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B (Hordeum vulgare L. var. nudum Hook. f) J&K
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RLA AN R B, AR SR, MORRERRFE ., HALE
T 90 ey JER L DX — A ) v FE AT A B AR S A
FE i X AR R ) F B TUR, 2 ke i LR 8 ) AR A
Vi, FERFERL 100 77 (P, R e X & T
B 60% A ERRE BB 58%~60%" . FHHRELH
CEEIRT (R, mAYE. mgEER O, R
MRS FR DR R & 7 S RTIESRE IR MR 2%
ok, HZEREEERY. EERSLNRE, HHRE
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VR Z By R O 2 R T8 R A AT LR
{EL Al BR AR B U/ E MR T BUR 78, 38 BAR KRR
%o B, WRMNEREKE IR E WL, XMigE
Bk B (R 255 A B i B 2 3

HAl, KTBYERVIRNIRBO %82, B2
SR THrEE, MBMRYBRESYPERES. THEE
L SMABEIELS 583 M, ARE AR A4,
80% LA I AEAE T &R B AR LA, 454 4R I V4 3
B EZ R S AL DURIRIEZ R EE IR
BRI, Her ik ® A, (5 ARl B VE A
KA B B s By AR SR 5 & W B A, JF
LT 1S 85 5 By & 8 DA R LR RE 1 B L i
Arranze S5 BL/NE R JEORHR IUAS & T 45 BI85 16 .
MR T HRRP A AW A FITRIOT %L BOR WAHSGIRE,
B, ASCLLERRER B YRR, i A R TR E R
LEETRHIBEICICR, e HPEET LRI T 234,
IR R & FRE S NIRIUNE, AT ri A RRES
Ery B TR B RO PR (R

1 NS

1.1 Rt

L B 15 58k (K 4y 10.12%, K53 0.75%
RENT 2.45%, FHLF4E 4.54%, JEHT 38.52%, B 1) 11.86%,
BRI 4.8%) A RMELEBEAEY) B A 7
Frieflt, FEi 40 CTRZE S KE 10.12%/5 1 60 H
i, o B .
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Wil NEE. Ecke. FEE. SAk. 3R, m
IR PR CHBE. IR AT B M4l IKESER . NG
Brhtatal, WERKETIUEAARFA R AR A&
Wy A at, WHEACE R ERE AR AR ; DPPH- H H
B OKIEHAEAR By BB TR WA, FILRR. 4
JRER. LRIR. 24-“RAERTR. FHEKR. THR. 4-
FER T FIEIR. KR M. B, KXH
IR, AAEEIR. MR, WER. 2. MR, %
bt it X AR, T R AE RS TRA F
1.2 FEUEE

FW-100 /538 J3 ReM EpL, R R A BR 2
Al AL204 JisrZ —ati R, MEREE-FER 2 AR Lk
) A IR/A T ; KQ-500DE R ik veas, Rl
R PAB A IR AT TGL-20M i & A B O,
R E AR A A PR /A F] s DKB-600B 7 H #iviE i /K
i, bilF—EREEAERARA R QL-901 JiEikiE & 4
VLRI BB 2 F A AR ) ;. Retavapor R-215 fefs# k
1%, HEAMAERAT, N4S LA W e e, b
AT IS E IR /A ] ; Waters 600E-2487 iAH (o1
1, £ BERFFERH AR A
1.3 REHE
1.3.1 HFRELBRRIY

FREL 1 g BRREL R, N 25mL /AR 400 80% I 1A
fiil 20 ‘CF 500 W 8 A ALFE 30 min, 250> (4 000 r/min,
10 min) , FF2% LiE, BRI A AR T4 2 K. Mk
BRI 20 mL IE CE, 7% 5 E0 (2 000 r/min, 5 min)
FF LIERL MR I 20 mL $2EGRF, 70 CF
K 1h, ¥ pH EIAZEFME, A 20 mL ZFR ZBEEAEHL
5, B (2000 r/min, 5min) , &2 ZEEREEUH,
18 45 CH&M PR ARERER, RRAVAREERE
10 mL, 0.45 pm A WIS JE, 15 HF R4 SRR IR, —20 C
BRI,

1.3.2 R A A F ARG S BRI A oA

I EIR T2, HRsHEbe, anffHRESE08
10% S E AN 10% I ERFRIE TR 10% B BRIV 3
FAEPRFIE I E RS &1, HRRAS R B
2y B UL & DPPH- [ 385 B RE s,
1.3.3 2HZRE

