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Effects of RNAi Targeting Opaque2 Gene Expression on the
Kafirin Content in Sorghum

CAI Xinyue', LI Zhijiang®, NIU Jiangshuai', BAO Dan', SU Chen', SUN Yimo', DAI Lingyan™
(1. College of Life Science and Technology , Heilongjiang Bayi Agricultural University , Daging 163319, China ;
2. College of Food Science , Heilongjiang Bayi Agricultural University , Daqing 163319, China)

Abstract: In order to explore the effect of silencing opaque2 gene on the kafirin content in
sorghum, the suppressed expression vector of opagque?2 gene is constructed by RNAi technology,and
then transformed to young embryos by A grobacterium tumefaciens-mediated transformation system.
The kafirin content in these transgenic seeds is determined and indentified by SDS-PAGE, and also
the changes of protein bodies in these endosperm cells are observed by transmission electron
microscope. The results show that the kafirin content of four fifths of transgenic plants is significantly
lower than that of the wild type (P <0.05). Those of the protein bands between the wild type and all
transgenic plants are similar. The starch granules in the endosperm cells of the wild type arranged
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closely and most of them are fused into large blocks,and large numbers of protein bodies are

indicated with large volumes. While the starch granules in the transgenic plants arrayed loosely and

indicated many gaps in the endosperm cells,and while those numbers and volumes of the protein

bodies are less and smaller than the wild type,respectively. In conclusion,opaque2 gene silencing

induced changes in number and volume of protein bodies in endosperm cells,which additionally

affects the internal structure of endosperm cells and the kafirin content in sorghum.

Keywords: sorghum,RNA interference,opaque?2 ,kafirin , content

151 3% (Sorghum bicolor (1..) Moench ) & i 5 3+ %
WEEYZ —, WAl 1E R 3h Y ik}, 76t 5 & Gk
e v [ G PR TR RR AR K, Iz A A AR AR A SE
WG T 5 TR, e &SRR A
A2 722 400 hm?, 7= & 0] 35 2 865 000 J7 t, Ky
TS DU K 3 d2 = Y, m R TR T R bR 4
AR AN B R N KRR G SO T
I, B A S N AN T 1 A i A A B
AR K U5 H s 2>, - R Ak AR i
SEAE R TSI 10 ) T AE D, B e AR O 2R 7 e
oA A A

o SRR ETE R LR BT IR T AT 4R R R
WKy BOE T BATRA S 6.8%~19.6%, j2& & 5
FERTER LIAN G iR 2 P, (HE S REA S
BRI, Bz AR A R R R A
RELEY P TR, 40 30%~80%", H 4
SELUGRNFEEATYHAEERARY,
R E B A ORI E S, A m R AR
19 77%~82%" , A 4f5 7 111 5T 43 F St Fl 2 SRR )7 51 24
BB S B o By S BEVE AR L, 5 EORA R, T
oA AR o R B B B R 66%~849%Y . i
¥ 53 A ¥ Opaque2 (02) w7505 8+ F 02
box (TCCACGT) 3k i #% £ K 22 kDa o— 1 £ [ Fl
15 kDa B4 2 119 JE PR 228079, 02 JE B 1 28 4%
RERFAR a—li B B & &, 766 W SOKIEAS i/ &
o IE R FRED 60% LA M HS BN E A iR
PR RN R R R AL R, B AL S AT &
JE , NATTIE SR w8 A 0 & BT 1 [l B AR v FE AR g . 7
Yo7 T R SR E S, At TR AR R
B T e e b Al B — B AT % . R,
A BT R A A RO R A B G A A
AR 353 4% A Al T R v B 2 1 O 1Y) R I

HArmIE, @R Es g h e s n™ & 42

e B AR R AR B 7 5 T, T AR S AR
T3 T WARGE o AR SRR AR G B R XA )
THLEI AT AE L H 2 ey, W) 5 i ad i A Yy 4
AREAT AL FE AL T A I WO o AR 7 A 1 3T 4L
A RNA T4 (RNA interference, RNAi) 4 5 f19 %t Al
UUBR BATFe 57 L O Re 5, FEL ) b ds e Bk TR
ARFE L RNAL 0] L2 3 — 40 A5y
1Y opaque2 K RNA i 32 38 2K F) FH A AT 1/
I AL S A 3 3k 0 5 A i DR R AR R R v
ARSI S A BRI R, LK
SDS-PAGE Hi Jk 45 Il 55 2k 73 #Hr RNAi 42 [a] 3T 3K
opaque F R X & SRS R S B o LU O
T R R P R AR S R Bk AR LAY R
B 18 358 A% ke il 0 bR g B O 5T 7 R E R S IR BT
IR

