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Abstract

This study was conducted to validate the HPLC-PDA analysis method for cyanidin-3-glucoside
(C3G), an effective ingredient in Lonicera caerulea fruit extracts. As a result of the calibration curve,
the coefficient of determination (R?) was 0.9999, and the limit of detection (LOD) and limit of
quantification (LOQ) were 0.32 and 0.97 ug/mL, respectively. Accuracies of C3G recoveries ranged
from 99.00 to 100.29%. As a result of measuring repeatability, the relative standard deviation
(%RSD) was 0.06~0.89%, and as a result of evaluating reproducibility, the relative standard
deviation (%RSD) was 1.36%. The repeatability and reproducibility evaluation results were confirmed
to be suitable for the AOAC official method. Through validation of the analytical method, it can
be utilized for the analysis of C3G in the development of functional materials using extracts of the
L. caerulea fruit.
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YYo U Lonicera caerulea)= Q1'5TH Caprifoliaceae)0] &ol= AER St AL, Y&
© SOl Ao} 15, oplel 5ol B2 Sufel U Q- 248 A o
A 5ol Base) 858 elolbiis T4 AT 9T HYSRE FRET YK Choi
et al., 2015). YYO|LFFE= —45 coﬂHE o] 7F55lH —8CoME Zo] I &= Q= W
AlEo|tiMalodobry er al., 2010). UF-2] F7|+= 1.5 m7HA] Aol 5~6L0] A3t LgAi9]
o] i), ol 5 Al 7~3870] SAMOL olom S S 9onl blue
honeysuckle, honey berry, haskap berries 2F11% SHHGuo ef al., 2024; Rupasinghe ef al., 2012).

QU5 A)20] Fo TR A8 BrkssAL B2 AU B, ol o)
+ F7I7F F3L Ut Aol ol £ 7154 FE=l Wit I JFHAE A
(Choi et al,, 2015). FjolH Yelolb2 uj 22 23alo] Huksl 3 AEo] REHOR
=1 gtk Gl &2 ThEo] HAU G0 Holu Alo|3o] dRRE ARGEH A
U, AV5AE 44, SHEE U8 5 el BT YTHGuo e al, 2024). FHOIHE:
Qo] Brg /ie AelE Azl 7134E HolT s A S ATE

olrt
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E]QItHLee and Chung, 2020).

Yrdoluhi Fulje] Bsolli= Akt A, TS A B4(An et al., 2020), A
KA B (Park ef al., 2019), TA= AIHKim et al., 2016), BN (Zhou et al., 2018), T
(De Silva and Rupasinghe, 2020) 5°] HI1E|3l i},

oLt Fufjo] FEL E3t t|u, fructose?} glucose?] G, citric acid Z malic acid,
quinic acid®] -F7 14t EFHE, QHEAOR] 5-0= FHE|o] Qltk E3] QFEAJoRd(anthocyanin)
o] ol 5lo] e Cheng et al, 2023), SHEAoRIL ), 2, %, 7ol Afste g
A 5 SPE pHRF 224 EA4Jo] wet 2, AA, mebAl S K CooperDriver, 2001; Saha
et al., 2020). QFEAJORI S (anthocyanidin)S QHEAJoRI o] HlujgR] BH o= 23%0] 9lom 7
= Al8o] 753t A2 cyanidin, peonidin, petunidin, malvidin, pelargonidin, delphinidin®] -3-=4]
ofth(Yang er al, 2019). FFolUpFE Hfo] TFE FEAlORdol= 7P ol
cyanidin-3-glucoside(C3G)S H]53}9 cyanidin-3-glactoside, cyanidin-3,5-diglucoside, cyanidin-
3-rutinoside, pelargonidin-3-glucoside, peonidin-3,5-diglucoside penidin-3-glucoside 5°| ATt
(Cheng et al., 2023). FEOITF Gulj] QFEAOP] & 8 A#2I C3Ge Yoy Aaofe
Aok Aaolck €36k W, Tksh 2k, e, T3t AGE Boske T3t 59 et
g50| k. BE e Oumeddour et al., 2024, Yang et al., 2019).

