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Development and Validation of an Analytical Method for Quantification of Fucose
in Sargassum horneri Extracts for Standardization of Functional Ingredients

Seulgi Parkl, Hyungki Yangl, Young Kyoung Kimz, Nae In Changz, and Ae-Son Om®

lizeabio Corporate Research Institute
?Korea Functional Food Institute
“Department of Food and Nutrition, College of Human Ecology, Hanyang University

ABSTRACT This study developed and validated a high-performance liquid chromatography (HPLC) analysis method
for the quantification of fucose in Sargassum horneri extracts. HPLC was performed using a YMC-Pack ODS-AQ
column (250 mm X4.6 mm, 5 pm) with a flow rate of 1.0 mL/min at 40°C, and detection was conducted at a wavelength
of 250 nm. The validation of the method was assessed by evaluating specificity, accuracy, precision, limit of detection,
limit of quantitation, and linearity. With respect to specificity, the retention time of the fucose standard solution matched
that of the fucose in the Sargassum horneri extract. The linearity exhibited a correlation coefficient (R”) above 0.998.
The accuracy assessment revealed a recovery rate ranging from 94.0+2.5% to 95.6+0.4% for different concentrations.
The overall relative standard deviation (%RSD) for precision was 0.94%, indicating good repeatability, and the mean
value over three days of analysis was 9.69+0.05 mg/g with a %RSD of 0.47%, demonstrating reproducibility. The
limits of detection and quantitation were determined as 2.04 pg/mL and 6.19 pg/mL, respectively. Based on these
results, the developed HPLC analysis method for fucose in Sargassum horneri extract could be considered reliable
and reproducible.
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N = 2016 = yg5A et QA ol wAre] A EeA A

FEAA R, AE A8 At AFo g X E THE

P A o) R AWK Sargassum hornern) #3415 (phae- T 8= U9 ARE BAE mabibRe AEdE 55
ophyta)®] ZA}8k}(sargassaceae)dl 43t AX2F=E F At AF e okErAA A A|2023-56% [H3E1] 2
2 g Felieh Ak F JE, T At ZHA B X Fol A8 e dBE TEIL. A AFE B
skal itk mpgE ehikel A ApEtrhrt 1~29 5 HolA] u Aol BAke] W, habsl, AW FHA, 9 F-A S A
7hae 915 Wobd e A 7 g20] FobA|= 7Y A s theket Ajelead o] Eel(Kang 5, 2020; Kim 5, 2018;

£ EA4S HeItHChoi %, 2020). 532 A 201195 Kim 5, 2020; Kwon &, 2019)5¢] 7|54 982 714
A7Fd AgAE I Al vitteS A3l X|o] A o] 1=t FA o] mA k= 75 TR 4F
2ol fe gt Aol mANE i FAeka ik A S 3 o] (fucoidan), €314 Halginic acid), 247 vHH(lami-
Abell A At EAppko] FRAIQ WHFE R} HAtsit) naran) 5°] &4 AR Rl b ALEE Y
7} AFQ dinldFol] Ay 1 ¥ AFE A ulthd Bl E Ao 2 B u¥dtHErmakova 5, 2011; Sanjeewa
g Y=z Aok %, 2017; So &, 2007). FHo|wke F& AxFol id
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AxEE o] A AR o7 L-fucoseZ 7| FAFLE a(l
—2) B& a(1—3) MFZAsS 2t v (Mian¥ Percival,
1973).

