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Kombucha is a fermented beverage recognized for its probiotic and antioxidant benefits, yet its
formulation with regionally sourced ingredients such as yacon syrup (Smallanthus sonchifolius) and
purple tea (Camellia sinensis var. assamica) remains limited. Yacon tubers provide
fructooligosaccharides (FOS) and prebiotic fibers that enhance microbial growth, while purple tea
contributes to anthocyanins that complement kombucha’s tangy profile. This study evaluated
physicochemical, mineral, sensory, and shelf-life properties of kombucha prepared with varying ratios of
purple tea and yacon syrup. Four treatments were developed: A (control, 100% purple tea + 5% sugar), B
(95% purple tea + 5% yacon syrup), C (90% purple tea + 10% yacon syrup), and D (80% purple tea + 15%
yacon syrup), each in triplicate. Analyses followed AOAC methods for pH, titratable acidity, soluble solids,
and alcohol content; antioxidant activity was assessed using the DPPH radical scavenging assay (59—
79% inhibition), polyphenols by the Folin-Ciocalteu method, and minerals via atomic absorption
spectrometry. Sensory evaluation employed a 5-point hedonic scale. Results showed significant
differences (p<0.05) across treatments: pH ranged 4.1-4.7, acidity 0.46-0.59%, soluble solids 6.3—8.3°Bx,
and alcohol 0.5-1.2%. Antioxidant, polyphenol, and mineral levels increased with yacon concentration,
with calcium, magnesium, zinc, and iron highest in yacon-rich samples. Sensory scores were superior in
yacon formulations, particularly Treatment C. Shelf-life testing indicated refrigerated storage (4°C)
maintained stability better than ambient (28°C). Purple tea-yacon kombucha demonstrated improved
nutrition and sensory appeal, underscoring its potential as a functional beverage.
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INTRODUCTION

Kombucha, a fermented beverage traditionally made from health-enhancing properties (Barros et al., 2024). Its
Camellia sinensis (black tea) leaves and a Symbiotic popularity stems from bioactive compounds formed
Culture of Bacteria and Yeast (SCOBY), has garnered through microbial fermentation, including antioxidants,
global attention for its distinctive sweet-sour flavor and probiotics, and anti-inflammatory agents (Laureys et al.,
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2020). Kombucha is known for its health benefits, including
the contribution of bioactive compounds and probiotic
properties (Zhang et al., 2019; Romualdo et al., 2024). The
benefits of antioxidants have been associated with their
roles as anti-inflammatory agents, antimicrobial sub-
stances, and compounds with anti-aging properties (de
Andrade et al.,, 2014; Pattananandecha et al., 2021).
These generally contribute to health benefits and improve
the immune system modulation and potential prevention of
chronic conditions like gastrointestinal disorders (Massoud
et al, 2024), diabetes (Mendelson et al., 2023),
hypertension, and cardiovascular diseases (da Silva
Junior et al., 2022; Kitwetcharoen et al., 2023).

Black tea has been the main ingredient for a long time in
the making of kombucha. Recent studies have shown the
utilization of other ingredients or other types of tea, like
green tea (Fraiz et al., 2024), white tea (Tarhan et al.,
2023), yellow tea (Onsun et al., 2025), fruit juices, herbal
teas, and dried fruits to increase the health benefits of
kombucha (Jayabalan et al., 2014). This research uses
purple tea (C. sinensis var. purpurea, TRK306) and yacon
(Smallanthus sonchifolius) syrup as ingredients to create
a kombucha drink with varied health benefits. These
diversification holds promise for promoting climate-
resilient indigenous crops that increase dietary diversity to
fight undernutrition and micronutrient deficiencies. The
development of locally sourced functional beverages
aligns well with global initiatives, especially the Sustainable
Development Goals (SDG2) of the Food and Agriculture
Organization (FAO, 2023). Purple tea, cultivated in Kenya,
is known for its high anthocyanin and flavonoid content,
offering strong antioxidant potential and cardiovascular
benefits (Yan et al., 2024, Maritim et al., 2021).

Purple tea also contains theobromine, a bitter alkaloid
that adds to its astringency and boosts the anthocyanin
level (Ye et al., 2022). Research has been done on ways
to reduce the astringency in purple tea beverages, such as
adding fruit and herbs like lemon, ginger, or rosemary.
These additives tend to lower anthocyanin content in
purple tea leaves (Kilel et al., 2019).

