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Quality characteristics of soybean cheese prepared with low lipoxidase soybean variety
and defatted soybean meal by fermenting after proteolytic enzyme hydrolysis

Ae Jin Choi and Sook Young Lee
Deptment of Food and Nutrition, Chung-Ang University

Abstracts

The effects of «-chymotrypsin and trypsin treatments on the functional properties (degree of hydrolysis,
solubility, and emulsifying capacity) of the soy protein isolate prepared from Jinpum soybean milk(JS milk)
which has been developed as low lipoxidase-active soybean variety in Korea and extracted from commercially
defatted soybean meal milk(DSM milk). The mixing ratios of JS milk to DSM milk were adjusted to 10:0, 7:3, .
and 5:5, respectively. The general quality attributes(yield, pH, titrable acidity, moisture contents, crude protein
contents, color, textural properties, and sensory characteristics) of soybean cheese which has been prepared with
the resulting soy protein hydrolysates were evaluated.

Jinpum SPI was better subjected to trypsin than a-chymotrypsin hydrolyses as indicated by better solubility
and emulsifying capacity of the hydrolysates. The degree of hydrolysis and solubility of Jinpum SPI were
higher than the soybean isolates from DSM milk. The increased ratios of DSM milk in the mixture resulted in
the reduced yields and crude protein content along with the lowered titratable acidity while the pH values and
moisture contents showed the opposite trends. In color characteristics, the increased amount of DSM milk
brought about the significantly lower Hunter color reflectance values of lightness of the cheese products, along
with the higher redness and total color difference value(AE). However, the enzyme treatment alone was not
enough to cause any color differences. The increased ratios of DSM milk also caused the significantly lowered
textural parameters such as hardness, adhesiveness and cohesiveness of the soybean cheese. Between the enzyme
treatments, the a-chymotrypsin treated samples resulted in the higher hardness and cohesiveness values of the
products than those from the trypsin-treated ones.

In organoleptic properties of the product, the better mouthfeel and overall quality scores were obtained from
the trypsin treatments as compared with those from the a-chymotrypsin ones. The mixing ratios of 10:0 and
7:3 were more favored than that of 5:5 as far as mouth-feel, yellowness and overall quality of the products
were concerned.

On the overall, the mixing ratio of 7:3(JS milk : DSM milk) and the trypsin treatment of the mixture was
recommended for better manufacturing of high-quality soybean cheese.
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Defatted soybean meal mitk

Jinpum soybean milk

(with or without enzyme treatment)

(with or without enzyme treatment)

\

Extract with n-hexane

(12 hrs)

\p soybean oil

Evaporate n-hexane

(by vacuum evaporator)

Adjust to pH 8 and s

tir
(90 min)

Centrlfuge
(2000X g, 20 min)

Centrifuge
(2000Xg, 20 min)

~—————p precipitate

Adjust to pH 4.5

* —— ) supernatant

Wash twice with HO

Adjust to pH 7.0

Soy protein isolate(SPI)

Fig. 1. Preparation of soybean protein isolate Jinpum soybean milk and defatted soybean meal milk.
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Jinpum soybean milk Defatted soybean meal milk

| |

Qix('lo:ﬂ, 7:3 orD
(Untreated and hydrolyzed by a-chymotrypsin or trypsD

Autoclave(121C, 15min)

Y
Ferment with starter culture
(6%, 37C, 10 hrs)

@ccr rennet (0.002%)

Cook (50T, 2 hrs)
v

Add with CaCl,
(0.4%, 30 min)

@m the hoop (12 hrs)

Add with salt (1.0%)

Soybean cheese

Fig. 2. Procedure for the preparation of soybean cheese.

