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Abstract
  This study aimed to investigate the influence of different harvest dates on the chemical composition of 
Morus nigra leaf tea in Turpan City, Xinjiang Province. Morus (mulberry) varieties belong to the order 
Rosales, family Moraceae and genus Morus, and are widely cultivated around the world. Mulberry leaf tea 
is made from the processing of mulberry leaves and is a primary way of high-value utilization of mulberry 
tree resources. Leaves of five mulberry varieties,‘Yao Sang’ (M. nigra L.), ‘Bai Sang’ (M. alba L.), ‘Hei 
Sang’(M. alba L. var. Tatarica), Nong Sang Number 14 (M. multicaulis Perr.), and‘Danbai Sang’(M. alba), 
were collected on seven different dates in 2024 and tea was made from each sample following a replicated 
standardized process. The main chemical components, including free amino acids, flavonoid glycosides, to-
tal phenols, total polysaccharides, alkaloids, γ-aminobutyric acid (GABA), and 1-Deoxynojirimycin (DNJ) 
were analyzed and sensory evaluations were conducted. Two-way ANOVA was conducted, and pairwise 
comparisons were performed between groups in which the interaction was statistically significant. The 
optimal harvest date was determined using principal component analysis to comprehensively evaluate tea 
quality and identify the optimal date for harvesting. Based on the results of the two-way ANOVA, a correla-
tion was found between the repeated measurement data (p ≤ 0.05) and Tukey’s post-hoc test was used to 
make pairwise comparisons. Among the five species groups, there were significant differences in the mean 
values for most varieties. At the same time, there were significant differences between the mean values at 
most of the seven time points. The index values of the mulberry leaves at different harvest dates were used 
to calculate the primary component score function. The overall quality ranking was determined based on the 
comprehensive score: Yao Sang and Nong Sang 14 achieved their highest scores on May 27th, Danbai Sang 
peaked on June 24th, Bai Sang reached its maximum on July 8th, and Hei Sang attained its highest score on 
April 29th. This analysis method integrated the contents of several main bioactive substances and sensory 
scores of mulberry leaf tea to objectively and comprehensively determine the optimal harvest date for the 
five mulberry leaf varieties in Turpan City. These findings provide a theoretical reference for the preparation 
and utilization of mulberry leaf tea.
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  Mulberry foliage is the main product of 
the genus Morus spp. in the family Moraceae 
(Wu et al., 2003). It has been an important 
herb for the treatment of cold, fever, head-
ache, cough, rheumatism, and other diseases 
for thousands of years (Arabshahi-Delouee et 
al., 2007; Gryn-Rynko et al., 2016). It is safe, 
less expensive than other drugs, and contains 

various phytochemical compounds (Li et al., 
2017). Among them, total flavonoids (Kwon 
et al., 2019) have anti-aging, hypoglycemic, 
lipid-lowering, antihypertensive, and anti-
tumor effects. Total polysaccharides  have 
functions, such as lowering blood glucose 
and blood lipids, increasing antioxidants, and 
regulating the immune system (Ying et al., 
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2011). Total polyphenols have anti-radiation, 
anti-aging, anti-oxidation, and therapeutic ef-
fects in fatty liver disease, diabetes, and tu-
mors (Khalifa et al., 2018). GABA can lower 
blood pressure and induce sedation (Kwon et 
al., 2013). Alkaloids can lower triglycerides 
and cholesterol in the blood and show good 
hypoglycemic and antibacterial effects with 
few side effects in clinical trials (Asano et 
al., 2001; Chrubasik-Hausmann, 2016; Kim 
et al., 2013). DNJ is an alkaloid found in 
mulberry leaves, which possesses a variety 
of biological activities, particularly showing 
significant effects in lowering blood sugar, 
regulating blood lipids, and exhibiting an-
timicrobial properties (Zhang et al., 2018). 
Free amino acids are the main evaluation in-
dices for measuring taste and quality (Ruan 
et al., 2019). These results will be helpful in 
the selection of quality indices for mulberry 
green tea. 
  Harvesting is an important step in the pro-
cessing and utilization of mulberry leaf tea 
and is related to the quality and pharmaco-
logical effects of mulberry leaf tea products 
(Lee et al., 2012; Zou et al., 2012). The qual-
ity of mulberry leaves plays an important role 
in the quality of mulberry leaf tea products 
(Mei et al., 2023). Currently, significant al-
terations have been observed in the timing 
of mulberry leaf harvesting as well as in the 
extended production cycles. Identifying the 
key components that differ between mulberry 
leaves in various seasons helps to further en-
rich the processing theory of mulberry leaf 
green tea and provides a theoretical reference 
for understanding the formation mechanism 
of mulberry leaf green tea quality.
  Jia et al. (1999) analyzed the variation in 
flavonoid content in mulberry leaves during 
spring and autumn. Lee et al. (2012) mea-
sured and analyzed the variation in the levels 
of six polyphenolic compounds in mulberry 
leaves to determine the optimal harvesting 
period for mulberry leaves. Hu et al. (2021) 
determined the changes in flavonoid levels 
in mulberry leaves during two growth stages. 
However, it is not possible to determine the 