DA BRI VRO PR GRS R AR KN B’
FREDHCN 10%, BHELE 120 g/mL, $2EGRE 70 C,
R pH E o SR — AN R, BRI R %
PEXTHEEUR R 2 19 5 23 2L . DPPH- H HAEi5 B g
52N o 2 PR 25 AR Y0 FEUN R T & 70 80 10%- 15%- 20%-
25%; BHRE: 1:5. 10100 1015, 1:20g/mL; $#E
MHEE: 60, 70, 80, 90 'C; ZEHL pH fH: AEALFE. i
ZE,

1.3.4 @Atk ik

TR ZREG A -, KA Box-Behnken % LUEHE
Ee (4) . BRRESE (B) . IREURE (O) NHAHE,
B Z By &% (Y) . DPPH- H SR AE S (¥
RN NAE BT =R R =P LA (R D .

*1 POEERIEERZKFR

Table 1 Levels and factors of central composite experiments

oram PR WS TR
Code level Solid-liquid ratio  Acid concentration Extraction temperature
A/(g'mL™) B/% c/c
+1 1:13 8 65
0 1:15 10 70
-1 1:17 12 75
1.3.5 HFREBUERAEEHH

K E R AR it (HPLC) ¥ERTHRAE T2 44 LA
TR BT AR 0 BR BOR AT b, B R R
YMC-Pack OD SAM-303 (A iEA:, JRaNARER Ve, E
0.8 mL/min, A 280 nm, HEREE 20 4L, iE4THFIA]
60 min'*",

1.3.6 %®BAEadone

1) it i 2 2 il

HETRFRE 10 mg W B TRRAZAMKESR S 10 mL 13
B stock T FRAUETR, HERHREL 2.5 mL stock [ FHZEIB/KER
2 25 mL 153 stock 1T F5 W - A R EX stock IT AR#EWR 0+
1. 2+ 3. 4. 5mL, stock [ #r#E¥ 0.75. 1. 1.5mL, H
AMKESRR S mL, HEIFEREMEN 0. 20, 40,
60. 80. 100. 150. 200. 300 ug/mL HIbFAESE H. 7
SRR SR AR UEAE IV 125 u TS, EIN 500 4L
ZENRKRN 125 uL ARARE, #55, )M 6 min AN 1.25 mL
JRE 5 BN T%Na,COs I 1 mL Z81#/K, 20 CF
BOLKE 1.5 h g, WEERTAEE, EEK 760 nm
NG, BEE 2 Rk,

DL T RRIK FE N AAAR, Aqeo [E NN AL AR I bR E
gizk, AN ¥=0.0042X+0.0124 (0~300ug/mL,
R*=0.9996) . ZWEESHLE 100 g IREW (T3
TS S TS E TERINE (mg/(100 g) For, HHAR
REEFEDE (mg/(100g)) =[(Y;-V1)/(1000-M)]%x100.
Ky, M 2RI, ug/mL; V) NSRBI
SR, mL; MOARERTRE, g.

2) B 215 o B e

WRECRE b I 125 el T3V BRI 500 pL 75
TRZKAN 125 pL fabkly, #85), A 6min G 1.25mL
7%Na,CO; VAW, TN ImL Z&408K, =IE T #uE
1.5h Ja, DIHEARBESEEATARE, EEK
760 nm FlEWRIERE, BEHE 2 K. RAEARER L
FedP 2B i =4, Bl mg/(100g)3R K.

1.3.7 DPPH - § ey iFmae e

1) it i 2 2 il

HERRBUKEEEAE R E (Trolox) 25.03mg, FH
P2 i J 8 45 22 100mL 45 2 BE 9 1000pmol/L bR AEfif
W, ARELAGRE AR EfE 2, 19 BIRIEA 204 40, 60,
80~ 100 120 140 umol/L [1] Trolox FrEfd FH % H
A3 SR IR AR A D 1mL TR, FINA 4.5 mL
0.1 mmol/L DPPH- Fi ¥ V5 ¥, 78 7 #& &1 J5 & )6 )R B
30 min, DANHREAEFRHEMHBCON T H, K 517 nm
TIER R, w3 T,
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DAZKIE I 4E A 28 E IR FEMEALKR , Asi7 (AR
Hilbn e M 26, [BA 72N ¥=-0.0042X+0.0233 (0~
140 umol/L, R’=0.9928) . DPPH- [ H1 3L i i it /1 LI
100g $2HY) (T3 PSS TARKBEHR4EL R E ME
(umol/(100 g)) F£7~, 1HHE AN DPPH- H HE:E KR fE
(umol/(100 g)) =[(Y>¥>"N)/(1000-M)]x100.

