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As interest and demand for functional foods increase, standardization becomes important to
manage the quality of raw materials and products. Analytical methods for the standardization of
bioactive compounds must be created in tandem with the development of functional foods.
Therefore, the aim of this study was to validate an analytical method for the determination of
2-furoic acid in Benincasa hispida extract (HR1901-W). The 2-furoic acid analysis method was
validated by evaluating the linearity, precision, accuracy, limit of detection (LOD), and limit of
quantification (LOQ), using a high-performance liquid chromatography —photodiode array
spectrum. Our results showed that the correlation coefficients of the calibration curve for 2-furoic
acid was 0.9999. Furthermore, the LOD and LOQ for 2-furoic acid were 0.10 pg/mL and 0.32
pg/mL, respectively. The range of inter-day and intra-day precision values (RSDs, relative
standard deviation) for 2-furoic acid were 0.13% — 0.56% and 0.27% — 0.33, respectively, and the
inter-day and intra-day accuracy values (recovery) were 98.47% —102.74% and 98.77% —
102.72%, respectively. In addition, the content of 2-furoic acid in HR1901-W was found to be
412.39 £ 0.91 pg/dry weight in grams. These results indicate that the analytical method used in
this study should be appropriate for the quantitative analysis of 2-furoic acid in HR1901-W and
considered for use as basic data for the standardization of HR1901-W.

Keywords: 2-Furoic acid, Benincasa hispida, High-performance liquid chromatography, Method
validation, Photodiode array spectrum

© Journal of Agricultural, Life and Environmental Sciences. This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution,
BY NC

and reproduction in any medium, provided the original work is properly cited.



312 = Journal of Agricultural, Life and Environmental Sciences Vol. 33, No. 3, 2021

]

[

SN Benincasa hispida cong. )= YN Cucurbitaceae)®l| Zo1= gHolldo] 2 A2&2 1k, Y& F=, = &
gloAlop F 2k=re] Mt g 2o F ofAlofA|Hat Fff HAhe] FXF X A|HelA A= glom
(Mohammad et al., 2019), =2 ofA|o} =7 of|A] A8 W ok8 =4 © & o] 8-k|= 2| 4 2FE0|THPark and Lee, 2020;
Lim et al., 2003). 5= = BRI o™ B 10 kg ©lote] FE o]-8atH, @A AlZLJoFameaA oA Al
St AlEEaRole A AlLfet Bt Grj 2 Aoto] A= o) 2Uth(You and Jun, 2012). F3k= QK 5
q19] 1A RIZEa e o] 853l o, 5] Hitol oJshH A Afgto] wolut Y=g ThEo]A] B 0T Ao wihz|m
5] BAn] W29} F| AEIE 2)stol] Eutdolalal B ¥t Grover et al., 2001; Kim, 2004). Egtopa} Sl
g @ Y(volatile oils), et ro|E, HlE2lels, A=/ T4, D4 nldd 2 Hlel] 5 ot UAE T
Ao gefjrglom, gt s, 4t Y, &2, AXE alild 59 &l HalElo] MAES &8
T4 A=A 0] E87IA7t =52 AAFRITH(Lim, 2012; Gill et al., 2010).

st ALS] 2 9] 7145tet I 2LH9(COVID-19) 9] HHAY vt 8H4ko 2 A offfo]| 8- F = AAES
52120 tigt 4] o] Zi%] 17 Qltk(Ahn et al., 2017; Choi, 2020a). oof| et 7154 Ua 9
| 9%t B3 H A= Wi S8 3 Fta AR]ohH R/ B 2| B3RO 715 37 g ol
H Q5ITHCho et al., 2017). H3h= Y= 2R E XFAR7IA Q) AlZ37 Z4to] A4 ke 28-S
U= STAIERTA TS Dop, ofuf] AR EC] BER) o] 7Y ARk o & ARHTHJeon et al,
). AFGE-2 A5 Foll =] o= st o= s A FollAl FAT Y] 5402 At Adwoltt

o v

(Ong, 2004). o|2{3H A HAE2> U= E= A
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2] FolA, Al A 77 Soll wEt 7lsol Holshe Aol i, &, H, 5 5o SNkl B =4
oA QFgdo] w2 ARl A, H-8elE 74 71718 S5l 24 7hs et 4Rl 8ol T2 ALfsto] AR H:
whebA] 2] B/gRES] 4178 B EARS 91 JPH e AR A RS o8 SfioF sk 7|4 o] A27S Slol Bl

Ak A2 o] AZE]ojof fHK(Choi et al., 2017; Kim et al., 2013).

