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Abstract: The effects of germination on total phenolics and g-glucan
in barley were studied by single factor and Orthogonal experiment,
and the Optimum process parameters of barley germination were ob-
tained. The results showed that the optimum technological conditions
were as follows, i.e. The seed were germinated at 30 °C for 2 days u-
sing the pH 7.0 solution. Under this condition, 1.13 mg/g of total
phenol and 2.31% of g-Glucan were obtained. On the basis of the
best germination process. the changes of nutrient composition and
enzyme activity before and after germination of highland barley were
also studied. The results showed that contents of Protein, starch,
fat, cellulose, p-glucan decreased, however contents of soluble
sugar, total phenolics, flavonoids, and GABA increased significantly
after the barley germination. In addition, the activities of a-amylase,

B-amylase, protease, polyphenol oxidase and B-glucanase were sig-
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nificantly enhanced.
Keywords: hull-less barley; germination; nutrition components; opti-

mization; enzyme activity

B TR A 52 2 o 4 0 5 X B i A A
B AR R 1T R A A A
G 40> AT R 47 0 5 MR T 20 I £ 2 24 50
VERRAY . GRS S BB AR I R 9 0 () T
BT R RN R 07 R R 1 5 B K
BRI 3 L HLA 2 £ 2 A0 601 B Jo L R B 4
0 5. 85 T o 28 0 T A AR B R
VI T A T e 2 R (R 2 A 4 7 B
B B L A T 0 T T L B U 7 B
BRI & R AT FRMEAR L R AT N 7 R IR 1
T i 0 L 5 T B U 0 2 T B
LA A TR A 5 L B B A ORY T % A
R ) 2 O 6] 50 259 L (X 2 B o 4
5 A B 2 KL S O 5 50 7 5 7
1% i T 2 O G B B B K T 4 8 %
LA O 70 P €A A B 9 R T
AR Oy B B 26 Tl 0 R AR 8
1 kR 5Dk
L1 RS

B T AR BB B

PR £ 2P AE R £ /R 2% Megazyme 23

FEA A N 5B 4

S ST WL AR JE T T6 L. AL 503 B 3 1 1578 5 R
el

B e 6 AL . WZZ-2S/2SS #1, | ¥ & i b T B 5 A BR



&R

2017 &% 2

AT

AT KO BSA224S-CW AU, {8 [E Sarturius 23 &) ;

TR £ ) fE R TR ML HL-100 B, |- g %€ Wi WL AR A PR
NG
1.2 R H*E
12,1 HR AR ZEE S TR 20 B 5 R i
P ERR IR B AT T SR JE BRI 100 6L R A W L A AR
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Figure 1 Effect of cultivation time on the content of

B-glucan and polyphenols
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Figure 2 Effect of cultivation temperature on the content

of p-glucan and polyphenols
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Table 1 Factors and levels in the orthogonal array design
K- A WikmfE/d B Wi ARE/C  CpH
1 1 25 5.8
2 2 30 6.4
3 3 35 7.0

H1 e 2 T S [ D) 2O0h R v T S A R/ g W i
] pH {8 BT Z IR LR ES RN AL By Co s AT R R X B
w3 SRR S ek R I DR /DN g W i W I L p LR B ORI R L AR
RGBT A B Gl AVB Gy, MMIER 2 HE AXNZWM Y
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S5 H B R - RO R R R LT . A
Ay AR BIRZELBEU B, , C B Co 15 H 35 B & 10 #%
AN AL B Co RI & F ] O 2 dL B &R 30 °C L pH
{H 6.4 EBLARPF T HEAT 3 YO 47 50 UE 52 56, 45 R R W 75 B
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5 WA 2 TG SRR G e L LR 3.4 iR 3
A TR 5 BR R AT AR LE L ER B TE R I T 2T AR B B
ROPER & AR AR T B By GABA BB AT PR R R E
I TR R O R A g B P S A AR R, BOR
VR AT, LUTG G P ) T S0 R ST A L 2558 B e L T
TV R i 4 i PR AL AR TR R WOR 2 b & RO BB R B
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Table 2 Orthogonal array design and results of the

