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ABSTRACT

Background. Cassava is a tuber that is widely available in various regions of Indonesia, especially Central
and East Java. Unfortunately, its economic value remains relatively low, and its consumption is limited. One
of the main reasons is its limited suitability for processing. Cassava is rarely processed into dough — a popu-
lar food product — because it lacks sufficient volume expansion. Unlike wheat, which contains gluten that
supports optimal dough development, cassava lacks proteins with similar functional properties. On the other
hand, the region is home to one of the country’s largest poultry industries, producing a substantial supply of
protein-rich eggs. Therefore, this study aims to optimize the use of egg white powder (EWP) in the prepara-
tion of steamed dough made from fermented cassava flour (FCF).

Material and methods. FCF, obtained from a local producer, and EWP were initially characterized based
on their composition. Subsequently, the preparation process was optimized by varying factors across three
stages: dry mixing, kneading, and steaming. The factors included dry mixing duration, EWP concentration,
kneading duration, and steaming duration. The responses measured were moisture, protein, and ash content
for dry mixing, and volume expansion for kneading and steaming. After achieving maximum volume expan-
sion, the macroscopic, microscopic and chemical properties of the dough and steamed dough were analyzed
based on samples prepared under the optimum conditions.

Results. The results revealed that the FCF contains (%) 12.09 £0.05 moisture, 1.27 +£0.26 protein, 0.54 £0.01
lipid, 1.17 £0.10 ash, 84.90 +0.29 carbohydrate, while EWP contains 10.19 +0.12 moisture, 77.40 +0.36
protein, 0.53 +0.18 lipid, 5.43 £0.16 ash, 6.43 £0.21 carbohydrate, respectively. The optimal durations were
determined to be 10 min for dry mixing, 22 min for kneading, and 14.83 min for steaming. Additionally,
6.757% EWP was found to be optimal for achieving the highest volume expansion of the dough made from
FCF and EWP. Along with the volume increasing during steaming, the reducing sugar content decreased, the
color became browner, and starch granules swelled.

Conclusion. This study demonstrates the potential of using 6.757% egg white powder (EWP) to improve the
processability and value of fermented cassava flour (FCF) in steamed dough products. Optimized processing
conditions — including mixing, kneading, and steaming — significantly enhanced dough volume expansion,
while also causing a reduction in reducing sugar, increased browning, and swelling of starch granules. These
findings offer a sustainable solution for utilizing underused cassava and surplus eggs in Indonesia, contribut-
ing to the development of value-added food products and more sustainable food systems.
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INTRODUCTION

Cassava is a tuber widely available in Central Java;
however, it has yet to become a staple food for the
population. One key limitation is its poor processabil-
ity, particularly its insufficient volume expansion when
made into dough. Unlike wheat, which contains gluten,
cassava lacks proteins that support dough elasticity and
volume expansion. Fermentation has been explored to
improve the processing performance of cassava flour
(Numfor et al., 1995; Odey and Lee, 2020). Studies
have reported that fermentation enhances water and
oil absorption capacities, reduces peak viscosity (Oy-
eyinka et al., 2020), improves rheological properties
(Monthe et al., 2019), and lowers pasting temperature
(Paix@o e Silva et al., 2021). However, the lack of glu-
ten protein, which is water-compatible and swells in the
presence of water (Hoseney and Rogers, 1990), means
that additional protein is required to improve the pro-
cessing performance of fermented cassava flour (FCF).

Layer eggs are a major protein source in the region,
with average weekly per capita ranging from 929,588
to 984,445 units between 2021 and 2023 Badan Pu-
sat Statistik, n.d.a). National layer egg production
increased by 8-10% annually during this period,
reaching 5.155.997,65 to 6.117.905,40 tons (BPS-Sta-
tistics Indonesia, n.d.b.), indicating ample availability.

Therefore, this study aims to optimize the use of
egg white powder (EWP) in preparing steamed dough
based on FCF. Optimization focused on dry mixing du-
ration, EWP concentration, kneading time, and steam-
ing time. Homogeneity was the response variable for
dry mixing, while volume expansion was measured
during kneading and steaming, as it reflects the dough’s
gas retention capacity during fermentation and steam-
ing — a critical factor affecting the texture and quality
of the final product (Wahyuningsih et al., 2015).

