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Abstract

This study aims to identify the type of solvents and their maceration durations for the extraction of anthocyanins
from Coleus scutellarioides L. Benth (C. scutellarioides) leaves using the maceration method. It also aims to characterize
the anthocyanin profile, which could be utilized as a potential feed additive to reduce cholesterol levels in poultry meat.
The study employed a completely randomized design with 2 factors. The first factor (A) was solvent: Aquadest, aquadest
+ 0.5% citric acid, and 70% ethanol. The second factor (B) was maceration durations: 6, 12, 24, and 48 h for C.
scutellarioides leaves. Measured variables included color measurement, extract yield, total anthocyanin content (TAC),
thin layer chromatography (TLC) extract-yield profile, and identification of anthocyanins by LC-MS/MS. Statistical
analysis showed a significant interaction effect (»p < 0.05) between solvent type and maceration duration on color
measurement, extract yield, and TAC of C. scutellarioides extract. The TLC profile of C. scutellarioides extract using
the citroborate reagent revealed 7 distinct spots with aquadest, 8 with aquadest with 0.5% citric acid, and 8 with 70%
ethanol as solvents. Based on the highest TAC value obtained for each solvent type and maceration duration, LC-MS/MS
analysis was conducted. The results identified 4 different anthocyanin compounds in the aquadest extract, 6 in the
aquadest with 0.5% citric acid extract, and 5 in the 70% ethanol extract. It can be concluded that the optimal solvent type
and maceration duration for anthocyanin extraction from C. scutellarioides are aquadest with 0.5% citric acid for 12 h.
Under these conditions, 6 distinct anthocyanins were identified: cyanidin-3-glucoside, cyanidin 3-O-(p-coumaroyl)
glucoside-5-O-malonyglucoside I, cyanidin-3-O-glucuronide, pelargonidin-3-glucuronide, cyanidin, and pelargonidin,
with a total phenolic content of 72.14 mg GAE/g extract. Three of these (cyanidin-3-glucoside, cyanidin, and

pelargonidin) have been reported to inhibit cholesterol synthesis.
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Introduction

Poultry meat, particularly broiler chicken, is
expected to contribute around 43% of total global meat
protein consumption by 2033 [1]. This increase in
consumption is considered to be particularly
pronounced in middle-income countries like Indonesia,
where broiler meat already accounts for approximately
60% of the total national meats demand [2]. This
highlights the crucial role of broiler meat as an
affordable and accessible source of animal protein for
the population. However, with rising demand, concerns
have been raised about the increased fat and cholesterol
content in broiler meat, which is higher compared to
indigenous chicken meat. According to research by
Ganeco et al. [3], the fat content in broiler chicken thigh
meat was recorded at 7.53%, compared to only 2.76% in
indigenous chicken thigh meat [4]. Additionally, the
cholesterol content in broiler thigh meat reached 92.22
mg/100 g, while indigenous chicken was recorded at 85
mg/100 g [5]. This is a major concern, especially for
individuals with lipid metabolism issues such as
hyperlipidemia and coronary heart disease [3].

For this reason, modifying poultry feed is one of
solutions that can be considered. One approach that can
be applied is the use of feed additives, which are
compounds or additional ingredients provided to feed or
drink to improve poultry health and the quality of the
meat produced. Some natural compounds, such as
anthocyanins found in plants like C. scutellarioides
leaves, have emerged as promising candidates [6].

Anthocyanins found in the leaves of C.
scutellarioides, particularly the cyanidin type [7], and
pelargonidin 3-rutinoside and cyanidin-3-glycoside [8],
are known to have the potential to lower cholesterol
levels in the body [9]. Anthocyanins are also reported to
activate AMP-activated protein kinase (AMPK), which
inhibits the HMG-CoA reductase enzyme, thereby
halting cholesterol synthesis [10-12] Previous research
showed that supplementation with 400 mg/kg of
Hisbiscus sabdrifah flower anthocyanin's extract in feed
reduced serum triglyceride levels by 8.7% (from 1.26 to
1.15 mmol/L) in broilers [13]. Additionally, the
administration of C. scutellarioides leaves powder as
feed for broilers successfully reduced total cholesterol,
triglyceride, and LDL levels, while increasing HDL

levels in broiler serum, without causing negative side

effects on the physiological development [6,14].
However, most of these studies are still limited,
particularly to obtain C. scutellarioides leaves extracts
using different solvents and extraction duration. So
further research is needed to study regarding color
measurement of anthocyanin, extract yield, TAC, profile
TLC, and identify the total anthocyanin content of C.
scutellarioides leaves as a feed additive for lowering
cholesterol of poultry meat.

Previous studies have shown that the type of
solvent and extraction time significantly influence
anthocyanin and color stability [15]. Solvent polarity
affects pigment solubility and stability, thereby
determining extract yield and anthocyanin concentration
[16]. Meanwhile, longer maceration durations may
enhance pigment diffusion but also increase degradation
due to oxidation and light exposure [17]. Hence,
optimizing both solvent type and maceration duration is
crucial to achieve high pigment recovery, color
measurement, and a distinct anthocyanin profile.

This study is important to determine the
appropriate solvent type and maceration duration for
anthocyanin extraction using the maceration method, as
well as to identify the anthocyanin profile of C.
scutellarioides leaves as a feed additive administered
through drinking water to reduce cholesterol levels in
poultry meat. This effort is expected to contribute to
addressing human health concerns and promoting the

sustainability of the poultry industry.

