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Alkaline Extraction Technology of Dietary Fiber from Soybean Dregs and
Formula Optimization of Soybean-Based High-Fiber Biscuit
LI Rong-ji', ZHAO Feng', ZHENG Ke-wei’, CHEN Hai-yan’

(1. School of Food Science and Engineering, Jilin Agricultural University, Changchun 130000, China; 2. College of Life Sciences, Changchun Institute
of Technology, Changchun 130000, China)

Abstract ; In order to efficiently extract the dietary fiber from soybean dregs and process the soybean-based high-fiber biscuits,
this study adopted the alkaline extraction method and discussed the effect on the fiber extraction rate from soybean dregs of
alkali concentration, alkali immersion temperature, alkaline immersion time and trypsin activity through single factor and
orthogonal experiments. Further, the crispness value and sensory evaluation response surface analysis were carried out to
optimize the formula of bean-based high-fiber biscuit on the basis of single factor experiment of adding amount of egg, butter,
and dietary fiber. The results showed that the optimal process conditions for preparing dietary fiber were alkaline leaching
temperature of 90 °C, alkaline concentration of 1% , alkaline leaching time of 35 min, 0.25% of 500 UI trypsin, and an
extraction rate of 83.14% . The best formula for soy dietary biscuits was dietary fiber 4% , butter 40.30% , and egg 25.50% .
The evaluation test proved that this technology and formula could produce high dietary fiber biscuit with golden color, loose taste
and special bean flavor. The soybean-based high-fiber biscuit produced by the best ratio scheme can meet the National Standard
and the general taste of the public and has good market potential. The moisture content was 1.85 + 0.02 g+ (100 g) ™', ash
content was 1.49 + 0.03 g- (100 g) ™', crude protein content was 5.83 + 0.42 g- (100 g) ™', soluble dietary fiber
content was 0. 13 + 0.03 g- (100 g) ™', and carbohydrate content was 41.67 = 2.98 g- (100 g) ~'.

Keywords: bean dregs; dietary fiber; alkaline leaching; hydrolysis; soybean-based high-fiber crisp biscuits;

technology ; formulation
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Table 1 The factors and levels of orthogonal experiment

2 Factor

K A B o D
Level Bk e L I} ] T
Alkali concentration/% Temperature/°C Time/min Enzyme activity/UI
1 0.85 80 35 375
2 1.00 85 40 500
3 1.15 90 45 625
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Table 2 The box-bohnken factors and levels

[K1 2 Factor
IKF
A B C
Level
HMZS I Amount of butter/ % MEGNNE Amount of eggs/ % FEE L4 i Addition of dietary fiber/%
-1 34 21 3
0 40 25 4
1 46 29 5
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Table 3 The sensory evaluation standard of high dietary fiber crisp biscuits
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Table 4 The analysis of orthogonal experiment on extraction process of dietary fiber from soybean dregs
A B C D E
WA , ; . . ‘
Hom %S [ I} [h] FitEI 1 Ji B A R UR
Alkali concentration/% Temperature/°C Time/min Enzyme activity/Ul  Dietary fiber extraction rate/%
1 1 1 1 1 78.02
2 1 2 2 2 74.85
3 1 3 3 3 78.65
4 2 1 2 3 79.23
5 2 2 3 1 80.28
6 2 3 1 2 81.12
7 3 1 3 2 77.55
8 3 2 1 3 77.98
9 3 3 2 1 82.53
Ky 231.52 234.80 237.12 240.83
K, 240.63 233.11 236.61 233.52
K; 238.06 242.30 236.48 235.86
k, 77.17 78.27 79.04 80.27
k, 80.21 77.71 78.87 77.84
ky 79.35 80.77 78.83 78.62
R 3.18 3.06 0.21 2.43

PUESS A A A, B, C, D AT, 5 I
R A A B, C,D, X FAY IR 0 25 S 4 1
S BRAEZRAE A, B, Cy Dy, BGEh F RE B 2T Ak Y i
HBORN 83.14% (F25) o fedk 50y 58I B A]
35 min NaOH Y& K 1% iR 1R N 90 C | JE
F1 i 14 500 UL,
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Table 5 The extraction method optimal verification test
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Fig.7 The effect of dietary fiber addition on

soybean-based biscuits
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Table 6 The Box-Bohnken test results

