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Validation of an analytical method of dieckol for standardization of
Ecklonia cava extract as a functional ingredient
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Abstract An HPLC analysis method was developed and standardized for the detection of dieckol as a functional food
ingredient in Ecklonia cava extracts. HPLC was performed using a Capcell Pak C18 column (250x4.6 mm, 5 um) with a
gradient elution of water and acetonitrile, both containing 0.1% (v/v) trifluoroacetic acid, at a flow rate of 1.0 mL/min at
25°C. The eluate was detected at 230 nm. For validation, the specificity, linearity, accuracy, precision, limit of detection
(LOD), and limit of quantification (LOQ) of dieckol were measured. The calibration curve for the detection of dieckol had
high linearity (R*=0.9994), with LOD and LOQ values of 0.38 and 1.16 pug/mL, respectively. Recovery of the quantified
compound ranged from 99.61 to 100.71%. The relative standard deviation values of the intra-day and inter-day precisions
were less than 1.7 and 1.25%, respectively. These results indicate that the reported HPLC method is simple, reliable, and
reproducible for the detection of dieckol in Ecklonia cava extracts.
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ol iEA <l %ii‘ﬂ'ﬂﬂ ]i(eckol), tol| Z(dieckol), E
2]Z 29| (triphlorethol) A S© l . FH2 g in viro 2 in
vivo A7+l W=, 7Fef ] ——ii%‘d%% ksl 9ot &

B, FXIY 49 B9 ollEAhn 5, 2015; Li &, 2009)
ghgo] o8 fdE 743 UVB A 93 frimd gAkst
2Eg 2 st BeadE et BE S thHeo 5, 2009;
Hwang %, 2005; Hwang S 2006; Yamashita %, 2015). 53],
Zrefe] ¥z ZZ28d dieckol a-glucosidase®} o-amylase
A4S A AMP-activated protein kinase®] 214H31E ZZ1A]
Zozx PFudis LA BIEY O (Lee 5, 2010a;
Lee %, 2010b; Yoon %, 2017), T3t dhdAel Fof tis B
S THJung 5, 2009).
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B Adola AME ZE) FEES GFPIKH0] 28 (Gyeonggi-
do, Korea)o ZHE A|Fo} A8t el AF=AA 7~9
doll AHS AL AR e =S FAFTE 33 AFst
o GRS AAT F EFHZ71/(HDG-230T, Hyundai Enertec
Co., Korea)2 12717F AZ3It). Az ZeElE 243 3 70%
T4 A3E 10F(vv)E 718l £85%7](PSE-EXT-2.0, Seojin
Biotech, Korea)Z F&319th FEES AL594E2]7](J-1050A,
Hanil Sci-Med Co., Korea) (13300xg)Z ©]&-3}e] ofs}alslx, A
TAL et T AdEEelal AR EEskeih B
gt 7 FEES B AN B3F dieckol (Fig. 1) (=
99.5%)2 Botamedi Inc. (Jeju, Korea)oll Al +4 3t ).
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HPLC &4

ZeFEE2] AFAHEY dieckol?] 42 #3514, Waters™
486 tunable absorbance detector$} Waters 515 pump”} “2H#
HPLC A]2=%](Waters Corp., Milford, MA, USA)S AF&-3193,
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Fig. 1. Chemical structure of dieckol.
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Table 1. HPLC conditions for analysis of dieckol

MM R AR, HESH HEEH

T olsd 27 HAA ‘3! A=A} AFIAS
vlwElr] 918k, dieckol ETEN-S TAHOE A st AA|
& 94 F= Wl e dieckole] Foll thste] 241l =7
#e dod F d=A IRISHATE Dieckol®] EFUAE 125,

25, 50, 100 uyg/mLE GAZ o & 345 & HPLCE #Alsld &
FAgAS Z""“E}"E‘\E}(Table 2). AeEA e /\1—1,]-71]5;‘(](2): zA
12} 2014 ZFzF 0.98642F 0.9994% =% &—8— A3E& JERATH

HAEHA(LOD)S} B H A (LOQE=

o g
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olgd =1 1% zoﬂﬂ Ztzt Arzeisin. 24

Parameters Condition 1 Condition 2
Column Capcell pak C18 column
(250%4.6 mm, 5 um, Shiseido)
Detector Waters 486 Tunable Absorbance Detector
Injection volume 20 uL.
Flow rate 1.0 mL/min
Run time 55 min
UV detection 230 nm
A: 0.1% trifluoroacetic acid in
Mobile A: water water
phase B: methanol ~ B: 0.1% trifluoroacetic acid in
acetonitrile
3 0, . 1 0, .
Gradient 0 min, 90% A; 10 min, 90% A;

40 min 60% A; 55 min 90% A
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Fig. 2. HPLC chromatogram and UV spectrum of Ecklonia cava extract analyzed using condition 1 (A) and condition 2 (B) and dieckol

standard solution analyzed using condition 2 (C).

Table 2. Calibration data for dieckol

Condition Calibration curve Correlation coefficient (") Concentrationrange (ug/mL) LOD" (ug/mL)  LOQ? (ug/mL)
Condition 1 y=165016x-927.96 0.9863 12.5-100 0.97 2.94
Condition 2 y=169697x-243.36 0.9994 12.5-100 0.38 1.16

YLimit of detection.
ILimit of quantification.
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Fig. 3. Calibration curve for dieckol standard solution.

Table. 3. Intra- and inter-day accuracy of dieckol

Ecklonia cava
extracts
Concentration

(mg/mL)

Dieckol
content
(%)

Precision MeantSD"  RSD (%)”

10.37
10.72

Intra-day 10.38
precision” 1.0 logg  1056:018 17

10.38
10.71

10.67
10.60
1.0 10.68 10.65+0.11 1.00
' 10.59 ’ ’ ’

10.55

Inter-day 10.39
precision 10.60
10.43
1.0 10.66 10.63+0.13 1.25
10.68 ’ ’ ’
10.63

10.36

URelative standard deviation.

JEach data was obtained by sextuple analysis (n=6).

Jnter-day: three times analysis of quercetin per day for 2 days, Intra-
day: three times per day.
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Table 4. Precision of dieckol

Compound
Ecklonia Measurefl Recovery iy  RSD
cava  Dieckol concentration (%) Mean+SD" %)
extracts  (uL) (mg/mL)
(mL)
100.24
100 0.0172 100.28  100.30+0.07 0.072
100.38
100.70
1.0 200 0.0198 100.77  100.71+0.05 0.049
100.67
99.43
300 0.0219 99.94  99.61+0.29 0.291
99.46

YEach values was the mean=SD.
YRelative standard deviation.

Aot A=E ousir, AL FRIs] st 3Fee 34
st o5 sty vlE] HAE FE(50 pg/mL)2] dieckol EF
fAS AJF-gHo] 100-300 uL F713F ¥, HPLCES ©]&3lo] &
At g 7 A7 dieckol o2 tigh HEH

RS2 AEEQtK(Table 4). 7] FE59l dieckol ZT8 0]
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10071%, 9961%% ZA=o] HAAZOE 9961-100.71% H<

2 3485 Ui en, RSD HE3F 2% olWel 0.05-03%% A
gEl‘}iE} o]z}t 7ro] B 9179 HPLC EAHe HejFEE<]
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St intra-day 2 inter- day Ao A RSDE 77 1.7%<F 1.00-
1.25%% UERkom | 3582 99.42-101.32%0]93.2M RSDE 2%
olatR 4HEEe] HUAo] AUSES IS o] AER
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