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Abstract: Mulberry leaves are a classic herb commonly used in traditional Chinese medicine, and experience
since ancient times has shown that leaves collected after frost have better medicinal properties. However, the
characteristics of the changes of critical metabolic components in mulberry leaves, especially Morus nigra L.,
are still unknown. To further study the influence of harvesting time on the dynamic changes of metabolites,
especially DNJ compounds and flavonoids, in mulberry leaves after frost. We used metabolomics technology
to select 100+ metabolites as indexes to reflect the dynamic changes of metabolites in mulberry leaves
comprehensively. The results showed significant differences in the effects of defrosting on the accumulation of
metabolites in the leaves of Morus nigra L. and Morus alba L. The content of DNJ in the leaves of Morus nigra L.
showed a decreasing trend after the frost, while flavonoids reached the peak of the second frost. For Morus alba
L, DNJ showed an increasing trend after frost, especially reaching its peak one day after the second frost.
Flavonoids mainly peak in the week before the frost. In addition, by analyzing the influence of picking time on
metabolite accumulation in two mulberry leaves, it was concluded that higher DNJ alkaloids and flavonoids
would be obtained in mulberry leaves collected in the morning. This study also provides scientific guidance
for the optimum harvesting time of mulberry leaves.

Keywords: mulberry leaf; frost; metabolomics; DNJ alkaloid; flavonoid

1. Introduction

Mulberry is a tree species widely distributed in Asia, Europe, Africa and other regions. With
high growth speed, robust adaptability and long service life, it is a tree species with high ecological
and economic benefits [1]. Its fruits and leaves contain rich metabolites, thus having high nutritional
value. Mulberry not only has edible value but also serves as the primary food for silkworms and is
an important raw material for silk production. Mulberry trees have hard and durable wood that can
be used to make furniture, and building materials [2]. The most common mulberry species in Mori
are red, white, and Morus alba L. [3]. Many Native American tribes use red mulberry to treat various
diseases, and the juice of red mulberry is used to treat tinea [4]. White mulberry can grow in different
environmental conditions and climate change. Many European countries, such as Turkey and Greece,
planted mulberry for food and the preparation of mulberry juice [5]. More than two thousand years
ago, people raised silkworms with mulberry leaves in China. The traditional mulberry silk industry
opened the world-famous Silk Road [6]. It has produced a profound influence on human society's
development. Different from red mulberry and white mulberry, Morus alba L. not only has edible
fruits but also has been found in recent years to have the effects of treating diabetes and anti-cancer
[7,8].

Morus nigra L., also known as Medicine mulberry, originated in Iran. After it was introduced
into China along the Silk Road, it was often used to clear heat and detoxify, relieve cough and dissolve
phlegm, and treat cold, cough, fever, dysentery and other diseases. Uighurs in southern Xinjiang are
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known as holy fruit and enjoy a sacred status [9]. It was reported that the main active components in
the leaves of Morus nigra were 1-DN]J alkaloids, flavonoids and phenols. It has high nutritional value,
antioxidant activity, hypoglycemic activity, glucose metabolism, lipid metabolism regulation, anti-
inflammatory, antibacterial, and anticancer effects [10].

Medicinal mulberry leaves in many pharmacopoeias use frost mulberry leaves (harvest after
frost), especially after the first frost is better [11]. It has been reported that temperature was one of
the main factors affecting the growth of mulberry leaves and metabolite synthesis [12]. Since the Ming
and Qing dynasties, the picking of mulberry leaves mostly believed that autumn and winter would
be better after the frost. The selection of mulberry leaves by frost was not initially proposed. Still, it
was gradually proposed in the practitioner's practical discovery, and the frosted mulberry leaves
were retained under the screening of time. In recent years, some researchers also found that the
content of secondary metabolic components in mulberry leaves picked in different seasons was
significantly affected by the environmental temperature [13]. With the development of metabolomics
and system biology in recent years, relevant researchers have begun to pay attention to the dynamic
changes of metabolites in mulberry leaves before and after the frost. Zou et al. found significant
differences in phenol content and antioxidant activity of mulberry leaves from different varieties and
picking times in the south of China [14]. Through metabolic pathway analysis and bioinformatics
methods, Xu et al. speculated that lower temperatures would induce the expression of key enzyme
genes in the flavonoid synthesis pathway and facilitate the accumulation of flavonoids [15]. Li et al.
determined that there was the difference in the content of alkaloid compounds in 711 mulberry
varieties from 24 provinces in East China [16]. Although there have been many studies on the
metabolites of mulberry leaves under different times, locations, and temperatures, there is still a lack
of systematic research on the dynamic changes of metabolites, especially DNJ compounds and
flavonoids compounds in mulberry leaves before and after the frost.