harvest date of mulberry leaves using only 
these indicators, which need to be compre-
hensively analyzed and evaluated. 
  The composition and content of nutritive 
active substances in mulberry leaves are af-
fected by both the harvest date and traits of the 
mulberry varieties. Numerous studies have 
been conducted on the chemical composition 
and pharmacological activity of mulberry 
plants, both domestically and internationally. 
However, there are few studies on mulberry 
resources in Turpan City. Turpan City has a 
large area planted with mulberry trees but 
there are few species. These are mainly ‘Yao 
Sang’ (M. nigra L.), ‘Bai Sang’ (M. alba L.), 
‘Hei Sang’ (M. alba L. var. Tatarica), Nong 
Sang Number 14 (M. multicaulis Perr.), and 
‘Danbai Sang’ (M. alba). In this study, the 
contents of free amino acids, total flavonoids, 
total polyphenols, total polysaccharides, alka-
loids and GABA, in the leaf tea of five mul-
berry varieties in Turpan were determined. In 
addition, this study compared the variations 
in sensory quality and the main physicochem-
ical components of mulberry leaf tea across 
different varieties and seasons using two-way 
ANOVA. A comprehensive quality evalua-
tion of mulberry green tea during different 
harvest dates was conducted based on the 
above indices, and the optimal harvest dates 
for different mulberry leaves was determined. 
This study provides a theoretical reference for 
the preparation of high-quality mulberry leaf 
green tea in Turpan City.

Materials and Methods
Overview of the Experimental Site 
  The experimental materials were collected 
from the germplasm resource garden of the 
Turpan Institute of Agricultural Sciences, 
Xinjiang Academy of Agricultural Sciences, 
located in Turpan City, Xinjiang, China. Tur-
pan has an extremely arid warm temperate in-
land desert climate, characterized by abundant 
sunlight, rich heat, and minimal precipitation. 
Summers are hot, winters are extremely cold, 
and there is a large diurnal temperature range. 
The region has a long frost-free period, fre-



72 Journal of the American Pomological Society

quent and strong winds, severe dry hot winds, 
with gales of over eight levels mostly coming 
from the northwest. The annual sunshine du-
ration is 3,043.3 hours, with a sunshine rate 
of 69%, and the average annual temperature 
is 13.8°C. The average annual precipitation 
is 6.30 mm, with the maximum being 23.80 
mm and the minimum only 0.50 mm. On av-
erage, there are 108 days of winds over level 
eight per year, with the maximum wind force 
reaching 12 on the Beaufort scale, and wind 
speeds exceeding 40.00 m·s-1. The total water 
resources in Turpan City amount to 12.26 bil-
lion m³, including 6.32 billion m³ of utilizable 
surface water and 5.94 billion m³ of utilizable 
groundwater. The climate conditions of Tur-
pan City from April to July 2024 are shown 
in Table 1.

Plant Material
  A randomized complete block design was 
used, consisting of five varieties and three 
replications in a total of 15 plots with 100 
plants per plot. The mulberry trees are one 
year old with moderate vigor. Row spacing 
was set at 150 cm, plant spacing at 35 cm, 
with protective rows on both sides of each 
plot. The environmental conditions between 
the plots, such as soil type and Irrigation and 
Fertilization Management, were ensured to be 
consistent. The soil type in the mulberry gar-
den is brown desert soil. The base fertilizer is 
sheep dung at 10 kg per plant, and top dress-
ing is applied twice a year during the grow-
ing season with diammonium phosphate at 
10 kg•hm-2 each time. Irrigation is performed 
based on the requirement.  Depending on soil 
moisture conditions, watering is carried out 

Table 1. Climate Conditions of Turpan City from April to July in 2024.

