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Abstract

This study attempted to find optimum extract range of active ingredient for barley sprouts (Hordeum vulgare L.).
Extracts from Hordeum vulgare L. were made by microwave extraction method and total polyphenol content (TPC),
total flavonoid content (TFC), DPPH radical scavenging activity (DPPH) were measured with extract of Hordeum
vulgare L.. Response surface methodology (RSM) was applied to a extraction process, and central composite design
(CCD) was also used for this process to examine the optimum condition. Independent variables (X,) are concentration
of ethanol (X;: 0, 25, 50, 75, 100%), microwave power (X;: 60, 120, 180, 240, 300 W), extraction time (X3:
4, 8, 12, 16, 20 min). Dependent variables (Y.) are TPC (Y1), TFC (Y2), DPPH radical scavenging (Y3). It is
formed by sixteen conditions to extract. The R’ value of dependent variables is ranged from 0.90 to 0.97 (p<0.05).
Experiments values within the optimal range (40% of ethanol concentration, 120 W of microwave power, 18 min
of extraction time) were 3.74 mg GAE/g (TPC), 3.00 mg RE/g (TFC), 35.43% (DPPH), respectively. Under the
optimized conditions, predicted value showed no significant difference comparing with the experimental values.
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Hovrdewm vufgare L. sample powder 1 g

!

MAE Conditions

Ethanol concentration (%): 0, 25, 50, 75, 100
Microwave power (W} 60, 120, 180, 240, 300
Extraction time {min): 4, 8, 12, 16, 20

!

MAE process

!

Extraction with 50 mL of ethanol

L

Filtered with Whatman No.1 paper under vacuum condition

!

Adjust the volume of the extract fo 100 mL

Fig. 1. Scheme for microwave-assisted extraction process for
Hordeum vulgare L..
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Table 1. The central composite design condition of Hordeum
vulgare L. extraction

Extraction condition 2 -1 0 1 2
Ethanol concentration (%) (Xi) 0 25 50 75 100
Microwave power (W) (X2) 60 120 180 240 300
Extraction time (min) (X3) 4 8 12 16 20

FEEY F St olE 3 S FE AR EY
FZ= 70 Lol S/ 430 L= 7+ F 5% NaNO; 50
ILE Y2 TS 10% AINO:):9H,02 7}ak 5 AF-2oll 4
657t HHET) 13 th3- 1 N NaOH 500 |LE gof wh-g-o]
&3 =E UV-spectrophotometer(UV-2550, Shimazdu Co.,
Tokyo, Japan)Z ©]4-3} 510 nmol|A] 23 &t F224
2= Rutin(Sigma-Aldrich)S A3 o2 A3l on, 1
A= mg REJg, & 1 g2] nutinl] S35 Al 52 mge &2
HehH AT

.I

DPPH 2l 275 &3

=9 gz 275 342 918l 0.0039 g DPPH
powderol] °¥H& 100 mLE 713t ¥, magnetic stirrer
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(UV-2550, Shimazdu Co., Tokyo, Japan)E A}-&3le] 517
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Table 2. Central composite design matrix for total polyphenol content (TPC), total flavonoid content (TFC), and DPPH radical scavenging
activity of Hordeum vulgare L. under microwave-assisted extraction conditions

No Ethanol concentration ~ Microwave —power Emactior} time TPC TFC DPPH
(%) w) (min (mg GAE/g) (mg REfg) (%)
1 25 120 8 3.1720.08" 2.5040.15 30.14£0.23
2 75 120 8 3.600.09 4.58+0,08 34.67+0.29
3 25 120 16 3.55+0.08 2.89+0.22 30.90+0.48
4 75 120 16 3.8740.05 5.74+0.37 37214041
5 25 240 8 345+0.04 2.35+0.00 29.95+0.24
6 75 240 8 3.630.04 4.87+0.08 35.92+0.48
7 25 240 16 3.640.02 2.40+0.08 30.02+0.50
8 75 240 16 3.88+0.05 9.04+0.15 38,05+0.35
9 0 180 12 2.64+0.03 0.80£0.08 21.58+0.41
10 100 180 12 334003 9.3340.15 34.44+0.59
1 50 180 4 3.05+0.07 2.84+0.08 30.86+0.40
12 50 180 20 3.89+0.05 4824029 4186+1.47
13 50 60 12 3344007 2.69+0.08 27.05+0.41
14 50 300 12 3.7940.11 4.53+029 30.71+0.57
15 50 180 12 3.68£0.10 3.7610.17 33.11£0.34
16 50 180 12 3.6720.05 3.7240.17 33.37£048
"MeantSD (n=3).
Za 9 jE 2ol 2 th 3 (maximum point)©] Fef = vrERoH, Hoigk
2395 mg GAE/g .2 o ZE|Q]th olehe F5(%), vlo]
Z Ea4| AZgolE A W), F2AICD WE F ZdE &
AR o] 3191412 olz) ot 2.
= 3

Extraction time (min)

Fig. 2. This is a four-dimensional reaction surface graph of total
polyphenol content (TPC) of barley sprouts. extracts at constant
values (TPC: 3.3, 3.75, 3.9 mg GAE/g) as functions of microwave
power, ethanol concentration and extraction time in microwave-
assisted extraction.

