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Abstract

Background and aim: Ready-To-Serve (RTS) fruit beverages are the most popular functional drinks with high palatability
and ease of consumption, but are inherently low in Fe content. The present study was aimed at developing non-heme
iron rich functional beverages using guava pulp blended with the extracts of Fe-dense plant sources. These beverages can
be recommended as a cost-effective, and nutritious dietary intervention for the vegan section of the population suffering
from Fe deficiency.

Methods: An optimal mixture design approach was employed to determine the appropriate levels of guava (Psidium
guajava) pulp to blend in with either of the plant extracts of wheatgrass (Agropyron sp), seaweed Ulva lactuca, karonda
(Carissa carandas) fruits, moringa (Moringa oleifera) leaves, and red amaranth (Amaranthus tricolor) leaves, resulting in
15 experimental formulations. Five formulations with the highest sensory score, one from each guava—plant combinations
were selected, and subjected to various physico-chemical and nutritional evaluations.

Results: Based on the optimized formulations, karonda and Ulva lactuca blends achieved their best sensory scores at a
guava:extract ratio of 0.9:0.1, while moringa, wheatgrass, and amaranth blends showed maximum acceptability at 0.7:0.3,
with the guava-amaranth formulation recording the highest overall sensory scores among the fortified beverages. The
total phenolic content of the beverages varied from 23.07 to 31.21 mg GAE/100 ml, with the guava—moringa formulation
exhibiting the highest phenolic content. Vitamin C content ranged from 7.95 to 14.77 mg/100 ml, with the guava—karonda
blend showing the maximum value. The Fe-content of the beverages ranged from 0.10 to 0.48 mg/100 ml, with the
guava—amaranth blend exhibiting the highest iron content. The anti-nutritional content of all the developed beverages
was lower than the permissible limits. All the beverages behaved as pseudoplastic fluids.

Keywords: Anaemia; Antinutrients; Fe-dense plant sources; Functional guava beverage; Non-heme Fe; Nutritional
value.

Introduction tritional anemia globally. There are two iron forms in nature,
heme and non-heme. Heme iron is obtained from hemoglobin

Micronutrient deficiency, often termed ‘hidden hun- and is most commonly found in animal food, while non-heme

ger, affects over two billion people worldwide and is char-
acterized by insufficient intake of essential vitamins and
minerals required for growth and physiological function
[29]. Iron deficiency is highly prevalent, particularly in
women and children, and remains a major cause of nu-

iron sources can be obtained from fruits, vegetables, herbs,
flowers, and seaweeds. For the vegan community, plant derived
non-heme iron functional foods could be a promising food-
based approach to address the problem of Fe deficiency. Ready-
To-Serve (RTS) fruit beverages are the most popular functional
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drinks with high palatability and ease of consumption but are
inherently low in Fe content [36]. Since guava is a rich source
of vitamin C, has a pleasant flavor and is low in anti-nutrients,
has a great scope to develop a delicious non-heme iron-fortified
RTS.

Guava (Psidium guajava), a widely available Indian fruit, is
exceptionally rich in vitamin C, providing about 200-300 mg per
100 g depending on variety and season. In addition to vitamin
C, guava supplies vitamins A, calcium, phosphorus, dietary fiber,
and numerous bioactive compounds, including saponins, olea-
nolic acid, flavonoids, quercetin, and polyphenols, all contrib-
uting to strong antioxidant and protective health effects [34].
Although highly nutritious, guava’s short postharvest shelf life
encourages its use in value-added products such as beverages.
Guava, like other fruits is inherently low in Fe content. How-
ever, there are other underutilized and locally available plant
sources that are iron-dense. Unlike chemical fortificants, they
do not possess risk of iron overload for unrelated disorders. It
has been reported that Fe content of karonda is 150 mg/100
g [5], seaweed Ulva lactuca 14 mg/100 g [35], moringa (drum
stick) leaves 7 mg/100 g [14], amaranth 13.6 mg/100 g [19],
and wheat grass 28.94 mg/100 g Fe [11]. The extracts of these
plant sources can be used for fortification of guava RTS to pro-
vide a non-heme iron rich functional drink. The presence of
high ascorbic acid and low antinutrient contents in the guava
matrix are expected to enhance non-heme iron bioavailability,
thereby improving the nutritional relevance of the developed
beverages.

The present study was aimed at developing non-heme iron-
rich functional beverages using guava pulp blended with the
extracts of the above-mentioned Fe-dense plant sources. The
most suitable formulation with maximum sensory acceptabil-
ity can be recommended as a cost-effective nutritious dietary
intervention for the vegan section of the population suffering
from Fe deficiency.