1 s TN

1.1 RIEHRL

1 5 R P8I8O12 Hy 5 [H] % Ui HL K 2 FH B L
43 A 188 A Bt A v i R DT S B0 Y 5 v SR A 4]
I 25 TAA (6-BA Fl IBA 4l § 255 Sigma
25 w) 5 Sk f e 5 W S5 [E Caisson 23 F 5 BLEL B B
F = Sigma 23w 5 R 1E N VI BamHI Spel [Kpnl |
Sacl Hindlll #1 EcoR1,T4 DNA i $% fifi ,Taq B &
fit , K T—Vector pMD20 %114 F 549 L&A R
I3 (KGE ) s PCR 7= 49 4l A i Joiobr 4 B S5 0] & 38
WA RARARH A R AE (dbst) ; TRIZOL 1 A
2 [ invitrogen A F 5 Fr A 5193 M A T A
G
1.2 A%
1.2.1 RNAi #p4) & & &AM E Ll GenBank R
B 5 opaque FER T3 (B kS XT71636)
FEB LA Rt — X514 A BamHI

AR5tk A 71k 2019 % 38 % 10 4 IEH




RESEARCH ARTICLE

CAl Xinyue,et al: Effects of RNAi Targeting Opaque2 Gene
Expression on the Kafirin Content in Sorghum

Al Spel BV 55— XA Kpnl Fl Sacl fif 1]
Braio #5273 H A i Be g ) i 42 3 A W) 2k
p130035SI-X I+, R J5 F5 F HindlIl Fil EcoRI ¥ 47 A7
35S, H 4% H B Ffn1 NOS H B ¥ F Jg % 4% 3|
pCambia3300 k{4 -, F i 16 i P 5 5 il (Bar) 5[]
B sl 5 R (hpel 1) JEA

122 S EYIEEEEAL SR HRL L
KR Z MR Do S5 J7 b AT Ry 11~14 d &3
FERL, 2891 B o 33 125 G AR R SN o 4% opaque F
P51 RNAG 4170 i) 2% 35 B R 5% AAHF B AGLL o, F

FHARFF B A e Ak SR 38 3 5 5 i B
AL 07 32 2 23 Ak AR 23 A o A Sfe A A 1T A e 2 )
FEFR
123 FAMAG RSN S 54

1) FAEMPRRY PCR KGN o P A AR fR S 38 o i
FOIR R B W WOR ATV AL 0 i, 5 i IR R AL
RAZ BRI W25 A8 H oy PP BE R A bk . 4R
Je $2 BT H DNA i F Bar 35 R R 2R E 30 331
14T PCR A I B A o #4804 B P A AR AR PR 1
il 5 1) W& 1,

=1 519F%
Table 1 Primer sequences
CIR/EA S 1F51(5°-3")
Opaque 2 3£ H Opa—1F  cgecGGATCCATGGAGCCTGTCTTC
(BamHI 1 Spel {41 fi7 1) Opa-1R  ctagACTAGTTCAGTTAGAAGCTCCT
Opaque 2 % Opa—2F  ccgGAGCTCATGGAGCCTGTCTTC
(Kpnl #1 Sacl FE¥I {3 £5) Opa—2R  cggGGTACCTCAGTTAGAAGCTCCT
Bar-F ATGAGCCCAGAACGACGCCCGGC
Bar 3
Bar-R TCAAATCTCGGTGACGGGCAGG
K00 7 5 Vec—F GGGTAATTAAGCAAAACTTATCCAA
R Vec-R  TAACATAGATGACACCGCGC

2) B B A AR A S92 ) 252 O € it PCR (qRT-PCR)
A o SO A I S BE AR R T AE 20 d B RFRL, T
Trizol 127 &5 73 542 U ZL S RNA AR 77 i 3 ]
45, ffi | PrimeScript RT reagent Kit with gDNA
Eraser [ % 538050 & E 47 5% 5% o AR 3 actin JE A
HNZ (PG YA actin-F:TTGGGTCAGAAA
GGTTCAGG #1 actin—R : TGCTCATTCGATCAGCAAT
C),Vh opaque2 R JFE 5% 11514 (02-F : CAAGCTG
AAGAGCCAACCAT F1 02 -R:AGAGTTGATCCGGA
GGAGGT), # i SYBR %64 khik i1t qRT-PCR
K, I 53 B opaque LN A AR Rk .