FUFEE(HR1901-W) Q] 2| 33541 2-furoic acid> 2| AHIE A4, E9 24, AR 4 59 850 Bl
%10 ™ (Hall et al., 1985; Hall et al., 1993; Sajadi et al., 1984), & 1710l A= HR1901-W 2] Z] FAJH2] 2-furoic
acid®] EAE 7i 2 584 A5 (method validation)= oF7] $loll 1145984 3 20} & 12| 3 (High-performance
liquid chromatography, HPLC)2} UV Fa= 7HA| A 9]0 W& S<=5l= 2] (Swartz, 2010)E ©|-8-5l=PDAH
Z7|(Photodiode array detector, PDA)E AFESIATE. HR1901-W2] X ZHAER] 2-furoic acide 5-9 W=
@2-furylyoll 71254717 Ak 2019 2-furyl 9] g 3= 220 nm F420=2 & Atolx= UV 200
nm — 800 nm 2] TP FS HET 4= = detectorS AF8-51 2-furoic acid S 451t @A Bl A 2-furoic
acid & % w4617] SISFHPLC A2 B e vl glo B & HR1901-Wo| #25} 9 1 23HS 13h 2479 7Y
Il 584 Aol BegAAolrh mebA & Aol Ad= HR1901-W o] A BEH<]1 2-furoic acid-& S0/, 2141
3, A, A, HETA R AFA S-S 5 18 A5 D FHE 245 o8] HR1901-W 2] 2-furoic

acid ¥ Sott.

o
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Mz Y

Al

= AT A AR FH= SHE(Cheongju, Korea)of|A] Al gt o, Satdl 5 A4} Aok A 2|9t vk £
o ARSI B A& 30 gofl 3 Lo S/E 7I510] 100°CollA 4417 &4 e F-Esiginh. 558 ol &
5551910 54712 7](Ilshinbiobase Co., Ltd, Gyeonggi, Korea) & ©|-8-51 527 ZX=E(HR1901-W) 2 A5t
=] Aol ARESIITHEG& 4.6%). B2 2-furoic acid(CAS: 88-14-2; >98%)+= Sigma Aldrich(St. Louis, MI,
USA)OA Fd5te] AR5 &l 2 AR HERS(>99.9%) U o] 54K(B).0.2 AFEE acetonitrile( =>99.9%)-2
J.T. Baker(Phillipsburg, NJ, USA)°llA 115195 0™, o] 54H(A)Q! Trifluoroacetic acid(=99%)+ Sigma Aldrich
ol F-i5to] ARESERATE

g

2-Furoic acid &4

2-Furoic acid £ Waters 2695 separation module HPLC system™} Waters 996 photodiode array detector
(Waters Co., Milford, MA, USA)7} 23 HPLC7171E 5all A&%%.2™, Osaka soda Capcell Pak C18 UG120
column(Shiseido, 4.6 mm x 250 mm, 5.0 pm, Tokyo, Japan). 2.2 22|} t}. 2-Furoic acid 43712 Table 17}
Zom A7 0] F91RS 20 ulL, 348 1.0 mL/min, Column 25 30°C G4 =0 ™, 2-furoic acid 2] |t} E4x
oA 24 peak WA g LehE HH B4 254 nm 2 AAAsto] BAI) ol 540 2 ol 54(A) 0.1%
Trifluoroacetic acid in distilled water(v/v)2} ©-54(B) acetonitrile= sonicator= 7|5t AFg5I T, 7|-27] &

2]Z7(gradient system)= ©]-85to] A5

HZE U A[dEHo] =4

Table 1. HPLC(High-performance liquid chromatography-photodiode array spectrum) conditions of 2-furoic acid
analysis for Benincasa hispida extracts

Instrument Conditions
Column Shiseido C18 (5.0 pm, 4.6 mm X 250 mm)
Column temp. 30°C
Time (min) Solvent AV Solvent B?
90 10
. . 90 10
Mobile phase (Gradient)
15 70 30
20 90 10
25 90 10
Detector Waters 996 Photodiode Array Detector (254 nm)
Flow rate 1.0 mL/min
Injection volume 20 uL
Run time 40 min

