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Metabolomics profiling and techno- s

functional characterization of freeze-dried
pumpkin flower (Cucurbita maxima) powder
for food fortification
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Abstract

Traditionally valued for their aesthetic and aromatic appeal, edible flowers are now recognized for their nutritional
and medicinal benefits. They represent an affordable and sustainable plant-based food source with growing poten-
tial in functional food applications. This study aimed to determine the most suitable drying method for maintaining
the nutritional quality of pumpkin flowers. Freeze-drying emerged as the optimal technique, effectively preserving
vital nutrients. The resulting freeze-dried pumpkin flower powder underwent comprehensive evaluation, includ-

ing physicochemical properties, proximate composition, bioactive compounds, and techno-functional attributes.
Advanced characterization techniques such as X-ray diffraction, differential scanning calorimetry, Fourier-transform
infrared spectroscopy, and high-resolution mass spectrometry revealed an amorphous structure in the powder, indi-
cated by a broad peak at 26=21.57°. HR-MS analysis showed the presence of different functional compounds such
as [3-carotene, a-carotene, different types of flavonoids, organic acids, etc. The analysis identified key bioactive com-
pounds, including beta-carotene, alpha-carotene, flavonoids, and organic acids, contributing to its high antioxidant
activity (90.52%). Additionally, the powder demonstrated excellent solubility and thermal stability, making it suitable
for various food applications. Elemental analysis confirmed a rich composition, with notable proportions of carbon
(42.1%), nitrogen (8.1%), oxygen (43.4%), potassium (4.4%), and calcium (1.3%). These findings highlight the potential
of freeze-dried pumpkin flower powder as a nutrient-dense, functional ingredient for fortified food products. This
research underscores the viability of freeze-drying in enhancing the shelf life and nutritional value of edible flowers,
positioning them as a promising ingredient in the health food industry.
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Introduction

Because of their distinctive flavors, vivid colors, and
adaptability in the kitchen, edible flowers have become
more and more popular in recent years. Pumpkin flow-
ers, sometimes referred to as pumpkin blossoms or
squash blossoms, have a specific place in the food busi-
ness among other delicious flowers. Since ancient times,
several varieties of squash and pumpkin plants have pro-
duced these delicate, vividly colored flowers, which are
utilized in traditional dishes (Pires et al., 2019). These
flowers are not only visually appealing but also possess
culinary and medicinal significance. Pumpkin flowers are
typically large and showy, measuring around 5 to 8 cm (2
to 3 inches) in diameter. They have a distinct trumpet-
like shape, with a long, slender tube extending from a
wide, flared petal arrangement. The flowers are produced
in both male and female forms by the plant (Ahmad &
Khan, 2019). The male pumpkin flowers are more abun-
dant than their female counterparts. They grow on long,
thin stalks and do not develop into fruit. They have a
mild, slightly sweet flavor with subtle vegetal notes. In
various cultures, the flowers are harvested and used in a
variety of dishes. They can be consumed both raw and
cooked. Raw pumpkin flowers make an attractive addi-
tion to salads, providing a fresh and visually appealing

element. Some cultures use dried pumpkin flowers to
prepare herbal tea, which is believed to have soothing
and calming properties. Pumpkin flowers are not only
enjoyed for their taste but also offer potential health ben-
efits. They are a rich source of vitamins A and C, as well
as minerals like potassium, magnesium, and calcium.
These flowers also contain antioxidants and dietary fiber.
In traditional medicine, pumpkin flowers have been used
to alleviate inflammation, aid digestion, and promote
overall wellness (Hussain et al., 2022). The pumpkin
flower powder as fortificant can serve as a noble ingredi-
ent and its dried powder can also be used in different for-
mulations. Pumpkin flower powder serves as a distinctive
natural food fortificant, valued for its abundant nutrients,
including significant amounts of vitamins (A, C, E, and
B-complex), essential minerals (iron, calcium, zinc), anti-
oxidants (flavonoids, carotenoids), and dietary fiber. It
provides multiple health benefits, such as immune sys-
tem support and anti-inflammatory effects. Unlike syn-
thetic fortificants, this whole-food ingredient improves
nutrient bioavailability, integrates seamlessly into various
recipes without altering flavor, and is often derived sus-
tainably from agricultural byproducts, making it an envi-
ronmentally friendly and adaptable choice for food
enrichment. Some researchers have incorporated
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different dried flower powders as a fortificant. Rose
flower powder, which is abundant in phenolic com-
pounds and anthocyanins, holds promise for various
health benefits. This research investigates how RFP influ-
ences the physicochemical, antioxidant, and sensory
characteristics of cookies, as well as its role in enhancing
storage stability (Hnin et al., 2021). A study optimized
freeze-drying parameters through response surface
methodology to maintain vitamin C content, antioxidant
activity, and hygroscopicity in moringa flowers. By evalu-
ating factors such as temperature, vacuum pressure, and
drying duration, the research aims to determine the best
conditions for preserving nutrients and improving drying
efficiency (Pandidurai et al., 2022). Drying is an essential
post-harvest process aimed at maintaining the quality,
stability, and bioactive profile of plant-based materials.
The method of drying employed can greatly influence the
physical and chemical properties, nutrient content, and
functional attributes of the final dried product (Duc et al.,
2019). Conventional methods like sun drying involve
exposing materials to direct sunlight, which is economi-
cal but can result in nutrient loss due to extended expo-
sure to heat and oxidation. Shade drying, another
traditional technique, reduces direct heat exposure, help-
ing to preserve color and volatile components to a certain
degree. Modern drying techniques provide better regula-
tion of temperature and moisture extraction, improving
the retention of bioactive substances (Hasan et al., 2019).
Freeze drying, for instance, operates at very low tempera-
tures (=50 °C) through sublimation, maintaining the
sample’s structural integrity and bioactive properties
(Bhatta et al, 2020). Tray drying and hot air drying
employ controlled heat (40 °C) for specific time periods,
effectively lowering moisture levels while safeguarding
important phytochemicals. Microwave drying uses high-
energy waves (900 W) for brief periods, enabling quick
moisture removal but with possible risks of thermal dam-
age. Vacuum drying, conducted at moderate tempera-
tures (60 °C) under low pressure, helps prevent oxidation
and improves the preservation of compounds sensitive to
heat. The selection of a drying method is crucial in defin-
ing the ultimate quality of dried plant materials. This
research investigates various drying techniques and their
effects on the composition of metabolites, aiming to
refine preservation approaches for bioactive compounds.
Recently metabolomics has been used widely to identify
the functional compounds present in plant extracts. The
importance of metabolomics as a technique in food sci-
ence is becoming more widely acknowledged. It provides
information about the intricate biochemical characteris-
tics of food components. The nutritional value, safe-
guarding, and integrity of food can potentially be
evaluated by researchers by examining metabolites,
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which are tiny particles that are the by-products of bio-
logical activities. This method makes it possible to iden-
tify bioactive substances including antioxidants and
anti-inflammatory drugs that enhance flavor, fragrance,
and physiological benefits. Metabolomics can also assist
in identifying pollutants and adulterants, guaranteeing
food safety and adherence to legal requirements (Utpott
et al,, 2022). In addition to improving our knowledge of
food composition, the use of metabolomics methods aids
in the establishment of functional foods that are suited to
certain dietary requirements and health objective.
Although male pumpkin flowers hold significant nutri-
tional and medicinal value, there is a notable lack of
research on effective drying methods for them. Current
studies predominantly concentrate on pumpkin fruits
and seeds, creating a substantial gap in knowledge
regarding the best practices for preserving the bioactive
compounds and nutrients found in the flowers. The influ-
ence of various drying techniques such as sun drying,
oven drying, freeze drying, and microwave drying on
preserving the essential vitamins, antioxidants, and flavo-
noids is poorly understood. Moreover, the impact of
these drying methods on sensory attributes like color,
texture, aroma, and rehydration ability has not been thor-
oughly investigated. Additionally, there is limited explo-
ration into the commercial potential of dried male
pumpkin flowers, including their possible uses in func-
tional foods, herbal products, or as natural food addi-
tives. Filling these research gaps would offer crucial
insights into refining drying techniques to preserve nutri-
tional quality, enhance shelf stability, and broaden the
industrial applications of male pumpkin flowers. This
study significantly expands the existing knowledge on
pumpkin flowers by employing a multidisciplinary
approach that integrates phytochemical profiling, antiox-
idant assessment, and techno-functional characteriza-
tion. While prior research has primarily focused on basic
compositional analysis, this work delves deeper into their
industrial processing potential and stability under vary-
ing drying conditions, providing critical insights for prac-
tical applications. Furthermore, the research incorporates
advanced characterization methodologies (e.g., high-res-
olution spectroscopy and chromatography, if applicable)
to elucidate the functional and nutraceutical significance
of bioactive compounds in pumpkin flowers. To our
knowledge, this represents one of the first systematic
efforts to establish pumpkin flowers as a sustainable
bioresource for value-added food ingredient develop-
ment. By doing so, this study effectively bridges the gap
between traditional uses and modern food innovation,
paving the way for their integration into functional food
formulations. These findings not only enhance scientific
understanding but also open new avenues for sustainable
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food processing, nutraceutical development, and waste
valorization, positioning pumpkin flowers as a promising
fortificant for future food and health applications.

