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Abstract

Syzygium formosum has been traditionally used in Vietnam as a folk medicine for treating
skin and respiratory diseases. With the recent recognition of its beneficial effects such as
anticancer, antioxidant, and anti-inflammatory properties, there is an increasing interest in
industrial extraction of its bioactive compounds, such as triterpenoids and flavonoids. In this
study, the extraction efficiencies of S. formosum were analyzed by extraction methods and
harvest timings. Firstly, it was found that distilled water treatment substantially eliminated
almost all flavonoids, suggesting that minimal pretreatment is important to preserve both
triterpenoids and flavonoids. Secondly, extractions with 70% ethanol at both lab and pilot
scales effectively yielded more than 70% of triterpenoids and flavonoids from S. formosum.
Lastly, to investigate the seasonal variation in phytochemicals, extracts from the leaves of S.
formosum harvested in April, August, October, and December in Vietnam were analyzed. It
was revealed that seasons with lower temperatures led to higher concentrations of triter-
penoids and flavonoids. Specifically, December was found to be optimal for obtaining high
concentrations of triterpenoid and October for flavonoid. Consequently, this research pro-
vides a foundation for the industrial application of S. formosum, providing critical insights
into maximizing the extraction efficiency and phytochemical contents through optimized
processing methods and strategic harvesting.
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Introduction

Syzygium formosum (Wall.) Masam (SF) belongs to the myrtle family, Myrtaceae, and is
widely distributed across Southeast Asian countries such as Malaysia and Vietnam (Uddin et al.,
2022). Traditionally, in Vietnam, the leaves of this evergreen tree have been consumed as food

or tea, or used as a folk medicine to relieve skin or respiratory-related symptoms such as skin
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rashes, scabies, sore throats, and bronchitis (Loi, 2001). In addition, recent studies revealed additional functional
properties of SF leaves, including antibacterial, anti-inflammatory, antioxidative, and anti-allergic activities (Lee et al.,
2006; Phuong et al., 2006; Nguyen et al., 2018; Parul et al., 2020; Park et al., 2021). These significant effects are
attributed to bioactive compounds such as flavonoids and triterpenoids found in SF leaves (Hoang et al., 2021).

Flavonoids are a diverse group of plant secondary metabolites with a polyphenolic structure found in almost all
fruits and vegetables. In plants, their functions are related to growth and defence against pathogens (Havsteen, 2002).
By inhibiting the formation of reactive oxygen species (ROS) through modulating enzymes such as xanthine oxidase,
cyclooxygenase, lipoxygenase and phosphoinositide 3-kinase, they exhibit various biological activities, including
antioxidant and anti-inflammatory effects (Metodiewa et al., 1997; Mansuri et al., 2014; Lin et al., 2015). Triterpenoids
(Cs0 compounds), a class of chemical compounds composed of three terpene units, have diverse structures, but their
biosynthetic pathways are highly conserved in plants (Dinday and Ghosh, 2023). Their precursors, isopentenyl
diphosphate and its isomer dimethylallyl diphosphate, are derived from the cytosolic mevalonate pathway and they
are diversified by oxidosqualene cyclases (Thimmappa et al., 2014; Ghosh, 2016). They also exhibit a wide range of
biological activities, including anti-inflammatory, antiviral, and anticancer properties (Metodiewa et al., 1997; Martin
etal., 2008; Maetal.,2011; Andre et al., 2016; Misra et al., 2017; Sandeep et al., 2019). Collectively, these compounds
contribute to the medicinal value of SF leaves, enhancing their potential application in various health-related industries
(Table 1).

Table 1. Structures of phytochemicals analyzed in this study (Continued).

