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Abstract: Seasonal mango surpluses in tropical regions
result in substantial postharvest losses (30–40%), high-
lighting the need for sustainable utilization. This study
optimized carrageenan and citric acid ratios in mango-fla-
vored gummies to create clean-label confectionery using
response surface methodology. The optimal formulation
(1.3–1.55% carrageenan, 0.42–0.48% citric acid) stabilized
moisture (20–22%), water activity (0.665), and sensory scores
(≥6.5/9) at a production cost of Php65/kg (US$1.12/kg). Excess
carrageenan (>2%) hardened the texture and dulled the nat-
ural pigmentation, while citric acid >0.48% heightened sour-
ness. Validation trials confirmed consistency, with slight
deviations in sensory acceptability (6.80 vs predicted 7.30).
The method proved effective for mango and jackfruit but
unsuitable for lipid-rich fruits like avocado. Economically
viable for small-scale producers (break-even: 154.2 kg/month),
this approach offers a scalable solution to valorize surplus
fruits, though industrial adaptation and lipid-resistant formu-
lations require further exploration.

Keywords: mango, gummy candy, clean-label confectionery,
food product development, response surface methodology

1 Introduction

The confectionery industry is moving toward natural ingre-
dients and plant-based, clean-label, and ethical sourcing

products due to the growing consumer demand for sustain-
able and better nutrition [1,2]. The trend has spurred intensi-
fied efforts to identify replacements for animal-based
additives such as gelatin. As such, this positions carrageenan,
a seaweed-derived hydrocolloid, as a prominent alternative
for gelatin (an animal-derived collagen), owing to its ability to
form stable gels and compatibility with vegan product stan-
dards [3]. However, significant challenges remain in optimizing
carrageenan for high-acid fruits like mango, particularly
regarding pH sensitivity, where the gel strength decreases
sharply at pH ≤ 4.0 and flavor volatility during processing [3].

Mango (Mangifera indica L.) is known for its vibrant
color and natural sweetness, making it ideal for clean-label
confectionery, and a rich profile of health-promoting com-
pounds, including vitamin C, carotenoids (e.g., β-carotene),
and polyphenols [4,5]. These secondary metabolites – vola-
tile organic compounds, carotenoids, and flavonoids [6] –
enhance flavor and color while providing antioxidant ben-
efits that may support immune function. Despite these
advantages, seasonal surpluses during peak harvest often
strain processing capacity in tropical regions, with inade-
quate facilities contributing to substantial postharvest
losses of 30–40% [7].

To address this waste challenge while meeting consumer
demand, this work proposes converting surplus mango
puree, a common but perishable intermediate, into gummy
candies. This approach leverages the fruit’s natural flavor
and color, and nutritional properties to create a diversified,
clean-label product that offers a healthier alternative to syn-
thetic, additive-laden confectionery. The optimized gummies
provide dual benefits: (1) valorization of food waste through
surplus utilization, and (2) delivery of fruit-derived phyto-
chemicals in a shelf-stable format, aligning with global
dietary recommendations for whole-fruit consumption [2].

Despite these opportunities, current research on car-
rageenan-based gummies primarily focuses on temperate
fruits, leaving applications for tropical fruits underex-
plored [8,9]. Additionally, many studies overlook the
scalability of formulations for small-scale producers in
developing regions [10]. To bridge these gaps, this work
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addresses three key issues: (1) optimizing the ratios of car-
rageenan to citric acid to achieve a balance between
quality and stability, (2) utilizing mango puree as a natural
pigment and flavor enhancer, and (3) assessing the eco-
nomic feasibility of the formulation for small-scale produ-
cers to reduce postharvest losses. Ultimately, this study
promotes clean-label vegan gummies tailored to tropical
fruit systems while supporting sustainable agricultural
processing in resource-limited regions.

2 Materials and methods

2.1 Materials

κ-Carrageenan (Shemberg Corp., Cebu City, Philippines),
Philippine mango puree (pH 4.2 ± 0.1, 15°Brix), sucrose,
glucose syrup (DE 4sorbitolitol, citric acid (OngKinKing
Trading, Cebu City, Philippines), and sodium lactate
(Cornell Foods, Metro Manila, Philippines) were sourced
locally. All ingredients were of food-grade.

