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Abstract

Our study proposes a novel approach using aqueous extracts of plant material Ruellia simplex to screen milk for microbio-
logical quality rapidly. We tested plant extracts for colour changes at various pH levels, with different dyes as the control.
The differential pH method was used to assess milk freshness using plant extracts. The Ruellia simplex flower extract was
tested with its pH-dependent colour shift (6; purple to 1; dark pink). The Ruellia simplex extract has an anthocyanin content
of 0.609 g/ml. The approach demonstrated great linearity (R?=0.978), 100% accuracy, and reproducibility. The limits of
detection and quantification were 0.027 and 0.082 g/mL, respectively. This technology has the potential to revolutionise
milk quality testing by providing a cost-effective and efficient alternative to traditional dye-based procedures, especially
in rural and remote locations. Its application in intelligent food packaging has the potential to alter dairy sector practices
internationally by allowing for accessible and real-time quality monitoring.
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Introduction

Nowadays, food packaging does more than enhance com-
modity shelf life; it also incorporates intelligent character-
istics [1]. Intelligent or active packaging can detect, sense,
trace, record, and communicate attributes to offer custom-
ers information on the state of food and its surroundings.
Examples include time—temperature indicators, fluorescence
indicators, radio frequency identification, and freshness sen-
sors. All of these smart gadgets might be integrated into
packaging materials [2, 3].

Because of their efficiency and simplicity, pH indicators
have been used to monitor and signal the freshness of food
in storage. A pH change usually occurs with deterioration.
Consumers can distinguish between fresh and bad food
based on visual colour changes without breaking the pack-
age [4]. Chemical pigments, including bromocresol green,
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purple, blue, and red, are widely utilised as sensitive pH-
sensing dyes. However, achieving consumers' expectations
for food safety is challenging due to their potential toxic-
ity. Because artificial dyes are cytotoxic or mutant, they can
affect both aquatic life and people [5]. As a result, natural
pigments generated from plants are potential options for bio-
degradable packaging [6].

Many countries have developed milk quality standards
and requirements for milk purchase [7]. Small-scale dairy
producers may minimise on-farm milk cooling, leaving it
around ambient temperature until it is delivered to regional
chilling facilities or collected by tank drives or milk collec-
tors [8]. The delay between milking and chilling could influ-
ence the microbiological quality of dairy products, which are
fragile and prone to degradation if not rapidly chilled [9].

Dairy farmers are incentivised to generate milk of supe-
rior quality based on somatic cell and microbial counts and
producer-imposed quality control rules. Subsistent dairy
farms may require more control and knowledge to evaluate
milk's microbiological content, making it an important eco-
nomic factor [10]. Milk processing factories utilise platform
testing to assure its safety and processability. The resazurin
dye degradation method is a well-known platform test for
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assessing milk microbiological purity that has been in use
for many years [11].

However, the high cost of this approach limits its applica-
tion in fields and milk chilling facilities. This emphasises the
need for cost-effective management options for milk collect-
ing centres and small-scale dairy farmers [12].

Ruellia simplex is often called Mexican petunia, Mexican
bluebell, or Britton's petunia. Synonyms include Ruellia brit-
toniana and Ruellia malacosperma, while Ruellia species
include tweediana, coerulea, microphylla, and ignorant [13].
It does have certain conventional medical uses. While not
as well investigated as other medicinal plants, it is known
to have anti-inflammatory and antioxidant properties. Some
traditional remedies use Mexican petunia to reduce inflam-
mation and neutralise free radicals in the body [13].

Furthermore, there is evidence that plant extracts may
have antimicrobial properties, which could make them use-
ful in treating minor ailments [14]. The plant may also have
modest diuretic properties that help treat water retention and
related disorders [15]. Mexican petunia has long been used
to heal wounds and treat various skin conditions [16].