Structure Compound name

Triterpenoids

Madecassic acid : Ry = OH, R, = OH, R; = OH
Asiatic acid : R; = H, R, = OH, R; = OH
Corosolic acid : Ry =H, R, =H, R;=OH
Ursolic acid : Ry =H, R,=H,R; =H

Hederagenin : R, =OH, R, =H
Maslinic acid : R; =H, R, = OH
Oleanolic acid : Ry =H, R, =H

Bertulin : R =CH,
Betulinic acid : R=CO
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Table 1. Structures of phytochemicals analyzed in this study.

Structure Compound name

@:0 H Catechin
' OH
Epigallocatechin gallate
.
L OH

Flavonoids

OH
OH Myricetin glucoside : R = Glucose
OH Myricetin thamnoside : R = Rhamnose
HO O O
O | OoH
0
7
oH o R
OH Quercetin : R=H
OH Quercetin glucoside : R = Glucose
O Quercetin arabinoside : R = Arabinose
HO O 0 | Quercetin thamnoside : R = Rhamnose
O
7
o o R

For the effective utilization of SF leaf extracts (SFLESs), it is crucial to establish efficient extraction methods at both
laboratory and industrial scales and determine the optimal harvest times for maximizing SFLEs yields. Therefore, in
this study, we examined the efficiency of processing methods and quality control of SFLEs from three perspectives.
First, we determined the effect of pretreatment with distilled water (DW) on the SFLEs of freeze-dried samples. Next,
we compared the extraction efficiency of SFLEs using 70% ethanol at both laboratory and pilot scales. Finally, we

evaluated the variation of the SFLEs based on the harvest season.

Materials and Methods
Chemicals and reagents

Analytical standard of madecassic acid (> 97%) was purchased from Toronto Research Chemicals Inc. (Canada).
Maslinic acid (> 98%) was purchased from Chengdu Biopurify Phytochemicals Ltd. (China). Asiatic acid (> 97%),
corosolic acid (= 85%), betulinic acid (= 98%)), betulin (= 98%), and oleanolic acid (= 98%) were purchased from
Sigma-Aldrich (USA). Ursolic acid (> 90.0%) and hederagenin (> 98%) were purchased from Tokyo Chemical
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Industry Co., Ltd. (Japan). Catechin (> 98%), epigallocatechin gallate (> 98%), myricetin glucoside (> 98%), quercetin
glucoside (> 98%) and quercetin thamnoside (> 98%) were purchased from Extrasynthese SAS (France). Quercetin
arabinoside (> 98%) and quercetin (> 98%) were acquired from ChemFaces (China). The chemical structures of
triterpenoids and flavonoids are shown in Fig. 1. Solvent and reagent for analysis were purchased HPLC grade.
Methanol (> 99.9%) was purchased from Sigma-Aldrich (USA). Acetonitrile (> 99.9%) and 2-propanol (> 99.7%)
were purchased from J.T.Baker (USA). Ammonium formate (> 99.0%) and formic acid (> 98.0%) were purchased
from Honeywell Fluka (USA). Distilled water was prepared using Direct-Q 5 UV Ultrapure water purification system
(Merck Millipore, USA).
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Fig. 1. The extraction efficiencies of (A) triterpenoids and (B) flavonoids using 70% ethanol. The black and
gray bars represent the lab-scale and pilot-scale, respectively. Error bars represent the standard deviation.

Preparation of samples and standards

Triterpenoids

For liquid samples, 1 mL of the ethanolic extracts were completely dried through a SpeedVac evaporator (Modulspin
40, Hanil Science Medical Co., Ltd., Korea) and dissolved in 1 mL of 60% methanol. For freeze-dried powders, 10 mg
of powder was dissolved in 1 mL of 60% methanol. And the samples in 60% methanol were subjected to solid phase
extraction (SPE). SPE was performed through C18 cartridge (200 mg, 3 mL, Waters). The cartridge was activated with
6 mL of methanol and conditioned with 6 mL of 60% methanol. After loading 200 pL of sample, desalting was done
with 6 mL of 30% methanol, followed by elution with 6 mL of methanol. The eluted samples were completely dried
through a SpeedVac evaporator and then reconstitute in methanol for analysis. Triterpenoid standards in powder form
were prepared by weighing 10 mg and dissolving in 1 mL of methanol. Standards in solution form were diluted to

concentrations of 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1 pg'mL" for analysis.

