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SENEZH FEHAFHSIY +550/81
Abstract This study examined the physicochemical properties, flavor, and quality characteristics of
tofu made from three Korean soybean cultivars (Daewonkong, Seonpung, SeonyuZho) grown in three
different regions (Suwon, Gimje, Daegu) using instrumental analyses. To assess factors impacting
tofi’s taste, aroma, and texture, we analyzed the amino acid and fatty acid compositions of the
soybeans, along with the taste and aroma characteristics of fofu. Results revealed a correlation
between soybean protein content and fofi hardness, with significant compositional differences based
on cultivation region; soybeans from Gimje, in particular, showed a higher crude fat content. Using
an electronic nose, 41 to 57 volatile compounds were identified across fofu samples, with
2-methylbutane and acetaldehyde as dominant components. Correlation analysis showed positive
associations between acetaldehyde and palmitic acid and between 2-methylbutane and oleic,
eicosanoic, total, and unsaturated fatty acids. SPME-GC-MS analysis identified 37 volatile active
compounds, including alcohols, aldehydes, esters, furans, hydrocarbons, and ketones, with 1-hexanol
and 1-octen-3-ol present at significantly higher levels across samples. Among the SPME-GC-MS
results, SeonyuZho-tofu samples exhibited notably higher alcohol levels. Both cultivar and
environmental factors substantially influenced tofi’s physicochemical quality and sensory attributes.
Since sensory panel evaluations were not conducted, future studies should incorporate panel assessments
to further explore correlations between sensory perceptions and instrumental measurements.

Keywords rofu, flavor, texture, soybean quality, cultivar

1. ME

2{Glycine max(L) Mer.[& Y2 SHokAlolt YAtAlo|t MAAH = Thorst E5o] Heol
AR ek B A4 Gulzo] T FUCR THE AEA BugYel Lo}, 27, 4,
ChAJut Soi] uls) kA, Wl WA S43kek(Hong 5, 1990; Kim, 2002; Kim 5. 1990). 29
I 7FEEQ FRE 9, F3, QR 2 Fdoblol Solq F2 98] s wud, o)y
%, W4 ollicdl, B ALY, o] ABeHES o 343k 9lrkAdamice 5, 2001; Kim, 2002).
ER3 Qopl, Tkt A7, EE9 E0lz Q) A2 2 | 59 0, £ 5 AR
A7 © Q718 AT e FRO| 48, B4R ohe Bulmit B 2814 7159 FoAo]
el glor], %7k 8 ARl 7F 715 Hol7t BIHA T Yang 5, 2016), FH Evlo] e
A TR A4 7ol that AT obdl BE Algolth. ARK] AYE R A7 3

Y] }2 TR 54 Ho|(Leest Hwang, 2014), F Aol U2 54 Wstet £5 2 £
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=4 H3KKong -5, 2008), 7S B 1189] Hl&°] & 3 &5

Az 79 #& - 7IAA B30 5, 1999), SaAel e
T E/4(Hong 5, 2012; Obatolu, 2008) 5-°] U} FH+=

AutA o g FZ 3, vk, 7FEste] o7}, Sl Fof YEst
of BatstAY B3 vk, 71, 81 R hRksto] Azt
FRO 1A= MgCl,, MgSO,, CaCly, CaSO,, ZA|54> MgCl,,
Glucono-delta-lactone 5°] Ql=d], Syt T2 A& =
Ao MeClyZ 71 Eol ARgstH, A o= Wol &
£ SIAE MgCLe} CaSO.7F Ut FUollA= HHHo=
9 = Al WA gfistar 9lom ofof whet Afuj gl
£ 30 7HEY F4 Aol ol Aol ket Ut
5, Auied 2 7le 5ol BT EdACoR AR A=Y &
AL AT 7HER] F5 B4 old FFs gutE
Alof thet A= obF] RESt AAolnh F £F 5 Y
< fEUEelA 7HE go] AR EEE F52E &R
AF8o=2 &8I Yot g2 FF £80] 1L FF
FAg0] ftt FE0 8 o] Wol B Fo]al += AH)
T go] AP itk AR5 M S4EH T FSeE
£ 717o] & F(125-1309)°] HIsf 15-200] ol &7
do ARAAY 224 o8 FEsith ARG 4L
= P diHte 47 USRS d#shks fe Aol7t b
+ S5 97 AR EAo] e AFeli, AAlE = A
9] 7|dto] ZE7 A Yo B A = BiEE FHA Y| HE =
9t FAA 2 & 4= k. ' T, Ax 3 E FRS
A= 77 FEE 5 & 248 50l 244 JdF2 F
= o]o et £ AFolAs EEY, A = S EA)
oA Auigt 371 F F5Q1 T, Af2E, AFoE A £
7o £ EAEAEAR 2 7I71AeE EASA,
A3 o|sts} EATte AJHIAIE B4 £ ol
A 5T A gt T AYe 28t FR AR A
wold] 2ARE 288 & U A0z slgur.
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2.1. &8 Mg

2 AdolAs 20219 S@ATHSH ¥ 249 Y
(37.2639°N, 127.0286°E) & 54(35.8714°N, 128.6014°E)2}
= 3174 7A)(35.8033°N, 126.8803°E)S] 37] EA oA 2z}t Al
A ¥, AE, A823 371 5[ Glycine max(L.) Merr.]
F52 APARRE ARSSIlTE FRSIA RS AEH7REES
3}t 1d]<5(Magnesium chloride hexahydrate, Comsicence
Co., Gwangju, Korea)& AME-SIRLIL, #4 AFE2 &4 55
o] AL A3t E9H(SMX-350SKH, Shinil, Seoul,
Korea)E ©]-&oto] £U3s} 3t A|RE 100 mesh A2 A7 &£
4 Aol A8steic
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AOAC(2012) HPo] e} $E3ke 105°C A7t Az
H ZRAL Micro Kjeldahl®, 2A8RS Soxhletd, X3]&
2 550°C BSh o SAFGT BT 05 ¢ TR By
Foll @31 A 10 mLe} ZufAIE E3]|7](Tecator™ Digestor
auto, Foss, Hillerad, Denmark)= 420°COJ|A] 1A]7F 501 £35
Stoint. A2olA S28] ¥4l & Sl £47](Kjeltec™
8400, Foss)& ol8alo] Zuhld Feke Z4aI9T oA
A 5712 Fdto] 11 ghe AFEsIalth. A $E2 Soxhlet
A= Z=ZAH|(Soxtherm sox416, C. Gerhardt GmbH & Co.
KG, Koénigswinter, Germany)S ©]-8-5}0] AaFslqitt. 24 A
72 g2 9% 7580 "ol €Al ® Hal vl5A, n-dit
140 mLE 37}sto] 187°CollA] 30827t 7FEskar, 147 B2t

