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SUMMARY

I. Title

Development of cultivation method for high quality soybean sprout using

elicitors

II. Objectives and significance

O Elicitor: Elicitors are defined as molecules that induce defense responses in
plants. Elicitors could be proteins, carbohydrates, fatty acid, etc. In this work,
we used carbohydrate elicitors such as chitosan, p-glucan, and
oligogalacturonides.

O Annual total sale of soybean sprout is about 800 billion won. However,
soybean sprout industry has frequently been threatened especially during
summer time from pesticide use by some growers as soybean grows under high
humidity condition and thus gets easily infected by the phytopathogens. Another
problem of soybean sprout industry is short shelf-life of soybean sprout. To
overcome these problems, we tested whether elicitors enhance resistance against
pathogens and therefore increase shelf-life of soybean sprout.

O Soybean contains various health—beneficial substances. Among them,
1soflavonoids attract much attention from many scientists as some of them have
anticancer, antiosteoporesis, blood-cholesterol lowering, antioxidative activities,
etc. It is known that elicitors stimulate phenylpropanoid pathway and that
1soflavonoids are synthesized through this pathway. We tested whether elicitors

increase isoflavonoid contents in soybean sprout and soybean.



IMl. Research Results and suggestions

The first part of this research was conducted to develop a method to cultivate
soybean sprout with high content of isoflavonoids and longer shelf-life using
elicitors such as chitosan and P-glucan. Elicitors are defined as molecules that
induce defense responses in plants. Therefore, possibility of using elicitors to
improve resistance against phytopathogens was also investigated.

This second study(Part 2) was carried out to develop cultivation method for
producing functional soybean enhanced in seed yield and isoflavonoid content
through foliar spaying and seed soaking treatment of elicitors, chitosan and p

—glucan solution, during soybean growing.

1. Development of cultivation method for high quality soybean sprout
using elicitors

Elicitors are defined as molecules that induce defense responses in plants, which
include the increased synthesis of secondary metabolites. Many of secondary
metabolites have various physiological effects such as anticancer, antioxidative,
cholesterol —lowering activities, etc. in human. In soybean, isoflavonoids, which
are also secondary metabolites, have had much attention from many scientists
because of their various beneficial effects on human health. We have
investigated changes of the isoflavonoid contents and other functional substances,
and growing characteristics in soybean sprout treated with two elicitors such as
chitosan and B-glucan during cultivation. After soaking for six hours in elicitor
solution containing lactic acid or acetic acid to dissolve chitosan, soybean was
cultivated by supplying water for three min at every four hours and by treating
elicitor solution twice a day. Elicitor—-treated soybean sprout showed increase in

germination rate by 5-10% compared with untreated soybean sprout. B



~Glucan-treated soybean sprout showed that the stem diameter became thicker
and the stem length decreased compared to the untreated soybean sprout.
Content of isoflavonoids including genistein and daidzein increased in soybean
sprout by treatments of both chitosan and B-glucan, and was maintained during
storage at 4C after harvest. In addition to isoflavonoids, other health—beneficial
substances were also investigated. Total phenolic compounds increased by
elicitor treatment. Antioxidative activities also increased by elicitor treatment, but
nitrite—scavenging activity was not affected.

We have also investigated whether elicitor treatment on soybean sprout
enhances resistance against various pathogens and thus increases shelf-life of
soybean sprout. Soybean sprouts were treated with chitosan, PB-glucan, or
combination of chitosan and B-glucan during cultivation. p-glucan was
obtained from used btewing yeast by partial acid hydrolysis using HCIL. The
soybean sprouts were infected with a fungal pathogen Phytophthpra sojae, and
two Dbacterial pathogens, Bacillus subtilis and Bacillus coagulans. The
elicitor-treated soybean sprout showed enhanced resistance against all pathogens
tested, while untreated woybean sprout was infected severely. The soybean
sprout treated by combination of chitosna and p-glucan showed higher
resistance than other elicitor-treated soybean sprouts.

The elicitor—treated soybean sprouts contained higher activities of defence-related

proteins such as PB-1,3 glucanase, protease inhibitor, and phenylalanine
ammonia-lyase. About 80-90% reduction of total microorganism number in
soybean sprout by elicitor treatment was observed, suggesting that shelf-life of
soybean sprout could be extended by elicitor treatment. Reduction of
microorganism number was most significant in the soybean sprout treated by
combination of chitosan and B-glucan. High contents of isoflavonoids, phenolic
compounds, and antioxidative activity were maintained for several days after

harvest. Soybean sprout cultivated in large scale at a company. also showed



higher content of isoflavonoids and higher growth rate as soybean sprout
cultivated in small scale at laboratory.

There i1s a possibility that elicitor treatment could increase toxic substances in
soyben sprout which we do not know. We checked whether elicitors induce
synthesis of phytoalexin which is toxic to animal cells. Chitosan did not induce
phytoalexin synthesis. However, B-glucan induced synthesis of phytoalexin, but
not significant amount in the condition we used. We also investigated safety of
elicitor—treated soybean sprout using rat. The rats were fed with food containing
maximum 10% soybean sprout powder. This amount corresponds to the amount
of about 7.5 kg in man weighing 65 kg. We checked change of weight, water
cosumption, behaviour change, blood, biochemical changes of serum, pathological
and histological changes of internal organs. We did not see any differences
between rats fed with food containing elicitor-treated soybean sprout and rats

fed with regular food.

2. Development of cultivation techniques for producing functional soybean
using chitosan and B-glucan, as plant immune elicitor

According to seed soaking and foliar spraying treatment of chitosan and B
—-glucan solution, changes of content of isoflavonoids, didzein and genistein, and
seed yield were investigated by several experiments, germination test, elicitor
treatment with different concentration, variety, spraying period and kind of
elicitors, elicitor effect under drought stress, elicitor effect by mixing with
spreader-sticker, and pathogen resistance test.In emergence rate at field of seeds
soaked with elicitor solution, there were higher rates, 70% of chitosan, 68% of
glucan, 71% of mixture of chitosan and glucan than 62% of control in
Sinpaldalkong, showing similar trends to those in Taekwangkong. In changes of
seedling growth according to seed soaking at high concentration of elicitor,

chitosan treatment showed the similar growth and establishment rates of



seedling compared with control, but glucan treatment showed lower germination
rate and growth inhibitionIn changes of soybean seed yield as treated with
elicitors during cultivation, treatment effect in Taekwangkong was better than in
Sinpaldalkong. Seed yield in plot of mixture solution was higher than single
elicitor solution. In case of pot cultivation experiment, yield increase effect was
showed in all plots of two varieties. Among them, mixture treatment plot
showed the highest yields, 23.0g/plant of Sinpaldalkong and 13.5g/plant of
Taekwangkong and higher yield was obtained in order of chitosan, glucan,
control plots. In different concentration and treatment periods of elicitors, higher
seed yields appeared in middle concentration of chitosan and low concentration
of glucan, and in spraying after flowering of Sinpaldalkong and in spraying
before flowering of Taekwangkong.

As treated with elicitor, isoflavonoid contents of soybean seed had no significant
difference but elicitor treatment plots showed higher contents than control plot in
Taekwangkong, showing highest content (3.79mg/10g) in chitosan plot. In pot
cultivation experiment, increase effect of isoflavonoid content in Taekwangkong
was higher than in Sinpaldalkong, showing highest content of isoflavonoid
(4.76mg/10g) in plot of high concentration of chitosan elicitor. Spraying after
flowering of Sinpaldalkong and before flowering of Taekwangkong were led to
more increase of isoflavonoid than other treatment periods, and mixture solution
plot showed higher content of isoflavonoid than plots of chitosan and glucan.

As treated with elicitor under drought stress condition, top growth, 100 seed
weight and seed yield per plant were decreased. In number and weight of root
nodules produced during -cultivation, there were higher in order of drought
stress+elicitor (DE) < no stress+elicitor (NE) < control (CO) in glucan plot,
while NE < CO < DE in chitosan plot. So it was supposed that roots have
increase of nodule or recovery of nodule productivity by treatment of chitosan

elicitor. Chitosan plot showed higher content of isoflavonoid than control, and



drought stress did not showed any increase of isoflavonoid contents.

The treatment of elicitors mixed with spreader-sticker(SS) for adsorbing of
elicitor did not showed great differences between treatments in growth
characters such as plant height, node numbers etc. but seed yield was higher in
chitosan plot than in glucan plot. Elicitor mixed with SS more increased seed
yield than only elicitor. Production of root nodules was higher in elicitor plots
than in control plot, and was lower in plot of elicitor mixed with SS than in
plot of only elicitor. Chitosan plot showed higher content of isoflavonoid than
control plot, and elicitor mixed with SS induced to more increase of isoflavonoid
content.

To understand changes of disease resistance by elicitor treatment, soybean
leaves were infected with bacterial pustule(Xanthomonas campestris). In all
elicitor plots, chitosan, glucan and mixture plot was observed lower infection
degree, showing highest resistance in chitosan plot. This indicated that pathogen

resistance of soybean plant was increased with elicitor treatment.
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&5 3 ¢ Isoflavonoid Aol S7Hd 7154 duE 2 T AiriE A
L AxpE A Rk g
u| B TAE A7 AL W 2 WS
=
<Al 1 A% |[o B-glucan®] A=
A > - Cotyledon assayZ %3 A ZA}
oz elicitor| © Oligogalacturonide®] |z
THol WE F|o AEAFEAA
UE9 iso- (chitosan, B-glucan, oligogalacturonide)®] &3 ZA}
flavonoid $F#F| (isoflavonoid 3% W3}lo| 1= o 3F)
W3l xAl 9| - chitosan, B-glucan, oligogalacturonides ZHzb A2lekis
At eli- isoflavonoid % W3},
citordegle] | - AEHALYA vEd BE 5
# g} A Wt e &I XA
- AEHGEA AA 7] AL
4 - Phytoalexin & ®3} A (HAY FHE S8 2
HE £
o A= WHAgGAGA A o3 & vled EH9 W
(2000) )
o Fu=m FF F {FEVINF AFe vwAE AEHILSA
Aol &3 (1)-4F A3
- A Ao 5
<A 2 AFE o AEdEgEdA A
A > - 71E4h p-glucan, €A &
o F Al W Flo AEHALYA Al o F VK L isoflavonoid g
elicitore A 2l| = W3} 2A
39S uf iso- | - AW isoflavoniod A
flavonoid ##| - A s=d S FA}
o]  F7Mst=A| - A S A 71 isoflavonoid $F=FFAF
el - Aol gt AFEARZ AL
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gk AFAY S7F o A= =9 =Erh #Hol FuEel chitosan A ZdE
2 A7 dEd F2 A4, lipoxygenase (TuEe] HldUo] &S F7] wiol
ZApe W] diste] FAMSFA Y elicitor 9 JNE S ZEal AFEH o] XA &gk}
28 3 isoflavonoid S S7HAI71E = A=+ T2 isoflavonoid o] =2

