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Abstract

This study aimed to optimize the stir-baked technology for Flos Sophorae Immaturus tea (FSIT) and evaluate the
quality of FSIT. The optimum stir-baked conditions were found to be as follows: amount, 3.9 kg; rotation speed,
400 r/min; and time required to reach the temperature of 120°C, 5 min and maintained for 3.9 min after adding
15 mL of 1% stevioside. The machine-made FSIT soup was clear and golden in color, with charred taste, no bit-
terness, no peculiar smell, and improved sensory quality under the above-mentioned conditions. Heavy metal

contents and microorganisms did not exceed the national standards.
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Introduction

Flos Sophorae Immaturus (FSI), which originated from
the flower buds of Sophora japonica L., is a medicinal
food homology crude drug planted throughout China.
China, which has rich resources, is the origin of Flos
Sophorae Immaturus. It is bitter, slightly cold, nontoxic,
and distributed in the large intestine and liver chan-
nel. It is effective in cooling blood and stopping bleed-
ing, clearing the liver, and reducing fire. Flos Sophorae
Immaturus contains large amounts of flavonoids and
glycosides, such as rutin, narcissoside, quercetin, isor-
hamnetin, kaempferol, genistein, total polysaccharides,
saponin, tannin, sterol, and vitamin A (Liu et al., 2016;
Xie et al., 2014; Krishna, et al., 2012), and has good
curative effect on myocardial circulation. Moreover, the
drug clears body heat, detoxifies, lowers blood fat and
blood pressure levels, softens the blood vessels, reduces

inflammation, tones the kidney, prevents arterioscle-
rosis, and has beauty-holding and antiaging properties
(Chua, 2013; He et al., 2016). Flos Sophorae Immaturus
has an extremely high nutritional value and contains 19
kinds of amino acids, including essential amino acids
required for the human body. The protein content in Flos
Sophorae Immaturus is as high as 19.03%, which is 2.2-
fold that of common health food silver almond (Wang
and Wang, 2009). With emphasis on healthcare, the
research and development of functional foods containing
Flos Sophorae Immaturus has become extensive, espe-
cially the development of Flos Sophorae Immaturus tea
(FSIT), which has become a focus of research by the Flos
Sophorae Immaturus processing industry.

The stir-baked method for Flos Sophorae Immaturus
was first recorded in the Song dynasty, and the Chinese
Pharmacopoeia (edition 2015) has also recorded
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stir-baked Flos Sophorae Immaturus. In Chinese med-
icine, stir-baked Flos Sophorae Immaturus can reduce
the side effects of bitter cold, and is used in patients
with spleen deficiency. The stir-baked substitute tea pre-
pared from Flos Sophorae Immaturus has evident cura-
tive effects on diabetes, hypertension, vascular sclerosis,
constipation, various hemorrhoids, pharyngeal dryness,
sore throat, red eyes and heat, and heart irritability (Li
et al., 2017). At present, domestic research on FSIT is
primarily focused on handmade or simple mechanism
and the development of new compound FSIT (Jiang and
Chen, 2008), although scientific reports on the key tech-
nologies of the stir-baked process are relatively few. The
evaluation method of FSIT is primarily limited to sensory
evaluation, and the FSIT production cannot be evaluated
through modern methods of measurement.

In the present study, the shape, soup color, aroma, and
taste of FSIT are used as sensory indicators. Water extract
content, total polysaccharides, total flavonoids, and
rutin, narcisin, quercetin, and isorhamnetin contents are
used as chemical indicators. The weight distribution was
determined through projection pursuit clustering (PPC)
with objective assignment, and comprehensive vector
distance (Ci), used as an evaluation index, was obtained
by analyzing the sensory and chemical indices through
the Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) method. On the basis of single fac-
tor, the quadratic regression rotation-orthogonal com-
bination design was applied for the optimization of the
process conditions for stir-baked FSIT, development of
an FSIT variant with burnt flavor, and without bitterness
and peculiar smell, and evaluation of sensory, physical,
and chemical indices of production. This design can pro-
vide reference for the development and utilization of Flos
Sophorae Immaturus and quality control of FSIT.