SR A FE 5 718 105°CoA 147 B Ax
Wdste] e Foih 22 FFE e =7
AR 3 g& T F 550°ColA 343 Bjg} & gete] o
S AESH T BpstE2 10004 S8, 2o, 22, 2

RO QA ¢S BAStel AN

—10[! —{Nr

2.3. & NEEHHE =& 24

GAF B 0.05 g& 0.03M Tris-HCl 1 mLoj| ¥HSA|7] &
30871 Votex 3 QA WA T F 4ColA] 30871
15,000 rpm®] £E2 F2ste] :& ¢ FSAS A
24 BAH9 ArzE &8ot¥rt. Gel-dye mix, Destaining,
Denaturing solution(Agilent Agilent Technologies Inc., Santa Clara,
CA, USA) 9 ME3} ladders ZHZ FH[oI9ich. & 230
(P230) 7]E+= Agilent Technologies(Waldbronn, Germany)°f|A]
FASIHAL A A EAL Agilent 2100 Bioanalyzer
(Agilent Technologies Inc.)= E43}9tt 2E 35t B2 B
A SFolglen, M2 og 7|E ZEEF(Citation2-4)°] w2t
Zo3ic} 2k Al Thd A 4 uLE 2 uLe) Denaturing
solution(F-LA| = DTTE AL ZATHA] ob=2) &9
ahich S 8T} ladderS 95°CA SETE FUTHt 84
WL 55 Z7bslel 5142 3 Tkl o] 6 uLE ol B4
31911, Agilent 2100 Expert 4 E 9Jo](Agilent Technologies
Inc)E dloJE &40l ARG

24. F ofoji 24

E oA EASH /| ofu] AR isoleucine, leucine,
lysine, methionine, cysteine, phenylalanine, tyrosine, threonine,
valine, histidine, arginine, alanine, aspartic acid, glutamic
acid, glycine, proline, serine®. & & 17%0]%]1 91, tryptophan
< A3t opr| Al 2L Kim 5(2014)9] A7E YH 54
Sto] ZA45H3T. 80 mgd] F w2 30 mLe 6 mol/L HCl

1021



Quality properties of tofu made from different Korean soybean cultivars

3} EYT T, EFES Yk AR 125U HASL 110°C
oA 22417 B AT T T, AEokEe) g

SEA712L, ©]F 6 mol/L HCI 50 mLoj| A& ct. &k
2 045 um AT FEZ AT3I9AT, o] B0 ABE ]
2 FL ZA3) Sep-Pak C18 7HE | A|(Waters, Milford, MA,
USAYE o]&sto] Z+F E&E MojEs AAT F ofn|icit
240 AgsioIT B o)Al 2AL ofslit 247
(L-8900; Hitachi-Hitech, Tokyo, Japan)E AR&s}o] 4514
<, 348" A 20 pLE Al2"ol FYsaL oL we 2
#2622SC PF(4.6x60 mm; Hitachi HPLC Packed Column,
Hitachi High-Tech Science Corp., Tokyo, Japan)S SI}A| %
ot A9 2= 57°CHI $59] 42 0.4 mL/min°] %]
o RS 59 W79 LR 1350 fAH9L, B9
AL 7.0-7.3 MPagith U39l {42 0.35 mL/E0]g]

T, 49 AL 0708 MPasith. £, obvlieAl £ 9%
o]z4}0 2= PHI, PH2, PH3, PH4, PH-RG, R-3, C-1, U3|E

o i

|, AZNH(Fujifilm Wako Pure Chemical, Osaka, Japan)
AEFHAT, obuliit EEBUE oulial 1Y FHS
(Ajinomoto-ta-kara, Kusatsu, Japan)& AR&-3iC}.

2.5. & X8 24

T 2% 0.2 g& Teflon capO| Q= 4 mL Hio|go] Y11,
Methylation mixture[MeOH:Benzene:DMP(2,2-Dimethoxy-propane):
H2S04=39:20:5:2]5 2 mL, heptane 1 mLE go] &&= & 80°C
oA 247 FESH 5 F 42 Y6t IHE F T
Z 2N | mLE& 3% £ gas chromatography(GC)&2 £45}
Aot GC(Agilent 7890A, Agilent, Santa Clara, CA, USA), 2
L DB-23(120 mmx0.25 mmx0.25 mm, Agilent), 542
mL/&, injector 2+ 250°C, Detector= FID(280°C, H, 35,
Air 350, He 30mL/AL), QB ZAL 27]2% 80°Co|A] 1.5%
A & & 9 30°CE S2AA 110°ColA 287 FAIAZH.
135 &9 I5°CE 200°C7HA] S2AIA 88 A4 &, &

G 1°CE 215°C7HA] &9 & 883t fAAH T vhAet B
2°CE 250°C7HA] &9 & 387 WFAIZAL & 4R 62
Ho|qltt. FUZFS 1 pL(split ratio 10), FEZT} PR EFELS
Z}¥7Z} Supelco 37 component FAME Mix(Supelco, Bellefonte,
PA, USA), Pentadecanoic acid(Sigma-Aldrich, St. Louis,

MO, USA)E AR&SHAH.

