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The Effect of Fermentation of Soybeans on the Protein and Mineral
' Bioavailability in the Rats

Bai Young —Hee, Yoon Sun

Yonsei University College of Home Economics, Department of Food and Nutrition

= ABSTRACT =

This study was attempted to investigate the effect of fermentation of soybean on protein
and mineral bioavailability.

The traditional, oriental fermented soybean foods, Meju and Tempeh, and isolated soybean
protein( ISP ) and cocked soybean'were prepared and fed to rats as sources of protein.

The C—PERs of ISP, cooked soybean, Meju and Tempeh were 1.82, 1.98, 2.11, and 2.36,
respectively C—PERs of fermented soybean products, Meju and Tempeh were higher than
ISP and cocked soybeans. However, they were not significantly different

The percent retention of protein of rats fed with casein, ISP, cooked soybean, Meju and
Tempeh were 47.44%, 51.83% , 47.67%, 50.90% and 45.97%, respectively, showing no signifi-
cant differences among the diets.

The rates of calcium retention percent were 62.26%, 59.22%, 61.59%, 55.78% and 67.09 %
in rats fed with casein, ISP, cooked soybean, Meju and Tempeh, respectively, demonstrating
no significant differences.

Rats fed with cooked soybeans did show significantly higher iron retention rate than
other samples. However, this study failed to any significant increase in iron availability.

The percent of zine retained in rats fed with ISP was significantly lower than those of
rats fed with other diets, however, significantly high amounts of zinc were retained in rats
fed with Tempeh compared with other diets.

The percents of zinc, iron. calcium retained in the bones of rats were not significantly
different among the diets.
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ola 9 2788 £5o Qe phytic acidel Y
sto] B84 AL AT 2N AUolA o] HE &
=7} WoldttE AFBRE) AP, waty phy-
tic acidd] 9§ WY AT 271Fe] AU o8& 7
2% UF HE AN HAsHk & FA=
golgitt, tl59 phytic acid 9] e wol, A=A,
BE 5ol o8 Aagel nIHAGO” . EE yea-
st bread o A= F 2o o}8] U7F 9 phytic acidg)
Fol Zagol HayY®.

Warg 5% o)8td 58 2FA5E FANA 1)
Q&) £H]3l= phytase 7} phytic acid & E3A7
S 24 phytic acid o #Fg ZLAAGT ) £
Zuets v 2P 59 opNoldME WFE o8 T

FHFoR HF, €3S 44 o831 Yo,

Indonesia A= Tempeh & 224, 740 2 @o] o]
€31 Utk

WSs Do 7bz} Tempehsl W78 A2 AL
phytic acid & Fo] 4 ¢S BAYd R iy &
3t o] 5 A8 & ultrafiltration 3¢ ¥ retentateol] 12§
H 514 g%% 348 £ A, Ce, Znvt 234
FoAAM fod oz wdvtn gt ole EE A
Al Ca, Zn7} 773 -9 4 —phytic acid & A&
Fgste Agol o Ag AAEIH 2EAH TA
‘4¥® phytase o ¢}&} phytic acid o] FFo] H4 €
Aol 1 949 s FAs

ol B ApolMe o F 23 4FY v F, Tempeh
€ 9N AYe R 3o AYFTEANA HAAND F ol
nE gl § 77]3(Ca, Fe, Zn)9 AA 0|8
FAsto], wF o wE phytic acide) 747l v¥
2 7149 A ol &g W 9¥L FHsinA
At

AMEME W Wy

1) 4gAs

HEs A&ARA FUSHR, WF A=z Be
3 #F Aspergillus oryzae 9} Tempeh A|Ro] g
& FF Rhizopus oligosporus & &3 Z7g 304

,‘(j_.

