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1 | INTRODUCTION

Abstract

Miang, a Thai traditional fermented tea (Camellia sinensis var. assamica), is exploited
as nutraceutical and cosmeceutical ingredients despite limited standardization stud-
ies. Thus, this research aimed to develop a simple and rapid method for miang qual-
ity control using catechin and high-performance thin-layer chromatography (HPTLC)
validated according to the International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH) and the Association of
Official Analytical Collaboration (AOAC). The developing solvent consisting of tolu-
ene: ethyl acetate: acetone: formic acid (6:6:6:1 v/v/v/v) showed acceptable specific-
ity with R, value of 0.54 + 0.02 and linearity with correlation coefficient of 0.9951.
The recovery was 98.84%-103.53%, and the RSD of intra- and inter-day precision
was 0.70%-3.00% and 1.93%-4.94%, respectively. Miang ethyl acetate fraction is
suggested to be attractive ingredient due to rich catechin (25.78 + 0.53%), prolonged
stability at 40 °C, and strong antioxidants determined by the assays of ABTS (IC,, =
3.32 + 0.74 mg/ml), FRAP (89.05 + 15.49 mg equivalent of FeSO,/g), and inhibition
of lipid peroxidation (IC,, = 4.36 + 0.67 mg/ml).
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Frei, 2003). In Europe and the United States, tea and pome are the
main catechin sources (Chun et al., 2007; Vogiatzoglou et al., 2015).

Tea (Camellia sinensis) is one of the most consumed beverages.
Moreover, tea extracts are popular ingredients in nutraceuticals,
herbal supplements, and cosmeceuticals. Some health applications
include diet-induced obesity suppression (Murase et al., 2002),
cardiovascular disease protection (Nagao et al., 2007), tumor prog-
ress prevention (Singh et al., 2011), immune modulation (Marinovic
et al., 2015; Matsunaga et al., 2001), and infection prevention and
treatments (Matsumoto et al., 2011; Tran, 2013). Tea catechins
(Figure 1) are potent antioxidants (Grzesik et al., 2018; Higdon &

Catechins induce antioxidant activities via scavenging free radicals,
chelating metal ions, inhibiting pro-oxidant enzymes, stimulating an-
tioxidant enzymes, and producing phase Il detoxification enzymes
and antioxidant enzyme (Bernatoniene & Kopustinskiene, 2018;
Higdon & Frei, 2003; Youn et al., 2006). Catechin accumulation is
influenced by plant varieties, soil compositions, weather condi-
tions, harvesting season, storage conditions, and product process-
ing methods (Council of Europe, 2018; Zuo et al., 2002). Therefore,
Good Manufacturing Practice (GMP) starting from raw materials to
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FIGURE 1 Camelliasinensis; (a) a structure of (+)-catechin; (b) a preparation of collected fresh leaves for a fermentation process; (c and d)
appearances of traditional fermented tea leaves, locally known as miang; (e) cultivated fields around the highland areas of northern Thailand;

(f) leaves; (g) flower; and (h) fruits.

final products is essential to achieving highest health benefits. GMP
is also used to assure extraction efficiency and proper storage con-
ditions (Mukherjee, 2002).

In northern Thailand, popular ethnic tea is prepared from C.
sinensis var. assamica by special fermentation, producing tea lo-
cally known as “miang” (Figure 1) (Tanasupawat et al., 2007; Unban
et al., 2019). Briefly, tea leaves are steamed 1-2 hr, then fermented
under anaerobic condition 1-4 weeks to produce “miang-faat” (as-
tringent taste) or three to twelve months to produce “miang-som”
(sour taste) (Unban et al., 2019). Miang is not a beverage but a chew-
ing tea consumed as snacks, either alone, with salt, or with other
condiments such as roasted coconut, garlic, and shredded ginger
(Khanongnuch et al., 2017). It is traditionally often served at religious
gatherings and funerals (Khanongnuch et al., 2017). Recently, miang
has gained increasing interests due to its antioxidants, antimicrobials,
and health-promoting probiotics (Chaikaew et al., 2017; Klayraung
& Okonogi, 2009; Tanasupawat et al., 2007; Unban et al., 2019).
Therefore, it could commercially be developed. While most studies
have been focused on miang bioactivities (Chaikaew et al., 2017,
Khanongnuch et al., 2017; Klayraung & Okonogi, 2009; Tanasupawat
et al., 2007; Unban et al., 2019), miang standardization and qual-
ity control have not yet been investigated. C. sinensis possess rich
phenolics of which 85% are catechins such as (-)-epigallocatechin
3-gallate (EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin 3-gallate
(ECG), (-)-epicatechin (EC), and (+)-catechin (C) (Wang et al., 2000).
Similarly, to other studies (Zuo et al., 2002), miang total phenolics

also vary by plantation area, tea plucking, and ages of tea leaves

(Khanongnuch et al., 2017). Owning to health benefits, catechins are
used in tea standardization; for example, green tea is standardized
by EGCG (min 8%) and caffeine (min 1.5%) according to European
Pharmacopoeia (9th ed, 2018) (Council of Europe, 2018). Since tea
GMP substantially relies on catechin determination, developing
a validated analytical method is an essential prerequisite to miang
quality control. Method validation is the process following guide-
lines such as ICH and AOAC to assess quality, reliability, and con-
sistency of analytical procedure. Additionally, a validated analytical
method should be versatile, rapid, and cost-efficient.