once every seven to ten days during the grow-
ing season. 
  Following to the sampling guidelines as 
outlined by Ranalli (2006), This study uti-
lized 5 varieties from the resource garden: 
‘Yao Sang’ (Morus nigra L.), ‘Bai Sang’ (M. 
alba L.), ‘Hei Sang’ (M. alba L. var. Tatarica), 
Nong Sang Number 14 (M. multicaulis Perr.), 
and ‘Danbai Sang’ (M. alba). For each vari-
ety, Twenty trees were randomly marked in 
each plot. The sampling period spanned from 
April 15, 2024 to July 8, 2024 with collec-
tions occurring at 14-day intervals, totaling 
seven sessions.
  During each harvest date, each variety was 
harvested in 6 kg batches, which were then 
blended to form a single composite sample. 
This process was conducted in triplicate, 
yielding three distinct leaf samples per vari-
ety. Branches were selected at random from 
various directions and different parts of each 
mulberry tree. The top three to five tender 
leaves were carefully gathered from each 
branch, with petioles excluded. Upon com-
pletion of each harvest date, a total of fifteen 
samples—representing the five varieties—
were collected and processed.
  Sample preparation of mulberry leaf green 
tea Mulberry leaf samples were each pro-
cessed separately through the following steps: 
cutting the leaves, withering, fixing, rolling, 
stir-firing, drying, and finally, enhancing the 
aroma. 
  Within three to four hours of harvest, 
leaves were placed in a leaf cutter (Shang-
hai Customized Electric Cutting Machine, 
Zhejiang Chuangxian Ke Electric Appliance 
Co., Ltd., Taizhou City, China) and cut twice 
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into strips of four by two cm. Leaves were 
evenly spread at a thickness of three to five 
cm on a stainless-steel tray with holes and 
left to wither naturally in an indoor environ-
ment (24°C, 28% humidity on average). Leaf 
samples were turned every half hours during 
this period. Employing a High-precision Hal-
ogen Moisture Analyzer (HM-105L, Shang-
hai HeGong Scientific Instruments Co. Ltd., 
Shanghai, China), we meticulously moni-
tored the water content in the leaves. 
  Upon reaching a 70% moisture level, the 
leaves were meticulously harvested and then 
transferred to a cylindrical dehumidifying ap-
paratus (6CS-40, Zhejiang Lvfeng Machinery 
Co., Ltd., Quzhou City, China). The initial cy-
cle was conducted at a temperature of 250°C, 
followed by a second cycle at 230°C. The 
leaf-casting rate was 36 kg per hour.Leaves 
were then rapidly cooled by a net belt con-
veyor (6CS-50, Zhejiang Lvfeng Machinery 
Co., Ltd., Quzhou City, China). 
  Once the samples had cooled, they were 
subjected to a rolling process (6CR-40, Zhe-
jiang Lvfeng Machinery Co., Ltd., Quzhou 
City, China), for a duration of 25 minutes 
under a sequence of varying pressure condi-
tions: 10 minutes of light pressure, followed 
by 10 minutes of heavy pressure, and con-
cluding with five minutes of light pressure. 
  After the rolling process, the leaves were 
meticulously poured into the Double Pot 
Quhao Dry Frying Machine (6CCGQ-50, 
Zhejiang Shangyang Machinery Co., Ltd., 
Quzhou City, Zhejiang, China). The leaves 
underwent a meticulous drying process, ini-
tially at a temperature of 170°C for 40 min-
utes, and then continued at a slightly lower 
temperature for an additional 20 minutes. The 
process was meticulously monitored until the 
water content of the tea leaves was reduced 
to 30% (HM-105L, Shanghai HeGong Scien-
tific Instruments Co. Ltd., Shanghai, China), 
at which point the stir-frying was concluded. 
After the leaves had been removed from the 
Double Pot Quhao Dry Frying Machine, they 
were allowed to cool for a period of 15 min-
utes. Subsequently, they were subjected to a 

dual drying regimen using a chain plate dryer, 
with each cycle consisting of five minutes at 
a temperature of 100°C. (6CH-3, Zhejiang 
Lvfeng Machinery Co., Ltd. Quzhou City, 
Zhejiang, China).  When the moisture content 
of the tea leaves reaches 7%, the processing 
is completed (HM-105L, Shanghai HeGong 
Scientific Instruments Co. Ltd. Shanghai, 
China).
  To stimulate the high-boiling aromatic sub-
stances, dried leaves were transferred to an 
aroma lifting machine (6CTH-6.0, Zhejiang 
Lvfeng Machinery Co., Ltd., Quzhou City, 
China) and heated at 110°C for 15 min. Once 
the aromatization process is finished, the tea 
can be taken out.

