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Validation of a Method and Evaluation of Antioxidant Activity for the Simultaneous
Determination of Riboflavin and Coixol in Coix lacryma—jobi var, ma—yuen Stapf
Sprouts

Ji Yeon Lee1, Jung Yong Park‘, Chun-Geon Parkz, Dong Hwi Kimz, Yun-Jeong Ji3, Su Ji Choiz, MyeongWon Oha,
Hosop Hwang', Yunji Lee?, Jintae Jeong®, Jeong Hoon Lee*', and Kyung Hye Seo*'

ABSTRACT Coix lacryma-jobi var. ma-yuen (Rom. Caill.) Stapf (CL), which contains riboflavin and coixol, has traditionally
been used to treat cancer and arthritis. However, no method for the simultaneous determination of riboflavin and coixol in CL
sprouts has been established. In this study, we established and validated a high-performance liquid chromatography—diode array
detection (HPLC-DAD) method for the identification and quantification of two reference markers, riboflavin and coixol, in CL
sprout extracts. CL sprouts (whole sprouts and leaves) were subjected to extraction with 70% ethanol at room temperature and at
80 °C under reflux conditions. The two extractions were validated with respect to specificity, accuracy, precision, and linearity.
The content of the two reference markers was highest in leaves extracted under reflux conditions (riboflavin, 8.23 + 0.32 mg/g;
coixol, 5.95 + 0.04 mg/g). We also investigated the antioxidant activity of the extracts via 2,2-diphenyl-1-picrylhydrazyl (DPPH)
and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS") scavenging assays. The results indicated that extracts
obtained from sprouts under reflux conditions had the strongest antioxidative effects (DPPH half maximal inhibitory
concentration [ICso], 68.9 = 4.1 g/mL; and ABTS, ICsy, 34.9 £ 0.1 g/mL). These results can serve as baseline data for the
simultaneous determination of the two reference marker compounds, riboflavin and coixol, and development of functional food
materials using CL sprouts.

Keywords : bioactive compounds, Coix lacryma-jobi, correlation analysis, free radical scavenging, standardization
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[ Coix lacryma-jobi var. ma-yuen (Rom.Caill.) Stapf] E}7l B, (riboflavin), linoleic acid®} linolenic acid %5 W|E}
Z A== BIH(Poaceae)o] &otr -ubeto] tf 2 Q3 ZHHte] Seka BpeshE gheol Ron A #
A oJof] A Auf =]l QleH(National Forest Seed and Variety ol =7] Hol 2 AF 9 oforEo] dag AMg-H
Center, 2014; Lim & Do, 2001). &5 £x}= o2 25X (National Rural Living Science Institute, 1996; Kim et al.,
o} ShE 9 2| ggol 2ou] HER By (thiamine), ] 2000). 3, &5 F3E AAT FAE o] Q@O
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o so] Gk, BAY, BF 5O PR AFEHT A4
= 7FEARRE o8E Al JItKKim, 2012).

5 FA = JES(Huang ef al, 2009), A9 £33} A
(Lee et al., 2010), 3 =(Seo et al., 2009), 32H(Yu et al,
2008) 59| AHgo] WuEgon, A &7 AL o] g5t
of Tt ol RIAT AMrt WA ol g7kl B
g 2 Aoz AAEHN(Son ef al., 2017). &5 SA oA &
25 JE O 2= eriodictyol ¥
al., 2009)1} (+)-7-hydroxyamino-octadecanoic acid methyl

! p-coumaric acid (Huang ef

ester, bis(2-ethylhexyl)phthalate, dehydrodieugenol, piperine,
piperanine % a-sitosterol (Han et al., 2013)0] 1o, &
2ol A= coixol (Kwon ef al., 2017), (+)-icariol, zhepire-
sionol, 4-hydroxybenzaldehyde (Choi et al., 2017)5°] &
AEGILE o]F F coixol &5 T, 7|9 HelollA] £
A d3o] BarEul 9l oK Kwon ef al., 2017; Zhang et
al, 2010), AZ7HA] &5 AHOA BAY AZE o]sto]
2 Hl7} gtk £%9) RIS FAkAl |0
NEOE 0184 FAAF] AL Siol aE 4
S Aol ost ARA By ST BaQ)
sl7h 7 a s,