Catechin analyses are mostly developed using liquid chro-
matography and capillary electrophoresis techniques (Dalluge &
Nelson, 2000). However, high-performance thin-layer chromatogra-
phy (HPTLC) is a simple and highly sensitive technology, is proven to
determine various phytoconstituents, and features low solvent con-
sumption, minimal sample preparation, and concurrent analysis of
high throughput assays with minimal costs (Upton, 2010). HPTLC is
added to many natural product monographs and regulations world-
wide, including European Pharmacopoeia (Council of Europe, 2018)
and American Herbal Pharmacopoeia (Upton, 2010). It also provides
fingerprints to plant species and their origin (Upton, 2010; Council
of Europe, 2018). Therefore, HPTLC is not only useful for a quan-
titative but also qualification controls of natural products. Several
applications include authentication, adulteration assessment, and
phytochemical monitoring during extraction. Additionally, HPTLC
empowers automation, scanning, condition optimization, detection,

and minimum sample requirement (Attimarad et al., 2011). So far,
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HPTLC has not yet been developed for miang. Therefore, in this
research, ICH and AOAC guidelines (AOAC International, 2016;
ICH, 1994, 2003) were applied to create a validated HPTLC of cate-
chin for miang quality control. Moreover, simple antioxidant assays
were included to test association between antioxidant activities and
catechin. The evaluations of extraction and storage condition were
also presented.

2 | MATERIALS AND METHODS
2.1 | Chemicals and reagents

All chemicals and solvents were analytical grade. Standard catechin
was purchased from Sigma® (Sigma-Aldrich, USA). Stock solutions
of standard catechin were freshly prepared for daily use. Stationary
phase was TLC plates precoated with silica gel 60 F,., (20x10 cm)
and thickness of 0.2 mm purchased from Merck (USA). Ethanol, hex-
ane, dichloromethane, ethyl acetate, and methanol were purchased
from Labscan (Dublin, Ireland). 2,20-azino-bis-3-ethylbenzothiazolin
e-6-sulfonic acid (ABTS), 2,4,6 tripyridyl-s-triazine (TPTZ), 6-hydrox
y-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), and linoleic
acid were purchased from Sigma-Aldrich (St. Louis, MO, USA). Tris
base was purchased from Fisher Chem Alert (Fair Lawn, NJ, USA).
Potassium persulfate, ferric chloride, ferrous sulfate, and sodium

| crude extract 10 g I

l resuspend with 90% methanol 200 mL

| 90% methanol extract |

‘ partition with hexane 200 mL, three times

l ,,

hexane fraction I

| 90% residual methanol extract |

acetate were purchased from Fisher Chemicals (Loughborough,
UK). Hydrochloric acid, acetic acid, trichloroacetic acid, thiobarbitu-
ric acid, and ascorbic acid were purchased from Merck (Darmstadt,

Germany).

2.2 | Plant material and sample preparation

Miang samples were obtained from and authenticated by the
Highland Research and Development Institute, Chiang Mai, Thailand
(voucher number 0023247, Faculty of Pharmacy, Chiang Mai univer-
sity, Thailand). Raw materials were dried (50°C for 8 hr), then ground
and macerated in 95% ethanol (1 kg dried plant per 10 L 95% etha-
nol) for 72 hr. The macerated extracts were filtered and dried using
a rotary evaporator to produce crude extract (CE). CE was then se-
quentially partitioned by polarity into four semi-purified fractions of
hexane (HF), dichloromethane (DF), ethyl acetate (EF), and methanol
(MF) (Figure 2) (Emran et al., 2015). Briefly, for the fractionated sam-
ples, crude extract (10 g) was re-dissolved with 90% methanol and
then partitioned with hexane three times. After that, distilled water
(160 ml) was added to the 90% residual methanol extract to obtain
the 50% methanol extract. This step increased the extract volume
and polarity prior to being further partitioned by dichloromethane
and ethyl acetate, respectively. The final 50% residual methanol ex-
tract was subjected to a rotary evaporator to remove solvent, then

l add water 160 mL

| 50% methanol extract |

| partition with dichloromethane 200 mL, three times

v
| dichloromethane fraction I

A 4

‘ 50% residual methanol extract |

‘ partition with ethyl acetate 200 mL, three times

| ethyl acet;te fraction |

\4
| 50% residual methanol extract |

l rotary evaporator

resuspend with methanol and filter

A4

A 4

methanol fraction
(filtrate, dissolved in methanol)

precipitate
(solid residue, insoluble in methanol)

FIGURE 2 Solvent-solvent
partitioning of miang ethanolic crude
extract to obtain semi-purified fractions
of hexane, dichloromethane, ethyl acetate,
and methanol.
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re-dissolved with methanol and filtered to isolate precipitate and
methanol fraction. The process was carried out in a separatory fun-
nel at room temperature. With each solvent, the partitioning was
repeated three times from the residual extract in the separatory fun-
nel. Then, all three partitions of each solvent were pooled, dried with
NaSO,, then filtered, and subjected to a rotary evaporator to remove
solvent under a reduced pressure to obtain a semi-purified fraction.
The solvent-solvent partitioning experiment was performed in tripli-

cate and percent yield of semi-purified fraction was calculated.

