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Effects of Germination on the Nutrient
and Antioxidant Activity of Barley
GOU Mei-ling,ZHANG Jing

(College of Chemistry and Life Science,Chengdu Normal University , Chengdu 611130, China)

Abstract: In this experiment, the germination treatment of highland barley was carried out to study the changes of nutrient
composition, total phenolics,total flavonoids and antioxidant activities of highland barley before and after germination, and to
evaluate the effect of germination on the nutritional value and antioxidant activity of highland barley.The results indicated that
germination increased the protein and ash content of barley by 23.4% and 31.5% ,amylose and fat content reduced by 13.8%
and 19.2% . After germination, the total phenolic and total flavonoids content of barley was significantly increased by 85% and

DPPH

101.7% ,respectively. The antioxidant activity analysis showed that the IC5; ~ value and FRAP ( ferric - reducing antioxidant
power) values of the germinated barley were (39.98 + 1.14) mg/mL and 0.33 ~ 1.13 pmol V./g, respectively, and the
antioxidant capacity was significantly higher than ungerminated highland barley. Correlation analysis showed that the strong
antioxidant capacity of germinated barley was significantly correlated with high total phenol and total flavonoids content( R* =
0.803~0.990) . This indicates that germination can improve the nutritional value and functional properties of barley, and the
results provide a reliable scientific basis for the processing of highland barley and the development of related functional foods.
Key words: germinated highland barley; total phenolics; total flavonoids; antioxidant activity; nutrient value; functional
characteristics
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M — FR I 2 04 A AL RN BLAE S v, HERB S 5 R 4%
YIS o FE S ARG o R ZFIR R TR HErE 3%
TR 800 J5T LA K A At B 119 365 3% 0 T 1) R o U, 4
WA A RS AT T o Ak, R R R e
TR R AR R B SR RN B B B T
Jrikz "o HE, R AR R R R 2 4R
AP E SR E A PT AARTE YR DT IR B 8T
FROK” NN Y S ih . SR aEE st &k
TG T RR Y B IR O (B RV P A 2 B 43, A L T
JREAT — % DI RE T (LA B o, 05 R 40 JR 75 BR 19 0L
WY, AL B 1818 X & 28 1 e H BR a9 Sk Al E
IR S B M AR SN PTE AR PEBEA T I ok o3
T 2560 7 R E 5 D R AR i 52 i, LY R 9 BR
B TN A AR SE T RE B il 9 T 2 $2 I B AR U
1 MRETE
1.1 M5

B R T A 2,2- 2R 1- =t
ZPE(DPPH) (B E TR (HUIRILER ™ T | B BEVE Ry

(- TRUE) bRuES (LE)E=99% ) I E T iR
A MR AT RS W] 5 Hofthiaon] 342k oA ali

TD-5M .0 ML Ui & B #% A BR A Fl
JP-500B-8 JTHEM fE ML KR T A G T8 A R
F]; K9860 il 4 H shgll G Z AL Il JLANL A A%
H RS H] 5 SOX406 I MEAL  ILARIEFERERL #1125
FHIRA R HWL-10MC Zhgi g I ARAE RO AT FR
4\ ] 3 SpectraMax i3x JilfbRiY 32 [E Molecular Devices
7] 3 Alpha—1860Plus 8 4h v L3566+ il
ETTAY 28 A FR 2 &) ; ME204 3 RS 26 [ Hg 4
-FeF = A H
1.2 ZWAHE
12,1 RZEHBRHIS MR Vale %5 BT RHFST
IR AT RRR P28 . FRE 300.0 ¢ 75 BRAH T H
5% NaCl #EWIEVE, SR )5 FEKIZH0 18 h J5 5 BR
BT 20 CRMERET A P BT R 3% 72 h, K
KT EE T-80 CA % 4 h 5 & TR T
ML T 30 ho Ry AR ML T 4 1) 75 BR 28BS My,
Ifit 80 Hifi . i HE M & T B MRS 7E
-20 C R AfF#5 .

