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Abstract

In vitro digestibility and protein digestibility corrected amino acid scores (PDCAAS) were investigated to verify the availability
of protein in various Rhizopus oligosporus fermented products of domestic soybean (Glycine max L.) cultivars. Danbaegkong (DBK),
Daepung (DP), Daewonkong (DWK), Saedanbaek (SDB), Seonyu (SY), and Cheongja4ho (CJ4) were used as raw samples, which
were fermented using commercially available Rhizopus oligosporus for 48 h. All cultivars showed increased crude protein content
after fermentation. The crude protein content of DBK and SDB was significantly higher than that of the other samples (55.12%
in DBK and 54.22% in SDB) (p<0.001). CJ4 had the highest alanine content of 28.88 mg/g (»p<0.001), and no significant difference
in cysteine content was detected among the cultivars. In most of the fermented samples, the in vitro digestibility was 0.9 or higher,
indicating high protein in the fermented samples. However, it is considered that restrictions on digestion are low. In DWK, the amino
acid content and PDCAAS, which together indicate protein quality, were 0.917 and 0.855, respectively, confirming that it was the
best cultivar to provide the raw material for fermentation. In conclusion Rhizopus oligosporus fermented soybean products can be
considered a prospective source of protein with high utility value.
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Fig. 1. Crude protein contents of raw and fermented
soybean by various cultivars. All results are expressed as
meantstandard deviation (n=3). Mean with different letters
within the same columns are significantly different from
each other at p<0.001 by Duncan's multiple range test. The
symbols indicate significant difference at “p<0.05, **p<0.01,

p<0.001 between crude protein by independent-samples
t-test.



protease inhibitor = trypsin inhibotor 5°] E*E]& *Z o}
= 9avg 5 ESASE BA1 Rhizopus oligosporus ZA10]|
w2t daskehEo] F71et Ao ¢ WA= AR A7
StoH(Egounlety & Aworh 2003; CEKSM 2005).

T AF=Z Jeong 520192 FHE F7IAGoA S5H
52 X9t 659 dHd TS AAst=T, i
735t Tl geFol] 35.54~39.89%5 UEHo] & At 2
uo e HelE Uehgon, B dA7el FuE 5
YF-2 35.54%= FAFSELIL, Shin 5-(2019)9] AFLolA %
FuE E2 e AT 428 BT 5 Aot E
3 Kim S(1990) F) A Gl B 1959] chuid g
2 37424437%2 RIS, B B50] thet 2 Hol S
B AT}, Rhizopus oligosporus & a9 Tt =F 3¢
oto] ‘tempeh’ AE AHEQTH Park & Yoon(1983)2
tempeh®] phytic acid Ao 4] soybean} tempehQ] THif 2l s}
o] Z+ZF 50.88%2} 52.69%US A A5 AL, Huang 5(2019)
] Aol Al+= soybean 41%, tempeh 43%2 YEFH=H F <
T AIE BT AEF2E & AolE YEHTh & o
T 671 FE9 AT} v A T du} T YR ES ol
A o HflollA ZA HlolukA] &%k, Rhizopus oligosporus
I8 & ol 37hes 2 AT 29t Wi =2 e
AT 4= AT AEA &l 4 o] 7122791
EA4ES EEH] Sol Y5y SR 59 A%
25}, o]& fJoto] Y=ol @ ol R
WE F7HE] /o] gelE oo & Zot