Chemical analysis
  Free amino acid content was determined 
via the photometric ninhydrin chromatogra-
phy method (Moore et al., 1948; Ramanjulu 
et al. 1997). Total flavonoid content was de-
termined using the aluminum chloride colori-
metric method (Iqbal et al., 2006; Kim et al., 
2002; Zhishen et al., 1999). The total phenol 
content was determined using the Folin–Ci-
ocalteu reagent-based spectrophotometric 
assay (Folin et al., 1927; Iqbal et al., 2006; 
Singleton et al., 1965). Total polysaccharide 
content was determined using the anthrone-
sulfuric acid colorimetric method (Dubois et 
al., 1956; Skoog et al.,1992). The alkaloids 
and DNJ content was measured by HPLC–
MS/MS (Zhang et al., 2014; Zhang et al., 
2018). The GABA content was determined 
using paper chromatograph (Shiwang et al., 
2011). 

Sensory evaluation 
  In adherence to the rigorous sensory evalu-
ation protocol established by Horie et al. 
(1992), a panel of seven dedicated individu-
als was selected and thoroughly trained. The 
age composition of this panel is as diverse as 
it is strategic, ranging from 28 to 53 years old, 
with the specific ages being 28, 29, 43, 45, 48,  
52 and 53. Begin by measuring three g of tea 
into a Tea Tasting Cup. Pour 150 ml of boil-
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ing water over the tea and let it steep for four 
minutes. After the steeping period, gently fil-
ter the tea liquid into another cup, leaving the 
leaf base behind in the original cup. The panel 
reviewed the appearance, color, aroma, taste, 
and leaf base of the mulberry leaf tea and 
assigned points for each criterion (Table 2). 
These coefficients were 25% for appearance, 
10% liquid color, 25% aroma, 30% taste, and 
10% leaf base. The maximum and minimum 
scores were excluded, and the average of the 
total scores from the remaining five reviewers 
was used as the sensory score.
  Result calculation: The score of a single 
factor was multiplied by the score coefficient 
of the factor and the value of each product 
was added. The sum represents the total score 
for the tea sample reviews. The formula used 
is as follows:

where Y is the total score of tea review 
A,   B……E are evaluation scores of each 
quality factor and a, b,……e are scoring co-
efficients for each quality factor.

Data processing methods 
  Excel 2007 software was used for data 
sorting, formula calculation. All collected 
data were analyzed using a f﻿﻿ive by seven 
factorial arrangement of treatments with the 
GLM procedure in SAS software (version 
9.4). The main effects of harvest date and 
variety, as well as their interaction, were as-
sessed. Tukey’s post-hoc test was utilized to 
separate means among treatments. Variability 
in the data was expressed as the standard er-
ror of means (SEM). Results were considered 
significant at p < 0.05. SPSS 26 (IBM Corp., 
Aramonk, NY) was used for principal com-
ponent analysis.

Table 2. Criteria for Sensory Scoring of Mulberry Teas. Criteria for Sensory Scoring of Mulberry Teas.
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Results 
Analysis of physicochemical indices of differ-
ent varieties and harvesting dates of mulberry 
green tea
  Table 3 presents the measurement results of 
the average values of the main evaluation in-
dices of mulberry leaf green tea prepared us-
ing different varieties and at different times. 
With variety and harvest date as independent 
variables and active ingredient content and 
sensory evaluation as dependent variables, a 
five by seven two-way ANOVA analysis of 
variance was performed to determine wheth-
er the two variables had a main effect on the 
dependent variable and whether there was an 
interaction effect between the two factors.
  The mulberry variety and harvest date both 
had a significant influence on the content of 
the main chemical components of mulberry 
green tea, including flavonoids, free amino 
acids, total phenols, total polysaccharides, 
alkaloids, GABA, and DNJ, as well as on 
sensory evaluations (p < 0.001) (Table 4). At 
the same time, the interaction effect of variety 
and harvest date had a significant influence on 
physicochemical content. This shows that the 
physicochemical contents of the different va-
rieties differed significantly, as did the physi-
cochemical contents across different harvest 
dates. Therefore, pairwise comparison was 
necessary.
  A pairwise comparison of the average con-
tents of each active substance in the five va-
rieties is presented in Table 5. The flavonoids 
content of the five varieties, from highest 
to lowest, was Yao Sang, Danbai Sang, Hei 
Sang, Nong Sang Number 14, and Bai Sang. 
The total flavonoid content of Danbai Sang 
and Hei Sang is at the same level, markedly 
surpassing that found in Nong Sang Number 
14. Notably, substantial variations were ob-
served among the other species.
  The free amino acid content of the five va-
rieties, arranged in the descending order from 
the highest to lowest was Yao Sang, Bai Sang, 
Danbai Sang, Nong Sang Number 14 and Hei 
Sang. The free amino acid content in Danbai 
Sang and Bai Sang is strikingly similar, both 