Flavonoids

The preparation methods were similar to those for triterpenoids except for SPE. The SPE cartridge was activated
with 6 mL of acetonitrile and conditioned with 6 mL of DW. After loading 200 puL of sample, desalting was done with
6 mL of DW, followed by elution with 6 mL of 80% acetonitrile. The eluted samples were completely dried through
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a SpeedVac evaporator and then reconstitute in methanol for analysis. Flavonoid standards in powder form were
prepared by weighing 10 mg and dissolving in 1 mL of methanol. Standards in solution form were diluted to concent-
rations of 0.05, 0.1, 0.25, 0.5, 1, 2.5, 5, and 10 ug-mL'1 for analysis.

Evaluation of the impact of DW treatment on SFLEs

Before the extraction, DW was added to the freeze-dried powder at a solid-to-solvent ratio of 1 : 20 (w/v). Then, the
mixture was vortexed and centrifuged. The washing process was repeated twice, and the supernatant was collected for

the evaluation of SFLESs loss.

Evaluation of extraction efficiency by purification scale

Dried leaves were collected and extracted at both the lab and pilot scales for the comparison of extraction efficiency.
The leaves were grounded into powder for extraction. For the lab-scale extraction, 50 g of powder was used, while for
the pilot-scale extraction, a quantity of powder equivalent to 1,000 times more than that of the lab-scale was utilized.
The dried powder was extracted with ethanol at a solid-to-solvent ratio of 1 : 12 (w/v). The extraction process com-
prised two steps: first with 70% ethanol and second with 95% ethanol. Each extraction step contained mixing the
ethanol with the dried powder at 50°C for 12 h at 250 rpm. The extracts were concentrated by evaporator, freeze-dried,

and powdered.

Evaluation of the variation in SFLEs with seasons

To determine seasonal variations in phytochemical contents, leaves collected from Thach Thét district, Hanoi, Viet-
nam in April, August, October, and December of 2019 were analyzed. The leaves collected in April were designated as
the spring batch, those collected in August as the summer batch, those collected in October as the autumn batch, and
those collected in December as the winter batch. The collected leaves were extracted with 70% ethanol, freeze-dried to

form powders, and then subjected to analysis.

LC-MS/MS analysis

The triterpenoids and flavonoids of SF were analyzed using the analytical methods established in our previous
studies (Hoang et al., 2021). The analysis of triterpenoids was performed on an Agilent 1290 Infinity UHPLC system
with 6470 triple quadrupole mass spectrometry (Agilent Technologies, Inc., USA). The chromatographic separation
was performed on an Agilent ZORBAX RRHD Eclipse Plus C18 (2.1 X 100 mm, 1.8 um, Agilent Technologies, Inc.,
USA) column and temperature was kept at 40°C. The injection volume was 2 pL and flow rate was 0.2 mL-min™.
Mobile phase were consisted of 5 mM ammonium formate in DW (solvent A) and 5 mM ammonium formate with 5%
2-propanol in methanol (solvent B). Gradient elution method was applied for efficient separation. Mass spectrometric
parameters were as follows: Ionization method, electrospray ionization; analytical ion mode, positive mode; gas temp.,
270°C; gas flow, 10 mL-min™'; nebulizer, 40 psi; sheath gas temp., 300°C; sheath gas flow, 11 L-min™; capillary voltage,
3.5 kV; QQQ scan type, multiple reaction monitoring (MRM) mode.