2.6. 77 M=

AL 57 A xolle= AT AHE T
A H(Sim, 2020)2 Hlg o2 Au]AHS E
WA REFH R AZSH Y= F 100 gofl 300 mLo

FE4E 7R T 4CIA 1642 BT e 2L MR F
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1,700 mL SF5S B ¥l 7]er A7+ 7] 7] (RFM-1000,
Joyoung Onondo Small Household Appliances Co., Hangzhou,
China)2 oF 3087 vk 2 71eIstoict. mhale Spoe o
X0 AZ F oJRe BE P72 A 5 AW B2
2 87]0] ot LEE AZ5}0 80°CAH MeCly(Magnesium
chloride hexahydrate, Comsicence Co.) 5 g& Y1l 75°C7}A|
2 S1HA st §1ES FF AFECIRE 9 emxA® 7
cmx=0]| 5 cm)Q] F7|of w30} ¥, ZE 12 cm =°] 3 cm

o 1 kg #A19] F5E& 183t 2023 F2AAT

2.7. 72 #EY /82 F4(E-nose)

AR I 7] RS AAAIARD AR AIAE
(HERACLES 11 E-Nose, Alpha MOS, Toulouse, France)2 A}
83T T2 S 4 g2 AR BHE headspace vialo] ¥
L 50°Cof|Af 1087t wRtsAA ] 7] i Hio]Lo
TSN T ] HEE MR A|2de] RaE 45
A& AF715 St ZHEA, ZHE 714 2,000 pLs $
w4 ] RS SIS olgalel ATt F AR R
gas chromatography injection porto]] FYU35Fch HAAE HA
AP MXT-5 ZH(Alpha MOS), E4Z AL 2 mL/min%] 4

A7FA 5, acquisition duration 108%, trap absorption

Ol

temperature= 50°C, trap desorption temperaturer= 240°CZ
SFTE QFE 2L &= 50°CE 5% 7F §A &, 3°C/s9 £2
20°C7H) S8 F 302 E SAHATE. Baol] TS £
retention index:= Kovat’s index library(Alpha MOS)E o]&
stol BejEl W30 JES SHIAUL 7 ABS 3 wEe
Azoz sk

28 FH HL8 8718 EHSPME-GC-MS)
59| 3 BRRER Sim 5(2021)2] APAFE Harsio
SPME-GC-MSE A}&3}0] 435194t} 15 mL SPME s Hlo|oj]
TR AE 3 g NaCl 3 g} Y- H2E21911,2,3- trichloropropane
(Sigma-Aldrich) 4 pLE E2 & Polytetrafluoroethylene-
silicone septum7} Q= EetAE o2 G2 T3 70°CoA|
108 59t B3 AH T 324 65 um DVB/PDMS(Supelco,
Bellefonte, PA, USA) SI3HE2 A5 Hhs2 Hho|do] 30& &
o Ym A4 02 Adekn Tuskel 5T  AS TS
GC #9170] 5% 5+ 24 ST} B4 BE Thermo
Scientific(Waltham, MA, USA)S] GC-MS/MS(SPME)E AR&-
SR, AF A=A AR £497]= TSQ 8000, 7kA &0}
EJITE Trace 1310, 2H-2 DB-Wax(60 mx0.25 mm, 0.50
um; Agilent Technologies Inc.)S AR8-3}9ich B4 AL F
Ol 27} 250°CH T, S¥IAL FHE-S 2.0 mL/min®] &
£O0F AMERlOM, Q8 R R7|RE 40°CE A &, Y
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20 4°C/minO.Z 230°C7HA] &8 T2, 230°Co|A] 587 &
25tet. A FEY 25 250°CE AA5IH 1, o] gl
LEE 230°C2 AYsigt BE FF AHEYL 40-250
m/z9 A7 HOE Zre A A REE ARR3}0] 70 VO
A AR FA(ED REOA SR 7 SRME9 dA] AE
< 9 2E] Bf A4E ¥kl NIST 2011 Z&2 7Y
(Gaithersburg, MD, USA) ¥ MS g}o]B#g] glo]guo]A
Search 2.0 AXE ¢of(Agilent Technologies, Inc.)E AR5}
AMsta AEE Y SE9] FEehdtd g Wi
FEE0) ool 2= T SFE TR ALY Pl A=
o] ZPAEH B4 An= ”]E‘%EEE A A5

2.9 £82 &t 24(F-tongue)
£30] g 42 SRE A3 AAHASTREE, Alpha MOS)
oLg5Hl ek, Wil ABe el Jlgdos
‘—7/]1‘ TFQl AIUK(SRS-sourness), ZHIH(STS- saltiness), 780t
(UMS-umami), THHSWS-sweetness), 12|11 £UH(BRS-bit-
terness)} WAE 5714 A} HE AA 27} (GPS-metallic,
SPS-spiciness)Z A& 0] Qltt. F5 AE 20 gof 33} £F4
80 g= 1l EdIH(SMX-350SKH, Shini)Z 2& 7} vjaf] &
A2 g 4SS Whatman No. 2 ZHA|Z I¥ F AA}
S 248 Hio|Yf Hol gt &4 Alg& ARSI Al2E
|2H2 AR A|Age] &0 At &, AAE 287
FoHo] AAE B3 207 AE o AR g3t FrE
25190t 24 o)A AR 719 0@ A 99
o B8 A AR 2 AN QRS AT AE F 6
M Agegon], Auge o el g 3 eos |
EFf Itk Boo 5, 2020).

>~

210 £2 +8 ME ¥ 24 24

TR 82 7Y T o] & £ BAS %R 2]
SR = TS AL A%l olakE A Astelth =x

FESHES AOAC(2012) ¥l wat £ 10 g 105°C Y
tazzson 24stel Adslgic FELG), HAE6.