2.2 Gummy candy preparation

A 3 × 3 factorial design tested carrageenan (1–3% w/w) and
citric acid (0.3–0.9% w/w) levels (Table 1). The process, sum-
marized in Figure 1, involved homogenization of ingredients
(500 rpm, 5–7min), heating (90–100°C until 75°Brix), molding
into 1 cm3 cubes, drying (50–60°C, 16 h), sweating (room tem-
perature for 2 h), and sugar-coating to prevent sticking.

2.3 Physicochemical analysis

2.3.1 Moisture content (MC)

MC was determined using the AOAC method 925.10 [11].
Samples (0.5–1.0 g) were dried at 105°C for 5 h in a
forced-air oven (Biobase BOV-T105F, Shandong, China),
cooled in a desiccator, and reweighed.

2.3.2 Water activity (aw)

Water activity was measured using a water activity meter
(WA 60-A, Guangzhou, China) at 25°C following ISO
21807:2004 [12]. Powdered samples (5 g) were equilibrated
for 10 min before recording.

2.3.3 Caloric content

Caloric content was analyzed via bomb calorimetry (Parr
Instrument Co., IL, USA) using benzoic acid (6.318 kcal/g)
for calibration. Cubed samples weighing 0.5 and 1.0 g were
combusted, and the energy released was quantified [13],
with analyses conducted in triplicate.

2.4 Sensory evaluation

Ninety experienced panelists rated color, aroma, texture,
taste, and overall acceptability on a 9-point hedonic scale.
An incomplete block design [14] minimized fatigue, with
responses analyzed via Response Surface Regression (SAS
9.0). This work employed a 9-point hedonic scale (1 = dislike
extremely; 9 = like extremely) and descriptive scoring quanti-
fied responses, following the standards for sensory testing [15].

Informed consent: Informed consent was obtained from
the panelists and the procedures followed the ethical
guidelines of the Cebu Technological University Research
Ethics Committee.

2.5 Product yield and total cost

Product yield (%) was calculated using (1):

=
−

×

%Yield
weight before drying weight after drying

total weight of the formulation

100.

(1)

The cost analysis focused on the proportions of raw
materials used in various formulations based on the local
market rates [10]. The raw material cost (RMC) was derived

Table 1: Treatment combinations and formulation parameters

Treatment Variable (a) Variable (b) Other ingredients (%)
Carrageenan
(% w/w)

Citric acid
(%w/w)

1–3 1.0 0.3, 0.6, 0.9 Water (49.35–52.35%), glucose syrup (25%), refined sugar sorbitol (2.5%),
sodium lactate (0.6%), mango puree (0.25%)4–6 2.0 0.3, 0.6, 0.9

7–9 3.0 0.3, 0.6, 0.9
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from these prices [16], while the labor cost (LC) was calcu-
lated using a regional minimum wage of Php50 (US$0.87)
per hour and time-motion studies. Energy cost (EC) was
based on electricity consumption at Php10 (US$0.17) per
kWh for mixing and drying. Overhead cost (OC) included
packaging and equipment depreciation. Total production
cost was computed as follows (2):

= + + +Total cost RMC LC EC OC. (2)

The break-even (BEP) analysis for small-scale production
used a retail price of PH/kg from local clean-label confec-
tionery benchmarks, with the BEP calculated as follows (3):

( )
( )

(

=
⎛
⎝

⎞
⎠ − ⎛

⎝
⎞
⎠

BEP kg
Fixed cost Php

Selling price Variable cost

.
Php

kg

Php

kg

(3)

2.6 Optimization and experimental
validation

Response surface methodology (RSM) using STATISTICA 6.0
was utilized to optimize the ratios of carrageenan to citric
acid, exploring carrageenan concentrations from 1 to 3% (w/w)
and citric acid from 0.3 to 0.9% (w/w). Quadratic models were

validated via ANOVA at a significance level of p < 0.01. The
optimal acceptable region (OAR) was defined with criteria
including sensory scores of 6.5 or higher on a 9-point scale,
MC ≤ 22%, and aw ≤ 0.70. Verification involved comparing pre-
dicted and actual scores using paired t-tests (α = 0.05).