EH o= &5 ARe] Mzt YL riboflavind} coixol

_{01

o] EA|RA YL Eo]_o:] Sher BAS s19don, FALSE 8
48 MRS, ATANS e &2 A o7

HEME R FES M=

2 Ao ARSI &7 A 20159 89 S L E2}
ot IHEAHSE S49)0lA 5LollA 79 & A=
Ae AHEsEgl o, ol8 HZ(Coix lacryma-jobi; CL)2} Q)

(Coix lacryma-jobi‘s leaves; CLL)C.2 E231 & =7 4
ZAA ARSI AxE T2 )9 HxeF Y&
waE 5 AR ool 10912Fe] 70% 402 80°Co A
oF 3A7PY 33] BF F3U ACHT 2ol 28 A
(D& AHE BT 2F F olit U 5Estel 54 A%
At FEE(10 mg)S W ek-2(Fisher Scientific Korea Ltd.,
Seoul, Korea) 1 mLof| &4 0.45 um membrane filter (CTK
corporation, Daejeon, Korea)= o3t & HPLC EA4] o]
A3, 22520 mg)e DMSO 1 mLo| o] DPPH
(2,2-diphenyl-1-picrylhydrazyl)@} ABTS" (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) &~7]% A|@o]| A&

Fig. 1. Chemical structures of riboflavin (A) and coixol (B).

Table 1. Operating conditions for the HPLC analysis of ribo-
flavin and coixol.

Parameter Condition
Instrument ~ HPLC 1100 series (Agilent Technologies)
Wavelength 260 nm

Mobile phase  Solvent A : Water (0.01% formic acid)

Solvent B : Acetonitrile (0.01% formic acid)

Flow rate 0.8 ml/min
Column INNO C18 (4.6 mm x 250 mm)
Injection volume 10 uL
Time (min) B (%)
Gradient 0 25
conditions S 15
10 30
20 50
skt

EEZUo| =A|

#5291 riboflavin2 Sigma-aldrich (MO, USA)oj| A
Fufste] ARSI, coixol- & ChemFaces (Wuhan, China)
o)A Fufste] AHE-SFATHFig. 1). FFE4S HPLC 55
O] HEtEE o] 2 mg/mLgE9 stock solutionS A5}
Atk ZA)E stock solution2 0.45 um membrane &2 o
3fat & 4°Co] Hpato] ALg ol sj4lato] ALEaHAT.

HPLC 2M =7

S5 AR A=} ¢l FEE9 riboflavind} coixol 2] £
S Y3 HPLC 1100 (Agilent Technologies, CA, USA)
S AMESFR AL, EAof AREE Z-2 INNO C18 column
(4.6 x 250 mm, 5 wm, Youngjin Biochrome, Gyeonggi-do,
Korea)o|m B4 AL Table 13} Zth
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national Conference for Harmonization 7}¢]=2}Q1(Guide-
line, 2005)3} A]ZojekZ oA 2] o] <ekZ = A|EHH vali-
dation 7}o] Z2}QI(NIFDS, 2012)0f| 7]&% u}e} o] o
J(specificity), '8 J(precision), %J2H/d(accuracy) 2 2|4
A(linearity) & E3 AATIATE AAAS B3l P& Al
9] 71719} EEHAE o]8slo] AE3HA (limit of detection,
LOD) ¥ A=A |(limit of quantification, LOQ)E ©|-&3}

E- o] Y(specificity) > 4%.—7?—% Z(riboflavin, coixol)i} &
N 3250 IRuEIRS vusle] Aezoz 'ﬂa]
7h E=A] 2RIkl o@*é(accuracy) 2l ) A (precision)
2 riboflavin®} coixol& 31.25, 62.5, 125 ug/mL9] =&
AHE3Fe] Au(inter-day) AHEA 2 AL B015H7] 9
3 3hFof 33] HhEste] 4519 o, U7Kintra-day) 7
WA o ASAL golEty| o) 37 viEEle] BAE%
th Qo] peake] WAL thelstel A2o] FES Akt
Rom J7et Fxof tHlste] IH s AAE st

h3

Aol Zkel 34 (recovery)# ;H dy 4 %17&

C

2 U el *JEHE—‘EHX}(relatwe standard deviation, RSD
%)E AU I A7 HUAL shelsteitt. 244 (linearity)
FZEHQ] riboflavind} coixolS methanolof &3} A] A
F2} 0.0625 mg/mL, 0.125 mg/mL, 0.25 mg/mL, 0.5 mg/mL
1 mg/mL =2 Y= 3 HPLCo 334 F¢sle] 24 &
AN ol o2 HATEY] AAAS, 717 " yﬁﬂ
< Tol3lth HETHA(LOD) % AFRA(LOQ)= 4l off 7
S (sigal-to-noise)o]] A3Fo] AASI T HAESHA(LOD)
= 33x0S (0: yAHO FE2HA}, S AFA 7179 B
e olgsto] AlLbstal, FHFFALOQ)= 10xaS (o y&
Hol xFHAL S AFA 712719 Bddhe ol&3sto] A
4tst et