A Y, AIGER) DPPH- H HIEERRBEST, wmol/L; V, iR
BORM SRR, mL: N MBS M AR TR, go

2) Ff&h DPPH- H HHIEE B ae 77l e

WL HUMERE 50 A5 FE AR BGH | mL TR, Fm
A 4.5mL 0.1 mmol/L DPPH- FFEE/E R, Fo4r#E5) 5t
SR 30min, PAFBEACE FE PR URR %, EPHK 517 nm
NWEWOGEE, EENE PR R BRAE 2 S R
mn SR HORIE B DPPH- H HH3£RE 77, PL 1emol/(100 g) &7 .
1.4 BURALIEFE

AR IR HHE R PR (xSD) FIR,
IR 2RI K AL PR A P excel B AFHEAT, 2R BE DT
ffiH DPS7.05 BAFHEAT, o2 Ay aR s Ak 2 1
DesignExpert 8.0.5 {4347 .

2 HBREDH

2.1 FRERIRFIX ERESIHZERNAI L ERER

HE 1 TRLEH, BRE/K AR 21 2 B i & 5 50E
5% K bm T iR LA A AL, DPPH- H HEIERR
B JITE 5% 2 E AT EFRFER T A, X575 AR pel
DA Arranze 25— 3, B SRAT B /K A 5 45 5 BRI
HEK R SR S 4 BE R S (i eFgE. AR M
LEAIIR . {H Kim ZEP5R ] HPLC VA HE T AR K fiR
T Y FR B IR R T RS, DA S B A2 TS ) T B
W%, HBKEETR 5 RN RE T m T R
IXTTRESE BT AR k) DA R I Ak e B A 2% AR TS
A& REA RIS R PR R 1F N PR BT o

[0 DPPH-

5 4000 ¢ a 1250

5 3500 W £ Polyphenols ~

g r =
Rg 2 {200 2
#3000t 5]
& S <
3o e 2500 | {150 | 2
o § S & 5
= 8T 2000 F IE =
E23 b 100 & £
T S E 1500 =8
g3 b 5
S N3
2 € 1000 f g
o = 4150 8

= 500 | c <

= £

10%35 % 10%Fi &

SR

Extraction reagent

10% S E 4N

Ve BE R JRNREL 12 20 g/mL, $REURIZ 70 °C, ZEH pH A Pk,
[Fl— b5 EARAFE T BEORLE 0.05 KF EER R

Note: Fixed conditions were solid-liquid ratio 1:20 g/mL, extraction temperature
70 C, extraction pH value adjusted to neutral. Different letters represent the
difference in 5% significance level.

B 1 RIGKA S8R E 444 DPPH: A v 2k
HIR A 4R
Fig.1 Effects of extraction solvents on polyphenol content and
DPPH- radical scavenging capacity

2.2 BRARNEER
2.2.1 BIREH5HGHT

HE 2 ATLAEH, BEEBRERIKEE 13 = 2 By i i 4y
VL J& DPPH- H HHEIEFRAE I GG 50k, 73 e 15%FH
20%Kb3k B B = AL B 20% 40 2 W R B A H IR
e, wge)E 2 s A& N R BER . WA TR
S Wy A A3 AR T (I 25 B S PR . TR e 4%
15% AR T & 7 2

> 60001 1250~

£ PN

(=9 [=3
R§ 5000 {200 &
& 2o o I
2% 4000t RE
AR =) 4 150 DN
B3 I# =
=5 3000F g
g —e— DPPH: 4 100 % S
- =3 —_—
= X 2000
ol —— £ g
o+ 1000 F Polyphenols 150 E:

& g

a 0 ! ! ! | 0

10 15 20 25

PRI £ 734

Acid concentration/%

e [ E S RIS, RHEE 1:20 g/mL, $REGEE 70 C, #HL
pH HIFZE L.

Note: Fixed conditions were extraction regent H,SOj,solid-liquid ratio
1:20 g/mL, extraction temperature70 ‘C, extraction pH value adjusted to neutral.

