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The quality characteristics of three non-genetically modified (GM) LRS soybean cultivars free of LOX
1, 2 and 3, such as Jinyang, Hayoung and Daebok, were compared to the characteristics of Taekwang,
a soybean with LOX 1, 2 and 3 and general contents of raffinose and stachyose. Taekwang was used
as a control soybean. The weights of 100 for Taekwang and Hayoung soybeans were significantly
higher than those of the other samples. The crude-protein contents of the Jinyang and Hayoung soy-
beans were significantly higher than the crude-protein content of the Taekwang soybeans. Similar tofu
yields were observed in the Taekwang, Hayoung and Daebok soybeans. The highest tofu yield was
observed in the Hayoung soybeans. The isoflavone contents of the soybeans and tofu were 1.4-1.6
times and 1.8-3.4 times higher than the contents of the control soybeans, respectively. The total phenol
contents of the Hayoung and Daebok soybeans were significantly higher than the contents of the con-
trol soybeans. Additionally, the total phenol and flavonoid contents were significantly higher in the
tofu made from the LRS cultivars than in the tofu made from the control cultivar. The antioxidant
activities of the Taekwang soybeans were higher than the antioxidant activities of the LRS-cultivar
soybeans. However, the antioxidant activities of tofu made from the LRS cultivars were significantly
higher than the antioxidant activities of tofu made from the control cultivar. The results suggested
that the soybeans of the LRS cultivars were suitable for tofu products. The Hayoung cultivar may be
the most suitable due to its higher crude protein and isoflavone contents and its significant anti-

oxidant activity.
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% (hardness), % /4 (adhesiveness), ¥ & A (springiness), %
314 (chewiness), 24 (gumminess), §3 4 (cohesiveness) %
B U4 (resilience) & 103] o] SAste] FH+EFZHAE
Bt B4 2102 probew © 3 mm core, pre-test speed
1.0 mm/s, test speed 3.0 mm/s, post-test speed 3.0 mm/s,

test distance 5 mm, time 5 s, trigger force 5.0 g© & St}

71 goll 80% HWEHE 20 mlE 73] 308
A1E-2)3}64(12,000% g, 10 min) & 54L&
0.2 um syringe filter® o #3}o] HPLC (Agilent Technolo-
gies, Palo Alto, CA, USA)Z #A3tAth Z8-& YMC Cs
(5 um, 4.6x250 mm), 7% 7]= UV-detectorE AH-&-3ko] 254
nmo Al FASAT o] 54 &ulE 0.1% acetic acid/water
(A)<} 0.1% acetic acid/acetonitrile (B)E AF-&3te] 30&%5
90%(A)~10%(B)S] 2 A 42 05 ml/min, A& FHZF
2 20 plE AT

#FFEH & daidzein, genistein, daidzin, genistin % glys-
ting Sigma-Aldrich Co. (St. Louis, MO, USA)25-H %3t
o] dimethylsulfoxide (DMSO)°l| &3 st HPLC chromato-
gram’} o] ] retention time (RT)< Hlaste] 4% & 7}
TEdE AT AFAdd wet AFsdn.

& HE ¥ EEL0E M2

T As g dd T 2 TR 80% MEE FEES
YA FEE LA AEY 1 mlol F%FS 2 N Folin-cio-
calteu phenol (Sigma-Aldrich Co.) Al%F 3 10% Na,COs &%
S A2 TR g 229 G 023t A F
700 nmol Al FFEE SASATHE]. FHE R EE A7 Al
29 1 mlo] 10% aluminum nitrate 0.1 ml, 1 M potassium
acetate 0.1 ml ¥ ethanol 43 mlE A#H & 743 & A9
Ao A 4027 ¥HEAA 415 nmAl A FREE SASAT
[25]. & dle ¥ EFHEro|lE FFE BEEHEN 47 gal-
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gyt g4 53
gatsl G4 AR S YHFEE 243 DPPH (1,1-