2.3 | Standard solutions

Catechin stock solution was prepared at 1 pg/pl in methanol. The
working standard solutions were prepared by diluting the stock solu-
tion with methanol to 0.25, 0.50, 0.60, and 0.80 pg/pl.

2.4 | Chromatographic conditions

Chromatographic separation was achieved on HPTLC plates
(20 x 10 cm), precoated with silica gel 60 F,;, and thickness of
0.2 mm with aluminum sheet support. Solutions of standard cat-
echin and miang extracts were applied as bands (8.0 mm width)
along one edge of the plate. Samples were loaded and developed
on the same chromatographic plate. Sample loadings were carried
out by a Camag (Muttenz, Switzerland) Linomat 5 sample applicator
equipped with a 100 pl Hamilton syringe. Ascending development
to a distance of 80 mm was performed after the plate was saturated
in developing solvent (toluene: ethyl acetate: acetone: formic acid
(6:6:6:1 v/v/v/v)) for 20 min at room temperature (25 + 5°C) with a
relative humidity of 47%. After completing the development, plates
were dried and then measured at 254 nm by a Camag TLC Scanner 4
using the deuterium lamp and WinCAT software. The slit dimension

was 8 x 0.2 mm with scanning speed of 40 mm/s.

2.5 | Method validations

The HPTLC method was assessed the validation for the following

parameters.

2.5.1 | Specificity

Specificity was determined by overlaying the spectrums of standard

catechin and CE and comparing R; values.

2.5.2 | Linearity

10 ul of catechin solutions (0.25, 0.50, 0.60, 0.80, and 1.00 pg/ul)

was applied to HPTLC plates to obtain a calibration curve. Linear

CWILEY--

regression was plotted between peak heights and amount of stand-
ard catechin. The correlation coefficient (r), slope, and intercept

were determined.

2.5.3 | Accuracy

Accuracy was ascertained by measuring percent recovery of a known
amount of standard catechin spiked to crude extract. In the optimi-
zation process, catechin target content was predetermined by using
crude extract (4 pg/ul) with an injection volume of 10 pl. According
to ICH guideline, an accuracy is suggested to be tested on the con-
tents covering 80%-120% of target content (ICH, 1994). Therefore,
in this research, the amounts spiked were selected to cover 80%,
100%, and 120% of the preliminary catechin target quantity, each
performed in triplicate. These solutions were finally adjusted to a
concentration similarly to CE at 4 ug/ul. In each sample, a volume
of 10 ul was applied to HPTLC plates to analyze catechin. Percent
recovery was calculated using the following equation:

% recovery = (concentration found/concentration added) x 100.

2.54 | Precision

Precision was computed as percent relative standard deviation (%
RSD) for the assays performed on the same day (intra-day) and
across three consecutive days (inter-day) by using catechin standard
solutions of 0.25, 0.50, and 1.00 pg/ul, each performed with five
replicates. The volume of 10 ul was applied to HPTLC to analyze cat-
echin. The precision parameter was expressed as % RSD by measur-
ing the peak height.

2.5.5 | Limit of detection and limit of quantification

Sensitivity was determined with respect to limit of detection (LOD)
and limit of quantification (LOQ) of the catechin content. Both pa-
rameters were computed from six multiple sets of regression coef-
ficients using the formula k*SD of intercept/mean of slope, where
k = 3.3 for LOD and 10 for LOQ.

2.6 | Determination of catechin content in
miang extracts

In the optimization process, CE’'s working solution (4 ug/ul) showed a
peak height in the validated range. Thus, all fractions were evaluated
using preliminary working concentrations of 4 ug/ul. However, EF
showed peak height exceeding the standard curve range. Therefore,
CE and EF’s stock solutions were prepared at 20 pg/ul which were
then diluted to obtain working solutions at 4 and 2 pg/ul, respec-
tively. On the other hand, HF, DF, and MF (4 ug/ul) showed lower
peak heights than the standard curve range. Thus, the working
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solutions of HF, DF, and MF were directly prepared at 32 pg/pL. For
each sample, a volume of 10 ul was applied to HPTLC plates to ana-
lyze catechin. The experiment was performed in triplicate for each

sample solution.

