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Talbe 1. Chemical composition in raw soybean, soybean milk and cow’s milk*
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(Unit: %)

Raw Total Crude Crude Carbo- Minerals (mg%)
Moisture Ash

materials solid protein fat hydrate Ca Mg K

Soybean milk 92.6 6.4 31 2.7 1.2 04 23 28 90

Cow's milk 88.7 11.3 32 33 4.6 0.6 104 19 165

Soyhean 9.2 - 394 195 26.1 5.3 181 215 776

* Values are means of triplicate measurements.



372

g - HF

B

Table 2. Coprecipitation properties for the mixture of soybean milk and Cow's milk by various coagulants?

Coagulant concentrations used (v/v %)

Coagulant -
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
Calcium Coag? - - - + + + + ++ +4+ ++  ++
acetate pH? 6.45 6.04 5.81 5.69 5.64 5.62 5.59 5.57 5.54 5.62 5.67
Calcium  Coag®  — - - + + + + e e
sulfate pH? 6.45 5.92 5.75 5.73 5.68 5.68 581 5.74 5.70 5.81 5.85
Calcium Coag” - - - + + + + + ++ ++  ++
chloride  pH® 6.45 5.95 5.76 5.55 546 541 5.36 532 5.20 5.21 524
Calcium Coag® - - — + + + + + ++ ++  ++
lactate pH? 6.45 6.18 6.08 593 5.89 5.80 5.78 5.64 5.60 5.61 5.95
Magnesium Coag”  — - - - * + + + + 4+ ++
chloride pH® 6.45 5.94 5.86 5.68 5.68 5.65 5.62 5.60 5.52 5.53 5.61
Glucono-  Coag”  — - + + + + + + o+ + ++
8-lactone  pH® 645 567 5.53 5.13 4.72 4.64 4.58 4.35 417 4.16 4.04
Acetic Coag? - — + + + + ++  ++ + + +
acid pH? 6.45 5.68 4.74 448 4.35 431 4.20 4.06 3.98 3.92 3.88
Lactic Coag” - - + + + + ++  ++ + + +
acid pH? 645 5.64 4.84 442 4.10 3.98 3.77 3.63 346 345 3.37

PValues are means of triplicate measurements. Mixture was containing 3 parts of soybean milk and 2 parts

of cow’s milk.

"Rating, —coagulation negative; coagulation positive, but curd formation absent; + coagulation positive, sticky
curd formed; ++ coagulation positive, semi-solid curd formed.

9pH in the whey of milk-soy curd.
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Table 3. Effect of coagulant concentration on the absorbance of whey of soybean curd added with cow's

milk*

(0. D.: 500 nm)
Coagulant concentrations used (v/v%)

Coagulant

0.2 04 0.6 0.8 1.0 12 14 1.6 18
Calcium acetate 1.02 0.62 041 0.36 0.34 0.29 0.31 0.30 0.32
Calcium sulfate 1.89 121 116 0.87 0.82 0.75 0.89 1.12 144
Calcium chloride 1.04 0.89 040 0.32 0.34 042 0.54 0.55 0.52
Calcium lactate 114 0.84 0.61 0.54 0.50 0.48 0.50 0.64 0.86
Magnesium chloride 1.82 1.38 1.18 0.94 1.04 114 1.24 1.36 1.32
Glucono-8-lactone 0.98 0.74 0.62 0.48 0.46 0.44 0.45 0.45 044
Acetic acid 1.06 0.58 0.32 0.38 0.48 0.45 047 0.38 0.94
Lactic acid 1.07 0.96 0.52 0.42 0.4 0.68 0.89 1.04 1.06

* Values are means of triplicate measurements. Mixture was containing 3 parts of soybean milk and 2 parts

of cow’s milk.
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Table 4. Effect of coagulant concentrations on the crude protein in whey of soybean curds added with cow’s

milk by various coagulants*

Coagulant concentration (v/v, %)

Coagulant

0.2 04 0.6 0.8 1.0 12 14 1.6 18
Calcium acetate 048 0.35 0.31 0.28 0.28 0.26 0.27 0.28 0.28
Calcium sulfate 0.55 0.46 044 0.38 0.34 0.32 0.37 0.40 045
Calcium chloride 045 0.36 0.34 0.30 0.22 0.24 0.25 0.24 0.26
Calcium lactate 0.46 0.37 0.29 0.28 0.26 0.28 0.28 0.31 0.32
Magnesium chloride  0.52 045 043 042 0.38 042 044 048 = 046
Glucono-8-lactone 047 0.38 0.32 0.26 0.21 0.25 0.25 0.27 0.29
Acetic acid 042 . 033 0.28 0.31 0.30 0.30 0.31 0.37 043
Lactic acid 0.36 0.31 0.30 0.30 032 038 042 043 0.46

*Values are means of triplicate measurements. Mixture was containing 3 parts of soybean milk and 2 parts

of cow’s milk.
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Table 5. Weight and volume of the soybean curd
products added with cow's milk by various coagula-
nts*