Materials and Methods
Materials and reagent

The Flos Sophorae Immaturus sample was collected in
2018 at the Flos Sophorae Immaturus base of Maojiawan,
Changping Township, Wanzhou District, Chongqing
City. The sample was identified as a dry flower bud of
S. japonica L. by a researcher (Longyun Li) of Chongging
Academy of Chinese Materia Medica. Rutin reference
substance (batch number: MUST-16070511, purity
99%), quercetin reference substance (batch number:
MUST-16072203, purity 98%), and isorhamnetin ref-
erence substance (batch number: MUST-16092001;
purity of 98%) were purchased from Chengdu Mansite
Biotechnology Co. Ltd. Narcissoside reference sub-
stance (batch number: TAQT-LRLA; purity of 93.1%)
was purchased from National Institutes for Food and
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Drug Control. As a standard solution, the lead (Pb) and
cadmium (Cd) standard solutions were purchased from
American Sigma Company. Acetonitrile, methanol, and
acetic acid of chromatographic grade were purchased
from TEDIA Company (USA). All other solvents and
chemical reagents were of analytical grade or effective.

Instruments and equipment

Instruments and equipment included are as follows:
Agilent 1263 HPLC (Agilent Company, USA), UV-2600
ultraviolet spectrophotometer (Shimadzu Corporation,
Japan), Milli-Q Integral 5 pure water meter (Millipore
Company, USA), BSA 124-S electronic scales (Sartorius
Company, Germany), KQ-250 DB numerical control ultra-
sonic cleaning instrument (Kunshan Ultrasonic Instrument
Co. Ltd., China), XMTB digital display electric thermo-
static water bath (Shanghai Yuejin Medical Instrument Co.
Ltd., China), G2X-9240 MBE electricity heat drum wind
drying oven (Shanghai Boxun Industrial Co. Ltd., China),
ZDHW temperature regulating electric heating sleeve
(Beijing Zhongxing Weiye Instrument Co. Ltd., China), and
CY-900 drum-type medicine stir-fry machine (Kanghua
Pharmaceutical Machinery Co. Ltd., China).

FSIT preparation

High-quality Flos Sophorae Immaturus with full gran-
ules and large grain size was selected, cleaned, placed in a
self-made sterilizing device (patent application number:
201920071851.3), piled up, steamed at a thickness range
of 4—6 cm, and cooked for 15-20 min after boiling. Then
it was taken out and dried for use. According to the stir-
baked temperature, rotation speed, and time designed for
the experiment, an appropriate amount of Flos Sophorae
Immaturus was placed in a drum stir-baked machine
for frying, and an appropriate amount of 1% stevia gly-
coside was added to it for flavor mixing. At the end of
frying, after cooling for 1 h with a blower, the sample was
placed for two times in a double-layer vibrating screen-
ing machine through 90-mesh screen. Finally, the sample
was placed in the color selection machine for removing
burnt paste and black Flos Sophorae Immaturus, and the
finished product of FSIT was obtained.

Single factor design of stir-baked process for FSIT

Stir-baked amount

The fixed stir-baked temperature was 120°C, and the
motor synchronous speed was 400 r/min. At 120°C,
the selected stir-baked amounts were 2, 3, 4, 5, and
6 kg. We analyzed water extract, total polysaccharides,
total flavonoids, and rutin, narcisin, quercetin, and
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isorhamnetin contents, and performed sensory eval-
uation for FSIT for determining preferred stir-baked
amount.

Stir-baked temperature

The fixed stir-baked amount was 4 kg, the motor syn-
chronous speed was 400 r/min, the selected stir-baked
temperatures were 80, 100, 120, and 140°C. The sample
was stir baked for 4 min after the target temperature was
reached. Water extract, total polysaccharides, total flavo-
noids, and rutin, narcisin, quercetin, and isorhamnetin
contents were analyzed, and sensory evaluation was per-
formed for FSIT for determining the preferred stir-baked
temperature.

Stir-baked rotation speed

The fixed stir-baked amount was 4 kg, and the stir-baked
temperature was 120°C. The stir-baked time needed to
reach the target temperature was 4 min, and the selected
motor synchronous rotation speeds were 200, 300, 400,
500, and 600 r/min. We analyzed the water extract, total
polysaccharides, total flavonoids, and rutin, narcisin,
quercetin, and isorhamnetin contents, and performed
sensory evaluation for FSIT to determine the preferred
stir-baked rotation speed.