optimization of germination hulless barley

e A s c S A R
(mgeg b HFE/N

1 1 1 1 0.87 2.65

2 1 2 2 0.97 2.84

3 1 3 3 0.89 3.04

4 2 1 2 1.19 2.15

5 2 2 3 1.13 2.31

6 2 3 1 1.11 2.07

7 3 1 3 0.92 2.09

8 3 2 1 1.01 1.88

9 3 3 2 1.04 1.98

"""""""" k0910 0993 1013
o ks 1143 1.037  1.067
ks 0.990  1.013  0.980
R 0.233  0.044  0.087
k'y 2,843 2.297  2.200
k's 2177 2.343  2.480
pHEIRME

k's 1,983 2.363  2.480
R’ 0.860  0.066  0.280
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(D) ARG LA35 R g J5URE 38 1o B0 DR 3% I 2 1 96 X0 7
B R TZBATOR ST, Ui )5 % B b B B i 3 s
[ I 3~ S M A ol > B /N S b AR AR BR B R
W) 2 d BB 30 C pH 6.4 fEIL T Z 8T . 75 Bl
K H B AR 1,18 me/g. B-HIRBE S AR 2.3500.

(2) HRRWT A )5 B 9R Mo B9 5 A B Ak, in i A
VB I W 2T 4 5 L0~ SRR S B IS AR T T T A AR R L B
M ECHR L GABA 542 #0 K08 BE 3 I, 9F HL o3 B 1 L B3 B
i W 2 B I T L 5 SROME T TG R L BRI R
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Table 3 Changes in nutrition components contents of hulless barley before and after germination %
HER syl GABA | NG E By BREEa4E EOR B R FRLAR 7
BiAHET 0.54£0.03 0.3140.08 2.14£0.09 4.94£0.31 62.17£0.76 16.85£0.19 8.82£0.09 4.78£0.16 2.0140.02
W A)G 1.134+0.07 0.4240.04 4.174+0.11 5.5340.13 60.8941.08 14.9340.025 7.674+0.19 2.314+0.27 1.8440.03

®4 BRERNEHBEINKLE
Table 4 Activities of amylase of hulless barley before and after germination U/g
FHR - VEREEC10%)  p-UERIAGEC10%)  FREE(10%) 2 Wy S LTl EREE LA
il 11.71£0.09 5.88+£0.07 1.854+0.05 23.0140.18 16.68+0.16
Wi KI5 23.4140.13 8.96+0.11 2.98-+0.04 32.67+0.07 27.3640.08

160



&R

2017 &% 2

J&  HE SR s T R R BRI RS L B A
A 4 1) — L IR RO 5 A PTG Fe I g SRR AT 4E R
DS R AT 50T R A 7 A R I B2 R S X 2
TR Y oK e W7 08 T BRE IR IS0 3 AR BTS2 . T
VAWE 2 05 2 75 BR b A O 25 Hop A B-#1 R L 7 4 % 4%
T S0 T Y B TR SR AL R

5% 3k

[ REC. HRRIGETCE S & RN TR A RL ] fE A, 2008
(2). 15-17.

[2] SWIECA M. BARANIAK B, GAWLIK-D U. In vitro digestibil-
ity and starch content, predicted glycemic index and potential in
vitro antidiabetic effect of lentil sprouts obtained by different ger-
mination techniques [ J ]. Food Chemistry, 2013, 128 (2/3):
1 414-1 420.

[3] HYUN Y K, SANG H L, IN G H, et al. Antioxidant and anti-
proliferation activities of winter cereal crops before and after ger-
mination[ ] ]. Food Science and Biotechnology, 2013, 22 (1):
181-186.

CAT REUPAN, Jihe . W6 AE2F, 5%, HRRAR R p- Rl & stk
Bd 22 28 fh BT e LT ). BT S5 B AR W 4, 2015, 21(4) .
618-619.

[5] BRIely, 4%, KaEE, % BEMREFRS OIS 5
] &5 &, 2016, 33(10): 180-182.

L6] skoke. frdh s prIMI. dbat. o B4R Tl ARAL, 2004 1-3.

[7]1 BHATTY R S. Production of food malt from hull-less barley[ J].
Cereal Chemistry, 1996, 73(1): 75-80.

[8] XU Jian-guo, TIAN Cheng-rui, HU Qing-ping, et al. Dynamic

(Avena nuda L.) during steeping and germination[ J]. Journal of
Agricultural and Food Chemistry, 2009, 57(21): 10 392-10 398.

090 %3¢, #H5, M, S5 = s RE A% O FlOSORE K 2 B B2 A% b5
T2 53 B FOst A MR AELT 1. OG5k 43 47, 2010, 30(12) .
3 388-3 394.

