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Abstract

The present study was attempted to preprare calcium-fortified soymilk using proteases to improve calcium
intolerance of soymilk protein and to evaluate its nutritional properties. The protease from Bacillus po-
lymyxa was chosen as an enzyme source because it produced the least bitter taste and calcium-aggregation
of soymilk among various enzymes. The optimum treatment time was 10 minutes at 50°C for the best resuit.
In vitro protein digestibility of calcium-fortified soymilks was comparable with that of control soymilk. Cal-
cium in the digested soymilks was mostly in the ionic form and the amount of ionic calcium increased in ac-
cordance with the amount of fortified calcium in soymilk. This suggests that fortified calcium in the soy-

milk is bioavailable.

Key words: protease treatment, calcium intolerence, calcium fortified soymilk, in vitro digestibility, ionic cal-

cium, bioavailable

N o=
Selelel A o848 w Qi HEAL Fr1EE
7 79 YuiT o]4¥ T o Fhi ArAA
o] wol gisle] ol Wielvliatel

2 Qe 52 73} FAt, FF 95e] A}
FHE A Selvel ARREAA AHE] AR g
e} & Fololr} wat Ffolls fgeo] HF=lo
AZ] ool $-f-ob e 43Rl glg Bt ohuel
el dA2r)7E 9le Fotel Al dHlzr)rt glo
Tohl SR A Al oz A9 FixE 1wk g
212} Aol gl E 7134, AAA, == TEX

Fo| FeH Fo2 dlEte] -2 r|9ske
ZH2HER ¢S ¥ ozl Hul

o > o I
IUHJ ol ok

%+, Fole
A2 E ghekg Jae AejgAd 3] /5 9
o AJaly] dule)} FL BEIxEMAF 55 3R

T olel AEH FFLREAY o] B g gy, 7

Corresponding author: Jin-won Pyun, Department of Food and
Nutrition, Suwon Women's College, San 1-6, Omokchun-dong,
Kwonsun-gu, Suwon, Kyunggi-do 441-748, Korea

995

3] 3 Qlept
1967 FAAAE ] AEshd ol Fav) YR
Z7FE AL e SR A doksge]l FH& typsin

inhibitor, hemagglutinin, phytic acide} & o okz 3
sarsh ) 7ha QA Fula 5 of b

AR 7P g ovt e A7 Fal 2.8 A4
Sde b 4] o W xS e F
Q8 B HEL wRh SRl AEO 2

7V & gl Adukn ‘il%% Tk b 2 A e 8
vieldle Zga 7ol s olfolnl i
& Holc},

Zhgr& wol xlofe] X EY W oh
A5, AR =4, 2845
5 sl 3 tatel wojsht
o} o) Aol kAo 2 Hdleld FEA
iAol A #H7F Fozba gl q""zam a2
= Awe widg AT
oL =, TRl &
gt #AEe 5 A T8¢ Y

FAE A e n Rl g

ol ] g

x}] 6]»74 phyllc aciddl] ©

ol A o

r

T



996 A E5sbe)#] A 28 W A 6 5 (1996)

& Zashrhy it
T Tk et Agstel Ak A
o] alof Ffroll g Hrlshe LS Sre] AU

FAYER a8 48 FAlE opdh B sbA] A
< AR AT B uE R M)} vy 2ab
0 BB A5 g0 A5l P
22 A4 "ozl e} why
o] 715 BAS A7) $lste] wliaas
(proteaseYs x2|slA] =9 whalal Bxjeke) zhs o
7leb A ze] WHe el (caleium in-
tolerence)o] Z7}E] B8 o] 2 o)&aly] B L}
ehts Rl ARl Sl 2" 5= glegat Ao

BT e oJarhr] gl B E s Foll4]
Folo] MM HAF Fi= FAE Hg_uvgl_ojl = oo“
el 5 g*oﬂ% 4

>m>‘r

N

Mz 3 2y

A2
R EX R L
O1dANe Apasisd

A ollA] Hof uke A
L, ghulA] slpta) g4 ié
SigmaAtell 4 +-4)&} bromelain (B 22523} try

(T 8128), Aspergillus oryzaeoljA] %3} Hﬁ-}i’«ﬁﬂi
Z:(P 4032)2} Bacillus polymyxaol| 4] 223 ghwl 23
E (P 5647)5 AF&3)gdc)

