www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Development of standard
operating protocol

for measurement of cassava root
mealiness

0. A. Osunbade? E. O. Alamu'3*?, W. Awoyale¥*, M. Adesokan?, B. A. Akinwande?,
J. A. Adejuyitan? & B. Maziya-Dixon!**

One of the major attributes of boiled cassava roots is its ability to soften within a short period,
otherwise known as mealiness. This study aimed to establish and validate standard operating
procedures for assessing the mealiness of boiled cassava roots. Twenty cassava genotypes, including
landrace and improved varieties, were selected for the protocol development, with an additional ten
genotypes used for validation. Following cooking, the cassava roots were evaluated for hardness
and work done in extrusion using a texturometer equipped with a five-blade Ottawa cell probe. The
same samples were assessed for sensory texture analysis using trained panelists for parameters such
as softness and chewiness. Pearson'’s correlation analysis revealed significant positive correlations
(p<0.01) between sensory softness and instrumental texture measurements, as well as between
softness and cooking time (p <0.01, r=0.94), and between chewiness and cooking time (p<0.05,
r=0.81). Validation results confirmed significant correlations (p <0.01) between cooking time, sensory
softness, and chewiness. These findings suggest that cooking time can serve as a reliable indicator,
closely associated with sensory attributes, in determining the mealiness of boiled cassava roots.
This approach offers a practical, mid-throughput method for assessing cassava root mealiness, with
implications for breeding improved varieties, farmers adoption, and consumer acceptance.
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Cassava (Manihot esculenta Crantz) is a significant stable food in tropical regions, including developing countries
in Africa. It accounts for more food calories per unit weight when compared to yam. Due to its effective energy
production, year-round availability, resistance to extreme climatic conditions and compatibility with Africa’s
current farming and food systems, cassava contributes to resolving the current continent’s food challenges'.
About 278 million metric tons of cassava are produced globally, with Nigeria producing over 63 million metric
tons?. Nigeria was followed in production by Thailand (31 million metric tons), Brazil (24 million metric tons),
Indonesia (21 million metric tons), Ghana (18 million metric tons), and other countries with similar numbers.
Cassava is grown mainly in the states of Imo, Anambra, Benue, Kogi, Enugu, Ogun, Ondo, Taraba, Delta, and
Osun, while it is also grown in smaller quantities in other states of Nigeria®. New cassava varieties must have
end-user culinary qualities, as farmers attach equal value to agronomic performances and end-user culinary
quality traits*.

In Nigeria, breeding efforts focus on improving cassava root cooking and eating qualities, predominantly
texture such as mealiness, to address the increasing demand for varieties suitable for the fresh consumption
market segment. In Nigeria, cassava roots have been processed into many fermented and unfermented products,
and some fermented products include lafun, gari, fufu and pupuru®. High-quality cassava flour (HQCF) is a
typical type of unfermented cassava product®. Other unfermented products include pasta, Abacha, snacks and
cassava chips, amongst others®. Consumers’ acceptance of cassava genotypes largely relies on their agronomic
performance and end-user culinary qualities such as root mealiness. Mealiness is a term used to describe the
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boiled cassava root that dissolves easily in the mouth upon biting. It also describes cassava roots’ softness and
chewability after being boiled’. Consumers have considered it the most essential attribute of boiled cassava roots.
It is important to elicit the descriptors of mealiness from the consumer’s perspective, and consumer preference
is often determined using the degree of liking and measured using hedonic scales. Although panelists can be
asked to indicate their degree of liking, preference, or acceptance of a product directly, hedonic tests are often
used to measure preference or acceptance indirectly. Category scales, ranking tests and the paired-comparison
test can all be used to assess product acceptance.