-

N orlo

OI'

DPPH ZiC|Z AVS &3

&7 A 3529 DPPH 2tz 275 342 fIsto
Kedare & Singh (2011)¢] W& =A5to] =A351%t}) =
T ¥EH=2 24|E ==E 40 uL2} 0.25 mM DPPH solution
160 uL vortexdt T} A2 4 30&7F HF-8- & multi plate
reader (Synergy H1, Biotek, VT, USA)Z 515 nm &34 =
A SR Hxders oehEtte Frkstaon,
H|ILE 93l ascorbic acid (Sigma-Aldrich, MO, USA)&
Fdzdtoz ARSIt DPPH 2759 J=e= 50%
A 8fl& = (ICs0, ng/mL)= LERH ik

ABTS' 2lC|Zt

8 g 2220 ABTS #UZ 4758 246
25Fe] Brand-Williams ef al. (1995)2] S =A3514] 9]
83519t} ABTS” solutionS ABTS tablet (Sigma-Aldrich,
MO, USA)S 7 mM =2 H00] &3)A17] 3 2.45 mM
potassium peroxodisulfate (Sigma-Aldrich MO, USA) ¢}
L1 g BAA 16 A7 oo B F ALt 2
7 02 s HE FHE 355 20 ule} 180 pL ABTS'
solutionE vortex® Z9t3F th3 A0 A 3027 W3- &
multi plate reader® 732 nm ZF oA A3} TE iz
TFOo 2L oEke-S HUlstgion, v|aE Y3) ascorbic acid
£ FddRL o R ARSIt ABTS” 2759 A= 50%
Aol &= (1Cs0, ug/mL)= UERH AT

A%s B

SAH X2

RE Asle Hid + EFHX(standard deviation, SD)Z
R85tk Ad o] BA A= SPSS & T13;(Version 22.0
for Window, SPSS Inc., IL, USA)S o|835}9 11, HH7t H]
g Yol 4395t AR A(One-way analysis of variance,
ANOVA)2 Duncan®] th=g4 o &2 AlaatA| B4-2 Pierson
of HPASE WE 5% §olpzeld AN

rlo

=t

Z4 |.I:I| -_'LE

21 %

Riboflavini} coixol2| SAI2AH HE

& o= riboflavin®} coixolo] EAstctal G A QA
ok, coixol @ B2 Q] & BT B & ¢ tH(Zhang er
al., 2010). $-2= &5 A& 4 e 4
5 gistel £ 2o B4 BHE UAskic
Sol4e BRI HelE WiEHE 5ol
o4 BAYARAS AEdoR 2
P?"TAPI’/}(NIFDS 2012). EZY(riboflavin, coixol)T
W 22Ee] Azl Bolg 23 o)
of 741 g1l 727k k7t Bl EickFig. 2)
7 A el B 4400 2 A5}l
Ad
J=
stn] 4 Qe sl B4 93t FeEE Tl Bt
THGuideline, 2005). Riboflavini} coixol-> ¥ Ul(inter-day)

L

o 0 o i J
X
L'J
rul b
olr 50

IN
o
|

r
e

S o o

o
S

_I

oA 34§ Zro] 100.24~103.98% = uH FF 3t 0
o, °‘7P(1ntra-day)°ﬂHE 7R R 3)4E Zho] 100.28~
102.19%% uj$- oF3 39t AUAdLe E-frl_}% WFo

2 Ui 7kl A EEHIHRSD, %)3S S35 HrhEn
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Fig. 2. HPLC analysis chromatograms of riboflavin (1), coixol (2) (1.0 mg/mL each), and extracts of CL and CLL (10 mg/mL
each). A, standard mixture; B, CL1; C, CL2; D, CLL1; E, CLL2.

Table 2. Analytical data for inter-day and intra-day accuracy (recovery) and precision (RSD) of standards.

Inter-day (n = 3)

Intra-day (n = 9)

Con"
Compound (ug/mL) ETLI;(I)::E; SD? Recovery RSD? ég/?::il; SD Recovery RSD
31.25 31.43 0.45 101.90 1.43 31.68 0.36 101.38 1.14
Riboflavin 62.5 63.31 0.81 101.29 1.28 63.05 0.84 100.88 1.34
125 125.30 1.39 100.24 1.11 126.94 1.61 101.55 1.26
31.25 32.49 0.63 103.98 1.93 31.34 0.32 100.28 1.02
Coixol 62.5 64.25 0.53 102.81 0.83 63.87 0.95 102.19 1.49
125 127.87 1.11 102.30 0.87 126.97 1.32 101.58 1.04

All values are means. "Con: concentration of compound, 2SD: standard deviation, PRSD: relative standard deviation.

