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Abstract
Okara protein (OP) was extracted by alkali solution and acid-isolation method using bean dregs as raw materials. With 
OP as the main raw material, the mixed gelatin and modified starch as the gelling agent, xylitol as the sweetener, and 
buffered lactic acid as the sour agent, the elasticity, hardness, stickiness and chewiness of the texture analyzer were 
analyzed by the single-factor test and orthogonal test. Combined with sensory evaluation, the optimal formula for the 
preparation of OP gel gummies was comprehensively obtained as: the ratio of gelatin to modified starch was 9:1; the 
xylitol addition was 18 g; the addition of buffered lactic acid was 0.7mL, and the addition of OP solution was 16mL, 
respectively. The gel gummies prepared under this formula have the advantages of suitable sweetness and sourness, 
good taste, good stickiness and uniform color. It also has special physiological functions, such as immune regulation 
and antihypertensiveness.
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1  Introduction

Soybean dregs are a by-product produced when process-
ing soybeans [1, 2], and the moisture content of okara pro-
duced by soybean is about 85%. Due to its high moisture 
content and perishability, it is not used properly. Soybean 
dregs are mostly used in livestock breeding, resulting in 
environmental pollution and waste of resources. Okara 
contains a lot of dietary fiber, protein, fat, isoflavones, nia-
cin and rich nutrients [3–6]. Among them, okara protein 
is similar in amino acid composition to soybean protein 
isolate and is a high-quality protein. During the produc-
tion of okara, heat treatment will inevitably occur, result-
ing in changes in the structure of okara protein with poor 
solubility [7]. Due to the low extraction rate of okara pro-
tein (OP) and the poor functional property, its application 
in food is limited. Till now, there are many methods for 
OP extraction, such as alkali-solution and acid-isolation, 
ultrasonic assistance, enzymatic treatment and membrane 

technology [8]. Alkali-solution and acid-isolation are 
widely used method for protein extraction due to their 
simplicity, rapidity, and low cost. Some studies have shown 
that the stability of plant cell walls is affected by strong 
alkaline pH, which favors the release and dissolution of 
proteins. In addition, different acid-solution processes 
can also affect the properties of OP to some extent. Dif-
ferent acid-isolation [9] or temperatur [10] will also affect 
the physical and chemical properties of OP. The principle 
of protein acid-isolation alkaline solution was used to 
extract OP, and the effects of different acid-isolation pro-
cesses on the structure and functional properties of OP 
were explored.

In addition, there have been no reports on the prepara-
tion of gummies and other functional products from low 
fat OP. Taking the compound of gelatin and modified starch 
as a gelling agent, the sweetener xylitol and acidulating 
agent were added to buffer lactic acid. Then the gel gum-
mies with rich high-quality protein and easy to be absorbed, 
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hypoglycemic and lipid-lowering were developed through 
sol, boiling, sugar boiling and injection molding. This experi-
ment focuses on the characterization of the sensory, hard-
ness, elasticity, chewiness and stickiness of gel gummies. 
The results can provide a theoretical basis and technical 
support for the application of OP gel gummies, aiming to 
further develop and utilize Okara and broaden the market 
of gel gummies.

2 � Materials and methods

2.1 � Experimental materials

Okara powder, Dumas method was used to determine 
the protein content of 15.39 ± 0.02% (N × 6.25, dry basis), 
purchased from Shandong Xiangchi Grain and Oil Com-
pany for OP extraction. Pepsin and trypsin were purchased 
from Sigma Company in the United States. The gelatin was 
purchased in Guangzhou Xinzhiwei Food Ingredients Mall; 
the modified starch was purchased from Zhengzhou Yuhe 
Food Additive Co., Ltd; Xylitol was purchased from Hain-
ing Dayu Food Technology Co., Ltd, and the buffered lactic 
acid was purchased from Hubei Zhuangmei Biotechnology 
Co., Ltd. NaOH was purchased from Guangdong Guanghua 
Chemical Factory Co. LTD. HCl and H3PO4 were purchased 
from Lianjiang Ailian Chemical Reagent Co., LTD. All other 
chemicals were analytical grade.