Materials and methods

Material

The C. scutellarioides leaves used in this study
were cultivated by local farmers in Alahan Panjang,
Solok Regency, West Sumatra, Indonesia. The plant
materials were identified at the Herbarium Laboratory
of Andalas University (ANDA), Department of Biology,
Faculty of Mathematics and Natural Sciences,
Universitas Andalas, under voucher specimen number
899/K-ID/ANDA/X11/2024.

Preparation of extract anthocyanin from C.
scutellarioides leaves

Preparation of an anthocyanin extract from C.
scutellarioides leaves was carried out according to the

method [18] with modifications. First, the leaves were
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air-dried at 35 °C. Then, 250 g dried of leaves was
ground into powder. Next, 10 g of the powder was
extracted by maceration with 3 types of solvents:
Aquadest (pH 6.93), aquadest + 0.5% citric acid (pH
2.16), and 70% ethanol (pH 6.65) using a 1:10 (w/v)
ratio, for 6, 12, 24, and 48 h at 4 °C. After extraction, the
mixture was filtered using Whatman No. 1 paper, and
the filtrate was measured for color the extracts from
aquadest and aquadest + 0.5% citric acid were then dried
with a freeze dryer (Buchi® Lyovapor L-300). The
ethanol extract was first evaporated using a rotary
evaporator (Buchi® Revator R-210) and then dried in a
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Experimental design

This study was conducted using a completely
randomized design (CRD) arranged in a 3x4 factorial
pattern with 2 replications. Factor A consisted of 3 types
of solvents (aquadest, aquadest + 0.5% citric acid, and
70% ethanol), while Factor B consisted of 4 maceration
durations (6, 12, 24, and 48 h).

Maceration Experimental Design

Completely Randomized Design (CRD) arranged in
a3 x 4 factorial pattern with two replications
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Figure 1 Flow diagram the process of anthocyanin extraction from C. scutellarioides leaves and extract yield.

Measurement

Color measurement

The color measurement of the C. scutellarioides
leaves extract anthocyanin extract was measured by the
modified method [19], with a Minolta CR 400
colorimeter, on the CIE Lab color scale (L*, a*, b*). The
anthocyanin color intensity was read using the
colorimeter, and the average value of the anthocyanin
filtrate for each flower, along with the standard
deviation, was calculated. The total color change (AE)
for each sample was calculated using the formula below:

AE = \/(L*;, = Lyy)? + (ap — bpp)? + (bp — byp)?

Explanation: AE = Total color change; L * = Lightness;
a * = Negative values indicate green, while positive
values indicate red; b * = Negative values indicate blue,
while positive values indicate yellow; p = Blank; bp =

Sample extract.

Extract yield

The extract yield (%) of the C. scutellarioides
leaves extract was calculated using the formula
described Gonfa et al. [20] as follows:

Weights of solvent free extract (g)

Yield (%) = X 100%

Dried extract weight (g)

Total anthocyanin content (TAC)

The total anthocyanin content of C. scutellarioides
leaves extract was analyzed using the pH differential
method as described by Lee et al. [21], with
measurements performed using a SmartReader UV-Vis
Microplate Absorbance Reader (96-well plate, 15 V). 10
mg of anthocyanin extract from C. scutellarioides leaves
were diluted into 2 different buffer solutions, namely
potassium chloride buffer (0.025 M KCI) with pH 1.0
and sodium acetate buffer (0.4 M CH3COONa) with pH
4.5. The pH of these buffer solutions was calibrated to
1.0 and 4.5, respectively. After homogenizing, each
solution was incubated for 15 - 30 min at room

temperature, in the dark, and then the absorbance was
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measured using the Microplate Reader at 2 wavelengths:
510 and 700 nm.

A = (A510 — A700)pH 1.0 — (A510 — A700)pH 4.5

The total anthocyanin content of the extract was
calculated as cyanidin-3-glucoside monomer, based on
the following formula as below [21]:

(A XxBMXxFPx1,000)

Total Anthocyanin Content (mg/L) = Ox1

Explanation: A = Absorbance of solutions A and B; BM
= Molecular weight of cyanidin-3-glucoside (448.8); FP
= Dilution factor (0.004); ¢ = Molar absorptivity of
cyanidin-3-glucoside (26.900); 1 = Cuvette path length

(cm)

Profile of thin layer chromatography (TLC)

Thin-layer chromatography (TLC) was performed
according to the method described by Sampath and
Vasanthi [22], with slight modifications. The C.
scutellarioides leaves extract was dissolved in 96%
methanol to a final concentration of 2 mg/mL. A single
drop of the solution was carefully spotted onto an
aluminum-backed silica gel GF254 plate (10x12 c¢cm?),
positioned 1 cm from the bottom edge. The plate was
then air-dried and placed in a chromatography chamber
pre-saturated with the eluent. The eluent system used for
anthocyanin separation consisted of ethyl acetate, acetic
acid, formic acid, and water in a ratio of 60:6:6:15
(v/v/v/v). The developed chromatogram was visualized
under UV light at 254 and 365 nm, followed by spraying
with a citroborate reagent to identify compound classes.
Yellow, blue, and green fluorescent spots indicated the
presence of flavonoids in the extract. The visible spots
were marked, and the migration distances were
measured to calculate the retardation factor (Rf) values
using the following formula:

__Retardation Distance of the Compound

Rf

Distance traveled by the solvent

Analysis of anthocyanin compounds by LC-
MS/MS

The analysis of anthocyanin compounds in C.
scutellarioides leaves extract was performed using LC-
MS/MS at the Forensic Laboratory Center (Puslabfor),

Bogor. The procedure followed the method described by
Ismed et al. [23], utilizing an ACQUITY UPLC H-Class
system (Waters, USA) coupled with a Xevo G2-S QTof
mass spectrometer (Waters, USA). Compound
separation was achieved on a CI8 column (1.8 pm,
2.1x100 mm?) maintained at 50 °C. The mobile phase
consisted of 2 solvents: Water with 5 mM ammonium
formate (phase A) and acetonitrile with 0.05% formic
acid (phase B). The flow rate was set at 0.2 mL/min,
employing a gradient elution program over 23 min. A 5
uL sample was injected after filtration through a 0.2 um
membrane filter. Mass spectrometric detection was
conducted in positive electrospray ionization mode
(ESI*) with a mass range of 50 - 1,200 m/z. The source
and desolvation temperatures were maintained at 100
and 350 °C, respectively, with a cone gas flow rate of 0
L/h and a desolvation gas flow rate of 793 L/h. The
collision energy was varied from 4 to 60 eV.

