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1 | INTRODUCTION
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Abstract

The technological applications utilized for tofu processing are diverse and complex,
resulting in different yields and quality characteristics of tofu. The current study in-
vestigated the gel-forming principle of soybean protein coagulated using fermented
yellow whey (FYW) to produce tofu. The effects of several processing parameters
(soybean-to-water ratio, boiling temperature, boiling time, and FYW content) on the
yield and protein content of tofu produced by the boiling-to-filtering method (BFM)
were studied and optimized using response surface methodology. Results indicated
significant differences in yield and protein content of tofu using different process-
ing parameters, with FYW content being the most significant (p < .05). Optimum
processing parameters of the BFM were found to be: soybean-to-water ratio of 1:5
(kg:kg), boiling time 6.1 min, boiling temperature 105°C, and FYW content of 26%.
Under optimum conditions, tofu's yield and protein content were 235.17 g/100 g and
10.60%, respectively, and these were 47.93 g/100 g and 4.16% higher than those
before optimization. This study provides practical technical support and a theoretical

basis for the standardized industrial production of high-yield and high-protein tofu.
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hyperlipidemia, coronary heart disease, and cardio-cerebrovascular
sclerosis (Friedman & Brandon 2001; Huang et al., 2019).

Tofu processing has a long history, including diverse and com-

Tofu, also called soybean curd, is a highly gelatinous product de-
rived from soybean protein rich in protein, isoflavones, vitamins,
minerals, and other nutrients. The high nutritional value makes tofu
potentially one of the most nutritious foods available for commer-
cial development and consumption (Li et al., 2012; Sun et al., 2019).
The high-protein value of tofu makes it an indispensable element
in human diets. Long-term consumption of tofu can reduce the oc-

currence of some common chronic diseases such as hypertension,

plex technological applications. A typical process includes soy-
bean soaking (6 hr), homogenization (30 min), boiling (95-115°C
and 3-12 min), separating, solidification (40 min), and pressing.
The treatment of soybean homogenate (soymilk) is critical in tofu
production (Rosenthal et al., 2003; Wang, Meng, et al., 2020). The
various processing methods play a decisive role in the extraction of
soymilk's nutrients and stability, significantly impacting the quality
and flavor of tofu produced (Rekha & Vijayalakshmi, 2013; Wang,
Meng, et al., 2020). Consideration of boiling and filtering results
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in two technological approaches for making tofu: the filtering-
to-boiling method (FBM) and boiling-to-filtering method (BFM)
(Yu et al., 2015). FBM is most commonly used to produce tofu
on Chinese farms and companies due to the simple equipment
requirements and easy operation (Zhang et al., 2017). However,
soymilk and tofu produced by FBM have poor taste and stability,
and the resulting protein content is lower than that obtained from
other processes (Yu et al., 2015). BFM improves the retention rate
of protein and fat in soybean, and quality characteristics (such as
color, taste, and texture) of soymilk and tofu are a higher standard
than using FBM (Elias et al., 1986; Yu et al., 2015). BFM is currently
widely used in developed countries such as Japan, Denmark, and
Sweden.

Several studies have shown that the yield and quality of tofu
are closely related to factors such as the thickness of the soybean
homogenate, order of boiling and separation, heating tempera-
ture and time, the quantity of coagulant and coagulated time (Shi
et al., 2015; Tsai et al., 1981). Therefore, understanding the cor-
relation between different processing technological applications
and the tofu quality evaluation index, and determining optimal
processing parameters of tofu, are essential for assisting tofu pro-
ducers in improving the yield and texture of tofu while realizing an
automatic production of tofu.