For the experimental validation, triplicate batches of
the optimized formulation and a suboptimal control were
produced, with 32 experienced panelists assessing sensory
attributes on a 9-point scale. The optimized formulation
was tested on local fruit purees (jackfruit, guyabano, avo-
cado, melon, and macapuno), and sensory differences were
analyzed using Friedman’s test and one-way ANOVA.

3 Results and discussion

3.1 Physicochemical analysis

3.1.1 MC

MC ranged from 19.47 to 23.99% (Table 2), with higher carra-
geenan levels (3% w/w) surpassing typical gummy ranges
(15–22%) due to its hygroscopic properties [17]. Co-solutes

Figure 1: Flowchart of mango gummy preparation.
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like sucrose and glucose syrup in mango puree weakened gel
networks by competing for water [18], which reduced hydra-
tion efficiency and destabilized the gel structure [19].

The quadratic model indicated a U-shaped relationship
between carrageenan and moisture (R2 = 0.949, p < 0.01)
(Table 3). The negative linear term (−4.85, p < 0.01) showed
that initial increases in carrageenan lowered moisture due to
gel formation. In contrast, the positive quadratic term (1.60, p <

0.01) indicated that beyond 2% carrageenan, excess water was
trapped in helical aggregates. The positive effect of citric acid
(2.58, p < 0.01) revealed its role in disrupting carrageenan helices
at pH < 4.0, releasing bound water. The optimal moisture stabi-
lization occurred with 1.3–1.55% carrageenan and 0.42–0.48%
citric acid, maintaining moisture at 20–22% (Figure 2a) and con-
forming to commercial standards while preventing syneresis.

3.1.2 Water activity (aw)

The aw levels ranged from 0.65 to 0.71 and remained stable
across treatments (Figure 2b), with values at or below 0.70
inhibiting microbial growth [20]. Mango puree functioned as
a natural humectant due to its soluble solids (28–51°Brix) [21]

and pectin (15–20%) [22], maintaining aw without synthetic
additives. This contrasts with the findings of Goztok et al. [23],
who reported lower aw values (0.46–0.52) in fruit juice-based
gummies due to higher sugar concentrations (DE 60 vs DE 42).

Citric acid did not significantly impact aw values (p >

0.05), demonstrating the effectiveness of carrageenan in
water-binding across different pH levels (p = 0.86 for
carrageenan, and p = 0.12 for citric acid). This stability
highlights mango puree as both a flavoring agent and
humectant, differing from gelatin-based systems that
require additional humectants like glycerol [24].

3.2 Sensory properties

Sensory evaluation demonstrated that carrageenan and citric
acid levels significantly influenced consumer perceptions of
mango gummies (Tables 3–6; Figure 3a–e). Color acceptability
scores peakedat lower carrageenan concentrations (1–1.5%w/w),
where the bright yellow hue from mango carotenoids
(β-carotene) was preserved (scores: 6.02–7.19). With a significant
lineareffect oncolor (p<0.01), carrageenanconcentrationsabove
2% result in denser gel networks with obscured pigmentation,
supportedby theworkofKurniadi et al. [25],which indicated that
kappa-carrageenan interacts with natural pigments, such as car-
otenoids inmango, to alter color intensity in fruit-based products.
In contrast, citric acid had minimal impact on color (p > 0.05),
differing from pectin systems where acidity is crucial for gelling
[26]. This highlights carrageenan’s role in color dynamics, inde-
pendent of pH. The optimized formulation (1.4% carrageenan,
0.48% citric acid) scored the highest (7.16), reflecting consumer
preference for the bright-yellow hue typical of mango
carotenoids.

