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Abstract- The replacement of synthetic dyes with natural
pigments in food packaging has gained significant
attention due to environmental and safety concerns. In
this study, pH-responsive colorimetric biobeads were
fabricated using betalain pigments extracted from
Gomphrena globosa (Globe Amaranth) flowers and
encapsulated within a sodium alginate—calcium chloride
hydrogel matrix. Betalains were extracted through
Soxhlet extraction using 75% ethanol, concentrated, and
characterized by UV-Visible spectroscopy, showing a
major absorption peak at 538 nm, confirming the
presence of betacyanin. The extract demonstrated pH-
dependent color transitions from deep pink in acidic
media to yellow in alkaline environments, confirming its
suitability as a natural pH indicator. The pigment was
successfully entrapped in calcium-crosslinked alginate
beads, producing uniform, magenta- colored spheres of
2.5-3.2 mm diameter. Phytochemical screening
confirmed the presence of betalains, phenols, and
alkaloids. The biobeads exhibited high stability under
dark, cool storage conditions and biodegraded naturally
within 15 days when buried in soil. When tested with
milk, fish, and meat samples, the beads displayed visible
color changes corresponding to spoilage stages, shifting
from pink (fresh) to yellow (spoiled). These results
demonstrate that G. globosa-based pH-responsive
biobeads provide a biodegradable, eco-friendly, and low-
cost solution for real-time food freshness monitoring and
intelligent packaging applications.
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1. INTRODUCTION
The increasing global demand for safe, sustainable,

and environmentally responsible food packaging
materials has encouraged the development of natural
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pigment-based sensing systems. Conventional
synthetic dyes used in foods and packaging pose
genotoxic, mutagenic, and ecological risks (Slimen et
al.,, 2017; Polturak & Aharoni, 2018). In contrast,
natural colorants such as betalains, anthocyanins, and
curcuminoids are biodegradable, non-toxic, and
exhibit strong bioactivity, making them ideal
candidates for smart packaging and freshness
indicators (Martins et al., 2024).

Betalains are water-soluble nitrogenous pigments
found primarily in the Amaranthaceae family. They
are divided into betacyanins (red-violet) and
betaxanthins (yellow-orange), both exhibiting strong
antioxidant and antimicrobial activities (Lavanya &
Thamaraiselvi, 2023). Gomphrena globosa L. (Globe
Amaranth), a widely cultivated ornamental plant, is
rich in betacyanin pigments such as gomphrenin-I,
offering bright coloration and biological functionality
(Roriz et al, 2017). However, betalains are highly
sensitive to pH, temperature, light, and oxygen, which
limits their industrial application (Chaari et al., 2024;
Majdinasab et al., 2018).

Encapsulation using biodegradable biopolymers like
sodium alginate enhances pigment stability and
enables pH- responsive color change suitable for
intelligent food packaging (Pawar & Edgar, 2012).
The present study aims to develop and characterize pH-
responsive colorimetric biobeads based on G. globosa
betalains entrapped within a sodium alginate—calcium
chloride matrix for real- time food freshness
monitoring.

II. MATERIALS AND METHODS

2.1 Materials
Fresh Gomphrena globosa flowers were obtained from
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local gardens. Analytical- grade sodium alginate,
calcium chloride, ethanol, HCI1, and NaOH were used.
Equipment included a Soxhlet extractor, tray dryer,
UV-Vis spectrophotometer, pH meter, and blender.

2.2 Sample Collection and Drying

Fresh flowers were cleaned with distilled water, air-
dried, and then oven-dried at 60°C for 24 h. The dried
material retained a deep magenta color, indicating
pigment stability. Dried petals were ground into a fine
powder and stored in airtight containers.

2.3 Extraction of Betalain Pigments

Ten grams of the powdered sample was extracted with
150 mL of 75% ethanol using Soxhlet extraction for
4-6 h. The extract was concentrated using a rotary
evaporator and stored in amber bottles at 4°C to
prevent photodegradation.

2.4 pH Measurement and Phytochemical Screening
The extract’s pH was recorded as 7.2 using a calibrated
digital pH meter. Qualitative tests confirmed the
presence of bioactive compounds:

Table 2.1. Qualitative Phytochemical Tests

Test Observation Inference

NaOH Pale yellow Indicates the presence of
coloration betalains

Test

FeCls Test | Blue-green Confirms the presence
coloration of phenolic compounds

Tannic Acid | Formation off Suggests the presence of|

Test precipitate (in| alkaloids and tannins
para form)

2.5 Preparation of Sodium Alginate—Calcium Chloride
Biobeads

A 4% (w/v) sodium alginate solution was prepared and
mixed with the pigment extract for uniform
dispersion. The mixture was dropped slowly into 2%
(w/v) calcium chloride solution under stirring. The
calcium ions crosslinked the alginate via the “egg-
box” mechanism, forming hydrogel beads. The beads
were hardened for 15-20 min, rinsed, and air-dried.