S Fo|kL fucose 57%, sulfate 38%, galactose 4%,
xylose 1.5%, uronic acid 522 T4 5] ¢t Berteau
¢} Mulloy, 2003; Kim &, 2011). &% f $32o]vL
a4, kst e A, A8 3 A, AR A
T Ze v AEddo] e AoE HialEa(Kim¥
Lee, 2012; Palanisamy &, 2017; Ryu®} Chung, 2016;
Sanjeewa 5, 2019; Xu &, 2018) 2}

et Faoleke] Al A R Sl #E e
ujujato] FAgolmAte] i Faoleke] FEFS wE
glal7] olel & Agolrh A xRS dw ) s ow
BE AR ToM FAA ] HHoR A JRoR AR
RS e AESE] A 3 A el 8
ok @A Aol wAe] 715 A T FAolde] 24

“40] H a5 o (Dische®t Shettles, 1948; Gibbons,
1955; Zhao &, 2016), 52 G&dol; LA, 345
9 fFad 7450] | A] ¥ol AA| AlFol #8317 ol
A o]th(Hong &, 2019). o] & gRlgt daPA+(Hong 5,
2019)0l A B AN Ff Foldt M-S 93 3-
methyl-1-phenyl-5-pyrazoloneS =33}
DAD/TOF-MSE o] &3} t) ¥ Ao =

45 918 H-EH 1 HPLCE o]-&3te] #248E 7
AE3A .

rot
o
=
J
—
¢

B to A Ao mAES 88351 754 )
AEL A el ARYRS Faold 74 v

57%% 7V 2o ek X5l QY= fucosed A%
2 AAsta 98 EF3E Y3 249 39 2 {8

7 Z(validation)sF3it}.

M2 H Al

2 A ARE-gE WA o) wANES 20224 5 AlFE 3
L)} olsg sl A AF AT AT FAY o] mAt
2 33 A3t s AA = 5% 7](Khd-100,
Korea Bio Solutions., Ltd.)oll A 65°C, 48A1%F Ax & &
A3l Falet Aol wApuke] 308 o] AAGFE 7taho
90°ColA 6A1ZF Fob A4 -}EO}OﬂE}(Cosmos 700,
Kyungseo E&P Co.). FEEL -65°CY 2%oA 55%7]
(Rotavator R-300, Bunch Co.)E °¢]&38te] F=&& &3]
10 L7} 2 w714 55330t 55 & $47137](Lp300,
Ilsinbiobase Co.)°llA4 -80°C, 4¥€3t A A3 Ao &
AS FEEkste] ARS8t Aol AR fucose®] &
+=4d(Fig. 1) L-(-)-Fucose(Sigma-Aldrich Co.)&

T943te] ARSIt

z

AR - el

@)

CH
3HO OH
HO

OH

Fig. 1. Chemical structure of fucose.

HEEEMO| 1=
X732l fucose ¢F 2.5 mg= AU A 2o} 25 mLo
ﬂ“‘l#‘:ﬂr)‘iﬁ'-oﬂ F3t & AAFE 7)e) *Evﬂr FE7]A

32
A

o] ALESITE 37§ B F ﬂ%o}oq EEELE
2 393 BEAYe AAFE 445 st PP 4
e 98 mEsdon s

FH

AlEEH x=xH|

Aol B FEFE 25 mgs 15 mL conical tube
(Falcon)oll #3F & 4 M trifluoroacetic acid(Sigma-Al-
drich Co.) 4 mLE Y3 90°C heating block(Wisblok—
Bath"™ SHB-96D, Scilab Korea Co.)ellA] 2417} wk-g-A]
7 3 Ad2olA sl 9 &ds T8t Al 4
M NaOH 4 mL& il W= § QA5 °]&3tef 10 mL2
A&tk Al g NI xFEFY FEASNE et 2+
LA A B NG Z}7) test tubed] 1 mLA ¥Wil 0.3 M
NaOH 1 mLe} #Hek2ol] 8313+ 0.5 M 3-methyl-1-phen-
yl-2-pyrazoline-5-one(Sigma-Aldrich Co.) A% 1 mL
Z E338l . £9S 70°C heating blockol A4 30%3}F 8k
SAA A2 W 3 0.3 M HCIS 1 mL #7Fske] 53
3}t ©] % chloroform 2 mLE ¥o] & &3 &d F&3
% & & Egsle] chloroform 2 mLE @01 3 A o
] FE30Ith T BYE TR T F B 52 9] 045

um nylon filter(Whatman)Z o] 3} 3 7]7]&4 o] A}-8-5}9)