To further study the effects of mulberry leaves before and after the first frost and harvest time
on the dynamic changes of metabolites, especially DNJ compounds and flavonoids, the components
of 100+ metabolites were selected as indicators to comprehensively reflect the dynamic changes of
metabolites in mulberry leaves using plant metabolomics technology. The key metabolites mainly
affected after first frost were screened based on the absolute quantitative analysis of metabolites. In
conclusion, the study on dynamic changes of metabolites in mulberry leaves before and after the frost
is of great significance for the in-depth understanding of the physiological and ecological
characteristics of mulberry in cold environments, which can provide a theoretical basis and practical
guidance for the growth and yield of mulberry. Suppose the time and method of picking mulberry
leaves can be scientifically selected. In that case, the advantages of DNJ compounds and flavonoid
compounds in mulberry leaves can be utilized to the maximum extent, and the medicinal value of
mulberry leaves can be improved.

2. Results and Discussion

2.1. Detection of the overall metabolome of mulberry leaf and evaluation of data quality

To study the effect of mulberry leaf harvest on the material accumulation pattern on different
days after frost, 138 samples collected on 23 harvest days from two different mulberry varieties of
Morus nigra L. and Morus alba L. were selected for metabonomic analysis. Through literature retrieval,
standard comparison, public database matching and metabolite profiling, 150 different metabolites
were identified, including 13 types of metabolites such as flavonoids, DNJ alkaloids, phenylpropane,
lipids, anthocyanins, and amino acids (Figure 1; Table S1).
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Figure 1. Classification and proportion of 149 distinct metabolic features identified in mulberry
leaves.

In order to master the overall metabolome data, statistical analysis was performed on the content
of detected metabolites in 138 samples. The results showed that 64.0% of the metabolite coefficient of
variation (CV) was over 50%, and the proportion of metabolites with CV value greater than 100%
was 38.6% (Table 1), indicating that the metabolome data of mulberry leaves before and after first
frost fluctuated greatly, providing a good data basis for subsequent analysis. For the Morus alba L.
variety, the CV values of 35.5% and 36.0% metabolites at different growth stages were greater than
100%, respectively. Further analysis showed that 67.2% of the metabolites had CV values greater than
100% in both varieties, indicating that the affected metabolites of the two varieties were mostly
similar in different growth and development stages, but there were metabolites that specifically
responded to changes between varieties (Figure 2).

HS (CV>100%) HS (CV>100%)

Figure 2. The metabolites with CV value >100% were analyzed by venn diagram.

A total of 17 quality control (QC) samples were prepared. QC was prepared by uniformly mixing
the extractive solutions of all samples to determine whether the conditions, such as instruments, were
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stable throughout the experiment. By analyzing the correlation between samples from the offline data
of the metabolic group, we could determine the biological repeat effect of samples in the group. The
higher the correlation coefficient, the higher the biological repeat in the group, and the more reliable
the data would be. Pearson correlation coefficient (r) was used to evaluate the correlation index of
biological repeat samples. The statistical results showed that 17 QC groups were together, and r was
close to 1, indicating that the correlation between the samples in this experiment was strong. The data
quality was good, which could be used for the subsequent analysis of differential metabolites (Figure

Figure 3. Repeated correlation quality of the control samples.

2.2. Analysis of differences in metabolic accumulation patterns of Morus nigra L. and Morus alba L.

To understand the differences in metabolic accumulation patterns of two varieties of mulberry
leaves, principal component analysis (PCA) was performed on 138 tissues in this study. The results
showed that the metabolic accumulation patterns of Morus nigra L. and Morus alba L. were
significantly different, which were clustered into two groups (Figure 4a). The first principal
component mainly reflected the difference in metabolites between Morus nigra L. and Morus alba L.
and explained 36.4% change in metabolites in the whole data set (4A). The tree diagram of clustering
analysis was also consistent with that of PCA, with 138 tissues divided into two main branches
(Figure 4b). However, the metabolite accumulation patterns of tissues collected in the morning and
evening of the frosting day of Morus nigra L. (YS_11, YS_13, YS_17, and YS_19) were significantly
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different from those collected at other times, suggesting that the metabolite accumulation pattern had
markedly changed on the frosting day of Morus nigra L. Moreover, the leaf collection times on the
frosting day (morning: YS 11 and YS_17, noon: YS_12 and YS_18, and evening: YS_13 and YS_19)
had effects on the metabolite accumulation pattern.
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Figure 4. Analysis of the accumulation patterns of Morus alba L. and Morus nigra L. metabolites. (a)
Principal component analysis (PCA) of metabolome in the 138 samples of Morus nigra L., Morus alba
L. and QC. (b) Cluster dendrogram of metabolome.

