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Abstract. Dyes worldwide are drawing attention to the health risks they pose, thereby beckoning
radical change toward better alternatives. Synthetic dyes are large, complex molecules that are
resistant to biodegradation, leading to various environmental issues. The trend in natural products
has been toward natural dyes, particularly those derived from flowering parts, such as the flowers
of Clitoria ternatea, which produce blue colors due to anthocyanins. This research aims to extract
anthocyanins from Clitoria ternatea using two solvents: distilled water and ethanol. The most
efficient solvent for the extraction of natural dyes from Clitoria ternatea was determined by
focusing on two key parameters: extraction time and pH. The total anthocyanin content was
determined using UV-Vis spectroscopy; the presence of functional groups was analyzed by Fourier
Transform Infrared Spectroscopy (FTIR); and the color attributes of Clitoria ternatea were assessed
using a chroma meter. The results showed that distilled water consistently yielded higher
anthocyanin content than ethanol, with the highest value at 60 minutes of extraction. FTIR analysis
confirmed the presence of key functional groups associated with anthocyanins, while color analysis
indicated that higher anthocyanin content corresponded to darker and more intense blue
coloration. These findings demonstrate that distilled water is a more effective and environmentally
friendly solvent for anthocyanin extraction. The information presented may serve as a basis for
further research on the extraction of natural dyes, advancing the process and enabling the creation
of new natural products.
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INTRODUCTION businesses and industries; textile industries
are significant consumers of synthetic dyes
Over the past few years, there has been (Affat, 2021). The inherent stability of

a focus on elevating global standards of
human health, which has also put pressure on
the environmental impacts of various

synthetic dyes makes them highly resistant to
biodegradation and hence very difficult to
remove from textile industry effluents. On the
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other hand, natural dyes are eco-friendly and
do not require the use of oxidants or
reductants, as pointed out by Mehmood et al.
(2019). The non-biodegradability of synthetic
dyes means they persist in fields and rivers,
posing an environmental threat. Copper, zinc,
lead, chromium, and cobalt are metals that
are dissolved in aqueous dye solutions, which
adds to the challenge.

Due to increased awareness of synthetic
dyes worldwide, the focus on natural dyes
derived from flowers, insects, animals, and
minerals has grown. Indigo and saffron dyes
extracted from flowers are worth mentioning
for their deeper shades (Netravati et al,
2022). Natural dyes do not pose any harm to
the environment or human health, as they are
biodegradable and can produce a range of
colors with balanced, reasonable secondary
tones.

The flower, namely Clitoria ternatea, as
depicted in Figure 1, has shown potential as a
natural dye source with good colorfastness
properties (Netravati et al, 2022). The Clitoria
ternatea species consists of flowers that grow
in various countries and are adaptable to
different soil types and pH levels (Di Khanh,
2015). Furthermore, Malaysia is another
country that grows Clitoria ternatea, and the
flowers are available year-round, as noted by
Hamzah (2013). Once dried, the flowers of
Clitoria ternatea have a long shelf life. This
has made Clitoria ternatea a renewable
source of natural dye and a profitable
business opportunity.

The deep blue color of Clitoria ternatea
is due to the presence of anthocyanins
(Azemi, N. A. et al, 2022). As extraction
conditions significantly impact anthocyanin
content, a quick and effective process is
needed (Lopez-Bascon & Luque de Castro,
2020; Mehmood et al, 2019). Acidification
helps tear apart the cell wall membranes, a

major site of anthocyanin accumulation, as
reported by Netravati et al (2022). The
stability of anthocyanins at low pH results in
maximum efficacy, as observed when
extracting them with solvents containing
acidulants such as acetic or citric acid (Farooq
et al, 2020). Previous research has shown that
a pH of 6 yields the highest anthocyanin
content (Bujak et al,, 2021).

Fig. 1: Selected flower, Clitoria ternatea
(Aparajita, n.d.).