2.2 � Study design

2.2.1 � Preparation of OP freeze‑dried powder

After a slight modification, the distilled water was added 
according to the liquid ratio of 1:20, and the pH value of 
the aqueous solution of okara was adjusted to 12.0 with 
1 mol/L NaOH solution. The solution was fully stirred at 
room temperature for 30 min, and then cooled for standby. 
Then it was centrifuged at 6000 rpm for 10 min (himac CR 
22 G High-Speed Refrigerated Centrifuge, HITACHI, Japan) 
to take the supernatant. After that, the pH value of the 

supernatant was adjusted to 4.5 with HCl, CA and H3PO4 
respectively. 7000×g (himac CR 22 G High-Speed Refriger-
ated Centrifuge, HITACHI, Japan) at 25 °C was centrifuged 
for 10 min, and repeated the wash for precipitation before 
standby [11]. A certain amount of wet protein precipitation 
was weighted and re-dispersed in a certain proportion in 
distilled water, then stirred slowly for dissolution. Protein 
solution was prepared by adjusting pH 7.5 with 1 mol/L 
NaOH solution, and part of the solution was lyophilized 
and recorded as OP (HCl), OP (CA), OP (H3PO4) for standby.

2.2.2 � Preparation of OP gel gummies

OP precipitated with hydrochloric acid was selected to 
prepare gel gummies. The preparation points of OP gel 
gummies are as follows:

Sol: A certain amount of gelatin was precisely weighed 
into a 50mL beaker and twice its mass was added to the 
protein aqueous extracting solution. After fully swelling 
at room temperature, it was further fully dissolved in a 
constant temperature water bath at 60 °C to form a sol for 
standby [11].

Sugar dissolving: A certain amount of modified starch 
and xylitol was precisely weighed into a 100mL beaker to 
add a certain amount of water/protein water extraction. 
It was then heated and boiled on an electric stove and 
stirred constantly with a glass rod until it became a trans-
parent paste to stop heating. Then it was cooled to 70 °C 
and kept warm in a thermostatic water bath for later use 
[11].

Acid regulation and mixing: The fully swelled gelatin 
was injected into the modified starch solution and stirred 
evenly. The gelatin solution was then injected, and a cer-
tain amount of buffered lactic acid solution was added to 
stir well. After that, it was placed in a 70 °C thermostatic 
water bath to eliminate bubbles during mixing [11].

Injection mold and demolding: The syrup mixture was 
poured into a dry and clean mold while it was hot, and the 
obtained gel gummies were naturally dried at room tem-
perature for 24 h with a turn over once, demolded after 
molding [11].
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2.2.3 � Single‑factor test design

Through previous preliminary experiments, the ratio of 
gelatin to modified starch, the xylitol addition, the addi-
tion of buffered lactic acid, and the addition of OP solu-
tion were determined as four main influencing factors, 
each of which was set at five levels. The ratio of gelatin 
to modified starch was set as 6:1, 7:1, 8:1, 9:1 and 10:1 
respectively; the xylitol addition was 15 g, 16 g, 17 g, 18 
and 19 g respectively; the addition of buffered lactic acid 
was 0.5mL, 0.6mL, 0.7mL, 0.8mL and 0.9mL respectively; 
the addition of OP solution was 0mL, 4mL, 8mL, 12mL and 
16mL respectively (Prepare 4% protein solution (4.0%, 
w/v), and add according to the above volume ratio and 
16mL in total, and then make up the deficient part of pro-
tein solution with distilled water). Combined with sensory 
evaluation and texture analysis, the influence of different 
factors and different levels on the quality of gummies was 
explored to select the optimal level of each factor. The 
optimal level of each factor and its left and right levels 
were selected for orthogonal test.