B2 BURE5HT S8R E 544 DPPH- A &1k
FHRREA R
Fig.2 Effects of acid concentration on polyphenol content and
DPPH" radical scavenging capacity

2.2.2 ZFIR pHAE®)#

I 3 PTG, BRBK S RS IR FFIR MEA 5T T
1R LA HUS 2 (1 2 W 5 7y # L &% DPPH: B 2
THEREE I m T pH A 2 P 5 TR REAT A5, W RER
JER P A R A i Ak 52 DR R R A A 545 M) 1 Pk B 5 i Bk B
RN (3 — 2B AT TR IO 2 1 2 2. TR LR
fift  JEASTRUR Y pH (A E AT 2L

_ 10 000~ DPPH- 2250

2 9000t P

i B £ jPolyphenols 1 P
~ & 8000+ {200 2
™N ® =3
0 Q
= o 7000k g
&= &
#r 80 20 6000+ 1150 2 E
= 22 5000} i =
= § = =g g
T~ 2 4000} {100 = §
-8 E E
£ g~ 3000} ®g

] - g
S 20004 {50 =

& =

& 1000t =

0 Y N
WE AL AFEALFL
Adjust to neutral No special treatment
ZEpH{E

Extraction pH value
e [ E S RIS, B E M4 15%, RHRLL 1:20g/mL, $&HL
W 70 C.
Note: Fixed conditions were extraction regent H,SOy, acid concentration 15%,
solid-liquid ratio 1:20 g/mL, extraction temperature 70 C.

B3 FIpHAEs %8 /i 244 DPPH - A &k
FHRREA R
Fig.3 Effects of extraction pH value on polyphenol content and
DPPH" radical scavenging capacity
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2.2.3 #HReag AL . 10000 - 350
HiE 4 WTLAE . 28 E s> AU DPPH- H H2EH <& 9s00p 130 &
™ @
B LA R3S, BEARRE K S TR 2 ol B
TFE, 7E 1:15 g/mL AbIE B B . FTRER SR K2 B 1R = ?;"é" 1200 Q‘jg
o N Ve N e = 8T 8500 | 5
TR 2 25 G TE 2 ORI, (HIRIEIOE Y — &7 JDEIEE 150 £ 2
S 53
FELJ 4 S 5 W R A T G B 2 I R, DR 3% 1R N - |
1:15g/mL NBAERHREE . SF 7s00f —+= ZiPolyphenols 0 B
= 1 el
a ~
10 000 - 1250 7000 ) ) ) )
~ 9000} ~ 60 70 80 90
é 8000 | 1200 ;?0 JRHHR i Extraction temperature/'C
N S 2 > 3 N T
@ s _ 7000} - T FEAAFAPRIURTBRIG, BB 15%, BHRE 1115 gml, #
£5% 6000f 1150 R E U pH A AL
i: § S 50001 Ej g Note: Fixed conditions were extraction regent H,SO4, acid concentration 15%,
£ 3 E’ 4000 —e— DPPH- 100 2;; g solid-liquid ratio 1:15 g/mL, extraction pH value no special treatment.
oI — S F 1 S
TEE y Rz o g o o Ay
£5 3 3000 = ZHiPolyphenols E B S RICRER S BRE 44 DPPH - A ik
Sg 200 o % e 9%
g 1000F & Fig.5 Effects of temperature on polyphenol content and
0 L L 0

1:10 1:15
i EESolid-liquid ratio/(g-mL™")

1:05 1:20

B SR AIREGRATGNER, BRI S8 15%, $REGESE 70 C, %HL pH
B EE.

Note: Fixed conditions were extraction regent H,SOy, acid concentration 15%,
extraction temperature70 ‘C, extraction pH value no special treatment.

B 4 Agrest 2 8/ E 44 DPPH - A s R FTIRGE ) 49750
Fig.4 Effects of solid-liquid ratio on polyphenol content and
DPPH- radical scavenging capacity

2.2.4 RIBRZAHE

K 5 ATV, BERENT R, SRR
Jel R, £ 80 CIAFIFA, 11 DPPH- H HIZETHERfE
FIRE 2L ETHESAE 70 CIE BN TREHEA TR
E%. 80 CIREUNSZ 0B ERZHEEMREIMA
BRAR, I B 25 RS 20 vl 9 R 2 70k 07 22 gy DA S 388 g
FEAFSEPRERAE M, e 70 CONBUEIRBGRL .