Di Khanh (2015) proposed distilled water
and ethanol as potential solvents for
anthocyanin  extraction, citing  several
benefits, including affordability, ease of use,
and suitability for both laboratory and
Alcohol-based
anthocyanin extracts, commonly known as

industrial applications.
ethanol extract, are the most common
sources of extracted anthocyanins, as noted
by Zamri et al. (2016). According to Netravati
et al (2022), the term ‘distilled water-based
anthocyanin extract’ refers to an extract
obtained from distilled water. Further,
distilled water has been observed to provide
the highest percentage of anthocyanin
extraction. The choice of distilled water as a
solvent can also be more useful because it
can dissolve a broader range of chemical
compounds more efficiently. These methods
are also less time-consuming and help ensure
longer preservation of the extracted
anthocyanins. Netravati (2022) further noted
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that extraction time is an influential variable
in anthocyanin extraction.

Despite the increasing interest in natural
dyes and the established potential of Clitoria
ternatea as a source of anthocyanins, existing
studies have largely focused on general
extraction feasibility rather than systematic
optimization. In particular, comparative
evaluation of distilled water and ethanol
under controlled extraction time and pH
conditions remains limited. Therefore, in this
research, two different solvents, distilled
water and ethanol, were compared to
determine their efficiency in optimizing the
extraction of anthocyanins from Clitoria
ternatea. This investigation is important for
establishing a simple, cost-effective, and
environmentally benign extraction approach
suitable for laboratory-scale and potential
industrial applications. Accordingly, selecting
specific combinations of process variables,
such as extraction time and pH, was
necessary to achieve the research objectives.
The research  methodology includes
Ultraviolet-visible (UV-Vis) spectroscopy to
quantify total anthocyanin content, Fourier
Transform Infrared Spectroscopy (FTIR) for
functional group identification, and a chroma
meter for color evaluation at extraction times
of 10 min, 30 min, and 60 min.

METHODOLOGY

Materials

The Clitoria ternatea flowers were
obtained from Kerteh, Terengganu. The
distilled water, ethanol (CAS No. 64-17-5,
99%, EAM, Malaysia), and glacial acetic acid
(CAS No.: 64-19-7, 99.95%, Chemiz, UK) were
obtained from the Chemical Laboratory at the
Faculty of Chemical Engineering, UiTM, Shah
Alam, Selangor.

Methods
Extraction of Anthocyanin

The raw material, Clitoria ternatea, was
kept in a shaded, dust-free environment at
room temperature for 2 days. Subsequently,
20 g of Clitoria ternatea was extracted with
two solvents, distilled water (DW) and ethanol
(ET), for 10, 30, and 60 minutes, respectively.
The solvent pH was adjusted to 6 with glacial
acetic acid to enhance anthocyanin
extraction. The obtained extracts were
filtered through Whatman No.1 filter paper to
separate the dye from Clitoria ternatea. The
parameters for anthocyanin extraction are
shown in Table 1.

Table 1: Parameters of extraction method

Solvents pH Extraction time
(minutes)
Distilled Water 6 10
30
60
Ethanol 6 10
30

60

Determination of Anthocyanin Pigment

The total anthocyanin content was
determined by measuring the absorbance of
the test portion at both 520 nm and 700 nm
(Giusti & Wrolstad, 2001) using a UV-Visible
Spectrophotometer (Model: Evolution 201,
Thermo Scientific). The total monomeric
anthocyanin content was then expressed
using the following Eq. (1):

Anthocyanin pigment (%) =

(AXMWxDFx1000)
eXL

where,
A : (Abs 520 nm — Abs 700 nm) pH
6.0
MW : Molecular weight of Clitoria
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ternatea
DF  : Dilution Factor
€ : 26900 L/mol.cm molar extinction
coefficient
L : Path length (cm)
10> : Factor for conversion from g to
mg

Determination of Functional Group

The absorption spectra of extracted blue
pigment samples underwent analysis using
Fourier Transform Infrared Spectroscopy
(FTIR) (Model: FTIR-6700; Brand:
THERMOFISHER) with Attenuated Total
Reflectance ATR, specifically an ALPHA
instrument  (PN:1005151/07, SN:201113),
covering the wavenumber range of 3996.73
cm™ to 498.30 cm™. Background spectra were
systematically collected after scanning each
sample and automatically subtracted from
the sample spectra. The analysis employed
OPUS Spectroscopy software version 7.5,
recognized as a leading tool for IR/FTIR and
Raman Spectra measurement, processing,
and evaluation (Jamil et al, 2018).

