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ABSTRACT

The purpose of this study was to evaluate the effects of various Korean soybean (Glycine max L.) cultivars on physico-
chemical properties of tempeh. The appearance (size of seed and color) and physico-chemical (amino acid and proximate
composition) properties of raw soybeans of ten cultivars were evaluated. The hardness, pH, titratable acidity, and proximate
composition of tempeh were also examined. The size of soybeans was the largest in Cheongja4ho, Seonyu, and Daewonkong
cultivars. Regardless of the soybean cultivar, the color values for L', a’, and b" ranged from 82.48~92.61, —2.54~0.44, and
14.30~17.31, respectively. Danbaegkong and Saedanback cultivars of raw soybean showed significantly higher amino acid
content than those in other cultivars (p>0.05), and arginine from essential amino acids and glutamic acid from non-essential
amino acids were detected at the highest level. The tempeh was prepared using Rhizopus oligosporus, and there was no
difference in the appearance of the tempeh by cultivars. Although the pH of tempeh was different, most showed pH
6.34~6.77, confirming that fermentation was progressed, and the hardness of tempeh ranged from 3,168.27 - 6,729.04 g. The
protein, lipid, ash and carbohydrate content of raw soybean ranged from 32.51~42.85%, 15.86~21.57%, 5.44~5.97%, and
27.95~36.12%, respectively. The content of lipid, ash, and carbohydrates was decreased in tempeh, and the protein content
was increased by 9.94~12.32% compared to raw soybeans. Tempeh produced by Danbaegkong and Saedanbaek cultivars had
significantly (p<0.05) higher content of protein and significantly (p<0.05) lower content of lipid than other cultivars. The
results showed differences in the physico-chemical properties of different soybean cultivars, and can be used as basic data for

selecting suitable cultivars when processing tempeh.
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Fig. 1. Appearance of soybean by cultivars.
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Fig. 2. Flow sheet for manufacturing tempeh using soy-
bean.
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Table 1. Appearance properties and color of seed from different soybean cultivars

Cultivar 100-seed weight Seed size (mm) Color

(@ Length Width Thickness L a b
Daepung 23.81£0.01%  7.00£1.06*  7.29+0.19°  6.49+0.16° 92.61+2.33* 0.19+0.12¢ 14.30+£5.51¢
Daewonkong 28.63+0.05° 8.01£0.19%  7.99+0.18°  7.49+0.27" 91.83+0.08™ 0.14+0.01° 15.62+.005°
Danbaegkong 18.4620.01 7.10£020°  6.57£0.18%  6.21+0.11° 91.45+0.12% 0.12+0.03° 17.3120.08"
Duyoukong 19.67+0.14" 7.50+0.14°  7.38+0.15"  6.43+0.13% 91.26+0.19% 0.24+0.02¢ 15.88+0.08¢
Jinpumkong 19.34+0.12! 8.63+0.24°  7.30+0.117  6.48+0.28¢ 91.23+0.07* 0.67+0.01° 16.64+0.05"
Jinpumkong2ho 22.19+0.01° 7.76+£022%  7.28+0.11°  6.29+0.18F 91.10+0.13° 0.25+0.04¢ 14.72+0.04'
Saedanbaek 21.47£0.10¢ 7.73£0.14%  7.54£0.13°  6.40+0.23% 91.73+0.05* 0.44+0.00° 16.58+0.05°
Seonyu 29.58+0.01° 8.66+0.11°  8.48+0.13°  7.60+0.13° 91.95+0.20° 0.37+0.02° 15.18+0.07"
Taekwangkong 24.76+0.07° 82740.09°  7.75+0.10°  7.80+0.13" 91.79+0.05" 0.25+0.01¢ 15.30+0.118
Cheongja4ho 30.50+0.17° 947+0.16*  8.63+0.17°  7.36+0.10° 82.48+0.14°  —2.54+0.02° 15.41+0.06°
D 1" indicates lightness, a": indicates redness, b": indicates yellowness.