There is also a need to consider the use of yacon as a
source of sweetness in the products, among other health
benefits. Its use together with purple tea as ingredients
may enhance kombucha’s nutritional and functional
qualities, aligning with health and dietary goals in Sub-
Saharan Africa (SSA) (Ndhlovu and Tagutanazvo, 2025).

Yacon, a root-tuber (Caetano et al., 2016), is known for
its high levels of fructooligosaccharide (FOS) and inulin,
prebiotic compounds that support gut bacteria (Yan et al.,
2019). It contains 83 to 90% water. It's a low-energy-value
edible fruit, and its non-digestible carbohydrates provide a
source of prebiotics for gut bacteria, offering benefits for
managing diabetes, constipation, and other conditions
(Esatbeyoglu et al., 2023). Adding yacon syrup to products
like kombucha improves its sensory appeal, prebiotic, and
probiotic benefits (Duraes et al., 2021).

The choice ofingredients influences the physico-chemical
and sensory profiles of kombucha (Jayabalan et al., 2014).
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Other research has been conducted on alternative
substrates (Osiripun and Apisittiwong, 2021). However,
there is limited information on the combined use of other
ingredients, such as purple tea and yacon syrup, in
kombucha production. The qualities of kombucha may be
affected by other factors, such as storage temperatures.
Research shows that storage temperature and duration
can significantly affect microbial dynamics in kombucha.
The yeasts and acetic acid bacteria stabilize during
storage at 4°C and remain stable over 90 days, whereas
storage at room temperature leads to a shift in microbial
community structure and diminishes probiotic organisms
over time, making the beverage unutilized due to changes
in taste (Grassi et al., 2022). Hence, there is a need to
evaluate the effect of storage conditions on parameters
suchas pHforkombuchasamples. This study characterized
the physicochemical properties, sensory qualities, and
shelf life studies of kombucha formulated with these novel
ingredients, contributing to the develop-ment of a func-
tional beverage with enhanced health benefits.

MATERIALS AND METHODS
Sample collection and preparation

The raw materials included yacon tubers, purple tea, SCOBY, and
sugar. Yacon was obtained from Dedan Kimathi University of
Technology farm. The SCOBY was sourced from Telvian Supplies in
Nairobi. Purple tea was acquired from the Kangaita tea farm in
Kenya, Kirinyaga County. Sugar and water were purchased from
Naivas supermarket in Nyeri. All samples were collected and stored
at the food laboratory at Karatina University. The SCOBY was
refrigerated at 4+1°C prior to activation. The study utilized a
completely randomized design. The treatments were prepared by
combining purple tea and yacon syrup using different ratios, where
Treatment A (95:5 for Purple tea: sugar), B (90:10 for purple tea:
yacon), C (90:10 for purple tea: yacon), and D (80:15 for purple tea:
yacon). The treatments were prepared in triplicate.

Preparation of ingredients

Purple tea infusion was prepared by steeping 500 g of dried orthodox
leaves in 1 L of hot water at 70°C for 10 to 15 min, using methods of
(Kilel, 2019). 50 kg of yacon tubers were obtained, washed, peeled,
and treated with citric acid. It was then chopped into pieces (~0.5 x
0.5 cm) and juiced, extracted, filtered through cheesecloth, and
concentrated by boiling at 100°C to achieve a 72 °Bx (da Silva et al.,
2018). Syrup was cooled and used in preparation for the treatments.
Starter cultures were prepared following the method of Phung et al.
(2023), with 90 mL batches of sweetened tea inoculated with 10%
(v/v) SCOBY.

Preparation of kombucha

Kombucha production from the different formulations was prepared
following the methods of Cardoso et al. (2020) and Jayabalan et al.
(2014). The different treatments were cooled and inoculated with 100
mL/L of starter culture and covered with cheesecloth to prevent
contamination. Fermentation was conducted at ambient temperature
(28°C) for 14 days.
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Table 1. Physicochemical properties of purple tea kombucha made with yacon syrup.