UEe AgeE PR 20§50 WES 088 AEs} o wE

N
r ol

-

ol = isoflavonoid A& FHA key regulatory EA2 overexpressions E 3

2. 799 B¢

o] arell Al 'HslE elicitore]l Wiet AFE 7B Ed] s groupe W= &Aof
e g53lE A4S 5 4 de=d F=2 B-glucan, oligogalacturonide”} o % Al
A=, AEAEe F= 93 AE] dAseE W T5 AEuY, AExds
o]-&3to] F+3tal 9t} Canada®l oW groupdl A= F= chitosans A 2lste] E
ntE 5o e g AYAAS SIS AT 5 st Aok 2Ea dE T Al
Al o2l Yatell A chitosans FQol ol &y = & g et A WL 9

o a8y olE R & chitosan 2 elicitorst g o g s EuE AA
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A el A&stels Ame ds HauwA & deolt. oivp & A7t Hx9
Al L7b obd7b AZE e 4 s elicitor & o]-&3sto] A =9 tiAl
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M1 A=HAEdHE of[8e 7[s4d
O

A 14 Qs L 4

1. 4348 2 A=

7y
oA ARgE UEFE 20019 EA el or A FE JTPor R
TYste] -20TColA AGstHA A|52 A&

1}, Chitosan &9 #|=

Chitosan< (5°) vlo] 8o A] 13k 30 cps (M.W.=75,000)°] ™, 0.025% lactic
acidell &33le] 0.05% chitosan&H o2 %3 & NaOH=Z pHZ 552 XA 35}¢]
AH&-3F A T

. B—glucan &9 A%
W gEURS Bo] dEste] AR § B84 FEA 2 N Trifluoroacetic
acid (TFA)Z 1 : 109 ®]€ (Residue g : TFA mL)2 £%3 3 8TAA 241k
W F ksl sk AT

2

AR T ATAS HS g sFstel TFALS AASI L, F2 A4S 1,000
MW.CO F4 woz FAsle] 945 A|As G AHE & wel Trifluoroacetic
acid(TFA)¢F HCIZ o] Alxz3skth (Fig. 1.)



Wash the cell

l
Suspend the cell in 2 M TFA or in 0.5 M~2 M HCIl
l
Heat at 85T for 2.5 hr in a shaking water bath
l
Cool the bottles
l
Centrifugation
l
Collect supernatant
l
Pass the supernatant through a glass fiber filter
\
Concentrate by rotary evaporator
l
Repeat the methanol evaperation 3~4 times to remove residual
TFA
!
Add H;0 and centrifuge
l
Supernatant
l
Dialyze against distilled water(Molecular weight cut off: 1,000)

l

Adjust to pH 7.0 with 1 M NaOH
l

Centrifuge at 23000 x g for 30 min
l

Concentrate by rotary evaporator
l

B-glucan

Fig. 1. Preparation of p-glucan by partial acid hydrolysis from
brewing yeast waste.



2}. Oligogalacturonide #|

AL A 2 N TFASE 1 : 209 ¥ &= 4 o] 85TCollA 4413 5ot AestdA 7t
Fadfate] A2 AE GF/A oHA R ofFart. o] NS pastert & w7bA 7
FEEstis Maes 234 9o TFAS AASAUT 1 M imidazol-HCIZ pHZ
sha, FAgte] AS AAGFATE ol gA AxH A

ol
|

1008 %E F oAl o3

oligogalacturonide ¥ #-& m-hydrxybiphenyl assay® =74 35} t}.

7}. Isoflavone ¥4

1) glycoside F& o] #|=x
FUE 3 goll 80% ol &E 12 mLE 7tstal siAbE go] 5@%F mhfigte] 20T

A 12417 RAEste] FEstal 94 #2d 4SS vgdA FE AsR ALESS
=3

2) Aglycone

W FA FEqd FH 2 N HClIE 92 WS AS heating blocke ©] &3}
100CAA 1A 5 7heaslsh & A4 83ty dsdS AFEsdT).

3) HPLC #2 ¥} flavonoid 4 %

HPLCE ©]&3 Isoflavonei®?]2 Grahame] WS UF Wt A&
IsoflavoneZ& ML vl F A9} aglycon EF 0.2 um filter® o 73t ALg319 1
Fluofix RP-18(10 um C18, 46 mm id. x 250 mm) column< AM&3}e] flow rate
12 mL/min o2 25&3F 45 Fdslen, §v= FHFF (pH 3.0)°

PN
T
acetonitrile (100%)& gradient® 3} v} ®F=E2 Q] Daidzein, Genistein, Genistin

-

< Sigma (USA)A Fdste] & =4S AAT & Fu=odA 43

isoflavones % #3a} 3t}



4) FvE Al =7

=3 20 g¥ = 5% Aetd At YEF SAoR Sutt myl Add § sEe
Lo 6 3 ol AL, 7t elicitor&Hol 6417 HAsto] Aujg7] (ZebxE A
10 cm x 7 cm id)el &7A A7 () Fi7] oA e Ao 5 Al &
o gt 93 AEHYAE Zo]7] Yl 3F tray=R A ZELe] 3 trayE A Eo
FFEH, 3 FFEH B W Lo trayol A ol wlEE = )0 @A Al
7] W] & 22~23T o], 5% 423 ekt 3% Fek dho] 3U3 A F

Hee gAlEo R sttt Elicitor# 2= 1241 7vke 100 mLA4 = 2] 8 it

AetE F&9 01 mLol /T 09 mLE 78kl 10W] 8]4e $ Folin &

AN

Ciocalteu’s phenol reagent (2 N, Sigma Co.)Z ©]&3}9 735 nmollA &3 ==

gstel A sk,

TUES] odgg FEHe] HAFo & (Electron donating abilities, EDA)<]
42 Bloise WHS ¥Wyste] F43Ah 72k AlE 04 mLoll olg&of =<1 500
M DPPH(a,a-diphenyl-B-picrylhydrazyD)-& % 06 mLE 7}3 % vortex mixer

2 1023 Agste] 2AR dAs A L b F e 3083 $AY o

=

o
e
td
31_14
N
-
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o8}
e
e
e
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3ol

3) ol AAZE] FH
olA e A7 A8 (Nitrite-scavenging ability) S Grays¢ =il 9
ZA38Ath &, 1 mM NaNO; 1 mLel &€& FEFE 02 mLS H7star o 7)o
0.1 N HCI (pH 12)& ¥o] &899 & F9&5 10 mLE 33
37T FFxolA 1AZF 9hEAZ BEEAS 1 mLE F38te] 2% acetic acid 5
mL$} Griess Reagent 0.4 mLE 7}3F & 1587F Ao wWk$-3le] 520 nmoll A &
B2 Ao NETE Griess Reagentthdl =74 04 mLE 7Fsto] A7) 9
st At oA AALATS dEE FEE U A5 AAad NEE
(%)% EAISHATH
N(%) = (1-(A-C)/B)*x100
N @ ofdAd &aAE
A 11 mM NaNO; &<l AR5 H7tate] 1A3F kA7 F-9
B 1 mM NaNO; &l Aathil SF55 H7bste] 143t
o FH:=
FE=E AAY F3-



4) APEATE FA
7} Crude glucoside mixture F&

—

SEAZ
v =28
SU=S =2 (50g
v FE(70% KES, 5AI2, 338H=)
le= =2
2AAM=2| (8,000 X g, 30min)
JZAAs= (50 mL BEEFS +50 mL 2)
SEE =
¢ A==
X AFEU
Fig. 2. & A}E 49 35
W) Lieberman-Burchurd B M¥F3S E3F AlXd H A
Fig. 19] "ol 93] Alzxw = AFEUe] EA& Lieberman-Burchurde =4
S A&t WEL &3A17l = AFEY 02 mLel acetic acid 3 mLE 7}3k
S gk aks dds] hstHA EE50] M7 WEtE $wEehal, 301 $ol MZ2wW st
7F dAE o BRFEAE AFESEY] 436 nmoll A FEFEE SAH AT
o] &38R e, column

t}) Saponin® HPLC #4]
atosampler HPLC system=
o] AL MeOHY 0.1% formic acidE &

Dionex (U.S.A)A}<]
AF&-3F A T
Ab-&-at ot

Fluofix Cis(4.6x250mm) =
gradientZ o] &3 &=%3 &wj

=
=

3 H.OE &4



t}. B-glucan® ¥4
1) Anthrone assay©ll 23t B-glucan®] * %

F &= AFE3te] A %3 B-glucans: A7) 93+ anthrone assay s

ZF H9bg A7l & WZbsle] 620 nmoll A R EE SHSI o glucose & ETAIE

2 Abgstel wlm EAskg

2) B- glucan® soybean cotyledon elicitor bio—assay

FSA Tt

ol

Elicitor activity S74-& #13 9¢ 3 Auist T2 HAdS AREslo] &4

yS|
~

1S

213

Rus

o
A
A

3)

2l® p-glucan A& Lotr7] fldte] FE2 106C AHAxH, =ATL

e

ethyl ether2 ©] &3l soxhletF&W, 32 550C 3|3, @22 Bradford
WS o] 83te] AP o y-globuling ¥FEAZSS] 595 nmolA FHEE

=

=4 skt

)\

4) FEA

Thomas®] #H<S o] €39 o™ 490 nmIgo A 0~150 pg glucose o &4 %
& ©] 83} glucose standard curveE ARt AlgTd HGd FE=Z 1 mL
sugar solution® %WHE9] phenol regent (5%) 1 mL 3 =33+ & 98% H.SO4 5
mLE #7lste] & 7 mL o §4E5 FA £43 F Dol FAAZITH 30201

AAANZ F 490 nmoll A FFE=#HS S-S AT

5) Gel- filtration Chromatographyell 2|3+ 23 =4
B-glucan ¢ EA#HS =H3 7] 93] Sephacryl S-200-HR column(1.5x47
cm)<S ol&dtgor, EAH ZHE 3% standard® dextran (M.W: 10,400 ;

40,210, Sigma Chemical Co. USA)E& ©]83}3l included volumeZ4d<S <¢l3lA&



glucoseE o] €39t 48 10 mL/hrE 1 mLA E33lo] AFg3F ).

2. o
1) AE o

5

@ el d@ Ay

=
=
B30l Phytophthora sojae$t FUEA  EEld WATA  Bacillus
subtilis, B. coagulans & &&31&d 3479 Ay dTAdA S

oF ALg3hgit.

2) WA 24
Phytophthora sojae B¢l A% WA= VBHIAZ AlFoA] Hu== V8F
220 CaCOs9t & ¥ol A wiAI = Al xsto] AM83F3 &M Bacillus subtilis, B.
coagulans= KBWIA| [proteous peptone #3 (Difco) 20 g, KoHPO4 1.5 g, MgSO;,.
7TH-O 15 g, Glycerol 15 mL, Agar 15 g, DW 1 L]1Z A}-&33]t}.

