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Abstract

tivities, optimize the extraction conditions of tea polyphenols, and provide a foundation for their development as natural antioxidants and anti-

[ Objectives | To investigate the concentration of tea polyphenols in the tea infusion, evaluate their antioxidant and antibacterial ac-

bacterial agents. [ Methods] Single-factor tests and orthogonal experiments were performed to examine the effects of brewing temperature,, du-
ration, and frequency on the extraction of tea polyphenols. Antioxidant activity was assessed using the DPPH radical scavenging assay, reduc-
ing power assay, and hydroxyl radical scavenging assay. The antibacterial activities of the tea infusion against Escherichia coli, Bacillus
thuringiensis , Penicillium, and Saccharomyces were evaluated through spectrophotometry. [ Results] The concentration of tea polyphenols in-
creased with rising brewing temperature and duration but decreased with an increase in brewing frequency. The relative influence of these fac-
tors was ranked as follows: brewing duration > brewing frequency > brewing temperature. The optimal brewing conditions were determined to be
100 °C, 15 min, and a single brewing cycle. Under these conditions, the tea polyphenol concentration reached 0. 788 4 mg/mL. Additionally,
the DPPH free radical scavenging rate, reducing power, and hydroxyl radical scavenging rate of the tea infusion all exhibited a positive correla-
tion with tea polyphenol concentration. The antibacterial activity of the tea infusion against four microorganisms, in descending order of effica-
cy, was B. thuringiensis, E. coli, Penicillium, and Saccharomyces. [ Conclusions] The extract of Fenghuang Dancong tea exhibits significant

antioxidant and antibacterial properties. lIts efficacy is positively correlated with the concentration of tea polyphenols, demonstrating a stronger

inhibitory effect on bacteria compared to fungi.
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0 Introduction

Tea, recognized as one of the world’s three primary non-alco-
holic beverages, has garnered considerable attention owing to its
abundant bioactive constituents and notable health benefits.
Among these constituents, tea polyphenols ( polyphenolic com-
pounds predominantly composed of catechins) represent the most
significant functional components in tea. They constitute approxi-
mately 15% —35% of the dry weight of tea leaves and exhibit di-
verse biological activities, including antioxidant, antibacterial,
anti-inflammatory, and anticancer effects’”’. Regarding antioxida-
tive mechanisms, tea polyphenols directly scavenge free radicals
by donating hydrogen atoms or electrons. Concurrently, they acti-
vate endogenous antioxidant enzyme systems, including superoxide
dismutase (SOD) and glutathione peroxidase ( GSH-Px), thereby
effectively inhibiting lipid peroxidation and oxidative stress respon-
ses'”. These actions are highly significant for delaying aging and
preventing cardiovascular and neurodegenerative diseases. In the
domain of antibacterial activity, tea polyphenols have been demon-
strated to disrupt bacterial cell membrane structures, impede bio-
film formation, and inhibit bacterial quorum sensing systems.
These actions result in significant inhibitory effects against com-

mon pathogenic bacteria, including Escherichia coli and Staphylo-
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[3-4]
coccus aureus .

Currently, the predominant research methods employed in the
antioxidant activity of tea include the DPPH radical scavenging as-
say, the ABTS cation radical scavenging assay, the FRAP (ferric
reducing antioxidant capacity) assay, and the oxygen free radical
scavenging assay. These methods simulate free radical generation
environments to assess the free radical scavenging capacity of the

) Studies investigating antibacterial activity commonly

samples
utilize the agar diffusion method and the micro-broth dilution
method to determine the minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) , thereby evalua-
ting the inhibitory and bactericidal effects of samples'®’.

In recent years, both domestic and international scholars
have conducted extensive research on the antioxidant and antibac-
terial properties of tea. Initial studies primarily concentrated on
common tea varieties, including green tea and black tea. Howev-
er, with the comprehensive exploration of tea germplasm re-
sources, the biological activities of distinctive tea types, such as
oolong tea and dark tea, have increasingly become focal points of
research. Existing studies have demonstrated significant variations
in the composition and concentration of active components across
different types of tea, with their antioxidant and antibacterial prop-
erties being influenced by factors such as variety, origin, and pro-
cessing methods. However, research on Fenghuang Dancong tea
remains limited. Systematic investigations into its antioxidant and
antibacterial activities are relatively scarce, and the mechanisms
underlying the actions of its active components have not been thor-
oughly explored. This gap hinders the advancement of its applica-

tions in the food and pharmaceutical industries.
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Fenghuang Dancong tea, a valuable variety of Chinese oolong
tea, originates from Mount Phoenix in Chaozhou City, Guangdong
Province. It is distinguished by its distinctive " one tree, one fra-
grance" aroma and its rich nutritional composition. Processing tech-
niques such as shaking green and killing green induce oxidation and
polymerization reactions of tea polyphenols, resulting in the formation
of a complex phenolic compound system. This complex system may
confer unique antioxidant and antibacterial properties to the tea"”.