R 5 N B C RN (E BE W
No. Crispness value/(g-mm ") Sensory score
1 -1 -1 0 1325.46 +49.93 68.60 +2.69
2 1 0 1 2198.64 +366.12 74.00 £2.55
3 0 1 1 2071.33 +278.45 72.40 £2.46
4 0 0 -1 1352.81 +317.60 71.20 +£1.96
5 0 -1 -1 1090. 36 +224.36 67.40 +1.34
6 0 0 0 3268.43 £167.36 79.00 +1.86
7 0 0 0 3293.32 £298.50 86.40 +1.98
8 0 0 0 3314.85 £254.61 82.90 +£1.43
9 0 0 -1 2102.86 +221.75 70.50 £1.95
10 -1 0 -1 1362.10 +£266.73 73.00 £1.78
11 1 0 -1 1879.95 +118.37 79.70 £2.33
12 0 0 0 3287.92 £373.03 85.10 +1.81
13 -1 1 0 1816.12 +118.21 71.49 £1.87
14 1 1 0 2063. 11 +246.34 73.10 +2.34
15 0 0 0 3317.28 £262.97 84.60 +2.53
16 1 -1 0 1798.53 +121.42 76.40 +2.56
17 0 -1 1 1844.64 +327.50 71.20 +2.24

T5 225 Wi R M iz A A P <0. 01, 328
[l AR, 5 25, I 2 FU0E P > 0. 05, R B I A
3 5 Al AR ) e s R R =0.946 4 %
PEZBR,,S = 0.946 0, 3 B A5 10 B 55 4 b )

e (9 A - PR R AR O, i [ A 5 R A R i
Lo HIMADS S TSI B S IR AB XD RVE
PO RSEI IR B P 2E K- (P <0.05) (R 7).

R UREFSARATENOEAFEAESH

Table 7 The variance analysis of the regression equation with sensory score as the dependent variable

Hei A eh B . . ,
Adj SS Adj MS F P
Source Degree of freedom
i3 Model 9 578.69 63.42 32.14 0.000
A 1 56.18 56.18 27.18 0.001 **
B 1 5.95 5.95 2.88 0.144
C 1 0.68 0.68 0.42 0.571
A2 1 74.45 74.45 36.02 0.001 * *
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&R
b3 H H ) .
Source Degree of freedom Adj 55 Adj M5 F P
B2 1 255.45 255.45 132.99 0.000" *
2 1 125.83 125.83 58.96 0.000" *
AB 1 13.36 13.36 6.45 0.035"
AC 1 3.05 3.05 1.34 0.260
BC 1 0.32 0.32 0.05 0.833
22 Error 6 15.96 2.23
J 48 Lack of fit 3 5.00 2.00 0.73 0.621

T " BRI (P <0.05) 5 " " SRR B3 (P <0.01)

Note: * indicates significant influence; * * indicates extremly significant influence.
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Note : a. The effect of butter and egg on sensory score; b. The effect of butter and dietary fiber on sensory score; c. The effect of egg and dietary fiber on

sensory score.
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Fig.8 The response surface analysis of the effects of interaction on biscuit sensory quality
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Table 8 The comparison of texture between soybean-based high-fiber biscuit in this study and commercial

soybean-based high-fiber biscuit

it H 2053 RN (B WL 14 P
Project Hardness/g Crispness value/ (g-mm ") Chewiness/m] Elasticity/mm
SRR
1398.46 +71.81 3631.57 +314.25 1256.21 +39.25 0.382 +0.06
Soy high-fiber biscuits
KIFIRKEZYET
MISURA RICCA 1231.52 +28.39 906.74 +28.38 1100.47 +47.20 0.419 £0.02
soy crackers
3 DT
1035.48 +40.34 997.76 +64.26 1182.64 +32.56 0.365 +£0.03

Agate spring okara biscuits
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Table 9 The test results of physical and chemical indexes of soybean-based high-fiber biscuit

. [958 PNZE it B S OMERE IR E
> Total number of Coliform/ Mould count/ Staphylococcusaureus/ Salmonella/
Project
colonies/ (CFU-g™!) [ MPN- (100 g) =] (CFU-g™1) (CFU-g™1) (CFU-g™1)
2 Result 2+1.10 3+0.55 6+1.04 0 0
5 Index <750 <30 <50 10° -
2.7 EEFHGTEFERNE HURRERAS HA R 2 B VER B RS %

2RI, 5 v AR T A A e A R K
G 1.85+0.02 g- (100 g) ', KA A 1,49 =
0.03 g-(100g) ™", LA & & 5. 83 = 0. 42
g+ (100 g) ~" AT ML RE AT 4E & & 0. 13 £ 0. 03
g+ (100 g) ~', B K AL A W & B 41,67 £ 2. 98
g+ (100 g) 7',

3 itig
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