? Different superscripts within the same column indicate a significant difference by Duncan’s multiple range test (p<0.05).
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> threonine > valine > histidine > methionine > isoleucine >
leucine > phenylalanine =2 2 YESTE Lz o2 t)Fo
T Fohu|ieite] Fa B glu, 53] Fiel AL
lysine gHFo] @ol FfrHo] = Aew &
KS 5 2003). ¥]F S ojn|izite] A o= FFHR f2o4
QA Zpol7} Urebsk oM (p<0.05), THFI} Ak FFo] 7t
7} 152.73, 15231 mg/g 0.2 o =
ka1, FEFo] 119.87 mg/gl & 7P 2o Freks Bt
(Table 3). U7 FFHE B|ZF op| gl 4L ofzte] A}
ol Hou EFo| Aol glutamic acid > aspartic
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Table 2. Amount of essential amino acids (mg/g) in the soybean by cultivars

Essential amino acid

Cultivars Total
Thr" Val Met Ile Leu Phe Lys His Arg
Dacomn 1219 1098+ 238+ 241+ 2.19+ 0.79+ 18.96+ 738+ 19805 oo
pung 050"  (.55% 112" 037" 0.29% 0.05° 1.59% 0.59% 1,69 :
Dacnonk 11.29+ 9.94+ 2.87+ 215+ 1.90+ 1,04+ 17.04+ 6.68+ 18375 o
aewontong 0.72" 0.82° 0.76° 0.56° 0.48° 027" 171 0.67* 1.96° '
J— 13.03 12,10+ 3.64+ 3,12+ 2.93+ 0.84+ 20.08+ 8.43+ 2038
anbaegrong 1.13° 1.58% 0.90" 0.76® 0.73% 0.10° 2.69% 1.07° 3.94° :
Duvontion 12004 1131+ 320+ 271+ 372+ 0.80+ 18.74+ 727+ 19.505 o
v s 0.81% 1.40™ 0.86° 0.92 1.34° 0.23 1.89% 0.66™ 2.03% :
— 1081+ 1032+ 281+ 276+ 2.56+ 0.82+ 16.86+ 631+ 17565 oo
mpumrong 0.66° 0.87° 0.70° 0.32° 030" 0.07° 1.63° 0.57° 1.74¢ :
Sumtonesh, 10825 1057 241 2.86+ 2,66+ 0.73+ 16.91+ 6.32+ o4
P o 0.13° 0.37% 1.15° 0.54% 0.49%¢ 0.07° 0.59° 0.18° 0.64° ‘
1321+ 1247+ 321+ 3.46+ 320+ 0.55+ 20.65+ 8.17+ 25.00+
Saedanback 0.47° 0.84° 0.82° 0.44° 0.43® 0.48° 1.41° 0.52° pgp 003
Soomn 1144+ 1059+ 2.83+ 3.07+ 2.92+ 0.87+ 17.74+ 6.86+ 1873
4 0.43% 0.37% 0.35% 0.32% 0.32%¢ 0.23° 1.33% 0.43% 1.34¢ ‘
— 1094+ 1020+ 275+ 274+ 2.58+ 0.74+ 16.86+ 6.47+ 17465 o
aerwangrons gy 1.12¢ 0.56° 0.50% 0.46" 0.11° 2.02° 0.70 2.08¢ :
Cheoneiadio 1220 1125+ 3.00+ 3.07+ 2.89+ 1.53+ 18.63+ 7.63+ 268 oo
g/ 0.57% 0.19% 0.32% 0.32% 0.30% 0.61* 1.33% 0.49° 1.54% ‘

Y Thr: threonine, Val: valine, Met: methionine, Ile: isoleucine, Leu: leucine, Phe: phenylalanine, Lys: lysine, His: histidine, Arg: arginine.
? Different superscripts within the same column indicate a significant difference by Duncan’s multiple range test (p<0.05).
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Table 3. Amount of non-essential amino acids (mg/g) in the soybean by cultivars