2.50]510] Al EEANES 2270k S Guideline, 2005).

HFZE&N riboflavin} coixol2 U7t W Aol Al EEH

Af gho] M 1.5o]sto| B 11 25 THA7]= £

o2 YEelytiTable 2).

AR A 5AY Erg 2H o] ]:s}:q 3|

7 g,koi 871418 T3 F 0.9990]4F2] ApASE 71X
A9, AR 717 @ Sl %7}ﬂ010]: gkt

(Guideline, 2005). #3589 riboflavin} coixol @] ‘5= 0.0625

mg/mL5E 1 mg/mL7bA] FA4/5t0] A3 Aa} A4

¥ W

_Il)lv

= B5F 0999%2 vEyton 3o HAYAS At Y =
3.2312X - 57.131} Y = 1.0642X + 6.987 %2 el THTable
3). &4 7153t riboflavini} coixol®] HESHA 2 A aFstH
AE AR 23 ZhzF 0717 0.31 pg/mL 2 2,173} 0.94
ug/mL= AA & AcH(Table 3). £4 A =45 o] 10 uL
olm o] A& 217} 79t 3 ng W 219} 9 ngoll Hat

olch. BEARE AR 7154, Sol4, oA, HH%
A 9 golio] T B 4 =S Tejslo] A4 Wat
UTHKim et al., 2013). AP A= &F A 550 &
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Table 3. Calibration curves for determining the LOD and LOQ values of standards (n = 3).

Linear range . . ) 22 LOD LOQ

Compound (mg/mL) Calibration equation R (ug/mL) (ug/mL)
Riboflavin 031-0.5 Y =3.2312X-57.13 0.999 0.71 2.17
Coixol 031-0.5 Y =1.0642X + 6.987 0.999 0.31 0.94

DWhere the Y and X are the peak area and concentration of the analyses (lg/mL), respectively. ?R* = correlation coefficient

for five data points in the calibration curve.

Table 4. Content of standard compounds in CL and CLL.

Determined amount

Table 5. Antioxidative activity (DPPH and ABTS") of CL
and CLL with respect to extraction method.

Samples” (mg/g dried weight)”
Riboflavin Coixol
1 2.55+0.40° 2.03 £0.03°
CL P
2 2.00 +£0.23° 1.17+0.01
1 8.23 £0.32°% 5.95 +0.04*
CLL | b
2 6.76 £ 0.39 5.41£0.02

YCL: Sprout of Coix lacryma-jobi, CLL: Sprout leaves of Coix
lacryma-jobi, 1: Extract at 80°C under reflux, 2: Extracts at
room temperature. ~Data are represented as the means + SD (n
=3). Means with different letters on the bars are significantly
different at p <0.05 by Duncan’s multiple comparison tests.

S5 riboflavinT} coixolo] EEAAE O Z AT}l EA]9
0] FP5otel, BAME olgste] AREEIY] H 4T
P oh;}
T RH

S5 MM ==E9| riboflavinz} coixol2| &H2¥

ST ARS] A Z(CL)SF Q(CLL)S 70% ofgh-ol4] 2
2(CL-1, CLL-1)32E7} AL(CL-2, CLL-2)%%
AFo A HEH riboflavin} coixol®] FA|EAIHS Z
sto] B4 AT &5 ARnEIH
ol el 259 riboflavin} coixol 2] 5"%?_ Table
40] YER 2t Riboflavin®} coixol?] dhH4& CLLI1 (8.23
+ 0.32 & 595 £+ 0.04 mg/g)o| A 7P =%kal CL2 (2.00
+0.23 2 1.17 £ 0.01 mg/g)oll= 7P 2 3ith Riboflavin
I} coixol@FFS &5 APAHY] A oA Heh oA o =
A A=, AL FE2HY 8F 320 § =4 =4
HAtHp <0.05).

