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< SUMMARY >

| EELES | D-02

Purpose&
Contents

(0]

(0]

(0]

New cultivar registration (Lipoxygenase protein free and low content of
indigestible sugar)

Investigation of processing aptitude for tofu, Doenjang, Kanjang using new
cultivar or strain

Industrilization of new cultivar or strain through regional cultivation

Seed production, regional cultivation, and productization of “Jinyang”
cultivar with lipoxygenase protein free and low content of indigestible
sugar

New cultivar registration of new strain with lipoxygenase protein free,
low content of indigestible sugar, and good agronomical traits

Results

Regional cultivation, and productization of “Jinyang” (soy milk)

- Name of soy milk: Jinjjaduyu

- Prouction factory: wanju local- food
New cultivar registration: Chosun (Lipoxygenase protein free and middle
or small seed size)

New cultivar registration: Daebok (Lipoxygenase protein free and low
content of indigestible sugar

Physicochemical properties and antioxidant activities of the Jinyang,
Daebok, were compared to the Taekwang (LOX-present) as the control.
The crude protein and mineral contents of tofu made from LOX-free
genotypes were significantly higher than Taekwang. There was no
significant difference in color intensity among all tofu. Contents of total
isoflavone were higher in the tofu made from Daebok tofu than control.
The total phenol content was similar for the Daebok and Taekwang tofu.
The flavonoid content was higher in Daebok tofu than Taekwang. The
antioxidant activities were higher in Daebok tofu.

The color intensity of Doenjang was significantly higher during its
fermentation from 6 to 12 month. The total sugar content was
significantly lower in the Taekwang Doenjang, but reducing sugar content
was significantly higher in Daebok Doenjang than Taekwang during their
fermentation from 3 to 9 month. Total phenol contents in Jinyang Doenjang
were significantly higher than Taekwang, and then the antioxidant activities
were also higher in Jinyang Doenjang.
Total sugar content in Kanjang was significantly higher in Jinyang, and
Daebok Kanjang than Taekwang. Daidzein content was in Jinyang, and
Daebok Kanjang. Total phenol content was increased according to ripening
periods. The antioxidant activities were different from ripening periods and
soybean cultivars.

Expected
Contribution

[oleleNe]

Cultivation enlargement of “Jinyang” and “Daebok”

Production enlargement of soy milk using Jinyang"

Production of Tofu, Doenjang, Kanjang using “Jinyang”

Improvement of consumer awareness on quality safety and competitiveness
strength of domestic soybean industry

Keywords

soybean | ipoxygenase |stachyose |processing aptitude Jinjjaduyu
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- FE 24

- TEHE/5EY: A5986E /201614911

- FOAEA HEWE YA Ee T4 =UF
2. TXxREEA: 17

- FEW &

- 29 E/EYY: E92017-691/2017312€919Y

- FOEA AU U o dasidde dEe] me ve FaY 9T
3. A= 29

1) The Quality Characteristics of Low Raffinose and Stachyose (LRS) Soybean
Cultivars and their Tofu (Journal of Life Science 2017 Vol. 27. No. 11. 1299~1307)
2) Stachyose ¥ Raffinose A& I AdAE] F34 J&

(Korean J. Crop Sci. 2017 62(2): 143~148)

1) Physicochemical properties and antioxidant Activity on new soybean with
lipoxygenase protein-free and low content of indigestion sugar
= A F A G FE o2l /o = 2016.10.21
2) Physicochemical property and antioxidant activity of tofu made from wvarious
soybeans genotype with low-levels of raffinose and stachyose and lipoxygenase-free
gk Ay vy 25t 3] /o gk Rl = 2017.08.03.-08.04
3) Quality characteristics and antioxidant activity of traditional Doenjang made from
soybeans with low-levels of indigestion sugar
k= A v #8}3] /o §kRl = 2017.08.03.-08.04
4) Raffinose9} Stachyose AT HFZTOZ AZH A2 239 FHAEA 2 itz &4
gkt 2 F g Fehsl/ o Rl = 20171214, (T EEFE)

5, dEZH: 14
o AEEFUH: 20161 7¢ 5¢A}

AT TEOE | e
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O U2UE LESHEE20|M BUE HEM0|D He| 37|

O ZH4E THA0| D B4 2 24 TiHS

O 37| s HEHoE MR o 401453 TEY
O F22YS 7HIH IS BYY

O Eje| ZEZ ofEH HE0|H MM E 20| D SE BENME 2Ny
O MNE7 = B2 I1LEE0|D E57(E 102U B=Y

O HBH M HIEIHT LT 2F (Lipoxygenase 23 HHED

2
ol

ZEHSEN| WZEEN FEH: SEUZES
oBY| HZSEE 24 2E UH BHE
O PRUE HEFE0| LYY 24712 UH 23
OMHSE HEFE0 H|5HH 2R2H =5

O NZESE JSEFRY Lipoxygenase 1,23 S E0] ZxHshy d|2%H0] 29
H|EbH ZAEZ 2 E5EA Lipoxygenase 2.3 S E0| 2io] B2 SI2

LS S2HHe 7S

CERTIFICATE ON THE GRANT OF PLANT VARIETY RIGHTS

& 3 2 &5: 59858 & @ ¥ 3: H2013-511%
GRANT NUMBER No. 5985 APPLICATION NUMBER No. 2013511
B =] o 20134 118 229
FILING DATE 2211112013
s = e 20164 048 112
GRANT DATE 11/04/2016
20 UMY o Y . F

COMMON NAME & BOTANICAL. Glycine max (L.) Merrill
NAME OF THE PLANT

& &5 9 98 #: =4

DENOMINATION Choseon
S3E 2 ES71Z 0 20169048 11Y~2036H042 10

PROTECTION PERIOD 11/04/2016 ~ 10/04/2036

&35 2 2 A A FoUEL AEEsG

TITLE HOLDER Gyeongsang National University
5 d A YsY

BREEDER Chung Jong-il

A9 FF52 TYEAFFTRIY, A5420] W FFEET
THEYRY 554 E YIS

This variety is to certify that plant variety protection right is registered
according to Plant Variety Protection Act.

20169 049 11¢

11/04/2016
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1. &(1&8) & &t : 2, Glycine max (L.) Merr.
2. 258 U=
3. AENS =2 HHA Sd
- H=M2 TM0IH dSE2 RetdIsEY
- dEg4d2 MNEE01] 2 S22 s6cmUiel 3=
- DEME MO0IH LE2L2 2222010 LETANE S
- S22 BHEFH0IH 42 BS540 82 Al sAHEY
- S22 A0l A2 M40 Js
- )= SAUHEEZ & 20.1g F= Y
- SAZ2YE2 FHU OMRH SLIMS 24
- SHI2 ZH2 ofst HOIN M2 240/ S& NS4S 848
- JHabls 8E4Y FE011) d=0|= 10862 F3&¢
- d= SX0lA lipoxygenase—-1 2,3 A0l 0 AI30AM HIBILIL LIX &S
- tasldd d=20 stachyosell &0l 2Bt30 BIotod &KMol €35
4. EFEE0| HExS3Y PEHE S48 (XSS d5329)
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Photo 1. Different soybean cultivars.
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Taekwang Jinyang Hayoung Daebok

Photo 2. Soybean powder from Different soybean cultivars.

= 7hete] 24A17F w9k Aol AT

Az &4 Fig. 13} o] #33 I l TEFE 7hske] vh skl

Soybean 3 kg

l

Washing, soaking (room temp. for 24 hn)

U

Blending

l

Filtering and collecting soy milk

\H Soybean curd residue
Heating (95~98°C, 10 min)

Jf—Adding deep sea water concentrate (150 mL)

Soybean curd residue

Coagulation (20min)

l

Molding (30min)

!

Water-soaking (30min)

l

Soybean curd

Fig. 1. Preparation flow of soybean curd making process.

=

T

_23_




ofw) vhaE FAbE wAZ welse vk
95798 Coll A 1023t 7tdgh & 3 A
Pz

i BAAA curd7b #F FAAHES AT olF FRET0x70%x20 cm)oll Hir 301t 7
FE06 kg)Z GFAAY. T FAE F FEES AASL HE @b AuE FRE
WZEA A TH20%E)., A E FHE 15x12%x6 cm® plastic £7]0ﬂ Y SRTE S F
S Ho] "destd. ¢d¥ FH = Photo 3% b T TFES 95T (@oEiyg o
oj A= T FHu| (%)= ALtst A tHChung DO, 2010)

Taekwang Jinyang Hayoung Daebok

Photo 3. Soybean curds made from different soybean cultivars.

(3) 3ol A% W FEEE Az
S FEZ 4ToA 2097 ARG o A7 4, 8, 12, 16 2 20Y0] A w2 7t
2+ A8k 48 ARE AT
TR FEFES Az s ddE FEe= sAAAFOH, o7 80% HEES
7hske] 20% FZAS WE F ool2 FAate] AAF =10, 20, 50, 100, 200 mg/mL)= 3|4
shol garsh 24 =4l ALgse

4) W5 2 &7 Ax
W F9o] A Z+= Fig. 20 YebH wiol o] d8F z

FHAAY. #3718 F& F71% 04 kg/em®e] FA7]Ol A 3A17F 3083 F2}E
WAANAT. 7] Aspergillus oryzae w5 JE39(02 g/5A4F 1 kg) =
& st wF(20x12x10, LxWxH cm)E& A @3ttt 488 wFE Al
oF Fagstglon, I & HgA(2%, 28¢2C; %, 50x5%)d Al 8047t A< .
Y53 10 kg2 Ax3 wFE 80U A %E*]Zl = HFv = 756 kg, J&FH T
898 kg, st@dwlF= 9.22 kg ® tHEWF= 831 kgol At

| = %}:6; HE Ao T FHS MFo] AL F 273 HA2oA EVE AAT &
Estdon, 88 Axes 20 L&FY Fotddd =Z43 WFE 3 kgt 15%9 2@E
12(w/v)e] vl&=E EFato] 25T sAAFT 471k Aol wet 39, 64, 99 4
1290l WFE st FFoz stdon, A5 =

= oz o}oq 2asar. 99 it
3 shlov, e olua *




Soybean 10 kg

!

Washing, soaking | (room temp. for 24 hr)

l

Steaming (3 hrs 30 min) —> | Meju (3 kg) + 15% Saline (1:2)

i—> Cooling i’
Crushing with added to Asp. oryzae Fermentation (25°C)

l' \LAfter 3,6, 9 and 12 months
Molding l

!

Doenjang Kanjang

Drying (48 hrs by sun drying)

Fermentation for 80 days
(28+2°C; 50£5%)

}

L

Meju

Fig. 2. Preparation flow of Doenjang and Kanjang making process.

Taekwang Jinyang Hayoung Daebok

Photo 3. Doenjang made from different soybean cultivars.
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Taekwang Jinyang Hayoung Daebok

Photo 4. Kanjang made from different soybean cultivars.

6) &7 F==

o Az
B B e ks 4 S-S flste], | 50 goll 80% HlEHE 300 mLE 7hsked
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= (e} =
sonicator® 1087+ F&3F & A A 204 24A 70 23] W2 F &3 & o] 5T Ho}
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(1) 4mFel dol, & 3 % 24
ARF 4%9) Qol, T AN 203 ol WB ZAse] FFAAZ Yok
UFFS F 10002 #4902 AA%] 5 T2 4590

T 50 g& A&l Aol 109 Si4E Thske] 25Tl A 24
| s Al®e <

=43t 2

82T, F5 2 AF AxE AMAA(Chroma meter, Minolta Co. CR 301, Japan)Z ™
= (lightness) & WEM & L3k, A2 % (redness)E UENW = a#t¥ &4 Z(yellowness)E U EF
W bats SAseH, & Axs JE#S® YERHATHKIim YA, 2005). ofw x5 A
vHo] L3k 96.03, agk 0.79, bgk2 0.62%
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1056C Fd71d dxd, g2 550C 2 A3 sk, A2 soxhlet
semimicro-Kjeldahl & 2 #2433t} ©@431E9] shake 10004 F5, 3

A g e gheks wl ghom A4Skl
(5) FAotm At Q=

TAoln =4k a8 Al el 05 g& FHstel 6 N HCl 3 mLE &3t 77 A4
V225 F74A1Z1 3 110C heating blockoll Al 2441 7F B33k & o] 3}slo] F=31 o, o]
£ pH 2.2 sodium citrate &840 2 10 mL2 AE3 F 02 pm membrane filterot
sep—pak C18 cartridgeol] o] Z}A]#A o}n At 25824 7] (Amino acid analyzer 835, Hitachi,
Tokyo, Japan)® #4133t}

31

2 goll e 50 mLE 7}5te] FA 8l oJal F kAl
NS 50 mLE 7He ths o #E & 2 ZhAbe] 80% 01]‘5}9‘ 50 mLE 7tste] &3t
Aggh & ofgsidnt. oJos BF Kol FHAZ thg pH 2.2 lithium citrate ¢hE-8 <42
2 10 mLE AE3t°] 0.2 ym membrane fﬂterﬂ sep-pak C18 cartridgeo] o] #A]A o}n| =
Ab A4 7] (Amino acid analyzer 835)% 4]} th

Al
A

(7 F71& A

YEF, F5F 9 F7F 5 72 dAGFY A5 g &ika FAks 22 10 mLA 7
3t hot platedolA ¢+ A o2 THITZE 343519 Inductively Coupled Plasma
(ICP, Optima 3300 DV, Perkin-Elmer Co., Melville, NY, USA)& #4353t}

}1'

(8) TG 9 AT AF

%92 phenol-H,SO,H (Dubois et al, 1956)0 ot} | AlRE %%—’Fi FE3 5
1 mLell 5% phenol A1¢F 1 mL¢} H2S04 5 mLE 27 #H7}ste] A2 A It