2.7 | Stability study of catechin contents in miang
crude extract and ethyl acetate fraction

CE and EF were kept at 4 and 40°C to study stability profiles.
Catechin was determined at 0-, 3-, and 6-month periods (ICH, 2003).
Stock solutions of CE and EF were prepared at 20 ug/ul. The working
solutions were prepared by diluting stock solution to either 4 ng/
ul or 8 pg/ul, depending on the observed catechin peak height. For
each sample, a volume of 10 ul was applied to HPTLC plates to ana-
lyze catechin. The experiment was performed in triplicate for each

sample.

2.8 | Determination of antioxidant activities

Miang extracts were investigated for antioxidant activities by the

following assays.

2.8.1 | 2,20-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid (ABTS) assay

Miang extracts were tested for free radical scavenging activities
by ABTS assay. Briefly, ABTS®" radical cations were generated by
mixing 7 mM ABTS solution with 2.5 mM potassium persulfate at a
ratio of 1:1. The ABTS** solution was diluted with phosphate buffer
to a working solution which had an absorbance of 0.700 + 0.02 at
734 nm. The ABTS®* working solution (0.9 ml) was reacted with each
sample (0.1 ml) at different concentrations for 3 min. The absorb-
ance was measured at 734 nm. Trolox was used as a standard and
the ABTS®" scavenging activity of each sample was expressed as
Trolox equivalent antioxidant capacity (TEAC) which was calculated
from the calibration curve of Trolox antioxidant activity (Saenjum
et al., 2010).

2.8.2 | Ferric reducing antioxidant power
(FRAP) assay

Miang extracts were tested for total reducing power by FRAP assay.
Briefly, FRAP reagent was prepared by mixing acetate buffer, 2,4,6
tripyridyl-s-triazine (TPTZ) and FeCl,.6H,0 in a ratio of 10:1:1. The
mixture was freshly prepared and protected from light. The antioxi-
dant activity of test samples was evaluated by mixing 1,800 pl of
FRAP reagent, 60 pl of test sample, and 180 pul of deionized water.
The absorbance of the reaction mixture was measured at 593 nm.

Ferrous sulfate (FeSO,) was used as a standard and the ferric ions

reducing power of each sample was expressed as FeSO, equivalent
which was calculated from the calibration curve of ferrous sulfate
reducing power activity (Benzie & Strain, 1996).

2.8.3 | Inhibition of lipid peroxidation assay

Miang extracts were tested for inhibitory capacities against lipid
peroxidation by a method modified from Frankel and Neff (1983).
Briefly, each extract was evaluated by mixing 100 ul of extract so-
lution (1 mg/ml), 500 pl of linoleic acid (20 mM), 30 ul of Tris HCI
(100 mM, pH 7.5) and 10 ul of ascorbic acid (20 mM). The reaction
mixture was then activated by adding 10 ul of Fe,SO,.7H,0 (40 mM)
and incubating at 37°C for 30 min. The termination of the reaction
was conducted by adding 104 ul of 40% v/v trichloroacetic acid and
200 ul of thiobarbituric acid (1% w/v) and incubating at 95°C for
10 min. Absorbance of the mixture reaction was then measured at
532 nm by using an ultraviolet-visible (UV-visible) spectrophotome-
ter (Beckman Coulter DTX880, Fullerton, CA, USA). The lipid peroxi-
dation inhibitory activity of each extract was expressed as percent
inhibition and half maximal inhibitory concentration (lcso)- Percent

inhibitory activity was calculated using the following equation:
% inhibition = [(A — B)/A] x 100,

where A is the absorbance of control reaction with the absence of
miang extract and B is absorbance of sample reaction with the pres-
ence of miang extract. The extract concentration that causes 50% in-
hibition against lipid peroxidation or IC,, value was determined from
the curve derived from the graph plotted between percent inhibitions
against extract concentrations (10, 25, 50, 100, 200, 400, 600, and
1,000 pg/ml) using GraphPad Prism v8.0 (GraphPad, La Jolla, CA,
USA). All determinations were carried out in triplicate. Lower ICsq

value indicates higher antioxidant activity.

2.9 | Statistical analysis

All data are presented as mean + standard deviation (SD). Significant
differences were assessed by either t test or one-way ANOVA fol-
lowed by post hoc tests. All statistical analyses and graphical presen-
tation were carried out on GraphPad Prism v8.0 (GraphPad, La Jolla,
CA, USA) and SPSS 17.0 (Chicago, USA).

3 | RESULTS AND DISCUSSION
3.1 | Miang extracts

CE was prepared by macerating dried leaves in 95% ethanol and
then sequentially partitioned by polarities to produce fractions HF,
DF, EF, and MF. Extracts’ yields and physical appearances were dis-
tinct among fractions (Figures 3 and 4). DF had the highest yield
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HF MF

FIGURE 3 Physical appearances of miang HF (hexane fraction),
DF (dichloromethane fraction), EF (ethyl acetate fraction), and MF
(methanol fraction).