Recently, the Just-About-Right (JAR) test and Check-All-That-Apply (CATA) tests were developed to com-
plement the results of the hedonic test®. The JAR question format seeks to determine the optimum intensity of
a sensory attribute by asking consumers if they consider it too strong, too weak or just-about-right (JAR)’. The
CATA test describes the products with all the descriptors that best describe the products'. The CATA, also known
as “choose-all-that-apply’, is a question format used in recent years to obtain rapid consumer product profiles.
Consumers are presented with attributes and asked to indicate which words or phrases appropriately describe
their experience with the evaluated sample'2

Some cassava varieties can be boiled and consumed directly alone or with palm oil, and vegetable oil because
they are mealy. Mealy roots cook faster and are soft and easy to chew. These parameters can be measured by
textural instrumental techniques and sensory texture analysis to establish a protocol for the mealiness of cassava.
However, previous studies have provided information on the texture of boiled cassava roots and their mealiness
using penetration tests'>'4, but there were no details on the descriptors of mealiness, especially by the consum-
ers. This research intends to develop and validate a standard operating procedure (SOP) for measuring boiled
cassava root’s mealiness using correlation coefficients between cooking time and the sensory and instrumental
textural attributes.

Materials and methods

Materials

Twenty (20) cassava genotypes (landraces and improved) between the age of 10-12 months were freshly harvested
from the International Institute of Tropical Agriculture (IITA) research farm. These include: TMS16F2021P0044,
TMS16F2022P0057, ege funfun, ege dudu, IBA961632, TMEB711, IBA011797, TMEB419, TMS16F2021P0011,
IBA184416, I1BA184433, IBA184427, IBA184429, IBA184445, IBA30572, IBA184422, IBA184449, IBA 184439,
IBA070593 while TMEB693 being the last used as check. Other materials and tools such as an aluminum steamer,
texture analyzer, five-blade Ottawa grid cell, infrared thermometer, weighing scale, plastic bowl, aluminium
foil and stopwatch were sourced from Food and Nutrition Sciences Laboratory (FNSL), IITA, Ibadan, Nigeria.

Methods

Product preparation for analysis

Freshly harvested cassava roots were washed, peeled, and diced using a 2.5x2.5 cm stainless steel punch to
produce cubic-shaped pieces of similar dimensions from central parts of the root (Fig. 1). The samples were
steam-cooked using a steamer (Fig. 1) until a fork penetrated softly. Six (6) measurements were taken for each
sample and cooked cassava cubes were wrapped in aluminium foil and transferred into a food warmer to mini-
mize physical changes due to cooling. The sample temperature was monitored using an infrared thermometer.
Similar sample preparation procedures and a temperature of 45 °C were used for instrumental and sensory
texture analysis.

Determination of cassava roots’ mealiness

The methods to measure cassava root mealiness can be divided into sensory texture analysis (subjective) and
instrumental texture analysis (objective). Fifteen trained panellists were used for the sensory texture analysis of
the cooked cassava roots, and the performances of each panellist were tested for repeatability. The same batch of
steam-cooked cassava root was subjected to instrumental measurement using a texturometer (Fig. 2) to deter-
mine the mechanical force required and the work done during extrusion'®. The panellists were trained on two
primary sensory descriptors for the mealiness of boiled cassava as determined from consumers’ acceptability
study (i.e., softness and chewiness). Staffs and students that are familiar with boiled cassava roots were selected
at IITA, trained on the descriptors of boiled cassava roots, validated and screened based on their performance
and ability to generate repeatable results.

Sensory texture analysis (subjective)

Among the simplest subjective methods used to evaluate the degree of softening are pressing between fingers,
biting in the mouth, and checking the easiness of chewing. Cassava roots were cleaned, peeled and manually
punched into about 2.5 2.5 cm long cubes and subjected to steam-cooking until the fork penetrated easily to
measure cooking time (CT). The panellists evaluated the samples on the scale of 1-3 to rate the softness (1 =soft;
2=moderately soft; 3=hard) and chewiness (1 =chew easily; 2 =chew moderately; 3 =hard to chew).

Instrumental texture analysis (hardness and workdone)

The instrumental texture measurements of the boiled cassava roots were carried out using a Texture Ana-
lyser (Model TA-XTplus, Stable Micro System, Haslemere, U.K) coupled with an extrusion probe (Ottawa five-
blade grid) (Fig. 2). The texture parameters, such as hardness and work during extrusion, were measured in six
replications!®.
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Figure 1. A picture showing cassava root cubes and a Steam cooker. Source: Maziya-Dixon et al. (2023) (Next
Gen report).