significantly exceeding the levels present in 
Nong Sang Number 14. Furthermore, it is ob-
served that there are considerable variations 
among the amino acid profiles of the other 
species.
  The total phenol content of the five variet-
ies, arranged in order from high to low was 
Yao Sang, Danbai Sang, Hei Sang, Nong 
Sang Number 14 and Bai Sang. There were 
significant differences among the species. 
  The total polysaccharide content of the five 
varieties, arranged in descending order from 
highest to lowest, was Yao Sang, Bai Sang, 
Nong Sang Number 14, Hei Sang and Dan-
bai Sang. Significant disparities were evident 
across the species.
  The alkaloid content of the five varieties, 
arranged from high to low was Yao Sang, 
Nong Sang Number 14, Danbai Sang, Hei 
Sang and Bai Sang. There were significant 
differences among the species.
  The GABA content in Hai Sang did not 
significantly outperform that of Nong Sang 
Number 14, yet it was notably elevated when 
compared to the other species. However, the 
GABA content levels among Nong Sang 
Number 14 and the other species did not pres-
ent any significant distinctions.
  The content of DNJ in the five varieties, 
from highest to lowest, is as follows: Yao 
Sang, Bai Sang, Nong Sang Number 14, Hei 
Sang, and Dan Bai Sang. Except for Nong 
Sang Number 14 and Hei Sang, which are 
at the same level, there are significant differ-
ences among the other species.
  The sensory scores of five tea varieties are 
as follows: Yao Sang, Nong Sang Number 14, 
Danbai Sang, Bai Sang, and Hei Sang from 
high to low. Pronounced variations were ob-
served among the various species.
  Table 6 illustrates a detailed pairwise com-
parison of the average content levels for each 
bioactive substance during the seven unique 
harvest dates. A discernible trend is the steady 
decrease in flavonoid content, commencing 
in mid-April and continuing through to early 
July. While the batches harvested on April 
15th and April 29th showed no significant 
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Table 3. Physicochemical Indicators of Mulberry Green Tea of Different Varieties and Harvesting 
Dates.
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variance in their flavonoid levels, a stark con-
trast was observed when comparing the con-
tent across the remaining harvest dates.
  The free amino acid content initially in-
creased and then decreased from mid-April 
to early July. No significant differences were 
observed between the batches harvested on 
May 27th and June 10th. However, there were 
significant differences among the other har-
vest dates.
  The total phenol content in mulberry leaf 
green tea experienced a gradual increase from 
April to July. No significant differences were 
identified between the batches harvested on 
June 24th and July 8th, as well as between 
those on April 29th and May 13th. In contrast, 
pronounced differences were noted among 
the other harvest dates.
  The total polysaccharide content of the 
five varieties of mulberry leaf green tea saw 
a steady rise from April to June, followed 
by a slight decrease in early July. No signifi-
cant differences were detected between the 
batches harvested on June 10th and July 8th. 

However, there were substantial differences 
observed among the other harvest dates.
  The majority of mulberry leaf green tea 
varieties exhibited a decline in alkaloid lev-
els from April 15th to April 29th, followed 
by a steady rise from May through to July. 
Notably, significant variations were observed 
across all harvest dates.
  The GABA content across the five vari-
eties of mulberry leaf green tea showed a 
consistent upward trend from April to July. 
Notably, the GABA levels in the batches har-
vested on April 29th and May 13th, as well as 
those on May 27th and June 10th, and June 
24th and July 8th, did not differ significantly 
from each other. However, a discernible di-
vergence was observed in the GABA con-
tent when comparing the other harvest dates. 
  The DNJ content in the five varieties of 
mulberry leaf green tea demonstrated a steady 
upward trajectory from April to July. There 
were no significant differences between the 
batches harvested on May 27th and June 
10th. Nonetheless, significant variations were 

Table 4. Variance Analysis of Two-factor Experiment Results. 