DF

EF

60 =
a
o 407
° b
=
* b
" 20+
-
0= T T
HF DF EF MF

Miang extracts

FIGURE 4 Extractable yields of miang HF (hexane fraction),

DF (dichloromethane fraction), EF (ethyl acetate fraction), and MF
(methanol fraction). Percent yield is a ratio of fraction weight and
crude extract weight. All data are presented as mean + SD of three
independent experiments. Letters (a, b, and c) indicate significant
differences of means between the groups based on Tukey's HSD
one-way ANOVA (p <.05).

(44.48 + 5.63%). On the contrary, MF showed the lowest yield
(7.61 + 1.30%). HF and EF showed the comparable yields which were
19.03 + 1.57% and 26.09 + 3.73%, respectively. CE and HF were
both blackish greens, highly viscous, and liquid. DF was dark green,
highly viscous, and liquid. EF was golden-reddish brown, coarse
sand-like, and semi-solid. MF was dark brown, viscous, and liquid.
Taken together, this might suggest that solvent-solvent partitioning

FIGURE 5 High-performance thin-
layer chromatography (HPTLC) profiles

of standard catechin and miang crude
extract (CE) by using a developing solvent

was able to isolate semi-purified fractions from CE, depending on
the constituent polarity indices.

3.2 | HPTLC method validation

HPTLC for catechin analysis in miang extracts was conducted using a
developing solvent consisting of toluene: ethyl acetate: acetone: for-
mic acid (6:6:6:1 v/v/v/v). Method validation was performed accord-
ing to ICH and AOAC. Each of validating parameters is presented in

the following results.

3.2.1 | Specificity

Specificity is ability to assess analyte in a presence of components
that may be expected in the sample matrix. Method specificity of
HPTLC was normally obtained by comparing retardation factor (R;)
of standard analyte. R; value of analyte should not be interfered with
other substances in the sample matrix (Alam et al., 2020; Algarni
et al., 2021; Foudah et al., 2020). Peak purity was evaluated by com-
paring the spectrums of standard catechin with CE sample. Figure 5
shows that the R; of standard catechin was not interfered by other
bands presenting in CE and was detected at 254 nm. The HPTLC
produced a moderate resolution and sharp peak of standard cate-
chin with R; value of 0.54 + 0.02.

3.2.2 | Linearity

Linearity is ability (within a given range) to obtain test results which
are directly proportional to concentration of analyte in the sample.
It was determined by plotting a graph of peak height versus stand-
ard content to obtain a correlation coefficient (R?) and equation of
the line. Figure 6 shows a linear response of catechin content over
the range of 2.5 and 10 pg with a good fit indicated by large R?
value of .9903 (r = .9951). The linear regression has an equation of
y =0.01790x + 0.06491.

Tt . . T T T T T T
consisting of toluene: ethy' acetate: Standard CE Standard CE Standard CE
acetone: formic acid (6:6:6:1 v/v/v/v) catechin catechin catechin
and measuring at; (a) white light; (b) UV
254 nm; and (c) UV 366 nm. (a) White light (b) UV 254 nm (c) UV 366 nm
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3.2.3 | Accuracy

Accuracy is degree of agreement of the test results generated by the
method to the true value. In the optimization process, catechin tar-
get was found to be approximately 4 ug. Therefore, by following ICH
guideline (ICH, 1994), the accuracy was assessed by percent recov-
ery of standard catechin spiked amount to miang extract at 3.2, 4.0,
and 4.8 pg, representing 80%, 100%, and 120% of the preliminary
catechin (4.0 ug), respectively. Table 1 shows that the recovery was
in the range of 98.84 and 103.53% with the RSD between 0.33% and
2.77%. However, this accuracy test was performed using contents
lower than the middle point of the calibration (5 ug). Further analy-
sis is required to cover the range of calibration. Nonetheless, the
standard contents (2.5, 5.0, and 10.0 ug) were also evaluated to test
the accuracy. The percent recovery was in the range of 96.90 and
105.00% with the percent RSD between 0.70% and 3.00% (Table 2).
Percent recovery from both standard solution and spike solution
was in the range of 95 and 105%, and therefore considered accept-
able (AOAC International, 2016; ICH, 1994).

3.2.4 | Precision

Precision is measurement of degree of repeatability of an analytical
method under normal operation and is normally expressed as per-
cent relative standard deviation (% RSD) for a statistically significant
number of samples. Table 2 shows % RSD for intra-day precision
ranged from 0.70 to 3.00, while % RSD for inter-day precision ranged
from 1.93 to 4.94. The % RSD of intra-day precision and inter-day
precision was lower than 3.70 and 6.00, respectively, and therefore
considered acceptable (AOAC International, 2016; ICH, 1994).