2 A Po U g 25 5 8 AJEoH t’t 50| = C3GE HPLC-PDA
S ol-&3to] AFSJREPAA S 71| =21R1(2022) T AOAC 7155(2023)0]] wh} iz|gjo]de
SEFo RN 7S AE oA M= St o 24 AEE EEotarAt 3siqit

. HE o

1. A & M=

HPLC E-Aof AREE ofAIEUYEZH(B&J, Korea), =(B&J, Korea), HER2{(B&J, Korea), o]
B2 (Merck, Germany)> HPLCE-S ARSI 2 W formic acide= JunseiAi(Japan)Z5-E 95}
o] AMESIGIH. €3G &&= Fig 13 2021 PhytoLab(Germany)AtolA] LASIHIL e
99% ool %t

OH

Fig. 1. Chemical structure of C3G.
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2. ARS8 ZH|

B 0] ASE PR Af FHZS crskolA] ABuo} BAG AR A8
ot &5 100 mgS 10 mL volumetric flasko] 35}l 0.1% HCI HgrS2 851t 231}
(Branson, USA)7]|2 6087} &35t & AYX|-8 TE|(Whatman, 0.2um)2 oj1}5}o] AJ$-8-H
0% AgSIt 25 §uleh RAAO] THE (3G FFLHL ola) Tt FH4 Folt
T s 247 237 30% oS E 5% § 5271% © AIRE P19 5UT AAE 242
2 A o Aelo] RN,

3. EZ2Y MxX Y EFH™EIMO| Xt

C3G #FEZ 10 mg2 FUs] Zot 10 mL 9] volumetric flasko] 537 0.1% HCI
were 2 23JA1A 1,000 ugml T2 LN A ZeIc} A2 EELML 0.1% HC
HEr 2 8]45}0] 10, 20, 50, 100 L 200 ugmlL SE7} EEE THE & HPLCO| 295t
e Aottt 7 w=d 33 §HE 27g5to] Haghat EEHAE Fotglth

4. HPLC X7

Po|UE guf 2&E 3 3G9] Wglo]AL Table 13} 2 27082 &M 2utE
T1#I(HPLC, Shimadzu, 20A, JapanyE AR&SE] FA1oH3ITE. Columne YMC-Triart Cig(4.6
x 250mm, Spm, YMC, Japan)E& ARE5IIch o]5A A4S A £9(1% formic acid), B &4
(1% acetonitrile)S %ﬁlxt& S S Fom(Table 2), 452 1.0 mL- min ', 2
REE 30T, FYFS 10 uL, 3PS 516 nmofA L4315

Table 1. HPLC condition for analysis

Parameter Condition
HPLC Prominance 20A (Shimadzu, Japan)
Mobile phase Water (1% formic acid): Acetonitrile (1% formic acid)
Column YMC-Triart Ciz (4.6 x 250 mm, 5 pm)
Wavelength 516 nm
Injection volume 10 pL
Oven temperature 30T
Flow rate 1.0 mL/min

Table 2. Mobile phase condition of HPLC

Time (min) A% (1% formic acid in water) B% (acetonitrile)
0 90 10
20 83 17
21 20 80
26 20 80
27 90 10
35 90 10




HEHO|LIZ(Lonicera caerulea) SO =& & Cyanidin-3-Glucoside &A1 SH2|G|01M

Hejgo]

=
g
, &4 (accuracy)S

M “"E||:1|0|’L1
U} 222 F €362 B4 Weldlol e ABoloREIA Ag
(linearity), 7A&SHA(limit of

5.
Yo
A 71o|ERRI(MFDS, 2022)2 71228 Eo]/d(specificity),
, , Y4 (precision)

detection, LOD), &3 HA|(limit of quantification, LOQ)
Bhstatch

6. 50 IA‘l

ZE2A7} Yo Ul Guf 3255 HPLC PDA(photo diode array)&® 2AJ5}0] H
= 2%46} gom UV-VIS AHEHO] £ o]RE mirisolr).

C3GY =
L
7. ws
C3G A=A 4
5] W2 2ol BEEA B

AEEe 59 F7HEC! 10~200 ug/mLe] HRAZE st 67 == A
_JZ_‘éj- ;ra‘ 3 v = 5 276
Z>(coefficient of determination, R)E £ AL Rl5t9tt

H] peak area L0 ATAL ZAJeta A4

1 RS

o KLOQ)
12719} yEH go] BEEAE S5 AEA ©
w9 109)9) o= AAsloirt

M=

§%}71|(LOD)

354 HHE:
299190 wel 33, 42
g3 223}7)(Branson,
7l o o]l 4530

9. Yei
Yol FHl FEF 100 mgE 10 mLO| 0.1% HCl W22
HPLC #41& &3]

USA)Z 6087 &3t & Al2Ix]-2 WE|(Whatman, 0.2 pm)Z 3FITE A%
ug/ml), Z%55(60 ug/mL), T5E(90 ug/mL)7} EE=E C3GE spikingdt &
& A5 S7sto] EA M theh =S Hrlsiqich

HEZA Gl et #E2EE9] dl&
10. Fax
Ygoupit Al 220 WHEA(repeatability)S B7Fol7] I3 FEE AlROlA 500,
1,000, 1,500 mg= F5to] 0.1% HCl HEk 10 mLE Y1l 23375 o] dsto] &%t &
ol 7kt the 7 AR 531% W SASI3IT A @ (reproducibility) S B71517] fiste] HHE
AF Yol AARE] BA7IA] SL6H 53519t} HPLCE o]&3lo] (3G ks 53] wha
Z7sto] 2t 42T dis) AEEEA gom S8 FE=E Bkt
Flol =ikt S=4te]

=1

I

. TES H HMXE C3G §.

