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SUMMARY
I. Title

Soybean sprout productivity enhancement of domestic breeding cultivars and their

processing development

II. The pest and disease survey in soybean fields, establishment of technology for
environmental friendly prevention the cotyledon black syndrome

In order to reduce the cotyledon black syndrome (CBS) which is one of major concerns for
quality issues in soybean sprout cultivation, the experiment was conducted in soybean
fields and the laboratories as well. The field survey for diseases and insect pests was
carried out to investigate the cause and counter measures of CBS incidence were studied.
The results obtained were as follows:

1. The outbreaks of soybean anthracnose and pod blight were inclined to be relatively low
below 10% levels annually in Jejudo Island .

2. Most insects attracted by yellow traps in field were Thysanoperan and Dipteran insects,
although the Hemipteran insects, the major insects for soybean seeds were not attracted.
Furthermore, the sex pheromone trap certainly attracted bean bug (Riptortus clavatus)
which, however, was not effective enough to monitor the fluctuation of bean bug
population over the cropping period due to the unique heavy rain and strong wind in
Jejudo.

3. The cotyledons black syndrome(CBS) of sprout were classified into three types; i.e.,
Cotyledon Black Decay(CBD), Black Dot(BD) and Black Mottling(BM)(Fig. 4). CBD of
soybean sprout were most prevalent and exceptionally high as 20% for seedlots produced
in 2004, which was as low as 1% level for seedlots produced in both 2005 or 2006. The
incidence of BD and BM tend to be consistent 1% to 2.5% over 3 year period.

The healthy seeds artificially fed by bean bug for one to seven days were sprouted, and 6
to 41% of the soybean sprout revealed CBD mimic to those occurred in soybean sprout
from previous commercial seedlot screening experiments.

This finding is the first report to confirm that bean bug damage to pod at Rg stage is
directly responsible for the CBD, which did not concur with any other deleterious effects
on sprouting such as reduction in hypocotyls elongation and rooting except unsightly
sprout quality. However, earlier feeding either at green pod or greenish yellow pod
stage(Rg—early R; stage) resulted in rather severe damages, which strikingly reduced
hypocotyls growth to about one forth to about two third, as well as the reduction in rates
of seed germination.

4. Black Dot(BD) of cotyledon were attributed to be physiological, because no pathogen or

trace of insect demage were observed by Scanning Electron Microscopy.



The Black Mottling(BM) were found frequently on the sprouts from  plots, where
contaminated water were recycled for a long time without change of the fresh water.

5. BM incidence, which was alleviated by NaOCI seedlot disinfection. Seed germination was
adversally affected by Ethanol treatment and chitosan was bacterial growth static, rather
then bactericidal

6. From seedlots, eight types of abnormal seed were sorted by color and shape, which
were cultivated to soybean sprouts. Three abnormal seed such as Black rot(Br), Seed coat
black spot(Bcb) and Wrinkled seed(Ws) sprouted to carry black lesion on cotyledons as
shown in Fig. 21—b, ¢ & d. The hyporcotyledons were very short below lcm long. Seed
coat fractured(Scf) seeds and Unripe seeds(Us) did not germinated. However, seedlot with
Brown seed coat(Bsc) or Brown hilum(Bh) did not result in any abnormalities on cotyledon
of sprouts, which were surely normal.

7. Eight types of sub—normal seed comprising 6.1 % of bulky seedlot were exposed to
brine assortment at 25% NaCl solution for 10 minutes: Those that were removed easily
were Scf, Br, and Ws; those that germinated to normal soybean sprout were Bh and Bsc;
those that are not excluded and are likely to be intermixed with healthy seeds were Pss,
Us and Scb, the last one should be the one that carry the microbial pathogen or

contaminates the sprouting system. This is what we are concern about.

II. Soybean sprout productivity enhancement of domestic breeding cultivars : The
most serious problem for the production of soybean sprout are the low productivity and the
lesion spot on the cotyledon. For this seed cleaning and condition of culture should be
considered first of all. High efficiency seed sorter can solved some cause of these problems
on seed cleaning stage and also the seed should storage in the cold room. Soybean seeds
were soaked for 5 minutes before aerated for 40 minutes, floating seeds were removed at the
beginning of 5 hour imbibition when the remaining seeds were soaked into water, and 3
hour aeration immediately before 6 days Underwatering culture. The temperature of culture is
maintain the optimum 20~22C by the water in the lower concreate tank.

The occurrence of lesion spot are decreased by underwatering with aerated water. The
changing of water temperature low to high can reduce the lateral roots but soybean sprout

producitivity was decrease a little.

IV. Soybean sprout processing development of domestic breeding cultivars

Korean have been enjoying their own traditional foods as well such as Kimchi,
Jang(Fermented soybean products) and Sikhae etc.. Jang has been played an important role
in Korean dietary life as a good protein source as it contained a lot of degraded protein of

good quality. In order to selection of the suitable soaking time by o, 5, 10 and 20 hours,

_9_



cooking time(boiling process) by normally pressure and steam pressure, AMeju and
cheonggukjang fermented strain by Asp. oryvzae and B. subtilis, fermentation
temperature, fermentation method of Meju and cheonggukjang on soybean sprout were

evaluated.
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Fig. 1. Occurrence of pod anthracnose of soybean for sprouting cultivars in Jeju.
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Fig. 2. Occurrence of pod blight of soybean for sprouting cultivars in Jeju.
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Table 1. Fluctuation of insects population sprouting cultivar "Boseok" in soybean field No.1,

Jeju.
Sampling date o Dip" Col* Lep Hom" Etc.
(month/day)
08/03 541.3 768.3 2.0 0.7 0.0 6.9
08/17 515.0 2589.0 3.3 1.7 27.7 1.7
08/31 188.0 2024.3 35.7 1.0 13.3 2.4
09/14 278.0 414.3 22.0 3.3 0.0 1.4
10/02 267.0 1544.7 28.3 1.5 35.0 109.3
“Thysanoptera.
> Diptera.
‘Coleoptera.
1Lepidoptera.
¢ Homoptera

Table 2. Fluctuation of insects population sprouting cultivar "Poongsan" in soybean field

No.2, Jeju.
Sampling date Thy? Dig? Col® Lep! Hom® Bt
i 0 e om c.
(month/day) Y P P
08/03 194.3 89.0 4.3 2.0 36.0 7.5
08/17 1347.3 360.7 32.7 0.0 7.0 1.0
08/31 33.3 631.7 30.3 1.7 3.0 2.8
09/14 334.0 106.7 32.0 6.0 1.7 2.0
10/02 2935.3 949.7 34.3 31.0 1.7 1.9
edeplaase refer to the footnote of table 1 for details.



Table 3. Fluctuation of insects

population sprouting cultivar "Poongsan"

in soybean field

No.3, Jeju.
Sampling date . . b . d .
Thy Dip Col Lep Hom Etc.
(month/day)
09/14 871.7 162.3 8.3 27.3 0.0 2.3
10/02 1573.3 4575.3 22.6 1.3 2.7 2.3
10/16 1598.2 5243.1 24.0 5.3 3.9 2.6
dbedeplagse refer to the footnote of table 1 for details.
¥ Late sowing delayed flowering.
Table 4. Fluctuation of insects population sprouting cultivar "Poongsan" in soybean field
No.4, Jeju.
Sampling date . . b . d .
Thy Dip Col Lep Hom Etc.
(month/day)
09/14 412.7 75.3 17.0 2.3 1.0 2.4
10/02 315.0 1530.3 49.5 1.7 7.0 3.8
10/16 562.4 1285.2 47.8 21.5 0.0 1.5

edeplaase refer to the footnote of table 1 for details.

% Late sowing delayed flowering.

(3) FUE Iy AF=AA R
(7 FUE AAl dAEE S (CBS)FE ZAL
@ AlsolA FArjEa Qe FUusE SH5A(CBS) A
AlFolA BuEla i FUEY 2 Ao Anjg FuEe A4 s FAS
A F2 AY Foel A2 EHFE QhFol Ao FAlsh= H2FHIAHCBD, Fig.
4N 3 A9 Bkl AL Mol Ml HSH(BD, Fig. 4B) Zgla A ®w] e vy
o] A7l HLAFFH(BM, Fig. 40)9 Al T/ A9 Fal] 3] el BAGS =
= FUE APe] SSAH(CBS) Bl &S H2dEFYBM)7F oF 1292 WA 9l=r)
M Eger ALY IAHCBD)O] 10%, A (BD)o] 7%E A8 tH(Fig. 5).



Fig. 4. Cotyledon black decay(A), Black dot(B) and Black mottling(C) appeared upon

sprouting.
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Fig. 5. Black syndromes occurred on cotyledons of soybean sprout surveyed from

currented soybean sprout in markets.
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Fig. 6. Annual fluctuation of Cotyledon Black Syndrome(CBS) development on the soybean
sprouts from the seedlots produced over the three years in Jeju Island. One liter of
soybean seedlot samples sprouted for 7 days by watering the container for 3

minutes so as to overflow for 30 seconds at every three hour at 22+2C.
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(1) daiF&dE A 3

(7hH A543 HCBD)

ASFHIAAHCBD) S AdS FHst7] S8 2006 AFRolA FoE FAU=F
S8 Nm & 8l =9 A (Riptortus clavatus)?} LFHER S531A8] FUES
dA F5 7I3te] Aojd s H2FHHYAHCBD) Y 71 Eove AS #FET F A =
T 7Y B =AY FET UEFTY A Aee oF 40%% G =Tt AlskAl YER
t}(Fig. 7).
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Fig. 7. Cotyledon black decay incidence of soybean sprouts in response to sucking period
of hard healthy soybean seeds by bean bug. Bars corresponding to different letters

differ significantly at p = 0.05.



F o v & e =R A | & U= desdes ddmnAdEs ol gste] B A
(Fig. 8. A, B) =-1A4 3ol o3 F5d Fitol= wd gute] A= A& 42T 5 9
ATk B AAALY FARIAEN G S o] &sto] wr FuE B AAS wEE A3 v
T BYNA dF RG] e AEE = A on(Fig. 8. C), 39 T9& AT F #
2 A3 Ao MEREAA] ERGe] dute] JEE AL AT 5 UAH(Fig. 8. D).
ol wuEAvEH=aA e FaFell ofs vt Sl Aol HLeFH A AHCBD)E
Ebub 53] 2004, 2005, 2006 FARFEZ Fo A 20046l AAE GEFERE T2 o

o

Hlﬁﬂ woeliv s e =t el os we s e Jow yeson,
FHIAHCBD)E =°l7] A= FAH ez Fuesivs =t o3 & of

e B 3

# Aoz Asath

Fig. 8. The stereoscopy (8A & B) and scanning electron microscopy SEM(8C & D) of
bean bug damage on the seed surface and trace of stylet sheath of bean bug

attributed to feeding by Riptortus clavatus on soybean seed.
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(th) A4 554 (BM)
7H4& FE AM7IE ol&ste] FuEAMdl AMEEE ES wASHA 23 A%
© 2 AREZE A3} 24A17 ket SHH wAlske] AjulgE A Hlalste] HOkE w &S wASHA]
oFal Anfet FuEe] zdelA H2dE5FH(BM)o] AstA YERSTHFig. 10). o] Ajujel
APEE = Eol AetA 4ol Ho] FuE A TS F AoE AtmHY

Fig. 10.

Symptom of Black Mottling(BM) on sprout cotyledons. A; water was replaced with

fresh water daily, B; water was recycled without replacing fresh water..
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Fig. 11. Influence pre—sprouting treatment on seedlot of chitosan on microbes agents in
-

soybean sprout culturing water.
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Fig. 12. Germination rate seedlots and hypocotyl length of soybean sprouts <lcm affected

by dipping period of soybean grain in chitosan solution.
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Fig. 13. Influence pre—sprouting treatment on seedlot of ethanol on microbes agents in

soybean sprout culturing water.

A EFS 50%, 25%°] EZ EAE 55 NaOCl 1%, 0.5% &N JEF ZA2 1027 X
Aelet & Hargol] Wil ol woF wdel vAE AdTo AESE E9 EEAREE A}
5t Ay} o g2 70%, 20% &N Alolol A ZFol7t LA gkokom | o ghg A7tk F-A

I7E vasg e W Mg & AL Foolae ATl M BEgrt o S5
2 ARE WY ol FREE FAY T e Ao vehgeh o we AAA e £ )

Aol ot FAA frolArt vERA okt
T ALEE =9 EERAHRE 54 A3 7 EAF A
g 9 ooehs AelTtel vlal] o]l g Ao ® YERTE NaOCl 1% 0.5% &< A&
T Atelel A o] WA E Aitae vlF 18AIIMAAI = Hl52dk o] mAlE F7F HEAEHA O 24
AlZFo] AU EE7F =& NaOCl 1%7F & ©] o] 748k 2oz Yebwth(Fig. 14).
A2l 79k NaOCl A g]7-9] A ok AP Zol7h Ur] AjFtsle] AdER Al
o1 24X 7744 He ApolE B AEH NaOCl 1%9 0.5% 2ol A vl 6417744 = 1] A
o] A3 HAEHA &S W FAYT= vAEC] WA G SA AIFE 2441 71A w1

257} Aakt A on S99 NaOCl A Foh FAZ T A1gH 2o EHAE 54
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A FHE 4430 FAY T v&] NaOCl A7 SHA SA =] A 54 vl
UERSTH(Fig. 14). #iSF 1A1ZPA 533 A2l 5el A NaOCl A g2k F3 257}

SAHN=E o= v 7 wob = S4% Ae] ofy#} NaOCl A
of os) AitEle] H& AFAEe] FFoE ATk VB owg 9 NaOCl HelF 4
ol 22 NaOCl Ae|gler o5 dAl FuEitel S&7Hsstn] Aujn

= Ao Almd.

4
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Fig. 14. Influence pre—sprouting treatment on seedlot of hypochlorite on microbes agents in

soybean sprout culturing water.

@ NaOCl ¥ ollgr&d] UYEF HAAA g ] w2 Wol& A}
NaOCl 1, 0.5%°l WEFS HAAAZHE Wol& 3t Ak} shulj= o] lem ol8kel AS AL
A3} Wolg-S NaOCl 1%E 2057k A2 Fol A A2 1<>H °F 3.3% GHAl WERe.
30, 607 A 23k Frell M= 2+ 6.3, 9.6% = A A 7ke] ZJ_Oi = olgo] vHAl UEbskt
NaOCl &% 0.5%°NA = HAAAE 208744 FA g -¢F v]52gk o }%" Holttrl 30, 60

AAAY @& FE 22 1 3.6% F% Wobio] FASHATh NaOCIH| HEFS A Azke] 2
A AFE FAFEs} F2FE Wobko] SholAi APk FulF lem o]5el AL o}
#3h= ThE o] hekikid] NaOCI AA5mst Azl #a glo] AT n5d 57



o Uehuth(Fig. 16). A9 A} NaOCIE F9H 0= o gal7191814 NaOCl 1% 108
OB 0.5% 208 ols T FAE Mitstel Aushs Ae] FuhE AAHel JYL
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Fig. 15. Germination rate seedlots and hypocotyl length of soybean sprouts <lcm affected

by dipping period of soybean grain in ethanol solution.
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Fig. 16. Germination rate seedlots and hypocotyl length of soybean sprouts <lcm affected

by dipping period of soybean grain in hypochlorite solution.
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© HEFTAel NaOCl, olge R 7|E4t A2 & Fu= d2d555(BM) Alas

NaOCl10.5% EtOH 25% Chitosan 0.2%

Fig. 17. Effects of pre—seed—treatment of NaOCI, chitosan and ethanol on the Black
Mottling(BM) incidence of soybean sprouts.

0.5% NaOCl &9 10%, 25% olgh-gol 5%, 0.2% 71EAF &) 308 AXste] AH F 20+
2T 543 Aulate] Fu= AR S5 A 23 nAdE et 7P =4 U
Bt NaOCl & A g]rell A= Agdel 7o) obdd F7ko] yebA] egstor oehs FAA
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Fig. 18. Effects of pre—seed—treatment of NaOCl, chitosan and ethanol on the Black
Mottling(BM) incidence, Cotyledon Black Decay(CBD) and growth of soybean

sprouts.

(2) =T S48 A Iv=s 34 2 A4
Oh) b=F S4E AN Fue S
2007 AFEAdA FEE FAYTAM FAA T AT YA Fo A

N

A3} 100g9 A5 (Pss), A2 A(Br), T3349H(Sch), 28 (Ws), 22835 (Bh), 53]
A (Scf), "< (Us), =92 (Bsc)o] 2+7F 0.14g, 1.05g, 1.41g, 0.49¢g, 0.67g, 1.95¢g, 0.30g,
0.06g°] A t}.(Fig. 20). &3k 87}# Z4H(Fig. 19a~h) H=Z 2H539 UJEFS, 72H7F Auisle] F



e s AR A3(Fig. 21a~h) A4 (Pss)= Aol WA o] vYelwal(Fig. 21a),

S ALBr)EAE Ao Aol @A wstE = e #AFsH(Fig. 21b). 9S4t
(Scb)e] A5 Fus A7zt & EFdd ol vt Agel HAAE s #EoH
(Fig. 21c), F#121d S4(Ws)9] Fr=2 Aol A vbglely d5o] yesttk(Fig. 21d). 2
AEjE(Bh) 2 9 7F Ao m WA ¢l el om (Fig. 21e), T T A (SchHE
= TolE b sk FAE wro R ZINAS wl Wil ArtxA o] B E T (Fig. 211).
s H(Us) T2 Al wolsx] gkgton $2& F4ste]l TA7F A AZw dopd ot
(Fig. 21g). AA7F T2 (Bse) T2 SIE 87 AL B39 Ao w Yesth(Fig,
21h, h—1).

Fig. 19. Eight types of "Poongsan Namul—Kong" grain shapes: a, Purple seed stain(Pss); b,
Black rot(Br); ¢, Seed coat black spot(Scb); d, Wrinkled seed(Ws); e, Brown
hilum(Bh); f, Seed coat fracture(Scf); g, unripe seed(Us); h, Brown seed coat(Bsc);
1, healthy.
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Fig. 20. Seed weight of eight types of "Poongsan NamulKong" grain shapes. Purple seed

stain(Pss), Black rot(Br), Seed coat black spot(Sch), Wrinkled seed(Ws), Brown
hilum(Bh), Seed coat fracture(Scf), Unripe seed(Us), Brown seed coat(Bsc).

TAY=TS VM S E Uro]l EFE § A4S 2022Col A 343 Afujste] sl
o] doje} #ejo] dolE AL Ay B Sl A4 U=l nls shuls dolrk #gte
A}A o]

e Al A AL Sl Al A(Bht T 2491 A (Bse) o] shulFo] dol=
e S8E H&l 1.7cm A== o7k A Yeigten, oz AFFY (Pss) ¥ T35
HH(Sch) FuEo sl o7k Zhzk 1.29F 1.3cm o2 YEbst) el ol A e
ol B d=Fol sl ele] delrb #ckom tgow He WA (Sch), ZAHQl
(Bh), AF5H (Pss), T2 (Bsc), A28 5(Br), F18 S4(Ws) o= et} =g
s H(Us)e] U= S A wopsx] edgkon, T3 7430 ZA(Scf)2 ok&o] 0.5%°]5
2 of wotom Woby Ak Ao AsHH Hehe Ao ekt (Tig. 22).
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Fig. 21. Features of soybean sprouts by eight kinds of soybean grain shapes: a, Purple
seed stain(Pss); b, Black rot(Br); ¢, Seed coat black spot(Scb); d, Wrinkled
seed(Ws); e, Brown hilum(Bh); f, Seed coat fracture(Scf); g, unripe seed(Us); h,

Brown seed coat(Bsc); h—1, normal soybean sprout without seed coat; i, healthy.
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& xRl B UEFe] dobgdt vssivh. ey A

HH(Scb) 3, FaHF] S (Ws)oll A= Aol AL whdelu o

ofd
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Fig. 22. Germination rate, fresh weight and hypocotyl <lcm rate of soybean sprouts by
eight kinds of grain shape after sprouting culture. Purple seed stain(Pss), Black
rot(Br), Seed coat black spot(Schb), Wrinkled seed(Ws), Brown hilum(Bh), Seed

coat fracture(Scf), Unripe seed(Us), Brown seed coat(Bsc).

(th) NaCl 5% w& A
3ol dEE = ARkl %%01 AH5-H (Pss), A2 M5(Br), 3 59H(Scb), #1287

(Ws), 2435 (BH), T3dA(Sch), v5HUs), FIHZH(Bsc)] 87H4 T8 v=3F=
NaCl &% 15%, 20%, 25%, *E3F-&Noll Z42F 123 HAAA 7oA &2 ead 48 =

A&t 7534 NaCl %7} 5555 AAHow we UyESF 27 EaEsdon, SdHsEs=
T # L (Scf), A2 H2(Br), 28 H(Ws), T3] ZHH(Sch), T3 2 (Bsc), A5 (Pss), &

A #(Bh), "4 H(Us), AAE2F(control) £ 02 Hfu = v &o] o4t} &3] A¥dE &



FollA 7H4 wol #EE = F9 w7 A(Scf) FAE NaCl 5% 15%, 20%, 25%9F 3-8 ol ol A
27y 35%, T1%, 85%, 99% F-fr=o 43 Adanrt yepge oz AL 3 (Br)<
18%, 30%, 55%, 65%= ebstow 1A F4(Ws)S 14%, 31%, 36%, 39% S th g A
FANA L vsegh Wobg) S Kol T M (Bse) TASE AW (Bh) S 7H TR
242} 5%, 6%, 16%, 14%SF 2%, 4%, 14%, 33% % YFebL} NaCl E3}g o) 4 22833 (Bh) &
g AlQletile Ao B v o] BA YElETh HsH(Us)e] A9 dlz=el T3
T-oF ¥astel  NaCl 5% 15%F 20%°01A A F-fakA ko 259t E3)-8 oA
10% Axe] ¥ a7t Jebgth(Fig. 24, 25). o3 235 £33 & ] NaCl E3-8
S AANAR BT T 5 Ade FHEAN(Bse) FACE 2 (Bh) S 7 A A= F
FAI71= a7t Jepg Akl EA7E A 5 e Aoz AlREe] 7 FA4S U T4
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Fig. 23. Effect of sodium chloride concentration on the selection of normal soybean seeds.
Purple seed stain(Pss), Black rot(Br), Seed coat black spot(Scb), Wrinkled
seed(Ws), Brown hilum(Bh), Seed coat fracture(Scf), Unripe seed(Us), Brown seed
coat(Bsc).
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FAUEFT Y =AY AEHE 43 7 SAE] VA= EaEa vuste] 2 o Ao e
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Fig. 24. Effect of sodium chloride concentration on the selection of normal soybean seeds.
Purple seed stain(Pss), Black rot(Br), Seed coat black spot(Sch), Wrinkled
seed(Ws), Brown hilum(Bh), Seed coat fracture(Scf), Unripe seed(Us), Brown seed

coat(Bsc).
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Fig. 25. Selection effect by NaCl solution in 2008 harvested soybeans.
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Fig. 26. Germination rate and hypocotyl length rate < 1 cm of soybean sprouts in response

to selection NaCl 25% solution.
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Fig. 1. Composition of seed size before their cleaning. They were sorted by sieves and

examined.
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Fig. 2. Composition of other materials before their cleaning. They were sorted by sieves
and examined.
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Fig. 4. Composition of other materials after their cleaning. They were sorted by sieves and
examined.
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Fig. 5. Floating and setting rates of medium—sized seeds related to sprout decay and their
composition.
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Table 1. Effect of seed size on composition rate of soybean sprout classified by their
hypocotyl length.T

. Normal Abnormal No—germ.
Seed size > 7 cm (A 4~7 cn (B) < 4 cm (C) 0 cm (D) AT C+D
%
Large 77.5 12.9 6.4 3.2 90.4 9.6
Medium 70.0 20.3 8.4 1.3 90.3 9.7
Small 30.2 37.3 24.9 7.6 67.5 32.5
LSD.05 3.2 5.1 4.0 3.5 5.5 5.5

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day

culture.