T 470 nmellX FFE=E SAsAT. 92> DNSH (Miller, 1959) of wel o} 1 mLel
DNSA|¢F 3 mLE 718t 100TC 2] £+ =oA 10823 7FEeta Wzsk & 570 nmol A &
FEE FASAY. ETELAE glucoseEs ol &3ste] FdstA Tt A& xF HZFA

Jatel Nmel $9 L BAY FHS ABh

ol
o

ol
2

9) =43 =4

FTEE AT A7]@2x2x2 cm)E AFE $  texture meter(TA-XT2, Stable Micro
Systems Ltd, England)® 2743ttt 7 =(hardness), 7% 2HA(adhesiveness), %F&Al
(springiness), A A (gumminess), % 3 Al (cohesiveness), &4 (resilience) g 103 o]A =4
o] W+ FFAAE JERRT B4 2A S22 probex 50 mm stainless cylinderE AF-&
3t o™ pre-test speed 1.0 mm/s, test speed 1.0 mm/s, post-test speed 1.0 mm/s,
trigger force 1.0 g, test distance 4 mm= 3} t}.
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| EELE \ D-05

AzxAZ T8 F5 2 8jx 2 ZF 1 gol 80% wEe 20 mLE 7Fske] 30

LA A AM,000 rpm, 10 min) €2 F5 4 02 um synringe filter=
o] 78] HPLC(Agilent Technologies, Palo Alto, CA, USA)Z ®A1&9dch ojw] Zy e
YMC Cig(5 um, 4.6x250 mm), 254 nmolA] UV-detectorS AF&3}ow oA &njz
0.1% acetic acid in water (A)2} 0.1% acetic acid in acetonitril (B)E A}&3Fo] 30%%
90%(A)710%(B)e] =7 olA EA s ol F4& 05 mL/min, Al5 FYFS 20 plL
o}, olAZE e HFEZAL daidzein, genistein, daidzin, genistin % glystin 5F &
Sigma-Aldrich Co.(St. Louis, MO, USA)Z %5 G943+ 2™, dimethylsulfoxide (DMSO)9|
€3 3o] HPLC chromatogramol 4] retention time (RT)] v E FA 0 oW peak area

o WEAst BEEAN FEg Al o olxFrhel FFS AFTHAnh

e oo

[e)
FH, F Ak 2 AAAQ VIEE dEiA 58 HAEHoeR Hrtstdlon, A A7
H), 7|35 o] ATFE 5SS FoIes St AlEv dFEE AAAH AT
H, B2 LS T3] AT Fo ts AR HUHt o] FAAEE T

o] % 1 mLel 5% Folin-ciocalteau A1¢F 2 10%

Na,COz& NS 2= 73k vt A9 gt A 1417 wk-SA1zl § 700 nmoll A FHE=E

=43 tH(Gutfinger T, 1981). Z el o= qFHS 55 | mLo 10% aluminum nitrate

0.1 mL, 1 M potassium acetate 0 9 ethanol 4.3 mLE 2 713 & 229 obz

o Al 40&3F ¥H-SAA 415 nmol A FFEE S H(Moreno MIN et al, 2000). & &=

9 ZgH ol AGS FFEAR 727 gallic acid 2 quercetin (Sigma-Aldrich Co., St
o]

Louis, MO, USA)& Al43te] & &7 GHo2RE &%

6) &zt 24 53

shabsl gAle DPPH (1,1 - diphenyl - 2 - picrylhydrazyl), ABTs [2,2’ - azinobis - (3 -
ethylbenzothiazoline - 6 - sulfonate)] 2ttjzt 27484 2 g oz =A3 At DPPH
Oz 2784 5 mg/100 mL " E&e] &g DPPH &He sZFo AgE E3sto] 4
oA 1083 WAL - 525 nmollA FRE=E FA A THBlois MS, 1958). ABTS ¢t
Zt 2AEAAE 7 mM ABTs& Ao potassium persulfateE 2.4 mMo] HE=2 &3jA| A Wt
oA 12~16A1%F 9EEAIZL B 414 nmell A F3 =7 157F He s /T2 A8 s
ABTS 7|dgdoz Algsldom, o] &9 100 plLo Als FEES 50 pL 7Fste] A0
Al 5 7E BESAIA 414 nmoll A 3 EE S435IATHRe R et al, 1999). 7+ gtojzd AA LA
(%) [1-(AN = HA7H9 F3=/FH7HY F3%)1x1002.2 A4kst o,
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40 pL,

1=

|
FRAP (ferric-reducing antioxidant potential ability)el] o3t SUdHL Alg F=°
S 40 uL, FRAP 71289 100 yLe Ael= &£3s8te] 37CelA 423 vbe-A17A 593
nmoll A FHEE SASI oM, FeSO, TH0E RoEZR sto] 25 dFdel s ALt
stoich ojwl FRAP 7]Z &2 pH 369 300 mM acetate £3589, 10 mM TPTZ-40
mM HCl €< 20 mM ferric chlorideE Z+ZF 10:1:1(v/v/v)e] &= 233k & 37C water
batholl A 53&3F HWES-A1 71 A& AF&-8} 9 tH(Benzie IFF & Strain J, 1996).

S~

A

)

rol

7) FEY A T oy EA AY
(1) pH =4

T AN pHE AR FHE o33 § ofd3 pH meter (Model 720, Thermo
Orion, Waltham, USA)Z WHE-3lo] 432

50
o

Aol = A7l oy ogds FHFE R do] E3F =42 600 nm
o

0 mL 2 10% BHT 50 uL2 7}3}

2 mLel 50% TCA &< 2 mL, 2%
TBA &<} 2 & 0T F53elA 1521 WAzt ol &
wyste] YA (5000 rpm, 15 min)¥ & FFHS 3Fste] 532 nmollA FFE=E 574
skt TS Ad == TBARS #&Fez Esgen, xEEFo=

tetraethoxypropane (Sigma-Aldrich Co., St. Louis, MO, USA)S A}-& 3}t

2,
SN

5

8) TAEA

Zy Aee bR AS S Folo] AyE A SPSS 12.0 (SPSS Inc., Chicago, IL, USA)
= Agste] FAIA Y stlom, 77 Alge] Wis] HurzRFHAE YEUTH 4 AR
ol ek -9 HAL BARAS 3 & p <0.05 504 Duncan’s multiple range test
E AAE
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3.4+ 2%

1) 9539 o3ty 54 R F4ks 24
() 95T =44 574
ABToR I A A Yol A

4
HF(EF) e 22 st =214 54& S48tk Table 19 WeERd njo}
=

g a

Zdoli= B3T3 dt9dFol 83 mme=E 7HF Ao, d&EFo] Fol¥ow #Hskth F9
Ze golst g AFolglon], WG uFo] wxd A/ Ak NPFL BB T 3
GFol 27 go@ B Agel Hal FoHom wdom, AFFo] Y e FEolith A
oA UL A F o) £ FFES HGFIA 1P ERor], deow BYTo
o} olEgtel folAE QQon], AFTe] £ Frgol g Wkt

Syl A T AxE 9lsl
7.01~8.04 mm, %2 6.02~7.62 mmo| % &
d(Yoo KM, 2011), & o] AL-8¥ dasidd Atk o Ado], Z

ol At

My 2
- ;o
4o

Table 1. Seed characteristics in soybean strain with LOX-free, low contents of raffinose

and stachyose

Increasing ratio

Length Width 100 weight (g)
ength (mm) idth (mm) welght 187 weight (%)

Taekwang 8.30+0.39¢ 7.52+0.348 27.40+0.26° 125.58+0.905¢
Jinyang 753+0.378 6.96+0.33% 20.86+0.036" 123.13+0.30%
Hayoung 8.34+0.48° 7.38+0.39% 27.30£0.10¢ 126.75+0.49¢
Daebok 7.32+0.29% 6.81+0.47% 21.60+0.89" 125.24+1.46"

All values are mean+SD (17=20)

AC\eans with different superscripts in the same column are significantly different at p
<0.05 by Duncan’s multiple range test

Increasing ratio of weight: soybean weight after soaking for 24 hrs in the water at room

temperature.
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o A%

THo

48

(2)

o

W= bghe 2161724910 MR BT 2 YE ol

87.44790.08¢] HH =
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ki3
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Table 2. Colour intensity in soybean strain with LOX-free, low contents of raffinose and

stachyose

AE
87.93+0.88P
(0)

24.25+1.218

84.50+1.04% -0.98+0.455

Taekwang

. . R 87.44+0.65"
84.71£0.97 ~0.66+0.22 21.61+1.41

Jinyang

(-0.49)
87.72+0.814°

84.93+1.174 -0.72+0.30¢ 21.88+1.524

Hayoung

(-0.21)
90.08+0.54°
(2.15)

86.54+0.558 -1.44+0.13" 24.91+1.46°

Daebok

All values are mean+SD (7=20)

AC\eans with different superscripts in the same column are significantly different at p

<0.05 by Duncan’s multiple range test.
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A e 1481~ 2 35.99~40.59%(Seo Y]
tal 0T B ATl 48R T LAY G ks Sor), 0 B olst §
A FEOR TR AE F ART AW wwad g TR Fdo 2 P A
= Qaoltt, oA =AW FFol ;sgL, L AeE SR S ogln zgvde @

& 2011, Aol WE FrRAzE To| A 4R

Table 3. Physicochemical properties in soybean strain with LOX-free, low contents of

raffinose and stachyose

(%)

Moisture Ash Crude lipid Crude protein Carbohydrate
Tackwang  8.00:0.23" 4.72+0.06% 12.44+0.15% 35.32+0.61" 39.52+0.83"
(5.13£0.07)" (13.52+0.16) (38.39+0.66) (42.96+0.89)

. AB 5.22+0.06" 12.10+0.58* 38.00+1.24° 36.76+0.79"
Jimyang 1925020 (567:006)  (13.14:063)  (41.27135)  (39.92:0.86)
Hayoung  821£0.22° 525+0.02%  1241+025%  37.08+1.06°  37.06+0.99"

(5.71+0.03) (13.52+0.28) (40.39£1.15) (40.38+1.09)

Dacbok 7 5840.37A 5.26+0.05" 16.79+0.128 33.19+0.62% 37.19+0.76"

(5.69+0.06) (18.16+0.13) (35.91+0.68) (40.23+0.82)

All values are mean+SD (7=3)

“Values are calculated as dry base

AC\eans with different superscripts in the same column are significantly different at p

<0.05 by Duncan’s multiple range test

Carbohydrate = 100-(moisture+ash+crude lipids+crude protein).
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& T Tt A SRS ST A= Table 43 2
T =ARS T 17F0] AEHALH, T F HFolu|AihE 8Fo] EF 3tH ZoR
UERSTE ofw] mabe] Fake 2365.0172439.27 mg/100 g2 & AlETboll tiAE Bl 9
o} Fgoln skl dEF2 893.027904.31 mg/100 golR o, o]= olu|x=Ail FE] o)
1% Fwoll MFEH, o] I ARkl txE HolA gttt FolA F8 oyl Ao
283}l = aspartic acid®} glutamic acid®] =S Hlwsl] B 747.787779.71 mg/100 g2 W
AR ol 2t F#kol dief g % e 32%F o, HEy Ee 31% FFoldd. 74
ofu] =4k glutamic acid®] o] 7Hg wWkow thS O R aspartic acid®Z oS ET
200 mg/100 golAtel sr#oldr}. thS o & leucine, arginine, lysines 157200 mg/100 g9
o Wk cystine, methionine % histidine $F#-2 100 mg/100 g 7] ®7+o] At}

—

Table 4. Composition amino acids contents in soybean strain with LOX-free, low

contents of raffinose and stachyose

(mg/100 g)

Taekwang Jinyang Hayoung Debok
Aspartic acid 296.46 301.77 290.57 289.73
Threonine* 102.72 101.57 97.90 99.15
Serine 130.86 130.11 127.37 128.06
Glutamic acid 470.18 477.94 466.39 458.06
Proline 142.50 145.03 137.78 137.10
Glycine 115.35 114.54 108.31 108.09
Alanine 108.27 108.15 105.38 104.79
Cystine 26.57 0.00 0.00 30.60
Valine* 116.64 129.87 120.13 115.00
Methionine* 14.04 12.61 28.25 33.04
Isoleucinex 111.85 108.14 104.38 109.79
Leucinex 188.72 180.51 177.98 182.51
Tyrosine 66.21 65.05 64.34 63.78
Phenylalanine 133.34 129.28 129.15 127.89
Histidine 68.04 67.77 69.31 65.27
Lysinex 168.95 167.03 165.92 162.33
Arginine 178.56 181.65 171.83 170.45
EAAx 904.31 896.79 893.02 894.99
(% to total TAA) (37.07) (37.04) (37.76) (37.52)
Aspartic acid + Glutamic 766.64 779.71 756.96 747.78
acid (% to total TAA) (31.43) (32.21) (32.01) (31.34)
Total 2439.27 2421.01 2365.01 2385.66

*EAA | essential amino acid
TAA : total amino acid.
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Table 5. Mineral contents in soybean strain with LOX-free, low contents of raffinose
and stachyose

(mg/100 g)
Taekwang Jinyang Hayoung Daebok
K 1377.53+33.96 1633.16+£30.29 1689.93+12.93 1577.66+14.88
Ca 307.26+6.51 324.68+6.99 302.43+18.64 265.19+25.07
Mg 229.34+4.61 292.57+10.85 241.68+9.82 250.88+2.84
Na 106.66£2.00 105.68+12.33 82.11+4.65 75.14%6.80
Fe 17.31+0.68 16.82+2.34 17.86+3.99 21.54+8.20
Mn 1.09+0.02 1.35£0.02 1.40+0.01 1.43£0.02
Al 4.99+0.43 5.59+1.46 3.58+0.50 3.72+0.32
P 573.88+9.19 593.04+6.69 587.29+3.02 596.43+6.43

Total 2618.05+54.674 2972.88+43.43" 2926.28+38.43¢ 2791.99+34.30°

AC\eans with different superscripts in the same row are significantly different at p
<0.05 by Duncan’s multiple range test.