Materials and methods

Sample collection and preparation

Fresh male pumpkin flowers (Cucurbita maxima) were
sourced from local farms in Varanasi. The edible flowers
were harvested at the anthesis stage at 7:00 AM. Using
scissors, the blossoms were carefully cut from the plant,
leaving a stalk of 5 to 8 cm. The freshly collected flow-
ers were placed in perforated plastic containers and
processed within two hours. The flowers were cleaned,
sorted, and subjected to various drying methods, includ-
ing freeze drying, microwave drying, foam mat drying,
shade drying, tray drying, sun drying, and hot air oven
drying under specific conditions. Each flower was sepa-
rated into petals, stamens, and peduncle, and the petals
were gently tapped with an absorbent tissue to remove
excess moisture before being rinsed 3—4 times with dis-
tilled water. The prepared samples were then treated
according to the requirements of each drying technique.
For sun drying, the cleaned petals were spread on a mus-
lin cloth and exposed to direct sunlight from 10:00 AM
to 4:00 PM for two days (27+2 °C) (Bika et al., 2021).
For freeze drying, the sorted petals were placed in perfo-
rated LDPE bags and kept in a freeze dryer at —50 °C for
24 h (De et al, 2017). Shade drying involved spreading
the petals on a cotton sheet and allowing them to air dry
for two days (28 +2 °C) (Faust & Dole, 2021). Tray dry-
ing was conducted by spreading the petals on trays and
applying continuous heat at 40 °C for six hours (Matouk
et al., 2016). Microwave drying was performed at 900 W
for 5 to 7 min (Quan et al., 2023), while vacuum drying
was carried out at 60 °C for 10 h (Ji et al., 2012). For hot
air drying, the petals were placed in trays and heated at
40 °C for two hours (Dorozko et al.,, 2019). Foam mat
drying was done according to the method employed by
Thuy et al., (2022). Based on preliminary literature, the
optimization process was conducted by systematic key
input parameters, including albumin concentration (10%
w/w), carboxymethyl cellulose content (0.5% w/w), and
drying temperature (70 °C). Once dried, the samples were
ground in a grinder and then vacuum sealed in LDPE
pouches and were stored at 4 °C till further use.

Centesimal composition

The hot air oven drying method was used to calculate
the moisture content. Ash content was assessed using a
mulffle furnace, crude fat content was determined using
a Soxhlet apparatus, protein content was analyzed using
the Kjeldahl method, crude fiber content was assessed
through acid/alkali digestion, and carbohydrate content
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was calculated. These analytical methods were applied
to all the pumpkin blossoms dried using different dry-
ing methods (AOAC, 2016). The total phenolic content,
antioxidant activity as well as total flavonoid content
was measured according to previously cited study with
some modification (Shah & Modi, 2015). The DPPH
(2,2-diphenyl-1-picrylhydrazyl) assay was performed
to assess antioxidant activity by combining the sample
with a DPPH solution and measuring the absorbance
at 517 nm after incubation. A reduction in absorbance
signified scavenging activity. The total phenolic content
(TPC) was measured using the Folin—Ciocalteu reagent,
where the sample was mixed with the reagent, followed
by the addition of sodium carbonate, and the absorbance
was recorded at 765 nm. The results were reported in gal-
lic acid equivalents (GAE). The total flavonoid content
(TFC) was evaluated using the aluminum chloride col-
orimetric method, in which the sample was reacted with
aluminum chloride, and the absorbance was measured at
415 nm. The findings were expressed in rutin equivalents
(RE).