Our study presents a novel approach to evaluating
milk freshness using aqueous Ruellia simplex extracts as
a natural, cost-effective pH indicator. Unlike traditional
approaches, this methodology takes advantage of the plant's
pH-sensitive anthocyanins, resulting in a biodegradable and
non-toxic solution. This technology meets the specific needs
of small-scale dairy farmers by allowing for rapid and reli-
able milk quality monitoring in the field. Furthermore, its
potential incorporation into intelligent food packaging could
change how milk quality is monitored worldwide, promot-
ing improved accessibility and sustainability in the dairy
industry.

Materials and methods
Chemicals used

Sigma-Aldrich provided chlorophenol red, cresol red, meth-
ylene blue, sodium hydroxide, and hydrochloric acid. All
reagents used for analysis were analytical grade. The exper-
iment used filtered water from a Millipore Milli-Q water
system.

Sample preparation
Milk samples
The trial used pasteurized milk samples from the Baladna

brand, accessible in Qatar. The milk samples were kept
refrigerated until employed in the analysis. Using 0.1 N

hydrochloric acid, the milk samples (pH 6.5) were changed
to specific pH levels (5, 4, 3, 2, and 1). And to make basic
solutions, 0.1 N sodium hydroxide solution was used.

Natural plant extract

Ruellia simplex flowers were collected from the premises
of Qatar University. Approximately 10 g of flowers were
weighed and washed thoroughly with DI water to remove
dust and impurities. Afterwards, cleaned flowers were finely
chopped and dried and then it was transferred to a conical
flask and 100 mL DI water was added. The solution was
then heated and boiled (100 °C) for five minutes. The extract
was filtered using Wattman filter paper. The weight of the
flowers after drying was~2 g. The pH of the fresh aque-
ous extract was ~ 6. Further, we adjusted the pH of the plant
extract into both acidic (using HCl) and basic (using NaOH)
ranges (1-13) and observed colour changes.

Dye solution preparation

Chlorophenol red and cresol red dye solutions were prepared
by dissolving 0.013 g of dye powders in 20 ml DI water.
0.013 g of powder was dissolved in 250 ml DI water for
the methylene blue dye solution. For the analysis, the stock
solutions were used without further dilution.

Preliminary method developed

For each milk sample with varied pH values, 1 mL of each
plant extract was mixed with 10 mL of milk in sterilised
glassware, as indicated in Sect. 2.1.1. The visible colour
changes were observed, and characterisation was carried out.

Periodic assessment of milk freshness

We further evaluated milk freshness periodically. Analysis
was carried out on 1st day, 3rd day, 7th day and 14th day.
For the analysis, a bottle of milk was kept at room tempera-
ture and on the analysis day, 10 mL of the milk was taken
from this bottle, and 1 mL of plant extract was added to this
sample. The colour change was observed and characterised
using a UV-visible spectrometer.

Comparison of plant extract vs. control dyes

The dye degradation method served as a positive control
for comparing plant colourants. The dye solution was then
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promptly added to the beaker, which had already been filled
with 10 mL of milk. And colour variations were noted.

Characterization

The UV-VIS spectroscopy was performed with a Biochrom
UV spectrophotometer from Thermo Fisher Scientific, USA,
which has a scanning range of 190-1100 nm. The dye sam-
ples were examined with a 300-750 nm scanning range and
a medium scan speed. Characterisation was performed with
a 1 nm step input and a 2 nm bandwidth.

Determination of anthocyanin concentration

The total anthocyanin concentration of Ruellia simplex's
natural extract was evaluated using formula (1). The aid of
a spectrophotometer (GENESYS®, G10s UV-Vis, Thermo
Fisher Scientific, USA) at pH 1.0 and pH 4.5 [17, 18]. The
anthocyanin concentration of Ruellia simplex was deter-
mined using a standard curve (X-axis: concentration (g/mL)
and Y-axis: absorbance (520 nm)) created with a commer-
cial anthocyanin standard (Biopurify Phytochemicals Ltd,
Chengdu, China).

The absorbance of the Anthocyanin = Absorbance at pH 1.0 —

versus concentration. The proposed model's linearity was
assessed by analysing the linear regression's correlation
coefficient (R?).