2.2.4 � Orthogonal experimental design

According to the results of single-factor experiment, tak-
ing the ratio of gelatin to modified starch, the xylitol addi-
tion, the addition of buffered lactic acid, and the addition 
of OP solution as the main influencing factors, three levels 
of orthogonal experiments were selected for each factor. 
The L9 (34) orthogonal table was designed for the orthog-
onal optimization experiment. Then, through sensory 
evaluation and texture analysis, the optimal processing 
conditions were determined and the optimal gel gum-
mies formula was obtained. The factors and level design 
of orthogonal experiment are shown in Table 1.

2.3 � Determination of product quality

2.3.1 � Sensory evaluation of gummies

This experiment was evaluated by sensory description. 
Prior to evaluation, relevant training should be conducted 
to provide basic techniques and methods for sensory 
analysis as well as basic knowledge of related products. 

Table 1   Orthogonal test 
factors and horizontal design

Level A
Ratio of gelatin to modi-
fied starch (g:g)

B
Dosage of buffered lactic 
acid (mL)

C 
Xylitol Addition
(g)

D
Dosage of OP 
solution (mL)

1 7:1 0.5 17 8
2 8:1 0.6 18 12
3 9:1 0.7 19 16

Table 2   Sensory quality scoring criteria for OP gel gummies

Items Scoring criteria Scores

Flavor
(20 scores)

Moderate acidity and sweetness, no odor 15–20
Light or no okara, slightly sour or sweet 10–15
Strong Okara taste, sour or sweet 1–10

Organizational form (25scores) Flat body, smooth and transparent surface with a few bubbles, shiny, and the hardness is moder-
ate

20–25

Relatively flat body, smooth and transparent surface with bubbles and a certain luster, slightly 
soft or hard

10–20

Uneven body, rough surface with many bubbles, no luster, too soft or too hard 1–10
Elasticity
(25 scores)

Good elasticity and suitable hardness 20–25
Good elasticity, fast recovery and deformation 10–20
Poor elasticity, slow recovery deformation 1–10

Stickness
(15 scores)

Non-sticky 10–15
Slightly sticky 5–10
Severely sticky 1–5

Chewiness
(15 scores)

Delicate chewing taste and easy to chew 10–15
Fine chewing taste and poor chewiness 5–10
Rough chewing taste and non-chewy 1–5
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In this way, improve their ability to detect, identify and 
describe sensory stimuli can be improved, and the result-
ing evaluators can act as special “analytical instruments” to 
produce reliable assessment results. The evaluators were 
selected by testing sensory function, sensory sensitivity 
and descriptive ability. A sensory assessment panel, con-
sisting of 10 food-related professionals, scored the taste, 
color, organization, and appearance transparency of the 
gel gummies according to the scoring Tables [11, 12], as 
shown in Table 2.

2.3.2 � Texture analysis of the gummies

In this test, the hardness, elasticity, chewiness and stickiness 
of the gummies were determined using the TMS-PRO food 
texture analyzer. The determination conditions are as fol-
lows: a universal cylindrical probe with a probe diameter of 
25.4 mm and a length of 35.0 mm; Mode: TPA; Determination 
speed: 60 mm/min; Probe residence time: 1s; Compression 
degree: 60%; The height of probe rise to sample surface: 10 
mm; Starting force: 0.05 N. Then the gummy was cut into 
small square shapes, and each group of glue was deter-
mined in parallel 3 times [11, 12].

2.4 � Data processing

At least three independent experiments were conducted in 
this experiment. SPSS19.0 was used for analysis of variance 
(ANOVA), and Duncan multiple comparison was used for sig-
nificance analysis (p < 0.05). The single-factor mean value, 
standard deviation and orthogonal experimental data are 
processed by Excel2016, and Origin2018 plots the data.