2.6 Spectrophotometric Analysis

UV-Vis absorption spectra were recorded from 350—
700 nm. The betalain extract exhibited a strong
absorption peak at 538 nm, characteristic of
betacyanin.
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2.7 pH-Responsiveness and Stability Tests

Color transitions were recorded across pH 3-9 using
buffer solutions. Bead stability was assessed under
light, dark, and refrigerated conditions over 30 days.
Biodegradability was tested by burying beads in moist
soil for 15 days.

2.8 Application in Food Freshness Detection

The biobeads were placed in proximity to milk, fish,
and meat samples at ambient temperature. Color
changes were monitored visually during storage to
evaluate spoilage detection capability.

III. RESULTS AND DISCUSSION

3.1 Collection and Preparation of Raw Material

Fresh Gomphrena globosa flowers were collected,
cleaned, and dried at 60°C for 24 hours. The dried
flowers showed a deep magenta color, indicating
good pigment retention and suitability for extraction.

Figure 3.1 Collected flowers
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3.2 Grinding and Sample Preparation

The dried Gomphrena globosa flowers were finely
ground using a blender to increase surface area for
efficient extraction. About 10 gm of the powdered
sample was accurately weighed for bioactive
compound extraction, ensuring uniformity and
consistency in the extraction process.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8536



© April 2026] IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

Figure 3.3 Powder flower

3.3 Extraction and Pigment Characterization

Soxhlet extraction with hydroethanolic solvent
yielded a bright violet-pink pigment, confirming
efficient betalain recovery. The UV-Vis spectrum
displayed a maximum absorbance at 538 nm (1.624
A.U.), validating the presence of betacyanin, the
dominant betalain component (Calva-Estrada et al.,
2022).
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Figure 3.4 Extraction of Pigment using a Soxhlet
apparatus

Figure 3.5 Extracted pigment

Table 3.1 UV—Vis Analysis of Gomphrena globosa
Pigment
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Test Observation Compound
Confirmed
NaOH test | Pale yellow Betalains
FeCls test Blue-green Phenolic
compounds
Tannic acid | Precipitate Alkaloids
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Figure 3.6 UV—Vis Analysis of Gomphrena globosa
Pigment

3.4 Phytochemical Composition

Qualitative tests confirmed betalains, phenolic
compounds, and alkaloids aligning with previous
findings that G. globosa contains antioxidant and
antimicrobial phytochemicals contributing to its
stability and bioactivity (Lavanya et al., 2023).

Table 3.2 Phytochemical profile of G. globosa extract

Wavelength (nm) | Observed Absorbance (AU)
420 nm 0.472
480 nm 0.856
538 nm 1.624
600 nm 0.312

Figure 3.7 Phytochemical Analysis of Gomphrena
globosa Extract
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3.5 Formation of Sodium Alginate— Calcium Chloride
Bio beads

Cross-linking between alginate chains and Ca?* ions
formed uniform spherical hydrogel beads (2.5-3.2
mm diameter) with vivid pink coloration. The beads
exhibited good mechanical integrity and minimal
pigment leaching, confirming successful

encapsulation. Similar crosslinking behavior has been
reported by Mohammadalinejhad et al. (2024) in
anthocyanin-based indicator beads.

Figure 3.8 Crosslinking of beads

Figure 3.9 Beads formation

3.6 pH-Responsive Colorimetric Behaviour

The bio beads displayed distinct colour changes
(Table 2) with increasing pH deep pink (pH 3-5) to
light pink/violet (pH 6-7.5) to yellow-orange (pH 8—
9). This reversible color transition results from
protonation and deprotonation of chromophoric
groups within the betalain molecule (Calva-Estrada e?
al., 2022). Such responsiveness enables rapid, visible
detection of food spoilage, as microbial metabolism
raises pH through ammonia and amine release.

Table 3.3 pH-dependent color variation of bio beads

pH Range Observed Color
3.0-5.0 Deep Pink
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6.0-7.5 Light Pink to Violet
8.0-9.0 Yellowish Orange

Figure 3.10 pH-Responsive Behaviour of Bio beads

3.7 Stability and Biodegradability

The biobeads maintained color stability for 30 days
under dark refrigeration, while mild fading occurred
under light exposure. Biodegradability was evident
after 15 days in soil, with visible disintegration and
weight loss. These properties confirm environmental
safety and suitability for

eco-friendly packaging applications.