Qurz 0 dasAY A%y T 9 L A9Y FFL 24 Ao Table 63 2
[e}
A

6) AT Y L BAY 4B
=
A= [} [} P
th E9e FFE 266173129 g/100 gO 2 WFFAA s Ehort, olE FYFI f
&

= |
e BolA= fgkew, AFTolMd FEe el MY v #dg2 ®dEol 1.2
mg/100 g¢l Wkl dastdg AgteE FolA= 05870.86 g/100 go = Ej3d-3ol Hlaf 9
Aoz gt Aow o] o5 Fo 5HS & & F AU
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Table 6. Total and reducing sugar contents in soybean strain with LOX-free, low

contents of raffinose and stachyose

(g/100 g)
Total sugar Reducing sugar
Taekwang 31.29+1.57¢ 1.20+0"
Jinyang 26.61+1.49* 0.58+0.01%
Hayoung 29.99+1.718¢ 0.86+0.02¢
Daebok 28.05+1.394P 0.67+0.05"

All values are mean+SD (77=5)
ADMeans with different superscripts in the same column are significantly different at p

<0.05 by Duncan’s multiple range test.

(1) ARF9) ol aFehi e
Aurg W Gasdw A 2EGE e 4T ANE Table 73 2k 7

T olaZetE
E

=% RTE widA 24 daidzin(18.6%), glystin(18.9

), genistin(21.2%), aglycone® ®  malonyldaidzin(22.1%), malonylgenistin(24.8%),
daidzein(25.8%), genistein(26.5%)°1 AT Y 5F 9] o]~ Z#E &2 malonylglycoside= A

malonylgenistin®] 3$F=Fo] 7} Ekow TSow malonyldaldzmo]‘i‘iﬂr. Hl A 24 =
glystin, genistin, daidzin® =X &2 =¢kow aglycone? S 100 pg/gr|wtollon =
3] daidzein®] FFo] 7HE wokth olaZEebiEe] F e HFT oA 2486.33 ng/gel o,
st G A %"Oﬂ/ﬂb 338676~408708 ng/g= ol EjFFo Hld fFelHow =2
ShFoldnt olAEHE FEFE dEFAAA 7P =doy stdFS 3T ol Hl&l daidzin,
malonyldaidzin, daidzein¥} gemstemJ Shefo] =9k

T F FAAY 43F 02 HE olAZ#E S A3 A} daidzein, genistein 2
glystein®] &4 =3l ou:] ol59 Hit TS 484442239 ng/g, 448.0+156.2 ng/g,
84.9+48.7 ng/golR e F TS 1017.3+390.0 go| U, %Zﬁoﬂ shek 27 2 AowE H
a7 v} JtHChong MG et al, 2006). 3k 511141«] % 10659 olAFehd ke 5279~
34565 ng/g & Ht 1489.0 ng/gol™, 3F 9 Olﬁ:%i‘r—“& aglycone % daidzein®] &#o] 7}
T =2 AoR Hura Qled, ol E AT 2 Ay tH(Park KH et al, 2012). 39
]i%ﬁ‘rLt 2 malonyl-& B9 glucoside® &3}, A2 &AL aglyconee] FE7} H
e A St (Peterson G, 1995). HS5o] F9] o|AZeE dF2 FF, AuAE
g AfolE HolW, sdFFTolHE AT, dx Al wep FEFAU 2 AL
3 AH(Wang H & Murphy PA, 1994). ¥ A3+ A3} efgFo Hl3)] 359 *4

FoA o] aE ek FrFo] mol o5& AFAYTH gort Aana
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Table 7. Isoflavone contents in soybean strain with LOX-free, low contents of raffinose
and stachyose
(ug/g, extract)

Taekwang Jinyang Hayoung Daebok
Daidzin 127.57+2.34% 214.10+9.01° 405.20+45.85¢ 256.60+23.89"
Glystin 3055042253 401.13+12.92%  30657+34.19*  511.01£1591¢
Genistin 285.17+16.16* 43027426235 457.47+59.81%¢  524.93+96.49¢

Malonyldaidzin ~ 699.35+14.47* 916.13£12.99®  1361.66+142.52°  1056.70+83.38"
Malonylgenistin ~ 1040.60+29.63"*  1346.46+83.69"  1291.30+83.76"  1671.95+55.20°

Daidzein 10.70+1.59" 12.67+0.95" 26.20+2.70¢ 7.30.14
Genistein 17.50+4.50* 66.00+1.59° 79.00£1.11° 58.60+1.35"
Total 2486.33+9.79%  3386.76+119.99"  3927.47+367.53°  4087.08+250.12°

All values are mean+SD (17=4)
AC\eans with different superscripts in the same column are significantly different at p

<0.05 by Duncan’s multiple range test.

3T =4 AR
Gyl A AitE s FEE T T dle dES SAHT A9 I vdgE FEECA
; olo] W&l o 2u] olare] FFolen], Tehuieols

2.63~554 mg/gol=dl, HAZF
shaFe 1.16~229 mg/gS
tranc-cinnamic aicd %5 °] <A s}
o ATFdA EAE g B dAsAAT A
538 =& FTolAnh
AEA o FEE A= =

AW phenolic hydroxyl”] el <] 3|
A el A gakst gk, 3
UTHKIm EY et al, 2004), webA 2 Ao AMEH dAaSET AdHF T A= Al
Al 715 EAdd =l 2 A

" ¥ 3gERE caffeic acid, chlorogenic acid,
A al t(Myung JG & Hwang IK, 2008).
F Fo F de e g7 Had v ¥
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2
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Table 8. Total phenol and flavonoid contents in 80% methanol extracts of soybean strain

with LOX-free, low contents of raffinose and stachyose

(mg/g, extract)

Total phenol Flavonoid

Taekwang 9.91+0.25% 2.46+0.07*
Jinyang 9.16+0.414 3.87+0.59"
Hayoung 10.33+0.34" 5.30+0.82¢
Daebok 10.18+0.15" 3.75+0.80"

All values are mean+SD (12=3)
AC\eans with different superscripts in the same column are significantly different at p

<0.05 by Duncan’s multiple range test.

i
()

j:L g AgreF Fo] 843 GA4S 1710 meg/mLe FEE e DPPH %
ABTS &z &2AE4 7 FRAPHA o3 st oz SH43 Ay Fig. 37 v}t DPPH

2 HE AlmoA Alze] FHubeo] Woldgs 4 FoHom FUte e
BEFoIATE 172 mg/mLEEoll A= Bg3o v8l] WG 2 FdTe] AAGH S FolH e
2 ougton tiEFe aAgAge] M =%tk 3 mg/mL oo sRolAE E3F I o
BZol 2ALGA 2t fFolxrt gldlen, 10 mg/mLEyEEoAE ZE A8k o442 B

ABTS #t17 2ABHS RE ARAA AR A7lwe] Bolas% 2ABHe] F7
0% Z7HHE Zgelglon, 5 mg/mLoldel FEoA BE ARCIA 60% olde] £AD
Ae BT 172 mg/mlel wrReAE HETw sgdTe wxd FEolde

mg/mLs =l = ol vl dAastd A FolA FoA
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Fig. 3. Antioxidant activity in 80% methanol extracts of soybean strain with LOX-free,
low contents of raffinose and stachyose.

Means with different superscripts in the same concentration(A-D) and the same
sample(a—e) are significantly different at p <0.05 by Duncan’s multiple range test.

NS: not significant.
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Table 9. Yields of soybean curd made from the strain with LOX-free, low contents of

raffinose and stachyose

) Yields of soybean curd
Soybean curd (g)/ Soy milk (L)
to soybean (%)

Tackwang 310.73+8.05" 207.1625.37°
Jinyang 293.40+9.51* 195.60+6.34%
Hayoung 303.07+7.56*8 202.04+5.04"8
Daebok 316.87+7.38" 211.24+£4.928

All values are mean+SD (1=4)
ABMeans with different superscripts in the same column are significantly different at p

<0.05 by Duncan’s multiple range test.

Table 10. Colour intensity in soybean curd made from the strain with LOX-free, low

contents of raffinose and stachyose

L a b AE
93.21£0.19™
Taekwang 92.55+0.19% -2.40+0.08" 10.80+0.26° o
93.58+0.29
Jinyang 93.07+0.30" ~1.67+0.03 9.65+0. 197 o
93.63+0.37
Hayoung 92.85+0.43"" -2.29+0.12° 11.77+0.55° (0.42)
93.47+1.18
Daebok 92.55+1.15% -2.91+0.114 12.76+0.66° 096

All values are mean+SD (7=20)
ADMeans with different superscripts in the same column are significantly different at p
<0.05 by Duncan’s multiple range test

NS; not significant.

Qurg L AT AFY FoR A7 ARG FroA 5B, HB, =AY, 2w 1
T FEFSE 54T A= Table 113 2rh 71 &S 75.72780.61% = i FFH-o ] &l
AT A TERE FelHom ve FFer A¥ W AAM g ARkl
FOlA7t glglom, 2umd gee URTRAN 066%2 B Aol W) foHon v
rom, o1 9] ARE 11.09712.14%¢9] WAZ ARl o33 mol4 ek
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Table 11. Physicochemical properties in soybean curd made from the strain with

LOX-free, low contents of raffinose and stachyose

(%)
Carbohydrat
Moisture Ash Crude lipid Cruc’lg arbohydra
protein e
80.61+0.52°  0.83+0.06™  5.88+0.14™  11.13+0.61°  1.54+0.05"
Taekwang

(4.31£0.32)"  (30.34£0.72)  (57.40+3.15)  (7.96+0.23)

Jinyan 79.11+0.32°  0.91+0.03 6654058  11.09+1.08%  2.24+0.77*
yang (433+0.14)  (31.85+2.77) (53.11+5.18)  (10.72+3.67)

Havoun 75720490 0.91+0.05 6.60£0.37  1214+040°  4.63+0.86"
young (3.73£0.22)  (27.20£153)  (50.00+1.67)  (19.08+3.53)

79.26+0.68"° 0.91+0.06 6.49+0.55 9.66+0.01* 3.69+0.988

Daebok (4.41+0.28)  (31.28+2.65) (46.54+0) (17.79+4.74)

All values are mean+SD (7=3)

“Values are calculated as dry base

AC\eans with different superscripts in the same column are significantly different at p
<0.05 by Duncan’s multiple range test

NS; not significant

Carbohydrate = 100-(moisture+ash+crude lipids+crude protein).

ITUAE Fo AxI TR F SR S 70.00772.43%9 0.9 (Yoo KM, 2011), Chang
CI et al(1990) 17%9 Fo& AZd FHAM & g3 7502~82.00% vt B i1s}
o & AFARe} FAFSATh o9 Zo] TR Fi TS TR FAN IS AA]
d&dl, ol AEZFA wE JFo] Avta B F vk TR FAY E zuuw ghaf
& 77t 395~586% E 10.10~11556%(Seo  YJ et al, 2010), 266~958% &
1.80713.71%(Chang CI et al, 1990)2 i1 ¥o] =t o= AR F9 Fgdy #edAol
2 Aow Wawo] gt
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mg/100 g)oll Hl&l] FAasdd AgaF oA 556.427650.16 mg/100 go = fFelHo =
Fe FFolddth FAE F 9, vhavld L GEFRY §¥l MY B, GeoE TH
2 BFY wollth ARIAMNE BEE FFo] 1Y WS W FRo] S BH FY
of 4e Fom wol T AzAANA A¥ o] §F8 AvE AWk w£F AW, Y3,

&FulE 5 10 mg/100 gol sttt

Table 12. Mineral content of soybean curd made from the strain with LOX-free, low
contents of raffinose and stachyose

(mg/100 g, wet base)

Taekwang Jinyang Hayoung Daebok
K 49.97+4.40 65.65+10.25 72.41£7.24 70.97+6.93
Ca 54.13+1.46 81.51£2.90 7359+1.17 57.07£0.98
Mg 85.46+1.81 128.03+4.42 111.72+2.47 112.26£1.77
Na 85.73+2.29 105.30+2.14 89.13+1.57 101.76+1.17
Fe 9.19£0.73 10.13+0.11 5.98+0.02 7.53+0.08
Mn 0.85+0.01 1.14+0.01 1.14+0.01 1.02+0.02
Al 9.54+0.15 8.17+0.10 6.10+0.07 7.01+0.30
p 163.66+3.89 250.24+3.00 230.63+1.87 198.80+6.97
Total 458 51+14.73% 650.16+22.92¢ 590.70+14.41° 556.42+18.23"

ADMeans with different superscripts in the same column are significantly different at p

<0.05 by Duncan’s multiple range test.