Flow properties

Each sample of Cucurbita maxima had its flow charac-
teristics examined, including bulk density, tapped density,
flowability, as well as cohesiveness. Flow characteristics
were determined using the method mentioned in previ-
ous study (Meghwal & Goswami, 2017).

Bulk density and tapped density

A cylindrical container was used to analyze the bulk den-
sity of pumpkin flower powder. The cylinder was filled
with the powder sample up to a height of 10 cm. The
height and mass of the powder were then recorded. The
tapped density was determined by gently tapping a ves-
sel filled with rice milk powder on a cushioned rubber
surface. The measurement was taken following 250+ 15
taps from a height of 3 mm (Padma et al.,, 2022). The bulk
density as well as the tapped density of the powder was
calculated using the below given equations.

M

pb) = > (1)
Me

pt) = A (2)

Note: p, — Porous bulk density, Mp—Porous powder
mass, Vp—Porous powder volume, p,—Tapped den-
sity, M.—Compact powder mass, V.—Compact powder
volume.
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Cohesiveness and flowability

The flowability and cohesiveness of the powdered sample
are represented by the Carr index as well as the Hausner
ratio, respectively. The bulk as well as the tapped density
of the powdered sample was used to estimate the Haus-
ner ratio, as stated in the equation below.

Pt
HR = —

Pb ®)
CI =100 100

where HR is the Hausner ratio and CI (%) is the Carr
index.

Functional properties

The relationship between powder as well as water or oil
is generally connected to the functional characteristics of
powders. The functional properties of the powdered sam-
ples were determined according the previous literature
with some modifications (Jha et al., 2021).

Foaming capacity and stability

Two grams of Cucurbita maxima flower powder, as well
as 50 mL of milli-Q water, were combined appropri-
ately in a 100 mL capacity measuring cylinder to test the
foaming capacity along with the stability of the mixture.
Rapid shaking was used to quickly create foam from the
suspension. Foam capacity was measured as the amount
of foam that developed after shaking, and foam stability
was measured as the amount of foam that remained after
60 min of shaking.

To measure the solubility of the powdered Cucurbita
maxima flower, one gram of the powder was mixed with
10 mL of distilled water in a centrifuge tube of 50 mL
capacity. This mixture was then heated to 80 °C for
30 min. After heating, the tubes were rapidly cooled and
centrifuged at 6000 rpm for 15 min. The solubility was
determined by evaporating the centrifugation superna-
tant and recording the weight of the residue (dried). The
solubility was calculated using the following formula.

(%)Solubility = (wt. of final sample after evaporation) % 100

(5)

wt. of the initial sample

Capacity of oil absorption

By blending 1g of the powdered sample with oil (10 mL)
in a centrifuge tube holding up to 50 mL, the oil absorp-
tion capacity was measured. The mixture was shaken vig-
orously for an hour. Following this, it was centrifuged at
6000 rpm (20 min). The separated oil was then extracted
with a pipette, and the final weight was noted. The
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amount of oil absorbed per gram of sample was used to
determine the substance’s absorption capability.

Swelling power

In a centrifuge tube with holding capacity of 50 mL, one
gram finely ground substance as well as distilled water
(10 mL) was combined. It was then subjected to heat
treatment at 80 °C with continuous stirring for 30 min.
The tubes were cooled to the ambient temperature. Fur-
ther, it was centrifuged for 15 min at 6000 rpm. Super-
natant was removed and the mass was estimated. The
following formula was used to calculate swelling power.

Weightofpaste
Weightofdrypowder

Swellingproperties(%) = (

Characterization of the freeze -dried pumpkin
flower

Scanning electron microscopy-Energy dispersive X-ray
(SEM-EDX)

Scanning electron microscopy (SEM) (Tescan Mira 3
LMU) equipped with EDX (Energy-dispersive X-ray)
spectroscopy with 1 nm resolution at 15 kV was used to
measure the morphology as well as the size of the pow-
dered flower petals. EDX was used to analyze the miner-
als in the powdered sample (Peron et al., 2021).

X-Ray diffraction (XRD)

X-Ray diffraction patterns were generated utilizing X-ray
tube containing Copper based anode (Model-X'Pert PRO,
Panalytical, Netherlands). The powdered material was
firmly placed onto a glass slide with an aluminum holder.
Tests were run with angles of diffraction at 4° to 40° (20).
The scanning rate was 4° per min (30 mA) as well as
40 kV (Suhag et al., 2021).

Thermogravimetric analyzer- Differential scanning
calorimetry (TGA-DSC)

A thermogravimetric analyzer (Model: NETZSCH, Libra
TGA209, Germany) was used to examine the thermal
stability of freeze-dried Cucurbita maxima sample. Ther-
mogravimetric analysis (TGA) calculates the change in
sample mass as a function of temperature. A sample size
of 12 mg was applied to each experiment. Under a nitro-
gen environment, a running sample measurement was
conducted between 25 and 600 °C at a 10 °C/min heating
rate. The DSC (Model—Shimadzu DSC-50 system, Japan)
was used to conduct a thermal analysis of the dried sam-
ples in which 2 mg powdered sample was flattened. Ther-
mograms were recorded in a typical aluminum pan that
was ramped up in temperature (30 to 130 °C) at 10 °C per
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minute rate, while constantly infusing nitrogen (20 mL/
min) (Kumar et al., 2018).

Fourier transform infrared spectroscopy (FTIR)

Five milligrams of KBr and about 5 mg of every specimen
were used in the Fourier transform infrared spectroscopy
analysis for the functional group. All powdered pumpkin
blossoms were run through a KBr beam splitter-equipped
Shimadzu 8400S FTIR spectrometer. The spectra of the
individual samples were examined in accordance with
Stuart’s recommendations. FTIR spectrophotometer was
utilized with 0.85 cm™! resolution and 400-4000 cm™
range of spectra (Chawla et al., 2020).

TH NMR (Proton Nuclear Magnetic Resonance)

Previously freeze-dried samples of Cucurbita maxima
flowers were used for this analysis. Freeze-dried materi-
als along with 70% (v/v) deuterated acetone were com-
bined and the mixture was centrifuged for about 20 min
at 6000 rpm. Gradient pulses were used for solvent signal
attenuation during relaxation and selection during COSY
investigations. Software programs Topspin v4.0 as well
as MestReNova 9.1 were used to process and analyze the
final data. Chemical shifts of the sample were recorded in
ppm, using the methyl group 1H resonances of acetone
as a standard reference (86=2.05 ppm) (Brito et al., 2021).