o

e,
Jﬂl‘

ol 1=

=

o 2 ki o
% Ho

i

4l Rhizopus oligosporus 2 Bt&E0| M0}
A

A= Aeo]| ©WZ Rhizopus oligosporus F W a-E2] Tl
4 25183} ofu|ieAl} ZolS A7) gIske] F4op]
LAl SRS BASHY T, Ao og WEkE Avn A ¢
& 29| Ao AE | BEA5ke] 1 ATE Table 19
ettt eidS FAJ5ks otrfieih oF 2001F 08 =
I A-gshs sEol wet BlSA4-54, S4-54, A, 971
29| opv|Ate g RRsHH, AU ¥4 7Hs ofFoll whet
T4 ofv]Atd} W] Bapotu]Ato 8 BRG] T SHrh(Lee
S 2014). ¥ AF9] FAJopu]| At AL Asp, Ser, Glu, Gly,
Ala, Cys, Tyr, Pro, Thr, Val, Met, Ile, Leu, Phe, Lys, His, Arg,
1752 2 ® SFAAL, ZF ofn|iedto] dis SHZ o= 9
&30 3 9as 4 I W ol F59 124 Aele 9
wgElo g Yett B3 7 5 WA ¥' % F
WEEY ofuleAl ol £ Yt R FAFES AN
o 3 HasoA 7H w2 9 HAE HERd ofm|ieAt
2 GluE 88.55~114.25 mg/e0] QLL(p<0.001), 7 TS0 Asp

-—

0% o

-

o
got F

o~

ol

49.05-61.48 mg/e0] .0 (p<0.001), Y& ZIAE Glugt
Asp7} 77.12~90.23 mg/e(p<0.001)2} 47.25~55.26 mg/e(p<0.001)
2 =AU 5 1 5974 ZolofA ThllFat A2 Ala
9 tjmol ouliitoln G40 £, U B
Pro} B Wa RO Cyste EF 7§94 Aol glgiet. ¢
B 3% T YEEY RY48E S IR A - 59 ZolEg
o A SR PN BE oju Aoy Ui T
7} Wlsto] B WaBo] RO £ FFS Lehick
SHH A= Ala, Cys, Tyr, Thr, Val, Phe, Lys, Hisol|A] & &
£20] §1402 £ TFL tehygort, 1 9 oze) of
uleAle 97 g3 § wazel $94 Aol7l AL, o
¥F9] Cys, Pro, Ile, Arg®} th5-2] Proo A= §-2]4 z}o]&
e A] 23t 17F ofbm]e4ke] F34Ql TAA(total amino
acid, mg/gli= Y& FolA T (449.91) > A (423.54),
29.(397.63), AT (394.34) > T1E(389.32), T UE(388.20)
oGO LHp=0.001), B WEBOIA] THF(52118), Aeh
(517.72) > 4T (473.45), ThE(463.81) > T L2 (433.81), A
(423.67)= YEH(p<0.001), Y& T F TR I EF
7t FARE A 1T 5 ldoh

9] olulieAbe A3 Kim 520120] Q7004 oo}
Hzlefe] ofule st 240l WS AT, chEek Azl
W} R e ofu]ieAt Feke e 2HEgo) Hiso]
A 9298 vheh o 3.0%, A2l 29% ko 953 %Sk
o} 3t 759 AlSHE T= t2® §F Moon (201D
79} 1559 AAETE AR T Kim B(1990)0] A7
e Hste] Al 7 Aol Tere R B B T
Hotulieat 5 Ot A7t M & 24€ thehila, W
© 2H Moo} Cys2 TEH 272 pehion] 2 ¢ivd
el AR Rhizopus oligosporus F B a-E2] ofu| Ak

A E TLof| A Stillings & Hackler(1965)= Y& &=
B Z} HaAZtof T tempeh®] ofm] At £/do] ZA W
S| 2] ko, P4=ofu| 4l indexTe 24417t R Fof IS}
7} ok B s th Murata 5(1967)2 22417t & 5
tempeh Of"|=AF ZAJo] Stillings & Hackler(1965)2} -3-AF5H
AR YT, oulieA SRS HEAI ATl wet %
Feto] 48-7241710] 714 %9kT, T % alanine Uz} v]
Woko] 48AI7F LA ssHle] §F Z71S HIHAL
Gunawan-Puteri 5(2015)2 &g 7]7+0] AAolyt AZXR A
w2} GuE SHAIZE 4 Qlo] 2um 29| &84S A A5t
=, ol g Ao B A1+ZaE vrgste] ofv|ie
Ab 2740y ofu| 4t SHR-go] &3t AuE AEsto] &
3 oprieARE FHAIE o e 3 o] Hefixithd
Rhizopus oligosporus 5 W a5 AR Z A 451 20|

Az BE7HIE H &Y F & ACE Almdnh

£ o &



Vol. 35, No. 6(2022) UL F E5H Rhizopus oligosporus WEEC] Tl A3l83} oA} 439

Table 1. Amino acid composition of raw and fermented soybean by various cultivars