= = o O = o — -1 h D%
135} 2 FRe FEE BF L QEERs 4 wgen, FPEReN fFeolfow &
itk AR e AR oA ggon, By, 494 2 B BETre gRTY
A FEolglon, WU A4S 1Y 9 SAGTEReIA BgERel we foH o
2 e @ o AR FelA Aglom, BRTRel W s FRt
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Daebok
23.24+1.65%
-20.90+6.59
0.96+0.02%
11.49+1.444
11.97+1.514
0.52+0.06"5
0.11£0.01°8

35.46+2.90¢
~14.94+2.78
0.98+0.02:8
18.71+2.31¢
19.1242.55¢
0.54+0.03"
0.13+0.02"

Tzt &gk curd7t F4E Y, T
Hayoung

2 ®Hiso JAtHKim GW et al, 2008). we}

Jinyang
29.82+1.46"
0.98+0.01"
14.86+0.80"
15.09+0.93"
0.51+0.05""
0.11£0.01°8

e Aoz Buyol dti(Park CK & Hwang IK, 1994).
-15.04+3.54

Taekwang
23.40+1.79%
~19.76+3.74N°
0.96+0.014
10.66+0.80*
11.11+0.83*
0.47+0.02*
0.10£0.01*

Hardness (g)
Adhesiveness
(g-s)
Springiness
Chewiness
Gumminess
Cohesiveness
Resilience

AC\Means with different superscripts in the same column are significantly different at p

Table 13. Texture in soybean curd made from the strain with LOX-free, low contents of

raffinose and stachyose

All values are meantSD (12=5)

<0.05 by Duncan’s multiple range test
NS; not significant.
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Fig. 4. Sensory characteristics soybean curd made from the strain with LOX-free, low

contents of raffinose and stachyose.
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Table 14. Isoflavone contents in soybean curd made from the strain with LOX-free, low
contents of raffinose and stachyose

(ug/g, dry weight)

Taekwang Jinyang Hayoung Daebok
Daidzin 34.80+4.22% 78.53+3.59" 217.80+13.47° 107.10+1.05¢
Glystin 41.50+5.26" 62.93+2.68" 87.53+4.86° 86.50+0.98¢
Genistin 88.33+6.73" 183.17+11.60° 306.10£21.05¢ 323.90+2.03¢
Malonyldaidzin 48.63+8.11* 100.09+4.58° 233.01£11.71° 142.09+2.44°

Malonylgenistin 100.31+9.874 206.11+8.95" 300.04+15.63° 376.17+3.95"

Daidzein 37.63+0.674 68.43+4.59° 226.97+12.03¢ 61.17+1.75°
Genistein 187.97+0.75% 255.17+16.64° 467.43+27.71P 320.53+8.93¢
Total 539.13+33.97* 954.44+51.78" 1838.93+103.74P 1417.48+3.97¢

All values are meantSD (77=3)
ADMeans with different superscripts in the same row are significantly different at p

<0.05 by Duncan’s multiple range test.

T AxHBoN dRFTOEFE FHE oiste] A& FFE Jtdste] SaA7I=
BoRE AzxH FHE dubHoR FEo] U Aow dHA vk AAE G TR
Azt FRoA HA, 7bE, A, S3 T FH Al HAA oliaFeE TS 67%
A £245%0E Bk 9vi(Jackson CJC et al, 2002). o] ¢} #o] FH = Ax3A = v}
Fo| Eo] a7HBEE AxHRg Fo o|AZFuEe &4 EVH stk shAI N TR o4&
FoHE 24do] duFo 7|dEvhE Hil(Seo YJ et al, 201002 £ wf 2 Ao ALEH
s 8

S

(8 Fiel & vE % Feprieols g

Aurg 9 BasdY ART Fom A7 Axd TR F s 2 Teuos Fu
& Z4% Aa= Table 159 2t Fiel 5 s g BT v GaHdT A
T A FAA Aot Motk AT AFF FTEH FlAE AFFR| Hle
B9 L PRERIA feHom ke FFoldouh, dAE otk BehuieolE P
o HYERS AFFRE ARl fo37 ggon, dBERel v g L BT
L fodown we gl
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Table 15. Total phenol and flavonoid contents in 809 methanol extracts of soybean curd

made from the strain with LOX-free, low contents of raffinose and stachyose

Total phenol (mg/g) Flavonoid (mg/g)
Taekwang 9.91+0.25% 2.46+0.07*
Jinyang 9.16+0.414 3.87+0.59"
Hayoung 10.33+0.34" 5.30+0.82¢
Daebok 10.18+0.15" 3.75+0.80"

All values are meantSD (77=3)
AC\eans with different superscripts in the same column are significantly different at p

<0.05 by Duncan’s multiple range test.

(9) 7o kst &4

dvtF 9 dasdd AE Fom A4 Axd FRE FEAUXI F 80% WEER
FE%% FEES 107200 mg/mLe] w2 A ikt @48 S48 A Alse H
ZbFol Woldas kst #A2 FolH o Frskith. DPPHeEIHZ 47242 Table
160 vebdH vEel o], 200 mg/mLe] Fkoll A BiFF = 36.55%¢] Wkl WAz A
FF T 4231761.97%9 W E 3Tl Hla feAHor £ A4S B 5
8] G T aAGAGo] FAHoR w2 FIFo|UH.

ABTS=HZ &2AGA 2 Table 173 el 20 mg/mLO]’é}?% R R B B o o L i
Gastdd AdE FETE AR 52 A4S Bow, 200 mg/mLE Eoll A= B

o
FHOIA 2453%°] AAEAES Bl Wi dAasidT AR % = 80% ol e S
Baow, TR 7HE =2

FRAPH | og $kl=2> Table 18] ebdl H}Sﬂr o], 207100 mg/mL s &=l A 3+
Fol mlel Fasidd A FEEF el ew &Aool Eokon, 200 mg/mL F =0l A
= Al vE) skd 9t EFlA frelHow w2 dA ot

_46_




A=A \

D-05

Table 16. DPPH radical scavenging activity in 809 methanol extracts of soybean curd

made from the strain with LOX-free, low contents of raffinose and stachyose

(%)
Concentration of dried soybean curd extract (mg/mL)
10 20 50 100 200
Taekwang  0.94+0.65** 2.47+0.73* 833+1.54"  17.26+0.82*  36.55+2.78%
Jinyang 6.58+1.89%5 5.09£0.81°  20.99+0.98"®  33.99+0.68F = 42.31+157%®
Hayoung  10.62+1.25°C  14.04+0.83"°  21.14+058%"  39.82+2.63%  61.97+1.50C
Daebok 7.19+1.59" 1051+1.87°¢  2535+1.34°C  4391+151°  5850+0.97%

All values are mean+SD (1=4)

Means with different superscripts in the same sample(a—e) and concentration(A-C) are

significantly different at p <0.05 by Duncan’s multiple range test

Table 17. ABTS radical scavenging activity in 80% methanol extracts of soybean curd

made from the strain with LOX-free, low contents of raffinose and stachyose

(%)
Concentration of dried soybean curd extract (mg/mL)
10 20 50 100 200
Taekwang  11.06+0.92*"  11.85+0.28"*  16.65+0.99"*  23.17+0.96*  24.53+0.87**
Jinyang 9.76£0.59" 16.47+0.92" 28.77+1.42°% 56.07+1.04% 82.21+1.67°"
Hayoung 6.38+1.18%4 14.09+1.15"8 29.37+1.68°" 60.81+1.24% 83.37£1.918
Daebok 12.75+0.91% 23.47+1.40°° 42.67+1.73°C 71.51+2.45% 89.82+2.32

All values are mean+SD (1=4)

Means with different superscripts in the same sample(a—e) and concentration(A-D) are

significantly different at p <0.05 by Duncan’s multiple range test
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Table 18. Reducing power by FRAP in 80% methanol extracts of soybean curd made
from the strain with LOX-free, low contents of raffinose and stachyose
(FeSO,4-7H,O, uM)

Concentration of dried soybean curd extract (mg/mlL)

10 20 50 100 200

Taekwang  1.34£0.22**  15.30£3.23"*  19.05+1.78""  91.80+3.23°*  228.43+10.16"
Jinyang 1.73+0.28**  20.55+1.35"®  38.05+3.56°®  102.05+5.58®  204.93+1.44°*
Hayoung 2.39+£0.59*"  27.68+2.78"C  48.804£2.53°C  149.30+3.93% 259.93+10.27°C

Daebok 11.80+2.40*®  43.804£3.59"®  68.68+4.46° 205.18+9.53 296.304+11.99°P

All values are mean+SD (=4)
Means with different superscripts in the same sample(a—e) and concentration(A-D) are
significantly different at p <0.05 by Duncan’s multiple range test.

Shih MC et al(2002) F5-9 @ditst @42 A8 T Fikstd EZ &afol] o &40
W, ol aZYRRS T F o= STl Fuy VPP DA Y= ASE WG u)

3 Rl :_]:
AT} =5 ol AZTEL A3l Ao osko] Yl H1(Kao TH Chen BH, 2006)4
g = Ath= Hal(Lee SJ et al,

7]
Fo olaFohE FFE wdol 9

Aoz PEAA YA v Ay L GaHHT ATF FRY, 9 2 o)
AN (P oz 747t Az FHE 4TA 2097 A4ake Hok T FA e pH W
52 %43 Avks Fig. 5% 2}

= Z

=
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Fig. 6. Changes of turbidity in the immersing water from soybean curd made from the
strain with LOX-free, low contents of raffinose and stachyose during their storage

periods at 4C.
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BFFArel vl dasEddT ATEF FFRAAA AR =on, 53] stFT T F
o] 7}4 =9kth. Malonylgenistin®] 3F&Fo] 714 weoltom aglyconed] 3hekol] vl wiw
Aol gaFo] o Wkl uA|9] o|AZ et g2 Table 200 UERH whe} o] EjFFH|A|

[¢]
ok ZFF vHelA 274864 ug/g, 285575 ng/g o2 HIRE ollon, st B g HlA|

o= olHt} freolHo=m =2 ol H[X| Fo] o]AFETtE L FHoF wpHvIA R 51
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Table 19. Isoflavone contents in soybean milk from the strain with LOX-free, low
contents of raffinose and stachyose

(ug/g, dry weight)

Soybean milk

Taekwang Jinyang Hayoung Daebok

Daidzin 360.26+19.36" 674.73+3.80° 1277.74+109.14° 479.27+1.928

Glystin 426.45+19.32% 538.11+5.91" 555.49+45.63" 396.50+2.574

Genistin 496.09+10.86* 796.78+11.28" 1105.59+82.86° 750.28+33.92"

Malonyldaidzin 453.04+18.65" 605.67+1.28" 1191.77+94.80¢ 588.88+7.44"
Malonylgenistin 907.96+29.26 1229.84+16.73" 1544.75+126.98° 1452.63+35.69¢

Daidzein 153.81+0.26% 242.52+2.49" 460.10+25.93¢ 258.14+20.55"

Genistein 266.55+15.89* 400.81+4.07" 520.52+20.94¢ 525.27+20.26°
Total 3064.16+81.19* 4488.47+22.27" 6655.96+495.03° 4450.96+121.148

All values are mean+SD (7=3)

ADMeans with different superscripts in the same row are significantly different at p

<0.05 by Duncan’s multiple range test

Table 20. Isoflavone contents in soybean curd residue from the strain with LOX-free,

low contents of raffinose and stachyose

(ug/g, dry weight)

Residue of soybean curd

Taekwang Jinyang Hayoung Daebok
Daidzin 154.6311.66" 227.11+359" 552.04+5.82P 303.58+10.03¢
Glystin 286.07+36.89* 425.15+8.19° 458.32+2.875¢ 485.58+18.37°
Genistin 278.15+12.54% 275.92+8.314 440.33+41.95" 410.95+15.69°
Malonyldaidzin 266.85+26.28% 430.76+2.728 922.43+13.39" 508.13+15.99¢
Malonylgenistin ~ 702.95+38.38" 651.67+13.41% 986.59+16.21" 879.42+30.26°
Daidzein 220.51+9.80" 268.31+58.05" 669.78+18.38° 363.27+5.457
Genistein 839.47+24.93¢ 576.84%1.40" 788.99+22.14% 834.18+27.60¢
Total 2748.64+158.72% 2855.75+64.45" 4818.48+88.10° 3785.10+118.79"

All values are mean+SD (7=3)

ADMeans with different superscripts in the same row are significantly different at p

<0.05 by Duncan’s multiple range test.
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Table 21. Changes in Hunter’'s color values during ripening of Doenjang made from the

strain with LOX-free, low contents of raffinose and stachyose

Ripening periods (months)

3 6 9 12

Taekwang 39.42+1.50"" 37.90+1.01*" 39.16+0.90"" 39.73+0.40""

L-value Jinyang 39.18+0.95"" 37.17+1.32% 40.07+0.48 40.67+0.67°

Hayoung 36.91+0.33"* 35.54+0.71%4 36.68+0.45°* 36.67+0.29"*

Daebok 39.41+1.27"8 37.54+1.63% 39.56+0.51"5¢ 41.32+0.64P

Taekwang 9.78+0.13" 9.16+0.32%8 9.36+0.23% 10.97+0.24<¢

a-value  Jinyang 9.51+0.28"" 8.64+0.43* 8.80+0.14%" 10.55+0.62"

Hayoung 8.79+0.11"* 8.44+0.25" 8.47+0.19" 9.90+0.20°*

Daebok 8.96+0.18™* 8.49+0.35™ 8.69+0.19" 10.23+0.24°48

Tackwang 24.99+0.75°¢ 23.53+0.46° 24.39+0.70"" 27.64+0.75°

b-value  Jinyang 24.54+0.99° 22.70+1.12%8 24.31+0.53"8 26.71+1.13"

Hayoung 22.16+0.45"* 21.10+1.08** 21.90+0.63"* 24.21+0.66°*

Daebok 23.83+0.43" 23.06+0.61*" 25.04+0.63° 28.16+0.58%

Taekwang 47.70+0.98" 45.55+0.99*" 47.08+0.81" 49.63+0.40°®

Jinyang 47.21+0.42" 44.41+1.46* 47.69+0.36"° 49.80+1.13®
AE-value

Hayoung 43.94+0.34° 42.19+0.89** 43.56+0.49" 45.05+0.44°A

Daebok 46.92+1.18" 44.87+1.50°8 47.63+0.43*¢ 51.05+0.59<

All values are mean+SD (17=3).

Means with different superscripts in the same column(A-C) and the same row(a-d) are

significantly different at p <0.05 by Duncan’s multiple range test.