2.3. Dynamic changes of metabolite contents before and after the frost of Morus nigra L. and Morus alba L.

Based on the 150 metabolites present in the leaf tissues collected at different times, the analysis
results showed that there existed significant differences in the content changes of metabolites of
Morus nigra L. and Morus alba L. after undergoing the frost. After the frost of Morus nigra L., some
flavonoids and stilbenes were significantly enriched, while the contents of some flavonoids and most
DNJ alkaloids were decreased considerably. After passing through the first frost, DNJ alkaloids,
flavonoids and stilbenes were enriched significantly in Morus alba L. Some flavonoid substances had
the highest content before frost and began to be gradually reduced (Figure 5).
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Figure 5. Heatmap of metabolites accumulation trend between Morus nigra L. and Morus alba L. after
frost. Box is shown as significantly enriched metabolites after frost.

To observe the dynamic changes of some key metabolites more intuitively, we selected some
metabolites with the most prominent fluctuation (CV>100%) after frost for analysis. The results
showed that the content of DN]J alkaloids in Morus nigra L. before the frost was significantly higher
than that after the frost. In addition, significant decreases in some DN]J alkaloids (1,4-dideoxy-1,4-
imino 4-imino-D-arabinitol and 4-Benzyl-1,4-dihydro-3-oxo-3H-pyrro [2,1-c] [1,4] oxazine-6-
carboxaldehyde) were observed on the first and second frosting days (YS_11 and YS_17). At the same
time, we found that some flavonoids (kaempferol-3-O-rutinoside, Sanggenon T, 7,2'-DiHydroxy-4'-
Methoxy-8-Prenylflavan, 2', 4', 7-Tri Hydroxy-8-(2-Hydroxyl) Flavan 7-Me) sharply increased on the
same day of the two frostings, and these flavonoid contents were significantly higher after the
frosting than before (Figure 6). Therefore, we speculated that there was an opposite relationship
between the dynamic changes of DNJ compounds and some flavonoid substances in Morus nigra L.
The results of correlation analysis also showed that DNJ alkaloids had a significant negative
correlation with some flavonoids (Table 1).

do0i:10.20944/preprints202305.1294.v1
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Figure 6. Accumulate patterns of DNJ alkaloid and flavonoids in Morus nigra after frost. The red
arrows from left to right represent the first and second descending frost, respectively.
Table 1. Correlations of DNJ alkaloids and flavonoid metabolites.
DNJ
ID Compounds Class MA13 MAO01 MA15 MA00 MAO01 MAO0
0 5 0 9 0 5
7,2'-dihydroxy-4'-
MAO03
methoxy-8- Flavonoids -0.80 - - - -0.53 -0.37
8
prenylflavan
MAO06
Alboctalol Flavonoids -0.36 -0.62 -0.33 - -0.62 -
1
2',4',7-Trihydroxy-
MAO07  8-(2-
Flavonoids -0.84 - - - - -0.44
1 hydroxyethyl)flava
n 4-me-2-glc
MAO07  kaempferol-3-O-
Flavonoids -0.44 -0.64 - - -0.62 -
2 rutinoside
MAO08
Sanggenon T. Flavonoids -0.93 - - - - -
0
MAQ09  2'4',7-Trihydroxy-
Flavonoids -0.56 -0.55 -0.34 - -0.62 -

7 8-(2-
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hydroxyethyl)flava
n7-me

MAQ9  cis-Mulberroside

Flavonoids -0.65 -0.35 - - -0.59 -0.55

9 A.
MA12

isobavachin Flavonoids -0.37 -0.32 - - -0.73 -
0
MA12

Isobavachalcone Flavonoids -0.38 -0.39 - - -0.75 -
3
MA12

Sanggenofuran B Flavonoids -0.38 -0.59 -0.38 - -0.65 -
7
MA13

Moracin I Flavonoids -0.52 - - - -0.55 -
3
MA14  apigenin-7-O-

Flavonoids -0.51 -0.46 - - -0.62 -0.41

6 glucoside
MA14

Sanggenofuran A.  Flavonoids -0.61 - - - - -
9
MA12

Guangsangon L. Flavonols -0.34 -0.44 -0.41 - -0.87 -0.52
6
MA13

Guangsangon B1 Flavonols - - -0.39 - -0.69 -0.50
5
MAO02

artoindonesianin O  Others -0.46 -0.56 - - -0.61 -
4
MAI10

Australone B Others -0.57 -0.41 -0.34 - -0.76 -0.34
3
MA10

Wittifuran B Others - -0.67 -0.36 - -0.56 -
9
MA12

Yunanensin E Others -0.39 -0.61 -0.36 - -0.79 -0.30
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MA12

