BotabA] (), dwtagA ( O ) FAHE  108060-03

A& o] 7)Ee ol & AV 1FHE 4
AFTLA A E A3 7l
Development of High Value Food Ingredient and High Quality
Sprouts Vegetable Applying Plant Defense Mechanism

Al S90{7| 22 o[ &% o AT E X 22
o A Y= FHEE 1 MEF)
(Development of functional buckwheat sprouts vegetable
applied in plant defense mechanism)

AlE8H0{7|2F 2 o] ot ol 2 AT Ex| 2~ 2
AELTE AT(H 2 M)
(Development of food ingredient from buckwheat sprouts
applied in plant defense mechanism)

Al S90{7| 22 o[ &% o AT E X 22
K& AR 7 AF(H 3 MF)
(A study on improvement of lipid metabolism using buckwheat
sprouts applied in plant defense mechanism)

FHAFATH



AR

AT 2L
= HA e HaAR =7
[e]
A
A =3t
H]/]E]—

)

k1 4
| &7
RS
2ol

24

6¢

2011

A

M

TR

B4

B4

B4

B4

s
;.Oﬁl

et
0
TH
—_

;OL

o

9 el
SEREY

B4

o

B4

B4

ol 7)1 o 3F

Z






Al

7 3

%

um.o

el
=K
"
M
G}

ol

f

= A5

ojy

5]

=
[}

2 in vivo AolA A

EXS in vitro

27

o Ae
ANEe wAl AAY Axel Hrbe) 255l oA

hoa
T

| A| 2

Y
2] A

3

X

M= Bt e i

) 4]

s}
=1

FaLAf

=
&
4

i

-

A

EE

ol
=

ATAW NE

Im.

4 A

]

!

Nd

A AA Agxd e

9
O & abiotic elicitor

o

A 2] A

L

%

O H & stress

K

Tp

i

X
iz

p

§E AR 72 TA F43

O

e

B
K

i

al
=

al
=

A7l

Axe &

i3

% 9



0 NFH A TANES AT NB2AY S84 B

O In vivo 3olA 7lsid <z AR &x40e AAUA A &5 g2 9 Ho)
O 7|&Eo]lde A% AL ngads g Ak

V. 71943}

A 1A ARl RS olgd /%54 4
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L A75A2 AAAQ 4 A R Tol T AFAY =0 44

O A Aol A4 An) 21E A% T2 Ay oA it A

228 e S5RAHYE Tt A Woted vA=Y HAE A A, VAESY A5
100 ppm &% ©]de ol AFE 108 ol EEA e Al txTef vl 1
cycle ol #asiivh. Wolg 2 oltaled e Aol oe FIF AT olitstA A

Z’:
15C, 50T 9] BgAelE wobge) Fh vAEY AAEAE 1

O A Axe] Al A 2A4L AAS Y] Y8kl Salmonella typhimurium & 232 %
Ael A wjFste] Fxel A9 HeR 99N #F5E oF 10° log CFU/g & =433k 3
Aol ek AlF s o]AbsldAG 9 ocitric acid o @A E] Bk B A A ¢S &5
3 g5 vEhdo], o]4ksdAS 200 ppmi} citric acid 2%2] WA A E Al F 289 log
CFU/g 9 #A2a3E Yehudey. 3k glycerol 0.5%/citric acid 2.0% 29 A-$ °F 3.46
log CFU/g, glycerol 0.5%/°]2F8+d 49 200 ppmA &&= ©F 2.14 log CFU/g2] S. typhimurium
o] #AAaE yehlof, glycerol @5 A uvt WX 7t o 8 2RE YEREAT

f

2. BRI EA 429 Ve A& AT AA elicitor A ¥ 234

O WlA7| G 4] A Erro] 7]zt Wk o f-8Adwe WsE XASH7] 915k Methyl
Jasmonate, MSM, 7|%2F CO2 Nz 2 UV XHEE Av kst 2o 93t a-amylase A



2, a-glucosidase A& 2 = HE T, ACE A4 2 individual phenolic
compounds 2] W&ol tisle] XANEIETH O A¥, B AHE A AgEd F 7ed AE
o] gk Wslyl BREYeH, 1 F MeJA ¢ Aol 9a]A phenolic compounds ¢ F& 3t
Fol FAz FUrEE RS 4 & Atk MSM 2 71EAF Xl 934 phenolic
compounds ¢ ¢4¢l WEE AL 5 U SW, a-glucosidase Asie® 7t 7]
B Ask Aggds a-amylase A& e] Srkske AR vEhyth vk UV A=
phenolic compounds 2] &ZF& AAAZA Byl ol A& FTUIE TIAIIE RAo=
UEREETE B9 CO2 B Ne A g A3k A oA Fsadrt vetvs Aoz a3
ATk Wl 2] Htzel ACE AslEds 9 w=oA ofF 49% el om, o] e} v
W] AT AE AukA o= MeJA AT, 71EAF 100 mg% ol AT, N, T
#7142 Aol A FElgh ZaE YEhl Al skl ouk, MSM 50 mg%% A7+, LA 50 mg
+ 7)EAF 30 cps 50 mg% ¢ AT, UV-B A8 2 CO: 24 hr A& oA Fozo=z
& EHE YERATH

HEL

X

Hr

3¢5 2 B3 elicitor Ao @& wARY|F AL FH 5 W

ri

O W7 Z A4 2] abiotic ¥ stress Wa Ao gk A &R 7% g g {847
WskE 2ARsH7] 9Iske] AA elicitor Ael A2dE B oE HAYS AAS A A4 elicitor
A2l Aapela 7 43 HElans vebd MeJA Azl gl didk A7) 2 He 34,
UV-B W3 gz, Light W3 =7 9 MeJA, UV-B, Light ¢ W3 Xz =1 2 4
& AN A= vhen 2

A
AT ARl fAHE Aoz vethth Betd A4 UL F AL FHAE Lo
o

@ ol & 54 F 33 oY A HEAV|EM TN TTF FEAEY F7F B (d
Zol mlste] of 40% we]) b yErwkow, 1 oke] Azl e &Rl sl
79k o420 2polE vEbHA skl whebA] MeJA H2lol thate] o} & 33 o4
= 1Y 13 A= AAske Aol 443 Aom Hrkeksih

_]N



@ K7 F UV-B AP Aol g =4S 4487 998k 0~12087 223

o
A
_\7‘_1‘

@ AE7IF F light Hg] Aol g 248 AAs 7] st UV-B A 082 27
aFaL light 2] AlZbE 0~7 hr 7k Hge A3, HAt 4 hr 7HAE /84870 F7}
(qz7-o wste] oF 20%) at& AFE HAou, 1 o)t HEARMAE T EdE
ER T W27 Ex A0 T o] 4 hr 23T HE &8 o] A vEdE s
Aoz ZAE o] UV-B ¢ Light B3 xgle =4S UV-B (30%) + Light 4 hr) & 2A
st Th.

© Wy A 23004 WHEAV|EA ] Aarolr| gl W maE AAS 7] 918ke]
Z7, MeJA7, MJ+UVB, MJ+light7", MJ+light+UVB7 = A& A3 A3 F84F

?l & HE gFolA] MJHight7 (2o vlgke] oF 120%) > MJ+Hight+UVBT (2F 98%)
> MJ+UVBT (oF 85%) > MeJAT (9F 80%) > ulx&79] £o= vetyty. DPPH @]z
AAGE AETrE dETel vste] oF 10% ol H¥ &#7F e AoR YEebgon

F MJ+light A&7 7Hd %2 &3E Jehlideh 23 28 8 & ds FEn 44
3 Aoz MJ+Hight A2 77F oF 80% °1 F71ste] 74 $43 a3E el

O WM& A2 abiotic ¥ stress & 228 0w WX A= v 2

O WRA7FAze] Vs ST

_—

7]

lc)

stol Qe ¥EWE Aestel 1 HAE
4259 A4 clicitor Al ABelA S5 BhE e A T2 WAAY T Aol
sl Al Jlste] Wl A8% ¢ i ABES AYE FARIA A FEE (0~200
mM) g B A4 e FES AARnA Sk AP A3 100 mM A=A
F dE FFe dETol mske] o 112% ol /SO, DPPH #dd 24% =g
°F 30% AE ¥ Uehieh wobgel oA 50 mM A EEAXE dmel ste] ¥
o Wolge Mo, 100 mM % el Tt FAF AoE 2AHAY. A5E A
oAuA o WEAY EA L) V) B EE FAAE Ao Yeda, 1 4

d E=2A 100 mM olste] A §=7F 7o Aoz A

ne



@ AEATFA Y 7S Eolvl A% 234 WAHERA MeJA Mot A5E
o Hle] W &3 248 AAEFAY Y =AM xR, MeJA HEF, 488 Az
T, MJ+9 3% 10 mMTF, MJ+93+8 50 mM 72 7E38ke] H2ld A3 FEE o)A A
2 B foAel AolE vEbAl ¢kgkort, MJ+dEE 50 mM 9] HET7h oF 8% A
T fAaste Ao yewd. F de 3, F9 3 2 DPPH oH# 2758 MJ+¢
35 10 mMT > MJ+48E 50 mMT > MeJA Mg+ > 9IE AT > x2T o2
= vety, AstEde] MaAgd o Feads gl MJ+AsE 10 mMTE o
Zgol vste] T s S oF 103%°1%, rutin IS ©F 50% °1% kst

@ "MEAA7IFAH LY 7e8E TN skl MeJA BaAE A E34d Aow
Ebet light X2 (4 hr) & W38t $L3 A4 A2 d 247 F 2200 MeJA, 9
stz 2 light & Agste], tx7F, MeJA+light X85, MJ+d3% 10 mM+light &7,
MJ+93tE 50 mM+light 8] 72 AAsAct & #AE o= F€ gk 2 DPPH #dZ
2ol MJ+d e 10 mM+light X275 > MJ+A3&= 50 mM+light 27 >
MeJA+light # 27 > AstE+light A2+ > fx7 coz e, Jdatzate] W§agxe
of o3 H5ads Jetgdvk. MJ+93=E 10 mM-+light 27 thz7 ol vste] % 3

= FEe oF 100% ol F7F, 9 e of 56% ol FrHshAh
4. elicitor Aol o MAAAFAL NsA R &3 2 A5

O WHEA7|EA A9 abiotic  stress WalH ol 5 2 Ex¥o]7] & tgol g 7] S3
ato] e HFHAES 938 clicitor BAAE] A5 vgom APs HAABGAT HEA
g Ay 53 Aoz wAHA MJ+Hight 7, MJ+E3EF, MJ+93tE  10mM+light 79}
MeJA A& 2 iz gig A7)zt 5 FAWUSE 20099 AL EA9 2010 A F =
2 2o AA FApEAT

O 2009 AAbE WlFAE &&sto] W M Ay, A57)zF 5 &2 (Control)
E ¥3k3 BE FoA Zo], = ¥+ 3 DPPH #HZ ~A%S, frap assay, T8 S,

ZhRE o= &, 77t "2 wEld gEe] BEF SUeke AR uEuth AS )3t

< WA Ao AolHstel= MeJA, NaCl ® light o "3 X 27 o4 & wAA
e Ao® yeyod, & ds §=, DPPH &% &7%, frap assay, 78 &%, 712
Eliol= & R ol FFe] Skl a3 dFS nAE Aoz FAHAY. 53,



MeJA, NaCl % light & =% 3 A3 d@5 (MNL) o 4% Zo} 5 B3 §F dx
T (Control) o H|8] = & st=F DPPH #&HZ &A%, frap assay, T8 §% JI2E =
1= &5 9 & f7)14F &Fo] 727 87.01, 56.55, 106.72, 87.61, 145.16, 185.63 % 171.74%
Aoz yety 7H 3 AE JERlAT. 3 MeJA ol light & ¥ 2 d
AP (ML) o A% Zof 59 A3 F thET (Control) °l W& % #l& =, DPPH

= =
9% &A%, frap assay, FE FF AREO= FF I I f71% Gl 247 o

g o
flo
}L

iV

7778, 55.26, 102.44, 7750, 151.26 ¥ 13868% =2 Ao =Z el om, MeJA o NaCl &

B Helek AP (MN) o Afol% ol 59 Ay & x5 (Control) o Hl3] ¥ I
= o%, DPPH &}H# &7, frap assay, 78 &%, 7IRExol= 3k B 5 /7]4F &
o] Z}Z} oF 5195, 51.75, 65.88, 30.61, 33.056 ¥ 167.70% ¥ Ho= e iz
(Control) 2 MeJA & ©5 A3 A&7 (Me) 9 v]asdto] MeJA o NaCl ¥ light &
wa xgst 49 & #Him g%, DPPH &ulZ 27 %, frap assay, +8 &%, 7I2E w0
= 3 2 {704 o] ek AR SISl o] MeJA, NaCl 2 lighte] 8l
A7t AS 71 F AL dE 9 R8s VA oEN ksl @49 FUt

o AR e MAvE RS ovEH, wEkd dEAVEA e AS 7IE Eqb
ke

MeJA, NaCl ¥ light ¢ Wa Azl ddA7| S L Fisd 758 A A 9
2 A E F7HAZE BRE ol Ve SRAEAS AEE 7 AE 8% VeR A&
e Ao R AtmEr

@ 2010d Aite WAEAE g3to] Wl Aeld 23 7 (Control) & 233 e

ol A ABE7|3ke] Aghel wel Hol, ¥ #lw ¥, DPPH #@H# &7, frap assay,
Fe g JtREolE Y, frIat 2 fed el BY SUtekE AoE UEuth
BE N7 F R AWzl = MeJA, NaCl ¥ light o] ¥ax g7t §9420 4
& A A g Ae= yEyoy £ #HE 3=, DPPH &d# &A%, frap assay, 78
e, FtRE oy i 9§74 §Fe FUteli= MeJA, NaCl 2 light © W83 27}t
FEY TS A Aoz FAHUTh. Tot 5Y A3t F MeJA o NaCl € light & =
T ous AyEe Ag5- (MNL) o 4% 5 #He 3%, DPPH @tz &A%, frap assay,
T8 g, FtRExel= o B F F7IAF f@*el uix+- (Control) ol wlsl Zbzb oF
80.30, 39.32, 7345, 71.17, 9694 2 50.87% =& RO = eI, MeJA 9 light & 43
g3k AE-H(ML) o A% £ ¥ =, DPPH #uzd &27%, frap assay, +9 o=,
Ab geFol &+ (Control) o W8] ZHzk oF 111.74, 38.98,
% ¥ Aoz Yelykon, MeJA o NaCl & ¥ X3 2

AR wol s F
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ol
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N

105.11, 94.32, 68.64
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(MN) 9] 4% &= #& g DPPH @42z &~A%, frap assay, 78 & 2 == §7]

noi'

[
nol'

Zol tx7 (Control) ol w]s] Z}zt ofF 78.85, 37.49, 71.10, 35.31 ¥ 5856% & Ao

el oA #ke] RS 7]17F BoF MeJA ¢F NaCl ¥ lightE W& xz]3 4% udA|
A%, frap assay, T8 &, JI2Exol= haF 9 #
A

=
o
i

W= &= DPPH &2 & :
714F ko] Z7telE Aoz FelH k. ol MeJA, NaCl 2 light ¢ ®Walxeg)7 45
WAz Fos e 9 8 S Sl {33 dgS nHowxn ik

g Tl sAAYN FEFE VA= Ae vsH, uEhd dEATEA 20 A Y3

~
L
oy

EF MeJA, NaCl 2 light & W& A2)@ 4% WUa/SAL0e 284 /158 243
NA GEAQ G FAHAL B oheh, V1% FAEAS FED F Ak FEF )
S 48 H5E A4S FAsk

O 12k} 2zto] 23 Addde Foto] WdATV]|FA 20l gk MeJA 7|WF WA e] B
7 detdeE Aes & F odslew, o 23 w3 F ods FeFol Hol of 111% o4, FHE
#Fol of 94% o4, frap assay”l °F 106% ol S7tshs A= Uety 84S w249l

77 e & 7 U

=
5k ET, MeJA ] 79 MeJA+93E g+ wa g3
5+ 1TCelA 10€z #73t4 =
DPPH #d]z+

A 7170 A}sh= ok &7 (Control) & X33 BE oA H|S=3 Agow

A%, frap assay, FE $HEF ¥ JLRE] %0
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2 a @t 5 He &% DPPH g 2A% 2 frap assay #< 4
of. ®=3 MeJA @55 A2 A3 (MeJA) 2 NaCl 3 MeJA & 3 Al 2397+ (MeNa)
o] & = &% DPPH #tH 2 275, frap assay #& ® F8 o] 3 A55H 104
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&
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bol AME A3t @

S

of of

2= O
T

Ml 30~100% ol A
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loading = 1:5, 2%, 0.1 mL 2 AAsAI, FE&84 #AE B2 digh ¢4 vj=s 2% &1
b FAE AFE39 Y Emulsion W= Az

A M= oF 6220% 2 UEb H4E v=e) =84 dm B4 v = id EHESE
As ¢ T AATH T emulsion =] Ax WHel WE wE HYew w2 dxd

emulsion H| =7} ¥ F& §E ol hi 50% 7 == = AItel wigko] of 208 wE §&F &

HE vEhllow 5 AR BEdd EF R A RT 5 of 80% olde wEEAde uEh
Atk pl o] e WE AFoME pH 74 o Tzl vste] pl 1.2 o AR xdoA oF

20% AL WEEAS el AdzdodAE 74 v=rt vmE kS fA3E

A 3 d AEo]7]|&dLe AL3l wARI]| S A4 9 Metabolomic 54 2 x4y

AR A A

1. WARA7] A 492 7|24 423 MeJA A2 1-3He] Metabolomic S4 XA}

O wRAA7]F A 48] abiotic Mol & 7]& BAEHEY vwE fste] 7 e BaE
UEbd MeJA Hgl7-5 dusto] ol & 7H43F AFAZoH, Sdd HxdodA & A
Aok (ET) 9 MeJA Ag3ke] nu 8 FE5AAS FAske] wE AT E A A9
metabolomic analysis = 2 A 8F$0th PLS-DA score plot Aol A 4=3kA 7hol] #A glo] MeJA
At v Aol A2 Feys Aol e AbERE oF E¢k g wEA
33,5 2 7Y F AujE Aol FEleA FHEE S Fsdth o5 W] #ofst
+ metabolites = ¥2437] 93F9] PLS-DA loading plot & 3 A3 mass 4 (M-H) o]
4470, 431.0, 609.1 ¢ =Hdo] Auj7|zte] we} F= FrleteE AoE FHlh o] & UPLC
2 MS/MS & 54 23 Froz FAHAnt w3, FA e A WEdA AQu) 19 o]

—_—

9] total phenolic compound reFo] FA3] E718Fu7) 39 o] Foi= 1] o] Ao FUF FAU}
HaE A ks HHE MeJA ATl A4 3¢ o] & FUFEo| thA AAd 7= AN AW 7

d FoF s TS Ao® FRlEGlon T7Ho &5k WA A v ol n|E)] of
158} F7ksk Aoz #zE Y. UPLC-Q-TOF MS & flavonoid ¢} flavone pathway

i
E w2138 A3} phenylpropanoid pathway 7} A3 &&= A-S elst v}
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2. A Evto] 7| &S A g3 AR EAA9 Invitro £%5 B}

O AA elicitor gl 93 FEAZZE H7FF MeJA 0.1 mM A&+, 7]E4F 30 cps 0.19%
<, MSM 0.05% A8 359 Aefd o wE T vjvk 2 & @9 in vitro &%

S M uEAE A3} a-amylase FA A LS MeJA 0.1 mM X2+, MSM 0.05% X &<, 7]
EAE 30 eps 0.19% A, FAEE oz A@do] =& Ao HUuHG oW, EF
MeJA 0.1 mM Azl Aul7d ARE7F F 63%2 Aoz 7hd gl Aoz Hr}
Har, AFETFFEEIES MeJA 01 mM HE T, 7]E4F 30 eps 0.19% A, MSM 0.05%
Aol FAYLd vlaste] va v Ao® Uegow, 3F8 AL A dFet 5
SHAl frAREE Q] Ao®E HUFEIIT v, AETMFEEs AT A TS AYstae 3F
o A 5 Aol wgy wolA = AEE HEtld e, 53 MeJA 0.1 mM A=t
o] wol ¥ 59U Ay} of 828 Hul aAe Aoz HyFYQv) a-Glucosidase A & &
< MeJA 0.1 mM A&, MSM 0.05% A&, FH e, 71EAF 30 cps 0.1% Ao To=
A &gdo] =& Aoz HrtEow, 53] MeJA 01 mM Hgwe] 2ol & 54 Am9 7
T oF B1%E MY w2 Adgde dvEtde Ao®E H®IUMHAYW ACE 24 A @
-glucosidase &4 A& ¥ FAFSE 43S YER S MeJA 0.1 mM 9] o} &
MB7E oF T78%% 71 x& ACE @45 Adfghs Ao= H7hs Al 484 3bscte] @54t
1 mM A3 7| B4 30 cps 0.1% g -e] o
3Y Almef ol & 5 ARV FFAA BV 2 AeRE HuMEAT AR elicitor *
FEAEE F7tE MeJA 0.1 mM AHZlw, 7]EALF 30 cps 0.1%6 A2+, MSM 0.05% *
&9 Ve
Tl A<, a-Glucosidase A &4, ACE Asj&A 8 H5tEF4Ad 548 nlusds 4
7} 0.1 mM Methyl Jasmonate 2|72 Wol & 5U AlFo|A o] &50] Hold H4 AA=
AeE At

=

-

=

AL ure 484]17F wfo] MeJA O

U

A AL wE jn vitro a—amylase A3 A, AEIFFEE AHEA, AdEV}

.

O gk Amwo]7]|2hg o] &5 WAV FA Lo WY A FEAEE H7HE MeJA,
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SUMMARY

CEX TS

1. Title

Development of high value food ingredient and high quality sprouts vegetable applying

plant defense mechanism

II. Purpose and necessity on development of research

In order to expand the demand creation of domestic vegetable sprouts, this study
purposes to develop the functional food ingredients through deveoping a treatment method
using the food defense mechanism and then producing the high—functional buckwheat
vegetable sprout as a method to enhance the functionality to te buckwheat vegetable
sprout, which is now being produced through eco—friendly agricultural method, and to
contribute to enchancing the international competitiveness of domestic vegetable
sprout-related food and to raising the farmer’s income through verifying physiological
characteristics of the funtional vegetable sprouts and functional food ingredient products in

vitro and in vivo.

Ill. Contents and range on development of research

1) Development of proper treatment conditions by unit process for producing the functional
vegetable sprout using the plant defense mechanism

O Analysis on the functional ingredient of buckwheat vegetable sprout

O Development of proper treatment conditions by unit process

O Selection of optimal abiotic elicitor treatment agent and condition—setting test

O Selection of optimal stress treatment method and condition-setting test
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O Functionality enhancement effect: Inspection in vitro over diabetes, obesity and high

blood pressure efficacy depending on treatment conditions

2) Development of extraction and stabilization technology of efficient ingredients

O Development of separation and extraction technology of efficient ingredients

O Optimization of devitalization prevention and extraction process of efficient
ingredients

O Functionality maintenance of efficient ingredients, and storage stability analysis and

assessment

3) Development of food ingredient technology of functional materials
O Pre-treatment process development for using functional food ingredients

O Analysis and assessment on storage stability of functional powder ingredients

4) Quality assessment of vegetable sprout to enhance functionality for field application test
O Test of proper treatment conditions of vegetable sprout to enhance the functionality
using food defense mechanism
O Applicability assessment of food ingredients applying capture technology of functional
materials
O Efficacy search and evaluation over diabetes, obesity and high blood pressure In vivo
O Field application complementary test and industrialization promotion for transferring

the technology

IV. Results on development of research

Section 1. Technology development by unit process of vegetable sprout to enhance

the functionality using plant defense mechanism

1. Setting of irrigation treatment conditions during sanitary seed treatment and

germination of vegetable sprout
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O This study was conducted to investigate into the effects of aqueous chlorine dioxide
and hot water treatment on the germination and reduction of microbial load in sprout seeds

The increase in treatment time and concentration of aqueous chlorine dioxide water
resulted in the increased reduction in total aerobic counts. The seeds treated with aqueous
chlorine dioxide (100 ppm/20 min, 200 ppm/20 min) were showed about 1 log cycle
decrease in microbial loads. Germination of seeds was not adversely affected by any of the
treatments, but the germination rate of the seeds in 55C/20 min treatment group was
reduced by 10% as compared to that of control. The combined treatment of hot water and
aqueous chlorine dioxide showed better results in microbial reduction and germination rate
than the single treatment. Combined treatment of seeds with 100 ppm aqueous chlorine
dioxide and hot water (45C and 50C) were showed about 2 log cycle decrease in
microbial loads and germination rates were showed a slight to increase by 97.0~97.72%.
Total aerobic counts in radish seeds were decreased by aqueous chlorine dioxide and hot
water treatment in the order of aqueous ClO:2 + hot treatment > aqueous ClO2 > (Cl water

> hot-water > control.

O The effect of citric acid-aqueous chlorine dioxide (ClO:) treatment of sprout seeds
artificially contaminated with Salmonella tvphimurium was studied. Sprout seeds were
inoculated by immersion, in more than 106 log CFU/g seed, of a suspension of S.
typhimurium, dried, and stored sealed at 4C. Sprouts seeds soaked in 200 ppm aqueous
ClO: solution for 10 min showed a bacterial reduction of 1.08 log CFU/g seed, and the
lowering of microbial burden noted in seeds soaked in 29 (w/v) citric acid solution for 10
min was 2.89 log CFU/g seed. Next, radish seeds were exposed to 0.5% (v/v) glycerol
solution for 10 min either before or after treatment with 200 ppm aqueous ClOs or 2%
(w/v) citric acid for 10 min. Glycerol exposure after citric acid treatment reduced bacteria
by 3.46 log CFU/g seed, and glycerol treatment after aqueous ClO: treatment reduced the
microbial burden by 214 log CFU/g seed. Both glycerol treatments vyielded better
elimination of S. typhimurium than did a single treatment with either citric acid or aqueous
ClO2. Radish seeds inoculated with S. typhimurium were treated throughout the entire
growth period. Although radish seed treatment was effective, treatment by citric acid and

aqueous ClOz after sprouting was not effective to eliminate S. typhimurium.
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2. Proper elicitor treatment effect for enhancing the functionality of buckwheat

vegetable sprout

O In order to examine the useful ingredient change depending on the food defense
mechanism of buckwheat vegetable sprout, this study inspected the change of methyl
jasmonate, MSM, chitosan, COzNsand UV treatment. It examined the change of the
a—amylase inhibitory activity, a—glucosidase inhibitory and total phenolic content, ACE
inhibitory activity and individual phenolic compounds depending on various treatments. As
a result, the change of biologically active and functional ingredient content was observed at
all treatments and it could be known that the phenolic compounds rutin content of them
increased drastically by the MeJA treatment. The significant change of phenolic compounds
could be observed by MSM and chitosan treatment, a-glucosidase impediment rate also
increased and the a—amylase inhibitory activity increased at the low-density treatment of
chitosan. On the other hand, it was found that the UV treatment not only reduced the
phenolic compounds content, but also mitigated the increase of physiological activity. In
addition, it was observed that the COj.andNstreatment showed the increase effect by the
long—term treatment. The average ACE inhibition effect of buckwheat vegetable showed
around 49% within the same concentration and, compared to the result, did not show a
clear effect in MeJA treatment, the treatment over 100mg% of chitosan, Notreatment and
acid treatment, but showed the highly significant effect in MSM 50 mg% treatment, LA 50

mg% + chitosan 30cps 50 mg% treatment, UV-B treatment and CO2 24hr treatment.

3. Quality characteristic change of buckwheat vegetable sprout depending on single

and combined elicitor treatment

O In order to examine the useful ingredient change of food defense mechanism response
depending on the abiotic and stress—combined treatment of buckwheat vegetable sprout,
this study designed a test based on the proper elicitor treatment result. The results to
conduct the treatment period and times of MeJA treatment, UV-B combined treatment
conditions, Light combined treatment condition and MeJA, UV-B, Light combined treatment
condition and test, which showed the most excellent treatment effect in the proper elicitor

treatment result:
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@ According to the result to examine the useful ingredients for 7 days after germination,
it was found that they increased drastically by 5 days after germination and
decreased a little from 5 days after germination. It was found that the total phenolic
content, the useful ingredient, showed the tendency to decrease a little after 5 days
since germination in contrast treatment, but was maintained after 5 days since
germination in MeJA treatment. Accordingly, the proper harvest period of buckwheat

vegetable sprout was set b days after germination.

@ It was found that the same useful ingredient increase effect (around 40% compared to
Control) was shown in the buckwheat vegetable sprout treated over 3 times 5 days
after germination and the useful ingredient did not show a significant effect compared
to Control under the treatment conditions below the above-mentioned one.
Accordingly, the treatment over 3 times after germination or the treatment of the 1

time per 1 day was set proper over MeJA treatment.

@ According to the treatment result of 0-120 minute treatment in order to set the
condition about the UV-B treatment time during growing period, the useful ingredient
showed the tendency to increase by the 40 minute-treatment (around 15% compared
to Control) but did not show the decrease or significant increase during the more
treatment time. Because the UV-B combined treatment condition was shown excellent

by 30 minutes in terms of sensual aspect, it was set as 30 minutes.

@ According to the result to treat light for 0-7 hours under the fixed 30 minutes of
UV-B treatment in order to set the condition about the light treatment time during
growing period, the useful ingredient showed the tendency to increase by the
treatment of 4 hours (about 20% compared to Control) but showed the same effect
during the more treatment time. Because it was examined that the surface color of
buckwheat vegetable sprout was shown heavy red in the treatment during over 4
hours, so the UV-B and Light-combined treatment condition was set as UVB (30

minutes) + Light (4 hours).
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® According to the result to conduct the test with the contrast treatment, MeJA
treatment, MJ+UVB, MJ+light and MJ+light+UVB, the MJ+light (about 1209
compared to Control), MJ+light+UVB (about 98%), MJ+UVB (about 85%¢), M]J (about
80%) and Control in order were shown in the phenolic content of the useful
ingredient. As for DPPH radical scavenging ability, the treatment showed the
treatment effect over about 10% compared to Control; the highest effect in MJ+light
treatment of them. In addition, the rutin content showed the similar tendency as the
total phenolic content and the MJ+light treatment increased over 80%,; the most

excellent effect.

O In order to conduct the abiotic and stress treatment of buckwheat vegetable sprout as a

secondary combined treatment:

D The effect was observed through treating NaCl by concentration. In order to perform
the NaCl treatment which can work in metabolic mechanism, in addition to the
combined treatment of treatments showing the excellent effect in the proper elicitor
treatment results, this study tried to set the proper treatment concentration through
the treatment by salt concentration (0-200 mM). According to the treatment, the total
phenolics content in the treated concentration of 100 mM increased by over 112%
compared to Control and DPPH radical scavenging was also shown about 30% higher.
The germination rate showed higher up to 50 mM treatment concentration compared
to the Control and it was examined to be similar in the 100 mM concentration
treatment. It was found that the NaCl treatment increased the introduction of
functional materials in buckwheat vegetable sprout as a whole and it was examined
to be possible in the treatment concentration bhelow 100 mM as the proper

concentration.

@ As the secondary combined treatment to enhance the functionality of buckwheat
vegetable sprout, the effect analysis depending on MeJA treatment and NaCl
treatment was conducted. According to the result to treat through classifying into
Control, MeJA treatment, NaCl treatment, MJ+NaCl 10mM and MJ+NaCl 50mM under
the same conditions, all the treatments did not show significant difference in the

growing characteristics, but the treatment of MJ+NaCl 50mM was shown to decrease
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by about 8%. The total phenolic content, rutin content and DPPH inhibitory activity
were shown much in MJ+NaCl 10mM, MJ+NaCl 50mM, MeJA treatment = NaCl
treatment and Control in order; the enhancement effect depending on the NaCl
combined treatment. The total phenolic content increased by over 103% compared to

Control in MJ+NaCl 10mM, and the rutin content increased by over 50%.

@ In order to enhance the functionality of buckwheat vegetable sprout, the light
treatment (4 hours), which was shown effective in time of MeJA combined treatment,
was combined. Through treating MeJA, NaCl and light to buckwheat vegetable sprout
treated under the same condition, the Control, MeJA+light treatment, MJ+NaCl 10
mM+light treatment and MJ+NaCl 50mM-+light treatment were set. The total phenolic
content, rutin content and DPPH inhibitory activity were shown much in MJ+NaCl
10mM+light treatment, MJ+NaCl 50mM-+light treatment, MeJA+light treatment =
NaCl+light treatment and Control in order; the enhancement effect depending on the
NaCl combined treatment. The total phenolic content increased by over 109%
compared to Control in MJ+NaCl 10mM+light treatment, and the rutin content

increased by over 56%.

4. Functionality enhancement effect and actual test of buckwheat vegetable sprout

by the combined elicitor treatment

O In order to conduct the positive test with regard to the functionality enhancement effect
over the food defense mechanism response after the abiotic and stress—-combined treatment
of buckwheat vegetable sprout, the test was designed based on the elicitor-combined
treatment result. During the treatment period of MJ+light, MJ+NaCl, MJ+NaCl 10mM-+light
treatment, MeJA treatment and Control which were found excellent as a result of combined
treatment, the quality change was examined for 2 years with seeds produced in 2009 and

2010.

@ According to the combined treatment using the seeds produced in 2009, it was found
that length, total phenolic content, electronic donating activity, frap assay, rutin content,
carotinoids content, acids and free sugar content all increased in the all groups including

Control. It was found that the MeJA, NaCl and light combined treatment did not have a
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significant effect on the length change of buckwheat sprout during growing period but
had a useful effect on total phenolic content, electronic donating activity, frap assay,
rutin content, carotinoids content and acids content. Especially, in case of the MNL
conducting the combined treatment of all MeJA, NaCl and light, the total phenolic
content, electronic donating activity, frap assay, rutin content, carotinoids content and
acids content showed the most excellent effect by 87.01, 56.55, 106.72, 87.61, 145.16,
185.63 and 171.74%96 respectively, compared to Control 7 days after growing period. In
addition, in case of the ML conducting the combined treatment of MeJA and light, the
total phenolic content, electronic donating activity, frap assay, rutin content, carotinoids
content and acids content showed high by about 77.78, 55.26, 102.44, 7750, 151.26 and
138.68% respectively, compared to Control 7 days after growing period, and in case of
the MN conducting the combined treatment of MeJA and NaCl, the total phenolic
content, electronic donating activity, frap assay, rutin content, carotinoids content and
acids content showed high by about 51.95, 51.75, 65.88, 30.61, 33.05 and 167.70% 7 days
after growing period, so compared to Me treating Control and MeJA, in case of the Me
conducting the combined treatment of MeJA, NaCl and light, it was found that the total
phenolic content, electronic donating activity, frap assay, rutin content, carotinoids
content and acids content increased. The result means that the MeJA, NaCl and light
combined treatment has a positive effect on the increase of antioxidant activity through
increasing the total phenolic content and rutin content of buckwheat sprout during the
growing period, so the combined treatment of MeJA, NaCl and light during growing
period of buckwheat sprout not only increases the nutrient value through activating the
antioxidant function of buckwheat sprout, but also can be applied as the useful

technology to induce the functionality enhancement materials.

@ According to the combined treatment using the seeds produced in 2010, it was found
that length, total phenolic content, electronic donating activity, frap assay, rutin content,
carotinoids content, acids and free sugar content all increased in the all groups including
Control during growing period. It was found that the MeJA, NaCl and light combined
treatment did not have a significant effect on the length change of buckwheat sprout
during growing period but had a useful effect on total phenolic content, electronic
donating activity, frap assay, rutin content, carotinoids content and acids content. in case
of the MNL conducting the combined treatment of MeJA, NaCl and light 7 days after
growing period, the total phenolic content, electronic donating activity, frap assay, rutin

content, carotinoids content and acids content showed higher by about 80.30, 39.32, 73.45,

_24_



71.17, 96.94 and 50.87% respectively compared to Control, in case of the ML conducting
the combined treatment of MeJA, and light, the total phenolic content, electronic
donating activity, frap assay, rutin content, carotinoids content and acids content showed
higher by about 111.74, 3898, 105.11, 94.32, 68.64 and 67.76% respectively compared to
Control and in case of the MN conducting the combined treatment of MeJA and NaCl,
the total phenolic content, electronic donating activity, frap assay, rutin content,
carotinoids content and acids content showed higher by about 78.85, 37.49, 71.10, 35.31
and 58.56% respectively compared to Control, so in case of the combined treatment of
MeJA, NaCl and light during growing period of buckwheat sprout, it was found that the
total phenolic content, electronic donating activity, frap assay, rutin content, carotinoids
content and acids content increased. The result means that the MeJA, NaCl and light
combined treatment has a positive effect on the increase of antioxidant activity through
having a useful effect on the increase of the total phenolic content and rutin content of
buckwheat sprout during the growing period, so the combined treatment of MeJA, NaCl
and light during growing period of buckwheat sprout not only increases the nutrient
value through activating the antioxidant function of buckwheat sprout, but also can be

applied as the useful technology to induce the functionality enhancement materials.

O We study could be known that the combined treatment based on MeJA over the
buckwheat vegetable sprout showed a significant effect through the first and second
positive tests, and as a result, the phenolic content increased by over 11126, rutin content
by over94% and frap assay by over 106%, so it could be known that the useful ingredients

showed the significant increase.

O According to the result to measure the change of weight reduction rate, chromaticity
and brown chromaticity, total phenolic content, electron donating activity, frap assay, rutin
content and carotinoids content while storing for 10 days at 1C at two-day interval after
harvesting buckwheat vegetable sprout through combined treatment of Control, MeJA
treatment and MeJA+NaCl, which are excellent in sensitivity, in order to examine the
quality change during the circulation of buckwheat vegetable sprout enhanced in
functionality, it was found that weight reduction rate, Hunter b value, brown chromaticity,
rutin content and carotenoids content increased in similar fashion in all the groups
including Control during the storage period passage and that Hunter L and a value, total
phenolic content, electron donating activity and frap assay value decreased. In addition, it

was found that total phenolic content, electron donating activity, frap assay and rutin
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content of the exclusively treated MeJA and the MeNa treated with NaCl and MeJA in
parallel remained higher compared to Control during storage period(10 days) right after
being harvested. In order words, the combined treatment of NaCl and MeJA did not have a
big effect on the change of antioxidant activity depending on the storage period of
buckwheat vegetable sprout after being harvested, but had a positive effect on the total
phenolic contend and rutin contend of buckwheat vegetable sprout before being harvested
and then showed a useful action to antioxidant activity, so it was thought that the effect
remained stable during the storage period of buckwheat vegetable sprout after being
harvested, too. Accordingly, it was found that the combined treatment of NaCl and MeJA
not only increases the nutrient value through activating the antioxidant function of
buckwheat vegetable sprout, but also can be applied to a useful technology to induce the

functionality enhancement materials.

Section 2. Research on food ingredient of buckwheat vegetable sprout applying

plant defense mechanism

1. Analysis on nutrient ingredient of buckwheat vegetable sprout applying plant

defense mechanism

O This study analyzed the MeJA treatment, Control nutrient ingredient and function
ingredient in order to use buckwheat vegetable sprout as a functional ingredient. It
examined the characteristics of amino acids content, organic acids, free sugar content and
DPPH inhibitory activity after raising for 7 days at the same treatment conditions. Yield
rate did not show a bit difference by treatment for 3 days after germination but showed a
slight difference after 5 days of germination, so the chitosan treatment showed the highest
vield rate. The total phenolic content increased drastically after 3 days of germination,
MeJA treatment showed the increase of total phenolic content by over 50% compared to
Control and chitosan treatment also increased by around 10%. The rutin contend in MeJA
treatment showed the highest increase rate of over 40% between 3 and 5 days after
germination. In addition, DPPH radical scavenging ability showed the similar tendency as
total phenolic content and rutin content, so it showed the increase effect by over 25%
compared to Control. According to the analysis on the free sugar, organic acids and amino
acids content after harvesting the buckwheat vegetable sprout by growing period, it was

found that the sample interval did not show the significant difference due to the severe
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change of raising days. As a result, though the total phenolic content and antioxidant
activity increased in elicitor treatment (MeJA treatment) and Control, the nutrient difference
did not show a big difference, so it could be found that MeJA treatment was proper in
enhancing the quality of buckwheat vegetable sprout.

2. Optimization of Extraction Conditions to Obtain Functional Components from
Buckwheat (Fagopyrum esculentum M.) Sprouts, using Response Surface

Methodology

O Response surface methodology (RSM) was used to optimize extraction conditions for
functional components of buckwheat (Fagopyrum esculentum). A central composite design
was applied to investigate the effects of three independent wvariables, namelyextraction
temperature (X1), extraction time (X2), and ethanol concentration (X3), on responses
including extraction yield (Y1), total phenolic content in the extract (Y2), a-glucosidase
inhibition activity (Y3), and acetylcholine esterase (ACE) inhibition activity (Y4). Data were
analyzed using an expert design strategy and statistical software. The maximum yield was
24.95% (w/w) at 55.75C extraction temperature, 8.75 hextraction time, and 15.65% (v/v)
ethanol. The maximum total phenolic yield was 222.45 mg/100 g under the conditions of
28.11C extraction temperature, 865 h extraction time, and 81.72% (v/v) ethanol. The
maximum a-glucosidase inhibition activity was 85.38% at 9.62°C, 7.86 h, and 57.58% (v/v)
ethanol. The maximum ACE inhibition activity was 86.9196 under extraction conditions of
10.12°C, 4.86 h, and 44.44% (v/v) ethanol. Based on superimposition of a four—-dimensional
RSM with respect to levels of total phenolics, a-glucosidase inhibition activity, and ACE
inhibition activity, obtained under various extraction conditions, the optimum ranges of
conditions were an extraction temperature of 0-70C, an extraction time of 2-8 h, and an

ethanol concentration of 30-80% (v/v).

3. Setting of functional ingredient extraction condition in buckwheat vegetable

sprout depending on solvent properties

O According to the result to examine the rutin extraction yield rate at the extraction
temperature of 70C, the extraction time of 3 hours, the concentration boundary of 30-100%6

using hot water, ethanol, methanol and isopropanol, ethanol, methanol and isopropanol all
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showed the best extraction efficiency as 5-7mg/g at the solvent of 50-70% concentration;
this result was similar to that of response surface methodology. The free sugar did not
show a significant difference by solvent proportion and the lower the solvent proportion of
organic acids and the higher the moisture content, the higher the value. The DPPH radical
scavenging did not show a clear difference by solvent but the higher the solvent proportion
of the methanol and isopropancl, the higher effect the ethanol in 70%9. Nitrite scavenging
ability showed the high scavenging ability regardless of the solvent proportion and did not
show a clear difference by solvent. As a result, the extraction efficiency depending on
solvent kinds showed a slightly high tendency in isopropanol, but it was found that
because the difference among solvents was not big, the ethanol of 70% was proper in

using it in the industry field as food ingredient.

4. Purification of extracted materials from buckwheat vegetable sprout

O In order to produce the water-soluble phenol materials originated from buckwheat
vegetable sprout, this study tried the purification of phenol materials (SCP) using Amberlite
XAD-7 resin after extracting the buckwheat vegetable sprout under the condition selected
by the response surface methodology and the extraction condition test by solvent
characteristics. The total phenolic content increased 5 times from 42.1-61.8mg/g after
extracting the buckwheat vegetable sprout to 301.5-367.3mg/g after purifying column. In
addition, it was found that the DPPH radical scavenging ability increased 4-6 times
between pre— and post-purification and FRAP 4.9-11.2 times. As a result, it was found
that because antioxidant activity as well as phenolic compounds increased in the course of
purification using resin and water solubility and moisture absorption were also improved,

they showed a high utilization possibility as a food ingredient.