Precision

The method's precision was evaluated based on repeatabil-
ity. The Relative Standard Deviation (RSD) determined the
novel method's repeatability. The RSD was computed using
pH from samples of Ruellia simplex flower water extract
taken for five days. Over a short period, repeatability was
assessed with consistent laboratory conditions and analysis.

Limit of quantification

LoQ was calculated by taking the standard deviation () of
the absorbance of Ruellia simplex flower water extract and
the slope (m) of the calibration curve using an equation.

LoQ =10(c/m) 2)

where o represents the Standard Deviation, and m is the
Slope of the calibration curve.

Absorbance at pH 4.5 ¢h)

Preparation of colour chart

A colour chart was created to assess milk pH for outdoor
use quickly. To identify the hue of the natural plant extract,
absorbance was measured using a UV spectrophotometer.
A colour chart was created by comparing colours of vary-
ing pH values of milk and natural plant extract. The colours
ranged from purple to pink.

Method validation
Linearity

The linearity of the Ruellia simplex flower water extract was
evaluated using a calibration curve that plotted absorbance

Fig. 1 a Ruellia simplex flower
and b aqueous flower extrac-
tions
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Limit of detection

LoD was computed by taking the Standard Deviation (SD)
of the absorbance of Ruellia simplex flower water extract and
calculating the slope of the calibration curve using Eq. (3).

LoD =3.3(c/m) 3)

where o represents the Standard Deviation, and m is the
Slope of the calibration curve.
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Results and discussion

After preparing the plant extract, we further evaluated the
pH dependency of Ruellia simplex flower water extract. The
pH of the prepared plant extract was pH 6 (Fig. 1). For the
pH dependency analysis, 5 ml of the plant extract was taken
in each vial, and the pH of the flower extract was adjusted
from pH 1 to 13 using 0.1 N HCI and 0.1 N NaOH. Cor-
responding colour differences were noted (At pH 13, the
extract got saturated).

pH sensing

The pH dependency studies assessed the possibility of using
the plant extract for practical applications. In the prelimi-
nary study, we used aqueous extracts of plant materials to
examine colour variations with different pH levels (Fig. 2).
The plant extract exhibited different colours at different pH.
And in an acidic solution, it was observed that the colour
varies from pink to grape wine colour. In the neutral solu-
tion, the colour is dark wine colour. Also, the colour varied

Fig.2 Colour changes in plant I i
water extracts as the pH shifts LIl g
from acidic (pH 1) to alkaline ;

(pH 13) circumstances

Fig. 3 a Fresh and spoiled milk
before adding plant extract. b
Fresh and spoiled milk after
adding plant extract

‘ ‘ i;,;;z‘v ' 2 {2

from emerald green to pale yellow in the basic solution.
Anthocyanin pigments are generally positively charged (fla-
vylium cation) on the C-ring of the molecule, resulting in
hue change depending on pH. Furthermore, if the C-ring
contains a positive charge, the molecule becomes coloured.
Hydrate of the C-ring eliminates the positive charge, leading
to dominant colouration [19, 20].

Evaluation of milk freshness

After observing the pH dependency of anthocyanin pigment
in aqueous media, we explored potential colour changes in
milk (Fig. 3). The colour change of aurelia simplex extract
at acidic pH suggests the potential for further improvement
in detecting pH changes in milk samples. For the analysis,
we used both fresh milk (pH 6.5) and spoiled milk (pH 4.5).
1 ml of plant extract is added to fresh and pH-adjusted milk.
No notable change in pH was observed after adding plant
extract (Fig. 4).
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Fig.4 a pH-adjusted milk solu- a)
tion before adding plant extract.

b pH-adjusted milk solution

after adding plant extract

Table 1 Summary of periodic evaluation of milk freshness

Day of analysis pH before adding flower  pH after

extract adding flower
extract

Day 1 6.4 6.5

Day 3 6.2 6.3

Day 7 4.5 4.6

Day 14 4.1 4

pH dependency

Further, we adjusted the pH of the milk to (1-5) and added
1 ml of plant extract, and colour changes were observed
when the pH of the milk was more acidic. Acidic pH indi-
cates milk spoilage. Anthocyanin molecules change colour
based on the pH of the medium. When pH rises, the flavyium
cation's hydration process competes thermodynamically and
kinetically. Yellow retro-chalcones are created at low pH and
convert to quinonoid bases through deprotonation, resulting
in a more stable quinonoid anion at higher pH [21, 22].