1.2.2  FERPEFFRSTMNE ST E A RS B
GB/T 5009.5-2016 £ H 2 B 2 ) Th g FILES
FEEE BEAT I " s BE &L PO D7 & & % W GB/T
5009.6-2016 ¢ & /i 1 ig Iy 04 I a2 ) v o9 2R G hh P vk
BEAT I 25 R S PR 4y & BE 2 BE GB/T 5009.4 —
2016 € #E B K Sy 5 ) 69 K ke vk R AT
e

1.2.3  HEETEMSIE SR BB 7500 a2 35 B
EIRETEMS AT AL o PREN 0.100 g B4 BE AR E AL I
F 10 mL 0.5 mol/L KOH % # , 7 80 °C 7K 15 7 %5 it
J5 FHZEME K B 25 28 100 mL, 15 51 B 45 JE M bR 1 I 4%
W (1 mg/L) ., brvEpZefil £ - S IPR R AW O
0.2.0.4 .0.6.0.8.1.0 1.2 mL F 50 mL 2542 & 3
A 30 mL ZEM87K )5 , FH 0.1 mol/L HC1 ¥ pH % 3.0, )i
A 0.5 mL, FHZE/K E RIS BN 0.4 .8,
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12,16 2 24 pg/mL WHRAERE W . PAITA 0.1 mol/L
HC1 AT 1 2K S AR o as X R, FHEE 4 AT I
SRSEICEETH AT BIAE B N, =630 nm Fl A, =480 nm
TFIE S EEAE . SEE TSR HEIZR A y =0.012x +
0.0116(R> =0.996) . FRHL 1.00 g Kf & T-Hh 25 b If:
S 30 mL 2Bk, ZEAR 7 E A g 3 h &, T
A 85% L TEFATHAME 3 h, W PEAT AR A0 LB 5 1Y
AR 98 ClIEE T HRFE T T = E ., 1 0.100 g
TG B E B R 7 T 10 mL 0.5 mol/L 9 KOH ¥
W, 7E 80 CKIG i i fe FHZE /K 2 45 2 50 mL, iR
SYJE W ER 2.5 mL 1RG5, FH -5 bR &b AE A i Ak 21 7 5K
Ak 3= 3ok LR S B AT I A
1.2.4  FEIREGETI 2 FREL 2.0 ¢ AR T 50 mL
BRI 20 mL 80% Z, TR TIE 30 s J5 B A i
B 30 min, 7E 4500 r/min Z5{F F .0 15 min 2R J5 B
W WL 0.45 wm [ 38 AT B 8 W, o U WU AF
& H
1.2.5 RfyEsEilE @i Singleton 211 54 Folin—
Ciocalteu Hv 0,705 - BEAE A4S SOk A 2 — Fh 5 BR Y 5 By
T, HU25 pL HEsh S 125 pL BT 4340 10% 1
AR A 96 FLAR & E 8~10 min f5, ITA
125 pL SR 4380 7.5% #) Na,CO, & W, B 6 W
30 min J57EYEHE SN 765 nm Ab e O SR, SEEG
LI BT IR AR ol 3 B P 0 Sy & A,
FrihE i 2R 10 £ 1 Y [ o7 0~0.30 mg/mL, 47 7 HH £k oy
y =0.007x +0.112 (R* =0.998) , ZiHER NI E T
2 25 (mg GAE/g)
1.2.6  RBEEEENE  S% =W st ir sk
W B R A SRR 5 i . BRSO L A SR EOE T 96
FLAR H Jim A 20 pL 0.5 mol/L NaNO, & W J5 M &
5 min 5, A 20 L 0.3 mol/L AICIl, -6H,0 ##F K
B E 6 min, &5 INA 200 L 0.5 mol/min NaOH &
BAYWSE, TIHK 500 nm &b a2 Hog GRS, LIS
T oARAE S, R AR S A 08 8 B R S, AR AE
LML PEJE BN 0~05 mg/mL, FRifERI 2 v =
1.475x +0.0450(R2 =0998) ., 45 ERNAE T HE
(mg RE/g) o
1.2.7 DPPH H H &5 4 ( DPPH free radical
scavenging activity) Z:2% Brand— Williams a0l gy gy
¥ Ea HRREAS X DPPH [H H 3L T8 BRER 1 kTP
KRS B ARPUEARRE D stk 10 O ROR
Sk DPPH B Hi B3 B3R K 3] 50% B i A Fh ik
o EARC

Aa— ( As—Ab)