Determination of total phenolic contents (TPC)

The total phenolic content of the extracts from C.
scutellarioides was determined by using the Folin-
Ciocalteu assay [24] with minor modifications. Gallic
acid standard solutions were prepared at concentrations
of 0, 20, 40, 60, 80, and 100 pg/mL to construct the
calibration curve, and each concentration was prepared
in duplicate. The extract samples were analyzed in 2
independent replicates and 3 time at a concentration of
1,000 pg/mL. An aliquot of 0.1 mL of the sample
solution was mixed with 0.5 mL of 10% (v/v) Folin-
Ciocalteu reagent and allowed to stand for 3 min.
Subsequently, 0.4 mL of 7.5 %(w/v) Na,COs3 solution
was added. The reaction mixture was incubated at room
temperature for 60 min, after which the absorbance was
measured at 765 nm using a UV-Vis spectrophotometer.
All measurements were performed twice and carried out
in 3 different times. The mean absorbance values of the
standards were used to construct the calibration curve
and generate the regression equation. Curve linearity
was assessed using the coefficient of determination (R?).
The phenolic content of each sample was calculated
from the regression equation and expressed as
milligrams of gallic acid equivalent per gram of dry
extract (mg GAE/g). The total phenolic content can be
calculated using the formula:
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\%
C=C1X;

where C =total phenolic content in mg/g, in GAE
(Gallic acid equivalent), C; = concentration of Gallic
acid established from the calibration curve in mg/mL,
V = volume of extract in mL, and m = the weight of the
plant extract in g.

Data analysis

Statistical analysis of the data on color parameters,
extract yield, and total anthocyanin content was
conduted using analysis of variance (ANOVA) based on
a completely randomized design (CRD) with in a 3x4

factorial arrangement. To identify differences among

treatment means, Duncan’s Multiple Range Test
(DMRT) [25] was used. Subsequently, anthocyanin
profiles from LC-MS/MS analysis were processed and
visualized as tables, chromatograms, and spectra using
MassLynx software (Version 4.1) [26].

Results and discussion

Color measurement

The results of the color analysis of C.
scutellarioides leaves extract are presented in Table 1.
There was a significant interaction (p < 0.05) between
the type of solvent and maceration duration on the L*,
a*, b*, and AE values of the C. scutellarioides leaves

extract.

Table 1 Effect of solvent type and maceration duration on the color measurement of C. scutellarioides leaves.

Color Measurement

Treatment L* a* b* AE
Bl 19.79 £ 0.07% 4.94 +0.06 8.34 +0.34°f 23.28 +0.03%"
Al B2 19.66 £ 0.01% 4.57 £ 0.04° 8.47+0.18° 23.42 +0.06°
B3 13.69 + 0.05" 3.84 +0.05° 9.73 +0.20¢ 29.44 + 0.10°
B4 19.59 + 0.06° 4.83 £0.23% 8.03 +£0.29f 23.38 +0.00'
Bl 14.08 +0.10° 6.46 £ 0.22° 10.74 + 0.04% 29.59 +0.08%
A2 B2 14.55£0.01° 6.12+0.13° 11.19 + 0.05° 29.25+0.01¢
B3 13.87 £ 0.05¢ 6.24 £0.07* 10.43 £ 0.18° 29.67 £ 0.00°
B4 14.94 £0.21¢ 5.75+0.11° 10.89 £0.01% 28.74 £ 0.18°
B1 13.28 £0.02 5.10 £ 0.04° 9.74 +0.01¢ 29.90 + 0.02*
A3 B2 13.16 £ 0.07 5.05+0.37% 9.84 +0.08¢ 30.05 £ 0.07°
B3 19.80 £ 0.03% 4.48 £ 0.06° 8.33 £ 0.04°f 23.23 +£0.02¢"
B4 19.94 £ 0.022 4.72 +0.08% 8.56 £ 0.09° 23.19 + 0.04h

Means followed by different lowercase superscript letters (a, b, ¢, d, e, f, g, h, and 1) differ significantly (p < 0.05).
Al = aquadest; A2 = aquadest + 0.5% citric acid; A3 = 70% ethanol; Bl =6 h; B2=12h; B3 =24 h; B4=48 h

Based on the color intensity results presented in
Table 1, the interaction between solvent type and
maceration duration significantly affected the L*
(lightness) value of C. scutellarioides leaves extracts.
The highest L* values were recorded in treatments
A1B1, A3B3, and A3B4, whereas the lowest values
were observed in A3B1 and A3B2. These results
indicate that the brightness of C. scutellarioides leaves
extract was highest when using aquadest with a 6 h
maceration or 70% ethanol with 24 and 48 h maceration

durations. Conversely, lower brightness levels were

obtained when using 70% ethanol with 6- and 12-hour
maceration durations.