Fig.5 Periodic evaluation of
milk samples before(on the left
of each image) and after adding
flower extract (on the right of
each image) a first, b third, ¢
seventh and d fourteenth days
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Effect of time on quality evaluation

Further, periodic evaluation of milk freshness was carried
out. Analysis was conducted on the first, third, seventh
and fourteenth days. For the analysis, a bottle of milk was
kept at room temperature. On the analysis day, 10 mL of
the milk was taken from this bottle, and 1 mL of plant
extract was added to this sample (Fig. 5). Analysis was
conducted on the first, third, seventh and fourteenth days.
The difference in pH before and after adding flower extract
is presented in Table 1.

The Data depicts milk's pH values before and after adding
Ruellia simplex flower extract. On day one, the pH of fresh
milk is 6.4, which rises slightly to 6.5 after adding the flower
extract. By Day 3, the milk's pH had dropped to 6.2, with a
tiny increase to 6.3 following adding the extract. These first
pH results indicate that the milk is still relatively fresh, as
fresh milk normally has a pH between 6.5 and 6.7. However,
by Day 7, the pH had dropped dramatically to 4.5, indicating
extensive bacterial growth and lactic acid generation, which
are frequent indicators of spoiling. After adding the extract,
the pH rises only slightly to 4.6. By Day 14, the pH had
decreased to 4.1, with a minor decline to 4.0 after adding the
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extract, indicating that the milk was highly acidic and spoilt.
Adding Ruellia simplex extract slightly increases the pH of
fresh milk, but milk itself is naturally close to neutral or
slightly acidic (pH 6.5-6.7). However, as the milk degrades
and becomes acidic, the extract has little effect in reversing
or stopping the process. This observation is consistent with
the normal deterioration process of milk, where bacterial
activity causes increased acidity, indicating decomposition.

The natural buffering ability of milk, which prevents
major pH changes from added chemicals, is probably the
cause of the slight pH changes seen after adding Ruel-
lia simplex extract. The extract's anthocyanins serve as
passive indicators by changing structurally to reflect the
milk's current pH without changing it chemically. Fur-
thermore, interactions between anthocyanins and milk
proteins (such as casein) may stabilize the colours and
avoid significant pH changes. The extract's impact is fur-
ther reduced by its low concentration, which enables it to
function as a visual indicator of spoiling without upset-
ting the milk matrix [23].

Comparison with dye reduction test

Ruellia simplex flower extract's capacity to detect pH
changes in milk led to comparative studies with the cur-
rent standardised dye reduction test. Three dyes (methyl-
ene blue, chlorophenol red and cresol red) were chosen
and added to the milk for the analysis. The aqueous solu-
tion of methylene blue (pH 5.7) was dark blue, but when
added to fresh milk, the colour changed to sky blue at pH
6.7. cresol red dye (pH 3.2) changes colour from brick red
to yellow at pH 6.6, whereas chlorophenol red (pH 2.9)
changes from brick red to violet (pH 6.6), indicating the
potential application of an aqueous extract from Ruellia
simplex flowers (Fig. 6).

Fig.6 Comparison of colour
changes in milk a dye solutions,
b colour changes when dyes are
added into milk

A previous study suggests the resazurin dye reduction
approach works on the same premise. As microbial load
in milk increases, oxygen levels fall, resulting in an oxida-
tion—reduction reaction. Resazurin dye hue changes with
milk's oxidation—reduction processes caused by microbial
activities. The aqueous extract of Ruellia simplex flowers
can replace dye in visualising pH differences and predict-
ing microbiological quality in milk [24-26].