5. Manufacturing of beads using natural antioxidant ingredient extracted from

buckwheat sprout

O Alginate bead was manufactured by using SBP and NBCE originated from buckwheat
vegetable sprout. W/O/W style emulsion bead was manufactured by using dichlormetha
(DCM) for NBCE, and alginate bead for SBP. The proper condition to manufacture NBCE
1s MeOH: It was set as DCM, alginate, loading=1:5, 2% and 0.lmL and alginate bead for
SBP used 2% alginate emulsion. The emulsion bead was shown high as 86.329% of
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collection ratio after manufacturing, while alginate bead as 52.2096; it could be known that
the collection ratio for SBP is low. It was found through bead discharge test that the
emulsion bead discharged over 80% within 3 hours, while the alginate bead did not show
the elution of 50%. In addition, in the discharge test according to the drying method of
emulsion bead, the freeze—dried emulsion bead showed a 20-times quick elution effect, but
all the two samples showed the elution phenomenon of over 809% for 5 hours. In the
discharge test depending on pH, the alginate bead showed the elution effect of about 20%
compared to the neutral condition of pH 7.4, so it was found that the alginate bead
remained comparatively stable under the acidic condition. As a result, it was found that the
bead manufactured with non-soluble phenolic materials of natural antioxidant ingredients
extracted form buckwheat vegetable sprout showed the high utilization possibility as a food

ingredient.

Section 3. Research on metabolomic characteristics and lipild metabolic

characteristics of buckwheat sprout applying plant defense mechanism

1. Metabolomic Analysis of Phenolic Compounds in Buckwheat (Fagopyrum

esculentum M.)Sprout Treated with Methyl Jasmonate

O The effect of exogenous methyl jasmonate (MeJA) on phytochemicals of buckwheat
sprouts cultivated under dark condition for 1d, 3d, 5d, and 7d was investigated by
metabolomic analysis using ultra performance liquid chromatography-quadrupole-time of
flight (UPLC-Q-TOF) mass spectroscopy (MS) and partial least-squares-discriminant
analysis (PLS-DA). Without any change of appearance, MeJA and control groups were
clearly discriminated from each other on PLS-DA score plot and metabolites contributing
to the discrimination were assigned as chlorogenic acid, catechin, isoorientin, orientin, rutin,
vitexin, and quercitrin having various health effects. In these metabolites, isoorientin,
orientin, rutin, and vitexin were assigned as main phytochemicals of the sprout cultivated
under dark condition. The accumulation of these metabolites was caused to increase the
content of phenolic compounds and antioxidant activity of the sprout. This study revealed
that the accumulation of these compounds was caused by the stimulation of the
phenylprophanoid pathway by MeJA treatment. Therefore, these metabolites could be used

to better understand the MeJA effect on buckwheat sprout phytochemicals and contributed
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to improve the functional quality of the sprout.

2. Assessment on in vitro efficacy of buckwheat sprout applying plant defense
mechanism

O According to a result to compare and analyze the in vitro efficacy depending on 3 kinds
of planting days of MeJA 0.1mM treatment group, chitosan 30 cps 0.196 treatment group
and MSM 0.05% treatment groupe valuated as valid sample by the proper elicitor
treatment, a—amylase active inhibitory activity rate was evaluated high in MeJA 0. ImM
treatment group, MSM 0.05% treatment group, chitosan 30 cps 0.1% treatment group and
non—treatment group in order; especially the planting 7-day sample of MeJA 0.1mM
treatment was evaluated most effective as the inhibitory activity of 63%. As for starch
hydrolysis rate, MeJA 0.1mM treatment group, MSM 0.05% treatment group and chitosan
30cps 0.196 treatment group was found comparatively low compared to non-treatment
group and the 3 kinds of treatment groups was evaluated similar regardless of planting
days. On the other hand, as for the starch hydrolysis rate, the 3 kinds of treatment groups
except non-treatment group showed the tendency to lower depending on planting days;
especially, the planting 7-day sample of MeJA 0.1mM treatment group was evaluated more
effective than 82. As for a—glucosidase inhibitory activity rate, the inhibitory activity was
evaluated high in MeJA 0.1mM treatment group, MSM 0.05% treatment group,
non-treatment group and chitosan 30cps 0.1%6 treatment group in order; especially, the
planting 7-day sample of MeJA 0.1mM treatment group was evaluated to show the highest
inhibitory activity as 75.1%. ACE active inhibitory rate showed a similar tendency to
a-glucosidase active inhibitory pattern, so the planting 7-day sample of MeJA 0.ImM
treatment group was evaluated to inhibit the highest ACE activity as 77.8%. As for the
bile acid absorption delay for 48 hours, in time of the response of 48 hours, the planting
5- and 7-day sample of MeJA 0.1lmM treatment group and chitosan 30cps 0.196 treatment
group was evaluated to have a big absorption delay effect. According to a result to
compare and analyze in-vitro a—amylase inhibitory activity, starch hydrolysis inhibitory
characteristics, starch hydrolysis rate, a-glucosidase inhibitory activity, ACE inhibitory
activity and bile acid absorption delay characteristics depending on 3 kinds of planting days
of MeJA 0.1 mM treatment group, chitosan 30 cps 0.196 treatment group and MSM 0.05%

treatment group evaluated as valid sample by the proper elicitor treatment, the planting
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7-day sample efficacy in 0.1mM Methyl Jasmonate treatment group was found to be the

optimal ingredient.

O In addition, in vitro efficacy depending on planting days was evaluated over Me]A,
NaCl and light treatment sample and light-combined treatment sample which were
evaluated to be avalid sample according to are salt to treat in parallel to buckwheat
vegetable sprout using food defense mechanism. The samples harvested 1, 3 and 5 days
after germination were used, and according to a result to compare and analyze a—amylase
inhibitory activity, starch hydrolysis inhibitory characteristics, starch hydrolysis rate,
a-glucosidase inhibitory activity, ACE inhibitory activity and bile acid absorption delay
characteristics, the efficacy increased depending on the planning days and in the
germination 5-day sample in MeJA+light treatment group, a—amylase inhibitory activity
rate, starch hydrolysis rate, a—glucosidase inhibitory activity, ACE inhibitory activity and
bile acid absorption delay were evaluated to be the most efficient ingredients as 94, 85, 56,

72 and 22% respectively.

3. Research on anti-inflammatory effect through RAW 264.7 cell of buckwheat

sprout

O According to a result to confirm the anti—inflammatory effect of buckwheat sprout, it
controlled NO production depending on the concentration of extracted materials from two
kinds of buckwheat sprouts and the inhibitory ability of low-concentration extract was
more excellent than MeOH extract, while showed the similar inhibitory ability in high
concentration. No cytotoxicity was found within the concentration used in the test and the
higher the concentration of treated sample, the more restrained the apoptosis by LPS, so it

was found that 200 pg/mL showed the apoptosis control ability similar to Control.

4. Fat accumulation reduction and ROS (reactive oxygen species) production

inhibition within fat cells through extract from buckwheat sprout

O The extract from buckwheat vegetable sprout treated with 0.ImM MeJA inhibits the

3T3-L1 fat cell development and reduced the fat accumulation effectively compared to
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Control; it was found that the occurrence of major transcription factors was inhibited
within cells. In addition, it reduced NOX4 gene related to the production of ROS within
cel, so it was found that the oxidative stress from ROS was reduced effectively. In
addition, the effect from rutin, the major compounds of the extract from buckwheat
vegetable sprout, was shown slightly, so it was thought that anti—obesity activity occurred

from anti-oxidant phenol compounds bhesides rutin.

5. Effect measurement of In vivo hyperlipidemia inhibition of buckwheat vegetable

sprout applying plant defense mechanism

O This study tried to review the improvement effect of dietary cholesterol through having
a white rat eat buckwheat vegetable sprout and high—-fat food treated with methyl
jasmonate. The test targets were divided into normal Control (NC), high-fat Control (HFC),
buckwheat vegetable sprout (SC), MeJA treatment group (SM), MeJA and NaCl-combined
treatment group (SMN), extract group after MeJA treatment (SME) and were fed with
4-wee free meals. The average dietary intake for all the test targets did not show a
significant difference and the feed efficiency and the internal organ weight of all the test
targets except normal rats did not show a significant difference. Serum GOT, total protein,
albumin and glucose did not show a significant difference among test targets and serum
GOT, BUN and creatinine are included with normal boundary in all the test targets. Serum
neutral lipid, free fatty acids, free cholesterol, and CE/FC ration did not show a significant
difference among the test targets. Serum total cholesterol, LDL-cholesterol and cholesterol
esters concentration increased due to high-fat intake and serum total cholesterol,
LDL-cholesterol, esters cholesterol and atherogenic index in SC and SM group decreased
significantly. The lipid content of liver an bowels increased due to high—fat intake
compared to normal Control ,and total lipid, neutral lipid and cholesterol of liver in SM
group were low significantly compared to high—fat Control and total lipid and cholesterol in
SC group and neutral lipid and cholesterol in SMIN group were low significantly. Daily dry
fecal weight and total lipid excretion of test targets did not show a significant difference in
all the test target groups, but daily—fecal total cholesterol and neutral lipid in SM group
and the daily—fecal cholesterol in SMN group showed a significant increase compared to

high-fat Control. Accordingly, it was found that in terms of the reduction effect in serum
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cholesterol, lever lipid, liver neutral lipid, lever cholesterol in high—fat dietary, MeJA-treated
buckwheat vegetable sprout group showed a bigger effect than buckwheat vegetable

Control and SNN group.

V. Study results and plans for application

O This study could increase effectively the phenol and rutin content, the useful activation
ingredients of buckwheat vegetable sprout, using food defense mechanism. People usually
intake the buckwheat vegetable sprout under the fresh condition, so if they raise it using
the study performance, it's possible to raise and circulate the buckwheat vegetable sprout
with the over 2 times—added active ingredient compared to non-treated sprout. In addition,
through extraction and purification process of buckwheat vegetable sprout added with
useful ingredients, it will be possible to use as food ingredient through soluble phenolic
materials originated from buckwheat vegetable sprout and to use it as various products

including alginate bead using the materials.

O Based on the above contents, the method to increase the useful content including phenol
and rutin from buckwheat vegetable sprout has already applied for a patent, 2 domestic
papers regarding the optimal extract method and application field of the sprout were filed,
one domestic paper regarding the metabolomic analysis of the sprout applying food defense
mechanism was filed and 2 foreign papers regarding anti—obesity depending on the

increased useful ingredients are now under the contribution.

O If the food defense mechanism and ingredient-making technology regarding the
vegetable sprout including the buckwheat vegetable sprout would be applied through this
study and the useful activation ingredients would be improved, the vegetable sprout and

the related food industry could be applied to various products.

O According to this study, the expected utilization fields are as follows:
0 Harvest area of vegetable sprouts including buckwheat vegetable sprout and baby
vegetables

0 Vegetable sprout system design and manufacturer
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Natural functionality material industry

Contribution to securing high—quality/differentiated products resulted from vegetable
sprouts with improved active ingredients

Enhanced—functionality vegetable sprout brand-making

Production manufacture using high—quality vegetable sprout and varied functionality

foods through various—materials production development
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O WolREe) 4g w74 woldn W GABA 7 Wb & AAE] st AR 84
=z

stress & &83tal A= FEoly AV|EA A9 2ol stressol gk Ve Ad BAE T F
27154 FEAFAE B A AVEALAE oA A FEEaAE Fs AT vf$ vh)

& e,

3. =l -9 ArA

e ) oo are) g A A ate] e st
. Elicitor9] 25 ] &&@ 7]z 599
obg| 1} eE  Elicitor® o] &3 A®e 7% e e
gom A& g gd AT =
A 2 E T A =2 & 3
et e 2 Fo e

ElicitorE 2] &9
S N of Aol we FES Aista

o
I

32

oo 9]k 2xF A= o] =A o] #WEF -9} ultraviolet radiation, heavy metal salts 2
chemical &2 %% o]&3 abiotic elicitors T3 U3 stress o 93] HAEE= 4= 73

9 ol% ol 8% /15AFAL AAstE PASe] ALaANA tRs AFH I Yot A

O =i A9 AS Kim 5 (2006) o] ‘Effect of methyl jasmonate on phenolics,
Isothiocyanate, and metabolic enzymes in Radish sprout (Raphanus sativus L.)" oA F#+e]
DPPH free fadical scavenging capacity ¢} phenolic acid 7} 57189129, Kim 5 (2005) ¢
"Effect of chitosan on the biological properties of sweet basil (Ocimum basilicum L.)" |4
i chitosan ¢ Aol &JsiA Aol Frtets AHE UEHAL 3lof o5 AVIEA A
of A& u tFe 7lsAS FVAE F Ade A7 ARE gy, 1Y, sz AT
2 (2000) ol A T EAoE Y ALkl WA= Jasmonic acid ¢+ Methyl Jasmonate
o] JFollM= AMEZ9 ginsenosides o FFE Eol7] #18ke] jasmonic acid ¢ Methyl

Jasmonate & ZA ZHA oz 28 3le] ginsenosides ¢ A S FAA 7l AE R,
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O Hde] thE AFE FeE vhstA AT QoW 1% Zhanping 5 7549
HAE vFeR WE RS olgd 1hEL AR

o] Eolx o, oF 13.7%7F ofzte] &35 ¥l Ao AT AEEY AR A
TV} Quta Bastg o, 1 ol §= nEYse HEF, EF], rutin, querceting o] &
Tretal glol mAldd-S E=E5sHA st deS AZE] wWiEez Wadh Xiping %

Xianquiong &< H|Y FAE oz 3 Wl B5E& HASE Ay vjd 40 g A FHET
E

2

¢ griglycerided ¢ cholesterol, ¢t 9 AlFo|] AAA #HAANLH, I o]F= Mg ©|

A1z 1 FAo] A AFA Q]

5l O
" o X “IL%O

ZA 33 Ao lipoprotein 9 $#S A7 F9A
3te] oo a7 Q= ALY lipoprotein o $HEe] F719} dF cholesterol & FEE

FaAA A AA-S AskAzivhal Bl

S e Apgel e W @
Wolg o] g3t Ael@y B WHE ALY

al
e A, et WElS o] &3 Vel AuEs EEshy] o Ay vEe] dxE AR

£ O
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AN EAL GAAA A Ae] @ Wol F B

)
i)
N
Y,
{0
o,

0|43 A4 chlorine dioxide generator system ((F)F-Holdl) & ApR3lo] A X3HA

o 9 w2 0.85% AHAFE HIbste] £ & ARE A HAFE 343t w)
U3l FAH colony & AlFde] A& I colony forming unit (CFU) 2] 43
Z Ueder B Ao Algd MY wix|E &£ 22 plate count agar (PCA, Difco Co.,
Detroit, MI, USA) & AR&3}o] 37T oAl 48417 $o ZAbslith.

Q) Tol& =4

ol g2 10~12 g 9 EFAE 253 & 5 A9 cheese cotton & 2 HAEZHA S 7+

7y #3510 mg o THRTFE Fo] 25T oA 24 Az & Ao WolARE Fldte] W
& (%) = YERYSITh
(4) #F v 2 HE A%

Salmonella typhimurium ATCC 14028 -5 AR&38le] F2431%t;. w5 brain heart
infusion broth (Difco, Becton, MD, USA) & A}&3}o] 37C oA 24A7F&<F At w3k
o Al el s RS ELE AAMA 1L o 1 WEolE HEst] HA LA 2443 Y
FalETt o] AUAME HEAS AAEZ7] (Sorvall RC28S, Dupont Co., USA) & o] &3}
AT oA 3300 x g 2 1581 94 #3te] @2 #AE 01% FETE A, 94 3t
o HF JFATY F=7F 10°~10" CFU/mL 7} H5= $55 2489
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(5) 7 AAHA 9.9

ZolF o, Axe EX= Whirl-pak bags (B01416, Nasco Co., USA) o &34
AT o BASAA ALEAT 7 FE AR 29X AR 10 g off 9 #l5¢] 0.85% 2]
dFE HUteke] B4 F ofde AR F4ste] MAo] &5 - wikstal @A ¥ colony
= Al AlE 9 colony forming unit (CFU) ¢ 4212 vepiglct 2 A g A% wj

A= Salmonella typhimurium ¢ X822 XLD agar (Difco Co., Detroit, MI, USA) & A}
B3} 37C oAl 241 3F Fol] A} SI T

(6) ©]2k3}A A4 citric acid ¥ glycerin # €]
o] Absl el A P 2 glycerin Y= F FA 10 g o 9 ¥IF AHYFEE HIbste]

stirrer (PC-410, Corning Co., Nagog Park Acton, MA, USA) & o]-&3}e] 39 &5 wiks}

ne
[N

At o]atsld A4E 50, 100 2 200 ppm 9 ¥ %, citric acid ¥ 05, 1.0, 20 2 50% 9 %
%=, glycerin < 0.1, 0.2 ¥ 05% ¢ v=z 243 & 10 3+ wvk - X&)

. 2R EAAY 7 e A SRS Y% elicitor A &3

g & FAste] 80% ol¥E 30 mL & 7}s v, 20C 9 shaking incubator ©lA] 3
AZE FF=8 5 10,000 xg oA 152zF 94 st E8d BT HS oJ#A (Whatman
No. 2) & AFg3to] st oAxst A& 4 £ 1C o AA3sle] Ao AMg319 o, Ad=

Age F #HE e Folin-Ciocalteu (AOAC 1995) o we} &3S 43t #H
FHA AEE 05 mL AFH3FE 1 N Folin-Ciocalteu A1 ¢F& 05 mL & 3713
%o 2% sodium carbonate anhydrous ¥&-8¢ 10 mL & #7133 & 1A &<k vkgA1 71 A
S o33t 750 nmeoll 4] UV-spectrophotometer (V-570, Jasco Co., Japan) & &3 L& =

Aol = HE dFS TIAY. EEEZFEZE tannic acid (Sigma, USA) & AM&3S
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(3) UPLC-Q-TOF & ©]&3F phenolic compounds 9] #2 ¥ &A

WA FZ 5o A phenolic compounds & ##3l32 A3} 7] ¢8te] ultra performance
liquid chromatography (UPLC)—-quadrupole—time of flight (Q-TOF) & AF&3}3ltl. UPLC el
428 BHE Cis column & 0.1% formic acid & 3$Hrgk LC/MS € distilled water =
equilibration A7l ¥ Al& 3 ul & autoinjector = FYIIT. A5 elution & 0.1%
formic acid & 373k acetonitrile & fellow rate 0.3 mL/min &2 Z%7] 15% ©lA] 40% 7}%]
57t HAd ez FUIAA FHA [y AY. 22 ® eluent = photodiode array (PDA)
detector & ©]&3t] 254 nm oA FHEE FAH}ACH AHSE Q-TOF & o] &3t
mass spectrum & SA3FA Tt Q-TOF = ES-positive ¢ negative ZZAo|A £33 0H
capillary ¢} sample cone voltage © 27t 278 3} 26 V ©] 3L source <59} desolvation =%
= Z}7F 110C ¢} 300TC o)™, desolvation ¥ cone &%+ 712F 700 L/h € 50 L/h A A

339} Precursor #4918 $13F collision cell energy = 4 kV & AFg3lion 2 A4
Aol = collision cell energyE 10 kV oAl 30 kV & 2gdA] AFR39 2™ 200 pmole
leucine & lack mass = AFE3IAT 522 H4E elemental composition .2 =28 13+
screening %t ¥ online database (www. chemsider.com) ¢ Waters A}2] mass fragmentation

software & ©]83l9] 22} screening 3R oW HE HTEH S ol &3 AT

AR S50 FE S Choung 2] WS o|&3te] =AY, WAV EA A
FZES 045 ym membrane filter & 33 3 ofste) 10 yL & HPLC o F43ke] 43}
Ak P ACE Cis column (4.6 x 250 mm, ACE, Scotland) & AF&3l9 o0, ol 54
acetic acid:water=2:98 (v/v) ¥} acetic acid:acetonitrile:water=2:4553 (v/v/v) & &33}e] A}

439 752 1 mL/min, ZHeE9] &25F 3BT &2 UV detector & AFE3e] 355 nm
A AT R Aol REEAR A% AHAS o] g3tk

(5) DPPH A Z AAF
A #E DPPH @z A2A%S Lee 5 (2007) 9 WS FHardlo], grtal&Edo 23
2,2-diphenyl-B-picrylhydrazyl (DPPH) &tz AA%SS SAHde] ARSI A& e 0.15

mM DPPH &9 27 mL ¢ #E5¥=2 AT AR 08 mL & 2il A2 A 168 &<k WA

sl o E3 % (525 nm) & UV/Visible spectrophotometer (V-570, Jasco Co., Japan) & =4
stk 3 AR A WEeE AFESte] g2y FEEE SASG T tee A E
o] &3lo] DPPH & A~A% (%) & Ao
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ssa.mple )

DPPH radical scavenging activity (%)= (1— =100

control

(6) Ferric reducing ability of plasma (Frap) assay =74

W AA7)E 34~ e] Frap assay i= Benzie and Strain ¢ W& o] &3] A3 249
S 93 wke goBe 300 mM  acetate buffer (pH 36), 10 mM TPTZ
(2,4,6-tripyridyl-s—-triazine) solution <2 20 mM TFerric chloride (Iron(Ill) chloride
hexahydrate) & 10:1:1 ¢ W] &2 &E33}o] Working Frap Reagent (WFR) & A x3 5 4
d A7A 37C E Ak AREEAT MEAT A A FEE 60 pl ol SRS 250 ul 3
WFR solution 3.6 mL & &%#3le] 30 #3F ¥H-&A171 § 593 nm oA FFEE FAI L

,

=

FE A2+ Tron(ll) sulfate heptahydrate & AF&3}9i T}

(7) Phenylalanine ammonina lyase (PAL) activity assay

PAL 4% =437] 93k 15 mM B-mercaptoethanol < 373k 0.1 M Na-borate (pH 88) =

4ov

ammonium sulfate & ©]-838}o] 80% 7FR| E3AA A S salting out A7

&

%

,

o

-

e o
r

i

Ak F& A4 (200 pb) o 10 mM L-phenylalanine & 33 0.1 M Na-borate (pH 8.8)

1

T AAEQ] cinnamic acid & toluene o2 E-E3YrE 5
3t cinnamic acid & A FEA37] Y39 to

o] Cy column ©] A& UPLC = Ak BAMshgu)

luene & N gas 2 ¥ Hyl Y methanol = UA] =

(8) a-Glucosidase A3l &4 =4
a-Glucosidase A #|&4 2 nitrophenol FAH-S $&3< =A3At. 0.2 UmL a
—-glucosidase &4 50 uL 3 A5 20 pL b} preincubation A
% 405 nm oA FFEE AU (ARh). Bae A5 &3l 25 mM p
a-D-glucopyranoside (pNPG) 2 50 uL 7}3}al shaking 3F & A &35 587 A2oA Hk&-A]
5405 nm oA THEE =AY (B, dlEFT7= a-glucosidase ¢F 7] AW € 9 ¢}

< Wor SAY. AaAsEd 2 et 2ol ekl

i
i
&
o
w
3
5 .
lije]
o
—|~
ul
AL
r'\l

m

Abs (B A) Abssam[}le (B_ A)

Abs Scontrol (B A)

Scontrol

a— Glucosidase A3l &4 (%) = < 100
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(9) a-Amylase A3 & =A
Wl &5 A5 a-amylase 22 A X2 = Dunaif WS o] 8393, a—amylase &4
2 Pesce WWoz HAIYY. &, porcine pancreatic a-amylase 50 pg/mL, 20 mM
phosphate buffer (pH 6.9) containing 6.7 mM NaCl (Sigma, USA) £ A 55 =2 & A
Loyl uke Al 7]7] A Ao A 10 ¥7F pre-incubation 3FHTh 200 uL A &9 ¥EEAZl &

2l ] mL B 1% AELA 1 mL ¢ 33t 20T Al 3 B S Azl B o7

[62]
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(@)
(@)
e
8
o
=
=
)
(@}
ot
8
=
=
=
>
E{o{n
o
o
il
B
o
o
8
vl
fie]
o
offt
e
o
ok
)
o
f
>

B8 JbeA R maE AR gAY 0 ARE gE2TR ste] AR BaTAA
See Atk Aol 9% TS WA A Aok blank® AAFGOw Az P
ool o@ e WAL 98l AR Z47el U@ blanks AAste] AWl W FA

(10) ACE Aaigd =4

Cushman ¥ Cheung 2] Hwoll 23l ACE As&Ad-e A9 &, 50 L Al 5
100 uL. ACE &4 9 1 Unit/20 mL of 0.2 M sodium borate buffer (pH 8.3) containing 0.4 M
NaCl (Sigma, USA) ¥ 0.2 M sodium borate buffer (pH 8.3) 200 pL & 7}3F v} 37C o
A1 10 £7F preincubation 3Tl o3 7]l 7]A=Z4 5 mM Hip—His-Leu 100 ulL & #H7}3}<
37C oA 30 &3 ¥-8-471 + 1 N HCl 500 uL <& 7Fste wh&& AA|3k3Ath Ethyl
acetate 1.5 mL & 7}38le] 1 #3F wwksk & 3000 xg oA 5 &3 94 228t 4N 1

mL = F3A) o] AA RS 120C heating block oA 9448 AxAzl ¥ 1 N NaCl 1 mL

& 7heke] &eld & 228 nm A FREE FASUT AR blank = FA3 AR FF
Eol A wlor the Al sl ACE Asi&d (%) & 733
_ - (Absz—Absz,ZL)—(AbS Z)_Abs Z)]Z,]‘/-)
AOE X1 E)‘H %)\é (%) — contro controlt otank sampie sampie otank >< 100
Abs — Abs

control control blank

t}. B3 elicitor Aol 23 wARA7| A 49 7|5A A AFAY

= dE g5 =4, F8 g7 =4 Ferric reducing ability of plasma (Frap) assay =74,
DPPH #tY)Z A7% % Phenylalanine ammonina lyase (PAL) activity assay =42 1. .

oA e R FAskA A sk
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MEA) BA L) DelWEE £3 4 F 4 AWTlA AR 10 A ARste] B
YRR A9 2] oy Aw PR Ao|E Zgste] Pgtow thehgirh

@ %% Bad 34

Elicitor & 3 Xt ddA7|EFA4e A 7|0 e T3 gas HstsE 578 4

F o7t AT 27] Fel A A ¥ SAD FA) AelB 27] FHo| YT WEEw
e S

3 A% 2 AR =7

Elicitor & W& Aeld WHA71SA%e A4 713k B 45 2 gase] wets Ha

and Kim ¢ W& o] &3t HA3 Mes 503 (L=77.24, a=1.22, b=-851) &2 X
A Chromameter (Ultrascan XE, HunterLab Co., Reston, VA, USA) & o]&3}o] L (¥
=) " b (3R e SAs e, 4MEE A8 5 g o tigte] 50 mL o HES
sk 5 1A B FE8 v 3500 xg oA 158 Tt AR & oo o] o
o-8- UV/Visible spectrophotometer (V-570, Jasco Co., Japan) & 420 nm °l|A] F3E=E =
Asto] A =g HER ST

2
12

a (

.

) AA2Ewols FF =74
Elicitor & W& Aea U4/ 220 A 717] BE Hzewo]s F] Mah

Kim %¢ WS o]g3dle] A3 4 AX3 A8 02 g o 01% BHT & 33+

2 AxAzZl T Axd ZodEo| methano/MTBE (1:1) & #H7}ge] 450 nm ol A]
UV-spectrophotometer (V-570, Jasco Co., Japan) & T3 EE &4 3o 71ZE w0z S

T3 2552 2 B-carotene (Sigma Co., USA) & AFE3A U

10 uL & HPLC o F¢3te] 243519t} 2 e Prevail'™ Organic acid analysis column



(46 x 250 mm, Prevail™, USA) & AM&3tgon, o|FAS 25 mM potassium
dihydrogenphosphate (pH 25) (v/v), %< 10 mL/min, ZHeE 2% 35T I,

RID-10A detector & #233}it}. X8 oxalic acid, ascorbic acid, citric acid, formic

kel
N

acid, malic acid, acetic acid, succinic acid = 23} t}.

e e WEAIENL FEES 045 ym membrane filter & o33k 5 of 3} of
15 pL & HPLC o FYste #4319tk Z¥-2 carbohydrate analysis column (3.9 x 300
mm, Waters, USA) & A3l ow, o542 ACN:Water=78:22 (v/v), %2 1.4 mL/min,
ZH o o] &%= 35T i, RID-10A detector & #43Av}t. 5342 glucose, fructose,

maltose, sucrose@ 214 3131 tt.

M EAAY
dzT 9 Ad7e F di @wd DPPH 2ht2 £7%, frap assay @ 78 @3 24
Azbe] BeEAS SPSS ver 9.0 & o] &8l AuEH S AAste] AEd )

2. A=ol7)1 A4S A3 vAATIEA L HE &A% A

7t Mg EAHTADRO g v (Fagopyrum esculentum M) A% 71565389 3% =70 A3}

% ¥HE 3 =4 a-Glucosidase A8 &4 =AH ACE Asf &4 =4S & 1. oA =4

sk B AAss .
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Table 1. Experimental range and value of the independent variable in the central composite

design for extraction conditions

Variable Level

Independent variables Variable
168 -1 0 1 168
Extraction temperature ( C) Xy 7.2 22.5 45 67.5 82.8
Extraction time (hr) X 2 4 7 9 11
Ethanol concentration (%) X3 8 25 50 75 92

Table 2. Central composite design matrix of three test variables in coded wvalues, three

ohserved responses of cultivated media

Coded values Responses
Run no. Extraction Extraction time Ethanoll
X3 Xg X3 temperature (he) concentration

() (%)
1 -1 -1 -1 22.5 4 25
2 +1 -1 -1 67.5 4 25
3 -1 +1 -1 22.5 9 25
4 +1 +1 -1 67.5 9 25
5 -1 -1 +1 22.5 4 7
6 +1 -1 +] 67.5 4 7
7 -1 +1 +1 22.5 9 7
8 +1 +] +] 67.5 9 7
9 -1.68 0 0 7.2 7 50
10 +1.68 0 0 82.8 7 50
11 0 -1.68 0 45 2 50
12 0 +1.68 0 45 11 50
13 0 0 -1.68 45 7 3
14 0 0 +1.68 45 7 92
15 0 0 0 45 7 50
16 0 0 0 45 7 50
17 0 0 0 45 7 50
18 0 0 0 45 7 50
19 0 0 0 45 7 50
20 0 0 0 45 7 50
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AAAI AT HElR 7S5 2 PFES AL 7|03 F2& ddste sZ20x7] (T
D5508 Freeze dryer, Inshin Lab., Co., LTD, Seoul, Korea) & o]&3}lo] 7%
A-2600, Kaiser, Korea) & #8 % 60 mesh (850 mm?®) ZZWe] ZEFA A AL 93 A

B2 Abgstguh

an No.2) 3t oA L F=3ko] (50T )l
F AlBE SRl wolal w4 F-9E 100 mL = S

e URE B4 ARR AFSRGo8, K $AAx sto] RRARE gk

(1) &84 = 54 (SBP) A

S FEENA FEAAEAES AAS Y] 989 Amberite XAD-7 resin & AFE3}S
o e EAY XAD-7 resin 250 g & 500 mL T#FF2 AP A3 FHTl 10% = =
ol A& Z filter-paper (whatman No.2) o3 &3 Z¥of loading A SHFFE 29 58
volume ¢ FT#F % 05 ml/min 4 EHFAY. ZHo] 348 EgH=dES MeOH & A
&3] A9 58] volum &2 FF 3AY. FE5H AAFEFELS rotary-evaporator = F =3

of BAAZ F U YH AT
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3to] alginate W =90 X F3}e] encapsulation A7 emulsion B]|=E A Z3FA. AxH v=

= ATz Be sdAxT A Axste] APl AbgsTh
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| Buckwheat Sprouts |

l
| Freeze-Drying |
l
| Crude Extracts |
! Process 1
| Freeze-Drying | - | BCE
l
Process 2 Process 3

‘ Dissolution (Water) ‘

H20 soluble BCE H20 nonsoluble BCE
(SBCE) (NBCE)
! !

Adsorption Chromatography

) MeOH in solution
(XAD-7 Resin)

MeOH | l
Concentration Emulsion DCM (1:5)
l l
) Polyphenol Emulsion
Freeze-Drying
Bead
l
| SBP |
|
| DW in solution |
|

| Polyphenol Alginate Bead |

Fig. 1. Process for the materialization of polyphenol extraction and bead from buckwheat
sprouts.

BCE, Buckwheat sprout crude extract; SBP, Water Soluble buckwheat sprout polyphenol; NBCE,

Water nonsoluble buckwheaat sprouts crude extract

I
I
o
o
il
>
il
o
o
_O|L
2
ol
o,
of
12
i)
2
o,
of

1
o
f
-
Mr
ol
2

AeEs A AT FA4Y
Ao A= PBS (Phosphate buffered saline, pH 7.4) & 4 el A= HCl buffer solution (p
H 1.2) & A3 v=e WE4ds 93l 74x" M=E buffer solution 300 mL ©l

B F QAT SRR wukeluA] g8 frA ALw 2 2% 375 £ 05C B £
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A EE 3l Sample A= AR A7 2doA 2 mLE 20 AlzF £33 @kt 3 wke

sample & ¥ #H¥E IFE FA3Y HEFES v 3T

(4) SEM #4

B9 v A FEE FAAAE YA (Scanning electron microscope, SEM, S2380N, Hitach
i, Japan) & o] &3] =AUt A FEE AX ArEol A sputter coater (Spisupplies, USA)
£ o] &3t 10~30 nme FAZE gold-palladium o= Za3te] S=A3}Far 749 20 kV 9
A 50~1200 &= &3

(5) Bead =7] 2 73 &4
n=e] =7 @ F3& B8] 9ty SFEAAAE AL 39 E AR = Mic
ro Hi-scope system (Hirox co., Ltd., Japan) & AF&3}9 3, 53 o)n|x &= AZEY o (Im

age Pro Plus. version 4.5.0.19, USA) & o]&3}o] 4313}

@

Aol 7)1 e A4d WA EH 2 Metabolomic 54 2 XA A A7

b, W AR F A A9 7] EARLE 23 MeJA A2 7-3F8] Metabolomic 54 ZA}

% #i= =, FRAP assay, PAL activity assay A2 1. tholAe] AU HAL T

A B

A

Ol

(1) w27 FA 2 A 2 MeJA A ¢
A W™ Aok (40 g) E 25°C Bell 4 A7 Fok ARG F Azo] 2 v o}

[

#o] (32 x 6 x 2.8 cm)ell BATE 4 7S] SHE Efo)E AF Axdgo] AlAHEE Zha gl
= 3 he) Ade 2 Aelr] (MikroFarm; EasyGreen) o F31th. 22 18°C (2°C), ¢4
A TAZE Aejskglow w12 ARkttt 30 E4 Eo] Z3z#o] HATH

0.l mM MeJA & 3 Edo|d 50 mL 2, 2¢=2 ~2x#ol& 3o control = 0.25%
ethanol & AF&3FATh WA SE Wolw® (0d), 1d, 3d, 5d, 7doll 483k WAdx-e 54 Ax
sto] Ao ALl om EAFAS AT AEE -70°C oA Hastslth

(2) UPLC-Q-TOFE o] &3t W7 Z34 2 metabolites #2

T4 Ax3I AR (01 g & 2 mlL, 80% methanol & F%3+ metabolites & ultra
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performance liquid chromatography (UPLC)-quadrupole-time of flight (Q-TOF) & ©|-&3}¢]
#2399 ch UPLC o 4#% ACQUITY UPLC BHE Cis column (1.7 uM, 2.1 x 100 mm) &
0.1% formic acid & T3 LC/MS & distilled water = equilibration A] %1 AlE 3ul &
FYsFATE AlEQ elution & 0.1% formic acid & &3 acctonitrile & fellow rate 0.3

ml/min &2 Z7] 5% oA 50% 7+A 5 B7F AxpA oz ZUkAlA FHA] At e

¥ eluent & photodiode array (PDA) detector & ©]£3%}¢] 254 nm oA TFE=E 459
o ALog Q-TOF & o|€3}9 mass spectrum & =43}t Q-TOF ¥ ES-negative

ZZo A F2319 oW capillary ¢} sample cone voltage & 242} 3 kV 3 45 V o] 3L source
<59} desolvation &%+ Z-7; 110°C, 300°Ceo]H, desolvation &%+ 700 L/h 7oA 43
3ttt TOF MS data = scan time 0.2 %, interscan delay time 0.02 %¢] ZZA m/z
50-1000 Ml W9 mass & 43}t Precursor 42 ¢3F collision cell energy == 3 V
E A3l o B3R MS/MS spectra & collision cell energy & 10 o4 30 eV 2 2%
WA ARS8 27 200 pmole leucine & lack mass 2 AF&3F T Retention time, m/z, ion
intensity & ¥3}8lE ¥ mass data A H= MarkerLynx & o] &3to] FZ &) &4

I

542 elemental composition &2 =Z-& 1% screening ¥ $ online database (www.

=

chemsider.com) ¢ Waters A}2] mass fragmentation software & ©]-83}9 22} screening 3}

govl HF LEEAL ol§stel BHNUL

(3) Data process

LC/MS data +© MarkerLynx & ©]83}9] alignment % 3. normalization % %1t} Peak &
2 1x9°] 5% height 42 peak width, noise elimination 6, “L#] 3L intensity threshold 50 €]
Zo A F45% e data alignment < mass tolerance 0.04 Da ¢} retention time window

0.15 min Z|A 4=}

(4) =S AT 9 data analysis

Mean-centered LC/MS data sets < SIMCA-P 'version12.0.1 (Umetrics,Umed,Sweden) ¢
U g A4 (multivariate  statistical analysis) WH-S  o]-&3Fe] 439t} Partial
least-squares discriminant analysis (PLS-DA) ¢} orthogonal partial least-squares
discriminant analysis (OPLS-DA) 7} MeJA & g3 w@dx3} XgshA] & q
(control) & #}o|&E Alztd oz HolE7] 93te] AFE3FATE Hotelling's T2 test & L%
Alole] ol E FAHA R FA5L7] 93l AFEsIon 95% AlE 7S Wolus= outlying
25 B Ao Al A H Y. PLS-DA 9 OPLS-DA model 59 quality = 371

)
=

il

Nes

rlo
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¢] parameters: R2X, R2Y, Q2Y & o]&3lo] H7I8F k. R2 ¥ model o] & 28 FEAE

HiE Zloly Q2 #2 o= & = v9S BT oz A8 Model validation &
134 7-fold validation ©] AF&¥ o™ model®] 4l += permutation test (n=200) & &3l
Al ZIEEA T MeJA A3t A gt ate] ztoldl ¥ 8= metabolites & 7] flal £4
H H®E metabolites 9 intensityZ independent t-test (Mann-Whitney U-test) & ©] &3} o]
435921 OPLS-DAS p (1) # P (corr) & o] €3} S-plot & gty ®3 % dE &
23 PAL activitys= independent t-test (Mann—-Whitney U-test)Z o]&3}o] %A &4 3} ).

v Aelolr| & s A8 WARYEALE In vitro E5 87t

a-Glucosidase A& &4 =R, a-Amylase A& =4 2L ACE A& &4 =4 1. Y.

A o) ZRHs B AN,

(1) dER7EANA 7 ehA FE5E AX
AR 7|E2x A 7 SAANE in vitro oA a-amylase A &EA, AEIFFEEIEAHEA,
7

a-glucosidase A # &4, ACE A& HI/E ¢3to] 04, 1¢, 3¢, 54 ¥

(2) A27reia Ael 23
In vitro enzyme/dialysis system ©lA] Aujd o] wE WAA7|Ex A FE2E HA7MF 5
= VAR AN
05 M phosphate buffer °| =9% & 100TC oA <Ff
mL 9] &8l
0.01 g ¢ a-amylase (28 Unit/mg solid, Sigma), WXV x84 F=5 400 uL S dialysis
bag (M.W. 12,000 cut off) o €3 %% #25 dialysis tubing closure & 2539t} 37C =
gEo] 2l 130 mL 9 0.05 M phosphate buffer (pH 6.9) 7} ©7 o] Al dialysis bag & %
32X 7FEe 2RE FAAZIHA 140 rpm o2 AAEFA Ao)A M EEE glucose 7}
dialysis bag Hre] phosphate buffer & F8 ¥ =2 35t dEVIFEH &S A TEE =AH 8}
7] &l FrEEeEl AE Z 30, 60, 90 2 12089 Z+7; phosphate buffer 1 mL & 339 #g

A

9 glucose & DNS WHo 2 SAHAY. FTFAL glucose & 7|To=z 1Yo, iz



S ANBE UYx 3 EFFHAEY a-amylase T 73 3 ARV EE S-S A3 U E
T3 AlE HU A SEFAEY JheREES vudty] 93 241 v EEd 29

ofgff WAE 247t 3o, vey o] ARV EAAIF (hydrolysis index, HI) &

]_

o

Area of the starch hydrolysis curve when addition of buckwheat sprout
HI = x 100
Area of the starch hydrolysis curve

Bile acid F# A &E#AE FAT UFo AE 02 g 9 0.1% sodium azide & XF3h=
0.05 M phosphate buffer (pH 7.0) ol 15 mmole taurocholic acid/L & =< €9 6 mL & ¥
L FAEre] U] gk & g dEdk & 540 e &7 (F74 8 cm x #Hol 8

ANBE MUAZEERE FIAHY dxos AEE A8kl bile acid &ovt ¥ AT o 7]l
0.1% sodium azide & ¥3Fs}+= 0.05 phosphate buffer (pH 7.0) 100 mL & 7}3}t3L 37C
water bathol 4] 120 rpm 2.2 48*]7F&<t shaking A 2A1%F, 4X17F, 8A7F, 244 %F, 484
Zholl B2l 1 ml & #3}e] taurocholic acid $H#-2 Boyd ¢ WHo=z EA3Au. =
F49 1 mL o 70% H-S0, &9 5 mL & 7}8t3L 58 F 0.25% furfural €9 1 mL 37}
33l 60% % UV-spectrophotometer % 510 nm ©l| 4]

TrAdes vt 2ol Aldtskaih

E{o{n

FEE A 83 FHA

S Abs('on 7o
HEA R AAE (%) = —

— Abs

sample

x 100

control

ot W AR EA A RAW 264.7 celldl 93 atdZ=a 3 =A}F

(1 =

R R e e

2
=

o

&
jon
=8
=
o
=
R
o0
al
3
o3
>
o
of
r o
e
ht!
X
i
&
kA
N
X
el
e

o
o

294 80% methanol 1Al 200 rpm 9] =2 HA17F FoF FE3 HEE FEFES whatman
No. 2 oA & of#st & AARYIE o] &3k 12000 rpm oA GA#F F F5Ae
045 um o] A 2 o] 74| 7)

(2) RAW 264.7 cells ® <
b0l A=A E <l RAW 264.7 cells & American Type Culture Collection ©l A 3}t

o] w3 A Tt A ¥+ 100-mm dish o 10% fetal bovine serum (FBS) ©] X3 Dulbecco’s
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modified Eagle's medium (DMEM) %
St o 2~3ge] 3 " A H)

o] &3}o] 5% COs, 95% air at 37°C incubator o 4] Hj
3ttt

A

74

(3) Nitrite oxide (NO) A =
HAAEE 96

=

)=
~_

;\g

SRR
Aste] e

plateo|
24 AIZE A2 E A

well
(LPS)
96-well plated] &7]3L 22
35} 9]

=

=

lipopolysaccharide

=

=
A= =

mm

3T} Sodium nitrite

Kol

& g Al
zo] we X2
o}

MTT (Thiazolyl Blue Tetrazolium Bromide) assay W

& =z
U

XE 24 wells ] 1 x 105 cells/mL % 2F3}o] 247 3F v A7) 5 2
+ (05 mg/mL) 9 1At WeAA oln
dehydrogenases © &3le] 714 <l MTT & E&sle] A9 52 84
£ S48

A3,

MTT Hk-g- Aol gl &= HEEZE

E

m

=

=23t formazan 23

Q1 A gt W

a1

717<

=

. WEAVIEA L FEEC AT AEA

species) AA A A5 "7}

XU A3 A ROS (reactive oxygen

(D A=

oA Wl

Bl 2010 T4 8k
ol &3te] 1Y 43] (1581 <+
abiotic X8 24 MeJA &
FE-E& Aed £7]0] -70C 9]
o]-&3lo] A%3}3l blender (KA-2600, Kaiser, Korea) =

ol EHAA FF AR gt

e A= A2 vl 7]

IREIES
EasyGreen Co., MA, USA) &

A1},

(Mikrofarm,

2]

oA AR B =

i= =] PN

EREEERES 3
emon F4

=]
o

= 30
£ 10,000 xg oA 15%3F

mLE 7HE o, 20C e
g pYstel Relw 4

shaking incubator ©A] 3A7F FZ3)

H-g 7= (Whatman No. 2) &

= AL-&
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3lo] 7hQF odele] 2 A3 AL DMSO (dimethyl sulfoxide) o ¢ % 3T3-L1 A ¥
=4 9 AAE B3 Ao ARESITE 3T3~L1 AZud 2 #3te] ARE¥ insulin, Oil
Red O, Dexamethasone (DEX), 3-isobutyl-l1-methylxanthine (IBMX) < Sigma
(Sigma-Aldrich Co., St. Louis, MO, USA) ZFH T%3}23L, Dulbecco’'s modified Eagle's
medium (DMEM), bovine serum (BS), fetal bovine serum (FBS), penicillin-streptomycin
(P/S), phosphate-buffered saline (PBS) % trypsin—-EDTA + Gibco (Gaithersburg, MD,
USA) 258 T3k Ab&3Fait.