Bopulglrl o] TFE PDA (Potato Dextrose Ag-
ar ) Hi Ao A ALRuE|USFE F 5Tl B ust st

arter £ AHE3H 9tk

2584 (Isolated Soy Protein: ISP )& A-
DM Ate] ARDEX®F 2 Algsiqch de T& oF
1Kg & 349 Bof 2o} 24417 AAAA AAL W
% 15 1bs, 121TA] 20 £ 7} autoclavingsjo] 80T
o] EF Azl A BAD FASY FA 4T F
YR as s Aol 24 ol &ATh

W%} Tempeh o AZE 279 Wgs) Y Wy
22 Azsgd tF 1Kg & 349 B o} 244
H AANA 42L& YU ¥ 15 1bs, 121T oA 2083
autoclaving ¥t} ©o]S 30CE 4§ F AFE o}
2 3007 AL #FE 1 slant FF sl 37T A 2
U7k HEAZT ol¥A E vF 9 Tempeh & 2}
7+ 80Te] 4F AxVIA 48 AL FHEA @ E
BF R A3 At 2o] 2A o] &,

2) AY%E ¢ 439718

o]lf ¥ A Fo] 456~65g FE ¥ Sprague—Dawley
strain 3 # R 250188 3Y T AR MPAEE
Fol g7l gAY F ¥ group 9 sejElY AT
o2 Yo 457 A& gt 8 Fe 3Fne 9wt
A A A AASstQn, UHA 157+ stainless st
eel 9] AL A} (Metabolic cage ) o4 1v}ja]y EHALS
31 BL gol& ZH4(deionized distilled water)
g g AFglol FUck Fr1A 2EE HAEI] 4
& AF L Agel BAHE RE 7| FE 4g/¢ EDT-
A (Ethylene Diamine Tetraacetate )ol A& & go]
< ZRTE Y7o A3t g AAS4de #7342 2
T 18~23CE BT fASAR =8 2ARE F
NE g3} g #73& FFo FAL

3) 2ol =24

o] zA & Table 13 2t} w3E vyd ¢
o] v &L 80:10:52 ey olw GHMFYL ==
Casein, 2450, 4%, WH 2232 Tempeh
g A3ty §713 &% E (Hubble Mendel Wa-
keman Mixture) 3} v)ElYl &3 & (Harper's Mixtu-
re)g 4:19 HEE Hrlste] FAk REUdFEY
A (ISP), #&3F, "3, Tempeh AOACH o3
o zAY, 29, 244, §8 282 ¥712 F
S Zzt 73 &, o] gl ulg} o]z 2FdYh

o] Aol 23 ¢ WA 5o YA I By
gl Alg3lgon B2 dult ol F3Uc
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Table 1. Composition of experimental diets(1)

Ingredients Group | group % (g) Tgroup %(g) 1 group % {g) W group %(g) V group %(g)
Casein 10.0(10.74) 0 0 0 0

Soybean Products:

Isolated soybean 0 10.0( 12.46) 0 0 0

Cooked soybean 0 0 10.0( 20.79) 0 0

Meju 0 0 0 10.0 ( 20.58) 0

Tempeh 0 0 0 0 10.0(19.51)
Corn Starch 6%.5 (65.08) 65.5 ( 63.81) 70.0(63.76 ) 70.0( 63.42) 70.0 (65.14)
Oil 50( 4.68) 50( 4.73) 50( 0.45) 50( 03) 50( 0.35)
Glucose 10.0 10.0 10.0 10.0 10.0
aCellulose 45( 45) 45( 40) 0 0 0

Vitamin Mix. (2) 1.0 1.0 1.0 1.0 1.0
Mineral Mix.{3) 4.0 4.0 4.0 4.0 4.0

(1) :Dry weight basis
[:Casein group
[:Isolated soybean group
II: Cooked soybean group
V: Meju group
V:Tempeh group

(2) : Vitamin mixture;fng/Kg diet) ; Harper's Mixture . Thiamin. Hecl 5, Riboflavin 5, Niacinamide 25, Ca

— Pantothenate 20,

yridoxine. Hcl 5, Folic acid 0.5, Biotin 0.2, Vitamin B,,, DL — tocopherol acetate

100, retinyl palmitate 4,000 IU, Cholecalciferol 4001U, Choline chloride 2,000, Vitamin C 50, Menadione

0.5, Inositol 100.