Materials and methods

Ripe fruits of guava (Psidium guajava) cv. Allahabadi safeda,
firm red ripe fruits of karonda (Carissa carandas), and leaves
of red amaranth (Amaranthus tricolor) were procured from the
local market of Greater Noida (U.P.), India. Moringa (Moringa
oleifera) leaves and wheatgrass (Agropyron sp.) were collected
from the experimental field of Sharda University (Greater Noi-
da, India), while seaweed Ulava lactuca was sourced from the
Chokward region of Gujrat, India. Commercial-grade white crys-
talline cane sugar, citric acid, xanthan gum, and sodium benzo-
ate were obtained from local supplier. All chemicals used in this
study were of analytical grade and sourced from Sigma-Aldrich.

Formulation of functional beverages

To develop functional non-heme iron rich beverages, the
D-optimal mixture design with no blocking was applied. The
number of independent factors (proportion of five plant ex-
tracts) and xanthan gum determined the number of points in
the design. Overall acceptability were the responses influenced
by the changes in the proportion of independent variables. The
statistical software package Design-Expert 11.0.3.0, Stat- Ease,
Inc., Minneapolis, MN, USA, was applied for determining the
experimental design and analyzing the data. (Table 1) shows the
coded values and actual values of plant extracts, and xanthan
gum to be added to the beverages. The center points of these
designs were chosen to add ingredients to the juices to yield

satisfactory experimental results. The functional non-heme
iron rich beverages were obtained by the addition of different
proportions of plant extracts, and xanthan gum (with predeter-
mined concentrations) to the fruit juice blends and investigated
for their physicochemical properties. The design resulted in 15
experimental runs with 3 replicates (Table 2). The data of re-
sponses were analyzed applying statistical software for select-
ing the best fit design and optimized formulation.

Table 1: Experimental ranges of independent variables applied
in D-optimal mixture design for the formulation of non-heme
iron-rich functional beverage blend.

Range of levels E High actual (ml/100 E

Variables Low actual (ml/100 ml g ml of _‘:J

of beverage) s beverage) ;—:"

Guava pulp 0.6 -1 0.9 +1
Xanthan gum 0.01 -1 0.04 +1
Moringa oleifera 0.1 -1 0.4 +1
Amaranthus tricolor 0.1 -1 0.4 +1
Agropyron sp. 0.1 -1 0.4 +1
Ulva lactuca 0.1 -1 0.4 +1
Carissa carandas 0.1 -1 0.4 +1

Table 2: D-Optimal mixture design matrix showing the
proportions (ml/100 ml) of guava, plant extracts, and xanthan gum
in each experimental run.

Formulation Guava pulp Plant extracts Xanthan Gum (%)
F1 0.9 0.1 0.03
F2 0.9 0.1 0.04
F3 0.9 0.1 0.01
F4 0.6 0.4 0.04
F5 0.8 0.2 0.03
F6 0.8 0.2 0.03
F7 0.9 0.1 0.01
F8 0.8 0.2 0.01
F9 0.9 0.1 0.01
F10 0.6 0.4 0.01
F11 0.6 0.4 0.01
F12 0.9 0.1 0.04
F13 0.7 0.3 0.02
F14 0.8 0.2 0.04
F15 0.6 0.4 0.04

Note: All the values are in millilitres (ml) to be added to 100 ml of
beverages.

Preparation of blends of non-heme iron-rich beverages

Plant materials were washed, dried in a tray dryer at 40°C
for 48 h, ground using a laboratory blender (Sujata, India), and
sieved through a 100 mesh sieve to obtain fine powder. The
plant extract was prepared by dispersing the required quantity
of dried plant powder corresponding to the selected formula-
tion in 50 ml of distilled water, followed by blanching at 90°C for
5 min. The mixture was allowed to macerate and then filtered
through muslin cloth to obtain a clear aqueous extracts of the
respective plant materials.

The extracts of wheatgrass, seaweed Ulva lactuca, karonda
fruits, moringa leaves and red amaranth were blended with
guava pulp at proportions defined by the experimental design
(Table 2). For beverage preparation (on 100 ml basis), the re-
quired amount of guava pulp and the freshly prepared plant
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extract were blended such that their combined pulp equivalent
was 10 g per 100 ml beverage, which included the combined
contribution of guava pulp and plant extract. Refined sugar, cit-
ric acid (0.3 g), xanthan gum (0.2%), and preservative (0.01%)
were added, and the final volume was adjusted to 100 ml with
distilled water. The total soluble solids were standardized to
10%, after which the beverage was pasteurized at 90°C for 20
min, hot-filled into sterilized bottles, cooled, and stored for fur-
ther analysis (Figure 1).

| Non-heme fortified guava ready-to-serve (RTS) beverage |

| |

Fresh amaranth leaves, moringa leaves, karonda fruits,
Ulva lactuca, and wheatgrass were sorted by removing
discoloured, damaged, infested, and wilted ones

