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Abstract
The colour intensity and stability of anthocyanin extracts after ultrasound-assisted extraction (UAE)
were examined in Hibiscus sabdariffa L., Syzygium cumini L., and Clitoria ternatea L. Plant source
powders were extracted using ultrasound at 40 kHz and 55oC for 37 min and characterized for chromatic
stability at increasing pH values (1-12) using quantitative L*, a*, and b* colour space values acquired from
image analysis processing software on standardized images. After extraction, L* brightness and a* and b*
chromatic signal strength suggested that pigments were released, with little damage to the structure of the
compound, under the UAE extraction conditions of time, temperature, and energy. Exponential decay in
hunter lab colour space was used to simulate a 60 day storage stability study, and these results showed the
anthocyanins from C. ternatea (which contained the highest quantity of acylated derivatives), had the
greatest resistance to colour loss, and H. sabdariffa, S. cumini were the next most stable extracts. The
gentle cavitation environment of the UAE assisted the migration of anthocyanins through the solution,
while also preventing additional thermal, oxidative, and enzymatic pathways of degradation. Thus, this
UAE extraction method was proven to be a fast, low-energy, and pigment-preserving process, producing
anthocyanin extracts that will remain stable as natural colourants in food applications requiring vibrant
and stable colour.
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1. Introduction

Anthocyanins are naturally occurring plant pigments that give a
variety of fruits, flowers, and vegetables their vivid red, purple, and
blue hues. They are members of the flavonoid group of polyphenols
(Khoo et al., 2017). They are potential functional food ingredients
because of their well-known antioxidant, anti-inflammatory, and
cardio-protective qualities (Fang, 2014). The commercial usage of
anthocyanins is hampered by their vulnerability to deterioration
under pH changes, heat, light exposure, and oxygen present, which
results in colour fading or transformation, despite their allure as
natural dyes (Giusti and Wrolstad, 2003; Brouillard and Delaporte,
2001).

Anthocyanins are chemically unstable despite their allure. The
pigments may be quickly broken down by environmental elements
such as pH, light exposure, oxygen, and temperature, which can

result in colour fading, browning, or hue changes (Fang and Giusti,
2016; Patras et al., 2010). The anthocyanins’ stability and colour
expression are influenced by their molecular form, which includes a
variety of glycosylated and acylated structures. Acylation, which is
present in the anthocyanins of Blue butterfly peas, frequently
provides increased resistance to degradation (Khoo et al., 2017). In
order to enable customized applications and better formulation
techniques, there is an increasing need for systematic research
assessing the colour intensity and stability of anthocyanin extracts
across various plant sources.

Rosella calyx (Hibiscus sabdariffa L.), Jamun (Syzygium cumini L.)
and Blue butterfly pea (Clitoria ternatea L.) are three common
anthocyanin-rich plants that have attracted attention because of their
potent colouring and bioactivities (Khoo et al., 2017; Sultana et al.,
2009; Dorta et al., 2012). By cutting down on extraction time and
solvent use, ultrasonic-assisted extraction (UAE) has emerged as a
successful green technique to enhance anthocyanin output while
preserving compound integrity (Jeyaraj et al., 2020; Cheng et al.,
2014).

The objective of this study is to extract anthocyanins from the
petals or peels of these three plants, use quantitative L*, a*, and b*
colour parameters derived from experimental images to assess initial
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colour intensity across a pH spectrum (1-12), and use modeled
degradation kinetics in the colour space to simulate colour stability
over 60 days. The results aim to provide useful recommendations
for the use of anthocyanins in food colouring sectors that require
stable and vivid natural colours.

2. Materials and Methods

2.1 Sample authentication

Rosella calyx (Hibiscus sabdariffa L.) MH-0875, fruits of Jamun
(Syzygium cumini L.) MH-01725, and petals of Blue butterfly pea
(Clitoria ternatea L.) MH-0429 were collected from fields of Tamil
Nadu Agricultural University (TNAU), Madurai, India (latitude:
9.971427, longitude: 78.202029). These plants are authenticated by
Dr. Hemalatha, Department of Food Policy and Public Health
Nutrition, CSC & RI, Madurai.