Changes in the positions of the
characteristic peaks across different regions
of the FTIR spectrum were used to assess the
quality of the extracted natural dye obtained
with two different solvents. The results from
these analyses provide valuable insights into
the characteristics and quality of the
extracted natural dye, thereby enhancing our
understanding of the effectiveness of the
respective extraction methods.

Colour Characterization

The shades and colors in the samples
were analyzed using a Minolta Colorimeter
(Model CR-400, Konica Minolta Sensing, Inc.,
Osaka, Japan). The variation in color
coordinates indicates the disparity, both in
magnitude and direction, between the two

solvents observed in the samples (Rein et al.,
2005). The overview of the research
methodology is shown in Figure 2.
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{ Add z0g Uv-vis
Ciitoria ternatea Spectrometry
s ! Fllcer extracted dye
’ ﬁ o remove sollds A
Adjust pH with acetic I exracted Clitorla
acld untllpH of 6 Ternatea dye 4 5
— ~Z N J
- > = =
5 FTIR
Mix continuously with varied time
(30, 45, 60 minutes) for each run ~ o
) z fa
= _4.&
Ethanol,, 99% -
— ] (500ml) Chroma

Fig. 2: Overview of the research
methodology.

All experiments were performed in
triplicate (n=3) to ensure reproducibility. The
results are expressed as mean (+) standard
deviation. Statistical analysis was performed
in Microsoft Excel, and comparisons between
samples were evaluated descriptively.

RESULTS AND DISCUSSION

Functional Group Analysis

The  Fourier  Transform  Infrared
Spectroscopy (FTIR) analysis of Clitoria
ternatea extracts at different extraction times
(10 minutes, 30 minutes, and 60 minutes)
shows that, while most samples have similar
functional groups, the number and diversity
of these groups increase with longer
extraction times. The functional groups that
were frequently identified include O-H
stretching (free hydroxyl), N-H stretching
(amine or amide), C=0 stretching (amide or
ketone), and C=N stretching (nitrile or
alkyne). According to Ramdan and Wulandari
(2023), these functional groups were
representative of the anthocyanins and other
polar compounds found in the flower
extracts.
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The functional groups (including O-H
stretching at 3840.00 cm™, N-H stretching at
3283.51 cm™, and C=0 stretching at 1633.98
cm™) were observed at a 10-minute
extraction time using distilled water, as shown
in Fig. 3. Given that anthocyanins are known
this
supports an effective extraction process.

to contain these functional groups,
Because of its strong polarity, distilled water
efficiently removes these polar molecules,
producing a cleaner extract with fewer non-
target chemicals.

Interestingly, with a similar 10-minute
extraction period, the outcome was different
with the ethanol solvent. Several additional

functional groups that were absent when
using distilled water are shown in the result in
Figure 4. The functional groups of O-H
stretching were reported at 3916.81 cm™, N-
H stretching at 3346.75 c¢cm™, and other
groups like C-H stretching (alkane) at 2977.88
cm™ and C-O stretching (ether or alcohol) at
1087.01 cm™. According to Ramdan and
Woulandari (2023), this suggests that while
ethanol can effectively extract anthocyanins,
it may also extract a broader range of
molecules, including non-polar substances,
which

process

could complicate the extraction

and affect the purity of the

anthocyanin extract.
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Fig. 3: FTIR spectra present in distilled water at 10 min extraction
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Fig. 4: FTIR spectra present in ethanol at 10 min extraction
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Figure 5 shows the FTIR analysis of
distilled water extraction at 60 minutes,
revealing functional groups such as O-H
stretching (free hydroxyl) at 3885.03 cm™,
379746 cm™, and 373773 cm™, N-H
stretching (amine or amide) at 3308.33 cm™,
C=N stretching or C=C stretching (nitrile or
alkyne) at 2162.74 cm™, and C=0 stretching
(amide or ketone) at 16. The presence of
various O-H and C=0 stretching frequencies,
which are typical of anthocyanins, indicates
that distilled water is particularly effective in
extracting these chemicals. Additionally, the
absence of C-H stretching (alkane) peaks
suggests that distilled water extracts fewer
non-target compounds compared to ethanol,
resulting in a higher total anthocyanin extract.

