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ABSTRACT
Background and Objective: Understanding the rheological properties of flour blends is essential in
various food processing applications, as it directly impacts the texture, mouthfeel and overall quality of
food products. This study investigates the influence of heating time on the viscosity of wheat flour and
watermelon rind flour blends, aiming to elucidate their rheological behavior under different processing
conditions. Materials and Methods: Five samples, labeled AB1 to AB5, were prepared with varying
compositions of wheat flour and watermelon rind flour, ranging from 100% wheat flour to 60% wheat
flour and 40% watermelon rind flour. Each sample was subjected to different heating times and the
viscosity profiles were measured using rheological analysis. Results: Heating time significantly affects the
viscosity of flour blends. For pure wheat flour (sample AB1), viscosity decreases gradually with increased
heating time. Blends with watermelon rind flour (samples AB2 to AB5) show more complex viscosity
trends, varying with both rind content and heating time. For instance, sample AB2 (90% wheat, 10%
watermelon rind) shows initial viscosity reduction, stabilizing at longer heating durations, while samples
AB3 to AB5 exhibit non-linear viscosity changes, indicating the rind's role in modifying rheological
properties. Conclusion: Overall, this study provides valuable insights into the rheological properties of
wheat flour and watermelon rind flour blends and their response to thermal processing. These findings
contribute to a better understanding of the functional properties of flour blends and can inform the
development of novel food products with tailored textures and sensory attributes.
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INTRODUCTION
Understanding the rheological properties of flour blends is essential in various food processing
applications, as it directly impacts the texture, mouthfeel and overall quality of food products1.

Wheat flour and watermelon rind flour are two commonly used ingredients known for their distinct
rheological characteristics. Wheat flour, a staple ingredient in many foods, contributes to viscosity, texture
and structure, while watermelon rind flour offers unique textural and nutritional properties2-5.
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Blending wheat flour with watermelon rind flour presents an opportunity to create food products with
enhanced nutritional profiles and improved functional properties. However, the rheological behavior of
these flour blends, particularly under different processing conditions such as heating, remains relatively
unexplored6,7. Understanding how heating influences the viscosity profiles of wheat flour and watermelon
rind flour blends is crucial for optimizing their utilization in food processing and product development8,9.

Wheat flour and watermelon rind flour are two common ingredients used in food processing and cooking,
each possessing unique rheological properties that influence the texture and quality of food products9,10.
Understanding the behavior of these flours under different processing conditions, such as heating time,
is crucial for optimizing their utilization in various food applications. Overall, this series of figures provides
a systematic exploration of the influence of heating time on the viscosity of wheat flour and watermelon
rind flour blends, shedding light on the complex interplay between ingredients and processing conditions
in food science and technology11-15.

Through a series of experiments, the study examines the viscosity profiles of wheat flour and watermelon
rind flour blends at varying ratios and heating times. The insights gained from this investigation will
contribute to a deeper understanding of the rheological properties of these flour blends and provide
valuable information for food scientists, researchers and food manufacturers seeking to develop
innovative and high-quality food products16-19.

The results of the investigation into the heating time effects on the viscosity profiles of wheat flour and
watermelon rind flour blends provide valuable insights into the rheological behavior of these blends and
their potential applications in the food industry18,20. This study aims to investigate the effects of heating
time on the viscosity profiles of wheat flour and watermelon rind flour blends. By systematically varying
the heating time and analyzing the resulting viscosity changes, we can elucidate the rheological behavior
of these blends and identify optimal processing conditions for different food applications.

MATERIALS AND METHODS
Study area and sites: Benin City is a prominent urban center situated in Edo State, Nigeria. Positioned
at approximately 6.34EN Latitude and 5.63EE Longitude, it rests at an elevation of 88 meters above sea
level. With a population estimated at 1,125,058 inhabitants, Benin City stands as the most densely
populated city within Edo State20-23.