* ratio of soybean milk and defatted soybean meal milk

69 - dzzBes A 173 152001



70

& ok, 50T F2FFA 0E B9 258 A
3] &3 Wil YRyt 50T HE #A
AdshdA] wjgd 7A9 04% (w/w) CaCL S 339
ol 308 5¢ F7MSGh olAE WX ¥of 12
Al B S g EE 211719} % 33kg9] B
AR 24X B¢ T L 1.0%(ww)2 zﬂg»g
T HYE FArbsle 2GS UEolN FHZE AR
stait.

ITXIE
EzE

5. Bx|=9|
&
S EC!

9 gEo

0x

5%

T8 YEFF ILEYH oA N2

AT

g of soybean cheese
1L of soybean milk

Yields(%) = X 100
2) pH
FA2 pHE FA2 10g0] 539 FF5E 713t
o 2 Z¥F ¥ pH meter(Metrohm 6358 AL&-3lo]
38 At

3) Ale
FXZ2 AxE Z AR 10midl §%9 SHFE
A5k 0.1% phenolphthalein £4-& 0.5mlE 7139 &

0.IN NaOH&H 22 AA3le 30% ol4 wl&EMo] ¢l
AAA P & FHYLE s o] o &uE 0IN

o a o
NaOH9] migE 2343 & t}8 48 o]g3std lactic
acid(LA)% 2 8Hatste] A 4babolch
ml of 0.IN NaOH X FXx 0.009
LA(%)= X 100
ml of sample
F : factor
4) F& IF
FAzY FE FFL HYLd FESF7IANSG,

Mettler, Swiss)2 &35t th Plate SY A& 2g&

SHl 224 ES F 110THA 3087 AZFAA
Az A Ax Fo FFAR £¥ FEFE ALIA
=

5) A I

EA29 zuwd e Kjeldhal'd?'g o] &3}
Z4E FFY F 39 A2AFQ 5718 Foko A
asteict

JF AR A 172 A1352001)

2Z 712 40mm, M2 40mm, 74 10mm 2%
9 FASAAE ¢E ¥ color difference meter(CQ-
1200X, Hunter Lab,US.A)E Al&3l lightness(“L"),

redness(“a”), yellowness("b"), AEE &3l

7) NAAY] d2A
gHze) AAAH G249 Z3e ARE AD
15Smm, o] 20mme] =7|E gHE0] Rheometer(CR-
100D, Sun Scientific, Japan)E ©]-8&3}o] 7 T(hardness),
.2 (adhesiveness), 2 % A(cohesiveness),

e d
(springiness) & &3 3tk Rheometerd]
Table 13} Zch

Table 1. Sensory evaluation of soybean cheese

Items Scores

Mouthfeel sandy(0) <€¢————>» smooth(15)

Roasted nutty flavor slight(0) <¢———p strong(15)

Beany flavor strong(0) <€——— slight(15)

Bitter taste strong(0) <¢——p slight(15)

Yellowness dark(0) <4———p light(15)

Overall quality undesirable(0) «¢—p desirable(15)
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Table 2. Condition of Rheometer used for the texture
analysis of soybean cheese

Probe diameter 20 mm Round adapter

Load cell 10 kg

Table speed 120 mm/min.
Chart speed 100mm/min
Clearance 10 mm
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Table 3. The proximate analysis of soybean milk and

defatted soybean meal milk (units : %)
Samples Jimpum soybean Defatted soybean
Components milk meal milk
Protein 3.01 273
Fat 2.02 1.05
Carbohydrates 1.93 1.84
Ash 0.28 0.23
Moisture 92.76 94.15
Solid matter 7.24 5.85
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Table 4. Degree of hydrolysis of soy protein isolates as affected by a-chymotrypsin and trypsin treatments

(units : %)
Soy protein isolate
Treatment F-value
Jinpum Soybean Deffatted soybean meal
Unureated £7.05%(0.39) ¥5.67°(0.18) 30.357
a-Chymotrypsin ®13.69°(1.03) "8.12°(0.37) 78.04"
trypsin #30.17°(2.82) %9.55°(1.71) 117.607
F-value 139.497 11.26"

Mean(Standard deviation)
** . p < 001, *** : p < 0.001

A~%Means with different superscripts in the same column differ significantly by Duncan’s multiple range test(p < 0.05)
*“PMeans with different superscripts in the same row differ significantly by Duncan’s multiple range test(p < 0.05)

71 -

FZze Hatsl 2] A 178 A 1Z5(2001)



72 HAR

Table 5. Solubility of soy protein isolates as affected by a-chymotrypsin and trypsin treatments.