The analysis of flavonoids was performed on an Agilent 1290 Infinity UHPLC system with 6460 triple quadrupole
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mass spectrometry (Agilent Technologies, Inc., USA). The chromatographic separation was performed on an Agilent
ZORBAX RRHD Eclipse Plus C18 (2.1 x 50 mm, 1.8 um, Agilent Technologies, Inc., USA) column and temperature
was kept at 40°C. The injection volume was 2 pL and flow rate was 0.3 mL-min™. Mobile phase were consisted of DW
(solvent A) and acetonitrile (solvent B) with 0.1% formic acid. Gradient elution method was applied for efficient
separation. Mass spectrometric parameters were as follows: lonization method, electrospray ionization; analytical ion
mode, positive mode; gas temp., 275°C; gas flow, 8 mL-min™'; nebulizer, 45 psi; sheath gas temp., 350°C; sheath gas
flow, 12 L-min™"; capillary voltage, 3.5 kV; QQQ scan type, MRM mode. MRM parameters for the analysis of phyto-

chemicals were shown in Table S1.

Results and Discussion
Evaluation of extraction efficiency by pretreatment

Extraction methods were evaluated for the establishment of efficient extraction process of SFLEs. To determine the
effect of washing process with DW before the extraction of freeze-dried SF powders, the SFLEs contents were analy-
zed before and after washing. Moreover, the washing process was repeated twice, and the changes in SFLEs contents
during the washing process were also observed.

The phytochemicals in DW were analyzed to quantify the loss due to the treatment (Table 2). Despite the repeated

Table 2. Evaluation of SFLEs loss by DW treatment.

Analytes Before trez_iltment 1st DW treatment 2nd DW treatment
(mg-g™) Loss amount (mg-g')  Loss (%) Loss amount (mg'g")  Loss (%)

Triterpenoids
Madecassic acid 0.68 0.00 0.15 0.00 0.41
Asiatic acid 12.20 0.02 0.19 0.05 0.39
Hederagenin 0.16 0.00 0.06 0.00 0.16
Maslinic acid 4.70 0.01 0.18 0.01 0.24
Corosolic acid 11.22 0.02 0.22 0.02 0.17
Betulin 0.30 0.00 0.30 0.00 0.12
Betulinic acid 13.48 0.01 0.11 0.02 0.14
Oleanolic acid 0.77 0.00 0.06 0.00 0.11
Ursolic acid 2.10 0.00 0.06 0.00 0.03

Flavonoids
Catechin 3.88 5.23 134.79 0.55 14.18
Epigallocatechin gallate 0.20 0.21 105.23 0.03 15.04
Myricetin glucoside 0.16 0.16 100.74 0.01 6.25
Myricetin thamnoside 9.52 11.20 117.65 1.17 12.29
Quercetin glucoside 0.20 0.22 110.29 0.02 10.63
Quercetin arabinoside 3.22 3.26 101.24 0.39 12.11
Quercetin rhamnoside 0.53 0.67 126.42 0.07 13.21
Quercetin 0.22 0.15 68.18 0.02 9.09

SFLEs, Syzygium formosum (Wall.) Masam leaf extracts; DW, distilled water.
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processing of DW, minimal losses of triterpenoids were observed (first treatment: 0.06 - 0.30%, second treatment: 0.03 -
0.41%). In contrast, nearly all flavonoids were lost after a single DW treatment, with losses ranging from 68.18% to
134.79%. In particular, catechin and myricetin rhamnoside exhibited the highest losses of 5.23 mg-g” and 11.20
mg-g”, respectively. These findings suggest that DW treatment to SF powder for washing should be minimized for
optimal extraction of SFLEs. Additionally, the results indicate that DW is more effective than ethanol for flavonoid

extraction, and that DW treatment can facilitate the separation of flavonoids from triterpenoids.

Evaluation of extraction efficiency at different scales

Next, the extraction efficiencies at both laboratory and pilot scales were compared. Typically, 50 - 80% methanol or
ethanol is used for extracting phytochemicals, especially flavonoids and triterpenoids (Altemimi et al., 2017; Cai et al.,
2019; Bitwell et al., 2023). In this study, extractions with 70% ethanol were performed at both the lab and pilot scales
using 50 g and 50 kg of powder, respectively.