DPPH- radical scavenging capacity

2.3 FuAERIEER
2.3.1 WA ET AR E MR
4y LA B 54> B0 DPPH- [ B T5 R e ) 46
b, XIFR 2 HEEIAT IR Z Ju A AR R E R A
PRI T 2B GIBRARETD -
Y;=187.48+14.474+20.365+38.80C+
9.904C—16.04B*—8.24C*
Y,=8324.70+340.754+325.008+410.96C—
156.98BC—150.024°-273.92B°,
b Y3 N2 B E %, mg/(100g); Y, DPPH- H H13%&
THFRBE T, umol/(100g). A+ B. C 7 HIRNE L, g/mL;
FRIRE S HL % RBGREE, C. WANEIARBAIL )T 725y
Wrib AT B A R (K3, £ .

F2 FLEAREER

Table 2 Results of central composite experiments

i ' *Juﬁztl: ' B 40K T&EX‘)HIE LR DPPH: H m%iﬁ@%ﬁé '
Number Solid-liquid ratio Acid concentration B Extraction temperature Polyphenol cor}fent/ DPPH- radical scavenglﬂg capacity/
A C (mg-(100 2)) (umol-(100 g)™)
1 1 0 1 238.40 9060.9
2 0 1 1 221.26 8641.8
3 0 0 0 195.47 8466.7
4 1 -1 0 158.61 7802.63
5 0 0 0 185.70 8251.61
6 0 0 0 180.29 8234.35
7 0 -1 -1 104.30 7290.19
8 1 1 0 201.50 8688.22
9 -1 0 1 187.56 8339.64
10 0 -1 1 183.24 8341.19
11 0 0 0 184.29 8455.92
12 -1 0 -1 130.27 7480.45
13 1 0 -1 141.49 8106.5
14 0 0 0 191.63 8214.92
15 -1 -1 0 132.03 7313.45
16 -1 1 0 174.36 7798.74
17 0 1 -1 143.986 8218.73
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Table 3 Variance analysis of regression model of polyphenol

content
‘e 5 AL L N e
woskn SR amm sy Pl P B
Source df  Mean square F Value P Value Significance
squares N

A 1675.491 1 1675491 72.29185 <0.0001 *x

B 3317374 1 3317.374 143.1336 <0.0001 *

C 12 045.31 1 1204531 519.7148 <0.0001 **

AB 0.076709 1 0.076709  0.00331 0.9557

AC 392.3308 1 392.3308 16.92776 0.0045 *

BC 0.692273 1 0.692273  0.029869 0.8677

A 9743272 1 97.43272  4.203896 0.0795
B 1083.445 1 1083.445 46.74703 0.0002 *
c 2857315 1 2857315 12.32836 0.0098 *
R Model 19023.66 9 2113.74  91.2008 <0.0001 ok
ﬂ‘f 1622374 7 23.17677
Residual
R ALLT Not
Lackoffit 1624817 3 5.416058 0.148396 0.9255 significant
b 3
LR 1459892 4 36.4973
Pure error
A 1918589 16
Total sum

H: o ERKEE (P00 , *EREE (P<0.05) .
Note: ** Significant at 1%level, * Significant at 5% level.
#* 4 DPPH -BHEBMREENEINIRRFTESHR
Table 4 Variance analysis of regression model of DPPH- radical
scavenging capacity

e S5 A ) o
wosin SR gwr sy P P mE
Source df Mean square F Value P Value Significance
Squares
A4 928 864.1 1 928 864.1 81.29327 <0.0001 ok
B 845019.5 1 845019.5 73.95528 <0.0001 ok
C 1351 089 1 1351089 118.2459 <0.0001 ok

AB 40 060.02 1 40 060.02 3.506014 0.1033

AC 2266.236 1 2266.236  0.198339 0.6695

BC 98 574.02 1 98 574.02 8.627102 0.0218 *
A 94 765.27 1 9476527 8.293763 0.0237 *
B 315919.1 1 315919.1 27.64893 0.0012 *

lon 21945.76 1 2194576 1.920671 0.2083

Hi% Model 3705983 9

411775.9 36.03822 <0.0001 *K

Residual 79 982.61 7 11 426.09
FAUIN Not
Lack of fit 17 043.01 3 5681.002 0361045 0.7855 significant
R es
AR 62 939.61 4 157349
Pure error
B 3785965 16
Total sum

e e RREE (P<0.0D) , *EREE (P<0.05) .
Note:** Significant at 1% level, * Significant at 5% level.