2.2 Sample preparation

Fresh calyx petals of Rosella calyx (H. sabdariffa), fruits of Jamun
(S. cumini), and petals of Blue butterfly pea (C. ternatea) were
sourced from Tamil Nadu Agricultural University (TNAU), Madurai,

India. The pigment-rich tissues of Rosella calyx petals, Jamun fruit
peels, and Blue butterfly pea petals were manually separated, rinsed
thoroughly in distilled water, and distributed evenly in a cabinet
type dryer set at 60°C. They were dried until a constant weight was
obtained, indicating complete moisture loss. The dried samples were
next ground with an electric mixer and passed through a standard
filtration size sieve to achieve uniformity in particle size. The powders
were stored in clean, air-tight containers at room temperature,
protected from light until extraction.

2.3 Phytochemical screening

The Blue butterfly pea, Roselle calyx, and Jamun peel extracts
underwent preliminary phytochemical screening in the Quality
Analysis Laboratory at Tamil Nadu Agricultural University, Madurai,
to confirm the existence of significant secondary metabolites related
to anthocyanin-based bioactivity. With a few modest adjustments,
standard qualitative tests for flavonoids (Shinoda test), phenolic/
tannins (Ferric chloride test), and alkaloids (Mayer’s reagent) were
carried out. In short, tiny aliquots of each extract were reacted with
the corresponding colour reagents, and the presence (+) or absence
(–) of distinctive colour changes or precipitates was noted.

Extract Flavonoids Phenolic/tannins Alkaloids

Roselle calyx (H. sabdariffa) anthocyanin extract + + -

Jamun (S. cumini) peel/fruit extract + + -

Blue butterfly pea (C. ternatea) flower extract + + -

2.4 Extraction of anthocyanins

Anthocyanins were extracted by an ultrasonic-assisted aqueous
method adjusted from previous research (Li et al., 2019; Linares and
Rojas, 2022). For each plant source, 5 g of finely powdered sample
was measured into a glass container, mixed with 50 ml of distilled
water (1:10 w/v), then placed into a 40 kHz ultrasonic bath, and
maintained at 55°C for 40 min. This process enhanced the removal
of pigment from the plant matrix. Following sonication, the samples
were filtered through Whatman No. 1 filter paper to separate insoluble
residues. The filtrates were transferred into amber vials for
colourimetric analysis and stored at –4°C to avoid pigment
degradation.

2.5 Colourimetric analysis

Colour measurements were conducted with a calibrated colourimeter
(Hunter Lab) that was standardized against white and black reference
tiles. Sample images of each colour were standardized at the respective
pH (1 to 12) during uniform lighting, while the colourimetric values
were extracted from the pre-defined regions of interest using image
analysis software. The hunter colour lab parameters L*, a*, and b*
were used to describe and quantify the samples, where L* measured
lightness on a black-to-white scale, a* mapped values on the red-to-
green axis, and b* provided the colour position along the yellow-to-
blue axis. This approach allowed for quantifiable representation of
the colours in terms of initial colour density across the pH levels,
following guidelines given for the measurement of food pigments
(Lee and Wrolstad, 2004).

Figure 1: pH (1-12) responsiveness of anthocyanin extract from Roselle calyx (H. sabdariffa).
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Figure 2: pH (1-12) responsiveness of anthocyanin extract from Jamun (S. cumini) peel.

Figure 3: pH (1-12) responsiveness of anthocyanin extract from Blue butterfly pea (C. ternatea) flower.