Stir-baked time

The fixed stir-baked amount was 4 kg, the stir-baked
temperature was 120°C, and the motor synchronous
rotated speed was 400 r/min. After stir-baking for 5 min
and reaching 120°C, the stir-baked timings were 1, 2, 3, 4,
5, and 6 min for the test. We analyzed the water extract,
total polysaccharides, total flavonoids, and rutin, nar-
cisin, quercetin, and isorhamnetin contents, and per-
formed sensory evaluation for FSIT to determine the
preferred stir-baked time.

Secondary orthogonal rotating combination design
of stir-baked process for FSIT

According to the results of the single factor test, four fac-
tors for stir-baking that is, amount, temperature, rotation
speed, and time, were designed, thereby applying the qua-
dratic regression rotation-orthogonal combination design
with four factors and five levels to optimize the FSIT stir-
baked process (Ye and Liu, 2017), see Table 1.

Deployment of flavor for FSIT

According to the best process parameters of the test,
different volumes of 1% stevioside were sprayed with
regard to time, and stir-baking was continued for a cer-
tain period. Ten professional tasters were invited to score
different samples according to the sensory evaluation

Table 1. Coding list of levels of various factors.

Levels Factors
code .
Amount  Temperature Time Rotate speed
(kg) X, (°C) X, (min) X, (r/min) X,

+2 6 140 6 600

Hl 5 130 5 500

0 4 120 4 400

-1 3 110 3 300

2 2 100 2 200

criteria mentioned in Table 2, and the average of the
results was taken as the final sensory evaluation.

Determination of physical and chemical indicators
for FSIT

Determination of moisture: Refer to the direct drying
method in GB 5009.3-2016, ‘Determination of moisture
in foods.

Determination of ash: Refer to the first method in GB
5009.4-2016, ‘Determination of ash in foods.

Determination of aflatoxin B1 content: Refer to the sec-
ond method in GB/T 5009.22-2016, ‘Determination of
aflatoxin B and G in foods.

Determination of lead, arsenic and cadmium content:
Refer to the inductively coupled plasma-mass spectromet-
ric method in GB/T 35876, Inspection of grain and oils—
Determination of sodium, magnesium, kalium, calcium,
chromium, manganese, iron, copper, zinc, arsenic, sele-
nium, cadmium, and lead in cereals and derived products.

Determination of water extract, total polysaccharides and
total flavonoids: The sample processing and detection
methods were tested according to the relevant methods
furnished in the 2015 edition of the Pharmacopoeia of
the People’s Republic of China (National Pharmacopoeia
Commission, 2015).

Determination of rutin, narcisin, quercetin, and isor-
hampnetin: Refer to the method introduced in a previous
report (Tan et al., 2018).

Determination of microbial indicators for FSIT

The total number of bacterial colonies and coliforms
of salmonella and Staphylococcus aureus of S. japonica
were determined with GB 4789-2016. Shigella assay was
performed with GB 4789-2012.
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Sensory evaluation of FSIT

According to GB/T 23776-2018, ‘Methodology for sen-
sory evaluation of tea, the method of password evalua-
tion was adopted for sensory evaluation and score. The
review procedure is as follows:

Sampling — comment on the shape — weighing 3 g —
brewing 200 mL of boiling water — turn over the
soup — look at the soup color — sniffing aroma — taste.

The product quality consisted of four factors, namely,
shape, aroma, soup color, and taste, and each factor was
evaluated at three levels, that is, poor, medium, and good.
The scores were presented in percentage; the scores
for shape, aroma, soup color, and taste were 25%, 30%,
10%, and 35%, respectively. Ten professional tasters were
invited to evaluate taste according to the scoring criteria,
and the average was taken as the final sensory score. The
sensory score criteria are demonstrated in Table 2.

Weight determination by the projection pursuit
clustering method

Pursuit Clustering is a new statistical method for pro-
cessing and analyzing high-dimensional data. The basic
idea is to project high-dimensional data onto low-dimen-
sional subspace and determine the optimal projection
direction reflecting data structure or characteristics in
solving the comprehensive evaluation of high-dimen-
sional problems (Tang, 2010). According to the size of
the projection direction, the weight coefficient of each
evaluation index can be determined. In this study, the
weight of the quality index of FSIT was calculated by the
PPC method in DPS software.

Table 2. Sensory scoring standards for FSIT.