Total acidity _ Alcohol Anti_o?(idant Polyphenol

Treatment pH level (% wiv) Brix (°Bx) content ?ctl_w.t).l (% content
(% viv) inhibition) (mgl/L)

A (Control) 95% purple tea, 5% sugar 4.1 + 0.102 0.46 + 0.01° 6.3+0.10* 0.5+0.102 59 + 1.002 149 + 1.002
B (95% purpletea, 5% yacon) 43+0.10°> 049x0.01° 7.0+x010° 0.7+0.10> 64 +1.00° 159 + 1.00P
C (90% purpletea, 10% yacon) 4.5+0.10¢ 0.55+0.01¢ 76+010° 0.8+0.10° 71 £ 1.00¢ 171 £ 1.00¢
D (80% purpletea, 15% yacon) 4.7 +0.109 0.59 +0.01¢ 8.1 +0.109 1.2+0.109 79 + 1.009 181 + 1.00¢
p-value (0.05) 0.01 0.02 0.01 0.001 0.001 0.001
HSD (Tukey's) 0.12 0.02 0.12 0.12 1 1

Values expressed as Mean + SD. Superscript letters 3, b, ¢, d denote significant differences among treatment means *(p < 0.05) using Tukey’s HSD

test.

Physicochemical analysis

The pH was measured using a calibrated digital pH meter (Model pH-
700, Eutech Instruments) after diluting 10 mL of each sample with an
equal volume of distilled water. Calibration was done with pH 4.0 and
7.0 buffer standards. Titratable acidity (TTA, % w/v) was determined
via titration with 0.1 N NaOH and expressed as acetic acid
equivalents, following Association of Official Analytical Chemists
(AOAC) Official Method 942.15 (AOAC International, 2023). For each
sample, 10 mL was diluted with 10 mL of distilled water, and three
drops of phenolphthalein were added before titrating with 0.1 N
NaOH to a persistent pink endpoint. Soluble solids were assessed in
°Brix using a handheld refractometer equipped with automatic
temperature compensation. Alcohol content was analyzed using a
hydrometer, where calculations were performed as alcohol by
volume (ABV%) (lvory et al., 2021).

Polyphenol and antioxidant activity

the Folin-Ciocalteu method (Guo et al., 2024). A mixture of 0.5 mL
sample extract and 2.5 mL of 10% Folin-Ciocalteu reagent was
incubated for 5 min, followed by the addition of 20 mL of 7.5% sodium
carbonate. After 30 min at room temperature, absorbance was
measured at 765 nm using a UV-Vis spectrophotometer (Model
8453, Agilent Technologies). The results were expressed as gallic
acid equivalents (GAE) using a standard curve (0-200 mg/L).
Antioxidant activity was evaluated using the DPPH radical
scavenging assay (Pekkarinen et al., 1999; Munteanu and Apetrei,
2021). Samples were reacted with DPPH solution, and absorbance
was recorded at 518 nm. A gallic acid calibration curve (0.6-1.0
mg/mL) was used to express antioxidant capacity as percentage
inhibition.

Mineral analysis

Mineral profiling (Ca, Mg, Zn, Fe) was conducted using Atomic
Absorption Spectroscopy (AAS) following the methods described by
Paul et al. (2014). Samples were filtered, diluted, and lanthanum
chloride was added to reduce interference for Ca and Mg. AAS was
performed at respective wavelengths: Ca - 422.7 nm, Fe - 248.3 nm,
Zn - 213.9 nm, and Mg - 285.2 nm. Certified standards were used for
calibration, and concentrations were calculated based on
absorbance readings.

Sensory evaluation

Sensory analysis was conducted on day two of storage using 15

semi-trained panelists (aged 18 to 50) from the Tea Institute at
Karatina University. Panelists were selected randomly and trained
according to 1ISO 4121:2003 guidelines and sensory protocols
described by Gruiji¢ et al. (2014) and Drake et al. (2023). The panelist
was provided with 15 mL of each sample, given unique codes, and
evaluated using a 5-point hedonic scale (1 - dislike extremely to 5 -
like extremely). Water and sugarless biscuits were provided for
palate cleansing between samples.

Shelflife studies

Shelf life studies were conducted following the procedures of Tran et
al. (2025). All kombucha samples for the different treatments were
stored under two different storage conditions: room temperature
(28°C) and refrigeration temperatures at 4°C. The samples for each
formulation were monitored for 30 days to evaluate the stability and
quality attributes during storage. Sampling was performed on days 0,
14, and 30, and the pH measurements were taken using a calibrated
digital pH meter (Model pH-700, Eutech Instruments), with each
sample analyzed in triplicate.