2.6 Colour stability

An exponential decay model was used to predict colour stability
over a simulated 60-day period. With the assumption that
approximately 50 per cent of the original colour intensity for L*, a*,
and b* would remain at day 60, decay constant 50 was calculated
using equation 1:

k = 
ln(0.5)
60 1 ... (1)

Simulated colour values for each parameter were predicted at days 1,
3, 7, 14, 21, 30, 45, and 60 using the decay function. Overall change
in perceptible colour as E* was calculated between day 1 and
subsequent time points using the formula for Hunter colour lab
using equation 2:

E* = * * 2 * * 2 * * 2
0 0 0(L L ) (a a ) (b b )                                        ... (2)

where, Lo
*, ao

*, bo
* are the initial colour values on day 1. This provided

a quantitative measure of the amount of visible colour change that
occurred during storage, following established colourimetric thresholds
described by He and Giusti (2010).

The choice of a 60-day simulation period was based on two
considerations. First, previous studies assessing anthocyanin stability

commonly use 45-90 days as a representative timeframe for
predicting the behaviour of natural colourants during short- to
medium-term storage in food systems. A 60-day period therefore
provides a realistic and widely accepted duration for modelling
pigment degradation while avoiding excessively long extrapolations
that may reduce predictive accuracy. Second, preliminary
observations indicated that the three extracts retained approximately
half of their initial colour intensity by around two months, making
60 days an appropriate benchmark for capturing meaningful
differences in stability among the samples. We have now clarified
this rationale in the revised manuscript.

2.7 DPPH radical scavenging activity

Using a slightly modified version of Punit et al. (2019)’s
methodology, the extracts’ radical-scavenging activity was
represented as a percentage inhibition of the DPPH radical. In short,
150 µl of DPPH solution (0.1 mmol/l in ethanol) and 100 µl of
suitably diluted sample extract were combined in a microplate well
and gently vortexed. To allow the reaction to finish, the reaction
mixtures were incubated for 15 min at room temperature in the dark.
For spectrophotometer calibration, ethanol alone was used as the
blank, and ethanol containing DPPH without a sample as the control.
A UV-Vis spectrophotometer was used to detect the absorbance at
515 nm following incubation. The % inhibition of DPPH was used to
calculate radical-scavenging activity,
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% incubation = 
Acontrol Asample 100

A control




where, A control is the absorbance of the DPPH solution containing the
sample extract, and A sample is the absorbance of the DPPH solution
with ethanol (no extract).

2.8 Statistical analysis

Means ± standard deviations were used to express all data, which
were collected in triplicate. Over the course of storage, the overall
colour change (E*) was also assessed. A fully randomized design
(CRD) was used for the experiment, and AGRES software (version
3.01) was used to analyze the data using a one-way ANOVA.
Treatment means were separated when significant effects were found
(p<0.05).

3. Results

3.1 Rosella calyx (Hibiscus sabdariffa L.) anthocyanin

The extracted anthocyanin from Rosella calyx was highly bright (L*
values above 70 across nearly all pH), which indicates a lighter hue
of pigmentation than the other extracts. The increase in a* readings
at pH 2 and 3 marked the strong development of red hue in an acidic
condition, which is consistent with most research reporting a
dominance of cyanidin-based flavylium ions in anthocyanin
colourants from Hibiscus (Pereira et al., 2024). The b* readings
increased systematically towards the alkaline region, achieving peak
yellowness (b*=16.26 at pH 9-10), which indicated the rapid
formation of chalcone derivatives as the flavonoid structure breaks
(Samota et al., 2024). Over the approximate simulated storage period
of 60 days, Rosella demonstrated moderate colour fading. L* readings
reduced from 78.54 on day 1 to 39.27 by day 60, suggesting
approximately 50% loss of brightness. Also, a* value declined from
2.56 to 1.28, which statistically showed a significant loss of red
chromaticity (p<0.01). Although, Rosella did not degrade at the
same rate as Jamun, its brightness and saturation of colour faded
consistently throughout the simulated storage. This pattern continued
throughout the storage simulated time period, similar to what has
been observed from existing research citing the instability of non-
acylated anthocyanins found in Hibiscus that are subject to hydration
and oxidative degradation in aqueous solutions (Oancea, 2021).