diphenyl-2-picrylhydrazyl), ABTS [2,2’-azinobis-(3-ethylben-
zothiazoline-6-sulfonate)] 012 AAEA 4 dgoz =
Astitt. DPPH 2t 2 274274 & 5 mg/100 ml®] DPPH
&g FF A5YE Esto] A 1023 W7
F 525 nmel A FFES SASIUT3]. ABTS etz &A%
42 7 mM ABTSE ¢l potassium persulfateE 2.4 mMo]
HES §3AA dda ]/‘1 12~16A17F W3 A7 Th 414
nmol A 1.5£0.039] FF =gl HE% 243 ABTS 7|2 &
< 100 ulol "]E"ﬂ 50 g E4ate] f—iic’ﬂﬁ 583t HHg A A
414 nmol A FFE=E SAATB1]. A5de g 27
g4 s —?*@7}‘?4 FRE0] e vl & (%) 2 ALt
%o} FRAP (ferric-reducing antioxidant potential ability)™H
of ©h& &d™& A5 Y 40 pl, S7F 40 ul, FRAP 712 &}
100 plE A 2 EF st 37T F27]olA 487 WH3AA
593 nmol A FFEE =73 0} HoH, FeSO47HO (Sigma-
Aldrich Co)& EFEHE 3 Al 93 Atstdh?2].

7 Ade HEAE L Fotel 2FE AL SPSS 120
(SPSS Inc., Chicago, IL, USA)= A+-&3dtel FA A 2lsto]
Agol i FF+2FAAFE YT 4 A Z7o g
oAk AR BAEAE & F p<0.05 FF 4 Duncan’s
multiple range testsell 9|3l A=A 3} H Tt

HEZE =2d EM
9l raffinose} stachyose
ol Yo AFIRYY WFF, 39T L 8T 2A

= 3o dad A

lic acid ¥ quercetin (Sigma-Aldrich Co.)& At§3to] €& mmzZ LT "% B3l nls) Ziﬂi 7&911:}. %E ¥4
AFHN o2 HH Adata. ojgh H]2&k Aol on, dFH dEFol BT H 33
Foll el Aoz Askth MYPT2 BFFT 3} FFol
Table 1. Seed characteristics in soybean cultivar of LOX-free with low contents of raffinose and stachyose
Soybean cultivar
Taekwang Jinyang Hayoung Daebok
Length (mm) 8.30+0.39 7.53+0.37° 8.34+0.48° 7.32+0.29*
Width (mm) 7.52+0.34" 6.96+0.33" 7.38+0.39" 6.81+0.47"
100 weight (g) 27.40+0.26° 20.86+0.036" 27.30+0.10° 21.60+0.89°
Increasing ratio of weight (%) 225.58+0.90° 22313+0.30" 226.75+0.49° 225.24:+1.46"

All values are mean * SD (n=20).

““Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range tests
Increasing ratio of weight: soybean weight after soaking for 24 hr in the water at room temperature.
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OS2 AAEY. AR LRS FEQ AEFL A A7) w ahwl, AW o] Hors Hdy # v 2y Bdo

KN
2 Aolg HolA o} HEF w2k A 20 FOH43] T Az A T F5E =AY 2 2994
o3t Apol7h Aol Aoz FAHAH. g2 89~2143% 5L 38.49~39.55%
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Table 2. Physicochemical properties in soybean cultivar of LOX-free with low contents of raffinose and stachyose (%)

Soybean cultivar

Taekwang Jinyang Hayoung Daebok
Moisture 8.00+0.23"® 7.92+0.20"® 8.21+0.22° 7.58+0.37%
Adh 4.72+0.06 5.22+0.06° 5.25+0.02° 5.26+0.05
s (5.130.07)° (5.67+0.06) (5.71£0.03) (5.69+0.06)
. 12.44+0.15" 12.10+0.58" 12.41+0.25" 16.79+0.12°
Crude lipid
(13.52+0.16) (13.14:+0.63) (13.520.28) (18.16+0.13)
Crude protein 35.32+0.61° 38.00+1.24° 37.08+1.06° 33.19+0.62"
ude prote (38.39+0.66) (41.27+1.35) (40.39+1.15) (35.91+0.68)
39.52+0.83" 36.76+0.79" 37.06+0.99" 37.19+0.76"
Carbohydrate
(42.96+0.89) (39.92+0.86) (40.38+1.09) (40.23+0.82)

All values are mean * SD (n=3).

Values are calculated as dry base.

*“Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range tests
Carbohydrate = 100-(moisture + ash + crude lipid + crude protein).