MATERIALS AND METHODS

Materials

Materials used in the study included fermented cas-
sava flour (FCF) (Mekar Sari Boyolali, Central Java),
egg white powder (EWP) (CV. Aroma Nusantara,
Tangerang, Indonesia), yeast (Fermipan, Marcq-en-
Barceul, France), refined sugar (Gulaku, Lampung,
Indonesia), sea salt (Cap Kapal, Surabaya, Indonesia),
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leavening agent (Koepoe Koepoe, Jakarta Utara, In-
donesia), and frying oil (Rose brand, Lampung, Indo-
nesia). Additional chemicals used were sulfuric acid
(H,SO,) (Mallinckrodt, Dublin, Ireland), Lugol’s so-
lution 5% (Rofa, Bandung, Indonesia), ether-alcohol
solution (Smart-Lab, Tangerang Selatan, Indonesia),
0.1 N hydrochloric acid (HCI) (Mallinckrodt, Dublin,
Ireland), and 3,5-Dinitrosalicylic acid (DNS) (Merck,
Darmstadt, Germany).

Optimization of dry mixing

Prior to mixing, the chemical composition of FCF
and EWP was analyzed for moisture content (thermo-
gravimetry; Fessas and Schiraldi, 2001), protein con-
tent (Kjeldahl; Chang and Zhang, 2017)), fat content
(Soxhlet extraction; Patrignani et al., 2015), ash con-
tent (furnacing method (Harris and Marshall, 2017),
and carbohydrate content by difference.

For dry mixing, a total of 26 g of EWP was manu-
ally mixed with 160 g of FCF, which was sieved
through 80 mesh, in a stepwise manner, as follows.
This EWP/FCF ratio was intended to approximately
mimic the 12% protein content of wheat flour (Kuk-
taite et al., 2004). Initially, 26 g of EWP was mixed
with 26 g of FCF and manually stirred for 30 seconds.
Then 52 g of FCF was added and stirred for another
30 seconds, followed by the addition of 82 g of FCF,
which was manually stirred for 60 seconds, to obtain
a final mixture of 186 g. subsequently, the composite
was further mixed using a Turbo EHM9595 (Philips,
Eindhoven, Netherlands) at a speed of 5060 Hz for
varying durations: 0, 5, 10, and 15 min.

To verify the homogeneity of the composite flour
in the mixing bowl, samples were collected from five
separate locations — four from the top and one from
the bottom. For each location, 10 g was collected and
stored in Ziplock plastic bags for further analysis of
moisture, protein, and ash content.

Optimization of EWP level and kneading duration
Kneading was intended to facilitate the wet mixing of
dough components and promote maximum volume
expansion during proofing. The factors requiring op-
timization were EWP level and kneading duration.
A preliminary study indicated that 8—14% of EWP and
10-20 min of kneading would likely achieve maxi-
mum dough volume.
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Central Composite Design (CCD)

Response Surface Methodology (RSM) using Central
Composite Design was employed to optimize the EWP
level and kneading duration, with volume expansion
as the response. Chemoface version 1.65 (Nunes et al.,
2012) was used to run the design (Tab. 1) resulting in
11 experimental variations, each with three replicates
(Tab. 4). The design was then applied to prepare the
dough.

Table 1. Central composite design (CCD) for optimizing
egg white powder (EWP) level and kneading duration in
preparing fermented cassava flour (FCF) based dough

Factor —a -1 0 1 o
EWP level 6.7574 8 11 14 15.2426
Kneading duration, min  7.9289 10 15 20 22.0711

Preparation of FCF-EWP based dough

The dough was prepared using 80 g of FCF as the base.
The FCF was manually mixed with EWP at the levels
(%, w/w) corresponding to the CCD model, namely
6.757, 8.000 11.000, 14.000, and 15.243. After man-
ual stirring for 5 min, 0.2 g salt, 0.5 g baking powder,
1.6 g yeast, and 4 g sugar were added and stirred for
1 min. The dry mix was then combined with 60 mL of
water and 2.5 mL of oil, thoroughly mixed for 1 min,
then kneaded using a KitchenAid (Greenville, Ohio,
USA) for durations corresponding to the CCD design,
followed by proofing for 30 min in a closed plastic
container at room temperature.