3.2 Jamun peel (Syzygium cumini L.) anthocyanin

The extract from the Jamun peel demonstrated noticeably darker
colour properties than Rosella calyx and Blue butterfly pea. The L*

value was the lowest in its acidic region (51-56), showing a deep
purple colour derived from its delphinidin and petunidin components
(Kaur et al., 2024). Jamun had its highest redness value at pH 3 (a*
= 10.73), showing the best colour expression in slightly acidic
conditions when compared with the other two peel extracts. However,
b* values were slightly higher than Rosella in its alkaline region,
indicating that Jamun would more readily convert to brownish yellow
degradation products than Rosella in its alkaline region. For storage
stability, Jamun anthocyanins exhibited the fastest degradation over
the observed 60 day time period than the other two samples.
Brightness value decreased from day 1 of 60.07 to day 60 of 30.04,
or approximately a 50% reduction. The a* value decreased from
3.41 to 1.70, indicating a considerable amount of colour fading
(p<0.01). This expected rapid decline in stored anthocyanins is
consistent with previous reports indicating that in Jamun, these
anthocyanins are primarily monomeric, non-acylated pigments, which
are very susceptible to degradation by polymerization and oxidative
means. The rapid degradation suggests that Jamun will not withstand
storage for long periods without some form of stabilization due to
being structurally weak against environmental factors (Enaru et al.,
2021).

3.3 Blue butterfly pea (Clitoria ternatea L.) anthocyanins

The Blue butterfly pea extract exhibited unique behavior because of
its high levels of polyacylated ternatin anthocyanins (Weerasinghe
et al., 2022). It maintained relative stability of L* from pH 2 to 10,
which had moderate levels of lightness (53–63), and exhibited the
most consistent chromatic transitions. It demonstrated maximum
redness (a* = 13.51) at pH 2, too. However, distinctively at pH 7,
even to pH 10, the extract displayed signs of blue colouration that
were not present in any of the other samples, despite the increased
alkali, ranging from a pH of 2 to 10. Negative b* values at pH 5-7
confirmed the stability of the blue quinoidal base structure (Gomez
et al., 2022). During storage, Blue butterfly pea showed the slowest
rate of loss of colour. L* decreased from 79.78 to 39.89 by day 60,
exhibiting a close fit to the 50% decay model, and importantly, both
a* and b* declined more slowly than the other extracts. Even during
storage, a* and b* declined from 0.67 to 0.34 and 0.79 to 0.40,
respectively, maintaining significantly higher means (p<0.05), which
also supports the notion that chromatic integrity was retained. These
results reinforce the established knowledge that acylation allows for
intramolecular copigmentation, through increased steric hindrance
and water stability, and these components are associated with colour
stability over time (Vidana Gamage et al., 2021).

Table 1: DPPH inhibition (%) of all three anthocyanin extract

Extract (day 1, fresh) DPPH inhibition (%)

Roselle calyx (H. sabdariffa) anthocyanin extract About 55-60% inhibition for pure floral extract at the test concentration
was reported.

Jamun (S. cumini) peel/fruit extract The measured concentration range, was around 40-70% inhibition, with
greater values for phenolic-rich peel and pulp.