This study focused on Fenghuang Dancong tea as the research
subject, examining the effects of three variables (brewing temper-
ature, brewing duration, and brewing frequency) on the extraction
of tea polyphenols. Following optimization through single-factor
tests and orthogonal experiments, the antioxidant and antibacterial
activities of the resulting tea infusions were evaluated. The find-
ings offer valuable insights for the development of novel natural
antioxidants and antibacterial agents, support the advancement of
the high-value tea industry, inform scientific tea consumption
practices, promote Chinese tea culture, and contribute to the

growth of the health industry.

1 Materials and methods
1.1 Materials
1.1.1 Strains and media. E. coli, Bacillus thuringiensis, Penicil-
lium, and Saccharomyces species were isolated and preserved by the
School of Life Science & Technology, Lingnan Normal University.
Nutrient broth ( NB) medium was obtained from Qingdao
Hi-Tech Industrial Park Hope Bio-Technology Co., Ltd., and
MRS medium was sourced from Beijing Aoboxing Bio-technology
Co. , Litd. The PDA medium was prepared using 200 g of potato,
20 g of glucose, 15 —20 g of agar, and 1 000 mL of distilled wa-
ter, with the pH maintained at its natural level.
1.1. 2
study; 1, 1-diphenyl-2-picrylhydrazyl radical ( analytical grade;
TCI Shanghai Development Co. , Ltd. ), ferric chloride hexahy-

drate, potassium hexacyanoferrate (IIT) , trichloroacetic acid, dis-

Reagents. The following reagents were utilized in this

odium hydrogen phosphate, sodium dihydrogen phosphate (all an-
alytical grade; Tianjin Guangfu Fine Chemical Research Institute) ,
anhydrous ethanol ( analytical grade; Guangdong Guanghua Sci-
ence and Technology Co. , Ltd. ), hydrogen peroxide ( Shanghai
Lingfeng Chemical Reagent Co. , Ltd. ), ferrous sulfate ( analyti-
cal grade; Guangdong Guangshi Reagent Technology Co. , Ltd. ),
salicylic acid ( analytical grade; Guangdong Guanghua Science
and Technology Co. , Ltd. ), and potassium sodium tartrate tetra-
hydrate (analytical grade; Guangzhou Chemical Reagent Factory).
1.1.3 Test instrument. SPX-250B-Z biochemical incubator
(Shanghai Bosun Medical Biological Instrument Co., Litd.),
THZ-100 constant temperature shaking incubator ( Shanghai Yi-
heng Scientific Instrument Co. , Ltd. ), TG16-WS benchtop high-
speed centrifuge ( Hunan Xiangyi Laboratory Instrument Develop-
ment Co. , Lid. ), and V-1200 visible spectrophotometer ( Shang-
hai Chaoyi Instrument Co. , Ltd. ) were utilized in this study.
1.2 Methods

1.2.1

lected and inoculated into 100 mL of the appropriate strain medi-

Activation and cultivation of strains. The strain was se-

um. The container was sealed with eight layers of gauze and incu-
bated in a shaker at a rotational speed of 160 rpm. Following incu-
bation at 37 °C for 24 h, the culture was stored at 4 °C for subse-
quent use™.

1.2.2

discs with a diameter of 6 mm were selected and sterilized in an

Preparation of filter paper discs. Circular filter paper

oven at 121 °C. The crude extract was then poured into a Petri
dish containing the filter paper discs, which were placed in a
clean bench to soak for approximately 30 min, followed by air
drying for subsequent use®’.

1.2.3 Preparation of the extract of Fenghuang Dancong tea. The
ratio of material to water was maintained at tea : water (m : v) =
1 g : 100 mL. Initially, 100 mL of distilled water was poured into
a beaker and heated to the target temperature, after which heating
was discontinued. The tea leaves were then added and brewed ac-
cording to the specified frequency and duration. Upon completion
of the brewing period, the tea leaves were filtered, and the tea in-
fusion was collected in a conical flask and stored at 4 °C for subse-
quent use.