* Sorted by hypocotyl lengths of 6 day old sprouts.

Table 2. Effect of seed size on morphological characters of soybean sproutS.JF
. Lateral root formation Length Diameter

Seed size

Rate Number Hypocotyl  Root Total Hypocotyl Hook

............. % e 1Y) m_l — ] SprOUt_l mm Sprout_l

Large 53.1 4.3 8.3 6.5 14.8 1.81 1.33
Medium 26.7 2.8 8.0 6.3 14.3 1.75 1.14
Small 0.0 0.0 7.6 5.6 13.2 1.59 1.27
LSD.05 14.0 1.1 ns 0.5 1.0 ns ns

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day

culture.

ns Nonsignificant difference between seed size.
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Table 3. Effect of seed size on fresh and dry weights of soybean sprouts.T
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Seed size

Fresh weights

Dry weights

Cotyledon Hypocotyl  Root Total Cotyledon Hypocotyl Root  Total
....................................................................................... mg SDrOUt_l mg Sprout_l

Large 298.3 301.6 59.3 659.1 88.4 17.6 4.3 110.2
Medium 273.4 274.5 38.8 586.7 73.5 15.1 3.3 91.9
Small 224.6 202.8 25.0 452.1 52.9 12.2 2.0 67.1
LSD.05 17.0 27.8 8.6 45.6 13.1 2.5 0.8 16.1

" Seeds were
culture.

imbibed for 5 hours into water, and then aerated for 3 hours before 6 day
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Table 4. Lesion spot and productivity of soybean (cv. Pungsannamulkong) sprouts affected
by its seed size.”

Lesion spot

Seed size Rato Size! Productivity§
%
Large 25.8 37.5 7.0
Medium 12.1 22.5 6.6
Small 16.0 37.5 6.0
LSD.05 1.9 7.6 0.9

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
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Table 5. Germination and growth of soybean (cv. Pungsannamulkong) sprouts affected by
seed condition.’

. Normal Abnormal No—germ.
Seed condition > 7 (AF  4~7 cn (B) <4 () 0 n (D) A+B C+D
%
Normal 76.7 16.4 5.3 1.5 93.1 6.9
Unriped 0.0 0.0 0.0 100.0 0.0 100.0
Very small 0.0 28.7 37.8 33.5 28.7 71.3
LSD.05 2.0 6.3 7.8 1.9 6.4 6.5

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day culture.
* Sorted by hypocotyl lengths of 6 day old sprouts.

Table 6. Morphological characters of soybean (cv. Pungsannamulkong) sprouts affected by
seed condition.’

.. Lateral root formation Length Diameter

Seed condition

Rate Number Hypocotyl Root  Total Hypocotyl  Hook

............. % e 10, SprOU.t_l et SprOUt_l mm SDrOUt_l

Normal 47.7 2.8 8.0 6.3 14.3 1.75 1.14
Unriped 0.0 0.0 0.0 0.0 0.0 0.00 0.00
Very small 0.0 0.0 5.5 3.8 9.3 1.70 1.35
LSD.05 4.9 0.4 0.7 0.3 0.8 0.10 0.09

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day culture.
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Table 7. Fresh and dry weights of soybean (cv. Pungsannamulkong) sprouts affected by
seed condition.’

.. Fresh weights Dry weights

Seed condition

Cotyledon Hypocotyl Root Total Cotyledon Hypocotyl Root Total

................................................................................. mg SDrOUt_l mg Sprout_l
Normal 223.4 2945 38.8 556.7 63.5 18.4 3.3 85.2
Unriped 181.3 0.0 0.0 181.3 39.5 0.0 0.0 39.5
Very small 122.3 119.4 19.0 260.7 33.5 8.1 1.7  43.3
LSD.05 13.5 8.9 6.7 23.4 3.9 3.1 0.9 6.1

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day culture.
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Table 8. Lesion spot and productivity of soybean (cv. Pungsannamulkong) sprouts affected
by its seed condition.’

Seed condition Lesion spot — Productivity§
Rate Size
%
Normal 11.8 27.5 7.0
Unriped 87.0 48.5 0.0
Very small 59.0 47.5 3.1
LSD.05 10.3 8.3 0.8

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
%Rate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Table 9. Germination and growth of soybean (cv. Pungsannamulkong) sprouts affected by
seed damaged types.T

Normal Abnormal No—germ.
seed damaged  —Z T U 7o) <4 Q) om@ B O
%
Normal 76.7 16.4 5.3 1.5 93.1 6.9
Infected 0.0 6.5 17.3 76.2 6.5 93.5
Insect damaged 0.0 38.0 36.0 26.0 38.0 62.0
Physical damaged 0.0 4.7 1.8 93.5 4.7 95.3
LSD.05 1.6 2.5 5.1 4.3 2.7 2.7

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day culture.
* Sorted by hypocotyl lengths of 6 day old sprouts.
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Table 10. Morphological characters of soybean (cv. Pungsannamulkong) sprouts affected by
seed damaged types.T

Lateral root formation Length Diameter
Seed damaged

Rate Number Hypocotyl Root  Total Hypocotyl Hook

....... % N o) Sprout_l e O[] SprOth_l 1] SprOUt_l
Normal 47.0 3.1 8.0 6.3 14.3 1.75 1.14
Infected 0.0 0.0 6.1 2.7 8.8 1.76 1.18
Insect damaged 2.7 0.8 6.5 4.6 11.1 1.79 1.27
Physical damaged 0.0 0.0 5.5 3.4 8.9 1.89 1.13
LSD.05 5.8 1.3 0.6 1.4 1.6 ns ns

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day culture.
ns Nonsignificant difference between treatment levels.
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Table 11. Fresh and dry weights of soybean (cv. Pungsannamulkong) sprouts affected by
seed damaged types.

Fresh weights Dry weights
Seed damaged

Cotyledon Hypocotyl Root  Total Cotyledon Hypocotyl Root Total

-1 -1
........................................................................ mg SprOUt mg Sprout ettt
Normal 223.4 294.5 38.8 556.7 63.5 18.5 3.3 85.3
Infected 166.3 150.3 24.7 341.3 45.6 9.9 1.6 57.2
Insect damaged 228.6 171.5 43.7 443.8 63.9 15.8 3.3 83.0
Physical damaged 183.4 182.6 26.7 392.7 55.3 12.9 2.5 70.7
LSD.05 35.8 142.0 14.6 147.7 10.5 2.5 1.1 13.6

"Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day culture.
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Table 12. Lesion spot and productivity of soybean (cv. Pungsannamulkong) sprouts affected

by its seed damaged types.T

Seed damaged Rate Lesion spot Sizel Productivity§
%
Normal 11.8 27.5 7.0
Infected 87.8 43.3 0.6
Insect damaged 80.7 34.2 2.1
Physical damaged 90.7 41.4 0.3
LSD.05 5.1 4.3 0.8

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
3fRa\te of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Table 13. Effect of seed floating on composition rate of soybean sprout classified by their
hypocotyl length.T

. Normal Abnormal No—germ.
+ +
deed floating = "0 47 an(®)  <4am(©  om@m B CD
%
Floating 0.9 22.0 19.3 57.8 22.9 77.1
Setting 75.8 16.5 5.3 2.4 92.2 7.8
LSD.05 4.1 ns 5.4 14.6 18.4 18.4

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day
culture.

* Sorted by hypocotyl lengths of 6 day old sprouts.

ns Nonsignificant difference between treatment levels.
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Table 14. Effect of seed floating on morphological characters of soybean sprouts.T

. Lateral root formation Length Diameter
Seed floating
Rate Number Hypocotyl Root Total Hypocotyl Hook
............. % 10 ) SprOUI_l s O[] SDrOUt_l mm SprOUt_l
Floating 0.0 0.0 6.1 3.5 9.6 1.75 1.15
Setting 47.6 3.0 7.9 6.3 14.2 1.87 1.28
LSD.05 9.1 0.6 1.8 1.6 3.2 ns 0.12

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day

culture.
ns Nonsignificant difference between treatment levels.
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Table 15. Effect of seed floating on fresh and dry weights of soybean sprouts.T

. Fresh weights Dry weights
Seed floating
Cotyledon Hypocotyl Root  Total Cotyledon Hypocotyl  Root Total
.............................................................................. mg s pr Out_l mg s pr Out_l
Floating 203.3 217.0 32.8 453.1 58.2 12.0 2.5 72.7
Setting 223.4 291.2 38.8 5534 63.5 17.4 3.3 84.2
LSD.05 ns 47.3 ns ns ns 2.2 ns ns

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day
culture.
ns Nonsignificant difference between treatment levels.



Table 16. Lesion spot and productivity of soybean (cv. Pungsannamulkong) sprouts affected
by its seed floating.T

Lesion spot

Seed floating Rate Sizet Productivity§
%
Floating 447 54.2 2.2
Setting 12.7 27.5 6.8
LSD.05 8.1 10.0 0.9

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
*Rate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Fig. 6. Germination and growth of soybean (cv. Pungsannamulkong) sprouts affected by
storage period and method. Seeds were imbibed for 5 hours into water, and then
aerated for 3 hours before 6 day culture.

Table 17. Morphological characters of soybean (cv. Pungsannamulkong) sprouts affected by
its storage period and method.”

p ¢ Lateral root formation Length Diameter
arameters Rate Number Hypocotyl Root Hypocotyl Hook
............. % e 1[0} SprOUt_l ——! SprOUt_l i1 SprOUt_l

Storage period (year; S)

1 2.4 0.5 8.6 5.2 2.14 1.61
2 0.0 0.0 7.4 4.1 2.19 1.44
LSD.05 0.7 0.1 0.2 0.4 ns 0.08
Storage method (M)

Open room 0.0 0.0 6.9 4.1 2.05 1.50
Cold room 2.8 0.6 9.0 5.5 2.31 1.60
Open—Cold room 0.8 0.1 8.1 4.4 2.14 1.48
LSD.05 0.8 0.1 0.3 0.5 0.13 0.10
S XM ok ok ok ns ok ns

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 6 day culture.
ns, ** Nonsignificant or significant at 0.01 probability, respectively.
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Fig. 7. Morphological characters of soybean (cv. Pungsannamulkong) sprouts affected by
seed storage method. Seeds were imbibed for 5 hours into water, and then aerated
for 3 hours before 6 day culture.
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Table 18. Fresh and dry weights of soybean (cv. Pungsannamulkong) sprouts affected by

its storage period and method.’

Fresh weights Dry weights
Parameters

Cotyledon Hypocotyl Root  Total Cotyledon Hypocotyl Root Total

............................................................... mg SprOUt_l mg SprOUt_l
Storage period (year; S)
1 290.3 365.8 46.7 702.9 70.0 16.3 2.4 88.7
2 253.6 281.0 447 579.3 64.6 14.1 2.0 80.7
LSD.05 15.1 33.1 ns 30.0 3.1 1.8 ns 3.9
Storage method (M)
Open room 258.3 282.9 41.2 582.4 62.9 14.3 1.8 79.0
Cold room 284.2 366.0 53.2 703.5 71.9 16.6 2.9 91.4
Open—Cold room 273.3 321.4 42.7 637.4 67.0 14.7 1.9 83.6
LSD.05 18.5 40.6 7.9 36.8 3.8 2.2 0.4 4.8
S X M ns ns ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated for 3 hours before 6 day
culture.
ns Nonsignificant between treatment factors.

Table 19. Lesion spot of soybean (cv. Pungsannamulkong) sprouts affected by storage
period and method.

Lesion spot

Parameters

Rate Size"
%

Storage period (year; S)
1 6.3 27.2
2 13.1 30.3
LSD.05 2.7 ns
Storage method (M)
Open room 16.9 45.3
Cold room 4.8 18.1
Open—Cold room 7.4 22.5
LSD.05 3.3 8.8
S X M ns ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated for 3 hours before 6 day
culture.
*Ratio of lesion spot to cotyledon surface.
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Fig. 8. Temperature change in ventilated shed, cold storage room and outdoor for seven
days at the four seasons (lst year).
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Fig. 9. Temperature change in ventilated shed, cold storage room and outdoor for seven
days at the four seasons (2nd year).
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Fig. 10. Moisture content of storage seeds affected by season and their storage method.
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Fig. 11. Water temperature change by water tank shapes used of soybean sprouts culture.
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Fig. 12. Temperature change of soybean sprouts under culture methods.
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Fig. 13. Temperature change of soybean sprouts under culture methods.
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Table 20. Effect of culture temperature on composition rate of soybean sprout classified
by their hypocotyl length.T

Normal Abnormal No—germ.
+ +
Culture temperature > 7 (A 4~7 en (B) <4 (O 0 en (D) A+B C+D
%
Maximum (26C) 88.0 9.3 2.7 0.0 97.3 2.7
Optimum (207C) 83.1 12.2 3.3 1.3 95.4 4.6
Minimum (127C) 0.0 5.3 37.6 57.1 5.3 94.7
LSD.05 4.5 5.2 2.8 2.3 3.6 3.6

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 7 day

culture.
* Sorted by hypocotyl lengths of 6 day old sprouts.
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Table 21. Effect of culture temperature on morphological characters of soybean sprouts.T

Culture temperature Lateral root formation Length Diameter
Rate Number Hypocotyl Root  Total Hypocotyl Hook
............. % 0. SprOUt_l e O[] G prOUt S ~—= T SPro ut - o
Maximum (26C) 88.1 4.6 12.4 11.9 24.3 1.71 1.46
Optimum (20C) 43.0 2.1 9.2 7.7 16.8 2.33 1.70
Minimum (127C) 0.0 0.0 4.1 1.7 5.8 2.41 1.81
LSD.05 5.0 0.2 0.7 1.1 1.6 0.18 0.13

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 7 day

culture.
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Table 22. Effect of culture temperature on fresh and dry weights of soybean sprouts.T

Culture temperature Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total Cotyledon Hypocotyl Root Total
.......................................................................... mg Sprout_l mg SprOUt_l
Maximum (267C) 247.7 455.9 89.7 7934 64.7 22.6 3.1 904
Optimum (20C) 257.1 446.2 55.0 758.3 62.0 19.6 2.8 84.4
Minimum (127C) 308.7 207.6 10.7 527.0 79.0 9.9 1.0 89.0
LSD.05 34.8 31.2 9.3 67.6 9.5 2.1 0.8 ns

" Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 7 day
culture.
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Table 23. Effect of culture temperature on lesion spot of soybean (cv. Pungsannamulkong)

Sprouts.T

Lesion spot C s

Culture temperature 3 Productivity
Rate Size
.................................................................................... %

Maximum (26C) 37.3 43.5 7.8
Optimum (207C) 12.2 25.0 7.0
Minimum (127C) 2.2 25.0 2.7
LSD.05 4.6 2.4 0.8

"Seeds were imbibed for 5 hours into water, and then aerated for 3 hours before 7 day culture.
*Rate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Table 24. Effects of culture method on composition rate of soybean (cv.
Pungsannamulkong) sprouts classified by their hypocotyl length.T

Normal Abnormal  No—germ.
+ +
Culture method > 7 (A 4~7 an (B) < 4 cm Q) 0 n (D) A+B C+D
%
Overspraying 80.4 14.9 3.8 0.9 95.3 4.7
Underwatering 79.3 15.8 4.2 0.7 95.1 4.9
LSD.05 ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
* Sorted by hypocotyl lengths of 6 day old sprouts.
ns Nonsignificant difference between treatment levels.
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Table 25. Effects of culture method on morphological characters of soybean (cv.
Pungsanna— mulkong) sprouts.’

Culture method Lateral root formation Length Diameter
Rate Number Hypocotyl Root Total Hypocotyl Hook
................... - - mm Sprout_l
Overspraying 80.7 6.4 10.6 7.9 18.5 2.07 1.44
Underwatering 60.0 1.5 8.3 7.7 16.0 2.01 1.45
LSD.05 7.3 2.5 1.4 ns 1.7 ns ns

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
ns Nonsignificant difference between treatment levels.
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Table 27. Lesion spot of soybean (cv. Pungsannamulkong) sprouts affected by culture

Table 26. Effects of culture method on fresh and dry weights of soybean (cv. Pungsanna—
"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.

ns Nonsignificant difference between treatment levels.
" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.

%Rate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Table 28. Effects of seed conditioning on composition rate of soybean (cv.
Pungsannamulkong) sprouts classified by their hypocotyl length.T

Normal Abnormal  No—germ.

. + +

Seed conditioning > 7 n (AY 4~7 an (B) < 4 en (O) 0 n (D) A+B C+D
%

Before seed conditioning 48.2 28.4 20.9 2.5 76.6 23.4

After seed conditioning 79.6 16.0 4.4 0.0 95.6 4.4

LSD.05 9.2 10.7 2.0 ns 3.1 3.0

"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
* Sorted by hypocotyl lengths of 6 day old sprouts.
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Table 29. Effects of seed conditioning on morphological characters of soybean (cv.
Pungsannamulkong) Sprouts.T

Seed conditioning Lateral root formation Length Diameter
Rate Number Hypocotyl Root Total  Hypocotyl Hook
............. % no. Sprout_l — SprOUt_l e I SPY out_l
Before seed conditioning 41.5 3.3 7.6 7.8 15.4 2.07 1.27
After seed conditioning 59.5 1.7 8.0 7.7 15.7 2.04 1.40
LSD.05 11.0 0.3 ns ns ns ns 0.1

"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
ns Nonsignificant difference between treatment levels.

Table 30. Effects of seed conditioning on fresh and dry weights of soybean (cv.
Pungsannamulkong) sprouts.T

Seed conditionin Fresh weights Dry weights
& Cotyledon Hypocotyl Root  Total Cotyledon Hypocotyl Root  Total
............................................................... mg SprOUt_l mg SprOUt_l

Before seed conditioning 214.2 282.1 53.4 549.7 60.6 14.8 4.0 79.4
After seed conditioning 206.6 272.9 59.6 559.0 59.8 14.9 3.4 78.1
LSD.05 ns ns ns ns ns ns ns ns

"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
ns Nonsignificant difference between treatment levels.
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Table 31. Lesion spot and productivity of soybean (cv. Pungsannamulkong) sprouts affected

by its seed conditioning.T

Productivity§

Lesion spot
Size®

Rate

Seed conditioning

%

5.0
6.2
1.0

30.0

12.0

Before seed conditioning
After seed conditioning

LSD.05

25.8

5.3
3.3

ns

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.

*Rate of lesion spot to cotyledon surface.

¥ Ratio of fresh sprout weight to seed dry weight.
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Table 32. Effects of seed conditioning and storing cold room on composition rate of
soybean (cv. Pungsannamulkong) sprouts classified by their hypocotyl length.'

Normal Abnormal No—germ.
Parameters  — " 47 (B) <dwm(© om@m B D
%

Seed conditioning (S)

Before seed conditioning 76.8 7.9 4.7 10.7 4.7 15.3
After seed conditioning 79.3 9.2 7.0 4.4 88.6 11.8
LSD.05 2.5 ns ns 3.6 3.6 3.6
Storage period (C)

1 81.7 6.9 5.2 6.2 88.6 11.4
2 74.4 10.2 6.4 8.9 84.7 15.3
LSD.05 2.5 2.3 ns ns 3.6 3.6
S X C ns ok ns ns * ns

"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
* Sorted by hypocotyl lengths of 6 day old sprouts.

Table 33. Effects of seed conditioning and storing cold room on morphological characters of
soybean (cv. Pungsannamulkong) sprouts.’

Parameters Lateral root formation Length Diameter
Rate Number Hypocotyl Root Total Hypocotyl Hook
................... % no. SprOUt_l e — SprOUt_l ~ TN Spr out_l

Seed conditioning (S)

Before seed conditioning  78.2 2.1 11.4 6.8 18.2 2.12 1.57

After seed conditioning 82.5 2.3 11.6 7.4 19.0 1.84 1.44

LSD.05 2.8 ns ns ns ns 0.15 0.11
Storage period (C)

1 81.1 2.4 11.7 7.1 18.8 2.03 1.52

2 79.6 2.0 11.3 7.1 18.4 1.93 1.49

LSD.05 ns 0.2 ns ns ns ns ns
S X C ns ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.

ns, *, *% Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 34. Effects of seed conditioning and storing cold room on fresh and dry weights of
soybean (cv. Pungsannamulkong) sprouts.’
Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total  Cotyledon Hypocotyl Root  Total
............................................................... mg SprOUt_l mg SprOUt_l
Seed conditioning (S)
Before seed conditioning  260.0 485.9 279 777.8 63.9 26.1 2.9 92.9
After seed conditioning  288.9 491.3 36.1 &816.3 72.6 23.4 3.1 99.1
LSD.05 0.3 ns 6.4 22.7 2.1 1.4 ns 2.5
Storage period (C)
1 277.9 493.8 35.2 807.0 69.7 24.1 3.2 97.0
2 275.0 483.8 28.8 787.2 66.8 25.4 2.8 95.0
LSD.05 ns ns ns ns 2.1 ns 0.2 ns
S X C ns ns ns ns ns ns * ns
" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
Table 35. Lesion spot of soybean (cv. Pungsannamulkong) sprouts affected by its seed
conditioning and storing cold room.’
. Lesion spot . .8
P
Seed size Rate Sizet roductivity
%
Seed conditioning (S)
Before seed conditioning 17.3 33.8 7.3
After seed conditioning 8.6 28.8 7.8
LSD.05 7.0 ns ns
Storage period (C)
1 11.6 30.0 7.6
2 14.0 32.1 7.5
LSD.05 ns ns ns
S X C ns ns ns
" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.

fRate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Table 36. Effects of seed conditioning and storing indoor on composition rate of soybean
(cv. Pungsannamulkong) sprouts classified by their hypocotyl length.T

Normal Abnormal No—germ.
Parameters S0 (W 4~7Tam® <4dm(© Om@®m B D
%

Seed conditioning (S)

Before seed conditioning 3.4 22.1 45.9 28.6 25.5 74.5
After seed conditioning 7.5 36.1 34.1 22.2 43.6 56.3
LSD.05 0.2 1.0 2.6 2.9 1.0 1.0
Storage period (C)

1 year 9.3 31.9 42.4 21.4 41.2 63.8
2 year 1.6 26.3 37.6 29.4 27.9 67.0
LSD.05 0.2 1.0 2.6 2.9 1.0 1.0
S X C ns i ok ns ns ns

"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
* Sorted by hypocotyl lengths of 6 day old sprouts.
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Table 37. Effects of seed conditioning and storing indoor on morphological characters of
soybean (cv. Pungsannamulkong) sprouts.’