3) WAt wjk
FE UL P osojge’t A WA ZZ4S A RS VU A 9o Jo ol o
Aok 7d AE wjste] AFEETE witE ol B SE S A 3087 WA

gt & A A2 AR Qe BHES 63 vHES & a5 mL JE 9
HeE YolA 15~18T 9 <44
o2 B&EAY. B, subtilis, B. coagulans= KB Ao A A ujeksle] HFE5EE 5

x10°/mL~1x10%/mL= 8] A3t A&}

il
(o
i
fd
=
on

oA s}ER AE T zoosporeE

2950 A3 FUES AFHse] 7)o FAMMPER A" AAE d F oa%
Mg AA Qo 10 uLS FY3 L W E petri-dish o filter paperE 7+ ¥ €
T2 T AAl 2 fo HYddel FHdE FUES T F4ES BoF 25T



1) TYUE 2534509 24
Protease inhibitor activity 32 €3 Z&4AHE Fig. 29 & HHog A

zZagomn 2AY a3 4N 4T B AFEsoh

2) Protease inhibitor activity =%

Protease inhibitor activity 42 Hamerstrand Wl F3to] A8 53t
UE 2849 10 pL, 0.1 M Tris-HCl buffer (pH 8.1) 240 uL, 0.005% trypsin
250 uL, 71292 0.03% BAPNA(Na-benzoyl-Dp-arginine -P-nitroanilide)& 1 mL
Yo kS 37ColA 10 #7F incubationd U 30% acetic acid 0.5 mLE %

S
of Wtg& TAAAT. °lF 410 nmol A FFE=S FAHSAH

3)B-1,3 glucanase activity =4

Az 2&4299 p-1,3 glucanase F7F =4S Somogyi-Nelson HH-S A}
&stol  p-13-glucanase ZA4S SAHsAvh. p-13-glucanase FA42> 7]1E<Q
L& dkg-Ho] Somogyi-Nelson reagents %] incubation

o)
A7 % 640 nmoll A FHEE =A3ATE 1 unit2 37ColA £ pmole glucose

4) Phenylalanine ammonia-lyase activity =%

&4 1 mLe 0.05 M borate buffer (pH 8.0) 2 mL, 0.01 M phenylalanine
1 mLE 7Fabe] 30CelA 3A17F A8t qith o 7]el 6 N HCI 0.1 mLE 7}abe] wh
£S5 AXNA F ABAH cinamic acidg ethyl ether 5 mLS 7}sle] =83 £33
. ether layerdl &74 F&3 % 005 M NaOH 4 mLell £3fA|A 268 nmol A
FREE SAsAY sz FAHT cinamic acid H#FAol olste] 1 3k
S =439 21, Phenylalanine ammonia-lyase &4 unit® A3 =ZRE AAHHA
cinamic acid mp moles® =743} t}.

5) Total phenolic compound =4



Total phenolic compound:= Amerine, M.A.¢} Ough, C.S.9] Folin-Ciocalteu’s
WS WEste ddedd. degE F&9 01 mLlel FF5F 09 mL, 2 N
Folin-Ciocalteu’s reagent (2 N, Sigma Co.) 0.5 mL, 20% Na:CO3 25 mLE Y]
=g dAEEstel 95 AAT v5 25TolA 20427t incubationA] 71 - 735
nmoll A FFEE =AY 24" FFEE gallic acidE o] &3t A3 HE

I 0 ZRE mg% gallic acid §H 2 $Haksle] el Sl ).
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Soybean sprout (10 g)

y
Ground in 30 mL of 0.5 M Na-Succinate (pH 5.5)

containing 15 mM B-mercaptoethanol using a blender

l
Centrifuge at 23,000 xg for 20 min
l
Supernatant
l
Dialysis against 0.1 M Tris—HCl , pH 8.1
l
Centrifuge at 23,000 xg for 20 min
l

Crude enzymes

Fig. 3. Preparation of crude enzymes from soybean sprout.

2) Chlorophyll 3t& =4

Vemon®] HWHo| 53

R S B P I E A L R I

AolFHA 10 AE gx



&

3 A%

AZFA (CR-300 Minolta Chroma Meter, Minolta Camer Co., Osaka, Japan)Z
Pt Al S MRS MREf] L-
96.86, a =-0.02 % b =199 Q1 F=WA I (Calibration Plate CR-143) 9]l ¥ A
2o TAH FH U FHE et uAlF9Y ARE S5 HdgoeR
Alstdet. o 7lell A Lk Aol ¥rlE yeds zle® L = O(black)elA L
=100(white)& YE}FH L, a = -80(greeness)oll Al a = 100 (redness) = YEIIZ, b
e Az FA-E YJehfls AeZ b = -80 (blueness)olAl b = 70

(vellowness)& eI

A\

Abg3le] Hunter L, a 2 b &2

A\
ol
ol

=51

1) FEF

|\

A

Plate count agar (Difco, MI, USA)E % -& petri dish®] sample= 200 uL 3}
o] pour plating o= JFg F 35TCA 24413 W Fet vh5 colony 71 1%
g 25070 olste] HEES A AL ®©5to colonyE CFU(colony forming

units)/g = 3EAsHth

T 100714 AHAse] wvel 8718 AAR F Calipers® ol§3te] 718
745t ez Jehih

3) Tz o] Tok& AL

FUE gy Z7]7F 1 cmol A

aS)
poy
tlo
e
L
i,
ol
i
il
fru
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TURe s2t B2 %o AL F 400 g4 Welol @3 B 550 mL, 2% 7
g WS F sl 87 A4 @ WY 183 98 F QGRS GAd o

of Bradlel ool sEMOoR Ay, WA, FHH 15w dstel v vwg
1), thm 27), REITER), FrhUR), obF FUHGRE B B

7kl Adse HiArzsAAE yerlder o4 HAL student’ s t-test

A2d A3 L uF

1. p-glucan ¢ F3 F& =4

24 Trifluoroacetic acid(TFA)2} HCIE AF&3F B-glucans A
I 3F%S anthrone assay® 4] W3t ZAx= Fig 49 2t}

B-glucan A=Al 7hHita] SviE AMEH = TFAv =4 A@o] ®HeshA B
AodA s Bk oobyg}d Fho]l wluwA M AR HIUMER AR 44 B
—glucanA| ol & FAdsitiar gso] oo tiAl&ujw 7HFo] Adsta kAT

=& 87] 98 HClS Abgsto] 9 W5 FRvto Ry p-glucans A %38k3]



HCIE 10, 40, 60, 90274 7hedsl] AlbE @ed o 7Feisiess 35T,
65C, 8TAA B-glucans AxS ZAi} 403+ 7FEs & 3o Z+7 35
mg/mL, 124 mg/mL, 152 mg/mLZ 7}¢ @2 <49 B-glucano] AZ=H A}, 71+
w3 Algkol F7ghel wel fHadte AEes vEWe=d B-glucane]l HA R
3 %]l monomer, dimers ©9F2 HHE ZolxA Hol wzl anthrone assay?l

A B-glucan¥t 7ol 7hs3dtr] woltk. 2y 8TAA FE3 B-glucan©]

35C, 65 CHT Be o] FZ5 Ut}
U FEF5xd e =4
B-glucan®] 7}FEE] HAAZMS 40802 AAse] 7p5EE £ui24 HCIS

=2 Aylste] 65T, 8T 2= A p-glucans A %3 A3+ Fig. 5, 6
I 2o 85TCoA e =M= 05 M HCIZ A2 3RS W B-glucane] & Ho|
P gon ZFxrF Sbetel wekbA Bglucan®t ol HA Ak A
Yeldeh o] A& AAE p-glucane] E3d]E o] glucose monomertt 2
ol HF FAHRAAA AA HA] WEoR AZtErh 65Tl = EFETt 2
Mol X7} gheFo]l 7hg ®©ekar 3 M o] %ol A saturation® = 2& & F =3
glate] 85T 2=z 2 M FEZ 4083t 7hEe o) 71 A st
HE AT oo AR Hol 7]ES] Jhgws] &uil TFA thalel] HClE A&t

o] B-glucang AxgFozZH A A7HEeE 7l o e 49 B-glucan

o
ftlo

N

O

—

lﬂ

o

%2
32
H

N
l_

_|
i

S A F dgo® YA g&doly A H dEgAdo] AES & F U
=3
o} 2k F/o WE B-glucand T FA}

o

TFASH HCle2 7he2 el B-glucan®] $HgS ARSI FAJ0 o2 & F

o

#9] Al(acetic acid, formic acid, phsphoric acid)52. 2 %3 p-glucan®] &=

=43 AyE= Fig. 7.3 2t} Acetic acid, formic acid, phsphoric acid 52 &

=
3 B-glucan®] 3 TFASF HClo = 7}5i3] 8 p-glucan@ FR T} ofF o

4
]

%0



o TFAZ FE3 ZAKRT 85ToA e %A 05 M2 HCls=2 40%3F 7H
Ak

5= p-glucane] Bt &S & & AT
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Table 1. Proximate composition of extracted B-glucan.

% (dry weight basis)

Protein (%) 74 %
Crude fat (%) 0.002 %
Sugar (%) 25.4 %
Ash (%) 0.11 %
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Fig. 9. Sephacryl S-200-HR gel filtration chromatography of 3-glucan prepared

from yeast with HCI.
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Fig. 10. Flavonoid contents of soybean sprouts treated with B
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Figure. 11. Change of isoflavonoids contents (daidzein, genistein) in
soybean sprouts after treatment with various concentrations of
chitosan (@) and water (O).

Chitosan solution contained acetic acid to dissolve chitosan, therefore control

(water—treated) soybean was also treated with water containing same amount of

acetic acid.
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Fig. 12. Flavonoid contents of soybean sprouts treated by various

chitosans with different molecular weights.
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Fig. 13. Flavonoid contents of soybean sprouts treated by various
water—soluble chitosans with different molecular weights.

_67_



t}h. Oligogalacturonide® 23S ™ isoflavone 3% s}

FUES Aust=d 9o] oligogalacturonide® =2 A3t glycone’d H
9] genistein® TFFHS FALAE A= Fig. 143 2vh B AFAdoA ou|Ad s
A3} oligogalacturonide= FUE2 oA A4 & e g S 45
A= AS #EE 5 A0 o] A= oligogalacturonide # 2]ol o s wul
of o] Bl Aol oA Hrh= B oA UX|3a gt
a3 Oligogalacturonide®] & o]
S o 1 o] o3lE TAhHE AS B o At 9 ge 21Es HAFE Hof
stAA R, AR A Axste= HEH AEekE 55 LI s W FuECd AHgste=
elicitor=2¢] AA == FATGsiotr Abmdr, 2ejuz o] o] Ao glojA=

oligogalacturonide®] A&l 3l# ¥& Aoz AA AT

1200 4

1000 ~

Content (ug/g)

800 -

0 5.5 7.7 15.4 23.1

Oligogalacturonide conc. (ug/mL)

Fig. 14. Genistein contents of soybean sprouts treated with various
concentrations of oligogalacturonide.
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Table. 2 Germination of soybean sprout treated with elicitors.