{3) : Mineral mixture ;(g/lOOg salt mix,) Hubble Mendel Wakeman Mixture. Calcium carbonate 54.3,
Magnesium carbonate 2.5, Magnesium sulfate 1.6, Sodium chloride 6.3, Pottasium iodide 0.008,
Phosphate sulfate 0.017, Cupric sulfate 0.009, Potassium chloride 11.2.

& (Protein Efficiency Ratio : PER.)
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PER of test protein x 2.5

PER of casein control

(2) @9A 188 (Protein Retention %)

o) AW REes 3337 99 AP AR
Z 49 %9t urine 3} feces & 2z} =3 & o] microk-
jeldabl o2 B AR, VALY B He
o olest g BAOE ANSHAGD.

W WG (%) =
o] AF A e (urine 3} fecesE F§ T AujAd )

ol 47 wuizR

(3) F7]d9] AHol& & (Ca, Fe, Zn)

WAMEE whxie 44 7 £ & urine 7 feces B 4
olo| A Ca, Fe, Zn 9] §3F& 4383}y Ca, Fe,Zn
9 242 9% A2 RN wet— ashing LH 23]
zA 3 F9D Nippon Jarrel— Ash Ale] AA—845 At-
omic Absorption & Flame Emission spectrophot-
ometer o £13] 243},

(4) B2 7713w

739 BAEY AT ¢ A B4 7 A
QEZX tibia ¢} femurE W3 Fr} o= 4507
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M 6~TA 2t g3, WYste 7AFE BE F Ca, Fe,
Ing ZA3%7] A AIE8 9L wet-ashing Hio] 9
& A9, W) 9l& Ca, Fe, Zno] T3 At-
omic -Absorption & Flame Emission Spectrophot-
ometerdl| o} 3] &3 At}

g1t ¥ N

(1) 994 §&(PER)

47719 gAldY daE Table 29) YEl ' v s}
2}l olw @A &L caseing] PERZ 258 3
A% gg 71202 § C-PER 2 yeych Casein
B¢, ISPES, 4MoFER WS8R, 223 Tempeh ffo] C
~PER & 77 2.50, 1.82, 1.96, 2.11 223 23602
M F-test 4327 5% feleaold 2ol met &
sao] ol 2et ISP ot ke 2l Aol He o]
s} Tempeh 4] o8] C-PERs] ) Z7hie e 3% +
313ich @ st Tempehs] AlojolfE Tempeh 7} o]
Zol W) se CPERE M§jont ofc $A%0E §9
o] 1%t} Zamora 9} Veum(1979)'2.& dehulled un-
fermented soybean® T} A. oryzae 1} R. oligosporus
g o]g3td L FA UFE AT A€ A% S0,
A&7} Biological value) ¥ & @A o] £&(Net Pr-

Table 2. Means of intake, weight gain, PER
and C~ PER of rats fed experimental
diets for 25 days.

Feed Intake Weight Gain PER

Diets C—-PER
(g) (2)
I group 376.75 54.75 1.45 250
+20.51 +7.15 +0.21 +0.41
I group -353.50 3750 1.06 1.82
+ 4.50 +12.78 +0.36 +0.71
I group 358.25 39.62 115 198
+10.84 +£15.43 +0.45 +0.91
IV group 361.60 41.69 119 211
+16.97 +18.40 +0.53 +1.11
Vgroup 367.20 44.11 1.37 2.36
+14.87 +17.60 +0.36 +0.71
F— value F= 0.532
Mean-+S.D.