Stir-baked technology and quality evaluation of FSI tea

Application of technique for order preference by
similarity to ideal solution (TOPSIS) method

TOPSIS, as proposed by Hwang and Yoon in 1981
(Hwang and Yoon, 1981), is a sorting method based
on the proximity of finite evaluation objectives to ideal
objectives. TOPSIS is an effective method that is used
commonly in multi-objective decision-making analysis,
whose basic idea is to explore optimal and worst solu-
tions (represented by the optimal vector D," and worst
vector D7, respectively) in the finite solutions on the
basis of normalized original matrix. Then the distance
of each evaluation objective to the optimal and worst
solutions is calculated. Thus, the relative proximity
between the evaluation objective and optimal solu-
tion (represented by the C) as the basis of optimal or
worst solution evaluation was obtained (Wang et al.,
2019; Tang, 2010). The specific method is as follows: n
evaluation objectives and m evaluation indices are set,
and the original data could be written as matrix X =
(X High- (the larger the better) and low-quality

X.
indices (the smaller the better), that is, Z, =t

n 2
Zi—lxij

, respectively, were normalized.

ij)nxm‘

X,
and Z; = !

\ Z?:I(l / Xij)2

The normalized matrix was Z = (Zij)nx
and worst vectors comprising maximum and minimum
values in each column labeled as Z*= (7, Z . ..
Z JandZ =(Z ., Z . .. Z_), respectively. The dis-

tances between the evaluation objective i and the opti-

.o with the optimal

m 2
mal and worst solutions were D; = Z:),:l(ZmaXj -Zy)

and D/ = IZL(mei—Zij)z, respectively. The relative

proximity between the evaluation objective i and optimal
solution is as follows: C, =D; /(D; + D).

Factor Grade Index
Shape (25%) Good (18-25 points) With charred taste, even and coking yellow in color, full grain, texture solid, crisp
Middle (9-17 points) Light fragrance, uneven color, brownish yellow, individual grain broken
Poor (0-8 points) Light yellow or brownish brown, with obvious burnt smell and severe grain breakage
Soup Color (10%) Good (8-10 points) Clear and golden, no turbidity, no scattered particles
Middle (4-7 points) Brownish yellow, no turbidity, no scattered particles
Poor (0-3 points) Light green or tan, turbid, with scattered particles
Aroma (30%) Good (21-30 points) Strong taste with charred smell
Middle (11-20 points) Light fragrance, no charred smell
Poor (0-10 points) With charred smell
Taste (35%) Good (26-35 points) No astringency

Middle (13-25 points)
Poor (0-12 points)

With astringency
With paste taste and strong astringency
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Index weight was introduced into the TOPSIS of DPS;
the weight coefficient of the chemical indices was calcu-
lated using PPC; and the quality indices of the stir-baked
ESIT were evaluated comprehensively by combining with
TOPSIS. The larger the value of C, the better the effect of
experimental method.

Results
Single-factor test on stir-baked process of FSIT

The factors influencing the stir-baked process of FSIT
primarily included stir-baked amount, temperature,
time, and speed. The assignment of water extract, total
polysaccharides, total flavonoids, and rutin, narcis-
soside, quercetin, and isorhamnetin contents, as well
as the sensory score in the preparation of FSIT, were
evaluated by the objective PPC method and analyzed
through the TOPSIS method using DPS software. The
results are demonstrated in Table 3. Water extract,
total polysaccharides, total flavonoids, and rutin, nar-
cissoside, quercetin, and isorhamnetin contents, as well
as the sensory scores, were used as evaluation indica-
tors. According to the ranking of C, the FSIT sample
with the best quality was obtained after the stir-baked
amount was 4 kg, stir-baked temperature was 120°C,
stir-baked rotation speed was 400 r/min, and stir-baked
time was 4 min at a temperature of 120°C or above.
Therefore, the following tests selected the stir-baked
amount of 4 kg, the stir-baked temperature of 120°C,
the stir-baked speed of 400 r/min, and the stir-baked
time of 4 min at zero level.

Optimization of stir-baked process of FSIT
by quadratic regression rotation-orthogonal
combination design

According to single-factor experiments, the quadratic
regression rotation-orthogonal combination design with
four factors and five levels was used to optimize the stir-
baked process of FSIT. A total of 36 combinations at five
levels for each factor were present, and the experimental
design and results are demonstrated in Table 4.