Figure 2. A picture of the texture analyzer. Source: Maziya-Dixon et al. (2023) (Next Gen report).
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Statistical analysis
The data obtained from cooking time, chewiness, softness, hardness and workdone were analyzed for correlation
coefficients using Statistical Package for Social Sciences (SPSS version 16.0) and R-language software.

Declaration on research involving plants
This is to declare that all the materials and methods used in this research are in accordance to institutional
standards.

IUCN policy statement on research
Collection of plant materials for experimental research were in-line with institutional, national, and international
guidelines and legislation.

Results and discussion

Cooking time, sensory and instrumental texture analysis

The steaming method was used for cooking time evaluation, and results showed that some varieties had shorter
cooking times between 10 and 15 min (TMEB 693 and TMEB 419). Some cassava varieties also had medium
cooking time between 17 and 20 min (IBA011797, IBA30572 and TMS16F2022P0057), and TMS16F2021P0044
had cooking time above 20 min. The sensory panellist’s scores for the cassava varieties in softness ranged from
moderately soft to hard and chewiness ranged from “easy to chew” to “hard to chew”. Instrumental hardness
ranged from 1367.0 to 2946.7 g, while instrumental work during extrusion ranged from 1935.8 to 7900.6 g/s
(Table 1).

Pearson’s correlation between instrumental texture profiling and sensory analysis of boiled
cassava

Results of Pearson’s correlation showed that a significant (p <0.01) and positive correlation (r=0.92) exists
between the sensory softness and the instrumental work done by extrusion (Table 2). There was no significant
correlation between instrumental hardness and sensory texture attributes. Also, there was a significant positive
correlation between sensory softness and cooking time (p <0.01, r=0.94) and between sensory chewiness and
cooking time (p <0.05, r=0.81).

Validation of the developed standard operating procedure (SOP)

Ten cassava varieties were included to validate the protocols, and new measurements were conducted using the
same protocols. The roots were washed, peeled and diced into cubes using a punch of 2.5 x 2.5 cm long, washed,
and steam-cooked until the fork penetrated the boiled cassava easily according to the developed step-by-step
procedure to measure mealiness. The sensory evaluation by 15 trained panellists was conducted concurrently

Sensory texture

attributes Instrumental texture attributes*
Cassava roots Chewiness | Softness | Hardness (g) | Work done (g/s) | Cooking time (min)
TMEB 419 1.40° 1.90¢ 2946.70* 2250.88¢ 15¢
TMEB 693 1.50° 1.50f 1367.00° 1935.88f 10°
TMS16F2021P0044 2.30 3.50* 2682.60° 7900.64* 21
IBA 30572 2.10°¢ 2.80° 2164.00¢ 4870.31° 200
TMS16F2022P0057 2.50° 3.00° 2767.40° 4114.63¢ 19¢
IBA 011797 2.00¢ 2.30¢ 2029.00¢ 2821.65¢ 174

Table 1. Sensory and instrumental texture attributes, and cooking time of boiled cassava roots. *Texture
results are an average of six measurements. Mean values with the same super script along the column are
not significantly different. Key: chewiness: 1 =easy to chew, 2 =moderately chew, 3 =hard to chew; Softness:
1 =soft, 2=moderately soft, 3 =hard.

Work done (g/s) Cooking time (min) Chewiness Softness
Hardness 0.39 ns 0.61 ns 0.32ns 0.54 ns
Work done (g/s) 0.81 ns 0.70 ns 0.92%*
Cooking time (min) 0.81* 0.94**
Chewiness 0.89*

Table 2. Pearson’s correlation coefficient for experimental data. *Correlation is significant at the 0.05 level.
**Correlation is significant at the 0.01 level.
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Work done (g/s) Cooking time (min) Chewiness Softness
Hardness 0.49 ns 0.21 ns 0.22 ns 0.16 ns
Work done (g/s) 0.30 ns 0.26 ns 0.28 ns
Cooking time (min) 0.98** 0.85%*
Chewiness 0.89%*

Table 3. Pearson’s correlation coefficient from validation data. nsnot significant difference. **Correlation is
significant at the 0.01 level.

with instrumental texture profiling analysis. Statistical analysis was conducted using SPSS and XLSTAT. The
correlation coeflicients were significant at 0.01 between cooking time, sensory softness, and chewiness (Table 3).