HI3% 3 IR, 2B o A R P<0.01 7 ]
W2 FE K, R P=0.9255 AEFH, hE R
R*=0.9807, BLHIZITHE S SEBrEBURSRE, ATELF A R
W A PR R S BB R SR R BHREL (4D L BRTE
S (B FIHREURFE (O ¥xZMmiEnHa REK
m, HARERR RS (B MIRIURE (O 5ZMmiiE
DECEA RN R, IFHEREE (4D SIEURE

17 (O TERENZEIEM.

% 4 W%, DPPH-H 25 R ae /10 B H B A
P<0.01 IABMEZE K, RALI P=0.7855 ARE, HRE
ZH R=0.9517, W% RS LR B AR, AT RLTE >
R Bl % PR R S R ) SR &R BRI EE (4D | R
JRE L (B) AREURE (C) #%F DPPH- [ H3:5E
RENTE EE W, HARhitt (4O FRFEESE (B
5 DPPH- H HEERREENEAHEM kxR, HHR
FESH (B) SIREULE (O FERZENEHIER.
2.3.2 EEFHMN

R (B A5 FE AT A0, % IR 3R 0] 22 0 I o B S i ok
MK KN C>B>A, %} DPPH-H HiFETERRAE S H52m K
MK C>A>B . W] DLER B FE X B A3 75 FR 2 T B B

T 2R B8l & DPPH- B M ERREE 1 m R
SN
2.3.3 AR

FEJEIVER 2 TS PRYE A7 J0i o7 O LTI L
TLE SRR A7 AE 535 A A A, e 2 i B an B 6
Jizs. UL DPPH- B HH2EIF5 ERAE S WM MR I, R 57
B0 PR FEAF A2 2 25 WSS EAR R, FLmi Bz &l g s 7
Btz o

Eq iR

Polyphenol content/(mg-(100 g)™)

E: BREDHON 10%.
Note: Acid concentration was 10%.
B 6 s RIGR R SEAA A 3 BRE Y i
& B
Fig.6 Response surface plot for alternating effects of solid-liquid
ratio and temperature on polyphenol content

& 6 FTLAEH, BEERRRELRIN N, ZMmEs
e EIh: BERDUREZ IS, 28RS Hfrs:
BTt KT 73 CULE#& T2, HARBGEE ih e,
B B 3 Xk 2 1y Jot e 70 8 o A B v AR L
F o PR B LR IR 5 B PR 19 AT R T 1 T e ) B
RESEHEAR. SRESENZHMEIE LR, HZ
SRIRAE iR N A WAERRAT AR BIBRIR . W&
B2\ WNMERR SR AR N, DRI R R DA SR R A B —
EREZ )G, SE R BAmELE T,

Hl 7 ATLVE Y, BEETR R E > 23 n, DPPH: B
HI LS BRAE 7 RELE R s, fFAERE. X2 h
TR B AT R T 2 R, SRBOR PR
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RE IR 2 38 5E, (H 0k R P IR — @ R S 24
ZMEREN R, MHREMEN 75 DPPH- H HZEL
X L FRE XS A RE 1 R B, IR PTEAL RE S0 T PR . BB
G B R4 &, DPPH- H HHZRIERRAE I — B 2 |
FH&a%s, KT 73 CUEBaT P&, X&HTEEN R
FEA FIT Z Wyt B by 2t v 5, SRR b i
ReJJdag, (HREA &S —efRE R EEEE T w4,
AR IME TR . 18, ERIUEEAN 71~
73 °C, MRFEEDEN 10%~11%HI5EE N DPPH: H 3
TEBRAE S ok . HARHCE FE TR BE, 00 SR
DPPH- [ FH 375 B B8 77 16 35 0 10 5 1) 50 1 I 1 70 B 0 3%
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Note: Solid-liquid ratio was 1:15 g/mL.
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Fig.7 Response surface plot for alternating effects of acid
concentration and temperature on DPPH- radical scavenging
capacity

2.3.4 FATEERIERE

JHIT Design Expert 8.0.5 B AHIILALTIRE, 7 A5 1)
Fenih FAS GG SRR T 2 2400: 4=1.0, B=0.55,
C=1.0, Y5=243.80 mg/(100 g), Y,=9087.02 umol/(100 g). EfI
MRRR A 1:17 g/mL, BRREDECN 11.10%, $EEURE
N 75 CBE, $REUETTS 2 W i o HOE O i KB Wk
243.80 mg/(100 g) , . DPPH- [ 1 % & B g /1 W 1A
9087.02 umol/(100 g). {EIM T 24 FHHTIRIERE:, S
B BT 45 22 Wy o 5 43 H00N 224.33 mg/(100 g), 2 DPPH- [
FIEMRBE SN 9919.28 umol/(100 g), 5 FHIMIAE [ 48 5% 17
#90.08, FEARE, WA TEAAITN.