The highest a* (redness) values were observed in
treatments A2B1, A2B2, and A2B3, whereas the lowest
a* value was recorded in A1B3. These results indicate
that the red intensity of C. scutellarioides leaves extract
was best preserved when using aquadest + 0.5% citric
acid as the solvent with maceration durations of 6, 12,
and 24 h. In contrast, the redness tended to decrease
when aquadest was used with a 24-hour maceration

The highest b* (yellowness) values of C.

scutellarioides leaves extract were observed in
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treatments A2B2 and A2B4, whereas the lowest values
were recorded in A1B1, A1B4, and A3B3. These results
indicate that the yellow hue of C. scutellarioides leaves
extract decreased when using aquadest with 6- and 48-
hour maceration durations, as well as 70% ethanol with
24-hour maceration. In contrast, the yellowness was
better preserved when using aquadest + 0.5% citric acid
with 12- and 48-hour maceration durations.

The greatest color change (AE) of C.
scutellarioides leaves extract was observed in
treatments A3B1 and A3B2, whereas the lowest AE
values were recorded in A1B1, A3B3, and A3B4. The
color measurement results of this study are consistent
with the findings of Koley ef al. [26], who reported that
lightness (L*) decreases as anthocyanin content
increases, while redness (a*) varies in correlation with
total anthocyanin content depending on the color line.
Specific anthocyanins, such as Pg3G5G and Cy3G5G,

were found to positively correlate with redness along

certain color lines, making this model useful for linking
pigment composition to color attributes. In Paeonia
suffruticosa, the CIELAB color system, particularly the
yellowness (b*), plays an important role in classifying
flower colors and shows a strong correlation with
anthocyanin content [27]. Similarly, the total color
difference (AE) has been employed as a reliable
parameter to assess perceptible color variations in
polymer films enriched with red cabbage anthocyanins
[28].

Extract yield

The extract yield of C. scutellarioides leaves is
presented in Table 2. Statistical analysis indicated that
there was no significant interaction (p > 0.05) between
the type of solvent and maceration duration on the
extract yield. However, both the type of solvent and the
maceration duration had a significant effect (p < 0.05)

on the yield of C. scutellarioides leaves extract.

Table 2 Effect of solvent type and extraction time on the extract yield of C. scutellarioides leaves (%).

Extract yield (%)
Maceration Time (B) Average
Solvent (A)
B1 B2 B3 B4
Al 20.06 + 2.65 23.17+£0.62 2331+ 1.55 2413 +2.50 22.67+1.79°
A2 24.72 £ 2.66 26.22 £ 0.29 2527+ 1.61 2943 +£0.63 26.41£2.10°
A3 20.96 £ 1.08 22.89 +0.65 22.82+0.71 2475+ 1.39  22.85+1.55°
Average 21.91 £2.48¢ 24.10 + 1.85° 23.80 + 1.30 26.10 £2.90*

Al = aquadest; A2 = aquadest + 0.5% sitrat acid; A3 = 70% ethanol; Bl =6 h; B2=12h; B3 =24h; B4=48 h

As shown in Table 2, the highest extract yield of
C. scutellarioides leaves was obtained using aquadest +
0.5% citric acid (A2), with a yield of 26.41 + 2.10%.
This indicates that the addition of citric acid enhances
the ability of the aqueous solvent to extract bioactive
compounds from C. scutellarioides leaves. These results
are in agreement with Kavela et al. [29], who reported
that citric acid can improve the extraction efficiency of
polyphenolic compounds, including anthocyanins, by
facilitating the breakdown of plant cell walls. Citric acid
increases the solubility of bioactive compounds under
acidic conditions, thereby enhancing extraction
efficiency. Previous studies have demonstrated similar
effects: Pramitasari and JLim [30] found that the

addition of 3% citric acid during anthocyanin extraction

from Hibiscus sabdariffa petals yielded optimal
extraction efficiency and enhanced antioxidant capacity.
Similarly, Kang et al. [31] reported that the use of 1%
citric acid in subcritical-water extraction (SWE) of
blueberries (Vaccinium corymbosum) and chokeberries
(Aronia melanocarpa) increased anthocyanin extraction
efficiency by stabilizing the compounds and improving
their solubility, while Yumas et al. [32] showed that
citric acid improved the stability of anthocyanin extracts
from cocoa powder without causing skin irritation.
Additionally, Pratiwi and Y Hendrika [33] demonstrated
that 0.05% citric acid in turmeric extraction could
decontaminate cells, facilitate pigment release, and

increase yield. In contrast, aquadest (A1) yielded lower
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extract values, likely due to their limited ability to
extract certain bioactive compounds from the leaves.
Maceration for 48 h resulted in a higher extract
yield of 26.10 + 2.90%, suggesting that longer
maceration durations allow solvents to dissolve
bioactive compounds more effectively. However, the
potential degradation of sensitive compounds should be
considered. These findings are consistent with those
reported by Nawaz et al. [34], who noted that more polar
solvents can extract higher amounts of compounds, but
may also increase the risk of degradation of thermolabile

or sensitive bioactive compounds. A maceration
duration that is too short results in low extraction
efficiency because the solvent has not had sufficient
time to penetrate the cell matrix optimally [35].

Total anthocyanin content (TAC)

The total anthocyanin content (TAC) of C.
scutellarioides leaves extract is presented in Table 3.
Statistical analysis revealed a significant interaction (p
< 0.05) between solvent type and maceration duration
on the TAC of C. scutellarioides leaves extract.