[10] FA@2E . BREL. 43066 B B DU o3 A0 W A 06 BE LD . B B
1992(3): 55-57.

(110 2= . Mo ok 282 i 22 2o 8 v G0 T 2R S LY 1 iy 95 (D). &
&« P EEE R, 2009 19,

[12] 3k % d&. R (Al K LS Jy i a2 (7], RV . 2008, 35(6):
100-101.

C13] Phmie, 2= Fuk, ol 5. KRERF b 2 B A LI =
PRI WFFELT ] A EER T . 2008(7) + 35-38.

(147 W35, BFH, WHIIF ., . SR 4 b g4 R AH B 5
TESATI e o L) ], ekl BE %, 2013, 41(16): 7 051-
7052, 7 056.

[15] KAUKOVIRTA-NORJA A, WILHELMSON A, POUTAN-
EN K. Germination: a means to improve the functionality of
oat[J]. Agricultural and Food Science. 2004, 13 (1/2);
100-112.

(16] D, XIFEH, Bitsd. % BEEZHEAE IR,
R . 2012, 31(4) . 12-13.

[17] ALBERTO Gianinetti. A theoretical framework for g-glucan
degradation during barley malting[J]. Theory in Biosciences.,
2009, 128(2): 97-108.

[18] GEORG-KRAEMER ] E, MUNDSTOCK E C B, CAVALLI-
MOLINA S A, et al. Developmental expression of amylases

during barley malting[ J]. Journal of Cereal Science, 2001, 33

changes in phenolic compounds and antioxidant activity inoats (3): 279-288.
(L#F 97 70 54 ORI A e 5T i B AR M B

6 /hah

AR R B 2R ) 4 2 ) ) E LR BIAEAE 2 B R L L
R 22 ol 5 pY (20 . FE RN LANE . B W 2R Ak
ST — AR I B TR B SR A R TR
K BORTAL R B IR T E M58 IR A5 A
GRS A E- PN R TR EC R NG ESES R R R P N D)
e b AR AR T AL AL, 7 — AR S W T A&
B2 AATTH o S 2K
SRR AR BA A7 B RS ARG
o BMETEEGS (25 U Z ST R RIS K o A
B R A AR LAWTRE B4R LN A s W i 45 [ 4% R
B F5 S04 s A R 2 e 5 AP & 19 0 X T 280
e TR TSR R 7R 2% I i T 1) [ P s R s o A% A 55 S
A+ T AN J2 A 4 5 Je e O b o 0y AR 2 1 O
TR S N3 R B — > I AR 0 2 2 OB IR — AR AT
XA AR R B SRR SO AR ST SO 9
B W E AT LRI F L LA — AR B R BFH B R 2
JH AT AT 2 o R0 5% v, £ 2% 4 R B AT B R T A AT
AR 2L SUE B — RE W SRR R Th RS 5B NS sE 58

_.[12]

S % 3k

L1 WAk, R B ARHE 2 i B LT ). &l % . 2004(2) : 32-34.

(2] BisPl. 28 IM. R—W], 9. B, B S AL, 2009 11.

[3] Akm R, MRoni. (R IR DL ns; . W Xk Bzt HlI]. 45
A, 2014, 36(4); 55-56.

[4] AEEHL. KA. HEGAE B SRERIMI., & @& 4%
i, 2007.

(5] 24T RN, w [ ol 4% 4% o i 9 O 20 B #8 B i A L) ], ARl % 4y
2004(2) ; 57-64.

[6] MiBE7R. ST UEAAIMI. B #TVD AN REAR HMRAL, 2003,

(7] Efide. hEZFEL . WRAFEHE(EE M Jta. 2% H
R AR . 2000 489.

[8] #i& &. Wk . KRG WA B A2 5 KRS 5K
LI A E LT YT, 2003(2) : 3-13.

[9] #hk B WIS 20 H B drie . WA EFF R )], sl
1991(3);: 110-114.

(107 i v BR R AR, W5 A0 E 18 2 19 22 R B AE 5 B3t S A R
[J]. RiEEARBSE, 2014, 27(5); 118-127.

(110 RpAE. RTIFHIMI. Prm 7R H 4 B At . 2009 421.

[12] BB, e scfb+ ZgkIM. dbut: JuM A, 2012: 16, 63.

161



