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Abstract. Breadfruit (Artocarpus altilis) is an underutilized tropical crop
widely cultivated in Indonesia, offering considerable potential as a
sustainable source of starch for food applications. However, the quality of
breadfruit starch is highly influenced by processing conditions. This study
aimed to optimize sodium metabisulfite concentration and drying
temperature to improve the yield (Y1) of breadftruit starch using Response
Surface Methodology (RSM). A Central Composite Design (CCD) with two
factors, sodium metabisulfite concentration (Xi: 0.2-0.5%) and drying
temperature (X2: 50-70 °C), was applied, resulting in 14 experimental runs.
The quadratic model provided the best fit to describe the effects of sodium
metabisulfite concentration and drying temperature on starch yield. At the
optimum conditions of 0.324% sodium metabisulfite and 62.75°C drying
temperature, the model predicted a starch yield of 6.164% with a desirability
level of 0.922. These predictions were experimentally validated, yielding
6.119% respectively. The close agreement between predicted and observed
values highlighted the effectiveness of RSM in optimizing processing
parameters to improve breadfruit starch quality. This work delivers a robust
optimization framework that directly supports future research on process
scale-up, functional refinement, and the broader industrial deployment of
breadftuit starch.

1 Introduction

Breadfruit (Artocarpus altilis) starch is a promising alternative carbohydrate source with
significant potential for food and industrial applications due to its high starch content and
availability in tropical regions. However, native breadfruit starch often exhibits suboptimal
functional and physicochemical properties, such as high moisture content and low yield,
which limit its broader utilization compared to conventional starches like wheat or corn [1,2].
One of the main challenges in breadftuit starch processing is the high phenolic content, which
can lead to enzymatic browning and quality deterioration during extraction and drying. To
address these issues, chemical modification using sodium metabisulfite (Na:S20s) as a

* Corresponding author: findi.citra@polije.ac.id

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).


mailto:findi.citra@polije.ac.id

BIO Web of Conferences 210, 02013 (2026) https://doi.org/10.1051/biocont/202621002013
ICoFA 2025

soaking agent has been explored. Sodium metabisulfite acts as an antioxidant and anti-
browning agent, effectively inhibiting enzymatic browning and improving the whiteness,
yield, and stability of the resulting starch [3].

Previous studies have demonstrated that soaking breadfruit in sodium metabisulfite,
either alone or in combination with other salts, can significantly enhance starch yield (up to
28.35%) and reduce moisture content (as low as 2.57-9.66%), resulting in improved
physicochemical and functional properties [1]. However, most of these studies have focused
on comparing different soaking agents or fermentation starters, often using simple
experimental designs that do not fully explore the interactive effects of sodium metabisulfite
concentration and drying conditions on starch quality [4]. Moreover, the optimization of
drying parameters, particularly drying temperature and time, remains underexplored, despite
their critical role in determining final moisture content, yield, and overall starch quality.
Higher drying temperatures can accelerate moisture removal and reduce microbial risks, but
may also affect color and functional properties if not carefully controlled [5].

The research gap lies in the lack of comprehensive optimization studies that
simultaneously evaluate the effects of sodium metabisulfite concentration and drying time on
key quality parameters of breadfruit starch, such as yield, using robust statistical approaches.
Response Surface Methodology (RSM) with Central Composite Design (CCD) offers a
powerful tool to model and optimize these process variables, enabling the identification of
optimal conditions that maximize yield and minimize moisture content while preserving
desirable functional properties [6]. By integrating sodium metabisulfite soaking and
controlled drying, and optimizing these parameters through RSM-CCD, this study aims to
produce high-quality breadfruit starch with superior yield, thus supporting its broader
application in the food industry and addressing the limitations of previous research.

2 Materials and Methods

2.1 Materials

The material used was breadfruit bought from traditional market located in Jember. The fruit
was at an intermediate stage of maturity, expected to be at semi-ripe level with a firm flesh
texture and greenish-yellow skin. Then, sodium metabisulfite (Sigma-Aldrich) and distilled
water were used. The equipment used was a cabinet oven (Model R-5A Harvest Saver, USA)
and a blender (Philips).