A Z(b3H= MAA (CR-300, Minolta Co., Osaka, Japan)E
Aol ZASHAT, AR 240] A8E EEUTE L
98.82, agf -0.09, bat -0.370]QiTh. TEL THS Hl=sA| 4
A W T ATl MEg 24agt. Sro) 2A7e 24
Z277](TA XT Plus, Stable Micro System, London, UK)E AR&
S0 Pre-test speed 5.0 mm/sec, Post-test speed 200 mm/min,
Strain 60%, Number of cycles 2, Probe diameter 7.5 mm2] A
07 7% (hardness), F-2HJ(adhesiveness), -=7]/J(cohesiveness),
Wﬁl*é(chewiness)% é%jﬁ]—gil‘/]- Z A z;ﬂoﬂ /\]—_9_’6‘]- Kl =

L R8 Zelol R 15 om 2402 QA U FRE
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1.5 cmx1.5 cmx3 cm 7|2 A=
2 Agsich

3 83 W% 2% B

2.11. 84 &4

£ HlojEl= 33] ¥ $4519 T meantSDE H7]5H]
t}. dojA AFE SPSS package(version 12.0, SPSS Inc.,
Chicago, IL, USA)E 0]&5}o] Duncan’s multiple range testS

B3te] p<0.0s 014 R4 A 1EO] olg AN
2\11, ABA= Pearson4 ApAZ=E UFERQIT). 3 3

718 ASA EHEAL R software package(R foundation,
Vienna, Austria) version 4.1.1 7]5t2] Metaboanalysis L& ]
AW FEoi3lon Ail= SIEPYOR YER]th

o
3. 2t ¥ 1
3.1. 8 YEryE x4

20214 :?E'J AFystd 370 A (&Y, g, AANNA A
AME 37 F ESAET, A28, A5 AR o &
A A3}= Table 13 2y 2hiA 3ol 35.26(AR23,
7)-38.69(HH¥F, ti+) /100 g HAES EArt. THd A
R Ameke] Aol gRlE AL(r=0. 774) ol AgA+
e AA5h= AHATHSim 5, 2020). AGE T FHA A7
B4 2k, U A ESE S o1} 9, ol

AT, AAINE fEge) B ggol e 25

of Hls) folH02 £ATHp<005). B, A AoIAE 4B
o] Tl A glefo] YE 207 =9k} RIELS oy T
RS BRNE A0 585(LF, AA)-641(4%23,
g7 L 49 @100 g WS RACH 97 F AR 5 A
ol BAglo] AR259] Tl Lojx] T B3] vl &9k
o} ZAH 9 RERSSHE —61-%1:_0_ Y7} 21. 38(1:H f‘g—‘g’ ‘:H‘_r")-
24.17(A823, ZAA) ¢/100 g E 25.70(chLZ, AA)-29.57(A
28, b ¢/100 g9 WS HetUe. AAl AFGelA A
T F501 BARle] 2AF ol tE F AYgEG
=94 3(p<0.05), &S IFE HE F A HT Wl
22 F5olga TA e Aol uet EY 24, 52
4 7&#%* 59 Apo]z Qls| ojsfst w9 Afol7} WA
0]

=

B3k
o}

32 = Xfl’l‘ E,‘Hllxl H/E

Z Aol giREQl 70-80%= ZE|AH(Glycinin, 11S)
F2 A (B-Conglycinin, 7S)0.2 FAE o] 9lor o]y
= 259 A% wuAe oo s MyHEA £ 72
AZFS P45t FH gy sfo] 293 geke ulAh
Guo2} Ono(2005) ¥ Utsumi®} Kinsella(1985)2] SAGLo|A=

oo
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Table 1. Proximate composition of three soybean cultivars grown in three different regions

Growing region Cultivar Proximate composition (g/100 g, Dry Basis)
Crude protein Crude fat Crude ash Carbohydrate Moisture
Suwon Daewonkong 36.34£0.25"2 22.50+0.07° 6.35+0.08° 34.81+0.35% 6.25+0.07°
Seonyu2ho 36.54+0.79° 23.33+0.20° 6.41+0.06" 33.73+0.76°* 5.56:+0.09°
Seonpung 36.26+0.10° 23.45+0.10" 6.21+0.04° 34.090.09*¢ 5.900.03¢
Daegu Daewonkong 38.69+0.28" 21.38+0.10¢ 5.86+0.07¢ 34.06+0.39*¢ 6.32+0.00°
Seonyu2ho 35.26+0.51¢ 22.81+0.21° 6.410.09° 35.52+0.50° 5.95+0.13¢
Seonpung 38.15+0.35° 21.85+0.17" 5.98+0.07° 34.02:£0.24¢ 6.28+0.09°
Gimje Daewonkong 37.46+0.05° 23.66+0.24° 5.85+0.06° 33.02+0.21° 7.33+0.07"
Seonyu2ho 36.38+0.20° 24.17+0.18° 6.13+0.05" 33.3240.40% 6.18+0.19°
Seonpung 36.07£0.41° 23.63+0.16™ 5.89+0.01° 34.4120.54" 6.89:£0.03"
Mean 36.79 22.98 6.12 34.11 6.29

DAIl values are mean+SD (n=3).

IDifferent superscript letters (“%) in the same colomn indicate significant differences (p<0.05) by Duncan’s multiple range test.

AA A o] 23 TH AEsL Aol Qo —6—}_0;]‘:]_

7S A (B-Conglycinin}E WY& 21 ZE2 REgda
HAHE TS, 4~840] Lo} ZH.

HE o gl &

0}7ﬂ

=T BEE, 118 @A (Glycininy B ©estyl 9% H2

Cda=

2A%S JH FHE

Z1ofRtctal &

GE ATlAL £Ro| A3 s uig 5
o TA7) Yokl S TH(Cai®t Chang, 1999; Mujoo 5, 2003;

Skurray 5, 1980). 97] 9] 11S/7S ¥]&

2. des =Y,

dola A Ao R grELT
A A Qth(Wang 5, 2018). I1H = %;Lam

SOl E4o] 4

EXA7E= Fig. 13}
o, 7:“1])94 118/7S ®]&o°] 27 1.92,

o] &=L

ot FPN

Mo =
A . ol

o lo

Bes M7 9ay Aow

Ofo[&=4t 35
YT} opw Al ShF2 B jo] E §
A 508 gE Zjo]7} EQlE|QITH(Table 2). & ofu]:AF 3
HZEHAD, HLFHF) 2 ASEHT)ol UHA &5
ol B3} B4 207 =9kth(p<0.05). Im —(2016)0]
zejio] wE Fo ofu|iAl §
J} ZEYFTEHT, F23)9 oAl T2

L= -

of]iete]

