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ABSTRACT

Background. Corn silk, rich in flavonoids and polysaccharides, is an agricultural by-product with diuretic
and antioxidant properties; yet it remains underutilized. The global prevalence of hyperuricemia continues to
rise, highlighting the need for functional dietary interventions. This study aims to develop a corn silk com-
posite tea bag (CCT) comprising corn silk, lotus leaf, mint, and hawthorn, with favorable sensory attributes
and uric acid-lowering and antioxidant potential.

Material and methods. Raw materials were evaluated using a structured sensory scoring system (100-point
scale) based on appearance (20), aroma (20), color (20), and taste (40). Formulation optimization was con-
ducted using single-factor experiments and response surface methodology. Anti-hyperuricemic activity was
determined by xanthine oxidase (XOD) inhibition, and antioxidant capacity was assessed using DPPH?,
ABTS", and hydroxyl radical (OH") scavenging assays.

Results. The optimized formulation comprised: corn silk 53%, lotus leaf 11%, mint 4%, and hawthorn 14%,
achieving a sensory score of 96 £0.51. After infusion in 200 mL of water at 100°C for 15 minutes, the ex-
tract contained 0.59 £0.06 mg/mL of flavonoids and 1.08 £0.02 mg/mL of polysaccharides in the tea extract.
XOD inhibition rate reached 61.78 +£0.53%, while DPPH*, ABTS*, and OH™ scavenging activities were 90.89
+0.23%, 88.56 £0.18%, and 60.34 +0.31%, respectively.

Conclusion. CCT exhibited superior sensory quality and enhanced bioactivity relative to corn silk alone, with
a 105.93% increase in XOD inhibition and improvements of 10.80%, 20.39% and 1.09% in DPPH*, ABTS",
and OH™ scavenging activities, respectively. These results support the potential of CCT as a functional bev-
erage that adds value to agricultural by-products and provides a transferable model for the development of
bioactive botanical formulations.
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INTRODUCTION

Hyperuricemia (HUA) is a common metabolic dis-
order characterized by abnormal purine metabolism
(Subbu et al., 2025). Chronic HUA not only leads to
gout but is also closely associated with various com-
plications, including kidney damage, hypertension,
cardiovascular diseases, and diabetes, which sig-
nificantly impair patients’ quality of life (Park et al.,
2020; Yu and Cheng, 2020). Currently, allopurinol
may cause liver dysfunction and hematologic toxicity,
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febuxostat carries potential cardiovascular risks, and
benzbromarone has been associated with hepatotoxic-
ity (Du et al., 2024). Consequently, the development
of natural products for lowering uric acid with high
safety and minimal side effects has become a major
focus of research.

Natural plants, rich in bioactive compounds, have
demonstrated significant potential in the prevention
and management of metabolic disorders (Li et al.,
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2025). Corn silk, primarily a by-product of corn pro-
cessing, is often discarded in large quantities and is
rich in carbohydrates, flavonoids, and phenolic acids,
which are readily water-soluble (Mali et al., 2025).
Not only is corn silk widely available and cost-effec-
tive, but it has also been traditionally used in Chinese
medicine for its diuretic properties (Hasanudin et al.,
2012). Lotus leaf, which is rich in flavonoids, poly-
saccharides, and volatile oils, is commonly steeped in
hot water for consumption and exhibits antioxidant,
anti-inflammatory and hypoglycemic effects (Wang
et al., 2021). Crude extracts of lotus leaf have been
shown to significantly reduce uric acid levels in the
serum and liver of HUA rats (An et al., 2021). Mint
is rich in carbohydrates, minerals, and vitamins, and
its extracts have been shown to inhibit xanthine oxi-
dase (XOD) activity (Wang et al., 2017; Sarosi et al.,
2025). Hawthorn exerts a uric acid-lowering effect
through its flavonoids and phenolic acids (Long et
al., 2016).

In recent years, tea bags have gained widespread
popularity due to their convenience and reduced side
effects compared with pharmaceutical drugs (Faleel et
al., 2024). Research on corn silk has primarily focused
on products such as decoctions and yeast bread, with
relatively little attention given to the development of
functional blended tea bags (Yoo et al., 2019; Hamzah
and Wan Ishak, 2025). Many commercially available
tea bag products exhibit unclear functionality and poor
sensory quality (Brendler et al., 2022).