Germination (%)

D.W. 765

0.05% Chitosan 95+5
B-Glucan (100mg/L) 80+5
Chitosan + Glucan 90+5
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Fig. 15. Effects of elicitor treatments during cultivation of soybean
sprouts on stem diameter and length.
1. Water—treated soybean sprout (control).
2. 0.05% Chitosan (30 cps)-treated soybean sprout.
3. B~Glucan (100 mg/L)-treated soybean sprout.
4. 0.05% Chitosan + B-glucan (100 mg/L)-treated soybean sprout.
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Fig. 16. Genistin content of soybean sprouts treated with elicitors.

1. Water—treated soybean sprout (control).

2. 0.05% chitosan (30 cps)-treated soybean sprout.

3. B—glucan (100 mg/L)-treated soybean sprout.

4. 0.05% chitosan + B-glucan (100 mg/L)-treated soybean sprout.
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Fig. 17. Flavonoid contents of soybean sprouts treated with
elicitors.

1. Water—treated soybean sprout (control).

2. 0.05% Chitosan (30 cps)-treated soybean sprout.

3. B~Glucan (100 mg/L)-treated soybean sprout.

4. 0.05% Chitosan + B-glucan (100 mg/L)-treated soybean sprout.
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Fig. 18. Changes of glyceolin contents in soybean sprout treated
with various elicitors.

1. Water-treated soybean sprout (control).

2. 0.05% chitosan (30 cps)-treated soybean sprout.

3. B—glucan (200 mg/L)-treated soybean sprout.

4. 0.05% chitosan + B-glucan (200 mg/L)-treated soybean sprout.
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Fig. 19. Total phenolic compounds of soybean sprouts treated with
elicitors.

1. Water—treated soybean sprout (control).

2. 0.05% chitosan (30 cps)-treated soybean sprout.

3. B-glucan (100 mg/L)-treated soybean sprout.

4. 0.05% chitosan + B-glucan (100 mg/L)-treated soybean sprout.
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Fig. 20. Electron—donating ability (EDA) of soybean sprouts treated
with elicitors.

1. Water—treated soybean sprout (control).

2. 0.05% Chitosan (30 cps)-treated soybean sprout.

3. B~Glucan (100 mg/L)-treated soybean sprout.

4. 0.05% Chitosan + B-glucan (100 mg/L)-treated soybean sprout.

AEW ol FeF RESEte] ] UERANS AT 4 A
ATE FUHEC elicitorg AE3RS Wl FEo] old ofFAAS AAT F =

ol Jd=AE At A= Fig. 219 2o F A FYUHEH elicitorE A 2l s
of 7] FHES obdAd A7e Yol EF 20% oldtE Holial Ag7ke] Aol
=

Hol FuE AA7} oaNd 2A5He A9 glokn Ardd

_76_



100

60 o

NSE (%)

40 1

20

HA
}.
Hi

1 2 3 4

Elicitors

Fig. 21. Nitrite-scavenging effect (NSE) of soybean sprouts treated
with elicitors.

1. Water—treated soybean sprout (control).

2. 0.05% Chitosan (30 cps)-treated soybean sprout.

3. B~Glucan (100 mg/L)-treated soybean sprout.

4. 0.05% Chitosan + B-glucan (100 mg/L)-treated soybean sprout.
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Fig. 22. Crude saponin contents of soybean sprouts treated with

various concentrations of chitosan.
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Fig. 23. Saponin contents of soybean sprouts treated with
various concentrations of p-glucan.
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Fig. 24. Saponin contents of soybean sprouts treated with various
concentrations of oligogalacturonide.
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Fig. 25. Changes of total cell counts after harvest in soybean
sprout treated with elicitors during cultivation.
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Fig. 26. Decay rate (%) of soybean sprouts treated with elicitors.
1. Water -treated soybean sprout (control).

2. 0.05% Chitosan (30 cps) -treated soybean sprout.

3.B-Glucan (100 mg/L)-treated soybean sprout.

4. 0.05% Chitosan + —Glucan (100 mg/L)-treated soybean sprout.
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Fig. 27. Changes of isoflavonoid contents after harvest in soybean
sprouts treated with elicitors during cultivation.
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Fig. 28. Changes of total phenolic compouds after harvest in
soybean sprouts treated with elicitors during cultivation.
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Fig. 29. Changes of total phenolic compounds after harvest in soybean sprout

treated with elicitors during cultivation.
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Fig. 30. Changes of electron-donating ability (EDA) after harvest
in soybean sprouts treated with elicitors during cultivation.
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Fig. 31. Changes of electron donating ability (EDA) after harvest in soybean sprout

treated with elicitors during cultivation.
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7 e = Aol AARE elicitors Ml st FubEel A Yol os mwddo] gz
Hop @ Jdy s gds Bt (Table 3).

ol FdE FuES AvAe] Aswrt "ojA] oo figh AW S e
el dastrh. z1el7] 98] WA dle] chlorophyll #7del F7k1A &lak]h
Tfste] AP Q19jA o 10T 2 chamber FellA] B& o] FHA
FUES ARAE FAEE A3k Table 3.9 2t} 9715 EldeEl s Lol
= W 7791 A =1 elicitorgs A d FuERTE FAYITUENA =2 L
60.1)& Yetdon NS YeEhYE aghS elicitors AH2ld FuUEo] iz
of vlgte] vigton FAMLE el E bk GA vkt S AAACl A chitosan
glucans EFAHF FuEol 49 549 Fmrh At o] 4% Fig. 32
o 5 €] chlorophyll®] 3= W3ste] Axkel dx|aAth Fig. 32014 H o] Fih=o]
chlorophyll &% o =& & F AUtk Alzke] Ao webA elicitorA 2] &
FUE A chlorophyll 7171 9<% FUEL Z} elicitorE® A g
& FuEoel dEld 2 APl o AEE

chlorophyll®] ZHAF+A 2 chlorophillideZ7t Al & U4t T AXAE7] wio A

r
o
%

& =
7

AHQ F wmEel ool Mz HustE 54& Aux Ak clicitord Ao
A R ARS AN A HRE AAT £ dE T Yool @ F 9
2 oz grsgion ¥ AgdAr Huddel U@ Fed wut e

2 thgol =

2 Sktt. chlorophyll 37 ©] phytochromeell ¢J3l Fzld ZAolek= Azte]
phytochrome ©| <1238k #pogo] W& Apdale] =
t}.

_89_



Table 3. Changes of total cotyledon color after harvest in soybean

sprouts treated with elicitors during cultivation

Time after harvest (day)

Samples 5 1 > 3 2 :
D.W 78.5 72.1 67.7 63.1 60.5 60.1
L Chitosan 78.2 71.8 66.2 62.5 58.1 57.8
Glucan 78.3 71.3 66.8 61.8 58.3 57.6
C+G* 78.0 71.0 65.2 60.8 56.2 55.3
D.W -12.6 -15.7 -16.4 -17.3 -19.5 -21.5
Chitosan -13.0 -16.3 -17.5 -20.7 -22.5 -24.3
a Glucan -13.2 -17.7 -20.2 -21.9 -23.1 -23.8
C+G* -12.8 -18.5 -20.3 -23.0 -24.8 -26.9
D.W 44.0 40.8 38.2 36.7 33.5 30.7
Chitosan 45.2 39.2 36.5 34.5 31.1 27.5
b Glucan 45.6 39.7 36.1 34.8 31.8 27.2
C+G* 44.2 38.5 34.1 30.5 28.5 25.2

D Soybean sprouts treatedd with chitosan and glucan.
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Fig. 32. Changes of total chlorophyll content after harvest in soybean sprouts

treated with elicitors during cultivation.
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212 Hol Heolm Zrdo]l ¢ o) FdEHA ge=d vl dERTFe A A #EE
Aol TEE AT (Fig.33). ©] 2= FYUE AujA 7| B4 = B-glucans A&

oBA TuEel WelvHL N9 BAES Y F Arhe S AT
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o] B&FL Fig. 34.0 YERG npe} 2,
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2) Protease inhibitor activity W3}
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Fig. 36. Change of pB-glucanase activity in soybean

sprouts treated with various elicitors during cultivation.
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Fig. 37. Changes of trypsin inhibitor activity in soybean sprouts treatd with

various elicitors during cultivation.
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Fig. 38. Changes of phenylalanine ammonia-lyase activity in soybean sprouts treated with

various elicitors during cultivation.
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Fig. 39. Changes of total phenolic compounds in soybean sprouts treated with

various elicitors during cultivation.
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Fig. 41. Effect of elicitor treatment on the germination of soybean sprout.
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Fig. 42. Effect of elicitor treatment on the yield of soybean sprouts.
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Fig. 43. Flavonoid contents of soybean sprouts treated with elicitors.
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Table 4. Sensory evaulation of soybean sprouts
%’,

MiSD]f‘%)

7| £ 4h+p-glucan 3.29£0.69 -1.750
3.70+0.69 -1.750

1=
=7
3.58+0.51

sample (n=17)

0.771
0.771
-2.685

-2.685
3.599
3.999

3.983

3.983

3.862

3.862
2.317

2.317
0.684
0.684
3.273
3.273

7| EAH+B-glucan
3.41£0.80

B
=+
3.35+£0.50

0.011
0.001
0.001
0.000
0.000
0.001
0.001
0.027
0.027
0.499
0.500
0.003
0.003

7| EAH+B-glucan
3.82£0.53

o FY=
2=+
3.41£0.62

7| EAH+B-glucan
2.53%0.80

Higlf 85
=
J| & Ab+B-glucan 3.94+0.66
Sk HAM
=2 2.82+0.95
J| & Ab+B-glucan 3.59+0.72
bl gl Sk
= 2.5940.80
J| & Ab+B-glucan 3.77£0.66
= 3.18£0.90
J| & Ab+B-glucan 3.65£0.61
2=+ 3.47+0.88
3.89£0.70

>
ro
»2

=

=
o
s

IES
ol
e
0%
k0

I| & AH+B-glucan
=3 3.00+0.87
5 hedonic scale. 5: very good, 4: good ---2: poor,l:

Bl
re

o O
2
J

o
k0

Y Each item was evaulated in

very poor
? Each value was represented as mean *SD(standard deviation).