According to the test results (Table 4), the statistical anal-
ysis software DPS 17.10 was used to obtain the quadratic
regression model of C, for four experimental factors, such
as stir-baked amount, temperature, time, and rotation
speed, as follows:

Y'=-19.80272 + 0.64512X, + 0.25508X, + 0.98855X, +
0.00966X, - 0.11938X?2 - 0.00106X; - 0.1095 2X -
0.00001X? + 0.00189X X, — 0.00309X X, + 0.00021X X,
-0.00071X,X, - 0.00001X X, - 0.00004X,X,

ANOVA was performed with F, = mean square loss/
mean square error and F, = mean square regression/
mean square residual. As demonstrated in Table 5, F, =
F, =03916 < F |y, = 2.25 and the P-value was higher
than 0.05 (0.9245), thereby suggesting that the lack of fit
was not significant, that is, the regression equation fitted
all the test points well, and no other unknown factors
affected the results. F_ =F, =112178 >F ., =
3.03 and P = 0 < 0. 01, thereby indicating that the regres-
sion equation was extremely significant, that is, the qua-
dratic regression model was suitable. Among them, the
influences of stir-baked temperature (X,) and all qua-
dratic terms on C, were extremely significant at a = 0.01,
stir-baked time (X,) and stir-baked speed (X,) were sig-
nificant at a = 0.05, and the stir-baked volume (X,) was
significant at a = 0.1. However, all interaction terms were
not significant. Therefore, at the significant level of a =
0.1, the regression equation was simplified by eliminating
the nonsignificant terms as follows:

Y = ~19.80272 + 0.64512X, + 0.25508X, + 0.98855X,
+0.00966X, — 0.11937X2 — 0.00106X2 — 0.1095 2X>
- 0.00001X?

The P-value influenced by the main effect of each factor
can reflect the importance of each factor to the test index.
The smaller the P-value, the greater the influence of the
factor on test result, that is, the greater will be the impor-
tance (Sun et al., 2016). As demonstrated in Table 5, the
primary and secondary influences of the four factors on
C, followed the following order: stir-baked temperature
(X,) > stir-baked time (X,) > stir-baked rotation speed
(X,) > stir-baked amount (X ). The stir-baked tempera-
ture had a significant influence on C, followed by the stir-
baked time, and the effect of stir-baked rotation speed
was relatively small, but all reached a significant level
(P < 0.05), and the stir-baked amount had no significant
effect on experimental results (P > 0.05). The relationship
between various factors and C, is demonstrated in Figure
1. As demonstrated in Figure 1, the relationship between
stir-baked amount (X)) and C, was nearly linear, thereby
indicating that the stir-baked amount had minimal influ-
ence on C,. The three other factors (i.e., X,, X,, and X,)
also had the same trend with increase in temperature,
time, and rotation speed. C, established an upward trend,
among which the changed trend of temperature was the
most evident one, thereby indicating that temperature
had the most significant influence on C..

The frequency analysis method was used to find the good
stir-baked conditions, and the frequency analysis results are
demonstrated in Table 6. As demonstrated in Table 6, in the
95% Confidence Interval (CI), the average of C; was more
than 0.50. The optimized stir-baked scheme is as follows:
stir-baked amount = 3.9 kg, stir-baked temperature = 121°C,
stir-baked time after reaching the target temperature = 3.9
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Table 5. ANOVA table of regression model.

Sources of variation ~ Sum of squares  Degrees of freedom  Average square  Standard regression F-values P-values
coefficient
X 9.9885 1 9.9885 2.3281 1.7559 0.0937
X, 156.1570 1 156.1570 9.2051 5.4658 0
X, 23.4535 1 23.4535 3.5674 2.6906 0.0137
X, 22.4100 1 22.4100 3.4871 2.6301 0.0156
Xz 22.3462 1 22.3462 -3.4822 6.6377 0
X2 156.1020 1 156.1020 -9.2035 5.9017 0
X2 18.8064 1 18.8064 -3.1945 6.0894 0
X2 19.8862 1 19.8862 -3.2849 6.2617 0
XX, 1.3810 1 1.3810 0.8657 0.7441 0.4650
XX, 0.0075 1 0.0075 -0.0637 0.1214 0.9045
XX, 0.3599 1 0.3599 0.4419 0.8424 0.4091
XX, 0.1944 1 0.1944 -0.3248 0.2791 0.7829
XX, 0.4848 1 0.4850 -0.5129 0.4408 0.6638
XX, 0.0133 1 0.0133 -0.0851 0.1622 0.8727
Regression 14 0.1161 F,=11.2178 0
Surplus 21 0.0103
Loss of quasi 10 0.0057 F,=0.3916 0.9245
Error 11 0.0146
Sum 35
-18 r
-18.5
-19
-19.5
G 20
|
-20.5
-21 —#— X, stir-baked amount
—a— X, stir-baked temperature
-21.5 [ —e— X, stir-baked time
2 & X, stir-baked rotation speed
225 . . - L 1 L ; a
-2 -1.5 -1 -0.5 0 0.5 1 1.5
Level of factor
Figure 1. Influence of various factors on comprehensive vector distance (Ci).