The 60 minutes ethanol extraction
revealed key functional groups such as O-H
stretching (free hydroxyl) at 3920.88 cm™, N-
H stretching (amine or amide) at 3332.43
cm™, C-H stretching (alkane) at 2976.94 cm™,
C=N stretching or C=C stretching (nitrile or
alkyne) at 2199.15 c¢m™, C=0O stretching
(amide or ketone) at 1655.36 cm™, and C-H
bending (alkane) at 1383.62 cm™ as shown in
Fig.6. This research reveals that while ethanol
is successful at extracting specific functional
groups associated to anthocyanins, it also co-
extracts a variety of non-target molecules
such as alkanes and ethers, which may affect
the extraction and purifying processes
(Ramdan & Wulandari, 2023).
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Fig. 5: FTIR spectra present for Clitoria ternatea in distilled water at 60 min extraction
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Fig. 6: FTIR spectra present for Clitoria ternatea in ethanol at 60 min extraction
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Extraction times of 10, 30, and 60
minutes with distilled water consistently
showed strong O-H and C=O stretching
peaks, indicating effective anthocyanin
extraction. The best results were at 60
minutes, as prolonged extraction enhances
solvent penetration and interaction with
anthocyanins, improving the total

anthocyanin content.

Total Anthocyanin Content Analysis

Total anthocyanin content is an
important ~ parameter  for  evaluating
extraction efficiency, as it directly represents
the yield of pigment extracted from Clitoria
ternatea. Table 2 presents the total
anthocyanin content obtained at different
extraction times using distilled water and
ethanol. The results indicate that distilled
water consistently yields higher anthocyanin
concentrations than ethanol across all
extraction conditions. After 60 minutes of
extraction, distilled water had a total
anthocyanin concentration of 4.12 + 0.21,
whereas ethanol extraction generated 2.37 +
0.47. Distilled water yields better than ethanol
because of its higher polarity, which allows it
to extract more polar compounds, such as
anthocyanins, more effectively (Soenarsih et
al, 2023).

Clitoria ternatea is known for its high
concentration of polyacylated blue-colored
anthocyanins, which are highly soluble in
water and stable, particularly under low-acid
and neutral conditions (Ramdan &
Wulandari, 2023). The distilled water used in
the extraction had a pH of 6 (Figure 7),
creating an environment that promotes the
stability of anthocyanin molecules (Figure 7).
This stability is important to avoid situations
where anthocyanin is degraded, or its
structure is altered from a flavonoid
compound by less stable conditions

(Marpaung & Paramaputri, 2023). The
ethanol extraction at 10 minutes had the least
amount of anthocyanin as compared to the
distilled water extraction. Distilled water,
being less aggressive, reduces the risk of
destroying or altering the anthocyanin
molecule during the extraction process,
thereby enhancing extraction efficiency and
substantiating the anthocyanin’s menace
(Pham et al,, 2019). On the contrary, ethanol,
as a solvent, can degrade or modify
anthocyanin molecules, decreasing both the
quality and the amount of extracted

components (Ramdan & Wulandari, 2023).