Sample preparation for High Resolution Mass
Spectroscopy (HRMS) and instrumentation

Using an orbital shaker, 500 mg sample of pumpkin
flower was mixed with 4 mL of n-Hexane and agitated for
4 h at ambient temperature. The mixture was then cen-
trifuged for 5 min at 25 °C (5000 rpm), and the result-
ant liquid was extracted. 4 mL of an 8:2 methanol-water
solution were added to the remaining pellet, which was
then agitated on the orbital shaker for four more hours at
room temperature. After centrifuging this mixture once
again for five minutes at 4 °C (5000 rpm), the supernatant
was taken out for analysis.

Using its high-resolution, precise mass capabilities, the
Orbitrap Eclipse Tribrid Mass Spectrometer (Thermo
Fisher Scientific) was used in this investigation to ana-
lyse tiny molecules. Using a Dionex UltiMate 3000 RSU
HPLC System, molecules were separated. The solvent
composition for the small molecules was as follows: 100%
water and 0.1% formic acid made up Solvent A, 80% ace-
tonitrile and 0.1% formic acid made up Solvent B, and
100% methanol and 0.1% formic acid made up Solvent
C. A 100 mm long and 2.1 mm wide Hypersil GOLDTM
C18 column with a particle dimension of 1.9 um was
used for chromatographic separation. All analyses were
carried out with"Compound Discoverer 3.3.3.200"at its
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default parameters, and each technical replication of the
flower powder underwent three HR-MS analyses.

Statistical analysis

The data was processed as well as analyzed using the
software ORIGIN 9.1, USA. All the investigations were
carried out in triplicate. SPSS (Version 23) was used to
analyze the data at 5% level of significance.

Results and discussion

Centesimal composition

The moisture content of dried pumpkin flower pow-
der critically influences its functional properties, shelf
life, and nutritional efficacy. An optimal moisture range
(typically 5-8%) ensures desirable physical character-
istics such as improved flowability, reduced caking,
and enhanced solubility, facilitating uniform blending
into food products. Excess moisture (>10%) promotes
microbial growth, enzymatic activity, and oxidative
degradation, compromising the powder’s stability and
bioactive compounds like polyphenols and carotenoids.
Conversely, overly low moisture (<4%) can lead to
excessive brittleness, increased dustiness, and reduced
rehydration capacity. Properly controlled moisture lev-
els preserve the powder’s antioxidant potential, nutri-
ent integrity, and sensory qualities while extending
shelf life by minimizing water activity (A, <0.6). Thus,
precise drying techniques are essential to maintain
the balance between functionality, stability, and nutri-
tional value in pumpkin flower powder as a fortificant.
Table 1 shows the proximate analysis and antioxi-
dant profile of the dried samples. Among the different
dried samples, freeze dried sample contained the least
amount of moisture content (p <0.05) that is 9.4%. The
level of moisture in a substance is largely determined
by the temperature and duration of the drying pro-
cess. Techniques involving higher temperatures, such
as hot air drying, generally yield lower moisture levels
because they accelerate water evaporation. In contrast,
freeze-drying (FD) often maintains the protein’s natural
structure. The way water is retained within the mate-
rial depends on the stability of cell membranes and the
presence of hydrophilic regions in proteins. When dry-
ing processes cause protein denaturation, they weaken
water retention by breaking hydrogen bonds and alter-
ing hydrophilic amino acid side chains. The dried flow-
er’s quality and texture are guaranteed to last for more
than 6 months if the moisture content is between 8 and
11.5% (Singh et al., 2004). It is affirmed that the lower
the moisture content of the sample, the higher will be
the ash content. Freeze dried sample with the lowest
moisture content has the higher amount of ash content
(16.20%) than the other samples treated with different
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drying techniques. Our results are consistent with
earlier studies (Alakali et al., 2015). The researchers
observed a greater percentage of 4.55 + 0.06% compared
to the fresh leaves, which had an ash content of 2% in
leaves of Moringa oleifera, that were dried in the shade
at 30 °C that is ambient temperature. Despite all dry-
ing techniques, there is a noticeable rise in fiber con-
tent because the blooms’nutritional density increases
with the loss of moisture content. It helps to manage
the cholesterol and glycemic index and is advantageous
for a number of intestinal bacteria and digestive prob-
lems. As a result, the fiber content of the freeze -dried
sample i.e. 5.95% was the highest among all the sam-
ples. In the current study, the hot air oven dried sam-
ple had the greatest crude fat content, at 3.28%, which
was substantially higher. The crude fat levels ranging
between 0.82 and 0.87% were not significantly differ-
ent from the one present in Euphorbia hirta L. plant
(Mathad et al., 2019). In respect to all the drying tech-
niques, the freeze-dried sample (3.91%) showed the
highest amount of crude protein. It revealed a substan-
tially (p <0.05) increased content of the crude protein.
Both the samples that were vacuumed that is 18.60% as
well as freeze-dried that is 18.72% of the dried Ocimum
basilicum leaves showed the same level of protein con-
tent (Siti Mahirah et al., 2018). In comparison to all the
other drying techniques, hot air oven (66.24%) revealed
considerably (p<0.05) increased carbohydrate con-
tent. As the sugars are subjected to elevated heat lev-
els, quick caramelization takes place. Because of this,
there is a chance of losing carbs with of low molecu-
lar mass, which is why the minimal variation of carbo-
hydrate amount within drying processes is taken into
consideration. DPPH represents an organic chemical
compound comprising stable free radicals. DPPH radi-
cal scavenging activity was the highest in the freeze-
dried sample (90.52%) when compared to other drying
methods. Freeze dried sample of Ocimum basilicum
leaves showed similar results that is the DPPH activ-
ity of 92.60% (Siti Mahirah et al., 2018). In the current
investigation, TPC of the freeze-dried sample was con-
siderably (p <0.05) greater than that of the other dried
samples (21.38 mg GAE/g). The optimal preservation
and stability result from the effective deactivation of
polyphenol oxidase enzymes, which prevents cell con-
tents from rupturing and phenolic compounds from
breaking down. Lower temperature exposure results in
increased flavonoid retention. Freeze dried sample also
showed the highest amount of total flavonoid content
(81.98 mg RE/g) when compared to other drying tech-
niques. Compared to methods such as freeze drying
and vacuum-microwave freeze drying (which result in a
flavonoid content of 43.62—88.33 mg RE/g), Rosa rugosa
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exhibited a more significant reduction in flavonoid con-
tent when subjected to microwave-assisted vacuum
drying that is 11.54 + 0.01 mg/100 g (Qiu et al., 2020).