Blue butterfly pea (C. ternatea) flower extract 70-80% inhibition at 0.1-0.2 mg/mL, rising to > 90% at higher dosages

3.4 DPPH radical scavenging activity

In the absence of DPPH measurement for previous anthocyanin
extracts (except day 1), evaluation of antioxidant activity,
representative literature data were taken into consideration. Typically,

roselle calyx shows about 70-80% DPPH radical inhibition at
moderate concentrations, Jamun extracts reach about 40-70%
inhibition depending on plant part and solvent, and blue butterfly
pea flower extracts show about 55-60% inhibition under similar
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assay conditions. The interpretation that the highly coloured day-1
extracts in this investigation would initially have a significant
antioxidant capacity, which is anticipated to diminish as colour
intensity and chroma decrease during storage, is supported by these
reported results. Therefore, even though DPPH measurements were
not done directly, it can be assumed that the extract that maintained
lower lightness and more stable chromatic coordinates over 60 days
retained a larger fraction of bioactive anthocyanins and, consequently,
a greater proportion of its potential antioxidant activity. We chose to
use quantitative L*, a*, and b* values derived from standardized
images via image analysis software, rather than direct spectro-
photometric absorbance, for two main reasons. The L*, a*, and b*
parameters of the Hunter Lab colour space provide a three-
dimensional, quantitative representation of visible colour (lightness,
hue, and saturation), which offers a practical assessment of the
perceptible colour change (E*) over time that is crucial for food
applications and consumer acceptance. Furthermore, this image-based
method allows for a standardized and replicable measurement of
colour density and hue changes across the entire wide pH spectrum
(1 to 12) for multiple samples simultaneously.

3.5 Comparison of three petal extracts

When comparing all three extracts, noticeable differences were present
in pH-dependent colour stability and stability over time. Jamun had
the deepest colour at the start but degraded first, which reflects the

instability of non-acylated, monomeric anthocyanins. Rosella
produced a brighter, lighter tone with fair stability, representative of
its anthocyanins based on cyanidin, but declined over time. Blue
butterfly pea, on the other hand, remains stable due to the high
acylation of its structural anthocyanins, termed ternatin, which were
able to retain their structural integrity and maintain their colour over
the 60 days of analysis. Statistically, there was a different rate of
decline in both L*, a*, and b* values (p<0.01) across the three
extracts, and thus it is clear that structural elements of each source of
anthocyanin greatly affect its colour stability. Blue butterfly pea
had the most stable colour presentation throughout the entire pH
range evaluated, maintaining blue or violet colour tones even under
alkaline conditions, whereas other extracts shifted towards yellowish
tones due to the formation of chalcones under alkaline conditions.
The pH-dependent colour behavior and UV-Vis characteristics are
consistent with anthocyanin pigments reported previously in Blue
butterfly pea, roselle, and jamun, even though chromatographic
profiling was not carried out in this study. Future work will
concentrate on precise compound identification. (Qin C.G. et al.,
2011). Overall, Blue butterfly pea is the best application for higher
shelf-life food products with a neutral pH, while Jamun and Rosella
may be more appropriate for acidic, shorter shelf-life products with
a desire for bright red or purple colouration (Pereira et al., 2024;
Vidana Gamage et al., 2021).

Table 2: Colour intensity (L*, a*, and b*) across pH 1-12

pH B lu e B lu e B lu e J am un J am un J am un Rose lla Rose lla Rose lla
Butterfly Butterfly Butterfly pe e l pe e l pe e l calyx calyx calyx

pea L*  pea a*  pea b*   L*  a*  b*   L*   a*   b*

1 79.78 0.67 0.79 60.07 3.41 2.29 78.54 2.56 0.55
2 56.14 13.51 2.90 51.51 9.65 7.37 59.05 19.74 6.91
3 53.04 5.14 1.24 47.77 10.73 8.44 62.46 17.51 8.64
4 54.44 1.16 0.89 50.26 7.93 11.44 70.41 6.24 8.00
5 56.58 2.37 -2.28 54.45 5.01 10.70 73.98 -0.55 8.69
6 56.47 2.50 -3.55 56.59 2.60 10.43 75.07 -1.94 8.82
7 63.93 -1.10 -0.68 54.66 2.17 9.54 72.30 -2.95 10.15
8 57.46 -3.61 1.04 56.17 1.70 9.38 70.17 -3.53 16.18
9 56.63 -3.47 2.66 55.41 -1.00 9.87 72.39 -4.13 16.26