Fig. 7: Solvent at pH 6

Table 2: Data of absorbance from UV-VIS

Spectrometry
Extraction Time
Solvents 10 30 60
Absorbance
Distilled Water 2.67+ 0.41 3.23+0.10 412+ 0.21
Ethanol 1.79+£0.26 2.26+ 0.40 2.37+ 047

Additionally, since distilled water is a
relatively low-cost, widely available process, it
is a viable option for large-scale extraction,
particularly in resource-constrained
environments. It is affordable, and this
characteristic is considered more
advantageous than ethanol, which may be
costlier and pose challenges during

acquisition and disposal (Pham et al, 2019).
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Besides, distilled water does not pose a
concern regarding its impact on pH in the
perturbation experiment, as the
anthocyanin’s stability is affected by pH
during extraction, so it provides a constant
and accurate result, as mentioned by
Soenarsih et al. (2023).

Finally, the research highlights that
distilled water is a more efficient and practical
solvent for extracting anthocyanins from
Clitoria ternatea, yielding higher
concentrations of  relatively  stable

anthocyanins than ethanol.

Colour Characterization Analysis

This research focuses on the color
characterization of Clitoria ternatea extracts
obtained by using distilled water and ethanol
as solvents. Table 3 presents the color
characteristics of the extracted dyes from
chroma meter analysis, providing quantitative
indicators of color variation under different
extraction conditions. Variations in blue color
intensity reflect differences in anthocyanin
pigment content and highlight the
effectiveness of the solvents in extracting the
pigment. This observation is consistent with
the result presented in Section 3.2 (Table 2),
where higher anthocyanin content obtained
with distilled water corresponds to a darker,
more intense blue coloration, indicating a
strong  correlation  between  pigment
concentration and color intensity. Increasing
the extraction time resulted in greater
amounts of distilled water with a shade of
blue that was substantially darker and more
vivid. An extraction of only 10 minutes (DW 1)
yielded a dark blue color, while the 30-minute
extraction (DW 2) yielded an even darker blue
color. As shown in Table 3, DW 3, which had
the longest extraction period of 60 minutes,
yielded the darkest blue tone.

Table 3: Data of characterization of
extracted dye by using chroma colorimeter

Solvents  Sample Extraction L* a* b* Colour

times
(min)
Distilled  DW1 10 2689 1533 -42.55 [ park
Water DW2 30 2354 1265 —46.34-
ow) DW3 60 1834 1045 -5532 [
Ethanol ET1 10 5346 1881 -3269 Light
(ET) ET2 30 5036 1622 —38453.
ET3 60  47.15 1486 -39.72 [0

However, the ethanol extractions
produced, in general, slightly lighter shades
of blue. In the 10 min extraction (ET 1), the
filtrate was light blue, whereas in ET 2, which
was conducted for 30 minutes, the filtrate was
slightly darker, a light blue. The 60-minute
ethanol extraction time (ET 3) produced the
darkest color among the ethanol samples.

The results show that distilled water
extracts  anthocyanin  pigments  more
effectively than ethanol, resulting in a darker
blue color. This increased efficiency can be
attributed to the distilled water’s polarity and
solvation properties, which are believed to be
enhanced by anthocyanins, thereby leading
to higher pigment levels in the final product.
While ethanol is likewise a polar solvent, its
interactions with anthocyanins may be less
favorable, resulting in reduced extraction
efficiency (Hutajulu & Yulistia, 2006).

This finding was further validated by
dyeing white cotton fabric strips with the
extracts, as illustrated in Figure 8.

Fig. 8: Natural dye on fabrics
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The dyed strips showed that using
distilled water yielded a deeper, brighter blue
color with longer extraction time, while
ethanol yielded a lighter color and a gradual
decrease in brightness. Based on this
research, distilled water proved to be a better
solvent for the extraction of anthocyanins
from Clitoria ternatea, making it suitable for
applications that require a high-intensity blue
dye.

CONCLUSIONS

In conclusion, this research successfully
achieved the first objective by extracting
anthocyanins from Clitoria ternatea using two
different solvents: distilled water and ethanol.
The extraction processes were systematically
analyzed using Fourier Transform Infrared
Spectroscopy FTIR, UV-VIS spectroscopy, and
color characterization. The FTIR results
showed detailed detection of the functional
groups in the extracts, with the distilled water
extracts at 60 min showing the most
pronounced O-H stretching bands. UV-Vis
spectroscopy further revealed that distilled
water extracts across all wavelength ranges
had higher total anthocyanin content than
ethanol extracts, suggesting these polar
solvents can extract these polar compounds.
Color characterization was also included in
this research, with the distilled water extract
showing brighter, stronger colors than the
ethanol extract.