3.8 Application in Food Freshness Monitoring

When applied to perishable foods, the biobeads
effectively indicated spoilage through visible color
shifts. In fish and meat samples, the beads remained
pink during freshness and turned yellow upon
spoilage, correlating with pH increase from microbial
decomposition. This finding is consistent with prior
studies employing anthocyanin- based indicators for
similar applications (Ahmad et al, 2019;
Mohammadalinejhad et al., 2024).

Overall, the G. globosa biobeads demonstrated
reproducible colorimetric behavior, good storage
stability, and rapid visual response to spoilage-related
pH changes key features for practical intelligent
packaging systems.

Figure 3.11 Freshness detection in fish
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Figure 3.12 Spoilage detection in fish

IV. CONCLUSION

This study successfully formulated pH- responsive
colorimetric biobeads using betalain pigments
extracted  from Gomphrena globosa flowers,
encapsulated within a sodium alginate—calcium
chloride hydrogel matrix. The biobeads exhibited
clear pH-dependent color transitions, high stability
under dark conditions, biodegradability, and strong
performance in real-time food freshness detection.
These results establish G. globosa betalains as
promising natural alternatives to synthetic indicators,
offering an eco-friendly, non- toxic, and cost-
effective approach to intelligent food packaging and
spoilage monitoring.

REFERENCES

[1] Ahmad, N. A, et al. (2019). A Colorimetric pH
Sensor Based on Clitoria sp and Brassica sp for
Monitoring of Food  Spoilage  Using
Chromametry. Sensors, 19(4813).

[2] Amit, S.K.; Uddin, M.M.; Rahman,R.; Islam,
S.M.R.; Khan, M.S. A review on mechanisms
and commercial aspects of food preservation and
processing. Agric. Food Secur. 2017, 6, 51.

[3] Alizadeh-Sani, M.; Mohammadian, E.; Rhim,
J.W.; Jafari, S.M. pH- sensitive (halochromic)
smart packaging films based on natural food
colorants for the monitoring of food quality and
safety. Trends Food Sci. Technol. 2020, 105, 93—
144.

[4] Bekhit, A.E.-D.A.; Giteru, S.G.; Holman,
B.W.B.; Hopkins, D.L. Total volatile basic
nitrogen and trimethylamine in muscle foods:
Potential formation pathways and effects on
human health. Compr. Rev. Food. Sci. Food Saf.
2021, 20, 3620-3666.

[5] Bkowska, A.; Kucharska, A.Z.; Oszmianski, J.
The effects of heating, UV irradiation, and

1JIRT 198030

storage on stability of the anthocyanin—
polyphenol copigment complex. Food Chem.
2003, 81, 349-355.

[6] Choi, I.; Lee, J.Y.; Lacroix, M.; Han, J.
Intelligent pH indicator film composed of
agar/potato starch and anthocyanin extracts from
purple sweet potato. Food Chem. 2017, 218,
122-128.

[7] Calva-Estrada, S. J., et al. (2022). Betalains and
their applications in food: The current state of
processing, stability and future opportunities in
the industry. Food Chemistry: Molecular
Sciences, 4, 100089.

[8] Chen, H.-z.; Zhang, M.; Bhandari, B.; Yang, C.-
h. Novel pH-sensitive films containing curcumin
and anthocyanins to monitor fish freshness. Food
Hydrocoll. 2020, 100, 105438.

[9] Devarayan, K.; Kim, B.S. Reversible and
universal pH sensing cellulose nanofibers for
health monitor. Sens. Actuators B Chem. 2015,
209, 281-286.

[10]  El-Ashgar, N.M.; El-Basioni, A.l; EI-
Nahhal, I.M.; Zourob, S.M.; El-Agez, T.M.;
Taya, S.A. Sol-Gel Thin Films Immobilized with
Bromocresol Purple pH-Sensitive Indicator in
Presence of Surfactants. Anal. Chem. 2012,
60438911.

[11]  Ezati, P.; Tajik, H.; Moradi, M.; Molaei, R.
Intelligent pH-sensitive indicator based on
starch-cellulose and alizarin dye to track
freshness of rainbow trout fillet. Int. J. Biol.
Macromol. 2019, 132, 157-165.

[12] Fang, Y., et al. (2024). Advances in
Colorimetric and Fluorescent Biosensors for
Food Quality Monitoring. Biosensors, 15(349).

[13]  Floral parts of Gomphrena globosa L. as a
novel alternative source of Dbetacyanins:
Optimization of the extraction using response
surface methodology — Roriz C.L., Prieto Lage
M.A., Carvalho A.M., Morales P., Barros L.,
Ferreira I.C.F.R. LWT — Food Science and
Technology, 2017.

[14]  Ferreira, A.R.V.; Alves, V.D.; Coelhoso,
[.M. Polysaccharide- Based Membranes in Food
Packaging Applications. Membranes 2016, 6, 22.