[:Casein group

I :Isolated soybean group
II: Cooked soybean group
IV:Meju group
V:Tempeh group

,‘\i_

otein Utilization ) o] Z71391&& B3 et
Hacklers} SteinkrausS¥9 a7 & E‘,’j\ Rhizopus
o] ojd B3 2olE tiFol HFAA TE Tempeh 4]
olg olf7l9) AlA Fo 2 EHE ATE Z3 PER
ol AA&e ZMAA e olE FRold o
& mEola oW o] fFLE 4ol Tempeh o
25 E ZAAH7] gEeED HHsA.
(2) @93 B{2(Protein Retention %)
g AU HHee AFE @¥dolA urinedt
fecesE £% WA FL w1 2R AFE SUALL
2 U goltk A7z wpAY 44te) diA A E
& 53l e Z YA E Table 39 a3k
Casein 3¢, ISPES, & &, vl5#, 22| Tempeh
o gl B{Ee 4G 4744%, 51.83%, 47.67 %,
50.909%, 18]il 45.97%FA o]5& 2old] wa} group
7l $9AQ Holvt gle Rez UERT o 2%
= A. oryzae 9 R. oligosporus 2 ¥ 3N WFE
48 AojHdAe LINIA g& UFE FHE 4
olnTt QB ©d ool feoHez TN
t Zamora(1979) S AT YA ¥t
Reinhold(1973) 5 &2 phytate 9| 3Hako] B ¥ X
A 7)A %L wel tanok & ALgolAl FF P& ™ nega
tive nitrogen balanceg FAPL-& BRIt 1

Table 3. Nitrogen metabolism data of rat:
fed experimental diets for 4 days'.

Protein Excretion Excretion Retention

Diets Intake(g) in urine(g) in feces(®) (%)
Igroup 6.43 2.25 113 47.44
+0.90 +0.34 +0.40 + 3.93

Hgroup 6.28 2.26 0.76 51.83
+0.38 +0.29 +0.23 + 2.28

ligroup 6.13 2.22 1.04 47.67
+0.65 +0.99 +0.20 +11.73

Ngroup 5.90 1.76 L12 50.90
+1.00 +0.62 +0.40 +14.97

Vgroup 6.58 2.52 109 45.97
+0.53 +0.93 +0.256 +13.86
F —value: F=024

Mean+S.D.

(1): Dry weight basis

[ : Casein group

I : Isolated soybean group
i : Cooked soybean group
IV: Meju group

V: Tempeh group
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Table 4. Calcium metabolism data of rats fed experimental diets for last 4 days".

Input output Retention
Diets Feed Excretion Excretion
Intake (mg) in urine (mg) in feces(mg) (ms) (%)
| group 383.43 58.71 86.01 241.48 62.26
+28.68 +5.04 +15.13 + 29.88
1 group 363.05 67.48 80.46 215.01 59.22
+21.84 +2.09 +11.33 +10.73
I group 376.05 70.09 74.34 237.88 61.59
+39.91 +4.64 +25.83 +57.00
IV group 342.87 70.05 81.57 220.79 55.78
+58.41 +7.60 +24.10 +39.70
V group 43491 - 69.66 73.47 290.96 67.09
+34.79 +818 +21.40 + 29.37
F — value F=3.46
Mean+S.D.
(1) Dry weight basis
] : Casein group
I:Isolated soybean group
I : Cooked soybean group
IV: Meju group
V:Tempeh group
Table 5. Iron metabolism data of rats fed experimental diets for last 4 days"
Input Output Retention
Diets Feed Excretion Excretion
Intake ( mg) in urine (mg) in faces (mg) (mg) (%)
d
I group .95 0.90 5.92 2.33 23.80
+1.26 +.72 +1.28 +1.61
I group 20,51 1.98 7.81 10.39%-4 50.66
+1.23 +1.23 +0.19 +0.24
I group 27.83 133 6.23 21.28%%-%% 76,46
+2.94 +1.09 +2.46 +6.10
IV group 18.39 1.06 8.28 8.32b.4, 45.24
+3.13 +1.23 +2.59 +4.07
V group 19.45 118 7.35 10,9259 56.14
+1.56 +1.36 +1.23 +1.14
F — value F- 14.07*
Mean+S8.D. .
(1):Dry weight basis
* :PC0.05
ab.c.d.: P<0.05

[ :Casein group

[ :Isolated soybean group
1 :Cooked soybean group
[V:Meju group

V:Tempeh group
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2Lt AAte] tanok tf4l wEAIZ W TIPS W=
A49¥d 483 237 JelA gtz 8 g
th ool BEANZ FHEL LI AR = phytase
Aol 88 phytic acidzl B8] 53 o] o f-2)4ulg]
2ol YA proteased] o3& olmjx oz HaH
of Ml 2z-go] Fold AW Higo] ZHE A
o2 AtgHr)