Critical points and notes on the procedure

(i)  Analysis of the sample needs to be done very quickly, between 10 and 20 min, as the texture of boiled cas-
sava roots changes significantly with time when cooling.

(ii)  The same serving temperature (40-45 °C) must be maintained for instrumental and sensory analysis.

(iii) The trigger force of the compression probe must be carefully adjusted to forestall the total collapse of the
sample at the first compression cycle.

(iv) The sensory and instrumental texture analysis must be conducted at the same time with the same serving
temperature to correlate sensorial and instrumental texture results.

(v)  Each sample must be replicated in a minimum of six times to obtain an actual representative.

Conclusion

This study has attempted to develop a SOP to measure the mealiness of boiled cassava roots. Sensory and instru-
mental texture measurements were conducted concurrently on selected cassava genotypes. Trained panellists
were used for the sensory texture analysis, and the descriptors for mealiness were softness and chewiness; these
were obtained from a previous study (unpublished), which involved about 120 respondents in a community
where boiled cassava is widely consumed. Findings showed that no instrumental parameters directly meas-
ured mealiness, as no significant correlations were established between instrumental hardness and softness or
chewiness of boiled cassava roots. Work done during extrusion significantly correlates with softness during the
experiments first phase, but no significant difference was observed during the validation stage. However, cook-
ing time, considered a mid-throughput method, significantly correlates with both softness and chewiness and
a similar trend was observed after validation. Therefore, cooking time could be considered a mid-throughput
method for determining the mealiness of boiled cassava. It is recommended that more diverse cassava popula-
tions be used to repeat this experiment to establish a correlation between the instrumental measurement and
the mealiness of boiled cassava.

Data availability
Data is available on request. If any one want to request of data on this work, he or she should contact the lead
author or the corresponding author.

Received: 13 February 2024; Accepted: 23 July 2024
Published online: 27 July 2024

References

1. IITA. The Cassava Monitoring Survey in Nigeria, Ibadan: Report of International Institute of Tropical Agriculture, Submitted to the
Roots, Tubers and Bananas Research Program of CGIAR, 40 (2015).

2. FAOSTAT. Commodities by Country Ranking. https://www.fao.org/faostat/en/#rankings/commodities_by_country. Accessed 30
Jan 2021 (2022).

3. FAO. Food Outlook. Biannual Report on Global Food Markets. ISBN 978-92-5-130012 1.56 (2017)

4. Alene, A. D., Khataza, R., Chibwana, C., Ntawuruhunga, P. & Moyo, C. Economic impacts of cassava research and extension in
Malawi and Zambia. J. Dev. Agric. Econ. 5(11), 457-469 (2013).

5. Ayetigbo, O, Latif, S., Abass, A. & Miiller, J. Preparation, optimization and characterization of foam from white-flesh and yellow-
flesh cassava (Manihot esculenta) for powder production. Food Hydrocolloids 97, 1-10. https://doi.org/10.1016/j.foodhyd.2019.
105205 (2019).

6. Ogungbemi, K. et al. Quality assurance, safety and acceptability of odourless fufu flour produced from white and yellow-flesh
cassava using NSPRI-technology. Alex. Sci. Exchange J. 42(2), 467-474. https://doi.org/10.21608/asejaigjsae.2021.176110 (2021).

7. Mugalavai, V. K., Yabann, E. & Kinyua, M. G. The acceptability and utilization of cassava (Manihot esculenta) in Marigat, Baringo
County, Kenya, Kenya, Haya. Saudi J. Life Sci. 3(9), 571-577. https://doi.org/10.21276/haya.2018.3.9.1 (2018).

8. Varela, P. & Ares, G. Sensory profiling, the blurred line between sensory and consumer science. A review of novel methods for
product characterization. Food Res. Int. 48, 893-908 (2012).

9. Osunbade, O. A, Ajiboye, T. S., Adisa, O. A., Olatunji, O. & Oyewo, I. Evaluation of consumers acceptability of cassava cooked
paste (EBA) using 9-points hedonic, jar, and cata methods. Int. J. Multidiscip. Res. Publ. (IJMRAP) 4(4), 48-54 (2021).