Measurement of specific volume expansion of FCF-
-EWP based dough

The specific volume expansion refers to the volume
increase of dough after proofing per gram of dough
(Nwosu, et al., 2014). A caliper (Mitutuyo, Kanaga-
wa, Japan) and a measuring tape (Butterfly, Shanghai,
Cina) were used to measure the height and circumfer-
ence of the dough before and after proofing to calculate
the volume using Equation 1 where © = 3.14; t is the
dough height (cm), and r is the dough diameter (cm).
The specific volume expansion (SVE) was calculated
using Equation 2, where V vosting is dough volume after

proofing, V, _ ... is dough volume before proofing.
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1
Volume (cm?®) = ? w2 (3r—1) (1

SVE(%/g) — proofing kneading x
kneading
1
x ——— x100 )
sample
mass (g)

Once the maximum specific volume expansion
was achieved, resulting from an optimum combination
of EWP level and kneading duration, the dough was
characterized for its color, macroscopic properties, mi-
croscopic properties, moisture, and protein.

Analysis of macroscopic, microscopic and chemical
properties of FCF-EWP based dough

Macroscopic observation was conducted on cross-
sections of the dough (Zeng et al., 2024) and photo-
graphed using an Olympus SZ-10 (Olympus, Tokyo,
Japan) against a black background inside a photo box
(Puluz, China). The images were saved for further im-
age processing and analysis.

For microscopic observation, thin slices of dough
were placed on a microscope slide, stained with 0.5%
Lugol’s solution, covered with a glass slip, and ob-
served under a binocular microscope (Olympus CX23,
Olympus, Tokyo, Japan) equipped with a polarizer
lens (Kenko, Tokyo, Japan). The microscopic images
were captured using a digital microscope camera con-
trolled by MicroCAM 4.0 software. The images were
then processed using Imagel software (version 1.54)
(Tyuftin et al., 2021) to quantify starch granule size.
Additionally, the moisture and protein contents of the
dough, both with and without EWP, were analyzed
using the same methods described for FCF and EWP
(section “Optimization of dry mixing”).

Optimization of steaming duration for FCF-EWP
based dough

Steaming was conducted at atmospheric pressure for
durations of 0, 6, 12, 18, and 24 min. The dough was
prepared according to the optimum EWP level and
kneading duration that resulted in maximum specific
volume expansion during proofing, as determined in
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the kneading optimization (section “Optimization of
EWP level and kneading duration™).

The specific volume expansion was determined
using the method described in section “Measurement
of specific volume expansion of FCF-EWP based
dough”, except that the samples compared were be-
fore and after steaming. Once the steamed dough with
maximum specific volume expansion was achieved,
microscopic observations and color measurements
were conducted. For microscopic observation, the
method described in section “Analysis of macroscop-
ic, microscopic and chemical properties of FCF-EWP
based dough” was used.

The color of the steamed dough was measured
using the CIELab system to measure L*, a*, and b*
values at which L * indicates lightness (0 = black, 100
= white), a* measures green (-) to red (+), and b*
measures blue (-) to yellow (+) (Macdougall, 2010).
The measurement employed a colorimeter (Konica
Minolta CR-20, Konica Minolta, Tokyo, Japan), pass-
ing through a 3 cm high and 2 cm diameter plastic
tube with internal white color to minimize external
light interference and enhance sensor focus on the
sample. The L* a* and b* were saved for further
data analysis.

Along with the volume expansion, the reducing
sugar content of dough during steaming was analyzed
using the dinitrosalicylic acid (DNS) method (Zhang
et al., 2023a). Briefly, 1 g of dough was mixed with
50 mL of distilled water and stirred (IKA C-MAG
HS 7, Germany) at 300 rpm for 10 min at 50°C. The
mixture was then centrifuged (Ohaus FC5718R, New
Jersey, USA) at 4200 rpm for 10 min, and 43 mL of
the supernatant was transferred to a 50 mL volumetric
flask and diluted with 7 mL of distilled water. Subse-
quently, 0.5 mL of the supernatant was reacted with
2 mL of dinitrosalicylic acids (DNS) reagent and im-
mersed in a boiling water bath for 5 min. After cooling,
2 mL of distilled water was added, and the absorbance
was read at 570 nm (Spectrophotometer Biobase, BK-
UV1900, Shandong, China). Glucose solution was
used as the standard.