Sample Cultivars (mg/g)
condition DBK" DP DWK SDB % i F-value
Raw 55.26+1.14PY  47.25+0.77° 47.47+0.91° 52.20+0.40° 47.90+0.89° 47.78+1.25° 37.9886
Asp  Fermented  60.58+1.07 53.86+1.40" 50.46:+0.86° 61.48+0.43° 49.05+1.59° 54.57+0.71° 66.5893""
t-value -5.8956" 7 -7.1695" -4.1396" -27.3556 -1.0913 -8.1857"
Raw 23.39+0.54° 20.88+0.15° 20.47+0.16° 22.31+0.26° 21.07+0.18° 21.02+0.78° 09363
Ser  Fermented  25.77+0.31° 24.33+0.81° 21.55+0.31¢ 26.96+0.01° 21.50+0.40° 24.47+0.48° 71.5571™
t-value -6.5889" -7.2518" -5.3867 -31.1443" -1.7305 -6.5384"
Raw 90.23+1.84° 77.73+1.19%  77.12+1.36° 85.39+0.90° 79.97£1.29%  80.75+2.13° 335184
Glu  Fermented 114.25+2.26 88.5542.10° 85.88+1.48¢ 101.15+0.68°  80.74+2.57° 94.96+1.28° 129.1318™
t-value -14.2793" -7.7706" -7.5602" 2411727 -0.4610 -9.9236"
Raw 18.77+0.35 16.74+0.23° 16.76+0.30° 18.11+0.18° 17.09+0.29° 16.84+0.41° 24.0275
Gly  Fermented  22.06+0.42° 20.05+0.40° 18.54+0.29° 22.3140.08° 17.97+0.57° 20.26+0.25° 68.9816™"
t-value -10.47017" - 1246417 -7.40917 -36.7584 -2.3958 -12.3016
Raw 18.93+0.37" 17.15+0.34° 17.14+0.47° 18.23+0.24° 17.77£0.41%  17.05+0.47° 11.1628™
Ala  Fermented  26.76+0.64° 27.82+0.70 24.24+0.41° 26.81+0.18° 25.68+0.84¢ 28.88+0.34° 24.5942""
t-value - 18.40017" -23.7515 -19.7899™" -49.12197 - 14.6209" -35.5660
Raw 7.03+0.14* 6.00+0.28° 6.71+0.28" 6.74+0.29" 6.13+0.30° 6.15+0.19° 8.11327
Cys _ Fermented 8.40:£0.54 7.64+0.66 7.7720.62 7.85+0.18 7.12+0.32 7.59+0.23 23872
t-value -4.2451" -3.9754 -2.7009 -5.5630" -3.8777 -8.3340"
Raw 8.74+0.46" 7.67+0.45™ 7.4440.60° 8.53+0.52™ 8.07+0.62™ 7.50+0.45° 3.3096
Tyr _ Fermented  11.65+0.20° 10.70+0.47° 9.66+0.56° 11.48+0.34° 9.81+0.42° 9.9240.25° 14.7745™
t-value -10.0803"" -8.0458" -4.6984" -8.2787 -4.0263" -8.1528"
Raw 23.53+0.88 20.72+2.06 20.15+1.29 21.93+1.68 20.83£1.53 20.30+0.49 2.4445
Pro _ Fermented  25.95+0.68° 23.78+1.01¢ 21.69+0.57° 27.43+0.32° 21.45+1.17¢ 24.65+0.56™ 27.7923™
t-value -3.7721° -23113 - 1.9057 -5.5888" -0.5596 -10.1338"
Raw 17.52+0.40° 16102021  16.14£0.24*  17.10£0.11° 16.43+0.24° 15.79+0.47° 14.3198™
Thr  Fermented  20.97+0.29° 20.01+0.47° 18.47+0.18° 21.58+0.10° 18.12+0.46° 19.67+0.20° 55.5599™
t-value -12.0627 -13.26527 -13.2893 -53.2665 -5.6039" - 13.2096