The research also focused on the optimal
extraction time, where longer times can
increase anthocyanin content but must be
carefully controlled, as they can degrade
sensitive compounds. In this research, the
time at which anthocyanin extraction from
Clitoria ternatea is highest is 60 minutes. In
addition, compared with the nontoxic,
sustainable solvent distilled water, ethanol

has safety and environmental consequences
that do not conform to green chemistry
principles.

This research revealed distilled water as
the most efficient solvent for extracting
anthocyanins from Clitoria ternatea. Another
advantage of using distilled water for
extraction, which makes it a better solvent
than ethanol, is that it is non-toxic and eco-
friendly. This research lays the groundwork
for further research on optimizing extraction
processes and exploring practical
applications across various industries. Future
work  should focus on  systematic
optimization of extraction parameters,
including solvent composition, pH, and
temperature. In addition, advanced extraction
techniques such as ultrasound or microwave-
assisted extraction may be explored to
improve efficiency and reduce extraction

time.

ACKNOWLEDGEMENT

The author gratefully acknowledges the
Faculty of Chemical Engineering at Universiti
Teknologi MARA for their significant
contributions and support in this research.

REFERENCES

Affat, S. S., 2021. "Classifications, advantages,
disadvantages, toxicity effects of natural
and synthetic dyes: A review." Univ. Thi-
Qar J. Sci,, 8 130-135.

Azemi, N. A, Mansur, S. A, and Rehan, A. M,,
2022. "Anthocyanins from flower extract
of Clitoria ternatea to attenuate food-
borne pathogen (Escherichia coli and
Staphylococcus aureus) for potential
application as natural food
preservative." PEAT, 3, 84-93.

Bujak, T., Zagérska-Dziok, M., Ziemlewska, A.,




80 Effects of Different Solvents on Natural Dye Extraction from Clitoria ternatea

Di

Niziot-tukaszewska, Z., Wasilewski, T,
and Hordyjewicz-Baran, Z., 2021.
"Antioxidant and

properties of plant extract from dry

cytoprotective

flowers as functional dyes for cosmetic
products."  Molecules, 26, 2809.
https://doi.org/10.3390/molecules2609
2809

Khanh, N. 2015. "Advances in the
extraction of  anthocyanin  from
vegetables." J. Food Nutr. Sct., 3, 126-134.
https://doi.org/10.11648/j.jfns.s.201503
0102.34

Faroogq, S., Shah, M. A,, Siddiqui, M. W.,, Dar, B.

N., Mir, S. A, and Ali, A,, 2020. "Recent
trends in extraction techniques of
anthocyanins from plant materials." J.
Food Meas. Charact, 14, 3508-3519.
https://doi.org/10.1007/s11694-020-
00598-8

Giusti, M. M., and Wrolstad, R. E., 2001.

"Characterization and measurement of
by UV-visible
spectroscopy.” Curr. Protoc. Food Anal.
Chem.,, 1, F1.2.1-13.
https://doi.org/10.1002/0471142913.faf
0102s00

anthocyanins

Hamzah, Y., Jumat, N. A,, and Sembok, W. W,

2013. "Effect of drying on the storage
stability of encapsulated anthocyanins
powder extract from butterfly pea flower
Clitoria ternatea." 13th ASEAN Food
Conference, Singapore.

Hutajulu, T. F, and VYulistia, A., Year. "Study on

extraction of blue colouring telang's
Clitoria ternatea L. and its
characteristics." Indonesian Journal of
Industrial Research, 23 (2), 9-16.

Jamil, N., Mohd Zairi, M. N., Mohd Nasim, N.

A., and Pa'ee, F, 2018. "Influences of
environmental conditions to
phytoconstituents in Clitoria ternatea

butterfly pea flower — A review." J. Sci.