9 24 2, o

xvqg

E‘Lf_‘ ] ]0 L]’, %ﬂ]@gi Tr‘-’]?_]_' X]-O]Eé'- qu' = 1:]1._ H]X]

1.30, 1.562 BAET FH Ar=ole] AL eeld 4= gl
Atk ol T & T 2R Alx3E Aol ofy7]
TEos HaElt T S B 7S AGEHES T
J okt iE o W2 31 BER At o B A
23} $A AEEo| T WE A0 Hot g AT 754

£ AARE 39e 2getng 97 o £5 24EA9E A}
o7t oAElT Srel FARel B9 ofulnAt FFL
glutamic acid7} 7,775(NLF, 1AN)-7,106(A%, ZA) mg/100
gO & 713} =9k, aspartic acid, leucine, arginine, lysine <=9
2 =90, methionined} cysteineS 714 ¥ IS LiE}

._l_O

[kDa]

“"——ﬁ——¥

75 glubulins [

(—_:ir’_____=m__—____.m————

/_ —— |

usgmnulm

am

1’ DWK2 DWK SY2 SY2 SP SP

DWK DWK
(SW)-1 (SW)-2 (5W)-1 (SW)-2 (SW)-1 (SW)-2 (DG)-1 (DG)-2 (DG)-1 (DG)-2 (DG)1 (DG)-2 (GI)-1

DWK DWK SY2
(GD-2 (GD)-1

SY? sp SP
GN)-2 (GI)F1 (GI)-2

5Y2  sY2 SP SP

Fig. 1. Electrophoresis profile of glycine and p-conglycinin of soybean cultivars. L, ladder. ?Cultivar: Daewonkong (DWK), Seonyo2ho
(SY2), Seonpung (SP); Growing region: Suwon (SW), Daegu (DG), Gimje (GJ).
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Table 2. Amino acid content of three soybean cultivars grown in three different regions

Growing Cultivar Amino acid (mg/100 g)
region Asp” Thr Ser Glu Gly Ala Cys Val Met
SW? DWK? 4,521.9"9 1588.5%  1950.7*°  7,162.9° 1,670.8  1,751.0™¢  497.8™ 1,750.2  237.1%
SY2 44167 1,511.3 1,950.3>  7,238.9° 1,627.5  1,7182¢ 5102 1,768.2 186.94
SP 4,492.3*  1,587.0™ 19867  7,253.9° 1,650.7°  1,742.1°¢  624.9 1,758.3 227.8
DG DWK 4,756.3 1,638.7° 2,0432%°  7,662.0° 1,747.9" 1,8252"% 5185 1,837.8 238.5%
SY2 4,388.0° 1,506.8° 1,928.7°  7241.4° 1,618.4° 1,697.2¢ 514.1 1,774.2 212.8
Sp 4,680.0°  1,6163®  2,017.9"  7,681.2° 1,709.7°  1,803.0"  553.3 1,819.5 214.3%
GJ DWK 4,759.3 1,655.0° 2,094.6° 7,775.9° 1,746.2° 1,836.3 5349 1,814.4 270.1°
SY2 4,417.2° 1,503.7° 1,917.3° 7,252.9° 1,628.5*  1,727.5¢  540.7 1,790.4 229.0
SP 4,407.8° 1,537.2  1,923.0° 7,106.1° 1,616.4° 1,716.0¢  570.1 1,719.9 244.9™
Mean 4,537.7 1,571.6 1,979.2 7375.0 1,668.5 1,757.4 540.5 1,781.4 229.0
Growing Cultivar Amino acid (mg/100 g) Sum
region Ile Leu Tyr Phe Lys His Arg Pro
SW? DWK? 1,797.9%  3,117.8°  1413.4™ 19545 25344  1,002.6* 29024 19439 37,798
SY2 1,752.8° 3,131.1%¢ 11,3657 1,973.1  2,461.2° 995.3% 2,921.2*  1,950.0°¢ 37,479
SP 1,760.2° 3,121.4%  1,433.0™  1,909.7¢ 2,562.9%°  1,007.7"  2,833.3° 1,935.4  37,887™
DG DWK 1,890.7° 32858 1,484.6°  2,072.9° 2,623.6°  1,058.2° 3,194.6° 2,055.9®  39,934°
SY2 1,763.3° 3,123.6°  1,370.3° 1,947.8° 2,452.9¢ 995.8" 2,883.4° 1,940.0¢ 37,359
SP 1,870.7°  3251.8™  1,449.6™  2,049.5™  2,623.3®  1,026.9®  3,042.7° 2,015.3% 39,425
GJ DWK 1,889.1° 3,344.8° 1,494.3" 2,056.4"  2,675.3" 1,059.6" 3,048.3° 2,076.0° 40,131°
SY2 1,800.9"  3,130.2*¢  1,389.0" 1,959.5%¢  2,487.7™ 1,006.4> 29392 1,949.7°¢ 37,700
SP 1,757.5° 3,066.6" 1,388.3*  1,921.5 2,505.3*  97L.6° 2,790.9° 1,892.0° 37,135°
Mean 1,809.2 3,174.8 1,420.9 1,982.8 2,547.4 1,013.8 2,950.7 1,973.1 38,313

”Asp, aspartic acid; Thr, threonine; Ser, serine; Glu, glutamic acid; Gly, glycine; Ala, alanine; Cys, cysteine; Val, valine; Met, methionine; Ile, isoleucine;

Leu, leucine; Tyr, tyrosine; Phe, phenylalanine; Lys, lysine; His, histidine; Arg, arginine; Pro, proline.

ICultivar: Daewonkong (DWK), Seonyo2ho (SY2), Seonpung (SP).