Raw 20.89+0.14° 19.40+0.28° 19.04+0.76° 20.33+0.31% 19.36+0.50° 18.81+0.22° 10.83587
Val Fermented  25.31+1.24™  23.87+0.76™  22.78+0.68° 26.31+0.41° 22.27+1.12° 23.86+1.50™ 6.6737"
t-value -6.1463" -9.5862" -6.3805 -20.0846 -4.1043 -5.7842°
Raw 4.70+0.16" 3.80:£0.07° 4.12+0.07° 4.45+0.07° 3.98+0.21 4.00+0.12 20.6127
Met  Fermented 6.13+0.17° 4.71+0.05% 4.67+0.15% 5.6140.03° 4.44+0.27° 4.96+0.31° 34.5406""
t-value -10.4249™ -18.72027" -5.7509" -272736 -2.3323 -5.0494"
Raw 18.94+0.33" 17.83+0.36° 17.62+0.76° 18.8240.52®  17.93+0.58°  17.26+0.26° 5.4003"
Ile Fermented  21.71+1.49®°  20.55£1.20°  19.33+1.14° 23.69+0.31° 19.1141.41° 20.39+1.38% 5.8124™
t-value -3.1506" -3.7624" -2.1630 -13.9081" - 1.3405 -3.8493"
Raw 34.14+0.68" 31.73:0.48%°  30.92+0.56° 32.69+0.48° 31.74+£0.44%  30.83+0.64° 15.0889
Leu _ Fermented  39.76+0.84° 37.03+0.73° 34.06+0.64° 40.78+0.18° 33.28+1.42° 36.5240.67° 38.5984™
t-value -9.0101" -10.4792" -6.4279" -27.2852 - 1.7941 -10.6309"
Raw 23.26+0.29° 21.10+0.26° 2126023 22.53+0.49° 22.30+0.12° 21.63+0.09° 26.6629
Phe Fermented  27.55+0.91° 25.58+0.59" 24.11£0.46° 27.98+0.15° 24.19+0.72° 25.9440.52° 21.6761™"
t-value -7.7562" -12.09097 -9.5600" - 18.4688™ - 4.484T -14.0395
Raw 29.49+0.70° 26.69+0.31° 26.29+0.52° 28.54+0.44° 27.15+0.34° 26.33+0.65° 19.51227
Lys Fermented  34.08+0.84° 31.14+0.70 29.29:+0.40° 35.05+0.11° 28.82:+0.87° 31.07+0.76° 42.1047™
t-value -7.2740" -10.1240" -7.9162" -24.7839" -3.0907 -8.2088"
Raw 12.23+0.33" 10.44+0.15° 10.26+0.26° 11.70+0.17° 10.66+0.24° 10.66+0.27° 31.36917
His Fermented  14.57+0.26" 13.1740.15° 12.42+0.27° 14.20£0.09* 12.1940.31° 12.93+0.24° 50.7359™
t-value -9.7088"" -22.1147" -9.9280" -22.2822"" -6.8098" -10.9575
Raw 42.86+0.98° 28.10+0.527 29.30+0.87° 33.97+0.51° 29.27+0.47° 31.64+0.69° 183.65127
Arg  Fermented  35.70+0.95° 31.03+0.70¢ 28.88+0.65° 37.05+0.37° 27.94£1.11° 32.8040.53¢ 69.3469™
t-value 9.1053" -5.8108" 0.6659 -8.5381" 1.9107 -2.2838
Raw 44991+7.99°  380.32+5.98°  388.2046.93°  423.54+6.05°  397.63+6.26°  394.34+7.47° 39.0724
TAA  Fermented 521.18+10.54° 463.81£9.59°  433.8146.57°  517.7242.91°  423.67+13.60° 473.45+7.74° 60.3571"
t-value -9.3354" - 114193 -8.2718" -24.3001 -3.0128 - 1273727