Data analysis

The homogeneity of the dry mixing — evaluated based
on moisture, protein, and ash content — was assessed
using the coefficient of variation, analysis of variance
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(ANOVA), and post hoc tests performed with IBM
SPSS Statistics version 26.0 (IBM, New York, United
States).

The optimization of EWP levels and kneading
duration was carried out using the Response Sur-
face Method (RSM) with a Central Composite De-
sign (CCD), incorporating pure error and residual
sum of squares (SS residuals) at a 95% confidence
level (Ibrahim et al., 2020). This analysis was con-
ducted using Chemoface software (Nunes et al.,
2012), version 1.65. Principal Component Analysis
was applied to the macroscopic dough properties us-
ing Orange software (Abduh et al., 2024; Demsar et
al., 2013), version 3.36.1. Microsoft 365 (Microsoft,
Redmond, Washington, U.S.) was used for descrip-
tive statistical analysis of microscopic and chemical
dough properties, regression analysis of volume ex-
pansion and reducing sugar content in the steamed
dough, and descriptive statistics of color and micro-
scopic data.

RESULTS AND DISCUSSION

Composition of FCF and EWP

Table 2 presents the chemical composition of FCF and
EWP used as materials for preparing the composite
flour. The moisture and ash contents of FCF comply
with the national quality standards for FCF (Standar Na-
sional Indonesia, 2011), at 13% and 1.5%, respectively.

Table 2. Chemical composition of fermented cassava flour
(FCF) and egg white powder (EWP)

Chemical FCF EwWP
Moisture, % 12.09 +£0.05 10.19 +£0.12
Protein, % 1.27 +£0.26 77.40 £0.36
Lipid, % 0.54 +£0.01 0.53 +0.18
Ash, % 1.17 £0.10 5.43 £0.16
Carbohydrate* 84.90 £0.29 6.43 £0.21

*Carbohydrate was determined by difference. Data are present-
ed as mean +standard deviation (n = 3).

Although the moisture and ash contents of the
EWP slightly exceed the national standard, which are
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8% and 5%, respectively (Standar Nasional Indonesia,
1996), the protein and lipid contents comply. The high
protein content of EWP is beneficial for providing pro-
tein in the composite flour, which assists in the vol-
ume expansion of the dough. In addition to the protein,
EWP contains ash at nearly five times the concentra-
tion found in FCF, contributing significantly to the ash
content of the composite.

Optimum duration for dry mixing

The moisture content of samples collected from dif-
ferent locations within the mixing bowl was found to
be similar, at a concentration of about 11% after ei-
ther manual mixing for 2 min, or mechanical mixing,
regardless of the duration from 5 to 15 min (Tab. 3).
A slight reduction in moisture content from 11.38%
to 11.23% was observed with increasing mixing time,

Table 3. Moisture, protein and ash content of FCF-EWP composite flour at different sampling locations and dry-mixing

duration
Parameters Sam.p!ing Manual mixing Mechanica.l mixing Mechanicall mixing Mechanicall mixing
position 2 min 5 min 10 min 15 min

Moisture, % Top 1 11.34 £0.09* 11.36 £0.10? 11.26 £0.03* 11.40 +£0.11°
Top 2 11.45+0.08¢ 11.35+0.11* 11.35+0.01¢ 11.14 £0.18¢
Top 3 11.43 £0.06* 11.40 +0.00* 11.20 +0.07¢ 11.17 £0.14*
Top 4 11.43 £0.03* 11.25+0.17* 11.23 +£0.10° 11.21 £0.03*
Bottom 11.26 £0.20° 11.30 £0.14* 11.20 £0.122 11.21 £0.10?
Mean 11.38 £0.12 11.33 +£0.11 11.25 +0.09 11.23 +£0.14
Ccv 0.008 0.006 0.007 0.012