2.2 Strach Extraction

Starch extraction from breadfruit peel refers to the method used by [7] with modifications.
The breadfruit was peeled and cut into pieces, then thoroughly washed. A total of 100 grams
of breadfruit was blanched for 5 minutes at a temperature of 85°C. After blanching, the fruit
was soaked in a sodium metabisulfite solution for 30 minutes at a concentration of 0.2-0.5%
and with ratio of 1:3 between the breadfruit and solution. The fruit was then drained and
blended with 500 mL of distilled water. The blended breadfruit was filtered using a filter
cloth and left to settle for 30 minutes. After settling, the water was discarded, and the
sediment was dried using a cabinet oven for 8 hours at a temperature of 50-70°C. After the
starch was dry, it was blended again and sifted using an 80-mesh sieve.
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2.3 Research Design

Optimization of treatment in breadfruit starch production using two factors, namely sodium
metabisulfite concentration (0.2-0.5%) and drying temperature (50-70°C). Optimization was
performed using Response Surface Methodology (RSM) with a Central Composite Design
(CCD) using Design Expert 13 software. The optimization process produced 14 treatment
combinations as listed in Table 1.

2.4 Analysis of Breadfruit Starch Yield

Determination of breadfruit starch yield by calculating the final weight compared to the initial
weight using the following equation:

jeld = W2
Yield = Wi x100 1

The peeled breadfruit samples were weighed to obtain an initial sample weight (W1). The
starch precipitate after extraction and oven-drying was dried to constant weight (W2) and
recorded as the final mass. Yield calculation was based on the W2/W1 ratio, which provides
a direct and true estimation of starch recovery.

2.5 Statistical Analysis

The experimental data were evaluated using ANOVA within Design-Expert version 13.
Response values from 14 treatment runs were entered into the software to generate predictive
outputs for the optimal conditions. To ensure the validity of the response analysis, the model
was required to meet several statistical criteria: a statistically significant overall fit (p <0.05),
a non-significant lack-of-fit (p > 0.05), a difference of less than 0.2 between the adjusted and
predicted R? values, and an adequate precision exceeding 4 [8].

2.6 Verification

The optimal conditions predicted by the software were subsequently validated through
experimental verification. In this phase, the starch was produced following the specified
optimal parameters generated by the software. The measured response, referred to as the
actual value, was then compared with the software’s predicted value to assess the model’s
predictive accuracy.

3 Results and Discussion

Optimizing the yield of breadfruit starch can be effectively achieved using Response Surface
Methodology (RSM), which allows for the systematic evaluation of multiple process
variables and their interactions. In this context, the concentration of sodium metabisulfite and
the drying temperature are selected as the main factors, while the response variable is the
starch yield. Sodium metabisulfite acts as a soaking agent that can enhance starch extraction
efficiency by inhibiting enzymatic browning and preserving starch integrity during
processing. Meanwhile, drying temperature influences the removal of moisture and the
preservation of starch structure, both of which are critical for maximizing yield [9]. RSM
enables the identification of optimal levels for both sodium metabisulfite concentration and
drying temperature, ensuring that the highest possible starch yield is achieved while
maintaining desirable product characteristics. By applying RSM, producers can efficiently
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determine the optimal processing conditions, resulting in improved extraction rates and more
consistent starch quality from breadfruit.

Table 1. Optimization of sodium metabisulfite concentration and drying temperature on yield

Run S‘éff.'féi'ﬂiﬂ??f}'@f‘fe Drying Temperature (°C) Yield (%)
1 0.2 70 5.820
2 0.2 50 5.320
3 0.5 50 6.080
4 035 60 6.420
5 035 60 6.050
6 035 60 6.250
7 0.5 70 6.310
8 035 60 5.900
9 035 60 6.120
10 035 60 6.100
11 0.137368 60 5.250
2 035 74.1421 6.550
13 0.562132 60 6.120
12 035 45.8579 5.250

3.1 Model Analysis

The ANOVA results, interpreted through p-values, demonstrate that the quadratic model is
statistically robust in explaining the variation in extraction yield as evidenced by a highly
significant overall model p-value (0.0037). Both concentration (X;, p = 0.0027) and
temperature (X, p = 0.0022) exert strong, independent effects on the response, while their
interaction (X;Xs, p = 0.5080) is not significant, indicating no synergistic influence between
these factors. The significant quadratic effect of concentration (X2, p = 0.0237) reveals a
non-linear relationship, whereas the quadratic term for temperature (X322, p = 0.2133) is not
significant, suggesting a predominantly linear effect of temperature. The non-significant lack
of fit (p = 0.2274) confirms that the model adequately captures the experimental data
structure without systematic error, aligning with best practices for model adequacy
assessment [10]. Precision metrics, including a low standard deviation (0.1935) and
coefficient of variation (3.24%), further support the model’s reliability. The high R? (0.8826)
and adjusted R? (0.7988) indicate strong explanatory power, but the much lower predicted R?
(0.1519) signals potential overfitting or data inconsistency, underscoring the need for model
validation and possible refinement [11].