[15]  Fleischmann, C.; Cheng, J.; Tabatabai, M.;
Ritter, H. Extended applicability of classical
phenolphthalein: Color changing polymeric
materials derived from pH-sensitive acrylated

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8539



© April 2026] IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002

phenolphthalein derivatives. Macromolecules
2012, 45, 5343-5346.

[16] Giusti, M.M.; Wrolstad, R.E. Acylated
anthocyanins from ediblesources and their
applications in food systems. Biochem. Eng. J.
2003, 14, 217-225.

[17]  Goodarzi, M.M.; Moradi, M.; Tajik, H.;
Forough, M.; Ezati, P.; Kuswandi, B.
Development of an easy-to-use colorimetric pH
label with starch and carrot anthocyanins for milk
shelf life assessment. Int. J. Biol. Macromol.
2020, 153, 240-247.

[18]  Hsieh, S.H.; Shen, M.Y.; Huang,Y.S.; He,
Q.Q.; Chen, H.C.Mechanical Properties of Glass
Bead-Modified Polymer composite. Polym.
Polym. Compos. 2018, 26, 35-44.

[19]  Ibrahim, U.K.; Muhammad, I.1.; Salleh, R.M.
The E ect of pH on Color Behavior of Brassica
oleracea Anthocyanin. J. Appl. Sci. 2011,
11,2406-2410.

[20] Kang, S.; Wang, H.; Xia, L.; Chen, M.; Li, L.;
Cheng, J.; Li, X.; Jiang,S. Colorimetric film
based on polyvinyl alcohol/okra mucilage
polysaccharide  incorporated  with  rose
anthocyanins for shrimp freshness monitoring.
Carbohydr. Polym. 2020, 229, 115402.

[21] Kerry, M.N.; O’Grady, S.A. Hogan, Past,
current and potential utilization of active and
intelligent packaging systems for meat and
muscle-based products: A review. Meat Sci.
2006, 74, 113-130.

[22] Liu, D.,etal. (2022). Recent Advances in pH-
Responsive Freshness Indicators Using Natural
Food Colorants to Monitor Food Freshness.
Foods, 11(1884).

[23] Mills, A.; Wild, L.; Chang, Q. Plastic
colorimetric film sensors for gaseous ammonia.
Mikrochim. Acta 1995, 121, 225-236.

[24] Mohammadalinejhad, S., et al. (2024). Novel
colorimetric indicators based on alginate
hydrogel beads containing anthocyanin for visual
freshness monitoring of shrimp and minced
chicken. LWT - Food Science and Technology,
199, 116127.

[25] Nopwinyuwong, A.;  Trevanich, S;
Suppakul, P. Development of a novel
colorimetric indicator label for monitoring
freshness of intermediate-moisture dessert
spoilage. Talanta 2010, 81, 1126—-1132.

1JIRT 198030

[26] Qu, J.H.; Liu, D.; Cheng, J.H.; Sun, D.W_;
Ma, J.; Pu, H.; Zeng, X.A. Applications of near-
infrared spectroscopy in food safety evaluation
and control: A review of recent research
advances. Crit. Rev. Food Sci. Nutr. 2015, 55,
1939-1954.

[27] Roriz, C. L., Prieto Lage, M. A., Carvalho, A.
M., Morales, P., Barros, L., & Ferreira, I. C. F. R.
(2017). Floral parts of Gomphrena globosa L. as
a novel alternative source of betacyanins:
Optimization of the extraction using response
surface methodology. LWT — Food Science and
Technology, 80, 437—-445.

[28] Rizk, E.M.;Azouz, A.; Lobna,A.M.H.
Evaluation of red cabbage anthocyanin pigments
and its potential uses as antioxidant and natural
food colorants. Arab Univ. J. Agric. Sci. 2009,
17,361-372.

[29] Saranraj, P.; Geetha, M. Microbial Spoilage
of Bakery Products and Its Control by
Preservatives. J. Pharm. Biol. Arch. 2012, 3, 38—
48.

[30]  Shukla, V.; Kandeepan, G.; Vishnuraj, M.R.
Development of on-package indicator sensor for
real-time monitoring of buffalo meat quality
during refrigeration storage. Food Anal. Meth.
2015, 8,1591-1597.

[31] Sohail, M.; Sun, D.W.; Zhu, Z. Recent
developments in intelligent packaging for
enhancing food quality and safety. Crit. Rev.
Food Sci. Nutr. 2018, 58, 2650-2662.

[32] Sun, G.; Chi, W.; Zhang, C.; Xu, S.;Li, J.;
Wang, L. Developing a green film with pH-
sensitivity and antioxidant activity based on k-
carrageenan and hydroxypropyl methylcellulose
incorporating prunus maackii juice. Food
Hydrocoll. 2019, 94, 345-353.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8540