Protein, %  Top 1 10.09 +1.04* 10.95 +0.51* 11.12+0.51° 11.13 £0.45¢
Top 2 9.39 +0.00° 10.25 +£1.24° 11.17 £0.472 11.30 £0.17¢
Top 3 10.89 +0.112 11.00 £0.34* 11.04 £0.57¢ 11.07 £0.27¢
Top 4 10.78 +1.52¢ 10.60 +0.67* 11.13+0.51% 11.16 £0.39*
Bottom 15.99 +£3.00° 11.24 +0.49* 11.14 +0.31° 11.16 £0.28¢
Mean 11.43 £2.76 10.81 +0.71 11.12 £0.41 11.17 £0.28
Ccv 0.255 0.041 0.005 0.012

Ash, % Top 1 1.32 £0.76* 1.29 +0.05° 1.25+0.07¢ 1.31 +£0.04*
Top 2 1.23 +0.09° 1.29 +0.05° 1.30 +0.03* 1.31 +£0.02¢
Top 3 1.17 £0.67* 1.33 £0.02° 1.26 +£0.00° 1.31 +£0.05*
Top 4 1.17 £0.13¢ 1.10 £0.112 1.27 £0.08¢ 1.30 +£0.03¢
Bottom 1.59+0.18° 1.29 +0.05° 1.32 £0.06* 1.37 £0.03*
Mean 1.29£0.19 1.26 +0.10 1.28 +0.59 1.32 +0.42
Cv 0.115 0.078 0.036 0.037

Data are presented as mean +standard deviation (n = 3). Values not sharing the same superscript in the same column are signifi-
cantly different (p < 0.05) after analysis of variance (ANOVA) and Duncan’s Multiple Range Test (DMRT) post hoc test. CV:

coefficient of variance.
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possibly due to heat generated by the conversion of
mechanical energy into thermal energy (Penggalih,
2024).

For protein, manual mixing for 2 min resulted in
non-homogenous content, with the sample collected
from the bottom of the mixing bowl containing signifi-
cantly higher (16%) protein than the other locations
(11%). Mechanical mixing for 5, 10, and 15 min led
to protein being evenly distributed, with mean protein
contents ranging from 10.81% to 11.17%, slightly
lower than the value of 12.165% calculated from the
CCD model. Furthermore, a longer mixing duration
reduced the standard deviation of protein content, in-
dicating that homogeneity improved.

After manual mixing for 2 min, a higher ash con-
tent was found in the sample collected from the bot-
tom of the mixing bowl, a phenomenon similar to that
observed for protein. Further mechanical mixing for
5 min distributed the ash more evenly across loca-
tions, with only one sampling location having a lower
ash content compared to the others. Interestingly,
the ash content required the longest mixing period
(minimum 10 min) to become homogenous across
sampling locations, achieving 1.3%. Furthermore,
the range of ash content (1.26—1.32%) is close to the
calculated value of 1.77% to obtain 12% protein in
the composite, based on 85.91 weight units of FCF
and 14.09 weight units of EWP. Ash content has been
reported to affect the rheological properties of frozen
dough (Kim et al., 2003).

Considering the coefficients of variation for mix-
ing durations across moisture, protein, and ash, it was
found that mechanical mixing for 10 min is optimal, as
the CV is the lowest for both protein and ash (Tab. 3).
Particle properties — such as porosity, hydrophobic-
ity, rehydration, and solubility (Li et al., 2020) — are
suggested to play an important role in the variation
in mixing duration (Kuakpetoon et al., 2001). As re-
ported, EWP has a particle size ranging from 0.1 pm
to 4.3 um (Jafari et al., 2022) and was distributed ho-
mogenously across the bowl in a shorter time than
minerals representing ash, which have particle sizes
ranging from <0.5 to 2 um (Tan et al., 2017). Thus,
the smaller the particle size, the longer the duration
required for homogenous distribution in a composite
flour (Kuakpetoon et al., 2001).
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Optimum EWP levels and kneading duration

Variables optimization and model selection for pre-
paring FCF-EWP-based dough

Table 4 presents the combinations of EWP levels
and kneading durations along with their correspond-
ing specific volume expansion values for FCF-based
dough, as designed by the CCD (Tab. 1).