[ ] il

The extract of each raw materials was prepared by Mixed with water in a 1:1 ratio, and
blanching the leaves powder in hot water at 90°C for 5 heated until softened. The pulp was
minutes, followed by maceration. The exudate was strained to remove seeds, and stored
collected, filtered through muslin cloth, and stored at under frozen conditions

refrigerated conditions

| Guava pulp was blended with the different plant extracts I

|

\ RTS beverage prepared as per standard specifications [TSS 10 % using cane sugar, acidity 0.3% |

Ripe fresh guava was sorted, washed
and cut into pieces

using citric acid, sodium benzoate (100 ppm), xanthan gum (0.2%), and water]

|

The developed beverages were homogenized using a blender, filled into pre-sterilized glass bottles
with a 2 em headspace, and subsequently capped

|

The bottled beverages were pasteurized at 90 °C for 20 minutes, cooled and stored in dark at room
temperature conditions

Figure 1: Flow chart of the preparation of Guava-blend RTS.

Determination of D-Optimal mixture composition of
different formulation of blended beverages

In the first stage of this research, various functional bever-
ages formulations were prepared using the D-optimal mixture
design by blending different levels of plant extracts and xanthan
gum. These formulations were evaluated for sensory attributes
to identify the optimum guava pulp-plant extract ratio and to
determine the maximum acceptable levels of plant extract and
xanthan gum. In the second stage, the selected optimum for-
mulations were subjected to detailed physicochemical, mineral,
color, and phytochemical analyses.

Evaluation of sensory properties of different formulation of
blended beverages

For sensory evaluation, 30 ml of each beverage formulation
generated through the D-optimal mixture design was served in
transparent plastic cups coded with random three-digit num-
bers. A nine-point hedonic scale, where 1 indicated “dislike
extremely” and 9 indicated “like extremely”, was used to as-
sess consumer acceptability. The sensory panel consisted of 20
semi-trained student panellists (men and women aged 23-30
years). Panelists evaluated the formulations for taste, color and
appearance, aroma, texture, consistency, and overall accept-
ability to determine the influence of varying levels of plant ex-
tracts and xanthan gum in the guava-based RTS beverages. This
evaluation validated the consumer acceptability of the mixtures
generated in the optimization stage. Sensory data were anal-
ysed using ANOVA, and significant differences were determined
at p<0.05.

Proximate composition

The different plant materials were subjected for analysis of
moisture content, ash, protein, carbohydrate, and energy as per
the method of AOAC [4]. The protein content was analysed by
the Kjeldhal method suggested by Rangana [31] by multiplying

the N value with factor 6.25.
Physio-chemical analysis

The plant materials used and the formulated RTS beverages
were analyzed for physicochemical properties. The pH was mea-
sured using a digital pH meter (CL-54, Toshniwal Instruments,
India) following standard procedure AOAC [2]. Total soluble
solids (°Brix) were determined using a Benchtop Digital Refrac-
tometer (model RSG-100ATC). Titratable acidity was measured
using the AOAC [3] standard method. Ascorbic acid (Vitamin
C) was estimated by titrimetric technique using 2,6-dichloro-
phenolindophenol reagent, as per the procedure described by
Ranganna [31]. The Folin—Ciocalteu colorimetric method, as de-
scribed by Antolovich et al. [1], was employed to evaluate the
Total Phenolic Content (TPC) of the samples.

Mineral analysis of raw materials and formulations

Mineral contents were determined using the atomic absorp-
tion spectrophotometric (Agilent 240FS AA, USA).) method ac-
cording to AOAC [4]. Samples were first digested using 5 ml of
di-acid mixture of HNO, and HCIO,. The digested samples were
then diluted to the 25 ml, and mineral concentrations were
quantified using an atomic absorption spectrophotometer.

Antioxidant activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scav-
enging assay was used for determination of antioxidant activity,
following the methodology outlined by Hussain et al. [16]. The
percentage of DPPH radical scavenging activity was calculated
using the following formula:

DPPH Scavenging Activity (%) = (AO-Af)/ AO*100
Where: Af = final absorbance, AO = initial absorbance

Color characteristics of raw materials and different
formulated formulations

The color of the raw materials and developed beverages
was determined by CIE-L*, a*, and b* coordinates using (Color
Quest XE, Hunter Lab, USA), which determines the: a* (green/
red), b* (blue/yellow), c* (chroma), h* (hue), and L* (lightness)
values [9].

Rheological analysis of developed beverage

Rheological properties (apparent viscosity, shear rate and
shear stress) of developed RTS beverages were measured us-
ing a rheometer (MCR52, Anton Paar, GmbH, Ostifildern, Ger-
many). The measurements were carried out using a concentric
cylinder arrangement (DG 26.7-SN7721). The data was acquired
in a personnel computer loaded with Rheoplus (v2.81, Anton
Paar) software.