The number of panelists was 17.
¥ Significantly different from the control at p <0.05 by student’ s t-test.
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Table 5. Experimental groups and approximation of test substance

intake
Dry powder
) .| Extrapolated human
# of |intake range in )
Group wet sprout intake
rats rats (o Jday)
g/person/day
(mg/kg/day)
Control 10 0 0
19 10 461 ~1,588 217~746
Male
3% 10 1,349~4,705 636~2,217
10%% 10 4,481 ~ 15,898 2,112~7,492
Control 10 0 0
1% 10 599~1,456 282~686
Female
3% 10 1,794~ 4,646 845~2,189
10%% 10 5,907 ~14,52 2,784~6,858
2. N85 E 2 FEASEA
o} . = 459  Sprague-Dawley(SD) rat Z+ZF 40vF8] 2 S A A FE2HE +
J3te] AFEsEATE AFEFEAL 12417 HA7](8:00-20:00), &% 22+2C, Adl<s
T 55£10%E FAIAZ FEANS A 174 XA H, g2 dAE
717Hs ot ASEE T B E S ratf cage(WH 717D SukElH &k A A
N1t T EEss AAFE AARGHEAIR) 2 FESFE ARRe Tt 2d
T ) E2(0%), FUE BuS zhzh 1, 3 2 10%E #A4sHA &3t FEEy
=3
3. #EE
7b AT 2 AT A
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M 13 o4 nASRon AW/ F 3Y ndoR AF
W ARFOF R S5EFFYEN 1 HEFoRRH ANYATS Pl 39

3hete] &R elst FuE T 1240 B AAF F, FEL ether 115}
"ol AHHAT Hoparin© 2 A4S Astn 4@75, 9

T4, hemoglobion &%, hematocrit%], mean corpuscular volume(MCV), mean

corpuscular hemoglobin content(MCHC) 2 platelet& hematological
analyzer(Minos Vet®™, Minos)® ®A 3t wad ME o oS glide glassol
T2l Wright-Giemsa @4 ste] #stan| g o2 A3t

o gRasets GA)

A)

At HALE o8 s Aol 20w FAEe] A F A4

e,
HL

2](5,000xg, 30&)3t] A& ettt @A 52 albumin, alkaline phosphatase,
aspartate  aminotransferase, alanine aminotransferase, bilirubin, calcium,
cholesterol, creatine kinase, creatinine, glucose, total protein, lactate

dehydrogenase, triglyceride % blood urea nitrogen®] &%= Sigma assay Kkit(St.

Louis, MO)E A}§3to] 2239t}
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FA) ok okth(Figs. 48-49).
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Table 6. Hematological parametes in male rats administered with

bean sprout powders for 90 days (n=10 in each group).

Treatment groups

Parameters
Control 196 3% 10%

WBC (1x10°/mm?®)| 84+2.1 8.0+2.3 79+2.0 8.1+1.7
RBC (1x10%mm® | 7.7£0.4 8.1+0.8 75£1.0 7904
Hb (g/dl) 14.2+06 | 150+1.0 | 144204 | 13505
Het (%) 48.0£1.2 | 462+21 | 447x09 | 458+14
MCV (fl) 59.0+3.1 | 62.1%4.0 | 57.8+22 | 55.8%47
MCHC (%) 322421 | 30.4%36 | 33626 | 305%3.3

Table 7. Hematological parametes in female rats administered with

bean sprout powders for 90 days (n=10 in each group).

Treatment groups

Parameters
Control 1% 3% 109%

WBC (1x10%/mm®)| 7.1+0.6 7941 6.7£1.0 71%1.2
RBC (1x10°/mm®) | 6.6+0.8 6.0+1.1 5.7+1.2 6.9+0.7
Hb (g/dl) 14.0£0.7 | 14.0+1.0 | 152+0.8 | 13.3+0.8
Het (%) 452416 | 44722 | 40608 | 435%1.0
MCV (fD) 53.8+2.1 61.1+3.0 59.5+4.2 61.3+3.3
MCHC (%) 33.3+4.1 31.7£25 30.5+2.1 33.7+2.8
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Table 8. Differntial leucocyte count of male rats administered with

bean sprout powders for 90 days (n=10 in each group).

Parameters Treatment groups
(%) Control 1% 3% 10%
Neutrophil 16.7+6.9 14.2+3.1 17.5+5.0 13.7+5.2
Lymphocyte 81.5£8.8 84.0£7.8 80.6£6.0 34.0+6.3
Monocyte 0.92+0.40 | 0.64+0.52 | 1.20+0.90 | 1.02+0.88
Eosinophil 0.88+0.71 | 1.16+0.10 | 0.70£0.86 | 1.28+1.20
Basophil 0.0+0.0 0+0 0+0 0+0

Table 9. Differential leucocyte count of female rats administered

with bean sprout powders for 90 days (n=10 in each group).

Parameters Treatment groups
(%) Control 1% 3% 10%
Neutrophil 17.2+3.7 18.7£7.1 14.6+5.0 15.8+5.3
Lymphocyte 80.7£7.7 87.3+8.2 83.1+6.8 73.5+11.2
Monocyte 1.11+0.67 | 0.77£0.52 1.20+1.0 0.57£1.45
Eosinophil 0.95+0.44 0.77+£1.0 1.1£0.78 1.11+0.94
Basophil 0.04£0.01 0+0 0.01£0.01 | 0.02+0.01
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bean sprout powders for 90 days (n=10 in each group).

Table 10. Serum biochemical values of male rats administered with

Parameters Treatment groups
Control 1% 3% 1096
Total protein
8.3+0.9 7.7+1.1 8.2+0.9 7.60.8
(g/dl)
Albumin
4.4+0.6 4.1+0.4 4.8+0.5 45+0.4
(g/dl)
Total bilirubin
0.02+0.01 0.04+0.01 0.04+0.01 0.03+0.02
(mg/dl)
Glucose
117.6+20.6 123.9+23.5 107.0+£15.2 97.6+28.7
(mg/dl)
AST
138.0£22.2 159.1+24.6 143.3+275 150.0+36.5
IU/D)
ALT
35.4+7.2 33.6+6.1 42.9+7.0 44.4+6.8
ITu/)
ALP
143.2+30.2 125.4+27.5 156.8+28.0 137.0+34.0
ITu/
Lactate
dehydrogenase 212.7+445 196.6+23.9 188.4+31.6 209.4+33.0
(IU/)
Cholesterol
62.018.4 68.7+5.3 70.4+8.2 66.9+7.4
(mg/dl)
BUN
18.8+4.6 21.8+4.0 24.7+6.4 21.0+5.0
(mg/dl)
Creatinine
0.8+0.1 0.9+0.1 0.620.1 0.6+0.2
(mg/dl)
Triglyceride
98.4£10.2 102.6+11.0 87.1+11.4 110.8+15.2
(mg/dl)
Creatine kinase
224.71+37.2 193.7+48.0 209.6£21.4 186.6+28.1
ITu/)
Calcium
10.4+1.1 9.7+0.7 11.5+0.8 10.3+0.7
(mg/dl)
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Table 11. Serum biochemical values of female rats administered

with bean sprout powders for 90 days (n=10 in each group).

Parameters Treatment groups
Control 1% 3% 1096
Total protein
7.2%0.8 7.6+0.9 7.8+1.0 6.8+0.6
(g/dl)
Albumin
4.6+0.7 4.9+0.6 4.0£0.5 4.4%0.8
(g/dl)
Total bilirubin
0.01+0.01 0.0+0.0 0.02+0.01 0.02+0.0
(mg/dl)
Glucose
100.2+14.9 127.6+18.7 110.8+22.2 129.4+23.5
(mg/dl)
AST
148.6£27.3 120.0£35.6 155.4+25.5 127.6+34.8
Iun
ALT
28.8+89 34.2+11.2 26.2+8.8 21.5+65
(IU/D)
ALP
128.3+21.0 108.8+15.7 145.2+34.0 107.2+21.2
Tu/)
Lactate
dehydrogenase 233.7+45.9 205.5£28.4 212.0£24.6 199.8+30.0
Iun
Cholesterol
78699 68.4+11.0 81.3+12.7 74.2+6.4
(mg/dl)
BUN
22.5+6.2 19.6+54 19.3+3.6 24.1+7.2
(mg/dl)
Creatinine
0.7£0.1 1.1+0.2 0.6£0.2 0.8£0.2
(mg/dl)
Triglyceride
112.2+12.8 97.3+21.0 132.6+20.0 124.1+175
(mg/dl)
Creatine kinase
202.7+32.0 187.6+23.2 214.8+25.6 232.7+33.2
Tu/)
Calcium
9.2+0.7 9.5+0.8 1.12+0.6 1.15+£0.9
(mg/dl)
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Table 12. Organ weights of male rats administered with bean
sprout powders for 90 days (n=10 in each group).

Treatment groups
Organs
Control 196 3% 10%

Body weight (g) | 492.6+12.4 502.7+12.0 498.3+11.4 499.9+13.0
Lung (g) 1.44+0.16 1.58+0.20 1.51+0.19 1.52+0.22
Kidney (g) 1.24+0.17 1.36+0.19 1.20+0.21 1.34+0.15
Liver (g) 13.0+3.0 14.1+1.9 145415 14.4+2.5
Heart (g) 1.22+0.18 1.25+0.10 1.30+0.18 1.24+0.16
Brain (g) 1.90+0.09 1.94+0.08 2.01+0.11 1.90+0.11
Adrenal (mg) 29.9+5.0 30.6+8.1 29.66.4 29.3+57
Spleen (g) 0.80+0.06 0.76+0.11 0.76+0.12 0.73+0.12
Thymus (g) 0.64+0.07 0.61+0.09 0.64+0.10 0.62+0.13
Testis (g) 1.58+0.06 1.65+0.14 1.55+0.13 1.60+0.11

Only the right side organs were used in the kidney, adrenal gland

and testis.



Table 13. Organ weights of female rats administered with bean

sprout powders for 90 days (n=10 in each group).

Treatment groups
Organs
Control 196 3% 10%

Body weight (g) | 293.7+9.6 290.3+12.4 292.6+7.5 291.2+10.5
Lung (g) 1.98+0.19 1.92+0.10 1.99+0.43 1.94+0.49
Kidney (g) 1.16+0.09 1.04+0.09 1.02+0.08 1.13+0.09
Liver (g) 9506 9.4%0.8 9.2+0.8 9.6+1.0
Heart (g) 0.92+0.07 0.90+0.06 0.95+0.08 0.91+0.08
Brain (g) 1.89+0.06 1.94%0.09 1.95+0.06 1.92+0.06
Adrenal (mg) 31.0+6.2 35.7+8.0 36.0+4.4 32.1+5.0
Spleen (g) 0.70+0.06 0.74+0.09 0.75+0.08 0.71+0.08
Thymus (g) 0.61+0.10 0.62+0.13 0.67+0.12 0.70+0.11

Only the right side organs were used in the kidney and adrenal

gland.

- 116 -



Table 14. Histopathological findings of male rats administered with
bean sprout powders for 90 days.