The extractions were performed by mixing the ethanol with the dried powder at 50°C for 12 h at 250 rpm. The
detailed results are found in Table S2. The pilot-scale extraction yielded 16.03 mg-g™ of triterpenoids, which is 1.87
times higher than the lab-scale extraction yield of 8.57 mg-g' (Fig. S1). Asiatic acid showed the largest increase, with
2.75 times more extracted at the pilot-scale, followed by corosolic acid with 2.26 times more extracted. However,
flavonoids were more efficiently extracted at the lab-scale (2.77 mg-g™) compared to the pilot-scale (2.58 mg-g™).
Specifically, catechin was extracted 2.08 times more efficient at the lab-scale, while myricetin rhamnoside was
extracted 1.33 times more efficient at the pilot-scale.

Notably, the efficiency of extraction using 70% ethanol was investigated by comparing the relative concentrations
of phytochemicals obtained from the extraction with 70% ethanol to those obtained from a subsequent extraction using
95% ethanol (Fig. 1). The results showed that extractions at both the lab and pilot scales could extract more than 70%
of triterpenoids and flavonoids of SF powders using 70% ethanol, which indicates that the effective extraction was

possible even when scaling up.

Evaluation of the variation in SFLEs with seasons

Phytochemicals in plants are known to be influenced by various environmental changes such as temperature, sun-
light, soil fertility, and salinity (Berini et al., 2018; Yang et al., 2018). Therefore, to evaluate the seasonal variation in
SFLEs contents, extractions were conducted using SF leaves harvested in April, August, October, and December of
2019. In 2019, the average temperatures in Hanoi, Vietnam, where the leaves were collected, were 29°C in April, 30.
4°C in August, 26.4°C in October, and 20.4°C in December (Fig. S2). These correspond to the typical temperatures of
spring, summer, autumn, and winter in Vietnam, respectively.

Triterpenoids showed a tendency to increase as temperatures decreased. Similarly, flavonoid contents also increased
with lower temperatures, with the highest yield observed in October (Fig. 2). The detailed observations are found in
Table 3.
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Fig. 2. Comparison of SFLES concentrations across seasons. Error bars indicate the standard deviation. SFLEs,
Syzygium formosum(Wall.) Masam leaf extracts.

Table 3. Evaluation of changes in the amount of SFLEs with seasons.

Apr. batch (spring) Aug. batch (summer) Oct. batch (autumn) Dec. batch (winter)

Analytes Conc. Relative Conc. Relative Conc. Relative Conc Relative
(me-g”) conc. (me-g”) conc. (me-g”) conc. (me-g”) conc.
(% (% (% (%)
Triterpenoids
Madecassic acid 0.25 2.92 0.36 3.06 0.08 0.59 0.41 2.18
Asiatic acid 1.95 22.75 4.45 37.83 3.44 26.83 8.59 45.18
Hederagenin 0.02 0.23 0.03 0.22 0.02 0.19 0.05 0.28
Maslinic acid 0.68 7.93 0.83 7.06 0.99 7.69 1.26 6.65
Corosolic acid 1.29 19.25 2.56 21.78 3.66 28.53 391 20.56
Betulin 0.06 0.70 0.11 0.90 0.09 0.67 0.15 0.79
Betulinic acid 3.44 40.14 2.76 23.43 3.84 29.98 3.58 18.85
Oleanolic acid 0.13 1.52 0.17 1.45 0.17 1.36 0.27 1.42
Ursolic acid 0.39 4.55 0.50 427 0.53 4.17 0.78 4.10
Flavonoids
Catechin 1.37 49.46 0.26 14.92 0.64 19.35 0.36 15.03
Epigallocatechin gallate 0.04 1.44 0.01 0.68 0.04 1.34 0.02 0.68
Myricetin glucoside 0.05 1.81 0.08 4.63 0.03 0.79 0.07 2.87
Myricetin rhamnoside 1.02 36.82 1.05 59.21 1.88 57.33 1.30 54.81
Quercetin glucoside 0.04 1.44 0.05 2.60 0.03 1.03 0.05 2.03
Quercetin arabinoside 0.21 7.58 0.27 15.14 0.54 16.37 0.47 19.68
Quercetin rhamnoside 0.03 1.08 0.04 2.26 0.09 2.68 0.05 2.28
Quercetin 0.01 0.36 0.01 0.56 0.04 1.10 0.06 2.62

