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Abstract

BACKGROUND: Barley sprouts contain a large number of
secondary metabolites such as polyphenols, saponarin, and
policosanols. The synthesis of such secondary metabolites
occurs as a defense mechanism against external environ-
mental stresses. In particular, it has been widely known that
drought stress (DS) increases the content of flavonoids in
plants. The objective of this study was to investigate the
effects of drought stress treatment on the saponarin content
in barley sprouts during the growing period.

METHODS AND RESULTS: In this study, changes in sap-
onarin content with different DS exposure periods and
times were evaluated under the hydroponic system. For es-
tablishing different DS treatment periods, water supply was
stopped for 1, 2, and 3 days, once leaf length was at 10 cm.
To control different DS treatment times, water supply was
stopped for 2 days, once leaf lengths were 5, 10, and 15 cm.
As aresult, the water potential of barley sprouts decreased
from -0.8 MPa (before DS treatment) to -1.2, -2.4, and -3.2
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MPa (after DS treatment), and reversely recovered to -0.8
MPa after re-irrigation. When 10 cm leaves were subjected
to DS for 1 and 2 days, the saponarin content increased by
12 and 10%, respectively, while it increased by 19% when
DS was applied to the 5 cm leaves.

CONCLUSION(S): The results of this study suggest that
drought stress at the early stage of growth (5 cm) is most
helpful to increase the saponarin content of barley sprouts.

Key words: Abiotic stress, Barley sprouts, Drought stress,
Flavonoids, Saponarin
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Fig. 1. Growth status of barley sprouts with different drought stress treatment periods:
(a) 1 day, (b) 2 days, (c) 3 days, and (d) recovery after re-irrigation.
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Table 1. The instrumental condition of UHPLC for analysis of saponarin

UHPLC conditions

Instrument
Analytical column
Injection volume 10 pl

Mobile phase

Dionex ultimate 3000, Thermo Scientific
Zorbax Eclipse XDB-C18 (4.6 mm x 150 mm, 5 ym)

(A) 0.1% trifluoroacetic acid (TFA), (B) Acetonitrile

Flow rate 0.5 ml/min
Wavelength 325 nm
Time (min) Mobile phase (%B)
0~3 0~3
3~10 3~15
Gradient 10-13 15-30
13~15 30~50
15~16 50~90
16~18 90
18~20 90~3

=2 -50°Colld 293 A X(HyperCOOL HC3110,
Hanil Scientific Inc, Korea) & ZA|7|& o]&3slo] 43}
Row 20°CollA HI3ITY,

Saponarin HZf 2

MR EEC] saponarin FEF A AFE AR E
2 1.0 gell 50% HPLC grade methanol (Fisher Scien-
tific, Hampton, New Hampshire, USA) 20 mlE 37}st
o] 35°C <lfHllolE oA 24413 & FE5}aL, 7,800 rpm
O% 583 A ¢ F Aele 02 um PTFE syringe
filter (Whatman International Ltd., Maidstone, United
Kingdom)® ©}#3}3ith ©] $ UHPLC (Dionex Ultimate
3000, Thermo Scientific, Waltham, MA, USA)E ©]-&3}
o] saponarin &35 £A8k3loH A 4231 E Table

1o YeRdigic

EAEM
A A EARAL R(version 4.0.4) IEZ TS o]

gatalom, A3t Fo4d 4L Tukey’s honestly sig-
nificant difference (HSD)E ©]-&3to] p<0.05 FEollA &
Aol
Zot ¥ o
TFHEAEAE W2 AR R gh Table
28} 2t} Explofld 9] el gk R AEYAE 1Y)
A -0.72 ~ —0.84 MPa ©|3 oL} FRAEHAE 717} 1,
39 wke- § 121, —2.40, -3.18 MPa® 7438t} o]
5 A @ F AR FRIEAE g 1Y, 29 A
g relld ZH2E —0.79, -0.82 MPaZ AEHAS W] 4 gt
OF 3HEe EiEs Hodvh 28y 3 Aty
A ke —1.26 MPa® AEHA w7 A glow 3]%alA] &
a3lthTable 2). Exp20le] 28 e FEAED
25 W] A -0.76 ~ —0.88 MPa® UEITE St AEH A
S0k & R 718 5 10, 15 emollA 2 —2.60, -