Soybean yellow whey (SYW) is the yellow liquid produced by
soybean protein's reaction with coagulant or is produced during
tofu pressing (Wu et al., 2021). Statistics indicate that every 1
tonne of soybean processed by a factory produces 2-5 tonne
SYW, which may pollute the environment and waste resources
(Chua & Liu, 2019). Therefore, the efficient utilization of SYW has
attracted a great deal of attention in the food industry. Previously,
SYW fermented by multiple strains prepared a fermented yellow
whey (FYW) that was rich in organic acids (lactic acid, acetic acid,
citric acid, etc.) and probiotics (lactic acid bacteria, acetic acid bac-
teria, etc.) (Liu et al., 2020). When the concentration of soybean
protein is lower than 10%, coagulants (such as calcium sulfate and
magnesium chloride) must be added to promote soybean pro-
tein binding, transforming soymilk coagulate into tofu (Guo et al.,
2002; Chen et al., 2016). FYW has recently been commonly used
as a tofu coagulant. The solidification mechanism involves modi-
fying soymilk pH to the electric point of soybean protein to form
a gel, producing tofu (Guo et al., 2002). Studies have shown that
FYW can improve the extraction rate of protein and polysaccha-
rides from tofu. Tofu products made by FYW have high nutritional
value, sound firmness, increased water retention, and a unique fla-
vor (Prabhakaran et al., 2005; Wu et al., 2021).

The tofu processing using BFM is optimized in the current study
by developing and optimizing the gel-forming principle of soybean
protein coagulation by FYW. Outcomes of variation of the soybean-
to-water ratio, boiling temperature and time, and FYW content on
the yield and protein content of tofu were investigated using single-
factor experiments. The response surface design optimization ex-
periment allowed the determination of optimal process parameters

so that the yield and protein content of tofu were improved. These

results also provide informative and productive technical support
and a theoretical basis for the standardized industrial production of
tofu using FYW.

2 | MATERIALS AND METHODS
2.1 | Materials and chemicals

Canadian non-GMO soybean (protein content 38%) was purchased
from the Wanyue Import and Export Trade Co. Ltd (Yueyang,
China). FYW (total acid content: 4.49 + 0.1 g/L, protease content:
9.51 + 0.2 U/ml) was obtained from the Hunan Provincial Key
Laboratory of Soybean Products Processing and Safety (Shaoyang,
China). All other chemical reagents were purchased from the Nanjing
Chemical Reagent Co. Ltd.

2.2 | Selection of variables in BFM

The experiment was designed using the Box-Behnken principle with
the single factors of soybean-to-water ratio, boiling temperature
and time, and FYW content assessed independently. The regression
equation and data model were established by response surface meth-
odology (RSM), and the tofu yield and protein content were used as
indices to optimize the BFM process parameters. Five soybean-to-
water ratios were selected: 1:3, 1:4, 1:5, 1:6, and 1:7 (kg:kg); boil-
ing temperatures of 95°C, 100°C, 105°C, 110°C, and 115°C were
assessed; boiling times were set at 0 min, 3 min, 6 min, 9 min, and
12 min; and FYM contents of 15%, 20%, 25%, 30%, and 35% were
considered. While other factors remain constant, each factor's ef-
fects on the yield and protein content of tofu were explored.

2.3 | Preparation of fermented yellow whey tofu
by BFM

FYW tofu was produced according to Qiao et al., (2010), as shown
in Figure 1. Soybeans (250 g) were washed, soaked overnight in
water at room temperature, drained, rinsed, and homogenized with
water in a soymilk grinder (5JJ-20, Kangdeli Machinery Equipment
Manufacturing Co. Ltd, Beijing, China). Raw soymilk was heated, fil-
tered, and cooled (80 + 2°C) in a 0.2 t soymilk-integrated equipment
(MZJJ-1, Kangdeli Machinery Equipment Manufacturing Co., Ltd).
The FYW solution was slowly poured into the integrated equipment
while stirring slowly, and FYW was no longer added once coagula-
tion of the soymilk occurred. Soymilk-coagulant suspensions were
allowed to stand for 20 min (80 + 2°C) to ensure that coagulation
had been completed. Curds were broken and gently transferred
to a perforated container (11.1 x 7.1 x 5.5 cm) lined with a single
layer of cheesecloth. The SYW was drained off for 10 min, and the
curd was pressed for 8 min using an automatic press machine (ZZY-
800, Kangdeli Machinery Equipment Manufacturing Co. Ltd). After
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FIGURE 1 Schematic flow chart of the production of tofu from
soybeans

pressing, tofu and SYW were weighed separately and stored for fur-
ther analysis.