124 ZF R 48R %G 4 20 E % SDS-PAGE
Wk SRR ORL R AR D E S IR OOk
[14], 2% 5% B AR AR WOARFFRL S, BEALIR 20 RL4E T
ZAEE G, UHE 2R AR PRI RFFRLB K 50 mg
JnE] 2.0 mL 2.0 5, #ie 1:10 ) (g/mL) in A&
4% DDT 1y 60% A T B UK 500 L, 25 1E 37
CoKIE L% L, 8 000 r/min 2.0 15 min, B _EE
I B A i B SR B E R % i >
G250 Jrik . & SeAFRLEE VS 4 1 SDS-PAGE Hik %
I Hamaker ()7 80471 B A B M, B 300 WL 4
YO s 7 A R fe B BOULUE - A 100 L 5X

MUK B2 vhilk O S IR By i ) W s B i, B 10
pLEmE AR S 10 pl A5 A R B E R SX i
VK EREZE PRI G 5 W K AL R S5 min, 15 pl
B 15900 43 B8 18 v Uk R

125 SEFEEHLENLE BHREH 2.5%
I EETE 4 CIE e, PBS B o vk 3 K 1%k
1 4 CJg [ E 2 h, 5 A1 PBS 2% ppig sk 3 U fifi ]
30% .50% . 70% 90%F1 100% Z 51| 1) 2, ek B i 7K
£k 10 min, 100% Z, A% B WK 2 o SR )5
Epon812 FR4E M IR A3, 78 37 .45 CHI 65 CEF4 [
1k, %% P FE 4L 24 h, 28 UltracutE 3 4] A L)
R, B IR SR A RS BR A U € )5, I H 57 H=7560 3% 5t
HL - S R LR 411 R

2=

2.1 #J3& RNAI #$ =k £k

RNAL i b AR gt FE &l 1 iR . H
B opaque FEH TN 1 ANANE T FHFA BamHI
i1 Spel EEYIA7 5, Kpnl 1 Sacl U107 w5 #9  % 5
Wity RT-PCR, Z5ly 3 2 85K B2k 224 bp
AR B (B 1(a)) o 706 2 R HbR B L IE 1R
A3 3% B BAE W) 354K p130035SI-X |5, ] BamHI

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.10 2019



ol

Kk A L% . RNAL 32605k opaque R A 3 R BAZE O LS TN A

s

MSacl 2 A~ N YVIEGEG V) AR TS 0E . B T 404 E
AN 2 25 HAR PSR AATE 1A 118 bp KR
W&, TERFYIG 7™ A BR &Pk 2R S — 1~ 24 566
bp % R B (1 1(b)) . 1 T #44& p130035SI-X |-
PR D 1 7 0 i D O pe L R PR, AN ) T i 3
PUHEARRRAO 0T 8 . DRI, £ F HindIT1 Fi1 EcoR1 %58
) p130035SI-X #fk L7 A 358 ks F  Hir

M 1 2

3000 bp 3000 bp

1 000 bp
1 000 bp
200 bp
500 bp

(a)RT-PCRH1 7k

(b)p130035SI-X A H1 Ik

A B NOS Z& k7 R BV T JE i R
pCambia3300 Z{k b, FIGEHIIE Bar Bk H I e 45
hptll F:[H o F HindIIl1 1 EcoR1 2 4~ P 4] i it 1) #r
Y pCambia3300 2447 30k , 7 A BR 4 1 4%
PRSI —A~2 1700 bp 1 7 B (& 1(c)) , 45 R £ W
WA opaque2 FEH F B Y RNAT # ) 2& 3k 2R 1A 4 4
.