Lateral root formation Length Diameter
Parameters Rate Number Hypocotyl Root Total Hypocotyl Hook
............. % no. Sprout_l e 1] SprOllt =1 e 11111} S p ro ut -1
Seed conditioning (S)
Before seed conditioning 0.0 0.0 6.6 3.4 10.0 2.08 1.50
After seed conditioning 0.1 0.1 7.2 4.0 11.1 2.08 1.49
LSD.05 ns ns 0.2 0.2 0.4 ns ns
Storage period (C)
1 year 0.1 0.1 7.2 4.1 11.3 2.06 1.50
2 year 0.0 0.0 6.6 3.2 9.8 2.11 1.50
LSD.05 ns ns 0.2 0.2 0.4 0.03 0.03
S X C ns ns ns ns ns ok *k

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, =% Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 38. Effects of seed conditioning and storing indoor on fresh and dry weights of

soybean (cv. Pungsannamulkong) sprouts.’

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total Cotyledon Hypocotyl Root  Total
............................................................... mg SprOUt_l mg Sprout_l

Seed conditioning (S)

Before seed conditioning 264.4 310.9 44.8 620.1 63.9 13.7 2.3 79.9
After seed conditioning 271.9 337.5 46.2 655.6 65.1 14.8 2.3 2.2
LSD.05 3.0 7.0 ns 8.6 1.0 ns ns ns

Storage period (C)

1 year 281.2 365.4 46.2 692.8 67.5 16.0 2.3 85.8
2 year 255.2 283.0 448 583.0 61.5 12.5 2.3 76.3
LSD.05 3.0 7.0 ns 8.6 1.0 1.5 0.1 2.4
S X C ns ns ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 39. Lesion spot of soybean (cv. Pungsannamulkong) sprouts affected by its seed

conditioning and storing indoor.

Lesion spot

Parameters Productivity§

Rate Size®
%

Seed conditioning (S)

Before seed conditioning 17.0 25.0 2.3
After seed conditioning 21.7 25.4 2.3
LSD.05 ns ns ns
Storage period (C)

1 year 16.0 25.4 2.4
2 year 22.7 25.0 2.2
LSD.05 3.8 ns 0.1
S X C ok ns *

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
*Rate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Table 40. Effects of seed conditioning and storage method of irrigation water composition
rate of soybean (cv. Pungsannamulkong) sprouts classified by their hypocotyl

length.T
Normal Abnormal No—germ.
+ +
Parameters o 047w (B) <4m(C) Oowm@ B D
%

Seed conditioning (S)
Before seed conditioning 77.6 5.3 5.0 12.1 82.8 17.1
After seed conditioning 80.8 8.3 6.8 4.1 89.1 11.9
LSD.05 2.6 1.2 ns 2.0 2.8 2.8
Storage method of irrigation water (C)
Concrete tank 77.3 9.4 5.6 7.5 86.8 13.2
Plastic tank 81.0 4.2 6.1 8.6 85.2 14.7
LSD.05 2.6 1.2 ns ns ns ns
S X C ns * ns ns ns ns

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
 Sorted by hypocotyl lengths of 6 day old sprouts.

Table 41. Effects of seed conditioning and storage method of irrigation water on
morphological characters of soybean (cv. Pungsannamulkong) Sprouts.T

Parameters Lateral root formation Length Diameter
Rate Number Hypocotyl Root Total Hypocotyl Hook
............. % e (), Sprout_l = CIIL S rout L ~ TN Spr out -1 .
Seed conditioning (S)
Before seed conditioning  45.2 2.5 12.6 6.9 19.6 2.20 1.86
After seed conditioning 49.5 2.6 11.6 7.4 19.0 2.33 1.69
LSD.05 1.2 ns ns ns ns ns ns

Storage method of irrigation water (C)

Concrete tank 43.8 2.1 10.5 6.7 17.2 2.25 1.79
Plastic tank 51.5 3.0 13.7 7.6 21.3 2.27 1.75
LSD.05 1.2 0.1 1.3 0.4 1.5 ns ns
S X C *k ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 42. Effects of seed conditioning and storage method of irrigation water on fresh and

dry weights of soybean (cv. Pungsannamulkong) sprouts.T

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total Cotyledon Hypocotyl Root  Total
............................................................... mg S p r O ut - 1 ng S p r O ut - 1

Seed conditioning (S)
Before seed conditioning 259.8 502.8 33.6 796.2 60.3 26.4 3.3 90.0
After seed conditioning 330.5 567.1 33.8 931.3 79.4 29.2 3.2 111.7

LSD.05 37.0 51.8 ns 83.5 7.9 1.9 ns 9.4
Storage method of irrigation water (C)

Concrete tank 291.1 452.9 30.0 774.0 69.6 23.8 3.2 96.6
Plastic tank 299.2 617.0 37.4 953.6 70.1 31.9 3.2 105.2
LSD.05 ns 51.8 7.0 83.5 ns 1.9 ns ns
S X C ns ns ns ns ns * ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5

minutes of the 3 hour aeration before culturing.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 43. Lesion spot of soybean (cv. Pungsannamulkong) sprouts affected by its seed

conditioning and storage method of irrigation water.'

Parameters Rate Lesion spot Sizet Productivity§
%

Seed conditioning (S)

Before seed conditioning 27.1 37.5 7.9
After seed conditioning 18.7 29.6 7.6
LSD.05 4.0 2.5 ns
Storage method of irrigation water (C)

Concrete tank 12.9 30.0 7.4
Plastic tank 32.9 37.1 7.5
LSD.05 4.0 2.5 ns
S X C ns * ns

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
" Rate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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2.8
ns
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ns

5 A + B

Abnormal
< 4 cm (C)
7.3
5.6

<

[€)

-

12.1
10.9
ns

3.8
19.2

4.9

ns

o AESE )

Normal
> 7 cm (A 4~7 em (B)

o

ok
61.7
77.7
6.3
77.4
61.9
6.3
ns

soybean (cv. Pungsannamulkong) sprouts classified by their hypocotyl length.'

Parameters

Culture temperature (C)
X

Before seed conditioning
After seed conditioning
Maximum

Seed conditioning (S)
LSD.05

Minimum
LSD.05

Table 44. Effects of seed conditioning and culture temperature on composition rate of
"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 8 day culture.

* Sorted by hypocotyl lengths of 6 day old sprouts.
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Table 45. Effects of seed conditioning and culture temperature on morphological characters
of soybean (cv. Pungsannamulkong) Sprouts.T

Parameters Lateral root formation Length Diameter
Rate Number Hypocotyl Root Total Hypocotyl Hook
................... % no. SprOUt_l s ClL S rout L ~= T Spr out -1 .
Seed conditioning (S)
Before seed conditioning  57.9 6.2 13.1 7.7 20.8 2.17 1.97
After seed conditioning 62.8 11.4 12.4 7.6 20.0 2.09 1.89
LSD.05 3.4 0.6 ns ns ns 0.07 ns

Culture temperature (C)

Maximum 100.0 15.7 16.4 11.2 27.6 2.06 2.13
Minimum 20.7 1.8 9.1 4.1 13.2 2.19 1.74
LSD.05 3.4 0.6 0.7 1.9 2.4 0.07 0.16
S X C * *k ns ns ns ns *

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, *% Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 46. Effects of seed conditioning and culture temperature on fresh and dry weights of
soybean (cv. Pungsannamulkong) sprouts.’

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total Cotyledon Hypocotyl Root  Total
...................................................................... mg SprOUt_l mg Sprout_l

Seed conditioning (S)

Before seed conditioning 267.1 496.4 69.2 829.7 41.4 23.1 5.0 69.5
After seed conditioning 380.4 576.9 77.4 1038.3 61.6 28.1 6.2 100.4
LSD.05 61.6 52.2 ns 120.0 7.4 3.0 ns 13.0

Culture temperature (C)

Maximun 348.9 657.3 98.5 1104.7 66.2 30.5 7.8 90.3
Minimum 302.2 416.0 45.1 763.2 41.3 20.7 3.4 79.6
LSD.05 ns 52.2 26.0 124.2 ns 3.0 1.2 ns
S X C ns ns ns ns * ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Productivity§
6.6
8.9
0.9
8.9
6.6
0.9
ns

Size!
38.9
30.9
5.8
42.6
27.2
5.8
ns

%

Pungsannamulkong) sprouts affected by its seed
Lesion spot

Rate
25.3
10.9

4.1
23.5
12.6

4.1
sksk

conditioning and culture temperature.T

Parameters

X

Seed conditioning (S)
Before seed conditioning
After seed conditioning
LSD.05

Culture method (C)

Maximun
Minimum

LSD.05
" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 8 day culture.

*Rate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.

Table 47. Lesion spot of soybean (cv.
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Table 48. Effects of seed conditioning and culture method on composition rate of soybean

(cv. Pungsannamulkong) sprouts classified by their hypocotyl length.T

Culture Normal Abnormal No—germ.
temperature >7cn (A 4~7em (B) < 4 cn (C) 0 cm (D) A+ C+D
%

Seed conditioning (S)

Before seed conditioning 77.6 11.0 6.6 3.4 90.0 10.0
After seed conditioning 82.2 11.1 6.4 0.2 93.3 6.7
LSD.05 ns ns ns 0.6 2.4 2.4
Culture method (C)

Overspraying 81.4 10.6 6.3 1.7 92.0 8.0
Underwatering 79.8 11.6 6.7 2.0 91.3 8.7
LSD.05 ns ns ns ns ns ns
S X C ns ns ns ns ns ns

"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
* Sorted by hypocotyl lengths of 6 day old sprouts.
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Table 49. Effects of seed conditioning and culture method on morphological characters of
soybean (cv. Pungsannamulkong) sprouts.’

Parameters Lateral root formation Length Diameter
Rate Number Hypocotyl Root Total Hypocotyl Hook
................... % no. SprOUt_l e O[] G prout_l ~= T Spr Out_l

Seed conditioning (S)

Before seed conditioning  71.5 3.3 11.3 8.5 19.8 2.17 1.55

After seed conditioning 74.4 3.8 11.4 6.3 17.7 2.12 1.53

LSD.05 1.3 ns ns 0.9 1.6 ns ns
Culture method (C)

Overspraying 76.0 4.2 11.6 7.5 19.0 2.13 1.56

Underwatering 70.0 2.8 11.2 7.3 18.4 2.15 1.52

LSD.05 1.3 0.7 ns ns ns ns ns
S X C ns ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, *% Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 50. Effects of seed conditioning and culture method on fresh and dry weights of

soybean (cv. Pungsannamulkong) sprouts.’

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root Total Cotyledon Hypocotyl Root Total
........................................................ mg Sprout_l mg Sprout_l

Seed conditioning (S)

Before seed conditioning 237.3 449.6 43.6 730.5 52.6 20.5 3.5 77.6
After seed conditioning 293.2 479.8 32.4 805.4 72.9 22.0 3.2 98.1
LSD.05 21.2 ns 9.8 19.7 4.8 ns ns 1.7

Culture method (C)

Overspraying 271.4 476.2 41.7 789.3 63.8 21.3 3.4 88.5
Underwatering 259.1 453.2 34.0 746.3 62.7 21.1 3.3 7.1
LSD.05 ns ns ns ns ns ns ns ns
S X C ns ns ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, *x Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.



Productivity§
6.8
7.9
0.6
7.6
7.1
ns
ns

Size
37.1
31.3
ns
35.8
32.5
ns
ns

Lesion spot
%

Rate
19.4
6.2
2.2
13.8
11.9
ns

conditioning and culture method.”

Seed size

X

After seed conditioning

Seed conditioning (S)
Before seed conditioning
LSD.05

Culture method (C)
Overspraying
Underwatering

Table 51. Lesion spot of soybean (cv. Pungsannamulkong) sprouts affected by its seed
LSD.05

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.

*Rate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Table 52. Effects of seed conditioning and imbibition period to hot water on composition

rate of soybean (cv. Pungsannamulkong) sprouts classified by their hypocotyl

length.T

A+B C+D

No—germ.
0 cm (D)

Abnormal
< 4 cm (C)

Normal
> 7 cm (A" 4~7 cm (B)

Parameters

%

Seed conditioning (S)

81.4 18.6

9.9
5.6

8.7
6.5

8.7
9.2

2.7

Before seed conditioning

12.1

87.2

78.7

After seed conditioning

LSD.05

4.4

4.4

ns

ns

ns

4.4

Dry heating period (C)

0 min. at 60C
15 min. at 60C
30 min. at 60C

LSD.05

86.3 13.7

6.9
7.2

6.8
6.8
9.1

7.8

78.6

14.1

85.9

9.3
9.7

76.5

85.8 14.2

9.1

72.1

ns

ns

ns

ns

ns

0.4

ns

ns

ns

ns

ns

X

"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.

¥ Sorted by hypocotyl lengths of 6 day old sprouts.
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Table 53. Effects of seed conditioning and imbibition period to hot water on morphological
characters of soybean (cv. Pungsannamulkong) sprouts.’

Parameters Lateral root formation Length Diameter
Rate Number Hypocotyl Root Total Hypocotyl Hook
................... % e 7Q), SprOLIt_l"""' e CII| P out_l s e [T Sprout_ I
Seed conditioning (S)
Before seed conditioning  71.3 2.1 10.6 7.1 17.7 2.32 1.62
After seed conditioning 72.5 3.0 10.4 7.2 17.7 2.21 1.41
LSD.05 ns 0.3 ns ns ns 0.06 0.04

Dry heating period (C)

0 min. at 60C 71.5 2.5 10.8 6.8 17.6 2.35 1.58
15 min. at 60C 70.5 2.3 10.3 7.6 17.8 2.27 1.50
30 min. at 60T 73.5 3.0 10.4 7.1 17.6 2.15 1.46
LSD.05 ns 0.4 ns 0.5 ns 0.08 0.05
S X C ns * ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, *% Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 54. Effects of seed conditioning and dry imbibition period to hot water on fresh and

dry weights of soybean (cv. Pungsannamulkong) sprouts.’

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total  Cotyledon Hypocotyl Root  Total
...................................................................... mg SDrOUt_l mg SprOUt_l

Seed conditioning (S)

Before seed conditioning 252.2 460.1 44.4  756.7 55.3 20.0 2.9 78.2
After seed conditioning 305.7 472.5 456 823.9 76.9 21.0 2.8 100.7
LSD.05 12.8 ns ns 24.7 3.3 0.6 ns 3.8

Dry heating period (C)

0 min. at 60T 279.1 468.9 46.5 794.5 67.3 20.8 2.8 90.8
15 min. at 60C 277.7 465.6 43.3 786.5 65.0 20.0 2.8 87.8
30 min. at 60T 280.3 464.4 45.3 789.9 66.0 20.7 2.9 89.6
LSD.05 ns ns ns ns ns ns ns ns

S X C *k ns ns ns * ns ns *

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, *% Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Productivity§
6.3
8.2
0.6
7.4
7.2
7.1
ns
ns

Size!
30.3
33.7
ns
34.1
30.1
31.3
ns
ns

Lesion spot
%

Rate
21.4
10.0
2.5
21.7
12.6
12.9
3.1
ns

conditioning and imbibition period to hot water.”

HEEkAl B So] e o m zALE QT

Parameters
0 min. at 60C
15 min. at 60C
30 min. at 60C

LSD.05
X

Before seed conditioning
After seed conditioning
LSD.05
Dry heating period (C)

Table 55. Lesion spot of soybean (cv. Pungsannamulkong) sprouts affected by its seed
Seed conditioning (S)

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.

3fRa\te of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Table 56. Effects of seed conditioning and imbibition period to hot water on composition

Pungsannamulkong) sprouts classified by their hypocotyl

rate of soybean (cv.

length.T

A+B C+D

No—germ.
0 cm (D)

Abnormal
< 4 cm (C)

Normal
> 7 cm (A" 4~7 cem (B)

Parameters

%

Seed conditioning (S)

7.0 17.3 65.4 34.6

9.0
3.0

15.6

49.8

Before seed conditioning

81.0 19.0

10.2

13.1

67.9

After seed conditioning

LSD.05

3.5

3.5

3.3

2.3

3.6

Hot water imbibition period (C)

0 min. 60C
5 min. 60C
10 min. 60C

LSD.05

6.9 86.3 13.7
15.7

6.8

7.8
10.9

78.6

3.4 80.9 19.1

31.0

70.0

52.3 46.7

16.7

24.4

27.9

4.3

4.3

4.1

3.7

2.9

4.5

*k3k

k3k

ns

*k3k

ns

X

"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.

¥ Sorted by hypocotyl lengths of 6 day old sprouts.
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Table 57. Effects of seed conditioning and imbibition period to hot water on morphological
characters of soybean (cv. Pungsannamulkong) SDI’OthS.T

Parameters Lateral root formation Length Diameter
Rate Number Hypocotyl Root Total Hypocotyl Hook
................... % no. SprOUt_l e CII| P out_l s e [T Sprout_ I
Seed conditioning (S)
Before seed conditioning  46.3 1.6 9.7 6.5 16.2 2.40 1.69
After seed conditioning 49.3 1.9 10.0 6.9 16.8 2.21 1.56
LSD.05 ns 0.3 ns ns ns 0.14 ns

Hot water imbibition period (C)

0 min. 60C 71.5 2.5 10.8 6.8 17.6 2.35 1.58
5 min. 60C 47.4 1.4 9.8 7.1 16.9 2.32 1.69
10 min. 60T 24 .4 1.2 8.8 6.2 15.0 2.24 1.61
LSD.05 11.6 0.3 0.8 ns 1.4 ns ns
S X C * * ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, *% Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 58. Effects of seed conditioning and dry imbibition period to hot water on fresh and
dry weights of soybean (cv. Pungsannamulkong) sprouts.’

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total Cotyledon Hypocotyl Root  Total
............................................................... mg Sprout_l mg Sprout_l

Seed conditioning (S)

Before seed conditioning 242.2 439.8 437 725.7 55.2 19.6 2.6 77.4
After seed conditioning 316.4 452.3 41.9 810.5 81.8 20.9 2.6 105.4
LSD.05 17.3 ns ns 53.5 4.2 ns ns 5.1

Hot water imbibition period (C)

0 min. 60C 293.3 488.0 51.8 833.1 70.8 21.7 2.9 95.3
5 min. 60C 279.1 468.9 46,5 794.5 67.3 20.8 2.8 90.8
10 min. 60T 265.4 381.2 30.1 676.8 67.6 18.3 2.2 88.0
LSD.05 21.2 45.7 5.6 65.6 ns 1.7 0.3 6.3
S X C * ns ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 59. Lesion spot of soybean (cv. Pungsannamulkong) sprouts affected by its seed

conditioning and imbibition period to hot water."

Lesion spot

Parameters Rato Siget Productivity§
%

Seed conditioning (S)

Before seed conditioning 46.8 42.2 5.4
After seed conditioning 37.5 39.4 7.4
LSD.05 3.8 ns 0.3
Hot water imbibition period (C)

0 min. 60C 21.7 36.3 7.4

5 min. 60C 33.2 36.6 6.9
10 min. 60°C 71.6 49.6 4.8
LSD.05 4.6 6.2 0.3
S X C ok ns ns

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
3fRate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.

(2) SAARZ g Sk A Bl ANk E
Edy 238 FATETR 783 FAet w4 HEFAAEV R AAE FAE

0.2%9°] acetic H+= propionic acidel] 2+-3F gt & Aujgt FupEo stus dol=2 73
T A 9 oA RS HER A A ® 603 2 AEAdel P =2 shlE dolrt
7 cm o]l AFY HES AT BFTAAEVIE AHAE AR A FuEddA =4
At o, updkol FiAl= WAl ZALE O] FESHE THe e A + Bl W&o #3dTh FAb
2ES gyste] Aujgt FuEol A= JIA HlE B xfolE Holx| 29kt

EYy F3E FAFHRV|E 83 T a4 SESAAEVE A" FAE 0.2%
9] acetic ¥+ propionic acid®l 23 Ak & At FEo] JE W= X 613 g}
Edy F28 F87|2 83 FAR e FuEddA A vlEo] mdon, JiA
Altae Abel7b gldvh. ahul =3t Bt Aol o]55 ke Aol B shulS A4 3 hook
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Table 61. Effects of seed conditioning and seed disinfection on composition rate of soybean
(cv. Pungsannamulkong) sprouts classified by their hypocotyl length.T

Culture Normal Abnormal No—germ.
temperature >7cm (A 4~7 em (B) < 4 cm (C) 0 cm (D) AT C+D
%

Seed conditioning (S)
Before seed conditioning 77.4 5.3 5.9 11.3 2.7 17.3
After seed conditioning 85.5 4.7 4.7 5.1 90.1 9.9
LSD.05 4.3 ns ns 3.6 4.2 4.2
Seed disinfection (C)
No treatment 82.7 4.6 5.3 7.4 87.2 12.8
Propionic acid 81.3 5.2 5.3 8.1 86.6 13.4
Acetic acid 82.3 5.2 4.3 8.1 87.6 12.4
LSD.05 ns ns 1 ns ns ns ns
S X C ns ns I ns ns ns ns

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
* Sorted by hypocotyl lengths of 6 day old sprouts.

Table 62. Effects of seed conditioning and seed disinfection on morphological characters of
soybean (cv. Pungsannamulkong) sprouts.’

Parameters Lateral root formation Length Diameter
Rate Number Hypocotyl Root Total Hypocotyl Hook
................... % no. SprOUt_l — SprOUt_l — SprOUt_l
Seed conditioning (S)
Before seed conditioning  51.8 3.8 11.3 7.8 19.1 2.22 1.63
After seed conditioning 33.7 3.2 11.6 7.3 18.9 2.25 1.63
LSD.05 4.3 ns ns ns ns ns ns
Seed disinfection (C)
No treatment 37.7 3.2 11.6 7.7 19.3 2.43 1.67
Propionic acid 41.8 4.0 11.7 7.3 19.0 2.32 1.61
Acetic acid 48.8 3.3 11.0 7.6 18.7 1.96 1.61
LSD.05 5.3 ns 0.4 ns ns 0.22 ns
S X C ok ok ok ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, *% Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Edy B8 T2 583 T2 adT SEgsAAEYE A" FAE 0.2%
9] acetic %=+ propionic acidel] 283+ A Egk & 2ust FupEe] Ao HAE = SHkS %

AV A= 633 2ok AT BEEsAAETIE AXE FAE s FUEoA] Sl
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Table 63. Effects of seed conditioning and seed disinfection on fresh and dry weights of

soybean (cv. Pungsannamulkong) sprouts.’