3 � Results and discussions

3.1 � Recovery and purity of OP

OP was extracted from an aqueous solution at pH 12.0, and 
the OP in the alkali extraction solution was recovered by 
HCl, CA and H3PO4, respectively. It can be seen from Table 3 
that there is no significant difference in the recovery of OP 
by different acid-isolation, which is about 70%. The purity 
of OP varied with the acid-isolation. Among them, OP (CA) 
has the highest purity, which is probably because citric acid 
is a strong ternary organic acid that continuously ionizes 

H + during acid-isolation process for better protein precipita-
tion. The purity of OP (HCl) is higher than that of OP (H3PO4), 
which probably because HCl is more acidic than H3PO4 and 
precipitates more protein.

3.2 � Single‑factor analysis of gummy preparation

3.2.1 � Effect of the ratio of gelatin to modified starch 
on the quality of gel gummies

Single gelatin does not have a good taste, so that a certain 
amount of modified starch is added to the colloid with a 
compound gel agent. The compound colloid of gelatin and 
modified starch is a new type of gel gummies, and the gum-
mies made by it have good chewiness and taste. As shown 
in Fig. 1, different proportions of gelatin and modified starch 
have little effect on the elasticity of gummies, while the hard-
ness, stickiness and chewiness increase with the increase of 
gelatin. When the ratio of gelatin to modified starch was 6:1, 
the hardness of gummies was low. Demolding was slightly 
difficult, with the worst texture characteristics and sensory 
scores. When the ratio of gelatin to modified starch was 10:1, 
the high chewiness of gummies, too high hardness and 
heavy gelatin taste made the score decline. When the ratio 
of gelatin to modified starch was 8:1, the gummies had mod-
erate hardness, best taste and high transparency, and the 

Table 3   Effect of different acid-
isolation on the recovery rate 
and purity of OP (%)

Different superscripts (a–e) indicate significant differences (p < 0.05)

Water extraction OP(HCl) OP(CA) OP(H3PO4)

Recovery rate 4.02 ± 0.88b 70.51 ± 1.76a 71.47 ± 1.32a 69.83 ± 2.16a

Purity 13.90 ± 0.02d 68.48 ± 0.15b 71.21 ± 0.22a 64.57 ± 0.14c

Fig. 1   Effect of gelatin and modified starch on the quality of gelatin 
gummies
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sensory score was the best. Based on texture analysis and 
sensory score, the ratio of gelatin to modified starch at 7:1, 
8:1 and 9:1 was selected for orthogonal experiment [13, 14].

3.2.2 � Effect of buffered lactic acid dosage on the quality 
of gel gummies

As shown in Fig. 2, as the buffered lactic acid increases, 
the hardness and stickiness of the gummies decrease, and 
the chewiness and sensory scores first increase and then 
decrease. Choosing buffered lactic acid as an acidulant 
can improve the taste. Compared with other acidulants, 
the buffered lactic acid has minimal damage to the col-
loid compared, and its flavor is soft. When the dosage of 
buffered lactic acid was 0.5ml, the chewiness of gel gum-
mies was high, but the sour taste was light and the taste 
was general. When the dosage of buffered lactic acid was 
0.6 mL, the gummies had moderate acidity and sweetness 
optimal shapes, and the highest chewiness and sensory 
scores. When the dosage of buffered lactic acid was higher 
than 0.6 mL, the gummies was slightly acidic with poor 
shapes. Demolding is slightly more difficult, and chewiness 
and sensory scores are declining. Based on texture charac-
teristics and sensory score analysis, the optimal amount of 
buffered lactic acid was 0.6 mL, and 0.5 mL, 0.6 mL and 0.7 
mL were selected for orthogonal testing.

