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Optimization of the Extraction Process and Antioxidant Properties of Polyphenols from
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Abstract: The ultrasound —assisted ethanol extraction method was used to extract the total polyphenols from
highland barley spent grains. Four factors, including ultrasound temperature , solid-liquid ratio, ultrasound time,
and ultrasound power, were selected to explore their effects on the yield of total polyphenols from highland barley
spent grains through single—factor experiments. Then the optimal extraction process was optimized by orthogonal
experiments, and the antioxidant properties of total polyphenols from highland barley spent grains were evaluated
by in vitro antioxidant assays. The results showed that the optimal extraction process for highland barley spent
grains polyphenols was as follows: ultrasound time of 50 min, ultrasound power of 400 W, ultrasound
temperature of 45 °C, and solid-liquid ratio of 1 : 20 (g/mL). Under those conditions, the extraction rate of total
polyphenols from highland barley spent grains was (3.337 1+0.149 8) mg/g. Furthermore, in vitro antioxidant
activity assays demonstrated that highland barley spent grains polyphenols had good scavenging effects on
DPPH:, +OH and *0,, with clearance rates of (83.76+1.35)%, (52.05+2.09)%, and (76.88+1.47)% at a
concentration of 21 pg/L, respectively.

Key words: highland barley fermentation spent; polyphenols; ultrasonic —assisted extraction; free radical

scavenging ; antioxidant property
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Table 1  Factors and levels of orthogonal test

bSE
K A M B C D EHE L/
TpRIW HREC FF [] /min (g/mL)
1 320 40 35 1:5
2 400 45 40 1:10
3 480 50 45 1:15
4 560 55 50 1:20
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Fig.4 Effect of ultrasound temperature on yield of polyphenols
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Fig.5 Effect of solid-liquid ratio on yield of polyphenols

AR S AL, SRS I B W N, 2SR5
WA R L 12 25 (o/mL) BB 2 B 1SR 5 1 -
20 (g/mL)BGHREE /N, FEHUAH Al ad £, $R
T T 23 ik T 22 2R BT, SRy kG TR B R v A RO
P2 WY R AL, T AERE 1:5.1:10.1 2 15,
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Table 2  Orthogonal test results and analysis

\1H 5%

i A B c D ZWF/
(mg/g)
1 1 1 1 1 0.693 0
2 3 3 2 3 1.672 7
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Continue table 2  Orthogonal test results and analysis

REE A B C D %Vf‘f;;j’
3 4 4 1 2 0.396 5
4 2 2 1 1 1.698 5
5 2 4 3 1 1.029 7
6 4 3 1 1 0.498 1
7 3 2 4 4 2.6757
8 1 4 4 3 1.337 1
9 4 1 4 2 1.393 2
10 1 3 3 2 1.258 3
11 2 3 4 4 3.055 7
12 3 1 2 3 1.931 7
13 2 1 3 4 2.286 4
14 4 4 2 2 0.259 2
15 3 2 3 3 1.307 7
16 1 2 2 4 2.085 0
K, 5.373 4 6.304 3 3.286 1 39193
K, 8.070 3 7.766 9 5.948 6 3.307 2
Ks 7.942 5 6.484 8 5.882 1 6.249 2
K, 2.5470 3.022 5 84617 10.102 8
k, 1.343 4 1.576 1 0.821 5 0.979 8
k, 2.017 6 1.941 7 1.4872 0.826 8
ks 1.985 6 1.621 2 1.470 5 1.562 3
ky 0.636 8 0.755 6 2.115 4 2.5257
R 1.380 8 1.186 1 1.293 9 1.698 9

3 ERMSH

Table 3  Difference analysis

TR w2E i AmE A5 FAH PAE

A 2.55 3 0.85 18.999 0.018 7
B 0.769 3 0.256 5.728 0.092 8
C 1.124 3 0.375 8.276 0.057 2
D 7.812 3 2.604 58.206 0.003 7

1 : P<0.05 7R 520 3 5 P<0.01 s s miiy i3,

FH e 2 AT AT, A [ B B PR 28 0 R A 22 1y %
SRR EEARE, 7F 4 Fp R ORI HL T Z B R A5
Ml R, 13 3 AT B TR P /N T B K,
Ui B AN 6] 8 75 D) A 1 BRI M 2 A5 5 Ao 3
25 RRR LY P /N TR 2 K (0.01) , BB AS ]
R EC SR 75 BRI R 15 R 22 A B

