000

1,200,000 -

1,000,000

800,000

Area

400,000

200,000 r

Fig.

600,000

y = 128462x + 25315
R2 = 0.9999

4 6 8 10

Calibration level (ug/mL)

5. Calibration curve of C3G standard solution.

UV spectrums
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Fig. 4. HPLC chromatograms and UV spectra of blank (A), C3G (B) and PCHE (C).

PCHE : purple corn husk extract.
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A7) BE ARAo2RE jbEd 71g7)9) ydHe] BF
AzZ AxtE A E3A(LOD)E 0.065 pg/mLe| L @&z‘ﬂ
A(LOQ)E 0.197 pg/mLSl A 2.2 JERITHTable 2). 723
A A A 5 doll EAlste didEde] A& 7%6‘}
AR 52 ou|sly FTaAE A t)AA 2ol sk a)
FEAS 7R AR e R A= F ole didEE Y] HA
B2 oudtiKwon JG 5 2017). ¥ B2 uleg} =14
ST 9 FEE FE A= C3GY T 0.065 1
g/mL FE7HA] HEe] 7hsshH 0.197 ng/mL F=74A] B &
| 7Fs3lt}. Kalogiouri NP 5(2022)2] Aol A €3G2 #
ZSHAI(LOD)= 0.1 ng/mL, % ZFSHA(LOQ)= 0.3 ng/mLo| Sl
11, Jeong IH 5(2017)°142] C3G A Z3H(LOD)E 0.0836
ng/mL, % ZFIA(LOQ)E 0.2534 pg/mLe) AT} Bl wali <
o], & AFe] A0l B W wE W9E C3Ge B H
AZo] 7Fssttte A ZAT 4 UUTh o] g o] 22
E4of tigk LoD} LOQ#ES Aol &4
T, B4 Al ARgE e R, 8 o5

o

2] el we Ewae ﬁc}v%ﬂ

[*]

HoFA oF BAEREAERS

Ste 5 vehdth of] rtel=gRlellA Ao tidt &%
A5 T2A Hsta lem B AR TR 1 nggs 7%
© = AOAC(Association of Official Agricultural Chemists) 75
~120%, MFDS(Ministry of Food and Drug Safety) 70~
110%, CODEX(Codex Alimentarius Commission) 80~110%
oz ANST Itk AUEE BEAoR e g

£ Aole] WMEAS 25T

=

L gmolth RS EF

(RSD)Z UERHH gho] 2

rﬂr

(Noh JS & Myung SW 2024).

B Aol e T ZF
B8 B3lo] 27 Fh(measured value)o] 73 (true value)©l|

r_‘

B Azle) AEAS et
AHSD) e Al EERA

155% Be JUES e

gelle] dufiEAat Lzt

:LXQ,?}@EE Hﬂ‘:‘ OEL]_EhHO:{ 7]'"5}—‘31%}1'a§] ‘4’5}144

>

oo

493 A EX(intra-day)

-
ol

dlon =44 FEEHE JUEFHARSD)E T8l FEA
S A5 s B89, 5, 10 pg/mL)S 1Y 3 cycle®

A3, g d(accuracy)> 91.73~
101.06%°121 32 RSD= 2.54~3.96%C1 ). GuiA] 7g-2 3
FoF B3 A7 (inter-day) 2] ¥ Ed(Accuracy)< 96.89~
99.25%°]21 3L RSDE 2.20~3.53% H$ = LFERITHTable 3).
zkzko] Aol o] A EFAA =
C3G Ao e 9 FEA, Adde] AS=HAck

5 5.0% olet= yEht

ozl 4wkl om] &L 3l A 5 5. 358 5%
£ onjahn, 2T A7} 100%] eSS Be A S5s TY FEE0] EHE FEE BFEGR 3
Table 2. Correlation coefficients of the calibration curves, and limit of detection (LOD) and limit of quantification (LOQ)
of C3G
LOD LOQ
Range (ug/mL) Slope Intercept Correlation coefficient (R?)
(ng/mL)
1~10 128,462 2,531.5 0.9999 0.065 0.197
Table 3. Intra-day and inter-day precision and accuracy of C3G
Concentration (ug/mL) Mean+S.D. (ng/mL) Accuracy” (%) RSD? (%)
0.93+0.02°) 93.45 2.54
Intra-day® 5 5.05+0.20 101.06 3.96
10 9.174+0.28 91.73 3.04
0.9740.02 96.89 2.20
Inter-day” 5 4.96+0.18 99.25 3.53
10 9.8440.25 98.37 2.59

Y Mean of measured concentration/Nominal concentration x 100.
? Relative standard deviation.

® Intra-day: tree times per day.

Y Inter-day: one time analysis of C3G per day for 3 days.

% Meantstandard deviation (n=3).
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