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Effect of drying, blanching, and fermentation on
the physicochemical properties of local taro flour
for functional food applications
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Abstract. Taro flour (from Colocasia esculenta) is a locally available ingredient
rich in carbohydrates and bioactive components, making it a promising raw material
for functional food development. However, its wider utilization is limited by several
unfavorable physicochemical attributes of fresh corms, such as high moisture
content, susceptibility to enzymatic browning, and variable texture. Therefore,
improving the properties of taro flour through appropriate postharvest treatments is
essential to enhance its functionality and suitability for food processing.This study
evaluated the effects of three postharvest treatments—direct drying (P1), blanching
before drying (P2), and natural fermentation followed by drying (P3)—on the
chemical and physical characteristics of faro flour. The analyzed parameters
included flour yield, bulk density, moisture, ash, fat, protein, carbohydrate content,
and color attributes based on the CIE Lab* system.The treatments significantly
influenced most characteristics (p < 0.05). Direct drying (P1) produced the highest
flour yield (21.91%), while fermentation (P3) resulted in the lowest (18.37%).
Blanching (P2) generated the highest bulk density (0.94 g/mL) and yielded taro
flour with higher protein (3.26%) and ash content (2.85%). In contrast, fermentation
produced taro flour with the highest lightness (L* = 91.35) and the greatest
carbohydrate content (90.64%).Overall, blanching improved the nutritional and
physical robustness of faro flour, whereas fermentation produced a lighter-colored
taro flour with a higher carbohydrate fraction. These findings demonstrate that
selecting appropriate postharvest treatments can optimize faro flour functionality
for targeted food applications, supporting the development of value-added
functional food products based on local resources.

1 Introduction

Taro (Colocasia esculenta) is a tropical tuber widely cultivated in many agricultural
regions and is recognized for its high carbohydrate content, moderate protein levels, and
essential minerals. These nutritional characteristics make taro suitable for conversion into
flour, offering opportunities for product diversification and functional food development [1].
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However, the use of fresh taro in food formulations remains limited because of several
unfavorable physicochemical properties. High moisture content accelerates spoilage, while
enzymatic browning reduces visual quality. In addition, the yield and bulk density of flour
derived from untreated corms often vary considerably, influencing product performance and
consumer acceptance [2].

Processing taro into flour is a strategic approach to extend shelf life and improve
functional quality. Among commonly applied postharvest treatments, drying reduces
moisture and stabilizes the material; blanching inactivates enzymes and can modify color and
nutritional components; while fermentation induces biochemical changes that may influence
carbohydrate profiles, protein fractions, and lightness of the resulting taro flour [2], [3].
Previous studies, however, have typically examined these treatments individually or with a
limited set of physicochemical parameters.

Despite the available evidence, comprehensive comparisons of drying, blanching, and
fermentation—evaluating both physical attributes (yield, bulk density, and color) and
chemical parameters (moisture, ash, fat, protein, and carbohydrate)—remain scarce. This gap
in knowledge is particularly relevant for optimizing functional food formulations that require
specific flour characteristics.

Therefore, this study aimed to systematically compare three postharvest treatments—
direct drying, blanching prior to drying, and fermentation followed by drying—and evaluate
their effects on the physicochemical properties of local taro flour. The findings are expected
to provide a stronger scientific basis for selecting suitable processing strategies to support the
development of value-added products derived from local taro.

2 Materials and Methods

2.1 Research materials

Fresh taro tubers (Colocasia esculenta) were obtained from local farmers in Jember
Regency, East Java, Indonesia. The selected tubers were physiologically mature,
characterized by uniform size and the absence of mechanical or physiological damage. All
chemical reagents used for laboratory analysis were of pro-analysis grade. The proximate
composition analyses were carried out using standard procedures established by the
Indonesian National Standard (SNI) [4], ensuring consistency and reliability of the chemical
measurements.