Anti-nutritional factors

The quantitative analysis of phytate, tannins, and oxalate
in the samples was performed using the standard colorimet-
ric procedures. Phytate content was estimated following the
method of Vaintraub & Lapteva [44]. Briefly, 1.0 ml of sample
was extracted with 10 ml of 2.4% HCL on a mechanical shaker
at room temperature for 1 h, and centrifuged at 3,000 rpm for
30 min. The 3 ml supernatant was mixed with 1 ml of Wade re-
agent (0.03% FeCl.-6H,0 and 0.3% sulfosalicylic acid in distilled
water), and absorbance was measured at 500 nm against a re-
agent blank. Results were expressed as pug phytic acid/g fresh
weight with sodium phytate as a standard.
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Tannin concentration was determined by the vanillin-HCI as-
say as described by Butler et al. [7]. The extracted supernatant
obtained after centrifugation at 3500 rpm for 10 min was react-
ed with 5 ml of vanillin- HCL reagent, incubated in a water bath
at 30°C for 20 min, and the absorbance was recorded at 500 nm
using a UV-visible spectrophotometer. The oxalate content was
analysed following the procedure of Naik et al. [25]. In brief, 2
ml of the beverage was digested in 0.25 N HCL by boiling for 15
min. The volume made up to 50 ml, and 1 ml of the extract was
mixed with 5 ml of 2 N H,SO, and 1 ml of 0.03 M KMnO,, fol-
lowed by incubation for 30 min. The absorbance was recorded
at 530 nm, and oxalate concentration was determined using an
oxalic acid calibration curve.

Statistical analysis

The values given are the mean of triplicate observations +
standard deviations. The obtained data were analysed using
Complete Randomised Design (CRD) to test statistical signifi-
cance at p<0.05, following the method described by Panse and
Sukhatme (1985). Statistical analysis was performed using the
(OPSTAT - Online Statistical Analysis Tools), CCS Haryana Agricul-
tural University, Hisar, India.

Result and discussion

Optimization of non-heme fortified Guava based RTS
beverage formulation and stabilization

The sensory evaluation of the most acceptable formulations
selected from the 15 D-optimal runs is presented in (Table 3).
All guava—plant RTS beverages fell within the acceptable range
on the nine-point hedonic scale, indicating that each formula-
tion was well received by the panelists. Significant differences
(p<0.05) were observed among blends for attributes such as
color and appearance, taste, mouthfeel, and overall acceptabil-
ity, which can be attributed to the compositional variation intro-
duced by different plant extracts and their respective concen-
trations. Similar trends have been reported in previous studies
on pumpkin—mango—based RTS beverages fortified with pome-
granate seed extract, where sensory evaluation showed an
improvement in aroma, flavour, and overall acceptability with
increasing extract concentration up to an optimum level (6%),
followed by a decline at higher levels, whereas appearance and
mouthfeel scores decreased progressively with further extract
addition [18]. The control sample (100% guava) retained high
acceptance, due to the naturally appealing flavor and color of
guava pulp. Some formulations exhibited slightly lower scores,
particularly those incorporating stronger-flavored extracts such
as seaweed or wheatgrass, which is consistent with earlier
studies reporting that such ingredients may impart character-
istic herbal or marine notes Ugwuoke et al. [43] also observed
a similar behavior related to the flavor of the drink with the
addition of moringa powder. However, even these treatments
remained within acceptable limits, demonstrating that appro-

Table 3: Evaluation of sensory properties of fruit juice blends.

priate blending ratios can successfully balance guava flavor with
plant-derived functional components. Based on the optimized
formulations, karonda and Ulva lactuca blends achieved their
best sensory scores at a guava:extract ratio of 0.9:0.1, while
moringa, wheatgrass, and amaranth blends showed maximum
acceptability at 0.7:0.3, with the guava-amaranth formulation
recording the highest overall sensory scores among the fortified
beverages. Following sensory selection, response surface and
contour plots (Figure 2) were generated to understand the in-
fluence of guava: plant extract ratio and stabilizer levels on key
attributes such as viscosity, taste, and overall acceptability. The
plots revealed that the optimal region for maximizing sensory
quality varied across plant extracts, reinforcing that each for-
tified beverage has its own most favorable formulation range.
Overall, the findings indicated that all guava—plant RTS bever-
ages were sensorially acceptable, with each formulation exhib-
iting a favorable balance of appearance, taste, and mouthfeel.
This confirms the potential of using multiple plant extracts to
enhance the nutritional value of guava-based beverages with-
out compromising consumer acceptance.