Functional and flow parameters

Bulk density

The powder’s bulk density, which is determined by fac-
tors like particle size, inter particle pulls, and the strength
of contact points, is a crucial determinant of the compat-
ibility with convenience of packaging and transportation
of food product. The freeze-dried Cucurbita maxima
flowers demonstrated the highest amount of bulk density
(0.40 g/cm?®). Low moisture content in the powder sam-
ple might be used to describe this. Increased bulk density
of the sample may also be caused by structural changes
made during the blanching pretreatment that results
in a most compact/closed structure after drying as well
as tighter arrangement of particles that reduces empty
spaces (Tze, 2012).

Tapped density

The powdered sample’s volume acquired with tight pack-
ing of components by tapping is referred to as tapped
density. The volume of the inter particle space can change
due to pretreatments and packaging techniques, so the
appropriate density needs to be established. A pow-
der sample’s tapped density, which allows for maximum
packaging of the sample under the impact of outside
pressures, is one of its main quality characteristics. The
average density of samples ranged from 0.40 to 0.52 g/
cm? (Table 2). According to this analysis, the freeze-dried
sample showed lower tapped density that is 0.42 g/cm?,
indicating that it is more porous than the other samples.

Carr index as well as Hausner's ratio

Carr Index, which considers both the powder’s bulk as
well as tapped density, is a measure of flowability. Carr
index of the samples ranged from 4.76% to 31.91%.
Table 2 demonstrates that the freeze-dried sample had
the minimum Carr index and thus represents very good
flowability characteristics, when compared to other sam-
ples. The Hausner’s ratio of the dried samples varied from
1.05 to 1.30. It can be seen that the freeze -dried sample
showed the minimum Hausner’s ratio that may attribute
to the freeze -dried sample being the most cohesive one
than the others.

Solubility

The water solubility of Cucurbita maxima (pumpkin)
flower powder is a crucial functional attribute influ-
encing its effectiveness in food applications, particu-
larly in beverages, soups, and instant fortified products.
In this study, solubility indices varied from 12.09%
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Table 2 Techno-functional properties of Cucurbita maxima flower powder

Parameters Hot air oven drying Vacuumdrying  Freeze drying Shed drying Foam mat drying Microwave Sun drying Tray trying
drying

Flow properties

Bulk density (g/  0.40+0.0001¢ 0.39+0.0004¢ 0.40+0.0001" 0.39+0.0007¢ 0.38+0.0003¢ 0.36+0.0003? 0.37+00005°  0.39+0.0002¢

cm’)

Tappeddensity ~ 0.5240.0001" 0.47+0.0004° 0.42+0.0003? 0.45+0.0008° 0.45+0.0004 0.46+0.0001¢ 043+00005°  0.45+0.0002¢

(g/cm?)

Carrindex (%) 23.76 17.02 476 1333 15.55 21.73 1379 1333

Haunser'sratio 130 1.20 105 1.15 118 127 1.16 1.15

Functional properties

Swelling proper-  15.38+0.0023° 20.89+0.0018° 30.51+00015¢ 25.28+0.0010¢ 19.87+0.0020° 17.98+0.0098° 2328+0.0018¢  21.85+0.0023¢

ties (9/9)

Oil absorption 1.11+00087° 145+00010¢ 167+0.0022' 1.62+0.0048" 146 +0.0025¢ 1.22+0.0074 135+00014°  1.58+0.0057¢

capacity (9/9)

Foaming proper-  4.20+0.0053 2.11+00055" 145+00057° 2.22+0.0052° 3.67+0.0059° 3.84+0.0054° 355+00058°  333+00055°

ties (mL)

Solubility (%) 12.09+0.0005° 13.55+0.0009 17.05+0.0001¢ 15.98+0.0006° 12.88+0.0006° 12.98+0.0008° 1345+00004° 13.89+0.0005"

All the data are represented as mean + standard deviation (n=3)

2 “9Means with the same superscript in a row vary significantly (p <0.05) from each other

(freeze-dried) to 17.05% (oven-dried), demonstrating
that drying methods significantly (p<0.05) affect dis-
solution properties. The higher solubility observed in
oven-dried powder is likely due to structural changes
induced by heat, enhancing water interaction, whereas
freeze-drying may preserve cellular integrity but reduce
dispersibility. Protein solubility is strongly influenced
by the preservation of its structural conformation. In
pumpkin flower powder, the gentle freeze-drying pro-
cess helps retain the protein’s natural folding, enhanc-
ing solubility by keeping polar groups accessible. On
the other hand, harsher methods like hot air drying
and microwave drying can trigger protein aggregation
or Maillard reactions, resulting in insoluble protein
clusters. Heat-induced denaturation often decreases
solubility by promoting disulfide cross-linking or
hydrophobic interactions, which block water-binding
sites. Similarly, banana blossom powder (Musa para-
disiaca) exhibited solubility levels between 13.90% and
16.53%, reinforcing the impact of pretreatment and
drying techniques on solubility, which is crucial for
digestibility and nutrient absorption (Elaveniya & Jay-
amuthunagai, 2014). In food fortification, increased
solubility ensures even distribution in liquid formula-
tions, improving both sensory qualities and nutrient
availability. Therefore, optimizing drying conditions,
such as moderate oven-drying, could enhance the usa-
bility of pumpkin flower powder in ready-to-mix sup-
plements, health beverages, and fortified sauces, where

rapid dissolution is essential for functionality and con-
sumer appeal.

Foaming properties

Processing techniques, pH level, as well as surface ten-
sion, are frequently thought to have an impact on foam-
ing capacity. The scattered foam between the samples
will aid in keeping the whip from falling apart even if
the powder with limited foam-forming ability is thought
to be a poor foaming ingredient in food preparations.
The Cucurbita maxima flower sample had a substan-
tially variable foaming capacity that varied between 1.45
and 4.20 mL (p<0.05). The appropriate foaming ability
is associated with the rapid absorption of the protein at
the junction of air as well as water and the protein’s struc-
tural rearrangement at this interface. In contrast to other
dried samples, the freeze-dried sample proved to have
the greatest foaming capacity. It could be because the
drying technique minimizes damage to the protein struc-
ture as little as possible, protecting the protein fraction’s
capacity to foam.