(3) 3T3-L1 Al=wjek 2 £3}

3T3-L1 AWAx E3taiA =z, WEdA7 A4 F2E00 o Axd AWs4e WatE
w23t v~ ##@ 3T3-L1 M ¥+ American Type Culture Collection (ATCC,
CL-173, Manassas, VA, USA) 025 H & Wol ALEE vy 3T3-L1 A7FAYUAYXE A
ZA o ute} 24-well @ 6-well o] Z+7F 1 x 106 €] seeding 3+ 5, 1BS (10%) 2 P/S (1%)

g wj7hx] wfgstivt ol =

B 2¢ Fo AWM Y F3f% 54 (5 pg/mL insulin, 1 M DEX, 0.5 mM IBMX) 3 FBS
(10%) % P/S (10%) & $HF3 DMEM o2 AAWAEZE AEMELE 3% 3tk A3
AZ #3k (day 0) A DME 747y 10, 50 % 100 ng/mL = A gl ste] A A Z o

E 373k 1 E ¥ DMEM (89%) ol A 1009 confluence

=
o,
>
Al
(ld

oA 23 2 Axd AWEAe] WstE et ARAlEe] 3 23ak Bds
A el sk & 2wttt A &40 2 5 pg/mL insulin, 1% P/S, 10% FBS 7} -9 w x| ol z}2z}2]
ABRE Y F, 8Y Fot E3A7IHA A4 8 ROS o A HE AEsSiL

(4) XTT assay g ©| &3 Ax=4dH7}

3T3-L1el gk A5 MxExsddri= XTT  {2,3-bis  (2-methoxy-4-nitro-5-
sulfophenyl)-2H-tetrazolium-5-carboxanilide innersalt} assay kit £ ©o]&3lo] A3t}
XTTel election coupling agent ¢&-& 3= PMS (phenazine methosulfate) & 3 7}8}<]

bioreduction & F7HAIZIA g $ AEo| XTT < PMS & H7}ste] Aolsle AxY
mitochondrial dehydrogenase © 2|3t XTT 2] tetrazolium ring ©] +3|*# formazan
crystal & BA3IA =W, formazan crystal & &) =o} w&kAS e A Huh o] =
A8 ELISA (VersaMax ELISA Microplate Reader, Molecular Devices, Sunnyvale, USA)
2 SAst] AxE 54 Hrlel ol &skdlth. = 3T3-L1 Alxes A3FdE 1 x 106 cell &

96-well plate ol seeding 33 A& 10, 50 ¥ 100 png/mL & X 2|3}o] 24 A 7F 5oF v &3
th. 2 3 -20C o] B#F2 XTT % PMS reagent = 37C oA €43 dlEAZ 3 1 mL
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9] XTT reagent 9} 20 puL PMS reagent & 33l9] working solution & <=H]3Fe] 3L,
pipet & o] &3] 96-well medium F3 9 20% H& & wF FH3lo] 7t7e] well o 2A A
HA H7bet plate & o] 29l HEHE ASHSER YA EEUA EFEAT. CO.
incubator oA 4A]7F FoF viA3 & ELISA & o] &3] 450 nm &3 % FollAd 690 nm ¢
EHE s oW Ay gror AEEAS AAs T

(5) Oil Red O staining-2- o] &3+ w2z ¥z

st wE 3T3-L1 Axd AMsddes SAstaA zzte] A8 E A gshe]
24-well o4 8¢ &<t #3l¥ 3T3-L1 AXe wjdRE AAZ % 10% formalin €< 500 n
L & #H7iste] 583 A2eA BAeA. 52 formalin &40 =2 #3239 3T3-L1 A¥ 1

AIZE o] Aol A WAE

ol

k=3
o AXE A3 AxAAY. g3 Adxd AXeEL #7g Az £ 0i red O working
solution (Oil red O : DDW =6 : 4) 22 A¥ U H4d AYAHPEES T3 94 3 F,
FTE o]&ste] AXE 3~43] MAsta s8] AXAZATH AE W S49 A&7 2

Oil red O ¥+ 100% isopropanol & °©]&3ley =5 &% A7l § ELISA & o] &3}

490 nm oA THEE FHAT.

o|\

moi'

(6) NBT assay & ©|&3 ROS ¥z =4
Aol w2 WA XY ROS AHFS =43 7] fst] WA 24-well o v 2 &
35l 3T3-L1 Al¥2o wiokas AA% & H¥ PBS (Phosphate buffer saline, pH 74) &

|

o] &3le] 23] A&, 0.2% NBT £ 02 mL & FH7I3Fe CO; incubatortol Al 90+#-7F wh-&-A]
Atk AWAE Yol =HE ROSES NBT &3 w839 dark blue formazan & 473 37
™, 100% acetic acid € ©]£38to] ©]E dark blue formazan & =% &% AA 570 nm 9l

A EEE FARAL

A WA oA 38 F AurEHo Fodst= T8 FHAAESY WIE HES V] 3 A
WA o] EA3HE total RNA & F&3 &, WA A4 (reverse transcriptase) & AR

o)
=
gl cDNA & "=tk b4 9 cDNA ¢ Z47he]l 749 primer & RT-PCR = F% 3%
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(8) Total RNAS] F%& © cDNAS 94
AWM EZ2EBEH total RNAS] F%2 TRIzol reagent (phenol + guanidine isothiocyanate)
WS o] 83t £33 YA Hi= AWM XY PBS & ol&3to] 23 AAH3a 1 mL 9
Trizol & #H7}8le] A XES 39t 1 mL ¢ TRIzol reagent 3 0.2 mL 2] chloroform
S A @o A 2~387F HEgA 7] AL 15000 rpm oA 1083F 4]
B3 & SRS Aojfjo] trE FH &7]a isopropyl alcohol (HZo] A% TRIzol 1
mLE 05 mL) & ¥i 1022k ¥-&AA RNA & HAAAT Fdd RNA o 75%
DEPC-ethanol & Aol& & (FZo] A9 TRIzol 1 mL% 1 mL) 11,000 rpm ©lA] °F 5&
b QAR o Ao A pellet & 5~1083F AZXAZ 5 DEPC water 40 pL ol =94
spectrophotometer (260 nm) = 0.D.%tS =435l total RNA 9 3525 A3l ¢cDNA
Premix (Maxime RT Premix (oligo dT primer), Seongnam, South Korea) °] Y3 &%

total RNA & 717 5 ug A 21 AA &%) 20 uL ©] ¥ == DEPC-water & #H7}3F &
45C oA 60F-37F 95T oA 557F X2 sle] ¢cDNA & 3313t

(9) Semi—quantitative RT-PCR

Table 3. Primer sequences for semi—quantitative RT-PCR analysis

Sequences
Primers
Forward Reverse
GAPDH CAAGGTCATCCATGACAACTTTG QECCATCCACAGICTICTGG
CEBPa QCAGIGTACACGTICTATECT AGCOCACTTCATTTCATTGG
abP2 GACCTGGAAACTOGTCTCCA CATGACACATTOCACCACCA
NOX4 GAAQQOCATTTGAGGAGTCA GQGGTCCACAGCAGAAAACTC
(NADPH Oxidase4)
G6PDH OGATGECAGAGCAGGT GATCIGGTCCTCACG
Cu/Zn-SOD CAGCATGGGTTCCACGTCCA CACATTGECCACACCGICCT
Mn-SOD GOGTTAECTTGGETTICAATAAGGAA AGGTAGTAAGOGTGCTOCCACACAT
) GPx : CIOGGTTTOOCGTRCAATCAG GIGCAGCCAGTAATCAOCAAG
(glutathione peroxidase)
Catalase TCTCGCAGATACCTGTGAACTG TAGTCAGGGTGGACGTICAGTG
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cDNA ¢} AWAlx #3516t #Add F8 FdA (Table 3) 9 primer && 424 &3
% RT-PCR Amplification mixture & Z338}9] total volume ©] 20 pL ©] ¥HEFH 3o,
denaturation, annealing, polymerization @A S °F 30~35%] Wk&E3A A ¢35l DNA F-1-9]
ZZ 31t} o)W annealing <%+ primer © wEl Zbz AA == X3k RT-PCR At
55 #golsly] Y3t 5 ul & FHeke] 15% 3HH (agarose) gel oA A7|H &3 F EtBr
(ethidiumbromide) = @23t} X9 dFA]7] (transilluminator) & ©]&3ted T3 ¥ DNA

band & &<l 3% tF DNA band += image J program = ©]-83}¢] band intensity = 33}

2E A¥A9= SAS package (release 8.01)F ©]43l%] one-way ANOVA #4 33}
A Barghe] BAA 942 p<0.05 FEol A AR s
vh AEgol 71 2hg A4 AR EAL In vivo ZAAF AA 5 53

(1) A=

Ao AlgH wEe Fdn YA 201080 AuE FAE FAke] AR ATH
il FAE A 5 5ujge o A F 25T 9 AitHlolE el A 4417 FoF AFAzRl H
FES AAST T 1Y 48 15837 B3 E A4 AAAE] 7] (Mikrofarm, EasyGreen Co.,

o] 7U7F 18T ¢ oA Awistg et A 39 A3 T oLdR7] 23]
M MeJA HE] 7= 0.1 mM MeJA S 1<¢ 13 717t 100 mL & 2324
olm= EF3le] AHEgA o, MeJA, A3E 9 light ¥ X2l +% MeJA A2 A NaCl 10
mM 100 mL ¢} light & 4Ab&et 2 gfsto] wol & 544 a5t 8 A s
A3t Z7] o)ife FES dAadle] FA] -70C 9o 2ZA A3 o, 5248 dAdAs

FAAZ7] (TD5508 Freeze dryer, Inshin Lab., Co., LTD, Seoul, Korea) & o]&3}o] A

rlo

%33 blender (KA-2600, Kaiser, Korea) & %13t & 60 mesh %3¢ (850 mm?) ol E 34|
A AFZZ AR

AE 552 5799 Sprague-Dawley 7l 523 48v2] & F+< nlo]odH o2 Fy FoFvlo}
Ab& steel cage °l 1vtE]¥ A3l ow, F AMSE APALRR 15U o8] ARSEEA AL

= A¥x el ATl dA}EE aEe § HdILe 8vpgH 6w om YAtk AT
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APEE AFAAEY 2 AR AdT
2 AXAHET (Normal control, NC), AUtz (High fat control, HFC), H HAohz"
(Buckwheat sprouts control: SC), #l&# MJ+ (Buckwheat sprouts MJ: SMJ), =2
MeJA+NaCl+Lights™ (Buckwheat sprouts MJ+NaCl+Light: SMNL), ®W®% M] F&&
(Buckwheat sprouts M] extracts: SME) w22 w0 4537 AHAA AL 2 A8 7)7ho] A}
&3 A o]= Table 49 Zo] Azttt =, AFddETS S557]5 10%E FF3H, LA
ol SFEFVE 10%, #AA7E 10%, FE~HE 1%, sodium cholate 0.25%F i3}
= Aolof Az h dEA dixy, AEd MJ o, WEA MeJA+NaCl+Light w72 244
=3

g8 A7e] dlA 5% FArbaklal, WEA M] FEETS X

() BRe) 53, AW, A TA 24

Table 4. Composition (%) of experimental diet

NC HFC SC SMJ SMNL SE
Casein 20 20 20 20 20 20
DL-Methionine 0.3 0.3 0.3 0.3 0.3 0.3
Sucrose 10 10 10 10 10 10
Corn starch 50 38.75 38.75 38.75 38.75 38.75
Cellulose 0 0 0 0 0 0
Corn o1l 10 10 10 10 10 10
Lard - 10 10 10 10 10
Cholesterol - 1.0 1.0 1.0 1.0 1.0
Sodium cholate - 0.25 0.25 0.25 0.25 0.25
Mineral mix" 35 35 35 35 35 35
Vitamin mix” 1.0 1.0 1.0 1.0 1.0 1.0
Choline bitatrate 0.2 0.2 0.2 0.2 0.2 0.2
BS? Control - - 5.0 - - -
BS M]J - - - 5.0 - -
BS MeJA+NaCl+Light - - - - 5.0 -
BS M] extract - - - - - 1.3

VAIN Vitamin mixture (g/kg mix).” AIN-76 Mineral mix (g/kg mix).”BS : Buckwheat sprouts.
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nh. UPLC-Q-TOF MSE o|-§-3 v & 2| x4 o] 75 vyt Fo &3 vjAA L4

) AE 9 Am dHE
Az 3. vk AdoA ey s ALY G AL cold acetonitrile
HAAAZD & ARSI A AT gL FAA4%3 T external standardE 3333 = 20% W
o] G

UPLC-Q-TOF MSZ o]-&3F thAbA] 4 A

(2) UPLC-Q-TOF MSE ©]-&3 &% thabA &4
3 gAAE E43817] $18Fe] ultra performance liquid chromatography (UPLC)-quadrupole—time
of flight (Q-TOF)& AF&3F3ith UPLCel 42 ACQUITY UPLC BHE Cis column (1.7 uM, 2.1x100
mm)-& 0.1% formic acidE -3+ LC/MSE distilled water® equilibration? 71 3 A& 5 uLE& F43F
Atk AlEY elutione 0.1% formic acidE 3k acetonitrileE fellow rate 0.3 mL/min®.2 7] 05%
oAlM 90%7HA 183t HArd o F7AA FuA AFegith Z2E eluent= Q-TOFE ©[-83}
2439 Q-TOFE= ES—positive Z4A0A EA
voltages= 217 3.03} 30 kVo]al source <=9 desolvation <%=+ 47F 110%, 300%=°|9H, desolvation¥}
ZF 700 L/heF 50 L/h 2404 88tk precursor #2418 93 collision cell energy
= 4 VE AMEsIY o 84 FAA o< collision cell energy,% 10 Vol A 30 V2 A A& o

] 200 pmole leucines lack mass@ AFE3 T 249 542 elemental composition®. = &2-& 13}

mass spectrum= &+ o™ capillary @+ sample cone

screening ¥ ¥ online database (www. chemsider.com)®} WatersAt2] mass fragmentation softwareE

o] &3lo] 23} screening 3+ T

(3) Data analysis

ol thAFA profiles2 MarkerLynx (Waters, Milford, MA, USA) 9| 2]3}9] alignment 3}
A 3L external standard & ©]83l°] normalization 3 th ¥ A o] ¢ data = A EIFe] Ao
oF 1 Aolo| #AI= EBEAES TAHIN] 98t SIMCA-Psoftware version 12.0.1
(Umetrics,Umed,Sweden) & ©o]&3lo] t®HFEA RS AAEAT. Partial least-squares
discriminant analysis (PLS-DA) & AF£3}% 3L, Hotelling’'s T2 test = ZLHE Alo]g] Aol =
FAAoE BAE7] {5t ARSI oW 999% A FIHS HojuE outing Al RES
A Ao A AL A FH T PLS-DAY quality = 3719 parameters: R2X, R2Y, Q2Y & o] &3}
of 78kt R2 & model o] # ZHFEAE Be Aoy Q2 #& 458 + A= o9
S HAFE Aoz A& Model 9 overfit 55 &<13t7] 3} 7-fold validation ©]
AFEE 9™ model 9 A8+ permutation test (n=200) & E3le] &lsltt. ALA =9
mass intensities ¥ SPSS (2003; SPSS Inc., Shicago, IL) 9] analysis of variance (ANOVA)
¢} Ducan & ©|-&3}o] #£45ATh

N
o
iz
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1. B7] &4 AAEQ FA A @ Do} F AFALY =0 AA
7F A7l &M 49 AAAJ FA A 24 AA
(L A5 2 Hy =7

O FAE 20089 11900] ol =F PN FAT Ao FAR BF Aol Wby
=z}
=

O Az =7: olitatd g A= T4 10 goll 9viE H7lske] Aol Akl oer,

B
=
%

-1205SW1, Vision scientific Co., Korea) < o] &3dlo] Ztzteo] A3z

- 7}
Aoz (ARG R asst Axele] EFAL N B ALGE FLFRNA A

O olikstA Ao A& 50, 100, 200 ppm ¢ ¥E=2 X3 F7F 5, 10, 2087 F A

7_]
stdon Adxjg]e] 7L 45 50, 55C 9 LE= A3 & 5 10, 208-7F AX A g star).

z
L

dage] w2 ¥ JAAAD e FAL n A= Ao Ed= Fig. 2 o YEhiY. &
T2 ETe 22 AAHYE A7 oF 442 log CFU/g .24 7 A5 °oF 434 log

CFU/g & f4H8 3t Uehleh 348 9452 A9 & 4% & #& 238 23 9%
ol UE G =) vhehbd @kout A4 ALl we gass 4TS el

A4 200 ppm o] FRolA 2083 AEd A¢ oF 361 log CFU/g 2.2A4] tiz7-o H]s}to]
°F 1 log cycle ¢ #HA2E3HE Y e 100 ppm oA 2087F 28 dk 3= °F 3.77 log
CFU/g 224 200 ppm & AFSH 23E Yehd At
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Fig. 2. Effect of different time/chlorinated water concentration regimes on the populations of

microbial load on seeds.

All value presents the mean £ SD of triplicate determinations.

Aerobic plate counts (log CFU/g)
w

T T T T T T T T T
S5min. _10min. 20min. 5min. 10min. 20min. 5min. 10min. 20min.
45°C 50°C 55°C
Treatments

Fig. 3. Effect of different time/temperature regimes on the populations of microbial load on

seeds. All value presents the mean + SD of triplicate determinations.
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(b olaad s e
FAE ol MBALSE AP B F F e FA 2w AAALY kel g w59

AasteE 4¢SS YT (Fig. 3). A & F 7o Ao gas X AIZE 5800 A
200 277 oF 4.03 log CFU/g 2.2 92 AoaydE "oy A A3 105 o]
e e HEyT9 #5471 1 log cycle o] #H4dtE 43S Uebo] o]Akstd 24 50, 100,

200 ppm oA Zk7F oF 354, 3.36, 353 log CFU/g & vEHSAT) ot X 9]3)
100 ppm/20%-, 200 ppm/208 A2l 77F ztzk oF 3.26 log CFU/g, F 3.33 log CFU/g & &}
U Adrtd oz ojistg g AR Ao Ay anpd 58 dow yER

(th A2

TAE 45~55TC WA dFAeed & &
Ael el 2molA 523 A A thxzrst wAR & dE YERle] 55T/6R A
T7F °F 412 log CFU/g & Wetdiglon, 108 ol e Agexs & #59 Fas ve
el 55°C/20% Ag77F oF 372 log CFU/g & YEHA oY F #59 4= 1 log cycle
& 94 Xt

=X
o
B
o
o
iin)
&
y

&7
=

=
9
i
ful
=
vl

Aerobic plate counts (log CFU/g)
w

5min. 10min. 20min. 5min. 10min. 20min. 5min. 10min. 20min.

ClO, 50ppm ClO, 100ppm ClO, 200ppm

Treatments
Fig. 4. Effect of different time/aqueous chlorine dioxide concentration regimes on the

populations of microbial load on seeds.

All value presents the mean £ SD of triplicate determinations.
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ojitstd el ApA ] Hxdl o F o] Ao A= Fig. 5 o YR

FAL] ojxtE g gt AP Bt s @5 X nEe F aU)A A AR
H7F 53 Aoz eyt on, oliksd A4 100 ppm 2] E3FA 2 7F 50 ppm #Heo] H3H
glo] Blgte] FHor 3 AEHE HERHSIY. 53], o4kl A 100 ppm F =l
A= diZETrell vlske] ¢F 2 log cycle ¢ ¥ w9 FAFAHE YUEHA LY, 50 ppm =0
AE 2wt Aol 842 £ 759 #FAa%7 ol 50 ppm/45C/Smin A ol A of
362 log CFU/g = thx7o] Hldte] 1 log cycle ©]3S #AaA7]+= Aoz yepwtyy 3

50 ppm/50C/10min & &7 100 ppm/50°C/10min ] 8] 13= 242t °F 273 log CFU/g, °F 2.45
log CFU/g = thzx-o ngte] Z47; oF 39 ¥ 45% o] 7+t &35 Yehl Y (Table 5).

r:u

TTT

Aerobic plate counts (log CFU/g)
w S

0 T T T T T T T T
5min. 10 min. 5min. 10 min. 5min. 10 min. 5min. 10 min.
45°C 50°C 45°C 50°C
ClO,_50 ppm ClO,_100 ppm

Treatments

Fig. 5. Effect of time/temperature/aqueous chlorine dioxide concentration regimes on the

populations of microbial load on seeds.

All value presents the mean £ SD of triplicate determinations.
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Table 5. Effect on combined treatment of aqueous chlorine dioxide and hot water on aerobic

counts (log CFU/g) and germination rate in seeds

Treatment . . ..
Treatment time Aerobic counts (log CFU/g)D Germination

Chlorine water : 032
Hot water(C) (min) after treatment (%)

(ppm)
50 45 5 362 = 0517 98.25 + 2.47°
10 356 = 0.64% 9896 + 1.47°
50 5 320 = 0.55 97.08 = 0.92°
10 273 = 0.54° 97.40 = 0.74°
100 45 5 2.85 = 0.21° 9772 + 1.57°
10 269 + 0.53° 97.37 + 1.99°
50 5) 281 + 0.17° 08.81 + 1.68°
10 245 + 0.21° 97.09 + 0.82°

VValues are means = SD (n=3),
YPercent of seeds capable of germination after treatments.

“Values in the column sharing a common letter are not significantly different (p<0.05).
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(h Qas Aeo] e Wobs
FAel Qag Aol whe wolge WME 2 A3 Fig. 6 o Uit $AE
FReE AU AT Yol o 0% FEIUOY PaFE AF F Wohgo] of

91.61~95.92%E eI} A4 A wE Wolgo] WIE Holx &gt}

(mp) olitst A A Ao wE dolg
o] Ab3td 44 50~200 ppm FE W oAl wolge oF 92.21~96.36% W EA olxT-9

FARE g dERllel (Fig. 7), 945 ol sdase] Aeld] od wolge] Airiv 2

(A d5Agd wE wolg

shet el Aok gl 45~50T AAE F dob&e of 9365~97.08% = UE Tl
ol vEte] v FbEE A%E Bt (Fig. 8). W, 55C A5AEe] A dehgol
Nzrel Zbel olElA ks TS Bl 55T/20% A Al o 8496% =4 thaTel v
skl oF 10%9) @B el

_VE
lo
J
s
_VE
=
lo
e
e
L
fito
rlo

°F 97.07~98.95% =EA| thzx7-o] |3}
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Fig. 6. Effect of different time/chlorinated water concentration regimes on the germination

rate of seeds.

All value presents the mean £ SD of triplicate determinations.
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Fig. 7. Effect of different time/temperature regimes on the germination rate of seeds.

All value presents the mean £ SD of triplicate determinations.
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Fig. 8. Effect of different time/aqueous chlorine dioxide concentration regimes on the

germination rate of seeds.

All value presents the mean £ SD of triplicate determinations.
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Fig. 9. Effect of time/temperature/aqueous chlorine dioxide concentration regimes on the

germination rate of seeds.

The line indicates the 95% germination rate. All value presents the mean * SD of triplicate

determinations.
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(1) A= 2 Agzxd

TFE deder X FAE AAAL AR &0 "ol 25T ¢ A=A
(HB-303DH, Hanbaek Sci. Co., Seoul, Korea) oA 1¢ 23] 1083 M FE £5319 497
ARG T 2AE SFFE AFESIYleH, HEae oitst A4 200 ppm, citric acid
2.0% 9 glycerin 0.5% -8 AF&3F9th o|4ksld A4 citric acid ¥ glycerin X 2|7} & A9
Salmonella typhimurium 3F2:0] VA= G&a dolrsivt. Aol AAg9 S typhimurium ©]

Aoz oAdH TR x7] w5 F 7 log CFU/g & AA A

T A4

olxrstd g Aol 93 S typhimurium 2 w5 WIE Fig. 10 o YEHAT. S
typhimurium 9 w7 TRTFE AAS A7t oF 732 log CFU/g 24 5§ AHg+-9 ¢F
7.88 log CFU/g H.t} ¢F 05 log CFU/g #4ste Aoz yEyY. $AE o|ikstd A
28t 2 S typhimurium & w5E S A3 o]aksld A4 50~200 ppm & TEH A
A A e el vl ko] oF 0.55~1.08 log CFU/g o #a W9 E Yerdglo, ojitsdas
100 ppm ©]7%9 FxolA 724l ztol& YERH AT

S
s
2
Kot
n&

b o

o
o

H o

Salmonella typhimurium (Log CFU/g)

O T T T T T T
Control D.W. 50ppm 100ppm  200ppm  300ppm

Treatments
Fig. 10. Reduction of Salmonella typhimurium recovered from inoculated seeds after

treatment with aqueous ClO:z of various concentrations.
All value presents the mean = SD of triplicate determinations. Treatments were as follows: agueous

ClOz (10 min). Values not preceded by the same letter are significantly different (p<0.05).
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(3) Citric acid A #

Fig. 11 & citric acid®] A&l 93t S typhimurium ¢ B3k thale] e Sl
FAE 05~5.0% M FEoA citric acidE AH&|s & S typhimurium o 5E S 4
I, A Wee] sl 108 A A txTek B A TolA fo4 ZelE
Ebiar, 2 FAMHS w3 oF 1.60~4.17 log CFU/g ¢ &35 YehlSld. A s E 5.0%
ol 4 °F 417 log CFU/g o] #22 714 %43 235 Yehllo, 50%9 F5xoA A
e 5 FAY Wolgo] 50% olstE FAdte] AMRFEEAE FAHd Zlowm dAddun
Citric acid 2.0% H2ls=lM= S typhimurium ©] °F 2.89 log CFU/g 7} #Fadte] of4tkst
A 200 ppm A rt 48 AAE e

8
— a
2 T
S5
2 I
3}
o 61
o b
2 + c
5 I .
5, Il T
£ T
ﬁ e
IS Il
s {
T,
[
o
E
©
n

O T T T T T

Control 0.5% 1.0% 2.0% 50%

Treatments

Fig. 11. Reduction of Salmonella typhimurium recovered from inoculated seeds after

treatment with citric acid of various concentrations.
All value presents the mean * SD of triplicate determinations. Treatments were as follows: citric

acid (10min). Values not preceded by the same letter are significantly different (p<0.05).

(4) Glycerin A&

S. typhimurium = 19142 2 AAZ FAE 0.1~05% A wZolA glycerin® = Al
2Ask & S, typhimurium 9 #5E S A3} (Fig. 12), 0.1~05% 9 AHgsolA] dlx=+
¢} glycerin @5 A2 7-3ke] o4 2ol & YERA @Fgkot 05% wXRolA oA 2
o] % yEhHAL}. glycerin 05% 2} o]Atad a4 L citric acidebe] W a X oA glycerin
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05% = 1087 28 ¥ citric acid 2.0% & 10% 7 X3 371 gzl Hdte] oF 346
log CFU/g 7} #4392, glycerin 0.5%/°]4F8} 4 2= 200 ppm X 2] 77F thz7-ol u]3lo]
°F 213 log CFU/g #adte Aoz veid #H& Azt a5 A vlste 53 2348
Vet E Aoz sl

[«2]
o
o
o

HHo

o

Salmonella typhimurium (Log CFU/g)
S
= e

Control  Glycerin  Glycerin Glycerin Glycerin Glycerin
0.1% 0.2% 0.5% 0.5% 0.5%
/Aqueous / Citric acid
ClO, 200ppm 2.0 %

Treatments

Fig. 12. Reduction of Salmonella typhimurium recovered from inoculated seeds after
treatment with glycerin, citric acid and aqueous ClOa.

All value presents the mean * SD of triplicate determinations. Treatments were as follows: glycerin

(10min); citric acid (10 min); aqueous ClO2 (10 min). Values not preceded by the same letter are

significantly different (p<0.05).

(5) o]itsld &4=9} citric acide] Y8 3P ]

oAbzl A~ 49} citric acide] WX ol o3k S typhimurium w5 HABHE A3
A= Fig. 13 o] Yehlidch WHaxe] 0oz ojistd a4+ 200 ppm & ARE3HS o,
citric acidi= 1.0% <} 2.0% = A3t} ol4hetd 449} citric acide] WA 2] A S
typhimurium 5% °F 1.35~2.12 log CFU/g 9 #4AE YEMURITE 1 5 citric acid 2.0%/
o]Absl A 200 ppm M Al °F 3.82 log CFU/g 2.2 7} 53 &35 vehdo], o4t
3l 4 d5AEHY 9F 1 log cycle o] #AAEFHE H Yo citric acid @538 2 FAF
gAY e s YEhASLT
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Fig. 13. Reduction of Salmonella typhimurium recovered from inoculated seeds after

treatment with citric acid and aqueous ClOs.
All value presents the mean * SD of triplicate determinations. Treatments were as follows: citric
acid (10 min); aqueous ClO2 (200 ppm for 10 min). Values not preceded by the same letter are

significantly different (p<0.05).

(6) oAkl A<= citric acid ¥ glycerin #5=*] g

o] AFE} Y A7, citric acid ¥ glycerin &5 8l 7F A B4~ 2] Salmonella typhimurium 2
ool v A= Qe Lol kvl Salmonella typhimurium S S19A o7 2 AXNZ A4S
A W FFRA o|AE Y A4, citric acid ¥ glycering @R AH]E QA9 S
typhimurium w5 A2 7ol w} wiwsgivt (Table 6). A#bs vgd ddrs FALS
U A o]g3te] AuiE =AM S typhimurium 57} °F 750~8.18 log CFU/g =
vebukth RS SRR Al A S otyphimurium =71 9F 818 log CFU/g & e
ow, 71 gt 4 79 oA AR FAAM A F citric acid 2.0%/0]4FE A4S 200
ppm & #HFE QG A-rF Egel vlEke] of 1 log cycle #HAdtE Ao E UErEY &

Lol S, typhimurium 4 SAAE ALEE AHElFpHt #eZ AF8d HElgd ¢

_93
=
1=

FS W= Ao R ey, AFREA SHFE AFRS 79 B3FEA] citric acid 2.0%/9]

g 200 ppme A oke] 7oA AolE HERIT

2
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Table 6. Detection of Salmonella typhimurium in association with sprouts grown from seeds

with different sanitizer

Washing treatment”? Irrigation treatment”’ Population on Spl’OUtS4)5)
Distilled water Distilled water 818 + 0.08
Citric acid 2%/Aqueous ClOz 200 ppm 734" + 0.15
Aqueous ClO2 200 ppm Distilled water 833" £ 0.05
Citric acid 2%/Aqueous ClO2 200 ppm 7507 + 0.09
Glycerin 0.5%,/ Citric acid 2% Distilled water 867" £ 0.08
Citric acid 2%/Aqueous ClOs 200 ppm 792" + 0.18

1)Washing treatment: inoculated seeds were treated with different sanitizer and treated with distilled
water.

YTreatments were as follows: distilled water (10 min); aqueous CIOs (200 ppm for 10 min); citric
acid (2% solution for 10 min); Glycerin (0.5% solution for 10 min).

S)Irrigation treatment: were treated with different sanitizer and treated with distilled water during
sprout growth.

“Values are mean + SD (n=3).

IValues expressed as log CFU/g.

“Values not preceded by the same letter are significantly different (p<0.05).

2. AR S50 s TALE Y3 AA elicitor A ¥ &3
7V 7159 A & WAL J|eA $A &2y
(1) AE AHY

oA W EgolA 2008de AR FAE Ykl AAAE

H
EasyGreen Co., MA, USA) & o]&3le] 1¢ 43 (1583 5325 AA

_

7] (Mikrofarm,

A7k LA

2
L
~J

LooA AAANAY. AF T 7T (o]AEFA A 200 ppm, citric acid 2.0% 2 glycerin
05%) & ARg3le] Awfsladel. A28+ Control: Distilled water 3 2]+, A: Distilled water
— Citric acid 2.0% / ©]2t3-9 4% 200 ppm, B: o423} 4% 200 ppm — Citric acid 2.0% /
o|2ke}d A4 200 ppm, C: glycerin 0.5% / citric acid 2.0% — Citric acid 2% / ©]2F3}d A<=
200 ppm A= &35
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(2) a-Amylase A 324

a-Amylase AsfAl= Lol A& 455 Adgto] 29

o
o]
&
il
)
2
=
Y
o

=
AEe HYdle A 5 53 ©dig
proanthocyaniding o © Wzrsltiar B ausdeh wels] 2 QFoAE 7| 5FE BFEA 7
435S uf YElE ¢ = a-amylase A EAH ] WS E HIsla ol & o &
Z2e A7 Fig. 14 oA ¢k o] tlx7 (Control) o W3t As|&Ade] F F7hshe Ao
el e, 1 F B A T7F ol 100% ©)/de E457HE e A Th

i)

47 x4 HHo® o]&HT a-Amylase AsEdS 2

50

40 A

20

a-amylase inhibition ratio (%)

O T T T
Control A B C

Treatment

Fig. 14. Effect of inhibition on a-amylase (%) by ethanol extracts from functional water
treated buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Washing treatment: Control: distilled

water, A: distilled water, B: aqueous ClO: 200 ppm, C: glycernin 0.5%/citric acid 2.0%. Irrigation

treatment: Control: distilled water, A: Citric acid 2.0% — aqueous CIOz 200 ppm, B: Citric acid 2.0%

— aqueous ClO2 200 ppm, C: Citric acid 2.0% — aqueous ClO2 200 ppm. Treatments were as

follows: distilled water (10 min); aqueous CIQs (200 ppm for 10 min); citric acid (2% solution for 10

min); Glycerin (0.5% solution for 10 min).
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(3) a-Glucosidase #] &l &4
a-Glucosidase As]&A S =43 Ay Fig. 15 & o] A 5T 2 2ol E e
2] ki), olE= UwHe B4 ES duHZ B e5see Asle) T4 9SS F

= AoE Jsae A JA AR F 485 5ad B4 we dE 9L F

100

80

60

40 -

20 A

a-glucosidase inhibition ratio (%)

O T T T
Control A B C

Treatment

Fig. 15. Effect of inhibition on a-glucosidase (%) by ethanol extracts from functional water
treated buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Washing treatment: Control: distilled
water, A: distilled water, B: aqueous ClO: 200 ppm, C: glycernin 0.5%/citric acid 2.0%. Irrigation
treatment: Control: distilled water, A: Citric acid 2.0% — aqueous CIOz 200 ppm, B: Citric acid 2.0%
— aqueous ClO2 200 ppm, C: Citric acid 2.0% — aqueous ClO2 200 ppm. Treatments were as
follows: distilled water (10 min); aqueous CIQs (200 ppm for 10 min); citric acid (2% solution for 10

min); Glycerin (0.5% solution for 10 min).
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(4) ACE A<
ACE A3 &= Fig. 16 o yvebd A o] thzvok FARE F3FS velkd A 32
79 B Aok 28 C AgTelA= v &

S FHAA sodium 9] M-S HAFORA S vHFol F= Fady a9E A
al

=

&

Wi oA dbd SREY 2 2B Yk Ao 2

80
S
L2 60 - T
£
o
c
[
g I |
x
._g 40 T J_
<
£
1]
<
20 A I
0 T T T T
Control A B C

Treatment

Fig. 16. Effect of inhibition on ACE (%) by ethanol extracts from functional water treated
buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Washing treatment: Control: distilled

water, A: distilled water, B: aqueous ClO: 200 ppm, C: glycernin 0.5%/citric acid 2.0%. Irrigation

treatment: Control: distilled water, A: Citric acid 2.0% — aqueous CIOz 200 ppm, B: Citric acid 2.0%

— aqueous ClO2 200 ppm, C: Citric acid 2.0% — aqueous ClO2 200 ppm. Treatments were as

follows: distilled water (10 min); aqueous CIQs (200 ppm for 10 min); citric acid (2% solution for 10

min); Glycerin (0.5% solution for 10 min).
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(@) % Hs g
% dl% WEE Fig. 17 949 2o] ACE A8l @43 2& 4%S Uehlel B A7
7} 2307 mg/g = %7 UEbom, AS C AT gzl ushe] v g vhehliglvk

AEAoR 4 /b AYe B AUSYA /% AL B 0 B Aot by e A
g A5 2 Aoe eI glon 1 Aol wHd Aow wejdn

30

25

i

N
o
1

Total phenolics (mg/g)
3 o

0 T T T T

Treatment

Fig. 17. Changes of total phenolics contents (mg/g) by ethanol extracts from functional

water treated buckwheat sprouts.
All value presents the mean * SD of triplicate determinations. Washing treatment: Control: distilled
water, A: distilled water, B: aqueous ClO: 200 ppm, C: glycernin 0.5%/citric acid 2.0%. Irrigation
treatment: Control: distilled water, A: Citric acid 2.0% — aqueous CIOz 200 ppm, B: Citric acid 2.0%
— aqueous ClO2 200 ppm, C: Citric acid 2.0% — aqueous ClO2 200 ppm. Treatments were as
follows: distilled water (10 min); aqueous CIQs (200 ppm for 10 min); citric acid (2% solution for 10

min); Glycerin (0.5% solution for 10 min).
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Table. 7. Changes of phenolic compounds composition by ethanol extracts from functional

water treated buckwheat sprouts.

Content (Area %)" Content (ug/g dried compounds)”

SampleSZ)
Homoorientin Orientin Unknown Rutin Vitexin/Iso

+
+
+

Control 178614 + 16263 97060 + 19586 19902 + 437.69 641 = 10.58 24102 + 17.14

A 152540 + 685,89 83162 + 162.63 18118 + 481.53 090.1 £ 9.67 21769 + 146
B 174705 + 30476 95684 + 422.84 20412 + 436.28 655.0 £ 7.02 2390.7 £ 1667
C 169923 £ 4596 87261 + 31819 19530 + 42567 6136 £ 2.99 22730 £ 1224

UValues are means * SD (n=3).

2)Washing treatment: Control: distilled water, A: distilled water, B: aqueous ClO2 200 ppm, C:
glycernin 0.5%/citric acid 2.0%.

Irrigation treatment: Control: distilled water, A: Citric acid 2.0% — aqueous ClO2 200 ppm, B: Citric
acid 2.0% — aqueous ClO2 200 ppm, C: Citric acid 2.0% — aqueous ClO2 200 ppm.

Treatments were as follows: distilled water (10 min); aqueous ClO:2 (200 ppm for 10 min); citric acid

(2% solution for 10 min); Glycerin (0.5% solution for 10 min).

. MSM A glo wE WART)EA4e Ve 5 W3

(D A=
oAl W EHolA 20089l AviE EAE skl A 7] (Mikrofarm,

EasyGreen Co., MA, USA) & o]&3lo] 1¥ 43 (1587 EF3ns AAH3 & 747 43
2o AHAIAY. A4 F abiotic A ElZA4 MSM S 0.05, 0.1, 0.2 ¥ 04% 9 s&= 1¢

13 100 mL A b o =z EF350h

(2) A&+ EA

MSM Aol 9)st Wdx7|Ealxe Alddd 54 was 4 d3= Fig. 18~21
I 2o} a-Amylase Asf&de] A+ Hg wx9 Tt we} gasE A4S YUERN S
™, 400 mg% H#sEAA = diEzTol Hlske] oF 40% o|3tE HadtE Ao E uEwth v
W, a-glucosidase A& A% A7t dlxel nlste] Fdd oz Frbshe AdeS o
Bl on HEls % 50 mg% oA 71 Ee A A YEtddth F vl FEeA® 50
mg% HEE=E T/t on], 1 olF o] oAM= HAAshE AEES vEY 400 mg%

Ae ol el vlskel ok 20% o)} Wk
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Fig. 18. Effect of inhibition on a-amylase (%) by ethanol extracts from MSM treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 19. Effect of inhibition on a-glucosidase (%) by ethanol extracts from MSM treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 20. Effect of inhibition on total phenolics contents (mg/g) by ethanol extracts from

MSM treated buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 21. Effect of inhibition on ACE (%) by ethanol extracts from MSM treated buckwheat

sprouts.

All value presents the mean £ SD of triplicate determinations.
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(3) Individual phenolic compound
MSM A &lo] 2Jsk wWE@#e] individual phenolic compound ¥W3}E ZALSH7] 8]
UPLC & #2413 ZA3} Table 8 oAl ¥%o] 47§19 & £ (homoorientin, orientin, rutin,

vitexin/isovitexin) ©] % TAHYNSH MSM Aol 93] individual phenolic compound

profile ¢ W37} AZHA 53], 4712 54D EAE T vAd 7|5AHS 23 g Ao
= 4ed Fde] gke] MSM £ A edhA &2 controlel Hlell MeJA 2] A &8 7t

3= Aoz yEstow, thE compoundol A= -2 A Q1 Apol vt BEEH A e gkt

Table 8. Changes of phenolic compounds composition by ethanol extracts from MSM

treated buckwheat sprouts.