min, and stir-baked rotation speed = 393 r/min. However,
considering the practical operability of the equipment and
production, the optimization scheme was appropriately
modified. The modification scheme is as follows: stir-baked
amount = 3.9 kg, stir-baked temperature w= 120°C, stir-
baked time after reaching the target temperature = 3.9 min,
and stir-baked rotation speed = 400 r/min.

Study on taste blending of FSIT

In Section 2.2.4, we obtained the best stir-baked process
parameters, that is, the stir-baked amount was 3.9 kg, the
stir-baked rotation speed was 400 r/min, and the stir-
baked time after reaching 120°C was 5 min; 1% stevia gly-
coside of different volumes was added, and the stir-baked
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Table 6. Value frequency distribution of stir-baked amount (X,), temperature (X,), time (X,), and rotation speed (X,).

Level X, (kg) X, (°C) X, (min) X, (r/min)
Number  Frequency Number  Frequency Number  Frequency  Number  Frequency

-2 0 0 0 0 0 0 0 0

-1 3 0.2 3 0.2 2 0.13 3 0.2

0 10 0.67 8 0.53 12 0.8 10 0.67

1 2 0.13 4 0.27 1 0.067 2 0.13

2 0 0 0 0 0 0 0 0

95% Confidence Interval (Cl) -0.3569~0.2236 -0.2774~0.4107 -0.2905~0.1571 -0.3569~0.2236

Stir-baked conditions 3.63~4.22 117.22~124.11 3.71~4.16 364.31~422.36

Average 49 121 3.9 393

was conducted for 3.9 min. According to the results of
scoring, the product obtained by adding 15 mL of 1%
stevia glycoside tasted good. Therefore, the result of the
taste blending scheme of FSIT is as follows: 15 mL of 1%
stevia glycoside was added per 3.9 kg of Flos Sophorae
Immaturus.

Study on quality of FSIT

The sensory evaluation of FSIT was conducted according
to the requirements of sensory indices of the National
Industry Standard of Substitute Tea. We observed the
appearance of the obtained tea: the color was burnt yel-
low, the grain was full, the texture was firm and crisp, and
the smell had a strong coke flavor. Under natural light,
the soup of FSIT was clear and golden in color; had no
turbidity; had no scattered particles; had no astringency;
and had charred taste through watching, smelling, and
tasting.

The physicochemical and microbial indicators of FSIT
were determined according to the requirements of the
Chinese Pharmacopoeia and the National Industry
Standard on Physical and Chemical Indices of Substitute
Tea and microbiological indicators on food microbial
national standards. The results are demonstrated in
Table 7; all the indicators complied with the relevant pro-
visions of the industry standards, and the contents of all
kinds of microorganisms did not exceed the values speci-
fied in the National Standards.

Discussion

In this experiment, the sensory and chemical indices of
the multicomponent content were used to: evaluate the
stir-baked process of the new mechanism of FSIT com-
prehensively; optimize the best process; avoid the lim-
itation and inaccuracy caused by the evaluation of single
index; make the stir-baked process of FSIT reasonable;

Table 7. Physical and chemical indices of FSIT.

Project Index Measured value
Total flavonoids (%) >20 36.87 £ 0.38
Rutin (%) >15 29.49+£0.72
Moisture (%) <13 2431025
Total ash (%) <12 523+0.25
Aflatoxin B, (ug-kg™") <5 3.20£0.10
Lead (mg-kg™) <5 0.8+0.10
Total arsenic (mg-kg™") <0.5 0.13 £0.06
Cadmium (mg-kg™) <0.5 0.26 + 0.06
Total number of colonies <30,000 17,000
(cfug™)