3.2.5 | Limit of detection and limit of quantification

Limit of detection (LOD) is the lowest analyte amount in a sample
that can be detected but not necessarily quantitated under stated
experimental conditions. Limit of quantification (LOQ) is the lowest

0.30 -
0.25 -
0.20 -

0.15 4

Y =0.01790X + 0.06491
R? = 0.9903

Peak height

0.10 -
0.05 4

0.00

0 2 4 6 8 10 12
Catechin content (ug)

FIGURE 6 Calibration curve of standard catechin from 2.5 to
10 pg. Data are presented as mean + SD of triplicate.

analyte amount in a sample that can be determined with accept-
able precision and accuracy under stated experimental conditions.
Catechin LOD was 0.78 pg, while LOQ was 2.37 pg, calculated from
SD of y-intercept as 0.0045 (n = 6) and mean slope of calibrations as
0.0188 (n = 6).

Collectively, the HPTLC with a developing solvent consisting
of toluene: ethyl acetate: acetone: formic acid (6:6:6:1 v/v/v/v) ex-
hibited acceptable specificity, linearity, accuracy, and precision to
catechin in miang extracts according to ICH and AOAC. The vali-
dated HPTLC method is a powerful tool that could be used to ensure
batch-to-batch reproducibility. It is also rapid and cost-effective,
and therefore can be used for regular evaluation during miang ex-
traction. Although LOD and LOQ presented here indicate an ade-
quate sensitivity (Kamboj & Saluja, 2017), HPTLC of Acacia catechu
extract (Bhardwaj et al., 2020) and HPTLC of Kangra Tea (C. sinensis)
(Kumar et al., 2016) showed catechin LOD and LOQ at nanogram.
This suggests that method conditions and sample types may affect
the observed sensitivity. Therefore, the HPTLC in this research
should be further optimized for better analysis of miang catechin.

3.3 | Determination of catechin contents in miang
crude extract and semi-purified fractions

The HPTLC method was applied to determine catechin from miang
extracts by a densitometric method (Table 3; Figures 5 and 7). EF
had the highest catechin (25.78 + 0.53%) which was higher than that
from CE by two times (p < .0001) and MF by twenty-eight times
(p < .0001). Catechin in either HF or DF was not detectable. This
suggests that ethyl acetate could either be a solvent choice by itself
or be combined with others to isolate catechin-enriched fraction.
The applications of ethyl acetate for extracting tea catechins were
previously demonstrated by several studies. A partitioning by water/
ethyl acetate showed a higher refined purification of other catechins
(EGCG, EGC, ECG, and EC) (Row & Jin, 2006). Total concentration
of catechins was significantly higher in extracts of ethyl acetate
and n-hexane than that of n-butanol following the extraction by
water at 80°C (Dong et al., 2011). However, pressurized liquid ex-
traction using methanol produced better recoveries of catechin (C)
and epicatechin (EC) than water, ethanol, and ethyl acetate (Pifeiro
et al., 2004). This indicates that ethyl acetate usage has a limitation
depending on catechins of interest along with types and conditions
of extraction methods (Koch et al., 2020). However, in this research,
ethyl acetate is suggested to be the best solvent for isolating the
catechin-enriched fraction from CE by partitioning technique at

room temperature.
3.4 | Catechin stability profiles of miang crude
extract and ethyl acetate fraction

Several factors affect catechin stability including pH, tempera-

ture, oxygen, antioxidants, metal ions, and concentrations of other
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TABLE 1 Recovery studies of catechin at 80%, 100%, and 120% spiked

Spiked standard catechin

(ug/spot) Total height Total catechin (pg)
0.0 0.1277 3.510
3.2 0.1870 6.823
4.0 0.2012 7.617
4.8 0.2127 8.254
TABLE 2 Intra-day and inter-day

precision studies of HPTLC method

Catechin (ug/pL)
0.25
0.50
1.00

TABLE 3 Catechin content analysis of miang crude extract and
semi-purified fractions

Extract amount  Catechin % Catechin
Extracts (ng) content (pg) content + SD
CE 40 5.22 13.05 +0.91
HF 320 ND ND
DF 320 ND ND
EF 20 516 25.78 + 0.53
MFV 320 2.93 0.92 +0.19

FVCE (crude extract) was successively partitioned in indicated

order using separatory funnels to produce HF (hexane fraction),

DF (dichloromethane fraction), EF (ethyl acetate fraction), and MF
(methanol fraction). CE (10 + 1.17 g) was used for the solvent-solvent
partitioning. ND indicates not detected.

ingredients in tea extracts including catechins (Chen et al., 2001;
Labbé et al., 2008; Pifieiro et al., 2004; Sang et al., 2005). The
HPTLC method was applied to assess catechin (C) stability in EF
compared to that in CE when stored without adding any preserva-
tive or antioxidants under accelerated condition (4°C and 40°C)
for O, 3, and 6 months. Figure 8 shows that catechin of both ex-
tracts kept at 4°C gradually decreased by approximately 30% and
was not significantly different at 6 months (p = .099). However,
at 40°C, the catechin in CE dramatically dropped by 70% at
3 months and was undetectable at 6 months. This points out that
CE’s catechin degradation rate was slower at lower temperature,
which is in accordance with a previous report that the degrada-
tion kinetics are affected by temperature and relative humidity (Li
et al., 2011). Catechin stored at 40°C was significantly more stable
in EF than CE at 3 months and 6 months (p < .001 and p < .0001,
respectively). Partitioning of CE by ethyl acetate solvent resulted
in similar catechin stability at 40°C and 4°C (approximately 80%
and 70%, respectively), implying that EF could be stored at either
40°C or 4°C with little difference in the remaining percent cat-
echin (p =.002).