Yunanensin A Others -0.34 -0.43 -0.41 - -0.79 -0.45
5
MAO02 Phenylpropanoid

Ferulic acid -0.52 - - - -0.52 -
8 s

6,7-
MAO02 Phenylpropanoid

dihydroxycoumari - - - - - -
9 s

n

3'-O-[p-D-

Glucopyranosyl-

(1-6)-p-D-
MA13

glucopyranoside],  polysaccharide - - -0.44 -0.48 -0.54 -0.51
2

4-O-p-D-

glucopyranoside

Mulberry
MA10

Mongolicin G. Flavonoids -0.51 - - -0.40 - -0.38
7
MA11

Macrourin G Flavonoids - -0.47 - - -0.72 -
9

The dynamic changes of DNJ alkaloids in Morus alba L. were different from that in Morus nigra
L. The contents of most DN]J alkaloids significantly increased after the frost, and they continuously
increased after the first frost, peaked after the second first frost, and then declined sharply. The
dynamic change rule of flavonoid was also slightly different from that of Morus nigra L., mainly that
the content increased sharply one week before the first frost, decreased significantly by the first frost,
and then increased again until the first frost content reached the peak again at the second time (Figure
7).

DNJ is considered to be the most effective anti-hyperglycemic compound in mulberry leaves
[17]. Studies have shown that the content of DNJ alkaloids shows a complex change trend in the
growth and development of mulberry leaves [18]. Our study also found that DNJ substances
significantly change before and after the cream. Interestingly, the changes in DNJ content in
medicinal mulberry leaves and black mulberry leaves showed opposite trends before and after frost
treatment. In medicinal mulberry, the DNJ content showed an overall reducing trend after the frost.
For black mulberry, DN]J content showed an increasing trend after the first frost and especially
peaked one day after the second first frost. In their previous studies, Kim et al. also found significant
differences in the genetic background of mulberry trees from different varieties, as well as differences
in alkaloid content and change trends [19]. Therefore, we speculated that the content change trend of
DNJ compounds after frost treatment was not only possibly affected by the physiological state of
mulberry leaf growth and development and environmental factors but also related to the different
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enrichment responses of DNJ compounds in mulberry leaves of different varieties before and after
frost treatment.
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Figure 7. Accumulation patterns of DNJ alkaloids and flavonoids in Morus nigra L. after frost. The
red arrows indicate the first and second the frost from left to right respectively.

Flavonoids, another essential active substance in mulberry leaves, have the effects of anti-
bacteria, anti-inflammation, lipid-lowering, glucose-lowering, and anti-oxidation. They have become
the hot spots in the research on the physiological activity of mulberry leaves as a drug in recent years
[20]. Yu determined that low temperature after the frost could induce UFGT gene expression in
mulberry leaves, accumulating many flavonoid glycosides in mulberry leaves [11]. Combined
metabolomics and transcriptomics analyses by Xu showed that many flavonoids were significantly
enriched in mulberry leaves under cold stress [21]. This study's results were consistent with the above
studies' conclusions. The flavonoids were increased in black and medicinal mulberry leaves after
passing through the first frost, and the content peaked in the second frost.

2.4. Metabolite content in mulberry leaves affected by the day-night cycle

To further explore the effect of circadian rhythm on the contents of metabolites in mulberry
leaves, we collected the leaf tissues of Morus nigra L. and Morus alba L. in the morning (9:00 a.m.) and
in the afternoon (4:00 p.m.). The evening (11:00 p.m.) and analyzed the results of metabolite detection
during the two frostings. As shown in Figure 8, the overall accumulation patterns of Morus nigra L.
and Morus alba L. were the same, and the clearest rule was that there were significant differences in
metabolite accumulation patterns between leaves collected in the afternoon and in the morning or at
night. In Morus nigra L., except for a small number of leaves collected at noon with high flavonoid
content, most other substances, including DNJ alkaloids, flavonoids, phenylpropane, and stilbenes,
were significantly lower than those in the morning and evening, and the similar situation was found
in Morus alba L. (Figure 8).
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Figure 8. Effect of circadian rhythm on the accumulation patterns of drug mulberry and Morus alba L.
metabolites.