M 1

10 000 bp

3.000 bp
2000 bp
1 500 bp
1000 bp

(c)pCambia3300Z4 {4 Hi 7k

M :DNA ladder; 14745 BamHI F1 Spel B0 3 51 ¥4 3 R Br ;2.7 45 Kpnl F1 Sacl BV 55190934 R Bt
1 RNAi ik ERk

Fig. 1 Electrophoregram of RNAi vector construction

22 RITFE NS opaque2 B E RNAI ) 5 F ik %
HELER

DL S G e Ry SRR, R AR AT T K opaque2
BEP RNAG 10 238 2R 5% Ak v 3 it b P8O8012 1Yy
PR 2 R RATF R LA g IR 53R 3 d )5, 4)
R RIEAEN A i 77 2R R (] 2(a) ) o 75 B BT

(a) JLHigR

(b) V@t

PR e 15 IR 2 b BUrE g B EUE AR Bk A
PR EARAE @, B AR 2(b)) o 1EF T2 7
R R R WA B PR T 0 B R b PP A A R T
Ja o3 A AR A S g 4 0 2 SRR AE (] 2
(c))o B e B B R B IR 3 i AR (I 2(d))
A B R

-1

(¢) ZForfe (d) A

B2 mREEREL
Fig. 2 Genetic transformation of sorghum

2.3 [HMEHEEFEREKRENS 5

231 #AREHMAE PCR enl  FHALE M A%
K 100 mg/L FEERRE A i PR 776 3 R A ER R AR
B G AR AT 2D A O B AR R o o R 42
HUDNA, H Bar 318519 LA B DNA S #EARET T
PCR §"4% , H AR i Be29 4552 bp, 45 R WL 3(a) , BF

A RURE AR AR 3 3 H AR 2571, 1T 0 i 5 R A ok ]
P HbR A o PSR B8 AR Bl iy &
TR LG, e LS Bk BT R
Yy, Lk DNA R #EFTPCR §7319, HERH B2k
591 bp, 453 W 3(b), AT UL, 7E pCambia3300 %k {4
By R BHARSR, TE AHL0 SRk i B

AE 5 4otk £ 540 2019 £ 38 x5 10 19 A



RESEARCH ARTICLE

CAl Xinyue,et al: Effects of RNAi Targeting Opaque2 Gene

Expression on the Kafirin Content in Sorghum

Xif BRI AR R ik R B R B AR AR A SRR L
DU AR PT 1 HE HAR A o Zead 20, B I AS
) 5| 47 AT [) s 4 384t 4R R B A 2 14 R AR 8 2 N
eI DA AR, A0 LR 5 Bk

2.3.2 A Rk qRT-PCR %l 547 L& R
actin FeR W%, KA qRT-PCR X i 32 IR 3L
opaque JEF )23kt JEATR N, UL IE] 4, 25 R0,
B 1540, HA 4 BREILE MR b opaque2 FEP Y
FIR B RO BRI F FEAR (P<0.05) , {H A [ A ik 35 X
AN 12 5 R BE K, mI 0L, 343 RNAL BAR AT
X e B D o BRAB MR opaque B A & A 7] BE Y

M: DNA ladder; 1. BpAH; 2-7. LI A ik
(a) Bar k& 14 HI UK

1000 bp
500 bp

MRy 4-9: FEIEDR SRR
(b) A 519 Vec-FFl Vec-F4™ 1 H ik
B3 PEMEAE AR R ik

Fig. 3 Electrophoregram of detecting the positive plants
24 SERMHEAIERSENERK SDS-PAGE
FE ik

241 #HEPHEEG ST L RNAL M H
opaque? e 3 PR ey AP BV 5 & i LI 50 IR
S al L, 5 B A BUAH BE B BE DA AR T 4 BRORFRL Y
v R B PR (P<0.05), U 1 SR bk e
HEASEARTRE, AT, @i RNA ] opaque?
K DR n] A S0 Wi e SR R R R T R R A R R
Fo XHR[ISEE R ERIBTFE R, L opaque2 (02)

BRI 5 AE (A W64A02 g bht, iz T RNAL F AR
Ohp (02 heterodimerizing protein) \Pbf (Prolamine—
box binding factor) i) 52 R FI Phf/Ohp XKk [H 58 7%
TR, A E A &S B AR R E 230 B 83% .
89% 1 90% ,opaque2 .PBF J OHP = &[] LA % b
P 0 Bl 1) 1 ) B A8 2 3 S /K B P i 4
BN R o (HA S i 5 S AR bR P e R i
5 RNAi f1 i opaque2 J& R JE 52 2 W) 45, HJR
Wik 5 i — 2P BESE

25

LEROE S u s

WT 1 S5A 9 4D 12

TE:1.5A.9 4D 1 12 Sy i S R A bk

E 4 HEFEE opaque2 EFFiLH qRT-PCR &l 45 R

Fig. 4 Result of opaque2 gene expression in the transgenic
plants by qRT-PCR assay