Content Content
MSM (Area %)" (ng/g dried compounds)”
Conc.
Homoorientin Orientin Unknown Rutin Vitexin/Iso

+
+
+

Control 166421 + 1157.5 90922 + 37406 17577 + 210.01 5661 + 095 23037 £ 0.19

+

+
+

90 mg% 186578 + 1008.3 102117 + 22344 20094 + 60952 6400 + 2.09  2462.6 + 3.77

+
+

+
+
+

100 mg2% 176286 + 1911.3 96621 + 692.96 19634 + 47234 6266 + 540 23386 t 5.02

+
+

+
N
N
N

200 mg% 166142 + 1749.3 91429 + 569.22 17665 + 259.50 6000 + 1.18 21446 + 10.18

+
+
+

400 mg% 157830 + 1335.0 87008 + 356.38 10706 + 431.33 5793 + 1.78 18635 + 6.22

+

VValues are means = SD (n=3),
o FJ1EA Ao g w AR AL Ve EAF WE 0

1) A=
HoAde wwe Bgoal 20089 AulE FAE FYste] ARAE] 7] (Mikrofarm,
EasyGreen Co., MA, USA) & o]&3le] 1¢ 43 (1583 5325 AA S

57

SEo A AEAHTE 4% T abiotic A ZA WlZT= lactic acid 0.1% 71=AF A2 T= 30

by

a4A

o
o
B

cps 0.1%, 30 cps 0.2%, 64 cps 0.1%, 64 cps 0.2% ¢ 5% 14 13] 100 mL & #7138 o=
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Fig. 22~
25 o YAt 2724 lactic acid 100 mg% s %o #FE A5 7| B4R lactic
acid 100 mg% < §wlol =of #TF=E ARtk a-Amylase Aol o)A 7| EALS]
FaFe Ao gl Ao R e om 30 cps & 60 cps AFeldl A= 30 cps 7 EAMY] A& E A
of v =A vEta lent Fo48 ] abel= yERUA @kt whd, a-glucosidase

A @Al gAA 30 cps 71 EAF e F9 60 cps ) EAF 100 mg% FRoIA ulFTo] v}

80

60 -
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20 A

a-Amylase inhibitioon ratio (%)

Lactic acid LA100mg% LA100mg% LA100mg% LA100mg%
100 mg% + + + +
30cps 30cps 60cps 60cps
100mg% 200mg% 100mg% 200mg%

Treatment

Fig. 22. Effect of inhibition on a-amylase (%) by ethanol extracts from chitosan treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 23. Effect of inhibition on a-glucosidase (%) by ethanol extracts from chitosan treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 24. Effect of inhibition on total phenolics contents (mg/g) by ethanol extracts from
chitosan treated buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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ACE inhibitioon ratio (%)

Lactic acid LA100mg% LA100mg% LA100mg% LA100mg%
100 mg% + + + +
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100mg% 200mg% 100mg% 200mg%

Treatment

Fig. 25.Effect of inhibition on ACE (%) by ethanol extracts from chitosan treated

buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.

Table 9. Changes of phenolic compounds composition by ethanol extracts from chitosan

buckwheat sprouts.

Content Content
(Area %)" (ug/g dried compounds)”
Homoorientin Orientin Unknown Rutin Vitexin/Iso

+

LA 100 mg%Z) 175644 + 2131.2 96095 + 760.13 19025 + 454.66 599.0 = 2.69 2311.0 + 20.31

+
+
+

30 cps 100 mg%S) 205260 + 17932 112997 + 63639 21200 + 529.62 796.0 = 0.22 2614.8 + 15.29

I+

30 cps 200 mg%S) 192735 + 15471 106006 + 504.16 19370 + 35567 7733 = 0.04 24605 + 10.25

w

+

60 cps 100 mg2% 176541 + 669.6 96851 + 668.21 18636 + 521.84 6387 = 3.44 2302.2 + 10.11

+
+

60 cps 200 mg%S) 163909 + 836.71 90287 + 418.60 16949 + 357.79 6275 = 0.46 2093.8 + 7.30

VValues are means = SD (n=3),
Lactic acid 100 mg 2.

“Chitosan concentration.
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(3) Individual phenolic compound

F|E4E Aol 93k WAl individual phenolic compound W3S ZAFSLZ] 981
UPLC = #2413 d3} Table 9 4] individual phenolic compound profile] W37} #2=] ¢
th B3], 4719 SAE BALS 2= Feo Wyl /b =4 el 99, homoorientin
7} orientin ¢ W3t% A At 30 cps 71 EAF HET7F 60 cps 71EAE A @ ol v]ske] )
*3 T7HE UEllE Ao® vEut.

g AL Aol e AR/ EALY 5 B4 W 1

(1) A=

oAl W oAl 2008l AvE FAE FYske] AR 7] (Mikrofarm,
EasyGreen Co., MA, USA) & o]&3le] 1¥ 43 (1587 EF3ns AAH & 743 43
Lo A AAAAT A F abiotic B EA J|EAF A g T lactic acid 0.05%, 30 cps
0.05%, 30 cps 0.1%, 30 cps 0.2% 2 v== 1¢ 13 100 mL & 78 oz #5731

-1

(2) BedAd4 54

30 cps 71=ARES AP wEAV|FALe] Aeddd Ao W A= Fig. 26~29
of vebt A3} o] a-amylase A& A dZTo] ¥t lactic acid &7} lactic
acid @ 7|EAF A FolA BF =rletE Ao 2 eyt £33, lactic acid ©E A 2] 7o) A
M Ee AdEds dErdidlew, JEAE ko] ke
b a-glucosidase A @ &4 2] A-$ lactic acid @5 X Tl 713 e AsjgEAS e
Row, FEAY] FEFe] FUMEFE A @Ado] FolAE AFS v, 7]EALE 200
mg% A e7= txTol vlste] oF 8% oY FUlete ACE UuWTh T dHle e Af
71EAE 200 mg% HYTE A me Aol Al AolE UEhi A @dv 7] B4
200 mg% &= AP TolAM = F dEm o]l oF 20% ol FUtekE Aow UE

1

s
4

b

=
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Fig. 26. Effect of inhibition on a-amylase (%) by ethanol extracts from chitosan treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 27. Effect of inhibition on a-glucosidase (%) by ethanol extracts from chitosan treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 28. Effect of inhibition on total phenolics contents(mg/g) by ethanol extracts from
chitosan treated buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 29.Effect of inhibition on ACE (%) by ethanol extracts from chitosan treated

buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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(3) Individual phenolic compound

FIEAE Aol 23 9@l individual phenolic compound W3E ZAFEL7] § 3514
UPLC = #43% 23t Table 10 o Yebliglon, 71 5 Frlo gifo] A2lekel F7hl
ue} FUbelE Aoz yElRyT o] A9 %k individual phenolic compound profile ¢ W 3}i=
e A ook

Table 10. Changes of phenolic compounds composition by ethanol extracts from chitosan

buckwheat sprouts.

Content Content
(Area %)Y (ng/g dried compounds)”
Homoorientin Orientin Unknown Rutin Vitexin/Iso
Control 153177 £ 14354 83195 + 51123 17730 £ 31607 5789 = 0.04 2310.3 £ 9.83
LA 50 mg%Z) 140074 £ 11773 75969 = 37193 16756 = 51477 5348 = 2.33 21406 £ 794

+
v
-

30 cps 50 mg%~ 143070 + 980.9 77473 = 28496 18183 = 29344 5800 + 484  2299.7 = 15.79

+
+

30 cps 100 mg%” 151001 + 875.3 82365 = 26657 17224 = 397.39 5497

H+

1.64 21881 = 775

+
+

30 cps 200 mg%”~ 153478 + 6724 83532 = 20364 18991 = 35638 6112

H+

568 23578 £ 1341

VValues are means = SD (n=3),
Lactic acid 50 mg2%.
YChitosan concentration.

1) 474 54 2 Vs8R 3

Oligo—chitosan A 2lo] 23 WHAA7|ZA 20 A SN Ve E e HsE A4y
2 ZA3E Fig. 30 3 2ol dAR7| 549 Aol oligo-chitosan = |l weba] A7 A
=7t FadE Aoz Yewth A v% 005% 7A= dEzget A 43S el
U 0.1% olde sxodAE o4l Aol7l YERITE 7leAd AdE %2 phenolic compound
ol ol e AmEA T dE FEFE A Z3E Fig. 31 3% o] iz w13t
o] oligo—chitosan A gle] ¢t @& el Ao = iy ddy AE w29 F7hel o st
BEe WEHZIEY, 05% ol sRolA F Hm FHe S FEEHAA UEuth
0.1% o3ste] wwel s 79 fFAe A3E Yehlid o) 05% o) Al olA=
tz=moll wmlste] of 309% ol&e] F7HE UEtdlE ZAew uEreth uvwh 05% ol4e] A e
s E WEAVEFANAE Aol FRlgA Aase EAol wAld yEY A4 &89 S

ol A= AL ojof d Aoz Ay

-
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Fig. 30. Effect of inhibition on total phenolics contents (mg/g) by ethanol extracts from
oligo—chitosan treated buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 31. Effect of inhibition on growth length (cm/ea) by oligo—chitosan treated buckwheat

sprouts.

All value presents the mean £ SD of triplicate determinations.
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vh. COz Aol & WARA7| 49 7sAd 54 s

(1) A=

= Ado wde BHo|Al 2008 AulE FAE FHskel AFAE] 7] (Mikrofarm,
EasyGreen Co., MA, USA) & o]&3le] 1¥ 43 (1587 EF3ns AAH & 743 43
CEo A AGAHTY. 4 F ostress HBEA CO2 gas AT E 4, 8 16 & 2443 A3k &
A vl &k sA et

(2) BedAd4 54

CO: Aol ofg wdA7| S0 Aedds EdWste] ek A= Fig. 32~35
ERIATE CO: Aol 9§ a-amylase Ad| &4 A2l Agte] F7lgel wea gasle 4
& YEhA oM, aglucosidase A A BT A A 7ke] Fobel w2 &4 FUFE UER
A okh Wb F odlE kel B¢ ANIITEA AT 8A1%E o] § vl ke A
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A s g amylase ¥ glucosidase A3 &4 3e] Aol gl ALz Holu ACE

Asf g maker vkl & Wl {Fo24<Q FEAdS dEa 3l Aoz AdEH AT
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Fig. 32. Effect of inhibition on a-amylase (%) by ethanol extracts from CO. gas treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 33.Effect of inhibition on a-glucosidase (%) by ethanol extracts from CO: gas treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 34. Effect of inhibition on total phenolics contents (mg/g) by ethanol extracts from CO2
gas treated buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 35. Effect of inhibition on ACE (%) by ethanol extracts from carbon dioxide treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.

Table 11. Changes of phenolic compounds composition by ethanol extracts from CO; treated

buckwheat sprouts.

Content Content
CO, (Area %)" (ng/g dried compounds)”
treated time
Homoorientin Orientin Unknown Rutin Vitexin/Iso

Control 96090 + 564.9 53297 + 60.81 14929 + 280.72 3455 £ 3.96 1552.0 + 0.22
4 hr 89820 + 166.8 50323 £ 7.07 13250 + 25243 2931 £ 0.4 14619 + 481
8 hr 129280 + 1096 71162 + 150.61 18551 + 536.69 0272 £ 043 23914 + 9.87
16 hr 148887 + 5381 80012 + 6646 20444 + 263.75 o89.2 = 0.31 20825 £ 431
24 hr 1655534 + 1852 84182 £ 11455 20924 + 206.47 092.9 £ 0.87 28334 + 843

UValues are means + SD (n=3).
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(3) Individual phenolic compound

COs Ao 93k wWEdx9] individual phenolic compound W35 ZAFE7] ¢3ke] UPLC
= 4% 23 Table 11 o Yetdv 4718 4| =25 & Frlo e Wiy a4
AL AXNZE Aol A vha stob o) o] 5 thA] kel SRR AT Vitexin/iso

2o AdEs Yo, 2] individual phenolic compound oAl A}

Ju

L PR = K i B s o = B B B B e I

(D A=
oA W EgolA 2008de AR FAE Ykl AAAE

_

7] (Mikrofarm,
EasyGreen Co., MA, USA) & o]&3le] 1¥ 43 (1673 #F35® A%

O_I_/
o

T 793 44

Lo A AAAATE AH F stress B EA N; gas HHE 4, 8 16 E 2447 A
A vl 3} A T}

o
ol

O DEPERES
Ny Aol e quAgse AeadA SR U@ 2 Fig. 36~39 o vhehy)
9t a-Amylase ASEAS A AelALe] Fotl wep A8 FHo| Aashs ATE U

ER Sl O™, a-glucosidase A3l &2 47 3E A efoll A= Asfdde] HAasalvhrl A g 3tol

Z7kol oal A As Aol tha el AL, 24412 A2l Al 81.79% =4 thETol wlEte]
o ke UeEhgT & Tl ke e 4A7Fel A tha A al A A7 24X 7hol A =

7VelhE dde Bo| a-glucosidase A& AN FaFe UERHAT ACE A el 27 3t
wstel B W a-glucosidasest ¥ A Fae) Wyt F@Aol = Aow FBdH A

=

- 114 -



80

60 -

40 A

a-Amylase inhibitioon ratio (%)

0 T T T T
0 4 8 24

N, treated time(hr)

Fig. 36. Effect of inhibition on a-amylase (%) by ethanol extracts from N: gas treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 37. Effect of inhibition on a-glucosidase (%) by ethanol extracts from Nz gas treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 38. Effect of inhibition on total phenolics contents (mg/g) by ethanol extracts from N-

gas treated buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 39.Effect of inhibition on ACE (%) by ethanol extracts from nitrogen treated

buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Table 12. Changes of phenolic compounds composition by ethanol extracts from N

(3) Individual phenolic compound
No X &el 93 wdxe] individual phenolic compound W3S FAFE7] 93] UPLC

vitexin/iso & SFro] X8 44 7k

Iz =%

#2438 A3} Table 12 o YelySlth 49 =2 &
U At urt o] &= FUtekE A4S UERUO] 24413F A S A= gzt Bl 5o
6% =7}3tx= Aoz ey o o] 99 individual phenolic compound ¢ W3y #zhy]

treated

buckwheat sprouts.

Content Content
N, (Area %)Y (ng/g dried compounds)”
treated time
Homoorientin Orientin Unknown Rutin Vitexin/Iso
Control 164316 + 372.6 90926 = 0.70 24428 + 827.31 6595 = 1599 2862.3 + 8.83
4 hr 144193 + 3535 79956 £ 2064 19387 + 769.33 536.0 £ 2.07 25256 + 13.39
8 hr 177795 £ 93437 94934 = 5656 23342 £ 691.55 6348 = 2.64 20574 + 631
24 hr 185457 £ 97092 99126 + 20152 24208 £ 681.65 6164 £ 1.26 3031.8 + 875
VValues are means = SD (n=3),
AL UV Age mp& wdR7)| A4 764 54 W
1) A=
2 Ade dde FHolA 2008We] AulE FAE FLst] ABAREN7] (Mikrofarm,

EasyGreen Co., MA, USA) & o]&3lo] 1¥ 43 (1587 EF3ns AAH3 & 747 43
ZLo A AEAFAT A F ostress HEZA] EXTF Tol £ 447F 19 1024 UV & A&

(e}

7]

ol wek A¥W, BE, CHoz 7E3to] A oH, 7¢

=

54 B4E A,
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(2) BEEP4 54

UV Ao 2 ddx7] x40 Ay vt digt 23= Fig. 40~43 o teR
Art. a-Amylase As&de] A¢ UV-B A FeA 714 2 As@ds ehdddth
UV-B AHg7& dtizxTgol Hste] of 60% ol F7lske Aoz veigon I tpgo=
UV-A HE]77F #A vebsdth v, UV-C A 7= vzl B8t Fashs 202 Ve
5Tt a-Glucosidase A& el ¢ UV-B & UV-C A4 tha F7tstes Aoz 1
Eskon, UV-A A e #aste Aoz vevia glov fo40 zols vehtbA] sk
o T He Y A UV-B AT 7P 9 #hE dEhSaL, thxTtel ulske] of
30% ol #AastATth dAwbd oz UV Ao e F #Hle o] Faste Aoz vy

X

= olell ek o] 4AlFd FEV 28 Ao ddd)
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Fig. 40. Effect of inhibition on a-amylase (%) by ethanol extracts from UV treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 41. Effect of inhibition on a-glucosidase (%) by ethanol extracts from UV treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 42. Effect of inhibition on total phenolics contents (mg/g) by ethanol extracts from UV
treated buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 43. Effect of inhibition on ACE (%) by ethanol extracts from UV treated buckwheat

sprouts.

All value presents the mean £ SD of triplicate determinations.

Table 13. Changes of phenolic compounds composition by ethanol extracts from UV treated

buckwheat sprouts.

Content Content
(Area %)Y (ng/g dried compounds)”
Samples
Homoorientin Orientin Unknown Rutin Vitexin/Iso

Control 185410 + 1895 101490 + 270.1 19747 + 52891 652.8

H+

4.06 25839 £ 515

UV-A 182946 + 145.6 99821 + 2029 20280 = 808.93 60509 = 2.21 26422 £ 10.77

Uuv-B 175916 = 10486 96312 = 780.6 20068 + 52891 616.5

H+

0.35 2441.0 £ 2051

+
+

uv-C 194571 + 506.9 106744 + 7495 21691 = 714.17 681.1 £ 2.85 26714 £ 631

VValues are means = SD (n=3),
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o}. Methyl Jasmonate X 2o w2 wARAIZ A 459 7|sA EA W3

O

1) A=
2 Ade wEde BHolA 2008 AulE FAE FYsd AAAH 7] (Mikrofarm,
EasyGreen Co., MA, USA) & o]&3le] 19 43] (15 &1 #+F3te%E A3

2o AFAHY. AA S abiotic A7 24 MeJA = 0.1, 05, 1
Y 13] 100 mL & H7pA o=z #7319t iR S 4Ae P T3S ALst 7049
Fag Add & 70T 9 E4dA4 43 § FAWAXVE olg3teo Hx3a

blender(KA-2600, Kaiser, Korea) = %318t % 60 mesh (850 mm®) ZZ=d BN A F=
A B E ARSI

(2) BedAd4 54

Methyl Jasmonate =2lol o]gh w7 FA]40 Ae&dd 54& AN das
AA~AT7 3} 2 a-Amylase Al o] A iz gt AHesrrt S7He
= A%S YERdo] 20 mM s=oA A A 122 FAs ) kA, a-glucosidase A & &
A2 A wR Tt oA AsEd s o] FUkekE ASE UEL, a-amylase A3l
A3t gt AaE UEdidde & ds g A Adsnrl SUrEsE o gkl 30%

AES YY), & dHE &3 a-glucosidase A &A= ko] iAol

vERUAL gl o, a-amylase A& B 59 AAAEESE HEUE ASE et
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Fig. 44. Effect of inhibition on a-amylase (%) by ethanol extracts from MeJA treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 45. Effect of inhibition on a-glucosidase (%) by ethanol extracts from MeJA treated
buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 46. Effect of total phenolics contents (mg/g) by ethanol extracts from MeJA treated

buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 47. Effect of inhibition on ACE (%) by ethanol extracts from MeJA treated buckwheat

sprouts.

All value presents the mean £ SD of triplicate determinations.
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(3) Individual phenolic compound

MeJA Ao 23t Wl #e] individual phenolic compound W35 ZAsH7] 8]
UPLC & #2138 43} Table 14 oA HEo] 471 F 8 &2 (homoorientin, orientin, rutin,
vitexin/isovitexin) ©] %% HAFHA S MeJA Hzlol 23 individual phenolic compound
profile ¢ W37l #AHAY. £3], 4719 $4E =HE T WIS 7ed e 2 d= Ao

2 2yl Feof o] MeJA & HEghx &2 thx7 (Control) © Wl MeJA | A

3] =71ste] 2 mM MeJA 8] F-ol A= oF 529% Z713F v+ U A phenolic compound
o 5= & Wyt dEE A ko)

Table 14. Changes of phenolic compounds composition by ethanol extracts from MeJA

treated buckwheat sprouts.

Content (Area %)" Content (ug/g dried compounds)”
MeJA

Conc. Homoorientin Orientin Unknown Rutin Vitexin/Iso

Control 150017 £ 2757 82015 + 48648 18432 + 508.91 290.6 £ 10.09 21675 £ 092

174746 +
0.1 mM 7750 96013 + 570.63 23088 = 665.38 8234 £ 1142 23993 £ 112
.
154309 +
0.5 mM 299.43 80003 + 224.85 19727 + 473.05 7079 £ 152 2084.1 £ 263
90319 =+
1.0 mM 164399 + 15169 7903.80 21415 = 2860.2 809.2 £ 71.00 22082 £ 172.88
20 mM 168524 + 1597 92506 = 17960 22854 = 675.28 8957 + 4.65 2302.3 £ 449

VValues are means = SD (n=3),

3. &5 elicitor A&l & WAAY|FA 29 T2 54 W3

7}. Methyl Jasmonate # 2] o2 AR EA] 40 F4 EA W3}

(1) Methyl Jasmonate &% xgd] & F4 EA w3z}

oh A=
oA wEke Bl 20099l AriE EAE

—H

dste] AR 7] (Mikrofarm,
EasyGreen Co., MA, USA) & o]&3lo] 1¥ 43 (1587 EF3ns AAH3 & 747 43
2o AAHT A7 F abiotic M 24 MeJA & 0.1, 05, 1.0 2 20 mM =2 1¢

13 100 mL A b o =z EF350h
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(1}) fresh weighte} =& o3

wd A #ke] MeJA A 2lel 2§ fresh weight $F % ¥ake] W5l Fig. 48 o] ey
9ith Fresh weight o Wighs hzol g Ael7e] FAmE Mg Vel Fresh
weight= 2] ¥5% 0.1 mM oA thzTol vste] oF 415% Z718le] §odoz 718 =
e YEhlon, 2 o] FEelAlE fresh weight 7F #F43le], 20 mM s = A= o
Z o] H)Bke] oF 5989 WAstoit Rtk A% e TF il uate] R Zad
= A%S g e, AEEE 05 mM o]l A= oF 81% = thx o] natel oF 79 7t
23HE Aoz Yehdth Fan 5 (Fan D 2005) ¢ 7ol A% jamsonweed seed 2] 7ol
Axol MeJA H2l: fresh weight & Z7AZA oL, %59 Ao A= fresh weight 7}
Aasts Aow JEG Ao wwsla glo] B el AR Ak Ueheloh

110 110

—&— Weight rate, DW
—O— Moisture content (%)
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Fig. 48. Fresh weight rate (%) and moisture content (%6) of buckwheat sprouts treated with
various Methyl Jasmonate concentrations.

Mean * standard deviation of 3 batches. Total weight percent was calculated based on the control

(0.0 mM treatment). Values not sharing a common letter are significantly different at p<0.05.
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(th & H= g%

W Agte] & e ghake] WEkE Fig. 49 (B) o YY) & dlE e MeJA
Ay ¥t F1EFEE 2 35 $9499 715 vEhidd 8 FE7F 01 mM oA 2.0
mM 2 Z7stHA F dlE TS Uiz veke] oF 48.55% ol Al of 113.814% = F 7134

ohoEd, AW A4S A7 F 05 mM BRI MeJA AE F oolE 3 743 371
ARoM, 1 olge] ¥EAAE F s FF F/4e0] tha gasE A0R Uehh o

o Aabe A2oAe MeJA He7F Fuji’ Aol & dle e SUHIYE A AT

(Rudell, 2002) Z1¥]3l, red and black raspberries] MeJA°] As% AT (0.0l mM 2 0.1

mM) oA & HEs FFEe TR SN2 A (Wang 2005) 9F AR A& YERY

of, ¥ A3 A HY} 2L wx9 MeJA APdAME #HE FHY FUHE VHAE 7 dvkeE

Aoz HoeEtl wala o83 ATELS MeJA o 9siA wE@R7)E =] 20 9ol A phenolic
e}

compounds 7} A2 F Qe AS A AFE AR E ¢ QU

(#}) Individual phenolic compound

MeJA Ao 23t Wl #e] individual phenolic compound W35 ZAsH7] 8]
UPLC = #2413 Z¥ Fig. 49 (A) oA H%xo] 4719 +8& &EZ (homoorientin, orientin,
rutin, vitexin/isovitexin) ©| ®# ¥ Ao MeJA Aol <3 individual phenolic compound
profile ¢ W37} #z= v}, oo gk MaAF = A Watanabe and Ito (2002) & ©F A&k
ddl w o A orientin, isoorentin, vitexin % isovitexin < SAjdT}I H G oW 1 F
FE2 9, F7

2 "8 ¥3%3F buckwheat organs o £A]3F= LWkl flavonoid 2 2

Al gt Ve Ade VR AL e AR A vt (Kreft, Knapp, & Kreft, 1999, Margna,

=

Margna, & Paluteder, 1990). MeJA A &le 9] wWE A#2] rutin, homoorentin, orientin %

= Aoz g %

fass

vitexin ¢ 718 phenolic compound ¢ W3}l vhkdl 7)eAS zba
Blo] ghafo] MeJA & HEdhA &2 WET (Control) o Hl&] MeJA & A H#E3] S 713}
o 0.1 mM MeJA ATl A 8234 ng/g &= °F 39.429%, 2. M MeJA A &TF-ol A& 895.7
ng/g ©.2 °f 51.66% 71t th (Fig. 49 (B)). F9 $&e] Wsw F #e e Wss
2ol 7] wRAA F43%] sk Ae®E yER e, 05 mM F& ol ¥ ¢vtdk &
7Fe Jebgdek wkE U x] phenolic compound A= 2 W3 7F @EE X t} (Fig.
49 (B)).o]o] W3l MPA 24, jimsonweed ol MeJA X ¢J3te] A =7 st
Z7tetE AL Basta 9o, o= MeJA A7) phenol metabolism o Q&S F7

t} (Zabetakis 1999).
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Fig. 49. UPLC chromatogram profiles (A) and Mass spectrum (C) (1) isoorientin; (2)
orientin; (3) rutin; (4) vitexin, and total phenolics contents(mg/g) and rutin
contents (mg/g) (B) of ethanolic extracts of buckwheat sprouts treated with
various Methyl Jasmonate concnetrations.

Mean * standard deviation of triplicate determination, on a dry basis. Values not sharing a common

letter are significantly different at p<0.05.
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Fig. 50. Chromatogram area of homoorientin, orientin, and vitexin of buckwheat sprouts
treated with various Methyl Jasmonate concentrations.

Average of triplicate determination, on a dry basis. Values not sharing a common letter are

significantly different at p<0.05.

(vh) DPPH #tH# &7

MeJA el o]g Wi Ao DPPH #ht)z A75 9] Walel sk 2= Fig. 51 ¢ 4
el DPPH &uZ &A% gloix MeJA A2l thxTol vlgte] f9dez Z71389
tF (p<0.05). DPPH & 47152 dx7-¢ vlaste] 0.1 mM MeJA 2]7-ol4 < 27.64%,
1O mM MeJA AHZ|7olA oF 40.88% = MeJA Ao oJste] 343 Frlatlon, A %
A= 1.0 mM ATl 78 E=A vebdvhl 2.0 mM A TE vha ZAskh
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Fig. 51.ICs value of the DPPH radical scavenging activity (mg/g, A) and correlations (B)
between ICsy value of the DPPH radical scavenging activity and total phenolic

contents (left v axis) and rutin contents (right y axis) for buckwheat sprouts

treated with various Methyl Jasmonate concentrations.

Average of triplicate determination, on a dry basis. Values not sharing a common letter are

significantly different at p<0.05.
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(¥}) Phenylalanine ammonia lyase (PAL) activity assay
Phenolic compound ¢ metabolism < Uteksh &4 9] Ao oJafx] x2HHAY. e A&
o 9lejA phenylpropanoid skeleton ©] thAFE 91814 Ho3 3 HA @A trans-cinnamic
acid ¢} ammonium ©] A4 %= L-phenylalanine o] ©olnw-3lojt}, o]z sl Wk-&-& PAL
2o oA R, drA o2 phenolic compounds ¢ biosynthesis o QQojA 7] 2=

B4R ¢eAa Ak (Dixon, 1995). PAL &7do theh A= MeJA A elell o8k md A7)

o ol

!

A 429] phenolic metabolism & ©|3|3l=H ¢ B =& & Zo|th Fig. 52 o ved A
3} o], Wi A Aol 9lojAl PAL &4 MeJA Aol s Fod<l (p<0.05) T7HE e
el MeJA Aol osfr] s W= Aoz yeuth M =2 PAL #42 20 mM
MeJA Ag72A dix79 &4 Bl 30% o =4 veided, 1.0 mM 3% 01 mM A
= dixToll wlete] oF 22% ¢ 3% F7HE WERUISITh gk whuiz o] FheFo] qlojA®
MeJA A7} ofF 54~93% ¢ FT7FE 7FA Q= Ao® UEy, 95 93k stress7f @9
stkal PAL activity & EA)o] 7N 7= Ao ® dddt)t. olyd AdE MeJA A7)
PAL ¢ &A% %39 romaine lettuce oA caffeic acid derivative 2} #-& phenolic
compounds 2 48 o7|A7]H (Kim 2007), =3t elicitors & 2J&9| stress & F9
phenylpropanoid pathway & %3}9] secondary metabolites & ©F7]A]7]7] wj¥#-o]&}t= Hav)

o FA7F & 9t} (Vander 1998).
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Fig. 52. PAL activity (n mole/h/mg protein) and protein content (mg/g FW) of buckwheat
sprouts treated with various Methyl Jasmonate concentrations.

All value presents the mean £ SD of triplicate determinations.
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(Ab) Z&HaA

DPPH #UZ 2A5% £ % 3k 9 phenolic compounds <9 H##AAE ZAS 4
7= Table 15 9 Z2th % v d&3 DPPH gz 27%9 84 ®
gaFakel g (RHLS 092302 e antioxidant activity 9 & vl &
o] Aol Wit =55 ¢ AT wEkA 2 A@olA MeJA A HREAY]E A
<2 DPPH i &7ee & dlu &9 ¥ 553 d#e] Hol 3dom, MeJA A
ol&| A oF7]® phenolic compounds & =7lo] g3 AHo=m HAANY E= W%
antioxidant activity ¢ 57} Alole] Aol thdl f-AFSE 2 3= wounding stress 3F FFA}ol
thak 17 (Reyves 2003) ¢ pseudocereals seeds @A-7-olA % #i=dreke] =717 antioxidant

activity & S7HA 7] Aoz vERYal 9)td (Gorinstein 2007). %3k, MeJA + raspberries,

e
)
o
<o)
¢
a1
&0

o)
!
o
o
o
B

strawberries and blackberries ¢} 22 berry Yol antioxidant activity & F5-3}74 3l &
7} =9 nl 9t} (Chanjirakul 2006, Chanjirakul 2007, Wang 2005, Ayala—Zavala 2005). -
Ao A, MeJA e+ Tl Hste] DPPH & &2A 5ol 8oz =4 57184
t} ol#ldt Ay MeJA #E]7F antioxidant activity € F53-3A slEozmA Wl Af#o
health benefitE FHAIA & & oW, &3k A Ao vFd FE8AS AT = F 3

& Aot}

Table 15. Correlation coefficients (R®) between assays

Total phenolics Rutin DPPH radical
contents contents scavenging activity
Total phenolics contents 1.0000 - -
Rutin contents 0.9230"" 1.0000 -
DPPH radical scavenging activity 0.9358x 0.9694" 1.0000

U significant at p<0.05, ™ significant at p<0.001.

(oh) 28 % 8°f

o] AAF-o A stress signal transduction & F8 T4 Ed= 2 <487 MeJA
oF WA A7|EA 40 Hed F F s g DPPH #fd#d &7 sddA w94 S7HE
e it o 3)e], phenolic compound ¢ Aol ¢4 phenylpropanoid metabolism ¢
Q3 A9 PAL o g m3F MeJA 2o Aol 9&le] Sttt 28y s X

(ld
ﬂ
e
off

- 131 -



A MeJA AHe7F ddA7|FA 20 GFA THA el o)l antE & o glal WE AR
A3 E 5319 health benefit & FAA & 5 o, =3 A A4 HHAE A3 ok

g 8de HAY € e Aotk

(2) Methyl Jasmonate ]l w& U 2 A F7)o we 54 54 W

h A=

O £ Ade] vEe B 2009 AujA FAE FAE AAAE 7] (Mikrofarm,
EasyGreen Co., MA, USA) & o] &3&}%it}.

A dALT A AAAAL. A F abiotic B ZA MeJA & 01 mM 52 wol $3
Y 100 mL A H7bd o g EFsi5om, 29 AR &S AHste] Al AHEslth

O A F7)ol wE F4 54 WEE A8 kel MeJA & 01 mM FEZ wel 4
9 18 (GID), 3 A A & 13 (G4D), ol F 1, 3, 59 (GI35D) 2 1Y 13 (GAD)ZE
TE8He] 100 mL & Hrhd oz 55l

h Fgdd FHEA W

MeJA wWLA7|Ex1 20 A% 712F & 7154 i Sl tiste] ol A= Fig.
53, 54 9 2t} MeJA A wol & F HE o] oF 206 mg/g oA Tol 54 F oF
2341 mg/g & ¥l wA3 TUFe9laL, 59 o] Fell= L Fo] frAbste] ol T & of 2348
mg/g & YERNATE o]l wrale] izt dol 3YHA F oHlE o]l A% FUke £ 7
4 (°F 1517 mg/g) 7HA 2 WEE YehA Eskth & #le el oA AA Fg A7
el & 59 oR AREHATE MeJA HEd WEdA7| 20 105 #S ol & oF 747
mg/g oM el 59 F °F 065 mg/g = °F 11¥] ol Srhek ki, o
771 mg/g oA o} 5Y & oF 159 mg/g & oF 48 FUlsle Ao=
MeJA Ael7-7F diZ7-¢l nlste] of 24n) o]% &Aikst o] w2 Aoz yewed, ole
% He FEAdE A 2ARE e

o

- 132 -



30
I Control
[ MeJA
25
= an
°
o 20 A
E
” —
Q
8 15 1
[)
<
a
© 4
5 10
|_
5 -
0 IIH II’*‘ T T T
Germinatoin 1 3 5 7

Growth period(days)

Fig. 53. Total phenolics contents (mg/g) of buckwheat sprouts treated with 0.1 mM Methyl

Jasmonate during growth period.

Average of triplicate determination, on a dry basis.
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Fig. 54.1Cs value of DPPH radical scavensing activity (mg/g) of buckwheat sprouts
treated with 0.1 mM Methyl Jasmonate during growth period.

Average of triplicate determination, on a dry basis.
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(th A F7lo] we FAEA Wl

e A o) MeJA Aol 93 7)eA 47 Frtel wizte] dob2 A= Fig. 55~57
A F sl gl Weke 8 )0 F 18 A el gz FoH9 FolE
EhfAl efgrow, 33 o] A A tixTek oAl AeolE vehldth AT F GI3ED
9} GAD = tizol Wstel 7tk of 37% 9} 42% 9] % sl ¥ F/+E deudvh =,
DPPH #Hz 27155 % sle @&t fA8 4ES detdio]l 3 5 13 A7 o=
T oAl Aol s UEhlAl $9kTh GI35D ¢ GAD o) A5 7o) ulske] of 1.7~29
A% Frlkshe Aoz veigod, g A Wwred As) A Arwel g9 I
FES HoFE AoRA A Al A MeJA o Hx Al 5 HAL 9d T2 A=
ek ¢ vk F odiE gt DPPH Bdd aAwe FadAE v A= R o=

0.9627 (p<0.05) =A "¢ & iAol Aoz e (Table 16).

rlo
rir

o]
A

Table 16. Correlation coefficients (R®) between total phenolics contents and ICsy value of

DPPH radical scavenging activity

Treatment
Total
Control MeJA
Correlation 0.9431 0.9392 0.9333
T-test 0.067 0.050 0.004

80

® TP vs DPPH
x column vs y column

70 A

Rsqr = 0.9627

60 1 Y =2.0558 X - 33.2813

50

40 -

DPPH radical scavenging activity (%)

30

35 40 45 50

Total phenolics (mg/g)

Fig. 55. Correlations between DPPH radical scavenging activity and total phenolics contents

for buckwheat sprouts under different Methyl Jasmonate treatments.
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Fig. 56. Total phenolics contents (mg/g) of buckwheat sprouts treated with Methyl

Jasmonate.

Average of triplicate determination, on a dry basis. Values not sharing a common letter are
significantly different at p<0.05. Treatment: Control. G1D: After germination 1 day, G4D: After
germination 4 day, G135D: After germination 1, 3 and 5 days, GAD: After germination all days.
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Fig. 57. DPPH radical scavenging activity (26) of buckwheat sprouts treated with Methyl

Jasmonate.

Average of triplicate determination, on a dry basis. Values not sharing a common letter are
significantly different at p<0.05. Treatment: Control. G1D: After germination 1 day, G4D: After
germination 4 day, G135D: After germination 1, 3 and 5 days, GAD: After germination all days.
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. dste A otE iR EALe 4 54 W3t

(1) A=
oA whe FgolAl 2009l A FAE FYske] ARAE 7] (Mikrofarm,
EasyGreen Co., MA, USA) & o]&3}o 19 4% (1587 EF3les A4ds 5 7
5o A QA AT A F abiotic ABEA A3ES 10, 50, 100 2 200 mM o] FEE 1
=

2 13 100 mL 2 Hrpd o=z BF39rc)

(2) Wol&

W27 E A A0 ol 10 mM 9] NaCl sXolA] F2)4¢ 715 yebd vk, 1 o
9] NaCl =04 Wolrt Aglss Aoz vepdd didsr| 449 @el= 10 mM 2}
50 mM Aol oJalA] oF 229% ¢ 12% 7} F7Fekom, 100 mM ¥ 200 mM o] X ¥ %o
A= 247y oF 7% 9F 38% o FAE YEMAT (Fig. 58). FAFSHA, Scialabba & (Scialanna
5. 1990) & radish seeds ¢ germination ° 0.5% ¥%¢ NaCl H &7} F9&de #ZFAE 714

<} % 2.9, pepper, tomato, broccoli, lettuce % beetroot & X3 T} vegetable 9

FRo®E 43 A3 Yehd o 9t} (Zapata, Serrano, Pretel, Amoros & Botella, 2004).
120
100 a
> T ab
> b 1
g 807 I b
S + T
8 I
w -
2 60 .
K] T
® 1
2 01
£
S
[}]
o
20
O T T T T T
0 mM 10 mM 50 mM 100 mM 200 mM

Saline treatments concentration

Fig. 58. Germination percentage of hbuckwheat seeds under different saline treatments (0, 10,
50 and 100 mM of NaCl).

Data are the mean of 3 trays containing 100 seeds each (mean t* standard error). Values not

sharing a common letter are significantly different at p<0.05.
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(3) Fresh weight

Fig. 59 ¥+ & ¥ buckwheat sprouts ¢ fresh weight &= 377 §¢F Fodoz =7}
gt S UErlAT ol & 3 A7bA = A3t fresh weight & #2914 <1 Xpo] & 2
st 4 glgloy ol 5 Y o] HEE= fresh weight © NaCl 10 mM X2 -7} izl 1]
gto] S7beks Aoz YEhRaL, NaCl 50 mM o] A 2] 7-oll A<= fresh weight 7}tz
Hlste] foldom FHAadts Ao®E veryth NaCl 10 mM & A gh W] 5 da 7 o
A fresh weight = 7}7F °F 6% ¢ 3% <718l Ao =2 YeERY wbA) NaCl 100 mM 9] %
Tl A= Zhzh oF 149% 9F 18% 7 #Aadte Ao wm uehdtl ol 0.1% NaCl 5% @7}
radish sprouts 2] fresh weight o] SAd4<l dg-S Yeldvtar (Scialabba 1990) 3k wWkH|
Yanhai & (2008) & NaCl 100 mM ] g skolA ddo] Fastes 43S HeRIoH,
Zahar & Muhammad (2009) & NaCl 120 mM 2|7} vhFa FF 9 7Tl A of 50~70%
9] fresh weight # 45 YEld Aoz H 33l 9lth NaCl 327} fresh weight o F-A 4 <l
Fe T AL AT ez o3 AAdAG % AoR HoRlvh, I o]y
St el o3
Redmann, 1995).

o2

o,

ol A= 593 jon toxicitydl Al AdE % dvt (Huang and

300
. 0 mM a
1 10mM a
250 1 mmm 50 mM g
™ 1 100 mM b
s B 200 MM b
b

g_ 200 s
0
£
= 150 -
=
K=
2
H
= 100 A
[}
[}]
S
[

50

0 . | Ll

1 3 5 7

Plant growth period (days)

Fig. 59. Fresh weight per buckwheat sprouts under different saline treatments (0, 10, 50,
100 and 200 mM of NaCl).

Each data is the mean of three replicates of 40 sprouts per treatment and time point (mean =

standard error). Values not sharing a common letter are significantly different at p<0.05.
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e w9 NaCl Age og 5 # = ¥3le Fig. 60 o Yebl Atk NaCl A &
T AATIZE S tixgtel vlEke] L gho] B FeHow FtetE AoR UeHY 5
3], 100 mM NaCl A¢= & e & S77F 7 =7 West e, 3-day-old sprouts
9} 7-day-old sprouts °llA Z}Z} ©F 217.38 mg/g ¢ 341.95 mg/g & w79 Hlste] °F 30%
9} 1129% ¢ =712 vehgdeh. duvra o ® 21 %9 phenolic compounds ¥ phenylpropanoid
pathway £ E3A AT, 252 4 H2 stresses o elicitor o 2J3fA ok7|dAT}
(Giorgi &, 2009; Kim &, 2006). 2] 2] phenolic compounds i salt stress o 234 ®H3sl=
F o, 2Ee] salt sensitivity © &AL ZFA 3 Yrt (kim 5, 2008). 3k Utlkd

o

secondary metabolites = 21&2] TZXHU} stress tolerance ° U] £ 9SS W=t} (Ruiz
and Romero, 2001). A A NaCl A&l 93] buckwheat sprouts ¢ #H & 3hFo] 9
How F71ek Ay #AEF], ksourd ¥ (2007) &= Cakile maritima ©| NaCl ¢ X gle] 2]3k
% dE o] FUtekAvka &kl e v, Navarro 5 (2006) = red pepper®] #H& e F7t

A717) skl Ao A7k wgstvkar 3 daE Balsal it
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. O mM

3500 1 =1 10 mM 2
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B 3000/ == 100mM b
5 BN 200 mM
o
o
= 2500 -
(=2 a [of
E
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Q2 a d
= e e
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o
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e
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Fig. 60. Total phenolics contents (mg/100g, DW) of buckwheat sprouts under different
saline treatments (0, 10, 50, 100 and 200 mM of NaCl).

Each data is the mean of three replicates per treatment and time point (mean * standard error).

Values not sharing a common letter are significantly different at p<0.05.
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(5) DPPH #HZ &71%

DPPH #H)Zt 7]l 3 F4tstdde 54T d3= Fig. 61 oA 2o I =
kel wstete fARE AFE dehidch dEAVI AL 4 71 Ee kst
7bebe Aoz uyegon, dixzTe] 4§ dot
|, Aol M e va Srbshe Aoz yehlsith DPPH stz 27eS 570 5 A
T7F Wzl wske] oF 20~30% o’ A LhERETH

o|\

100
. 0 mM
1 10mM a,
—_ I 50 mM a I
& 807 =3 100 mm bk
> I 200 mM bc c b
= a == b
= bh =
k3]
@ 60 - c d
(=]
g $ .
2 a
S 40 b e
3 c
7] d
T e
a
o 20
1 3 5 7

Plant growth period (days)

Fig. 61. DPPH radical scavenging activity (%) of buckwheat sprouts under different saline
treatments (0, 10, 50, 100 and 200 mM of NaCl).

Each data is the mean of three replicates per treatment and time point (mean * standard error).

Values not sharing a common letter are significantly different at p<0.05.