2.2. Postharvest treatments

Taro tubers were thoroughly washed, peeled, and sliced to a thickness of approximately
0.5 cm. The slices were then subjected to three different postharvest treatments. P1 — Drying:
Fresh taro slices were directly dried in a hot-air oven at 60—70 °C for 12-14 h until the
moisture content reached below 10%. P2 — Blanching: Taro slices were blanched in hot water
at approximately 90 °C for 5 min, followed by drying in a hot-air oven at 60—70 °C until the
moisture content was reduced to below 10%. P3 — Fermentation: Taro slices were naturally
fermented under anaerobic conditions in closed containers at ambient temperature (28 °C)
for 48 h, and subsequently dried in a hot-air oven at 60—70 °C. The dried slices from all
treatments were milled using a grinder into flour and sieved through an 80-mesh screen to
obtain a uniform particle size.
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2.3 Yield and bulk density analysis

Flour yield was calculated as the ratio between the weight of flour obtained and the weight
of the fresh, peeled tubers prior to processing, expressed as a percentage (%). Bulk density
was determined by weighing 40 g of flour sample and transferring it into a 50 mL graduated
cylinder without compaction. The bulk density (g/mL) was calculated using the following
equation:

Bulk density (g/mL) = Sample weight (g)/volume (mL)

2.4 Chemical composition analysis

The chemical composition of taro flour was analyzed following the procedures of the
Indonesian National Standard (SNI 01-2891-1992) [4]. Moisture content was determined by
the oven-drying (gravimetric) method at 105 °C until a constant weight was achieved, while
ash content was measured by incinerating the sample at 550 °C. Protein content was analyzed
using the Kjeldahl method with a nitrogen-to-protein conversion factor of N x 6.25. Fat
content was determined by the Soxhlet extraction method using hexane as a solvent.
Carbohydrate content was calculated by difference, obtained by subtracting the sum of
moisture, ash, protein, and fat contents from 100%.

2.5 Color analysis

The color of taro flour was evaluated using a Color Reader (Konica Minolta CR-10 Plus)
based on the CIE Lab* color system. The L* parameter represents lightness, with values
ranging from 0 (black) to 100 (white). The a* parameter indicates the color spectrum from
green (negative values) to red (positive values), while the b* parameter reflects the spectrum
from blue (negative values) to yellow (positive values).

2.6 Data analysis

All data were expressed as mean * standard deviation (SD) from three replicates.
Statistical analysis was performed using Analysis of Variance (ANOVA) to determine
significant differences among treatments, followed by Tukey’s post-hoc test at a 5%
significance level. All analyses were conducted using the latest version of SPSS statistical
software.

3 Results and Discussion

3.1. Yield and bulk density

The postharvest treatments significantly affected the yield and bulk density of taro flour
(Table 1). The highest yield was obtained from direct drying (P1), which produced 21.91%
taro flour. In contrast, fermentation (P3) resulted in the lowest yield (18.37%). This reduction
is likely associated with the loss of soluble solids during fermentation, which decreases the
final amount of dry material available for flour production.

Bulk density also varied significantly among treatments (p < 0.05). Blanching (P2)
produced the densest taro flour (0.94 g/mL), indicating more compact particle packing.
Meanwhile, fermentation (P3) produced the lowest bulk density (0.69 g/mL), suggesting that
microbial activity during fermentation may create a more porous particle structure. Direct
drying (P1) produced an intermediate value (0.80 g/mL). These variations highlight that the
structural characteristics of taro flour are strongly influenced by the selected postharvest
treatment.
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Table 1. Yield and bulk density of local taro flour under different postharvest treatments

Treatment Yield (%) Bulk density (g/mL)
P1 (Drying) 21.91 £0.052 0.80 £0.01°
P2 (Blanching) 19.13 £0.04° 0.94 +0.022
P3 (Fermentation) 18.37 £0.03¢ 0.69 +£0.01¢

Note: Values in the same column followed by different superscript letters indicate
significant differences according to Tukey’s test (p < 0.05).