Aroma acceptability remained stable (mean = 6.34) due
to the uniform amount of mango puree, which steadily
releases volatile compounds. A contour plot (Figure 3b)
indicated a peak aroma score of 6.5–6.75 at a carrageenan
concentration of 1.2% and citric acid at 0.29%. This

Table 2: Percent moisture, dry matter, and water activity of mango
gummies

Carrageenan
level (% w/w)

Citric acid
level
(%w/w)

MC (%) Dry
matter
(%)

Water
activity
(Aw)

1 0.3 20.38 79.62 0.650
1 0.6 21.20 78.80 0.658
1 0.9 21.78 78.22 0.649
2 0.3 19.47 80.53 0.671
2 0.6 20.91 79.09 0.678
2 0.9 21.66 78.34 0.667
3 0.3 23.36 76.64 0.701
3 0.6 22.96 77.04 0.704
3 0.9 23.99 76.01 0.702

Table 3: Parameter estimates of physicochemical and processing parameters of mango gummies

MC Aw % Yield Cost

Intercept 22.85778 0.624444 199.300 56.35556
Carrageenan −4.85000* 0.002667ns −70.840ns 3.86000*
Carrageenan^2 1.59833* 0.005333ns 9.930ns 0.02667ns

Citric acid 2.51667ns 0.083333ns −211.633ns 1.90000ns

Citric acid^2 0.92593ns −0.074074ns 97.333ns −0.70370ns

Carrageenan*citric acid −0.64167ns 0.001667ns 36.517ns 0.00000ns

R2 0.948964 0.994193 0.849836 0.999802

*significant at p < 0.05 and ns = not significant.
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enhancement shows that carrageenan and citric acid
concentrations influenced aroma perception but did not
produce significant variations overall. The stable aroma
acceptability can be attributed to carrageenan’s ability to
slow the diffusion of aroma compounds. Bylaite et al. [27]
and Chana et al. [28] confirmed that carrageenan interacts
with flavor molecules, delaying their release. Increased
carrageenan levels form firmer gels, further restricting
the escape of volatiles, as seen in studies on hydrocolloid
gummy systems like strawberry gummies [29].

The texture acceptability of mango gummies decreased lin-
early with increasing carrageenan concentration (p < 0.01, Table
6), with scores ranging from 5.00 to 6.98 (mean = 6.11). Lower
carrageenan levels (1–1.5% w/w) produced softer, more elastic
textures preferred by consumers, while concentrations above
2%w/w resulted in excessive firmness and reduced acceptability.
These findings align with Minguito [30], who noted that levels
over 3% led to excessively rigid textures that were disliked. On
the other hand, citric acid further complicates texture dynamics;
it can weaken gelatin networks by disrupting hydrogen bonding
[8]. However, small amounts of citric acid (≤1.5%) may enhance
gel strength in high-sugar gels due to improved molecular mobi-
lity during formation. Conversely, excessive hydrolysis from
heating acidified mixtures above 100°C can lead to softer, less
cohesive textures [31]. This highlights the intricate balance
between formulation (carrageenan and citric acid concentra-
tions) and processing conditions (e.g., heating).

Taste acceptability (mean = 6.45) was inversely linked
to carrageenan (p < 0.01), as higher concentrations (>2%)
trapped flavored compounds, reducing perceived sweet-
ness [32]. Citric acid’s quadratic term (p < 0.05) highlighted
0.48% as ideal for harmonizing sourness with mango’s nat-
ural sugars, contrasting with commercial gummies that
rely on >2% acid to intensify tartness [33].

The quadratic model for overall acceptability (coeffi-
cients from Table 6), derived from experimental sensory
data collected via a 9-point hedonic scale (Section 2.4),
expressed as in (4)):

= − + + −

−

x y x y

xy

Overall Acceptability

8.0885 1.7266 2.1441 0.3047 1.3021

0.2083 .

2 2 (4)

where x = carrageenan (% w/w) and y = citric acid (% w/w).
The negative linear carrageenan term (−1.73, p < 0.01) and
quadratic citric acid term (−1.30, p < 0.01) underscored the
risks of overuse. The optimum region (1.3–1.55% carra-
geenan, 0.42–0.48% citric acid) maximized scores (Figure
3e), aligning with Song et al. [3] on carrageenan’s textural
trade-offs but diverging from Göztok et al. [23], where
higher acidity improved synthetic systems.Ta
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3D Contour Plot of cost (Php) against carageenan and citric acid
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3D Contour Plot of mc against carageenan and citric acid
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Figure 2: RSM contour plot for MC, water activity, yield, and production cost of mango gummies: (a) MC, (b) water activity, (c) production yield of
gummy candy, and (d) production cost of gummy candy at 800 g.