SFLEs, Syzygium formosum (Wall.) Masam leaf extracts; Conc., concentration.

Among the triterpenoids, asiatic acid had the highest concentration in December, 8.59 mg g™, which was 4.4 times
higher than the lowest concentration in April (1.95 mg-g™). Corosolic acid in December was 2.37 times higher (3.91
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mg-g") than the lowest in April (1.65 mg-g™). Betulinic acid peaked in October at 3.84 mg-g™', 1.39 times higher than
in August (2.76 mg-g™).

For flavonoids, catechin had the most noticeable change, with the concentration in April (1.37 mg-g™") being 5.27
times higher than in August (0.26 mg-g™). Interestingly, it was observed that the glucose derivatives of myricetin and
quercetin showed the lowest concentrations in October.

From the above results, it is concluded that the concentrations of triterpenoids and flavonoids exhibited a tendency
to increase as temperatures decreased. Hence, SF should be harvested in December if high concentrations of triter-
penoids were desired and in October if high concentrations of flavonoids were needed.

Temperature can serve as a significant abiotic stress factor that substantially influences the biosynthesis of secon-
dary metabolites (Shi et al., 2015). Consequently, studies have investigated the effects of temperature on the phyto-
chemical content of plants. For instance, it has been observed that the levels of phenolic acids and flavonols in red
Chinese cabbages (Brassica rapa L. ssp. pekinensis) increase when harvested in the fall (Lee et al., 2018). In Camellia
Japonica L., transcriptomic analysis of cold-adapted cultivars compared to control groups revealed up-regulation of the
unsaturated fatty acid biosynthesis pathway and the jasmonic acid biosynthesis pathway under low-temperature
conditions, leading to elevated levels of unsaturated fatty acids and jasmonic acid in the leaves (Li et al., 2016). Addi-
tionally, in Ginkgo biloba L., exposure to low temperatures (15°C, daytime; 5°C, nighttime) combined with reduced
soil moisture (30 - 35% of field capacity) resulted in increased activities of phenylalanine ammonia-lyase, cinnamate-
4-hydroxylase, and p-coumarate CoA ligase, along with a corresponding rise in flavonoid content (Wang et al., 2014).
Therefore, to elucidate the precise mechanisms underlying the observed increase in triterpenoids and flavonoids in SF
leaves under low-temperature conditions, further research utilizing transcriptomics and proteomics approaches is

needed.

Conclusion

Throughout the study, the extraction efficiency of SFLEs was investigated at different aspects: processing methods
and seasonal variation. Firstly, DW pretreatment significantly reduced the flavonoid content, suggesting that pretreat-
ment with DW should be minimized to extract SFLEs with undiminished triterpenoids and flavonoids. Furthermore,
extraction using 70% ethanol yielded more than 70% of triterpenoids and flavonoids in both laboratory and pilot scales.
Seasonal analysis showed that triterpenoids and flavonoids contents increased with decreasing temperature. Specifi-
cally, in Vietnam, December was found to be optimal for triterpenoid extraction and October was ideal for flavonoid.

These findings therefore provide a basis for optimizing extraction and harvesting timing.
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Table S1. MRM prameters for the analysis of triterpenoids and flavonoids.