NS: not significant.
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Table 22. Changes in moisture, crude protein contents, salinity and pH during ripening of

Doenjang made from the strain with LOX-free, low contents of raffinose and stachyose

Ripening periods (months)

3 6 9 12
Moisture (%)

Taekwang 62.12+0.23%" 65.80+0.69°N° 66.32+0.89"* 62.45+0.41°N°
Jinyang 61.19+0.10*4 65.04+0.68" 64.09+1.20"" 61.47+0.45°
Hayoung 61.06+0.17%4 64.65+0.67° 64.29+0.20P" 61.55+0.85°
Daebok 62.47+0.49°" 64.45+0.80P 64.36+0.33" 62.27+0.20°
Crude protein (%)

Taekwang 10.89+0.56* 10.89+0.15"N° 10.00£0.062N° 10.12+0.06*P
Jinyang 12.35+0.68"® 10.88+0.14 10.12+0.55 10.38+0.11%8
Hayoung 12.37+0.11" 10.75+0.40P 9.87+0.14% 10.58+0.32"8
Daebok 11.06+0.11°A 10.55+0.45%¢ 9.89+(.23% 9.74+0.48**
Salinity (%)

Taekwang 14.91+0.76%° 15.69+0.722NS 15.20+0.50*8 19.86+0.01"8
Jinyang 11.79+0.73** 15.39+0.42¢ 13.54+0.74* 19.00+0.50%
Hayoung 13.74+0.27*8 15.59+0.16° 14.62+0.79>AB 19.38+0.179AB
Daebok 13.64+0.44%8 15.38+0.17" 14.71+0.61"28 19.87+0.01°"
pH

Taekwang 6.08+0.02%" 6.22+0.04"C 6.16+0.02°¢ 6.28+0.06°¢
Jinyang 6.06+0.02°8 6.13+0.05"8 6.03+0.02%8 6.15+0.03""
Hayoung 5.96+0.02¢4 5.90+0.03"* 5.82+0.01*4 5.95+0.01¢4
Daebok 6.18+0.02<¢ 6.09+0.01%8 6.13+0.14%" 6.14+0.02"

All values are mean+SD (7=3).

Means with different superscripts in the same column(A-C) and the same row(a-d) are
significantly different at p <0.05 by Duncan’s multiple range test.

NS: not significant.

(3) Bl ot wmal gk

2] ZA A LpobA] e A B dAas A A TG, sk H tE) I ARk (E)
o7 Az A Bde 127149 SAs= T ot dEs 543 A= Table 23
WA 2 o fElobrwmalE 29F 0] AE AW T Felotv b2 e =
4 Z710l mlal] 7Izbo]l Aabgel whek HA fAEe= eIl en, 35 dAasdT A
F TorAlzd AN A 671Gl FEotv At FFol M Wokew, 1 ol &
J

_54_




| EELE \ D-05

HAANA ZFAES Y= dEA Q] oln=4kQ] aspartic acid®} glutamic acide] &2 =
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3

o tgoz s egoldnt.

Table 23. Changes in free amino acid contents during ripening of Doenjang made from

the strain with LOX-free, low contents of raffinose and stachyose

(mg/100 g)
Ripening periods (months)
3 6 9 12
Taekwang
Aspartic acid+Glutamic acid 232.27 212.41 162.17 162.09
(ratio of total, %) (15.91) (16.92) (15.47) (14.76)
Total 1460.01 1255.63 1047.98 1098.18
Jinyang
Aspartic acid+Glutamic acid 355.74 392.56 406.69 405.89
(ratio of total, %) (20.39) (19.85) (21.75) (22.28)
Total 1744.40 1977.26 1869.64 1821.65
Hayoung
Aspartic acid+Glutamic acid 244.03 355.80 340.42 345.28
(ratio of total, %) (14.74) (18.80) (18.23) (19.18)
Total 1655.86 1892.14 1867.44 1799.82
Daebok
Aspartic acid+Glutamic acid 125.71 164.90 155.10 239.65
(ratio of total, %) (10.56) (11.48) (10.83) (16.24)
Total 1190.41 1436.32 1432.52 1475.28

AE = obmgbe] Fgh uhe Ao Frd Fa
ol &4 A tHChang
M et al, 2010) FEotr] b A s d =%, 54 717kl weh zpolrb Qlar, shell o
3t 7] %=+ leucine, isoleucine™ % ob Aol cystine, aspartic acid % glutamic
acid 59 % 9wes e ALEc] #ost= o= Hiayo] uti(Yang SH et al,
1992). A=A FA3% A& SheFo- 707.4744035 mgH R o, A
T JFY Hr FEobr =t F7e] 29089 mg%ithe Eil(No JD et al, 2008)o H]&| 2

& R =,
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Table 24. Changes in mineral contents during ripening of Doenjang made from the strain

with LOX-free, low contents of raffinose and stachyose

(mg/100 g)
Ripening periods (months)
3 6 9 12
K 281.13+5.30 368.07+7.37 250.53+2.04 268.53+6.52
Ca 99.15+3.86 85.60+1.66 88.77+0.66 110.79+0.73
Mg 28.24+0.99 44.90+0.37 23.62+0.18 23.11+0.28
Na 4672.67+101.08 4924.00+131.77 4655.33+25.01 4812.00+81.90
Tackwang  Fe 5.99+0.02 6.80+0.07 4.71+0.04 9.48+0.17
Mn 0.36%0.00 0.43+0.03 0.03+0.01 0.41+0.01
Al 5.59+0.10 5.33+0.11 2.63+0.03 6.95+0.10
P 93.45+0.66 124.21+0.97 86.67+£1.22 89.47+1.31
Total  5186.59+100.79°" 5559.33£129.62°" 51122028 25F 5320.75£79.47°™
K 335.00+7.41 391.47+6.91 335.53+8.16 333.07+11.26
Ca 117.44+35.20 104.11+1.26 93.00+1.82 96.57+3.26
Mg 45.14+0.91 46.59+0.57 43.17+0.90 39.93+1.15
Na 4505.33+83.36 4833.33+88.10 4422 67+57.87 4692.67+46.01
Jinyang Fe 6.97+0.13 9.41+0.14 5.08+0.07 9.16+0.08
Mn 0.49+0.01 0.15+0.01 0.15+0.01 0.55+0.01
Al 3.51+0.06 5.07+0.08 1.89+0.04 5.21+0.10
P 118.13+2.35 117.55+2.26 112.18+1.02 112.78+1.07
Total 5132.01£93.43° 5507.66+83.26¢ 5013.68+61.82%4 5289.93+53 84"
K 340.20+5.77 268.40+2.62 355.87+1.29 338.73+13.01
Ca 98.99+1.94 82.40+0.91 95.77+2.64 110.49+1.29
Mg 36.77+0.50 25.61+0.31 42.30+0.98 41.76+0.66
Na 4581.33+25.48 4842.00+108.13 4706.67+119.04 A4722.67+14.47
Hayoung Fe 5.38+0.07 5.46%0.06 457+0.11 6.83+0.05
Mn 0.43+0.01 0.01+0.01 0.15+0.02 0.59+0.01
Al 5.73+0.09 2.73+0.07 2.33+0.10 5.91+0.03
P 116.81+1.69 90.35+0.70 119.17+3.91 121.47+
Total 5185.64+19.37% 5316.97+109.46° 5326.83+123.41" 5348 459.71°
K 299.00+3.98 303.07+5.69 309.67+6.51 319.73+5.95
Ca 81.35+1.83 68.28+0.33 81.11+1.39 88.47+1.44
Mg 30.69+0.58 31.33+0.12 28.63+0.48 27.18+0.48
Na 4650.00+58.41 4940.00+73.43 4720.00+74.48 4840.00+40.60
Daebok Fe 9.39+0.02 6.49+0.06 4.81+0.03 8.04+0.15
Mn 0.48+0.00 0.10+0.00 0.15+0.01 0.55+0.01
Al 471+0.04 5.91+0.09 3.03+0.02 6.67+0.16
P 100.53+0.84 95.35+1.53 94.50+1.18 91.49+2.29
Total 5176.1562.08" 5450.53+75.72° 5241.90+76 575 5382.14+39.72°

All values are mean+SD (77=3).
Means with different superscripts in the same column(A-C) and the same row(a-c) are

significantly different at p <0.05 by Duncan’s multiple range test.

NS: not significant.
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Table 25. Changes

in total sugar and reducing sugar contents during ripening of

Doenjang made from the strain with LOX-free, low contents of raffinose and stachyose

(mg/100 g)
Ripening periods (months)
3 6 9 12

Total sugar

Taekwang 743.06+24.48* 894.76+15.81°* 875.53+1.85"4 1131.94+59.65°*
Jinyang 884.08+18.78 926.82+21.82°8 1031.52+11.26°8 1344.55+11.56%
Hayoung 1153.31+10.30% 1196.05+11.26%° 1197.12+56.70%¢ 1485.58+6.41"
Daebok 910.79+17.65%" 1084.94+13.97°¢ 018.27+11.56* 1300.75+12.95"
Reducing sugar

Taekwang 24955+19.81"" 155.61+2.622N° 149.55+4.554 146.52+6.94%8
Jinyang 219.24+2.62°4 158.64+7.87° 155.61+2.61% 151.06+14.61%
Hayoung 382.88+6.94 155.61+2.62° 232.88+2.62¢¢ 123.79+6.94*
Daebok 270.76+2.62% 154.09+4.55° 201.06+11.448 119.24+6.94%

All values are mean*=SD (77=3).
Means with different superscripts in the same column(A-D) and the same row(a-d) are
significantly different at p <0.05 by Duncan’s multiple range test.

NS: not significant.

AT #4243 7S A7l A E &S stachyose 2 I FF(2.0
g/kg), 3t9F(1.72 g/kg) 2 HEF (255 g/kg)ol ©IEF(12.03 g/kg)oll W]l

Fl Aoz BuEe gth(Ha DS et al, 2017). 945F9 T3 2 4T

3l 3Fe FAasAT AdE FoAM FlHom YUgko(Table 6), °l&

N A —

o, ok
o
[o

Ad=z AHeE SLE’H
dejste] AT @Y F

Sl=d(Park JS et al, 1995)
=4 7]3ke] A wet S
ATNA AFL wFol AvE
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Fig. 7. Sensory characteristics in ripened for 9 month Doenjang made from the strain

with LOX-free, low contents of raffinose and stachyose.
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Table 26. Changes in isoflavone contents during ripening of Doenjang made from the

strain with LOX-free, low contents of raffinose and stachyose

(ng/g)
Ripening periods (months)
3 6 9 12

Genistin

Taekwang 16.66+0.10°" 18.29+0.04" 49.95+0.05% 31.61+0.02°P
Jinyang 15.87+0.11% 17.04+0.07"8 44.42+0.03%4 18.21+0.038
Hayoung 15.10+0.20"8 23.68+0.09°" 51.54+0.06%" 13.64+0.03**
Daebok 9.21+0.12%4 16.45+0.05"* 47.47+0.03% 27.72+0.04°¢
Glycitin

Taekwang 78.20+0.22P 88.65+0.18" 91.41+0.22°B 114.71+0.15%
Jinyang 78.69+0.33%¢ 77.37+0.18"8 98.65+0.19% 90.79+0.13®
Hayoung 683.10+0.60"" 95.81+0.19°P 96.25+0.16°¢ 67.32+0.12*4
Daebok 45.90+0.29** 72.94+0.25 66.59+0.18"* 94.08+0.124
Genistein

Taekwang 219.53+0.30%" 294.36+0.21%° 416.95+0.09° 458.82+0.06"°
Jinyang 212.71+0.47% 369.12+0.15"° 372.95+0.12°¢ 428.00+0.05%
Hayoung 200.24+0.39% 235.51+0.12"4 363.55+0.12" 383.69+0.07
Daebok 133.88+0.06%* 256.03+0.25P" 323.46+0.10°* 393.23+0.10%
Daidzein

Taekwang 137.66+0.32P 182.52+0.11°" 428.34+0.08° 258.10+0.03P
Jinyang 114.20+0.20%¢ 191.00+0.08°¢ 370.61+0.06" 215.95+0.07<"
Hayoung 104.40+0.12%8 239.48+0.09P 388.39+0.06% 138.02+0.05P4
Daebok 74.35+0.07* 157.50+0.09°* 325.32+0.074 204.44+0.08°

All values are mean+SD (77=3).
Means with different superscripts in the same column(A-D) and the same row(a-d) are
significantly different at p <0.05 by Duncan’s multiple range test.

NS: not significant.

=]
=

it
i}
ot

f ol =
due ggo] gu AxHg F

2 g flgc AETE wEA =R
genistein®} daidzeine] W3 E = A|Fte] th27] dwjFolgta R aEHo] QIt(Ahn JB et al,
2012). o7, €%, A=) EYus TS vlug A3 @4FelA 7HE Bekom(Oh HJ
& Kim CS, 2007), ¥ A7 = FHRHY d4dA T dls % EFdExol= 3=ko] o =

F=dl(Table 8) o= Fo] AFoz Arso] 4L Fob ARl 7|ge] g Aoz
A9
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Table 27. Changes in total phenol and flavonoid contents during ripening of Doenjang

made from the strain with LOX-free, low contents of raffinose and stachyose

(mg/g extract)

Ripening periods (months)

3 6 9 12

Total phenol

Taekwang 0.08+0.12%4 9.13+0.05"* 10.70+0.10%4 9.30+0.14"*
Jinyang 10.22+0.18%8 10.05+0.20%P 11.68+0.05¢ 10.41+0.02"
Hayoung 10.18+0.23"8 9.48+0.11%" 11.13+0.19B 9.94+0.03""
Daebok 0.37+0.04*4 9.74+0.10" 10.72+0.124 9.96+0.25""
Flavonoids

Taekwang 2.08+0.08F 1.64+0.09°A 1.45+0.13%A 1.42+0.12%4
Jinyang 1.83+0.08"* 2.00+0.05"P 2.03+0.17°® 1.33+0.05**
Hayoung 1.86+0.20** 2.48+0.03" 1.89+0.14%8 1.90+0.11%8
Daebok 1.74+0.05PA 1.74+0.10°* 1.88+0.038 1.38+0.05**

All values are mean+SD (77=3).
Means with different superscripts in the same column(A-C) and same row(a-c) are

significantly different at p <0.05 by Duncan’s multiple range tests.