6) F& T
T FEe] A4S Fig. 62 oAk o] & dw & ® DPPH #tH2d 27s3 #LdT

Agre vebln gow, el Aol HS 2 vhehdth 48713 F 59 ol Fel: v
Fo FR gel FrhsA ww 9o, AeFelME 27 Fbshe Ao vehdh A
5100 mM FEAAE A& F4E deis Aoz melw, 4% AR Mg

A= th vro) 100 mM %7179 HETs AT A WA n
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Fig. 62. Rutin contents (mg/g, DW) of buckwheat sprouts under different saline treatments
(0, 10, 50, 100 and 200 mM of NaCl).

Each data is the mean of three replicates per treatment and time point (mean * standard error).

Values not sharing a common letter are significantly different at p<0.05.
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Fig. 63. Correlations between DPPH radical scavenging activity and total phenolics contents

(left y axis) and rutin contents (right y axis) for buckwheat sprouts under different

60 80
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saline treatments (0, 10, 50, 100 and 200 mM of NaCl).

Samples used correspond on the 1, 3, 5 and 7 day after sprouts.
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(1) e

29 g 2 A 3% 9 DPPH #dd A7%9 4

-

S3A

=
=

= A3 (Fig. 63),
B greate] AAHAE vy = 43.69x - 977.34, R® = 0.8901 £,

DPPH 0% A% 28 dF7= v = 044x - 922, R* = 08333 2.2 =& A#AAAS

UYEtlew, I 5 F de FE vS w22 dudAE JYER

4. 3 elicitor Ao @& ARV FA L9 54 54

7F. MeJAol W3 UV-B ¥ light B3 X =4 AA

ik

BoAge] W 2gela 20004l AuE A4S 793k

EasyGreen Co., MA, USA) & o] &3t 1¥d 43 (15%3hH EF3E=

oA AT 4§ UV-B s A ztd (0, 15, 30, 45, 60, 75, 90 = 120

min) 2 To} F5H 3 A7x 1d 18 HrpHor At Aed Ay F s dF

Q) ZAANAE Ael/13 0EAAE hET e FAS BKL Ed v, 4

Mz Be Al Fe7F Akl Ay £360A 3020l 7

|

o

Ao

2

al

40

Total phenolics (mg/g)
N w
o o

=
o
1

1

0 T T T T T T
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Period of UV-B treatment (min)

Fig. 64. Total phenolics contents (mg/g) of buckwheat sprouts treated with UV-B.

Average of triplicate determination, on a dry basis.
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(2) Light g =4 AA
Light 3 x2l= UV-B A9 A5 HHet & dAs S nluste] €2 Ag 4
AIZESl 3088 7lE o & 3o light A gl7]|7te] e S71a3s AT Xe 248 A%
A¥] 7] (Mikrofarm, EasyGreen Co., MA, USA) & o]&3}o] 19 43] (1683 73 2s A
Qe & 7 I3 AT Ao, Ad F UV-B A& 308, light s A
(1,2, 3 4,5 6 % 7 hr) & o} 7Y 3 d7A 14 13 A7HE oz 23
Ak A3 light Mg wE F de e Frhe o] FoAaL Jlow HYAIZE 443 o

FolE 2 2olE YehlA @kth UV-B 308 Hel 7= tx7ol nate] 9%9 7% #ol
Z7rehes Ao R Jehd W light M8 4 hr o) H8 e A 24% o] FUMESRE
Bllth #54e 2 AR light A e WER7| S48 AE F43 A7)= Aoz U
Bbtom, AAIZE 4 hr 23elAE FA43ke] Anrt 27 SUkskeE Ao® yewth uhebA

UV-B ¢} light #g]e] W3 27 &3 UV-B e 3053 light 28] 4 hr o] F&3 Ao
2 Hay A,

35

3%%%%+%++

15 A

10 A

Total phenolics (mg/g)

T T T T T T T T
Control 1 2 3 4 5 6 7

Period of light treatment (hr)
Fig. 65. Total phenolics contents (mg/g) of buckwheat sprouts treated with UV-B and

light.

Average of triplicate determination, on a dry basis.
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(3) % ¥dE g% 9 DPPH @4z 2A4% 9 F4 &F

MeJA 0.1 mM Hg ¢ UV-B 2 light M2+ A& Ao &
& A2 =74¢ UV-B (30min), light (4 hr) & Wasto] F #H= &S M2y} (Fig.
66). MeJA 0.1 mM AHg& & Aol izl vste] °F 80% AXe] F7lE#AE YW
v Ao® ZAESGITE 28 oA UV-B Bd A= dixTo vste] o 85% ol <
7vetel MeJA w5 A2l79F fAHe Aoz el wkd light & M8 X 7= gz
Hlske] oF 117% ©]% F7hsked, MeJA X 7ol W3t ® of 35% o] F7hH= o2 XA}
= Atk MeJA, light ® UV-B & Wa X3 +5 MeJA w5 A Fof u]gle] oF 20% o]
4 Tt e AR A oY, MeJA+light A2l 7-o Hlstel= #AAasts Ao R UEry
w5 DPPH 2kt &7 (%) oA tizxTol vste] Al 77t oF 15% o)’ F7tate A
o2 yetskew (Fig. 67), 1 5 MJ+light A g7 °F 30% ol& F7lstai o, T8 §hkol
QoA = dzTel wste] ATt oF 30% ol FTshE Aoz eyt ow (Fig. 68), TL
Age F HE FF 9 DPPH #@ol#d AA%9 AI fAEHA dvebga glew, o F

MJ+light A 2]77F °F 80% ol S7Fste] 7Hd %2 Ag Z3E Hepliglvh

o

= FEFs vasie] o

o

40

T ab
%0 b b 1 I
& i T
=]
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n
Q
8 20 A
g c
5 T
I I
[S)
|_
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Fig. 66. Total phenolics contents (mg/g) of buckwheat sprouts treated with different

treatment.
Average of triplicate determination, on a dry basis. Values not sharing a common letter are

significantly different at p<0.05.
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Fig. 67. DPPH radical scavenging activity (%) of buckwheat sprouts treated with different
treatment.

Average of triplicate determination, on a dry basis.
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Fig. 68. Rutin contents (mg/g) of buckwheat sprouts treated with different treatment.

Average of triplicate determination, on a dry basis.
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. MeJAol di@ d3t= B Ay x4 24

(1) A=
2 A AhgE WEe FAE BHolA 2009 AulE FAE FY3te] AMEE ST
W 2k 20 E A& F 1,000 mL & =ol A 5 25T & <SIulelg oA 413k &<
AAG 5 5 718 AT o FedtA et 1Y 43 1683 53
AR 3 A2l 7] (Mikrofarm, EasyGreen Co., MA, USA) & o]&3}e] 7 47k 18
Aol A AujeAtt. An 39 Ay F mEAe] wopstr] Alzbstd b ALl 1

o

S
mlo

40
4 S

71

QY

A

-

ot
m +

H

0
+ 50 mM NaCl # 0.1 mM MeJA & 1¢ 13 Z+7}F 100 mL 2 54179 2HA-& 7ol 2529
o|2 {Fote] Ayt o, Wolrt AlztE = ol 1Y A3 $FH
TolA FAIGoH, FHAE WRAAVEALE FZAAEX7] (TDS508 Freeze dryer, Inshin
Lab., Co., LTD, Seoul, Korea) & ©]&3}o] 7%3}3 blender (KA-2600, Kaiser, Korea) & +
A3 F 60 mesh (850 mm*) EFoll BHAAA FE5S AT ANER AFEs

(2) Aol W}

NaCl 3 MeJA 9 a7 BE77 T dAA7]| S22 Zole) W] wAEs TS
dobit A= Fig. 69 o Jebich dx75 ¥33 RE oA AK7)zre] Ao uf
g AR 7 EA 4 el o 313~455 an oA
T7hetE Ao® vEhgon, wol 5Y A § £ WHAYEAA Aol FAT At
Z79F vlardke] 10 mM 2 50 mM NaCl ¢ 0.1 mM MeJA 9] Ao w& & o] o]
A e Ae® vetukth mekA NaCl 2 MeJAS] AE|7F d2a7| G148 Zeo] ¥s &,

AE g A oiMe 2 ddE vAA #e AR FdHAT.
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Fig. 69. Changes of length (cm) with combined treatment of NaCl and MeJA during
germination time of buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 70. Changes of total phenolics contents (mg/g) with combined treatment of NaCl and
MeJA during germination time of buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Q) & e &FF

NaCl 3 MeJA ¢ BaA 7 AF70 T WdAV| S F dAlew TFFe Hste] v

v TS dokd A= Fig. 70 o dERlSdT BE7|3ke] Aupge] wEt F v
M M

x5 233 2 oA 7o, 53], 10 mM NaCl 3 0.1 m
g

2 2499 mg/g & Z7hsFlon, o] ulxFo ulsle] Zhzb oF 13163, 80.71 2 77.12% A
et} £ FE sho] U1 =

T 7 2 Aoz eyt 50 mM NaCl 3 0.1 mM MeJA & 3

stk o] Wle Zh7d oF 39.07, 47.76 2 50.15% & Ao = pepyith. wpeka NaCl

=
3 MeJAel WARYT A% 712t F WAV BAL F = e ool 8 AT
AAE Ao Art

(4) DPPH &H1# &A%

NaCl I+ MeJA 9] BWaX 7 A&7 5 W27 E214 DPPH #ldZ 24 %9 w3l
of MAE FEFe dobd A= Fig. 71 o YeEhiATH 100 mg% s =4 DPPH = #
Ass A% A3, BK7|zke] AAghel whe} oF 11.40~16.49% ol A ¢F 94.62~95.29% =
T8 X BE oA FUketE Ao R vEldon, Wol 59 Ay F F3Hek ol A
A 2ol DPPH @t 252 dE278& X8 Be TolA & Aol HolA &E A=
wo wol 39 A & e wWEAY|EFA e DPPH @uE A7AsS SAH A
10 mM NaCl 2 50 mM NaCl ¥ 0.1 mM MeJA & W3 A3t A&7 49 2ol H
3 247 oF 6871 ® 39.75% ¥ A o® yEht NaCl 3% MeJA ©] WA 7} E3], o}
d &< DPPH #tiZ A% 83 4 nAE Aoz ISt & #HE Ffol
DPPH #uZ &AA5H ARAE 7HAY kst 4o 783 &S A= A2 Any

AT,

w
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Fig. 71. Changes of DPPH radical scavenging activity (%) in 100 mg2% concentration with
combined treatment of NaCl and MeJA during germination time of buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 72. Changes of frap assay (mM Fe™/ g ) with combined treatment of NaCl and MeJA
during germination time of buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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(5) Frap assay
NaCl 3 MeJA ¢ #Hax g7t 5717 5 ddA7]) 524 frap assay o ¥
ol A= Fig. 72 oF 2uk. AS7|7ko] AHghe| we} ERTE ¥¢3 BE oA frap
assay 7} =73l Aoz vEbygon, £3) 10 mM NaCl ¥ 0.1 mM MeJA & W3 =g 3
gl A9 wol 19 A3 F oF 010 mM Fe™'/g oA o} 39 2 59 A F zhzt of
474 2 728 mM Fe'/g = Z71atglom, ol txTol wlsl 77k oF 6.01, 79.20 ¥ 86.13%
o ftow WE #£8 EEO frap assay #°l 7FE =& Ao ® vERYYE 50 mM NaCl 3%
0.1 mM MeJA & M3 X3t 279 frap assay =B A3} L3+ 2] v o 5528~
54.34% =& Aoz e MeJA ¢ NaCl B3 A 2] 7F WA 7| E A 49] frap assay o &

iy
2
%
o

0

[o}

NaCl # MeJA o WA 7t AK7IE T WdA7|EH L FRSHE] W] nx& o
B A= Fig. 73 o Yehdlvh AK73bo] A tgtol whel me A7) F A A
Skl oF 1.79~274 mg/g oA 9F 1596~2481 mg/g = WETE ¥ mE FoA F
7VahE Aoz yelygoen, 53], 10 mM NaCl # 0.1 mM MeJA & W3 M3t 239 =
d Ay ¥ °oF 220 mg/g = ERT9 FE QA oF 227 mg/g ¢ vl
ol 39 @ 59 At Fol= A7k oF 1477 € 2481 mg/g = S713)

Aoz yE 50 mM NaCl 3 0.1 mM
MeJA & W3a Al Ao Fd FhaF A wol 19 A3 Fole ¢ w8t v
Efyt o) ol 3¢ 2 5Y A 247y oF 12.09 2 21.84 mg/g = thxTol ul& Zh7b of
3837 H 36.84% & Ao yEyth ol#d A= NaCl 3 MeJA o W Azrt wd
7NEA A FH T S vATeE As UEdY, F A 5y W 24 23 &
AbEE RS WERAL lvh whebA NaCl 3 MeJA ¢ ®HaAele T e T 783 o

2
=2 0%
BN
-
-9
=
:Onl_o
)
&
12
[@))
o)
<O
—
NE
o)
()]
™~
~
N
i
flo

&
o
N
S
N
3
o

- 149 -



D
Il AG1cy
[ AG3y
51 I AG5Ry
cEs
(o))
£
i)
c
o 157 T
c
Q
o
£ ]
&
5.
; 1] .
Qrid QInVIMBIA VNG MeAHOMVING  MeAmMNG
Snges

Fig. 73. Changes of rutin contents (mg/g) with combined treatment of NaCl and MeJA
during germination time of buckwheat sprouts.

All value presents the mean £ SD of triplicate determinations.
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Fig. 74. PAL activity (cinamic acid content (mM)) of buckwheat sprouts under different
treatments.

All value presents the mean £ SD of triplicate determinations.
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Al R7 240 & dE Syl DPPH &9 &7 %, frap assay % F¢ ko] ##

g dolny] ¢3le] Mg A3 Ay Table 17 o Yeb At & A Ao & 5
= & DPPH @t 24 %, frap assay 2 T8 &% E5% 49 H4@AAAE vedo F
His dreko] =712 DPPH &d)Z A7 %3 frap assay 2 F8 3teFo] By Z7letE A

Z+ 7%, frap assay @ F

ojE g gREAle Avh:

Table 17. The correlation analysis of total phenolics contents, DPPH radical scavenging

activity, frap assay and rutin contents of buckwheat sprouts

Total phenolics DPPH radical Frap Rutin
contents scavenging activity assay contents

Total phenolics contents 1.0000 0.9120™Y 0.9946™ 0.9804™
DPPH radical scavenging activity - 1.0000 0.9119™ 0.9559™
Frap assay - - 1.0000 0.9833"
Rutin contents - - - 1.0000

U™ significant at p<0.001.

Q) 2& % 99

MeJA A2 7-¢F dst=9 WX et 345 HES T 2 A3 v B
Al 20000 AulE FAE Y] ARAE 7] (Mikrofarm, EasyGreen Co., MA, USA) &
o &3te] 19 43] (1683h) E£F=s: AAT & 743 A=A AN 4 =
abiotic A #ZA T, MeJA AT, Ast= AZT G0 mM), MeJA+A3tE 10 mM,
MeJA+9@skE 50 mM = T-&3ke] A2stsivh. 573t T wi2A7|EA 40 Holo WEtE
SAsto] ASEHES AR oY, A7 Zhzhe] Hol= oF 11~12 em W =A A &3
o] oAl zol= UEhA fskou, kel ditE AP oAM= tha ATt

Ak F HE e A diExzgel v A BF S oM, MeJA AE =
50% Wlele] F7hes wel v, AstE E3F AP oF 100% oo FUHE e
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MeJA E3AEF7F oF 50% o149 Z7HE UEbgo] MeJA A e 79 ¢F 24% 7)ol u]&}o]
o] FeaAE Tt Ao R Ueuth MeJAst 43tE e A= F dAe T F
g g 2 DPPH #@dZ 24504 MeJA+93E 10 mM > MeJA+H3HE 50 mM >
MeJA A+ = dstE A+ (50 mM) > tlx7 Fo 2 vEh, A& Waxg e o
gk GsEAGE YR

t}. MeJAel W3t A3l&E 3 light B3l g =4 2A

(1 A=
B AFe AR wiEe A Bl A 200996l AvE FAE T5iste] AREsHTH
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ARk A A7) (Mikrofarm, EasyGreen Co., MA, USA) & ©]&3fo] 743k 18 +
of el A Auletlvh. A 3 Gt § R wopsy] Alztet thxETE X e
A g light & 447 A28 $ 10 mM %= 50 mM NaCl 2 0.1 mM MeJA & 1¥9 19

ol ke AP stglon, Wolrl AlzhE =

Zkzb 100 mL & 5 AIZke] 1A e Al

Fig. 75. Changes of appearance with combined treatment of MeJA and NaCl during

germination time of buckwheat sprouts treated light.
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(2) 99 W3}
Light A &3 wdR7)| &2 20] MeJA & NaCl & #H3 Hgd 4$ A%7)7F Ao o

2 MEAVIEAe o] WEE dotrr] fgke] ol 5d At F ova FIY ARE
=

(3) Aol W3}

Light A 23 W27 2240 MeJA 2 NaCl & ¥a& A& 4 B5770 4ol ut
2 Wl A4 Aole Wk wxiE JEgS Lol A= Fig. 76 o YR A&
717ko]l Aol uwiel WEA7)Fx) 20 Zol= oF 231~3.15 cn oA F 854~1140 cm &
hxT (L-Co) & X33 E A3 Foa oF 18952~36266% =71ete Ao & Lebytow,
ol 54 Ay & £33 UYL AolE A3 A light M2 WEATEH 4
of 50 mM NaCl & *g& 237 (L-50N) 9] Zo|7} 7} 21 o= vewrh A5 7]37ke]
kst wE WA T E 349 Aol FrbES X (L-Co) 7F 7FE =& AL = YEyo
u Zol & 39 A 549 Zo] F7hee light A3 WEAT)E 40l MeJA 2 50
mM NaCl & #H3 Hg 3 A8 (L-MON) oA 713 =& Aoz veyton light 32 3
A 2A7) 540 50 mM NaCl & A2 235 (L-50N) o Aol F7hg Zg dix+
(L-Co) o] Zo] F7l&utt & Aoz vehylth = light A e WdA7]|F3 40 NaC 1&

o
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Fig. 76. Changes of length (cm) with combined treatment of MeJA and NaCl during
germination time of buckwheat sprouts treated light.

All value presents the mean * SD of triplicate determinations. Treatment: L-Co: Light 4 hr, L-Me:
Light 4 hr+0.1 mM MeJA, L-50N: Light 4 hr+50 mM NaCl, L-M10N: Light 4 hr+0.1 mM MeJA+10
mM NaCl, L-M50N: Light 4 hr+0.1 mM MeJA+50 mM NaCl.
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Fig. 77. Changes of total phenolics contents (mg/g) with combined treatment of MeJA and
NaCl during germination time of buckwheat sprouts treated light.

All value presents the mean * SD of triplicate determinations. Treatment: L-Co: Light 4 hr, L-Me:
Light 4 hr+0.1 mM MeJA, L-50N: Light 4 hr+50 mM NaCl, L-M10N: Light 4 hr+0.1 mM MeJA+10
mM NaCl, L-M50N: Light 4 hr+0.1 mM MeJA+50 mM NaCl.
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Light 323 W27 &2 40 MeJA 2 NaCl & B3 A8 4 AK7)7F Ago] u
o] Walo] WA= JFS Lot A Fig. 77 o e
& °F 0.12~1.40 mg/g °IA °F 15.36~32.21 mg/g 2 WX
(L-Co) & %33 2E FolA Frsks Aoz vehygon, 53 light 223 wdx7] &4
& 23t Ag (L-MION) 9o A5 Ho} 1d Ay &
o Ax & ZzF oF 1105 ¥ 3221 mg/g & =718 ¥ e o= dx
T (L-Co) ol nlalel zkz} oF 88654, 236.86 2 109.70% %o o= ulx7 (L-Co)
F RE 7S BEY F dUE o) /M =2 Aoz vElger, light A2 3 wdA 7] E A
2l A¥F (L-MSON) o] A4 o} 1Y Az 5 oF
0.34 mg/g 14 39 25U Az F 747t oF 791 € 2650 mg/g & F7F8ke] tiEF (L-Co)
of wis] ztzt oF 185,58, 141.07 ¥ 72.55% %<& #to 2 eyl ol 59 Ay 5 4233 o
!

HUATZA 00 = HE s AT A3 light Al e d @A/ Ex] 40 MeJA 2 10 mM

ok
)

(ld
Hel
it

2o MeJA 2 50 mM NaCl < 33 A

NaCls W3 A sk A48 7(L-MION) ¢ Z #= 3ol oF 3221 mg/g & 7MY & 22
vetsren) light @3 dE@RA7)|Ex) 40 MeJA 2 50 mM NaCl & W3 xg3 JddT
(L-MB50N), light &3k W& 27] &5 2ol MeJA & @5 X3 48T (L-Me) ¥ light

2ok Wl FA 40 50 mM NaCl & @5 2218 A&+ (L-50N) & F #Hl= o] 7}

flo

7b ©F 2650, 2337 % 1745 mg/g 2 WET (L-Co) o F sl @l ns] & Aoz |
Wk &, light A2t W@ 540 MeJA ¥ NaCl & H#H3 g A9 dzx=+
(L-Co) ¥k o}Ye} MeJA Hi= NaCl & w5 A2 g 23T (L-Me %= L-50N) HUIE &

HE ghaFo] T Aoz el MeJA 2 NaCl o] light A3 d2@A7Ex49 F dE
ol F83 JFE v Wk ol £3] MeJA 9 NaCl & Waxg & 3¢ o f3s
HE F7hehs Ao SAEdTh o)Hd Aak= MeJA 9 Aol wel $4] Apael ihwv)
o] ZF He o] FUtHATE AT B olvEl MeJA o At #HEol Al uAlel

dEFe A I x 5LE A=Y ST E FHFES SV Zabetakis 59 B9t

_[Qr
ARSHAl b e, e we HE Al F odlE gEe Sl A A adE vA
i e Aoz FAHoAa 9= MeJA ol NaCl € light & W& Hedozn A% 7

ZF AR 24 £ HE T =7l MeJA 9% X2 JehE 53 o]4te] £43

o

_—
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(5) DPPH #tl# 2A%

Light 323 W27 &2 40 MeJA 2 NaCl & B3 A8 4 AK7)7F Ago] u
2 wEAT|E3 4 DPPH &tz 2759 ¥ mA= s ot A= Fig. 78 <
YERQTE 100 mg% T %olA DPPH #@u)Z AA%S =As Ay AS7)7F B oF 5.8
8~11.93% oA <F 55.02~94.25% = tlZT (L-Co) & Xe BE FoA F7lsHs o=
el o, 53] light 323k w287 Z 5140 MeJA 2 10 mM NaCl & ®3 &3 29
T (L-MION) ¢ A% Fo} 14 A3 & DPPH &)@ 2759 o 871% oA o} 34 ¥
59 A3 5 7zhz; oF 4163 B 9425% = ¢F 981.61% FUtelE ACE vEhgon o= ux
T (L-Co) & X33 RE & FE° 7P 2 S7HEE AH7|7e wE DPPH 2o Z
27% 9 F7hgo] light 23 A7) S5 40 MeJA 2 10 mM NaCl & W8 g3 A
7 (L-MION) oA 7bd & Aoz gelu ey wol 54 ¥ & F53 mAdx7]| 34
°] DPPH #H# AASE AT 23 light Mg wEx7] A
NaCl & W& Az 485 (L-MION) o] 4§ tHzx7 (L-Co) ol w8 °F 71.30% =& 3t
o2 &t (L-Co & X33 BE & SE° DPPH #u# =A% 714 =
vetyton | light X238 d2a7] &40 MeJA 2 50 mM NaCl & W3 x23 28
(L-M50N) 9] A% tx=7F (L-Co) ol wlal oF 64.98% ¥ Zo=z vebyr] o= light X
o wEAT S A MeJA & @5 AHEgh A5 (L-Me) 2 light A2l gh wd#7] &) 20l
50 mM NaCl & @5 AH2|g 2385 (L-50N) ¢ DPPH &tz &7%e] 7 (L-Co) °
vlsl 24z oF 44.97 B 525% A JERG A wlaste] o & FUFES Hole AR u
Ebttl. = light 283k W@ R 7] &3] 0] MeJA ¥ NaCl & @5 A3 2385 (L-Me or
L-50N) ¢ DPPH #dZ &2A%2 27 (L-Co) o Wdlel & Aoz el o MeJA
g2 NaCle W3 g A4 (L-MION 2 L-M50N) ¢ DPPH &z &A%l nlstd v
< Aoz Yty MeJA E+= NaCle] @532 % light A3 W2 A7] 249 DPPH #t
Z 2750l 83 G v A B35 MeJA9 NaCle ¥a3xg & 4% 2 a3= 6%
Z7t8tE Ao = Az Et)h Light A8k wda7]&x) 409 MeJA 2 NaCl # A7} At
3 Bl o8 DPPH #tZd &A% F88 4T¢& vHthe o9k 22 e § dHe &
o] Wl =4 Ao FA A4S Hold, o] wounding-stress potatoes o4 & &=
afo] DPPH st 279 qtstedo] J3Fa v XIth= Reyes and Cisneros—Zevallos 2|
H.319} pseudocereals seeds A= 54 shebEe] ohke] kst @A dFE mAT=
Gorinstein 59 HidA % 4Fge=z F #& 3h=Fo] DPPH &tvld AASYH A#AEE 7t

A Faksk Aol 78 dFe vAE AR ARFHAT

b

i

2o MeJA ¥ 10 mM

_I_:

rlo

AO=

o

- 156 -



12

. /Gy

0{ B AGKEY

8

DPPH radical scavenging activity (%)
8 3

B

[Ees) LMe &N LAMION LVEIN
Snpes
Fig. 78. Changes of DPPH radical scavenging activity (%) in 100 mg% concentration with
combined treatment of MeJA and NaCl during germination time of buckwheat
sprouts treated light.

All value presents the mean * SD of triplicate determinations. Treatment: L-Co: Light 4 hr, L-Me:
Light 4 hr+0.1 mM MeJA, L-50N: Light 4 hr+50 mM NaCl, L-M10N: Light 4 hr+0.1 mM MeJA+10
mM NaCl, L-M50N: Light 4 hr+0.1 mM MeJA+50 mM NaCl.
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Fig. 79. Changes of frap assay (mM Fe%/g) with combined treatment of MeJA and NaCl

during germination time of buckwheat sprouts treated light.

All value presents the mean * SD of triplicate determinations. Treatment: L-Co: Light 4 hr, L-Me:
Light 4 hr+0.1 mM MeJA, L-50N: Light 4 hr+50 mM NaCl, L-M10N: Light 4 hr+0.1 mM MeJA+10
mM NaCl, L-M50N: Light 4 hr+0.1 mM MeJA+50 mM NaCl.
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(6) Frap assay

Light % 2|3t Wd#7] &4 420 MeJA ¥ NaCl & W3 AT 4 A&7 Aol wf
2 il 7|EA A4 frap assayol VA= G3FS Lol Ay Fig. 79 9F 2o oF 0.57~0.82
mM Fe’'/g oA oF 456~860 mM Fe''/g & A&7|ztel Axgel we) dz+ (L-Co) &
23 BE oA FUbshE AoE JErg o, 53] light Ak w7540 MeJA
2 50 mM NaCl & W3 Hgd 237 (L-MON) o 4% o} 1d A3 & oF 071 mM
Fe'/g 914 39 2 59 Az F zbzk oF 312 9 759 mM Fe'/g & Wz (L-Co) ©l v]3}
Z+7k ok 2480, 5141 ¥ 66.36% =2 How yrhgow, AS7|7Fo] Aupge| wE frap
assay =7F&o] °F 969.25% = xT (L-Co) & ¥ 33
UEFE T Light 2] g w2 2-7] &5
(L-MION) ¢ A% ol 19 Ax F oF 082 mM Fe’'/g 914 39 € 59 Az § 747 oF
3.75 2 869 mM Fe''/g & WX (L-Co) °l W&l Z+7F oF 43.36, 81.79 2 90.52% %< Ao
2 yepg o, A87|zte] Aagle] wEl oF 966.01% S 71ehE Aoz vErg) Wl 5Y A
I ZF 5 o lRT)EAN 4] frap assay & =AH3 A light A3k wWdlx7] 23] 40
MeJA 2 10 mM NaCl & W3 AHelsk Ad+ (L-MION) 9] frap assay #°l 869 mM
Fe”/g & tix7 (L-Co) o vlal °F 90.52% & o= vehon, ol tx+ (L-Co) &
EPE BHE 28 TEC M =2 #How uyeiwu m3 light Mgk wlE AT F A A
MeJA 9 50 mM NaCl & W3 AHgd 25 (L-MSON) 9 frap assay #k°o] 7.59 mM
Fe”/g & tiz=T (L-Co) o w8l oF 66.36% %2 #o 2 uehd light X2 dh WaA7] 44
of MeJA ©@= A3t A& (L-Me) ¥ NaCl @5 AH2|d A&+ (L-50N) & ol 54 4
3t ¥ frap assay #°] 77 oF 652 % 497 mM Fe'/g & tET (L-Co) ol wl&| ztzt of
8.83% o Ao = el Aol Hld %S frap assay #bg HoFi J5E g}
Ah = MeJA = NaCl o X8 7F light 283 W E@R 72549 frap assay o &
G uAE Aoz Fgsden £3], MeJA ¥ NaCl & Wd XHd 4-F light s
WA7) A 49 frap assay ° VA= 83 42 05 U2 By ol WY EA]

|7to] Ayghel W& frap assay S 7F&ol®
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Fig. 80. Changes of rutin contents (mg/g) with combined treatment of MeJA and NaCl
during germination time of buckwheat sprouts treated light.

All value presents the mean * SD of triplicate determinations. Treatment: L-Co: Light 4 hr, L-Me:
Light 4 hr+0.1 mM MeJA, L-50N: Light 4 hr+50 mM NaCl, L-M10N: Light 4 hr+0.1 mM MeJA+10
mM NaCl, L-M50N: Light 4 hr+0.1 mM MeJA+50 mM NaCl.

(7) 79 g

Light 23 dd#7] 320 MeJA 2 NaCl & W3 Hdd 4% AE7)30 Aol uf
AES Yol A= Fig. 80 ol vreEFUIT)
RBE7)zko]l Aupghe] wpe} WAV G0 FE S oF 1.60~1.92 mg/g oA °F 2075~
3255 mg/g 2 dlE&2T (L-Co) & X3t BE FolAa F7ehs Aoz Yehyton, 53,
light 2] ®AR7]|Z2) 40 MeJA 2 10 mM NaCl & #H3 223 487 (L-MION) ¢
8 g A Ao Do 19 A7 $ oF 1.92 mg/g oA del 3Y 25U Ay F 7}
°F 1375 ¥ 3255 mg/g & WET (L-Co) ol vlal] 747} oF 1241, 7529 2 56.85% =< AL
=2 vEehgow, AK7|te] A#gle] wE TR G FUh&S oF 1502.85% 2 T
(L-Co) & X338 BE & 559 7M4 & Aoz yepgl Light 23k dd#7] 54
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2ol MeJA B 50 mM NaCl & W3 A2eh 435 (L-M50N) ¢ 4% o} 14 F34 5 F
© Fgol oF 1.60 mg/g oA 3U R 54 At F A7 oF 11.32 % 2637 mg/g & 57|30
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I 5 g Wl TIEA e FEOSEs S48 23 light A Wl E 3 2

MeJA 2 10 mM NaCl & W3 A3 A3+ (L-MION) °] F% 3heFe 3255 mg/g = T
o

Z7 (L-Co) o vld] °F 56.85% =& Aoz yeston o= tJx+ (L-Co) & X33 =&
TS BEo s e ko =z yebygtl mEdk light 3]sk WERAY]) B o] MeJA 2 50
mM NaCl & H3 Hgd 2A3dF (L-MHON) ¢ Fe8 shgd oF 2637 mg/g & hET

(L-Co) ©l w8l oF 27.06% ¥ Aoz vehd ¥ light X213 ddA7] &2 20 MeJA ©
= A Ad+(1L-Me) 2 50 mM NaCl @5 A2 st 285 (L-50N) o dol 54 Ay &
o] F®l gheko]l Zb7b oF 2441 © 2242 mg/g & WiE7 (L-Co) °l wlal 2zttt oF 1761 H
8.04% =& RO Z e MeJA B NaCle] A7} light el A7 2140 F8 §

ol 589 9T n3 B olyal MeJA ¥ NaCle W&l Mg 49 1 g e =

) Fed T

Light A& g dd# 7] A 2 MeJA 2 NaCl € Ha A& 4+ A5 Faed o
E WEAV|ENLS FEd e Wkl wAE @S @obd A= Table 18 o e
At HxT (L-Co) & 3 e oA wE7]E30 49 maltose FHeF Hop 19 A%
S °F 58.08~70.45 mg/g oA ol 3¥ A3 ¥ of 7231~8219 mg/g B SISt ot
A A3} 3 oF 4983~82.05 mg/g = U FAIE Aoz yeEygoy WHEAT|Ef4 Q)
fructose @ glucose &#o] Z+zF oF 0.00~4.36 mg/g oA 9F 4589~103.60 mg/g =, ©OF
21.67~31.53 mg/g oAl °F 15826~27841 mg/g & Whx7 (L-Co) & X3 EE TolA =

al

A T7reks Aoz yery A57|3to] Ayl uiet wRElAY S ALY S wEd FFF A
°F 82.12~103.83 mg/g °lAl °F 277.20~43249 mg/g & hx7 (L-Co) & X33 =& I

A 2 FAsE AcE uehav) wel 59 Ad & Fud WuArEALe fe
A A3 light 23 WdR7]Ex4e 50 mM NaCl & o= AHgld 24385 (L-50N) <
5 frelg Tl oF 43249 mg/g E UET (L-Co o F &9 FFol wal oF 7.16% ¥
Ac® Yeh} dxT (L-Co) B X#d BE #& FHo| /MF B Aom Urhtoy

o
e
2
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light Hg]g A7) FA 40l MeJA & @5 Hgsh A8+ (L-Me) ¢ MeJA % 10 mM =
= 50 mM NaCl & #3 A3 237 (L-MION 2 L-M50ON) ¢ 729 ol 59 Axp 39
T frEe o] tixT (L-Co) o & Few kol vla vt 3e Aoz yehyrt o}
39 A & & WdAV| A FElY S8 A 9A light A d@A7]EA)
2ol 50 mM NaCl & @5 AHgst 483 (L-50N) o & F2l9 kel oF 24211 mg/g =
27 (L-Co) ol ms] oF 14.78% & Aoz yeht gzt (L-Co) & £33 ZE %
= Aoz Yetstow ) light 23k dd27]| &340 MeJA 2 10 mM NaCl
S B9 Ags AT (L-MION) o ¢ 9F 22449 mg/g, light 2| g wd%7]| 5] 20l

0 mM NaCl & ®3 AH|g A3+ (L-M50N) 9 4% oF 217.76 mg/g= =T
(L-Co) ¢ & {relg ghekoll wla) zbzt oF 642 2 323% 2 Aoz vk} wdar] 254
o] SV Ao light A dk W Ao MeJA ¥ NaCl & W3 AHelsteE Aol

ARA7|F A 20 FRs e wElY FFe Sk SAA] e vE AR Y

i
2
N
o2
i
rlo

o
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Table 18. Changes of free sugar contents (mg/g) with combined treatment of MeJA and

NaCl during germination time of buckwheat sprouts treated light

Samples” Fructose” Glucose” Maltose” Lactose Sucrose Total”

AG1lday 164 £ 003 2167 £ 1.67 6008 =+ 0.24 - - 83.39 + 1.46

L-Co AG3day 2103 =425 11124 + 806 7868 = 1.02 - - 21094 + 483
AG 5 day 9545 + 566 24951 + 2747 5866 + 0.70 - - 403.62 + 32.43

AG1lday 373 £ 179 2013 # 381 6884 = 1.15 - - 101.69 + 3.17

L-Me AG3day 1343 £ 245 11475 + 202 7231 £ 075 - - 20049 + 523
AG5day 4589 + 060 17712 + 014 5419 + 1.14 - - 27720 + 041

AG1day 436 = 0.11 29.01 + 045 7045 £ 0.27 - - 10382 = 0.62

L-50N  AG 3 day 2523 +# 081 13469 + 004 82.19 + 0.10 - - 24211 + 075
AG 5 day 10056 £ 278 27841 £ 125 5352 + 0.17 - - 432.49 + 3.86

AG 1 day 366 +0.00 3153 + 143 7003 £ 0.04 - - 103.39 + 3.99

L-MION AG 3 day 1944 + 062 13033 + 800 7471 = 0.10 - - 22449 + 871
AG5day 6966 = 08 23719 + 269 4988 + 0.31 - - 356.73 + 323

AG 1 day - 24.04 + 004 5808 = 0.71 - - 8212 + 0.75

L-M50N  AG 3 day 1837 + 324 126776 + 6.81 7263 = 0.10 - - 217776 + 10.14
AG 5 day 10360 £ 282 15826 + 476 82.05 £ 2.06 - - 34391 + 964

Ureatment: L-Co: Light 4 hr, L-Me: Light 4 hr+0.1 mM MeJA, L-50N: Light 4 hr+50 mM NaCl,
L-MI10ON: Light 4 hr+0.1 mM MeJA+10 mM NaCl, L-M50N: Light 4 hr+0.1 mM MeJA+50 mM NaClL

Values are means = SD (n=3).
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Table 19. Changes of organic acid contents (mg/g) with combined treatment of MeJA and

NaCl during germination time of buckwheat sprouts treated light

Malic

Formic

Ascorbic

Acetic

Citric

Succinic

1 Oxalic 2)
Samples Acid? Acid? Acid” Acid”? Acid” Acid” Acid”? Total

AG 1 day 1914003 2454+0.42 110.67+1.13 2005.62+706.58 - 1068.07+755.24 21.3951+15.11  2687.47+1448.21

L-Co AG 3 day 4.28+0.46 49.14+1.77 17963+3.81 10733.80+238.44 16.21+11.91  785.74+505.26 - 11768.80+729.13
AG 5 day  6.28+0.02 8.21+0.00 269.63+3.81 38159.75+426.88 45.24+0.13 539.16+23.23 - 39028.27+453.81

AG 1 day 2.27+0.11 31.42+0.83 123.30+3.66 3073.83+27.77 - 1095.84+23.80 - 4326.66+8.56

L-Me AG 3 day 46.70+0.12 47.15+0.55 184.99+269 22262.85+165.11 31.7245.09  847.46+424.00 - 23420.87+581.99
AG 5 day 6.13+0.62 6.03+0.21 252.59+3.80 46179.75+106.42 102.94+1456  559.27+12.14 - A7106.72+99.78

AG 1 day 2.98+0.03 6.83+0.06 139.10+2.74 3826.02+39.63 - 1183.58+40.04 - 5158.50+82.50

L-50N AG 3 day 4.45+0.14 4875+1.69 180.62+450 18007.30+402.63 13.67+0.84  848.75+439.98 - 19103.54+31.87
AG 5 day 12.34+0.46 61.82+3.93 301.45+9.33 49621.75+544.83 51.69+2.50 516.55+12.68 - 50565.59+568.70

AG 1 day 3.58+0.01 31.92+0.62 146.02+325 3536.48+196.33 - 1175.50+3.73 - 4893.49+196.47

L-MI0ON AG 3 day 49.12+0.52 46.16+£1.82 200.59+1.31 26305.40+363.88 £0.62+13.03  905.02+382.96 - 27546.92+2 41
AG 5 day  8.04+0.84 60.12+4.61 334.38410.03 65726.30+717.43 111.29+7.42 537.14+22.00 - 66777.27+747.49

AG 1 day 2.38+0.13 4.43+0.17 112.80+245 2637.91+547.83 - 087.66+163.92 - 3745.18+714.50

L-M50N AG 3 day 4.21+£0.12 41.8740.14 189.41+067 22502.75+284.751 23.67+0.59  1122.05+40.57 - 23883.96+326.61
AG 5 day  7.79+0.41 54.47+2.80 292.2048.24 54402.10+1896.32 100941836  548.86+27.02 - 55406.35+1862.39

UTreatment: L-Co: Light 4 hr, L-Me: Light 4 hr+0.1 mM MeJA, L-50N: Light 4 hr+50 mM NaCl,
L-MI10ON: Light 4 hr+0.1 mM MeJA+10 mM NaCl, L-M50N: Light 4 hr+0.1 mM MeJA+50 mM NaClL

Values are means = SD (n=3).
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9) #7714t ek

Light Al dd#7]E5 400 MeJA 2 NaCl & B3 A3 4 AH717 Ago] w
B HEAVIEA L F7I ke Wste] vz ol A= Table 19 o e
At ol 54 A 5 WHAV|FA A F{7 Hlagk A3 o (L-Co) & X3
3 =E oA ascorbic acid ¥Eo] 71 =
acetic acid, malic acid ¥ oxalic acid 2.2 o] &2 Aoz et HHEHAT]EX] A9
citric acid FFFe Lol 19 A F oF 987.66~1183.58 mg/g oA Wol 54 A F of
51655~559.27 mg/g & #HA3E Aoz vergtoy WM ER A ascorbic acid $FEO)
A57]17ko] A wel oF 2005.62~3826.02 mg/g oA ¢F 18007.30~65726.30 mg/g = U

Z7 (L-Co) & X33t & TolA ZA S7189S #By ofy e} formic acid ¥ oxalic acid

rir
off
o2l
o

2
e
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o

rlo
poi

o2 YEe o™, citric acid, formic acid,

haF w3k A 7 3bo]l Al wiel Fbshs Ao® Yt 5 frIrh g 94 ARTT
o] Zagtel wel oF 2687.47~515850 mg/g A °F 39028.27~6677727 mg/g = tHET
(L-Co) & 2% Ze oA FT7Pshs Aoz yeiten 53 light A2l Aabrdo]

MeJA % 50 mM NaCl & W& Ags 43+ (L-MEON) o A-¢ AF7]zke] A stel e}
F 714k gheFol oF 1379.40% F7betE Aoz Yeh} tx2H(1Ll-Co) & XT3 ZE 7S
TEO VM =2 SUES HAY dol 5Y AN §F FE wEAYEALY F fU)A F
2 =22 Ay light A3 wL2®7)| &2 20 MeJA 2 10 mM NaCl & W3 23k 23T
(L-MION) 9] A% = 714 &7Fo] oF 66777.27 mg/g = WZ7 (L-Co) o ]3] <F 71.10%
Aoz Yl o light 23k A @ A7 &340 MeJA 2 50 mM NaCl & #H3 g
g A9 (L-M50N) o A & #714F ko] of 55406.35 mg/g = Wz (L-Co) ° H]l
°F 41.96% =<2 Aoz Yoy light A2l s didx7| &34 50 mM NaCl @5 A2 s
AP FL-50N) H MeJA &5 Hgd AP L-Me) o Av T #7Iab o] 42 o
50565.59 % 47106.72 mg/g = WET (L-Co) °| vl Z+-7z+ oF 2956 % 20.70% 2 HOo=
LR MeJA 3= NaCl o] A7) light A3k ddA7| 2408 & #7]5F el 783
&g A= AoR FlHon 53 MeJA ¥ NaCl & ¥ AHeld 49 1 33+ ¢

< sid Bk ohus WEAVSA L BET|Fhe] Aol wE F 7 FEe] Skl

i
(g

R 249 F dE eyl DPPH Y4 427 %, frap assay ¥ F8 ko] ¥
g dolny] ¢3le] AaEAe A3 Ay Table 20 o Yeb A d A Aol & 5

A%, frap assay L T8 st 2R oko] A#AAES e =
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= FHeFo] S7Mg S DPPH &t # 2753 frap assay 2 78 §aFo] 7 Skt A
oz eyt & dElA T EALe £ dHE Sy DPPH &9 &~A%, frap assay 2 F
s

e RE Re 3RS AU gE Aoz gAsgow, oHd Jupde g

Table 20. The correlation analysis of total phenolics contents, DPPH radical scavenging

activity, frap assay and rutin contents of buckwheat sprouts treated light

Total phenolics DPPH radical Frap Rutin
contents scavenging activity assay contents
Total phenolics contents 1.0000 0.9928"V 0.9943™ 0.9833"
DPPH radical scavenging activity - 1.0000 0.9953™ 0.9840™
Frap assay - - 1.0000 0.9878™
Rutin contents - - - 1.0000
U Significant at p<0.001.
(1) 2& 9 89
WA g s )5AE FAA77] A5kel MeJA B@A A EHAA Ao g
W light & dst=3 7 B3y A2t 1o e avE JEsv & A WHe F

Holl A 2009 AulH FAE F943te] ANBAH] 7] (Mikrofarm, EasyGreen Co., MA, USA)

= o] g3l 19 43] (1687 EFans AAHS & 7d7F AT AFAAY. L3
z7A0A A st WEAI)EA Ao MeJA, G5 2 lightE e ste], Nz, MeJA + light

AT, A3HE + light A&7, MJ+A3E 1 + light A8, MJ+93=2 T + light
A2 AR i FEe] A9 dixTel wiste] ATe BF FUkskod,
MeJA A 7= oF 52% 9 T7He yEhd v, d8E & AT oF 109% ©1de 71

& vehdo] EfHE e a7t eS¢ F UArh DPPH #@Zd A doA® F 5
E FE fARE S dEtdol, MJ + d8E =1+ light A7 7
UERRI, FE el EFAETIE oF 56% ol F7Fe ¥hE, MeJA
°F 17% ¢ Z7FE Yehddth MeJA ¢ A3tEe EFAH Y= F Ay ¥, 79 FF 4
DPPH &tz 27%lA MJ + gd3te 5% 1 + light A+ > MJ + 932 % 1
light g7 > MeJA + light 27 > A&E + light A&7 > 27 £o=2 e, 8
Eaho] W o] o8 s ERATH

3o

(|

A
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5. W& elicitor A& 93 7oA T @A L Qe RN AFHD
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AL F SRS AAST 3 5 /e ddroz #5aA BEdee] 19 43 1583F EF3)
2 AA3 QYA 7] (Mikrofarm, EasyGreen Co., MA, USA) & o] &3}
2C © Aol A Avistdet. Alv) 39 A3 $ wdRo] Wolslr] AFstH 7} A@ ol light
Z 4A7F HE3 & 10 mM NaCl %= 0.1 mM MeJA & 1¥ 13 247 100 mL

glo] = fFste] A glsialon, wolrl AztE = Wl & 1Y A3 F5F

3
A A3 F A7 FFAQL. 53 A PAFES AAF 2] o4 BRe Av
o

(TD5508 Freeze dryer, Inshin Lab., Co., LTD, Seoul, Korea) & ©o|&3}o] A %3}al blender
(KA-2600, Kaiser, Korea) & ##13 & 60 mesh (850 mm?) ZZdol| EFAA F&HS 9
A EE AT

Fig. 81. Changes of appearance with combined treatment of MeJA, NaCl and light during

germination time of buckwheat sprouts.
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(2) 9| W

MeJA, NaCl 2 light o] WA 7} AH7|zF & WLdA7]| x4 @] W] vA =
DS otry] §5te] ol 5Y A F vl ZFFS ARKIE Fig. 81 o YERAAT tET
(Control) ¢} MeJA @5 He AdF (Me) @ MeJA ¢ NaCl & W3 Xz3 A8+ (MN)
o] Qo] B% wwdls Hu Z7] md A4S Ha gl Ao WE MeJA 9 light & ¥ 3
A g A3 (ML) 2 MeJA ¢ NaCl, =81l light & 25 W3 ¥ 3 287 (MNL) ¢
g At Ha o Vs 58 4E e AoRE Ugyton, o3
light ol ok dgFoz HFuwojxi} WldA7|Fx14e o] B AF FAus o=
=+ (Control) & 233 & o
WaA e 7y EA7 S0 Aol glo]Al light Aol o3& it F7] 39 B 49
W3} olefels 2 FEFE VAA ¥E AR Az E ozt

ol ] 2 zo]lE Holx Zormz MeJA, NaCl 2 light 9

(3) Aol W3}

MeJA, NaCl 2 light ¢ WaA 7} A7z & wd47] &)
AFe Yol A= Fig. 82 o Jebliivh AS7|7ke] wep wdAr] 140 Aol of
44~6.10 cn oA oF 875~12.84 em 2 OF 44.34~136.15% F7}etE AoZ ey on wlho}
d A & Fg ET|EAL dolE SAT A3 thxT (ControD) o M MeJA%}
NaCl ¥ lightE ®H3 AHeld A&+ (MNL) & Zo|7l &2 Ao = yeryho), ol 1Y o
v 3¢ Ay & IS fEAV|EAL dolE AT Ay dix2F (Control) & HITE
(Me, MN, ML % MNL) k9] 2 zfo]= Holx] &&= Aoz vetydrh webas] MeJA <
NaCl 2 light © Waxg 7} fdA7)Sx)n] Aolgdde] dojrE & AFS nxx =

Aoz gAH )
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Fig. 82. Changes of length (cm) with combined treatment of MeJA, NaCl and light during
germination time of buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.
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Fig. 83.Changes of total phenolics contents (mg/g) with combined treatment of MeJA,
NaCl and light during germination time of buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.