Non-essential amino acid

Cultivars Total
Asp" Ser Glu Gly Ala Cys Tyr Pro

Daepung 25.15+1.09°% 20.50+£0.57° 48.10£2.20" 10.44+2.04* 16.87+0.56 2.86+0.29" ND? 12.29+0.38"  136.21
Daewonkong ~ 22.96£1.56*" 18.75+0.93¢ 43.28+2.98°  9.50£1.90° 15.46+0.84™ 3.02+0.32° ND 11.48+1.09%  124.44
Danbaegkong ~ 28.9242.69°  22.60+1.66™ 55.14£5.33" 10.76£3.13" 17.98+1.40° 3.21£0.41° ND 14.13£1.47* 15273
Duyoukong 24.80+1.91°%  20.47+£1.31° 47.48+4.32%  895+1.85* 16.90+0.38® 2.95+0.28" 0.48+0.84° 12.38+1.94™° 134.41
Jinpumkong 22.11£1.37%  18.40£0.75° 42.6042.76°  8.67£2.67° 15.18+0.75" 2.84+0.29" ND 11.10£1.17°  120.90
Jinpumkong2ho 22.27+024%  18.48+0.35% 43.524028°  8.86+3.05" 15.23+0.64% 2724024 0.43+0.75" 11.05+0.80* 122.56
Saedanbaek 28.45+1.13®  22.93+0.49° 54.9142.40° 10.98+3.24" 17.64£0.92° 2.95+0.32° ND 14.46£1.34* 15231
Seonyu 23.55+0.93°%" 19.63+0.37°" 45.93+1.58™  9.1742.97* 15.72£0.99™ 2.70+0.28" 0.45+0.78" 11.49+0.66™ 128.33
Tackwangkong ~ 23.55£1.77°  1838+1.10% 42.48+356°  8.65+2.79° 14.60£0.97° 2.77+0.37° 0.39+0.68" 10.78+1.35° 119.87
Cheongjadho ~ 25.89+1.08%  21.17+0.56* 51.01£1.85® 10.14+3.35* 16.48+£1.23® 2.81+0.31° ND 13.16£1.25®  140.67

D Asp: aspartic acid, Ser: serine, Glu: glutamic acid, Gly: glycine, Ala: alanine, Cys: cysteine, Tyr: tyrosine, Pro: proline.

2 ND: Not determined.

3 Different superscripts within the same column indicate a significant difference by Duncan’s multiple range test (p<0.05).
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Fig. 3. Appearance of tempeh from different soybean cultivars.
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cultivars. Different letters above bars indicate a significant
difference by Duncan’s multiple range test (p<0.05).
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Table 4. pH and titratable acidity of tempeh from diffe- S ThalF ) Ajche] FFo 2 e "leo] pHYF =2 A
rent soybean cultivars © 2 JEelst). Handoyo T & Morita N(2006)2] A}l A =
Cultivar pH Titratable acidity R. OllgOSPOI’MSv— ol &slo] HHE A %3 AL 27 YT
Daepung 6.44+0.16" 0.22:0,02° = 630019l eut, E Feh A Fsste] 48413F o %
Daewonkong 6.41+0.15> 0.23+0.03* 6'30~7'184 HAS e, ol wgel7k AshiA pH
Danbaegkong 6.77+0.37% 0.22+0.05% 7F ‘5‘51-3}1 i 764@01} i?_%s}t it pH= 6'0~?.70ﬂ
Eugtths A7A el U] ghtk(Beuchat LR 2001). B3 &l
Duyoukong 6.34+0.10° 0.22+0.04* slo] pH7F 630~6.50 Atole] Wl W) 714 7] S Es} =e
Jinpumkong 6.410.06™ 0.22+0.03 A2 Y&z THBabu PD 5 2009). ¥HA, Tahir A 5(2018)
Jinpumkong2ho 6.52+0.25" 0.20+0.04* o] skl AzH =u|e] pH WY E 4~6 FF07 o] AT
Saedanbaek 6.69+0.06" 0.20+0.02* Ao x| wt &g 3y F o] pHYF SUE B
Seonyu 6.4240.07™ 0.21£0.04° g3 At Jehd 7] 98 U5 pH7F B A%E %
Tackwangkong 6.4720.09° 0.2120.02° e AaH e diFe] 4 54 wet wlvef F4
Cheongjatho 6.46:0.09° 0.24+0.05" ii o‘ﬂ’?—% e, wele] Qs meh YasAel
ZepA] = Ao Holzlrh