Table 3 Effect of solvent type and maceration duration on the total anthocyanin content of C. scutellarioides Leaves

Extract (mg/L).
Total anthocyanin content (mg/L)
Maceration Duration (B) Average
Solvent (A)
B1 B2 B3 B4
Al 0.00 £ 0.00' 63.34 + 5.90° 47.08 £ 1.52¢ 98.64 +7.934 52.33 £ 40.94¢
A2 176.41 + 8.94° 292.95 £7.082 172.83 £7.59%  162.58 £ 0.84° 201.19 + 61.45°
A3 18.49 £ 8.60" 95.30 £ 0.84¢ 70.61 £ 1.69¢ 53.91+7.76% 59.58 +32.24°
Average 64.97 £ 96.964 150.53 £124.37*°  96.93 £ 66.75°  105.04 £ 54.61°

Al = aquadest; A2 = aquadest + 0.5% citric acid; A3 = 70% ethanol; Bl =6 h; B2=12h; B3 =24 h; B4=48 h

The results of the total anthocyanin content (TAC)
analysis of C. scutellarioides leaves extracts are
presented in Table 3, indicating that both solvent type
and maceration duration significantly influenced the
amount of anthocyanins extracted. In this study, the
extract obtained using aquadest + 0.5% citric acid as the
solvent with a 12-hour maceration duration exhibited the
highest TAC value (292.95 £+ 7.08 mg/L) compared to
other solvent types and maceration durations. This
suggests that anthocyanins in C. scutellarioides leaves
are more stable and more readily dissolved in water
containing 0.5% citric acid, as the acidic condition (pH
2.16) aligns with the intrinsic stability of anthocyanins,
which are known to be more stable under acidic
conditions. In contrast, aquadest (pH 6.93) and 70%
ethanol (pH 6.5) provide less favorable conditions for
anthocyanin stability, resulting in lower TAC values.
These findings are consistent with Nizori and
Sihombing [36], who reported that citric acid acts as a
chelating agent that helps maintain the stability of
bioactive compounds during extraction. Similarly,

Deineka et al. [37] noted that while pure water can

extract anthocyanins, its efficiency is lower than that of
solvents containing stabilizing additives such as citric
acid. The present results also correspond with studies by
other researchers who emphasized that acidified
solvents enhance anthocyanin retention by inhibiting
oxidation, preventing pigment degradation, and
strengthening copigmentation interactions [38]. For
example, previous investigations on blueberry
(Vaccinium corymbosum), and chokeberry (Aronia
melanocarpa) consistently shown that citric acid
enhances both extraction efficiency and anthocyanin
stability through mechanisms involving pH adjustment,
metal chelation, hydrogen bonding, and cell-wall
weakening [39].

Compared with these studies, the current findings
reinforce the broader consensus that solvent acidity is a
critical determinant in anthocyanin stability and
recovery. The use of aquadest supplemented with 0.5%
citric acid appears particularly effective for C.
scutellarioides leaves, indicating that even modest
acidification can substantially improve extraction

outcomes relative to neutral or weakly polar solvents.
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The enhanced TAC under acidic maceration conditions
also agrees with the well-established anthocyanin
stability model, which describes superior pigment
preservation within the pH range of 2 - 3, and and the
stability of anthocyanins was relatively poor under

neutral and alkaline conditions [40,41].

Profile thin layer chromatography (TLC)

The TLC patterns of C. scutellarioides leaves
extracts prepared using different solvents and
maceration durations are shown in Figure 2. The figure
displays the TLC spot profiles for all extracts, and the

Rf values represent the distance traveled by each

A1B1 A1B2 A1B3 A1B4 A2B1 A282 A2B3 A2B4 A3B1 A3B2 AIBI  A3IB4

compound relative to the solvent front. Table 4 presents
the Rf values of the various samples (A1B1, A1B2,
A1B3, AlB4, A2BI1, A2B2, A2B3, A2B4, A3BI,
A3B2, A3B3, and A3B4). Samples A1B1 to A1B4
exhibited similar Rf values (0.20 - 0.95), indicating the
presence of nearly identical compounds. Samples A2B1
to A2B4 showed similar Rf patterns, with an additional
value of 0.29, suggesting the presence of an extra
component. In contrast, samples A3Bl to A3B4
displayed lower Rf values (0.16 - 0.95), indicating either
greater affinity for the solvent or different interactions

among the compounds in the extract.
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Figure 2 TLC profiling of C. scutellarioides leaf extracts obtained using different solvent systems and extraction
durations. Samples include aquadest at 6 h (A1B1), 12 h (A1B2), 24 h (A1B3), and 48 h (A1B4); aquadest + 0.5% citric
acid at 6 h (A2B1), 12 h (A2B2), 24 h (A2B3), and 48 h (A2B4); and 70% ethanol at 6 h (A3B1), 12 h (A3B2),24 h
(A3B3), and 48 h (A3B4). Chromatographic patterns are visualized under UV 254 nm (a), UV 365 nm (b), and UV 365

nm after visualization with citroborate reagent (c).

Table 4 Rf Values of the TLC profile of C. scutellarioides leaves extract.