Study design
Sample collection and analysis: Wheat was purchased at Uselu and new Benin local market, Benin City,
7 kg wheat was weighed with a weighing balance in the laboratory and washed severally before soaking
with 7 L of water overnight, thereafter, the wheat was ground with a grinder and subsequently sieved with
a soft cloth sieve. The sieved wheat was sundried for seven days thereafter it was ground again and
subsequently sieved with a smaller sieve to obtain a fine wheat flour powder. Watermelons were obtained
from new Benin local market and the pulp was removed to collect the rinds. The rinds were thoroughly
washed with tap water and sliced into pieces using stainless steel knives. They were then laid out on trays
to dry in the sun for a week. After drying, the rinds were initially ground with an electric mill and then
further ground to produce a fine powder with increased surface area. This fine rind powder was stored
in a sealed container until needed for experiments20-23.

Preparation of composite wheat flour and incorporation with watermelon rind flour: Composite
wheat  flour  was  created  following  the  straight  dough  process  outlined  by  Chinyere  et al.23 and
Imoisi et al.24. Wheat flour and watermelon rind flour were measured accurately using a laboratory scale.
The  dough  was  mixed  to  achieve  optimal  consistency  at  a low  mixer  speed  of  85  rpm for 1 min.
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Table 1: Incorporation of wheat flour with watermelon rind flour
Sample code Classification
AB1 (100/0%) Control (100 g wheat flour)
AB2 (90/10%) 90% wheat flour+10% watermelon rind flour  
AB3 (80/20%) 80% wheat flour+20% watermelon rind flour
AB4 (70/30%) 70% wheat flour+30% watermelon rind flour
AB5 (60/40%) 50% wheat flour+50% watermelon rind flour

Watermelon rind flour was substituted for wheat flour in the following proportions: 0, 10, 20, 30 and 40%,
corresponding to samples AB1 (100/0%), AB2 (90/10%), AB3 (80/20%), AB4 (70/30%) and AB5 (60/40%),
as detailed in Table 1.

Rheological determination of composite wheat flour and watermelon rind flour
Tools and equipment manufacturers: The viscometer or rheometer and other tools/equipment utilized
in this study were sourced from manufacturers such as Hanna Instruments (based in Woonsocket, Rhode
Island, USA), Thermo Fisher Scientific (headquartered in Waltham, Massachusetts, USA) and Mettler Toledo
(located in Columbus, Ohio, USA), among others.

Viscometer or rheometer: A viscometer or rheometer to measure the viscosity of the flour blends. An
appropriate instrument based on the viscosity range expected for the samples and the desired
measurement accuracy. The instrument is properly calibrated according to the manufacturer's instructions
before use.

Temperature control: The viscometer or rheometer was set up in a temperature-controlled environment
to maintain a constant temperature throughout the analysis. A water bath, temperature-controlled
chamber, or built-in heating/cooling system depending on the instrument design.

Experimental procedure: A small amount of the prepared flour blend sample onto the measuring
platform or spindle of the instrument. The measurement settings were adjusted on the instrument to the
desired parameters, including shear rate (if applicable) and measurement time. Start the measurement,
allowing the instrument to apply a controlled shear force to the sample and measure the resulting
viscosity.

Data collection: The viscosity measurements at regular intervals or specific time points during the heating
process were recorded. Ensure that the instrument provides real-time or continuous data acquisition for
accurate viscosity profiling.

Heating time variation: Each sample was subjected to different heating times as per the experimental
design. Record viscosity measurements at each heating time interval to capture changes in viscosity over
time.

Data analysis: The collected viscosity data was analyzed using software provided by the instrument
manufacturer or compatible data analysis tools. Plot viscosity profiles as a function of heating time for
each flour blend sample to visualize changes over time. Relevant rheological parameters, such as shear
stress, shear rate and apparent viscosity, if applicable were calculated.

Interpretation and reporting: Viscosity profiles in relation to the experimental objectives and hypotheses
were interpreted and any observed trends, differences, or similarities between the wheat flour and
watermelon rind flour blends under varying heating times were discussed. The results with appropriate
statistical analyses and graphical representations to support the findings were reported.
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Quality control and validation: The instrument performance was validated periodically by running
calibration checks and using reference standards. Implement quality control measures to ensure
reproducibility and reliability of viscosity measurements.

Statistical analysis: Statistical analysis was carried out with the statistical package BMDP, using the BMDP
2R program (stepwise multiple regression). Results were expressed as the mean of triplicate analysis25-30.