2.4 | Determining tofu yield

Tofu yield was determined according to Cai and Chang (1999).
Each group of three 5.0 g tofu samples was placed into a constant
weight bottle, weighed, and recorded (EL204, Mettler Toledo
International Trade (Shanghai) Co., Ltd, China). Soybean samples
were dried at 101-105°C for four h (GZX-9140MBE, Shanghai
Boxun Industry & Commerce Co., Ltd, China), removed, cooled for
30 min, weighed, and recorded. Tofu yield was calculated using the
following equation:

y="% 5 100.
mO
where Y represents tofu yield (g / 100g), m, tofu quality (g), and m,
soybean quality (g).

2.5 | Determining protein content in tofu

The protein content of tofu was determined using the Kjeldahl
method, according to Huang et al., (2020). The protein conversion
factor was 6.25. Protein content was calculated using the following
equation:

(V, = V,) x ¢ x0.0140

m
mxlo

X= x F x 100\%

CWILEY-®

where X represents tofu protein content (%), V, the volume of
hydrochloric acid standard solution consumed in sample titration
(ml), V, the volume of hydrochloric acid standard solution con-
sumed in blank titration (ml), ¢ the concentration of hydrochloric
acid standard titration solution (mol / L), 0.0140 the mass of nitro-
gen in 1.0 ml hydrochloric acid (0.1 mol/L) standard titration solu-
tion, m the quality of the sample (g), and F the conversion factor of
nitrogen to protein.

2.6 | Experimental design of response surface
methodology

The most influential factors of the BFM process were assessed using
a single-factor test in the surface response experiment. The yield
and protein content of tofu were used as reference indices to opti-
mize the investigation, and the process was repeated three times for

each group.

2.7 | Validation test

Three experimental groups were set up to produce tofu according
to the RSM optimization scheme and process parameters: two BFM
groups (before and after process optimization) and an FBM group.
Each group data point was repeated three times. The differences
in tofu yield and protein content were evaluated between the three

experimental groups.

2.8 | Statistical analysis

Data are presented as the mean +standard deviation (SD). Statistical
analysis and analysis of variance (ANOVA) of the data were done
using SPSS 22.0, origin 9.1, and design expert 8.0 software.
Significant and highly significant outcomes were defined as p < .05
and p < .01, respectively, to identify significant differences between
the groups.

3 | RESULTS AND DISCUSSION

3.1 | Effects of soybean-to-water ratio on yield and
protein content of tofu

The effects of different soybean-to-water ratios on yield and protein
content in BFM are shown in Figure 2. The yield and protein content
within the tofu initially increased and subsequently decreased with
decreasing soybean-to-water ratio. Statistical analysis showed a sig-
nificant correlation between the soybean-to-water ratio and the tofu's
quality, reaching the highest value when the ratio was 1:5 (kg:kg). This
could be due to the soymilk protein concentration being largest when

the ratio of soybean-to-water was high, which is conducive to a more
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complete reaction of protein with H" and protease in FYW, promoting
the maximal formation of protein gel that in turn enhanced the yield
of tofu (Hu et al., 2013; Nik et al., 2011). As the ratio of soybean-to-
water (water content increased) decreased, the protein content in
soymilk became diluted, reducing H* and proteinase in FYW, which
leads to an inadequate formation of protein gel. The inadequate pro-
tein gel adversely impacted the 3D network structure of tofu (Wang,
Yang, et al., 2020), resulting in lower tofu yield and protein content.
Subsequently, the soybean-to-water ratios of 1:4, 1:5, and 1:6 (kg:kg)
were selected for further optimization according to the design princi-

ple of RSM (select three better parameters).