YSolvent A, water (0.1% Trifluoroacetic acid)
ISolvent B, Acetonitrile
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2-Furoic acid FF=42 10 mg F51] 10 mL F-8-22bA~FE o]-85] 1,000 pg/mL 2] 557t HE s Hek2 2
TA7ER] 48510 o]E stock solution © 2 5FTE. Working solution A% stock solution= -85} 0.78,
1.56, 3.13, 6.25, 12.50, 50.00 pg/mL7} === H|gh& = SAlsto] ARESIGIT, Alg-8e AL Al=E 500
mg2 AT 5 25 mL F-EEATE 0]85] 20,000 ug/mL 2] 57} FEE HER 2 BA7IR] e FH, ol
0.45 um, PVDF syringe filter(Whatman, Maidstone, UK) 2 o{1}5to] A|&]-880 2 i}

20| QBN 1S
A I AES CIoRE 5 A AEH Beldlo] A Zlo] ZRRUKFDA, 2015)& 712 slo] AR B4

H 9] Eo]A(specificity), 2414 (linearity), 2 d(precision), €Hd(accuracy), HESHA|(limit of detection, LOD)
a

=
1) AeksHA|(limit of quantitation, LOQ)S o]-85fo] B4 o] S @ Al-S AZsIqich

FF=4 2-furoic acid 2 HR1901-W & HPLC= #4151 &2 chromatogram-2 H] 15} 2-furoic acid7F A€
2|91 Ha] o 55 3130 0 photodiode array(PDA) spectrum-=- 2F15}10] FASF spectrum= YER=X] 215}

c

F=EA 2-furoic acidS 0.78, 1.56, 3.13, 6.25, 12.50, 50.00 pg/mL 0] ‘5= 2 A3 HPLCE o851 33 ¥HE,
SAer, BFEAO peake] Hiet HAY sB|2 2dE APFHeRRH dojxl A correlation

coefficient, R?) ZFS S3l| 214148 3Helsoict.

o2 o/ o

A HAJE 2-furoic acid @] TS LI J=HR1901-W of] 88 2-furoic acidE-2.5, 5, 10 pg/mL o] ‘S =2
Ztstset. e 2 A BAS 19 -33] 245hs dili(Intra-day) 24 2 19 - 18] 245 3981 245k= ¢
IH(ntra-day)x4 0 2 HFE G om FA51] Aojxl peak HA 0| HEFAIE 01-8:510] 2-furoic acid®] =5 ALt
stalrt. Aul 9 47 AU 7 2t gol BEuAE 2y g Beo= v HIQl AEEH relative
standard deviation, RSD)& ©|-8-51] LER 0, 242 71t Fieof tiet 844 5 =8 formula(l)& ]85}

of 3482 YePATE Formula(1): Recovery(%) = [(Cr —C,)/C,] * 100; Cz: Concentration of spiked sample; C,:

Concentration of sample; C,: Concentration of standard.

Eea
A HZE 2-furoic acid®] HEIA(LOD) R AFIALOQ)= HEEHAeH AFAl] 71&71oll 2715t 242}

formula(1T) 2+ formula(Ill)< -85t YERATE. Formula(Il): LOD = 3.3 ¢/S and Formula(Il): LOQ = 10 47/S; o

| et

The standard deviation of the response; S: The slope of the calibration curve.
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2oty 2%
S0ld ZE
—Tf:.ol*é(speciﬁcity)ol‘?_} 4w, ok, HiE 52 A el 4 it =2 A9
Ao 4= =582 W3 Marm et al., 2002). 2-Furoic acid F5-8-287} 3=-8oH0]
Pak C18 column= AR5t 225ttt 2-Furoic acid E5-807 HR1901-W,

chromatogramS H] 15} 2-Furoic acid”} &-2] =+=4]
H2|%] 2.2 ™ 2-Furoic acid E5-8-H0] 13 HEE

= 3o @7&),]. Fig. lq.ﬂo]
2 A|7H} HR1901-W 9] 1] B2

1_

>~

o2 Ak =

%71 HR1901-W = Capcell
EF§No] 71 HR1901-W ]
=87 glo] Ad2el

= Alzto] AxJstsict. watof

ek UV 200 nm—400 nm] 5001 AHEFE. AR 28 509 AR5

spectrum LERO] 2 AJglgle] Soldg BllolgihFig. 2). £ R4S Sof Sl
5 H|ch 24 742 Ortu and Caboni, 2017] G791 34K ATk Sielahoict,
,
(A) . S I 2-Furoic acid 50 pg/mL |
o P
0355 E : O
0.304 » §
2 025] E E s OH
0203 E :
i A \ @)
0.10] 2-Furoic acid
0.05] E ( E
! 0.00 2‘00 4‘00 6;.)0 E 860 ; 10‘00 12‘?0‘ 14'00 IG'DO 13‘00 ZDVDO 22‘00 24‘00
o :
(B) 018 Spikinggstanaards into Benincasa hispida extracts
0.164 H o
0.14] 8
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0.08] é I! C]
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)
002] H H E
o | AMCE S S
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0.0104

l Benincasa hispida extracts (Blank)