Overall accepstataity (9-pout hedorc scaim) Overall scceptabiity (9-pont hedoine scale)

Overal acceptabiity (9-points

X1t As Guava ()
B Monnge

Xk r (d

© Xantham grom (%) € Xathan guen (%

Oversh sccaptabiity (9-poiet hadorsc scale)
(a): Guava+Amaranth beverage (0.7:0.3)
(b): Guava+Karonda beverage (0.9:0.1)

(c): Guava+Moringa beverage (0.7.0.3)

(d): Guava+Ulva lactuca beverage (0.9:0.1)

(¢): Guava+Wheatgrass (0.7:0.3)

1€ Xanghan gum (%)

Figure 2: Plots showing the effects of Amaranthus tricolor, Moringa
oleifera, Ulva lactuca, Carissa carandas, and wheatgrass (Agropyron
sp) extracts on overall acceptability of the developed beverages.

Plant extract Optimized ratio (Guava:Extract) | Xanthan gum (%) | Taste Aroma Mouthfeel Color & appearance = Overall acceptability
Control 1:00 0.02 8.00° 8.12° 7.95° 8.00° 8.02°
Karonda 0.9:0.1 0.02 7.54° 7.46° 7.67% 8.24° 7.73°
Moringa 0.7:0.3 0.02 7.20¢ 7.50° 6.85¢ 7.85% 7.35¢

Wheatgrass 0.7:0.3 0.02 6.75¢ 7.17¢ 6.50¢ 7.80° 7.05¢

Ulva lactuca 0.9:0.1 0.02 6.12¢ 5.19¢ 6.12¢ 6.50¢ 6.40¢

Amaranth 0.7:0.3 0.02 7.85° 7.56° 7.85° 8.20° 7.86°

Values are mean sensory scores. Different superscript letters within the same column indicate significant differences (p<0.05).
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Proximate and physico-chemical composition of the plant
materials

The data for nutritional analysis of guava and other plant
materials is presented in (Table 4). On a dry weight basis, mois-
ture content ranged from 7.35% in moringa leaves to 21.91%
in karonda fruits, while guava pulp exhibited moderate mois-
ture (8.45%). Ash content was higher in Ulva lactuca (10.36%)
and amaranth leaves (10.12%), reflecting their superior mineral
content necessary for a healthy diet [42,17]. However, guava
showed relatively lower ash content (1.23%). Protein content
was notably high in wheatgrass (35.00%) and moringa leaves
(32.65%), highlighting their potential as protein-rich fortify-
ing ingredients. In contrast, guava pulp contained low protein
(2.13%), consistent with previous reports on tropical fruits [8].
Guava also contained very low fat (0.54%). Guava pulp showed
highest carbohydrate content (87.65%) and total soluble sol-
ids (11%). Acidity and pH varied significantly among samples,
karonda exhibited high acidity (2.18%) and low fat (2.75%),
whereas Ulva lactuca showed alkaline pH (8.40). Guava main-
tained moderate acidity (0.24%) and pH (3.83), desirable for
flavour balance and microbial stability. Phytochemical analysis
revealed exceptionally high total phenolic content in amaranth
leaves (422.62 mg GAE/100g). Similar values were reported for
amaranth by Jahan et al. [17].

Physicochemical characteristics of the developed beverages
characteristics of the

The data for physicochemical

developed beverages is presented in (Table 5). The Total Soluble
Solids (TSS) of all guava-based RTS beverage formulations were
standardized at 10%, and there was not any variation observed
among the control and plant-extract-fortified beverages,
indicating that the incorporation of different plant extracts did
not influence the TSS. Titratable acidity, expressed as citric acid,
was optimized at approximately 0.30% across all formulations.
The acidity values ranged from 0.28 to 0.35% and no significant
change was observed following the addition of plant extracts,
However, pH value ranged from 3.16 to 3.38, which is within the
desirable acidic range for fruit beverage, thereby contributing
to microbial safety and product stability [12].

The total phenolic content of the beverages varied from
23.07 to 31.21 mg GAE/100mL, with the guava—moringa for-
mulation exhibiting the highest phenolic content. The observed
increase in phenolics in fortified formulations can be attributed
to the contribution of bioactive compounds from plant extracts
[20,38]. Vitamin C content ranged from 7.95 to 14.77 mg/100
mL, with the guava—karonda blend showing the maximum
value, reflecting the natural ascorbic acid richness of karonda
fruits. Antioxidant activity ranged from 62.41 to 78.27%, and
higher activity was generally associated with increased phenolic
and vitamin C content, consistent with previous findings in forti-
fied RTS beverages [8]. Protein content showed minor variation
(0.19-0.28g/100 ml) among formulations, indicating limited but
measurable nutritional enhancement with respect to protein
content.