3.2 | Effects of boiling temperature on yield and
protein content of tofu

The yield and protein content of tofu in BFM were measured as a
function of different boiling temperatures, and the data are shown
in Figure 3. Yield and protein content increased significantly with
increasing boiling temperature from 95 to 105°C (p < .05), reach-
ing the maxima at 105°C, 206.33 g/100 g, and 9.87%, respectively.
Speculatively, as the boiling temperature increases, the molecular
conformation of soybean protein changes from the natural p-folded

state to the expanded state (Du et al., 2018). The hydrophilic groups



HUANG ET AL.

. . 3705
Food S &N
00d Science utrition . Wl LEY

FIGURE 4 Effects of different boiling | - Tofu yield
times on tofu yield and protein content TR . q411
¢ Y P k283 Tofu protein content
in BFM. The lowercase letters above the 220 +
columns represent statistically significant
. K
differences between treatments (p < .05) i 5 — 10
et &
~ 200 |- ;::’ E e\_/
o0 b3S +
S b =)
S 1950500 49 o
y— KXKXY +~
= e =]
e 908! - o
= 180 K35 B o
ko) %0 [OXS (=]
o K s 48 -=
o 2 [OXS 3
> % B0 o
2 s (3K 1 &
e 160 ks
= st (55 17 &
K4 R I o
(XX RSL RRRRA
KR R RS ~
RSN Pede! R34
RSEY KRS K335
KXRXY [RXS (XX
140 50 K& PRXN
S % R 4 6
(RS <
(KRR <
Fode%ed [N
(KRR R
55 5
%
120 5 KX £ 5
6
Boiling time (min)
FIGURE 5 Effects of different FYW .
s o o e 260 | [ Tofuyield {12
Fon ents on tofu yield and protein conten @Tofu protein content |
in BFM. The lowercase letters above the - C 1
columns represent statistically significant 230
differences between treatments (p < .05) '.-23
o 410 &
i =
~ 0% - N2
=1 =
S 200 X =9 g
- :’2 RRXY | -
~ 0% RXRRA [
&) - 1505 o9 S
= sl 48 3
= KR35 PIRRA
— 170 RS RS (=]
2 o I
;\ X KX o 7 =
. R 2
2 2 T =
o XX X
= 140 5 5 16 2
el 1 ©
X5 fodedede! =~
& K35
< RS o 5
3 s
110 s
0% KA
0% ksd - 4
K KX
o8 kXX
% il
80 02008, [RXS 3

of soybean protein become fully exposed, which is conducive to in-
creased solubility of soybean protein in water (Hui et al., 2000) and
the diffusion of protein particles (Toda et al., 2007; Zhao et al., 2016),
thus improving the yield and protein content. However, yield and
protein content decreased slightly at 110-115°C. Potentially, the
higher temperature causes denaturation of soymilk protein mol-
ecules (Shimoyamada et al., 2008), destruction of the proteins'
secondary structure (Yang et al., 2010), and the inactivation of hy-
drophobic and active groups (Saio et al., 1971). Overall, the resulting
gradual decline in the 3D network structure stability of tofu with
increasing temperature (Wang & Damodaran, 1991) decreases yield

and protein content. Therefore, boiling temperatures of 100°C,

FYW content (%)

105°C, and 110°C were selected for further optimization according
to the design principle of RSM.

3.3 | Effects of boiling time on yield and protein
content of tofu

The effects of different boiling times on the yield and protein content
of tofu in BFM are shown in Figure 4. As boiling time was extended,
yield increased slowly from O to 6 min but decreased significantly
after 6 min (p < .05). The tofu's protein content showed a normal dis-

tribution trend and reached the maximum value of 10.27% at 6 min.
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within the protein molecules are exposed, enabling them to form ag-

gregates through two sulfur bonds and hydrophobic interactions that

Boiling time

»—\»—\OO.—\OOOO’L

1 l
LN

HUANG ET AL.