BRI B/ %

WT 1 5A 9 4D 12
AR

BS SRNNPEARAEESE

Fig. 5 Kafirin content in grains
242 Bk G SDS-PAGE w ik B & [ SDS-
PAGE WK AnTEl 6, {30 A TR0 1 2% B 56 DR AR Ak 1Y
Fi i 45 F SDS-PAGE Wikl BUAHIE] , 297E 15.20
kDa 1 22 kDa 4k H{ B 3 2547, w] #E I8 i RNAL 4%
ARANH] opaque2 FEIR 5, SUE M T A 8 A 5, 0
S P AR AR A7 AE T 3 B MESCRRLS Xt
o =R e R AR A PT21 Q BEAT SDS-PAGE Hi ik

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.10 2019



Kk A L% RNAI 2@ % opaque2 AR 3 & R B E a4 EWHw

B3

b
§}

Z5 R AT 1,20 kDa 4 2571 9 BB 1,22 KDa
Wb 255 BRI, (RO TR y- B
WHEE AW SR IOKRIEE EH SDS-PAGE HLJk4,
SIS 15 KDa 4hf AT E g 25 3R ) 8- 1

12 4D 9 SA 1 WT

1 ‘

kDa
66.2

45.0

33.0
26.0

I 1

20.0

14.4

=R PERE QA SDS-PAGE H ik

Fig. 6 SDS-PAGE analysis of kafirin in grains
25 SRFAMIIAEMEHERURER

6 U BE TR A AR O 5 0 IBF A TR iy kR £y
BT HLBE LS, 25 L LI 7 AR R UL 4 b OE R
RLHES 5K 5%, T8 73 KGE by AL il 1 B OR BRAR 5 T A 2
DRUREL AR B L AR 2 i s, A0 h A7 AE 2 A LB (I 7
H1.2,4,5) 0 BA R FLANAE A B AR R A S
HA —SE R R, 1 2 5 DRI ok 2 10 3 R 8o 4
D AEBUENE T H 2.3.5.6) 0 ARTSEARGE , £k
02 Kk PRl 5 A2 PR A HE 3 R v 8 1 SR R FR B A
AN AR S5 R — B A TR, FORKFRL
JRFLH T oW A O B REAR, 5 B AR R
/D HARFRAS /N T R IR K i 72 AN BETE i
1002 € A RANE SR 2 G S S L PRV /R LN

SE

T o e B DR BRORE R VR L 20 B N W HE S AN
WA Z T BB R T R SRR A T K B K I AR
Hh R R SR D R BR A /D e 5 250, 0 T
L A R R R

1.2 3 8RB 54 .5 6. B I DIAE AR 9 5 s CW - 41 i BE (cell
wall);SG: JEHy kL (starch granule) ;PB: % [ Jii 1K (protein
body)

B 7 SRIFHAEIMAETIESHEQRERES BRENR
Fig. 7 Transmission electron microscopy of starch granule

and protein bodies in endosperm of sorghum grain

|3 =

ABFFEHRAS Tk RNAT £ AR opaque2 H
PRI 114 1 SR 2 6 R R e, oy 809 1) R R AT v
BOS R, FH opague2 KPR I8 (1 R AR AL
WHTIRABEGE o [FE, AR 5 A0 i o4 o
P .

[ 1] TAN Bin. Properties of grain sorghum and its prospects of utilization in food industry [J]. Cereal & Feed Industry,2007(7):

16-19.(in Chinese)

[2 ] LOOKHART G L,BEAN S R. Cereal protein:composition of their major fractions and methods for identification [C]/ New

York: Dekker,2000:363-384.

[ 3 1 ZHANG Weimin, XIAO Zuneng,ZHONG Geng. Study on digestibility of sorghum protein [J]. Journal of Cereals and Oils,

2004(9) :14-17.(in Chinese)

[4 ] MACLEAN W C JR,LOPEZ de R G,PLACKO R P, et al. Protein quality and digestibility of sorghum in preschool children:
balance studies and plasma free amino acids[J]. J Nutr,1981,111(11):1928-1936.
[ 5 1BELTON P S,DELGADILLO I,HALFORD N G, et al. Kafirin structure and functionality [J]. J Cereal Sci,2006,44(3).272-

286.

[6 1 SHULL J M, WATTERSON J J,KIRLEIS A W. Proposed nomenclature for the alcohol-soluble proteins (kafirins) of Sorghum
bicolor(L. Moench) based on molecular weight, solubility, and structure[J]. J Agr Food Chem, 1991,39(1):83-87.