Coliform (MPN-g~!) <30 15
Staphylococcus aureus Not detected Not detected
Salmonella Not detected Not detected
Shigella Not detected Not detected

and perfect the quality evaluation system. For the selec-
tion of the content evaluation indices, water extract was
the general term of soluble substances that could be dis-
solved in hot water in the tea soup and a comprehensive
index that represented the overall level of flavor compo-
nents in the tea soup (Liu et al., 2014). Flavonoids could
not only enhance the capillary and has anti-inflamma-
tory, antispasmodic, antiulcer, hypolipidemic, and other
pharmacological effects but could also cool the blood
to stop bleeding, clear the liver, and purge fire and heat.
Flavonoids are one of the substances with evident bio-
logical activity and physiological functioning in FSIT
(Liu et al., 2018). Although the total content of polysac-
charides in Flos Sophorae Immaturus is not high but has
anti-inflammatory and antiviral effects, maintains vascu-
lar resistance, is rouge, and inhibits aldose reductase. The
total content of polysaccharides is also one of the basic
substances involved in life activities (Zhou and Xia 2011).

The single-factor experiment selects PPC weight analysis
combined with TOPSIS as a comprehensive evaluation
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method for initial screening and stir-baked conditions.
Given the difference in the contribution of sensory and
chemical indices in evaluating the quality of FSIT in the
stir-baked process, the direct use of subjective valuation
method to determine the weight coefficient is biased.
The PPC method in DPS software is a relatively objective
weight assignment method that avoids artificial inter-
ference factors of expert grading and eliminates grading
steps. Therefore, single-factor experiment is more scien-
tific, reasonable, and advantageous than the subjective
weight assignment method. The TOPSIS method could
provide effective solutions for the optimization of differ-
ent evaluation indices and comprehensive evaluation of
target groups (Ning et al., 2018) and simplify the statis-
tical analysis of multi-index variable data. The TOPSIS
method could be used as an auxiliary analysis method to
compare different cooking conditions of Flos Sophorae
Immaturus in improving work efficiency and accuracy.

Orthogonal and uniform experiments are generally used
to optimize the extraction or stir-baked process. Although
these methods avoid a large number of repetitive exper-
iments, they also have defects, such as poor precision
and limited scope of application. In this experiment, four
factors, including stir-baked amount, temperature, time,
rotation speed, and five levels of each factor, were inves-
tigated in the stir-baked process of FSIT. The quadratic
regression rotation-orthogonal combination design is the
best choice. This design is a kind of experimental design
method with orthogonal, regression, uniform, and high
saturation. This design belongs to an advanced exper-
imental design technique that not only overcomes the
faults that the quadratic regression forecast variance in
the regression orthogonal design depends on sites in the
factor space position but also retains the advantages of
the regression orthogonal design experiment (Ye and Liu,
2017) and provide scientific basis for industrialization
production of FSIT.

Water extract and volatile components are the mate-
rial basis of tea flavor. In this report, the descriptions of
chemical characteristics of different tea soups prepared
from the same fresh Flos Sophorae Immaturus with dif-
ferent stir-frying techniques are based on the relative
content of each component. The fresh raw materials of
tea and the biochemical composition of tea soup have
their own unique index profiles. The multi-component
chemical pattern recognition method of tea soup con-
tributes to the better quality control of tea soup. The next
step would be to study the overall change of the chemical
profile of tea soups because of different fresh raw mate-
rials and the processing techniques. In addition, since
there are various biochemical components in tea soups,
it remains to be explored how to establish a stoichiom-
etry scheme that correlates quality of the tea soup flavor
with its main components (including sensory threshold).

Conclusions

The combined PPC-TOPSIS method with the quadratic
orthogonal rotation combination design method was
used to investigate the four factors, namely, stir-baked
amount, temperature, time, and rotation speed, of the
machine-made FSIT. The contents of seven components
and sensory scores were taken as inspection indices to
study the key technology of stir-baked FSIT, and the
optimum stir-baked conditions are as follows: stir-baked
amount: 3.9 kg, stir-baked rotation speed: 400 r/min,
and time needed to reach the temperature of 120°C: 5
min and maintained for 3.9 min after adding 15 mL of
1% stevioside. The technology had high stability and
simple operation, and the results established that the
machine-made FSIT soup was clear and golden in color,
with charred taste, no bitterness, no peculiar smell, and
improved sensory quality under the above-mentioned
conditions. The sensory, that is, physical and chemical
indicators, and microbial indicators agreed with rele-
vant national standards, and the technical standards for
the production of stir-baked FSIT could be formulated
accordingly. This research provides additional insight
into the types of substitute teas and technical support for
enterprises to develop the stir-baked technology of FSIT
for industrial application, which has practical guiding
significance.
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