(3) ®71del 43 | §&(Ca, Fe, Zn)

A 43A 44 AT Hole FrAGA
urine 7} feces2 WM E F& wjo] o]AL AU =
X2 B3 o] A3 E Table 4, 59 60 g3}

olg 77139 AW RA#E phytic acid?) §o] F
ow protein —phytate —~ mineral B§ %) & Ao] Aol
LEHN gz R FIA9 28F580 o150 A
W o] &&o] & ZAoR Algdr) o] 4¥e AP
B Cao BH&2 2olo] ata} 932 2ol ¢l
Sevt Fe 3 Zne 5% |5 FA Hold os) %
o7t A& Aoz Yttt w8 oJstd Yy Tem-
peh Ao] 9} Caz} ZnEFolle H92A o)zl e
Y ¢33 Tempeho] ¥X| 7158 8354 ultrafilira-
tiondt ¥ retentate ol Yolly: Cas] mfZe B 2
% @3l 98 Tempeh7} folFog voon &%

)‘\j_

o} EF Zng E{FE 23 v|s] Tempeh o A
fFoHo g Yt Ao ¢F, €43, uF 44
2] A7 E £3A]H ultrafiltration§l § retentate
o ZnB %L B A9 2T X Fol vis wF
7t Aoz Ugtttn o Feo] T#HE AT
I W F7t ¥ £AE pged oy dxEg 28
o 9J3] retentate & 7|4 B{vl FYFHog
astgrhs A& vEhdg el FEoA o
2 el ujX & phytate o] JFo| AME o A
o] ik, ojd JFoA = phytate 7} H F4& 3
gon QR £ e e B Egr)
g e oM = ol 2] o] phytate o] F
&, 2o A, a22ln 4gFEoy 48 xdd v
phytate 7} B9 F5ok BH20] 9AX ¢ IFL
F7] WEolgta Folgtl £ dAFME Hold o
# d BHge] fYFeE JFL wdo] YEHET
casein?ol] 1v]d] ISPE, o2, W&3 a8z Te
mpeh To] EF §9HoZ A B{s AA UEIGS
& ¢ F UL 53] F2FTL GE HolHFHT v
i FoFeg F Bi7 ZA Jepd 900
Plasma]9] v& Zny=E A (EHY) A< A4
F A% HEg stA e, o] HAgolA Zn9 A

Table 6. Zinc metabolism data of rats fed experimental diets for last 4 days

Input Output Retention
Diets Feed Excretion Excretion
intake (mg) in urine (mg) in feces (mg) (mg) %
[ group 1.79 0.32 0.41 1.05%P 58.66
+0.25 40.05 +0.07 +0.28
I group 0.28 0.37 0.35 -0.45% -
-+0.08 =+0.03 +0.19 +0.23
Il group 1.70 0.36 . 0.36 0.092°¢ 58.24
+0.18 +40.04 +0.17 +0.24
IV group 1.65 0.25 0.39 094°P9 597
+0.28 40,16 +0.16 +033
V group 1.84 0.25 0.32 1.262¢4 68.48
+0.15 -+0.09 +0.16 +0.18
F—value F=26"
Mean+ S.D.
(1): Dry weight basis
* :P<0.05
a.b.cd.: P< 005

[:Casein group

I : Isolated soybean group
l: Cooked soybean group
V: Meju group

V:Tempeh group

— 144 —



w3t HFe

XS
i
3
M,
g

Table 7. Means of weight and mineral
composition of bones of rats fed
experimental diets for 25 days!