Statistical analysis

Statistical analysis was performed using one-way ANOVA, with
significance set at p < 0.05. Post-hoc comparisons were performed
using Tukey’s HSD test. Results are presented as mean * standard
deviation, with coefficients of variation (CV) calculated.

RESULTS AND DISCUSSION

Physicochemical properties of purple tea and yacon
syrup formulations

The results for the physicochemical properties for the
different treatments are shown in Table 1. Based on the
data, all treatments were significantly different (p<0.05) in
pH values. Treatment A (Control) had the lowest significant
pH at 4.1, while Treatment D had the highest significant
level at 4.7. The level of pH increased as the amount of
yacon increased in the formulations. In the control
(Treatment A), with sugar and no yacon added, the yeast
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Table 2. Mineral analysis results for kombucha made with purple tea and yacon syrup.

Treatment Calcium (mg/L) Zinc (mg/L) Magnesium (mg/L) Iron (mg/L)
A (control) 95% purple tea, 5% sugar 12.8 £ 0.102 2.2+0.052 8.7+0.102 0.82+ 0.052
B (95% purple tea, 5% yacon 14.0 £ 0.102 2.5+0.05° 9.2 +0.10° 4.0+ 0.10°
C (90% purple tea, 10% yacon) 16.5 £ 0.10° 3.0 £.0.0% 10.0 £ 0.102 5.2+0.10°
D (80% purple tea, 15% yacon) 19.0 £ 0.10¢ 3.0£0.05°¢ 11.8 £ 0.10° 6.5+ 0.10°
P value (0.05) 0.003 0.004 0.002 0.001
HSD 2.1 0.4 0.7 0.6

Values with different superscript letters (2, °, ¢, 9) within the same column are significantly different from each other at p < 0.05
according to Tukey’s Honest Significant Difference (HSD) test. Values sharing the same letter are not significantly different.

Table 3. Sensory evaluation of purple tea and yacon syrup.

Treatment Aroma (Mean £ SD) Taste (Mean * SD) Color (Mean £ SD) Acceptability (Mean * SD)
A (control) 420+ 0.42a 3.80 + 0.352 4.50 £ 0.402 4.10 £ 0.302

B (95% purple tea, 5% yacon) 4.60 £ 0.30ab 4.10 + 0.252b 4.80 + 0.32v 4.30 + 0.252b

C (90% purple tea, 10% yacon) 4.80 + 0.200 4.30 + 0.30p 4,70 £ 0.280 450+ 0.22b

D (80% purple tea, 15% yacon) 4.40 £ 0.352b 4.00 + 0.32ab 4.60 + 0.30ab 4.20 + 0.28ab
P-value (0.05) 0.014 0.018 0.008 0.021

Hsd (Tukey's) 0.41 0.36 0.29 0.33

Values are expressed as Mean + standard deviation (SD). Superscript letters (2, ®) denote statistically significant differences among means based on

Tukey’s HSD test at p < 0.05.

stimulation fermentation is limited, resulting in the lowest
pH for the control. As the proportion of yacon syrup
increases for treatments B to D, yacon seems to provide
more fermentable sugars, which increase yeast
metabolism, producing compounds that increase the pH.
The greater yeast fermentation leads to the production of
products like ethanol and organic acids, while also
generating compounds like polyphenols from purple tea
that act as natural buffers (Chong et al., 2024). This
supports the idea that changes in ingredient composition
or processing methods impact the fermentation process
(Ojo and de Smidt, 2023). A study on black and green tea
kombucha found that pH levels dropped from around 5.5
to 3.8 immediately after inoculation, then reached 2.5-3.5
by day seven. Similarly, research on purple basil
kombucha recorded a pH of 3.10 £ 0.06 after one day,
which decreased to 3.15-3.37 during fermentation (Chong
etal., 2024), and alcohol content was low, between 0.5 and
1.2%.

Antioxidant activity varied significantly (59 to 79%
inhibition), and polyphenol content, which contributes to
health benefits, ranged from 149 to 181 mg/L; both showed
significant differences (p < 0.02). Mineral levels, as shown
in Table 2, varied: calcium ranged from 14.29 to 24.77
mmol/L, magnesium from 9.64 to 10.13 mmol/L, zinc from
23.73 t0 24.37 mg/g, and iron from 0.0288 to 0.2934 mg/q.
The sensory results, presented in Table 3, indicated that
the treatment with 90% purple tea and 10% yacon syrup
(Treatment C) scored highest, with 4.80 for aroma, 4.30 for

taste, and 4.50 for overall appeal on a 5-point hedonic
scale. Shelf life studies, shown in Figures 1 and 2,
indicated that storing the kombucha at 4°C in the
refrigerator preserved its pH and flavor better than storage
at room temperature.