T T T T
18.00 20.00 22,00 24.00

2-furoic acid @] spectrum

Fig. 1. HPLC(High-performance liquid chromatography-photodiode array spectrum) chromatograms of 2-furoic acid
(50 pg/mL) (A), 2-furoic acid (10 pg/mL) spiked (B), and Benincasa hispida extract sample (C).
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‘4 8=

27 (linearity)-> A& 5 D7 B9 tollA 24 did=2 9] ol vlgsh= 21412191 2432 dofd o= 3=
582 Wol, 249 Auto]| et yE2 peak HA, x5S EF8NO] i (ug/mL)E 51 2HJH calibration
curve2] R*gEo 2 2442 SISt Choi et al., 2020b). TS 2-Furoic acid #5842 0.78, 1.56, 3.13, 6.25,
12.50, 50.00 pg/mlL 52 T4 0 & 3)A41510] HPLCE 473+ A3}, 2-Furoic acid @] E2AZHAC y = 134300.80x
—7214.71 2 VERGE O™ AHASR?) ZE 1.00002 LFERLF 945 214432 B AtFig. 3).

HUL U
7§ W d(precision) TETH Al = E] ofg] ¥ AFsto] g AlRE A 0] whet Stk w 2]
SAGE Aol 9] A (A ) S E 3T Franeta et al., 2002). HR1901-W of] 558908 217 215 5(2.5 ug/mL),

012 -
- 2-Furoic acid
010 L o Benincasa hispida extracts
0.08 -
[0}
2
& oo06r
o)
S
o 004+
Q
<
0.02 -
0.00 -
0.02 : . . . . i
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Fig. 2. PDA spectrum of the Benincasa hispida extracts spiked with 2-furoic acid.
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Fig. 3. Calibration curve of the 2-furoic acid standard solution.
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Table 2. Precision and accuracy of 2-furoic acid analysis

Matrix Analytes Concentration Mean + SD RSD Recovery
(ng/mL) (ng/mL) (o) (%)

2.5 2.54+0.01 0.56 101.58
Intra-day 5 5.14£0.01 0.13 102.74
Benincasa hispida L 10 9.85+0.01 0.14 98.47
extracts 2-Furoie acid 2.5 2.54+0.01 0.27 101.52
Inter-day 5 5.14+0.02 0.33 102.72
10 9.88+0.03 0.28 98.77

F55(5 ng/mL), 15%(10 pg/mL) 2 718 5| HPLCE B4 ), A EEHAHRSD) 2 E151ITT Intra-day,
inter-day 9] AUEE =43+ A= Table 29} 2:0H intra-dayolAQ] ALE= 0.13% —0.56%S LERH.OH,
inter-day ] AU == 0.27% - 0.33%2 JeERA T

yay e

e d(accuracy)2 S74k0] oln] Yl Q= Zgkolut ZTEgtoll 2T s UobH 2l4~E&(recovery) = UEL
Wk Bressolle et al., 1996). 2Rt 5. 0] HFH(2.5, 5, 10 pg/mL)°] 37 HR1901-W & HPLCE 245131
o 245 2482 Table 20| HEIHGITT. Intra-day, inter-day 2] J€/32 5743+ 27, intra-day°l| 4] 2] 42Hd-2
98.47% — 102.74%E LFEFH 2™, inter-day 2] 32H3-298.77% — 102.72% S WEFHO] 80% — 120% 24 2215 TF
5.

—_—

oY
MU
|'O

%]

HEA(limit of detection)Tt A= Fofl EAot= EA =4
of quantitation) 2 2t AT A4S 7 ARk R HaE 4 gl AR 5 BAREE) 4T Y
2tk Vial and Jardy, 1999). & Aol 4] AR8_L 2-furoic acid 24
2 ZA=30™ HRMA= 0.32 pg/mL 2 = A= It Table 3). ©]212F 23H=Ortu and Caboni(2017)2] ]
A A1, 2R, Wl 2] 2-furoic acid®] HEMA B AR Bt BA UEht o o] = AR 717], 2452719
zolof oJgt Z o = Atz et

e

o
o
T
N
o
e
B
B>
o)
i
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£
g
o)
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3

o)
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St 2E2E(HR1901-W)2| 2-Furoic acid &2k &M