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total  Cotyledon Hypocotyl Root  Total
............................................................... mg SprOUt_l mg SprOUt_l

Seed conditioning (S)

Before seed conditioning 304.1 502.4 448 851.2 73.0 21.5 2.7 97.1
After seed conditioning 333.7 539.6 48.5 921.8 80.2 23.5 2.8 106.4
LSD.05 21.4 22.2 ns 43.9 4.9 1.3 ns 6.0

Seed disinfection (C)

No treatment 332.5 540.3 50.0 922.8 79.6 23.3 2.6 105.5
Propionic acid 306.8 506.2 445 8574 73.3 21.7 2.7 97.6
Acetic acid 317.4 516.4 45.5 R879.3 76.8 22.5 2.9 102.3
LSD.05 ns 27.1 5.3 53.7 6.0 ns ns 7.4
S X C ns ns ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, #* Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 64. Lesion spot of soybean (cv. Pungsannamulkong) sprouts affected by its seed

conditioning and seed disinfection.’

Lesion spot

Seed size Rate Sizet Productivity§
%
Seed conditioning (S)
Before seed conditioning 19.7 41.9 7.8
After seed conditioning 10.4 32.2 9.2
LSD.05 3.7 3.9 0.7

Seed disinfection (C)

No treatment 16.2 47.9 8.7
Propionic acid 15.4 38.3 8.2
Acetic acid 12.4 25.0 8.7
LSD.05 ns 4.8 ns
S X C ns ok ns

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.
fRate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Table 65. Effects of seed conditioning and temperature treat on composition rate of

soybean (cv. Pungsannamulkong) sprouts classified by their hypocotyl length.T

A+B C+D

No—germ.
0 cm (D)

Abnormal

>7cm (A 4~7cem(B) < 4 cm (C)

Normal

Parameters

%

Seed conditioning (S)

85.4 13.3

7.3
5.1

13.3 6.1

72.1

Before seed conditioning
After seed conditioning

LSD.05

13.1 0.3 89.4 10.5
ns

76.3

2.4

2.7

2.0

ns

2.0

Temperature treat (C)
No treatment

84.3 13.6

6.0
6.2

11.7 7.6

72.7

Dry heating(15min 60C)

Floating
LSD.05

0.7 84.8 11.9

3.8
1.9

13.2

71.5

89.1 10.3

6.4

14.7

74.4

3.0

3.3

ns

ns

ns

ke

ns

ns

X

"Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.

* Sorted by hypocotyl lengths of 6 day old sprouts.
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Table 66. Effects of seed conditioning and temperature treat on morphological characters of
soybean (cv. Pungsannamulkong) sprouts.’

Lateral root formation Length Diameter
Hypocot
Parameters Rate Number P l Y Root Total Hypocotyl Hook
................... % (), SDI"OU.t_l e ] SDrOUt_l — M SprOUt_l
Seed conditioning (S)
Before seed conditioning 19.2 2.6 11.1 6.4 17.5 2.23 1.59
After seed conditioning 21.8 2.6 10.0 6.6 16.7 2.39 1.64
LSD.05 5.0 ns 0.4 ns ns 0.05 ns
Temperature treat (C)
No treatment 19.1 2.8 10.7 6.5 17.2 2.42 1.67
Dry heating(15min 60C) 21.5 2.5 10.7 6.4 17.1 2.26 1.53
Floating 21.0 2.4 10.3 6.2 16.5 2.26 1.64
LSD.05 ns ns ns ns ns 0.07 0.08
S X C * ns ok ns ns * ok

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 67. Effects of seed conditioning and temperature treat on fresh and dry weights of
soybean (cv. Pungsannamulkong) sprouts.’

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root Total Cotyledon Hypocotyl Root Total
............................................................... mg SprOUt_l mg SprOUt_l
Seed conditioning (S)
Before seed conditioning 241.0 540.8 40.3 822.2 53.1 23.0 2.5 78.8
After seed conditioning 333.5 558.5 47.5 939.5 69.4 24.0 3.1 96.4
LSD.05 26.2 ns ns 35.3 5.9 ns 0.2 5.5
Temperature treat (C)
No treatment 294.0 545.0 43.1 882.0 60.4 22.9 2.7 86.0
Dry heating(15min 60C) 268.2 545.2 45.6 859.0 57.8 23.5 2.9 84.2
Floating 299.7 558.8 43.0 901.5 65.5 24.2 2.8 92.4
LSD.05 ns ns ns ns 7.3 ns ns 6.8
S X C ns ns ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

— 109 —



)

6&_

A FAz A

JJo

el
ol
|

—_
fite)

2

AdAe e 43 A =

oM A AR AT

Fizel

s

Fod A ul

(o) =
g o] &3S

M= zpol7) §lis Aoz ZAME Y upeia A Aol A

19 F4

A
H7F 7P Fokort AAAA

S EE

-
s

EELE!

S

=z

Al

R

my

4]

AmA e S

o =
=

dAe A

o= 7.

Table 68. Lesion spot of soybean (cv. Pungsannamulkong) sprouts affected by its seed

conditioning and temperature treat.’
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Seed conditioning (S)

7.0
7.8

0.3

27.1

12.4

Before seed conditioning

29.3

14.2

After seed conditioning

LSD.05

ns

1.6

Temperature treat (C)
No treatment

7.5
7.3
7.3

ns

28.8

21.3

15.3 29.2

Dry heating(15min 607C)

Floating
LSD.05

26.8

3.3

ns

1.9

ns

ns

X

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 day culture.

*Rate of lesion spot to cotyledon surface.

¥ Ratio of fresh sprout weight to seed dry weight.
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Table 69. Effects of seed cultivars and culture temperature on composition rate of soybean
sprouts classified by their hypocotyl length.T

Normal Abnormal No—germ.
Parameters o O T @) <4 Q) o0m@ ATB o CFD
%

Cultivars (C)
Pungsannamulkong 44.2 28.4 13.3 14.1 72.7 27.3
Sowonkong 62.9 25.3 6.2 5.6 88.3 11.7
Junjery 64.7 21.0 6.9 7.4 85.7 14.3
LSD.05 3.0 4.6 2.5 3.9 3.9 3.9
Culture temperature (T)
High Tem. (227C) 83.1 5.0 2.6 9.3 88.1 11.9
High—Low Tem. 81.4 7.3 6.1 5.2 88.7 11.3
Low—High Tem. 61.6 18.5 8.8 11.1 80.1 19.9
Low Tem. (15C) 3.0 68.9 17.7 10.4 71.9 28.1
LSD.05 3.5 5.3 2.9 4.5 4.6 4.6
C X T %% %k ns k% %% %%

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 days culture.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 70. Effects of seed cultivars and culture temperature on morphological characters of
soybean sprouts.T

Parameters Lateral root formation Length Diameter
Rate Number Hypocotyl Root Total Hypocotyl Hook
................... % no. SprOU.t_l e Ol SPT out N — MM Spr out - .

Cultivars (C)

Pungsannamulkong 9.0 0.7 9.4 3.8 13.2 2.14 1.53

Sowonjong 35.4 2.0 10.8 5.0 15.8 2.38 1.69

Junjery 26.9 1.7 11.0 5.4 16.4 1.90 1.48

LSD.05 6.1 0.2 0.4 0.5 0.8 0.09 0.04

Culture temperature (T)

High Tem. (22C) 62.2 4.1 14.9 6.5 21.4 2.10 1.63
High—Low Tem. 27.2 1.0 10.9 4.8 15.7 2.13 1.59
Low—High Tem. 5.0 0.8 9.4 4.3 13.8 2.13 1.55
Low Tem. (15C) 0.0 0.0 6.4 3.2 9.6 2.19 1.42
LSD.05 7.9 0.3 0.5 0.6 0.9 ns 0.05
C X T Hk ok *ok ok ok * *ok

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 days culture.

ns, *, *x Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 71. Effects of seed cultivars and culture temperature on fresh and dry weights of

soybean sprouts.T

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total  Cotyledon Hypocotyl Root  Total
............................................................... mg SprOUt_l mg SprOUt_l
Cultivars(C)
Pungsannamulkong 249.5 397.7 51.0 698.1 57.2 17.5 2.1 76.8
Sowonkong 276.9 417.3 34.2 7285 66.9 20.1 2.4 89.4
Junjery 211.9 373.4 32.2 6175 48.7 17.6 2.7 68.9
LSD.05 17.2 25.9 ns 47.3 4.4 1.2 0.1 5.4

Culture temperature (T)

High Tem. (22°C) 271.3 603.8 36.4 911.4 55.8 25.4 2.6 83.8
High—Low Tem. 242.2 4459 33.4 721.5 56.2 19.5 2.6 78.2
Low—High Tem. 249.4 392.2 32.6 674.2 59.8 18.1 2.4 80.3
Low Tem. (15C) 234.8 262.7 32.1 551.6 62.7 13.3 2.1 78.0
LSD.05 19.9 29.9 ns 54.7 5.1 1.3 0.1 ns

CXxXT * *k ns * ns * ok ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5
minutes of the 3 hour aeration before culturing.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 72. Lesion spot of soybean sprouts affected by its seed cultivars and culture

temperature.T

Lesion spot

Parameters Rato Siget Productivity§
%

Cultivar (C)

Pungsannamulkong 7.6 27.8 6.4
Sowonkong 10.7 34.8 6.9
Junjery 6.6 35.1 7.6
LSD.05 0.8 ns 0.4
Culture temperature (T)

High Tem. (227C) 13.9 34.3 8.4
High—Low Tem. 9.2 34.2 7.5
Low—High Tem. 9.0 36.8 6.8
Low Tem. (15C) 1.1 25.0 5.2
LSD.05 1.0 ns 0.4
CXxXT ok ns ns

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 days culture.
fRate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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Table 73. Aeration effect of irrigation during culturing in the underwatering method on

morphological characters of soybean Sprouts.T

Aeration Lateral root formation Length Diameter
Number Hypocotyl Root Total Hypocotyl Hook
....... no. SpI"OLIt_l s O[] G prOUt R ~= MM Spr out - .
No aeration 2.7 11.2 5.7 16.9 2.39 1.53
Aeration 3.2 13.5 8.0 21.5 2.34 1.55
LSD.05 ns 0.7 ns 2.9 ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5

minutes of the 3 hour aeration before culturing.
ns, *, =% Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 74. Aeration effect of irrigation during culturing in the underwatering method on

fresh and dry weights of soybean Spl’OthS.T

Aeration Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total  Cotyledon Hypocotyl Root  Total
............................................................... mg Spl"OUt_l mg Spl"OUt_l
No aeration 225.6 572.1 35.0 832.6 50.4 24.1 2.2 76.7
Aeration 244.2 678.6 45.0 967.9 51.2 27.4 2.6 81.2
LSD.05 ns 62.8 8.5 88.7 ns 2.5 ns ns

" Seeds were imbibed for 5 hours into water and then illuminated with red light for 5

minutes of the 3 hour aeration before culturing.
ns, *, #* Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

st WAlol A AF aeration - AR AWE FuE] A HAEE Sub
= A Ade 3 75%F Ak SEbdA Bl S M= aeration AAIE G WA 2AE A0
SRka7]9} AAbrEgole S PAA R AS 2AEAT stAET WA E A A
G- SHREAY Hlgo] WSk A aeration F3 AlwjEd] ZE7F wrolx]= Aol 7|R1E Ao
s Atk
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Table 75. Lesion spot of soybean sprouts affected by its Aeration of irrigation during

culturing in the underwatering.T

Lesion spot

eration Rate Siget roductivity
%
No aeration 22.9 31.2 7.2
Aeration 12.4 29.8 8.0
LSD.05 2.8 ns ns

" Seeds were imbibed for 5 hours into water and then aerated for 3 hours before 6 days culture.
ifRate of lesion spot to cotyledon surface.
¥ Ratio of fresh sprout weight to seed dry weight.
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=
UEFS F3A], 5AIZE 1047 20717 B9 oS, 7]yl ~gubaj o2 ghol AP A 7]
HTE o]&35te] dfFe AF HIAARFTEA)S A3 Hge] 95 s 20'Beo]™, d

2 & o]83} Ao Kieldahl¥, 2432 MohrH, o=
A St e YEEXHAHS o] 83511 X == Retronic BT-RS1(swiss) & A== Al

Z}FAl (Minolta spectrophotometer, CM—3500d, Japan)® L, a, bgte 2 439 tt.pHE= pH
meter(Orion 420, USA)Z F743}%l3 e 0.IN-NaOHZ A Aste] dArtoz 3hakslgith
TANTF EAJEAS TA XT2 Texture Analyser(SMS Co. Ltd., England)olA]
TPA(Texture Profile Analysis)® A3t o, SHZAL pre—test speed 1.0 mm/s, test
speed 2.0 mm/s. post—test speed 1.0 mm/sE AAsATH EAHEAXE =34 T Adojzl 3 —
AZE g Z2 S35k al, A (hardness), FA13 A (fractubility), % 2H4d (adhesiveness),
springiness(§F2 A1), cohesiveness(-&34), gumminess(H4), chewiness(F A )= T3}t
TR S AR 1 g8 FAEINAHNOs : HCLOs = 20 : 6)2.2 312 ofAg Hdg
o wz} 343te] K, Ca, Mg, Na, Fe, Mn, Zn = Atomic Absorption Spectrophotometer
(Perkin elmer, Analyst 300, USA)E& o]&3}o EA3HT. fFEjoln ko] 242 Al8E 7
Z} oln| = AF FE-A18 Lithium citrate buffer® 1008] 3213k t}2 0.45 mm membrane filter®}
Sep—pak Cis cartridged] A7 = AccQ—Tag' " methodE o]€3}o] 3ulS F 3 HPLCE
A5t AFg3E 7] 7] = Waters Allience 2695 System (2475 Fluorescence detector)©] %L,
HS AccQ—tag column (3.9X150mm) < AH&3SFSITE #4221 % 13 2h Atz &
< A8 0.2g5 AEgs HI T Eukade YW AA" AR WA 05
Methanol—=NaOH 5ml& % 7}ste] 55 <t HH8-A|Z1 £ BF3;—methanol 5ml H7}stal 3 %
WS 53 hexane bomlE ©il 1% X3

<
=
YA F7 sodium sulfateo] oJ3AA s AT ta A 24 AlRE2 ARES)

N
2 Z

M

o saturated salt solution= % 7}sf hexane®

32
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o GCE o] &3k &A1& Table 29 2o} dAAW A 29 UEFTS A, 2 A6t
AW Tt (Asp. oryzae) &= AElgh F g 243 A3 § FAAZs =T 19
S FAPAAE Y] (SEM)2 CARL Zeiss(German)2] VP14205 ©]83}9], gold coating®] =
0008 o] v ol A ES BFET A HAAEHS 7243 TaY F5ge

5
A3k PEE WA e A B AWM D Fat WAt A2 GBoR TR 9
a]

Table 1. HPLC conditions for analysis of free amino acid composition

Instrument Conditions
Column Waters AccQ—tag column 3.9X150mm
Column Temperature 37C
A : Acetate—phosphate buffer
Eluent
B : 60% ACN solution
Flow rate 1.0 mL/min
Wavelength Excitation : 250nm
Emission @ 395nm
Injection volume 3ul
Ak GC—MISel| o]k H=7del| EAlehs #F §74

AerHo sz g A7l 7@%”, B. subtilisE HA7WA A AZ3 F=3, Asp. oryzaeES A7HA
71 Az A=ge]l A5 gas chromatographyE  ©]&3te] AAtel w7k peak
microbial identification system(MIDI; Microbial ID, Inc., Newark, Delaware U.S.A)%]
sherlock softwareoll A= EFEVAEQ] library?] fatty acid profiles¥} H]uLd}o] 2}524 o0 =2
datad} sto =X MAES FATI Y. GC= GC 6890 series@ capillary column (INNOWAX
30m—diameter><0.25mm—1I1D>0.25/m—film thickness)<= A&} T} Injectors= split injection port
& detectori= FIDE AHE3FlaL, 7425 Ny, Hy, air2 £%% 99.99%% AHgskalen, 742t
o] 42 30, 30, 400 ml/mine|tt. GC EAzAL injection temperaturesx= 2507C,
detector temperature= 300C, oven temperature= 150~300C= A3}t

2k WA 4o g AxE 9 FA

R8s

LS|
ax

A
M

(1) Head space F+=
G TAAZX A=A 0.5g= headspace® 20ml vialel Ho} headspace
autosampler(Elite 624)2 =39ttt XL 150C 254 158 H¢F HF3} AJH o

GC/MSell F-az3tel @742 F=9d Imls 1wt FA83th
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(2) GC/MSH#4
FE=3 P ELS GC/MSE o]g3ste] AASITE. GC/MSE  Perkin ElmerAl2]  Clarus
600(Elite 624 MS)S o] 83}¥ 3 AH-& HP—-1(60m x0.25mmx1.4m) = A-E3Fth QB2
40°Coll A 387 643 & B 5C=E 230C7A A Hom o] LxdA] 787 5289t
FYUTY 25+= 200C=E 31 o™ carrier gasv+= 2FS AFE3SG 1 28 F5 S Iml/min= 3}

al T
vt 2l¥ 7} peaki= Mass spectral libraries NIST 98°l 2]3) =73}

Table 2. Gas chromatography conditions for analysis of fatty acid composition

Instrument Conditions
Column INNIWAX 30m>x0.25mm>><0.25um
Detector Flame Ionization Detector(FID)

Carrier gas H,, Air, No

Oven temperature 150C
Injection temperature 2507C
Injection volume 0.5ul
Detector temperature 2507C
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Table 4. Chemical component in different soybean sprout soaking and cooking condition

Treatment

Control 5 hours 10 hours 20 hours
Items

Normal Steam Normal Steam Normal Steam Normal Steam
pressure pressure pressure pressure pressure pressure pressure pressure

Moisture 59.09 65.75 64.36 66.27 62.89 62.32 62.45 74.66

Crude 14.92 1549  14.80  15.07  15.64  16.40 1547  16.23
protein
Crude lipid  6.64 6.34 6.40 3.28 7.00 5.24 7.03 4.05
Crude ash  2.65 1.38 2.23 0.10 2.97 0.78 1.97 1.55
Sugar
content 13.30 5.10 9.10 5.90 10.0 4.90 5.80 5.10
(°Brix)

Fo] Anbd 545 AuRW Table 5914 B wpe} ot
Z2pA o] BAIGlo] FA st A% HE 6.76~6.92%, A4 = pH7F 7.0

0~7.15019c). FESFE ol e Aiae X Exx7 #Agle] H=sT).

rob

)

AN
(o]

o]

Table 5. Chemical properties in different soybean sprout soaking and cooking condition

Treatment
ltems Control 5 hours 10 hours 20 hours
Normal Steam  Normal Steam  Normal Steam  Normal  Steam
pressure pressure pressure pressure pressure pressure pressure pressure
pH 6.76 6.92 7.15 7.14 7.00 7.11 7.02 7.09
Titratable

o 0.17 0.13 0.17 0.17 0.17 0.26 0.25 0.17
acidity (%)

Water activity

(Aw)
Formol N

(mg%)

0.98 0.96 0.98 0.99 0.97 0.98 0.98 0.98

0.63 0.63 0.63 0.63 0.60 0.59 0.66 0.63
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Table 6. Hunter value in different soybean sprout soaking and cooking condition

Hunter value '

Treatment

L a b
Normal pressure 46.78 10.98 29.35
Control
Steam pressure 49.80 11.13 31.06
Normal pressure 45.89 11.54 27.49
. 5 hours
Soaking Steam pressure 51.19 11.13 29.05
condition Normal pressure 50.69 11.10 30.00
10 hours
Steam pressure 52.59 11.06 31.02
Normal pressure 52.30 11.00 29.00
20 hours
Steam pressure 53.96 10.51 29.03

J L : Lightness; a : redness(+ red, — green); b : yellowness(+ yellow, — blue)

g opr] 1=t

delete] Az Yamgel frelobrieits 54 Ak Table 73 2t
o golr=ako] 265.34 mghE 7HE Wk,
= =3 mFet 2 ow Az YesF
=7} Zk2F 167.53, 149.08 mg%eol o, T3 A|ste] 7hebAl o= Az w53 wF9f &
gk o7 A Z3F WFF WF7b 2H2E 144.67, 128.98 mg% ©) 3

al

A zs JEF WF7F 127.68 mg%h, 20417 AA o] ~gwkAom A X3 wFF wF:e 7}
o3}
A
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of #AIgle] asparaginec] 7Hd Bokil, T o ® ART WWEAS EIAIA

uFS U)+= aspartic acid, proline, glutamic acid7} F¥o] U= AO 2 ERoH o]2]

obH| .=k 148 0] S Eo] Ut - FHA K= SAIE A oA, TFbA B

WA A frElot| iike] EAS BHAA|NE SAIZE AR O] UEF e g T A
g )

N4 fefobulnal gupel Apolsh A 2 AL B ul,
)
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Table 7. Free amino acid composition in different soybean sprout soaking and cooking
condition

(unit : mg%)

Treatment
. . No—soaking soaking of 5hrs soaking of 10hrs soaking of 20hrs
Free amino acid
Normal Steam Normal Steam Normal Steam Normal Steam

pressure pressure pressure pressure pressure pressure pressure pressure

Aspartic acid 47.86 28.35 22.90 24.45 24.50 21.55 9.18 18.86

Serine 23.36 9.62 16.10 14.76 9.98 7.54 9.15 8.82
Glutamic acid 28.97 14.92 18.21 16.34 16.78 21.13 12.64 14.29

Glycine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
*Histidine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
*Arginine 77.99 24.34 49.59 37.07 37.37 21.78 36.96 33.09
*Threonine 7.05 3.43 5.14 4.29 4.71 3.79 4.12 4.33

Alanine 13.41 6.15 9.53 9.88 12.57 13.38 5.89 9.92

Proline 43.78 24.77 28.52 25.92 21.72 24.09 19.33 20.56
Cysteine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tyrosine 7.34 7.13 6.64 6.63 5.61 5.92 6.38 5.62

*Valine 0.70 0.70 0.64 0.64 0.78 0.69 0.58 0.86

*Methionine 4.79 2.44 3.45 3.14 3.05 2.61 3.32 2.86

*Lysine 4.42 2.40 2.52 2.47 3.16 2.38 3.57 2.74
*[soleucine 2.77 1.81 1.73 1.43 1.97 2.07 1.83 1.92
*Leucine 2.35 1.17 1.95 1.55 1.62 1.38 2.28 1.73

*Phenylalanine 0.56 0.45 0.61 0.52 0.86 0.69 0.52 0.90

Total amino acid 265.34 127.68 167.53 149.08 144.67 128.98 115.71 126.50

*Essential amino
. 100.63 36.74 65.63 51.11 53.52 35.39 53.18 48.43
aci
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gl & EAS Texture analyzer® =743 A3} Table 8
S WYPA7]|=d BAIE = A (Hardness) 7Htel 4
golal, ~®o] 7§ 143.5~258.6 g9 WE F3AZto] AojHd45
(cohesiveness)< T3 SR A= 7[R Y= 2gW2o] okt =qkal

S5t

&
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)
a2
2
ol\
_|>i
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4 o

Table 8. Texture analysis in different soybean sprout soaking and cooking condition

Treatment
Items Control 5 hours 10 hours 20 hours
Normal Steam Normal Steam Normal Steam Normal  Steam
pressure pressure pressure pressure pressure pressure pressure pressure
Hardness 320.1 258.6 269.9 239.4 81.9 158.2 72.5 143.5

Fractubility 401.8 326.0 301.5 207.7 198.5 171.0 170.6 169.4

Adhesiveness  —14.7 —46.3 —35.6 —50.8 —26.0 —35.0 —40.0 -50.1
Springiness 0.7 0.7 0.8 0.8 0.7 0.7 0.6 0.8
Cohesiveness 0.2 0.3 0.2 0.3 0.3 0.3 0.3 0.4
Gumminess 55.8 73.3 54.6 72.0 24.0 47.2 21.2 47.9
Chewiness 36.7 50.2 44.1 57.0 17.5 35.4 15.6 39.7

6) w529 F7IEE

Table 9. Mineral contents in different soybean sprout soaking and cooking condition

(unit : mg%)

Treatment

. Control 5 hours 10 hours 20 hours
Minerals

Normal Steam Normal Steam Normal Steam Normal Steam

pressure pressure pressure pressure pressure pressure pressure pressure

K 482.4 533.7 505.1 478.5 568.0 437.0 538.1 441.3
Ca 37.7 38.9 37.6 28.6 39.1 34.5 40.0 47.7
Mg 84.1 102.4 85.4 104.1 99.3 76.1 88.8 72.2
Fe 23.9 4.4 8.0 21.1 5.5 27.9 3.9 6.9
Mn 1.7 1.5 1.4 1.5 1.5 1.3 1.6 1.5
Zn 3.5 2.3 2.5 6.9 2.3 1.9 2.4 1.7
Total 633.3 683.2 640.0 640.7 715.7 578.7 674.8 571.3

- 128 —



Table 10, 11 18]

-

o7 Ax3 HFE= 6.99204

23}

T

0]
T

3] Asp. oryzae®} B. subtilis Ev oA FAH

S

w23 Al 2 St

-
-

98.2~98.821d] ¥tal| Asp. oryzae

-
-

A7F

Evr 9 B osubtilis 1t

d

X

3|

S

s
St

o

7}l u}

=]
=

B. subtilis&t

PN
T

KeN
=

M

M
T
i)

ol 4
7V 88 wbH | Asp. oryzaeEyt A 7Fo whEbA]

o] 7] oj

il

ThEEE

=

=]

=

pu—

<ol uf

[¢)

=

A Z A

=
T

T8 =S 490.1 mg%eldl ®Fal Asp.