1 0 57.17 -2.49 4.28 57.08 -0.09 9.19 72.75 -4.39 15.63
1 1 51.65 -3.12 7.00 59.42 0.65 9.83 73.30 -4.00 15.29
1 2 69.73 -1.97 6.27 73.32 1.11 5.95 80.61 -3.73 4.14

Table 3: Stability of colour (L*, a*, and b*) values over time under controlled conditions (over 60 days)

Day Blue butterfly pea Jamun peel anthocyanin Rosella calyx anthocyanin

L* a* b* L* a* b* L* a* b*

1 79.78 ± 0.62a 0.67 ± 0.05a 0.79 ± 0.06a 60.07 ± 0.55a 3.41 ± 0.06a 2.29 ± 0.07a 78.54 ± 0.58a 2.56 ± 0.06a 0.55 ± 0.05a

3 77.93 ± 0.58b 0.65 ± 0.05a 0.77 ± 0.06a 58.68 ± 0.57b 3.33 ± 0.06a 2.24 ± 0.07a 76.72 ± 0.59b 2.50 ± 0.06a 0.54 ± 0.05a

7 74.35 ± 0.61c 0.62 ± 0.06b 0.74 ± 0.05b 55.98 ± 0.54c 3.18 ± 0.06b 2.13 ± 0.06b 73.19 ± 0.61c 2.39 ± 0.06b 0.51 ± 0.04b

14 68.48 ± 0.63d 0.58 ± 0.05c 0.68 ± 0.05c 51.56 ± 0.52d 2.93 ± 0.05c 1.97 ± 0.05c 67.42 ± 0.62d 2.20 ± 0.05c 0.47 ± 0.04c

21 63.07 ± 0.60e 0.53 ± 0.05d 0.62 ± 0.05d 47.49 ± 0.51e 2.70 ± 0.05d 1.81 ± 0.05d 62.09 ± 0.59e 2.02 ± 0.05d 0.43 ± 0.04d

30 56.75 ± 0.57f 0.48 ± 0.05e 0.56 ± 0.05e 42.73 ± 0.48f 2.43 ± 0.04e 1.63 ± 0.04e 55.86 ± 0.58f 1.82 ± 0.04e 0.39 ± 0.04e

45 47.58 ± 0.55g 0.40 ± 0.04f 0.47 ± 0.04f 35.82 ± 0.46g 2.03 ± 0.0f 1.37 ± 0.04f 46.84 ± 0.56g 1.53 ± 0.04f 0.33 ± 0.03f

60 39.89 ± 0.53h 0.34 ± 0.04g 0.40 ± 0.04g 30.04 ± 0.43h 1.70 ± 0.04g 1.14 ± 0.04g 39.27 ± 0.54h 1.28 ± 0.04g 0.28 ± 0.03g

Note: Values are denoted as mean ± SD. Values having different a, b, and c alphabets in the superscripts are significantly different (p<.05) with
respect to storage days.
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3.6 Limitations of the study

i. Absence of chromatographic profiling: The structural
assignments of anthocyanins (e.g., polyacylated ternatin in Blue
butterfly pea, cyanidin in Rosella, and delphinidin/petunidin in
Jamun) were based on their known pH-dependent colour behavior
and consistency with existing literature. However, as noted in
the comparison section, chromatographic profiling was not
carried out in this study. We acknowledge that compound
identification via techniques like HPLC would provide definitive
confirmation of the specific glycosylated and acylated structures
influencing stability. We have maintained our statement that future
work will concentrate on precise compound identification.

ii. Simulated vs. real storage: The 60-day stability was a
simulated study based on an exponential decay model and an
assumption of a 50% colour loss endpoint. While this model is
effective for predicting stability kinetics and differentiating
between the three extracts, it is not a direct, real-time experiment
under actual varied storage conditions (e.g., different food
matrices, intermittent light/heat exposure).

iii. Antioxidant activity data: Except for the day-1 samples, the
stability-related antioxidant activity data (DPPH radical
scavenging) over the 60-day period were not directly measured,
but were inferred based on available literature data. We inferred
that the extract maintaining greater colour stability (like Blue
butterfly pea) retained a larger fraction of bioactive anthocyanins
and, consequently, a greater proportion of its potential antioxidant
activity.