Table 4: The proximate and physico-chemical composition of the plant materials.

Chemical analysis (%) Wheatgrass Ulva lactuca Karonda Moringa Amaranth Guava
Moisture (% dw) 7.42+0.02 15.9940.01 21.91+0.03 7.35%0.12 15.4210.14 8.45+0.82
Ash (% dw) 4.27+0.14 10.36+0.12 5.55+0.07 2.27+0.08 10.1240.05 1.23+0.12
Crude fat (% dw) 2.15+0.13 1.23+0.15 4.38+0.23 5.45+0.12 1.360.07 0.54+0.05
Crude protein (% dw) 35.00+0.16 18.66+0.02 9.30+0.06 32.65+0.02 13.1240.04 2.13+0.17
Carbohydrate (% dw) 51.16+0.12 53.76+0.17 58.86+0.05 52.28+0.08 59.98+0.03 87.65+0.19
Energy (kcal/100g) 363.99+0.03 300.75+0.03 312.06+0.02 388.77+0.06 304.64+0.56 363.98+0.03
Acidity (%) 0.64+0.005 0.01+0.01 2.18+0.01 0.13+0.001 0.13+0.01 0.24+0.02
pH 5.81+0.01 8.40+0.1 2.75+0.01 6.31+0.01 6.70+0.15 3.83+0.01
TSS (%) 3.00+0.02 1.00+0.05 6.00+0.28 5.00+0.10 4.00£0.01 11+0.15
Phenolic compound (mg/100 g GAE) 115.49+0.55 25.87+0.21 62.45+0.05 63.65+0.18 422.62+0.43 172+0.26
Antioxidant % 60.17+0.37 1.2+0.15 4.12+0.21 87.22+0.19 85.42+0.24 96.81+0.18
Vitamin C (mg/100 g) 76.15+0.29 1.2+0.15 6.35+0.19 259.74+0.28 49.26+0.19 262.5+0.17

The values are mean * S.D. of three replicates.

Table 5: The physicochemical characteristics of the developed fortified beverages of guava.

Parameters A B C D E F

TSS (°Brix) 10+0.00 10+0.00 10+0.00 10+0.00 10+0.00 10+0.00
Titratable acidity (%) 0.30£0.06 0.31+0.01 0.3310.01 0.35+0.02 0.28+0.01 0.30£0.01
pH 3.16+0.12 3.35+0.01 3.35+0.015 3.37+0.015 3.38+0.01 3.31+0.01
Total phenols (mg GAE/100 ml) 23.34+0.16 23.21+25 29.97+1.36 23.07+0.16 31.21+0.24 28.45%0.31
Vitamin C (mg/100 ml) 10.37+0.12 11.36+0.01 14.77+0.18 8.23+0.05 7.95+0.05 9.55+0.01
Antioxidant (%) 67.95+2.12 77.263.20 62.41+3.85 78.27+3.35 66.44+1.99 66.89+3.42
Protein (g/100 ml) 0.21+0.21 0.19+0.08 0.2240.12 0.28+0.09 0.26+0.08 0.19+0.01

Means * standard deviation (N=3).
A: Guava 100% beverage (Control); B: Guava+Amaranth beverage (0.7:0.3); C: Guava+Karonda beverage (0.9:0.1); D:

Guava+Wheatgrass beverage (0.7:0.3); E: Guava+Moringa beverage (0.7:0.3); and F: Guava+Ulva lactuca (0.9:0.1)
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Color analysis

The instrumental color parameters (L*, a*, b*) showed
marked variations among the underutilized plant materials (Ta-
ble 6), reflecting differences in their natural pigment composi-
tion. Lower L* values observed in amaranth and Ulva lactuca
indicated a darker appearance, while higher L* values in guava
and karonda reflected lighter matrices. Negative a* values in
wheatgrass, moringa and Ulva confirmed the dominance of
chlorophyll pigments, whereas positive a* values in karonda
and amaranth were associated with red coloration due to an-
thocyanins [40,13]. Positive b* values across most samples indi-
cated yellow contributions from carotenoids and phenolic com-
pounds, consistent with reports on leafy and fruit-based plant
materials [28].

In the developed guava-based RTS beverages, fortification
with plant extracts resulted in a reduction of L* values com-
pared with the guava control, indicating darkening of the bever-
ages after blending and thermal processing. The lowest L* value
was recorded for the guava—amaranth RTS, while guava—Ulva
retained comparatively higher lightness. The guava—karonda
RTS exhibited the highest a* value, confirming the strong in-
fluence of anthocyanin pigments on beverage redness. Overall,
the observed changes in L*, a* and b* values can be attributed
to pigment dilution, interactions with the guava matrix, and
processing-induced reactions, which are well documented in
fruit-based RTS beverages [32,6].