T

h S

=2 Az

o wa} Z+zF 490.6 mg%, 511.4 mg%, 503.2 mgh= =%

TS HE3 A3 1% Asp. oryzae &

=

[

el

o

ol Bl K, Mg, CadeFol wsich. ujeba v

71 <

=
[}

°©

’

1A

g

il

o]
Nt

%)
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Crude
ash
1.27
1.54
1.36
1.29
1.24
1.45
1.29

Crude

lipid
7.35
6.05
5.51
5.19
8.02
6.80
6.22

Crude protein
14.79
16.27
14.80
14.42
14.87
14.80
15.07
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67.33
67.54
69.88
68.76
69.48

Moisture
68.23
72.21

Treatment
0.5%
1.0%
2.0%
0.5%
1.0%
2.0%

and addition of starter cultures
Control

Strain
B.subtilis

Table 10. Chemical component of soybean sprout Meju prepared by different strains
Asp.oryzae




Table 11. Chemical properties and hunter value of soybean sprout AMeju prepared by

different strains and addition of starter cultures

Wat /
. Titratable e.l.er Formol N Hunter value
Strain Treatment pH . activity
acidity (%) (mg%) L a b
(Aw)
Control 6.99 2.99 98.8 114.67 61.99 7.07 25.86
0.5% 7.50 6.88 98.2 114.47 54.90 7.43 26.53
B.subtilis 1.0% 7.18 9.84 98.5 138.16 54.58 7.82 26.64
2.0% 6.84 8.72 98.6 148.30 56.09 7.46 26.98
0.5% 6.64 10.27 94.6 137.60 56.99 8.21 26.49
Asp.oryzae 1.0% 6.62 12.00 96.9 140.17 55.33 7.27 27.32
2.0% 6.95 9.22 99.2 148.51 54.71 7.56 26.38

J L : Lightness; a : redness(+ red, — green); b : yellowness(+ yellow, — blue)

Table 12. Mineral contents of soybean sprout Meju prepared by different strains and
addition of starter cultures

(unit : mg%)

Minerals (mg/100g)

Strain Treatment
K Ca Mg Na Fe Mn Zn Total
Control 339.2 68.7 68.6 2.8 7.5 1.4 1.9 490.1
0.5% 318.6 68.2 79.3 4.5 2.0 1.3 2.0 475.9
B.subtilis 1.0% 310.9 88.0 82.4 2.8 3.6 1.4 1.3 490.4
2.0% 304.2 56.2 77.4 4.6 3.3 1.3 2.1 449.1
0.5% 319.1 66.7 83.1 8.3 9.2 1.5 2.7 490.6
Asp.oryzae 1.0% 352.1 62.9 83.3 4.2 4.8 1.5 2.6 511.4
2.0% 335.4 83.3 77.8 3.2 0.3 1.4 1.8 503.2

(W) s =0l wpet Al Z23 w52 o]slsld E4
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Table 13. Chemical component of soybean sprout Meju prepared by chopper diameter

and different strains

(unit © %)
Diameter ) ) ) Crude Crude
Treatment Strain Moisture  Crude protein o
(§) lipid ash
1 0% A.oryzae 62.35 16.52 8.05 1.62
- B.subtilis 64.93 16.49 8.14 1.59
10mm
9 0% A.oryzae 63.48 17.05 8.68 1.78
o B.subtilis 64.63 15.53 7.79 1.86
1.0% A.oryzae 66.45 17.05 9.10 1.63
- B.subtilis 65.63 15.53 9.05 1.77
20mm
509 A.oryzae 67.29 15.57 8.60 1.64
o B.subtilis 66.20 17.15 8.56 1.57

Table 14. Chemical component of soybean sprout Meju prepared by

and different strains after fermentation 10 days

chopper diameter

(unit @ %)
Diameter ) ) ) Crude Crude
Treatment Strain Moisture  Crude protein o
($) lipid ash
1.0% A.oryzae 58.43 19.43 10.12 2.01
o B.subtilis 59.92 18.70 9.56 2.24
10mm
5 0% A.oryzae 57.31 18.53 10.97 2.42
- B.subtilis 59.82 20.65 10.64 1.99
1.0% A.oryzae 55.12 18.53 12.05 2.25
o B.subtilis 55.49 20.65 12.52 2.04
20mm
5 0% A.oryzae 62.75 18.24 11.23 2.07
- B.subtilis 60.76 19.21 10.58 1.98
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Table 15. Chemical properties and hunter value of soybean sprout AMeju prepared by

chopper diameter and different strains

Diameter . Titratable Formol N Water activity
Treatment Strain pH o
($) acidity (%) (mg%) (Aw)
1 0% A.oryzae 7.35 0.00 176.53 100.1
a B.subtilis 8.35 0.00 150.48 100.3
10mm
5 0% A.oryzae 7.50 6.58 170.09 98.3
o B.subtilis  7.70 4.56 162.45 97.0
1.0% A.oryzae 8.40 0.00 195.38 98.9
. B.subtilis  8.42 0.00 148.11 100.4
20mm
5 0% A.oryzae 5.93 21.52 167.08 95.3
- B.subtilis 6.89 13.84 135.08 99.7
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Table 16. Chemical properties and hunter value of soybean sprout AMeju prepared by

chopper diameter and different strains after fermentation 10 days

Diameter ) Titratable Formol N Water activity
Treatment Strain pH o
(%) acidity (%) (mg%) (Aw)
1.0% A.oryzae 5.83 10.45 210.11 95.0
a B.subtilis 5.00 29.29 199.35 95.6
10mm
5 0% A.oryzae 8.10 0.00 210.38 95.6
— B.subtilis 8.12 0.00 208.50 94.8
1.0% A.oryzae 5.00 22.38 205.75 96.8
7 B.subtilis 5.01 29.15 200.112 96.6
20mm
5 0% A.oryzae 7.98 8.07 232.68 98.6
h B.subtilis 8.00 5.61 224.38 96.3

Table 17. Hunter wvalue of soybean sprout Meju prepared by chopper diameter and

different strains

Diameter . Hunter value
Treatment Strain
($) L a b
A.oryzae 48.5 8.7 27.4
1.0% .
B.subtilis 46.3 8.5 26.7
10mm
A.oryzae 47.6 8.9 27.3
2.0% .
B.subtilis 449 9.4 26.6
A.oryzae 47.3 8.6 27.8
1.0% .
B.subtilis 47.4 8.5 27.4
20mm
A.oryzae 50.1 8.2 23.5
2.0% .
B.subtilis 48.2 9.5 26.9
J L : Lightness; a : redness(+ red, — green); b : yellowness(+ yellow, — blue)

Table 18. Hunter wvalue of soybean sprout Meju prepared by chopper diameter and

different strains after fermentation 10 days

Diameter Treat . Strai Hunter value’
) reatmen rain L N b
A.oryzae 39.8 10.4 27.5
1.0% .
B.subtilis 37.9 10.5 27.4
10mm
A.oryzae 36.5 10.7 26.1
2.0% .
B.subtilis 37.0 10.7 26.8
A.oryzae 38.9 11.0 28.5
1.0% .
B.subtilis 39.0 11.2 28.8
20mm
A.oryzae 34.5 9.1 23.8
2.0% .
B.subtilis 37.8 10.6 26.6
J L : Lightness; a : redness(+ red, — green); b : yellowness(+ yellow, — blue)
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Table 19. Mineral contents of soybean sprout Meju prepared by chopper diameter and
different strains

(unit : mg %)

Diameter Minerals (mg/100g)
Treatment Strain

($) K Ca Mg Na Fe Mn Zn  Total
1.0% A.oryzae 581.5 118.7 124.2 6.1 12.5 1.9 0.7 845.6
Lomm B.subtilis 548.2 100.9 118.4 5.9 15.2 1.8 0.6 791.0
9.0% A.oryzae 510.3 86.8 101.9 29.1 7.2 1.5 1.3 738.1
B.subtilis 508.2 83.5 98.1 25.4 8.1 1.4 0.6 725.3
1.0% A.oryzae 491.5 102.6 106.5 6.6 20.4 1.5 1.0 730.1
90mm B.subtilis 453.8 92.6 102.5 3.2 8.5 1.5 0.1 662.2
9.0% A.oryzae 511.3 76.3 90.8 32.0 0.4 1.2 0.2 712.2

B.subtilis 466.7 85.7 94.6  31.3 8.3 1.1 0.1 687.8

Table 20. Mineral contents of soybean sprout AMeju prepared by chopper diameter and
different strains after fermentation 10 days

(unit : mg %)

Diameter _ Minerals (mg/100g)
Treatment Strain

() K Ca Mg Na Fe Mn Zn Total
L0% A.oryzae 567.5 111.4 132.3 8.3 16.2 2.1 2.3 840.1
L 0mm B.subtilis 570.4 110.1 80.4 7.9 10.1 1.8 2.1 782.8
9 0% A.oryzae 690.4 100.4 138.6 25.3 5.9 1.9 0.8 963.3
B.subtilis 663.3 97.6 126.6 26.0 14.9 1.7 1.1 931.2
1.0% A.oryzae 555.6 93.8 115.9 9.4 19.6 1.7 2.2 798.2
90mm B.subtilis  498.5 90.1 95.2 9.3 10.5 1.6 0.7 705.9
5 0% A.oryzae 652.0 107.6 120.1 30.4 7.5 1.6 1.2 920.4

B.subtilis 665.6 94.2 111.6 31.5 2.6 1.7 2.1 909.3
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Table 21. Chemical contents of soybean sprout Meju prepared by different fermentation

temperature and methods

(&9 %)

Temperature Fermentation Moisture Crude protein Cr'u('ie Crude
method lipid ash

Control 61.98 17.07 8.13 1.94

40T B.subtilis 58.62 18.65 8.88 2.40
A.oryzae 59.77 18.65 9.73 2.28

Control 57.56 18.78 10.33 2.38

45T B.subtilis 58.54 19.95 9.56 2.46
A.oryzae 58.75 19.08 8.74 2.32

Table 22. Chemical preperties of soybean sprout Meju prepared by different fermentation

temperature and methods

Temperature Fermentation oH Ti'tr.atable Water activity Formol N

method acidity (%) (Aw) (mg%)
Control 7.24 0.34 0.98 0.23

40T B.subtilis 7.83 0.29 0.99 0.57
A.oryzae 8.12 0.17 0.95 0.63
Control 8.73 0.00 0.97 1.22

45T B.subtilis 8.58 0.00 0.97 0.68
A.oryzae 8.75 0.00 0.99 0.56
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Table 23. Mineral contents of soybean sprout Meju prepared by different fermentation
temperature and methods

(unit : mg%)

Fermentation Minerals (mg/100g)
Temperature
method K Ca Mg Fe Mn Zn Total
Control 147.5 66.0 160.9 6.9 1.3 2.1 384.7
40C B.subtilis 199.0 64.8 194.4 14.9 1.5 1.7 476.3
A.oryzae 175.5 67.0 172.5 4.2 1.4 1.9 422.5
Control 147.6 60.5 98.22 4.0 1.5 2.0 313.8
45T B.subtilis 181.7 69.4 102.4 5.0 1.5 1.6 361.6
A.oryzae 106.6 66.4 78.34 4.3 1.2 1.8 258.6

Table 24. Hunter value of soybean sprout Meu prepared by different fermentation

temperature and methods

Temperature Fermentation Hunter value'’
method L a b
Control 59.37 8.55 25.85
40T B.subtilis 48.93 9.18 28.78
A.oryzae 48.90 8.76 27.43
Control 51.28 7.91 28.74
45T B.subtilis 46.58 8.59 29.52
A.oryzae 49.34 7.97 28.92

J L : Lightness; a : redness(+ red, — green); b : yellowness(+ yellow, — blue)
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Table 25. Chemical compositions of soy sauce with different soaking and cooking condition

Treatment

Shours 10hours 20hours

Control

Items

Steam Normal Steam Normal Steam Normal Steam

Normal

pressure pressure pressure pressure pressure pressure pressure

pressure

74.39

72.50
18.56

75.19 73.84 74.59

75.07

73.79
20.38

74.31

Moisture

21.02

20.16

19.74

19.63

20.10

21.40

Crude ash

Total

0.70 0.72 0.70 0.70 0.56 0.69 0.43

0.55

nitrogen
Nacl
Formol N

30.55

29.70 26.86 27.25 27.99 26.50

28.05

30.52

214.03 190.71 189.34 192.08 178.36 194.82 175.20 183.85

(mg%)

6.72 6.99 6.65 6.76 5.85 6.58 5.67 6.44

pH

Titratable

3.44 3.44 3.62 5.47 3.97 5.50 3.26

3.79

acidity
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Table 26. Contents of mineral of soy sauce with different soaking and cooking condition

Treatment
Minerals Control Shours 10hours 20hours
Normal Steam Normal Steam Normal Steam Normal Steam
pressure pressure pressure pressure pressure pressure pressure pressure
K 415.7 506.7 342.2 352.5 334.0 315.4 320.1 311.9
Ca 3.9 2.6 4.7 8.3 19.0 6.4 18.9 6.6
Mg 154.3 147.4 147.0 140.2 161.5 150.8 162.0 156.6
Fe 4.4 7.4 5.2 10.4 2.8 9.9 3.0 5.2
Mn 0.1 0.2 0.2 0.2 0.2 0.3 0.2 0.1
Zn 0.5 0.8 0.8 1.2 0.5 2.0 0.6 2.5
Total 578.9 565.1 500.1 512.8 518.0 484.8 504.8 428.9
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Table 27. Free amino acid of soy sauce with different soaking and cooking condition

(H9] - mg%)
Treatment
It Control Shours 10hours 20hours
ems
Normal Steam Normal Steam Normal Steam Normal Steam

pressure pressure pressure pressure pressure pressure pressure pressure

Aspartic acid 100.0 40.7 98.0 101.3 73.3 66.7 51.3 62.7
Serine 61.3 40.7 38.7 28.0 0.0 40.0 31.3 38.7
Glutamic acid 610.7 228.7 438.0 430.0 278.0 318.7 257.3 272.0
Glycine 154.0 56.0 114.7 160.7 111.3 122.0 92.0 105.3
*Histidine 115.3 43.3 42.7 65.3 54.7 66.7 90.7 44.7
*Arginine 32.0 39.3 32.7 18.7 22.0 32.0 22.7 19.3
*Threonine 75.3 12.7 50.0 49.3 42.7 69.3 39.3 57.3
Alanine 232.0 6.0 162.0 145.3 94.7 131.3 97.3 126.7
Proline 135.3 40.0 49.3 122.0 23.3 85.3 26.0 66.0
Cysteine 22.0 12.0 13.3 14.7 8.7 24.7 0.0 18.7
Tyrosine 168.7 90.7 158.7 192.0 152.7 139.3 130.7 118.0
*Valine 244.0 76.0 170.0 210.0 161.3 147.3 126.7 117.3
*Methionine 57.3 36.7 48.7 66.7 48.0 58.7 42.0 46.0
xLysine 295.3 158.7 291.3 219.3 168.0 207.3 213.3 196.0
*[soleucine 163.3 48.0 104.7 129.3 100.7 94.0 75.3 74.7
*Leucine 350.0 110.7 234.0 279.3 218.7 200.0 164.7 155.3
*Phenylalanine 270.7 121.3 235.3 304.0 220.7 200.0 184.0 156.7
Total amino acid 3,087.2 1,161.5 2,282.1 2,535.9 1,778.8 2,003.3 1,644.6 1,675.4
*Essential amino
acid 1,603.2 646.7 1,209.4 1,212.6 1,036.8 1,075.3 958.7 867.3
GA/TA(%)" 19.78 19.69 19.19 16.96 15.63 15.91 15.65 16.24

YGA/TA(%) : Percentage of glutamic acid content/total amino acid content
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Fig. 1. Photograph for soy sauce and soybean paste made with soybean sprout
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Table

cooking condition

Treatment

Shours 10hours 20hours

Control

Items

Steam Normal Steam Normal Steam Normal Steam

Normal

pressure pressure pressure pressure pressure pressure pressure

pressure

55.27

59.01

56.24

58.86

57.26

58.11

55.52 58.08

Moisture

10.82 10.61 10.67 10.78 10.91 10.50 12.89

12.42

Crude protein

5.19
16.63

2.99 3.07 2.37 3.50 4.05 3.58
17.40 16.43 16.95 15.78 16.50

17.31

2.75
16.72

Crude lipid

Crude ash

78.90

81.00

80.20

80.90

82.20

80.60

80.90

78.90

Water acidity

(Aw)
Formol N

87.81 182.29 100.16 101.39 102.78 101.45 102.92 137.75

(mg%)

6.72
32.18

6.20

32.50

6.78
29.87

7.29 6.37 7.04 6.17
32.40 29.73 31.59

33.60

6.86
32.08

pH

NaCl
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Table 29. Contents of mineral of of soybean paste with different soaking and cooking condition

Treatment
Minerals Control Shours 10hours 20hours
Normal Steam Normal Steam Normal Steam Normal Steam
pressure pressure pressure pressure pressure pressure pressure pressure
K 325.0 410.9 254.7 299.1 277.5 228.6 270.2 244.7
Ca 108.4 114.1 126.1 117.6 111.1 114.4 115.0 83.0
Mg 240.1 226.0 238.0 225.7 232.7 230.0 230.5 232.9
Fe 16.8 19.3 18.6 16.3 16.0 12.8 17.0 15.4
Mn 1.3 1.2 1.3 1.4 1.3 1.4 1.3 1.2
Zn 2.5 5.2 1.7 4.1 1.3 3.1 1.0 3.3
Total 694.1 776.7 640.4 664.2 639.9 590.3 635.0 580.5
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Table 30. Changes of chemical contents of soybean sprout cheonggukjang during

fermentation by no—soaking condition and normal pressure

(unit : %)
Fermentation period Moisture Crude protein Crude lipid Crude ash
0 59.09 14.92 6.64 2.65
24hr 55.76 19.31 7.05 2.83
48hr 47.30 22.44 7.06 3.64
72hr 53.42 20.77 9.06 3.38

Table 31. Changes of chemical contents of soybean sprout cheongeukjang during

fermentation by soaking of 5 hours condition and normal pressure

(unit : %)
Fermentation period Moisture Crude protein Crude lipid Crude ash
0 64.36 14.80 6.40 2.23
24hr 60.60 16.90 7.70 2.63
48hr 57.54 18.35 6.07 2.82
72hr 57.45 19.24 10.12 3.06

Table 32. Changes of chemical contents of soybean sprout cheonggukjang during

fermentation by soaking of 10 hours condition and normal pressure

(unit : %)
Fermentation period Moisture Crude protein Crude lipid Crude ash
0 62.89 15.64 7.00 2.27
24hr 60.70 18.33 8.45 2.57
48hr 58.51 18.67 9.21 2.88
72hr 56.13 20.06 9.62 3.06

Table 33. Changes of chemical contents of soybean sprout cheongeukjang during

fermentation by soaking of 20 hours condition and normal pressure

(unit : %)
Fermentation period Moisture Crude protein Crude lipid Crude ash
0 62.45 15.47 7.03 1.97
24hr 60.20 17.47 7.98 2.67
48hr 61.20 17.50 5.90 2.52
72hr 57.45 18.11 5.41 2.62

— 142 -



= Table 34~379] 1}
| 72417k pHO A$ FHEE 8.10, 5

s

280mg% oo, ¥ ABeNA SHH ofrli) Ak FFL we ANE itk Huo
Wshe 39 w7k 2700 5 ° 38 2
Aol wheh 7Rk FAl, o AR W Fel7

A},

Table 34. Changes of chemical properties of soybean sprout cheonggukjang during

fermentation by no—soaking condition and normal pressure

) Titration Water Amino type Hunter value
Fermentation . . .

od pH acidity acidity nitrogen L b

perio
(%) (Aw) (%) :