1.2.4 Determination of tea polyphenol concentration. (i) Plot-
ting of the standard regression equation curve of tea polyphenols.
10 mg of tea polyphenol powder was accurately weighed and dis-
solved in distilled water, then diluted to a final volume of 20 mL
to prepare a standard solution with a concentration of 0. 5 mg/mL.
Subsequently, 1, 2, 3, 4, and 5 mL of this 0.5 mg/mL standard
solution were transferred into separate volumetric flasks and dilu-
ted to 10 mL with distilled water, yielding tea polyphenol solutions
with concentrations of 0.05, 0.10, 0.15, 0.20, and 0.25 mg/mlL,
respectively. To each solution, 5 mL of ferrous tartrate solution
was added and mixed thoroughly, followed by the addition of a pH
7.5 buffer solution up to the calibration mark, with subsequent
mixing. The mixtures were allowed to stand for 10 min before
measuring absorbance at 540 nm, using distilled water as the
blank reference. Absorbance measurements were performed in
triplicate for each concentration. The absorbance values ( Y-axis)
were plotted against the corresponding tea polyphenol concentra-
tions (X-axis) to construct the standard calibration curve".

(ii) Determination of tea polyphenol concentration in the ex-
tract of Fenghuang Dancong tea. 2.0 mL of the filtrate obtained
from the extract of Fenghuang Dancong tea was combined with 8.0
mL of water and 5.0 mL of ferrous tartrate solution, followed by
thorough mixing. Subsequently, buffer solution was added up to
the calibration mark, and the mixture was homogenized. The solu-
tion was allowed to stand for 10 min, after which its absorbance
was measured at 540 nm. The recorded absorbance value (Y) was
then applied to the standard curve regression equation to determine
the concentration of tea polyphenols in the Fenghuang Dancong tea
extract.

1.2.5 Single-factor tests. Using Fenghuang Dancong tea leaves

as the raw material, this study investigated the effects of brewing
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temperature , brewing duration, and brewing frequency on the con-
centration of tea polyphenols in the tea infusion. Each factor was
examined at five gradient levels ' .

(i) Effects of brewing temperature on the extraction of tea
polyphenols. Controlling for other variables, this study investiga-
ted the effects of five brewing temperatures (60, 70, 80, 90, and
100 °C) on the concentration of tea polyphenols in the tea infu-
sion.

(ii) Effects of brewing duration on the extraction of tea poly-
phenols. Controlling for other variables, this study examined the
effects of five brewing durations (5, 10, 15, 20, and 25 min) on
the concentration of tea polyphenols in the tea infusion.

(iii) Effects of brewing frequency on the extraction of tea
polyphenols. Controlling for other variables, this study explored
the effects of five brewing frequencies (1, 2, 3, 4, and 5 times)
on the concentration of tea polyphenols in the tea infusion.

1.2.6 Orthogonal experiments. Three factors [ brewing tempera-
ture (A), brewing duration (B), and brewing frequency (C) ]
along with their respective levels, were selected for investigation.
An T, (3’) orthogonal experimental design, incorporating
three factors each at three levels, was employed, as detailed in

Table 1127,

Table 1 Design of factors and levels in orthogonal experiments

Factor
Level Temperature (A) //°C Duration (B) //min Frequency (C) //Times
60 5 !
2 80 10 2
3 100 15 3

1.2.7 Determination of antioxidant function. (i) DPPH free
radical scavenging assay. The DPPH radical solution exhibits a
deep purple color and displays a prominent absorption peak at ap-
proximately 517 nm. In the presence of antioxidants, these com-
pounds interact with DPPH radicals, leading to their reduction and
consequent loss of free radical characteristics, which results in a
lighter solution color. The degree of DPPH radical scavenging can
be quantified by measuring the change in absorbance of the reac-
tion mixture at 517 nm. A greater decrease in absorbance corre-
sponds to a higher removal of DPPH free radicals, indicating a
stronger antioxidant capacity“ﬂ .