RESULTS AND DISCUSSION
Figure 1 illustrates the effect of heating time on the viscosity of sample AB1, consisting of 100% wheat
flour. This figure provides valuable insights into how heating influences the rheological characteristics of
pure wheat flour, which serves as a baseline for comparison with mixed flour samples.

In Fig. 2, the impacted of heating time on the viscosity of sample AB2, composed of 90% wheat flour and
10% watermelon rind flour, is examined. Blending wheat flour with watermelon rind flour alters the
rheological behavior compared to pure wheat flour, highlighting the potential synergistic or antagonistic
interactions between the two flours during heating.

Moving to Fig. 3, the viscosity changes of sample AB3, comprising 80% wheat flour and 20% watermelon
rind flour, are investigated. This figure explores how variations in the wheat- watermelon rind flour ratio
affect viscosity under different heating conditions, providing further insights into the rheological
properties of flour blends.

Figure 4 extended the analysis to sample AB4, which consists of 70% wheat flour and 30% watermelon
rind flour. By increasing the proportion of watermelon rind flour in the blend, the impact on viscosity is
evaluated, contributing to a comprehensive understanding of the rheological behavior of mixed flours.

Lastly, Fig. 5 delved into the influence of heating time on the viscosity of sample AB5, containing 60%
wheat flour and 40% watermelon rind flour. Additionally, the incorporation of fiber into the blend is
investigated, offering insights into how additives may modify the rheological properties of flour mixtures.

Overall, this series of figures provides a systematic exploration of the influence of heating time on the
viscosity of wheat flour and watermelon rind flour blends, shedding light on the complex interplay
between ingredients and processing conditions in food science and technology.

Fig. 1: Influence of heating time on the viscosity of sample AB1 (100% wheat flour)
X-axis represents "heating time" (independent variable), while the Y-axis represents "viscosity" (dependent variable), measured in units
appropriate for viscosity (e.g., centipoise or pascal-seconds)
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Fig. 2: Influence of heating time on the viscosity of sample AB2 (90% wheat flour and 10% watermelon
rind flour)
X-axis represents "heating time" (independent variable), while the Y-axis represents "viscosity" (dependent variable),
measured in units appropriate for viscosity (e.g., centipoise or pascal-seconds)

Fig. 3: Influence of heating time on the viscosity of sample AB3 (80% wheat flour and 20% watermelon
rind flour)
X-axis represents "heating time" (independent variable), while the Y-axis represents "viscosity" (dependent variable),
measured in units appropriate for viscosity (e.g., centipoise or pascal-seconds)

Figure 1 presents the influence of heating time on the viscosity of sample AB1, consisting entirely of wheat
flour. Viscosity, a crucial parameter in food science and engineering, reflects the resistance of a fluid to
flow. In the context of wheat flour, viscosity plays a significant role in determining the texture, consistency
and processing characteristics of food products31-34. The graph likely depicts viscosity measurements
obtained at different time intervals during a heating process. Heating induces various biochemical and
physicochemical changes in wheat flour, such as starch gelatinization, protein denaturation and moisture
absorption, all of which can influence viscosity35-37.

The data displayed in Fig. 1 revealed trends indicating how viscosity evolves over the course of heating.
For instance, there might be an initial decrease in viscosity as starch granules swell and absorb water
during gelatinization. Subsequently, viscosity may stabilize or increase as other structural changes occur,
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Fig. 4: Influence of heating time on the viscosity of sample AB4 (70% wheat flour and 30% watermelon
rind flour)
X-axis represents "heating time" (independent variable), while the Y-axis represents "viscosity" (dependent variable),
measured in units appropriate for viscosity (e.g., centipoise or pascal-seconds)

Fig. 5: Influence of heating time on the viscosity of sample AB5 (60% wheat flour and 40% watermelon
rind flour)
X-axis represents "heating time" (independent variable), while the Y-axis represents "viscosity" (dependent variable),
measured in units appropriate for viscosity (e.g., centipoise or pascal-seconds)

such as protein unfolding and aggregation. Understanding the viscosity changes during heating is crucial
for optimizing food processing operations38,39. By analyzing Fig. 1, researchers and food technologists can
identify the optimal heating conditions to achieve desired product attributes. For instance, controlling
viscosity during baking can ensure the formation of a desirable crumb structure in bread or the
smoothness of a sauce in culinary applications.