Total acidity

Total acidity values increase consistently from 0.46 for the
control to 0.59 in the treatment with the highest yacon
incorporation. This indicates that yacon incorporation
promoted more organic acid formation in the treatments
after fermentation. This is supported by findings of Singh
et al. (2022) who indicated that fermentation of yacon
produces more organic acids. The fructooligosaccharides
(FOS) from yacon may reduce the rate of acidification by
slowing fermentation since they are less readily
metabolized by the SCOBY compared to sucrose (Yikmis
and Tuggim, 2019). Although limited data exists on the
acidity of yacon kombucha, the observed values (0.46-
0.59%) are lower than those typically reported for standard
kombucha. One study found that purple basil kombucha
acidity was between 0.66 and 0.76%, and consistent with
the lower end of the usual range (Ozyurt, 2020). A study
on black tea kombucha measured acetic acid at 1.55 g/L
(0.155% wiv), with total acidity likely higher due to other
acids (gluconic, citric). Yerba mate kombucha showed
acidity of 4.8-6.0% acetic acid after 12 days, far exceeding
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Figure 1. pH value of Kombucha samples stored under A room temperature at 28°C.
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Figure 2. pH value of Kombucha samples stored under refrigeration temperatures at 4°C.

typical values, possibly due to unique substrates (Yikmig
and Tuggim, 2019).

The increase in pH and total acidity reflects the system’s
enhanced buffering due to added yacon, leading to a
greater accumulation of organic acids (total acidity) without
a proportional release of free hydrogen ions, hence a
higher measured pH (Wiles, 2025).

Brix values

Brix is a measure of soluble solids content expressed as a
percentage showed significant differences between the
different treatments. The control showed the lowest
significant level at 6.3, while the treatment with the highest
content of yacon showed the highest significant level of



8.1. During kombucha fermentation, brix typically
decreases as bacteria and yeasts break down sugars into
ethanol and carbon dioxide. The control with no yacon
added had sugars that are readily fermented, hence
reducing its soluble solid contents compared to the other
treatments with yacon.

The treatments with yacon syrup contain FOS, which are
less readily fermented by SCOBY, contributing to residual
sugars and elevating the Brix levels in the samples.
Additionally, the presence of polyphenols and other
bioactive compounds from purple tea may influence
microbial metabolism and slow sugar breakdown. In the
control, anthocyanins form complexes with sugars and
other polyphenols, potentially altering the refractive index
and affecting Brix measurements (Yan et al., 2024).

The level of Brix for the different samples was within the
range reported by other authors. Some studies have
shown initial Brix values for sugar-added tea at 10-12
°Brix, dropping to 5-8 °Brix after 14 days of fermentation
(Yikmis and Tuggim, 2019). For comparison, a study on
kombucha fermentation with alternative sweeteners found
Brix values ranging from 5.5-7.8 °Brix after 10 days (Zhang
et al., 2025). Another recent study on herbal kombucha
reported Brix values of 6.0 to 8.5°Brix (Kayisoglu and
Coskun, 2021).

Alcohol content

Alcohol content for the control was 0.5% and increased
significantly in the samples with yacon content, reaching
1.2% in the treatment with the highest yacon incorporation.
These findings underscore the role of yacon-derived
carbohydrates in enhancing ethanol yield, highlighting
their fermentability and contribution to alcohol formation
during kombucha fermentation (Duraes et al., 2021). The
results suggest that yacon syrup, rich in fermentable FOS,
enhanced microbial fermentation efficiency, leading to
higher ethanol yields. These findings align with previous
studies indicating that yacon promotes fermentation
activity and that kombucha microbes readily convert
available sugars into ethanol and organic acids (Neffe-
Skocinska et al., 2017).