Diets Bone Calcium Iron Zinc
ets <, .
b Weight{mg)  (mg) (=) (mg)
[group 255.85 95.66 0.41 0.27
+21.11 =+ 9.67 +0.03 0.13
Igroup 21050  130.85 151 0.26
+21.63 +20.14 +0.24 0.24
Mgroup 248.33 102.44 0.47 0.36
+14.53 +19.36 +-0.10 0.23
IVgroup 218.08 108.32 0.46 0.38
+23.33 + 18,51 +0.03 0.14
Vgroup 235.00 103.70 0.37 0.38
+28.22 +10.69  +0.04 0.16
F—value F=289 F=0.19 F=10.55
M+ S8.D.

(1) Dry weight basis

: Cansein group

: Isolated soybean group
: Cooked soybean group
: Meju group

: Tempeh group

<EEI='—<

W BEfF&e ISPE 437 #olME negative ba-
lanee & B3t} ol ©& Aol ERe| uls) ISP}
%2 phytate & F/3l2 Y& 24Fn F2d0h

Tempeh o] Zn RHE&L 1.26mg F 6848 % =A
ISPE, 4238, vFHET SRz A vehs
=3

4) E39M9 B71E B H

1302 WAL Y BAY ¢ ANT BAY )7
(Ca, Fe, Zn) o) B % & ZAtsle] Table 79 2931y
oL ZzA1Z0 bonese] FAS W BAH TR
Fe Kool we} §o79l Aol & UehhA oot
(P€0.05). ojmj Caz} Feo HHE BE group =
ISPelA 713 =4 vedod fo3 ez ze)7} ¢l
At Zn9 B {3 ISP vl§) casein@lf, & STE,
W FE 228l Tempeh#fo] %A UYeygou §93
< ot AT (P <0.05).

0
12

£ 4TE BFLEHE WF Y Tempehs 4 o]
24 AN GRAT F TS wEh weas

F7129 A o] 8o WA= FF -

nA4 g, BAUTRRY 427, UF 193
TempehZ Gz FUOZ 3l AlolE 3 FHoA A
A @ ¥ 2ol WE Uy 189 UuY uae,
38n FAAEY AA o)8&& FAE G ol
AYARE gy et 2

1) Casein o] PERS 252 848 @& 7|20
3 C—~PERL ISPHE, 4+ 2%, "5 ER, Tempeh#f
ol ztz} 1.82, 1,98, 2.11, 236 0] o Aolo] wa} &
Al zfol 7t YAt (P €0.05).

2) 9a HH{HEL caseinfE, ISPER, 4222,v
T8, 18 TempehEfo] 2tz 44.449% , 51.83 %,
47.67%, 50.90% 22|31 45.97% ol A old] u}a}
#9591 ahol7h $IATHP ( 0.005).

3) Ca9 A BHEL caseimBl ISPER, 43
#5, W& 282 Tempeh®fo] z+zt 62.26%, 59.22%
61.599 55.78% 18I 67.099% o] om Aol W
FoAQ ztel7t AATHP€0.05). Fe o A BR/E
2 casein®fl, ISPER, &2F8B, W58 22z Tem-
peh#ol| 4] Zbz+ 23.80%, 50.66%, 74.469%, 45.24% L
21 56.14% o)Atk F olEL Aolo wra #93
2 Aozt Ae o2 yEEEd, ISPy #e&F
B ST v, 42 FAT Tempehff Aol
AN A 2ol7l sle Rez el P 0.005).

Zn 9 AW BH&L caseinE] ISPER, 4+ 2K, o
F8F, 28] Tempeh®fol|A] z+z} 58.66%, negative,
58.24%, 56.97%, 68.48% ZA] o] &L A olo wal &
o H 9 Aol7t YE A2 et} (PC0.05). ISP
Bt o388, ISPAR:} w38, ISPES# Tempehff,
281 A-2Z2ER7 Tempehff Alojoll A= Znk -§ko
F44Q 2ojzt Ak

4) 2AAMA 5714 FFE vlms £ A Casein
28, ISPER, &H-2FEF, WFH 282 Tempeh FfolA
© 7 Ca, Fe, Zn ¥ 2 {24 oy} Uephz] &
=]

o A4gdliA WEhd vlel Zo] wEa 9} PER of
U ed BREe aA 9% B Fgord o
Y& Zno] ol B&2 W) o3 AW olExIt E
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