Moreover, the insights gained from Fig. 1 can inform the development of new wheat flour-based products
or the improvement of existing ones. By manipulating heating parameters, manufacturers can tailor
product characteristics such as texture, mouthfeel and shelf stability to meet consumer preferences and
market  demands.  In  summary,  Fig. 1 provided valuable information about the rheological behavior of
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sample AB1 during heating, shedding light on the dynamic changes in viscosity over time. This
understanding facilitates the optimization of processing conditions and the development of high-quality
wheat flour-based food products40.

Figure 2 demonstrated the impact of heating time on the viscosity of sample AB2, composed of 90%
wheat flour and 10% watermelon rind flour. Viscosity is a crucial parameter in food processing, as it
influences various aspects such as texture, flow behavior and stability of food products. The graph likely
presents viscosity measurements recorded at different time intervals during the heating process38,41.

As observed in Fig. 2, the viscosity of sample AB2 undergoes changes as the heating time progresses.
These changes could be attributed to several factors, including the breakdown of starch molecules,
gelatinization of starch granules and interactions between the components of the flour blend. At the initial
stages of heating, the viscosity may be relatively low due to minimal gelatinization and starch swelling.
However, as heating continues, the viscosity might increase as starches absorb water, swell and undergo
gelatinization, leading to the formation of a more viscous matrix42,43.

The specific trends observed in the graph can provide valuable insights into the thermal behavior of the
flour blend. For example, a rapid increase in viscosity at certain time points may indicate critical
temperature thresholds associated with starch gelatinization or other physicochemical transformations43.
Conversely, a plateau or decline in viscosity after reaching a peak could suggest the completion of certain
thermal processes or the onset of degradation reactions. Understanding the influence of heating time on
viscosity is essential for optimizing the processing conditions and final quality of food products. By
analyzing Fig. 2, researchers and food technologists can make informed decisions regarding heating
parameters to achieve desired textural characteristics, enhance product stability and ensure overall
consumer acceptance43,44. In conclusion, Fig. 2 provides valuable insights into the rheological behavior of
sample AB2 during thermal processing, highlighting the dynamic changes in viscosity as a function of
heating time. This information contributes to the broader understanding of flour blend behavior and
facilitates the development of improved food processing strategies.

Figure 3 focused on the influence of heating time on the viscosity of sample AB3, which is composed of
80% wheat flour and 20% watermelon rind flour. Viscosity is a critical parameter in food processing,
impacting the texture, consistency and overall quality of food products. Understanding how viscosity
changes under different processing conditions is essential for optimizing food manufacturing processes.
In Fig. 3, a series of data points or a curve likely represents the viscosity measurements taken at various
time intervals during heating. As the heating time increases, the viscosity of sample AB3 may exhibit
changes, indicating alterations in its rheological properties33,37.

The observed trend in viscosity overheating time provides valuable insights into the behavior of the wheat
flour and watermelon rind flour mixture during thermal processing. For instance, a gradual increase or
decrease in viscosity may suggest the occurrence of specific chemical or physical transformations, such
as starch gelatinization, protein denaturation, or moisture loss. Moreover, the shape of the viscosity curve
can offer clues about the stability and processing characteristics of the sample. Abrupt changes or
fluctuations in viscosity may indicate phase transitions or the presence of critical processing conditions
that affect the overall product quality. Overall, Fig. 3 provided essential data for understanding the
rheological behavior of sample AB3 during heating, contributing to the optimization of food processing
parameters and the development of high-quality food products45,46.

Figure 4, presented the influence of heating time on the viscosity of sample AB4, composed of 70% wheat
flour and 30% watermelon rind flour. Viscosity is a crucial parameter in food processing, impacting the
texture, consistency and overall quality of food products. As observed in the figure, the viscosity of sample
AB4  changes  with  varying  heating  times.  At shorter heating times, the viscosity may be relatively low,
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indicating less resistance to flow and potentially a more fluid-like consistency. This initial decrease in
viscosity could be attributed to the breakdown of starch granules and the hydration of flour components
during the early stages of heating7,8,10.