- 167 -



@) & = FY
MeJA, NaCl 2 light o WaA et 45713 F A4/ 1EA% & sl FFe] Wl
e GFE Gob Asb: Fig. 83 o bl 4%/ B F dm FFS o 28

0~4.88 mg/g oAl °F 22.32~41.74 mg/g & HZET (Control) & X33 RE oA =738}

iy

= Aoz yeyton £3] MeJA, NaCl ¥ light & =% W3 g3 24d3F (MNL) 9 43
S ol 19 A T oF 488 meg/g oA 39 @ 59 A T 7 oF 2193 © 41.74 mg/g =
=718kl 27 (Control) o W]&ted zhz; oF 74.08, 68.18 % 87.01% =& o= e

N
=
-

eJA o NaCl ¥ light & 2 W3 Hs 485 (MNL) o 5 d= =] M &
Bk opgl ASVIZle] wE e e IS EE Jbg 2 Aoz vtk MeJA
light & 3 Hz|g 48+ (ML) o A% Do} 19 At F oF 420 mg/g 1A 3¢ 2 5¢
A & b7 oF 2160 2 39.68 mg/g = F7Fske] di&T (Control) o Wt Z47; oF 49.71,
65.64 2 77.78% =& Aoz et on MeJA o NaCl & W3 A3 A&7+ (MN) o 4

¢ ol 19 A3 F °F 393 mg/g oA 3¢ H 59 A F 747} ofF 2203 ¥ 3391 mg/g =
718k dl&T (Control) o w]ake] 7k} oF 40.28, 68.89 ¥ 51.95% ¥ o= e}

O

7]
MeJA o NaCl ¥ light & Wa H2ld 4 dx=7 (Control) % olyz} MeJA @5 X
AT Me) HUum Ax7|3F & WHlAV|EAL F dle FF S7hE0] mokAe Ao=
G AT} wepa B Ada AFelA T dlm T Sk AR ERE A e
Aoz Folgojx i gl MeJA o] NaCl ¥ light & #H3a Atz A8 73 5 Wi
A7l e Z dle e Tk MeJA @5 Az yEehvs &3 o) F83 AEgE

THAAL & o e AR AlRdT

(5) DPPH &}t Z 2A%

MeJA, NaCl 2 light ¢ ¥adHe7l 457|175 wWd%7]F2 4 DPPH @hel 2@ 2759
Wslol] WA= GFFS Lot A= Fig. 84 o YA} 100 mg% & x=olA DPPH #Ht]
2 2SS 249 A3, AX7)E e oF 1885~21.24% oA oF 57.85~9057% & Ul ET-
(Control) & %33 W& FolA Z7telE Aoz Ueiston wol 59 Ay & 83 v
A7) 242 DPPH @HZ 27 % A3 A3 MeJA ©] NaCl ¥ light & 25 W3 g
g A+ (MNL) ¢ DPPH #H# &7 tx7 (Control) ° W&l ¢F 56.55% <5 73k
EE g SE°] DPPH &% 2AGo 7 e AoZ eyt B3 MeJA o NaCl
S Wy HeEld AT (MN) 2 MeJA o light & Wa Held Ag5 (ML) 9 o} 54 A
3} %9 DPPH &Y% &A% EF (Control) o W&l 24z} oF 51.75 ¥ 55.26% =2 AL
2 vegon, ol MeJA & @5 XEd 2437 (Me) 9 e} 59 A3 & DPPH #dz

mlo
B
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2750l HET (Control) o W8] oF 33.62% HL Aoz vehd A vusdds o o =
2 AoZ YERIT 5 MeJA ¢ NaCl ¥ light & W A& 4-F MeJA 9 d=
vl B5713F 5 WEA7|F249 DPPH vz 759 Sl o &3 43S A=
Aoz %At MeJA, NaCl ¥ light ¢ Wal g7} dxtsl 2o 9% DPPH &9z &
Al F83 & vFThE ole 2 Ay F e dHe W F4 A9
S Mol o] wounding-stress potatoes °A < ¥= staFo] DPPH #lu)Ze] ghHiks)
Ho| gekS mF = Reyes and Cisneros—Zevallos ¢ H 319} pseudocereals seeds o A& |
ol giksl gde] 9IS v FYE Gorinstein 9 HIAE IFHOR
% #HE o] DPPH @HZd a7 53 AdAd-e 7HAY &4kst &4 #F83 d3& vA=
RO Z AR HAY.
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Fig. 84. Changes of DPPH radical scavenging activity (%) in 100 mg% concentration with
combined treatment of MeJA, NaCl and light during germination time of buckwheat
sprouts.

All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM

MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10

mM NaCl+Light 4 hr.

(6) Frap assay

MeJA, NaCl ¥ light ¢ Wa3Hg7l ALVt 5 WAR7])Ex04 frap assay o 7| A=
AES Udol A Fig. 85 9 ol o 053~063 mM Fe''/g oA ¢F 2.27~4.69 mM
Fe’'/g 2 A&7|o] A#gel] we) tix7 (Contro) & X3 BE ol T8 Ao
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ol 19 A3 F oF 061 mM Fe'/g o4 3¢ 2 59 Az F 747+ o 237 € 469 mM
Fe’'/g & Z7bske] T (Control) o W&l ztzb oF 14.60, 67.12 2 106.72% %o Ao 2 1
EtL} BE T8 FEO] frap assay #°| 71 =2 Ao= yEhduh =3 MeJA o light &
W Aels 487 (ML) ¢ 45 Lol 19 43k F oF 063 mM Fe''/g oA o} 39 & 5
A A F oF 242 2 460 mM FeQ*/g 2 Z7}8ke] thET (Control) o wl&) Z+zh °oF 18.03,
7036 2 102.44% =2 Ho2 veryow, ol 59 A3} & frap assay kS Hwe Az
MeJA ° NaCl & #H3 At e+ (MN) 9 frap assay #©°] Wz (Control) °l 43|
°F 65.88% ¥ Aoz yEh oF 3213% T7HES Hl MeJA @5 X H@F (Me) 9 Y]

Wl = 2 F714S JERAT. ol MeJA o A2l WL A7) 84149 frap assayol o
S vz B opue} 53], MeJA o NaCl ¥ light & 3 Mg A4 ASH7)z 5 ddy
NE AL frap assay $& F/H71E H O K8 ¢S nATE A4S Bk
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Fig. 85. Changes of frap assay (mM Fe%/g) with combined treatment of MeJA, NaCl and
light during germination time of buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.

(7) 79 g

MeJA, NaCl % light o Waxg7t AS717F 5 @RV 544 1 g3Fe] wige] n|
A= S Eobd A= Fig. 86 o YEhAT A=7]3 FQt Fo gk of 3.82~4.73
mg/g oA oF 22.82~4280 mg/g = WZ=T (Control) & X33 & oA FVleteE AL
2 vetgton, 53], MeJA ©l NaCl ¥ light & =5 3 X3 a3 (MNL) o 3¢ F
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Bl g Wol 1Y A $ 9F 473 mg/g oA Hel 3¢ % 5Y AR F 747 oF 2264 ¥
42.80 mg/g = WET (Control) < wlaLste] Z4z; of 2372, 7191 % 8761% F7Iete Ao =
UEbskth =3 MeJA o light & B3 AHeldh 2395 (ML) o A4 F8 3=
A% - °F 438 mg/g oA ol 39 R 5Y A & A7 oF 2167 # 4050 mg/g 2 HET
(Control) ¢+ wjsdle] 2} oF 1457, 6455 9 77.50% 713k Aoz vepgton, del 59
A% & MeJA o NaCl & W38 A3 4@+ (MN) o F8 F3e 4 Ay dx+
(Control) ol w]=f °f 30.61% ¥ Aoz YEY MeJA & @5 AEs AT (Me) ¢ °F
3.85% Z 7k vlaste] & 2olE yERWULE S MeJA 9 @5 Aol s MeJA o] NaCl

9 light & W9 AUk 4% 45710 F AL/ EAL] 29 FFS FAAAE d o
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Fig. 86.Changes of rutin contents (mg/g) with combined treatment of MeJA, NaCl and
light during germination time of buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.
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Fig. 87.Changes of carotenoid contents (mg/g) with combined treatment of MeJA, NaCl

and light during germination time of buckwheat sprouts.

All value presents the mean = SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.

(8) =¥ ol Tk

MeJA, NaCl % light o] B3 A27} 5731 & 227|544 JhRE ol = 7k
of MAE DS Fobd A= Fig. 87 o YEhSY. AS7I3E S FtREH w0l = FHE
°F 0.0282~0.0419 mg/g oA °F 0.2562~0.7530 mg/g = tlx+ (Control) & s
A F7reke Ae® dEhton 53] MeJAdl NaCl ¥ light & =% W3 g
(MNL) ¢ 4% 7I=2¥xol= &aFe Wol 1Y A 5 oF 00419 mg/g oAl To} 39 H 54
B & Zhzh oF 02678 2 0.7530 mg/g = X7 (Control) 9 H|ashe] Zbzy ofF 4876, 119.07
2 185.63% Tkt Ao ®E uERTE 3 MeJA o light & W A2s A3 (ML) ¢ 74
T FIEE o= FEFE ol 1Y A = oF 0.0377 mg/g oA ol 3¢ H 5Y A} 3 7H7
°F 0.2728 % 0.6624 mg/g = hx7 (Control) ¢ w|asie] Zhz} of 3375, 123.18 % 151.26%
Z718HE Aoz yeld o MeJA o NaCl & Wa Al 287 (MN) 9 4$ 72E %0
= g2 ol 19 A3 5 ofF 0.0306 mg/g oA ol 39 B 5Y A F A7t oF 01546
0.3508 mg/g = W=7 (Control) ¢ Wlawdte] Z4z} of 845, 2649 3 33.05% T7hsh= o=
LFEFL MeJA o] NaCl % light & W3 Hgste 44 571 & dA7|EA49 JHRE =

o= FYS F/AAE W HEF 9T At AL FAs,
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9) #7714t ek
MeJA, NaCl % light ¢ HaA g7t A57|3F 5 LAV S0 F7]4F ke ®
A= Qe Eobd 2= Table 21 o YeR I, Wof 54 A3 & /74 s
3 A3 2T (Control) & ¥383F ZE oA ascorbic acid g#o] 74 & Aoz e
%o, formic acid, oxalic acid, malic acid ¥ acetic acid To.2 o] =2 HAo=z
of. W=7 E 2] A2 acetic acid $FEFS- whol 19 A3 & oF 28.17~32.83 mg/g oA ol 5
o A} F oF 416~724 mg/g = ThA #AAadE Aoz yehyoll oda ]S4
ascorbic acid FEFol 57|k el wel oF 1171.32~1465.86 mg/g oA °F 2527.19~
3496.74 mg/g = WET (Control) & XT3 RE ToA AA F71EAS B opyE
= 7|3ko] Aagtel wE FobekE AL
2 Uey F f7Inb g 9A] A7)kl Al whel oF 1230.50~1494.38 mg/g oA of
2604.49~3566.80 mg/g = thE7- (Control) & X33+ BE oA F7ksts ALZE LES
£3] MeJA ol NaCl ® light & =5 #Ha A A+ (MNL) o F 7714k o] A+
71Zb Z33tel whel ofF 171.74% S 7Fste] tha+- (Control) ©] % 714k ko] AH7F 4%
of wel °F 16341% F7kek A wlwdte] tha %2 o2 ey MeJA, NaCl % light ©]
WAt A7 T AEAVEALY U4 e St 88 dTFe vA

= Fle .

formic acid, oxalic acid % malic acid $=Fo] 25 A

iy

o
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Table 21. Changes of organic acid contents (mg/g) with combined treatment of MeJA, NaCl

and light during germination time of buckwheat sprouts

Serrples” Oxelic Miic  Fomic - Asabic - Laie - Acdtic Qe Swdne
Adid Adid Adid Add Add  Add’  Add  Add

AGldy TMB+419 040+000 2184+ 148 1517 + B8O D16+ 58 131580 = F038

Cortrd AG3dw 9+ 0I5 777037 B47+190 171160 + 1617 1121 + 67 17065 = 10083
AG5dy RBR+02 431+006 616 +08) BHED + R 547 + 0% UFIL + R

MGldy 397 +013 00+00 25+18 1280+ 3006 D13 + B85 1ZR13 = TB3

Me  AG3dy I007+010 78+03 UB 10 1005 + 597 1708 + Q16 16048 + 612
AGHdy 18500101 919+0% 4711 +127 22719 + 1879 550 + 445 BL + 10880

Mldy AV+012 051 +002 277 +28 1RF+ 356l RI7 + DS 129755 + AR01

MN  AG3dy 1200008 77 +0B UB+0I3 048+ 199 1672 £ 07 21161 + 190
AG5dy 1421+00 1091 +0%F FO+3YU BRB + K51 416 + 063 IBR + 62

AGldy 4% +000 046+000 BR+151 1465+ 2605 - UL = 24734

M. AG3dy 8B 0L 799+02 DOL+0M K060 + B 1088 + 147 165774 + 8145
AGhdy 10B+011 1213+004 4160 +041 3674 + 100 55 + 034 FHO + 1041

AGldy AB+O0® 0BH+00l 208 +05 1712+ 1B DL+ BB 123050 = 1A

ML AG3dy 705+ 005 965+308 BH+0R IDI5L + B9 4 + 56D 16004 + D31
MGhdy 13504015 127400 4R+06 VRS + G 79 + 085 BB + 675

UValues are means + SD (n=3).
?Treatment: Control, Me: 0.1 mM MeJA, MN: 01 mM MeJA+10 mM NaCl, ML: 01 mM
MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10 mM NaCl+Light 4 hr.

(10) 8= o=

MeJA, NaCl 2 light o B8 7} A=w7|3F & LAV FA & F2F FaFe] Wstol

v 2= 9ES ol Aul= Table 22 o YEFA T AR 7]E 204 2] maltose $HaF W
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o} 19 A3k ¥ oF 4150~5094 mg/g oA ol 54 A F oF 2676~17.90 mg/g = U
T (Control) & XT3 e oA AS7|7bo] Agste| whe} tiA #AA4ASHE A= UEy
o wHlHAT]E A9 fructose 2 glucose &#Fo] 22k oF 9.60~14.69 mg/g 1A °F 60.42~

13459 mg/g =, ©°F 2545~32.99 mg/g oA °F 61.90~147.35 mg/g E Wx+- (Control) &

£
o

E3He BE dolA FUbskE AR yEy AT|3E S0t AEAV|EAAY & Y T
AAl oF 76.54~95.85 mg/g oA oF 140.21~308.70 mg/g = WE7 (Control) & X33 B &
T A ZA FIFslE Ao= yErwth ol 3¢ 9 5 H3 = MeJA, NaCl 2 light A 2]
A5 (Me, MN, ML ¥ MNL) 9 £ 2% &= dZx7 (Control) o ]3] @& 7o

2 uyelgtoy ol 19 A3 & MeJA, NaCl 2 light X2 Ad+E (Me, MN, ML ¥
MNL) ¢ & f8% grsko] =7 (Control) o Hla] oF 11.92~2523% %2 Ao e}
W27 S 3 A0 A7)kt 24830 MeJA, NaCl 2 light ¢ W37 di2A7] S5 4
o #frElel = FEW T Tt SAAR] AdFE vE FR AS AoE Uz

=
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Table 22. Changes of free sugar contents (mg/g) with combined treatment of MeJA, NaCl

and light during germination time of buckwheat sprouts

SamplesZ) Fructose” Glucose” Maltose” Lactose Sucrose Total”

AGldy 959 + 208 2544 = 214 4149 £ 0.14 - - 76.54 = 0.19

Control ~ AG3day 5179 = 011 68.00 + 0.10 4224 = 0.51 - - 162.03 = 0.29
AG5day 13458 £ 049 14734 + 048 26.76 + 0.08 - - 30869 £ 1.06

AGlday 1283 £ 051 3298 + 017 4768 + 031 - - 9351 = 0.01

Me AG3day 4690 = 0.19 6147 + 001 4161 + 0.01 - - 149.99 = 0.20
AG5day 6500 = 031 7567 + 0.09 2342 + 0.13 - - 164.10 = 0.27

AGlday 1247 £ 0.04 3069 + 041 4249 + 0.84 - - 85.66 = 1.21

MN AG3day 4972 £ 019 6200 = 003 3835 + 0.11 - - 150.08 = 0.34
AG5day 8283 = 023 9373 + 0.05 2287 + 0.66 - - 199.44 £ 0.94

AGlday 1468 + 131 3022 + 147 5094 £ 0.26 - - 95.85 + 2.52

ML AG3day 31.86 = 0.05 4500 + 0.10 32.24 £ 0.39 - - 109.11 + 0.22
AG5day 6042 = 056 61.89 = 037 17.89 + 0.22 - - 140.21 = 1.17

AGlday 1422 £ 015 2766 + 006 49.55 £ 0.79 - - 91.44 + 0.56

MNL AG3day 3031 = 040 4041 + 0.04 3257 £ 0.33 - - 103.29 = 0.78
AG5day 6425 = 032 7464 £ 026 1869 = 0.52 - - 157.59 = 0.05

YValues are means + SD (n=3).
?Treatment: Control, Me: 0.1 mM MeJA, MN: 01 mM MeJA+10 mM NaCl, ML: 01 mM
MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10 mM NaCl+Light 4 hr.

(D) 24

=,
iy
UI

t=7 DPPH 2tz &A%,
#HEAS dolry] e FHAES 2AAE A= Table 23

AR T wlm Y frap assay,

frap assay, 78 &% % J}=2

FE Y 9 JlRE R0l
Z HE gFo] TS FE frap assay, TH TH % JI=H

Aoz eyt wbd DPPH @Hod A4 %9 50%
FIEE ol = R & FHdA
7}

#is ek} frap assay, F8 @ E 2

=1

& YeEhe] DPPH st 2459 509% Adll&e] 57te4= frap assay, 8 & 2

fl

ol ¢ BF fads AoR yeisth DPPH S &A% (ICs value) ¥ 742
ol = ohare] A4@aA (p<o.ol) & AF meE FEEd A= 999%9 AFeE
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Table 23. The correlation analysis of total phenolics contents, DPPH radical scavenging

activity, frap assay, rutin and carotenoid contents of buckwheat sprouts

DPPH radical

Total phenolics ) o Frap Rutin Carotenoid
scavenging activity
contents assay contents contents
(ICs value)
Total phenolics contents 1.0000 -0.9015"V 0.9966™ 0.9901™ 0.9274™
DPPH radical scavenging - 1.0000 ~0.8703"  -08711"  -0.723%"
activity (ICs value)
Frap assay - - 1.0000 0.9906™ 0.9439™
Rutin contents - - - 1.0000 0.9649™
Carotenoid contents - - - - 1.0000

U . ignificant at p<0.01, ™ : significant at p<0.001.

L EECIER LES ECESR

(1) A=
Ao AlgH wEe Fdn YA 201080 AuE FAE FAke] AR ATH
Wl 2 200 g & AlF F 1,000 mL o] Eoll ©@ 25 £ 2T ¢ QAo EelA] 427k &<t
P55 e Ao m testA Edste] 19 43 1583 #55
A s A AAH] 7] (Mikrofarm, EasyGreen Co., MA, USA) & o] &3}
o] Rl A Amietaith Anl 39 Ay 5 Aol wolslr] Ajztalw z Aol light £
4ANZF Hee $ 10 mM NaCl %= 0.1 mM MeJA & 19 13 7}7F 100 mL & 5 A|zke] 7F
AL Fa 2x o2 EF8te] Agsial o, wolrp AlEty = dol & 1 A3 F5Y 34

DEE 59 A% F 47 FRSAY. £F A RREe AT 27) o4 PR Aus
C x

Az H FEE AT &
=
bl

wr

:
9 exelA FAsdow, 49 AUAVEAHLE F2Y

of FA =70 £ 5 7] (TD5508
Freeze dryer, Inshin Lab., Co., LTD, Seoul, Korea) & ©]&3}e] 7 %33 blender (KA-2600
Kaiser, Korea) & 3 & 60 mesh (850 mm®) o] EFAAA FEH& Y3 AFZZ A}

gaar,
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(2) ¢j& st

MeJA, NaCl ¥ light ¢ WaA7 A570 5 wWZ2AV|FA 4 2jde] ¥t vA=
d%S Lotry] fgko] ol 5 A § vl vk - (Control) 9F MeJA &5 2
A7 (Me) 3 MeJA ¢F NaCl & B 223 A7 (MN) ¢ o] =5 wdddls Hy =
7] R A a9l A v MeJA ¢ light & B3 A3 dd4 (ML) ® MeJA
¢} NaCl, 28]t light & =% W& A 435 (MNL) o 4% do] =4 ga A o
aglen E7)= w2 He He Ao yEEew, oA light Aol 93 JFoz A
HolAu M@ EA 40 2ol ® AR A jwdez iz (Contro) & XFE 2E
wolA F AolE HolA ggoermE MeJA, NaCl ¥ light ¢ ®ax ezt Wdy7] 521489 A
ol lelAl light Al &3k 3t =7] FE A4 Ao Wzt ojefoe & F3Fe VA
A S Aoz Atm X

o

(3) HolWiz}

MeJA, NaCl % light ¢ HaA g7t A7 5 A28V E3048 2ol Wsto] mx=
GBS Fokt A= Fig. 88 o yeldvh. AS7]3tel we) WHldA7|FA 40 Ht Aol=
°F 2.31~3.15 cm oA ¢
T3 mEATFA ALY HdolE A A3 MeJA ¢ NaCl & W3 A ¢
17} thZ=F (Control) o H]8] °F 2.24% o} 714 71 Ao =Z 1}
Ae] A8 TS5 (MeJA, ML 2 MNL) & thz7 (Control) ©l »la] Z o] 7}
Tha g3 oz yewth shANt wol 39 A & #59 mdAT|EA e dolE FA G
A3 MeJA ¢F NaCl & WHa AHs dd7+ (MN) o Hr Zo|7} v+ (Control) o W] 3|
oF 42.32% ol 94| 7P 1 Ao 2 yEuhe B obyEt MeJA @5 A2 A (Me) &
MeJA, NaCl 2 light 25 W3 Hgg Ad385 (MNL) ¢ Hir ZAolx= tlx+ (Control) <

Hlsl ofF 1349 ® 20.12% w& AS= uEpL; ol 3o AHgh o] o= MeJA, NaCl B
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Fig. 88. Changes of length (cm) with combined treatment of MeJA, NaCl and light during

germination time of buckwheat sprouts.
All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.

@) = He FF
MeJA, NaCl % light o] Baxg7t AS717F 5 dldR7 S04 F s T3 Wl
HAE QS dobd At Fig. 89 o Yehlth K7 sk & HE FHe oF 40
9~5.78 mg/g 1A °F 16.43~34.80 mg/eg & WHET (Control) & E£&3 RE oA =A =
7hehe Aoz yehykow, 53] MeJA o light & W& X2l3k Add3F (ML) o 4% o} 1
A A+ °F 539 mg/g oA 39 H 5Y A & 7 of 2277 B 3480 mg/g B F7F5ES
ou, o= tlZT (Control) ° w3} Zhzh oF 31.77, 20315 ¥ 111.74% ¥ #Ho=2 MeJA
L) 9 & dE o] 71 =8 By ol A&7k
2 Z7HE E1E 1 2 Aoz yEhydth Bl ol MeJA ©) NaCl # light & =%
g et A9 (MNL) o 4$ wol 19 A & oF 491 mg/g oA 3¢ ¢ 54 A
Zbzb oF 1938 9 2963 mg/g ® F7Fete] thEF (Control) o wlal zhzb oF 2021, 157.99 %
80.30% =< Aoz uEtoen MeJA ¢ NaCl ®3 X g3 (MN) 9A ol 1Y A3
S °F 578 mg/g oA 3¢ 2 5¢Y Ay = ZbzF oF 1897 ¥ 29.39 mg/g B SISt xR
(Control) ol wlal z}z} oF 41.47, 15248 2 78.85% %<& Aoz e} MeJA o] NaCl 2
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licght & W3 X8 4% HET (Control) ¥4t oty g} MeJA ©5 A AEF (Me) Ht}

T AL T wWEAVEARY S de dFF SUFEo]l mokAeE ALz AdHAT

MeJA o NaCl 2 light® W% Agod 4% /13 F AU/ 2A% 5 s F59
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Fig. 89.Changes of total phenolics contents (mg/g) with combined treatment of MeJA,
NaCl and light during germination time of buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.
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(5) DPPH A Z AAF
MeJA, NaCl ¥ light ¢ ®Hax 7} A57|7F 5 WElA7] 2504 DPPH 2z 42 A %52

Hstol] WA= d3ks ¢obd ¥ Fig. 90 o Yeb AT 100 mg% & =olA DPPH #Ht]
Z Arss FAT A, BH7E ESF oF 1497~21.18% oA oF 90.84~84.77% = tHE T

Fl
s

& @

il

ol

==

(Control) & A F7teke AoE UEst o Wol 5Y A & sk Wil
A7 5249 DPPH @od &AGS 543 A3 x5 (Control) o H]& MeJA, NaCl ¥
light & =5 W& A3 A8 (MNL) oA °F 39.32% Z7hgk 2o 2 e DPPH &t
Z 2ATe] M = Aoz YRyt 53 MeJAol NaCl (MN) ¥ light (ML) & 747 ¥
3 A3 A& DPPH &9 42A% 9A dE2+ (Control) © w3 ztz} ofF 3749 9
38.98% 2 Aoz el MeJA ©l NaCl ¥ light & W3 Xz|ed 4$ A577 5 W
71&3 49 DPPH &t &7 Fdol F&3 AF&S A= Ao
= Ay A7 (Me) ¢ DPPH &2 A7 % %3k tZ£7 (Control) ol M & oF 3661% &<
Aow vehyton wel 19 Ay ¥ DPPH @z 4A7%o] thx+ (Control) MU} oF
463% =2 Aoz e} MeJA ol NaCl ¥ light & W& Xgg 4875 (MN, ML ¥
MNL) o] @o} 1 A= & djzFol ula] oF 19.67~41.43% ¥ Aoz Yepd 3 w3}
o FJujdoz e F7hES YERT MeJA, NaCl ¥ light ¢ WX g7 &4ks &2
°]3t DPPH % &A% 83 4TS vtk o9 2& Aae F e g3 ¥g
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Fig. 90. Changes of DPPH radical scavenging activity (%) in 100 mg% concentration with
combined treatment of MeJA, NaCl and light during germination time of buckwheat
sprouts.

All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.
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Fig. 91. Changes of frap assay (mM Fe%/g) with combined treatment of MeJA, NaCl and
light during germination time of buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
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MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.
(6) Frap assay

MeJA, NaCl ¥ light ¢ WaAg7F AS57)7F = wdR7)|E3 5 frap assay o 7] X
Aes Lol A= Fig. 91 3 2ol AS7|F o ET (Control) & X33 =
A ZF7reE Aoz yElgow, £3], MeJA o light & B3 A3 483+ (ML) o 74
ol 19 A3 F oF 065 mM Fe”/g o4 39 2 59 A3 F 747k of 256 2 395 mM
Fe’'/g 2 %7}skel U&7 (ControD) ol ®la] 27 oF 104.03, 151.63 2 10511% %< o=
UEtY 25 7§ FE° frap assay #°] 7P =& WBWE oyt 4K V|7 wE SIS
we g e Aoz yehwth MeJA o NaCl 2 light & =% W8 A3 A3
(MNL) ©] 7% o} 19 3t & <F 083 mM Fe*/g oA ¢F 223 ¥ 334 mM Fe™'/g & U
Z7 (Control) ° wlal Z+zb oF 16212, 119.15 ¥ 7345% =& Aoz vtep}; ol 1d A
%59 frap assay @S RE 78 EEo 1# o2 vEeRgT E=3 MeJA o NaCl &
B e AgF (MN) o Ago]x ol 19 Ay & < 065 mM Fe''/g <14 39 2 5
d Azt F Zbzb oF 217 2 329 mM Fe''/g 2 Z7}8ke] th&T- (Control) ol W&l zhzb of
104.99, 113.36 ¥ 71.10% =2 o=z yEelgo o] MeJA & 9= AHgs 35 (Me)
HUE 22 oz Iudrh F w3 &% 9 DPPH ©uzd A% A9 ZAxe vpavt

ke

T A 71zF 5 AGA/TFA 29 frap assay o 84S

iy

i
M
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i
>_\|L

ke
T

=

o2

o HAAR 53], MeJA o] NaCl # light & B3 A 45 1 &= o5 Tds=

(7) F8 gaF

MeJA, NaCl % light & ®a3A g7t A=7|3F 5 WLdAV|FA 4~ F
© GFE gold ZdE Fig. 92 o YERITh AE7ZE FoF F9 S oF 2.34~3.03
mg/g oA oF 16.81~32.66 mg/g = WZ=7 (Control) & X33 Z&E oA F7leteE AL
=2 Uewten, 53], MeJA o light & W3 A3 A5 (ML) 9 4¢ F
1Y A3 & oF 303 mg/g oA ol 3¢ 2 59 Ay F 7zt oF 2046 2 32.66 mg/g £ U
(Control) ¢ wlmadle] zbz} oF 2928 159.32 2 94.32% F7}elE Ao Uehg) & &

=& Aoz eyl ®8 MeJA o NaCl € light & =%
+ )] % oF 281 mg/g oAl Lo} 3d = 59 A3}
mg/g = 5713l T (Control) ©f W&l ZF2} oF 20.23, 12538 ¥ 71.17% =2 FH Tz
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Fig. 92. Changes of rutin contents (mg/g) with combined treatment of MeJA, NaCl and
light during germination time of buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.
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Tl A Skl AeE Uehsken) E3] MeJA, NaCl 2 light 2 =% W3 A3 2433

o

- 184 -



o}
2 0604% Z7lah Aow e} mE 2o

AN
gl ey ML) 9 A Tob 1 A § oF 00223 meg/g oA Te=or 39 ® 5 A
£ °F 0.2820 % 0.5408 mg/g

fl

S 7F8te] thx+- (Control) o W&l 242} oF 380.31, 97.44 ¥
6864% ¥< JtRE|mol= FFe dEllor], MeJA © NaCl & W3 A3 d43+
(MN) ] Z-¢olE ol 59 A3 & 72 e mol= ghako] thxT (Control) o W& tha g
& Aoz yeyton) wol 34 A3} 5o FtEE o= e tixT (Control) o Ml of
26.52% E& AoR veh} 44 A V)7 FdelE MeJA o NaCl % light & e A2 st

= Aol AFTVIE T MEAVIEAL Rl = &' Tk 78 9
3

(

o 3] -
N

[e)

08
. /Gy
] AGhy
B AG5hy
06
o
()]
£
k2]
C
3]
& 041
[$]
he)
o
C
9
o
©
o
021
00 = H
Grtrd e W M ML

Sngdes

Fig. 93. Changes of carotenoid contents (mg/g) with combined treatment of MeJA, NaCl
and light during germination time of buckwheat sprouts.

All value presents the mean * SD of triplicate determinations. Treatment: Control, Me: 0.1 mM
MeJA, MN: 0.1 mM MeJA+10 mM NaCl, ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10
mM NaCl+Light 4 hr.
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Table 24. Changes of organic acid contents (mg/g) with combined treatment of MeJA, NaCl

and light during germination time of buckwheat sprouts

Sanples”” Oxdlic Add”  Melic Add”  Fommic Add”  Ascarbic Add”  Citrie Acid” Total”

AGldy 791+072 560+006 1BB+20 46506+ 551 AR 40D BB + DR

Cotrdl  AG3dy 906+ 007  4B+013 18719+32 1685 + 3643 5RR +65H 11674 + 3614
AGS5dy 497+ 130 121822 AR+ 780 47BN + 057 L4 + 135 48760 + B3

AGldy 752+013 5660+070 1620+ 101  47/310 + 1404 116010 + 000 612152 + 1490

Me  AG3dy 960 +0% 4% +001 0LB 3277 3B0H £ 24049 5016 431 R0 + 4000
AGS5dy 168+ 115 7L2+407 4676+ 024 8060  1UL15 4530 + B KALD + 196D

AGldy 770012 549+00 IRMB+043 5M6H 11370 1BD +HE 6758 + 16084

MN  AG3dy 1341+017 608+017 2R14+310 3L+ 3362 5627+ B BID + 368
AGSdy 1764+ 087 BB+ 1L 40H+ 06 TR0MG + 71750 51690 + 1230 62427 + 61604

AGldy 742+006 491+002 1566 +340 48P +H40 1007 £ 1668 606364 4618

M. AG3dy 1153+016 73006 200 +138 34746+ 2838 GRB+ 158 300 + 2138
AGSdy 1331+ 017 Q54+0H BB +3%  DIRD + 51053 4637 + 614 ST + 5243

AGldy 68+014 4164016 10240 +670 43424 21634 10868 £ 427 FERH + 1907

MNL  AG3dy 1048028 523+02 2BI2+0W HHDH £ I0WO 59 + 302 A3 + 20060
AGSdy 1370+ 1D 719+ 080 3BMW+2R  TABD + 6643 4017 + 697 TA0LF + 6R

UTreatment: Control, Me: 0.1 mM MeJA, MN: 01 mM MeJA+10 mM NaCl, ML: 01 mM

MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10 mM NaCl+Light 4 hr.

Values are means = SD (n=3).

©) f71t &
MeJA, NaCl % light ¢ @3 xe]7 4571 &
nAE dEFE dod A= Table 24 o YA o} 54 A3t
=k

A hE7 (Control) & ¥3F RE o)Al ascorbic acid®] &

EEEHEE ENERR:
5 £

gol 714

o
o
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Ebwt oW citric acid, formic acid =02 F7]4F ShEo] H& Aoz yEelyi) wEHAr] 2
48] AS7|7kol AadlE E 9t citric acid $HEFo] oF 824.92~1160.10 mg/g oA oF 459.17~
51590 mg/g = A3 o ascorbic acid o]l oF 4344.24~5446.36 mg/g oAl oF
47357.20~81076.00 mg/g = W& (Control) & X33 B oA =ZA FrletAe& By
oly 2} formic acid, malic acid 2 oxalic acid ¢ &rwFo| EF F7lels= Aoz ey =
714 a2 oF 5593.56~6725.53 mg/g oA oF 48387.60~82111.30 mg/g = X
(Control) & %383 BE FolA =LA ZF71stE Aoz veigtl £3], 127 (Control) &
A7k MeJA, NaCl % light & A2 4475 (Me, MN, ML 2 MNL) ¢] & 74t &%
F7F&o] oF 1040.79~1241.35% = tx+ (Control) ¢ ZF #7145 &% F7F&<) oF 750.84%
of mlE olF w2 ASE yetwow, ek HEAY]EA A wel 59 A3 & MeJA, NaCl
2 light A8 28 +E (Me, MN, ML % MNL) ¢ & #7]4F gkaFo] 2+ (Control) © H]
3 oF 50.87~69.69% = ASZ YEHT 5 MeJA, NaCl 2 light Wl g 7t AS 73

< WRAVIEA 2] T 71 R ST 783 FFE VA ALz AAHU

(

o
t 9

10) w9 T

MeJA, NaCl 2 light ¢ BWaA g7t A57|3F 5 LAV S04 Fed e Wt
A= di3s @obd Ad= Table 25 o Yetlidth AS7F E¢F WREAY]FA 49
maltose a2 ©F 87.08~100.18 mg/g oAl °F 39.63~59.17 mg/g = WZ=7 (Control) & ¥
gtel BE oA tha fAstE Ao R ey o) fructose @ glucose dHEFo] Zh7d oF 134
2~14.67 mg/g oA °F 113.48~203.76 mg/g = °F 60.32~69.05 mg/g A °F 195.60~303.87
mg/g 2 ET (Contro) & XFe BE wA F7lete Aoz veht 45713 Fot W
A7 S 4~ F FElY TdF 94 oF 160.81~180.42 mg/g oA ¢ 353.51~566.81 mg/g
2 g&+ (Control) & 233 BE oA A F7ehs Aoz veyn wol 54 A &
=7 (Control) & #9135+ MeJA, NaCl ¥ light H#] d37+E (Me, MN, ML % MNL) ¢
= 789 FF SUFEe] oF 100.72~17545% = W=7 (Control) & & #Eld &F S71&
¢l oF 25247% ol Bla] tha e AR yErwkoy ol 39 A3 & thxTt (Control) &
A2l g MeJA, NaCl 2 light H2 2355 (Me, MN, ML ¥ MNL) ¢ % &9 &= o
Z7 (Control) o] & el &t FALSHAY 238l o w2 AS=E vehd wEdA7]EA)
29 SV 243 H MeJA, NaCl 9 light 9 WA e]7F dldA 7] E8 2ol 5 o

Q= FEY G Fkl FAAN GRS A Ao Ao}

o
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Table 25. Changes of free sugar contents (mg/g) with combined treatment of MeJA, NaCl

and light during germination time of buckwheat sprouts

Samples” Fructose” Glucose” Maltose” Lactose  Sucrose Total"

AG 1 day 1342 + 032 6031 = 070 87.07 + 0.03 - - 160.81 + 0.99

Control AG 3 day 6634 + 0.36 14431 + 027 86.15 + 042 - - 296.82 = 051
AG 5 day 20375 £ 0.67 30387 = 036 59.17 + 061 - - 566.80 + 092

AG 1 day 1373 + 044 6310 = 0.17  90.66 + 0.57 - - 16750 £ 0.04

Me  AG3day 6984 £ 025 156650 £ 060 87.06 + 0.93 - - 31342 + 1.80
AG 5 day 16089 = 046 25259 £ 1.35 4788 + 0.17 - - 461.37 = 2.00

AG 1l day 1360 = 151 69.00 £ 1.33 9393 £ 0.90 - - 17659 £ 2.76

MN  AG 3day 7228 £ 128 15369 £ 1.12 80.84 £ 0.70 - - 306.83 £ 3.10
AG 5 day 13414 £ 003 21858 £ 066 56.57 + 0.23 - - 409.30 £ 0.39

AG 1 day 1467 + 024 6556 = 0.36 100.17 + 1.39 - - 18041 + 0.78

ML  AG3day 5428 = 008 13353 + 046 7610 = 0.11 - - 26392 = 042
AG 5 day 12220 £ 048 20562 £ 0.83 39.63 + 1.22 - - 36747 £ 254

AG 1 day 1395 + 047 6587 = 0.84 9629 + 1.05 - - 176.12 + 2.37

MNL  AG 3 day 5321 £ 070 13409 + 390 7386 = 1.27 - - 26117 £ 333

H+

AG 5 day 11347 + 033 19559 £ 039 4442

H+

1.26 - - 30300 £ 052

UValues are means + SD (n=3).
?Treatment: Control, Me: 0.1 mM MeJA, MN: 01 mM MeJA+10 mM NaCl, ML: 01 mM
MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10 mM NaCl+Light 4 hr

Table 26. The correlation analysis of total phenolics contents, DPPH radical scavenging

activity, frap assay, rutin and carotenoid contents of buckwheat sprouts

DPPH radical

. . . Frap Rutin Carotenoid
scavenging activity

Total phenolics

contents (ICs value) assay contents contents
Total phenolics contents 1.0000 -0.8994"Y 0.9971"  0.9867" 0.8943*
DPPH radical scavenging - 1.0000 -0.9019™  -0.9002"  -0.7800™
activity (ICs value)
Frap assay - - 1.0000 0.9866™ 0.8965™
Rutin contents - - - 1.0000 0.9393"
Carotenoid contents - - - - 1.0000

U Significant at p<0.001.
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Fig. 94. Changes in appearance of buckwheat sprouts with combined treatment of NaCl and

MeJA during storage at 5C.
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Fig. 95. Changes in weight loss (%) of buckwheat sprouts with combined treatment of
NaCl and MeJA during storage at 5C.