Antioxidant activity

Antioxidant activity ranged from 59 to 79% for the different
treatments. The samples with yacon incorporation showed
an increasing trend as the level of yacon also increased.
Although the antioxidant activity (ranging from 59 to 79%)
it's lower than some tea-based kombuchas, this may be
attributed to shorter fermentation periods or the slower
microbial activity of yacon. The presence of anthocyanins
in purple tea likely boosts the higher activity observed in
Treatment D, consistent with findings related to red and
green tea kombucha (Jakubczyk et al., 2021). The low CV
of 1.69% supports the consistency of measurements,
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reinforcing the reliability of these variations. Comparatively,
green and red tea kombucha exhibit superior antioxidant
activity (for instance, 80 to 90% DPPH inhibition) than
black tea, due to their higher polyphenol content. Purple
tea's richness in anthocyanins likely elevates antioxidant
activity, which may explain the increase from Treatment A
(59%) to Treatment D (79%).

Polyphenol content

The control was significantly lower at 149 mg/L and higher
for the treatment with the highest proportion of yacon at
181 mg/L. This was consistent with the observations by
Singh et al. (2019) which reported that hot water extraction
of yacon leaves increased total phenolic content and
antioxidant activity, enhancing the cell wall disruption and
release of bound phenolics during processing. These
phenolic compounds, known for their antioxidant
properties, are enhanced through the yacon metabolism
and breakdown of plant tissues (Ueda et al., 2021). The
high levels were also influenced by the anthocyanin
content present in purple tea, while the fructo-
oligosaccharides increased microbial activity within the
scoby, improving the release of more polyphenols during
the fermentation.

Mineral content for the different Kombucha

formulations
Calcium (Ca)

The mean calcium content level was 12.8 mg/L in the
control (Treatment A) and 19.0 mg/L in Treatment D, the
treatment with the highest yacon incorporation (Table 2).
The other treatments with yacon incorporation showed an
increasing trend as per the increase in yacon proportions.
This could be attributed to the yacon's capacity to release
bound minerals through enzymatic hydrolysis and
chelation processes, improving calcium solubility and bio
accessibility (Zhang and Liu, 2022). Similar mineral
enrichment during fermentation has also been reported in
plant-based beverages, where minerals are liberated from
complex matrices (Cao et al., 2018). Dietary fibers inulin
and fructans present in yacon are known to foster a more
favorable gut environment for mineral uptake by modifying
colonic pH and stimulating beneficial gut microbiota
(Zhang et al.,, 2019). Fermentation of yacon-enriched
matrices leads not only to higher calcium concentrations
but also to improved absorption in simulated gastro-
intestinal models, suggesting meaningful nutritional
benefits in the beverage.

Zinc (Zn)

Zinc levels were also low in control samples at 2.2 mg/L
and high in treatments with yacon incorporation.
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Treatment D showed a highly significant level at 3.8 mg/L
than the other treatments. This high content in yagon-
enriched treatments could be due to the combined
biochemical effects of yacon syrup and purple tea, which
promote zinc release and stability during fermentation.
Yacon’s FOS improves mineral solubility through
chelation. The FOS are known to form soluble complexes
with divalent minerals such as zinc, thereby improving
mineral solubility and preventing precipitation during
processing and storage. Purple tea’s polyphenolic
compounds enhance zinc stability and boost its antioxidant
role by activating superoxide dismutase (Yan et al., 2024).
Yacon provides FOS, which are known to form soluble
complexes with divalent minerals such as zinc, thereby
improving mineral solubility and preventing precipitation
during processing and storage (Chessum et al., 2022).

Magnesium (Mg)

Magnesium content showed a similar upward trend as the
level of yacon added increased. The control showed a
lower level of 8.7 mg/L, and the highest was in treatment
D at 11.8 mg/L. The increasing trend as the yacon
proportion increased indicates a significant enhancement
in magnesium content with each formulation. This
increase is attributed to the fermentation-enhanced
breakdown of anti-nutritional factors such as phytates,
which typically inhibit mineral absorption (Samtiya et al.,
2021). Yacon, which is considered to be rich in FOS,
promotes microbial enzymatic activity, particularly phytase
production that degrades phytates and improves
magnesium bio-accessibility (Samtiya et al.,, 2021).
Additionally, magnesium plays a critical role in enzymatic
pathways activated during fermentation, including ATP
synthesis and cofactor-dependent reactions, which may
facilitate its mobilization into solution (Ronddn, 2025).
Hence, enriching fermentative beverages with yacon not
only increases magnesium content but also supports its
conversion into more bioavailable forms, contributing to
the nutritional value and functional properties of the final
product (Samtiya et al., 2021).