0 6.79 0.76 0.96 1.23 57.70 8.69 25.99
24hr 7.96 0.56 0.97 2.78 47.73 8.06 25.32
48hr 8.42 0.84 0.97 1.75 37.83 8.08 22.44
72hr 8.10 1.17 0.91 1.84 38.39 9.59 23.52

J L : Lightness; a : redness(+ red, — green); b : yellowness(+ yellow, — blue)

Table 35. Changes of chemical properties of soybean sprout cheonggukjang during

fermentation by soaking of 5 hours condition and normal pressure

. Titration Water Amino type Hunter value
Fermentation . . .

od pH acidity acidity nitrogen L b
erio
P (%) (Aw) (%) ‘

0 6.80 0.70 0.94 0.85 61.80 7.73 27.05
24hr 7.39 1.19 0.96 1.18 50.35 10.04 27.61
48hr 8.58 0.62 0.98 1.07 46.56 8.05 28.33
72hr 6.67 1.86 0.94 1.95 43.66 9.55 26.02

J L : Lightness; a : redness(+ red, — green); b : yellowness(+ yellow, — blue)
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Table 36. Changes of chemical properties of soybean sprout cheonggukjang during
fermentation by soaking of 10 hours condition and normal pressure

. Titration Water  Amino type Hunter value ’
Fermentation . . .

od pH acidity acidity nitrogen L b

perio
(%) (Aw) (%) i

0 6.87 0.48 0.95 0.82 64.25 7.60 27.42
24hr 7.34 1.44 0.95 1.35 54.43 8.58 28.06
48hr 7.75 1.48 0.93 1.80 49.75 8.81 27.06
72hr 7.92 1.78 0.98 2.08 4411 10.20 29.86

J L : Lightness; a : redness(+ red, — green); b : yellowness(+ yellow, — blue)

Table 37. Changes of chemical properties of soybean sprout cheonggukjang during
fermentation by soaking of 20 hours condition and normal pressure

. Titration Water Amino type Hunter value
Fermentation L. L .

od pH acidity acidity nitrogen L b
erio
b (%) (Aw) (%) 4

0 6.81 0.65 0.96 1.10 64.29 7.76 26.83
24hr 7.71 0.60 0.97 1.02 56.10 7.39 28.99
48hr 8.01 1.18 0.99 1.56 48.20 9.20 26.99
72hr 8.10 1.23 0.98 1.80 45.78 9.83 27.57

J L : Lightness; a : redness(+ red, — green); b : yellowness(+ yellow, — blue)

3) UEF A= Fr1dE
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Table 38. Changes of chemical contents of soybean sprout cheonggeukjang during
fermentation by no—soaking condition and normal pressure

(unit : mg%)

Fermentation Minerals
period K Ca Mg Na Fe Mn Zn Total
0 223.2 65.2 77.6 2.1 17.7 3.1 4.2 393.1
24hr 228.7 62.6 76.5 1.0 18.8 2.9 4.2 394.7
48hr 222.0 66.4 74.2 2.2 48.0 3.2 4.4 420.4
72hr 219.8 62.1 77.1 2.5 22.2 3.2 4.5 391.4
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Table 39. Changes of chemical contents of soybean sprout cheonggukjang during
fermentation by soaking of 5 hours condition and normal pressure

(unit : mg%)

Fermentation Minerals
period K Ca Mg Na Fe Mn Zn Total
0 193.8 54.4 63.2 2.0 18.8 2.8 3.8 338.8
24hr 217.0 63.0 71.3 1.9 22.5 3.0 4.5 383.2
48hr 230.0 62.8 52.5 1.5 18.0 3.0 4.2 372.0
72hr 231.5 60.1 54.3 2.0 19.3 3.1 4.3 374.6

Table 40. Changes of chemical contents of soybean sprout cheongeukjang during
fermentation by soaking of 10 hours condition and normal pressure

(unit : mg%)

Fermentation Minerals
period K Ca Mg Na Fe Mn Zn Total
0 228.5 68.9 52.4 1.5 18.9 3.0 4.1 377.3
24hr 271.7 75.4 61.2 1.3 26.4 2.9 4.0 4429
48hr 212.6 66.0 54.3 1.8 13.0 3.0 4.1 354.8
72hr 220.9 60.4 56.4 2.1 27.6 3.2 4.2 374.8

Table 41. Changes of chemical contents of soybean sprout cheonggukjang during
fermentation by soaking of 20 hours condition and normal pressure

(unit : mg%)

Fermentation Minerals
period K Ca Mg Na Fe Mn Zn Total
0 227.1 59.1 56.2 1.9 19.7 2.8 4.2 371.0
24hr 239.8 65.9 62.2 1.2 11.6 3.0 4.4 388.1
48hr 222.5 64.8 60.0 1.4 17.7 3.0 5.3 374.7
72hr 228.6 58.8 62.0 0.2 12.9 3.2 4.3 370.0
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Table 46. Changes of free amino acid of soybean sprout cheonggukjang during fermentation
by no—soaking and normal pressure

(unit : mg%)

Fermentation period (days)

Free amino acid

0 24 hour 48 hour 72 hour

Asp 48 0 160 300

Ser 23 16 106 154

Glu 29 44 788 1,832

Gly 0 32 248 462

*His 0 40 244 346

*Arg 78 18 60 56

*Thr 7 34 150 226

Ala 13 42 300 696

Pro 44 26 128 406

Cys 0 24 44 66

Tyr 7 96 448 506

*Val 1 56 536 732

*Met 5} 44 138 172

xLys 4 114 662 886

*[leu 3 24 358 490

*Leu 2 158 830 1,050

*Phe 1 150 686 812
Tatal amino acid 265 918 5,886 9,232
*Essential amino acid 101 638 3,664 4,810
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Table 47. Changes of free amino acid of soybean sprout cheonggukjang during fermentation

by soaking of 5 hours condition and normal pressure

(unit : mg%)
Froe amino acid Fermentation period (days)
0 24 hour 48 hour 72 hour

Asp 48 72 138 294

Ser 23 56 150 116

Glu 29 372 660 1,314

Gly 0 94 160 344

*His 0 64 102 128

*Arg 78 28 34 98

*Thr 7 82 112 150

Ala 13 142 364 486

Pro 44 98 92 148

Cys 0 28 36 40

Tyr 7 226 316 476

*Val 1 216 322 510

*Met 5 80 108 146

xLys 4 336 522 874
*[leu 3 114 190 314
*Leu 2 358 510 702

*Phe 1 388 478 706
Tatal amino acid 265 2,704 4,294 6,846
*Essential amino acid 101 1,616 2,378 3,628
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Table 48. Changes of free amino acid of soybean sprout cheonggukjang during fermentation

by soaking of 10 hours condition and normal pressure

(unit : mg%)
Free amino acid Fermentation period (days)
0 24 hour 48 hour 72 hour

Asp 48 50 218 220

Ser 23 66 76 0

Glu 29 662 768 834

Gly 0 84 198 334

*His 0 120 120 164

*Arg 78 28 52 66

«Thr 7 96 94 128

Ala 13 184 224 284

Pro 44 54 28 70

Cys 0 166 26 26

Tyr 7 268 298 458

*Val 1 252 356 484

*Met 5 100 104 144

*Lys 4 372 454 504
*[leu 3 122 204 302
*Leu 2 438 480 656

*Phe 1 394 428 662
Tatal amino acid 265 3,456 4,128 5,336
*Essential amino acid 101 1,922 2,292 3,110
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Table 49. Changes of free amino acid of soybean sprout cheonggukjang during fermentation

by soaking of 20 hours condition and normal pressure

(unit : mg%)
Froe amino acid Fermentation period (days)
0 24 hour 48 hour 72 hour

Asp 48 0 158 154

Ser 23 18 104 94

Glu 29 204 738 772

Gly 0 14 302 276

«His 0 56 14 272

*Arg 78 12 86 68

*Thr 7 34 206 118

Ala 13 42 382 292

Pro 44 12 232 78

Cys 0 12 38 0

Tyr 7 94 432 392

*Val 1 54 502 380

*Met 5 48 186 126

*Lys 4 132 622 640
*[leu 3 24 324 226

*Leu 2 140 718 494

*Phe 1 156 572 552
Tatal amino acid 265 1,052 5,616 4,934
*Essential amino acid 101 656 3,230 2,876
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Table 50. Changes of sensory properties of soybean sprout cheonggukjang during

fermentation by soaking of 5 hours condition and normal pressure

Fermentation Seneory properties
period Color Odor Taste Overall
0 5.0 6.0 7.0 6.0
24hr 7.0 6.0 8.0 7.0
48hr 7.0 5.0 5.0 5.7
72hr 6.0 5.0 4.0 5.0

JORARH(O : oFFF S, 11 o} B
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Table 51. Changes of moisture contents in different concentration of strain soybean

sprout cheonggukjang during fermentation period by soaking of 5 hours
and normal pressure
(unit @ %)
. . Fermentation perios (days)
Concentration Strain
24 48 72
Control 65.21 63.91 60.69
A.oryzae 66.86 65.62 61.82
0.5% .
B.subtilis 66.54 59.34 57.00
A.oryzae 67.87 65.32 62.30
1.0% .
B.subtilis 66.31 64.06 59.65
A.oryzae 66.73 62.33 61.28
2.0% .
B.subtilis 66.25 64.75 61.28

Table 52. Changes of crude protein in different concentration of strain soybean sprout

cheonggukjang during fermentation period by soaking of 5 hours and
normal pressure
(unit © %)
) ) Fermentation perios (days)
Concentration Strain
24 48 72
Control 16.17 17.90 19.67
A.oryzae 16.35 17.15 18.49
0.5% .
B.subtilis 16.31 17.07 19.53
A.oryzae 15.89 16.94 18.46
1.0% .
B.subtilis 16.98 17.38 19.53
A.oryzae 16.71 19.79 18.44
2.0% L
B.subtilis 16.31 17.58 18.81
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Table 53. Changes of crude lipid in different concentration of strain soybean sprout
cheonggukjang during fermentation period by soaking of 5 hours and

normal pressure

(unit @ %)
. . Fermentation perios (days)
Concentration Strain
24 48 72
Control 6.66 9.21 9.34
A.oryzae 8.29 9.61 10.31
0.5% .
B.subtilis 8.75 8.77 11.07
A.oryzae 8.14 9.78 8.99
1.0% .
B.subtilis 7.43 11.07 11.07
A.oryzae 7.57 9.96 9.53
2.0% .
B.subtilis 8.18 8.39 9.74

Table 54. Changes of crude ash in different concentration of strain soybean sprout
cheonggukjang during fermentation period by soaking of 5 hours and

normal pressure

(unit @ %)
. . Fermentation perios (days)
Concentration Strain
24 48 72
Control 1.77 2.00 2.10
A.oryzae 1.63 1.80 1.88
0.5% .
B.subtilis 1.82 1.88 1.98
A.oryzae 2.13 2.19 2.53
1.0% .
B.subtilis 2.26 2.30 2.47
A.oryzae 1.83 2.20 2.25
2.0% .
B.subtilis 1.64 2.08 2.40

g sk BhE F9oke otuAl AR of| el E A g g A gko] 7 gl
we} AR S7FsEe] Asp. oryzaeR YV B. subtilis77 & O A UEYI, THS HIISHA
B AgEu TS H7kg Ao =4 dER
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Table 55. Changes of amino—type nitrogen in different concentration of strain soybean
sprout cheonggukjang during fermentation period by soaking of 5 hours
and normal pressure

(unit : mg%)

Fermentation perios (days)

Concentration Strain
24 48 72

Control 157.34 189.72 205.47

A.oryzae 140.50 182.06 198.82

0-0% B.subtilis 174.33 206.89 220.41
1.0% A.oryzae 140.61. 188.47 201.72
B.subtilis 167.15 201.20 212.36

5 0% A.oryzae 132.95 182.53 189.34
B.subtilis 186.29 197.33 215.40
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Table 56. Changes of pH in different concentration of strain soybean sprout cheonggukjang

during fermentation period by soaking of 5 hours and normal pressure

Fermentation perios (days)

Concentration Strain
24 48 72
Control 6.25 7.75 7.95
A.oryzae 7.08 8.27 8.19

0.5% ..
B.subtilis 7.58 8.23 8.03
A.oryzae 6.80 8.25 8.22

1.0% ..
B.subtilis 7.41 8.19 8.04
A.oryzae 6.76 8.03 7.98

2.0% ..
B.subtilis 6.80 8.09 8.04
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Table 57. Changes of titratable acidity in different concentration of strain soybean sprout
cheonggukjang during fermentation period by soaking of 5 hours and

normal pressure

(unit @ %)
) ) Fermentation perios (days)
Concentration Strain
24 48 72
Control 16.67 2.98 0.00
A.oryzae 12.23 0.0 0.0
0.5% .
B.subtilis 8.67 0.0 0.0
A.oryzae 15.39 1.22 0.0
1.0% .
B.subtilis 10.68 1.22 0.0
A.oryzae 16.07 0.0 0.0
2.0% .
B.subtilis 19.78 0.88 0.0

Table 58. Changes of water activity in different concentration of strain soybean sprout
cheonggukjang during fermentation period by soaking of 5 hours and

normal pressure

Fermentation perios (days)

Concentration Strain

24 48 72
Control 0.99 0.98 0.98
A.oryzae 0.95 0.94 0.92

0.5%
B.subtilis 0.92 0.93 0.94
A.oryzae 0.97 0.95 0.93

1.0%
B.subtilis 0.95 0.93 0.92
A.oryzae 0.98 0.99 0.99

2.0%
B.subtilis 0.96 0.92 0.94
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Table 59. Changes of hunter value in different concentration of strain soybean sprout
cheonggukjang during fermentation period by soaking of 5 hours and

normal pressure

Fermentation perios (days)

Concentra—ti

Strain 24 48 72
on L a b L a b L a b
Control 501 9.5 282 450 9.7 27.9 41.9 104 277
Aoryzae 52.9 85 285 464 9.6 288 422 107 288
00% g ebtilis 500 106 304 448 107 301 419 118  29.0
Aoryzae 52.8 84 289 461 102 298 42.6 111 297
BO% G Gbtilis 513 106 30.0 457 109 307 420 114 29.3
Loq Aorzac 0.0 90 280 418 104 279 396 108 272
0%

B.subtilis  47.8 10.6 29.8 42.6 11.0 29.8 40.8 11.0 28.3

J L : Lightness; a : redness(+ red, — green); b : yellowness(+ yellow, — blue)
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Table 60. Changes of mineral contents in different concentration of strain soybean sprout

cheonggukjang during 24 hours by soaking of 5 hours and normal pressure

Minerals (mg/100g)

Concentration Strain

Ca Mg Na Fe Mn 7n Total

Control 554.4 69.6 96.9 9.0 4.9 1.4 2.3 738.5
A.oryzae 423.1 70.3 93.5 0.2 0.4 1.5 2.6 591.6

0% B.subtilis  406.4 81.4 88.6 0.9 2.4 1.7 2.4 583.8
A.oryzae 414.5 68.8 95.1 1.8 9.2 1.3 0.2 590.9

L% B.subtilis  420.9 78.6 111.2 2.5 1.8 1.6 2.3 618.9
A.oryzae 510.4 79.3 101.5 8.8 4.0 1.6 2.7 708.3

0% B.subtilis  476.6 79.4 94.1 2.9 6.8 1.5 2.3 663.6
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Table 61. Changes of mineral contents in different concentration of strain soybean sprout

cheonggukjang during 48 hours by soaking of 5 hours and normal pressure

Minerals (mg/100g)

Concentration Strain

Ca Mg Na Fe Mn Zn Total

Control 589.2 87.0 103.2 2.3 2.5 1.5 1.8 787.5
A.oryzae 457.4 83.7 95.2 0.0 4.2 1.7 2.5 644.7

O-o% B.subtilis  482.7 98.3 102.8 0.8 2.7 1.6 2.2 691.1
A.oryzae 461.4 84.9 102.2 1.2 2.3 1.6 2.0 655.6

L% B.subtilis  466.7 58.0 97.1 3.0 3.5 1.7 1.7 631.7
A.oryzae 592.2 81.8 113.1 10.6 5.8 1.8 1.7 807.0

0% B.subtilis  534.1 77.4 101.7 4.3 15.4 1.7 1.6 736.2

Table 62. Changes of mineral contents in different concentration of strain soybean sprout

cheonggukjang during 72 hours by soaking of 5 hours and normal pressure

Minerals (mg/100g)

Concentration Strain

Ca Mg Na Fe Mn Zn Total

Control 679.0 102.8 118.9 4.1 3.1 1.6 1.7 911.2
A.oryzae 514.4  82.0 1089 1.7 2.0 2.0 0.7 7117

O-o% B.subtilis 563.9  84.3 1205 1.6 6.9 2.1 0.7  780.0
A.oryzae 535.2 822 1125 2.8 6.8 2.1 0.3  741.9

L% B.subtilis 516.2 101.2 118.3 0.4 3.7 1.8 2.8 7444
A.oryzae 597.7 86,5  114.0 9.3 5.7 1.6 2.2 817.0

0% B.subtilis 582.0 885 1205 8.4 3.7 1.8 2.0  806.9
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sl aifre] gh ks AUA "ok YEF g opv Ak F 17F0la, Asp.
oryzaeBT} B. subtilis7} fre]obn| it FeFol ¥ A vEelwed A= Az Al 7Tl
gt zto]lE & ¢ Jdgo® ARHU. THEHF, T WUbs g daA gt A Glol
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BF5 AF A9 WHoR Az FTPR FAR AL L 5 9
2
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Table 63. Changes of free amino acid of soybean sprout cheonggukjang made with
traditional method during fermentation by soaking of 5 hours condition and

normal pressure

(unit : mg%)
Fermentation period (days)
Free amino acid
0 24 hour 48 hour 72 hour

Asp 0 268 862 1,655

Ser 0 0 0 1,151

Glu 11 2,010 4,807 8,595

Gly 0 387 1,199 3,246

*His 25 446 801 1,617

*Arg 0 42 55 81

*Thr 120 102 544 1,126

Ala 0 484 1,486 0

Pro 0 137 104 123

Cys 0 0 0 0

Tyr 14 0 1,579 0

*Val 0 721 1,663 0

*Met 0 278 466 824
xLys 0 189 320 85
x]leu 0 0 681 1,274
*Leu 0 398 834 2,012

*Phe 27 0 1,753 3,260
Tatal amino acid 197 5,462 17,154 25,049
*Essential amino acid 172 2,176 7,117 10,279
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Table 64. Changes of free amino acid of soybean sprout cheonggukjang made with addition
of 1% Asp. oryzae during fermentation by soaking of 5 hours condition and

normal pressure

(unit : mg%)
Free amino acid Fermentation period (days)
0 24 hour 48 hour 72 hour
Asp 0 138 2,180 1,938
Ser 0 0 0 72
Glu 11 1,328 9,651 8,574
Gly 0 863 3,524 3,211
*His 25 121 1,282 1,452
*Arg 0 0 86 25
*Thr 120 963 1,580 1,970
Ala 0 102 3,161 3,164
Pro 0 146 306 274
Cys 0 0 0 0
Tyr 14 1,257 0 0
*Val 0 1,608 0 0
*Met 0 498 881 4,023
xLys 0 81 184 340
x[leu 0 531 1,263 1,329
*Leu 0 1,095 2,497 2,378
*Phe 27 0 3,427 3,440
Tatal amino acid 197 8,731 30,022 32,190
*Essential amino acid 172 4,897 11,200 14,957
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Table 65. Changes of free amino acid of soybean sprout cheonggukjang made with addition
of 1% B subtilis during fermentation by soaking of 5 hours condition and
normal pressure

(unit : mg%)

Fermentation period (days)

Free amino acid

0 24 hour 48 hour 72 hour

Asp 0 63 1,311 1,638

Ser 0 0 306 458

Glu 11 1,530 6,976 7,777

Gly 0 790 2,741 3,067

*His 25 174 1,331 1,172

*Arg 0 880 109 1,057

*Thr 120 19 1,037 23

Ala 0 146 2,326 3,262

Pro 0 1,602 2,379 2,378

Cys 0 0 0 0

Tyr 14 1,219 2,371 82

*Val 0 1,337 3,235 3,444

*Met 0 75 879 908

*Lys 0 2,645 3,396 5,110

*[leu 0 1,895 2,226 2,488

*Leu 0 0 4,210 4,883

*Phe 27 1,266 3,168 3,266
Tatal amino acid 197 13,641 38,001 41,013
*Essential amino acid 172 8,291 19,591 22,351
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Fig. 2. SEM images of strain in soybean sprout cheonggukjang during 24 hours by
soaking of 5 hours and normal pressure
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Table 66. Identification of bacillus
method by MIDI

isolates from cheonggukjang made with different

Methods Identificatiom Similarity
C1° Bacillus subtilis 0.611
C2 Bacillus atrophaeus 0.862
C3 Bacillus subtilis 0.643

* Cl : cheonggukjang made with traditional method; C2 cheonggukjang made with

addition of Asp. oryzae; C3 . cheonggukjang made with addition of B. subtilis
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FO085154.49A [2] okl-1 -

Volume: DATA File: E085154.49A  SampCiri3 ID Number: 2
Type: Samp Bottle: 2 Method: TSBAG
Created: 5/15/2008 11:35:41 AM
Sample ID: cki-1
RT | Response | Arv/Hi| RFact ECL | Peak Name Percent | Comment] Comment2
1727 | 3336548 | 0028 —| 6998 | SOLVENT PEAK —— | <mint
2443 221 | 0025 — | 8322 —— [<mmn -
M 7137 385 0084 0.000.) 136151 130150 144 | ECL devintes 0.000 Reference G.002
 B.660 3278 | 0039 05611 14.62% | 150180 1195 | ECL. deviates 0.000 Reference 0.001
5,503 T1196] 0.041 | 0559 | 14.713 | 15:0enteise 10.72 | TCL deviates 0.000 Relerence 0,001
1017 1960| 0.082 | 094f | 15.627 | 160 iso .99 | ECL deviates 0,000 Reference 0.000
10.548 1841 | 0.041 [ 0838 | 15999 | 16:0 .52 | BOL deviates -0.001 Relerence -0.002
12.052 3615 | 0.045 | 0927 16630 | 17:050 K 1270 [ ECL deviates 0.000 Reference -0.001
12.214 SI09} 0.045 |  0.026] 16,724 | 17-0 anteiso 1793 | ECL deviates 0.001 Refersnce -0.001
14470 301 0.036 0917 18.000] 18:0. 1.74 | BCL deviates 0.000 Reference -0.003

Reference ECL Shift: 0.001
Total Named: 27885
Total Amount; 26373

ECL Deviatfon: 0.001
Total Response: 27885
Percent Named: 100.00%

Number Reference Peaks: 8

Profile Comment: Total resnonse less than 50000.0. Concentrate and re-run.