Rf Value
Treatment
1 1I 111 v A% VI v VIII IX X
AlBI1 - 0.20 - - 0.46 0.55 0.74 0.79 0.89 0.95
Al1B2 - 0.20 - - 0.46 0.55 0.74 0.79 0.89 0.95
Al1B3 - 0.20 - - 0.46 0.55 0.74 0.79 0.89 0.95
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Treatment Rf Value
I I v \"% VI VII VIII IX X
A1B4 - 0.20 - - 0.46 0.55 0.74 0.79 0.89 0.95
A2B1 - 0.20 0.29 - 0.46 0.55 0.74 0.79 0.89 0.95
A2B2 - 0.20 0.29 - 0.46 0.55 0.74 0.79 0.89 0.95
A2B3 - 0.20 0.29 - 0.46 0.55 0.74 0.79 0.89 0.95
A2B4 - 0.20 0.29 - 0.46 0.55 0.74 0.79 0.89 0.95
A3B1 0.16 - - 0.32 0.46 0.55 0.74 0.79 0.89 0.95
A3B2 0.16 - - 0.32 0.46 0.55 0.74 0.79 0.89 0.95
A3B3 0.16 - - 0.32 0.46 0.55 0.74 0.79 0.89 0.95
A3B4 0.16 - - 0.32 0.46 0.55 0.74 0.79 0.89 0.95

Samples of C. scutellarioides were extracted using 3 solvent systems: Aquadest at 6 h (A1B1), 12 h (A1B2),24 h (A1B3),
and 48 h (A1B4); aquadest + 0.5% citric acid at 6 h (A2B1), 12 h (A2B2), 24 h (A2B3), and 48 h (A2B4); and 70%
ethanol at 6 h (A3B1), 12 h (A3B2), 24 h (A3B3), and 48 h (A3B4).

The chromatographic profile of compounds
extracted from C. scutellarioides leaves under different
solvent types and maceration durations is presented in
Figures 2(a) - 2(c). Under UV light at 254 nm (Figure
2(a)), faint spots were observed, indicating weak
fluorescence of the compounds. At 365 nm (Figure
2(b)), several bluish to purplish fluorescent bands
appeared, confirming the presence of active compounds.
Variations in band intensity and distribution among
samples that solvent

suggest composition and

maceration duration significantly influenced the
separation pattern. Visualization with citroborate
reagent (Figure 2(c)) enhanced the clarity and intensity
of the bands. The citroborate reagent reacts with
hydroxyl groups in the compound structures to form
borate complexes, thereby enhancing fluorescence and
facilitating spot identification. Based on the
chromatographic results, ten main bands (Rf values
ranging from 0.16 to 0.95) were detected, representing
different compound fractions in the C. scutellarioides
leaves extract.

The thin layer chromatography (TLC) profiles of
C. scutellarioides leaves extracts obtained using
different solvents and maceration durations exhibited
distinct patterns, as shown in Figure 2 and Table 4. The
TLC profiles visualized with citroborate reagent
revealed 7 spots for aquadest, 8 spots for aquadest +
0.5% citric acid, and 8 spots for 70% ethanol as solvents.
The Rf values derived from these profiles provide
insight into the interactions between compounds and
solvents, with higher Rf values indicating greater

mobility of the compounds relative to the solvent front.

In samples using aquadest as the solvent (A1B1 to
A1B4), the observed Rf values (0.20 - 0.95) indicate that
the extracted compounds are nearly identical across all
maceration durations (6, 12, 24 and 48 h). In samples
using aquadest + 0.5% citric acid (A2B1 to A2B4), the
Rf patterns were similar to those of A1B1 to A1B4, but
with an additional Rf value of 0.29, suggesting the
presence of extra components in the extract. Meanwhile,
samples using 70% ethanol (A3B1 to A3B4) exhibited
lower Rf values (0.16 - 0.95) compared to aquadest and
aquadest + 0.5% citric acid, although the Rf patterns still
indicated the presence of nearly identical compounds,
with slight variations at each maceration duration. These
results suggest that while longer maceration times can
increase the number of extracted compounds, the types
of compounds remain relatively consistent, exhibiting
similar separation patterns. This is in agreement with
Zahiruddin ef al. [42], who stated that plant materials or
extracts displaying the same TLC pattern are likely to
possess similar biological activity.

Analysis of anthocyanin compounds by LC-
MS/MS

Based on the LC-MS/MS profiles, the leaves
of C
anthocyanin peaks that were analyzed and compared
with previously published data. LC-MS/MS analysis of

extracts scutellarioides contain multiple

the extract using aquadest as the solvent (Figure 3)
identified 4 anthocyanins: cyanidin-3-O-glucuronide
(A), pelargonidin-3-glucuronide (B), cyanidin (C), and
pelargonidin (D). In the extract prepared with aquadest
+ 0.5% citric acid (Figure 4), 6 anthocyanins were
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detected: Cyanidin-3-glucoside (A), cyanidin 3-O-(p- (A), cyanidin-3-O-glucuronide (B), pelargonidin-3-
coumaroyl) glucoside-5-O-malonyglucoside 1 (B), glucuronide (C), cyanidin (D), and pelargonidin (E).
cyanidin-3-O-glucuronide (O), pelargonidin-3- Each compound was confirmed in the corresponding LC
glucuronide (D), cyanidin (E), and pelargonidin (F). chromatogram and MS/MS spectrum. The chemical
Meanwhile, in the 70% ethanol extract (Figure 5), 5 structures of the anthocyanins identified in the C.
anthocyanins were identified: Cyanidin-3-glucoside scutellarioides leaves extracts are presented in Table 5.
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Figure 3 LC chromatogram and MS/MS spectra of C. scutellarioides leaves extract using aquades. Identified compounds:

Cyanidin-3-O-glucuronide, pelargonidin-3-glucuronide, cyanidin, and pelargonidin.
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Figure 4 LC chromatogram and MS/MS spectra of C. scutellarioides leaves extract using aquadest + 0.5% citric acid.
Identified compounds: cyanidin-3-glucoside, cyanidin 3-O-(p-coumaroyl) glucoside-5-O-malonyglucoside I, cyanidin-3-

O-glucuronide, pelargonidin-3-glucuronide, cyanidin, and pelargonidin.
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Figure 5 LC chromatogram and MS/MS spectra of C. scutellarioides leaves extract using 70% ethanol. Identified

compounds: Cyanidin-3-glucoside, cyanidin-3-O-glucuronide, pelargonidin-3-glucuronide, cyanidin, and pelargonidin.