Table 5: Mean acceptability scores of the sensory attributes of mango gummies

Treatment Factor level Sensory attributes

Carrageenan (% w/w) Citric acid (% w/w) Color Aroma Texture Taste Overall acceptability

1 1 0.3 7.19a 6.58ab 6.97a 7.19a 7.22a

2 1 0.6 7.02a 6.79ab 6.84a 7.14a 7.30a

3 1 0.9 7.11a 6.79ab 6.98a 7.32a 7.33a

4 2 0.3 6.71ab 5.83ab 6.05b 6.03bc 6.04c

5 2 0.6 6.89a 6.47ab 6.46ab 6.30b 6.61b

6 2 0.9 6.60ab 6.26ab 6.36ab 6.28bc 6.38bc

7 3 0.3 6.36bc 6.36a 5.16c 5.93bc 6.10bc

8 3 0.6 6.20bc 6.30ab 5.17c 5.79c 5.97c

9 3 0.9 6.02c 5.69b 5.00c 6.11bc 5.97c

Overall response mean 6.69 6.34 6.11 6.45 6.55

Note: Means with the same letters are not significantly different. 9 – like extremely, 8 – like very much, 7 – like moderately, 6 – like slightly, 5 – neither
like nor dislike, 4 – dislike slightly, 3 – dislike moderately, 2 – dislike very much, 1 – dislike extremely.
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3.3 Production parameters and cost analysis

The combination of carrageenan and citric acid signifi-
cantly affected production efficiency and economic viabi-
lity (Tables 7 and 3; Figure 2a–d). Product yields ranged
from 53.04 to 61.02%, with higher yields observed at lower
carrageenan levels (1% w/w) and moderate citric acid

(0.6–0.9% w/w). Excessive carrageenan (>2%) created
dense networks, lowering water retention [34]. The yield’s
quadratic model (R2 = 0.85) showed a negative effect from
citric acid (−211.63, p < 0.01), likely due to partial hydrolysis
during heating [31].

Production costs increased with increased carra-
geenan concentration, from Php60.70/kg (US$1.05/kg; 1%

Figure 3: RSM contour plots for color, aroma, texture, taste, and overall acceptability of mango gummy candy: (a) color acceptability, (b) aroma
acceptability, (c) texture acceptability, (d) taste acceptability, and (e) overall acceptability.
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w/w) to Php69.34/kg (US$1.19/kg; 3% w/w), primarily due to
raw material and drying costs (Table 7). However, indus-
trial automation can reduce costs by 40% [35]. The quad-
ratic cost model (R2 = 0.999) confirmed carrageenan’s
strong cost influence (3.86, p < 0.05).

The optimal carrageenan range (1.3–1.55%) balanced the
cost (Php64.72–65.02/kg, US$1.12/kg), yield (56–60%), and sen-
sory scores (≥6.5/9), presenting a practical framework for
small producers. Cooperative sourcing and modular drying
could help meet the break-even point (154.2 kg/month),
addressing postharvest losses [7]. Additionally, mango puree’s
natural humectant decreases the need for preservatives [24],
while manual processing (3.5 h/kg) and energy inefficiencies
(1.2 kWh/kg) reveal scalability challenges [36].

4 Optimization and experimental
validation

The RSM identified an optimal formulation region for
mango gummy candy production, consisting of 1.3–1.55%

carrageenan and 0.42–0.48% citric acid. This region met
several constraints: sensory acceptability (over 6.5/9), MC
(≤22%), water activity (≤0.70), and production cost (≤Php65/
kg, US$1.12/kg) (Figure 4). The central formulation of 1.4%
carrageenan and 0.48% citric acid achieved an MC of
20.25%, a water activity of 0.665, a 60% yield, and a
Php65/kg (US$1.12/kg) production cost.