Treatment groups
Organs
Control 1% 3% 10%
Lung
inflammation NA 1/10 NA NA
Kidney NA NA NA NA
Liver
focal hemorrhage 1/10 NA 2/10 NA
vacuole 1/10
Heart NA NA NA NA
Cerebrum NA NA NA NA
Adrenal NA NA NA NA
Spleen NA NA NA NA
Thymus NA NA NA NA
Testis NA NA NA NA

NA: No abnormality in all 10 rats
The number indicates number of rat(s) in which abnormality was

observed.
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Table 15. Histopathological findings of female rats administered
with bean sprout powders for 90 days.

Treatment groups
Organs
Control 1% 3% 10%
Lung NA NA NA NA
Kidney NA NA NA NA
Liver

focal hemorrhage 1/10 NA NA

vacuole 1/10 1/10
Heart NA NA NA NA
Cerebrum NA NA NA NA
Adrenal NA NA NA NA
Spleen NA NA NA NA
Thymus NA NA NA NA

NA: No abnormality in all 10 rats
The number indicates number of rat(s) in which abnormality was

observed.
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Fig. 44. Body weight change in male rats administered with bean
sprout powders for 90 days (n=10 in each group).
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Fig. 45. Body weight change in female rats administered with bean
sprout powders for 90 days (n=10 in each group).
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Fig. 46. Food intake in male rats administered with bean sprout
powders for 90 days (mean values measured for each cage of 5

rats).
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Fig. 47. Food intake in female rats administered with bean sprout

powders for 90 days (mean values measured for each cage of 5

rats).
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Fig. 48. Water intake in male rats administered with bean sprout

powders for 90 days (mean values measured for each cage of 5

rats).
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Fig. 49. Water intake in female rats administered with bean sprout
powders for 90 days (mean values measured for each cage of 5

rats).
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£ 16. Elicitor A2 27 Fot& Aol
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=AY & = (C100+G50) 71
- g 4 62
B 68
A & 5 (20) 7
Chitosan =5 %=(100) 85 32
2LF 5= (500) 84
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A w= 24 W3 =299 =24 A9 o5
(ppm) (cm) (cm) (cm) (cm) (g) (g)
71 EAk 2500 17.9 8.4 9.1 4.4 3.54 0.57
500 20.2 8.7 10.1 5.6 3.02 0.58
100 15.2 8.5 10.0 5.7 3.52 0.78
=53 5500 0.0 2.2 0.0 1.6 0.00 0.00
1100 6.4 4.3 34 34 1.69 0.15
220 6.3 4.5 3.5 2.3 1.64 0.25
&3A C500+G1100  19.1 8.6 12.2 6.5 4.04 0.77
g
T4 0 17.2 8.9 12.0 6.2 3.09 0.70
® 17.(A%).
] 2 s UE & HE ol & g Ay
(ppm) (%) (%) 70 A (%)
7| EAk 2500 69.7 81 69
500 72.7 73 66
100 35.9 38 76
s 5500 2.0 6 0
1100 30.0 48 6
220 56.0 54 0
=32 C500+G1100 71.7 70 67
T g 0 747 7 66
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Fig. 53. Effect of chitosan treatment on soybean length.

- 133 -



200

—e— Chitosan

—0O—
160 1 Control

120 A

80 -

B—glucanase / g tissue

40 -

Cultivation time (days)
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Fig. 55. PAL activity of soybean treated with chitosan.
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¥ 18. T T AAWA] elicitor AFHH W2 AFEHN @ ZRA5-F 2

o].

A2 AN A% L o B NEE 53
2] Blicitor | 5% [(9.9) (.9) ST A @ (ke/10a)
AE&E| 723 1007 334b 3.0ab 354 19.2 290.6
Chitosan | F&%=| 722 1009 381la 3.0ab 365 194  299.2
aFE=| 722 1009 343b 23c 355 193 293.6
Al AEE| 724 1008 354ab 29abc 41.1 18.6 297.3
9F| Glucan |F¥%E| 722 1008 343b 27bc 367 184 2836
asE=| 722 1010 33.1b 26bc 364 191 302.3
THRAYU(FTEE) | 722 1010 381la 2.8abc 36.6 19.1 295.2
212 724 1007 345b 33a 377 191 306.6
A= | 727 1006 421 0.5 375 21.3ab 262.4ab
Chitosan | &%= | 726 1007 41.7 5.4 345 21.4ab 265.1ab
aFx=| 728 10.05 41.2 5.2 383 230a 294.1ab
e 33 AFE| 728 10.05 41.7 0.5 325 222ab 310.4a
E | Glucan |T5%| 728 10.06 383 5.3 321 20.1ab 243.2b
IFx=| 728 10.05 411 5.3 350 225ab 292.1ab
TRAEY(TFE) | 728 10.05 41.4 0.4 355 22.0ab 297.2ab
212 729 10.05 421 5.6 307 199b 259.7ab
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Variety: Smpaldalkong 2
350
3 60
3 30 <) EN
5
3.

2
Lo0® W7 b ik 9

Seed yield (kg/10a’
n
3

150

AN RN v R <) &
Chitosan trt Glucan trt

Variety: Taekwangkong

350
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iy
2 w0t
2
o
3 20
150
v R v R O &
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a9 56. F EZAEA elicitor T/FY A sEd WE FFRo.

L A= M T%% H 1§% C+G A2, Control: F g
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¥ 19. F EZAA elicitor TF/F 2L FF3E ASEH € TAFF A

3},

A& e B
Elicitor | (€.¢) (€.49) /HA (g)  (kg/10a)
Chitosan | 7.22 10.08 35.3 2.8 35.8 19.3 294.5
Glucan 7.23 10.09 34.2 2.7 38.1 18.7 294.4

i
ofN

;‘li =3dAE | 722 1010 381 2.8 36.6 191 295.2
O ow B 7.24 10.07 34.5 3.3 377 191 306.6
Ht 7.23 10.09 352 2.8 370 190 296.1
Chitosan | 7.27 10.06  41.7 5.4 36.8 219 273.8

o Glucan 7.28 10.05 404 0.4 332 216 281.9
%,_o gAY | 728 10.05 414 0.4 305 220 297.2

-7 7 7.29 10.05 421 5.6 307 199 299.7

Bt 7.28 1006 41.2 5.4 345 216 278.0

LSD(5%)
between - - 1.3 0.2 3.2 0.7 15.2
varieties

U 3 dubi o gy Addgels At =2 FEeoldnh

Asbdat Asts Aer17] Aol a2 ksl Bgs st A g7t
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T7F d g7] wteln JNsvE =2 wdEe A= Asd Adsiert ¥ &
Sk71 M}l Aow AzZtEr. Egds Al Bg3e] 7IEAA ] o] 9fell =

e HolA ool FUATAIL 22 F elicitor &4E A eA A
=

R

L
R

2 23.0gS YErH o 71EA Mo 196gS =537 MY 164g HUF =2
Ads B B, MESs T2 SAHSE fFog AolE HolA §skth. HAF
A= A el Bl A g el A FESE Bion @AY, 7B =73
o] o NFIFoAMet e AFow =L JfAF TS UEFH O WHEZE Zfo)
7F AN BAASRE

[e]
o
A Ao FEAAe e JEte] G376 & Ao® vehuth
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E 20. F ZEAHA elicitor TF 2 T & AFE5EH € FAF
Fo] w3l
# 2] 737 =% . YT A
#+%| Elicitor | &% (cm) (cm) PR (g) (g/plant)
5% 49.8 84.3 10.8 21.7a 19.7bcd
> &= 45.2 84.3 104 22.0a 26.0a
Chitosan _T’_%li:_ 47.8 36.9 10.3 21.8a 16.6bcd
7N &F5- 45.2 38.4 10.5 22.6a 20.7abc
N 47.8 88.4 104 22.9a 18.3bcd
E4g#AT| 511 35.8 10.7 21.7a 16.5cd
Al AEsx 48.6 36.4 10.2 23.2a 18.1bcd
93 > &= 47.0 7.7 10.3 23.1a 16.3cd
EIA RS 47.6 34.4 104 22.5a 13.5d
Glucan —
7N &F5- 49.9 92.8 10.6 23.9a 18.1bcd
N 49.1 90.7 10.1 22.5a 16.3cd
BT 464 36.7 10.1 22.8a 16.1cd
TRAY(TEE) 46.6 85.4 10.2 22.7a 23.0ab
T4 476 35.6 10.5 22.3a 15.3cd
A= 58.1 91.3ab 13.1 27.8abc 13.8ab
&5 574 91.1ab 134 28.4abc  16.8a
Chitosan :11}('):»14? 60.5 90.6ab 13.0 25.2bc 6.7b
7N 5} 5 60.0 91.1ab 13.0 29.1ab 6.5b
N 59.8 94.9ab 13.2 25.8bc 6.7b
EddT| 568 36.8b 13.4 29.6a 13.4ab
e 3 A= 60.8 92.8ab 135 29.2ab 10.5ab
= &5 59.7 92.6ab 13.2 29.2ab 8.7ab
i1ss 62.4 95.0ab 13.4 28.8ab 5.5b
Glucan —
7N 5} 5 58.1 94.8ab 12.9 29.3ab 12.3ab
N 60.2 98.7a 13.1 30.7a 13.8ab
EYdT| 613 96.1ab 12.6 30.2a 3.5ab
A (FEFE) 58.5 90.3ab 12.9 28.8ab 13.5ab
A2 57.6 89.1ab 13.3 29.0ab 9.5ab
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Variety: Sinpaldalkong 2
30

25

N
)

20

Seed yield (g/plant
by

~2~V<z~%oxo~z~\»<z~%&@\
Chitosan Glucan &

Variety: Taekwangkong
30 r
25 r

20 -

Seed yield (g/plant’
"

R - R IR SR VIR S S
. (] &
Chitosan Glucan &

Y 57. F XEAWA elicitor 7 2 AT = W& MA+ZF =
o]_

* H 155, M S35, L A¥E, R /M3 Ay, V; /Mgd A, St ESAFAE, C+G:
£, Control: F*1g]
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E 21. 3 ZEAWA elicitor T7F 2 F34E ASEAL 2 TAFFHY
¥ 3}
| 2 ~ Y 2] = A 2= 2k
=5 Elicitor Gl =4 Rk ﬁ(g]j )T (72/ gl;rnf)
Chitosan 47.8 86.1 10.5 22.1 19.6ab
N Glucan 48.0 87.7 10.3 23.0 16.4bc
g% =AY 46.6 85.4 10.2 22.7 23.0a
A 2 47.6 85.6 10.5 22.1 15.3¢
ot 477 86.6 10.4 22.6 18.2
Chitosan 58.8 91.0 13.2 271.7 12.3a
. Glucan 60.5 94.7 13.2 29.6 9.9a
I ewaa | m5 903 129 288 1354
-4 € 57.6 89.1 13.3 29.0 9.5a
ot 59.3 92.1 13.2 28.7 11.2
(6}
Ll:?e];r,)\i?e{cor)l varieties 13 2.2 0.3 0.8 2.1