7.886 mg of DPPH free radicals was accurately weighed and
diluted to 100 mL with anhydrous ethanol to prepare a 0.2 mmol/L
DPPH-ethanol solution. The tea infusion, diluted 100-fold (with
an undiluted solid concentration of 0.788 4 mg/mL ), were used
as the stock solution to prepare five gradient dilutions at 0.2,
0.4,0.6, 0.8, and 1.0 times the original concentration. Equal
volumes of tea infusion dilutions and 0.2 mmol/L. DPPH ethanol
solution were mixed thoroughly and incubated in the dark for 30
min. Using anhydrous ethanol as the blank reference, the absor-
bance was measured at 517 nm. Each measurement was performed
in triplicate, and the average value was calculated. Vitamin C

(Ve) at the same concentration was used as the control, and the

scavenging rate was calculated according to Formula (1),

DPPH scavenging rate (% ) = (1 —%) x100% (1)

0
where A, denotes the addition of DPPH solutions without any tea
infusions ; A, indicates the addition of both DPPH solutions and tea
infusions; and A, refers to the addition of tea infusions without
DPPH solutions.

(ii) Determination of reducing power. In a system containing
phosphate buffer solution and potassium ferricyanide solution, sub-
stances possessing reducing power can reduce Fe’* in potassium
ferricyanide (K;[Fe(CN),]) to Fe’*. Upon the addition of fer-
and Fe'

tions to form Prussian blue-like compounds, which exhibit charac-

ric chloride solution, Fe’* react under specific condi-
teristic absorption at a wavelength of 700 nm. An increase in ab-
sorbance corresponds to a greater formation of Prussian blue-like
substances, indicating a higher concentration of Fe’* produced
through reduction and, consequently, reflecting the stronger re-
ducing power of the sample.

The tea infusion, diluted 10 times, was used as the stock so-
lution to prepare five gradient concentrations corresponding to
0.2,0.4, 0.6, 0.8, and 1.0 times the original concentration.
Precisely 2. 50 mL of each tea infusion was transferred and com-
bined with 2.50 mL of phosphoric acid buffer solution (0.2 mol/L,
pH 6.6) and 2.50 mL of 1% potassium ferricyanide solution. The
mixture was incubated in a water bath at 50 °C for 20 min. After
cooling to room temperature, 2. 50 mL of 10% trichloroacetic acid
solution was added, and the sample was centrifuged at 3 000 rpm
for 10 min. Subsequently, 2. 50 mL of the supernatant was collect-
ed, mixed with 2.50 mL of distilled water and 0.50 mL of 0. 1%
ferric chloride solution. After allowing the sample to stand for 10
min, the absorbance (A) was measured at 700 nm. . Each experi-
mental group was performed in triplicate, with Ve at the same con-

1014 -15]

centration serving as the contro . The total reducing power

was calculated using the following formula .

Apya reducing power — 41 Sample = Ay X 100% (2)
where Ag,, ;. denotes the addition of tea infusions, Ay, signifies
the absence of tea infusions.

(ii1) Determination of hydroxyl radical scavenging. Hydroxyl
radicals ( + OH) are generated via the Fenton reaction, wherein
Fe’" reacts with H,0, to produce - OH. These radicals exhibit
potent oxidizing properties and can participate in hydroxylation re-
actions with salicylic acid, resulting in products that exhibit ab-
sorption peaks at approximately 510 nm. Upon the addition of the
tea infusion, changes in absorbance can be monitored; a more
pronounced decrease in absorbance indicates a greater capacity of
the tea infusion to scavenge hydroxyl radicals.

A tenfold diluted tea infusion was used as the stock solution
to prepare five gradient concentrations at 0.2, 0.4, 0.6, 0.8,
and 1.0 times the original concentration. Precisely 1 mL each of 9
mM FeSO, solution, 9 mM salicylic acid-ethanol solution, and the
tea infusion were combined. Subsequently, 1 mL of 8.8 mM H,0,

was added, and the reaction mixture was incubated at 37 °C for
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30 min. The absorbance (A ) was measured at 510 nm "

using an equivalent concentration of Ve as the control. The hy-

droxyl radical ( - OH) scavenging rate was calculated according

to Formula (3) :

Ao - (Ax _Axo) «
A,

100% (3)

where A, denotes the absorbance of the blank control without the

Hydroxyl radical scavenging rate (% ) =

addition of tea infusions; A_denotes the absorbance following the
addition of tea infusions; A, denotes the absorbance after the ad-
dition of tea infusions in the absence of the chromogenic agent
H,0,.