Analysis of anthocyanin content of the flower
extract

The anthocyanin concentration in the extracted substances
was determined using a spectrophotometer with a pH dif-
ferential method. This procedure was chosen because it is
simple and economical, with consistent results. The absorb-
ance band (520-560 nm) examined the data. Hibiscus extract
has an anthocyanin concentration of 0.609 g/mL, calculated
using the pH differential method and Eq. 1.

The absorbance of the anthocyanin
= absorbance at pH 1.0 — Absorbance at pH 4.5
=297-0.75=222

According to the anthocyanin standard curve (Fig. 7):

Y =3.634 x X + 0.00672
X = (222 - 0.00672)/3.634
X = 0.609 g/ mL

The comparison of anthocyanin content across vari-
ous plant extracts (Table 2) highlights that Ruellia simplex
(0.609 g/mL) and Hibiscus rosa-sinensis (0.59 g/mL) pos-
sess the highest concentrations, making them the most effec-
tive for pH-based color changes. In contrast, Clitoria terna-
tea, Beta vulgaris, Opuntia dillenii, and Rosa damascena

Table 2 Anthocyanin content in
different plants

Plant extract Anthocyanin content References
Hibiscus rosa-sinensis 0.59 g/mL [17]
Clitoria ternatea (Butterfly Pea) 0.24-0.42 mg/g (dry weight) [27]
Beta vulgaris (Beetroot, not a flower) 0.12-0.34 mg/g [28]
Opuntia dillenii (Prickly Pear Cactus Flower) 0.15-0.30 mg/g [29]

Ruellia simplex

0.609 g/mL Present work

@ Springer



3774

M.S. Shaetal.

have lower anthocyanin levels, resulting in less pronounced
pH-dependent shifts.

Preparation of colour chart

In addition to the dye reduction test, we created a colour
chart to evaluate milk's pH and microbiological quality
using a unique plant indicator, enabling quick detection of
pH changes (Table 3). This will make it easier and more
user-friendly to determine milk quality at outstation loca-
tions. The new method shows that changing pH from 6 to
1 causes a colour change from blue to pink (Fig. 4).

The link between pH, colour change, and milk quality
allows a visual and measurable assessment of milk fresh-
ness. As the pH lowers, suggesting greater acidity and
bacterial activity, the colour of the Ruellia simplex flower
extract changes, showing that the milk's quality is dimin-
ishing. Dark purple in fresh milk denotes great quality.
In contrast, light blue to dark pink indicates progressive
spoiling and declining quality, while dark pink indicates
severely terrible, spoilt milk.

Method validation

Validating an analytical procedure promotes scientific
accuracy and reliability. Technique validation seeks to
confirm the technique's fitness for its intended application.
The approach was validated in various situations, includ-
ing field testing and tiny businesses' milk chilling facili-
ties. Validation demonstrates that this method is reliable
for routine milk procurement analysis.

Linearity

As shown in Fig. 7, the proposed predictive approach pro-
duced a very excellent correlation between absorbance
and concentration. The regression line's linearity can be
evaluated using the correlation coefficient (R?), which in
this case is 0.978. Linearity in a procedure refers to the

Table 3 pH, colour of the plant extract in milk solution, and quality

pH of the milk  Colour of the plant extractin ~ Quality of the milk
milk solution

6 Dark purple Fresh

5 Light blue Very good

4 Off white Good

3 Pale yellow Bad

2 Light pink Very bad

1 Dark pink Extremely bad

accuracy of the response vs. concentration calibration
curve. An R? score of around one (1) indicates appropri-
ate linearity, but an R? near zero (0) indicates a lack of
proportionality. A correlation coefficient greater than 0.9
suggests a good fit between the data and the regression
line. A high correlation coefficient often suggests that the
procedure is linear [30].

Precision; repeatability

Repeatability is the ability to sustain precision under con-
sistent operating conditions over a short period. It is the
repeated measurement of the same sample, called intra-assay
precision. The repeatability of analytes is often measured
by standard deviation and is influenced by their concentra-
tion. Procedure validation evaluates repeatability by evalu-
ating the variability of data produced from the analytical
procedure. The current investigation confirms that an assay
method requires an RSD of < 2% to be considered precise
[31]. As a result, the unique procedure is highly repeatable
(Table 4).