3.2. Chemical composition

The postharvest treatments also induced significant changes in the chemical composition
of taro flour (Table 2). Moisture content ranged from 5.34% to 6.86%, with fermented taro
flour (P3) showing the lowest moisture level. This suggests that fermentation followed by
drying enhances moisture loss, possibly due to the breakdown of cellular components that
facilitates drying. Blanched taro flour (P2) exhibited the highest moisture content, likely due
to water absorption during the blanching step.

Ash content ranged between 1.47% and 2.85%, with the highest value found in P2.
Blanching may help retain minerals by stabilizing tissue structure, although partial leaching
into blanching water can still occur. Fermented taro flour (P3) showed the lowest ash content,
possibly due to solubilization and subsequent loss of minerals during microbial activity.

Protein content also differed significantly among treatments. Blanched taro flour (P2) had
the highest protein content (3.26%), supporting the hypothesis that blanching can reduce
protein loss by inactivating degradative enzymes. Conversely, fermentation (P3) produced
the lowest protein level (2.38%). This may be attributed to microbial degradation of proteins
into soluble nitrogen compounds that are lost during drying.

Fat content remained low and did not differ significantly among treatments (0.15-0.22%),
consistent with the inherently low lipid content of taro. Carbohydrate content ranged from
86.82% to 90.64%, with fermented taro flour (P3) showing the highest carbohydrate
proportion. This increase reflects the relative reduction of protein and ash fractions in the
fermented sample.

Carbohydrates constituted the predominant component of all samples, ranging from
86.82% t0 90.64%. The fermented sample (P3) had the highest carbohydrate content, whereas
the blanched sample (P2) showed the lowest. This pattern likely reflects the inverse
relationship between carbohydrate content and the ash and protein fractions, which varied
across the treatments.

Table 2. Chemical composition of local taro flour under different postharvest treatments

Parameters P1 (Drying) [P2 (Blanching)|P3 (Fermentation)
Moisture content (%) 5.92+0.10°| 6.86+0.012 5.34 +£0.03¢
Ash content (%) 2.67+0.03%| 2.85+0.04° 1.47 £0.00¢
Fat content (%) 0.15 £0.002| 0.22 +0.002 0.16 £ 0.002
Protein content (%) 2.85+0.01°| 3.26+0.01» 2.38+0.01¢
Carbohydrate content (%)(88.41 + 0.08Y 86.82 + 0.04¢ 90.64 +0.052

Note: Values in the same row with different superscript letters indicate significant
differences according to Tukey’s test (p < 0.05).

https://doi.org/10.1051/bioconf/202621002006
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3.3. Color characteristics

Color analysis demonstrated that the postharvest treatments significantly influenced the
appearance of taro flour (Table 3). Lightness (L*) ranged from 85.40 to 91.35. Fermented
taro flour (P3) exhibited the highest L* value, indicating the lightest-colored flour. This
improvement may derive from pigment reduction and the breakdown of browning precursors
during fermentation. Direct drying (P1) yielded the lowest lightness value, which may result
from enzymatic or non-enzymatic browning occurring during drying. In contrast, the dried
sample (P1) exhibited the lowest L* value (Figure 1).

Fig. 1. Taro flour produced from three postharvest treatments: (P1) drying, (P2) blanching, and (P3)
fermentation

The a* values (green—red axis) were consistently negative, indicating a greenish tone,
with fermentation (P3) producing the most negative value. Meanwhile, b* values (blue—
yellow axis) ranged from 9.51 to 12.11. Blanching (P2) resulted in the most yellowish
appearance (higher b*), whereas fermentation (P3) produced the lowest b* value,
contributing to a lighter perceived color.