Excessive carrageenan (over 2%) negatively impacted
structural integrity, flavor, and cost, aligning with Song
et al. [3]. Figure 5 presents the experimental validation
results, showing that the actual acceptability of the opti-
mized formulation (A) was 6.80, which is close to the pre-
dicted value of 7.30 (p = 0.020). Conversely, a suboptimal
formulation (B) with 3% carrageenan and 0.6% citric acid
received a low rating of 4.91 compared to a predicted 5.70
(p = 0.022), underscoring the risks of exceeding carrageenan
levels. These findings support those of Ramadhanty et al. [32]
but contrast with those ofMatulyte et al. [33], which suggested
that higher acid levels can enhance sourness.

4.1 Application to tropical fruit flavors

The RSM-optimized formulation, which included 1.4% car-
rageenan and 0.48% citric acid, was tested in gummies
flavored with six tropical fruit purees: mango, jackfruit,
guyabano, avocado, melon, and macapuno. Table 8 pre-
sents the ranking of the gummies with fruit flavors. Fried-
man’s rank test showed significant differences in flavor
and color attractiveness (p < 0.01), but there were no sig-
nificant differences in texture, as the carrageenan levels
remained consistent. Mango and jackfruit were the top
performers, with flavor scores ranging from 6.24 to 6.32
and a color score of 6.52 (Table 9). In contrast, avocado
and macapuno received the lowest scores due to lipid
interference. The texture remained uniform (p > 0.05)
across all fruit flavors, confirming the structural consis-
tency of carrageenan [37].

Table 7: Production yield and cost of mango gummies

Carrageenan
level (% w/w)

Citric acid
level
(%w/w)

MC (%) Yield (%) *Production
cost (Php)

1 0.3 20.38 60.70 60.70
1 0.6 21.20 59.58 61.22
1 0.9 21.78 61.02 61.34
2 0.3 19.47 56.62 64.72
2 0.6 20.91 53.04 65.02
2 0.9 21.66 55.52 65.34
3 0.3 23.36 54.80 68.70
3 0.6 22.96 57.90 69.02
3 0.9 23.99 57.64 69.34

*Calculation computed at 800 g formulation; Php: Philippine Peso
currency.

Table 6: Parameter estimates of sensory attributes of mango gummies

Color Aroma Texture Taste Overall acc

Intercept 7.076389 5.93229 6.43056 9.07639 8.08854
Carrageenan 0.04166** −0.74219ns 0.34115** −2.16406* −1.72656**
Carrageenan^2 −0.091146** 0.21875ns −0.29427** 0.37760ns 0.30469**
Citric acid 0.63368* 4.95660ns 1.66667ns −0.71181ns 2.14410ns

Citric acid^2 −0.40509* −2.95139ns −1.09954ns 0.81019ns −1.30208ns

Carrageenan* citric acid −0.221354* −0.71615ns −0.13021ns 0.02604ns −0.20833**
R2 0.179748 0.132250 0.408352 0.282285 0.269357

Note: **significant at p < 0.01, *significant at p < 0.05, and ns = not significant.
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Figure 5: Visual comparison of optimized (a) vs suboptimal (b) mango gummies. Sensory evaluation of optimized (Treatment A) and suboptimal
(Treatment B) formulations. Values represent mean ± SD (n = 32). Significant differences are denoted by *p < 0.05 and **p < 0.01. Treatment A
outperformed Treatment B in color (p = 0.003) and overall acceptability (p = 0.020), aligning with RSM predictions. Source: Created by the authors.

Figure 4: Optimum region (pink shaded) for carrageenan and citric acid levels of mango gummies.
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5 Practical applications and
future work

The optimized formulation (1.4% carrageenan and 0.48%
citric acid) offers immediate practical value for small-scale
producers in tropical regions, particularly the Philippines,
where mango postharvest losses exceed 30–40% [7]. Pro-
ducers can utilize surplus mango puree in vegan gummies
to enhance economic resilience while meeting clean-label
demands by using natural color pigments [5].

Shelf-life projections, based on physicochemical prop-
erties (aw ≤ 0.665, pH 3.8–4.2) and literature [20,24,37], indi-
cate ≥90-day ambient stability (25°C, 65% RH) without the
use of preservatives. This is enabled by (a) water activity
below the microbial growth threshold (aw < 0.70) inhibits
the growth of molds and yeasts [20], and (b) carrageenan’s
hydrolysis resistance at pH > 3.5 [37].