TR (% ) = S0

Hirpr . Aa % DPPH il FF EstyR A9 TR A TR ST6
As I~ DPPH FIAE IR G IE W6, A, RomH
WSt FIASE TR 5 VA TR ARG 3
1.2.8 #E F i i fHE 7 ( Ferric reducing antioxidant
power, FRAP) #R#& Yingbin Shen %™ (1 )7 122 W& 1B
i ok #E 17 8k 0 IR AR AL BB ) I . B B ] A5 109
FRAP 71 (2.5 mL 10 mmol % f#F 40 mL HCl %8
Fr i TPTZ Y%, 2.5 mL 20 mmol/L [ FeCl, % %
25 mL 0.1 mol/L pH =3.6 1Y ZBRZZE vk ) 7 37 C |
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Table 1  Basic nutrient composition analysis of barley
GBS HHBU(%) I (%) K53 (%) HEEER (%)
R T 9.28 +0.04 1.67 +0.11 1.49 +0.07 14.10 £0.47
REFR 1145 +0.10" 135 £0.02" 1.96 £0.05 " 12.16 £0.13 "
T x FoR B FE2EFME(P <0.05)
JEF 10 min, 4RJ5, HL 0.05 mL 7 FRHE B 5 2 mL FR2 ORISR BB DL BRI T

FRAP 7 F 10 mL 2 @i, FFHZEIBKERG,
TEZER FWEE 20 min, ffH UV 50000 E K
593 nm M H ISR . B2 mL FRAP 3857 FIZE 187K
ERZE 10 mL, FE:LI a5 (. 25 L, Ve FE bR,
HZM: 75 Bl A 0~ 1000 pmol/L, FrUE g &/ v =
0.0007x +0.0651 ( R> =0.999) , 4% 5 7% Jg 1858 SR $T
TR ML PR 24 ( pmol Vi/g) o

1.3 #HELE

P SRse I E A =R, G IR SRR A +
W25, A IBM SPSS 22.0 AGHEAT ST AEA © K
gy, KR 0.05,, R JH Origin Pro 2017 #f4: i3k
AT o
2 HERE5HW
21 AFEREMEFMSHTH

R 1 AlHn, R ZF e AR E A K&
ERIN, AR EAS e A WL, S AWM
TR, AZFEEREARSEINT 23.4% .,
RIFFEEEHWEARSETREHR T AFETRN
BRI RS> R B AR S AL B P L R 2R e R K )
SRR ZFHHFRK S ZEIINT 31.5% , #& 8L
P 22 504 AT R IR R A ZE Al A v i AR vh R D
Wy B AN SR AR

SR ZZEH Bt & 2R T R AR I A B Bk
TEN B B 43 WD Sy R R E BRI 19.2% Fi
13.8% . & ZFET ARG WG & 1= i i /b vl 5 B F A8 B g
IR A, B & 2 ok A v 7 B o i S K ok SRy H R R
AR PR L AR AR A R A R i, DA T AR 3E T RR 2
AR TR 2 e EAETE M & MU n] e H
P17 2 1 1R) P I AR 38 b 1% 0 ) Tl i P B g, R UF
TE AT K S Sy SRR SR T R A HR L RE L. Fengfeng
Wu 252 QR0 T B A AE 2 2 i B o HL P B U
S AR
22 AGEREHMEEMSENTH

Nk 2 i, K ZERT G B AR A R A AT A
EZER(P<0.05) , B 575 R0 S & & & ZF a0
WINT 85.0% ., SAREZZFHFEMRAMLIL, KAF)/EHE S
SRR RE R R T E AR R R T RS R T
2 ib & Y G K. X5 BT Alvarez— Jubete
I R T Y S 2 B R s N 2 T G A S B
LA —3 .

22 Al 0, K ZFAT S H B Y 82 T S B FE AE
WFEZER (P <0.05) , K255 09 8 8 I 2 24 bU R 2R AT
ARG T 101.7% o 3X 0] G J2 B b & ZF i it v 7 AR
TEAS PR AEARAE N 86T T A9 6 Al S 440 DA
JERL T 8T IR AR 7= BT s

88 20204 550344

Table 2 Analysis of total phenolics, total flavonoids
and antioxidant activity of highland barley

2k B (mg GAE/g)  REEHI (mg RE/g)
R HGI 1.60 +0.06 1.16 £0.02
RGEH 2.96 +0.04" 234 +0.07 "
H: o« FRBFEEFME(P <0.05),
23 RFEBRMEMLFTENTR