A& 5 4 £ 210 2019 £ 38 %% 10 13 A




RESEARCH ARTICLE CAl Xinyue,et al: Effects of RNAi Targeting Opaque2 Gene
Expression on the Kafirin Content in Sorghum

[ 71 ESEN A. A proposed nomenclature for the alcohol-soluble proteins(zeins) of maize (Zea Mays L.)[J]. J Cereal Sci, 1987,5(2):
117-128.

[8 ] WATTERSON J J,SHULL J M,KIRLEIS A W. Quantitation of alpha-,beta-,and gamma-kafirins in vitreous and opaque
endosperm of Sorghum bicolor[J]. Cereal Chem,1993,70(4).:452-457.

[9 ] SCHMIDT R J,KETUDAT M,AUKERMAN M J,et al. Opaque-2 is a transcriptional activator that recognizes a specific target
site in 22-kD-zein genes[J]. Plant Cell, 1992 ,4(6) :689-700.

[10] CORD N G,YUNES J A,DA S M, et al. The involvement of Opaque 2 on B-prolamin gene regulation in maize and Coix
suggests a more general role for this transcriptional activator[J]. Plant Mol Biol, 1995,27(5):1015-1029.

[11] WU Y ,MESSING J. Proteome balancing of the maize seed for higher nutritional value[J]. Front Plant Sci,2014,5(240) :240.

[12] MERTZ E T,BATES L S,NELSON O E. Mutant gene that changes protein composition and increases lysine content of maize
endosperm[J]. Science, 1964 ,145(3629) :279-280.

[13] DO P,LEE H,MOOKKAN M, et al. Rapid and efficient A grobacterium-mediated transformation of sorghum (Sorghum bicolor)
employing standard binary vectors and bar gene as a selectable marker[J]. Plant Cell Rep,2016,35(10) :2065-2076.

[14] WANG Wei, YIN Liping, CHEN Qin. Different conditions of sorghum seed’s kafirin extraction [J]. Journal of Shanghai
University (Natural Science),2007,13(6):746-750.(in Chinese)

[15] ZHANG Z Y ,YANG J,WU Y R. Transcriptional regulation of zein gene expression in maize through the additive and synergistic
action of opaque2 , prolamine-box binding factor,and O2 heterodimerizing proteins[J]. Plant Cell ,2015,27(4):1162-1172.

[16] HAMAKER B R,MOHAMED A A,HABBEN J E, et al. Efficient procedure for extracting maize and sorghum kernel proteins
reveals higher prolamin contents than the conventional method[J]. Cereal Chem,1995,72(6):583-588.

[17] TSAI C Y,HUBER D M, WARREN H L. Relationship of kernel sink for N to maize productivity [J]. Crop Sci, 1978,18(3):
399-404.

SWER . ENBEYEEREHRE N AERKRSICBRA 2019)

2B A : 2019-12-19 % 2019-12-21

SV A - 6 R [ L R 2

En 4 . ICBRA 2019

‘B 77 M ik« http://www.icbra.org/

2R . (ICBRA 2019)2019 425 75 J A£ ) 45 2 27 WF 58 5 00 1 I Br 22 80 T 2019 48 12 3 19-21 | e [ B /R [
SLRAEZEAT o FRBEYE 56 [E 5 R [E 3L K2 Taesung Park 22 & i IRTH K 2% Yuan-Ting Zhang Z(4% 5 [H 1 /% 6 32 K24
Sun Kim Z(#Z., £33 3CH i : ICBRA 2019 53¢ I I I 1) 3C 56 & 2278 ACM [E] B 2338 SC 4 (ISBN: 978-1-4503-7218-
3),# Ei Compendex I SCOPUS 45 4% .0 B4l R K 5% , 5 % R 7E 1IBBB M Ti) . ICBRA 2019 1 4/ 326 3C 7 (Bt 2= 4> 50% LA )5 )
B 9 dfi #7 2) Information  (ISSN 2078-2489). 1F k45 I H R (19 SC Z= RE#E Scopus  (Elsevier), EI Compendex, Emerging Sources
Citation Index (ESCI-Web of Science)%: ki % .

# A )5 2 . http://confsys.iconf.org/submission/ichra2019

2 HRAS sichra—info@chees.net

SWE G Lt

1 A HL T < +852-3500-0137 (7 #5)/+86-28-86528465 (1 [H)

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.10 2019