An adequate precision value of 9.223, well above the recommended threshold, confirms
a strong signal-to-noise ratio, justifying the use of the model for design space exploration.
Collectively, these findings underscore the importance of comprehensive statistical
evaluation, particularly in interpreting p-values to ensure model adequacy, reliability, and
practical utility in scientific research [10].

The mathematical relationship between the independent variables and the response was
expressed using a second-order polynomial equation generated by the response surface
methodology (RSM). This equation describes the quantitative effect of each factor and its
interactions on the response variable. The coefficients of the model represent the magnitude
and direction of influence exerted by the corresponding parameters, allowing prediction of
the response under various experimental conditions. The resulting coded equation for the
response variable (yield) is presented as follows:

Y =-2.08091 + 11.14475X; + 0.1648856X, — 0.045000X,X> — 9.11111X,;? - 0.000975X5>
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Fig. 1. Contour plot of sodium metabisulfite concentration and drying temperature on breadfruit
starch yield.

Based on the contour plot as shown in Figure 1, the X-axis represents the sodium
metabisulfite concentration (%), while the Y-axis denotes the drying temperature (°C). The
color gradient in the contour plot reflects the predicted yield of breadfruit starch (%), where
the transition from blue to red indicates an increase in yield. Since the optimization goal of
this response is to maximize the starch yield, the desirable region corresponds to the reddish
area of the contour, which signifies higher yield values. The optimal condition, as shown in
the plot, is observed at a concentration of approximately 0.35% and a drying temperature
around 65-70°C, where the yield reaches its maximum predicted value within the
experimental range.

The three-dimensional response surface and contour plots provide a comprehensive
visualization of the significant quadratic relationship between sodium metabisulfite
concentration and drying temperature on breadfruit starch yield. The pronounced curvature
of the surface confirms that the response is governed by a second-order model, where both
factors exert nonlinear and interactive effects. As sodium metabisulfite concentration
increases from low to moderate levels (around 0.35%), the yield improves, likely due to the
compound’s antioxidant properties that inhibit enzymatic browning and preserve starch
quality [1]. However, exceeding this optimal concentration leads to a slight reduction in
yield, possibly due to excessive chemical modification that disrupts the starch structure.
Similarly, increasing the drying temperature from 50°C to approximately 65—70°C enhances
yield by promoting efficient moisture removal and starch recovery, but further increases can
cause partial gelatinization or degradation of starch granules, resulting in decreased
yield [12]. The observed convex surface profile highlights the existence of an optimal region
where both factors are balanced to maximize extraction efficiency. This convex profile
indicates the existence of a maximum extraction efficiency within a specific range of both
parameters. The upward curvature along the temperature axis suggests that moderate drying
temperatures enhance starch solubility and diffusion, thereby improving yield, while
excessive temperatures may cause degradation or loss of starch quality [13].

3.2 Optimum Point of Starch Yield

The numerical optimization of breadfruit starch extraction using Design-Expert software, the
goal was to maximize starch yield while maintaining the concentration of sodium
metabisulfite and drying temperature within the experimental range of 0.2-0.5% and 50—
70°C, respectively. The software predicted an optimum condition at 0.324% sodium
metabisulfite concentration and 62.75°C drying temperature, with a corresponding predicted
starch yield of 6.164% and a desirability level of 0.922 as shown in Figure 2, indicating a
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strong model fit and an excellent agreement between the optimization criteria and
experimental data.
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B: Temperature (°C)

a2 a2% ax a3 [ as
A: Concentration (%)

Fig. 2. Numerical optimization graph displaying factor desirability and overall desirability for
starch yield.