Swelling properties

The swelling capacity of Cucurbita maxima (pumpkin)
flower powder, ranging from 15.38 g/g to 30.51 g/g, is a
key functional attribute shaped by protein-starch inter-
actions and drying techniques. A higher protein content
can create a rigid matrix around starch granules, limiting
water absorption and reducing swelling ability. However,
drying processes such as oven-drying or freeze-drying
can alter this structure, potentially increasing swelling
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by freeing starch for hydration. In general, the swell-
ing behavior of a material is determined by its capacity
to absorb water and expand, influenced by hydrophilic
polysaccharides (such as pectins and cellulose) and the
degree of protein unfolding. Freeze-drying maintains
a porous structure and high surface area, facilitating
greater water penetration and enhanced swelling. In con-
trast, high temperatures in hot air drying can cause cell
wall collapse, reducing matrix porosity and diminishing
swelling ability. While mild protein denaturation may ini-
tially improve swelling, excessive thermal cross-linking
during drying ultimately restricts it. Similar trends have
been observed in cardaba banana flour, where pretreat-
ment methods enhanced swelling power (Iliyasu & Ayo-
Omogie, 2019). In food applications, greater swelling
capacity (e.g., 30.51 g/g) enhances thickening, gelation,
and water retention, making pumpkin flower powder
ideal for soups, baked products, and meat substitutes.
Conversely, lower swelling (15.38 g/g) is better suited for
low-viscosity formulations like beverages. Adjusting dry-
ing methods to optimize protein-starch interactions can
help tailor its functionality for specific food applications.

Oil absorption capacity

The oil absorption capacity (OAC) of Cucurbita maxima
(pumpkin) flower powder is a crucial functional charac-
teristic influenced by factors such as particle hydropho-
bicity, size, surface charge, chemical composition, and
drying techniques. The oil absorption capacity (OAC)
of proteins is largely governed by the availability of non-
polar side chains that interact with lipids through hydro-
phobic forces. Moderate protein denaturation—such as
that induced by microwave drying can increase OAC by
revealing these hydrophobic regions. However, exces-
sive heat treatment promotes excessive protein aggrega-
tion, leading to a more compact structure with reduced
surface area and diminished OAC. In freeze-dried, the
OAC may remain relatively low due to the preserva-
tion of tightly folded protein conformations, unless par-
tial denaturation occurs during prior processing steps.
In this study, freeze-dried (1.67 g/g) and shade-dried
(1.62 g/g) samples demonstrated higher OAC compared
to other drying methods, likely due to structural modi-
fications that enhance hydrophobic interactions, includ-
ing protein denaturation or the exposure of non-polar
groups during drying. This property plays a significant
role in food applications by improving flavor retention,
mouthfeel, and texture, particularly in bakery products,
sausages, and soups, where it helps create a spongy, fat-
retaining matrix. Similar trends have been reported in
Beta vulgaris L. (beetroot) powder, where pretreatments
influenced OAC (Chaudhary & Kumar, 2020), reinforcing
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that processing techniques are key determinants of lipid-
binding efficiency. For food manufacturers, optimiz-
ing drying methods such as freeze-drying for premium
formulations can enhance the sensory and functional
qualities of pumpkin flower powder in high-fat food
applications.

Characterization of freeze- dried pumpkin flower
powder

X-ray diffraction analysis (XRD)

Figure 1 depicts the XRD profile of the freeze-dried
pumpkin flower powder. The XRD evaluation revealed
two unique peaks at 20=21.57° and 20=235.75° which
correspond to reflection angle of 100 and 200, respec-
tively. The presence of cellulose type I becomes evident
through the appearance of a peak at a 2 Theta angle of
21.85°, indicating its affiliation with the a-cellulose crys-
tallographic group. This claim is corroborated by the pat-
tern of diffraction of pumpkin blossoms, which suggests
that cellulose may be a significant factor in the increased
fiber content. The results have been validated from
JCPDS: 05-0661. Similar results were seen in the study
mentioned by Patil et al.( 2018). Silver in the cubic phase
is seen in the diffraction pattern; FCC that is face cen-
tered cubic structure plane of (111) may be identified by
the intense peaks at 26 value of 38.15° in the eco-friendly
synthesis of silver nanoparticles by utilizing M. longifolia
flower extract. Another study was conducted in which
the 26=22.85° corresponding to reflection angle of 141
was observed (Gangaram et al., 2023). The research-
ers concluded that this type of XRD pattern can be due
to the amorphous behavior of the flower material. The
instability and stretching of the peaks may be caused by
the presence of amorphous macromolecular structures in
plant components such as hemicellulose, lignin, etc.

Functional group analysis

Cucurbita maxima freeze-dried flower powder was ana-
lyzed for the presence of different functional groups by
FTIR depicted in Fig. 2. Table 3 lists several functional
groups that are present in the freeze-dried pumpkin
flower powder along with the bonding details that per-
tain to them. The FTIR analysis of pumpkin flower
powder identified several functional groups linked to
bioactive compounds, which contribute to its biological
properties. Broad O—H stretching peaks at 3777.74 cm™
(free alcohol) and 3235.80 cm™ (intermolecular bonded
alcohol) suggest the presence of hydroxyl-containing
compounds, such as phenolics and flavonoids, known
for their potent antioxidant and anti-inflammatory
effects. C-H stretching bands at 2918.02 cm™ (alk-
ene) and 2474.15 cm™ (aldehyde doublet) indicate
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Fig. 1 XRD graph depiction of the Cucurbita maxima freeze dried powder

unsaturated hydrocarbons and carbonyl-containing
compounds, which may provide antimicrobial and anti-
fungal benefits. A notable peak at 2073.58 cm™!, corre-
sponding to N=C=S§ stretching, points to the presence
of isothiocyanates, recognized for their anticancer and
detoxifying properties. The C=O stretching observed at
1629.71 cm™ indicates conjugated ketones and mono-
substituted alkenes, associated with anti-diabetic and
anti-inflammatory activities. Additionally, O-H bend-
ing at 1431.21 cm™! confirms the presence of carboxylic
acids, which may support wound healing and antimi-
crobial functions. C-O stretching at 1234.24 cm™' and
1131.71 cm™ suggests ethers and secondary alcohols,
commonly found in glycosides and flavonoids, known for
their cardioprotective and neuroprotective effects. Peaks
at 1004.98 cm™ and 677.65 cm™! hint at minor fluoro
and halo compounds, which could have antiviral and
antimicrobial potential. These functional groups confirm
the presence of phytochemicals like polyphenols, flavo-
noids, aldehydes, ketones, and glucosinolates, under-
scoring the nutritional, medicinal, and therapeutic value
of pumpkin flower powder. A study shows that FTIR is
commonly used to tentatively identify functional groups.
The oils from H. sabdariffa flower, S. maydis, and C. odo-
rata leaf exhibited peaks indicating hydroxyl, carbonyl,