Curd product

Coagulant

Weight (g)  Volume (mf)
Calcium acetate . 4174+ 42%  409.2+ 3.5**
Calcium sulfate 405.7+ 26 4005t 4.1
Calcium chloride 4232+ 34 4144+ 34
Calcium lactate 4105+ 52 402.2+ 4.6
Magnesium chloride 4034+ 82 395.6t 4.2
Glucono-6-lactone 4054145 401.6+ 52
Acetic acid 392.3+ 35 390.5+ 4.4
Lactic acid 396.51+ 4.7 3904+ 5.6

* Values are means of triplicate measurements. Measu-
rements taken immediately after preparation. Coagu-
lant concentrations used were 12% (v/v) for calcium
acetate, calcium sulfate and calcium lactate 1.0% (v/v)
for calcium chloride and glucono delta lactone, 0.8%
(v/v) for magnesium chloride and lactic acid, 0.6% for
acetic acid. Data are expressed as weight and volume
of fresh curd obtained from 2! of boiled milk (soy
milk: cow’s milk=3:2, v/v).

**Mean *S. D.
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Table 6. Mineral content of soybean curds product added with cow's milk by various coagulants*

Minerals (mg/100 g dry weight)

Coagulant
Ca Mg K Na Fe
Calcium acetate 1314.8+ 124 1316+ 4.8 1814+ 5.3 61.2+ 2.7 12,6+ 3.2
Calcium sulfate 16225+ 21.2 1372+ 53 153.8+ 4.6 678+ 24 143+ 2.1
Calcium chloride 1362.2+ 18.6 1434+ 6.2 159.2+ 3.7 724+ 1.8 132+ 22
Calcium lactate 1289.3+ 24.1 1265+ 4.1 129.6+ 5.2 59.6+ 3.6 157+ 34
Magnesium chloride 5294+ 15.6 4247+ 7.6 174.8+ 3.8 574+ 1.6 48+27
Glucono-8-lactone 47.1+ 105 127.2+ 6.3 132.3+53 62.6+ 34 0618
Acetic acid 4125+ 122 108.3+ 54 121.8+ 6.2 521+ 25 131+ 2.7
Lactic acid 426.7+ 14.7 1152+ 71 116.7+ 34 584+ 19 124+ 24

*Values are means of triplicate measurements coagulant concentrations used are the same as Table 5. Measure-
ments taken after soaking the curd in running water for 2 hours.

£EY 99 g AsF 59 48 A dd
HA HA7} #5383y calcium acetate, calcium su-
Ifate, calcium lactate Z}Z} 1.2% calcium chioride,
GDL& Z}7} 1.0%, magnesium chloride, lactic acid+:
ZY7} 0.8%, acetic acidv 0.6% 502 H7hetd ztz
Az +HH7 F5-o FA ¥3= Table 59} 2tk
Calciumq LA Azd FRe {713 SuA=2
Azd THo FAY 20E vusle B9 calcium$
A FHRe FAZ B RIe TR FEP
Hl# st} ZFrhsldoh

T 2A o) 2lo] calcium chloride $-3114] F%-7} 423
go 2 71 woton 1 t}go] calcium acetate FHE
417 g, calcium lactate 5= 410g2] <07 TAY o
FHE oHT)
oA £F ¥ FANNE wA
vebd vle} go) giFum s 9§ gl F
°]E LRA N T &3] o] FOJAA] FotA & F

2 fdEE gd 2 Vg AR So] ged 7I0¥
Aoz AR}

714 A= GDL 21 FH7F 405g0 2
acetic acid\} lactic acid FRBET} T3 gieko] =9t
£ $34) 544 GDL 1A= T AA3)
gluconic acid7} f8]¥c] AdHeg i
gelo] FAEA7) gz o]AE Bt #A JERG A
02 AlgHt) o9 AufelA o] FaA F Calcium
chloride SRAZ T $F 7 TR Aol ¥
Fids] o] & o]Folx -R{FH} FH

e, A8 2 gE RSl

calcium sulfate®} magnesium chloride
FE o] At

ZAA0

.ELo] go

L

s
kil

= fasE
9E} o) curds: o|WSIE) o R Mo

SIHY FRo RI|AYgE

7 LIARE S A7t RS AR Fo1EF
F4% A3 Table 67} 2ok SnAER M2
Zxol ny|AgaEe Ca, K, Mg, Na, Fed] 0.8 ol
otk Cadtare SHAZ A4 calcium
sulfate, calcium chioride, calcium acetate, calcium sul-
fate ¥R} 7} Wolxd Hagke 47t 16225 mg%h,
1362.2 mg%, 1314.8 mg%, 1289.3 mg%%ch.

71 ER Az TR Ao oA Caghde
AR o 2 yropx GDL, acetic acid, lactic acid —‘f‘—‘ﬂr%—
ZY7t 447.1 mg%, 412.5 mg%, 426.7 mg%Sl3l magne-
L1 8990 mghgth.