1.2.8 Determination of antibacterial activity. An undiluted tea
infusion served as the stock solution, from which five gradient di-
lutions were prepared at concentrations of 0.2, 0.4, 0.6, 0.8,
and 1.0 times the original concentration. For each dilution, 2 mL
of the corresponding liquid culture medium and 1 mL of the tea in-
fusion were combined in a test tube. Subsequently, 0.1 mL of the
appropriate bacterial suspension was taken and evenly inoculated.
The control group received distilled water in place of the tea infu-
sion. All samples were incubated on a shaker at a constant tem-
perature of 37 °C for 24 h. Following incubation, optical density
measurements were taken using a spectrophotometer at 600 nm
(ODg,) for bacteria and 560 nm ( ODy, ) for Saccharomyces,
with distilled water serving as the blank reference. The optical
density values were used to estimate the biomass. Each experi-
mental group was prepared in triplicate, and the mean value was
calculated™™’. The antibacterial rate was determined according to
Formula (4) .

4y - (4, _Az)

A,

where A, denotes the addition of bacterial suspensions without the

Antibacterial rate (% ) = x 100% (4)

inclusion of tea infusions; A, indicates the addition of both bacteri-
al suspensions and tea infusions; A, represents the addition of tea

infusions without the inclusion of bacterial suspensions.

2 Results and analysis

2.1 Standard curve of tea polyphenols Standard solutions of
tea polyphenols at concentrations of 0.05, 0. 10, 0. 15, 0.20, and
0.25 mg/mL were prepared. Their absorbance values were meas-
ured, and a standard curve was constructed (Fig. 1). The linear
regression equation obtained was y =2. 352x — 0. 028 6, with a
correlation coefficient of R* = 0. 998 8. These results indicate a
strong linear relationship between absorbance and concentration
within the range of 0.05 to 0.25 mg/mL of tea polyphenols in the
tea infusion. Consequently, the concentration of tea polyphenols
in the tea infusion can be determined by substituting the measured

absorbance into the regression equation.
0.6
0.5 F
0.4 F

7=2.352x-0. 028 6
R=0.998 8

0.3

Absorbance A

0.2 |

0.1 F

0 1 1 J
0.1 0.2 0.3

Concentration of tea polyphenols Il mg/mL
Fig.1 Standard curve of tea polyphenols

2.2 Single-factor tests
2.2.1
polyphenols. This study investigated the effects of brewing temper-
atures of 60, 70, 80, 90, and 100 °C on the concentration of tea

polyphenols in the tea infusion. Within the temperature range of

Effects of brewing temperature on the extraction of tea

60 to 100 °C, the concentration of tea polyphenols increased pro-
gressively with rising temperature (Fig.2). Consequently, orthog-
onal experiments were performed at three selected temperature lev-

els: 60, 80, and 100 °C.

L 0.60 L 0.80 L 070
g ! g ’ g
82 32 82 0.60
g2 §= g2 0.50
S SZ S
55 0.40 + S5 0.60 F 55
L £8 € 040
< 1 g g
g = q s
S 0.30 : : : S 050 L : : S 0.30
60 70 80 90 100 5 10 15 20 25 1 2 3 4 5

Brewing frequency Il times

Brewing duration /| min

Brewing frequency Il times

NOTE A. Brewing temperature; B. Brewing duration; C. Brewing frequency.

Fig.2 Effects of single-factor tests on the extraction of tea polyphenols

2.2.2 Effects of brewing duration on the extraction of tea poly-
phenols. This study examined the effects of brewing durations of
5, 10, 15, 20, and 25 min on the concentration of tea polyphenols
in the tea infusion. Within the interval of 5 to 25 min, the concen-

tration of tea polyphenols increased as the brewing duration was

extended ( Fig. 2). Notably, the most significant increase oc-
curred between 5 and 15 min. Although tea polyphenol concentra-
tion continued to rise from 15 to 25 min, the rate of increase di-
minished considerably. Consequently, orthogonal experiments

were performed at three selected durations: 5, 10, and 15 min.
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2.2.3 Effects of brewing frequency on the extraction of tea poly-
phenols. This study investigated the effects of brewing frequency
(specifically 1, 2, 3, 4, and 5 times) on the concentration of tea
polyphenols in the tea infusion (Fig.2). As the number of brews
increased, the concentration of tea polyphenols consistently de-
creased. However, the decline followed a diminishing trend, with
the rate of reduction becoming progressively smaller. Taking into
account both operational convenience and tea polyphenol concen-
tration, orthogonal experiments were subsequently conducted at
three levels; 1, 2, and 3 brewing cycles.