Y DBK: Danbaegkong, DP: Daepung, DWK: Daewonkong, SDB: Saedanbaek, SY: Seonyu, CJ4: Cheongja4ho, TAA: Total amino acid.

2 All results are expressed as meantstandard deviation (n=3).

3 Mean with different letters within the same rows are significantly different from each other at "p<0.05, “p<0.01,
multiple range test.

9 The t-values’ star symbols indicate significant difference at "p<0.05, ~p<0.01, ""p<0.001 by independent samples t-test.

sk

»<0.001 by Duncan’s
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3. Rhizopus oligosporus 2 W& E9| CHiA E3 EM = A]EO|FHFDA)F FAO, WHOO oJ3te] A== Qlct
Rhizopus oligosporus 5 A& 3714 A 435184 (WIKIPEDIA 2001). Zt9] Y= 0~10|H =848 TEZ0°

2 Azsto] FAH ofn|iAlt S BA5t, of7]o] Z+ A2 Hrlsk=d]|, PDCAAS7E 1.091 o2 71491, Algt,

AR 4 W Sl §, oAl AL WSl in  EEY, 94 So| Ytk B WARS) PDCAASE U2

vitro digestibility, amino acid score, A 14§} o}u]| AL, PDCAAS
£ EE51910H 11 AT Table 29 Atk 98 E52 2
1o 2 U E 629] in vitro digestibilityS T 0.9 0]A}o]
, Y5 50 OE F9F Zol= ZRISHITHp<0.01).
T ST A Z47F 09759 0.965= vl =A Y
e, B 45ta 0] 7]do] B old 3Fk(Fig.
DI Tl A-S FAS= ofu] e Ak(Table 1)9] 240 JFS
Woke A0 2 AR HTh Amino acid score= 1973 <A

=iy v SE=1

3@ W
K o

N

o]

FE B7FE flstol Ao H(Kang YH
& whuigo] AIAT oo ieAIFE 7] ofnlidt
EU opuleAlo R ol EAJSH Tl
2| #E 0] 8FITHKoSFoST 1998). £ A
oAl EASHA] £t Trp= F7H]EAEH2] tempeh o]
A BFFS FERSH] R B $ o]E5tl 2 H(RDA
2021b), A3 175:9] ofu| At Fgat T Hlwet Ay,
T HRE 659 AARE opn| AR B Trp=E ZRIE Y
th. Amino acid scorei= =EH A 1A|SF ofr] 4kl Trp e
of et 71 otm|ieAl W] Trp TFO = =&
23 Tp o= 95 F5E T Has & ol U
Trp 3F2 $HAFS}O] amino acid scoreE T Ed}H I 0.769~
05079] W19} ol HheFol 4 w9k chaigo] A
Ioktt. $HH PDCAAS(protein digestibility corrected amino
acid scorey= AbgFo] WA oAby} A5kt S8 BT
o 7)zstol Shide] EAg Wloh o 1993 0]

I 2] O
4e

35 TE 794 Aol UEriloH, tjeF 0.855, &
0.835, A9 0.830, A4S 08152 THHEE 0.8 oJAto=z
Rhizopus oligosporus 5 W EEL AEA S 7E49] o
SrRote AL E Ueigton thill A2 4 S-87FA]7t

FAFSHAl Hote] F(chickpea)S =2 TEES
A 23t Angulo-Bejarano 5(2008)9] HLolAl Ha & Hoeo}
e Ak G0 e AH(Met+Cys), MRFE0H] e AKPhe+ Ty
0] S71I9UT Tipis F2:51o] 2 A7} BLsA Aol
0= AFO &2 BFIE ]It ST in vitro digestibilitys= 83.2%%
soybean 6Z%3} H|W5lo] WkOL}y PDCAAS7) 0.922 E
AgtollA 7P EUE YT Hoh ot w2 s UER
t}. 3HH Cuevas-Rodrigueza 5(2006)-2 quality protein maize
(QPMyS ¥==E R oligosporus WA SIS T Y72 PDCAAS
0557 a & 2 A9 Ao fFARH 08302 A4t

Z7HE YetdoH A AR opv] Al F HEET} FUSH
Al Trpo] ATt Rhizopus oligosporus T EE= &9 S 4 &
S

Fo] whe} thul Eo] Xjol g U 02 H 94 gl
A e giotel M e E5o] Y Ado] as
g ApmE

juh By

4. Rhizopus oligosporus B WS =Q| CHEZ EX EM

S Z= Of0|i-Ate] AMEEEEA|
Rhizopus oligosporus & T EE2] amino acid score®} in
vitro digestibility 3 PDCAASQ}9] AFttA= Fig. 29} Zth.