This study presents the development of a corn silk
composite tea bag (CCT) formulated with corn silk as
the primary ingredient and supplemented with lotus
leaf, mint, and hawthorn to achieve uric acid-lower-
ing and antioxidant effects. The formulation was op-
timized using single-factor experiments and response
surface methodology (RSM), with sensory evaluation
employed as a key measure of palatability. In addition,
the inhibitory activity of XOD and its antioxidant ac-
tivity of CCT were evaluated through in vitro experi-
ments. This research not only opens a new pathway for
the high-value utilization of natural resources such as
corn silk but also establishes a theoretical foundation
for the development of safe and effective functional
tea products, demonstrating significant academic and
practical value.
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MATERIALS AND METHODS

Materials and reagents

Corn silk, lotus leaf, mint and hawthorn were pur-
chased from Jilin Pharmacy. The reagents Xanthine,
XOD, and Allopurinol were obtained from Dulai Bio-
technology Co., Ltd. (Nanjing, China). 2,2'-Azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and
1,1-diphenyl 1-2-picrylhydrazyl (DPPH) were pur-
chased from Aladdin Chemical Co (China).

Preparation of tea bags

Corn silk (0.60-1.40 g), lotus leaf (0.10-0.50 g), mint
(0.05-0.25 g), and hawthorn (0.10-50 g) were thor-
oughly mixed, weighed, and placed into food-grade
non-woven tea bags. The edges of the tea bags were
sealed using a hot-press sealing machine (TS-300,
Guangzhou Tesu Packaging Equipment Co., Ltd.,
China) at 150°C and 0.3 MPa to prevent leakage. Both
sides of each tea bag were sterilized using a UV steri-
lization box (ZW-30D, Shanghai Zhicheng Analytical
Instrument Co., Ltd., China) for 30 seconds per side.

Sensory evaluation

A sealed tea bag was steeped in 200 mL of boiling wa-
ter (100°C) for 15 minutes. For sensory evaluation of
CCT formulations with different raw material ratios,
30 panelists (15 males and 15 females, aged 20-30)
were randomly selected. The evaluation criteria were
divided into four dimensions: appearance, aroma,
color, and taste (Yang et al., 2023). The scoring criteria
are presented in Table 1.

Single-factor experiment

Four factors at five levels were selected: corn silk
(45%, 50%, 55%, 60%, and 65%), lotus leaf (5%,
10%, 15%, 20%, and 25%), mint (3%, 6%, 9%, 12%,
and 15%), and hawthorn (5%, 10%, 15%, 20%, and
25%). The fixed levels for the remaining factors were
55%, 15%, 9%, and 15%, respectively. By varying one
factor at a time while keeping others constant, the sen-
sory scores were evaluated.

RSM optimization of CCT

Based on the results of the single-factor experiments,
the amounts of each raw material were selected as in-
dependent variables, and the sensory score was used
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Table 1. Sensory evaluation criteria

Items Scoring criteria Score
Appearance (20) The tea bag has good filtration and is free from damage. 16-20
The tea bag has good filtration with minimal damage. 11-15

The tea bag is damaged, with significant damage. <10
Aroma (20) A delicate and refreshing corn silk fragrance, long-lasting and pervasive. 16-20
A subtle and clean corn silk aroma. 11-15

Impure aroma lacking a noticeable corn silk scent. <10
Color (20) Harmonious golden-yellow color, uniform and free of impurities. 16-20
The color is poor, with no impurities but slight sedimentation. 11-15

The color is poor, with visible impurities. <10
Taste (40) Smooth and harmonious taste, dominated by corn silk flavor. 31-40
The taste is relatively balanced and fairly smooth, with a mild corn silk flavor. 21-30

Flat flavor profile with an unpleasant bitterness. <20

as the response value. A Box—Behnken response sur-
face methodology (RSM) design with four factors at
three levels was employed to optimize the formulation
parameters of CCT. The factors and their correspond-
ing levels are shown in Table 2.