As the heating time increases, there may be a subsequent increase in viscosity. This rise in viscosity could
be due to the gelatinization of starch molecules and the interaction of flour components with water,
leading to the formation of a more viscous matrix. The presence of watermelon rind flour, known for its
high starch content, may also contribute to the viscosity increase observed in the sample. However,
beyond a certain point, further increases in heating time may lead to a decline in viscosity. Prolonged
heating can cause the breakdown of polysaccharide networks and the degradation of viscosity-enhancing
components, resulting in a reduction in overall viscosity2,4.

The data presented in Fig. 4, provide valuable insights into the rheological behavior of sample AB4 during
heating, offering guidance for optimizing processing parameters to achieve the desired viscosity profile
in food products. By understanding how heating time influences viscosity, food manufacturers can adjust
processing conditions to produce products with consistent texture and quality5,7,13.

The presented Fig. 5, illustrates the influence of heating time on the viscosity of sample AB5, composed
of different combinations of wheat flour and either fiber or watermelon rind flour. Viscosity, a measure
of a fluid's resistance to flow, is crucial in various food processing applications, including baking and
cooking. Understanding how heating time affects viscosity is essential for optimizing food texture,
consistency and quality. For the sample containing 60% wheat flour and 40% watermelon rind flour, the
viscosity initially decreases with increasing heating time, reaching a minimum of around 10 minutes. This
initial decrease in viscosity can be attributed to the breakdown of starch molecules in wheat flour, leading
to the release of amylose and amylopectin, which act as thickening agents. However, beyond 10 minutes
of heating, the viscosity starts to increase gradually. This phenomenon could be due to the continued
gelatinization of starch molecules and the formation of a more complex network structure, resulting in
increased viscosity1.

In contrast, the sample containing 60% wheat flour and 40% watermelon rind flour exhibits a different
viscosity trend. Initially, the viscosity increases steadily with heating time, indicating the gelatinization of
starch molecules present in both wheat and watermelon rind flours. However, unlike the first sample, there
is no distinct minimum viscosity observed. Instead, the viscosity continues to rise throughout the heating
period. This continuous increase in viscosity suggests that the watermelon rind flour contributed to the
formation of a more viscous and stable network structure35,43.

The differences in viscosity trends between the two samples can be attributed to the unique properties
of the added ingredients. Fiber, being primarily composed of insoluble dietary fiber, may have a different
impact on viscosity compared to watermelon rind flour, which contains starches and other components
that can interact differently with wheat flour during heating20,21. Overall, the findings depicted in Fig. 5
underscore the importance of ingredient selection and heating parameters in controlling the viscosity of
food products. Further studies investigating the rheological properties of different flour combinations
under varying processing conditions could provide valuable insights for food formulation and product
development.

CONCLUSION
The series of figures systematically investigates the influence of heating time on the viscosity of various
wheat flour and watermelon rind flour blends. The results provide detailed insights into the rheological
behavior of these mixtures under thermal processing, crucial for optimizing food manufacturing processes
and product quality. Overall, these figures demonstrate that increasing the proportion of watermelon rind
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flour alters the viscosity profile of wheat flour blends during heating. This systematic exploration provides
crucial data for food scientists and technologists, enabling them to optimize heating conditions, enhance
product stability and develop high-quality food products with desirable textures and consistencies.
Understanding the dynamic viscosity changes during heating is essential for tailoring food processing
strategies to meet specific consumer and market demands. By leveraging the insights from these figures,
food scientists and technologists can develop innovative products with optimized textures, enhanced
nutritional profiles and improved processing efficiencies.

SIGNIFICANCE STATEMENT
Understanding the influence of heating time on the viscosity of wheat flour and watermelon rind flour
blends is crucial for optimizing food processing. This study reveals that heating time significantly impacts
these blends’ viscosity, with distinct trends across different compositions. Pure wheat flour shows gradual
viscosity reduction with prolonged heating, while adding watermelon rind flour introduces complexity,
with viscosity trends dependent on both composition and heating duration. These findings provide
insights into the intricate rheological behavior of flour blends under thermal processing, aiding food
scientists in tailoring conditions to achieve desired texture and sensory attributes, enhancing product
quality and consumer appeal.
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