Y1pc=0.753125+0.040125X,+0.006802X,+0.142969X3-0.
000282X,°-0.000027500X 1 X>-0.000062500X; X3-0.
000007639X,°-0.000109X,X3-0.003203X;5"
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We] $79] FodS 7HAtHTable 3). & ZE]vl= ]
HA FEF 20 S = 58.94%, vlo] AR ol v
A 20004 W, FE2AIZHE 181750 2 eyttt & =
HE e dehE =9} T2 uhe) s weko
o, nle]AzgolH dHol = Aol JaFS x| gk
oehE T 48-72%2 oA, FEAIES 143 o],
nlo] A& 9o] B AL 120 W o] 4] A fEgTh
Jeong 5(29)2] X3 olgtg FEx27 A3} AFolA F
Zolvys FFL e vro 2 g Zris FAMS
A2 YeRNQh £ Park 530)9] W] &z
A5 Aol FAS dEhe T B o, Lee 5
GDO A FEA HA3) AFAE odderE =7t
30% Aol e FroA FEA 338 o] o
Aoz By vl 9lo] B AFele AJoldk AE Bt

=

an



Optimization of microwave-assisted extraction process of Hordeum vulgare L. by response surface methodology 953

Table 3. Analysis of variance (ANOVA) results for TPC1), TFC, DPPH of Hordeum vulgare L.

Microwave power Extraction time

R’ Model Ethanol concentration (%) w) (min) Stationary point

TPC” 09028 619" 794" 12 466" Maximum

TFC 097 21597 X\ 366 609" Saddle

DPPH 0.9063 645" 902" 117 2.80 Saddle
UTPC, total polyphenol content; TFC, total flavonoid content; DPPH, DPPH radical scavenging activity.
Dk p<0.001, ** 0.001<p<0.05, * 0.05<p<0.1.
Pare 5(32)& E2olE ARS FEoe vlelaRge] 7303 W, FIANE SEom YT & Sephiecl=
H *Zo] gyldolgla dgloen, o] nlo]az Yol e oEHE Tk, AL vlo] AR ol BE MY £o
dUA & olsle] AlZo] HEo| fuw 2257 wola 2 FIFS Ho] LTk ek T 22.5-60%2] el

2 Ueiston, 3742 ofget A

Y1re=7.975-0.111925X,-0.024156X»-0.437656X5+0.0005
30X,%+0.000353X,X>+0.006113X,X3-0.000009028
X,2+0.001391X,X5+0.001406X5”

R’ZHE 0972 UERLOH, ANOVA E4 A3} 1% o]
o] #79 F94S 7HHtH(Table 3). & ZefH 0| =9
HA =& 2L S F5 527%, o] A& o] H A

Extraction time {min)

Fig. 3. This is a four-dimensional reaction surface graph of total
flavonoid content (TFC) of barley sprouts. extracts at constant
values (TFC: 1, 2, 3 mg RE/g) as functions of microwave power,
ethanol concentration and extraction time in microwave-assisted
extraction.

M, FEJAZEE 4T o, ol ARgo|E = 110 W o]

>

A AT Min 5(33)9] 5 FE24 #HA3}

< A= A

DPPH glojzt 2 Hs =AM

MHELE Zzte] 222 MAE FZ3lo] DPPH 2}t
2 27T g Sl dde SE%), vielAws
o] 1. F2(W), F2A|7H(@)ol u}2 DPPHE| 43¢] WS-
™8] T Fig. 49} 20| 98 (saddle point)e] FE|=
e on, 3|74 ol el .

Y pppr=17.060000+0.230600X,;+0.111396X,-0.877188X5-
0.002092X,%+0.000263X,;X>+0.004800X, X3-0.000
303X,%-0.000573X,X5+0.048750X5”