C—boiling
temperature (°C)
100

105

110

Boiling

temperature

0
=il

o » O » O O

o » O O O O

[N

can enhance the strength of protein gel and increase yield and pro-
tein content (Hsia et al., 2016; Wu et al., 2021). However, when the

boiling time is extended past 6 min, excessive oxidation of sulfhydryl
in soymilk protein molecules changed the 3D network structure of

tofu (Renkema et al., 2002), resulting in a decreased yield. In contrast,

the reaction between 7S and 11S subunits caused insoluble multi-

stage polymer and precipitation formation (Hsia et al., 2016; Hsiao

D-FYW
content (%)

20
25
30

FYW content

Ao 00 Ok k1 o A

o

O O O O =

Tofu yield (g / 100g)

190.47 + 1.14
186.62 + 1.25
180.14 + 0.37
195.04 + 2.63
186.50 + 1.71
194.39 + 2.74
175.72 + 1.15
233.89 +0.31
183.90 + 0.19
180.36 +4.72
192.64 + 1.67
169.61 + 2.61
228.52 + 3.62
186.24 + 4.51
190.27 +2.17
186.35 +4.47
187.33 + 0.66
232.28 + 3.38
22942 +1.18
185.80 + 4.58
160.35 +1.29
174.49 + 1.06
236.24 +2.07
179.30 + 1.02
200.11 + 2.69
196.22 +2.02
197.87 +0.21
180.24 + 1.62
195.45 + 2.57

zation according to the design principle of RSM.

TABLE 1 Level of response surface
methodology factors

Tofu protein
content (%)

8.97 +0.51
8.21+0.29
6.61+0.11
9.63 +0.42
8.59 +0.03
8.82+0.44
6.24 +0.56
10.49 + 0.03
7.76 +0.43
6.84 +0.14
8.73 +£0.03
6.18 +0.32
10.38 + 0.15
8.55+0.12
8.89 +0.15
7.71+0.14
7.94 +0.28
10.38 + 0.11
10.41 + 0.08
8.54 +0.56
5.82+0.16
7.31 £ 0.54
10.51 +0.24
743 +0.44
8.48 +0.55
8.94 + 0.07
8.13+0.35
7.67 + 0.34
8.72 +0.52

et al., 2015), resulting in a decreased protein content. Therefore, boil-
ing times of 3 min, 6 min, and 9 min were selected for further optimi-

3.4 | Effects of FYW content on yield and protein
content of tofu

The results for varying the FYW contents on yield and protein con-

tent of tofu in BFM are shown in Figure 5. Yield and protein content
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TABLE 3 Variance analysis of the response surface methodology for tofu yield and protein content

Tofu yield Tofu protein content
Source of variance Mean square F value p value Significant Mean square F value p value Significant
Model 784.64 196.92 <.0001 - 3.51 384.63 <.0001 -
A—soybean-to- 21.33 5.35 .0364 ’ 0.18 19.46 .0006 -
water ratio
B—boiling time 30.08 7.55 0157 0.53 58.44 <.0001
C—boiling 168.75 4235 <.0001 " 1.40 153.46 <.0001 -
temperature
D—FYW content 936.33 234.99 <.0001 " 13.80 1512.13 <.0001 v
AB 6.25 1.57 .2309 0.23 25.24 .0002 -
AC 56.25 14.12 .0021 " 0.11 12.29 .0035 v
AD 9.00 2.26 1551 0.97 106.29 <.0001 -
BC 30.25 7.59 .0155 ’ 5.63x107° 0.62 4455
BD 42.25 10.60 .0057 h 0.063 6.85 .0203 :
CD 56.25 14.12 .0021 " 0.044 4.83 .0453 ’
A2 1714.60 430.31 <.0001 h 2.64 289.47 <.0001 -
B? 2,965.93 744.36 <.0001 " 6.91 756.80 <.0001 v
c? 5,133.95 1,288.47 <.0001 - 15.20 1665.07 <.0001 -
D? 4,731.57 1,187.49 <.0001 " 20.42 2,237.57 <.0001 "
Lack of fit 0.9943 (Not significant) 0.1554 (Not significant)
R? 9949 9974
Adj. R? 9899 9948