Table 4. Experimental design to optimize the EWP level
and kneading duration to maximize the specific volume ex-
pansion of FCF-based dough

EWP, % Kneadirﬁiguration, \022, \(;ir/r;, \0;/)2,
8 10 0.060 0.089 0.191
8 20 0.284 0.284  0.280

14 10 0.403 0.091 0.275
14 20 0.231 0.275 0.149
6.757 15 0.302 0.116 0.064
15.243 15 0.295 0.190  0.359
11 7.929 0.117 0.116 0.188
11 22.071 0.182 0.194  0.358
11 15 0.100 0.210  0.405
11 15 0.270 0.188 0.145
11 15 0.271 0270  0.198

The experimental data were modeled using Che-
moface, which evaluated several potential models,
including linear, interaction, quadratic, and pure quad-
ratic. The quadratic model demonstrated minimal pure
error and residual sum of squares (SS residual), along
with a high coefficient of regression (R?), indicating
the best fit to describe the RSM. Therefore, the quad-
ratic was selected as the best model and visualized in
both 2D and 3D plots (Fig. 1). The highest specific
volume expansion was observed in the region corre-
sponding to 6.757% EWP and a kneading duration of
22 min. This formulation was thus identified as opti-
mal for producing dough with maximum volume ex-
pansion and selected for further characterization.
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Fig. 1. The selected 3D Quadratic (a) and 2D Quadratic (b) models of specific volume expansion
(cm®/g) of FCF-EWP based dough

Source: authors’ own research.

Fig. 2. PCA Plot of cross-sectional macroscopic images of dough prepared from fermented cassava
flour (a) and corresponding images of dough without (b) and with egg white powder (c)
Source: authors’ own research.

Macroscopic properties of FCF-EWP-based dough

Three samples of FCF dough prepared with the opti- FCF dough without EWP, indicating that their appear-
mum EWP level of 6.757% and the optimum kneading  ance is distinctly different (Fig. 2a). This clustering ac-
duration of 22 min form a separate cluster from the curately reflects the macroscopic data.
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The dough without EWP appears white (Fig. 2b),
whereas the dough containing EWP displays a brown
color (Fig. 2c). Macroscopic cross-sectional observa-
tions also reveal that dough with EWP exhibits small-
er pores and smoother internal lines compared to the
dough without EWP. This suggests that the protein in
EWP improves dough structure, resulting in a more
uniform and compact texture (Zhang et al., 2023a).
Figure 2 visually highlights these structural differ-
ences, as FCF-based dough with EWP (Fig. 2c) shows
a more homogenous surface compared to the porous
and uneven surface of dough without EWP (Fig. 2b).

Microscopic properties of FCF-EWP-based dough
The starch in FCF (Tab. 5), derived from cassava,
typically exhibits round granules (Kasemwong et al.,
2011), although fermentation may cause structural
damage, such as cracks. Dough containing 6.757%
EWP showed uniform granule structures, whereas
dough without EWP displayed irregularities. Dough
with EWP also appeared brighter in color, indicating
lower iodine content, suggesting a reduced presence
of structured starch granules and the formation of
a more compact structure (Jiang et al., 2023), possibly
due to more extensive gelatinization that surpasses the
native structure. The kneading process, together with
EWP addition, appears to reinforce the structure by
enhancing protein-starch interactions. This results in
the formation of a robust composite gel network that
strengthens the dough structure (Wang et al., 2021;

Zhang et al., 2023b). Notably, larger granules were ob-
served in the dough with EWP compared to the dough
without EWP. Particle size data (Tab. 5) further con-
firmed the structural improvements enabled by EWP
addition.

Chemical properties of FCF-EWP-based dough
Dough with 6.757% EWP showed slightly higher
moisture levels, attributed to the improved water-
holding capacity (WHC) of proteins (Traynham et al.,
2007). Proteins modified by heat form stronger mo-
lecular interactions, enabling better water retention
and enhancing product texture, stability, and shelf life.
As expected, a substantial increase in protein content
was observed in the dough with EWP, nearly 4 times
higher than that without EWP, which is attributed to
the 77.40% protein content of EWP (Tab. 2).