3.2.3 � Effect of xylitol addition on the quality of gel 
gummies

As shown in Fig. 3, as the xylitol addition increases, the 
hardness and chewiness of the gummies increase. The sen-
sory score first increases and then decreases, and there 

was no significant change in elasticity. As a sweetener, 
xylitol has the effect of lowering blood sugar and pre-
venting dental caries, and has been widely used in food 
industry. When the xylitol addition was 18 g, the gummies 
has the highest sensory score, high chewiness, moderate 
acidity and sweetness, appropriate softness and hardness, 
and the best taste. When the xylitol addition was less than 
18 g, the acid sweetness of gummies was l mild or acidic; 
when it was more than 18 g, the gummies were sweet with 
high hardness. In this way, 18 g of xylitol was the optimal 
amount, and 17 g, 18 and 19 g were selected for orthogo-
nal experiment [15].

Fig. 2   Effect of buffered lactic acid dosage on the quality of gel 
gummies

Fig. 3   Effect of xylitol addition on the quality of gel gummies

Fig. 4   Effect of the addition of OP solution on the quality of gel 
gummies
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3.2.4 � Effect of OP solution addition on the quality of gel 
gummies

It can be seen from Fig. 4 that the sensory score, firmness, 
elasticity, viscosity and chewiness of gummies have a sig-
nificant effect under the fixed conditions of other factors. 
The essential amino acid composition and content of OP 
and soy protein isolate are basically the same, which is 
mainly composed of albumin and globulin. Similar to the 
eight amino acids content of meat, it is easy to absorb and 
is a high-quality protein. To this end, the more protein in 
gummies, the better, regardless of the cost. 0mL and 4 mL 

are not considered. When the dosage of OP solution was 
12mL and 16mL, the taste was better than others, with 
the highest chewiness and sensory scores. Considering the 
cost, the optimal dosage of OP solution was 12mL. 8mL, 
12mL and 16mL were selected for orthogonal experiment.

3.3 � Results and analysis of orthogonal experiment

The ratio of gelatin to modified starch, the dosage of 
buffered lactic acid, the addition of xylitol and the dos-
age of OP solution were the four influencing factors. 
According to the sensory score and texture analysis of 

Table 4   Orthogonal results of 
OP gel gummies preparation

Experi-
mental 
No.

A B C D Hardness/N Elasticity/mm Stickiness/mm Chewiness/mj Sensory 
scores/ 
scores

1 1 1 1 1 11.607 7.100 9.405 66.737 62
2 1 2 2 2 81 7.273 10.688 77.750 69
3 1 3 3 3 13.401 7.160 10.634 76.093 72
4 2 1 2 3 14.642 7.163 12.166 87.083 78
5 2 2 3 1 11.879 7.220 9.362 67.597 65
6 2 3 1 2 13.718 6.970 11.766 81.943 75
7 3 1 3 2 16.338 6.723 14.015 94.207 84
8 3 2 1 3 15.045 6.750 12.674 85.547 80
9 3 3 2 1 14.704 6.937 12.591 87.340 86

Table 5   Orthogonal analysis of OP gel gummies preparation

Evaluation indicators A B C D Primary and sec-
ondary factors

Optimal combination

Hardness K1 37.888 42.587 40.371 38.190  A > D > B > C Highest hardness
A3D3B1C2K2 40.239 5 42.227 42.937

K3 46.088 41.823 41.618 43.088
R 2.733 0.927 0.619 1.633

Elasticity K1 21.533 20.987 20.820 21.257  A > C > D > B Best elasticity
A1C2D2B2K2 21.353 21.243 21.373 21.373

K3 20.410 21.067 21.103 21.103
R 0.374 0.086 0.184 0.090

Stickiness K1 30.727 35.586 33.845 31.358  A > D > B > C Maximum stickiness
A3D2B1C2K2 33.294 32.725 35.446 36.469

K3 39.281 34.991 34.011 35.474
R 2.851 0.954 0.534 1.704

Chewiness K1 220.580 248.027 234.227 221.673  A > D > C > B Best chewiness
A3D2C2B1K2 236.623 230.893 252.173 253.900

K3 267.093 245.377 237.897 248.723
R 15.505 5.711 5.982 10.742

Sensory scores 1 203.000 224.000 217.000 213.000  A > B > D > C Optimal sensory score
A3B3D3C22 218.000 214.000 233.000 228.000