JGrowing region: Suwon (SW), Daegu (DG), Gimje (GJ).
DAl values are mean (n=3).
*'Different superscript letters in the same colomn indicate significant differences (p<0.05) by Duncan’s multiple range test.
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Zrh1l 3Fth(Liu, 1997). Table 19] ZA|Wte] A
oA & AgAr E ERSAFAR: 247 O] Ak
YERN 9 THr=0.899", 0.836™). Chen 5(2014)2] ¢1to] w2
9 linoleic acid, oleic acid, palmitic acid & - linolenic acid
7} % oil bodyol ] F9 RS oS AROT WA A
A9 oF 96%E AMAIJTEAL SHl=tl & AFolME 94.7-
96.0% WS Lerol AiAIe 0 E5 7t Aol A
Ao} 7o) AATHE FRIsAckTable 3). 53, B2 7
8 Ao SERZIAPANY] 8 FAAES linoleic
acid®} a-linolenic acid”} AFstE|o] A= aldehyde, alcohol
o) 94 slarge] 230 A3 5 gk st
(Kitamura, 1984). & A%AM} EXSpA|HMARS 9] A
e A=tll(=0.946"), 052 Hl&o] FH9] gt} 3ol JF
= & Z20% AgE AuiAGE F9 F AP FFS
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B2} AhAl g F A AL S A dXsiiEd ¢
YAk A1Fo] 198.85 mg/g, t7-2F AANE A-F22.9] ool 7}

Z} 191.00, 204.67 mg/g .2 U] EF=0 vlg|] Yt}
SPARPAL S AR ol FAQLo] 227} 39.03(59),
40.54(H71) % 41.03(AA) mg/g2 2 7FY w94l HeEol
34.74(%0), 32.79(H7) R 34.92(A) mg/gC = 7MWk
o & At div] E29t A4k vle2 AR ol A}
o] th¥Fo] 0.852 7MY &%, A-F2357} 0.82-0.830.F 7}
& U eEA AFE eI 2ol 0855 eI,

it E AR AES 0.83S UERfo], 22 EFole T4
gt AR FFolA = Aol e EXSAMA AT R

Hlg Ajol2 BTt ol 2L EF0 FolE AL 3
AN BESRPALe] v]go] ol AFo] ek
PAT Autet Ax|5h= Aol lckBellaloui 5, 2013). TH2
EEuc fagos A2y FHoA Al Bl En) 54
BAY 4 Y 7HsAol &L Aol BuE

2= 3T
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3.5, Z Of[5AH XJEIALO] FAE BA

97 FC] obn| At APAL FgIt 240 WE 4R 24
AT Fig. 29} 29, AEL 72} PCI 62.0%, PC2 24.4%
o]t} A5 = AujA D}t TAGlo] stearic acid(C18:0), oleic
acid(C18:1), arachidic acid(C20:0), eicosenoic acid(C20:1),
behenic acid(C22:0)°] =311, AE(5Y) T2 linoleic acid
(C18:2), o-linolenic acid(C18:3)0] =Sttt thtofA Thd
o] At os W2 Af25E ALt 27 (YT,
A AAA LT (EHE 37%) 9 A& 5 Sl g
Fol &2 30|t PCA Y oM thFE opw] Al B
Fat Aok Fig. 30|14+ Fig. 29t &Y EAF=(AHAL
opn| Al ohg 9 242 ASH FHEAE 53l UEr At
3709 FHoE Y Af25e AR el BAgle] 22
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Table 3. Fatty acid content of three soybean cultivars grown in three different regions

Cultivation Cultivar Fatty acid content (mg/g) Total Un- Saturated Ratio Ratio
Region fatty acid saturated fatty (unsaturated (saturated
Omega-7  Omega-9 Omega-6 Omega-3  Arachidic Omega-9  Behenic content  fatty acid acid [total) [total)
acid acid m: m: m:
Palmitic Stearic  Oleic Linoleic  clinolenic  (jcosanoic  Eicosenoic (sz;o)( ve) (mg/e) (e/e)
acid acid acid acid acid acid) acid
(C16:0)  (C18:0) (C18:1) (C18:2) (CI8:3)  (C20:0)  (C20:1)
Suwon  Daewonkong 24.89"V 7854 5153% 12326 16.64* 0.79% 0.51% 121%  226.68™ 191.95°  34.74°  0.85° 0.15°
Seonyu2ho ~ 27.42° 9.17°  63.41°  107.65°  14.50 0.98 0.57° 146" 225.16° 186.13%  39.03™  0.83° 0.17*
Seonpung ~ 25.58" 733 45137 13050 22.76° 0.69¢ 0.47° 1.14°  233.58"  198.85°  34.73  0.85° 0.15°
Daegu Daewonkong 22.71° 8.00°  55.94°  113.14%  14.79¢ 0.80° 0.51% 128 217.17% 18438  32.79°  0.85° 0.15°
Seonyu2ho ~ 28.89™ 931" 5554° 11825  16.66% 0.96 0.54" 1.38"  231.54™ 191.00°  40.54™  0.82° 0.18"
Seonpung ~ 28.00™ 6.90°  48.80°  114.91%¢ 17.52%¢ 0.76 0.47° 1.23% 218.60° 181.71° 36.89°  0.83° 0.17°
Gimje Daewonkong 25.49° 7.50% 51000 126.92® 19.74° 0.74% 0.52" 1.20% 233.11°  198.18"  34.92°  0.85° 0.15°
Seonyu2ho  28.77%°  9.55*  79.12° 110307  14.58" 1.07° 0.68" 1.64° 24570  204.67°  41.03* 083" 0.17*
Seonpung  29.73° 691" 5189 12329 18.72™ 0.76% 0.52" 1.20% 233.02° 194.42™ 3859°  0.83° 0.17°
Mean 26.83 8.06  55.82 118.69  17.32 0.84 0.53 130 22939 19237 37.03 0.84 0.16

UDifferent superscript letters in the same colomn indicate significant differences (p<0.05) by Duncan’s multiple range test.
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Fig 2. PCA of amino acids and fatty acids of nine soybean
cultivars grown in three different regions. "Cultivar: Daewonkong
(DWK), Seonyo2ho (SY2), Seompung (SP). ?Growing region:
Suwon (SW), Daegu (DG), Gimje (GJ).