Calcium® ¢3A F5-9 f7)4F A T8
TR Z Ca¥rdg Vs B9 calciumy FF
Hl A =3%vh

olzlst AFE5L Chang 5%0] B33 calcium chlo-
Bl Cad# 690 mg% e}t ¥l v calcium chlo-
ride, calcium acetate, calcium lactate® e {37}

&

tlo

calciumg &

sium chloride
s}s)
7} ¢k 3.3

ride 5

F57b o 19w} A% Cagte] Bk=w ol U89
ol TN o8 Aoz AZdt
T Tseng 52 ©] calcium sulfate® A 2§ 752

A% Ca¥ldo) 853mg%o°]: Hashizume®7} Hilg
1143 mg%et vl u B H¥JME 4759 Ca
ko] 16225 mgh o2 EA vehfch oled A

Fg TRl Cagtde Ao &5, drlg 2 989
Aolol sfalAl TR Casl FF) Aol gee @
F U}

Mgdtefol $1o]A magnesium chlorided &A=

AHeate A 23 FR9) MgdFe calcium9 -5-314 )



376

g - A% 2

ey

Table 7. Camparison of textural properties of soybean curd added with cow’s milk prepared with various

coagulants*

Hardness Cohesi- Adhesi- Spring- Gummi- Chewi-
Coagulant

(kg/force) veness veness ness ness ness
Calcium acetate 0.90 0.33 5.03 30 0.28 0.89
Calcium sulfate 0.94 0.36 7.90 2.8 0.34 0.95
Calcium chloride 0.86 0.29 5.70 3.0 0.24 0.71
Calcium lactate 0.92 0.35 7.24 2.9 0.32 093
Magnesium chloride 0.75 0.31 452 31 0.23 0.78
Glucono-8-lactone 0.95 0.21 398 2.7 0.20 0.56
Acetic acid 1.16 0.30 4.72 2.8 0.35 0.98
Lactic acid 1.05 0.28 7.52 32 0.25 0.94

* Values are means of triplicate measurements. Concentrations used are the same as Table 5. Measurements
taken after soaking the in curd in running water for 2hrs.

Table 8. Color and color difference of soybean curd added with cow's milk produced with various coagula-

nts*

Coagulant L** a b AE***
Calcium acetate 85.55 —146 13.67 17.16
Calcium sulfate 85.66 —147 13.75 17.17
Calcium chloride 85.52 —-161 13.93 17.39
Calcium lactate 82.40 —132 13.24 17.16
Magnesium chloride 84.26 —1.68 14.71 18.79
Glucono-8-lactone 86.20 —128 12.87 16.12
Acetic acid 86.05 —-113 13.00 16.30
Lactic acid 85.15 . —164 13.36 17.19

*Values are means of triplicate measurements. Measurements taken immediately after preparation.

**L: lightness (100=white, 0=black)
a: redness (—=green, + =red)
b: yellowness (— =blue, + =yellow)

*** AE: color difference (AE=\/(L~L'¥+(@—a"¥+(b—b'}

NBS(AE): unit classification: 0~0.5=trace, 0.5~1.5=slight
1.5~3.0=noticeable, 3.0~6.0=appreciable
6.0~12.0=much, over 12.0=very much
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Effect of Coagulants on the Quality of Soybean Curd Added With Cow's

Milk

Tae-Young Kim*, Joong-Man Kim!, and Nam-Jun Cho (Agricultural Science Institute, Rural
Development Administration, Suwon, 441-100, Korea, 'Department of Agricultural Chemis-
try, College of Agriculture, Wonkwang University, Iri, Cheonbug, 570-749, Korea)

Abstract : Soybean curd added with 40% of cow’s milk was prepared with eight coagulants
such as calcium acetate, calcium lactate, calcium chloride, calcium sulfate, magnesium chio-
ride, glucono-delta lactone (GDL), acetic acid and lactic acid. The curd products were eva-
luated by the chemical composition, coprecipitation porperties, mineral content, yield, color
and textural characteristics. The lowest concentrations for protein coprepitation were 0.3%
(v/v) for calcium salts, 0.4% (v/v) for magnesium chloride, 0.2% (v/v) for organic acids.
Turbidity and crude protein of whey were markedly decreased at these concentrations.
The optimal concentrations of coagualnts used for soybean curd preperation were 1.2%
(v/v) for calcium acetate, calcium sulfate and calcium lactate, 1.0% (v/v) for calcium chloride
and GDL, 0.8% (v/v) for magnesium chloride and lactic acid, 0.6% (v/v) for acetic acid.
It was observed that of the eight coagulants tested, calcium chloride provided a satisfactory
curd in quality. Calcium content of soybean curds by the calcium salt coagulants was higher
than that by organic acid coagulants. Through the examination on the textural properties
by a texturemeter was found out that acetic acid treated soybean curd among the organic
acids, calcium salts and magnesium chloride treated curds had very high hardness value.
All the curd products prepared in this experiment had a pale yellow color as affected
by the value of L (lightness), a (redness) and b (yellowness). Although the colorimetric
readings showed that the soybean curds prepared with the organic acids had higher L
value but lower a and b value in comparison to calcium salts and magnesium chloride

treated curds.