Table 5. Pairwise Comparisons of Different Mulberry Varieties.
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detected in the levels of DNJ when compar-
ing the DNJ content across the remaining har-
vesting periods.
  In April, the sensory score of the leaf green 
tea was the highest. The processed mulberry 
leaf green tea had a bright green color, round 
and plump grains, and a fragrant smell. Its liq-
uid color, leaf base, and taste were better than 
those in other months, followed by May mul-
berry leaf green tea. With a delay in the har-
vest date, the sensory quality of the prepared 
mulberry leaf green tea worsened. Marked 
variations were identified when comparing 
the different harvest dates.

Principal component analysis (PCA) of com-
prehensive quality of mulberry green tea of 
different mulberry varieties and harvest dates
  Mulberry green tea contains high levels of 
nutrients and active substances. PCA is used 

to condense the information from multiple 
measurements of nutrients and active sub-
stances into a smaller number of significant 
components that can be used to assess the 
overall quality of the mulberry green tea. The 
measured results were subjected to principal 
component analysis. As shown in Table 7 and 
Table 8, two principal components were ex-
tracted using PCA. From the dataset of nu-
trient and active substance levels in mulberry 
green tea, two principal components (PC1 
and PC2) are extracted. These components 
are linear combinations of the original vari-
ables (X1 to X7) that capture the maximum 
variance in the data. And the cumulative con-
tribution rate of 91.189% indicates that these 
two components explain most of the vari-
ability in the dataset. The cumulative con-
tribution rate of PC1 and PC2 was 91.189%. 
Therefore, PC1 and PC2 represented the vast 

Table 6. Pairwise Comparisons of Harvest Date.

Abbreviation: a-m Different superscripts within a column indicate a significant difference (p < 0.05).

Table 7. Analysis of principal component variance of the quality indices of mulberry green tea at different harvest 
dates. 
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majority of the information.
  Each feature vector was calculated based on the contribution rate and eigenvalue of each 
index. Using the first two principal components, we established a comprehensive evaluation 
model for mulberry leaf quality and expressed it as follows:
  

  The index values for mulberry leaf green 
tea at different harvest dates were substituted 
into this function to obtain a comprehensive 
quality score of F for mulberry leaf green tea 
at different harvest dates.
  The higher the F value, the greater the 
comprehensive quality of mulberry leaf green 
tea. As shown in Table 9, the study demon-
strated that the varieties Yao Sang and Nong-
sang 14 achieved the highest scores on May 
27th, Danbai Sang on June 24th, Bai Sang on 
July 8th, and Hei Sang on April 29th. Conse-
quently, we have determined the optimal har-
vest dates for each variety of mulberry leaf 
green tea.
		

Discussion
  There is good potential for the develop-
ment and utilization of mulberry leaves as a 
valuable medicinal and edible plant resource. 
This study provides new information to guide 
the selection of mulberry varieties and their 
harvest dates to produce high-quality leaf tea. 
In this study, mulberry leaves were harvested 
from five mulberry varieties on seven dates 
from April to July in Turpan, and tea was pre-
pared. The levels of the main active substanc-
es were determined and sensory evaluations 
were performed.

Table 8. Characteristic vectors of the main components selected for mulberry green tea indices at different harvest 
date.

  Two-way ANOVA indicated an interaction 
between variety and harvest date (p < 0.001), 
suggesting the need for a separate analysis of 
the effects of variety and harvest date. These 
findings revealed that in most cases, different 
harvest dates also revealed significant dif-
ferences between each harvest date in most 
cases.
  During the various harvest dates, the an-
nual changes in each index were monitored, 
revealing that the mean values of total flavo-
noids exhibited an overall downward trend 
from mid-April to early July. Initially, the 
decline was gradual, but it progressively ac-
celerated until late June to early July, at which 
point the rate of decrease began to subside. 
The research by Lei Hu et al. (2021) observed 
the fluctuations in flavonoid levels in mul-
berry leaves throughout their growth period, 
specifically from three to six months. The 
results showed that mulberry leaves grown 
for 6 months had higher levels of flavonoids. 
Our study’s findings are consistent with his 
research results. Notably, total flavonoids, 
particularly flavonols such as quercetin, 
are pivotal for tea’s taste profile, contribut-
ing to its astringency and bitterness. These 
compounds are not only key to the sensory 
experience of tea but also renowned for their 
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antioxidant and anti-inflammatory proper-
ties, which significantly promote heart health, 
support cancer prevention, and strengthen the 
immune system. Recognizing the health ben-
efits linked to an elevated flavonoid content, 

it becomes clear that screening for these com-
pounds in tea could be highly beneficial. 
  The amino acid content shows a trend of 
an initial significant increase followed by a 
gradual decrease over the harvest dates. The 