10. Ares, G., Barreiro, C., Deliza, R., Giménez, A. & Gdmbaro, A. Application of a Check All-That-Apply Question to the development
of chocolate milk desserts. J. Sens. Stud. 25(1), 67-86. https://doi.org/10.1111/j.1745-459X.2010.00290.x (2010).

Scientific Reports |

(2024) 14:17324 | https://doi.org/10.1038/s41598-024-68441-4 nature portfolio


https://www.fao.org/faostat/en/#rankings/commodities_by_country
https://doi.org/10.1016/j.foodhyd.2019.105205
https://doi.org/10.1016/j.foodhyd.2019.105205
https://doi.org/10.21608/asejaiqjsae.2021.176110
https://doi.org/10.21276/haya.2018.3.9.1
https://doi.org/10.1111/j.1745-459X.2010.00290.x

www.nature.com/scientificreports/

11. Ares, G. & Jaeger, S. R. Examination of sensory product characterization bias when check-all-that-apply (CATA) questions are
used concurrently with hedonic assessments. Food Qual. Prefer. 40, 199-208 (2015).

12. Ares, G. & Jaeger, S. R. Check-all-that-apply questions: Influence of attribute order on sensory product characterization. Food
Qual. Prefer. 28(1), 141-153. https://doi.org/10.1016/j.foodqual.08.016 (2013).

13. Kouadio, O.K., Michel, K.A., N’zué, B., Charlemagne, N. & N'guessan Georges, A. Technical Sheet for Yam and Cassava Cooking
Textural Quality (Mealiness and Hardness) Assessment. Vol. 7(9). 5676-5684 (2018).

14. Miranda, L. A., Spinosa, W. A., Destro, T. M., Souza-Junior, H. & Nascimento, V. Sweet cassava cooking time. Agron. Sci. Biotechnol.
6, 1-16 (2020).

15. Bourne, M.C. Basic principles of food texture measurement. In Dough Rheology and Baked Product Texture (Faridi, H., Faubion,
J.M. eds.). https://doi.org/10.1007/978-1-4613-0861-4_6 (Springer, 1990).

Acknowledgements

We acknowledge the International Institute of Tropical Agriculture for their support in providing the mate-
rials used for this research, especially Mr Peter Iluebey in Cassava Breeding Unit for providing the cassava
genotypes used for the study. We also acknowledge the staff of the Food and Nutrition Science Laboratory for
supporting with the laboratory analysis and use of the equipment.

Author contributions

Adebowale Oluwaseun Osunbade: conceptualization (equal); initial draft writing (lead); writing, review and edit-
ing (lead). Emmanuel Oladeji Alamu: Conceptualization (equal); Writing-original draft (supporting); Writing,
review and editing (supporting). Wasiu Awoyale: Conceptualization (equal); Original Draft Writing (support-
ive); Writing, Review and Editing (supporting). Michael Adesokan: Conceptualization (equal); Original Draft
Writing (supportive); Writing, Review and Editing (supporting). Aishat Bolanle Akinwande: Conceptualization
(helpful); Writing-first draft (helpful); Writing-review and editing (supporting). Johnson Akinwumi Adejuyitan:
Conceptualization (assistance); Writing-review and editing (supporting). Busie Maziya-Dixon: Conceptualiza-
tion (assistance); Writing, review and editing (supporting).

Funding
The Bill & Melinda Gates Foundation (BMGF) funded this research and the APC through the grant number
(OPP1019962).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to E.O.A. or B.M.-D.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:17324 | https://doi.org/10.1038/s41598-024-68441-4 nature portfolio


https://doi.org/10.1016/j.foodqual.08.016
https://doi.org/10.1007/978-1-4613-0861-4_6
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Development of standard operating protocol for measurement of cassava root mealiness
	Materials and methods
	Materials
	Methods
	Product preparation for analysis
	Determination of cassava roots’ mealiness
	Sensory texture analysis (subjective)
	Instrumental texture analysis (hardness and workdone)

	Statistical analysis
	Declaration on research involving plants
	IUCN policy statement on research

	Results and discussion
	Cooking time, sensory and instrumental texture analysis
	Pearson’s correlation between instrumental texture profiling and sensory analysis of boiled cassava
	Validation of the developed standard operating procedure (SOP)
	Critical points and notes on the procedure

	Conclusion
	References
	Acknowledgements