For potential scalable adoption, a phased implementa-
tion pathway is proposed for small producers:
1. Phase 1 (Manual Production)

Artisanal batches (≤50 kg/day) using existing village
kitchen infrastructure, achieving break-even at 154.2 kg/
month.

2. Phase 2 (semi-automated scaling)
Integration of multi-purpose benchtop depositors (US

$6,000–$16,000) and modular hybrid solar drying systems
(≈US$2,000–$7,000/unit), increasing output 5-fold and
reducing labor by 40% and energy costs by 30% [35].

3. Phase 3 (cooperative model)
Centralized puree processing to lower ingredient costs

by 15% via collective sourcing with local mango associa-
tions [7].

Future work should prioritize validation of shelf-life
testing under tropical conditions (30°C/75% RH), pilot-scale
trials using cooperative models in high-loss postharvest
regions, and lipid-resistant variants for avocado/macapuno
using lecithin [26].

The model’s success with jackfruit (Artocarpus hetero-
phyllus) broadens its applicability to other underutilized
fruits, diversifying product portfolios for niche vegan mar-
kets. This balances artisanal feasibility with industry scal-
ability, converting postharvest losses into market-ready
value-added products.

6 Conclusions

This study successfully optimized a clean-label, vegan gummy
formulation using Philippine mango puree, carrageenan, and
citric acid using RSM. The optimal region (1.3–1.55% carra-
geenan, 0.42–0.48% citric acid) balanced sensory acceptability
(>6.5/9), physicochemical stability (moisture ≤22%, aw ≤ 0.70),
and economic feasibility (Php65/kg, US$1.12/kg, addressing the
mango industry’s postharvest losses and processing chal-
lenges). This formulation directly addresses the mango indus-
try’s postharvest losses (30–40%) by valorizing surplus puree
into shelf-stable products.

Key advantages include that the natural carotenoids in
mango puree can potentially replace artificial colorants,

Table 9: Mean acceptability scores (9-point Hedonic scale)

Treatment Sensory properties

Color** Aroma** Flavor** Textureⁿˢ Overall**

Mango 6.52a 6.2a 6.24a 6.48 6.28a

Guyabano 5.40b 5.40dbc 5.32b 5.24 5.72ab

Avocado 6.36a 4.76c 4.40c 5.72 4.16c

Macapuno 5.80ab 4.92c 4.92bc 5.56 4.16b

Jackfruit 6.52a 6.04ab 6.32a 6.00 6.28a

Melon 6.08ab 5.16bc 5.24bc 5.16 5.68ab

**significant at p < 0.01 and ns = not significant. Means having the same letter are not significantly different.

Table 8: Ranking of fruit flavors (1 = best, 6 = worst)

Treatment Sensory qualities

Flavor** Color**

Guyabano (Annona muricata) 4.30bc 3.16b

Avocado (Persea americana) 3.44bc 4.16c

Mango (Mangifera indica) 2.06a 2.26a

Macapuno (Cocos nucifera var. makapuno) 4.36c 4.78c

Jackfruit (Artocarpus heterophyllus) 2.14a 3.16b

Melon (Cucumis melo L.) 3.70bc 3.48b

**significant at p < 0.01 and ns = not significant. Means having the same
letter are not significantly different.
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maintaining consistent color ratings (6.69/9) while pro-
viding antioxidant benefits. Though not a substitute for
fresh fruit, these gummies offer a palatable vehicle for fruit
phytochemicals in contexts where fresh produce access is
limited. The approach proved viable for jackfruit but
requires adjustments for lipid-rich fruits (e.g., avocado),
highlighting the need for composition-specific customiza-
tion. Validation trials confirmed the RSM model’s relia-
bility, with minor sensory deviations (<7%) attributed to
natural pigment variability. For small-scale producers, this
offers a low break-even (154.2 kg/month) solution to con-
vert seasonal surpluses into value-added products, pro-
moting economic resilience in resource-limited regions.
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