Table 9. Main composition scores of mulberry green tea at different harvest date.
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highest amino acid content is observed in late 
April, and the lowest is observed in early July. 
The decrease is not linear, with some fluctua-
tions, but the overall trend is downward. Ami-
no acids, as the fundamental building blocks 
of proteins, play a significant role in tea by 
contributing to its umami taste, a savory fla-
vor that enhances the overall drinking experi-
ence. Essential amino acids, in particular, are 
vital for muscle repair and growth, as well 
as for maintaining overall health. Therefore, 
profiling the amino acid content in tea can 
be instrumental in selecting varieties that not 
only offer a pleasing taste but also provide a 
rich nutritional profile, ensuring that consum-
ers enjoy a beverage that is both delicious and 
healthful.  
  The phenol content shows an overall in-
creasing trend with some fluctuations. The 
lowest phenol content is observed in mid-
April, and the highest phenol content is ob-
served in early June. After reaching the peak 
in early June, there is a slight downward trend 
in the following weeks. This indicates that the 
phenol content generally increases up to a 
certain point and then starts to decline. The 
trend contrasts with the data trend reported by 
Zou Y, et al. (2012), who observed that the 
polyphenol content in mulberry leaves di-
minishes as the harvest date advances, with 
higher polyphenol levels in spring compared 
to autumn. Phenols, which contribute to the 
astringency and bitterness of tea, are com-
pounds that not only shape the taste profile 
but also possess antioxidant properties. They 
are associated with a range of health benefits, 
including anti-cancer and anti-inflammatory 
effects, highlighting their importance in pro-
moting well-being. However, it’s important 
to note that while phenols offer these health 
advantages, extremely high levels might not 
necessarily align with higher sensory scores. 
This suggests that a balanced approach is 
needed to ensure that the tea delivers both 
the desired sensory experience and the full 
spectrum of health benefits that phenols can 
provide.
  Polysaccharides have a large molecular 
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weight in food, and this structure endows 
them with good hydrophilicity and certain 
emulsifying capabilities. They can increase 
the viscosity and stability of tea, while also 
imparting a fresh taste. Plant polysaccharides 
can regulate the body’s immune function. 
They also have anti-tumor effects, blood glu-
cose-lowering, antioxidant, and anti-fatigue 
properties. The polysaccharide content shows 
a clear increasing trend with some minor 
fluctuations. The lowest polysaccharide con-
tent is observed in mid-April, and the high-
est polysaccharide content is observed in late 
June. After reaching the peak in late June, 
there is a slight downward trend in early July. 
Therefore, this can be used to optimize the 
variety and harvest date to enhance the health 
attributes and market value of tea.
  The primary alkaloid in tea is caffeine, 
which, together with tea polyphenols and 
amino acids, constitutes one of the three piv-
otal components that shape the flavor profile 
of tea. Caffeine imparts a bitter flavor and 
contributes to the tea’s smooth, refreshing 
character by interacting with polyphenols 
and their oxidative byproducts to form com-
plexes. Caffeine is known for its stimulating 
effects, as well as its diuretic and cardiotonic 
properties. The alkaloid content exhibits an 
overall upward trend with occasional minor 
variations. The minimum alkaloid levels are 
detected in late April, while the maximum 
levels are found in early July. After a slight 
dip in late April, the alkaloid content steadily 
rises, peaking in early July. Selecting the right 
variety and harvest date can optimize caffeine 
levels, which in turn can influence both the 
taste and the health benefits of tea.
  GABA is a non-protein amino acid present 
in tea, known for its ability to mitigate bit-
terness, particularly that of caffeine. GABA 
is recognized for its multifaceted health 
benefits, including anti-depressant effects, 
blood pressure reduction, memory enhance-
ment, and anti-cancer properties. The GABA 
content in tea exhibits a distinct downward 
trend, with occasional minor fluctuations. 
The peak GABA levels are noted in mid-
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April, while the lowest concentrations are 
detected in late June and early July. Follow-
ing a marginal decline in mid-April, GABA 
content experiences a consistent decrease, 
hitting its nadir in late June and early July. 
These variations are significant for the de-
velopment of GABA-enriched tea prod-
ucts tailored to specific health attributes. 
  DNJ is a polyhydroxy alkaloid that is be-
lieved to have blood glucose-lowering ef-
fects and plays a role in the prevention and 
treatment of diabetes. The content of DNJ 
shows an overall increasing trend with some 
minor fluctuations. The lowest DNJ content 
is observed in mid-April, and the highest 
DNJ content is observed in early July. After a 
slight increase in mid-April, there is a steady 
increase in DNJ content, reaching its peak in 
early July. The study conducted by Hu XQ et 
al. (2013) underscores the significant influ-
ence of mulberry variety on DNJ content, a 
finding consistent with their research conclu-
sions. Selecting appropriate varieties and har-
vest dates can optimize DNJ content, thereby 
enhancing the health attributes of tea.
  The biochemical components and volatile 
aroma compounds of mulberry leaf tea jointly 
influence the sensory score. The sensory score 
shows a clear decreasing trend with some mi-
nor fluctuations. The highest sensory score is 
observed in mid-April, and the lowest sensory 
score is observed in early July. After a slight 
decrease in mid-April, there is a steady de-
crease in sensory scores, reaching its lowest 
point in early July. This is partly because early 
spring tea typically contains higher levels of 
amino acids and lower levels of polyphenols, 
which may result in a fresher taste and less as-
tringency. Therefore, the optimal harvest date 
and variety selection can be more precisely 
determined, thereby enhancing the overall 
quality of the tea and consumer acceptance.
  In summary, the dynamic changes of the 
five antioxidant active substances in date palm 
leaves at different harvest dates are not con-
sistent. Considering the content of flavonoids, 
phenolic acids, polysaccharides and GABA, 
the optimal harvest date for date mulberry 