SP0 DWK DWK SY2 SY2 SY2 SP DWK SP
(DG¥ (DG) (60 (6D (DG) (SW) (SW) (SW) (G)

Fig 3. Dendrogram of hierarchical clustering of nine soybean
cultivars by amino acid and fatty acid content and compostition.
YCultivar: Daewonkong (DWK), Seonyo2ho (SY2), Seonpung (SP).
2)Grovving region: Suwon (SW), Daegu (DG), Gimje (GJ).
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2.4

__ Aroma compounds!/ Odor descriptor?

I-Heptanol! Musty, leafy, viclet, herbal, green, sweet, woody, peony
1-Octanol / Bitter almond, burnt matches, fat, floral

1-Hexanol' Banana, flower, grass, herb

2-Hyvdroxy-3-butanone’ Butter, creamy, green pepper

-Di-tert-butviphenol’ Phenelic, herbal

1-Dodecanol’ Coconut, honey, soapy, waxy, earthy, fatty

' 1-Octen-3-ol/ Cucumber, earth, fat. floral, mushroom
E-2-pentenal’ Fruit flavors, green apple

(E)-2-Hexenal! Green. green leafy, citrus

E_E-2 4-heptadienal! Fatty, green, oily, greasy
(E,E)-3,5-Octadien-2-one/ Fruity, green, grassy

- 4-Ethylbenzaldehvde/ Bitter almond, sweet, anise, cherry

(E)-2-Qcten-1-ol/ Green, citrus, vegetable, fatty

(2Z)-2-Penten-1-ol/ Ethereal, green, nasturtivm, spicy
1-Penten-3-ol/ Green, radish, vegetable

Hexanoic acid’ Sour, fatty, sweet, cheese
{3-Butyl-2-oxirany1) ethanone/ NF

2-Heptanone/ Banana-like, fruity odor

(E.
(E.

'4-Ethyl-3-nonen-3-yne/ NF
2-(E)-Octenal’ green, leafy
3-[(1E)-3-Methvl-1-butenv1]-1-cvclohexene/ NF

E)-2,4-Decadienal’ Oily, cucumber, melon, citrus, pumpkin, nutty
E)-2.4-Decadiena] (2)/ NF

' Hexanoic acid vinyl ester/ NF
Hexanal/ Apple, fat, fresh, green, o1l

E-

Nonenal/ Fatty, green, cucumber, aldehydic, citrus

3-Octen-2-one/ Dull, green, nut, rose

(2E 4E)-2 4-Nonadienal/ NF

Heptanal/ Citrus, fat, green, nut

2E)-2-Decenal’ Waxy, fatty, earthy, green

2-Undecenal’ Fresh, fruity, orange peel

Nonanal/ Fat, floral, green, lemon

Octanal/ Green, fatty, fruit

Methylbenzene/ Sweet, pungent odor

_ Maltol’ Sweet, caramel, cotton, candy, jam, fruity, baked bread

2-Butyleyclopentanone/ NF

AS

(&

(MSITAS
(ro)Tas
(Ms)ds
(ms)ma
(o@uma
(ro)ds
(roysma
(pOWedS

(oa)

153

(o)
Jeapn,

| 2-Pentvifuran’ Butter, floral, fruit, green bean
C

9]

Fig. 4. Hierarchical cluster analysis of volatile aroma compounds and fofic samples using GC/MS. "Compounds of the aroma on fofis.
J0dor description by The Flavor and Extract Manufacturers Association of the United States and The Good Scent Company Information
System. YCultivar: Daewonkong (DWK), Seonyo2ho (SY2), Seonpung (SP). *Growing region: Suwon (SW), Daegu (DG), Gimje (GJ).

SNF, not found.

T AZ TR FIES 2ARE 23 Table 491 24 970
AlZOJ| A 2-methylbutaneX} acetaldehyde’} F8 AEOo&Z F
41-57%2] 3y sikzEo] gRlEtt. F sit=d A4 &
71/8& WA g2 50l ARl AAE F Ax FHRolA
7H w=0k=H, oleh B2 S AAXE T A ol uH
A) 2o 2ol Hla) £ AT} B4 JEHATK Table 1). 2
9 SRRMEY A|HRALS] AFHELA AT, acetaldehyde®} palmitic
acid(r=0.711"), trichloroethylene®} linoleic acid(r=0.771")2] A}
o] Zkz} ER1E|Q]th. 2-methylbutane2 oleic acid(r=0.671"),
eicosenoic acid(r=0.761"), total fatty acid(r=0.853""), unsaturated
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fatty acid(r=0.759")2} 217+ A9] Agho] EA=|glch ¥,
SPME-GC-MSE o]83}o] 3F7|AES BE45t A3}, alcohol 5
%, aldehyde 5%, ester 4%, furan 6%, hydrocarbon 5%,
ketone 455, pyridine 25, phenolic compounds 2%, (E,E)-2,4-
decadienal(ketone), 1-hexanol(alcohol), 1-octen-3-ol(alcohol),
2 4-di-tert-butylphenol(alcohol), hexanal(aldehyde), maltol(alcohol)
T & 3739 LA SRkEo] SRIFHIL, HA FIEE |
H] ZF 714 RS o vle2 SIEHWOoE e IThFig. 4).
HE A FOf|A 1-hexanoli} 1-octen-3-0l0] AEEH YL, Z Al
24 & 3HE] Hlsl {5t &=3kth(p<0.05). #HEA]
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Taste intensity

BDW Kl)(S“/'za HSY2 (SW) SP (SW) DWK (DG) OSY2(DG) mSP(DG) DWK (GJ) mSY2(GJ) OSP(GJ)
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a
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b a a b 2
8.0 a T T bk
a
% b T 1THE el : N TS
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4.0 | £ B | ns
T
20
0.0 ——
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Fig. 5. Tofus taste intensity measured by electronic tongue. "Cultivar: Daewonkong (DWK), Seonyo2ho (SY2), Seonpung (SP). ?Growing
region: Suwon (SW), Daegu (DG), Gimje (GJ). PNS, not significant. Mean values with different letters within the same color’s bars
are significantly different according to Duncan’s multiple test (p<0.05).