Different superscripts within the same column indicate a signifi-
cant difference by Duncan’s multiple range test (p<0.05).

go] pHiz obAw A Yol Ae® gl et FEd T 5 wee] Qubg R e Table so LRy
(Son DH 5 2000), 4TV 02 th7el ofolseal Fedol = o, thive] SR, xo, 2, 238, 58T G

Table S. Proximate compositions of soybean and tempeh from different soybean cultivars (%)
Moisture Crude protein Crude lipid Crude ash Carbohydrate
Cultivar

Soybean  Tempeh Soybean ~ Tempeh Soybean  Tempeh Soybean  Tempeh Soybean  Tempeh
n 6.78+ 1.97+ 36.14+  46.07+ 2050+  15.55% 572+ 3.97+ 30.82+ 3244+
aepung 0.02° 027" 039 1.79° 0.12° 057 0.01° 0.05¢ 0.42% 1.81°
Daewonkon 6.40+ 1.59+ 35.12+¢ 4558+ 2146+ 1843+ 557+ 4,10+ 3145+ 3030+
g 0.01¢ 0.98" 0.02%f 0.52° 0.12° 0.78* 0.002 0.05% 0.11¢ 107
Dunbacekon 7.17+ 2.16+ 4285+ 5435+ 1606+  13.70+ 597+ 4,84+ 2795+ 2495+
grong 0.03° 0.07* 1.55° 0.45° 0.06 0.83° 0.01° 0.12° 1.55¢ 1.02°
Duvouto 6.29+ 234+ 3357+ 45.03+ 2157+ 1597+ 5.84+ 426+ 3272+ 3240+
yourong 0.04¢ 0.49" 1.408" 2.83° 0.11° 164" 0.02° 0.06% 1.34% 321°
Finovmio 571+ 1.77+ 3251+ 44.83+ 2034+ 1770+ 597+ 431+ 3546+ 3139+
mpumrong 0.03¢ 037" 1.26" 0.80° 0.04° 2.50% 003"  0.02* 1.25° 3.46"
Jumkone2he 015 222+ 3449+ 4471+ 19.15  15.68+ 544+ 4,14+ 3476+ 3325+
HPUMRONEZRO ) e 0.14° 0.15%% 1.07° 008  1.85% 003"  0.11%% 0.06" 0.83°
Suedanback 6.86+ 1.74+ 41.04+ 5322+ 15.86=  14.52+ 6.28+ 446+ 2097+  26.06+
0.02° 0.14* 0.39° 0.31° 0.08¢ 2.45% 0.01° 0.05° 0.45° 2.11°
S 5.90+ 2,01+ 3589+ 4596+ 19.10+  17.97+ 5.80+ 3.97+ 3332+ 30.12+
comu 0.04" 0.64" 0.20% 1.18° 0.10¢ 1.74° 0.01¢ 0.19° 0.06° 1.80°
P — 5.20+ 1.74+ 33.82+ 4534+ 19.18+  16.00+ 5.59+ 417+ 3612+ 3276+
aAerWAngrong o o 0.47° 0.23h 0.46° 0.12¢ 082 0005  0.08%¢ 0.23° 111
Cheoneiadio 9.03+ 1.88+ 38.08+  49.85+ 17.12¢  13.93% 5.67+ 426+ 30.10=  30.08+
g/ 0.05° 037 0.24° 0.53° 0.12° 231° 0.02f 0.10% 0.21% 2.32°

Mean£S.D. (standard deviation) from three determinations. Different superscripts within the same column indicate a significant difference
by Duncan’s multiple range test (p<0.05).
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