and polysaccharide groups, confirming the presence
of fatty acids, esters, proteins, lipids, and nucleic acids.
Bioactive compounds such as phenolics, flavonoids,
and polysaccharides were identified, which contrib-
ute to antioxidant, antimicrobial, and anti-inflamma-
tory activities (Alara & Abdurahman, 2019). Another
study used FT-IR spectroscopy to analyze functional
groups in freeze-dried Cucurbita maxima seed. Peaks at
3450-3250 cm! indicated hydroxyl groups, and 3120
3030 cm ™! showed amide (N-H) groups. C—H stretching
was observed at 2950-2850 c¢cm!, and CH,/CH,, defor-
mations around 1450 cm™. Bands at 1105-1010 cm™
indicated lipids, confirming the presence of key bioac-
tive compounds (Andronie et al.,, 2022). Another study
demonstrated the utility of FTIR in identifying func-
tional groups in plant samples. In the present research,
shade-dried pumpkin flower powder showed peaks at
1738.33 cm™ (C=0), 1607.89 cm™ and 1404.20 cm™!
(COO"), 1045 cm™ (C-0), 3284.19 cm™ (O-H), and
2920.79 cm™! (C-H). The absence of peaks between
2000-2200 cm ™! was observed (Gargi et al., 2023).

Microstructure and elemental analysis
Scanning electron microscopy was done to analyze the
morphology of the Cucurbita maxima freeze dried
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Fig. 2 FTIR spectra of Freeze dried powder of Cucurbita maxima flower
Table 3 Elemental analysis of the freeze- dried Cucurbita maxima flower powder
Element Weight Atomic % Net Int. Error % Kratio z R A
%
Carbon 6.1 503 900.3 6.2 0.2389 1.0323 0.9837 0.5498
Nitrogen 8.1 84 36.6 50.2 0.0090 1.0079 0.9938 0.1090
Oxygen 54 389 6454 10.1 0.0694 0.9868 1.0029 0.1621
Phosphorus 144 0.2 41.0 152 0.0030 0.8599 1.0501 0.9008
Sodium 10.5 0.1 369 1.3 0.0029 0.8337 1.0600 0.9892
Potassium 234 1.6 400.2 32 0.0387 0.8294 1.0686 1.0209
Calcium 17.2 0.5 96.2 9.3 0.0112 0.8444 1.0724 1.0059

Note: Here, Net Int is Net Intensity

Kratio is Ratio of the X-ray intensity of the unknown sample to the intensity from a standard sampl

Z-Atomic Number Correction (Z)
R-Absorption Correction (Rho)
A-Fluorescence Correction (A)

powder. The flower powder showed a fibrous structure
which was previously confirmed from the XRD analysis.
Similar results were seen in another study (Ayoub et al.,
2016). Furthermore, in order to analyze the elemental
composition of the freeze-dried powder of Cucurbita
maxima flower, energy dispersive X-ray spectroscopy was
used for elemental analysis. Figure 3 depicts the SEM
and EDX of freeze-dried powder of pumpkin flower. The

graph and the Table 4 obtained from the analysis showed
different elemental composition namely, carbon (6.1%),
nitrogen (8.1%), oxygen (5.4%), phosphorus (14.4%),
potassium (23.4%) and calcium (17.2%).

Thermographic analysis
Thermal stability of the freeze -dried powder of
Cucurbita maxima flower was investigated by
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Fig. 3 Microstructure and elemental analysis of Freeze -dried powder of Cucurbita maxima flower

Table 4 Functional groups depiction in Cucurbita maxima freeze dried powder

Wavenumber (cm™) Specific wavenumber (cm™)

Bond Functional group

4000-3584 377774
357365
3550-3200, 3333-3267 3235.80
3100-3000 2918.02
2830-2695 247415
2140-1990 2073.58
1685-1666 1629.71
1440-1395, 1431.21
1225-1200 1234.24
1150-1085 1131.71
1400-1000 1004.98
690-515 677.65
531.18

O-H stretching Free alcohol

O-H stretching, Intermolecular bonded alcohol,

C-H stretching alkyne
C-H stretching alkene
C-H stretching Doublet aldehyde

N=C=S stretching
C=0 stretching,

Isothiocyanate

Conjugated ketone, monosubsti-
tuted alkene

O-H bending
C-O stretching
C-O stretching
C-F stretching
C-Br stretching

carboxylic acid

vinyl ether

aliphatic ether, secondary alcohol
Fluoro compound

halo compound

Thermogravimetric analysis and Differential Scan-
ning Calorimetry (TGA-DSC) from 30 °C to 700 °C
at a heating rate of 10 °C/min. The onset temperature
for DSC was (T, ) =34.02 °C, (T pgser) =97.36 °C
and denaturation peak (T ,,)=66.75 °C. The energy
required for denaturation AH=51.650 J/g. Glass tran-
sition temperature was absent in the analysis. Nearly
6.54 wt% weight loss was observed between 30 °C
and 150 °C due to water evaporation. About 46.09 wt%
weight loss was observed between 200 °C and 410 °C,
due to phase transition or organic matter decomposi-
tion. The investigation indicated that alterations in

enthalpy and the breakdown of organic matter at dif-
ferent temperatures indicated that the freeze-dried
substance from Cucurbita maxima flowers lacks ther-
mal stability.

Metabolomic profiling of Cucurbita maxima freeze dried
powder

Numerous analytical techniques have been applied
recently to detect and measure flavonoids, bioac-
tive compounds, polyphenols, and other substances.
When compared to alternative detection methods, the
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Fig.4 aTIC MS chromatograms and FTMS ESI (b) chromatograms for metabolomics profiling of freeze-dried Cucurbita maxima flower powder

HR-MS technique is growing in popularity. An advanced
UHPLC-Q Orbitrap HRMS technique was used in this
investigation for accurate and high-resolution analysis of
the sample’s constituent parts. Both positive and negative
modes show spectral peaks in the chromatograms. The
sample’s TIC MS chromatogram, showing relative abun-
dance with time, has been shown in Fig. 4a. Figure 4b
also displays the FTMS ESI chromatogram, showing
highlights and relation between the m/z ratio and relative
abundance. Approximately 1098 compounds from vari-
ous classes were found using this technique. Forty-five
of the annotated peaks were recognized and recorded
among all compounds. Table 5 provides a thorough
explanation of these substances, encompassing their
chemical makeup and biological roles.