2.3.1 DPPH H BSR4 DPPH H IR
BRI H TP R & P i b A AR T B K
FLWE RS TER T s . 78 DPPH 356, P b7 fEfg
Frfa g ) DPPH [ f 2L (55 ) i 7 2 dE A R 3ETB X
DPPH-H( B a,) o F258 43 531 BC AN [F] 4k BE A 5 A0
Vo PRSI, JE AR S 5 AR S % DPPH 5 i AR
W BREE IRk (anEl 1) o LAV, BT EALEE 1
Z 8, LB &R ZFE A n i BRI B AU TE P BE TR F5 o
IC "M A FH 97 R 2R 1) 50% W i BOAR i A4 J
B, B R/NRIRAE S AT PRSI ES , —
1CL " Bk /N, Hepr A i ki . bl I 1 AT, & 25
BEH R I B R E 2R, A a SR
ICY™(39.98 +1.14 mg/mL) BL I AL T % ZERT(56.31
+2.12 mg/mL) , X UL 5K R ZFH L, &2 H R
P E RS BR AR ) R o, R Hipr Ak ae ) B3
ook, SPEGORELS A R E T 882 & 2 i R R
T3 FIT B R B e G . MR Ah, R ZFERTE BRI
ICH™ME I /NTF V. (25.03 £1.39 mg/mL) , X i %5
PRIPLEALTE EZART Veo
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Fig.1 DPPH free radical scavenging rate of
highland barley before and after germination

232 HEFERe AL hE 2 AT RIS
A Ie] e BE 7 BR 9 FRAP {98 B & 0.33 ~ 1.13 pumol
Vo/g, b K % 2 7 B 09 FRAP {H (0.22 ~0.86 pmol
Vo/g) I T 25.42% ~50.00% , 5B % 25 J B 75 R EL
A SRR RS TR R AR T . W RS T RRER S T A
AE 77 B4 5 AT BRI th T 28 5 B b A W P o
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3 AW EEN 5 DPPH FRAP B G507
Table 3 Correlation analysis between total phenolics,total flavonoids and DPPH,FRAP
W3R 7 TPC-FRAP TPC-DPPH TFC-FRAP TFC-DPPH
KRR 0.995** 0.874"" 0.988 ** 0.886 "
REFR 0.990 ** 0.859 " 0.985"" 0.803

{E : TPC-FRAP 1 TPC~DPPH 735l 27 5l 5 5 5 Bk B ik JEURE I A A by S35 BR R A A G, TRC- FRAP A1 TFC-DPPH 7331
R I i SRR R R RE T M A R R BR AR B OGN s« FOR IO L 3E (P <0.05) , s = RN AH AR 0 38 (P <

0.01) .,

NI S B T AR W 2SS RIS R A . et
FEHORHE N BB i8I RE ) 5 a5 i A G
KA, Alothman 25 [y ifF 55 4 B & 28 45 2590 o i Bt
AR VE TR S DR B L s o o

12) e
—=— KRB

1.0 —e— K EH R
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g 06}
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04}
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B2 KZFETE AR E LAY FRAP

Fig2 FRAP values of different concentrations of

highland barley before and after germination

24 XS

rh 3 nln, 5 BR AP 09 B iy & 5t 5 DPPH A1
FRAP B4R C R EE H D 0.859~0.995 , L Bl 1% Ht
DPPH [ Hh 2638 5% BE I AR 25 1 I RE J1 AH 5% R 8K
JL Iy 0.803~0.988 , 3 i5d F sk 1y | i 2 1l 55 5 LT
FALTE PEAEAE R 3 (IAHIC . Zielinski 25 (1 0 5%
WAHRIE T 8 265 W 2 5 M A P BT S A T 1 )
=
3 HFig

SEEUR 0N A= DTNl 1IN M = X A v S S i =
TR AT R I, A ZFRE R R AP i E
SRR o3 1) & B, BRI ELEE E M AR & . 5
REZFERRAA L, &2 28 BREAA B & 19 DA AR 16 1k
ARGy A B i, LT AR B9 T A A 1
SR S A A R ARG ME . e B, & 2R RE
A 35 T RR B 5 3R o FIPT SRR 0T PR, BE S DS
R PR R E TR E . B R ZE T BRI Tk & 4
DIaevE b, ALBE RS e 2 75 BRAE B S ATl i
HREH N T BRE S A AR E . I AR WA R, IR
17 BEREAE 75 B AT OR A T il B9 A 5 S i 28 4k,
P FATXS F R B AT EL A AR, 45 5 HARE R T 2%,
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