Iron (Fe)

Iron levels showed a substantial increase, from the control
at 0.8 to 6.5 mg/L in treatment D. This increase is also
attributed to fermentation-induced iron solubilization,
facilitated by the presence of organic acids and
siderophore-like compounds derived from plant-based
substrates such as yacon and purple tea. These acid
compounds can chelate ferric iron (Fe®**), converting it into
more bioavailable ferrous forms (Fe?*), thereby improving
mineral extraction and retention in the matrix. Such
enrichment is particularly relevant for addressing iron-
deficiency concerns in plant-based formulations, where
bioavailability is often limited by anti-nutritional factors.

Other recent studies confirm that siderophore-producing
microbes and polyphenol-rich ingredients can significantly
enhance iron uptake and fortification in functional
beverages (Srivastava, 2023; Hegde et al., 2025).

Sensory evaluation of purple tea and yacon syrup
kombucha formulations

The sensory parameters evaluated were aroma, taste,
color, and acceptability on purple tea and yacon syrup
kombucha treatments. All attributes demonstrated
statistically significant differences across treatments (p <
0.05), suggesting that yacon incorporation strongly
influences sensory perception.

Aroma

scores increased from 4.20 in treatment A (control) to a
high of 4.80 in treatment C. The treatments with yacon
incorporation were not significantly different. This indicates
that yacon incorporation contributes favorably to the
aromatic profile. This improvement is attributed to the
synthesis of esters and volatile alcohols during
fermentation, which enriches aroma complexity (Zhu et al.,
2025). Treatment D, with a higher yacon proportion, had a
slightly lower score of 4.40 may reflect over-fermentation
effects or saturation of aromatic compounds, as observed
in similar yacon formulations (Calderan et al., 2025). The
reduction in aroma and taste observed in TreatmentD
(15% yacon) suggests possible overproduction of volatile
acids or off-flavors associated with extended fermentation
or substrate overload, consistent with similar reports on
yacon-enriched beverages (Calderan et al., 2025).

Taste

The ratings followed a similar upward trend, rising from
3.80 in the control to 4.30 in treatment C (Table 3). The
other treatments with yacon incorporation were not
significantly different. The enhancement in taste is linked
to yacon enzymatic activity, which generates free amino
acids, esters, and organic acids that modulate the flavor
profile (Chessum et al., 2022). However, a slight taste
decline in treatment D could be due to the accumulation of
fermentation byproducts such as higher alcohols or acids,
which diminish palatability (Bao et al., 2018). These results
indicate a positive impact of yacon addition on the
beverage’s taste up to a certain concentration, with
statistical analysis confirming that treatments with yacon
addition had significantly higher taste scores compared to
the control.

Color

The color perception was most favorable in treatment B at



480 and was not significantly different from that of
treatment C (4.70) and treatment D (4.6). The control had
the lowest significant score at 4.50 (Table 3). The higher
color scores for treatment B show the influence of purple
tea anthocyanins, which intensify colour and visual appeal.
This enhancement is likely due to the synergistic effects of
yacon and purple tea, which contribute to pigment
stabilization and increased polyphenol availability during
fermentation. Yacon tubers contain phenolic compounds
such as chlorogenic and caffeic acids, which are stabilized
through enzymatic browning control and matrix
interactions (Durées et al., 2021). Fermentation promotes
the release and transformation of bound polyphenols,
intensifying color and clarity in plant-based beverages
(Pan et al., 2025). These mechanisms collectively improve
visual appeal and support the functional quality of the final
product. These combined mechanisms, matrix-based
pigment stabilization, increase polyphenol availability, and
controlled enzymatic activity not only brighten the
beverage's appearance but also signal high functional and
nutritional quality to the consumer. The consistently high
color scores reinforce the positive impact of yacon and
purple tea inclusion on both the aesthetic and health value
of the final product (Chakrabarty et al., 2021).

Overall acceptability

Treatment C showed the highest significant value at 4.50,
suggesting that 10% yacon. inclusion offers optimal
sensory balance. Overall acceptability scores were 4.10 in
the control (Treatment A), 4.30 in Treatment B, 4.50in
Treatment C, and 4.20 in Treatment D (Table 3).
Treatment C showed a significantly higher level but was
not significantly different from Treatment B and D, but was
significantly different from the control.