Coixol-& &5-0] shq-5 #& HEO 2 Zhang ef al. (2010)
o Hiuo] t2H &79 &7|o= sl A gou
Wajol= 0.58~0.69 mg/gdS EHojQttal HiEgom,
H]EFY] Btol] &3} riboflavind &5 FA}o] 4] 3 mg/g o
2 BUEI K Wrigley et al, 2015; Zhang et al., 2010).
9] At} vl 2 riboflavind} coixol-> &5 Afj&+9]

Samples! DPPH ABTS"
P (ICs, ug/mL)  (ICso, ug/mL)
1 126.4 + 6.1 52.0 + 3.6°
CL
2 129.7+11.5 53.1+2.9°
1 68.9+4.1° 34.9+0.1°
CLL ,
2 1184+ 1.7° 353+04
Ascorbic acid” 53.8+0.32¢ 329+0.11°

YCL: Sprout of Coix lacryma-jobi, CLL: Sprout leaves of Coix
lacryma-jobi, 1: Extract at 80°C under reflux, 2: Extracts at
room temperature. ~’Ascorbic acid was used for positive con-
trol. All values are expressed as means = SD (n=3). Means
with different letters on the bars are significantly different at
p <0.05 by Duncan's multiple comparison tests.

o 22204 o ol FHo] USe & 4= Atk &,
% 2o AL 2EErH e o e, ola
3 AL AR Bk 7heste] 3R $E5Hs 40| ribo-

°I=I AH‘”‘ ;qu StALSE M

A} 2t Z(free radical) S BAJAMA &£ SHUE, A|EL
AHE B R3S frEske] QIA WA ZhE AWS et
t}ar &# A 9ck(Son ef al, 2018). DPPH 2 ABTS" 47
o W ZFHS kel B SR oR dEA QU
(Park, 2014). &5 Aol A HAst E/d& DPPH 2 ABTS'
AASOZ =43 Ax} DPPH o]zt 4459 ¢ CLLI
(68.9 ug/mL) < CLL2 (118.4 ug/mL) < CL1 (126.4 pg/mL)
< CL2 (129.7 pg/mL) 208 Uehton ABTS™ 47 %0
A 1C50ZHe CLLI (34.9 ug/mL) < CLL2 (35.3 ug/mL) <
CL1 (52.0 ug/mL) < CL2 (53.1 ug/mL) &2 DPPH 4
A 2& Aoz UelgthTable 5). DPPH 2|z
A%} ABTS 24504 % SEAgRe] Azmct oo
46 e ICgts UEhon, Je FEun 25
Zold o e gt Uekich

lo
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Table 6. Correlation matrix between standard compounds and
antioxidant activity."

. . . DPPH ABTS+
Factors Riboflavin  Coixol (ICso,ug/mL) (ICsoug/mL)
Riboflavin ~ 1.000 986" -796" -.958"
Coixol 1.000 743" -.969"
DPPH 1.000 668"
ABTS" 1.000

Dsignificances of difference at ““p < 0.01 offered by Pearson’s
correlation coefficient.

S Y 2229 riboflavinT} coixolY &ALEl STt

2 dusina Auas) 282 AAskc
Table 6°f UelH v} ZHo] riboflavind} coixol2] e W
= DPPH (-0.743 2 -0.969)2} ABTS" (-0.796 & -0.958)4
A%0] ICoghat fol20] ATTAS Mtk tebd &
TLATo A Ado]Al riboflavind} coixole] FA|EAHE A
Bkl 25 Ao Ao} O FEBY ASAAE Az
223 2 7154 ABZ Bgo| F53 AoE BErET,

m

S5 A& F2&E9] riboflavin} coixol?] YR FZIE
3 =X

Sfak BARY AL AFI, 25 Aue] Aot 9 3
Z20] gk} 247t here] Aol tha A,

1

=

1. HPLC 41L& 93t riboflavin} coixol®] # =7} Z
Halﬂoi _E—-‘_o]/v].Q solatgda, Ay 2 A7k AEA

RE 3]2:280] 100.28%0] 4] 103.98% Ato]o|u] A
< HE 1.93%010% Uehfjug 2 Ao 24z
o AT FULS AT Yo,

2. RiboflavinT} coixol®] FA|EA ZA9 A=3HA(LOD)
9 AFHALOQE AKRE Al HETHAI= 0.71 2 0.31
ug/mL, AFetA= 2.71 @ 0.94 pg/mLo|22 =
HPLC EA4Z AL riboflavind} coixol?] FA|EA13}7]9
7t §le= E——“.‘ﬂoi ZATE| AT

9} 919] riboflavind} coixol?] dEFS

A SARAES A8stel Aol 2R

FEEANA 7H =2 ol yEuth

4. st g 54 ’\L DPPHS} ABTS+ /\74501]/\1 E—Er

o
=

flo ox rlo Iy

TA 24 R it EY 457

3l A3}, coixole| Z718<=E DPPHS} ABTS' 2A%59]
ICogto] ReloR gast Aol yehinz A=
#23F AFEY oY} 7|5 AEE &80l 7ted
Aoz e

Ab A}
BRe 2T ATAYHRIAY : &5 5 o
1 A5 A 1% A, AYIARE ; P03
101)2] Aol s o] Felzl Zel.
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