leaves is on June 24th. Whereas, if consid-
ering the content of Alkaloids and DNJ, the 
best date for harvest is on July 8th. For the 
best sensory experience, the harvest date is 
April 15th, as indicated by the highest sensory 
score. For the highest amino acid content, the 
harvest date is April 29th, with the highest 
value. Exploring the reasons, the formation, 
transformation, and accumulation of plant 
active components are influenced by environ-
mental conditions. The environment serves 
as the material and energy foundation for the 
growth and development of medicinal plants, 
as well as the formation of product quality.

Conclusion
  In this study, the contents of the main active 
substances and sensory scores of different va-
rieties of mulberry leaf green tea harvested at 
different dates in Turpan were quantitatively 
analyzed. The results of the two-way ANOVA 
revealed that both the main effects and inter-
actions of harvest date and variety significant-
ly affected on content of active substances 
and the sensory scores of mulberry green tea. 
The principal component analysis was used 
to evaluate each index comprehensively. Ac-
cording to the comprehensive score, the best 
harvest date for Yao Sang, Nongsang 14, 
Danbai Sang, Bai Sang, and Hei Sang in this 
area were approximately 27-May, 27-May, 
24-Jun, 8-Jul, and 29-Apr, respectively.
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Participants
  The sensory assessment of mulberry tea 
was conducted with meticulous precision, 
employing a panel of seven carefully curated 
individuals. This diverse group was chosen 
to encapsulate a spectrum of perspectives, 
ensuring a representative sample. Each par-
ticipant was subjected to an intensive training 
regimen, designed to calibrate their sensory 
evaluation techniques and guarantee unifor-
mity in the evaluation process.
  Guided by the esteemed sensory evalua-
tion methodology established by Horie et al. 
(1992), the panelists meticulously assessed 
the mulberry tea across a range of criteria: 
appearance, aroma, taste, and leaf base. The 
training curriculum was not only focused on 
honing their sensory discernment but also 
underscored the ethical imperative of main-
taining an impartial stance and respecting the 
confidentiality of the study’s outcomes.
  Through strict adherence to these ethical 
benchmarks and by fostering an environ-
ment of diversity and expertise among our 
panelists, this study is poised to deliver a 
robust and exhaustive sensory evaluation of 
mulberry tea. This endeavor aspires to yield 
insightful contributions to the domain of sen-
sory science and to propel advancements in 
tea product development.
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