Table 2. Factors and levels of RSM

Factors
Levels
A B C D
-1 50% 5% 3% 10%
0 55% 10% 6% 15%
1 60% 15% 9% 20%

Determination of flavonoid content

The total flavonoid content of CCT, corn silk, lotus
leaf, mint, and hawthorn was determined according to
the method of Vo et al. (2025). Rutin was used as the
standard, and a calibration curve was constructed by
measuring absorbance at 510 nm over a concentration
range of 0.20-0.70 mg/mL.

www.food.actapol.net/

Determination of polysaccharide content

The total polysaccharide content of the five samples
was determined using the method described by Liu
et al. (2025). Glucose was used as the standard, and
absorbance was measured at 490 nm over a concentra-
tion range of 0.02-0.10 mg/mL to generate a calibra-
tion curve.

XOD Inhibition

Phosphate buffer (pH 7.5, 180 pL), XOD (0.10 U/
mL, 60 pL), and 30 pL of each sample extract or al-
lopurinol (positive control) were mixed with xanthine
(2.00 mmol/L, 60 pL) and incubated for 30 minutes.
The reaction was terminated by adding 1.00 mol/L
HCI (60 pL), and absorbance was measured at 290 nm
(Trinh et al., 2025).

Antioxidant experiment
Each sample (1.25 g) was weighed individually and
extracted with 200 mL of boiling water (100°C) for
15 minutes. The resulting extracts were then subjected
to antioxidant assays.

ABTS" scavenging activity: A 100 pL aliquot of
sample extract was mixed with 900 pL of ABTS" so-
lution and incubated in the dark at room temperature
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for 6 minutes. The absorbance was then measured at
734 nm (Thachunglura et al., 2025).

DPPH" scavenging activity: 20 pL of the sample
solution and 180 pL of DPPH working solution were
added into a 96-well plate, respectively, at room tem-
perature for 20 minutes, and the absorbance was meas-
ured at 517 nm (Prommee et al., 2025).

Hydroxyl radicals scavenging: 1 mL of 9 mmol/L
ferrous sulfate solution, 1 mL of 9 mmol/L ethanol-
salicylic acid solution, and 1 mL of purified water
were added to 1 mL of the sample solution, respec-
tively, mixed well and incubated in a 37°C water bath
for 30 minutes. The absorbance was measured at 510
nm (Gao et al., 2025).

Data processing

SPSS 20 statistical software was used for data analy-
sis, and Origin 2020 was used to generate tables. The
significance level was set at p < 0.05. Three parallel

experiments were conducted for each group, and the
mean value was reported as the final result.

RESULTS AND ANALYSIS

Single-factor experiment sensory scores

The results of the single-factor experiments indicated
that as the amount of corn silk increased, the sensory
score of the tea bag first increased and then decreased.
The sensory score reached a maximum value of 94
when the corn silk content was 55%, exhibiting a har-
monious golden-yellow color, uniformity, and absence
of impurities, along with a pleasant blended aroma and
no undesirable odors. Therefore, a corn silk addition
level of 55% was selected (Fig. 1A).

When the lotus leaf content reached 10%, the tea bag
achieved a sensory score of 85, with a uniform light-
yellow color and a well-balanced taste. Further in-
creases in lotus leaf content led to a gradual decline in

Fig. 1. Effects of single factors on sensory scores: (A) Corn silk addition level, (B) lotus leaf ad-
dition level, (C) mint addition level, and (D) hawthorn addition level
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the sensory score. Therefore, a lotus leaf addition level
of 10% was selected (Fig. 1B).

As the amount of mint increased, the sensory score
of the tea bag initially increased and then decreased,
reaching a maximum value of 91 at a mint content
of 6%. However, excessive mint addition resulted
in a bitter and astringent taste, along with an overly
intense cooling sensation. Therefore, a mint addition
level of 6% was selected (Fig. 1C).