Hao] AE: Sfoll Me|d ghalrhada Fa
- | Adeistedel. & 584 A4R trypsin, A
] A%+ bromelain, o] 5 FA4 2= bl g
Al ubo] W] ehi=char R aElYY Aspergillus
LR
EREEE

ry zae?} Bacillus polymyxaol|A] %3 ©
T E Aldslich. dalg a4 s
pH<l pH 8, pH 7, pH 7.5, pH 7.52 £4% %94 3
ZHEP A Z40] u-8-2 Bacillus polymyxa?) 4=
100 : 12, YHx] E4 3+ 400 : 1)3k32 1087 50°C &
Bl 2ol A EEe] il uheA|zion ulhge] 2y
94 Aol 122 o] At ¥
E-_’\B o] A2 Ffrell sl 592] Hrigle]
TeH7HlI 3, 017l 30 mM2] CaClLE
YRt & A Aol disf 280 nm
AAe] FREF FH3 SuY g vlastedon,
S - ] U |

of
2
2
ofo ©
Ly
o,

| Soybean |
o
[ Washing |
4
[ Soaking (12 hr) ]
3
(V[V);EIV\\Al li:ng ]
O
[ Grinding with water (3 ain) |
Y
L Boiling (5 min) |

og

‘ Filtration ¥i trh;cheese;éfroith ]
4

[7C0|190(7{0“70{;6),@171';; DSM 1
O

. Protease treatment i

(P 7.5 . 50T, 10min) | iy 2
o

{ Calcium chloride addition
( 5mM, 15mM, 25mM )

o

Calcium-fortified
soymitk

C8M 3, SM4, SM5

Fig. 1. Preparation of calcium-fortified soymilk
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Table 1. Comparison of bitter taste and turbidity of 2
soymilk treated with different proteases ;;i.
Enzyme Treatment Bitter taste”  Absorbance” o sl
Control 0.239 §
Protease from B. polymyxa - 0.567 o
Protease from A. oryzae ++ 0.339 (=] , ‘ i ) )
Bromelain +++ (0.358 00 5 10 15 20 25 30
Trypsin - 0.540

Time of protease treatment (min)

Y none, ++: moderate, +++: much . . .
“Turbidity at 280 nm of diluted (X 100) supernatant of soy- F'_g' 2. Degre(? of hydrolysis (DH) curve of soymilk pro-
milk added 30 mM CaCl, tein treated with protease from Bacillus polymyxa
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Table 2. Changes in bitter taste, turbidity, and degree
of hydrolysis(DH) of soymilk treated with protease
from B. polymyxa at 50°C for 15 min

tg\i“g‘;'r‘:) g:‘::f Tubidity’”  DH (%)

0 - 0239 0

3 ; 0.439 321
5 . 0.482 7.84
8 . 0.524 11.05
10 . 0.567 12.24
13 + 0.589 13.51
15 + 0.518 13.67

"'.: none, +: slight, ++: moderate
DAbsorbance at 280 nm of diluted (X 100) supernatant of
soymilk added 30 mM CaCl,
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Fig. 3. Comparison of in vitro protein digestibility of
protease-treated and calcium-fortified soymilks before
and after pepsin and pancreatin digestion SM 1: con-
trol, SM 2: protease-treated, SM 3: protease-treated and 5
mM calcium-fortified, SM 4: protease-treated and 15 mM
calcium-fortified, SM 5: protease-treated and 25 mM cal-
cium-fortified
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Table 3. Concentration of total, soluble, and ionic calcium of protease-treated and calcium-fortified soymilks before

and after pepsin and pancreatin digestion (unit - mM)
Before” Pepsin® Pancreatin-bile”
Soymilk"
Total calcium Soluble calcium Ionic calcium Soluble calcium Ionic calcium Soluble calcium Ionic calcium
SM 1 5 0.85 0.83 3.54 345 0.34 n.d.
SM 2 5 (.94 0.60 3.57 3.46 0.31 n.d.
SM 3 10 1.56 1.38 5.31 5.25 0.37 n.d.
SM 4 20 5.0 34.45 14.51 14.45 0.38 n.d.
SM 5 30 12.01 11.17 18.58 18.45 0.51 nd.

"Abbreviations indicate the same meaning as shown at Fig. 3
n.d.: Not detected

PBefore digestion

YAfter pepsin digestion

“Dialysis of pepsin digestion followed by pancreatin-bile digestion
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