Retention time MRM transition (m/z) Collision energy  lonization
Analytes . : = Fragmentor
(min) Precursor ion  Product ion V) mode

Triterpenoids

Madecassic acid 3.68 469.3 189.1 140 27 ESI+

Asiatic acid 4.61 4533 201.1 130 25

Hederagenin 7.08 4553 189.1 120 25

Maslinic acid 8.53 4553 203.1 120 25

Corosolic acid 8.93 4553 205.1 120 20

Betulin 11.71 4253 191.1 130 25

Betulinic acid 12.66 439.3 137.1 130 25

Oleanolic acid 13.67 439.3 203.1 130 25

Ursolic acid 13.98 439.3 203.1 130 25
Flavonoids

Catechin 1.32 291.1 139.0 90 7 ESI+

Epigallocatechin gallate 2.46 459.0 139.0 90 18

Myricetin glucoside 4.14 481.1 319.1 90 7

Myricetin thamnoside 5.03 465.1 319.1 80 5

Quercetin glucoside 5.64 465.1 303.1 100 7

Quercetin arabinoside 6.50 435.1 303.1 90 2

Quercetin rhamnoside 6.72 449.0 303.1 80 5

Quercetin 8.13 303.1 1532 170 30

MRM, multiple reaction monitoring; ESI+, electrospray ionization.

Table S2. Extraction efficiency of SFLEs by purification scales.

Laboratory scale Pilot scale
1st extract 2nd extract 1st extract 2nd extract
Analytes - - - -
Conc.  Efficiency Conc.  Efficiency Conc.  Efficiency Conc.  Efficiency
(mggh (%) (mggh (%) (mggh (%) (mggh (%)
Triterpenoids
Madecassic acid 0.20 81.06 0.05 18.94 0.24 74.40 0.08 25.60
Asiatic acid 1.54 79.11 0.41 20.89 4.02 74.93 1.34 25.07
Hederagenin 0.02 80.73 0.00 19.27 0.03 78.11 0.01 21.89
Maslinic acid 0.52 76.67 0.16 23.33 0.90 74.87 0.30 25.13
Corosolic acid 1.25 75.53 0.40 24.47 2.77 74.26 0.96 25.74
Betulin 0.05 78.44 0.01 21.56 0.10 74.92 0.03 25.08
Betulinic acid 2.62 76.13 0.82 23.87 3.18 74.81 1.07 25.19
Oleanolic acid 0.10 75.89 0.03 24.11 0.18 74.03 0.06 25.97
Ursolic acid 0.30 77.03 0.09 22.97 0.57 74.69 0.19 25.31
Flavonoids
Catechin 1.05 76.66 0.32 23.34 0.52 79.18 0.14 20.82
Epigallocatechin gallate ~ 0.03 76.34 0.01 23.66 0.03 74.99 0.01 25.01
Myricetin glucoside 0.04 75.68 0.01 24.32 0.05 70.64 0.02 29.36
Myricetin rhamnoside 0.81 79.57 0.21 20.43 1.06 78.04 0.30 21.96
Quercetin glucoside 0.03 78.62 0.01 21.38 0.03 76.94 0.01 23.06
Quercetin arabinoside 0.17 80.38 0.04 19.62 0.24 77.84 0.07 22.16
Quercetin rhamnoside 0.02 76.43 0.01 23.57 0.04 78.53 0.01 21.47
Quercetin 0.01 76.25 0.00 23.75 0.04 78.71 0.01 21.29

SFLEs, Syzygium formosum (Wall.) Masam leaf extracts; Conc., concentration.
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Fig. S1. Comparison of the triterpenoids and flavonoids acquired at different scales. The black and gray bars
represent the lab-scale and pilot-scale, respectively. Error bars represent the standard deviation.
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Fig. S2. The highest and lowest temperatures recorded in Hanoi, Vietnam, during (A) April, (B) August, (C)
October, and (D) December of 2019 are shown. The red line represents the highest temperature, while the
blue line represents the lowest temperature of the day.
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