After the addition of hawthorn, the tea bag devel-
oped a pleasant sweet-and-sour flavor. As the hawthorn
content increased from 5% to 15%, the sensory score
improved significantly. At 15% hawthorn addition, the
product exhibited a bright yellow color, a refreshing
taste, and well-balanced acidity, achieving the high-
est sensory score of 95. Further increases in hawthorn
content led to a gradual decline in sensory evaluation.
Therefore, a hawthorn addition level of 15% was se-
lected (Fig. 1D).

Response surface experiment design results and
regression analysis

Based on the results of the single-factor experiments,
the addition levels of corn silk (A), lotus leaf (B), mint
(C), and hawthorn (D) were selected as independent
variables, with the sensory score serving as the re-
sponse value. A total of 29 experimental runs were de-
signed using a four-factor, three-level design, and the
results are presented in Table 3.

A quadratic regression equation was obtained by
regression fitting of the data in Table 3 using quadratic
multivariate regression. The response value Y can be
predicted by the following second-order polynomial
equation:

Y=9480+142A+2.75B-7.67C -4.67D —
4.25AB + 6.25AC + 6.75AD + 0.25BC + 6.75BD —
3.50CD — 7.32A? — 5.32B? — 8.44C* — 10.44D?

The model was highly significant (P < 0.01), and
the lack-of-fit was not statistically significant (P >
0.01), indicating that the quadratic polynomial re-
gression equation fits the data well and accurately de-
scribes the relationship between the addition levels of
the four components and the sensory score of CCT.
The coefficient of variation (C.V.) was 4.480%, dem-
onstrating good model reproducibility.

www.food.actapol.net/

Table 3. Results of response surface experiments

Text A B C D Sensory score
1 55 10 3 10 83
2 55 10 6 15 98
3 50 15 6 15 86
4 55 10 6 15 93
5 55 15 3 15 88
6 50 10 6 10 84
7 60 10 9 15 75
8 55 15 6 10 83
9 55 10 6 15 93

10 55 10 6 15 97
11 60 10 3 15 81
12 60 10 6 10 79
13 55 10 9 20 59
14 55 5 6 20 64
15 55 5 6 10 88
16 55 10 3 20 81
17 60 15 6 15 82
18 60 10 6 20 84
19 55 15 9 15 76

20 55 10 6 15 93

21 50 10 9 15 67

22 55 15 6 20 86

23 55 5 3 15 87

24 55 5 9 15 74

25 50 10 6 20 62

26 60 5 6 15 84

27 50 10 3 15 98

28 50 5 6 15 71

29 55 10 9 10 75

The optimal formulation was determined to be
53.64% corn silk, 11.46% lotus leaf, 4.40% mint, and
14.37% hawthorn. Based on practical considerations,
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Fig. 2. 3D response surface plots showing the effects of corn silk, lotus leaf, mint, and hawthorn addition levels

on the sensory score of CCT

these values were adjusted to 53%, 11%, 4%, and 14%,
respectively. The average sensory score from three
validation experiments was 96 +0.51, which closely
matched the predicted value of 97.28, confirming the
reliability and predictive capability of the model.

Experimental results of XOD inhibition

As shown in Table 4, lotus leaf and mint exhibited
relatively high flavonoid contents. Higher flavonoid

86

levels may be associated with stronger inhibition of
XOD, suggesting a positive correlation between flavo-
noid content and XOD inhibitory activity (Di Majo et
al., 2014). In contrast, although hawthorn and corn silk
contained relatively high levels of polysaccharides,
their XOD inhibition rates were comparatively lower,
indicating that the relationship between polysaccha-
ride content and XOD inhibition was less pronounced
than that observed for flavonoids. This suggests that
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Table 4. XOD inhibition experiment results

Sample Flavonoids, mg/mL Polysaccharide, mg/mL XOD inhibition, %
Corn silk 0.29 +0.04° 0.82 +0.05¢ 30.00 +£0.28°
Lotus leaf 0.60 +£0.11* 0.71 £0.10¢ 59.70 £0.31°
Mint 0.57 £0.08* 0.86 +0.13> 57.94 £0.47¢
Hawthorn 0.31£0.12° 1.23 +0.09° 43.36 £0.50¢
CCT 0.59 £0.16° 1.08 +£0.22% 61.78 £0.53*