Technol,, 10, 208-228.
https://doi.org/10.30880/jst.2018.10.02.
029

Lépez-Bascon, M., and Luque de Castro, M.,

2020. Chapter 11 - Soxhlet extraction In
Liquid-Phase Extraction. Handbooks in
Separation Science. Elsevier. pp. 327-
354.

Mehmood, A, Ishag, M., Zhao, L., Yaqoob, S,,

Safdar, B., Nadeem, M., Munir, M., and
Wang, C., 2019. "Impact of ultrasound
and conventional extraction techniques
on bioactive compounds and biological
activities of blue butterfly pea flower
Clitoria ternatea L." Ultrason. Sonochem.,
51, 12-19.
https://doi.org/10.1016/j.ultsonch.2018.
10.013

Netravati, Gomez, S., Pathrose, B, N, M. R, P

M. J, and Kuruvila, B. 2022.
"Comparative evaluation of anthocyanin
pigment yield and its attributes from
butterfly pea Clitoria ternatea L. flowers
as prospective food colorant using
different extraction methods." Future
Foods, 6, 100199.
https://doi.org/10.1016/j.fufo.2022.1001
99

Pham, T.N., Lam, T. D, Nguyen, M. T, Le, X. T,

Vo, D.-V.N., Toan, T.Q,, and Vo, T. S., 2019.
"Effect of various factors on extraction
efficiency of total anthocyanins from
butterfly pea Clitoria ternatea L. flowers
in Southern Vietnam." IOP Conf. Ser.
Mater.  Sci.  Eng., 544, 012013.
https://doi.org/10.1088/1757-
899X/544/1/012013

Ramdan, S. R. K, and Wulandari, R.,, 2023.

"Determination of anthocyanin levels in
telang flower Clitoria ternatea using the
differential pH method based on three
types of solvents." Jurnal Kesehatan
STIKes. 10(17), 45-53.



https://doi.org/10.3390/molecules26092809
https://doi.org/10.3390/molecules26092809
https://doi.org/10.11648/j.jfns.s.2015030102.34
https://doi.org/10.11648/j.jfns.s.2015030102.34
https://doi.org/10.1007/s11694-020-00598-8
https://doi.org/10.1007/s11694-020-00598-8
https://doi.org/10.1002/0471142913.faf0102s00
https://doi.org/10.1002/0471142913.faf0102s00
https://doi.org/10.30880/jst.2018.10.02.029
https://doi.org/10.30880/jst.2018.10.02.029
https://doi.org/10.1016/j.ultsonch.2018.10.013
https://doi.org/10.1016/j.ultsonch.2018.10.013
https://doi.org/10.1016/j.fufo.2022.100199
https://doi.org/10.1016/j.fufo.2022.100199
https://doi.org/10.1088/1757-899X/544/1/012013
https://doi.org/10.1088/1757-899X/544/1/012013

N. N. B. Rosli, R. B. Raslan, N. Pradnya 81

https://doi.org/10.52221/jurkes.v10i1.20
3

Rein, M., 2005. Copigmentation reactions and
color stability of berry anthocyanins.
University of Helsinki, PhD thesis,
Helsinki, Russia.

Soenarsih, S., Abdullatif, Z,, Nurhasanah, and
Rasulu, H. 2023. "Characteristics of
anthocyanin as natural dyes from
butterfly pea Clitoria ternatea L. in North
Maluku." Int. J. Adv. Sci. Eng. Inf. Techno.,

13, 1283.
https://doi.org/10.18517/ijaseit.13.4.182
46

Zamri, T. K. A. T. M., Abd Munaim, M. S,, and
Wahid, Z. A, 2016. "Extraction
optimization of natural dye from Clitoria
ternatea flower by OFAT." National
Conference for Postgraduate Research,
Universiti Malaysia Pahang, Malaysia.



https://doi.org/10.52221/jurkes.v10i1.203
https://doi.org/10.52221/jurkes.v10i1.203
https://doi.org/10.18517/ijaseit.13.4.18246
https://doi.org/10.18517/ijaseit.13.4.18246