*indicates significant differences (p < .05); “indicates extremely significant differences (p < .01).

increased significantly with increasing FYW content at 15%-25%
(p < .05). FYW contains large quantities of organic acids such as lac-
tic acid, which provides H* to reduce soybean milk pH, in an environ-
ment where weakly acidic negative protein ions can easily obtain H*.
Such symbiosis reduces the charge on the protein's surface resulting
in electrical neutrality, thereby forming a more stable protein gel sys-
tem (Grygorczyk & Corredig, 2013; Wu et al., 2021). However, yield
and protein content decreased slightly when the FYW content was
30%-35%, possibly due to the increased H* concentration interfer-
ing with coagulation forces between the soymilk protein molecules
(Li et al., 2017; Ringgenberg et al., 2013), resulting in a loose 3D net-
work gel structure of tofu and decreased yield and protein content.
Therefore, FYW contents of 20%, 25%, and 30% were selected for

further optimization according to the design principle of RSM.

3.5 | Response surface optimization
methodology results

RSM was applied to variations of the soybean-to-water ratio (A),
boiling temperature (B), boiling time (C), and FYW content (D). Tofu
yield and protein content were used as reference indices to opti-
mize the experimental factors. Factor level settings and results of
the RSM are shown in Table 1 and Table 2, respectively. Multiple
regression analysis was applied to the data using the Design Expert
8.0 software. The quadratic polynomial regression equation of tofu

yield (Y,) and protein content (Y,) was obtained as follows:

Y, = 231.60 - 1.33A + 1.58B + 3.75C + 8.83D + 1.25AB -
3.75AC - 1.50AD - 2.75BC - 3.25BD - 3.75CD - 16.26A? - 21.38B2
- 28.13C? - 27.01D%

Y, = 1043 + 0.12A + 0.21B + 0.34C + 1.07D - 0.24AB -
0.17AC + 0.49AD + 0.037BC - 0.12BD + 0.11CD - 0.64A? - 1.03B?
-1.53C% - 1.77D%

The ANOVA analysis of RSM for tofu yield and protein content
showed that "p values" for the tofu yield and protein content models
were less than 0.01, indicating that the regression models were sig-
nificant (p < .01) (Table 3). The values of "Lack of Fit" were 0.9943
and 0.1554, inferring that "Lack of Fit" was not significant relative
to the pure error (p > .05); therefore, the models were reliable. The
R? of the tofu yield and protein content models were 0.9949 and
0.9974, respectively. The Adj.R? was 0.9899 and 0.9948, respec-
tively, confirming that the two models reflect every single factor's
relationship, with a high fitting degree and small experimental error.
Such data align with the change of 98.57% tofu yield and 98.92%
tofu protein content response values, respectively, which can be
used to analyze and predict the BFM process.

The derived regression equation and ANOVA analysis of the two
models showed that the correlation order of each factor on yield was
as follows: D (FYW content) > C (boiling temperature) > B (boiling
time) > A (soybean-to-water ratio). The order of influence on protein
content was: D (FYW content) > C (boiling temperature) > B (boiling
time) > A (soybean-to-water ratio). Overall, the results showed that
FYW content had the greatest effect on yield and protein content,
followed by boiling temperature, with the soybean-to-water ratio
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having the least effect. FYW content exerted a major outcome on
the Y value, indicating that the FYW content determined whether
tofu gel was formed or not. When too low in content, the FYW could
not react with soymilk sufficiently to promote gelatin formation.
When too high, FYW would lead to the production of a large quan-
tity of SYW and nutrient loss, resulting in a decrease in tofu yield and
protein content (Wu et al., 2021). Secondly, the boiling temperature
played a secondary role in the Y value, presumably due to the close

relationship between boiling temperature and protein denaturation
(Shimoyamada et al., 2008; Shin et al., 2015).