Aut F U dAAHY AsteF For wE @ A7 wE Akt xS =A
3t Ayli= Table 28¥ Zt} "4 80% HWEHES FEEL 0510 mg/mLe Tz A3}
ol DPPH @tz 2AEAH S SA3] ECsu= YUEH A3 4 27|+ stdd o] ©
FE A v FoHor st ort, 9TI2MY sAE 3F9 dAIAY A For
e JF o] ggE g vls] 3]y et ABTS 2z AAEAH S 54 371E o
g 9 std g gol A Hgd gl vl Fodoez & S48 BAoy w4 6797 <Yl
= HS23k AES BT 54 1209 A Fole eEddy g L stdHAGgI #
o x7F it ABTS 8t Z AAEAd 2 A 7|te] g wef &Aoo Sk« A
o] At}
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Table 28. Antioxidant activities during ripening of Doenjang made from the strain with

LOX-free, low contents of raffinose and stachyose

(mg/mL)
Ripening periods (months)
3 6 9 12

DPPH radical scavenging?

Taekwang 2.06+0.21%" 2.26+0.03%" 2.22+0.06°¢ 3.21+0.44"
Jinyang 2.35+0.12°¢ 2.13+0.06" 1.85+0.13*8 2.70+0.12%
Hayoung 1.78+0.13*4 2.23+0.08"" 2.18+0.11" 1.70+0.06*
Daebok 2.25+().22B¢ 2.11+0.03PA 1.47+0.39*4 1.84+0.114
ABTS radical scavenging

Taekwang 7.37+0.33%® 555+0.16°4 4.60+0.07"® 4.15+0.08*4
Jinyang 6.33+0.13% 5.84+0.20°4 5.26+0.25" 4.04+0.06**
Hayoung 5.93+0.09°4 5.73+0.11"* 6.26+0.129° 4.36+0.07%A8
Daebok 7.17+0.37% 6.23+0.38°" 3.73+0.07** 4.60+0.39"8
Reducing power by FRAP?

Taekwang 461+0.07°A 5.66+0.17°4 4.44+0.05 4.62+0.06™
Jinyang 5.55+0.054 6.23+0.27% 457+0.06"™ 3.94+0.04*4
Hayoung 4.54+0.06*4 5.28+0.42P4 4.48+0.07*4 5.40+0.52°¢
Daebok 7.19+2.49°8 5.32+0.11%4 4.51+0.05*P 4.53+0.15"

All values are mean+SD (1774).

Means with different superscripts in the same column(A-D) and same row(a-d) are

significantly different at p <0.05 by Duncan’s multiple range tests.

VEffective concentration values (ECsp;, mg/mL) of sample were calculated from the
regression lines using four different concentrations (0.5, 1, 2.5, 5 and 10 mg/mL), and
their data were presented as 50% scavenging activity to DPPH and ABTS radicals.

YEffective concentration values (ECio o, mg/mL) of sample were calculated from the
regression lines using four different concentrations (0.5, 1, 2.5, 5 and 10 mg/mL), and

their data were presented as 100 uM scavenging activity to reducing power.
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Fo] &Atsl A8 o] AZuE = genistein @ daidzeinol 93 8 gr)Zd XA 9%
Ao g dHx = (Ruiz-Larrea MB et al, 1997), LOX-2,3°] ZAoj® F& Auk Fof H]
& o]AZTbE SheFo] Il H vl thH(Esteves EA et al, 2010). tiF, 8%, =49
Hets FEEF9 AATFAEAHLS 200 ppme FZ=AA ZHZE 7.9%, 10.3%, 85%°|% o™
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Table 29. Changes in moisture and crude protein contents during ripening of Kanjang

made from the strain with LOX-free, low contents of raffinose and stachyose

Ripening periods (months)

3 6 9 12
Salinity (%)
Taekwang 19.3720.44"NS 18.91+0.34N 18.90+0.74N 19.19+0.17%
Jinyang 18.61+0.16" 18.03+0.17 18.41£0.58% 18.08+0.01°
Hayoung 18.78+0.73" 18.79+0.32 18.41£0.29 19.15+0.17
Daebok 19.58+0.50" 19.10£0.73% 18.860.17" 19.16+0.45"
pH
Taekwang 6.43+0.019¢ 6.04+0.01:¢ 6.20+0.01"¢ 6.25+0.04"
Jinyang 6.22+0.0198 5.84+0.01%" 6.12+0.03" 6.07£0.01""
Hayoung 6.15+0.01% 5.72£0.03* 5.75+0.03"* 5.83+0.01°4
Daebok 6.41+0.02<° 6.07+0.01%° 6.10+0.04"8 6.11£0.01°C
Browning intensity in 420 nm
Taekwang 0.158+0.001%* 0.182+0.001" 0.195+0.001¢¢ 0.227+0.001%
Jinyang 0.165+0.001%" 0.178+0.001"" 0.193+0.001® 0.255+0.002%"
Hayoung 0.159+0.000** 0.185+0.001"° 0.200+0.001°¢ 0.211+0.002%
Daebok 0.159+0.001** 0.171+0.000"* 0.186+0.001°* 0.200+0.002%
Crude protein (%)
Taekwang 6.01£0.11™4 6.23+0.12% 6.19+0.24% 6.12+0.014
Jinyang 6.53+0.062%¢ 7.48+0.23b" 7.08+0.67"8 6.74+0.238
Hayoung 6.67+0.48™¢ 7.25+0.23" 7.15+0.34" 6.60+0.66*"
Daebok 6.05£0.12%A8 6.63£0.34™4 6.49+0.33A8 7.00£0.38""

All values are mean+SD (77=3).
Means with different superscripts in the same column(A-D) and same row(a-d) are
significantly different at p <0.05 by Duncan’s multiple range tests.

NS: not significant.

FEe Ay Bk opy el whut Auks Foste] 1Y 579 e A AskE 8 ARN 7
A M= HA7100] Aed e dAE Holx] ¢kokt) 183 o] A 1HgelA dx=
19.8730.8%¢] WA BaE vt Jd=d(Kim YA et al, 1996), 7Hg9] v S
AHEE AF A T AR AolE Hole AR FAHAEY fFAFTT Av S
o]-§ate] Azt A g w4 el wWE pHe @ AF 5704 /o] e
wet Az A vksE Bzl g (Kwon OJ et al, 2010), ol 2 A3FAxel #-AFS

[e)]
Aol A 22X pHE 5117698 (Kim YA et al, 1996), pH 55276.98 (Kim
JS et al, 2006091 AoZ HausolA i, ¥ Awe] Asel fAF Aot
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Table 30. Changes in free amino acid contents during ripening of Kanjang made from

the strain with LOX-free, low contents of raffinose and stachyose

(mg/100 g)
Ripening periods (months)
3 6 9 12

Taekwang

Aspartic acid +Glutamic acid 1030.06
(ratio of total, %) 979.32 (21.05) 97353 (19.86) 985.02 (19.38) (19.65)
Total 4653.00 4901.49 5084.07 5241.39
Jinyang

i i i i 1405.44

Aspartic acid +Glutamic acid .70 15 (9] 89) 160642 (22.72) 148147 (2048)

(ratio of total, %) (20.29)
Total 5812.88 7072.07 7235.37 6925.28
Hayoung

Aspartic acid +Glutamic acid 1404.40
(ratio of total, %) 1154.63 (21.43) 142462 (20.81) 152891 (20.60) (2062)
Total 5387.83 6844.70 7421.69 6812.41
Daebok

Aspartic acid +Glutamic acid 1138.35
(ratio of total, %) 1021.82 (21.46) 1080.43 (18.68) 1125.65 (18.34) (1855)
Total 4761.65 5782.97 6136.49 6135.81
(2) g F71& F

G T Y UARYY AT TOE WE 439 HA/ BE RN GBS =4
st A3 Table 313 £tk F7]EL F 8%Fo] AFHeH, 772 FF2 =4 27]
ual %4 Zlgrel Asbmel mel EsE Agolgon 53 1248 48 13 %4
Z7)e] sl feHoR by AFS Bk wwe] AT Eqel w2 1YY ¥B
gl = tiakE Holx| skt 53] ZFe S e dibde vl 3T dAasAdT A
F Fom HE APIN e FEoIUT

HAE HHo A & F7E THEFe 481576 mg% A tt+= H.7F J+=d(Shin JH et al, 2010),
ol & Ay AxHo & oldlom M Ax A HUlEE AuE dx9 sl
We Aolel Ao ARHG
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Table 31. Changes in mineral contents during ripening of Kanjang made from the strain

with LOX-free, low contents of raffinose and stachyose

Ripening periods (months)

3 6 9 12
K 280.97+3.72 288.57+2.84 312.80+11.08 306.97+12.01
Ca 23.87+0.69 27.10+0.15 33.04+0.53 13.91+0.41
Mg 23.56+0.69 17.86+0.10 20.21+0.34 19.53+0.55
Na 4848.33+99.81 4991.67+11.59 5405.00+144.84 5376.00+125.05
Tackwang Fe 3.53+0.05 1.77+0.04 2.05+0.02 2.59+0.02
Mn 0.05+0.01 0.02+0.001 0.08+0.00 0.24+0.00
Al 0.15+0.00 1.74+0.05 1.14+0.03 0.73+0.01
P 109.33+1.55 96.07+1.62 104.37+1.27 113.40+1.25
Total  5289.79+96.94%* 5424.80+10.43* 5878.69+139.11°N 5833.37+135.24"*
K 376.00+12.65 342.27+4.91 404.27+8.12 398.03+5.04
Ca 29.58+1.05 33.29+0.12 44.26+0.55 22.49+0.04
Mg 36.39+1.22 36.34+0.18 40.45+0.52 3557+0.18
Na 4775.00+133.32 4399.67+106.96 5039.33+103.42 5154.00+88.71
Jinyang Fe 1.63+0.02 1.55+0.03 17.57+0.18 4.28+0.02
Mn 0.09+0.00 0.14+0.01 0.24+0.01 0.31+0.00
Al 0.00+0.00 0.26+0.00 3.57+5.78 0.14+0.01
P 128.63+1.27 120.70+2.45 135.93+1.81 140.70+0.62
Total  5347.33+147.19°A8 4934.21+109.73 5635.62+112.57° 5755.51+92.74%4
K 374.83+9.15 413.07+6.77 420.20+15.10 413.00£12.06
Ca 29.40+0.35 33.81+0.48 35.81+0.84 22.27+0.59
Mg 34.40+0.36 41.56+0.61 43.23+0.92 43.91+1.08
Na 4841.33+66.53 5155.33+105.86 5204.00+60.10 5536.33+71.86
Hayoung Fe 1.45+0.01 1.72+0.01 1.80+0.02 4.62+0.04
Mn 0.10+0.00 0.19+0.01 0.22+0.01 0.41+0.00
Al 0.01+0.01 0.26+0.01 0.52+0.01 1.00+0.02
P 125.97+1.76 140.63+1.05 141.50+1.75 163.47+1.50
Total  5407.48+73.058 5786.57+113.60" 5847.28+42.03° 6185.01+77.11%
K 342.37+5.10 366.20+8.41 356.07+11.02 348.83+10.92
Ca 25.75v0.40 24.58+0.61 29.31+0.43 13.46+0.11
Mg 28.60+0.35 23.73+0.58 24.69+0.42 23.31+0.07
Na 4985.00+70.89 5327.00+123.22 5149.00+155.56 5273.67+87.31
Daebok Fe 1.67+0.03 3.26+0.01 16.42+0.07 3.94+0.08
Mn 0.14+0.01 0.12+0.00 0.16+0.01 0.28+0.01
Al 0.28+0.01 4.56+0.02 0.48+0.01 1.03+0.03
P 118.00+2.65 109.27+0.72 108.03+0.51 117.47+2.79
Total 5501.80+63.58 5858.71+130.54" 5684.15+144.86® 5781.99+96.31"4

All values are mean+SD (77=3).

Means with different superscripts

in the same column(A-C) and same row(a-c) are

significantly different at p <0.05 by Duncan’s multiple range tests.