Amino acid score®} in vitro digestibility~= 2] 44 y = -3.2515

Table 2. Protein quality of fermented soybean with Rhizopus oligoporus by various cultivars

Cultivars In vitro digestibility Amino acid score First limiting amino acid PDCAASY
Danbaegkong 0.975+0.007°2% 0.769 L-Tryptophan 0.755+0.007
Daepung 0.950-£0.000% 0.882 L-Tryptophan 0.835+0.007°
Daewonkong 0.940+0.000% 0.907 L-Tryptophan 0.855+0.007*
Saedanbaek 0.965+0.007* 0.787 L-Tryptophan 0.760-0.000*
Seonyu 0.935+0.007° 0.888 L-Tryptophan 0.830+0.000°
Cheongjadho 0.960-+0.000™ 0.848 L-Tryptophan 0.815+0.007°

) PDCAAS: Protein digestibility corrected amino acid score.
D All results are expressed as meantstandard deviation (n=2).

) Mean with different letters within a-ecolumns (in vitro digestibility, p<0.01; PDCAAS, p<0.001) are significantly different from each other

by Duncan's multiple range test.

9 The tryptophan content used to derive the results was used as reference data (RDA 2021b).
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Fig. 2. Relationship between amino acid score, in vitro digestibility, and PDCAAS in fermented soybean by various

cultivars. Analysis using Pearson correlation coefficient at p<0.01. PDCAAS: Protein digestibility corrected amino acid score.

X+3.9493(=-0.9019"", Table 3)0. & 29] A7 vtebyich.
o|AL T TAREY] AIARE ofu|l4te] o] 7]E ofn]
LA iR 9] ol ofu] At ShFate] 2ol 7} Aol whet
amino acid score7} Z7FS13L, ol wet ALAG obo] At

=0 Zz20] th2 oju| At eF 2712 in viro digestibility
7} 3713S Al R AtmErh E3E amino acid score?:
PDCAASE %9 ATH(=0.9858"") LEttio] oAl AAgt
amino acid score@} in vitro digestibility®] A¥HE AIE LEF
HITh 2, PDCAASE: ofuliAl 2400 2 43183 8%
2o 2 amino acid score’} Z7F3H=E PDCAAS7} Z7}16h=

Aoz yerdtth ot PDCAAS #3 9704 Schaafsma
G(2005)7} A A opu| A} =& 95t A RujE o] B35
A, 100% 27} S27)o] et 24, Tl st ofn) At 45}
ado] gt ELA], 7159 9F 5ol e A, AAl
PDCAAS, RPER(relative protein efficiency ratio), RNPR(relative
net protein ratio), TPD(true protein digestibility) ¥ x}o|& &
S i AlFol et dd F4E Uil 9T 71
o] A7} Wasicha Amd.

Ao e Tk gl B 543 7o) B4
ofu| 1 AkS] AFTAE AW Eerow, 1 ZIM= Table 33}

Table 3. Correlation coefficients among protein quality characteristics and essential amino acid of fermented soybean with

Rhizopus oligoporus by various cultivars

Crude protein In vitro digestibility Amino acid score PDCAAS"
Crude protein 1.0000 - - -
In vitro digestibility 0.9106™2 1.0000 - -
Amino acid score -0.9499™ -0.9019™ 1.0000 -
PDCAAS -0.9196™ -0.8386 0.9858™" 1.0000
Essential amino acid 0.8288™" 0.8498™ -0.8926™ -0.8742"
Threonine 0.8139™ 0.8633" -0.8597™ -0.8243"
Valine 0.7318™ 0.7682" -0.8067" -0.7841"
Methionin 0.8923™ 0.9106™ -0.9451"™ -0.8977™"
Isoleucine 0.6664" 0.6713" -0.7674" -0.7883"
Leucine 0.8298™ 0.8734™ -0.8829™ -0.8563"™
Phenylalanine 0.8357" 0.8592"" -0.9270™" -0.9159""
Lysine 0.8677" 0.8555™ -0.9073™" -0.8873™
Tryptophan 0.1713 0.0797 -0.1690 -0.2183

Y PDCAAS: Protein digestibility corrected amino acid score.

2 Significant at “p<0.05, “p<0.01, ""p<0.001.
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