3. Elicitor A& o] W& F F4 ¥ isoflavonoid &F A3}
A5 H A& A (elicitor) & A 2lste] AujAME F9 T4 ¥ isoflavonoid

S|

d T

ZAE A #2929 583 2o Awdew fol@ B4 A

M
filo

ol HolA = fskou ®EFoME FAHY Btk AtelA didzein¥} genistein
ol =4 vtttk AEEFol s FAEY A7 9A e AdE B
A AFETH HFZAA APl IS JENAAY T AsEAdA =%
I FFNAYTE LsEoA =2 isoflavonoid HS Bt ABEF ] A

=7 AFEA T 6.22mg/10g, HEF AT 71 EAA =7 3.64mg/10g

=2 isoflavonoid &S YEFWUL

o
it
N
o3t
H

- 143 -



¥ 22. & EFZAA elicitor TF Z A FE"E isoflavonoid X}k
o].
=] 2] Isoflavonoid(mg/10g)
%% | Elicitor = %= (ppm) Daidzein Genistein Total
A5 = (20) 4.00 2.09 6.09
Chitosan| <&5%(100) 3.70 1.95 5.65
15 %(500) 3.81 1.94 5.75
) 3 A5 =(10) 3.78 2.02 5.80
g3 | Glucan | F%=(50) 3.76 1.94 5.70
1FE(250) 4.04 2.18 6.22
=1 T
eI *(5100@5 407 211 6.18
T2 2 418 2.19 6.37
A5 E(20) 2.44 1.50a 3.94
Chitosan| <& 5%=(100) 2.15 1.52a 3.67
15 5(500) 2.38 1.39ab 3.77
B 3 A 5%(10) 2.39 1.29ab 3.68
[e]
= Glucan =5 % (50) 2.26 1.16¢ 3.42
25 5(250) 2.51 1.27ab 3.78
N
eI “5100*(}5 2.28 1.18¢ 3.46
T g 2.14 1.19¢ 3.33
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Vgri@ty: Sinpaldalkong 2

OTotal BDeidzein @ Genistein
. 9 6.22 6.18 6.36
é‘)e 564 576 581 570
=
oh
£
=]
S 4
=
S
>
5]
e}
__% 2
o U
v R v s &
Chitosan trt Glucan trt [y
Variety: Taekwangkong
5 r OTotal [@EDaidzein @A Genistein

3.94
4 Tg 367 3.76 3.68 3.78
& A F 342 A

3.46

Isoflavone (mg/10g)

AN RS v R on &o\
Chitosan trt Glucan trt &

a9 58. F EAZAA elicitor FF %2 A FEd WE isoflavonoid
S} ] ol

& 23 3 229 Ao ZASY] FFHE elicitor FFE isoflavonoid A5
o] zolE yeld Foltf, FFRHE B ANFIFNA 597mg/10gS e EF
s e o] Ae AR f9
Ao EFTU S At Aol= fog ARE HolA drh

FZoAE Aubd oz R vl = A FolA =2 isoflavonoid T HS

CAJ
o
W
5
®
~
—_
o
i
f ﬂ
iy
rlo
7
ol
=
Q
<
)
=)
Q
o,

g
Hylem 53 gdgelM= 71EA A= 77t 379mg/10g0 2 7HE =8 dEde B
Sth. e AREFAA = ey FATHY e dRE B F33F e

ol Afelg Blou JHAIRE Wels FH =AY Favt e Aow Ardn. &
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29 isoflavonoid ¥ F7¢ daidzein¥® genistein® A &d % HAIFES H| LA

U 3E 234 Total 2 F+ A& &abste] yekdl gholoh

¥ 23. F EFZAA] elicitor TF 2 ¥F 4 isoflavonoid g F=}ol.

=] 2] isoflavonoid(mg/10g)
=& Elicitor Daidzein Genistein Total
Chitosan 3.84 1.99 5.83
Glucan 3.86 2.05 591
A =3 A g 4.07 2.11 6.18
-4 2 4.18 2.19 6.37
w3t 3.92 2.05 5.97
Chitosan 2.32 1.47 3.79
Glucan 2.39 1.24 3.63
B 45 =3 A g 2.28 1.18 3.46
T4 2.14 1.19 3.33
Hat 2.32 1.31 3.63
LSD(5%) between varieties 0.22 0.16 0.36

E oAt 1Y 59t F OEE, A89n d¥ITS UM e s

N
AU )
_o‘l
ot
x
i)
ok

elicitorl  71EAb  SF3HE sREd=E T FFd

isoflavonoid ¥H#& A g Aoty AddF A7t HEFT A TR HA A

o7 ko] o F isoflavonoid A+ % daidzein $F%¢| genstein HT} &2

AL AN AP S Aot AFEF o= dAHom FA g v
FEol ATdFrn YUdd gFIToMs F

A ru Aol A At or & AFas BT 9 3T Aol J]

B 257 F elicitord] #2¥ A= s Ert Ak vlE] ko] tha w2
Aekoloja uFEEIF ASS tia JAISHATE isoflavonoid A TAS Eo] 3 RO
2 yetgth 2y AZdFo e JEA SRS FEIAELA o] =7
et FRie s HYAES B o osldeh viskd ) Asts Ay AdE BY

As717F e AT JREFolM, AHEITE v =2 HEEels ek

o
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o

F Ak fAre A% ngln. o9

Aelol A T B FRe delo] AA4E
2ol v tha e ARE tepi

O}
1 348 A isoflavonoid ¥#EHS tE A
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E 24. T ZEAW|A elicitor T/F 2 A FEd W& isoflavonoid &

ZF W3

1 €] Isoflavonoid(mg/10g)
#+% | Elicitor | %% |Daidzein STD Genistein STD Total
a-5% |535abed  0.49 3.71a 0.27 9.06ab
&% | 524dbed 049 3.59ab 0.12 8.83abc
. &% |5.32abcd  0.21 3.53ab 0.16 8.85abc
Chitosan —
Neke | 4.94cd 0.08 3.66a 0.19 8.60abcd
Msbd | 492cd  0.16 3.29ab 0.56 8.21cd
E#F | 51lbed  0.34 3.24ab 0.46 8.35bcd
A alE% | 513bed  0.07 3.08b 0.11 8.21cd
= &% | bddabc  0.01 3.37ab 0.13 8.80abc
&% | 54babc  0.04 3.70a 0.10 9.15a
Glucan —
Neke | 5.66ab 0.18 3.45ab 0.98 9.10ab
N8k |5.33abed 023 3.66a 0.26 8.99ab
ES#AF | 4.80cd 0.41 3.06b 0.50 7.87d
T AHY(FEE) | 543abe  0.27 3.63a 0.92 9.06ab
-4 2 5.86a 0.50 3.07b 0.47 8.93abc
aF% [249abed 030 2.26a 0.69 4.76a
&% |244abed 018 1.92ab 0.44 4.36abc
. AsE | 233cd 043 1.50b 0.02 3.83bc
Chitosan —
Neks | 2.82ab 0.40 1.63b 0.13 4.44abc
Mk | 277abc 0.09 1.77ab 0.19 4.54abc
E¢#AT | 275abe 0.22 1.76ab 0.17 4.51abc
Efj 37 1= 2.83a 0.05 1.53b 0.05 4.36abc
= T &% | 2.3bcd 0.26 1.57b 0.17 3.92abc
AEE | 234cd  0.07 1.50b 0.10 3.84bc
Glucan —
Msks | 237bed  0.16 1.68b 0.27 4.05abc
Msbd | 247abed  0.28 1.76ab 0.22 4.24abc
Eg#AT | 235cd 034 1.57b 0.14 3.92bc
A (FF5%) |264abed  0.53 2.01ab 0.38 4.65ab
A 2 2.23d 0.18 1.52b 0.05 3.74c
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Variety: Sinpaldalkong 2 O total [ daidzein [ genistein

S5

Isoflavonoid(mg/10;
S = N W AR LN 0 O

XV 1 5 Oxo DXV 1 5
Chitosan Glucan

6 r

5 b

4
3
= |E =
Il i i i
2
1
O NG EEIR S NG HEIRS S NN B R TR Ll

QV@\/‘Q"A% oxe DXV 45 &@\
Chitosan Glucan N

Isoflavonoid(mg/10g

oY 59. F XEAB|A] elicitor £F 2 H#FEd WE isoflavonoid
S} ] ol

* H alsle, Mt 85, L Asis, R Hsks A, Vi Askd A, S8 BEdaFAe, C+G

&£ 4, Control: F* g

¥ 252 % 9 elicitor $F% isoflavonoid @S UE o EEEF
4.22mg/10g, A2 EF 87lmg/10go. = YEISa AM&dF oA elicitor THREZE &
AH oz Fo8 ApolE Holx &ton T AelgolM= A2 3.74mg/10g
HubeE fFoA A =2 IS vt 53 @A el 4.65mg/10gS =
7V = = 7IEAE Aol A =4 YEsth aea &3

A TE F EFAN BF Y we $YL 2Y

-
o
3T
o
s
y
u
rl‘\ﬁi
fz
i
Ir
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¥ 25. F XEAUA] elicitor TF 2 £33 isoflavonoid - FX}o].