Optimum duration for steaming

Variable optimization for steaming
FCF-EWP-based dough

The volume of dough rapidly expanded in the first
6 min of steaming, achieving a 33.40% increase,
which is suggested to be due to starch gelatiniza-
tion (Cheng et al., 2022). During this process, water
absorption causes starch granules to swell, forming
a more flexible microstructure that facilitates the
trapping of gases produced during proofing. A slight
decrease and increase in volume were observed af-
ter steaming for 12 and 18 min, respectively. Further

Table 5. Microscopic properties analyzed using ImagelJ, and chemical properties of FCF-EWP based dough

Sample Microscopy n Area S, pixel % area Mean area  Moisture, %  Protein, %
0% EWP 4305 53695.54 12.47 41.48 255 4497 +0.83  1.21+0.00
6.757% EWP 70 1576.11 22.52 62.09 255 45.32+40.40 4.04+0.47

FCF: fermented cassava flour; EWP: egg white powder; n: granular count; s: average size (pixel).
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Fig. 3. The change in specific volume expansion (a) and reducing sugar content (b) during steaming of dough prepared from

fermented cassava flour and egg white protein

steaming up to 24 min caused the dough volume to
rupture due to excessive humidity in the steamer.
A quadratic polynomial model was found to fit the
data (R* 0.8232), indicating that 82.32% of the vari-
ability in response is explained by the model. Based
on this model, the optimum streaming duration was
found to be 14.83 min to achieve the maximum vol-
ume expansion of 33.40%.

Reducing sugar content of steamed
FCF-EWP-based dough

As shown in Figure 3b, the reducing sugar content
initially increased, reaching a maximum of 0.0967%
at 7.08 min of steaming. This is suggested to be due
to the thermal decomposition of sucrose into reduc-
ing sugars (Lee et al., 2011). Continued steaming
led to a decrease in reducing sugar content, reaching
a minimum of 0.0622% at 24 min, likely associated
with the Maillard reaction (Lund and Ray, 2017),
which contributes to the development of the dough’s
golden-brown color (Tab. 6). With increasing steam-
ing duration, the dough color became progressively
darker as indicated by a decrease in lightness (L¥*),
reflecting the intensification of the Maillard reaction
(Abduh et al., 2021). A third-order polynomial model
(Fig. 3b) was found to fit the experimental data (R?
= 0.8997), suggesting that 89.97% of the variation
is explained by the model. Based on the optimum
steaming duration of 14.83 min for maximum vol-
ume expansion, the estimated reducing sugar content
is 0.9515%.

www.food.actapol.net/

Macroscopic and microscopic properties of steamed
FCF-EWP-based dough

Magnification at 40x and 100x microscopy success-
fully revealed the starch granules (Tab. 6). At 40x mag-
nification the starch granule swelling was pronounced,
as indicated by the increased granule size with longer
steaming duration. At 0 min of steaming, starch gran-
ules appeared irregular and non-uniform, with dense
Lugol’s staining at their centers (100 magnification),
reflecting the cavities in FCF starch caused by fermen-
tation (Kartikasari et al., 2016). At 6 min of steaming
and beyond, the granules swelled significantly due to
gelatinization (Leong et al., 2019), and continued to
swell as heat penetrated further, leading to greater wa-
ter absorption as steaming progressed to 24 min.

CONCLUSION

This study demonstrated the optimization of dry-mix-
ing, kneading, and steaming for preparing FCF-EWP
based dough. Dry mixing for 10 min ensured homo-
geneous distribution of protein and ash, while 6.76%
EWP and 22 min of kneading produced maximum
volume expansion of dough with consistent quality in
color, moisture, and protein content. EWP enhanced the
brown coloration and smoothness of the dough. Steam-
ing for 14.83 min was optimal in achieving maximum
volume expansion. The combination of 10 min of dry-
-mixing, 6.76% EWP, 22 min of kneading, 30 min of
proofing, and 14.83 min of steaming produced the high-
est volume expansion of 33.40% in FCF-based dough.
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Table 6. Macroscopy images, color, and microscopy images of dough prepared from FCF-EWP steamed for various durations

Steaming, min 0 6 12 18 24

Visual

L* 79.2 £0.126 70.6 £1.189 69.6 £1.572 69.1 £1.285 69.9 +£0.108
a* 3.9 £0.247 3.9 +0.351 4.1+0.258 4.1+0.121 4.1+0.202
b* 21.1+0.184 21.0 +0.508 21.7+0.728 21.5+£0.407 21.4£0.342
Microscopy 4x

Microscopy 10x

Microscopy 40x

Microscopy 100x
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