Table 6: The colour attributes of the plant materials and fortified RTS beverages of guava.

Parameters Wheatgrass Ulva lactuca Karonda Moringa Amaranth Guava (Control)

Dried plant materials

L* 53.71+0.04 42.20+0.12 58.55+0.31 49.7+0.49 40.12+0.10 55.2340.11

a* -8.3610.05 -4.08+0.12 11.6+0.07 -9.51+0.06 13.28+0.05 1.23+0.17

b* 24.27+0.13 20.31+0.16 27.57+0.07 27.0410.08 3.24+0.07 1.22+0.19
Developed fortified RTS beverages of guava

L* 31.35+0.049 46.06+0.46 31.61+0.32 37.47+0.37 16.99+0.47 50.8610.26

a* -1.29+0.07 3.69+0.005 10.38+0.05 1.31+0.02 0.84+0.19 2.53+0.04

b * 4.71+0.16 3.86+0.23 4.91+0.06 3.6+0.10 4.33+0.20 3.29+0.06

Values are expressed as mean + SD (n=3).
Anti-nutrient content

The anti-nutritional content of the plant materials and their
corresponding guava-based RTS beverages is presented in (Ta-
ble 7). Among the raw materials (dry weight basis), karonda ex-
hibited comparatively higher levels of phytic acid, tannic acid,
and oxalate than the other plant sources, while amaranth, mor-
inga, and Ulva lactuca showed moderate to low concentrations
of these antinutrients. Such variations in the antinutritional fac-
tors among plant foods have been attributed to species differ-
ences, growing conditions, and inherent defense mechanisms
[15]. In the formulated RTS beverages, tannic acid (0.02-0.12%),
oxalate (3.35-3.41%), and phytic acid (0.01-0.05%) contents
were low, with only marginal increases observed in fortified for-
mulations compared to the control. The substantially reduced
antinutrient levels in beverages may be attributed to dilution
effects and processing steps involved in extract preparation
and beverage formulation, as reported for plant-based foods

and beverages [45]. Moreover, leafy plant sources such as ama-
ranth and moringa are known to contain manageable levels of
antinutritional factors when processed, without significantly
compromising nutritional quality [38]. Similarly, Ulva lactuca
has been reported to possess relatively low levels of conven-
tional antinutrients as compared to terrestrial leafy vegetables
[42]. Overall, the results indicated that incorporation of select-
ed plant extracts into guava-based RTS beverages did not lead
to excessive anti-nutrient accumulation, supporting their nutri-
tional suitability. It has been reported by that the permissible
limits are 200-5000 mg of phyates [21], 0.1-0.5 mg of tannins
[10], and 40-50 mg for oxalate [39], respectively. Thus, the anti-
nutritional content of all the developed beverages were lower
than the permissible limits, indicating their suitability for con-
sumption. Moreover, higher vitamin C content and lower an-
tinutrients present in these beverages are expected to improve
iron solubility and bioavailability by chelating iron and reducing
inhibitory interactions [41].

Table 7: Anti-nutritional factors (% DW) of the plant materials and the developed functional beverages of guava.

Anti-nutritional factors Guava pulp fresh Wheatgrass Ulva lactuca Karonda Moringa Amaranth
Dried plant materials
Tannic acid (%) - 2.28+0.36 0.29+0.08 13.43£1.27 0.9+0.23 1.5440.09
Oxalate (%) 0.3£0.01 1.92+0.20 1.64+0.25 3.45+0.03 2.4410.13 1.6740.05
Phytic acid (%) - 1.6+0.04 1.66+0.07 8.59+0.64 2.39%0.09 2.35+0.11
Developed fortified RTS beverages of guava
Tannic acid (%) 0.02+0.01 0.08+0.03 0.06+0.12 0.12+0.14 0.07+0.19 0.07+0.02
Oxalate (%) 3.35+-0.36 3.39£0.32 3.3840.28 3.40£0.21 3.39+0.22 3.41+0.38
Phytic acid (%) 0.01+0.08 0.01+0.00 0.04£0.07 0.03+0.01 0.01+0.08 0.05+0.09

Values are expressed as meanSD (n=3). Antinutritional factors of plant materials are reported on a dry weight basis, whereas
guava pulp and RTS beverages are expressed on a fresh weight basis. DW: dry weight.
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Mineral composition of raw materials and guava based RTS
beverages

The iron and calcium contents of selected raw plant are pre-
sented in (Table 8). Significant variations were observed among
the samples’ iron and zinc contents, indicating differential con-
tributions of plant extracts to the mineral profile. Among the
raw materials, Ulva lactuca exhibited exceptionally high iron
content (13.60 mg/100 g in the extract; 135.80 mg/100 g in the
plant material) compared to other plants used, which is con-
sistent with previous findings on mineral accumulation in mac-
roalgae [42]. Amaranth leaves also demonstrated appreciable
iron content (26.86 mg/100 g dry basis), supporting reports that
amaranth leaves are rich sources of dietary minerals [20]. Mor-
inga showed the highest calcium concentration among the raw
materials (1543 mg/100 g), aligning with literature highlighting
moringa as a calcium-dense plant food [38]. The wheat grass,
however, contained relatively lower levels of iron and calcium.