LY

(units : %)

Soy protein isolate
Treatment F-value
Jinpum Soybean Deffatted soybean meal
Untreated “69.47°(1.61) ¥38.27°(2.75) 287.817
a-Chymotrypsin “85.30°(1.47) "42.63°(1.50) 123466
trypsin *91.87%(0.75) #45.70°(1.91) 1524.82°7
F-value 224.46 9.34

Mean(Standard deviation)
*:p <005 ***:p < 0.001

A"OMeans with different superscripts in the same column ditfer significantly by Duncan’s multiple range test(p < 0.05)
*~®Means with different superscripts in the same row differ significantly by Duncan’s multiple range test{(p < 0.05)
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Table 6. Emulsifying capacity of soy protein isolates as affected by a-chymotrypsin and trypsin treatments

(units : ml)

Soy protein isolate

Treatment F-value
Jinpum Soybean Deffatted soybean meal
Untreated 212.00(15.00) “198.67(23.46) 0.69™
a-Chymotrypsin ©275.67°(4.04) 4320.00°(12.29) 51.00°
trypsin #320.67(10.02) #330.00(4.00) 2.25™
F-value 78.53 71.59"

Mean(Standard deviation)
* . p <005 ***: p < 0.001, NS : Not Significant

4~OMeans with different superscripts in the same column differ significantly by Duncan’s multiple range test(p < 0.05)
*“PMeans with different superscripts in the same row differ significantly by Duncan’s multiple range test(p < 0.05)
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Table 7. Effects of the different types of enzyme treatment and mixing ratio on the yields of soybean cheese  (unit : %)
Treament
“Mixing rate F-value
Untreated o-Chymotrypsin Trypsin
10:0 *14.09(0.10) *14.07(0.66) #14.53(0.50) 0.90™
7:3 #10.44(0.66) “10.03(1.59) ®10.95(1.29) 041>
5:5 ®10.07(0.55) #10.01(1.04) ¥10.16(1.11) 0.02™*
F-value 59.147 12.107 15.617

Mean(Standard deviation)

Y10 : 0 = soybean milk 10 : defatted soybean meal milk O
7 : 3 = soybean milk 7 : defated soybean meal milk 3
5 : 5 = soybean milk 5 : defatted soybean meal milk 5

* 1 p <001, *** : p < 0001, N.S : Not Significant

A~OMeans with different superscripts in the same column differ significantly by Duncan’s multiple range test(p < 0.05)
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Table 8. Effects of the different types of enzyme treatment and mixing ratio on the pH of soybean cheese

Treament
"Mixing rate F-value
Untreated a-Chymotrypsin Trypsin
10:0 "4.82(0.02) 4.83(0.06) “4.80(0.02) 047"
7:3 “4.86(0.04) “4.87(0.03) “4.86(0.01) 0.19™°
5:5 %4.96°(0.01) #5.04°(0.01) #5.02°(0.01) 52.007
F-value 16.247 26417 212.187

Mean(Standard deviation)

Y10 : 0 = soybean milk 10 : defatted soybean meal milk 0
7 : 3 = soybean milk 7 : defatted soybean meal milk 3
5 : 5 = soybean milk 5 : defatted soybean meal milk S

* 1 p <001, *** : p < 0.001, N.S : Not Significant

4~OMeans with different superscripts in the same column differ significantly by Duncan’s multiple range test(p < 0.05)
*~“Means with different superscripts in the same row differ significantly by Duncan’s multiple range test(p < 0.05)