=] 2] Isoflavonoid(mg/10g)
=& Elicitor Daidzein  Genistein ~ Total
Chitosan 5.14b 3.50a 8.6ba
A Glucan 5.30b 3.39ab 8.69a
o A 5.43b 3.63a 9.06a
o ) ) 5.86a 307b  893a
ot 5.28 3.43 8.71
Chitosan 2.60a 1.81ab 4.41ab
o Glucan 2.45ab 1.60b 4.05bc
= EgdA e 2.64a 2.01a 4.65a
° 75 ] 2.9b 1.52b 3.74c
o3t 2.51 1.71 4.22
LSD(5%) between varieties 0.12 0.12 0.18
LSD(5%) between elicitors in Sinpaldal 0.38 0.36 0.51
in Taekwang 0.29 0.36 0.55
4, AL 2E G 23} A elicitore] &3
ZF AujA e £ v B9 elicitore @&y, & A%l isoflavonoid &

FZ7HE Lotk AlFo R dopgt A ol AtAEH] AFAHel ¥ F
b Aold 7P o= elicitor A 2lok @A HIZFHAA S o] &3dte] FEAEHAE
SAlol FolA AuE Fo FAFFS ZARE A ¥ 263 ¥ 270t A g
Tol A AFEFI ANAS

FAEF7F o =okrh A g ol A = elicitor A XEolAl i1

A ERoy T oAM= A atelE HolA Finh M, vy, JHAT
P+ 5 AT g ARG vda Ekou FAd nlE) & Aol
Bolx skt AAAor SFANA YT RU= | BEAA G A AGFTH T

i
i
24
AC)
-
)
)
AC)
-
3
2
fx
i}
ry
Hu
£y
5
N
an}
52
34‘10"
o
A
ry
|
ol
H
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2 eyl e AgetA & elicitor?he A g e dAE A Lo FF70
AT A F|EAA g R i = Ziate] HAg Ao AgukE Ayst u
Byttt 257 Ao s FAYTAA 8y 2R7F o gol HAsAA
EA A FelAs FA vE) thAh e SR B e 53] 7 EA AE
Lol e SRSl v =4 vErs . ok

o FIEAA G faf LFdo]l Tl dEE Axet Bz & dARE FA4
ol H3 F3% S7hE BolA sk 53] AT N EAAFEAAN 2
Z=0o] 0.95g/plant® =9t}

rﬂ
)

E 26 T 2EH A H elicitor FAIAT WE FFEF L AAG F
Ao W3l
A AAG =4% N
SERES A g hEe
92 29) 99 29 109¢ 8y (&
s 7] EA 1% % (500ppm) 174 53 94 184
A 71EA A% (100ppm) 182 49 11.2 18.0
gkt FNEA B 20.9 5.0 12.9 18.8
-4 2 INEA HEE 23.2 59 12.3 18.4
7 g 21.8 5.4 113 192
s ZFE7 %% (250ppm)  20.0 4.7 106 17.6
Ael 27 A¥% (50ppm) 196 5.0 11.2 17.4
gkt 2R A 19.8 48 10.3 173
= € 227 AsE 20.0 4.7 105 17.0
-4 2] 20.6 47 10.1 18.2
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X 27. R 2EFG 2 D elicitor BAIA T & AGE ASHF A

A e -8 +7%(cm) vhel= () ARAF A ON)
a7 EA Al E 68.0 10.3 31.3
A 71EA A e 70.7 10.5 32.8
sty J|ENF I E 62.5 11.4 419

FAE 7EA As= 65.1 11.6 375
-4 64.7 12.0 40.5

s FEI AFE 66.3 11.1 34.4
e =258 Ak 63.1 10.5 29.8
gur ST ALsE 72.2 10.4 35.9
FAY FE0 A= 68.5 10.7 35.1
212 72.6 11.1 38.9

¥ 28. 3 9 elicitor BAIA o WE SF T HI

A 2 )& AA G F5OR) AAGTEFHZ(2)
Sk 71EA S5 31.1 0.1819
2 FNEA AsE 32.6 0.9464
3}l FJNEA 1% 18.4 0.1381
FAY  7EA AEre 15.6 0.0497
-4 2 30.7 0.1860
gt FEI ALEE 155 0.0589
2 250 A e 17.8 0.0964
shabr S F7F AFE 25.8 0.1228
Al 2 Axs 40.6 0.2422
218 414 0.3733
¥ 29%= 3 2 elicitor A A 2419 isoflavonoid $F#EFS FAME Axpeld gt
ATt FURALTE M@ W A9 FolE ol A WA T
tha =okth 18] A elicitor /¢ 7|EAN} SFIEA ol A= 7| EARA g T A
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+ 0 =2 isoflavonoid &S BT AzlsZoA = dAAU= AFS dEW
A gskov JEANFEEAYTVE AFERY w0tk ol A
olal isoflavonoid el F7FE Folgh o 4de= vE A34E Ued & o A4
sk Algo]l Hast, 53] eliciotrg A S Wl T AEA oA elicitore] 53

F4, o8 5o el ol AEsF WRY Aow AZEYL.

rlr
ot
2
2
AC)
=

£ 29. 2 2EH 2 H elicitor A2 mE isoflavonoid & FX}o].

_ Isoflavonoid(mg/10g)
HEwE Daidzein Geniste?n : Total
shuk 7NEq 5% 2.48 3.33 5.80
A 2 FNEA AsE 2.92 2.716 5.68
3k 71EL 5% 4.23 3.10 7.33
A 7B Awe 3.18 3.51 6.69
212 2.95 2.55 5.51
&bk =57 15 % 2.89 2.18 5.07
Ad R0 ATE 2.26 2.13 4.40
3k =57 15 % 2.60 2.11 4.71
A FF A 3.44 3.31 6.75
-4 3.52 3.22 6.74

5. A&FA ELA elicitore] &3¢

Z AlA elicitor A2 A IS ZFAA 7] 93 BHoz 2

[
B
2
i
ot
i
ol
=5
Q2

it
_E,
rlr
=3
w
(@)
o
=3
w
—
_&‘J_,
i
£
=
ot
N
oX,
)
N
k
d
o,
I
I
o
&
1>
oM,
o
ol
o
Ho
ofl
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27~ 196kg/10ao. = 7|
T

A AT A A

E
=

SEEEE

£ 202kg/10a9]

FS Btk 53] 7| EAA Tl T4
7 a37F =ded A48 165kg/10a, 71 B4 2] 183kg/10a, A 2HA] &
9] SXNEFHZ Bon JEAA
=3

2%}
o

2

< R

32

F 30. AFA L9 93 elicitor A WE FSEA 9 W3

. N3} 357 T SMV 74

AR & @e) (@A) 09 09 (em)
I B A 7.29 10.06 1 9 51
I EALEE 7.29 10.06 9 9 47
FNEMAEE+AZA 7.29 10.06 2 1 50
7| B4k a1 g =+ 7 2 A 7.29 10.06 2 1 51
5 g 7.29 10.06 2 1 50
FEAAFE 7.29 10.06 1 1 50
FERuEE 7.98 10.06 9 9 49
FENA T AZA 728 10.05 3 1 52
FEADET AT 7.29 10.07 2 2 51
5 g 7.29 10.05 2 1 A7
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E 31. ARA & 93 elicitor Ao W& FHAFZF W3

HEE TN @  (keg/loa) ()
I EXA = 1.9 41 666 185 23.1
JNEA L= 2.0 46 649 180 23.9
T EALA & 2+ 2HA| 2.1 43 728 202 23.7
T EAb L5 2+ 2HA| 1.8 44 685 190 23.8
T2 2.3 44 594 165 22.9
=F A TE 1.7 40 664 184 23.8
FEN T E 2.1 42 746 207 234
= F AT =+ 2 A 2.0 45 653 183 23.9
= F s S+ 2A 2.2 47 693 192 23.4
T4 g 2.1 41 743 207 23.1

A 32 AFA & elicitor Aol oJg =+ ZAMRE Aoy, H it
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rr

A e el Blel elicitor A2l rell A=A e e IRFACNAME tha
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ko)

e Bt 2RI 2 s S ot 2 =FA T 61071, 6.61g =F

A2 A 54070, 5.63g, 71EAF 50470, 6.37g, 71EAR+A A 49170, 540g, 18] 1L

A2l tell A 4537, 5.79g o2 24z ypEbTh. A FA A g ek F EAA 2 7
™
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7F 4 =gAN EXE 7 238 e AEgS B 7 EA s =+ ZA A
] -ol] A 5.39mg/10g, TA
7.05mg/10g 0.2 7} =ot=d, AT HS g2 o2 isoflavonoid = Fo

HAE Hol= Aot

&
oft
L
N
)
o3l
p\v
x2
rﬂ
Y]
it
Y
2
off
k1
v

2
b
2
=
o

¥ 32. A&FA E&A elicitor Ao 23 WE =7+ WA,

_ SR B A

AEvE (71/5 plants)  (g/5 plants) (g/5 plants)
FNEA 55 535 6.93 1.79
FJNEA LT 473 5.82 1.50
7| EAA & E+ 2 2HA] 506 6.10 1.60
71 B4k AL T+ 7 2 A 477 4.71 1.28
T4 410 5.65 1.40
FFLATE 665 5.88 1.45
=57 F % 554 7.33 1.86
= F A 5 B+ 2 A 553 491 1.26
=57 S+ 2 A 527 6.35 1.57
A 495 5.93 1.57

¥ 33. AFAA EL9 93 elicitor A WE isoflavonoid 3= W3}

R _ Isoﬂavon.oidgmg/ 10g)

daidzein genistein sum
TN EAL A T = 1.69 2.25 3.95
TN EA 5= 3.04 2.11 515
7| EARA & =+ ZHA] 2.00 2.59 4.59
71 EAb Al s S+ 2HA] 2.66 2.13 5.39
-4 2 1.76 2.45 4.21
=T A= 2.40 3.19 5.59
R A SIA 2.62 3.08 5.70
=T 5 =+ 2HA| 3.40 3.65 7.05
=77 aE Sl 2 A 2.84 3.10 5.94
-4 € 2.93 3.51 6.43
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6. Elicitor A o] W& ¥ AFA FA}
g

AbgE EFEe AlgdFoln 7]EAFS 500ppm, FF7HS 250ppme FEE A F

A

ato] 1023t SARA 5 dFstddon 29 Aol 13 #LdF =9 elicitorg 4
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campestrisC. 2 BulEH S oI/ = HYdoly Ho AU Yol o =4

of Rbo] Arl=d Hak AAFHAA TPGAEE wFA HE SRl S0 o

E 34. Elicitor A g @& W A A v

] 2] TV EA =57 A 2] €
A& (0-9) 1.2 15 2.0 3.7
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Fig. 8. Elicitation activities of f-glucans prepared from yeast with HCI or TFA.

Elicitation activity was determined using soybean cotyledon assay.

Inset: A typical result of soybean cotyledon bioassay. Red color on

the surface of cotyledon indicates that sample has elicition activity.
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GLUCAN CHITO SAN CHHKGLU

Fig. 33. Soybean sprouts incubated for 72 hours at room temp

erature after infection with a fungal pathogen P. sojae.

CHITOSAN GLUCAN CHKGLU

Fig. 34. Soybean sprouts incubated for 72 hrs at room tempe

rature after infection with a bacterial pathogen B. subtilis.
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CHITOSAN  GLUCAN  CHHMGLU

Fig. 35. Soybean sprouts incubated for 72 hrs at room temp-

erature after infection with a bacterial pathogen B. coagulans.
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Fig. 40. Soybean sprouts treated with elicitors during cultivation in
large scale at a soybean sprout company.

A: Viewed from the front. B: Viewed from the top.

1. Soybean sprout treated with water (Control).

2. Soybean sprout treated with chitosan and p-glucan.
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Fig. 50. Representative histological sections of control male rats (in
the order of lung, kidney, liver, heart, brain (cerebrum), adrenal
gland, spleen, thymus and testis).
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Fig. 51. Representative histological sections of 10%-sprout treated
male rats (in the order of lung, kidney, liver, heart, brain
(cerebrum), adrenal gland, spleen, thymus and testis).
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Testis (100x)
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Control Chitosan

Fig. 52. Photograph of soybean treated with chitosan after
cultivation for 4 days.

Control . Chitosan

Fig. 60. Soybean leaves incubated for 7 days at room temperature

after infection with a bacterial pathogen Xanthomonas campestris.
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