Table 3. Moisture content and yields in tofu made from the soybean cultivar of LOX-free with low contents of raffinose and stachyose

Moisture of tofu (%) Tofu (g)/ Soy milk (1) Yields of tofu to soybean (%)
Taekwang 80.61+0.52° 310.73£8.05” 207.16+5.37°
Jinyang 79.1140.32° 293.40+9.51* 195.60+6.34"
Hayoung 75.72+0.49" 303.07+7.56*" 202.04£5.04"°
Daebok 79.26+0.68" 316.87+7.38° 211.24+4.92°

All values are mean * SD (n=4)
A“Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range tests.
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Table 4. Texture of tofu made from the soybean cultivar of LOX-free with low contents of raffinose and stachyose

Kinds of tofu

Taekwang Jinyang Hayoung Daebok

Hardness (g/cm’) 23.40+1.79" 29.82+1.46° 35.46+2.90 23.24+1.65"
Adhesiveness (g-s) -19.76+3.74"° -15.04+3.54 -14.94+2.78 -20.90+6.59

Springiness (%) 0.96+0.01" 0.98+0.01° 0.98+0.02*" 0.96+0.02*
Chewiness (g) 10.66+0.80" 14.86+0.80" 18.712.31° 11.49+1.44"
Gumminess (g) 11.11+0.83" 15.09+0.93° 19.1242.55¢ 11.97+1.51%
Cohesiveness (%) 0.47+0.02" 0.51+0.05"" 0.54+0.03" 0.52+0.06""
Resilience 0.10+0.01* 0.11£0.01*" 0.13+0.02° 0.11£0.01*"

All values are mean * SD (n=5).

““Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range tests

NS; not significant.
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Table 5. Isoflavone contents in soybean cultivar and their tofu of LOX-free with low contents of raffinose and stachyose

(ug/g, dried powder)

Taekwang Jinyang Hayoung Daebok
Soybean cultivar
Daidzin 127.57+2.34* 214.109.01° 405.20+45.85° 256.60+23.89
Glystin 305.5022.53" 401.13+12.92° 306.57+34.19" 511.01£15.91°
Genistin 285.17+16.16" 430.27+26.23" 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+88.76" 1671.95+55.20°
Daidzein 10.70+1.59" 12.67+0.95" 26.20+2.70¢ 7.3+0.1%
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°
Tofu
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+9.87* 206.11+8.95" 300.04+15.63 376.17+3.95"
Daidzein 37.63+0.67" 68.43+4.59" 226.97+12.03¢ 61.17+1.75°
Genistein 187.97+0.75" 255.17+16.64° 467.43+27.71° 320.53+8.93¢
Total 539.13+33.97* 954 44+51.78" 1838.93+103.74° 1417.48+3.97°

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

“PMeans with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range tests.
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Table 6. Total phenol and flavonoid contents in soybean cultivar and their tofu of LOX-free with low contents of raffinose and

stachyose
Taekwang Jinyang Hayoung Daebok

Soybean cultivar (mg/100 g soybean)

Total phenol 63.73+0.80° 61.78+0.59" 65.79+1.26" 69.59+1.29°

Flavonoid 6.72+0.78" 8.57+0.61° 8.85+0.59" 10.54+1.06"
Tofu (mg/100 g dried powder)

Total phenol 119.17+1.68* 117.23+1.28* 124.19+1.40° 125.65+1.48°

Flavonoid 3.19+0.06" 3.40+0.06" 4.88+0.12"° 495021

All values are mean * SD (n=3).

*“Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range tests.
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Table 7. Antioxidant activities in soybean cultivar and their tofu of LOX-free with low contents of raffinose and stachyose

Effective concentration values for antioxidant activities (mg/ml)

DPPH radical scavenging”

ABTS radical scavenging”

Reducing power by FRAP?

Soybean cultivar

Taekwang 433+013" 2.77+0.08* 2.05+0.08"
Jinyang 6.54+0.42° 3.91+0.14 3.73+0.04”
Hayoung 4490.43" 3.06£0.15" 2.70£0.05
Daebok 3.91+0.49" 2.99+0.11° 2314026
Tofu
Tackwang 200 < 200 < 106.06+2.62"
Jinyang 200 < 88.88+1.73 98.52+4.31°
Hayoung 145.55+3.36™° 82.82+1.31° 75.49+1.54°
Daebok 141.34+5.97 62.61+1.47* 61.51+1.79*

VEffective concentration values(ECsyy, mg/ml) of sample were calculated from the regression lines using five different concentrations
(1~10 mg/ml to soybean cultivar, 10~200 mg/ml to their tofu), and their data were presented as 50% scavenging activity to DPPH

and ABTS radical.

2>Reducimg power by FRAP (ECio v, mg/ml) was presented by the sample concentration to 100 uM of FeSO,-7H,O as standard.
AP Each value represents mean * SD (n=5). Means with different superscripts among the samples are significantly different at

p<0.05 by Duncan’s multiple range tests.
NS: not significant.
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