24 A

Aol mApte] A A FQI fucose?] #AS 3] diode
array detector(DAD)7} #2=l HPLC(1260 Infinity II,
Agilent Technologies)& AH&38}% 1, 4] Z&e YMC
ODS-AQ(250%4.6 mm, 5 ym)(YMC Co.)E °]-&3}3ith
AR EA R FAE g o] 5 S Table 104 <}
ZET—_‘% _JZ_ﬂC)i H/HO]_oﬂ]:]_ }\]E 201%]:3 10 ULO] . 1.0
mL/min® %22 UV 250 nm 34 =34 Poﬂq-
HMEXI0| fucose®| B2k A|AH

Fucose &89 93 WA= AFHE Adsta 4
F A& o] &5t AFEN 59 fucosed] FEE TF
T ok A& ol &ste] FFS Artetditth
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Table 1. HPLC conditions for analysis of fucose

Instrument Agilent 1260 Infinity I

Detector DAD

Wavelength 250 nm

Oven temperature 40°C

Injection volume 10 uL

Column YMC-Pack ODS-AQ (250 mmX4.6 mm, 5 pum)

A: 0.05 M potassium dihydrogen phosphate (pH 6.9) : acetonitrile=85:15 (v/v)
B: 0.05 M potassium dihydrogen phosphate (pH 6.9) : acetonitrile = 60:40 (v/v)

Time (min) A (%) B (%)
Mobile phase 0 90 10
9 86 14
30 36 64
33 36 64
35 90 10
Flow rate 1.0 mL/min
_ AXBXCXD Tt HEE 25E9(237.9 ng/mL)S 0.25 mL, 0.5 mL,
Fucosed] ##(ug/mg)= . =
E 1 mL"“ A7kl F4&S SNt AL EE WA
Al AP LN F9 fucosed % (ug/mL) ANAEE dAednh. ALUEE AEZF9] oF 50%, 100%,
B: Ao HAZH(mL) 200%°) dF3t= 4l 12.5 mg, 25 mg, 50 mge A Fs}
C: 5% <= 3 53] o] vbE Sl wHEAd S ST AdA
D: 3| Al e A8l AE5FS APt AL, 717], dAE g
E: A5 A#H % (mg) sto] 53] o)A by HA st Ul xsHAE Tkl A
FokA B4 A AAdS B BdE Al 71e7]
FEEMH HE o} y= @] RFZPA] A= WHOZ ALl A
YA o] T A1) fucose AW S AOAC(2016)<} A4 Bkl S 98l 3.5313~120.5000 pg/mlL 5= ¥ W
ABNSAE N5 A7 D 712742 oA A3 A ol 57 FEo XFEEHS A x3le] 33 B3 & 247
(X E o) eFEekA ] 1A A12021-66%; MFDS, 2021)°l ut o] AFAE Rt BE A EEH A relative stand-
g} Eo]A(specificity), B =(accuracy), Ad % (preci- ard deviation, RSD)&= XTHAE FH OB Lppo] WS
sion), A %34 (limit of quantification), 2’44 (linearity) (%)% AXH3FS T}
9] parameterE A3} 2™, Shabir =¥(2004)< #aL
3to] AF3FSTh Zap o =k
Eold L FAE &dE A 5le] RFEd, A8
Ao T Ee] AeAE st RF S, AFEY £o0|d =l
o] HEFAIZ, 2FE-o] Yx|sh=A] AFRE &5 Solde EvE, TillE, iR 5ol Bo] EAlE &
AL A 98 370 ol v& HAY AT 8IS Ax oA BN SELS Aad oz HegastA S-S +
akaz, ololl tls) Table 29} o] Al E%O—‘,‘ F A=} i e Holth Table 13} o] fucose F-& 7 FAo] i
5.948, 11.895, 23.790 ng/mL7k FE% spiking® ahgith. AN FERS BN F, AREIRDG UV 2HEYS
ET=4 spikingS A8 oF 25 mgs %?5} T AR F vl ekl th(Fig. 2). 1 A3 283 P o] mapyke
FHrE ARS8 FEel oF 50%, 100%, 200%°] UV 2HEellq g3t 29 EfdS Yo fucose