2.3 Orthogonal experiment The I, (3") orthogonal experi-
ment was designed based on the orthogonal factor levels presented
in Table 1, with the results summarized in Table 2. As indicated
in Table 2, among the three factors [ brewing temperature (A),
brewing duration (B), and brewing frequency (C) ] the magni-
tude of their effects ranked from greatest to least as follows: brew-
ing duration (B) > brewing frequency (C) > brewing temperature
(A). The optimal combination identified was A;B;C,, corre-
sponding to a brewing temperature of 100 °C, a brewing duration
of 15 min, and a single brewing cycle. This outcome aligns with
the findings of single-factor tests. Therefore, subsequent experi-
ments were conducted using this combination.

2.4 Antioxidant function

2.4.1 Scavenging effects of DPPH free radicals. The effects of

Fenghuang Dancong tea on scavenging DPPH free radicals are il-
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lustrated in Fig. 3. As the dilution ratio of the tea infusion de-
creased, corresponding to an increase in the concentration of tea
polyphenols, the DPPH free radical scavenging rate increased,
demonstrating a strong positive correlation. However, within the
dilution range of 0.2 to 0. 8 times, the slope of the segmented line
remained relatively constant, while between 0. 8 and 1.0 times,

the slope exhibited a slight decrease.

Table 2 Results of orthogonal experiment

Brewing Brewing Brewing Concentration of
No. temperature duration frequency tea polyphenols
(A) (B) (C) mg/mL
1 1 1 1 0.341 6
2 1 2 2 0.429 8
3 1 3 3 0.434 0
4 2 1 2 0.442 4
5 2 2 3 0.486 6
6 2 3 1 0.660 9
7 3 1 3 0.493 7
8 3 2 1 0.6310
9 3 3 2 0.729 1
K, 0.401 8 0.4259 0.544 5
K, 0.435 4 0.5158 0.533 8
K; 0.454 3 0.608 0 0.471 4
R 0.0525 0.182 1 0.073 1
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NOTE A. DPPH free radical scavenging effect; B. Reducing power; C. Scavenging effects of hydroxyl radicals; D. Antibacterial activity.

Fig.3 Antioxidant functions of Fenghuang Dancong tea
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2.4.2 Reducing power of the tea infusion. The reducing power
of the tea infusion is illustrated in Fig.3. An increase in the con-
centration of tea polyphenols corresponded with an enhancement in
reducing power, as evidenced by the progressively steeper slope.
This trend indicates that higher levels of tea polyphenols exert a
more pronounced effect on reducing power.

2.4.3 Scavenging effects of hydroxyl radicals. The scavenging
effects of the tea infusion on hydroxyl radicals are illustrated in
Fig. 3. As the concentration of tea polyphenols increased, the
scavenging rate of hydroxyl radicals correspondingly raised, attai-
ning its maximum value at a dilution ratio of 1.0.

2.5 Antibacterial activity As illustrated in Fig. 3, the tea in-
fusion exhibited inhibitory effects on E. coli, B. thuringiensis,
Penicillium, and Saccharomyces. The antibacterial efficacy ranked
from highest to lowest as follows: B. thuringiensis > E. coli > Pen-
icillium > Saccharomyces. The antibacterial rates of the tea infu-
sion against E. coli, Penicillium, and B. thuringiensis increased
concomitantly with the concentration of tea polyphenols, demon-
strating a positive correlation. The maximum antibacterial rate was
observed at a dilution gradient of 1.0. In contrast, the antibacteri-
al effect against Saccharomyces was considerably lower than that
observed for the other three microorganisms. No significant inhibi-
tory effect was detected at dilution gradients below 0.8, and a no-

table antibacterial effect was only evident at a dilution ratio of 1.0.

3 Conclusions and discussion
3.1 Conclusions (i) The results of single-factor tests and or-
thogonal experiments indicated that the concentration of tea poly-
phenols increased with longer brewing durations and higher brew-
ing temperatures, demonstrating a positive correlation. The opti-
mal brewing conditions were identified as 15 min and 100 C.
Conversely, the concentration decreased with an increase in brew-
ing frequency, showing a negative correlation, with the optimal
brewing frequency being one cycle. The relative influence of the
three factors on the extraction of tea polyphenols was ranked as fol-
lows: brewing duration (B) > brewing frequency (C) > brewing
temperature (A). The optimal brewing combination was A;B,C, ,
corresponding to a brewing temperature of 100 °C , a brewing dura-
tion of 15 min, and a single brewing cycle. The orthogonal experi-
mental results corroborated the findings from single-factor tests.
Under these conditions, the concentration of tea polyphenols in the
tea infusion reached 0.788 4 mg/mlL.