Mari found that the content of flavonols in mulberry leaves had a positive correlation with the
total hours of solar radiation on the picking day but a negative correlation with the temperature. The
seasonal variation of DNJ content was also closely related to temperature [22]. Guo measured that
the flavonoid content in mulberry leaves was greatly affected by the leaf age (tip, tender and old
leaves) and seasonal changes [23]. Our study also showed that different picking times on the picking
date could significantly affect the metabolite content in mulberry leaves. We analyzed the effect of
circadian rhythm on metabolite accumulation in two varieties of mulberry leaves. We concluded that
harvesting mulberry leaves in the morning would obtain higher contents of DNJ alkaloids, flavonoids
and other substances.

The above studies have shown that the dynamic changes of metabolites in mulberry leaves after
frost are very significant, which has an important reference value for the rational use of active
substances in mulberry leaves. In addition, the changing rules of metabolites in mulberry leaves
before and after the frost was explored in depth. The results not only help to understand the growth
and development law of mulberry leaves but also provide essential theoretical support and guidance
for the development and utilization of mulberry leaves.
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3. Materials and Methods

3.1. Materials

Medicinal mulberry (Morus nigra L.) and black mulberry (Morus alba L.) were collected from
Jiamu Fruit Science's national long-term scientific research base, Xinjiang. Mulberry leaves were
sampled from September 19, 2021, once every 7 d. When an early warning of the frost appeared, the
sampling strategy was changed: Samples were collected every three days for 15 d before and every
day for 3 d before the frost. Samples were collected once in the morning (9 a.m.), once in the afternoon
(4 p.m.), and once in the evening (11 p.m.) on the day of the frosting. After the frost, the samples were
collected daily for continuous 3 d. Then every 7 d, Continuous sampling was conducted 3 d before
the second frost, consistent with the first frost sampling measure. Unless otherwise specified, the
sampling time was 9: 00 a.m. (Table 2). During sampling, three leaves (the 3rd-6th leaf from the top
down of the branch) were collected from each tree, mixed and regarded as a biological repeat. The
leaves were immediately put into liquid nitrogen and transferred to -80°C after 1 h. A total of five
trees were collected. The samples from each tree were stored separately. Three biological repetitions
were subsequently selected for metabolite detection.

Table 2. Tissue samples of Morus nigra L. (YS) and Morus alba L. (HS) used in the study.

Sampling Time HS_ 1 HS 2 HS 3 YS 1 YS 2 YS 2

date

9.19 9:00am. HS 11 HS21 HS 31 YS_ 1.1 YS 2 1 YS_ 3.1
9.26 9:00am. HS 12 HS22 HS 3 2 YS_ 1.2 YS 2 2 YS_ 3.2
9.29 9:00am. HS 13 HS23 HS 3.3 YS_1.3 YS 23 YS 33
10.02 9:00am. HS 14 HS24 HS 3 4 YS 14 YS 2 4 YS 3 4
10.05 9:00am. HS 15 HSZ25 HS_3.5 YS_ 1.5 YS 25 YS 3 5
10.09 9:00am. HS 16 HS26 HS 3 6 YS 1.6 YS 2 6 YS 3 6
10.13 9:00am. HS 17 HS27 HS 3.7 YS 17 YS 27 YS 37
10.17 9:00am. HS 18 HS238 HS_3_8 YS_ 1.8 YS 28 YS 3 8
10.21 9:00am. HS 19 HS29 HS_ 3.9 YS_1.9 YS 29 YS 3 9
10.22 9:00am. HS 110 HS_ 210 HS_3_10 YS_1_10 YS_2_10 YS_3_10
10.23 9:00am. HS 111 HS 211 HS_3_11 YS_ 111 YS 2 11 YS 3 11
10.23 4:00p.m. HS_ 112 HS 2 12 HS_3_12 YS_ 112 YS 2 12 YS 3 12
10.23 4:00p.m. HS 113 HS 213 HS_3_13 YS_ 113 YS 2 13 YS 3 13
10.24 9:00am. HS 114 HS2 14 HS 3 14 YS_1_14 YS_2_14 YS_3_14
10.24 4:00p.m. HS_1.15 HS 2 15 HS_3_15 YS_ 115 YS_2_15 YS_3_15