All value presents the mean * SD of triplicate determinations. Treatment: Control, MeJA: 0.1 mM
MeJA, MeNa: 0.1 mM MeJA+10 mM NaClL
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Fig. 96. Changes in color values and browning color intensity of buckwheat sprouts with

combined treatment of NaCl and MeJA during storage at 5TC.
All value presents the mean * SD of triplicate determinations. Treatment: Control, MeJA: 0.1 mM
MeJA, MeNa: 0.1 mM MeJA+10 mM NaClL
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Fig. 97. Changes in total phenolics contents (mg/g) of buckwheat sprouts with combined
treatment of NaCl and MeJA during storage at 5C.

All value presents the mean * SD of triplicate determinations. Treatment: Control, MeJA: 0.1 mM
MeJA, MeNa: 0.1 mM MeJA+10 mM NaClL
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(6) DPPH #t1# &A%
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Fig. 98. Changes in DPPH radical scavenging activity (%) in 100 mg% concentration of
buckwheat sprouts with combined treatment of NaCl and MeJA during storage at 5C.

All value presents the mean * SD of triplicate determinations. Treatment: Control, MeJA: 0.1 mM
MeJA, MeNa: 0.1 mM MeJA+10 mM NaClL
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Fig. 99. Changes in frap assay (mM Fe%/g) of buckwheat sprouts with combined treatment
of NaCl and MeJA during storage at 5C.

All value presents the mean * SD of triplicate determinations. Treatment: Control, MeJA: 0.1 mM
MeJA, MeNa: 0.1 mM MeJA+10 mM NaClL
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Fig. 100. Changes in rutin contents (mg/g) of buckwheat sprouts with combined treatment

of NaCl and MeJA during storage at 5TC.
All value presents the mean * SD of triplicate determinations. Treatment: Control, MeJA: 0.1 mM
MeJA, MeNa: 0.1 mM MeJA+10 mM NaClL
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Fig. 10l. Changes in carotenoid contents (mg/g) of buckwheat sprouts with combined
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Table 27. Free sugar contents (%) of buckwheat sprouts extracts

Samples Fructose Glucose Maltose Sucrose Total
Seed 0.001 0.004 0.098 0.008 0.111
Germination 0.0050 0.0220 0.0750 0.0080 0.1100
A.G. 1day 0.0310 0.1460 0.1000 0.0050 0.2820
Control A.G. 3day 0.2610 0.5080 0.0900 0.0030 0.8620
A.G. bday 0.3370 0.5730 - - 0.9100
A.G. 7day 0.4350 0.7030 0.0100 0.0080 1.1560
Germination 0.0050 0.0190 - 0.0080 0.0320
A.G. 1day 0.0160 0.0840 - 0.0060 0.1060

0.ImM
A.G. 3day 0.1510 0.3810 - 0.0030 0.5350

MeJA
A.G. bday 0.2370 0.4890 0.0050 0.0050 0.7360
A.G. 7day 0.2130 0.5280 0.0110 0.0040 0.7560
Germination 0.0040 0.0250 - 0.0060 0.0350
A.G. 1day 0.0280 0.1210 - 0.0110 0.1600

30 cps
0.1% A.G. 3day 0.2690 0.5080 - 0.0070 0.7840

Chity

RS AG. sday 03480 05790 : 0.0030 0.9300
A.G. 7day 0.4780 0.8120 0.0160 0.0030 1.3090
Germination 0.0070 0.0250 - - 0.0320
A.G. 1day 0.0330 0.1510 - 0.0110 0.1950

0.06%
A.G. 3day 0.2970 0.5450 - 0.0070 0.8490

MSM
A.G. bday 0.1670 0.3150 0.0050 0.0050 0.4920
A.G. 7day 0.1840 0.3670 0.0070 0.0060 0.5640
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Table 28. Organic acid contents (mg/100 g) of buckwheat sprouts extracts

Sarples Oxdlic Add”  Tetaric Add”  Fomnic Add”  Mic Acd” Acetic Acd” Total”
Seed MB+0L  WD=07 9V +08  FBM0M 2RV 00 SR00 619D
Gemmingtion 203 +019  5714+121 301 + 06D 651+ 70 BT 00 IRD + BB
AG Idy  29+00 U047 56 + 060 B/E + 215 25 + 014 D540 + 12
Coml  AG Xy W85 +30 17V +261 1287+007  I3ER+658 193+ RIS 1765 + 20
AG Sy 1090483 431 +78 18R 07 BER+ AT AT+ ILD 3161 + B
AG Ty 2771 +3%5 10407+ 1151 20+ 18 3B +3B 20X +861  MER + 1471
Gemmintion 2015+ 006 6267 +07 360 008 %31 + 000 200000 1565 + BH
AG Idy BB+016 67R2+00 4B+ 113 ®I6 + 101 DI + 677 BB + 701
01mM
Vga  AGH G003 A3 X097 AWDEIN IRALTH 20D 05
AG Sy 1830+ 18 Q7 +1046 294 +6%H TG +A0R 0104+ B 6L + BAIO
AG Ty 3690000 B +7H0 1274+ 166 SATT+ 1387 60D =770 BN + 1970
Cemirgtion 2L + 015 4952 + U3 - A0 + 17001 3HI3 + 269 GHRE + 1485
AG Idy B9 +000  6GA4+010 4%+ 0B 6810 + 541 AU 1NT + 1AM
cps
01% AG3Xy 61506 IRD+10 16428  ME5+30  OB+65 1886+ 9B
Chitosmn
AGShy 10016 B+1B 210+0D  AHER+2M  IEH 47 FTHS + 159
AG Ty IB17000  I0NH+00 1BV 00  BUB+00  FTAU6L 000 4395 + 00
Cermingtion 1967+ 0  SAH 04 307+ 107  BAU+BA  ABR + 10D BI04 + X062
AG Idy  210+000 @07+0% AT + 0 B/L + 751 B + 401 A0 + 57
005%
AG 3y  RD+0B  MIG+300  174+261 100256 1008 +42 19108 + 871
AG Sy  TAA+00 208 129+05  AMB 2096  BIB0OM BRI + 188
AG Tdy @61 +000 9763 +681  BI3+45]  RIAT 1660 IRH= I3 AURD + 11201

VValues are means = SD (n=3).
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Table 29. Free amino acid contents (mg/100 g) of non-treated buckwheat sprouts

Germination AG 1 day AG 3 day AG 5 day AG 7 day

Cys - - - - -
ASP 4.1123 4.9326 0.3946 2.59931 2.9851
GLU 12.3060 12.3817 9.0489 9.9143 16.7630
ASN 1.7739 2.0217 0.6480 0.5864 0.7385
SER 2.8639 4.4766 0.4371 1.2550 1.5732
GLN 5.6101 9.7497 19.2014 23.2236 26.0118
GLY 8.3039 7.5487 3.7205 4.6438 6.0196
HIS 2.8614 3.5262 47138 5.6661 7.3507
ARG 0.4371 1.4772 3.7810 4.4390 6.4127
THR 2.7876 5.3869 2.6263 4.0113 6.1048
ALA 11.0249 10.9000 5.9667 5.9644 7.9082
PRO 4.3017 5.9563 3.1499 2.4098 2.7064
TYR 2.7129 3.2561 2.0094 2.4792 3.2303
VAL 5.8527 6.3877 3.4718 4.9074 7.3018
MET 2.2481 2.5615 0.7489 1.1081 1.5360
Cys2 0.6745 0.6597 - - -
ILE 6.1898 6.4386 3.7533 5.1428 6.8298
LEU 7.9478 8.8968 2.0481 3.5364 5.1980
PHE 4.5116 45372 1.3767 1.7132 2.3311
TRP 16.4411 16.8287 7.2289 7.6834 6.6545
LYS 1.6714 1.3403 0.4649 0.5201 1.1711
TOTAL 104.6328 119.2640 74.7899 91.7974 118.8266
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Table 30. Free amino acid contents (mg/100 g) of buckwheat sprouts treated with MeJA

Germination AG 1 day AG 3 day AG 5 day AG 7 day

Cys - - - - -
ASP 3.8276 2.9503 1.8044 4.1934 3.4771
GLU 10.9981 8.5122 8.4812 11.8163 14.1916
ASN 2.6561 1.5991 0.7883 0.6483 0.6670
SER 1.3189 1.6294 - 4.3055 4.0635
GLN 11.4791 10.1218 20.4993 20.2751 19.6930
GLY 8.7818 6.2326 5.4194 5.5364 5.6694
HIS 3.9870 3.1638 5.0766 6.0391 7.6398
ARG 13.2173 7.2093 6.9815 5.5318 6.6748
THR 6.2807 4.4032 2.9144 3.3436 5.3495
ALA 14.0994 9.2919 6.1923 5.8016 6.3971
PRO 5.7891 4.0929 2.71371 2.0344 1.9107
TYR 3.9974 2.3810 1.9673 2.5486 2.8444
VAL 7.2843 4.4466 3.5655 4.2911 5.1397
MET 2.5721 1.4505 0.6127 0.9365 0.9163
Cys2 0.2461 0.2066 0.2234 0.1865 0.1425
ILE 7.7193 5.1510 4.1011 5.0025 4.7391
LEU 8.4427 4.5148 2.1193 3.1780 2.8868
PHE 4.6416 2.6404 2.0223 1.8466 2.4027
TRP 4.0766 5.1436 4.6982 5.4753 6.2165
LYS 1.9479 0.4603 0.4944 1.6359 2.2127
TOTAL 123.3630 85.6009 80.6986 94.6262 103.2343
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Table 31. Experimental data on vield, total phenolics, a-glucosidase inhibition rate and ACE
inhibition rate in buckwheat extract under different conditions hased on central

composite design for response surface analysis

Run 1o Yield Total phenolics a-glucosidase ACE inhibition rate

' (%) (mg/100 g) inhibition rate(%) (%)
1 20.20 215.75 82.05 90.66
2 22.60 209.97 67.33 53.97
3 20.12 107.01 51.00 60.70
4 19.64 202.97 74.54 50.87
5 23.60 114.34 57.41 43.01
6 20.23 206.27 68.56 21.66
7 22.08 135.56 350.501 36.95
8 20.85 210.33 71.04 25.80
9 24.71 134.15 20.29 28.98
10 21.71 219.93 64.49 18.74
11 20.67 202.40 56.05 72.15
12 24.29 108.66 32.00 45.55
13 19.59 225.54 75.94 21.31
14 21.79 200.01 74.08 24.02
15 20.37 214.31 76.49 72.32
16 20.79 196.76 68.04 73.58
17 20.47 215.00 77.85 76.59
18 20.94 202.59 77.52 67.53
19 20.44 205.93 67.59 66.92
20 20.04 197.88 75.46 66.14

Table 32. Polynomial equations calculated by RSM program for extraction comditin of

buckwheat sprouts

Responses Second order polynomials R’ Significance

Yy=21.257022-0.004668X1+0.174793X 5-0.070294X5-0.00

Yield 2583X1X2-0.000187X 1X5-0.008717X2X5+0.000719X +0.0 09461 0.0001
48206X5™-0.000887X5”

Yp=-30.920567+1.21229X 1 +11.285613X »+4.968912X 5-0.

020355X 1X2-0.006075X1X3+0.002334X 1X3-0.006419X 1"~ 0.8875 0.0011

0.722822X5°-0.031141X 5"
Y er=—18.104585-0.410058X 1+8.841 904X 2+2.382026 X 5-0.
043985X 1X2+0.010009X 1 X5+0.003488X »X5-0.0008X 1°-0.5 0.9186 0.0002
14348X5,*-0.021464X 5*
Y ace=—2.673171-0.403534X 1+16.083519X+2.451702X 3+
ACE inhibition rate  0.061223X1X2+0.002222X1X5-0.020899X ;X 35-0.005879X " 0.8667 0.0024
~1.662784X5°-0.026871X 5"

Total phenolics

contents

a-Glucosidase

inhibition rate
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Table 33. Predicted levels of optimum conditions for the maximized and minimized

responses of variables by the ridge analysis of their response surface

Responses
Responses :
X, e X5 Estimated Morphology
responses
15.77 3.90 61.04 19.37 (min)
Yield (26) minimum
55.75 875 15.65 24.95 (max)
] 40.93 6.35 8.26 82.19 (min)
Total phenolics maimum
contents (mg/ 100 &) 55 865 81.72 99945 (max)
] 53.96 6.54 9.20 3.01 (min)
a-Glucosidase )
inhibition rate (%) saddle point
m 9.62 7.86 57.58 85.38 (max)
48.27 8.60 86.92 8.58 (min)
ACE maximum
e o
inhibition rate (%) ;419 186 1,44 8691 (max)

Table 34. Analysis of variables for regression model of physicochemical properties in

extraction condition

F-Ratio

Extraction conditions }
Extraction Ethanol

o Extraction time (hr .
temperature (C) (hr) concentration (%)

Yield 10,347 079" —
Total phenolics 0.37 0.36 19.33™
a-Glucosidase inhibition rate 3.02° 0.90 2577
ACE inhibition rate 2.79° 6.03" 933"

D Significant at 1% level, *Significant at 5% level, *Significant at 10% level.
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X aly
Ethanol concentration (%)
1
o

Total phenclics 150 mg/100mL

Fig. 111. Superimosed response surface for optimization of total phenolics

contents (150
mg/100 g), a-glucosidase inhibition ratio (60%) and ACE inhibition ratio (80%) of

buckwheat sprout extract as a function of ethanol ratio, extraction temperature
and extraction time.

Table 35. Predicted and observed values of the response variables at a given condition

within the range of optimum extraction conditions

Response variables

Predicted value! Experimental value?

Yield (%)

15.18 16.18
Total phenolics contents (mg/100 g) 189.27 17557
a-glucosidase inhibition rate (%) 77.44 79.17
ACE inhibition rate (%) 85.24 81.60

YCalculated using the predicted equations for response variables.

Given optimal condition of
independent variables: extraction temperature 15C, extraction time 5 hr, ethanol

concentration 50%.
“Mean values of triplicates determinations.
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Fig. 112. HPLC analysis chromatogram of rutin standard, BCE and SBP.

Treatment: Rutin standard, 20 ug/mL ; Sample concentration, 10 mg/mL.
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Fig. 113. Rutin contents (mg/g) in buckwheat sprouts extracts at various solvent.

Rutin / Extract (mg/g)

0 20

40

60 80 100

Solvent (%)

Data represent means of three measurements.

Fig. 114. Two-way ANOVA analysis fro rutin content in buckwheat sprouts extract at varl

ous solvent. Data represent means of three measurements.
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Table 36. Free sugar content (%) of buckwheats sprout extracts by different solvent extract

1ion method

Free sugar (%)"

Solvents  Conc.(%)

Fructose Glucose Maltose Sucrose

EtOH 0 0.210™ 0.241% - 0.0428
30 0.182° 0.208" - -
50 0.188° 0.220° 0.053" -
70 0.181° 0.210° 0.075¢ -
100 0.107° 0.080¢ 0.059' -
MeOH 0 0.181° 0.128° - -
30 0.190* 0.209* 0.033¢ -
50 0.181° 0.214* 0.057" -
70 0.178" 0.206* 0.087¢ -
100 0.130° 0.109¢ 0.051" -
ISO 0 0.195° 0.240° - -
30 0.193¢ 0.220¢ - -
50 0.194° 0.228" 0.081" -
70 0.195° 0.226° 0.077 -
100 0.131" 0.117¢ 0.067 -

YValues are Mean * SD (n=3).

?Values within the same column with different alphabets are significantly different (p<0.05) among

the groups by Duncan’s multiple range test.
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Table 37. Organic acid content of buckwheats sprout extracts by different solvent extraction

method
Organic acids (mg/L)"

Solvent  Conc.(%) Oxcal Formi Ascorbi Citr
xale OTMIC Malic acid scorbic e Total

acid acid acid acid
EtOH 0 462.851 785707 628.062° 94.445* 683.548%  2659.61
30 432.133° 214.517° 483.251° 80.898" 77929° 128873
50 A71.441° 210.189° 568.644° 94.372* 344532°  1689.18
70 324.917° 625.727° 570.929" 94.920* 62.169° 167866
100 57.012¢ 16.248¢ 164.018¢ 15.617° - 252.89
MeOH 0 432.754% 492.673° 892.666° 87.0115° 662.283%  2567.39
30 A13773°  567.263™ 796.94° 66.1821" 40.2079°  1814.37
50 330.673P 590.114° 598.861° 25.0159° 57.9081¢  1602.57
70 250.78° 608.985 595.139° 19.9075¢ 53.4424°  1528.25
100 169.123¢ 1468.85 - 1.99919¢ 479.061°  2119.03
1SO 0 493.275° 90.1367¢ 490.624° 96.583" 636.915*  1807.53
30 466.351° 198.145° 515.534° 87.1394° 76.3874°  1343.56
50 288.278" 682.182% 587.557% 111.715% 65.7326°  1735.46
70 134.741° 548.982° 560.692° 93.6477™ 69.0819°  1407.14
100 44.2707° 9.25471°¢ 113.767¢ 39.361¢ 845739  291.23

YValues are Mean * SD (n=3).

?Values within the same column with different alphabets are significantly different (p<0.05) among

the groups by Duncan’s multiple range test.
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Crude Extracts
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Process 1

Freeze-Drying

BCE
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Dissolution (Water)

Process 3

H2O soluble BCE
(SBCE)

!

Adsorption Chromatography
(XAD-7 Resin)
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Fig. 117. Process for the materialization of polyphenol extraction and bead from buckwheat

sprouts.
BCE, Buckwheat sprout crude extract; SBP, Water Soluble buckwheat sprout polyphenol;, NBCE,

Water nonsoluble buckwheaat sprouts crude extract
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7] fete] FF&s FA% A BE FEENA OF 82% o & IAFES eI

Table 38. Total phenolics contents (mg/g) of XAD-7 resin treatmented solvent extracts

Solvent
DW MeOH EtOH IPA
Total phenolics contents (mg/g) 301.52 307.10 328.53 367.28
Rutin contents (mg/g) 23.7 48.32 50.46 75.99

Table 39. Yield, purity of total phenolics and efficiency after polyphenol extraction

. . Efficiency Recovery
[¢] [¢]
Solvent Treatment Yield (%)  Purity (%) (Yield x Purity) (%)
BCE 26.82 4.21 11291
DW
SBP 3.34 30.15 100.70 86.27
BCE 27.06 5.65 152.88
EtOH
SBP 3.86 32.85 126.8 82.98
BCE 24.87 6.18 153.69
MeOH
SBP 4.32 30.71 132.66 86.31
BCE 27.28 6.01 163.90
IPA
SBP 3.85 36.73 141.41 89.18
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Fig. 120. Rutin contents (mg/g) of polyphenol extraction materials by different solvent extra

ction method.

- 225 -



(2) XAD-7 resin AA & FitstdAd s

O wWHlA7|Fx e &d FE=o] tete] XAD-7 #HZS o]&3te] GAE SBP
thak GgrtatebATe dolu ] 3kl DPPH &z A4 %53 Ferric reducing antioxidant po
wer (FRAP) assay & Z 439 th FRAP assay © o] U3 S 431, pl
36 oAl ferric (Fe™) TPTZ complex 7} ferrous (Fe™) HE|& 3= uf wsts 47
& 593 nm oA FAse] FdHe ALtk MW e= DPPH #tH 2 Addoz 278h=
gakst MAYSTGE a2 mia] GaseS dotry] fEiA Rl o R oy
Aar vk % &rd BCE ¢ SBP ol udk DPPH #t1Zd 2750l gk ICs #2 Fig 12
1 o e AT} o] oF 4~68] o] st A= el BCE 94 9F 0.43~0.77 mg/
g 9 ICs gtollA AAE SBP oA ¢F 0.10~0.12 mg/g 2 HAE HEFHST

(o
HU

O
&5
=
>
oS!
=
=
o
oot
2
ot
ik
o,
o
I
ozi
o
%
&
JE—
N
[\l
o
i
o
r£
_p
m
s
ofo
=2
Bl
e
e
=

3 @A N 23 process 1 @Al BCE ol A process 2 @A¢l SBP & AA %= Hot
oF 5~104] o] AT FUleteE AL & & ATk oledt Aye F AT T
ADA JE A= YEHE Aoz ddE

O SBP o w3 f2l9a F74F s 543 Zy= Table 40, 41 ol A1¢F 2ol #¢

Fol AT A AASE Aow HANYOM, {7144 ¢ =F AAH] A
Fol upet gashs AoR FeU5 AT

- 226 -



2 10

g, X

- I BCE

z [ SBP

=

S 08

(@]

£

(@]

5]

> 0.6

(0]

[&]

(%]

®©

L

© i

g 04

T

o

o

(=)

5 0.2 1

w ’_I_‘ m ’}‘

=

m ’*‘

>

O% 0.0 T T T T

= DW EtOH MeOH IPA
Samples

Fig. 121.ICs value of DPPH radical scavenging activity (mg/g) of polyphenol extraction ma

terials by different solvent extraction method.

500
I BCE
[/ sBP
400 -

300 -

200 -

Frap reducing powder (mM Trolox / g)

100 -
0 1 I |

DW EtOH MeOH IPA

Samples

Fig. 122. Frap assay (mM Trolox/g) of polyphenol extraction materials by different solvent

extraction method.

- 227 -



Table 40. Changes of free sugar content (%6) of process for the materialization of polyphenol

extraction from buckwheat sprout

Free sugar content (%)

Samples
Fructose Glucose Maltose Sucrose Total
DW 0.0571 0.1059 - - 0.1631
EtOH 0.0624 0.1163 - - 0.1787
BCE
MeOH 0.0571 0.0892 - - 0.1463
IPA 0.3309 0.4308 - - 0.7618
DW - - - - -
EtOH - - - - -
SBP
MeOH 0.0161 - - - 0.0161
IPA - - - - -

Table 41. Changes of free organic acid content (%) of process for the materialization of

polyphenol extraction from buckwheat sprout

Free organic acid content (%6)

Samples
Oxalic Malic Formic Ascorbi  Lactic Acetic Citric Total
acid acid acid ¢ acid acid acid acid ©
DW 1.5463  34.8432 - 9.3540 11.836 - - 57.5802
EtOH - - - 127716 11.0574 - - 23.829
BCE
MeOH - - 0.6059 2.1557 ND - - 2.7616
IPA 9.8067 - - 50.0037 ND - - 59.8704
DW - 2.5230 - 4.7033 ND 4.9893 27240  14.9397
EtOH - - - 1.3355 1.2828 7.3317 - 9.9501
SBP
MeOH - - - - - - - -
IPA 9.8067 - - 2.8957 - - - 12.7624
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Table 42. The correlation analysis of total phenolics content, electron donating ability, frap

assay and rutin conents of buckwheat sprouts polyphenol extracts

Total } DPPH radical

) Rutin ) Frap
phenolics contents scavenging ASSAY
contents activity (ICs value) Y
Total phenolics contents 1.0000 0.9094" -0.9303™ 0.9896"
Rutin contents - 1.0000 -0.8133" -0.8754™
DPPH radical scavenging B B B o
activity (ICs value) 1.0000 09370
Frap assay - - - 1.0000

U . qignificant at p<0.05, ** : significant at p<0.01.
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Table 43. Total phenolics contents (mg/g) and rutin content (mg/g) of buckwheat sprouts

extracts

Material Rutin contents (mg/g) Total phenolics contents (mg/g)
BCE 2.70 04.66

NBCE 0.11 6.06
SBP 25.34 251.23

Table 44. Encapsularion efficiency of rutin bead depend to emulsion parameter change

No. Emulsion pal.rameter (v/v/w), Initia.l mass of Waste En.ce.tpsulation
Loading (mL) rutin (mg) (mg)  efficiency (%)

1 MeOH+DCM + 1% Alg. (1:9:90), 10 2.64 2.01 23.80

2 MeOH+DCM + 1% Alg. (1:9:90), 5 1.32 0.85 35.27

3 MeOH+DCM + 1% Alg. (1:9:90), 1 0.26 0.14 46.74

4 MeOH+DCM + 1% Alg. (1:5:90), 1 0.44 0.23 48.66

5) MeOH+DCM + 1% Alg. (1:1:90), 1 1.32 0.77 41.44

6 MeOH+DCM + 2% Alg. (1:0:90), 1 2.59 1.59 38.71

7 MeOH+DCM + 29 Alg. (1:0:90), 0.1 0.26 0.11 08.59
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5
|F5o CaCl, &40 2 wA yrks o] Bonz= Fd
ol &3+3te] O/W emulsion 33+ t}8 alginate &3} W,
oz Bl= Alx AAAA CaCl &40 &&HE AE 9 & F d& AoE dAdsarh
2 Ay FrleFo] A, alginate FE7F ¥S4E LH &) F

Z719 4= MeOH : DCM, Alginate, loading %2 Z+2F 1 : 5, 2%, 01 mL 2 3}99-8 ] °F 5

859% = 7 =2 X8 Ree FU @ o Uk

(1}) Emulsion ¥]=9] &4 54

Emulsion ¥]=¢] A% A] alginate %5 283 WiV E4 F3 F&4
(NBCE) nl=d] gt £38s 2 B4 548 ¢obd A3+ Table 45 o dERSIv 3
882 alginate %7} 1% oA 2% = FolFel upEl oF 63.53% oA °F 86.329% = % 7}8F
Row, A EH dEde vah AAE AFE e oY, ddE&S 1.06 Wl E vs2dk g
S YEhdl o8 gk A= alginate o TE7F E71Ee] wet gel FA TRV 2UE| A AL
O/W emulsion A ej = W =o] 89 3 nlZ gel o] AAY7] W& Aoz AdHA)

©

| =

mlo

o,

Table 45. Encapsulation efficiency and physical property of SBP and NBCE beads

NBCE
Algiante concentration
2% bead 196 bead
Encapsulation efficiency (96) 86.32 63.53
Radius (mm) 1.61 £ 0.05 1.47 £ 0.10
Bead size Roundness 1.06 £ 0.01 1.07 £ 0.02
Perimeter (mm) 10.11 £ 0.22 949 £ 0.46
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(v} Emulsion H]=9] Ax ¥

H el

s
A7 A A 2 e T

=

& WEsA ¥

&

o]

= 4 (NBCE) emulsion Hl =29 Az w2 W5
4 WEkE Fig. 124 o] depdisich 43 23 4% dxF emulsion H=¢] §EFFHE
y=16.3937 In(x)+2.8239 (R®=0.9393) °lge™, %4 #A%x3 emulsion H=¢ &
y=8.7232 In(x)+48.0993 - eI =
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7F H= Albe vl ke ul 2 of 1.44 3} 27.54 1o
Az emulsion =9 §Fo] ¥ AR doju= AL & F YA = sZ2AxT7)
a3 xRz FHol glonz AFAUXT v &

(Fig. 125). =3 sdaxdAdlM gl 37 mgoz gAsjol mudo] 74l wz}

EE:Abol HEHE Aow ddH v
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100 A
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60 1/
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T T T
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Fig. 124. Release curve for comparison of hot-air drying bead and lyophilized bead.

] a]a]

Hot-air drying Lyophilization

Fig. 125. SEM microphotographs of emulsion bead (A) hot-air drying (x 1,000) (B)
lyophilized bead (x 1,000).
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(2}) Emulsion v =¢] pHel| & W&EA4 w3}

Zom &74ke EHE] 9= HEjolrh. ¢AF FExe] Hl== pH o d¥E wol
AAolA gel Txo EHPNo] WA xPE AEE WEIE FAE AL Ao R
T4 A9 pH 74 oAM= oF 8% ol WE dANS YEHAA ojue WE Sxe
v=16.3937 In(x)+2.8239 (R*=09393) & bebujgich whed, A olol Mo gol P2 EPAY
o] FoluE S & F dud o2 ko] 20% W9l WE 5AS YEhisioen, old e
Z &£EE y=48643 IN(x)-116511 (R*=0.8937) & VEUIQITh oledh Axe dabe 7%
o2 3 FxoN TAL F Ade EAS F vEdes AR E F v g UES5A9
#3lo] bead ¢ pH o WE swelling AE9 W3lo] Ao R AA AT HEEAY FAF
A swelling &7go] pH 72 9 FAGGA = 2 doju nj=9] Agr) ddoz 94
S ¢ F ey, pH 1.2 9 A dolA= a3 swelling ©] A & AS & F 3
&

ATE HZ Njmof A M SRRl = mpel o] mjmof o] FAH o] glo} mjof A
=

pay

rir

120

® PBS buffer(pH7.4)
O HCl buffer(pH1.2)

100 A

80 -

60

M/M., (%)

40

20 A

Release Time (min.)

Fig. 126. Release curve of NBCE emulsion head at PBS buffer (pH 7.4) and HCI buffer (pH
1.2).

- 234 -



.

PBS buffer (pH 7.2) Swelling emulsion bead

Emulsion bead

HCI buffer (pH 1.2) Swelling emulsion bead

Fig. 127. Change of NBCE emulsion bead at PBS buffer (pH 7.4) and HCIl buffer (pH 1.2).

(3) MEA7 A2 AAdEHuE FEFE alginate V| =A%

(7} Alginate Y= A%

A7 FA A A4 &84e xolv] flske] AEAVFA LA B FEE A
W& E2 (SBP) o W3l alginate =% A Z3AvF (Fig 123). FEFES o] &3 M =A xS
$ &l 4] Lorena Deladino 52 #H-$

o

a3le] alginate 5% 2 CaCl; ¢ ¥& 58 AA3 A
o}, Alginate =% sodium alginate &°jo] Zrgr o] (Ca”) 3 #2 t}r} o] 28 ol Fd
alginate ° EA1sh= FFE2RA7 A4 Qg o] WA gel & FAAZIY weEba Ayb
2 © 2 alginate H| =% alginate 559 CaCl: F=0 2diA ¥ 3o AAY

H A 3L Qo) Alginate %+ A wElA] TYks v WHYE UERE

oy gwrzow 05~3% WS CaCl: % 05~4% = AFg3la vl B A=
alginate 2% §X¢ CaCly 1% v == AAste] AR AR&3te] v =o] w7 &) Aol A
F=3 HA HdAm AES 2RATILA SSIv AE 26 oste] Axd &dd 84 1
E =4 (SBP) o st alginate gel ¢ Al@Z3, ¥£3aE&0] oF 86~4062% = EFLO M
a7 xRl F8 v=e 8 &0] 7 =4 JERT (Table 46).

N

2
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Table 46. Efficiency and phenlolics contents (mg/g) of alginate bead of SBP

Rutin DW EtOH MeOH IPA
Efficiency (%)
40.62 8.60 26.77 11.77 30.06
Total Loading 17.35 45.00 14.01 48.11 12.24
phenolics
(mg/g) Bead 7.05 3.87 3.75 5.67 3.68

shalal o} o}l AR xR YA &S HE= (A) o H|ske] BHl=e] Mo] wgAgR Z
AE 28 9 & 4 YAy 3 flavonoid AlY EEdE S FH 2 ofoA HFA
5 = A3 A3 alginate U= (A) & A

Fig. 128. Microphotographs of alginate bead.

(A): Alginate bead, (B): Rutin alginate bead, (C): Water extract SBP bead, (D): MeOH extract SBP
bead, (E): EtOH extract SBP head and (F): IPA extract SBP bead.
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14 - ®  Rrutin l
o DW. sy AoaA A A
v EtOH a s VT v

12 ﬁ MeOH AW vV _w—-v'Yy
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Fig. 130. DPPH radical scavenging activity (%) curve of alginate beads at release time.
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(v}) Alginate H|=2] ¥¥ &4

O 84 ¥E &3 (SBP) & o83 H=9 24 Fas 27717 918k CaCly 9
FEE 1% 9 2% 2 AAHI & alginate ¥E5E 0.5%, 1.0% 2 2.0% = AAsI 38 &9
sl ZA}8l9dT) Alginate W= sodium alginate £ Z# o] (Ca™) I 7L vt
o2& o] FW alginate ol A3t FFEHAV AAT A Qo] WAEto] gel & FAH
AlZIvk wEbA alginate H]=+= alginate &%9 CaCl: s &= o8 £ R &o] ZAYH= A

oz 4R vt Alginate 55 X gk wEbd gt v HYE yElE F =

Aol o dwrdow 05~3% WS CaCl; % 05~4%% AR&stal glvh. Lorena

i

Deladino 52 7oA % Iles paraguariensis & FE&o 3t ¥FEE&S =ol7] 9359

H

alginate 2% ¢ CaCl: ¥ &% 1% W= XAzt a4 Z234E 4L Ao Halsta U,
Y3 alginate o] -5 Al weEbA 3% B ol Ao 7t FobA vj= Az o
a

AMe A
& Aol wAssirh. mebs B AT7elA alginate 2 CaCl: F% AW 20% wluto]
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O T&Y ¥REES A3 43} alginate vEo wE ¥ FT Lol FUHEE AR U
Ebt o) alginate 3% 2.0%, CaCl: &% 2.0% oA 74 =2 9F 61.42% o A EES
BRIk 9 CaCl, 529 W3l wE x}o]i= alginate =7 Zoldd wa) 1~2% W=
Fol=s Ao® ey alginate 5% 2.0% oA wAME EHEES WERHAT oEA 2
Ao A= alginate ¥ % 2.0% ¢ CaCls ¥ % 1.0% 7| WEd®qA724048 +8 ¢T84 A= &
A (SBP) ¥%& 913 alginate W= Al s52 A% Aoz A3y

O WHEA7|EAA49 alginate $HEol WE H =9 Ax 5A4E Table 47 o WeER AT
Alginate W]=+ Table 48 ¢ A& Aol vebd A3} o] alginate o] Hold4= X
AEEo] FUtetes Aoz veiwew w3 A& i SUtske A4S JERATh wl
W, ogelo] FAE G0 ¥ E Ve JdHES 1.06 o2 T SHI ZkS JEhdo,
alginate %% W3] 2 J3FS vz = Aoz YRR Alginate StEo] HS4E v
o] WA Fo] AXE AL HE Ax A CaCly &Fe] Aol ZstA dojur] wiEel A=
IEaZ =

(
o

Table 47. Efficiency of SBP alginate bead depend to parameter change

Alginate Conc.(%)

0.5 1.0 2.0

Calcium chloride Conc. (%) 1 2 1 2 1 2

Efficiency (%) 93.62  959.28 53.66 o4.24 o8.41 61.42

Table 48. Physical property of SBP alginate bead

SBP
Alginate concentration
2.0% bead 1.09%6 bead
Efficiency (%6) 62.20 51.78
Radius (mm) 1.86 £ 0.04 1.76 + 0.07
Bead
, Roundness 1.06 £ 0.01 1.06 £ 0.01
size
Perimeter (mm) 11.81 = 0.20 1097 + 0.27
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Zretsld HCl buffer o A= oF 16% 9|24 PBS buffer 9 ¢F 20% A% #=
Uebgth ade] 938 v £ %= PBS buffer oA Y=21.3701 In(x) - 40.5910 (R
0.9743) & YeERH AT

3), HCI buffer o1 Y=3.9760 In(x) - 95749 (R’

100

® PBS buffer(pH7.4)
O HCl buffer(pH1.2)

M/M., (%)

Release Time (min.)

Fig. 131. Release curve of SBP alginate bead at PBS buffer (pH 7.4) and HCl buffer (pH 1.2).

Alginate bead PBS buffer (pH 7.2) HCI buffer (pH 1.2)

Fig. 132. Change of SBP alginate bead at PBS buffer (pH 7.4) and HCI buffer (pH 1.2).
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gt <74 v = 2 emulsion =9 AFXE FIe 84 dle =2 sk AEAd Byl
olyel Tt &84S VM F JdE AAEA S8 TS & AAT o] sk AA e
g8 gt FIAE F 5 Qs B ol thddt A Ee] EdxE 2 $84Es =

Table 49. Efficiency and phenlolics contents (mg/g) of emulsion of SBP

Emulsion bead

DW extract SBP EtOH extract SBP
Efficiency (%) 79.85 70.98
i Loading 24.54 20.56
Total phenolics
contents (mg/g) Bead 19.60 14.60

120

® Emulsion bead(EtOH Ex.)
O Emulsion bead(DW Ex.)

100 A

80 -

60

M/M., (%)

40

20 A

0 T T T
0 100 200 300

Release Time (min.)

Fig. 133. Release curve for comparison of EtOH extracts encapsulation beads and water ext

racts encapsulation beads.
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Fig. 134. UPLC-Q-TOF-MS bhase peak intensity (BPI) profiles of methanol-soluble metabolites

of buckwheat sprout cultivated under dark condition for 1d, 3d, 5d and 7d.

(A), PLS-DA score plots of control sprout according to cultivation time (B), and the score plots of

control and MeJA groups (C). The sprout metabolites were analyzed using an Acquity UPLC BEH

Cig column (2.1 x 50 mm, 1.7 ym)-UPLC-Q-TOF with gradient elution of acetonitrile containing

0.1% TFA. The Q-TOF was operated in ESI positive mode. All Cis—ULPC analyses were replicated

five times.
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O Awj7|zF (Zo}, 1, 3,5 2 7)) o] thE WHAY HEgE FEFES UPLC-Q-TOF MS
Z o] g3le] BAaitl 39 o)A Auld Wl oA 4719 F peak Eo°] #HIUY (Fig.
134 (A)). Auj7]|zke] 2 ARE 9 Aol & AlZpd oz HoF7] 93kl Q-TOF MS =
4% MS data & PLS-DA 4330 (Fig. 134 (B), (C)). 1€ &<t Avjd wWdxe -
QAE 1t (1) o 23] 3¥ o Auie WEAY Eysoen 1 e =S Ao
S71E5E Fold Y (Fig. 134 (B)). ®=3 1Y o) Aujd ZE AolA] MeJA A & F
A FoAAE 2 o o3 FalstA FHEAoY MeJA A TUolA 543 7Y AR
Az o] zpolE HFEA &t (Fig. 134 (C)).

o

_—

3

O MeJA A3t FAere zol& & © XAsH] f18to] Zzhe] =3 A7 (1, 3, 5,
74) & 2F7Fe] o] PLS-DA scroe plot oA #&E3FA v (Fig. 135 (A)~(D)). = <3
A7 PLS-DA Edo] FAAo=m IAgle]l & AHHNEA &estr] 9l PLS-DA
parameter & #2413 A3} Table 50 oA HolFE= nle} 7ol data E9 1¥0o] PLS-DA 4+
ol # ZHAEAE FskE R2X (cum) @ R2Y (cum) ¢ #2 EE models °lA of
0.535~0.675 % °F 0992~0.998 k& 77 Mo fitting ©] # HASES HoFa o
model ¢ S5 HE HolF= Q2 (cum) 9 #F B3 of 0.871~0.969 = wi-¢ %<& s W
Fa Ay B3 overfit ©o] HEAE @8] 91819 permutation test (n=200) & Zt+e=
5-fold cross validation & %3 R intercept 2} Q intercept & <13 Ay} 22 oF 0.885~
0906 2 °F -0.062~0.288 & KXo dFA overfit @& Hol7]= PAT EE models
A p<0.05 & Ho oAl AelE B

O IFE 9 Aolo| #ef3li= metabolites & 7] #l38te] p (1) ¢ p (corn) (1) & o] &
3l S-plots & ZAEAY (Fig. 135 (E)~(H)). S-plot AolA p (1) 2 p (corr) (1) o
2kl 3t de] "ojZl metabolites 7F 1FE 3He] zbolel FE #ofdtt 1, 3 H 5Y &<t AjH)
A o=l A model oA p (corr) %ko] positive ol &9 3l+= metabolites & F= MeJA 3 &9
g3 HFaxHE AES HQ WA pegative £ FUMeE AEFS HAY 2y 7Y Fok A
Wl AlF 9] modeldl A= Z19f wH 2 YERSY S-plots Aol £AE ®AIE metabolites &
MS 2 HAFY o 259 fold change = Table 51 o] Agsdvk 2 2488 =8 420 7
9] metabolites 7} UPLC-Q-TOF MS ol 93] #2% %t} ©]E metabolites % chlorogenic

N

acid, catechin, isoorientin, orientin, rutin, vitexin, quercitrin ©] MeJA o] <3S e F
metabolites & FAHNIL 159 hak WH3l= FXgto] ek MeJA AH#+9] fold change

= ®A eI
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Fig. 135. PLS-DA score plots of 1d (A), 3d (B), 5d (C), and 7d (D) and their S-plots (1d,
E; 3d, F; 5d, G; 7d, H).
The numbers for the metabolites are as given in Table 2 (LC-MS). The PLS-DA score plots

showed significant separation between control and MeJA groups (A, p<0.045 B, p<0.022; C,
p<0.015; D, p<0.014 by permutation test).
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Table 50. Summary of parameters for assessment of the quality of PLS-DA models

models No2 Ryt R3Y, b Yt R intercept® Q intercept® pd
1d 2 0.535 0.993 0.871 0.906 -0.062 0,045
3d 2 0.568 0992 0925 0.952 (288 0.022
5d 2 0672 0.998 0925 0.911 0.146 0.015
7d 2 0675 0.005 0.969 0.885 0.104 0.014

*No. is the number of components.

"R*Yeum and R*Yeum are the cumulative moleled variation in X and Y matrix, respectively, and
Q*Yeum is the cumulative predicted variation in Y matrix.

‘R and Q intercepts were obtained after permutation test (n=200).

P is p-value obtained from cross validation ANOVA of OPLS-DA.