Note: within the same column, values with different lowercase superscript letters indicate significant differences (P < 0.05) (n = 3).

the inhibitory mechanism of polysaccharides against
XOD may be more complex or subject to greater mod-
ulation by other factors (Huang et al., 2025). In CCT,
the flavonoid content was lower than that in lotus leaf
and mint because these components accounted for
only 11% and 4%, respectively. Meanwhile, the poly-
saccharide content in CCT was lower than that in haw-
thorn, which accounted for 14% of CCT. Although the
individual component contents were not dominant in
CCT, their combined flavonoids appeared to enhance
XOD inhibitory activity, indicating a potential syner-
gistic interaction with a “1 + 1 > 2” effect.

Results of antioxidant experiment

As shown in Table 5, the DPPH" scavenging rate of
CCT was 90.89 £0.23%, which was not significantly
different from that of lotus leaf at 91.21 £0.05% and
was significantly higher than those of corn silk and
hawthorn. The ABTS* scavenging rate of CCT was
88.56 +£0.18%, which was lower than that of mint
(90.02 +£0.16%) but significantly higher than those of

Table 5. Antioxidant experiment results

corn silk, hawthorn, and lotus leaf. The OH™ scaveng-
ing rate of CCT was 60.34 +0.31%, which was lower
than those of lotus leaf and mint but significantly higher
than those of corn silk and hawthorn. These results in-
dicate that the core antioxidants can maintain their effi-
cacy within a complex system without being inhibited
or antagonized by other ingredients, thereby achieving
a stable synergistic effect (Lee et al., 2015). Although
CCT exhibited slightly lower antioxidant activity for
certain indicators, the ratio of each plant material in
CCT was reduced. Nevertheless, CCT demonstrated
antioxidant synergy by leveraging the complementary
effects of its flavonoids and polysaccharides.

CONCLUSIONS

This study optimized the formulation of CCT using
single-factor experiments combined with response sur-
face methodology. After soaking in 200 mL of water at
100°C for 15 minutes, the CCT infusion contained 0.59
+0.06 mg/mL of flavonoids and 1.08 +0.02 mg/mL of

Sample Inhibition rate, % ABTS" scavenging rate, % OH" scavenging rate, %
Corn silk 82.03 £0.16¢ 73.56 £0.23¢ 59.69 +0.18¢
Lotus leaf 91.21 +£0.09* 85.10 £0.12¢ 64.31 £0.10°
Mint 88.26 +£0.22° 90.02 +0.16* 61.25 +0.24°
Hawthorn 77.23 +£0.18¢ 83.66 +£0.0584 52.33 +0.12¢
CCT 90.89 +0.23* 88.56 +0.18° 60.34 +0.31°¢

Note: Within the same column, values with different lowercase superscript letters indicate significant differences (P < 0.05) (n = 3).
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polysaccharides. The XOD inhibition rate was 61.78
+0.53%, and the DPPH*, ABTS", and OH™ scaveng-
ing rates were 90.89 £0.23%, 88.56 £0.18%, and 60.34
+0.31%, respectively. The final tea infusion was gold-
en yellow and clear, with a rich corn silk aroma, pro-
nounced tartness, and a subtle herbal fragrance.

This research not only developed a functional tea
product but also demonstrated the sensory and func-
tional synergy among its components. The high pro-
portion of corn silk established a mild and sweet base,
while hawthorn contributed a refreshing sweet-sour
note that prevented the overall flavor from becoming
flat. The cooling sensation of mint complemented the
sweet acidity of hawthorn, enhancing flavor complex-
ity. The subtle botanical aroma of lotus leaf blended
harmoniously into the infusion, enhancing fragrance
while balancing slight bitterness. Because CCT is rich
in flavonoids and polysaccharides, it not only inhibits
xanthine oxidase activity, thereby reducing uric acid
production, but also exerts antioxidant effects that
help alleviate oxidative stress and reduce free radical-
induced damage. Moreover, the utilization of corn silk
represents an innovative approach to the valorization
of agricultural byproducts, contributing to waste re-
duction and sustainable resource use.
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