3 250.000 233.000 221.000 230.000
R 15.667 6.333 5.333 5.667
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single-factor, three better levels were selected to opti-
mize the formula of gel fudge by L9(34) orthogonal test 
[16, 17]. As shown in Tables 4 and 5, the elasticity of the 
gummies obtained by orthogonal experiment has lit-
tle change. Based on the conditions that gel gummies 
needs low hardness, high stickiness and high chewi-
ness, the results show that Group 9 scored the highest 
because of its high transparency, moderate acidity and 
sweetness and best taste. Group 1 has the lowest score 
for difficult demolding, softness, low transparency, and 
poor body compaction. It can be seen from Table 5 that 
different schemes with better indicators are different. 
When the hardness is used as an index, the ratio of gela-
tin to modified starch, the dosage of OP solution, the 
dosage of buffered lactic acid, and the xylitol addition 
are the main and secondary factors. The optimal scheme 
is A3D3B1C2. When the elasticity is used as an index, the 
ratio of gelatin to modified starch, the addition of xylitol, 
the dosage of OP solution, and the dosage of buffered 
lactic acid are the primary and secondary factors. The 
better scheme is A1C2D2B2. When the stickiness is used 
as an index, t the ratio of gelatin to modified starch, the 
dosage of OP solution, the dosage of buffered lactic acid, 
and the addition of xylitol are the primary and second-
ary factors. The optimal scheme is A3D2B1C2. When the 
chewiness is used as an index, the ratio of gelatin to 
modified starch, the dosage of OP solution, the addi-
tion of xylitol, and the dosage of buffered lactic acid are 
the primary and secondary factors. The optimal scheme 
is A3D2C2B1. When the sensory score is used as an index, 
the ratio of gelatin to modified starch, the dosage of 
buffered lactic acid, the dosage of OP solution, and the 
xylitol addition are the primary and secondary factors. 
The optimal scheme is A3B3D3C2.

Through the orthogonal experiment, a better scheme 
was obtained from the hardness, elasticity, gumminess, 
chewiness and sensory score of the gummies, and the 
elasticity was not considered due to little change. Based 
on the conditions of low hardness, high stickiness and 
high chewiness, the optimal solution was finally selected 
as A3B3D3C2. That is, the ratio of gelatin to modified starch 
was 9:1; the dosage of buffered lactic acid was 0.7mL, 
the dosage of OP solution was 16mL, and the addition of 
xylitol was 18 g [18–20].

4 � Conclusion

In this experiment, using okara as raw material, OP was 
extracted by alkali-solution and acid-isolation. The effects 
of different acid-isolation on the structure and functional 
properties of OP and the application of gel gummies 
were explored. It was concluded that the use of different 

acid-isolation had little effect on the recovery rate of OP, 
and the recovery rate could be roughly stable at about 
70%. Since citric acid is a ternary organic acid, it continu-
ously ionizes H + during acid-isolation, and OP (CA) has the 
highest purity. OP was more hydrophobic than SPI, and its 
solubility was much lower than SPI. The solubility of the 
three OPs was OP (H3PO4) > OP (CA) > OP (HCl) (pH 7.0).

The best solution to prepare gel gum with okara protein 
(OP (HCl)) as the main raw material is: the mass ratio of 
gelatin to modified starch is 9:1, the amount of buffered 
lactic acid is 0.7ml; the amount of xylitol is 18 g, and the 
dosage of OP solution is 16ml. Under this formula, a kind 
of gel gummies was prepared, which has uniform dense-
ness, suitable acidity and sweetness, moderate softness 
and hardness, high transparency, good elasticity, non-
stickiness, lipid-lowering function and a certain amount 
of high-quality protein. This experiment aims to develop 
the gel gummies prepared from the extracted protein as 
raw materials to maximize their residual nutritional value 
and enrich the market of gel gummies as a food product.
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