Faxo] AEH EAHE o]85lo] HR1901-W W 2-furoic acid®] e EAeH 21} 412.39 + 0.91 pg/dry
weight g©] 5.0 & LFERITH Table 4). ] 213t AvR= &3 2 A Hrk o] gho & ekt 2 24
S o] 85t ol A Q] 2-Furoic acid B40] 7F5a 710 2 AlzEt) Bat ol gl Sato] 584 R 1l 2| TR
= 2-Furoic acid& A7 Al & 2] A §84 A58 5% 98 BEep ks A 02 Alr g,

Fake] gl A, AL -50] TRt 852 TheF I triterpenes, phenols, sterols, glycosides ‘52 22

AlgA] 4o oJgt 71 © 2 K 1 E|QJTK Zaini et al., 2011). 55| Fatariah et al.(2014)2} Busuioc et al.(2020)2] &

lo &

0O

o|N
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Table 3. Correlation coefficients of the calibration curves, and the limit of detection (LOD) and limit of quantification
(LOQ) of the 2-furoic acid analysis

Range 2 LOD LOQ
Analytes Slope Intercept R
g (hg/mL) P P (ng/mL) (ng/mL)
2-Furoic acid 0.78 —50 134300.80 -7214.71 1.0000 0.10 0.32
Table 4. Content of 2-furoic acid in Benincasa hispida extracts
Mean + SD RSD
Analytes Sample
g i (mgg) %)
2-Furoic acid Benincasa hispida extracts 0.41£0.00 0.23

o})ll

J19] OJoPA Fi= =2 0 F HiEdERS HolH 15 gallic acid @] @Fo] 7P =kt o]k B Lol =
J,] 2

HR1901-W I = 5 gallic acid EFE47} U5 HEE AI7ES B GA|9 PDA-spectrum @] 2 F 9 Z|djg-ub4t

FHo| Aolotq gallic acid= HAEE|A] ZEtTh(data not shown). THFA] 2 Ao A+= HR1901-W o] Eco]& o2
5] 1l 2-Furoic acidE A H/J0 &2 A6t 2, HPLC-PDAE ©|-85to] 24 a4 A5 sIelth
SER]%F 2-Furoic acidi= A| F/g285F ofH2f f- 840 = Ae8Ad-& el 9+ mﬁ?—i Z o= AtmErh

2 0] BAe 2 iE Ag Ul obg0 R AGH FNE AR IS AEORA BEIIE 9ot ABHE 2
o

2 A=k B A Lol A= HR1901-W2] A EAE-C 2 2-furoic acidS 41451992 HPLC-PDA

JE
_14.4 rE

7H = [e) = _’J\
Slo] EolA], 2144, AobAd, AEA, HEH F HakH 248 55784 HE5S sIt Jidte RS 5
5} 2-furoic acidS 45192 W, HR1901-W W tF2 245310 7Hdo] Belu] 1 B2 MBS A7t o
o Z}O 5}

o=

S AR 0tE 738 53] 2}l519 0 I, PDA-spectrum=- 2F15t0] U e o] Srubidat 2t e4-u}
ATt 2-furoic acid @] AFA AdTAS=0.9999 = LFER} 240 Z9keks Yetigl o, Ak, T8k, il
9] 2-furoic acidE HR1901-W ©f H7}sto] AL RDS(%) 2 AL recovery(%) = B7151t). 2-furoic
acid®] 47F 9 A AUAL 0.13% - 0.56% 2 0.27% —0.33%= UERF O™ A7H 2 A A2 98.47% -
102.74% 2 98.77% — 102.72% 2 =2t A8 E A2 eI 2-furoic acid 2] HESHA 2 HeFetAl= 2t
Z10.10 pg/mL % 0.32 pg/mL=E YER Askeof| Ak HE0] 7Fsok SRlskyit. #4t ofujgt HR1901-W 5
2-furoic acid @] TS A9 AL AESSH 2 A=FHA| 01432]0.41 £ 0.00 mg/dry weight g © 2 FA &¢It what

A BN 954 AZ Aul EolA], AN, AsHY AU, AZeH| 1 Heksh 242 Eof 0251 B ele

Huo=
A5 2H, HR1901-W o] 29} 8l 17491 ¢t 7| x2Ata 2 E-8d 2102 Almdrt.

AR AL

=22 2020 FAHIA 7| QHO] FA 747 IEAE Z](S3004427)7 2021 H . R85 o] A
O 2 AT X]%J% o} éﬁlﬂ% 7)1 ATAF(NRF-2021R1A6A1A03044242) D 4THA] F1]3H21 ALY
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