(ii) The results of the antioxidant experiment indicated that
the DPPH free radical scavenging activity, reducing power, and
hydroxyl radical scavenging activity of the tea infusion all in-
creased proportionally with the concentration of tea polyphenols,
demonstrating a strong positive correlation.

(iii) The antibacterial assay demonstrated that the tea infu-
sion exhibited a significant inhibitory effect against E. coli,
B. thuringiensis, and Penicillium, with the efficacy increasing
proportionally to the concentration of tea polyphenols. In contrast,

its inhibitory effect on Saccharomyces was comparatively weak ;

negligible inhibition was observed at low concentrations, with only
a modest inhibitory effect detected at the highest concentration
tested.

3.2 Discussion (i) In single-factor tests, the concentration of
tea polyphenols increased with rising brewing temperature ; howev-
er, the rate of increase in extraction diminished within the temper-
ature range of 80 to 100 °C. This phenomenon may be attributed to
the fact that while elevated temperatures enhance the solubility
and extraction rate of tea polyphenols, excessively high tempera-
tures reduce this promoting effect and may even degrade tea poly-
phenols, thereby decreasing their extraction rate"”".

With the extension of the brewing duration, the concentration
of tea polyphenols increased, primarily within the range of 5 to
15 min. This phenomenon may be attributed to several factors: @
as brewing duration increases, the water temperature decreases,
and given the temperature-dependent nature of tea polyphenol ex-
traction, this results in a corresponding decline in their concentra-
tion; @ once tea polyphenols are fully extracted, the presence of
non-polyphenolic substances may interfere with further extraction;
and ) tea polyphenols are susceptible to degradation and oxida-
tion, with the rate of oxidation diminishing over time'™’.

An increase in brewing frequency corresponded with a de-
crease in the concentration of tea polyphenols. This phenomenon
can be attributed to the gradual depletion of residual tea polyphe-
nols in the tea leaves'.

(ii) In the antioxidant assay, the antioxidant activity of the
tea infusion increased proportionally with the concentration of tea
polyphenols. Tea polyphenols interact with DPPH free radicals
and hydroxyl radicals, effectively neutralizing them. As the con-
centration of tea polyphenols rises, a greater number of free radi-
cals are scavenged, resulting in a decrease in residual free radi-
cals, a reduction in chromogenic substances, lower absorbance
values, and consequently, an enhanced antioxidant rate. Addi-
tionally, tea polyphenols have the capacity to reduce Fe’* to
Fe’*. With increasing concentrations of tea polyphenols, more
Fe’* is generated, leading to an increase in chromogenic sub-
stances, higher absorbance, and an overall enhancement of reduc-
ing pow«elrm’23J .

(iii) The antibacterial assay demonstrated that the tea infu-
sion exhibited a significant inhibitory effect on E. coli,
B. thuringiensis, and Penicillium, with the efficacy increasing
proportionally to the concentration of tea polyphenols. Conversely,
its inhibitory effect on Saccharomyces was comparatively weak,
manifesting only slight inhibition at elevated concentrations. Tea
polyphenols reduce bacterial populations by disrupting cellular
structures; consequently, higher concentrations result in greater

bacterial destruction and enhanced antibacterial activity ™ ™.
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AGRIS (The Agricultural Sciences and Technology) is a booklist-style international agricultural database which is established by the 1

international agricultural technology information system subordinate to FAO. It embodies continued publications, documents, corpuses, 1

; books, technology reports, patents, maps, meeting papers, and other literatures, which are collected by 135 countries and regions, 146 |

+ branches of AGRIS, and 22 international organizations. Its content comprises all the agricultural fields in the world, as well as forestry, +

f economy, aquatic sciences, fishery, human dietetics, and so on. This database is an international intelligence communication system

x

maintained by FAO, which updates quarterly and increases by 0. 13 million records annually, with large data amount.

Learn more about AGRIS, please login http://www. fao. org/agris/
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