NS: not significant.
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Table 32. Changes in total sugar and reducing sugar contents during ripening of

Kanjang made from the strain with LOX-free, low contents of raffinose and stachyose

(mg/100 mL)
Ripening periods (months)
3 6 9 12

Total sugar
Taekwang 855.24+24.90"4 799.68+8.484 770.83£30.57  1374.47+12.13
Jinyang 1022.97+11.26"  1018.70+24.48°°  978.10+64.77°°  1620.19+13.97"C
Hayoung 1238.78+47.86°°  1189.64+8.07**®  1137.29+29.61*"  1801.82+39.17"
Daebok 1053.95£48.96®  957.80+24.48"" 885.15+20.85%8  1525.11+34.27%
Reducing sugar
Taekwang 152.58+2.62™8 132.88+2.62" 134.39+5.25* 126.82+4.55%
Jinyang 151.06+2.63"™® 131.36+4.55"" 146.52+11.44™%  264.70+13.89®
Hayoung 155.61+2.628 137.42+2.62 167.73+4.55® 260.15+5.25%
Daebok 145.00+4.55"* 116.21+2.62*4 132.88+13.89"*  249.55+16.39"

All values are mean+SD (17=3)
Means with different superscripts in the same column(A-D) and same row(a-d) are

significantly different at p <0.05 by Duncan’s multiple range tests.

e sG-S w4 Fol FdE A= o AMAPE amylased] €4 =& AR
S A, AAE AT Zakitoly FRo| o3 g U AWukgo U8R AFEEHE
Aoz 4 A drH(Kang SH et al, 2011). Hwang CR et al(2012)2 LOX<} KTI w3 o]
AFE non-GMZT o2 Az g T S 2401.6973418.64 mg/100 mLo] A, 2
T e 1192.0872669.86 mg/100 mL= H ¥ H} =d), HoA Fd 2 AT sk
of Z}ol7} U= A AR WE amylased Akole 9gk Aoz FAHAC waba 2 A
A= wWlF G A Aspergillus oryzaed AAQA HEo| mE vAE9 amylased”d o]

A WFERGE 7] gEQ Aoz FHH
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Lipoxygenase®} kunitz trypsin inhibitor @¥ & o] ZA¥ ¥ non-GMZ o2 AxH IS
1209 BoF A7 39 ZEtR o= ghaFe 321.907349.81 mg/Le]l Yl =tl(Hwang CR et
al, 2012), o]+ & A+ A9k FARgE FFol A

T

Table 33. Changes in isoflavone contents during ripening of Kanjang made from the

strain with LOX-free, low contents of raffinose and stachyose

(ug/mlL)
Ripening periods (months)

3 6 9 12
Glycitin
Taekwang 3.57+0.03"* 4.43+0.03% 4.05+0.044 3.42+0.05*4
Jinyang 3.92+0.04*8 4.00+0.02¢ 5.38+0.06"™ 7.78+0.04P
Hayoung 4.31+0.03P 3.79+0.03%® 4.02+0.02"4 4.59+0.05%
Daebok 4.21+0.03% 3.51£0.02%4 4.07£0.02¢4 3.60+0.03""
Genistein
Taekwang - - - -
Jinyang 1.55+0.01°¢ 1.20+0.01% 1.32+0.03" 6.72+0.03%
Hayoung 2.00+0.02¢ 1.41+0.02* 1.66+0.02°¢ 1.98+0.12°¢
Daebok - - 1.58+0.28 1.80+0.02"
Daidzein
Taekwang 0.43£0.01°4 0.47+0.01°" 0.46+0.01°* 0.22+0.01%4
Jinyang 1.31+0.02° 1.60+0.01" 2.19+0.01" 7.75+0.03"°
Hayoung 5.40+0.01*P 3.14+0.02" 3.33+0.03%4 3.99+0.01¢¢
Daebok 1.61+0.02% 0.99+0.01#4 1.52+0.02¢4 1.49+0.02"

All values are meantSD (7=3)

Means with different superscripts in the same column(A-D) and same row(a-d) are

significantly different at p <0.05 by Duncan’s multiple range tests.
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Lipoxygenase®} kunitz trypsin inhibitor @¥ & o] ZA¥ ¥ non-GMZ o2 AxH IS
1209 BoF A7 39 ZEtR o= ghaFe 321.907349.81 mg/Le]l Yl =tl(Hwang CR et
al, 2012), o]+ & A+ A9k FARgE FFol A

T

Table 33. Changes in isoflavone contents during ripening of Kanjang made from the

strain with LOX-free, low contents of raffinose and stachyose

(ug/mlL)
Ripening periods (months)

3 6 9 12
Glycitin
Taekwang 3.57+0.03"* 4.43+0.03% 4.05+0.044 3.42+0.05*4
Jinyang 3.92+0.04*8 4.00+0.02¢ 5.38+0.06"™ 7.78+0.04P
Hayoung 4.31+0.03P 3.79+0.03%® 4.02+0.02"4 4.59+0.05%
Daebok 4.21+0.03% 3.51£0.02%4 4.07£0.02¢4 3.60+0.03""
Genistein
Taekwang - - - -
Jinyang 1.55+0.01°¢ 1.20+0.01% 1.32+0.03" 6.72+0.03%
Hayoung 2.00+0.02¢ 1.41+0.02* 1.66+0.02°¢ 1.98+0.12°¢
Daebok - - 1.58+0.28 1.80+0.02"
Daidzein
Taekwang 0.43£0.01°4 0.47+0.01°" 0.46+0.01°* 0.22+0.01%4
Jinyang 1.31+0.02° 1.60+0.01" 2.19+0.01" 7.75+0.03"°
Hayoung 5.40+0.01*P 3.14+0.02" 3.33+0.03%4 3.99+0.01¢¢
Daebok 1.61+0.02% 0.99+0.01#4 1.52+0.02¢4 1.49+0.02"

All values are meantSD (7=3)

Means with different superscripts in the same column(A-D) and same row(a-d) are

significantly different at p <0.05 by Duncan’s multiple range tests.
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Table 34. Changes in total phenol and flavonoid contents during ripening of Kanjang
made from the strain with LOX-free, low contents of raffinose and stachyose
(mg/100 mL)

Ripening periods (months)

3 6 9 12
Total phenol
Taekwang 239.80+3.10aB 303.76£1.03¢cB 295.20+3.10bA 315.25+2.73dB
Jinyang 275.38+2.56aC 332.59+1.03bC 370.88+2.44cD 333.04£3.58bC
Hayoung 291.15+6.76aD 336.87+0.78bD 344.98+3.96cC 335.52+3.47bC
Daebok 226.51£1.70aA 285.74+3.58bA 304.89+1.03cB 305.79+5.46c A
Flavonoids
Taekwang 35.72+1.15bA 45.82+1.96cA 30.67+1.00aA 60.71+1.21dA
Jinyang 102.79+1.74aB 151.28+0.42dB 106.97+3.59hC 116.06+1.05cC
Hayoung 129.87+0.71aC 174.51+1.68bC 128.05+0.76aD 172.09+2.74bD
Daebok 33.97+1.52aA 46.03+1.30cA 39.63+0.76bB 81.65+1.22dB

All values are meantSD (77=3).
Means with different superscripts in the same column(A-D) and same row(a—-c) are

significantly different at p <0.05 by Duncan’s multiple range tests.
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t}(Ahn JB et al, 2012). Shin JH et al(2010)¢] X 113k
L/mL s%olA DPPH &tz AALA(54.6%)7 A
TAdel ng] Aol vre Aoz ForEch T o] e Fol vlste] 45
sbsbsol F7bek AL maagoa] AAE EYHE FdEe Tt &9 isoflavone
o] 34w Z7}3FaL aglycone isoflavone & malonylglycoside isoflavone®] 57}3}%7] wj & o]
gt BarE vk thH(Kwak CS et al, 2007).
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olx= H=# wrg A ol saponins, trypsin inhibitor, phytic acid, 2] ©]Al+, isoflavone,
HIEFY 2 phenolic acid 59 3% S7F= QIsto] tlF @g 2A5Fo] Hlwg 2% H|std
gAakst &ido] =& Folgkar 1 vk QltH(Choi MH et al, 2014).

2 AFA dAasdT ATgH Foz e HFe] bl d4S duk Foz e
B s 2 o oA 5% AoR Wiy o] 2 Ao AMEH P EH A A volA A
2 dasdT ATHF T2 A S dE5EE Adeiva daE
Table 35. Antioxidant activities during ripening of Kanjang made from the strain with

LOX-free, low contents of raffinose and stachyose

Ripening periods (months)

3 6 9 12

DPPH radical scavenging?’

Taekwang 20.54+1.72PA8 21.00+0.88"® 16.82+0.46** 27.66+1.57
Jinyang 18.98+6.21%°* 23.29+3.46"5 16.78+0.72° 31.60+1.51¢
Hayoung 25.23+1.288 15.40+0.59* 18.97+1.53" 30.67+2.62%
Daebok 33.17+1.49° 16.43+0.80° 26.70+3.97°5 33.29+1.52¢
ABTS radical scavenging?”

Taekwang 14.99+0.72%° 23.30£0.57"4 28.76+0.80°P 31.41+2.05%
Jinyang 15.89+1.35 29.40+0.48"° 29.98+1.08°5C 34.67+1.36°
Hayoung 17.20£0.59° 26.34+0.52"C 28.49+1.20° 32.82+1.099A8
Daebok 18.88+4.88" 24.71+1.43"8 31.08+0.39< 34.77+0.82F
Reducing power by FRAP?

Taeckwang 51.1042.42¢A8 40.57+0.86 42.49+1.99 45.16%1.16°8
Jinyang 48.98+3.51"A 46.19+0.81°C 36.831.69% 52.20+2.44C
Hayoung 50.94+1.64°A8 43.61+1.62" 49.44+1.33° 22.10£2.16
Daebok 54.37+3.85F 44.20+2.33EC 47.39+4.59°C 23.96+1.06*

All values are mean*SD (17=4).

Means with different superscripts in the same column(A-C) and same row(a-d) are

significantly different at p <0.05 by Duncan’s multiple range tests.

VEffective concentration values (ECsp;, mg/mL) of sample were calculated from the
regression lines using four different concentrations (5, 10, 20, 50 and 100 mg/mL), and
their data were presented as 50% scavenging activity to DPPH and ABTS radicals.

PEffective concentration values (ECio o, mg/mL) of sample were calculated from the
regression lines using four different concentrations (5, 10, 20, 50 and 100 mg/mL), and

their data were presented as 100 pM scavenging activity to reducing power.

_74_




S AFANIE FAFAY AR raffinose ¥ stachyose AEHF AU 2
)

gobe] waswe) A4

a2
Agats] Astel ALARIA (FBAYHZRE A2AAS 0] §
1=}

o Extraction and purification of Raffinose, Stachyose and Sucrose
- ¥ B 200 mgol 3 mlel acetones 7FstI 2A17F E<F 60T 2] water batholl A 35
S A AT ]

A4 2(2000 rpm, 5 min)ste] FAA=S HATCEA WA

ELEEE S

HAAES oF 60C9 heating blockoll A F2 718w & &3] A AsATE o]ofA 1.9
ml®] 3D waterE 7}sta 60TC9 water bathol 2 Al7F&<t 7 & Fo A5 x3d
g ds vEs WwEaEdE JAAA AAEZ st 01 mle] 1M 5-SSA

(5-sulfosalicylic acid) & 7Fstal st F<F 4T WYA4xe] FoAFAT v

AE2 (3000 rpm, 5 min)3dte] W E (protein etc.)S WAL FeANES FHAo <]
A5 0.8 mlol F#Fe 3D waters © 7Fe Fo thA] fAE2](12000 rpm, 10 min,
4C)stgoen, AANES 02 um membrane filter24 o #3372 HPLCEA &4 31t

o Analysis by HPLC
Ao ALE-3d HPLCE Agilent 1100 (Agilent, USA)ol 2™, RID (reflective index

T M |

detector) & A3t Analytical column< Supelcogel 610-H column (300 x 7.8 mm
id., 9 um, Supelco, USA)S A}£319 2™, elution solvent: 0.1% HsPO; =898 A}

L3R o5 A flow ratex 0.6 ml/min, A& FYFELS 10 plol ATk
o] #F &9 100 mg/mls 3D wateroll &3alstd stock solution®® ZHA vialel
Bast 3 gAste 1, 05, 025 0125, 0.0625 mg/mlE 3o Z}zhe]

chromatogram< LS ™ peake] WAY mF8Y Fro AAZ HIFAE 245t o

T 9] raffinose, stachyose % sucrose $FeF A 2R Ao 2 &3t

O libwrwibns by ossdids

{ Simrln o
¥
Cos jmp ml) | [T His b
e Il ------ - ELEER |
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A= -} D-05
ANAAE B4 4249, F5, S3A5S AA 1008)

R ne Stachyose Raffinose Sucrose
Area g/kg Area g/kg Area g/kg
Ef| 33 == 450808 12.030 57443 2.133 1093185 | 20.893
T E =5 441215 11.771 90315 3.335 914507 17.455
&2 =5 602430 16.128 64184 2.380 1047284 | 20.010
903 bulk | S=71% | 102988 2.631 75345 2.788 1170245 | 22376
883 bulk | FEAE | 94329 2.397 89854 3.318 1320819 | 25.273
15 STA%E | 69188 1.718 88868 3.282 1674939 | 32.087
11A11 SZA% | 120995 3.118 84922 3.138 1206082 | 23.065
56 SEAE | 100044 2.551 79900 2.954 1332428 | 25.496
F4-4 SEAE | 584872 15.653 69279 2.566 1200081 22.950
®019el_v1[é(§ STA%E | 410857 10.951 113330 4.176 829423 15.817
RS-21 STA%E | 62578 1.539 79125 2.926 1405608 | 26.904
RS-43 SEAE | 145031 3.767 105628 3.895 1344504 | 25.729
RS-86 SEA% | 118891 3.061 79097 2.925 1005905 19.213
11B2-3 SEAE | 88817 2.248 93502 3.452 1333022 | 25.508
14G20 SEA% | 83319 2.100 64603 2.395 1145933 | 21.908
15G1 SEAE | 83314 2.099 113522 4.183 1132555 | 21.650
15J5 SEAE | 31849 0.709 82252 3.040 1263422 | 24.168
15J4 SEAE | 59723 1.462 95300 3.517 1205530 | 23.054
15A1 SEAS | 89641 2.270 111367 4.105 1247395 23.860
15C2 SEAZ | 92482 2.347 76831 2.842 1075823 | 20.559
OSFC;?%B SEAE | 339156 9.013 72467 2.683 1244278 | 23.800
2 SZA% | 363693 9.676 70185 2.599 1244137 | 23.797
3 SZA% | 48374 1.155 84854 3.135 1399088 | 26.779
-4 SEAE | 234206 6.177 80843 2.989 1201991 22.986
-5 SE=AE | 385286 10.260 78407 2.900 1214681 23.231
-6 SEZAE | 466409 12.452 51969 1.933 1146509 | 21.919
-7 SEAE | 500177 13.364 70386 2.606 1095151 20.931
-8 STA%E | 31193 0.691 51620 1.920 1348347 | 25.803
9 SEAE | 443476 11.832 77480 2.866 1091743 | 20.865
-10 SEAE | 240394 6.344 73595 2.724 1156928 | 22.119
-11 SZA% | 345084 9.173 62007 2.300 1193336 | 22.820
-12 S5 33370 0.750 70456 2.609 1336327 25.571
-13 SE=A% | 332588 8.836 60278 2.237 1186848 | 22.695
-14 SZAE | 408826 10.896 57961 2.152 1087750 | 20.788
-15 A% | 308124 8.175 67671 2.507 1184227 | 22.645
-16 SEAE | 42212 0.989 72417 2.681 1146240 | 21.914
-17 STA% | 354200 9.420 52749 1.962 941071 17.966
-18 SFAZ | 408746 10.894 58579 2.175 1012655 19.343
-19 SZA% | 236804 6.247 70877 2.624 1399226 | 26.782
20 SEAE | 278707 7.380 66885 2.478 1138228 | 21.759
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A= -} D-05