The validation experiment conducted under these conditions resulted in an actual starch
yield of 6.119%, which closely matched the predicted value, with a deviation of less than
1%, confirming the model’s accuracy and predictive capability. This high desirability value
demonstrates that the chosen quadratic model effectively represents the interaction between
the two factors in achieving maximum starch recovery. Comparable studies have
demonstrated that moderate drying temperatures (around 60—70°C) and the use of sodium
metabisulfite or similar treatments are critical for maximizing starch yield and quality,
primarily by minimizing enzymatic browning and structural degradation during drying [14].
For instance, research has shown that optimal drying at 60°C preserves functional and pasting
properties, while higher temperatures can reduce yield and starch quality due to increased
gelatinization and retrogradation [15]. The use of sodium metabisulfite in the extraction
process is also well-supported, as it effectively prevents oxidative changes and maintains
starch integrity [16]. The optimization results also imply that moderate drying temperatures
combined with an intermediate concentration of sodium metabisulfite enhance starch yield,
likely due to reduced enzymatic browning and minimal degradation during the drying
process. Additionally, studies employing statistical optimization methods such as RSM and
factorial designs have consistently reported high model fit (R* > 0.9) and successful
validation of predicted versus experimental yields, confirming the robustness of these
approaches for breadfruit starch extraction [17,18].

3.3 Verification

Model verification was conducted to validate the reliability and predictive accuracy of the
quadratic model obtained from the Response Surface Methodology analysis. The
optimization results predicted the maximum starch yield at a sodium metabisulfite
concentration of 0.324% and a drying temperature of 62.75°C, with a predicted response of
6.164% and a desirability level of 0.922, indicating a strong model fit for process
optimization.

Experimental validation performed under the same optimized conditions produced an
actual starch yield of 6.119%, showing excellent agreement with the predicted value, as
shown in Table 2. This actual yield lies well within the 95% Prediction Interval (PI) range of
5.67052—6.65795, confirming that the experimental data are statistically consistent with the
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model’s forecast. Moreover, the predicted mean response also falls within the 95%
Confidence Interval (CI) limits of 5.97903-6.34944, further supporting the precision and
reliability of the regression coefficients used in the model.

Table 2. Model Verification of Predicted and Experimental Values for Breadfruit Starch Yield

Response Predicted 95% Cl 95% Cl 95% P1 95% P1 Actual
Mean low high low high mean
Yield 6.16424 5.97903 6.34944 5.67052 6.65795 6.119

The small deviation between predicted and actual yield values (0.73%) indicates minimal
random error. It validates that the quadratic model effectively captures the true relationship
between sodium metabisulfite concentration and drying temperature on starch yield. The
close agreement between the predicted mean, CI bounds, and PI limits demonstrates that the
model not only has high predictive accuracy but also maintains narrow uncertainty margins,
reflecting strong confidence in the estimated response. Consequently, the developed model
is statistically valid and can be used to accurately predict and optimize the starch yield within
the studied range of process variables. This finding was in line with the research by [19],
which showed that the concentration of sodium metabisulfite and drying temperature had a
significant effect on the yield of tapai flour. The highest yield of tapai flour was obtained at
a sodium metabisulfite concentration of 2000 ppm and a drying temperature of 55°C. In
addition, [20] research also showed similar results, namely that drying temperature and
sodium metabisulfite concentration affect the yield of starch extracted from oil palm trunk.

3.4 Conclusion

Based on the prediction model generated by Design Expert software, the optimum condition
for breadfruit starch extraction was achieved at a sodium metabisulfite concentration of
0.324% and a drying temperature of 62.75°C. This combination produced a predicted starch
yield of 6.164% with a desirability level of 0.922, indicating an excellent model fit.
Experimental verification under these optimum conditions yielded an actual starch recovery
of 6.119%, which was in close agreement with the predicted value and within the 95%
confidence and prediction intervals. These findings confirm that the developed quadratic
model is valid and reliable for optimizing the starch extraction process, effectively
representing the influence of sodium metabisulfite concentration and drying temperature on
starch yield. These optimized conditions have important practical implications as they can
easily help to improve the extraction yield and reduce processing wastes in both small- and
medium-sized establishments. The conditions reported in this work are easily applicable for
immediate use in commercial processing workflows and provide a simple route to enhancing
the quality and economic value of breadfruit starch production.
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