These findings confirm that the selected postharvest treatment strongly affects visual
quality—an important attribute for functional food applications where consumer perception
of flour color is critical

Table 3. Color characteristics (CIE Lab) of local taro flour under different postharvest treatments*
Parameters P1 (Drying) |P2 (Blanching)P3 (Fermentation),

L* (Lightness)  [85.40 +0.07¢ 86.75 £ 0.00® 91.35 £ 0.002
a* (Green—Red) (2.17 +£0.009 —2.62 +0.07° -2.92+£0.072
b* (Blue—Yellow)[12.11 £ 0.074 12.01 £0.07» 9.51 £0.07°

Note: Values in the same row with different superscript letters indicate significant
differences according to Tukey’s test (p < 0.05).
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Fig. 2. Comparison of CIE Lab color attributes of taro flour under different postharvest treatments*

Overall, postharvest treatments significantly affected most of the physicochemical
parameters of the local taro flour. Blanching resulted in the highest protein and ash content
as well as a denser bulk density, whereas fermentation enhanced brightness (L*) and
carbohydrate content but reduced both yield and density. Direct drying (P1) produced the
highest yield, although the flour was comparatively less bright than that obtained through
fermentation.

3.4. Discussion

This study demonstrated that different postharvest treatments distinctly influence the
chemical and physical properties of taro flour. Direct drying (P1) produced the highest yield,
primarily due to minimal nutrient loss during processing, consistent with Apaliya et al. [5],
who noted that fermentation may reduce recoverable solids. In contrast, fermentation (P3)
resulted in lower yield, likely due to microbial activity and leaching of soluble components.

Bulk density varied substantially across treatments. Blanching (P2) produced the densest
taro flour, possibly due to thermal softening and subsequent compaction of tissue structure
during drying [6]. Fermentation (P3), however, caused structural loosening due to microbial
breakdown of polysaccharides, resulting in a flour with lower density.

Postharvest treatments also influenced the chemical composition of taro flour.
Fermentation produced the lowest moisture content, aligning with previous findings that
microbial activity can enhance water loss during drying [7]. Blanching increased ash and
protein content, supporting earlier work showing that enzyme inactivation during blanching
helps retain certain minerals and nitrogenous compounds [3]. Fermentation decreased protein
content, likely because spontaneous fermentation can result in microbial hydrolysis of
proteins into soluble forms not measurable as crude protein [8].

Carbohydrate content was highest in fermented taro flour, reflecting the relative reduction
of non-carbohydrate fractions (protein and ash). This pattern has been documented in studies
on fermented root- and tuber-based flours [10].

Color characteristics were also strongly affected. Fermented taro flour exhibited the
highest lightness (L*), consistent with reductions in browning pigments during fermentation
[11,12]. Dried taro flour showed the lowest lightness, likely due to Maillard reactions and
pigment degradation during heating [13]. Blanching produced intermediate lightness values,
as enzyme inactivation reduces browning but heat exposure can alter pigments.

Overall, the findings highlight that postharvest treatments can be strategically selected to
tailor taro flour properties for specific applications. Fermentation is suited for producing flour
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with high lightness and carbohydrate content, whereas blanching enhances protein and
mineral retention along with higher bulk density—attributes desirable for baked or extruded
products. Direct drying offers the advantage of maximizing yield, making it attractive for
large-scale production.

4 Conclusion

This study demonstrated that postharvest treatments—drying, blanching, and
fermentation—significantly influence the chemical and physical properties of taro flour.
Direct drying produced the highest yield, making it advantageous for production efficiency.
Blanching generated taro flour with higher protein and ash content as well as greater bulk
density, indicating its suitability for applications requiring enhanced nutritional and structural
characteristics. In contrast, fermentation increased lightness (L*) and carbohydrate content,
resulting in visually brighter taro flour with a higher carbohydrate fraction, although it
contributed to lower yield and density. Overall, the findings confirm that each postharvest
treatment introduces distinct modifications that can be strategically aligned with specific
functional food requirements. These results provide an important scientific basis for selecting
appropriate processing strategies to optimize taro flour quality and support the broader
utilization of local taro as a value-added ingredient in functional food development
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