Detected amount of added % Recovery % RSD
catechin (pg) (n=3) (n=3)
3.313 103.53 0.33
4,107 102.67 2.26
4.744 98.84 2.77
Intra-day precision Inter-day precision
(n =5) (n=3x5)
% Recovery
(n=5) SD (height) % RSD SD (height) % RSD
96.90 0.0036 3.00 0.0057 4.94
100.16 0.0010 0.70 0.0029 1.93
105.00 0.0024 1.15 0.0076 3.52

EF was not a purified extract but a semi-purified fraction of CE.
Therefore, the increased catechin stability in EF might be explained
by the fraction possessing some characteristics that were different
from CE. Catechins were more stable as their concentrations in-
creased in solutions (Li et al., 2012). Therefore, the higher catechin
(C) in EF than that of CE may be a factor contributing to its own
increased stability. Additionally, higher catechin concentration could
extend the shelf life of EGCG and other catechins (Sang et al., 2005).
EF is enriched with catechin (C) but is not a pure catechin extract,
so the stability of the catechin (C) could be potentially due to the
presence of other catechins. However, further experiments are re-
quired to profile other catechins (EGCG, EGC, ECG, and EC) to in-
vestigate the impacts of the concentration relationship between
each of the catechins on the stability of miang extracts (Labbé
et al., 2008; Sang et al., 2005). Finally, the increased catechin (C) sta-
bility in EF could be due to the concentrations of other compounds
that either were increased by being simultaneously isolated along
with catechin (C) by ethyl acetate from CE or were decreased by
being partitioned by other solvents during solvent-solvent parti-
tioning. EF had the highest antioxidant potentials (Table 4; Figure 9).
Therefore, the concentrated antioxidants may influence slower rate
of catechin degradation in EF than that in CE by preventing or de-
laying auto-oxidations during storage. The addition of ascorbic acid
to tea extracts exerted dual functions on EGCG stability, where a
low ascorbic acid concentration protected the degradation, but a
high concentration promoted (Chen et al., 2021). Therefore, one
of unknown compounds contributing to catechin (C) stability in EF
could be ascorbic acid. Vitamin C in unbrewed leaves ranged from
less than 3-178 mg/100g. Vitamin C exceeding 250 mg/100g was
also found in unbrewed leaves of Japanese green tea (Somanchi
et al., 2017). However, the effects of endogenous ascorbic acid on
the catechin stability have not been investigated yet. Besides, ascor-
bic biosynthesis-related gene expressions and content can vary by
developmental stages, plant varieties, and temperature conditions
(Li et al., 2016, 2017). Further investigations of other catechins and
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White light UV 254 nm UV 366 nm FIGURE 7 High-performance thin-
layer chromatography (HPTLC fil
- - = Yy grap y(. ) profiles
of standard catechin, miang HF (hexane
fraction), DF (dichloromethane fraction),
EF (ethyl acetate fraction), and MF
(methanol fraction) by using a developing
solvent of toluene: ethyl acetate:
acetone: formic acid (6:6:6:1 v/v/v/v) and
e e e e - ) measuring at white light, UV 254 nm, and
Standard HF DF Standard HF DF Standard HF DF UV 366 nm.
catechin catechin catechin
White light UV 254 nm UV 366 nm
—— ——  —  — — — w— — ' )
Standard EF MEF Standard EF MF Standard EF MEF
catechin catechin catechin
._g 120 TABLE 4 Antioxidant activities of miang crude extract and semi-
§ purified fractions
8 100 -
s ABTS Lipid peroxidation
‘d:'; 80 -o- CEat4°C
§ o o CE at40°C Extracts IC5o (mg/mL) % inhibition IC5, (mg/mL)
2 4 EFat4°C CE 10.63 + 1.29° 20.83+0.87°  6.08+0.56°
[} o, .
g 407 - BFat40°C HF 20.55 + 1.92° ND ND
; 20 DFf 29.40 + 0.30° 1453+ 0.87  7.05+0.64°
§ 0 . . . EF 3.32 +0.74° 27.62 +2.79° 4.36 +0.67°
© month 0 month 3 month 6 MEV 11.60 + 0.66° ND ND
Time point

FIGURE 8 Stability profiles of catechin contents from miang CE
(crude extract) and EF (ethyl acetate fraction). The extracts were
studied under the accelerated conditions at 4°C and 40°C for O, 3,
and 6 months. All data are presented as mean + SD of triplicate.

ascorbic acid could help creating approaches for improving both
storage strategies and extraction processes to achieve and maintain
high-quality miang extracts.