Table 2. Accuracy of analytical method for fucose in Sargassum horneri extract

Concentration of standard solution (pg/mL)

Recovery (%)

Level %RSD”
eve Added Recovered Mean+SD" 7oRS
Low (50%) 5.948 5.672 95.4+3.8 4.00
Medium (100%) 11.895 11.180 94.0+£2.5 2.69
High (200%) 23.790 22.738 95.6+0.4 0.37

YEach value was the meantSD (n=3).
YRelative standard deviation.
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Fig. 3. Photo spectrum of (A) fucose standard solution and (B) fucose in Sargassum horneri extract.
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Fig. 4. Calibration curve of fucose standard solution.
A e 3FEs Ued A =E stk (Table 2). A EFHAXHBRSD) = 0.47% = VEFSLTE = AOAC A
4 (1%(1 ¢/100 @) W, RSD 4%) H$l olulell A<
Uz =l g8t tH(Table 4).
WA A AL A ol A Al =] 50%, 100%, 200
%ol I3t F 12.5 mg, 25 mg, 50 mgs HFa}o] HESH U ™aSHA &l
53] o]4 Wk SA ko] WHEAS SAAT 12,5 mg, 25 A= w43t AA T A6 BANGEHEe
mg, 50 mgoll A 7421‘ 9.49£0.47 mg/g, 9.64£0.31 mg/g, Hage] AE 7hee 2 ok A= Ade A
9.47£0.45 mg/gl® FHAEANOH HAAFLE 9.53+ A AEAe 7R AA T Ao R 298 5 e &
0.09 mg/gl & YEeuth Ades #d3 AAEFH o AdidEde] H4ZFS vebdn A=A A=
2] ¥ AF ] de ARE G 2 wet 545 S 7k} 2.04 pg/mL$} 6.19 pg/mL= e THTable 5)

z=

u Zbzte] A ZFE Alole] A A(EAF A L)L e

A %RSDE 0.94%= e} AOAC 7]#(1%(1 g/100 g)

o i, RSD 2%) 2. & WHEAdo] &S glst3ith(Table 3).
AN A RFS st AR, 717], dAE st

o 53] o] RHE ZA35te] AdlxFHAE 8ot 3¢

ot 74 dFR[<QI fucoses 2] °] HPLCZ
ZF ukEslo] B9 Ay AR HFgS 9.69+0.05 mg/g, AFgste] 451913 UV detector% o] &3] 7|&E FH
Table 3. Content of fucose according to sample weight in Sargassum horneri extract
. Content of fucose in Sargassum horneri extract
Sample weight (mg) ) %
Mean+SD"”’ (mg/g) %RSD Mean+SD (mg/g) %RSD
12.5 (50%) 9.49+0.47 4.95
25 (100%) 9.64+0.31 3.20 9.53+0.09 0.94
50 (200%) 9.47+0.45 4.80

l)Each value was the meantSD (n=5).
YRelative standard deviation.
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Table 4. Content of fucose according to interday precision in Sargassum horneri extract

) Content of fucose in Sargassum horneri extract

Interday precision1

Mean+SD” (mg/g) %RSD” Mean+SD (mg/g) %RSD
A (1 day) 9.73+0.28 2.86
B (2 day) 9.64+0.31 3.20 9.69+0.05 0.47
C (3 day) 9.70+0.14 1.47

1)Interday: three times analysis of fucose per day for 3 days.
“Each value was the meantSD (n=5).
*Relative standard deviation.

Table 5. Regression equation for Sargassum horneri extract

Compound Regression equation

Correlation coefficient

LOD" (ug/mL) LOQ” (ug/mL)

Fucose y=286.39x—63.76

0.9993

2.04 6.19

YLimit of detection.
?Limit of quantitation.
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