3.6 | Analysis of interaction between factors

The RSM model can directly and accurately describe the interaction
between two variables (factors), expressing the influence of different
variables (factors) on a particular index (Ferrari et al., 2013). The in-
teractive effects of the soybean-to-water ratio, boiling time and tem-
perature, and FYW content on the yield and protein content of tofu
are shown in Figures 6 and 7. Every two factors affected each other in
a parabolic relationship, and there was a unique, optimal RSM value.
Additionally, the steeper the 3D curve, the more significant the effect
of this factor on yield or protein content (Yu et al., 2016). In Figure 6,

the correlations between A (soybean-to-water ratio) and C (boiling
temperature), B (boiling time) and D (FYW content), and C (boiling tem-
perature) and D (FYW content) had highly significant effects on yield
(p < .01). The interaction between B (boiling time) and C (boiling tem-
perature) has a significant impact on yield (p < .05), which is consistent
with the significance test results of partial regression coefficientsin Y.
In Figure 7, the interactions between A (soybean-to-water ratio) and B
(boiling time), A (soybean-to-water ratio) and C (boiling temperature),
A (soybean-to-water ratio) and D (FYW content) had highly significant

effects on protein content (p < .01). Correlations between B (boiling
time) and D (FYW content), and C (boiling temperature) and D (FYW
content) had significant effects on the concentration of tofu protein

(b < .05), which is again consistent with the significance test results of
partial regression coefficients in Y,.

3.7 | Effects of different technological applications
on yield and protein content of tofu

From the optimization scheme obtained by Design Expert 8.0
software, optimal process parameters of tofu yield are as follows:
soybean-to-water ratio is 1:5 (kg:kg), boiling time is 6.06 min, boil-
ing temperature of 105.29°C, and FYW content of 25.80%. Optimal
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process parameters of tofu protein content are as follows: soybean-
to-water ratio of 1:4.8 (kg: kg), boiling time is 6.14 min, boiling tem-
perature of 105.40°C, and FYW content was 26.18%. The R? of the
two derived equations for Y1 and Y2 was compared, resulting in pro-

cess parameters: a ratio of soybean-to-water is 1:5 (kg:kg), boiling

time is 6.1 min, the boiling temperature of 105°C, and FYW content
of 26%.

Three experimental groups where () used the optimal process
parameters obtained above, B (BFM before optimization) and y

(FBM), were followed through the tofu producing process (Figure 8).
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Yield and protein content in « were 235.17 g/100 g and 10.60%,
respectively, 47.63 g/100 g and 4.16% higher than those of . These
outcomes confirmed that the optimized process conditions validate
that they produced higher yields and protein contents. Additionally,
the yield and protein content in o were increased by 26.39 g/100g
and 2.38%, respectively, compared with vy, confirming that the BFM
method is more productive than FBBT. It is hypothesized that the
expansion of cellulose in the soybean homogenate during the heat-
ing process is conducive to improved filtration efficiency, leading to
retaining protein more effectively (Guo & Ono, 2005). Equally, the
protein, unsaturated fats, and reducing sugar in the soybean homog-
enate were fully dissolved, conducive to the formation of protein gel
and tofu yield (Yu et al., 2015).

4 | CONCLUSIONS

The current study investigates the effects of different parameters of
BFM on the yield and protein content of tofu using single-factor ex-
perimentation based on the gel-forming principle of soybean protein
coagulated by FYW. Response surface methodology was designed to
determine optimal process parameters for producing tofu using the
BFM approach. Results showed that the yield and protein content
were significantly affected by different process parameters, and vari-
ations in FYW content are the most significant. Optimum processing
parameters of BFM are as follows: the ratio of soybean-to-water of 1:5
(kg:kg), boiling time is 6.1 min, the boiling temperature of 105°C, and
content of FYW is 26%. Yield and protein content produced under the
optimal process parameters were 235.17 g/100g and 10.60%, respec-
tively, with both outcomes being an improvement upon the original
BFM process and FBBT. This study provides productive and practical
technical support, together with a sound theoretical basis, for stand-
ardized industrial production of high-protein and high-yield tofu.
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