10.24 11:00 pm. HS_1.16 HS_ 2_16 HS_3_16 YS_1_16 YS_2_16 YS_3_16
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10.25 9:00 a.m. HS 117 HS 2 17 HS 3 17 YS_1.17 YS_ 2 17 YS_3_17
10.25 4:00p.m. HS_ 118 HS 2 18 HS_3_18 YS_1_18 YS_2_18 YS_3_18
10.25 11:00 pm. HS_1.19 HS_2_19 HS_3_19 YS_1_19 YS_2_19 YS_3_19
10.26 9:00 a.m. HS 120 HS 2 20 HS_3_20 YS_1_20 YS_2_20 YS_3_20
10.26 4:00p.m. HS_ 121 HS 221 HS_3 21 YS_ 121 YS 2 21 YS 321
10.26 11:00 pm. HS_1.22 HS 2 22 HS_3 22 YS_1.22 YS_2 22 YS_3_22
10.30 9:00 a.m. HS 123 HS 2 23 HS_3 23 YS_1.23 YS_2 23 YS_3_23

Note: The red color indicate the frost weather.
3.2. Experimental methods

3.2.1. Preparation and extraction of sample

After grinding the mulberry leaf samples with the grinder (MM400, Retsch), 100 mg powder was
weighed, and 1 mL 70% methanol-0.5% formic acid water was added. The powder was extracted by
ultrasonic instrument (KQ-300DE, Kunshan, China) for 10 min, then by low-temperature high-speed
centrifuge (MULTIFUGEXIR, after centrifugation for 5 min at 10000 r/min, 200 uL of supernatant was
absorbed into a 2 mL volumetric bottle. The chromatographic solution was filled to the scale with
methanol and mixed through a 0.22 um microporous filter membrane. The filtrate samples were
stored in the sample bottle.

3.2.2. Chromatographic and mass spectrometry conditions

ACQUITY UPLC BEH C18 column (100 mmx2.1 mm, 1.7 um) was used for UPLC analysis (I-
Class, Waters, USA). The column and autosampler temperatures were set at 45°C and 10°C,
respectively. The mobile phase A consisted of methanol, and phase B consisted of a 0.1% formic acid
aqueous solution (v/v). Gradient elution was performed at a flow rate of 0.4 mL/min, and an injection
volume of 2 uL:0 to 3 min is 5-40% A, 3 to 10 min is 40 to 95% A, 10 to 12 min is 95% A, 12 to 13 min
i895t05% A, 13 to 15 min is 5% A.

The sample quality spectrometric analysis was performed on a QTOF mass spectrometer (I-Class
XEVO G2-XS, Watersey, USA) with an electrospray ion source (ESI) molecular weight scanning range
of m/z 100-1200. The optimized parameters are as follows: the capillary voltage in positive ion mode
and negative ion mode is 3.00 kV and 2.50 kV, the source temperature and dissolvent temperature
are 120°C and 450°C, the flow rate of cone-hole and dissolvent gas is 50 L/h and 800 L/h, and the
cone-hole voltage is 40 V.

In MSE mode, the low energy scan is not set, and the energy for high energy scan is 15 eV-40 eV.
For quality accuracy and reproducibility, sodium formate was used as a calibration solution. In
addition, real-time mass number correction was performed using leucine enkephalin (LE) (M/Z
556.2771 in positive ion mode; M/Z 554.2615) in negative ion mode.

4. Conclusions

The results of metabonomics analysis in different leaf tissues of Morus nigra L. and Morus alba L.
before and after the frost showed that the accumulation patterns of metabolites in leaves of Morus
nigra L. and Morus alba L. were significantly different before and after the frost, indicating that the
types and contents of metabolites in the two varieties were quite different, which represented that
the applications of the two varieties might be various. In addition, the primary differential
metabolites in the two varieties before and after the frost were analyzed, and it was found that the
DNJ content in Morus nigra L. showed an overall reducing trend after the frost. The flavonoids
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reached their peak during the second frost. For Morus alba L., DN]J increased after the first frost and
peaked one day after the second first frost. Flavonoids peak mainly the week before the frost and
again the day after the second frost. It could be seen that frost had a more significant effect on Morus
nigra L. In actual application, we should select the appropriate time to harvest the mulberry leaves
according to the target metabolites. Finally, by analyzing the effect of circadian rhythm on metabolite
accumulation in two varieties of mulberry leaves, it was concluded that harvesting mulberry leaves
in the morning would obtain higher contents of DN]J alkaloids, flavonoids and other substances.
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