Kafui Kwami Adom 256k WA Hh 2 By & &dkAT
Mg, R EKLESH N 230.012 mg/(100 g), KK4:4
MM 59.555 mg/(100 g), /NEE4EGT N 104.601 mg/(100 g),
e LEA Ty 81.047 mg/(100 g), AILLEH, BRIERILLE
TR ERS MR Am & RE KRN, JFH
m T HRIURE WY, BAWHEMmE.
2.4 BERZMEBRESENINGE

HPLC Al 1 gkt T2 50k (0L 1.3.2)
PRI RIS RS GBI R 2 AR & 8 (R

5) o BRIERIMLEHmPIENE] 16 MY, &2
1A 325.104 mg/(100 g), 1M H FUE AR R AR 15 Fig
KR, BEMCN 115382 mg/(100 g), Hrfi2, 4- %k
RHWR. 7T BB KRR M. BECH . K
HEg. SAEER. MR, MR, 2%, MR,
L RIS BOR T R E], BRE TR, T FR.
4-75 GIRIAE BRI BGA PRI 2, JLRIR . A& IR AE
BE SR BOR P AIN B . BRIEIRIOR T T B KT
BETREEFE, WERIRh M. 7T 555
KU EFE . BT B RIS, B
BT UL RRURS PR R 7K At S8 R R T A B 5 R Jot
R AHERGEGNT AR, KPR, RETRERIER
HERATAY, AR TRB AN S 2. EARSE
OB BRI S U RERR AT AR, 15 Max 5P ie—
B AT BB S5 A AERR AT AE M AE IR 261 T 5
B A2 o AL AR 6 v R K ARV AR K T R ) R
R IR AL, X ATRE S R G, AR RE
FEAERRVE T, PUBEIR B 5 K25 70 i e W B 5 S B
WA HADP AL S50 VA B B R R R S )
Zia i, BRE SRR T ERBPCRER T
FUBRE, ATIEYIE RS S A 5 2RI,
I HLRE SRR L MBI R, N H ARG S IR
TR R T B2k R 71
RS BERBEERIRGESHMARE S
Table 5 Type and content of combined phenols of acid and
alkaline extraction

mg-(100 g)”'
R 1% i
.
#FK Name Acid-extraction  Alkaline extraction
R EZ % Phloroglucino nd nd
BETM  Gallic acid 33.365+5.21 nd
J5JLZER  Protocatechuic acid nd nd
ZJER  Chlorogenic acid nd nd
JLAER  Catechin nd 1.803+0.126
— Y
24- R 1.287+0.295 0.405+0.058

2,4-Dihydroxy benzoic acid

FEER  Vanillic acid nd 3.124+0.315
TR  Syringic acid 127.467+9.152 nd

4-F G 4-cumaric acid 17.859+3.256 nd

7T Rutin 4211£0.395 21.625+3.134
FiZEfR  Ferulic acid 1.083+0.074 0.41140.022
K¥E  Salicylic acid 1.892+0.354 46.134+4.120
Mt Naringin 1.209£0.217 26.307+3.211
PR Hesperidin 9.582+1.356 1.031£0.211
ZHER Benzoic acid 98.425+6.783 3.602+0.089
48 S Adjacent cumaric acid 2.771+0.922 1.104+0.052
¥iti#  Myricetin 0.819+0.100 0.399+0.012
Wi Quercetin 5.213+1.256 2.451+0.064
HPER  Veratric acid 9.350+1.529 4.738+0.110
fhifZ 2 Naringenin 7.136+2.098 1.227+0.067
11258 Kaempferol 3.435+0.750 1.019+0.054

e “nd” RN IZHITORKE L -

Note: “nd” indicates that the substance was not found.
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1D AFERAAX B R G e BN BRI R B, i
W% I SRR /K RS 2 1 2 W 3 7 70 B0F DPPH- H H 57 R
18w T A AN (P<0.05) , Tt AR R BURCRAR,
Fodik. MiERKESEIN S GBI EGE Y DPPH: H H
FiERRAE I B E E TR (P<0.05) , UiFHRRIE IR
PRBUSCR I T Eh R -