A= ne Stachyose Raffinose Sucrose
Area g/kg Area g/kg Area g/kg
PI1594191 A 387588 | 10.322 97434 3.595 | 865077 16.504
o =5 544154 | 14.553 62845 | 2331 | 1273402 | 24.360
o 5} =2 575642 | 15.404 51883 1.930 | 1170615 | 22.383
S0-0070 A1 596954 | 15.980 57495 2.135 | 626340 | 11.910
32 & 70277 1.747 73120 2.706 | 1174000 | 22.448
1F52".13‘_‘5Cf)113 SEAZ | 59669 1.460 72352 | 2.678 | 1413406 | 27.054
- 505 SZA% | 43129 1.013 62347 | 2313 | 1434699 | 27.464
- 513 SEA% | 58150 1.419 67276 | 2.493 | 1494661 | 28.618
- 514 SEAE | 49182 1.177 66871 2478 | 1565562 | 29.982
- 529 SEAE | 44178 1.042 75589 | 2.797 | 1863068 | 35.707
-540 A% | 30360 0.668 79736 | 2.948 | 1624770 | 31.121
- 541 SEAE | 45980 1.090 85332 3.153 | 1659956 | 31.798
- 543 SEA% | 69412 1.724 75905 2.808 | 1513806 | 28.986
- 555 SEAE | 48096 1.148 68773 2.547 | 1407981 | 26.950
- 556 SFAZ | 54045 1.308 78184 2.892 | 1518735 | 29.081
- 565 SZA% | 45400 1.075 65682 | 2434 |1621629 | 31.061
- 600 SEA% | 56816 1.383 68270 | 2.529 | 1660169 | 31.803
- 00 SEAZ | 57422 1.400 82755 3.059 | 1572256 | 30.111
11:5524_1‘1‘(3163 SEAE | 55161 1.339 77070 | 2.851 | 1626268 | 31.150
15 SETA% | 76714 1.921 99103 3.656 | 1382447 | 26.459
15 SEAE | 86371 2.182 102478 | 3.780 | 1248682 | 23.885
15 A% | 74381 1.858 103229 | 3.807 | 1517354 | 29.055
RS-3 SEA% | 54913 1.332 84414 3.119 | 1601389 | 30.672
RS-5 SEAS | 70222 1.746 81147 3.000 | 1546530 | 29.616
RS21(%) | &FA1%F | 149609 3.891 78507 | 2.903 | 1388874 | 26.582
RS21(#) | FFAE | 50214 1.205 76466 | 2.829 | 1273702 | 24.366
RS-23 SEAE | 60598 1.486 82825 3.061 | 1502974 | 28.778
RS-33 A% | 70554 1.755 84304 3.115 | 1643306 | 31.478
RS-35 SEAE | 40234 0.935 62340 | 2312 | 1551182 | 29.705
RS-41 SEAE | 66253 1.638 85833 3.171 | 1585208 | 30.360
RS-43 SETA% | 92133 2.338 94357 3.483 | 1715902 | 32.875
RS-50(y.p) | FEAE | 141385 3.669 99683 3.677 | 1802907 | 34.549
RS-50(br) | SFAIE | 414602 | 11.052 78212 | 2.893 | 1273767 | 24.367
RS-54 SEAE | 44473 1.050 84166 3.110 | 1822105 | 34.919
RS-61 SETA%S | 62227 1.530 74149 2.744 | 1609735 | 30.832
RS-64 SEAZ | 31959 0.712 94769 3.498 | 1723475 | 33.021
RS-70 A% | 63711 1.570 84517 3.123 | 1299105 | 24.855
883-1 SEAE | 73255 1.828 105329 | 3.884 | 1159395 | 22.167
883-2 SEAE | 94921 2.413 108093 | 3.985 | 1472118 | 28.184
883-3 SEAE | 93481 2.374 95897 3.539 | 1366017 | 26.143
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A= ne Stachyose Raffinose Sucrose
Area g/kg Area g/kg Area g/kg
883-17 SEA% | 102958 | 2.630 | 100830 | 3.719 | 1385796 | 26.523
903-1 SEA% | 78606 | 1.972 | 106670 | 3.933 | 1610171 | 30.841
903-5 SEAE | 97172 | 2474 | 93708 | 3.459 | 1373647 | 26.289
903-11 SEFAE | 78940 | 1.981 | 85690 | 3.166 | 1340233 | 25.646
903-14 SZA% | 81470 | 2.050 | 82633 | 3.054 | 1399312 | 26.783
14G20 SEAE | 66665 | 1.649 | 67716 | 2.509 | 1399214 | 26.781
15D1 SFAE | 49182 | 1.177 | 70150 | 2.598 | 1492056 | 28.568
15D11 SEAE | 59587 | 1.458 | 71163 | 2.635 | 1613873 | 30912
S-1 SEAE | 595854 | 15.950 | 59435 | 2206 | 997822 | 19.058
S-3 SEA% | 125451 | 3.238 | 76017 | 2.812 | 1167282 | 22.319
1x-2 SEAE | 620718 | 16.622 | 54890 | 2.040 | 907533 | 17.320
1x-16 SEAE | 530413 | 14.182 | 55634 | 2.067 | 847271 | 16.161
2% =& 94073 | 2.390 | 79766 | 2.949 | 1575429 | 30.172
2% =& 66033 | 1.632 | 70962 | 2.628 | 1486212 | 28.455
14S14(h.y) 2 46673 | 1.109 | 69782 | 2.584 | 1467161 | 28.089
212 =% 663384 | 17.775 | 75944 | 2.810 | 1139998 | 21.794
A1 2t 11515 | 0.159 | 444896 | 16.298 | 847328 | 16.162
22 429117 | 11.444 | 81578 3.016 759351 14.469
A3 209241 | 15.391 | 26196 | 2.772 | 184257 9.520
214 567464 | 15.183 | 57684 | 2.142 | 649304 | 12.352
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AA 1205

A Stachyose Raffinose Sucrose
=9 Genotype o/kg o/kg o/kg
1 H3Cl=4) 13.012 2.000 33.353
2 H&FCl=d) 14.465 5.904 32.666
3 | FUECIEd) 14.187 6.821 28.505
4 22071=4) 16.808 6.221 27.702
5 NG =) 15.343 6.403 27.718
6 F1-41 @ 13.692 6.497 26.645
7 Fl-41 @ 19.025 8.173 29.266
8 F1-41 B 13.705 6.411 24.436
9 Fl-41 @ 14.030 6.350 22.390
10 Fl-41 ® 21.283 8.202 41.324
11 Fl-41 ® 13.440 6.871 24.599
12 F1-41 (D 15.574 6.997 23.370
13 Fl1-41 18.127 7.717 23.660
14 Fl-41 © 17.474 7.615 27.390
15 F1-41 10 13.304 8.922 26.282
16 F1-41 @ 13.746 6.255 25.146
17 F1-41 @ 16.261 7.723 28.405
18 Fl-41 © 14.648 6.666 26.113
19 Fl-41 @ 14.885 6.656 24.603
20 F1-40 D 18.843 6.177 22.773
21 F1-40 @ 17.219 5.565 19.086
22 F1-40 3 12.655 6.192 22.144
23 F1-40 @ 15.035 5.607 20.682
24 F1-40 B 14.601 6.753 23.328
25 F1-40 ® 14.713 7.299 28.350
26 F1-3, 179 5.048 6.630 35.682
27 F1-3, 208 7.026 7.306 38.050
28 F1-3, 209 4.265 6.131 37.331
29 F1-3, 212 5.908 5.997 36.303
30 F1-3, 213 4.206 6.594 29.689
31 F1-3, 218 3.482 6.298 38.285
32 Fl-4, 7 3.164 4.261 32.851
33 Fl-4, 12 3.247 6.738 40.267
34 Fl-4, 121 3.709 7.345 42.287
35 F1-12, 603 3.500 6.891 42.045
36 F1-12, 604 7.179 6.029 38.060
37 F1-12, 625 3.490 7.107 39.042
38 F1-12, 634 7.025 7.157 45.256
39 F1-12, 674 3.754 6.941 50.324
40 F1-12, 677 15.137 5.927 32.322
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e Stachyose Raffinose Sucrose
=9 Genotype o/ke o/ke e

41 F1-12, 689 13.217 6.521 42.997
42 F1-12, 694 3.099 8.067 49.299
43 F1-14, 228 15.383 6.102 30.533
44 F1-14, 231 14.372 5.082 25.697
45 F1-14, 234 4.083 5.939 43.787
46 F1-14, 238 4.134 6.447 43.184
47 F1-14, 239 4.663 7.132 40.581
48 F1-14, 248 3.723 5.996 46.022
49 F1-14, 258 3.468 7.541 46.574
50 F1-11, 20 4.078 6.811 39.691
51 F1-11, 32 3.960 7.065 27.645
52 F1-11, 39 3.254 7.193 37.635
53 F1-11, 56 3.544 7.502 38.036
54 F1-11, 62 3.827 7.581 44.274
55 F1-11, 70 16.798 5.946 22.256
56 F1-11, 73 4.150 7.028 32.944
57 F1-11, 77 3.603 7.178 40.520
58 F1-11, 96 4.294 6.991 39.450
59 F1-16, 543 13.540 5.109 31.754
60 F1-16, 553 14.610 5.723 36.970
61 F1-16, 561 15.946 5.141 25.837
62 F1-16, 577 15.861 6.366 28.402
63 F1-16, 581 16.024 6.427 41.571
64 F1-16, 582 3.491 6.690 38.641
65 F1-16, 587 3.742 7.319 54.300
66 F1-16, 588 4.355 4.261 54.339
67 F1-16, 590 4.161 3.987 49.346
68 F1-16, 592 4.499 3.664 40.316
69 F1-16, 602 3.618 4.728 56.244
70 F1-42, 838 4.430 4.028 40.673
71 F1-42, 847 3.959 3.809 39.289
72 F1-42, 874 3.158 3.956 36.443
73 F1-42, 885 3.993 3.648 37.308
74 F1-42, 933 4.344 3.781 35.726
75 F1-42, 938 3.531 4.122 43.938
76 F1-42, 954 3.739 4.485 46.728
77 F1-42, 955 3.437 3.717 38.532
78 Fl1-1 @ 4.413 6.475 40.252
79 Fl-1 @ 4.173 5.769 40.216
80 Fl-1 @ 4.527 5.951 30.031
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e Stachyose Raffinose Sucrose
<= Genotype oke oke o/ke

81 Fl-1 @ 4.002 6.618 41.896
82 Fl-1 ® 4.075 6.496 47.067
83 F1-1 ® 3.618 6.715 43918
84 F1-5 D 6.561 5.812 32.264
85 F1-5 @ 4919 6.763 30.805
86 F1-5 @ 6.742 4.842 28.635
87 F1-5 @ 4913 6.250 30.352
88 F1-5 ® 3.753 6.186 37.009
89 F1-5 ® 4.275 5.887 36.635
90 F1-5 D 4.115 5.979 36.869
91 F1-5 4118 5.264 44.187
92 F1-24 @ 3.219 5.176 36.576
93 F1-24 @ 3.767 5.760 36.603
94 F1-25 @ 3.108 4511 46.255
95 F1-25 @ 3.342 5.589 41.502
96 F1-25 @ 3.267 5.265 37.702
97 F1-7 @O 2.923 4.885 33.998
98 F1-7 @ 3.861 4.937 39.786
99 F1-7 @ 3.668 5.658 45.251
100 F1-42, 868 3.253 5.858 48.675
101 L2 436 2.523 5.324 42.321
102 £ P1594191 11.883 5.574 18.332
103 £ PI603176A 1.967 20.474 21.996
104 | 24 F1-943Q 3.102 5.874 32.949
105 | 24 F1-942® 3.171 6.260 39.312
106 | T 16A1(10/18) 3.366 6.842 59.283
107 | % 16A2(10/17) 3.246 5.940 42.688
108 | T 16A4(10/11) 3.510 6.509 42.875
109 | 5= 16A6(10/17) 3.828 5.391 44.701
110 | 5% 16A7(10/11) 3.963 6.166 43.907
111 | 5% 16A9(10/16) 4.097 5217 47.018
112 | 5 16A10(10/16) 3.282 5.936 40.618
113 | 3 16A13(10/11) 3.314 6.212 36.652
114 2.2 16B1 13.286 6.553 24.488
115 2.2 16B2 11.772 6.911 27.113
116 £ 16B3 12.616 6.638 25.465
117 L2 16B7 11.543 6.368 23.834
118 221 16B10 13.344 7.113 24.363
119 22 F1-180D 4.028 6.510 40.415
120 22 F1-18Q 4112 7.099 42.779
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