S 73 .
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Table 9. Effects of the different types of enzyme treatment and mixing ratio on the titratable acidity of soybean

cheese (unit : %)
v Treament
Mixing rate - - F-value
Untreated a-Chymotrypsin Trypsin
10:0 #1.42°(0.01) £1.41°(0.01) *1.440.01) 7.007
7:3 ¥1.38%(0.01) “1.36°(0.01) ®1.39%0.01) 7.43"
5:5 “1.23%(0.01) “1.06°(0.01) “1.11°0.01) 229.007
F-value 301.007 1075.007 1717.807

Mean(Standard deviation)

Y10:0=

soybean milk 10 : defatted soybean mea! milk O

7 : 3 = soybean milk 7 : defatted soybean meal milk 3
5 : 5 = soybean milk 5 : defatted soybean meal milk 5
* :p <005 *** : p < 0001

A~OMeans with different superscripts in the same column differ significantly by Duncan’s multiple fange test(p < 0.05)
*~Means with different superscripts in the same row differ significantly by Duncan’s multiple range test(p < 0.05)
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Table 10. Effects of the different types of enzyme treatment and mixing ratio on the moisture contents of

soybean cheese (unit : %)
v Treament
Mixing rate - F-value
Untreated a-Chymotrypsin Trypsin
10:0 66.13(0.04) “66.34(0.61) 66.61(0.11) 1.41™°
7:3 %67.16(0.63) *%67.21(0.65) 67.30(0.45) 0.04"°
5:5 *67.39*°(0.37) *68.04*0.11) 66.33°(0.92) 5.49"
F-value 7.82" 628" 2.12M°

Mean(Standard deviation)

Y10: 0 =
7:3=
5:5-=

soybean milk 10 : defatted soybean meal milk O
soybean milk 7 : defatted soybean meal milk 3
soybean milk 5 : defatted soybean meal milk 5

* . p <005 N.S : Not Significant
4~©Means with different su rscripts in the same column differ significantly by Duncan’s multiple range test(p < 0.05)
-~ pe g y by p g

*“Means with different superscripts in the same row differ significantly by Duncan’s multiple range test(p < 0.05)
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Table 11. Effects of the different types of enzyme treatment and mixing ratio on the crude protein contents of
soybean cheese ’ (unit : %)
. Treament
Mixing rate F-value
Untreated a-Chymotrypsin Trypsin
10:0 #28.18°(0.92) 431.92%(1.84) #33.88"(2.96) 5.80
7:3 ¥23.38°(1.84) 429.76%0.92) #31.92%0.93) 34827
5:5 ¥21.27°(0.03) 26.57°(0.92) %27.70°(0.12) 122267
F-value 26.63" 12.797 9.32°

Mean(Standard deviation)

Y10 : 0 = soybean milk 10 : defatted soybean meal miik O

7 : 3 = soybean milk 7 : defatted soybean meal milk
5 : 5 = soybean milk 5 : defatted soybean meal milk
*:p <005 * :p <001, *** : p < 0001

3
5

A~OMeans with different superscripts in the same column differ significantly by Duncan’s multiple range test(p < 0.05)
*“9Means with different superscripts in the same row differ significantly by Duncan’s multiple range test(p < 0.05)
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Table 12. Effects of the different types of enzyme and mixing rate on the color difference of soybean cheese