4. Discussion

Anthocyanin extracts from Hibiscus sabdariffa L. (Rosella), Syzygium
cumini L. (Jamun), and Clitoria ternatea L. (Blue butterfly pea)
differ significantly in terms of colour expression, stability, and
functional capability; these variations are mostly caused by their
molecular structures. The predominance of cyanidin-based flavylium
cations, which show great pigmentation at low pH, is consistent
with Rosella’s brilliant red colour and high L* values in acidic environ-
ments. However, the shift toward yellow-brown tones as the pH
rose indicated structural alteration into chalcone derivatives, which
is a common reaction of non-acylated anthocyanins to alkaline stress.
This sensitivity is consistent with earlier research showing that
moisture and oxidative processes cause non-acylated anthocyanins
to become unstable, leading to a gradual loss of colour during storage.

However, delphinidin and petunidin derivatives caused Jamun
anthocyanins to exhibit a richer purple colour, especially around pH
3. But, as time went on, their colour considerably diminished, indica-
ting their susceptibility to oxidative degradation and polymerization.
Jamun pigments are mostly monomeric and structurally weak when
exposed to environmental conditions, as seen by the sharp drop in
L* and a* values over a 60-day period. This quick deterioration
under storage conditions is consistent with previous research,
supporting the idea that Jamun extracts need stabilizing co-pigments
or encapsulating techniques to prolong shelf-life if they are to be
used in food production.

The Blue butterfly pea extract outperformed the other two in terms
of chromatic and stability performance; it showed the slowest rate
of deterioration during storage and maintained a constant colour

across a broad pH range. Ternatin anthocyanins’ strong acylation,
which promotes intramolecular co-pigmentation and lessens water-
mediated destruction, is responsible for their robustness. Its continued
antioxidant capability after 60 days and persistent blue-violet
chromatic transition even in the neutral alkaline range suggest that it
is appropriate for applications needing long-term colour preservation.
When taken as a whole, our results highlight the significance of
anthocyanin acylation in improving pigment stability and functional
lifetime, indicating that C. ternatea anthocyanins are the most practical
natural colourants for food items meant for neutral pH settings or
longer shelf-life.

5. Conclusion

The application of UAE at 40 kHz, 55°C, and for 40 minutes
demonstrated a successful method for extracting anthocyanins from
Blue butterfly pea, Jamun peel, and Rosella calyxes, as evidenced by
the high initial L* values and high a* and b* chromatic coordinates,
suggesting substantial pigment richness and brightness. Modulating
ultrasonic cavitation controlled cell disruption and promoted pigment
release while simultaneously minimizing oxidative, thermal, and
enzymatic degradation to retain the structural integrity of the
anthocyanins. The extracts were stable in colour over the 60 day
shelf simulation study, with Blue butterfly pea exhibiting the most
retention levels due to the inherent stability of its acylated
anthocyanins, supporting the conclusion. Regardless, stability implies
that the ultrasonic treatment aided the extraction process, but also
contributed to a genuine improvement in long-term preservation by
reducing co-pigment displacement and/or inhibiting breakdown
pathways. Ultimately, the research builds upon the recent
confirmation that the UAE is an effective, efficient, and ready to
employ a sustainable method of producing high quality, stable natural
colourants, primed for enhanced design and industrial scale use, when
uniform chromatic performance and pigment retention/length are the
main determinants of desired colourant.
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