PHo UL ] & (3G9 % 8rf 9 YAKo] wE ek v
A=E B3} 0.1% HCl Wekez 247 &390 ﬂ/&ﬂ% FE8uol IE 7 AlRE 39
HEE S7gste] C3G9] 92 Blaskylth

=t

FEE T (3GY EoldE gRlsh] flol #2243} A8 5 C3GY]
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HEE AZRS Slgh A3t 1750e] $YT RS AZte] BEEIUCKFig. 2). EEELL A
B89 39 C3Go] e 3|2 AIHOIA PDAR AMETS TG ZTH= Fig, 23 Zo]
LT HES SIS FEAORAS] HT FF 32 500~535 nm HjolH F=Aof
w2} pelargonidin®  502~506 nm, cyanidin> 512~520 nm, peonidine 517~520 nm
delphiniding 525 nm, petunidinS 526~529 nm, malvidin 530 nm YA o] T =
A Shipp et al., 2010).

M, AES(LOD) ¥ HISHA(LOQ)

C3G :H-_%Z‘:_% A0 IS ST S s B HYE 10~100 ugmlLE A7gst
At AgE = HeolA BAK R SlXste] 5719 FR(10, 20, 50, 100, 200 ug/mL)=
AZZE F HPLCE 7 559 33] WhE: 4% & HAS 29T 23 3719] S7olA

AAAZR] R= 0.999 o]Ato]THTable 3). 33] B4 Auto] Wyt ASkA ZE y = 31,442x—
1893503101 R*Z 0.9999% =2 A4/d& HAKFig 3). AEAR= A1 off 2324 (signal

Table 3. The standard curves and linearity of C3G

Repetition Regression equation R’
1 y = 30,181x — 25,941 0.9996
2 y = 30,509x — 27,050 0.9997
3 y = 30,499x — 29,205 0.9996
[ €3G
120] A ?
[R1+ :}
100 :
o 3
1
b q
70 3
0] j
s s s
a0
30]
20] |
10
o I_ L _,J T 4"\(“‘ —
0.0 Z5 50 #5100 12.5 15.0 17.5 200 P& 250 205 300 8 n
L. €3G
"l B g
0] I
|
60| 1
. |
!
a0 i
30]
10] L J \
. J ) \/k-._ RN - -
00 25 S0 75 100 1£5 180 1L 20,0 225 250  2h% 30,0 325  mn

Fig. 2. HPLC chromatograms and spectrums of C3G at 516 nm. (A) standard and (B) Lonicera
caerulea fruit extracts.
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Fig. 3. Calibration curve for five C3G standard solution concentrations (10, 20, 50, 100, and 200
ug/mL).

to noise, S/N) #to] 3.3 wie} F3HAl= SN H|Zo] 10 W2 Ailelct. HESHAILL HF
A Sl Axt 22} 0.32, 0.97 ugmlE Bl it

3. Heir

C3G =29 24 Al HEHA Fol tiet &2 B7Ish7| fls EEEdo] 371
A ko A5t HREAS AE(30 ugml), F5E(60 ug/mL), 15E(90 ug/ml)7t LS
spiking?t Al&S HPLCE ©|-85to] 247 2= Table 491 Ath Awk:, S5E, 1L5EolA
9] 348 717} 100.29, 99.00, 100.20%2 3%=0] that 3482] W= 99.00~100.29%3
on B F48L 99.83%0|Tt g S Bl A3l 24 A= AOAC 7]15(2023)
Q1 90~108%(=0.1%(1 mg/g)°ll et ZIE Hrt

Table 4. Accuracy of analysis data for C3G

C3G
Treatment Spike concentration (ug/mL)
30 60 90
1 30.91 60.68 92.48
2 31.55 62.61 94.58
3 32.01 62.76 94.56
Measured mean (ug/mL) 31.49 62.02 93.88
Recovery (%) 100.29 99.00 100.20
%RSD 0.92 1.38 1.07
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4, HiUE

HUE W12 Sls) vk AR Wl 5 Aol s 53] oby vk 24
Slo] HHEAS 245 Ay} 2AHZE Alo|9] G AXQl %RSDAI EZHAP= 0.06~0.89
= L}E}uqaable 5). AL T2 APLo] Brieiglon] 223 %RSDE 1.360]90ck
(Table 6). BFEAJT} HAQ] AOAC 7132023y >0.1%(1 mg/g)Y f %RSD7} 2z}t 3, 62
28 E@*‘aoﬂ e AU B} 2t slo] Aee gl