Table 51. Identification of buckwheat sprout metabolites analyzed by UPLC-Q-TOF MS

and their fold change analysis

Exact Actua Mass Fold change (vs. control)? VIp©
: : MS fragments

No® Identity mass mass (EST)

(M+H)  (M+H) (mDa) L 1d 3d  sd d 1d 3d  sd 7d
1 2};’“’5‘3“ 3530973  353.0877 04 191 1.72* 158* 181* 150* 033 054 062 050
2 Catechin 2890712  289.0653 59 245203125 186* 234* 207% 104 073 130 058 030
3 Isoorientin 447097 447.0977 50 357.327.297 1S51* 122* 125% 112* 288 344 133 512
4 Orentn #7097 447.0977 50  357.327.297  1.57% 127* 132% 124* 257 322 187 439
5  Rutm 6091456 6091644  -188  300.179 163* 147* 159% 168 902 1232 1397 1254
&  Vitexin 431.0978  431.1027 49 312311283 157* 108 1.15% 100 528 494 321 178
7 Quercimin 4470827 4470963 36 285151 145* 144* 156* 121* 028 044 040 059

*No. was the number of metabolites marked in Fig. 135.

Fold change was calculated by dividing the mean of normalized intensities of each metabolite from
MeJA treated sprouts by the mean intensity of the same metabolite from control sprouts and the
asterisk(”) on the side of each fold change value indicated significant difference at p<0.05.

‘VIP is variable importance in the project and its value of above 1.00 showing high relevance for

explaining the differences of sample groups.
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Fig. 136. UPLC-Q-TOF-MS BPI profiles of control and MeJA treated-sprout cultivated for
7 days.

(A), the chemical structures of major metabolties; isoorientin (3), orientin (4), rutin (5), and vitexin

(6) (B), total phenolic contents of control and MeJA groups (C), and antioxidant capacity of both

groups (D). Total phenolic content and antioxidant activity were determined by TFolin-ciocalteu’s

reagent assay and FRAP assay, respectively.
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O MeJA A g 28] ©|& metabolites ¢ $FwFo] oF 1.15~234 w =718k v =

catechin ¥} chlorogenic acid ¢ 3dr#Fo] MeJA o] 9j&] FEg wal WIS WHgx 9 o dH

eal

ol 1Eo] 2| 3FE= H|Fo] U Yol FAF 7 7129 metabolites 5 VIP 3t 1.00 o4& 2+

+ isoorientin, orientin, rutin, vitexin ©] MeJA X3 FX 2] =olo| F=2 Hodl=
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Fig. 139. In vitro rate of starch hydrolysis hydrolysis of buckwheat sprouts for 120 min.
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Fig. 141. Hydrolysis index for starch of buckwheat sprouts treated with MeJA.
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Fig. 145. Retarding effect of buckwheat sprouts treated with MeJA on bile acid movement.
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Fig. 147. Inhibitory effect of buckwheat sprouts treated with chitosan against a-amylase.
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Fig. 148. In vitro rate of starch hydrolysis of buckwheat sprouts for 120 min.
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Fig. 156. Inhibitory effect of buckwheat sprouts treated with MSM against a-amylase.
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Fig. 157. In vitro rate of starch hydrolysis of buckwheat sprouts for 120 min.
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Fig. 158. In vitro rate of starch hydrolysis of buckwheat sprouts treated with MSM for 120 m.
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Fig. 160. Inhibitory effect of buckwheat sprouts treated with MSM against a-glucosidase.
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Fig. 161. Inhibitory effect of buckwheat sprouts treated with chitosan against ACE.
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Fig. 163. Retarding effect of buckwheat sprouts treated with MSM on bile acid movement.
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Fig. 168. Inhibitory effect of buckwheat sprouts treated with and without chitosan, MSM

or MeJA against a-glucosidase.
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or MeJA against ACE.

A8 ZFEere] GEAE AN AL Fig. 170 oA ¥i=nke} o] wkgo] AaPs]i= Fet
At FARET B 2 Ao] glo]l fAFsE AEE vt vk 48 A1z wio] MeJA 0.1
mM A gl 7| E4F 30 eps 0.1% A el MSM 0.05% A2l FAgatel Hlshe] F54|
o Agko] A EL Aoz YEtow E3 MeJA 0.1 mM A&y 714 30 cps 0.1% A
el Aul 5Y A= AR 7Y AlEVF FFAA v & Ao R Wb dvk g 48X
5o G5B eA e Fig. 171 oA 2ol 3 £9 Ay FH g ZFolA Au) 52
S7FstE T Aol WobA= AFE JERHSISM, MeJA 01 mM A, 7|EAF
30cps 0.19% Ao, MSM 0.05% A, F-AYT £o= % AI Ao FJUtEQrh &
] MeJA 0.1 mM A9 An] 54 A5 An 7Y A&, 30 cps 0.1% A9 A¥] 5
A E7F Z42) oF 29%, 27% B 27% = FFAbETFAIAEAI 2 AoR HUH A

2
S
N
ol

Ol

- 270 -



08 0.8

=<4 control «--4++- control
07 |— —E—nottreatd 07 | =—@—MelAO1mM O
= —r—nottreat 1 = ——MelA 0.1mM 1
E 0g [ —¥—nottreat3 E g5 | —*—Melroimm3
% —O—nottreat5 K/ E —{—MelA0.1mM 5 3
@ g5 |- —#—nottreat? ® g5 L ——MelAOlmM7 ’
u - uw O
2 /4 g .
§ 04 g 04 /7
5 =
2 Z s /
a y a
- ©
© 02 o 02
o g
Bl 01
00 o
0 20 40 8 24 48 0 20 40 & bi -
time(hr) time(hr)
08
---@-+- control 08 - e
07 - ——citosan 30cps0.1% O ::N:‘; 1
—tr— citosan 30cps0.1% 1 E o = — o.os% = \
06 | —¥—citosan 30cps0.1% 3 | 5 : ”"
06 | =—#— MSM0.05% 3

—O— MSM 0.05% 5
05 | —e— MSM0.05%7

} —{— citosan 30cps0.1% 5 /
05 | ——citosan 30cps0.1% 7 .
04 /

released taurocholic acid{miM)
released taurocholic acid{mh}

04
03 03
0z 0z
ol o1
0.0 0.0 L L L L
0 20 40 8 24 48 0 20 40 & 24 48
time(hr) time(hr)

Fig. 170. Retarding effect of buckwheat sprouts treated with and without chitosan, MSM

or MeJA on bile acid movement.
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Fig. 172. Inhibitory effect of buckwheat sprouts treated with ML and MNL against a
—amylase.

Treatment: ML: 0.1 mM MeJA, MNL: 0.1 mM MeJA+10 mM NaCl+Light 4 hr.
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Fig. 173. In vitro rate of starch hydrolysis of buckwheat sprouts treated with MNL for 120 min.
Treatment: MNL: 0.1 mM MeJA+10 mM NaCl+Light 4 hr.
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Fig. 174. In vitro rate of starch hydrolysis of buckwheat sprouts treated with ML for 120 min.
Treatment: ML: 0.1 mM MeJA+Light 4 hr
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Fig. 175. Hydrolysis index for starch of buckwheat sprouts treated with ML and MNL.
ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10 mM NaCl+Light 4 hr.
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Fig. 176. Inhibitory effect of buckwheat sprouts treated with ML and MNL against a
—glucosidase.

Treatment: ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10 mM NaCl+Light 4 hr.
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Fig. 44. Inhibitory effect of buckwheat sprouts treated with ML and MNL against ACE.
Treatment: ML: 0.1 mM MeJA+Light 4 hr, MNL: 0.1 mM MeJA+10 mM NaCl+Light 4 hr.
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Fig. 178. Retarding effect of buckwheat sprouts treated with MNL on bile acid movement.

Treatment: MNL: 0.1 mM MeJA+10 mM NaCl+Light 4 hr.
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Fig. 179. Retarding effect of buckwheat sprouts treated with ML on bile acid movement.
Treatment: ML: 0.1 mM MeJA+Light 4 hr.
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Fig. 182. Effect of buckwheat sprout extracts on cell viability.

All value presents the mean £ SD of triplicate determinations.
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4. AR EA A FEZ 93 AWAEY A2 A7F 2 ROS (reactive oxygen

species) AA A A5 "7}
W7 A 29 79 0.1 mM MeJA Al 79 F&5E9 +8 HAFES Table 52 3
=
o A& oF 100% ©] =& A4S vERIITH

Table 52. Contents of antioxidant compounds and antioxidant effect of buckwheat sprout by

treatment conditions.

b TBWE” )
Ttems NBWE (0.1 mM MeJA) t-test
Total phenolics contents (mg/g) 14.42 + 0.392° 22.86 + 0.638 p<0.0001
FRAP Assay
0 ; 0.0977 £ 0.0101 0.2026 £ 0.0293 p<0.0001
(mM Fe“/g of dried sample)
Hydrophilic 60.58 £ 3.8305 103.36 + 19.2331 p<0.05
ORAC
Values Lipophilic 10398 + 512 10248 + 7.01 p<0.78
(UM trolox)
Total 16456 + 6.32 200.84 + 2575 p<0.054
Rutin content (mg/g) 2.0989 + 0.2682 2.9925 + 0.1121 p<0.0001

UNBWE : non-treatment buckwheat sprout extract.
YTBWE : treatment buckwheat sprout extract.

“Each value is the mean * standard deviation.
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Fig. 183. Effect of buckwheat extracts sample on cell viability.

Cell wviability was measured by XTT assay. The exponentially growing cells were plated into
96-well micro plates at a density of 1 x 10° cells/well in DMEM/BS medium and incubated for 24h
prior to treatment at 37°C in 5% COQOa Cells were divided into a control group and a buckwheat
sample groups at concentration indicated. Each value is the mean*standard deviation of the results
from five different plates (n=5) and is representative of results from at least two different

experiments. Statistical analysis was performed using the one-way ANOVA (p<0.05).
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Fig. 184. Effect of buckwheat sprout extracts at various concentration (A) and at 100 1
g/mL (B) on lipid accumulation during differentiation of 3T3-L1 preadipocytes.
Stained Oil red O (lipid accumulation) was dissolved and determined by absorbance at 490 nm. Each
value is the mean + standard deviation of the results from six different plates (n=6) and is
representative of results from at least two different experiments. Statistical analysis was performed

using the one-way ANOVA (p<0.05).
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Fig. 185. Effect of buckwheat sprout extracts at various concentration (A) and at 100 1
g/mL (B) on ROS production during differentiation of 3T3-L1 preadipocytes.
Dark-blue formazan (ROS production) was dissolved and the absorbance was determined at 570 nm.
Each value is the mean * standard deviation of the results from six different plates (n=6) and is
representative of results from at least two different experiments. Statistical analysis was performed

using the one-way ANOVA (p<0.05).
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Fig. 186. Effect of buckwheat sprout extracts on the mRNA expression of C/EBPa and aP2.
3T3-1.1 cells were differentiated in the presence of Trolox (100 uM) and buckwheat sprout extracts
(10, 50, and 100 pg/ml) throughout differentiation. On day 8, total cellular RNA was extracted and
subjected to RT-PCR. CEBPa and aP2 mRNA levels were quantified and normalized with GAPDH.

The band intensities were measured using the Image ] program.
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Fig. 187. Effect of buckwheat sprout extracts on the mRNA expression of NOX4 and
G6PDH.

3T3-1.1 cells were differentiated in the presence of Trolox (100 uM) and buckwheat sprout extracts
(10, 50, and 100 pg/ml) throughout differentiation. On day 8, total cellular RNA was extracted and
subjected to RT-PCR. NOX4 and G6PDH mRNA levels were quantified and normalized with

GAPDH. The band intensities were measured using the Image ] program.
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Fig. 188. Effect of buckwheat sprout extracts on the mRNA expression of Mn-SOD and
Cu/Zn-SOD.

3T3-1.1 cells were differentiated in the presence of Trolox (100 uM) and buckwheat sprout extracts

(10, 50, and 100 pg/ml) throughout differentiation. On day 8, total cellular RNA was extracted and

subjected to RT-PCR. Mn-SOD and Cu/Zn-SOD mRNA levels were quantified and normalized with

GAPDH. The band intensities were measured using the Image ] program.
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Fig. 189. Effect of buckwheat sprout extracts on the mRNA expression of catalase and GPx
(glutathione peroxidase).

3T3-1.1 cells were differentiated in the presence of Trolox (100 uM) and buckwheat sprout extracts

(10, 50, and 100 pg/ml) throughout differentiation. On day 8, total cellular RNA was extracted and

subjected to RT-PCR. Catalase and GPx mRNA levels were quantified and normalized with

GAPDH. The band intensities were measured using the Image ] program.
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2H9h ¥ L APRYE m2d A%E gon & wud £3dAe 48714 AF

b AREE Aol AAF, AFEAF L ARES

AdeEe] 4o Hat HolHAH, AeT/MF R AR R ES Table 53 3 vt dd

Pt ol aATe AYWRTAN b ol HAT AL RO §94 Holt= ohy

Ath dAAFZ Ee uAW Y ETH Hwste] AT MeJA, NaCl, Light "3
T (SMNL) o] frelatA wrokth AR a S-S nALhxa3 nwste] Faxatol fatA

olon nxHFAFETE oA = MeJA, NaCl, Light ®Ha 3 &)+ (SMNL) o] e 733k

o

Table 53. Feed intake, body weight gain and FER of the experimental rats

NC 19.85 £ 2.18 492 + 0.66™ 0.25 £ 0.03"
HFC 1875 + 2.13 5.85 + 0.80" 0.31 + 0.03°
sC 17.94 + 251 513 + 0.76™ 0.29 + 0.04°
SM 18.00 + 1.55 551 + 0.67% 0.31 = 0.04%
SMNL 18.02 + 1.44 500 £ 0.62" 0.28 + 0.04%
SME 18.08 + 1.58 5.24 + 1.00™ 0.29 + 0.04%

YValues are Mean * SD (n=3).

“Feed Efficiency Ratio : Weight gain (g/day) divided by feed intake (g/day).
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Table 54. Organ weight, epididymal fat and retroperitoneal fat of the experimental rats

Epididymal fat Retroperitoneal

Group Liver Kidney Spleen pad fat pad
()"

NC 1250 + 4.03™ 219 £ 0.26 0.77 £ 0.19 1.90 + 0.36 1.45 + 0.39
HFC 17.79 + 1.84° 232 £ 0.15 0.85 £ 0.19 194 + 0.32 1.36 + 045
SC 18.76 + 5.16" 221 £ 0.24 0.76 £ 0.15 1.92 £ 040 157 + 0.62
SM 19.51 + 3.50° 2.25 £ 0.16 0.81 = 0.12 2.04 £ 0.38 1.66 + 0.56
SMNL 1586 + 2.19% 215 £ 0.12 0.70 = 0.06 1.73 + 0.34 1.25 + 0.30
SME 1752 + 3.06" 2.23 £ 0.13 0.74 + 0.18 1.69 + 0.38 1.22 + 045

(% of body weight)”

NC 378 + 0.97™ 0.67 £ 0.05 0.23 £ 0.04 0.58 £ 0.09 047 £ 0.11
HEC 507 + 0.46° 0.66 £ 0.24 0.24 £ 0.06 0.55 £ 0.06 0.38 £ 0.11
SC 560 + 1.12° 0.67 £ 0.04 0.23 £ 0.04 0.58 £ 0.10 047 £ 0.16
SM 568 + 0.80° 0.66 £ 0.03 0.24 £ 0.04 0.60 £ 0.11 0.48 £ 0.15
SMNL 484 + 0.60° 0.66 = 0.05 0.21 £ 0.01 0.53 £ 0.10 0.60 £ 0.11
SME 522 = 0.77° 0.67 £ 0.04 0.22 £ 0.06 0.50 £ 0.09 0.36 £ 0.13

+

UValues are Mean * SD (n=3).
Values within the same column with different alphabets are significantly different (p<0.05) among

the groups by Duncan’s multiple range test.
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Table 55. The levels of GOT, GPT, BUN and creatinine in the serum

Group GOTD GPTD BUN 5 Creatininlge
(TU/L) (TU/L) (mg/dL) (mg/dL)

NC 730 £ 225 186 + 42" 149 + 2.3 0.26 £ 0.09°
HFC 94.8 + 33.8 394 + 21.9° 99 + 1.2% 0.19 + 0.03"
sC 81.1 + 239 326 £ 163" 96 + 2.2° 0.19 £ 0.05"
SM 814 = 225 986 + 13.9% 114 £ 14" 0.23 + 0.04%
SMNL 783 £ 164 271 £ 92" 126 + 1.1° 0.19 £ 0.05"
SME 798 £ 136 241 £ 6.7° 116 + 14> 0.20 £ 0.08%

VValues are mean * SD (n=3).
Values within the same column with different alphabets are significantly different (p<0.05) among

groups by Duncan’s multiple range test.

- 294 -



Table 56. The levels of total protein, albumin and fasting glucose in the serum

Group Total pro;c)ein Albumilr; Glucose1>
(g/dL) (g/dL) (mg/dL)
NC 3.56 £ 0.37 1.58 £ 0.16 99.3 + 12.3
HFC 359 + 0.22 1.45 £ 0.14 929 + 17.7
SC 3.68 + 0.71 1.45 £ 0.26 984 + 22.9
SM 344 + 0.21 1.36 £ 0.07 85.1 + 9.6
SNML 3.51 + 0.26 1.37 £ 0.16 102.6 + 239
SME 354 + 0.44 1.40 £ 0.19 919 + 149

YValues are mean + SD (n=3).

Table 57. The levels of triglyceride and free fatty acid in serum of experimental rats

Group Triglyceride (mg/dL)" Free fatty acid (uEq/L)"
NC 305+ 5.1% 1.02+0.11
HEFC 40.6+14.0° 1.03+0.19
SC 354+ 6.6 1.11+0.16
SM 39.3+ 7.4% 1.19+0.16
SMNL 320+ 36 1.12+0.19
SME 36.6+ 79% 1.14£0.15

VValues are mean * SD (n=3).
Values within the same column with different alphabets are significantly different(p<0.05) among

groups by Duncan’s multiple range test.
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Table 58. The levels of total cholesterol, cholesteryl ester (CE), free cholesterol (FC) and

CE/FC ratio in the serum

Total cholesterol  Cholesteryl ester Free cholesterol

Group (mg/dL)" (mg/dL)" (mg/dL)" CE/FC

NC 64.6 + 547 559 + 4.1° 86 + 1.8 6.7 £ 1.10
HFC 1026 + 7.5 915 + 5.0° 11.1 + 48 9.3 + 322
SC 90.0 + 11.4" 798 £ 87" 10.3 + 3.0 83 + 241
SM 952 + 27.1° 80.8 + 205" 144 £ 120 12.2 £ 139
SMNL 105.1 + 20.2° 91.1 + 50 140 = 47 6.9 + 1.63
SME 102.7 + 23.0° 833 + 20.2° 144 + 115 14.0 + 194

VValues are mean * SD (n=3).
Values within the same column with different alphabets are significantly different (p<0.05) among

groups by Duncan’s multiple range test.

Table 59. The levels of LDL-cholesterol, HDL-cholesterol and Al in the serum

Grou LDL cholesterol HDL cholesterol AT
p (mg/dL)" (mg/dL)"

NC 423 + 379 161 + 1.8 3.0 £ 02°
HFC 84.0 + 80° 106 £ 24° 95 + 4.0
sSC 72.2 + 12.0 10.8 + 3.1° 79 + 3.1°
SM 756 + 255" 118 + 22° 73 + 27"
SMNL 884 + 21.3° 10.3 + 38" 10.3 + 3.9°
SME 85.6 £ 21.4% 86 + 21° 95 + 2.1°

VValues are mean * SD (n=3).
Values within the same column with different alphabets are significantly different(p<0.05) among
groups by Duncan’s multiple range test.

Y Atherogenic Index = (total cholesterol — HDL-cholesterol) / HDL-cholesterol.
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Table 60. The levels of total lipid, TG and total cholesterol in the liver

Group Total lipid (26)Y TG (mg/g)” Total cholesterol (mg/g)”
NC 522 + 1.43% 59 + 1.0 120 £ 0.18°
HFC 34.27 + 413 26.3 + 2.7° 1421 + 1.40°
SC 2793 + 578" 232 + 38" 11.00 + 0.87"
SM 25.76 £ 7.43" 195 + 37° 1080 + 1.75"
SMNL 29.12 + 508" 2.3 + 2.3 11.84 + 0.90°
SME 3042 + 569 235 + 34% 13.30 £ 1.38°

VValues are mean * SD (n=3).
Values within the same column with different alphabets are significantly different (p<0.05) among

groups by Duncan’s multiple range test.
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Table 61. The fecal dry weights and total lipid in the feces

Fecal dry weight

Fecal total lipid”

Group (o/day)”
saay. (%, dry wt) (g/day, dry wt)

1.41 + 0.12 3.56 + 0.96™ 0.06 £ 0.02°
NC

172 £ 0.95 10.07 + 0.91° 0.17 £ 0.03"
HFC
SC 174 + 0.22 10.83 + 1.16° 0.19 £ 0.03"
SM 1.80 + 0.25 10.31 £ 0.33" 0.19 £ 0.02°
SMNL

178 £ 0.24 10.86 £ 0.47° 0.19 £ 0.03"
SME

1.68 + 0.19 10.05 + 1.01° 0.17 + 0.03"

YValues are mean + SD (n=3).

Values within the same column with different alphabets are significantly different (p<0.05) among

groups by Duncan’s multiple range test.

Table 62. The TG and cholesterol in the feces

Fecal TGV Fecal cholesterol”
Group
(mg/g) (mg/day) (mg/g) (mg/day)

1.88+0.07<Y 2.98+0.51° 2.32+0.35° 3.68+0.88°
NC 1.95+0.15° 3.37+£0.63"™ 16.50+1.95" 28.55+6.21"
HFC
e 2.12%0.15" 3.68+0.46™ 16.88+1.64" 29.15+2.78"
SM 2.98+0.19% 4.09+0.61% 17.63+1.49™ 31.79+5.71*
SMNL
SME 2.93+0.13% 3.97+0.64% 18.37+12.94 32.85+6.54°

2.16+0.06™ 3.64+0.49%" 17.54+1.60% 29.4+3.91%

YValues are mean + SD (n=3).

Values within the same column with different alphabets are significantly different (p<0.05) among

groups by Duncan’s multiple range test.
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6. UPLC-Q-TOF MS & o]-&3 A7 Z A4 A ux2o] f5 vt o A ojrkA] £4

ZF. WEAZREA L AR A o] 5 vyt Ho E diAA 4

O JAH 2olE F3l vvhE =8k FHo thekstA Avist wEAR-sS TFHd = P o
AbAE A% A3 Fig. 190 ¥ 28 mass profiles & At 8 AdFoA] Eo]F <l

mass profiles®] W 3}= Bzby =] ok},

ol &3] w4g 270 e hAMAE v FAEA Wl
PLS-DAE &3 2243 A3} Fig. 191~193 3} 2rh A2 o] (lean), 32Ax]W2o] (obese),
aA A olo] FA g WA (CS) ¢ NaCl ¢ MeJA &3, MeJA X, dE4d %
5 Aegwg 77 vust A3 vyro] thAh He ARV Ve AR AN deE Fo4
1) 32 @) & 7oz A2 F5He 3o #zEAT A48 vdx M,
MeJA @5 At Al Nz 2294 &L Aoz Hop A wdast MeJA &5
A s Fall A wEAe G vgte] oW Eaw gle Aow AEHAY. 2y
NaCl ¢ MeJA &FAelE &3 Aus L8y qds F:55

OS2 ol wnke] o Ak FHrh 3= Aom FAHUT A2t @ PLS-DA 29

Aoz FAgel & AHEJE=A F13ty] Y8] PLS-DA parameter & £33+ Z3} Table
63 oA HoIFi= niel o] data 9 13| PLS-DA Holld & a#ieExE &
R2X (cum) 2} R2Y (cum)9] k2 v 23971 AW NaCl 9F MeJA E3txelara wd4
=% AHET models oAl °F 0.621¥ 0.628, ¢F 05707 0579 #& ZH7; X fitting ©] %
RS BT don model o dFsHS HAFE Q2 (cum) 9 & T3 oF 0.329¢%
0309= vmx] ke e HFa Juf. HI overfit ©] HEAE FHAdY] 93

O
-
i
-
¢
g
;%
Q
S|
=
wn
(ld

rO
_O|L
rir

= =

permutation test (n=200) & 2= 7-fold cross validation & %3 R intercept ¥} Q intercept
sk Axp Zbzy oF 0.389 9F 0.359, oF -0.185 ¢F -0.204 & Ho A& overfit ©] Lo}
2 ere Aoz FAFATE 1 MeJA AT+ A R2X (cum) 9 R2Y (cum) 9 #<
°F 0503 9+ 0.298, R intercept ¥} Q intercept #+<2 °F 0.227 ¥ -0.100 o2& vjmxz] Fx|ut
Q2 (cum) #t¢ -+ °F 0.078 = wi-¢ BA veof Alw3ke] Eel7t Aldi= o] Foy A A s
& HoF il 3lt} (Table 63).

=

=

J&‘l

T 248 3Helslr] 938t UPLC-Q-TOF MS & o] &3& #2433l
oA o R o] (p<0.05) 7} UE 8671 hAMAI o] 1E7Fe] Zpolo]

[e]
&
ol EAER BAEAoY o5 £ 8719 A=A E (Arginine, valine, carnitine, proline,
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nicotinamide, phenylalanine, lysophosphatidylcholine (LysoPC) 18:2, LysoPC 18:1) %to] FA

o]

%91t} Arginine, carnitine, proline, phenylalanine ¢ 4% ILX|HF 2]o]o ¢]&] =L 3t

At AFe mgod Fuw Z3E 19 NaCl 9 McJA EFAe T 24

o] o3 R AN FTEoR IRYE Aoz YAt 2y A 2]

shako] =715 %Y valine, nicotinamide, LysoPC 18:2, LysoPC 181 ¢ 4% NaCl ¢ MeJA

EgANTH UL FEE AYTANE AYFEoR 4adA 23 o Fshe

%3t} (Table 64).
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Fig. 190. UPLC-Q-TOF MS base peak intensity (BPI) profiles of serum metabolites of rat

fed on normal or high—fat diet with the sprout extract or various buckwheat

cultivated with/without MeJA or/and NaCl.
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Fig. 191. PLS-DA score and loading plots of serum metabolites of rat fed on normal (lean)
or high—fat diet (obese) with buckwheat sprouts cultivated with MeJA and NaCl
(NaCl+MeJA).

7655432401234 567
]
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Fig. 192. PLS-DA score and loading plots of serum metabolites of rat fed on normal (lean)

or high-fat diet (obese) with buckwheat sprouts cultivated with MeJA (MeJA).
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Fig. 193. PLS-DA score and loading plots of serum metabolites of rat fed on normal (lean)

or high—fat diet (ohese) with the sprout extract (extract).

Table 63. Summary of parameters used for assessing the quality of PLS-DA models

model no. R2X (cum) R2Y (cum) Q2 (cum) R intercept ( intercept
NaCl+MeJA 3 0.621 057 0329 0.389 0.183

MeJA 2 0.503 0.298 0.078 0.227 0.100

Extract 3 0.628 0379 0309 0.359 0.204
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Table 64. Identification of serum metabolites analyzed by UPLC-Q-TOF MS and their

fold—change analysis

fold change (s lean)
exact mass actual mass mass error

No. idemtty  (MeH)  (M#H)  (mDa) DL iresments
Ohese C5  NaCl+Meld  Extract
1 L-Arginine 1751195 1751201 -0.6 118, 70 0.61 0.62 1.01 0.92
& L-valine 118.0868 1180867 0.1 0, 58 1.16 1.03 1.47 1.51
3 carniting 162,113 1621134 -04 123,103, 85, 60  0.40 0.55 0.27 0.64
4 L-proline 116.0712  116.0714 -0.2 70, 58 0.81 0.70 1.01 1.05
5 Nicotinamide 123.0558  123.0568 -1 106, 95, 80 1.12 1.6 2,58 2.54
6 L-phenylalanine  166.0868  166.0871 -0.3 120, 103, 93 (.69 0.73 1.07 0.97
7 LysoPC(18:2) 5503403 520.3407 -04 504,184, 104, 86 148 1.45 1.52 1.64
8 LysoPC(18:1) 522,356 5223567 -0.7 341,184, 104, 86 720 7.04 9.58 11.87
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TUESDAY, NOVEMBER 02
Registration ; 13%
Welcome Cocktail 16 21""

WEDNESDAY, NOVEMBER 03
Registration ; 08®
Opening Session ; 09% - 10%
-Prof. A. Kadir HALKMAN; Head of the Association of Food Technology, Turkey
-Prof. Israfil KURTCEPHE; Rector of Akdeniz University, Turkey
-Prof. Walter SPIESS; IUFoST Representative
-ilknur MENLIK; Federation of Food and Drink Indusiry Associafions of Turkey
-Mehdi EKER; Minister of Agriculiure and Rural Affars, Turkey (In the Event of His Honoring)
Opening Goncet; Haluk & Yildan

Coffee Break ; 10®- 11%

Technical Session 1A — 0 to 0
Functional and tradmonal foods Numtlon and health

Chair:
Prof. Muharrem Certel; Akdeniz University, Turkey
Prof. Atila KISS; Eszterhazy Karoly University; Hungary

-Pro Eigare BEZIATZOGEOU (ke sk Deoiocshys bty ofThesce Cosecs
Probiotics and the intestinal microflora overtime and spa
-Baris Yalinkilg; Atatirk University, Turkey
he use of orange fiber in sucuk production
-Prof. Vijay JAYASENA; Curtin University of Technology, Australia
Lupin incorported novel healthy fo0ds s a solution to ebesity and malnutriion

-Gzlem BAYKUL; Danone Tikvesli, Turkey
Functional foods & Health benefits

Technical Session 1B - 11:00 to 12:30
Food chemistry, biochemistry and physics

Chalr:
Prof. Murat BALABAN; Alaska University, USA
Prof. Soottawat BENJAKUL; Prince of Songkla University, Thailand

Technical Session 2B ; 09% - 10%
Food ingredients and additives

char,
Prof. Artemis KARAALI, Yeditepe University, T
Prot Sl MOLAMED. P Malaysia umvsrsny Malaysia

3Brof, Uran UYGUN (invied Specker); Hacetiepe Univrsi, Turkey
Food safety aspects of food

-Prof. Nefisa ABBAS HEGAZV Ninal Research Center, Egypt
Physicochemical, sensoiy and functional properties of wheat-doun fruit flour composite cakes
~Meryem GOKSEL; Erciyes University, Turkey

Production of dietary fiber from orange albedo and using in mayonnaise as model food

~Gem KOYLUOGLU; DSM, Turkey

How can we *health” you?

Coffee Break ;: 107 - 11%

Technical Session 2C ; 1% - 12°°
Cereal science and technology

hair:
Prof. ismail H. BOYACI; Hacetiepe University, Turkey
Dr. Kristina KUKUROVA; VUP Food Research Institute, Slovak Republic

Prol Starley CAUVAIN (iited Speaker); Bake Tan, UK
Applications of baking technol delivering heal benefits
-Satu KIRJORANTA; Umvels\ty of Helsinki, Finland
Effects of process parameters and addtion of brewer s spent grain on the properties of barley-based
extrudates
-Dr. Kaori FUJITA; National Food Research Institute, Japan
Prediction for degrees of Fusamm ‘mycotoxin in wheat using excitation - emission matrix
-Ali I. KAYRIN; UNO, Turk
Tontads 5 bt roumshed, Turkey

Technical Session 2D ; 1% - 12°°
Food packaging technologies and storage

Chair:
Prof. Taner BAYSAL; Ege University, Turkey
ssce. Prol. Abclrascu] OROMIEH E; an Patymer and Petrochemical Instiut, ran

-Assoc. Prof. Zeha AYHAN (ivited Speker): Musiafa Kemal University, Turkey
Potential
-Amin MOUSAVI K. Islamic Azad University, ran
Study on effect of PET pieces and storage conditions on fatty acids profile and some quality indiexes of
common s in Iran
-Dogan ERBERK;ASD- Psckaglng Manufacturers Association, Turkey

New trends in packaging ind
~Tuba ALIM; TetraPak, Tuvkey
Aseptic Packaging

Lunch Break ; 12%+ 13%

Poster Session 03 : 13- 14"
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T e whae),
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A it Bel U@ AvkAe BARd U AR 2

-Prof. Harun PARLAR (Invited Speaker); Technical University Munich, Germary
Isolation of biological active compounds from useful food and pharmaceutical matrices using tweezing
adsorptive bubble separation (TABS)

-Prof. Jamilah BAKAR; Putra Malaysia University, Malaysia

The rheological and gelling behavior of Tilapia surim with added sago starch

oo Plol Mkl i IARIOD, St Oiverch of Stont &7k, S
Preparation f gelatins from two

Asist. Prof. Hilal SAHIN; Akdeniz University, Turkey

Techniques for detection of food aroma compounds

Lunch Break ; 12%-13%

Poster Session 01;13% - 14

Technical Session 1C ; 14'% - 15%
Food microbiology and biotechnology

Chair:
Prof. Alberto MAS; Rovira i Virgili University, Spain
Prof Eugema BEZIRTZOGLOU; Democritus Universiy of Thrace, Greece

-Prof. Rijkelt BEUMER (invited Speaker); Wageningen University, Netherlands
low to prevent foodborne disease
B D EERRATE el oo Loty ey

fungal fora after el ffoct of in dhied figs (The
i Symphony)
-Dr. Seniz KARABIYIKLI; Ege University, Turkey
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THE EFFECT OF METHYL JASMONATE ON PHENOLIC PROFILES AND
ANTIOXIDANT CAPACITY OF BUCKWHEAT SPROUT

In this study it was shown that buckwheat sprout treated with methyl jasmonate (MeJA)
synergistically enhanced the accumulation of phenolic compounds. The efficacy of spray of
MeJA various concentrations and intensities during germination and growth of buckwheat
sprout was assessed. Spray application of 0.1 mM MeJA at germination, or day 1 of
growth was minimally effective resulting in approximately 5% increase in total phenolics
and antioxidant activity (AOA). Treatment on each of the 3 days and 5 days of growth
increased total phenolics by 40%. Results indicated that abiotic stress—induced phenolic
compounds activity were dependent upon MeJA concentrations and exposure intensity. The
total phenolics correlated with AOA. In addition, stresses affected the phenolic profiles. The
different proportions of homoorietin, orientin, rutin and vitexin, for each stress, influenced
the specific AOA of the phenolic profiles. The rutin was mostly affected by the methyl
jasmonate treatment compared to vitexin, homoorientin or orientin. Exposure to combined
abiotic stresses could provide more AOA to buckwheat sprout and be a less expensive

alternative to genetic modifications and breeding programs.

& Introduction

In recent years, increasing attention has been paid by consumers to the health and
nutritional aspects of horticultural products. Fruits and vegetables contain high levels of
biologically active components that impart health benefits beyond basic nutritional value.
Buckwheat(Fagopyrum esculentum Moench) is not a cereal but is usually grouped with
cereals due to its ways of cultivation and utilization. Buckwheat has been used both as a
food and a traditional medicine. Buckwheat 1s abundant in nutrients, such as protein, amino
acids, and minerals. Buckwheat is cited as an origin plant of rutin, which is a kind of

flavonol glycoside compounds wused in preventing edema, haemorrhagic diseases, and
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stabilizing high blood pressure due to its effectiveness in controlling blood vessel.

Methyl jasmonate(MeJA) is a substance used in plant defense and also under early
research for cancer treatment in humans. Plants produce methyl jasmonate in response to
many biotic and abiotic stresses, which build up in the damaged parts of the plant.
Jasmonates act as signaling compounds for the production of phytoalexins. Methyl
Jasmonate is a group of plant stress natural hormones. In previous studies, methyl
jasmonate have been considered as powerful inducers in many various plants.

The objective of the study was to examine the effect of MeJA treatment at different
concentrations and intensities on the content of rutin and total phenolic, and antioxidant

activity (AOA) of buckwheat sprouts.

€ Results
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Fig. Total phenolics(img/g, DW) and TFig. (A) UPLC chromatogram profiles and
antioxidant activity (%6) of buckwheat mass spectrum of phenolic compounds
sprouts  treated with various methyl identified of extracts of buckwheat sprouts
jasmonate concentrations. Data represent treated with various MeJA concentrations
mean * standard deviation of three and from  buckwheat sprouts. (B)
replications, on a dry basis. Correlations between IC50 value of AOA
and total phenolics(left v axis) and rutin
content (right y axis) for buckwheat
sprouts.
(1: homoorietin, 2: orentin, 3: rutin, 4:
vitexin)
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Fig. Free sugar content(%) of buckwheat sprout extracts.

Samples Fructose Glucose Maltose Sucrose Total

Seed 0.001 0.004 0.098 0.008 0111
Germination 00050 0.0220 0.0730 0.0080 0.1100

AG. 1day 0.0310 0.1460 0.1000 0.0050 0.2820

Control A.G. 3day 0.2610 0.5080 0.0900 0.0030 0.8620
A.G. 5day 0.3370 05730 0.0000 0.0000 0.9100

AG Tday 0.4330 0.7030 0.0100 0.0080 1.1560

oL Germination 00050 0.0190 0.0000 0.0080 0.0320
AG. 1day 0.0160 0.0840 0.0000 0.0060 0.1060

A.G. 3day 0.1510 0.3810 0.0000 0.0030 0.5350

MeJA A.G. 5day 0.2370 0.4890 0.0050 0.0050 0.7360
A.G. Tday 0.2130 0.5280 0.0110 0.0040 0.7560

Fig. Organic acid content(mg/100g) of buckwheat sprout extracts.

Tartaric
Samples Oxalic Acid Formic Acid Malic Acid Acetic Acid Total
Acid
Seed 44.0805 29.7900 9.883 366.143 1242527 88K.0885
Germination 20.4265 57.143 3.0075 60.544 25.665 158.9535
Control A.G. lday 22.9845 65.9345 5619 83.6165 42.249 225.4035

A.G. 3day 70.847 127.278
A.G. bday 139.292 84.3095
AG. Tday  297.7045 104.066

12.8645 1375.2145 119.338 1705.542
18.521 2685.715 234.773 3182.6106
226915 3731.8355 290.217 4446.5145

0.ImM

Germination 20.148 62.6665
A.G. lday 257955 67.5205

MeJA A.G. 3day 67.8975 123.939

A.G. bday  123.6035 89.769
A.G. Tday 366.903 95.053

3.095 96.308 2399 126.5615

4378 78.157 32.569 208.38
13.2715 2069.8335 132.2435 2407.29
29413 5390.662 391.038 6024.4855
127375 8494.769 660.8925 9630.355

Total phenolics (mg/100g)

(%)

Antioxidant activity

) e

(B) o

<

Seed Gemn AG1 AG3 AGS AGT

Growth period

Fig. Total phenolics (A)(mg/g, DW) and
antioxidant activity (B)(%6) of buckwheat
sprouts treated with 0.1 mM methyl
jasmonate.

(Control: non-treatment, MeJA: 0.1 mM
Methyl jasmonate, Germ: germination time,
AGI1: the lday after germination, AG3:
the 3day after germination, G5D: the 5 day
after germination, AG7: the 7day after
germination.)
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1. Methyl Jasmonate

IUPAC name
Methyl (1R,2R)-3-Ox0-2-(27)-2-pentenyl-cyclopentaneacetate

Other names '

Methyl jasmonate

Identifiers

CAS number 39924-52-2

Properties

Ci3H200s3

224.3 g/mol

Colorless liquid

<25 °C

88-90 °C at 0.1 mmHg

Molecular formula
Molar mass
Appearance
Melting point
Boiling point

Except where noted otherwise, data are given for materials in their standard

state (at 25 °C, 100 kPa)

Methyl Jasmonate Reduces Decay and Enhances Antioxidant
Capacity in Chinese Bayberries

Kartuo Wang, PENG Jiv, SHIFENG Cao, HAITAO SHANG, ZHENFENG YANG, AND
YONGHUA ZHENG®

i Maning Agricultuea] Universiey,
cople’s Republic of China

College of Food Science and Technaloj
Weigang 1. Nanjing 210095,

The effects of methyl jasmonate (MeJA) on postharvest decay and antioxidant capacity in harvested
Chinese bayberry fruit were investigated. Chinese bayberries were treated with 0, 1, 10, 100, or
1000 umol L~ MeJA at 20 °C for 6 h and then stored at O °C for 12 days. MeJA at 10 umol L™ " was
most effective in reducing fruit decay: quality parameters including pH value. total soluble solids. and
titratable acidity were not significantly affected by MeJA treatment. Fruit treated with 10 gmol L7
MeJA exhibited significantly higher phenylalanine ammonia-lvase activity and higher levels of total
phenclics, flavonoids, and anthocyanins as well as ind al phenolic compounds than control.
These fr also maintained significantly higher antioxidant activity as measured by scavenging

capacity against 1.1-diphenyl-2-picrylhydrazyl, supercxide, and hydroxyl radicals and by the

reducing power test compared to the control. These results indicate that MeJA can effectively
reduce fruit decay and improve antioxidant capacity of Chinese bayberry fruit.

KEYWORDS: Chinese bayberry: methyl

INTRODUCTION

Chinese bayberry (M)rica rubra Seib & Zucc.), a subtropical
fruit native to China, is popular for its flavor and attractive red to
purple color. The fruit consists of capsule-like cellules termed
flesh and is very o
tion and pathogen attack, limiting postharvest life to 1—2 days
nnder amhbient femperamre (1) Chinese haybherry contains high
levels of anthocyanins, flavonoids, and phenolic acids and is
considered to be a good sonrce of natural antioxidants, which
may provide protection against various human diseases caused by
oxidative stress. Previous study has shown that Chinese bayberry
has high antioxidant activity against superoxide and hydroxyl
radicals. and there is a positive correlation between antioxidant
activity and total phenolic or anthocyanin content (2). Fruit
maturity stage and postharvest storage conditions can also affect
bioactive Eompound levels and antioxidant capacity in Chinese
bayberry (3

Methyl .s-;m.mane (MeJA), a naturally occurring compound,
plays important roles in plant growth and development. fruit
ripening. and responses to environmental stresses (5 ). It has been
reported that MeJA treatment could effectively suppress post-
harvest diseases of various fruits including sweet cherry (6),
loquat (7 ), peach (&), and grapefruit (9). In addition, it has been
reported that a postharvest MeJA treatment maintained higher
levels of bioactive compounds and enhanced antioxidant
capacity in berry fruits including blackberries, raspberrics, an
strawberries (J0—12).

ion as a Generally Recognized

*Author to whom ca uld «
8625 BAIDO0R0: fax + H6- 35 sbssie e-mail zhengyh@ njau.edu.cn).

©2009 American Chemical Sodety

MeJA is already classified by the U.S. Food and Drug
Administration as a Generally Recognized As Safe(GARS)

substance,..

Published on Web 06/12/2008

decay:

substance, it may have potential commercial
appmmsﬁ_rﬁehca ons 10 postharvest freatments for quality maintenance by
reducing decay and enhancing antioxidant activity. As antiox-
idant content is becoming an increasingly important parameter
with respect 1o fmit and vegctable quality. it i of great interest to
evaluate changes xidant status during postharvest storage
of horticultural crops. However, there are no published data on
the effect of postharvest MeJA treatment on antioxidants and
antioxidant activity in Chinese bayberry fru
The purpose of this study was to lnveslzgale the effect of MeJA
treatment on fruit decay, total phenolics, total flavonoids, total
anthocyanins, and antioxidant capacity as well as the main
phenolicconstituents in Chinese bayberry during storage at 0 °C.

MATERIALS AND METHODS
k. Commercial standards of gallic acid (purity = 99%),
techuic acid (purity > 97%). quercetin-3-O-rutincside (p!

), and cyanidin-3-

nd Treatment. Chinese hayherry (M roh Seib &
Zucc. cv. Wumei) was hand-harvested at mature stage from an orchard in

Fmount of MeTA liquid (Aldrich Chemical G, Milwaukes, Wi was
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