This demonstrates that acceptability improves with
yacon inclusion up to 10%, as seen in treatment with yacon
addition, where sensory attributes, including aroma, taste,
and color, were most favorably balanced. However, higher
concentrations of yacon did not yield further gains of these
attributes and showed a slight reduction in consumer
preference. This peak acceptability reflects synergistic
effects of improved aroma, balanced taste, and vibrant
color characteristics that align with consumer preferences
for fermented functional beverages (Garcia-Barén et al.,
2025).

Temperature and time on pH changes during storage

The shelf-life studies for kombucha samples stored for 30
days exhibited notable differences in pH dynamics
depending on whether they were kept at room temperature
or under refrigeration. The graph for samples stored in
room temperature (28°C) is shown in Figure 1. In this
condition, fermentation progressed rapidly, and the pH
continued to decrease as the storage period progressed.
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By day 14, treatments A and B had reached pH levels
between 2.5 and 3.0. By day 30, the pH levels for
treatment A and B were 2.54 and 2.74, respectively. This
also alters the sensory profiles, resulting in strong tart or
vinegary profiles. Although less ideal for drinking, these
acidic samples could serve as starter cultures for
subsequent brews due to their low pH (Jayabalan et al.,
2014). Treatments C and D fermented more slowly, likely
due to the lower initial sugar content due to the high
proportion of yacon as reflected in their higher pH levels.

The refrigerated(4°C) samples showed a significant
increase, maintaining high pH values between 3.6 and 4.0
for the 30 days of storage (Figure 2). This indicates slow
fermentation, leading to low production of acids. Hence,
the sensory properties are less affected due to low-
temperature storage. This helped preserve flavor quality,
delay sourness, and reduce risk of spoilage, especially
important in polyphenol-rich formulations using purple tea,
whose antioxidants may contribute to flavor retention even
if they do not directly impact pH (Chen and Liu, 2000). The
presence of fructo-oligosaccharides (FOS) in yacon also
likely delayed fermentation, contributing to gradual
acidification over time (Yan et al., 2024). The non-
digestible carbohydrates that selectively nourish beneficial
microbes such as Lactobacillus and Bifidobacterium,
which metabolize them more slowly than simple sugars.
This slower microbial activity leads to gradual acid
production, controlled acidification, and a buffering effect
that helps stabilize pH. As a result, the beverage maintains
a milder flavor profile and aromatic integrity. In
combination with purple tea’s antioxidant properties, this
contributes to enhanced shelf life, reduced spoilage risk,
and improved sensory appeal (Sasi et al., 2025).

Most treatments showed pH dropped below 4.2 by day
7, ensuring microbial safety regardless of storage
conditions. However, prolonged room-temperature
storage risks over-fermentation and microbiological
instability. Thus, for optimal shelf life and balanced taste,
refrigeration after 7 to 10 days of fermentation is
recommended (Grassi et al., 2022).

Conclusion

The incorporation of yacon into Purple Tea-based
formulations significantly enhances their nutritional,
functional, sensory, and fermentation properties. As
demonstrated across various experiments, increasing
yacon concentrations led to elevated levels of anti-
oxidants, polyphenols, and alcohol, while modulating
acidity and sweetness, optimizing the beverage’s physico-
chemical profile. Sensory evaluation revealed that a 10%
yeast inclusion (Treatment C) consistently produced
superior results in aroma, taste, color, and overall accept-
ability, suggesting this level achieves the best balance for
consumer appeal.

Yacon addition also enriched the mineral content of the
formulations, with notable improvements in calcium, zinc,
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magnesium, and iron concentrations. This transformation
reflects the fermentative action of yacon in liberating
bioavailable nutrients, supporting both health benefits and
product value. Storage conditions further emphasized the
critical role of temperature, where refrigeration effectively
preserved flavor stability and controlled acid production
over time, while room temperature accelerated fermenta-
tion and acidity, impacting drinkability and shelf life.
Together, these findings affirm that yacon is not merely
a fermentation agent but a multifunctional enhancer of
Purple tea-based beverages, boosting quality, nutrition,
and acceptability when carefully formulated and stored.
These insights offer valuable guidance for future product
development, especially in crafting functional fermented
drinks with tailored sensory and nutritional attributes.
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