. FEEN X BUXE C36 §.*'2->F
Yeio| L} dul2 Ex} 30% ofEke® 2&35l0] (3G9 JRS B Al B 22 A] Z4)
A} St B C36= %;‘%54 °*°H’4(Table 7). 30% oehE & Al U4 C3G
TFE 6.59 mg/eel o FHARS AHRIA ofstE FAE o] FUAlolA B &2 TS B
T} Lee 5{2016)<> honeyberry2] T%HJ‘M e Evs, EE}EE:OE & YEAJodo] 5
& 882 B’ 23 70% ofghZ T} 25% ofghEold F& G80] A UETh & A2
Tolli= FEAoRd A"R] C3G7F BHIE= 30% offsheolA] & a:80] E9¥th Park 5(2016)

Table 5. Repeatability of analysis data for C3G (n=5)

C3G (mg/g)

Treatment Sample contents (mg)
50 100 150
1 6.54 6.43 6.45
2 6.55 6.44 6.46
3 6.58 6.43 6.47
4 6.68 6.43 6.48
5 6.65 6.43 6.47
Measured mean (mg/g) 6.60 6.43 6.47
%RSD 0.89 0.06 0.15

Table 6. Reproducibility of analysis data for C3G (n=5)

C3G (mg/g)
Treatment Day
1 2 3
1 6.62 6.49 6.42
2 6.71 6.52 6.51
3 6.67 6.49 6.51
4 6.61 6.50 6.51
5 6.72 6.51 6.52
Measured mean (mg/g) 6.55
%RSD 1.36
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Table 7. Contents of C3G of Korean and Chinese origins of Lonicera caerulea m as affected by
extraction solvents

C3G (mg/g)"
Extraction solvents
Korean Chinese
Water N.D. N.D.
30% ethanol 6.59+0.11 Tr.

) Values are meantS.D. of three replicates. N.D.: Not detected, Tr: Trace.

2 YEAoPIS mlo]a 2ol 259 4 2224 BURSEAROR J&%t A3
54.8% OERZ, 7.4%, vlo]A2golH 248 W o HZE2 0.45 mg CGE/gO & &3}t
A} =4 FrdoluR dufE A WHoR 2 § A 2 o] ozt A58t
21} ST 27 25 B A YEPTHLee ef al., 2018). Park 5(2025)9] A2 10
A= ik SAt Prdol Uit drff S&E0) s SE2H o] =2} chlorogenic acid®] 3¢
o] FatolA o EA YEgoy 39 Bt vt A9E Bk 39, A4S 2
QFEAJORIS] C3GYo) tE A& 24 ¥ Tl a5 = v & i 4 Y=o
w2 AJEO| zlolof= 7|QIgt Aoz Helrt B Ao Fjito] o B C3Go] e
HARE 71, E"J Al ¥, 2 W) Ao] = Fgo| AlolE Kol vt A9 ot
5 gl AlRE Holo] 2204, 35 &) vl& T R &%l 188 AAY 4E
%?l 38 HIJJ-Q} C3GY] T3t 7154 B7F A7 69l 1716418 AAEAY &8
e B o/do] k. FrdoluF Gufio]] C3GE] A= ool thefRt RFEAJoRd /g%
Ol E75HH(Svarcova et al., 2020) ©]2{3t JEE Tt 7]540] YoER 7|54 &4 ALY
L89S giop] sl tHIE 54l E4H Wejulo]l e 43 ool s AR 47t
Hrt.

o,
mlo

2 AT 71674 2AIR Fo|uh gl &8 F Fra/dw< cyanidin-3-glucoside(C3G)
O] HPLC-PDARAY A5-& 915k H“ﬂtﬂo] A& ot #EE2ES B9l AT AT
23} ZAARR) e 0.9992 ek on AEAA(LOD)2} FFALOQRE 42} 032, 0.97
ug/mLo| et Hees B7RE A3 94/\0 & 99.00~100.29%= ettt BHEAdS St

O

A7} AR EZHEAH%RSDY = 0.06~0.89%E UeRtor QAL Hrkst Aat /‘1'1‘413?—_%—%5\]—
(RSD%)= 1.36%= H itk vHEAd3t A S4 27} AOAC 7|5 HY ofHiof Qlof Ajlehs:
gRlsigict 24 WE]glo]d-E Bofl PoluF Gl FE2EE o83t 7154 &4 7 Al

C3G9] B4 B8 % 9l Aolk

V. A =2

B I (ETHR)E 2044 2850 Ao Bel el XS wol 44E XA
tfat Fel)ut X|dEAl Alle] ATHIUTH2IRIS-001).
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