]
2.32, 2.33 MPa® #4336 oH, 55 Ae+ 3 & -0.82,

Table 2. Water potential of barley sprouts affected by drought stress period (1, 2, and 3 days) and timing (5, 10, and

15 cm)
Treatment Water potential (MPa)
reatments
Before stress After stress Recovery

Control -0.72° -
1 day -0.84° -1.21° -0.79°
EXpl 2d a b a
ays -0.77 -2.40 -0.82
3 days -0.79° -3.18° -1.26°

Control -0.82° -
Exp2 5 cm -0.88% -2.60° -0.82%

X

P 10 cm -0.82° 2.3 -0.89°
15 cm -0.76° -2.33° -0.89°

* Same letters denote no significant difference (Tukey’s HSD, p<0.05).
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Fig. 2. Saponarin content of barley sprouts by period of
drought stress. Data of bar graph represent meant

standard deviation (n=3). Same letters denote no signi-
ficant difference (Tukey’s HSD, p<0.05).

-0.89, -0.89 MPa® ~EHAE 97| A oz 3|HH:=
ROz Uepth oldddytel] wEH SRR AR
A Ak Eele] FREREERS -0.80 ~ —1.00 MPa®
[15], & AFelA 9] FEAEdAE W] A AR 9l
Tl gk g s S AR e] Qo] el gk fr
AbsHA| YRk Oom, o] FRAEHAE W AR E | 7E ¢k
3] 3 EE S-S VR

TEREYAE B 7|7l wE AREE]C] saponarin
ok tﬂi]w Fig. 20014 Hi= wio} o) FRAEGAE W
A & control 9] saponarin % 1,089 mg/100g %2 1
Eftout FRAEFAE W 19, 29, 3YU A elA <]
saponarin $%-> 717} 1,237, 1,220, 1,051 mg/100g .=
vebstth 1, 29 #252 saponarin % control 9]
vlsl 242y 12%, 10% <7¥ehs B 3s HESAe, 39 A
gl M e sk S UERISITh e offglel]
BAEYAE 18, 25U FU& | FAZol 7‘*‘8}“0“1

59 oA ke A9E HeltH16]. ol Fal 1Y
A A9t 39 AT saponarin % 2tol= %”3%&
I AHEATY Q& Zlow et

FEAEUAE W= A717F saponarin @l MA=
> Fig. 304 HERISIEE 5 em, 10 em, 15 cm A2+
o|x¢] saponarin ¥ ZH7} 1,333, 1,200, 1,212 mg/
100g 2% control (1,111 mg/100g)°l W& Z7lsh= 2
= Hepgigler 53], 5 am AgTelME 19% 7St
FuAEH 2 od] 4E2] phenolic compounds, flavo-
noids &S T7H71E AFE e JgHoH, A
EYAE B F SR AQEHE VIR wet gluta-
thione % ascorbate®] &&o| F7lsh= AaE HATH17].
uf2bA] AR 2] 9] saponarin R AEHAE W2 T 4
SAHA] QEE 713 A Sl AR ddkEnh

MR E 2 2] saponarin S F7HA717] LA RS

Fl

1400

— — —_
— %) (9%}
[ =3 (=3 (=3
S (=} (=}

—_
(=3
(=1
S

(

Saponarin content (mg/100g)

100F . . . .
0
Control 10 cm 15 cm
Fig. 3. Saponarin content of barley sprouts after drought
stress by plant height. Data of bar graph represent

meantstandard deviation (n=3). Same letters denote no
significant difference (Tukey’s HSD, p<0.05).
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