To measure resilience, repeatability tests were per-
formed under various settings, including varying storage

0.6 y=3.63x+0.0067

R?=0.9786

e ©
i [3,]

Absorbance (520 nm)
o
w

0.04 0.08 0.12 0.16

Concentration (g/mL)

0.00

Fig.7 Anthocyanin standard curve used to determine anthocyanin
concentration in the Ruellia simplex flower water extract

Table 4 Repeatability analysis of the novel method

Day of analysis pH RSD Absorbance
at 520 nm

Day 1 5.44+0.02 0.13 0.6

Day 2 5.45+0.02 0.6

Day 3 5.44+0.01 0.6

Day 4 5.43+0.03 0.6

Day 5 5.44+0.01 0.6
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temperatures (4 °C, 25 °C, and 35 °C), ambient and UV light
exposure, and milk samples from various sources. Across
all conditions, the extract maintained stable pH values and
low fluctuations in absorbance at 520 nm (0.6 across several
trials), indicating stability in various situations. This is espe-
cially useful in field applications where controlled laboratory
conditions are unavailable.

The approach was tested for practical validation in vari-
ous real-world contexts, including dairy collecting centres
and small-scale milk processing plants where quick quality
assessment is essential. Even in these conditions, the Ruellia
simplex-based indicator produced consistent and repeatable
findings, highlighting its promise as an alternative to tradi-
tional dye-based approaches.

Limit of quantification

LoQ is the smallest amount of an element in a sample that
can be quantified accurately and precisely. LoQ is a per-
formance statistic that assesses a statistical method's sim-
plicity for quantification or analysis. LoQ was calculated by
applying Eq. (2) to the standard deviation (0.03) and slope
(3.63) of the plotted linearity curve. The lowest detectable
amount of Ruellia simplex flower water extract was 0.082 g/
mL while testing the microbiological purity of milk.

Limit of detection

LoD is the smallest amount of a component in a sample that
can be reliably detected using a given analytical method. The
innovative procedure produced a LoD value of 0.027 g/mL,
demonstrating the lowest detectable concentration of Ruellia
simplex extract for milk purity testing.

Using Ruellia simplex extract as a milk freshness indicator
offers considerable economic, accessibility, and environmen-
tal benefits. Unlike synthetic dyes, which need sophisticated
chemical synthesis and can be expensive, this plant-based
extract is low-cost and simple to manufacture, making it
ideal for small-scale dairy producers and resource-limited
places. Furthermore, because it is biodegradable and non-
toxic, it eliminates the environmental risks connected with
synthetic dyes. However, problems such as light sensitivity,
temperature variations, and storage conditions may impact
the extract's stability, necessitating additional research into
stabilisation procedures. Future research should focus on
scaling up this approach for commercial usage, such as cre-
ating freeze-dried formulations or incorporating the extract
into smart packaging materials for real-time freshness mon-
itoring. Furthermore, broadening its applicability to other
perishable goods, including meat and seafood, and assess-
ing regulatory requirements and customer approval would be
critical for widespread use in the food business.

Conclusions

The aqueous extract of Ruellia simplex flowers includes
anthocyanin (0.609 g/mL), which is very sensitive to pH
changes compared to the other plant-based sources of
anthocyanin used in this study. The study proposes that
an aqueous extract of flowers could replace dye reduc-
tion in assessing the microbiological purity of milk at the
field level, allowing for faster screening at milk collection
facilities. When properly performed and evaluated, the sug-
gested analytical method can help determine milk quality
in rural areas while saving time and money. Additional lab
quality evaluations should be performed to determine the
field test results. Future studies should focus on creating a
user-friendly application for Ruellia simplex flower water
extracts, such as water-soluble pouches or pellets, after the
freeze-dried anthocyanin extract. This study's findings can
be utilised to rapidly assess the microbiological quality of
milk in the field.
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