Matches: : .
Library Sim Index Entry Name
TSBAG 6.00 0.611 Bacillus-subtilis
' 0.423 Bacillus-atrophaeus
————- FOT A EOAE TRAEass 15 :
M g B
s ] .. '
2]
4+ -]
“8 —
435 -- g
g : ;z
wl o 51
] . 7R B
Y L :
- _i sl A l ., - A '_h ! | |-, 1.'
i Y IR B IR o el o 178 A min

Fig. 3. GC chromatogram and
made with traditional method by MIDI
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EOB5154.494 [3] ck1-2

Volume: DATA File: E085154.49A Samp Cir: 4 ID Numbet: 3
Type: Samp Bottle: 3 Method: TSBAS
Created: 5/15/2008 12:00:48 PM
Sample ID: ck1-2
RT | Response | AvHE| RFact ECL | Peak Name Pereent | Comment] Commeni2
1.727 | "1.338E+8 | 0.028 —=|7.000 | SOLVENT FEAK — [<mmnrt
1.542 3017 | 0.623 — | 7214 — [<mintt
2435 34 | 0.020 - | 8318 —[<mmn
7.138 863 | 0.034| 0,990 13619 | 14:0is0 1.53 | BCL deviates 0.000 Reference 0002
8.661 7185 | 0.039 0.961 | 14623 | 15:0 a0 12.39 | BCLE, deviates 0.000 Reference (.001
B804 253554 | 0.040| 0.959 | 14.714 | 15:0 mnicisg 40.54 | BCL deviates 0.001 Reference 0,002
10.319 | 47681 | .044 09411 15627 | 16:0is0 8.04 | BECL deviates 0.00( Reference 0.001
10.545 462 | G.039 0938 ] 15761 | 16:1 wllc . 0.78 | ECL deviaves 0.004
10.948 2361 | 0.043 0.935| 15999 | 1&:0 1.96 | ECL deviates -0.00H Reference -0.001
11.636 463 | 0.03% 0,525 16392 | 17:1 iso wille (.77 | ECL deviatzs 0.004 -
12.054 7805 | 0.043 | 0527 | 16.630 | i7.01se 12.98 | ECL deviates 0.000 Reference 0.001
12217 T1448 | 0.043 [ 0.026] 16.724 | 17.0 anteizo 15.02 | ECL deviates G.001 Reference 0,001

Reference ECL Shift: 0.001  Number Reference Peaks: 7
Total Named: 58904

Total Amount: 55731

ECL Deviation: 0.002
Total Response; 58904
Percent Named: 100.00%

Maiches:
Library Sim Index Entry Name
TSBAG 6.00 0.640 Bacillus-subtilis
' 0472 Bacillus-atrophaeus
[ FiD1A, CoBILARAIGIan)
rA E E‘
75
74
a6 -
! -
LT E_
= g g
FY. E
4 3
] e
S Bt 1 AR |
2% g ] L5 T I 4 178 o min

Fig. 4. GC chromatogram and identification of bacillus isolates from cheonggukjang

made with traditional method by MIDI
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E085154.49A [4] ck1-3

Volume: DATA File: ED85154.49A°  Samp Cir: 5 ID Number: 4
Type: Samp Bottle: 4 Method: TSBAG

Created: 5/15/2008 12:26:04 PM

Sample I ck1-3

RT | Response | Ar/EHt| RFact ECL | Peak Name Percent | Commentl Comment2
1.727 | 3325E+E | 0,028 — 7.001 | SDLVENT PEAK —- | <mint
2440 205 | 0.024 -— 8,320 — | < min st ]
7137 485 | 0.037 0990 | 13.619 | 14:0is0 1.52 | ECL devintes 0.000 Reference 0,001
3.661 2078 0.039] 0961 | 14.623 | 15.050 6.33 | BECL devizies 0.000 Reference 0001
3.8504 14196 | 0.040| 0959 14.714 | 15:0 anzisa 3316 | ECL devistes 0.001 Reference 0000
9.919 364 | 0.037 0845 | 15392 | 16:1 w7 algohal 1.02 | BCL deviates £).005
10.318]. - 2613 ] d.042 0941 | 15627 ] 16:0iz0 7.79 | ECL deviates 0.000 Reference 0.001
10.546 530) 0.043] 0938] 15762 | 161 wllc 1.58 | BCL deviates 0,005 .
10.947 15861 0.042| ©935( 15.993 | 16:0 4.7G | ECL deviates -0.002 Reference 0.002
11.793 -552 | Q.042 0928 | 16.432 | Sum In Featwe 4 1.62 | ECL devintes -0.004 17:1 antziso Bfiso 1
12.053 2056 | 0.046| 0927 1663017060 8.68 | ECL deviatzs 0.000 Reference 0.000
12.215 - A019 ] 0.043 0926 | 16.723 | 17:0 anteizo 23.53 | ECL dewviatezs 0.000 Refarence 0.000
— 552 — -— —— | Simmead Faatire 4 1.62 | 171 ieo ant=igo B 17:1 enteiso Bfigo 1
ECL Deviation: (.003 Reference ECL Shift: 0.001  Number Reference Peaks: 7
Total Response: 33378 Total Named: 33378
Percent Named: 100.00% Total Amount: 31547

Profile Comment: Total response less than 50000.0. Concentrate and re-run.

Matches:
Library - BSim Index Entry Name
TSBAS 6.00 - 0623 Bacillus-atrophaens
= T 4, TS T A SRR oa T
E 2
1Y) 7
5_: T @
: ;
48 —
4 — - E B
] 3oos gy o
; : 27 E
28 - g "i __||_ E.-—l‘.-‘;'-—l-— &ﬁ/ L .
!.k * I r'.".Il- e 1II! — I‘I!.IH - .'15 ’ 1'II",I! T ) Ijmlr'l

Fig. 5. GC chromatogram and identification of bacillus isolates from cheonggukjang

made with traditional method by MIDI
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E085154.49A [5] ck2-1

Volume: DATA File: E085154.49A  Samp Cir: 6 . ID Number: 5
Type: Samp Beottle: 5 Method: TSBAG

Created: 5/15/2008 12:51:24 PM

Sample ID: ck2-1

RT | Response { Ar/Hit | RFact ECL | Peak Name Percent | Commentl CommeniZ
1,727 | 2.a025+8 | (028 —— | 7.002 | SOLVENT FEAK — | <mintt
1.842 1748 | 0.023 - 1215 -—- | <minrt
2.440 200 | 0,025 — | &321 —<marn
3229 149 | 0.021 —| D7EI _ — _
—7.138 9487 0037 | 0950 13.618 | 14:0ik0 -2.03 | ECL deviales 0001 Reference 0.002
B.662 71221 0.040 006l | 14.624 | 150130 ] 14.82 | ECL. deviateg (1001 Reference 0.002
B804 |. 187517 0.041] 0.959| 14.714 | 15:0enteiso . 38.94 | BELL deviates 0.001 Refersace D002
10.318 4185 [ 0.042 | 0.041 | 15.627 | 16:01%0 8,52 | ECL deviatez 0.000 Refetence D001
10546 | . 4341 0038 | 0938 15781 | 1&:1 wllc (.88 | ECL deviates 0.004
10.948 2058 | 0.042 0,935 15998 | 16:0 4,16 | ECL deviates -0.002 - Raference -0.001
11.632 487 0.0%6| 0929 16390 17:1 iso wilc _ 0.08 | BCL deviates 0.002 '
1308] . f37a]| 0045 0937 | 16631 17:0imo 12.79 | ECL deviatea 0.001 Reference 0.001
12316] ~ 7881 | 0043 | 0.926| 16.723 | 170 anteiso 15.80 | BEL deviates 0.000 Reference 0.000
14476 S17] 0048 | 0917 13000 | 18:0 1.07 | ECL deviatez 0.000 Raference 0.001
ECL Deviation: 0.002 Reference ECL Shift: 0.001  Number Reference Peaks: 8
Total Response: 48924 : Total Named: 48775
Percent Named: 99.69% Total Amount: 46180

Profila Comment: Total response less than 50000.0. Concentrate and re-run.

Matches:
Library Sim Index Entry Name

TSBAS 6.00 0.613  Bacillus-subtilis
S 0.477 Bacillus-atrophacus
0.413 Virgibacillus-pantothenticus (Bacillus)

3
1
an

" 2 2 3
48 —~ [ L
g
. _ 3
8 2 g
4 - It Y . EJ, : :
24 : 1% 1 128 " T & min |

Fig. 6. GC chromatogram and identification of bacillus isolates from cheonggukjang

made with addition of Asp. oryzae by MIDI
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E085154.49A [7] ck2-3

Volume: DATA File: E085154.49A  Samp Ctr: 8 ID Number: 7
Type: Samp Bottle: 7 Method: TSBAG
Created: 5/15/2008 1:41:51 PM
Sample ID: ck2-3
RT | Reapoose | ArfHt | RFact ECL | Peak Name Percent | Commentl Commentl
1.727| 3.331E+8 | 0U03% —— | __7.001 | SOLVENT FEAK — | <minrt
1,543 2914 | 0022 — | 7315 — | <minn
2,441 212 | 0.026 - 8.323 —- | <minrt .
8.659 3023 | 0039 0961 | 14.622 | 15000 17.48 | ECL deviates -0.001 Reference 0.000
8863 ] - 6835 G040 0859 1474|150 aniciso 39.37 | ECL deviates D001 Reference 0.001
10.542 1316 | D.042 0938 | 15762 [ 16:1 wlls 7.43 | ECL deviates 0.005
10946 | 1767 | 0042 |  0.935 | 16.000 | 18:0 9.93 | BCL deviates 0.000 Reference -0.002
11.634 663 | 0.043 | 0525 | 16392 | 17:1 ino wllc 3.70 | ECL deviates 0.004 -
11.795 455 | 0.037 0.928 | 16.484 | Sum In Featre 4 2.54 | ECL deviates -0,002 17:1 antsiso Bfiso I
12,051 1775 | 0.044] 0927 16.630 17.01o 0.89 | ECL devistes 0.000 Reference -0.001
12.215 1735| 0.041] 0526 16.723 | 17:0 anteisn 9.66 | BECL devimtes 0.000 Reference C.000
—— . 455 —_ —_ mua | Summed Feature 4 2,54 | 171 igo Vamizise B 17:1 antzizp Bfigg 1

ECL Deviation: 0.002
Total Response: 17558
Percent Named: 100.00%
Profile Comment:

Total Named: 17558
Total Amount: 16627

Matches:
Library
TSBAG 6.00

Sim Index Entry Name
0.231 Bacillus-subtilis
0.184 Bacillus-ah‘ophaeus

Reference ECL Shift: 0.001

Number Refersnce Peaks: 5

Total resnonse [ess than 50000.0. Concentrate and re-ran,

g
s
AN - Rg %
ag - 3 Aﬂ §M
Lk I | ,-ﬁ'_ A
as - M v
28 i A 10 124 1k i

Fig. 7. GC chromatogram and

identification of bacillus

made with addition of Asp. oryzae by MIDI
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E085154.49A [6] ck2-2

Volume: DATA File: EO85154.494A Samp Ctr: 7 I Number: 6
Type: Samp Bottle: 6 Method: TSBAG
Created: 5/15/2008 1:16:31 PM
Sample 1D: ck2-2
RT | Response | ArvHi | RFaci ECL | Peak Name Pereent | Commentl Comment2
1725 | 1315E+8| 0.029 J— 6.996 | SOLVENT PEAK —- | < minst
1.839 1706 | 0.023 — 7.208 = [ < minrt
2438 183 | 0.¢25 —_ 8313 —- | <minn
8.659 1656 | 0040 0961 14622 15:0is0 7.83 | ECL deviates -0.001 Refersnce 0.000
8802 9895 | 0.041 0.959 | 14.714 ] 15:0 anteiso 46.42 | BCL deviates 0.001 Refersnce 0.001
10,317 1974 0,042 0041 | 15628 16:0 isc 9.08 | ECL. deviates 0,001 Reference (.000-
10945 . 946 0.42 0935 15999160 4.33 | ECL deviates -0.001 Referance -0.003
12.051 ©O1995 1 0.048 0.927 | 16630 | 17:0 isc 9.04 | ECI. deviaten 0.000 Reference -01.001
12,213 5144 | D044 | 0926 16723 | 17:0 anteisp 2328 | BCI. deviateg 0.000 Refersnee -).001

ECL Deviaﬁgn: 0,001 Reference ECL Shift: 0.00f  Number Reference Peaks: §
Total Resperise: 21621 Total Named: 21621
Percent Named: 100.00% Total Amount: 20444

Profile Comment:  Total resnonse less than 50000.0. Concentrate and re-run.

Matches:
Library Sim Index Entry Name
TSBAG 6.00 0.539 Bacillus-atrophacus -
0.336 Nesterenkonia-halobia (Micrococcus halobius)
I & ESR G ARG
m E :
LE I . N
E
476 -; a
4l - @
N
28 — I
=
] g & 3
176 = §
"7 E A |- Aol 1
28 ) 2% 10 1l W s 2 m |
Fig. 8. GC chromatogram and identification of bacillus isolates from cheonggukjang

made with addition of Asp. oryzae by MIDI
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E085154.49A [8] ck2-4

Volume: DATA Fite: E(085154.49A Samp Cir: 9 ID Number: §
Type: Samp Bottle: 8 Method: TSBAG
Created: 5/15/2008 2:07:11 PM
Sample ID: ck2-4
RT | Reaponse | ArfHEl RFact ECL | Peak Name Percent | Commentl Commeni2
1727 | 3.321E48 ] 0.028 -— 7.001 | SOLVENT FEAK - | < TOID TH
1.340 1549 | 0.024 - 7.210 — | <mingd
2.441 1741 0.02] -— 8.3 —— | <mint
5412 408 | 0.004 —| 12294 ——
7.136 466 | 0.035] 0990] 13.61%] 14:0is0 0.73 | BCL, deviates £).000 - | Reference 0.001
7.783 1031 | 0.039 -— | 14.055 —_—
B.GA0 | 11056 | 0.040 0.961] 14.624 | 15:0150 16.82 | ECL deviatzs 0.001 Reference 0.001
4.803 266121 0.040 0.959| 14.714 | 15:0 anteiso 40,40 | BECL. devintze 0,001 Reference 0.001
9918 Bl1| 0044 09451 15391 | 16:1 w7c aleohol 121 | ECL deviatas 0.004 ]
10.317 2586 | G042 02411 15627 1600 - 3.85 | ECL deviatzs D.000 Reference 0,000
10.542. 603 G042 0938 15.760 | 18:1 wlle 1.02 | BECL deviates 0.003
10.946 - A406 | 0.041 0.935 15998 | 1&:0 208 | ECL dsviates -0.002 Refareacs -0.002
11632 | 7 1283 0.043 0926 16300 | 17:]1 iso wilc 1,80 | ECL deviates 0.002
11.794 2061 { 0.045 0.928 | 16483 | St In Fagtute 4 3,03 | ECL deviates -0.003 17.1 anteizo Biisc I
12,053 5577 0.0d5 0,927 | 16631 | 17:0is0 §.18 | BCL deviates 0.001 Raference 0.000
12215 14187 | 0.046 0926 16723 | 17:0 antediso - 2078 | ECL deviates 0.000 Reference 0.000
-— 2061 — - -— | Summmed Feature 4 3.03 | 17} iso Vanieizso B 17:1 anteinc Bling I

ECL Deviation: 0.002
Total Response: 68228
Percent Named: 97.82%

Matthes: :
Library Sim Index
TSBAS 6.00 0.679
: 0.506

Reference ECL Shift: 0.001
Total Named: 66738
Total Amount: 63182

FEntry Name
Bacillus-atrophacus
Bacillus-subtilis

Number Reéference Peaks: 7

FICA &, {ED8615 44 SAHDGTE. )
P H

L5412
L7
7788

_—Y
1.5
| Fa 10048

L9918

:

12215

.

g_,‘hﬂ.nlﬂ

TR

126 i

78

2 min

Fig. 9. GC chromatogram and

identification of bacillus

made with addition of Asp. oryzae by MIDI
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E085154,49A [9] ck2-5

Volume: DATA File: E085154.49A Samp Cir: 1¢ ID Number: 9
Type: Samp Bottle: 9 Method: TSBAG6
Created: 5/15/2008 2:32:19 PM
Sample ID: ck2-3
RT | Reésponse | Ar/fHt | RFaet ECL | Peak Name Fercent { Commentl Comment2
1.726 | 3.321E+3 | 0.028 —— 7.002 | SCLVENT PEAK == | < minrt
2.43% 205 | D.025 ——— 8.321 e | & THID EL
7.134 39| 0.032] 0990 13.619] 14:0is0 1.32 | BCL deviates 0.000 Reference -0.001
8.659 5508 | 0.040 0.961 | 14.623 | 15:0is0 17.68 | ECL deviates D.000 Reference 0.000
8.802 13527 | {.041 1952 |. 14,714 | 15:0 anteisg 43,33 | BCL deviates 0.001 Reference 0.001
9,515 ~a95 | 0037 0945 [ 153590 | 16:1 wic alcotiol 1.88 | ECL deviates 0.003
10316 - 1665 0.0421 0.941| 15627 16:0is0 " 5.23 | ECL devintes 0.000 Refetence -0.001
10.542 433 | 0.03% 0.938 | 15.760 | 16:1 wllc 1.51 | BCL deviates {1.003
10.547 877 00461  0.935) 13959 1610 2.74 | BCL deviates -0.001 Referenca -0.002
11.630 528 | 0.038 0.929 | 16350 | 17:] iso wlle 1.64 | BCL deviates 0.002 - J
11.792 B56 | 0.0d46] 0,528 16.482 | Sum In Feabure 4 2,65 | ECL deviates -0.004 171 anteiso Bfiso I
12,050 . 176l o042 0527 | 16630 17:0is0 5.45 | BCL deviates (.000 Refarencs -0.001
12213 | - 5357 0.045 0926 16723 | 170 miteiso . 16.56 | ECL devimtes 0.000 Reference -0.002
- 356 - — == | Summed Fenture 4 2.65 | 17:1 iso Vanieiso B 17:1 mmiteiso Bfiso T

ECL Deviation: 0.002 ‘Wumber Reference Peaks: 7
Total Response; 31555 Total Named: 31555
Percent Named: 100.00% Total Amount: 29939

Profile Comment: Total response less than 50000.0. Concentrate and re-run.

Reference BECL Shift: 0.001

Matches:
Library - Sim Index Enptry Name
TSBAG 6.00 0.862  Bacillus-atrophaeus
0.521 Bacillus-GC group 22 (No 168 match to known speclcs)
[T HOTA, GRS ATGTO0ND)
B pa E

55 =

] 2]
1 3
5 -
; s 3
) g 3 5]35 £
] d, 0o 'L )‘. J-Fl .H, ; .
i 2 I X ) Y S SR SN Y™

Fig. 10. GC chromatogram and identification of bacillus isolates from cheonggukjang

made with addition of Asp. oryzae by MIDI
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E085154.49A [11] ck3-2

Yolume: DATA File: EOB3154.49A Samp Ctr: 12 ID Number: 11
Type: Samp Bottle: 11 Method: TSBAG
Created: 5/15/2008 3:22:51 PM
Sample ID: ck3-2
RY | Responge | Av/Ht | RFact ECL | Peak Name Percent | Comimentl Commeni2
1727 1 A335E48 | 0.028 —— 6,959 | SOLVENT FEAK. -—- | < min rt
1.842 1293 | 0.022 b —— 7212 -ee= | & min 1t
2.440 215 | 0.028 ——1 8319 | <min
4.392 81| 0.024 — | 11312 —
5414 37| 0036 ——| 12,295 —- .
7137 1151| 0036 | ©.990| 13.619 | 14:0is0 1.68 | ECL devialea 0.000 Reference 0,001
7764|1037 0038 ——| 14055 . =
B.660 9RRO [ 0.039 0961 | 14623 150180 14.05 | ECL deviates 0.000 Refereace 0.001
8.803 28624 | 0.041] 0959 | 14.714 | 150 amteiso 40,61 | ECL deviates 0.001 Reference 0,001
9.816 1426 | 0041 - 0Q.545 | 15390 16:1 w7c aleohol 1.92 | ECL deviates 0.003
10317 4560 | 0042 | 0941 [ 13.627 | 16:0is0 " 6.34 | ECL deviates 0.000 Reference 0.000
10542 . /1302 ] 0.044 0938 15780 | 161 wllc 1.81 | ECL deviatea 0.003
10546 | - 1941 | 0.045| 0935| 15998 1610 2.68 | ECL deviates -0.002 Reference -0.002
11633 - 2094 | D042 0920 | 16391 | 171 izo wllc 2.88 | BCL deviates 0.003
11.752 1774 | 0.047 | 0928 | 16.482 | Sum In Featare 4 72,44 | ECL daviates -0.004 17:1 anmigo Brigo 1
12,052 B143 | 0.044 | 0.527| 16631 | 1700 11.16 | BCL deviates 0.001 TReterence 0.000
12213 | . 10477 | 0.045 0.926 | 16,723 | 17:0 anteiso 14.35 | ECL deviates (0.000 Refersnee -0.001
—_ - 1774 - -— —— | Summed Feature 4 2.44 | 171 iso Ianteiso B 17:1 antaizo Bfiso I
ECL Deviation: 0.002 Reference ECL Shift: 0,001  Number Reference Peaks: 7
Total Response: 73106 Total Named: 71371 -
Percent Named: 97.63% Total Amount: 67598
Matches: o
Library Sim Index Entry Name
TSBAG 6.00 0.643  Bacillus-subtilis

0.637 ~ Bacillus-atrophaeus

mﬁm
* i |
.
-
7]
] 4 2 "
il
5 - E .
. o g8 B /
= i B st R: =
‘] ] LI T AL . e
2k g 11 #h 128 .5 e ' 20 o |

Fig. 11. GC chromatogram and identification of bacillus isolates from cheonggukjang

made with addition of B. subtilis by MIDI
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E085154.49A [12] ck3-3 -

Yolume: DATA File: EQ83154.404 Samp Ctr: 13 ID Number; 12
Type: Samp Bottle; 12 Method: TSBAS
Created: 5/15/2008 3:48:10 PM :
Sample ID: ck3-3
RT | Res ¢ | AfHt| RFact ECL | Peak Name Percent | Comment] Comument2
1.725 | 3.324E+8 | 0429 = | 6.994 | SOLVENT PEAK | <mintt
2438 197 | 0035 —| 8315 —— | <ming
7137 537 0038 0990 13.619 14010 2.05 | BCL deviates 0.000 Reference 0.001
§.659 44450041 00961] 14.623 [ 1500 15.07 | ECL devistes 0.000 Reference G.000
8802 11545 | 0.040| 0.959 | 14.714 | 15:0 enteizo 30.03 | ECL deviatze 0.001 Reference 0.001
10315 2340 | 0042 | 0941 15627 16010 7.79 | SLL, deviates 0,000 Heference -0.001
T 10544 | 974 ] 0.042| 0935 | -15.998 | 160 3.21 | ECL dewviates -0.002 Reference 0.003
12.050 4445 | 0.045| 0927 16631170180 14,52 | BCL deviatzs 0.001 Reference -0.001
12212 56211 0,045  0.026| 16,723 | 17:0 anteiso 13.34 | ECL deviates 0.000 Reference 0.002
ECL Deviatipn: 0.001 Reference ECL Shift: 0.002  Number Reference Peaks: 7
Total Response: 29970 Total Named: 29970

Percent Named: 100.00% Total Amount: 28372
Profile Comment: Total response less than 50000.0. Concentrate and re-ruom.