Several compounds falling in different categories such
as flavonoids, organic acids, fatty acids, carotenoids etc.,
were identified. While studying different pumpkin cul-
tivars, Singh and Kumar (2022) found compounds such
as chlolorogenic acid, quercetin, luteolin, ferulic acid,

etc. which aligns with the present findings. A broad class
of plant metabolites called flavonoids is well-known for
its antioxidant qualities. They contribute to pollinator
attractiveness, plant colors, and a host of other health
advantages, including as anti-inflammatory and antican-
cer properties. Compounds such as rutin, kaempferol,
luteolin, isorhamnetin, quercetin-3p-D-glucoside, gen-
tisic acid, caffeine, and sinapinic acid were identified in
the freeze-dried powder. Carboxylic acids with lengthy
aliphatic chains make up fatty acids and they are essential
for many biological functions, such as cellular structure
and energy storage. This category also includes essen-
tial fatty acids, which must be received through food.
Compounds such as carnosic acid, abietic acid, tetraco-
satetraenoic acid, oleic acid, a-linolenic acid, and pino-
lenic acid fall in this category and are found in pumpkin
flower powder (Table 4). Some of the fatty acids such as
oleic acid, linoleic acid etc. were found by Ghosh et al.
(2021) using GC-MS. Proteins are made up of organic
substances called amino acids and play an important
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role in various biological processes, such as metabolism,
neurotransmitter production, and muscle regeneration.
Compounds namely, D-glucosamine, L-(+)-arginine,
L-tryptophan, L-phenylalanine, DL-p-leucine, and L-his-
tidine were also identified in Cucurbita maxima flower
powder. Vidhya et al. (2022) while investigating various
fatty acids and amino acid content found amino acids
such as leucine, arginine, histidine etc. in the two differ-
ent species of pumpkins. Compound such as L-Threonic
acid, DL-Malic acid, Citric acid, Azelaic acid, Salicylic
acid, Acetic acid, and fumaric acid were also identified in
the flower powder as shown in Table 4. Basically, com-
pounds having acidic characteristics that are frequently
engaged in metabolic processes are called organic acids
and offer several health advantages, including strong anti-
oxidants properties. One of the researchers found similar
results while investigating the yield as well as antioxidant
properties of different varieties of pumpkins (Oloyede
et al., 2022). Nucleotides and related compounds are
essential for cellular communication and metabolism
and are the building components of the nucleic acids.
They play a role in the chemical breakdown of genetic
material and the transport of energy and D-adenosine,
D-(+)-pyroglutamic acid, and mevalonic acid are a few
of them which were identified. Some compounds such
as D-(-)-Mannitol, [B-Carotene, Lutein, Zeaxanthin,
Muscone, Horminone, Coumarin, and Kojic acid were
also found in pumpkin flower powder. Numerous phy-
tochemicals as well as metabolites that dont cleanly fit
into the aforementioned categories are included in this
category. They could play particular functions in plants
and offer possible health advantages. Similar results were
found while studying the effect of airflow and tempera-
ture on the dried Cucurbita maxima flowers in which the
carotenoids content was analyzed (Nino et al., 2024). In
nutshell metabolomic profiling of freeze-dried Cucur-
bita maxima (pumpkin) flower powder highlights a
diverse range of bioactive compounds, including carot-
enoids, polyphenols, vitamins, and essential amino acids,
which contribute to its significant nutritional and func-
tional benefits. The presence of key antioxidants such as
[-carotene, lutein, and a-tocopherol, along with bioactive
metabolites with anti-inflammatory and hypoglycemic
properties, reinforces its potential for food fortifica-
tion aimed at addressing micronutrient deficiencies and
chronic diseases. Freeze-drying effectively preserves
these heat-sensitive nutrients, making the powder a val-
uable fortificant for improving the nutritional profile of
staple foods like baked products, soups, and infant for-
mulas, especially in regions with limited dietary diversity.
Consequently, Cucurbita maxima powder represents a
sustainable, nutrient-rich ingredient for enhancing public
health through strategic food fortification initiatives.
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TH NMR of Cucurbita maxima freeze dried powder

Proton NMR tests were also carried out to determine
the principal phenolic chemical groups found in the
Cucurbita maxima freeze-dried sample. Phenolic acids
frequently show paired (d) peaks at 6.98 ppm, which
are linked to the ortho- as well as meta-protons of the
hydroxyl-benzoic part {at chemical shift (dd), multiplic-
ity (/=7.9 Hz), and vicinal coupling constants, (2.0 Hz),
which were used to identify many groups of chemicals,
including carotenoids, and phenolic acids, as well as fla-
vonoids. As a result, in addition to the NMR signals at
6.91 ppm that are typical of hydroxybenzoic moieties, the
methoxy group was also found to have a strong signal at
4.28 ppm. Other peaks were also seen at 2.37, 1.25, 1.62,
etc. which showed bioactive components. Similar results
were seen in an experiment conducted on the edible
flowers of Helichrysum italicum. The study found that
besides other indications at 6.45 ppm (d, J=17.0 Hz) and
6.79 ppm (d, J=17.0 Hz) displaying significant coupling
values and interactions in the 2D 1H-1H COSY spec-
trum, confirm the existence of these types of substances
in the flower extracts (Primitivo et al., 2022).

Conclusion

Analyzing pumpkin flowers drying under different con-
ditions has given important knowledge about the basic
makeup, chemical composition, antioxidant effects, and
general traits of the dried powder. Examining freeze-
dried powder from Cucurbita maxima flowers also
unveiled its superb ability to dissolve, its colloidal prop-
erties with great dispersal, and the existence of intricate
carbohydrate formations such as lignin and hemicellulose
as spotted through XRD testing. This freeze-dried pow-
der displayed notably high levels of phenolic compounds,
antioxidants, and flavonoids. The freeze -dried sample
was found to have the highest nutrient retention. From
the above mention parameters, the Cucurbita maxima
flower powder has the potential to be used in fortification
and can be added to make value added food products.
The freeze-dried sample though rich in nutrients and
solubility, can be used in the field of nanotechnology for
the synthesis of nanoparticles as well in the nanocompos-
ite formation for food packaging. It can be commercially
utilized, as it is cheap, easily available and can be found
throughout the year.
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