2) FOHAREE RS MR T 22808 Bl
EE 117 g/mL, BRERTE 734 11.10%, $REHBURE 75 C,
FRAR SR FFIRME AR PR, W T2 F M E RS &
FEHR T 2 Wy J5 24 H0% 224.33 mg/(100 g), DPPH: H i
FEIERAE /7I5 9 919.28 1mol/(100 g), 5 FINIAE £ M i &
sy ¥ 243.80 mg/(100 g) , DPPH- [ H & i B e /y
9 087.02 umol/(100 g)FE A —F, WAL TEEAF
i

3) mAGEA A ST E R B R SR, IR
BETER. 24-"REXFR. THER. 4-F598K. 1.
BTERER . KR M E . B H . RHER. A0 FE TR,
Mgz, MR 2R MR R AL 8 MR
Ko 8 PR EARYIR, HOEIk 325.104 mg/(100 g), T WL
B mEymm s+ E B2, AERMENRES
i RN TT R DA S 75 R K 2 25 R SR AL T B 2240 % o
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Optimization of combined phenols extraction with sulfuric acid from
hulless barley bran

Xu Fei'?, Yang Xijuan®®, Dang Bin***, Zhao Yadong'?, Wu Kunlun®, Chi Dezhao®

(1. Academy of Agriculture and Animal Husbandry, Qinghai University, Xining 810016;
2. Key Laboratory of Qinghai Province Tibetan Plateau Agric-Product Processing, Xining 810016;
3. State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining 810016)

Abstract: Hulless barley belongs to the genus Hordeum in the family Gramineae, and it is the mutation of cultivated barley in
botany. It is also called naked barley because its lemma and palea are separated from caryopsis and its grain exposes. Hulless
barley is the most characteristic crop on the Tibetan Plateau, and it has a high value in nutrition and health care. In addition to
some well known functional ingredients, like dietary fiber and S-glucan, hulless barley also contains a variety of phenolic
compounds, such as tocol, flavonoids, and anthocyanins. As important dietary antioxidant components, these substances play a
prominent protective effect on human cardiovascular disease, diabete, obesity and cancer. The content of phenolic compounds
in barley is much higher than other cereals. Currently, researches on hulless barley are mainly focused on the feed industry,
traditional food processing industry, wine making industry and S-glucan. Phenols, which are important functional components,
have not received enough attention, so the related studies about the phenolic in hulless barley are of great significance. Free
form, soluble combined form and insoluble combined form are the 3 main states of polyphenols in grain, and combined form is
the most common state of polyphenols in grain. Research found that when respectively using acid and alkaline hydrolysis to
extract combined phenols from lychee, different type and content were obtained, and the total phenolic content and antioxidant
capacity of the former were higher than the latter; a similar result was also obtained when using wheat as raw material, but
related researches on combined phenol of hulless barley have not yet been reported. In order to further develop the most
characteristics crop on the Tibetan plateau, taking hulless barley as the raw material, central composite design was used to
optimize the extraction process of combined phenols based on the single factor experiments in this paper. Different extraction
reagents, NaOH, HCI and H,SO, were compared and H,SO, solution was selected as the best extraction reagent. Acid
concentration, extraction pH value, solid-liquid ratio, and extraction temperature were studied with combined phenols content
and DPPH radical scavenging capacity as indices. Solid-liquid ratio, acid concentration and extraction temperature were
selected as 3 factors when using Box-Behnken central composite design to optimize the extraction parameters. Results showed
that the optimum extraction parameters should be as follows: solid-liquid ratio of 1:17 g/mL, acid concentration of 11.10%,
and extraction temperature of 75 ‘C. Under the condition, polyphenol content was 224.33 mg/(100 g) and DPPH radical
scavenging capacity was 9 919.28 umol/(100 g) which were consistent with predicted values and significantly better than rice,
wheat and oat. High performance liquid chromatography was used to detect this optimum extract and 8 kinds of phenolic acids
and 8 kinds of flavonoids were found using acid method , such as, gallic acid, 2,4-dihydroxy benzoic acid, syringic acid,
4-coumaric acid, rutin, ferulic acid, salicylic acid, naringin, hesperidin, benzoic acid, adjacent coumaric acid, myricetin,
quercetin, veratric acid, naringenin, kaempferol, and total content was up to 325.104 mg/(100 g). By comparing the difference
of different reagents in the extraction of combined phenol from hulless barley and optimizing the extraction parameters, this
paper provides a scientific basis and method for the developing and utilization of hulless barley as health food.

Keywords: extraction; processing; optimization; hulless barley bran; combined phenol; central composite method
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