Matches:
Library 8Sim Index Entry Name
TSBASG 6.00 0.637 Bacillus-subtilis
*____ﬁlmiam
m1 o F : ¥
- L L
a8 —
: ;
2 g
A4l — o
] =
] _ 3 é
) .
) . 5 3
) T % M i ’i " n R lr KA UL " A -
2k 3 R T | T " T T T
Fig. 12. GC chromatogram and identification of bacillus isolates from cheonggukjang

made with addition of B. subtilis by MIDI
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E085154.49A [13] ck3-6

Volume: DATA File: E085154.40A Samp Ctr: 15 1D Number: 13
Type: Samp Bottle: 13 Method: TSBAG
Created: 5/15/2008 4:38:44 PM
Sample ID: ck3-6
RT | Hesponse | Ar/Hi | RFaet ECL | Feak Name Percent | Commentl Comment?
1.727 | 3.335B+8 | 0.028 — 7.000 | 30LVENT PEAK —— [ < minrt
1.841 1770 | 0.024 —+] 7211 _ — | <mmd
2440 200 [ 0.025 —_ §.321 — | < minrt R
7.137 473 | 0.031 0.985] 13.619( 14:0is0 1.77 | ECL deviates 0.000 Heference 0.002
8.660 3471 | 0.041 0964 14.623 [ 15.0 a0 _ 12,71 | ECL devimtes 0.000 Reference 0.000
8.802 112071 | 0.040| 0.562| 14.714 | 15:0 mnteiso 40.95 | BCL devimies (.001 _ Reference 0.001
10317 | 2338 G041 | 0.348 [ 15.628 | 16:0is0 %43 | ECL deviates 0.001 Reference 0.000
- 10044 1239 | 0.045] 0.945| 15998 | 160 _ 445 | ECL deviawrs 0.002 Reference -0.003
12,051 3990 | 0.045 0,932 ] 16,631 [ 1T:0ig0 : 1424 | ECL deviates (.01 Reference -0.001
12.213 4301 | 0.045 0932 | 16.723 | 17:0 anteiso : 17.45 | ECL deviates U._DDD Reference -0.001
ECL Devigti%n: 0.001 Reference ECL Shift: 0.001  Number Reference Peaks: 7
Total Response: 27606 Total Named: 27606
Percent Named: 100.00% Total Amount; 26317

Profile Comment: Total resnonse less than 50000.0. Concentrate and re-run.

Matches:
Library - SimnIndex. Entry Name
TSBAG 6.00 .607 Bacillus-subtilis
0.368 Bacillus-atrophaeus
——-—---mm
"1 :
75 —

86 -]

-1 A

S
T 2 g
“ 1 5
L _ y §
7 . 3
4-_ ‘ 3 rhh L n J‘rj ﬂr A .
= Y 3 1 T % i IR

Fig. 13. GC chromatogram and identification of bacillus isolates

made with addition of B. subtilis by MIDI
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&
H
glol Wa 24~48A17tA o= o] Aol HEHAANE, R 7243l = HEHA

2 B

- 174 —



Table 67. Identified flavor compounds in soybean sprout by soaking of 5 hours and

steam pressure

Retention time (min) Compound

13.69 Acetic acid(Propanedioic acid)

HSS Oven 120, 27-8-2008 + 12:30:31

Bean 080826 015 Scan El+
563 TIC:
Rk 4 BEeY
o5}
E.15
[\ 1369

T T Time
39.76

9.‘76 ' 14‘76 19!76 ' 24!76 29!76 ‘ 34!78
Fig. 14. GC chromatogram of volatile compounds in soybean sprout by soaking of

5 hours and steam pressure
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Table 68. Identified flavor compounds in soybean sprout cheonggukjang fermented at

40C for 24 hours

by soaking of 5 hours and steam pressure

Retention time (min)

Compound

13.89
14.08
20.58
24.53

Acetic acid
3—methyl butanal
2—methyl propanoic acid

3—methyl butanoic acid

Bean 080826005
100 564

LT

13.89

HSS Oven 120, 26-3-2008 + 20:03:15

Scan El+
TiC
5.20e8

Fig. 15. GC chromatogram of volatile compounds

T
1476

T
19.76

T T T T
2476 28.76 34.76

T T Time
39.76

In soybean sprout cheonggukjang

fermented at 40C for 24 hours by soaking of 5 hours and steam pressure
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Table 69. Identified flavor compounds in soybean sprout cheonggukjang fermented at

40C for 48 hours by soaking of 5 hours and steam pressure

Retention time (min) Compound
10.08 Z2—methyl propanal
13.50 Acetic acid
14.07 3—methyl butanal
14.40 2—methyl butanal
17.67 2—nitro propionate ethanol
20.47 2—methyl propanoic acid
24.43 3—methyl butanoic acid
24.79 2—methyl butanoic acid

HSS Oven 120, 26-3-2008 + 20:51:34

Bean_0B80826_006 Scan El+
13.50 TIC
Rk 11488
24.79
24.43
%] 20 47
5 02
1407
i
B15
10,08 JA0
17 67 L
Yo Li L

T T Time

9.‘76 14‘76 19!76 ' 24!76 29!76 ‘ 34!78 39!?6
Fig. 16. GC chromatogram of volatile compounds in soybean sprout cheonggukjang

fermented at 40C for 48 hours by soaking of 5 hours and steam pressure
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Table 70. Identified flavor compounds in soybean sprout cheonggukjang fermented at

40C for 72 hours by soaking of 5 hours and steam pressure

Retention time (min)

Compound

10.08
14.03
14.39
17.94
20.74
24.74
25.07

2—methyl propanal
3—methyl butanone
2—methyl butanal

2—nitro propionate ethanol
Hexanal

2—methyl butanoic acid

2,5—dimethyl pyzazine

Bean 080826 007
.

14.03

5.72 2074

14.39 17.94
P

10.07

HSS Oven 120, 26-83-2008 + 21:39:52

Scan El+
TiC
5.31e8

26.07
2474

S

T T
1476 19.76

Fig. 17. GC

chromatogram of volatile compounds

T Time

T T T T T
24.76 28.76 34.76 39.76

In soybean sprout cheonggukjang

fermented at 40C for 72 hours by soaking of 5 hours and steam pressure
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Table 71. Identified flavor compounds in soybean sprout cheonggukjang fermented at
40C for 24 hours by soaking of 5 hours and addition of B. subtilis and

steam pressure

Retention time (min) Compound
10.09 2—methyl propanal
14.00 3—methyl butanone
14.40 2—methyl butanal
20.66 2—methyl propanoic acid
24.64 3—methyl butanoic acid
24.97 2—methyl butanoic acid

HSS Oven 120, 27-8-2008 + 00:53:03
Bean_080826_011 Scan El+

5.62 T
1y 5.05e9
14.00
9,
5.72
24.97
24.64
&
B.13
N o 20 66
14.40
1L b
5 .
] T T T T T T T T T |j T T T T T Time
9.76 1476 19.76 24 .76 29.76 34.76 39.76

Fig. 18. GC chromatogram of volatile compounds in soybean sprout cheonggukjang
fermented at 40C for 24 hours by soaking of 5 hours and addition of B. subtilis

and steam pressure

- 179 —



Table 72. Identified flavor compounds in soybean sprout cheonggukjang fermented at
40C for 48 hours by soaking of 5 hours and addition of B. subtilis and

steam pressure

Retention time (min) Compound
10.11 2—methyl propanal
14.27 2—methyl butanal
18.07 3—hydroxy—2—butanane
20.91 2—methyl propanoic acid
24.95 2—methyl butanoic acid

HSS Oven 120, 27-53-2008 + 01:41:21

Bean_0B0826_012 Scan El+
1002562 TIC
5 4989

14.27 24.95

% 20.91

5.72

10.11 18.07

T T Time
39.76

9.‘76 ' 14‘76 19!76 ' 24!76 29!76 ‘ 34!78
Fig. 19. GC chromatogram of volatile compounds in soybean sprout cheonggukjang
fermented at 40C for 48 hours by soaking of 5 hours and addition of B. subtilis

and steam pressure
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Table 73. Identified flavor compounds in soybean sprout cheonggukjang fermented at
40C for 72 hours by soaking of 5 hours and addition of B. subtilis and

steam pressure

Retention time (min) Compound
8.35 Propenal acetate
10.11 2—methyl propanal
14.12 3—methyl—2—butanone
14.28 2—methyl butanal
18.06 3—hydroxy—2—butanane
20.90 Hexanal
24.95 2—methyl butanoic acid
25.29 2,5—dimethyl pyzazine
29.69 Benzaldehyde

HSS Oven 120, 27-8-2008 + 02:29:39

Beari_080826_014 Scan El
564 TIc
e 5.79e0

24.95
2529
P

1412
5

%] 20.90

5.72

10.11

16.06

29.69

. : Time
39.76

576 ' 1476 19,76 ' 2476 2976 ‘ 54,76
Fig. 20. GC chromatogram of volatile compounds in soybean sprout cheonggukjang
fermented at 40°C for 72 hours by soaking of 5 hours and addition of B. subtilis

and steam pressure
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Table 74. Identified flavor compounds in soybean sprout cheonggukjang fermented at

40C for 24 hours by soaking of 5 hours and addition of Asp. oryzae and

steam pressure

Retention time (min)

Compound

10.11
11.49
13.89
14.07
14.40
18.24
20.62
22.51
22.88
24.56
29.96
33.32

2—methyl propanal
2,3—butanedione

Acetic acid

3—methyl butanone
2—methyl butanal
3—hydroxy—2—butanane
2—methyl propanoic acid
2,3—butandiol
2,3—butandiol
2—methyl butanoic acid
Triamethyl pyzazine

Tetramethyl pyzazine

Bear_DS0826_015
1004583

5.72

13.89

HSS Oven 120, 27-8-2008 + 03:17:57

33.352

29.98

A

Scan El+
TIC
5.31e8

Fig. 21. GC chromatogram of volatile compounds

1476

1976

24176 2976 ‘ 34176

. r Time
39.76

In soybean sprout cheonggukjang

fermented at 40C for 24 hours by soaking of 5 hours and addition of Asp.

oryzae and steam pressure
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Table 75. Identified flavor compounds in soybean sprout cheonggukjang fermented at

40C for 48 hours by soaking of 5 hours and addition of Asp. oryzae and

steam pressure

Retention time (min)

Compound

10.09
14.12
14.40
18.05
20.83
24.88
25.20

2—methyl propanal
3—methyl butanal
2—methyl butanal
3—hydroxy—2—butanane
Hexanal

2—methyl butanoic acid

2,5—dimethyl pyzazine

Bear_DS0826_016
1004554

5,72

10.09

14.12

14.40
P

18.05

20,83

HSS Oven 120, 27-8-2008 + 04:06:15

24 .66

25.20

Scan El+
TIC
5.06e8

Fig. 22. GC chromatogram of volatile compounds

1476

1976

;
2976 ‘ 34176

. r Time
39.76

in soybean sprout cheonggukjang

fermented at 40C for 48 hours by soaking of 5 hours and addition of Asp.

oryzae and steam pressure
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Table 76. Identified flavor compounds in soybean sprout cheonggukjangsg fermented at 40C

for 72 hours by soaking of 5 hours and addition of Asp. oryzae and steam

pressure
Retention time (min) Compound
8.10 Propenal acetate
10.11 2—methyl propanal
11.68 2,3—butanedione
13.58 Acetic acid
14.29 2—methyl butanal
17.69 2—nitro propionate ethanol
17.94 2—nitro propionate ethanol
20.55 2—methyl propanoic acid
20.82 Hexanal
24.92 2—methyl butanoic acid
25.26 2,5—dimethyl pyzazine
28.47 3—methyl thio propanal
29.92 Triamethyl pyzazine
HSS Oven 120, 27-8-2008 + 11:22:08
Eean_080826_017 Stan B+
1007 i pio 18985
° !?5474
20.55
o 14,29

17.94

2526 29.18
< 28.47 %5

20.82
=
w “‘w..]\ EB.IJIL..BQ FOTINETE, LN 1 5T v e s ~ i

T T T T T T T T T T Time
19.76 24.76 29.76 34.76 39.76

576 ' 1476
Fig. 23. GC chromatogram of wvolatile compounds in soybean sprout cheonggukjang

fermented at 40C for 72 hours by soaking of 5 hours and addition of Asp.

oryzae and steam pressure
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sgog Az EF Foge] Agat 242 Table 77~783 i, x4
Asp. oryzaeSt B. subtiliss F7WANA Az JEF Aa7de] AWAil 2442 Table 79~82¢]
VERGITE 1238 9] UEF Aol Al A WA F linoleic acid(18:2) 7} 48.0~55.8% = A 713
oo oleic acid(18:1), palmitic acid(16:0) =02 E¥3}A Q] o] & A A HH4ko] 85%9]
de AASRT. FEFel AR sk Alxd e A=A daAgte] Aadae=

o
linoleic acid7} s=3kAIRE, 10A17F, 20417 HA|ebe] A3 A= Ba 24474+ linoleic

rUO

acid ko] FIAIR, WEA|Fbo] A E ko] F&3] uopyuh Fo Ao wm=
linoleic acid, oleic acid, palmitic acid, stearic acid =°]aL, =8 X4k o] 2]o| %= myristic
acid, arachidic acid, cis—11—eicosenoic acid, behenic acid&= V| & -

T FAAE, GHE, dAE FH fFEAAte R F83 F A =S AR A9
T/ A Aol A= linoleic acid®} oleic acid”} 53.64 % 21.86% 24 52 A|WAike]glom, Fx]2
AAA" D FE A A A= linoleic acid?k ZFH2F 39.80, 46.07 ¥ 55.81%, oleic acid7} 2+t
32.24, 31.71 2 19.50% 24 F& Awatolgitta Buslglth. Fig. 24% AWAF standard]
chromatograme] al, Fig. 25% 20Xy =3 & B subtiliss A7V A A x3E H=4o wa

72A172] chromatogram©] t}.
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pA ]
45 1
40 1
35 1

30 A

0 — T T T [ T T T T [ T ¥ T T T T L e B L L A B B R B B |

5 10 15 20 25 min

1. C14:0 (myristic acid), 2.C168:0(palmitic acid), 3. Ci16:1(palmitoleic acid), 4. C18:0(stearic acid),

5. Ci18:1(oleic acid), 6. C18:2(lincleic acid), 7. C18:3(linclenic acid), 8. C20:0(arachidic acid),
9. Cz0:i(cis-11-eicosenoic acid), 10. C20:4(arachidonic acid), 11. C22:0(behenic acid)

PA ]

40 1

30 1 0

20 1 l ilil i l

10 1

05""""'1'0' | 45 20 25  min

1. C14:0 (myrstic acid), 2.C16:0(palmitic acid), 3. C18:1(palmitoleic acid), 4. C18:0(stearic acid),

5. Ci8:1(oleic acid), 6. Ci18:2(linoleic acid), 7. Ci&:3(linclenic acid), 8 C20:0(arachidic acid),
9. C20:1(cis-11-eicosenoic acid), 10. C20:4(arachidonic acid), 11. C22:0(behenic acid)

Fig. 24. GC chromatogram of fatty acid in standard
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PA B
"
500 1 5
2 l
400 -
300 4
200 4
J ) o o .
100 l l l l
0 = T 'ILI'.'I.I"I"I'k'MI&II IL"'l\ﬂ" = r----.ﬂ'-m'---l T lllJ\‘l"\"'lll
5 10 15 20 25 min
1. C14:0 (myristic acid), 2.C16:0(palmitic acid), 3. C16:1(palmitoleic acid), 4. C18:0(stearic acid),
5. Cl1&:1(aleic acid), 6. C18:2(linoleic acid), 7. C18:3(linolenic acid), 8. C20:0(arachidic acid),
9, C2ilicis-11-eicosenoic acid), 10. C20:diarachidonic acid), 11. C22:0(behenic acid)
Fig. 25. GC chromatogram of fatty acid in soybean sprout cheonggukjang fermented at

40C for 72 hours by soaking of 20 hours and addition of B. subtilis and

steaming
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Table 77. Change in fatty acid composition of soybean sprout cheonggukjang at aging with
no—soaking and soaking of 5 hours by steaming

(unit : pg/ml)

no—soaking soaking of 5 hours
Fatty acid
24 48 72 24 48 72
Myristic(14:0) 0.80 0.78 1.45 0.56 0.86 0.99
palmitic acid(16:0) 88.23 72.77 91.94 8.11 79.78 118.46
Palmitoleic acid(16:1) 1.04 0.94 1.75 1.83 0.95 1.33
stearic acid(18:0) 23.70 19.19 26.69 1.65 25.28 32.67
oleic acid(18:1) 184.95 181.32 210.75 12.15 190.67 294.74
Linoleic acid(18:2) 394.93 315.65 413.36 24.45 350.95 497.84
arachidic acid(20:0) 4.14 2.89 3.25 0.31 1.04 2.27
cis—11—eicosenoic acid(20:1) 5.91 3.06 2.80 1.45 2.04 2.78
behenic acid(22:0) 3.72 3.42 4.57 0.39 4.16 5.17

Table 78. Change in fatty acid composition of soybean sprout cheonggukjang at aging with
soaking of 10 hours and soaking of 20 hours by steaming

(unit : pg/ml)

soaking of 10 hours soaking of 20 hours
Fatty acid

24 48 72 24 48 72
Myristic(14:0) 0.53 0.59 0.50 4.57 1.62 1.28
palmitic acid(16:0) 49.40 57.58 37.07 351.69 131.40 110.51
Palmitoleic acid(16:1) 0.76 0.86 0.58 3.54 1.34 0.62
stearic acid(18:0) 15.32 16.14 10.37 92.38 35.16 30.26
oleic acid(18:1) 156.2 130.80 82.92 811.83 274.57 228.60
Linoleic acid(18:2) 221.70 276.02 175.02 1,565.00 590.71 165.61
arachidic acid(20:0) 2.44 2.17 1.74 11.03 3.96 1.84
cis—11—eicosenoic acid(20:1) 2.41 2.07 1.77 11.67 3.42 2.55
behenic acid(22:0) 3.48 3.09 2.04 13.68 5.58 3.46
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Table 79. Changes in fatty acid composition of steaming soybean sprout cheonggukjang
addition to Asp.oryzae and B.subtlis with no—soaking and steaming

(unit : pg/ml)

Asp. oryzae B. subtilis
Fatty acid
24 48 72 24 48 72
Myristic(14:0) 0.80 0.88 0.83 0.58 0.56 0.64

palmitic acid(16:0) 88.27 95.02 82.65 54.99 51.95 62.39
Palmitoleic acid(16:1) 1.06 1.10 1.07 0.80 0.85 0.85
stearic acid(18:0) 24.42 25.07 22.09 16.68 12.97 16.97
oleic acid(18:1) 183.11 187.99 185.54 134.99 166.37 148.28
Linoleic acid(18:2) 411.18 417.57 370.97 272.61 219.85 289.54

arachidic acid(20:0) 3.16 4.17 2.70 2.32 2.05 2.13
cis—11—eicosenoic acid(20:1) 3.24 4.90 2.41 2.67 2.64 2.11
behenic acid(22:0) 3.67 4.35 3.60 3.03 2.70 2.76

Table 80. Changes in fatty acid composition of steaming soybean sprout cheonggukjang
addition to Asp.oryzae and B.subtlis with soaking of 5 hours and steaming

(unit : pg/ml)

Asp. oryzae B. subtilis
Fatty acid
24 48 72 24 48 72
Myristic(14:0) 0.69 1.24 1.89 0.85 1.38 0.58

palmitic acid(16:0) 72.81 140.53 272.52 66.83 174.58 34.84
Palmitoleic acid(16:1) 0.92 1.63 2.65 0.85 2.13 0.56
stearic acid(18:0) 20.85 43.52 74.30 20.77 50.71 10.02
oleic acid(18:1) 178.90 420.05 729.88 191.14 587.47 76.91
Linoleic acid(18:2) 320.79 607.11  1,095.97 269.22 694.92 141.91

arachidic acid(20:0) 0.50 2.67 5.02 1.22 3.35 0.49
cis—11—eicosenoic acid(20:1) 1.22 3.61 5.17 2.66 3.21 4.39
behenic acid(22:0) 3.59 7.22 2.10 3.56 8.85 1.66
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Table 81. Changes in fatty acid composition of steaming soybean sprout cheonggukjang
addition to Asp.oryzae and B.subtlis with soaking of 10 hours and steaming

(unit : pg/ml)

Asp. oryzae B. subtilis
Fatty acid

24 48 72 24 48 72
Myristic(14:0) 0.67 0.99 0.70 0.73 0.64 0.99
palmitic acid(16:0) 60.56 112.25 72.01 79.10 71.37 100.57
Palmitoleic acid(16:1) 0.83 1.31 0.89 1.07 0.97 1.21
stearic acid(18:0) 17.07 29.87 19.75 23.92 18.70 126.01
oleic acid(18:1) 126.38 243.18 134.13 217.81 181.54 216.64
Linoleic acid(18:2) 296.29 494.08 331.62 332.10 314.75 443.65
arachidic acid(20:0) 2.31 4.08 2.77 2.92 2.55 3.16
cis—11—eicosenoic acid(20:1) 2.32 14.65 3.10 2.79 2.65 2.82
behenic acid(22:0) 2.95 4.75 2.95 3.87 3.42 4.27

Table 82. Changes in fatty acid composition of steaming soybean sprout cheonggukjang

addition to Asp.oryzae and B.subtlis with soaking of 20 hours and

steaming
(unit : pg/ml)
Asp. oryzae B. subtilis
Fatty acid
24 48 72 24 48 72
Myristic(14:0) 0.28 1.62 1.64 1.70 1.84 1.85
palmitic acid(16:0) 0.51 142.08 125.65 117.38 145.68 129.02
Palmitoleic acid(16:1) 0.26 1.57 1.43 1.31 1.69 1.35
stearic acid(18:0) 0.26 36.60 32.14 32.35 38.03 33.77
oleic acid(18:1) 0.26 312.51 359.24  291.05  434.14  250.46
Linoleic acid(18:2) 0.26 633.79  536.25 515.85  614.05  598.48
arachidic acid(20:0) 0.26 4.48 4.03 3.73 4.69 3.85
cis—11—eicosenoic acid(20:1) 0.26 4,18 3.99 3.36 4.54 3.59
behenic acid(22:0) 0.26 6.20 5.99 5.10 7.19 5.34
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