Table 5 List of structure anthocyanins tentatively identified in C. scutellarioides leaves extract using LC-MS/MS.
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RT

(min)

Solvent

[M+H]+,
m/z

Molecular
Formula

Mass
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Mass
Solvent error
(ppm)

RT [M+H]+, Molecular
(min) m/z Formula

Fragmens Area

Compound Reference
Ion (max)
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The LC-MS/MS analysis revealed that leaves
extracts of C. scutellarioides obtained using different
solvents contained multiple anthocyanin compounds,
each confirmed by corresponding LC chromatogram
patterns and MS/MS spectra. In the aquadest extract,
cyanidin-3-O-glucuronide was detected at a retention
time of 4.97 min with m/z 463.0872 and fragmentation
at m/z 287.0563, with a maximum peak area of
42,696.02, consistent with [43]. Pelargonidin-3-O-
glucuronide was identified at 5.54 min with m/z
447.0923 and fragmentation at m/z 271.0616, with a
maximum peak area of 120,432.16, in agreement with

Banaszewski et al. [44]. Cyanidin was observed at 6.99

min  with m/z 287.0559 without detectable
fragmentation, and it showed a maximum peak area
measuring 42,263.25, as reported by Lou et al. [45],
while pelargonidin appeared at 7.78 min with m/z
271.0618, and it displayed a maximum peak area of
24,907.14, also without fragmentation [44].

In the extract using aquadest + 0.5% citric acid,
cyanidin-3-glucoside was detected at 4.66 min with m/z
449.1077, fragmentation at m/z 287.0561, and it
displayed a maximum peak area of 14,126.50 [43].
Cyanidin-3-glucoside has been reported to lower
cholesterol levels primarily by inhibiting the activity of
HMG-CoA reductase, the key enzyme involved in
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cholesterol  biosynthesis [47]). Cyanidin-3-O-(p-
coumaroyl) glucoside-5-O-malonylglucoside at 4.88
min with m/z 843.1973, yielding a peak area that
reached 4,014.43 [45]. Cyanidin-3-O-glucuronide was
also observed at 499 min with m/z 463.0876,
fragmentation at m/z 287.0566 and achieved a
maximum area of 8,172.91 [43]. Pelargonidin-3-O-
glucuronide was detected at a retention time of 5.56 min,
characterized by an m/z value of 447.0927 and a
fragment ion at m/z 271.0615, yielding a peak area of
35,527.46, which is consistent with findings in
Banaszewski et al. [44]. Cyanidin eluted at 6.93 min
with an m/z of 287.0568 and no observable fragment
ions, producing a peak area of 18,803.85 in accordance
with Lou et al. [45]. In addition, pelargonidin was
recorded at 7.71 min with an m/z of 271.0621, showing
a peak area of 11,852.56 and no fragmentation, as
similarly noted in Banaszewski et al. [44].

In the 70% ethanol extract, cyanidin-3-glucoside
was detected at 4.64 min with m/z 449.1062 and
fragmentation at m/z 287.0563 and it displayed a
maximum peak area of 104245.35 [43,46], while
cyanidin-3-O-glucuronide appeared at 4.97 min with
m/z 463.0869, fragmentation at m/z 287.0566 with a
maximum peak area of 44,354.98 [43]. Pelargonidin-3-
O-glucuronide was identified at 5.52 min with m/z
447.0927, fragment ions at m/z 447.0924, 433.1125, and
271.0616 and it displayed a maximum peak area of
127,573.34, consistent with Banaszewski et al. [44].
Cyanidin was observed at 6.96 min with m/z 287.0576
without detectable fragmentation, and it showed a
maximum peak area measuring 51,579.70, as reported
by Lou et al. [45], while pelargonidin appeared at 7.78
min with m/z 271.0617, and it displayed a maximum
peak area of 49438.88, also without fragmentation [44].

Extraction using aquadest acidified with 0.5%
citric acid yielded 6 anthocyanin compounds - cyanidin-
3-glucoside, cyanidin-3-O-(p-coumaroyl) glucoside-5-
O-malonylglucoside, cyanidin-3-O-glucuronide,
pelargonidin-3-O-glucuronide, cyanidin, and
pelargonidin - representing the most comprehensive
profile compared with extracts obtained using aquadest
or 70% ethanol. The acidic environment generated by
citric acid stabilizes the flavylium cation structure,
thereby preventing its conversion into the unstable
carbinol pseudobase and chalcone forms, and slowing

degradation through hydrolytic and oxidative pathways

[48]. This stabilization allows glycosylated,
glucuronidated, and acylated anthocyanins to remain
detectable, despite their high susceptibility to
degradation under neutral pH conditions [49].

Compared with aquadest, which predominantly
produced glucuronidated forms and aglycones due to
extensive glycoside hydrolysis, and 70% ethanol, which
achieved the highest overall abundance but extracted
only 5 anthocyanins, the use of 0.5% citric acid proved
most effective in preserving structural diversity. These
findings highlight the critical role of acidic conditions in
maintaining the integrity of complex anthocyanins,
including acylated derivatives that are particularly
unstable under conventional extraction environments
[50].