3.5 | Antioxidation activities of miang crude
extract and semi-purified fractions

Miang extracts possessed several phytochemicals (Figures 5 and
7). Each may exert antioxidant activities via different mechanisms.
Therefore, to evaluate antioxidant potentials, miang extracts were
assessed by ABTS, FRAP, and lipid peroxidation assays. In ABTS assay,
Trolox equivalents (mg) were calculated to express free radical scav-
enging activities of miang extracts (50 mg). In FRAP assay, ferrous
sulfate equivalents (mg) were calculated to express total reducing ca-
pacities of miang extracts (1,000 mg). Figure 9 shows that the activ-
ity patterns from ABTS and FRAP results were similar, suggesting a

FVCE (crude extract) was successively partitioned in indicated

order using separatory funnels to produce HF (hexane fraction),

DF (dichloromethane fraction), EF (ethyl acetate fraction), and MF
(methanol fraction). CE (10 + 1.17 g) was used for the solvent-solvent
partitioning. All data are presented as mean + SD of triplicate. ND
indicates not detected. Superscript letters (a, b, ¢, and d) within the
same column indicate significant differences of means between the
groups based on Tukey's HSD one-way ANOVA (p < .05).

good agreement between the two assays. Therefore, miang extracts
may exhibit antioxidant activities via both mechanisms. Although
the mechanisms investigated by these assays are different, the re-
sults were comparative because the redox potential of Fe (lll)-TPTZ
is comparable with that of ABTS®* (Prior et al., 2005). Even though
FRAP assay was conducted on extract amount twenty times higher
than that of ABTS assay, FRAP results were lower than ABTS results
in all extracts. This observation is in accordance with several studies
where ABTS and FRAP assay may give comparable relative values;
however, FRAP values are usually lower than ABTS values for a given
series of antioxidant compounds (Prior et al., 2005). CE possessed
a comparative antioxidant activity to MF (p > .05). HF and DF ex-
hibited considerably lower antioxidant activities than MF, EF, and
CE. Compounds isolated by hexane or dichloromethane have lower

polarities than that of ethyl acetate and methanol. Therefore, low
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FIGURE 9 Antioxidant activities of miang CE (crude extract),

HF (hexane fraction), DF (dichloromethane fraction), EF (ethyl
acetate fraction), and MF (methanol fraction) expressed as Trolox
equivalents by ABTS assay and ferrous sulfate equivalents by FRAP
assay. All data are presented as mean + SD of triplicate.

antioxidant activities in both HF and DF could be partly explained
by the experimental conditions of ABTS and FRAP assays with low
polar compounds. However, MF containing highest polar compounds
exhibited lower activities than EF by four times and three times in
ABTS and FRAP assays, respectively. Notably, EF exerted the highest
antioxidant activities (p < .05) in all three assays. Owning to natural
characteristics of phenolic compounds, catechins are well soluble in
polar solvents. Therefore, the antioxidant activities of catechins are
expected to be detected by ABTS and FRAP assays. Besides, EF’s
richest catechin could potentially be responsible for most of the anti-
oxidant activities determined by both assays. However, correlations
between other catechins and ABTS and FRAP results are required to
be further investigated. Taken together, this result supports previ-
ously reported catechin antioxidant efficacy exerting via both scav-
enging free radicals and preventing reactive oxygen species (ROS)
generation by iron binding (Bernatoniene & Kopustinskiene, 2018).
In lipid peroxidation assay, EF showed the highest inhibitory activ-
ity (27.62 + 2.79%) which was higher than that of DF by two times
(Table 4). This was not likely caused by catechins because phenolic
solubility is not compatible with the test system. Potential explana-
tion could be ethyl acetate sequestering non-phenolic lipid peroxida-
tion inhibitors as previously reported in green tea pheophytins a and
b exerting inhibitions against linoleic acid peroxidation (Higashi-Okai
et al., 2000). Therefore, EF may provide attractive antioxidants with

different polarities as well as different mechanisms.

4 | CONCLUSION

The HPTLC for catechin analysis in miang extracts by a developing
solvent consisting of toluene: ethyl acetate: acetone: formic acid
(6:6:6:1 v/v/v/v) was validated according to ICH and AOAC guidelines.

Semi-purifications by ethyl acetate indicate improvements of cat-
echin yield and stability as well as antioxidant activities. Therefore,
EF is suggested to be the most attractive ingredient for product de-
velopment. However, the stability should be further monitored be-
yond six months. The HPTLC method could potentially enable the
usages of miang as a novel source or an alternative to unfermented
tea in nutraceuticals and cosmeceuticals. Other applications may in-
clude selecting raw materials, optimizing extractions, assessing stor-
age strategies, and assuring good agricultural practice (GAP). Further
studies might be to compare catechins from tea plants of different
growing conditions and harvesting seasons. Further developing
HPTLC that simultaneously determines both catechins and caffeine
could also provide a practical analytical tool for miang standardization
according to European Pharmacopoeia (Council of Europe, 2018).
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