Hoj - 0|49

.- Treament
Mixing rate F-value
Untreated a -Chymotrypsin Trypsin
10:0 #85.54°(0.19) *84.45°(0.12) "84.84°(0.46) 10.45"
Lightness 7:3 83.40%(0.07) “82.67°(0.17) “82.53%(0.34) 13.307
5:5 “80.96°(0.14) “80.51°(0.27) “79.76°(0.01) 3455
F-value 785.61 299.26" 177.36"
10:0 “1.39°(0.06) “1.30°(0.03) “1.44°(0.01) 10.50°
Redness 7:3 #1.74°0.01) “1.87°(0.03) “1.92°(0.01) 57.46
5:5 #2.00°0.11) #2.507(0.02) 42.45%0.02) 53277
F-value 53.99 1382.16 5302.237
10:0 *16.61°(0.11) 16.65"(0.080 15.99°(0.10) 40.847
Yellowness 7:3 *16.66(0.06) 16.38(0.38) 16.25(0.03) 2717
55 ®16.28(0.19) 16.40(0.28) 16.16(0.18) 0.92%
F-value 729 0.92" 3.75™
10:0 *18.13°(0.15) “18.65"(0.03) “17.82°(0.14) 37257
AE 7:3 #19.23(0.02) ©19.41(0.40) ©19.39(0.22) 0.43™
5:5 #20.34°(0.05) #20.90°(0.19) #21.07°%0.13) 23,66
F-value 456.73" 60.36" 282.88"

Mean(Standard deviation)

10 : 0 = soybean milk 10 : defatted soybean meal milk O
7 : 3 = soybean milk 7 : defatted soybean meal milk 3
S : 5 = soybean milk 5 : defatted soybean meal milk 5

*: p <005 * :p <001, *** : p < 000}, N.S : Not Significant
A~SMeans with different superscripts in the same column differ significantly by Duncan’s multiple range test(p < 0.05)
*~“‘Means with different superscripts in the same row differ significantly by Duncan’s multiple range test{p < 0.05)
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Table 13. Effects of the different types of enzyme and mixng rate on the textural properties of soybean cheese

YMixing rate Treament F-value
xmg Untreated -Chymotrypsin Trypsin )
10:0 2411.13(25.84) #425.90(1.19) ~386.72(10.67) 4.50™°
hardness 73 $275.21°(17.70) $184.29'(21.52) 234 .85°(4.56) 6749
(g/cm’y
5:5 +236.52°(9.96) +297.40°(20.02) £216.42°(3.21) 3135
F-value 70.09" 47" 54229
10:0 88.00(1,73) #89.00(10.00) £92.33(5.77) 0.34™°
Adhesiveness 7:3 82.33(5.77) *88.67(10.58) "92.33(5.77) 3.44™
(dynefcm”)
5:5 81.67(6.35) %71.67(4.62) %72.00(6.08) 2.94™
F-value 1.42N° 727 11.96"
10:0 20.49(0.24) 20.24(3.54) 418.03(1.27) 1.16™°
COhC(S;")C“'aSS 73 20.76(2.13) 19.57(1.47) A17.47(0.49) 357"
0
5:5 18.36%(1.18) 17.76°(1.60) 514.70°(0.24) 8.68°
F-value 2.60™° 0.86™° 14.42”
10:0 22.17(0.89) 24.60(4.79) 21.92(1.44) 0.76™°
Sp";‘j')“ess 73 21.99(0.36) 24.13(1.99) 19.78(3.47) 2.64™
0
5:5 20.76(2.89) 22.31(3.07) 18.36(0.67) 1.96™°
F-value 0.57™° 0.36™° 1.98™°

Mean(Standard deviation)

Y10:0 = soybean milk 10 : defatted soybean meal milk 0

7:3
5:5

]

soybean milk 7 : defatted soybean meal milk 3
soybean milk 5 : defatted soybean meal milk 5

*: p<0.05 * :p <001, *** : p < 0001, N.S : Not Significant
A~OMeans with different superscripts in the same column differ significantly by Duncan’s multiple range test(p < 0.05)
*“Means with different superscripts in the same row differ significantly by Duncan’s multiple range test(p < 0.05)
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‘a-Chymotrypsin
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Fig. 3. QDA profiles for sensory charateristics of soybean
cheese. —€— 10:0, ---O--: 7:3, —A—: 5:5(ratio of
sovbean milk and defatted soybean meal mlik)
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