This study identified a greater diversity of
anthocyanins in C. scutellarioides leaves compared to
previous reports, which only detected cyanidin [7] and
pelargonidin-3-rutinoside and cyanidin-3-glycoside [8].
Among the anthocyanins identified, cyanidin-3-O-f-
glucoside has been reported to enhance the activity of
cholesterol 7a-hydroxylase, also known as cytochrome
P450 family 7 subfamily A member 1 (CYP7ALl),
thereby promoting the conversion of total serum
cholesterol into bile salts in the liver of mice. This leads
to increased bile salt concentration in the intestines and
a reduction in blood cholesterol levels, effectively
alleviating hypercholesterolemia [9]. Cyanidin
identified in C. scutellarioides may exhibit similar
bioactive potential. Supporting this, a study in obese
CS57BL/6 mice fed a high-fat diet supplemented with
Cornelian cherry (Cornus mas) containing anthocyanins
(1 g/kg diet) for 8 weeks showed a 24% reduction in
body weight, decreased hepatic lipid accumulation, and
a significant decrease in hepatic triacylglycerol
concentrations, independent of food intake [51].
Anthocyanins have been widely reported to regulate
cholesterol biosynthesis through the inhibition of 3-
hydroxy-3-methylglutaryl coenzyme A reductase
(HMG-CoA reductase), the rate-limiting enzyme in
cholesterol production [52]. The present findings are in
line with Fatchiyah et al. [47], who demonstrated that
cyanidin-3-O-glucoside from black rice disrupts the
interaction between HMG-CoA and HMG-CoA
reductase, thereby reducing the catalytic efficiency of
the enzyme. Beyond direct enzyme inhibition,

anthocyanins also activate AMP-activated protein
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kinase (AMPK), a central regulator of cellular energy
metabolism. AMPK  activation  induces the
phosphorylation and subsequent suppression of HMG-
CoA reductase, limiting mevalonate formation and
attenuating the early steps of cholesterol synthesis.
Collectively, these complementary mechanisms
contribute to a reduction in endogenous cholesterol

production and support the potential of anthocyanins as

natural modulators that may lower total circulating
cholesterol [10-12].

Total phenolic content (TPC)

The total phenolic content (TPC) of C.
scutellarioides leaf extract, which contains 6 identified
anthocyanins, was determined using aquadest enriched
with 0.5% citric acid. The detailed results are presented
in Table 6.

Table 6 Total Phenolic Content (TPC) of C. scutellarioides leaf extract containing 6 anthocyanins.

Solvent TPC (mg GAE/g extract) SD

Aquadest + citric acid 0.5%

3.25

The analysis of total phenolic content (TPC) in the
leaf extract of C. scutellarioides yielded a value of 72.14
mg GAE/g extract with a standard deviation (SD) of
3.25. This high TPC value confirms C. scutellarioides
as a rich source of polyphenolic compounds. Further-
more, this phenolic content is closely associated with the
presence of 6 anthocyanins (cyanidin-3-glucoside, cya-
nidin-3-O-(p-coumaroyl) glucoside-5-O-malonylgluco-
side, cyanidin-3-O-glucuronide, pelargonidin-3-O-glu-
curonide, cyanidin, and pelargonidin) identified in the
C. scutellarioides extract by LC-MS/MS, which is
consistent with [53], who reported that anthocyanins
belong to the polyphenol family and are thus related to
elevated total phenolic content.

Anthocyanins are pigments that are highly
sensitive to changes in pH; therefore, the use of water
containing 0.5% citric acid is critical during the
extraction process. The addition of citric acid creates an
acidic environment that stabilizes the anthocyanin
structure (flavylium cation) and effectively enhances the
extraction of polar components, which is reflected in the
high TPC value [53]. Similarly, the supplementation of
phenolic compounds as feed additives has been shown
to exert beneficial effects on lipid oxidation in livestock
[54]. In broiler chickens, dietary inclusion of Thymus
vulgaris extract at 0.2% - 0.6% resulted in substantial
reductions in plasma total cholesterol (TC) by 36% -
40% and LDL-C by 63% - 70% [55]. Furthermore,
broilers fed polyphenol-rich grape seed at 10% - 40 g/kg
exhibited approximately 10% lower total lipids, reduced
triglyceride levels, and a decrease of about 22% in serum

cholesterol [56]. Bioflavonoids such as genistein and

hesperidin have also been reported to improve fatty acid
profiles and lipid metabolism in broilers [57].

Mechanistically, the cholesterol-lowering effect of
polyphenols is attributed to their high content of
phenolic compounds, which inhibit cholesterol
oxidation and thereby reduce lipid deposition within
blood vessels. Additionally, polyphenols protect
unsaturated fatty acids from oxidative damage, leading
to reduced cholesterol accumulation in the serum and
contributing to a more balanced regulation of lipid
influx and efflux in the circulatory system. Collectively,
these actions wunderpin the anticholesterolemic
properties of polyphenols [58].

Conclusions

It can be concluded that the optimal conditions for
anthocyanin extraction from C. scutellarioides leaves
are the use of distilled water acidified with 0.5% citric
acid as the solvent and a maceration time of 12 h. Under
these conditions, 6 anthocyanin compounds were
identified, namely cyanidin-3-glucoside, cyanidin 3-O-
(p-coumaroyl)  glucoside-5-O-malonylglucoside I,
cyanidin-3-O-glucuronide, pelargonidin-3-O-
glucuronide, cyanidin, and pelargonidin, with a total
phenolic content of 72.14 mg GAE/g extract. Among in
the extract, cyanidin-3-glucoside, cyanidin, and
pelargonidin have previously been reported to inhibit
HMG-CoA reductase activity and thereby reduce
cholesterol synthesis. Subsequent research will
investigate the HMG-CoA reductase inhibitory activity
of C. scutellarioides leaf extract and characterize its

physicochemical stability, particularly with respect to
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pH and temperature, to support its application via
drinking water as a feed additive for lowering

cholesterol levels in poultry.
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