R*%HS 09063202 VENLOH, ANOVA 24 A7} 5%
olule] +F9 19445 715 thTable 3). DPPH 4 9]
% 272 e % 7584%, nlo] AR olE AY
210.79 W, FZA7H 6,505 2. 2 JERITH DPPHE o g
< FEo Y-S eI, nlo|Azdo|H A, F&
Al AL daE T4 ¥tk dEE FEE 5095%2
HO oM, FE2AL 68 o], mle]azgole A
160270 W 9]0l A FE3IT) Lee (352 NE&%e =
z27 #Ag} AFolA DPPH &tz 275 49 o5
Heleb gk AR YR WA Kim 5(36)2] oF#
ol &z A3 Ao Hhgke] 40-60% 2 S
et Aol et AghE YERIRITE Bun 5(12), Han &
(37 AR oete FE5E2| DPPH @) 2A S
H| w3 23}, DPPH radical 2 50% A8ldle A 89 ¥22
RCsp #t2.2 LFER 0], RCso ko] 3ul] F=2] zto]7} vE}
Wk o] Al A|Ge wle} e FE 2700l uhe} ARE
g FEE9 atsts Aozt Aok Heldh
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Extraction time (min)

Fig. 4. This is a four-dimensional reaction surface graph of DPPH
radical scavenging activity (DPPH) of barley sprouts. extracts at
constant values (DPPH: 31, 33, 34%) as functions of microwave
power, ethanol concentration and extraction time in microwave-
assisted extraction.

2N £ HY oS

nfo] AR o] HFZS o] §ato] AWHele] HA &
H9E dSsh] S8l & ZelvE 89, F Fehiieols
g2, DPPH 21t &7 S35 212he] A A 77k
4219 2@ ZZ superimposingdte] 2 WA E o S35
thFig. 5). F2 WYE S FEE 30-50%, vHo] 229
olH H&-& 0240 W, FEA|7HS 1620802 S H S
th. A3 2dao tigldt A% TPCE 3.74 mg GAF/g,
TFCE 3.00 mg RE/g, DPPHE 35.43% & LERST) o =

Extraction time (min)

Fig. 5. Superimposed four-dimensional response surfaces for
maximized levels of TPC, TFC, DPPH in Hordeum vulgare L.
extracts as functions of ethanol concentration, microwave power,
and extraction time in microwave-assisted extraction.

Azt g 2d2-g A8 f)

el A leje] 2718 AT odehe F= 40%, vl
AzdelH g 120 W, FE2AIES 18802 dojo] =7
o2 dHste] 14 3-S 715t th(Table 4). 71 A3},
TPC= 3.38 mg GAE/g, TFC= 2.64 mg RE/g, DPPHT
37.94% 2 YElsith A3 2dl o] i3k o =33} vl
39S ], TPC, TRC 3~ tha Uil VepgA|Rt dazk
2 d 53] 88-107.08% % UERY FEAC] AFHAT
(Table 5).

Table 4. Optimum conditions for total polyphenol content, total
flavonoid content, DPPH radical scavenging of Hordeum vulgare
L. extracts by superimposing their four-dimensional response
surface graphs

MAE conditions Optimal ranges  Predicted optimal condition
Ethanol concentration (%) 30-50 40
Microwave power (W) 0-240 120
Extraction time (min) 16-20 18

Table 5. Comparison between predicted and experimental values
for response variable of Hordeum vulgare L. extracts at the given
condition within the range of optimal conditions

Predicted value Experimental value

B/AX100 (%)

4 B)
TPC" (mg GAEJg) 374 338 9037
TEC (mg REJg) 3 2.64 88
DPPH (%) 3543 37.94 107.08

TPC, total polyphenol content; TFC, total flavonoid content; DPPH, DPPH radical
scavenging activity.

o ok
hd =

2 AFE AR E o] g3t AlF el 483
UNESE, AeSd a4 HH FE52731E At ol
ZAo] 9t} e F%(0-100%), Plo] A=Y olH A
(60-300 W), FEAI7HE-20) S F5 AFE 23T &,
W21 FF Fgo] T2 vlo|AZgo|HFEH S o] &3}
o 1679 U & 208 FATGAIH wet 2%
slo] AR HE S FEENTE o] F, FE2E0 F ZgdE
3, & ZelH o= 3t DPPH @tz 245 A4S
ZAsth RE 249 RE 09 o]BeR 5% +F
ollelA] FelAdo] AL F ETlHEe] HA =

% Fepuwols

A F& 21L dEE B 52.7%, vto] AR o] B
A 7303 W, FEAI7HS 580 2 YERsTh DPPH 2hozt

2% B Y, dES B 75.84%, vlo]| AR o] B
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A9 21079 W, FEAI7F 2 65822 YElTE 270
u}2 TPC, TRC Z12]1 DPPH % &A% E49] o3k
© 7}7} 3.84 mg GAE/g, 3.00 mg RE/g 12|31 35.43%<]
FA& Yepith H4 W19 U 99 A, & dlee v=
40%, vrol Az ol B A 120 W, F3A17HS 185-0)| A
A3 352 3.38 mg GAF/g, 2.64 mg RE/g, Z128] 1L 37.94% S
vetlon oSt A Ak frARE s Bl
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