Table 8: Iron and calcium contents of the plant materials.

Plant material Extracts Iron content (mg/100g DW) Calcium
(mg/100 ml) (mg/100 g DW)
Amaranth 5.61+0.12 26.86+0.01 554.20+0.12
Moringa 0.69+0.01 8.06+0.23 1543+0.17
Wheatgrass 0.13+0.12 1.80+0.19 92.65+0.12
Karonda 0.69+0.18 5.030.25 457.44+0.23
Ulva lactuca 13.60+0.23 135.80+0.21 220.77+0.31

Values are expressed as meanSD (n=3). DW: dry weight

The mineral composition of the developed fortified bever-
ages of guava is presented in (Table 9). In the guava control bev-
erage, iron was not detected and calcium (7.9 mg/100 ml) con-
tent was low; however, incorporation of plant extracts resulted
in enhanced mineral content in the fortified formulations. The
guava—amaranth blend exhibited the highest iron among bev-
erages (0.48 mg/100 ml), while the guava—moringa beverage
demonstrated the highest calcium content (11.9 mg/100 ml),
reflecting the mineral profiles of the respective raw materials.
Magnesium and zinc were also increased in fortified beverages,
notably in formulations containing moringa and Ulva lactuca.
Selenium was not detected in any formulation, consistent with
low selenium levels reported in many plant foods [45]. Overall,
the incorporation of iron- and calcium-rich plant extracts signifi-
cantly improved the mineral profile of guava-based RTS bever-
ages, enhancing their mineral value and potential to contribute,
particularly the iron.

Table 9: Mineral composition (mg/100 ml) of the developed
fortified beverages of guava.

Rheological analyses

The viscosity shear rate curves (Figure 3a) show that all
guava—plant extract beverages exhibited a rapid decline in ap-
parent viscosity with increasing shear rate, confirming typical
shear-thinning (pseudoplastic) behavior. The overall trend re-
mained consistent across samples, although slight differences
appeared among wheatgrass and moringa enriched blends.
Similar pseudoplastic behavior were observed by Pinto et al.
[30] for the developed plant-based beverages.

The shear stress—shear rate profiles (Figure 3b) displayed a
non-linear relationship between shear rate and shear stress,
further supporting non-Newtonian flow. Similar rheological pat-
terns have been reported for blended fruit beverages and veg-
etable extracts, where fiber-rich matrices contribute to pseudo-
plastic flow [26]. The results confirmed that the incorporation
of different plant extracts did not alter the fundamental flow
behavior of guava pulp; all beverages behaved as pseudoplastic
fluids, which is desirable for ready-to-serve beverages because
it improves pourability and sensory perception [37].
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Iron - 0.48 0.11 0.22 0.1 0.14
Calcium 7.9 8.2 7.6 4.6 11.9 5.9
Magnesium 4.1 7.1 5.1 4.8 7.4 9.2
Zinc 0.04 0.07 0.02 0.05 0.08 0.09
Selenium ND ND ND ND ND ND

Figure 3: Flow curves of the viscosity (a) and shear stress and shear
rate (b) of the developed beverages.

Conclusion

This study demonstrated that iron-rich plant extracts can be
effectively incorporated into guava pulp to develop non-heme
iron-rich RTS functional beverages. The D-optimal mixture de-
sign efficiently identified optimal blending ratios that maxi-
mized sensory acceptance while enhancing nutritional quality.
Based on the optimized formulations, karonda and Ulva lactuca
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blends achieved their best sensory scores at a guava: extract ra-
tio of 0.9:0.1, while moringa, wheatgrass, and amaranth blends
showed maximum acceptability at 0.7:0.3, with the guava-am-
aranth formulation recording the highest overall sensory scores
among the fortified beverages. Fortification significantly in-
creased the iron content of the developed beverages compared
to the control guava RTS, with the optimized formulation attain-
ing an iron level of 048 mg/100 ml. The developed plant-based
guava beverages may be recommended as a cost-effective and
refreshing dietary intervention for the vegan segment of the
population affected by iron deficiency. The use of other addi-
tives to improve the microbial safety and sensory perception of
these Fe-fortified beverages could be another area for further
studies. Further research on the bioavailability and shelf-life
stability is recommended to support commercial application.
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