Table 4. Volatile aroma components of nine zofic measured by electronic nose

Growing region Suwon Daegu Gimje
Cultivars D kong Seonyu2ho Seonpung D kong Seonyu2ho Seonpung Daewonkong Seonyu2ho Seonpung
RT Compounds Odor (Unit: peak area)
description
12.14  Acetalde- Ethanol floral, 1,331.70 2,890.00  2,109.70 2,172.10 2,717.80  4,238.70 2,682.60 7,729.50  6,454.10
hyde green
13.01 2-Methyl- Dimethyl sulforous 2,881.50 3,712.00  4,098.30 3,683.00 4394.10 3,233.80 4,614.10 6,749.10  5,187.20
butane sulfide
22.82 Trichloroethy- Heptane sweet, 1,035.00 776.3 1,249.10 968.4 1,186.90  804.7 1,317.60 1,005.20  991.8
lene ethereal
27.77 2-Methyl- Methyl meaty, 332.9 322.1 2,806.00 3,191.00 3,323.40 1,170.60 1,570.20 4,863.20  4,535.00
thiophene 2-methyl- roasted
butanoate
30.15 Octane (E)-4-octene gasoline 1,889.60 451.2 1,022.00 1,730.50 2,683.60 651.6 3,152.90 3925 202.2
35.53 Dibutyl ether 1-Hexanol ethereal, 389.6 514.1 731.2 570.4 525.8 689.4 5354 1,551.60  1,338.70
herbal
42.60 beta-Pinene woody, 376.4 3395 351.2 313.7 313.7 303.2 285.5 3139 258.9
green, pine
4471 Octamethylcyclotetrasiloxane — odorless 1,361.40 1,043.10  1,372.60 1,189.30 1,080.80  881.6 1,068.30 1,091.70  1,170.10
47.15 Methyl cyclohexanecarboxylate fruity 385 313.7 296.6 253.6 262.8 241.1 196.4 219.3 157.9
57.82 Pyridine sickening, 431.3 221.8 189.9 200.3 195.3 193.5 192 243.9 217.8
sour
63.68 Tridecane green 560.6 133.6 923 76.9 72.6 54.9 ND 52.7 53.4
69.32  Tetradecane mild waxy 716.6 277.9 113.9 96.9 90.9 180.1 123.4 110.3 97
Sum 11,691.60  10,99530 14,432.80  14,446.10  16,847.70 12,643.20  15,738.40  24,322.90 20,664.10

([AE2Td)lAE Qo] BAgle] 42 F BEow u
£ 500 upy o shiEe] 2 2o HRH9ITHFie.

https://www.ekosfop.or.kr

4). I SFFER 1-hexanol> AT £, A=A &= Wi
linoleic acid(C18:2) ¥+ a-linolenic acid(C18:3)9] Aks}il4
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oA WHET. B, 1octen3-ol BAFOIE FE U
9] a-linolenic acid(C18:3)°|4 -21& 4= St} Maltol- T},
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19] w8l Hlolofz W8-S B3 4T 4 3 £29] 1
A% gt Fofl 710 o= Qdnk Ty, TR HEg A=
PP b oz} R, eeslE, o] nE w)
171 wZofl Tt AHbAL ShgRto & 3F719] A2 ol
B Hojt}. 2o Zojglt 2B A AL (lipoxygenase) Fd:
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gL st Abete A(Ah2 At F(rancid odor)E
Wt} ER| AMG FUE A3t 2 W71 Bek. et
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Table 5. Quality characteristics (yield, color value and TPA) of nine fofit samples

Growing Cultivar Moisture  Yield Color value TPA (Textural profile analysis)
region” %) . ;
WB?, %) (DBY, %) L* a* b* Hardnesss  Adhesiveness Springiness Chewiness
® (N/m?) ®
Suwon DWK? 80.55 228.9 44.49 90.34 0.41 12.43 728.29 0.35 0.84 181.97
+1.16™Y  £5.14%  +1.66™ +0.14°  £0.02%  +0.16° 490.92% +0.03° +0.02%° +20.04%
Sy2 813 242.0 4525 90.21 0.43 13.80 732.21 0.33 0.86 194.59
+1.25 +£2.97" +2.47 £0.11¢  £0.06™  +0.13¢ +63.09" +0.04* +0.02° +17.56"
SP 80.66 242.7 46.96 90.49 0.46 13.15 691.60 0.39 0.84 179.48
+1.12 +0.47% +2.82 £0.06°  £0.05®  +0.05 492.89° +0.11° +0.05% +34.71%
Daecgu DWK  81.71 246.1 45.06 90.65 0.34 11.90 817.81 0.25 0.85 224.40
+0.12 +2.59b +0.18 +0.09"  +0.05¢  +0.11" +83.56" +0.06° +0.01° +18.55"
SY2  81.71 251.0 45.90 90.30 0.38 14.12 615.13 0.32 0.84 154.15
+0.64 £5.23 +0.66 011 £0.06%  +0.08° +64.04° +0.06" +0.03% +18.95%
SP 82.26 270.2 47.95 90.39 0.48 13.28 750.67 0.31 0.84 201.88
+0.76 +£3.58° +2.70 +0.08*  +0.06*°  +0.141 +103.76° +0.07° +0.02% +26.11°
Gimje DWK 8125 234.9 44.08 89.52 0.48 13.97 695.93 0.32 0.84 172.94
+0.37 +5.28% +0.11 +0.158  +0.03*  +0.13° +47.76° +0.06° +0.03% +18.06%
SY2  81.22 240.0 45.03 90.10 0.41 13.61 635.87 0.33 0.84 167.07
+1.15 £8.77 1112 £0.14°  £0.06*  +0.19° +79.76" +0.04* +0.02% +22.91°
SP 82.27 249.1 44.18 89.64 0.48 14.59 553.36 0.32 0.82 143.39
+0.60 +8.16° +0.05 +£0.09"  +0.04°  +0.18° +39.12° +0.05° +0.03° +16.96¢
Mean 81.44 244.99 4543 90.18 0.43 13.43 691.21 0.32 0.84 179.99

YGrowing region: Suwon (SW), Daegu (DG), Gimje (GJ).
ICultivar: Daewonkong (DWK), Seonyo2ho (SY2), Seonpung (SP).
YWB, wet basis.

YDB, dry basis.

NS, not significant.

Different superscript letters (“%) in the column indicate significant differences (p<0.05) by Duncan’s multiple range test.
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