R Z ABCD, T, Bl T3 400 W,
AR LR 45°C B IHA] 50 min BHAE L 1:20 (g/ml),
LIS % HK(3.337 1£0.149 8) mg/g, 5 415 Fy 2ol
Fe 2 RRBCRIR S 1 1.8 /e, 5 2 RSP BT 5
SERAH RS T 2 %, X RR LG 0 SR AT RE SR AN
] A )RR DL B BRAR RIS T 5 R rp i) 22
i, A 9T R B AR R A B 7R A

HARI = P E T, Ui 25 1 ANl G B i) & fat 3 e,
AR, AN PENE T A5 B
LW, PR B AR,
22 HEEREZ RSN E A
22.1 X DPPH-HYTEIRRCR

AN TR e 75 BRI K £ 3 % DPPH » B 5 BRASIUR L
6,

DPPH - 75 %:%/%

o - V(I
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Fig.6 DPPH- scavenging effects of polyphenols at different

concentrations
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b A RE R B, T R RE £ X DPPH - A9 3 BR AL
ST BTS2 1% DPPH - B B SCRAR T35 11
RS Z2 1), AT RE S R o 2 B 2 B R TR AN ], 3350
PEIOR H B AN B S AN, ®E % DPPH - 1)
THRACR . R 8 P2 R0 n] BEXT 185 25 B At
AR = 2 O B R R IR,

222 Xf-OH BYTHERRRCR
STl B T RN RE 22 ) - O AT BRI LI 7.

100
ol st
< 80}
“% —— V.
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ol
g <
T 50F g
34
-
40t
¢
30 : ' ) ' '
0 5 10 15 20 %

eI/ (pg/mL)

B7 AERESHREEZEHI-OHKFRBE
Fig.7 -OH scavenging effects of polyphenols at different

concentrations
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IR AN ER Y BSG 47 Ak HA b A T A ) SR R
T8 ) N =y, RIS Ik R RERR AT A= 4, % - OHL Y B
HA WA,
223 XF- O TN BRACR

Z W 2EAE P XS -0, EEEBRIEH A Z A
IRF B 2R LRt Hoh &0 A7 5 B AP 1 v bR i
T39S [ e 7 R RE 22 1 % - O PR T RS LI 8,
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90+ A t {
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Tos0r —-Ve
- o HHUNHEZ
40+
30 1 1 1 1 1
0 5 10 15 20 25

e/ (g/mL)
B8 AREREFSREEEZEHI O MFERUR
Fig.8 -0, scavenging effects of polyphenols at different

concentrations
Hi &l 8 W1, Z W 4R U R BT AL RE 1 S 4R U
ORI R AR AR O, 2 BRI 2 vk
21 pg/mlL B, -0, 75 B3R 1 (76.88+1.47 )% %if - O, T
BRESCRE T H RE 250, Al G2 AN R 454 7 2
By AL ST - O, TS BRAE I AN, 3@ ARl J7 vk R R
(22 WX - Oy BB BRACRWAFAE 2257

3 &ig

ARG AT BRI A SR, i i B R R 4
TEAZ I Ak T BRI Al 22 1y 7R Dl BRI T2, i
PEARE T 2o M A T3 400 W B A5 L 45 °C R
FIE] 50 min FUEHE LG 1220 (g/mL), 751 5614 F 5 R
RS 22 Wy A9 50h (3.337 1+0.149 8) mg/g. HE— K
A [ 5 5 RRP RS 22 iy %k DPPH - L - OH 1 - O, 1Y T &
AR T BRSO B B 3 R T 4 s, > T B R 2 1y
W N 21 pg/mL I, % DPPH - 1 15 4 %8 2 (83.76 +
1.35)% , % - OH [H B %4 (52.05£2.09)% , X - 0,7 (1)
HE N (76.88+1.47)%.
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