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ABSTRACT 
The SOP validation, briefly, is aimed at confirmation of experimental outcomes of prior instrumental 
measurement of texture attributes of fufu, by testing the current generated data for agreement with 
prior measurements. Instrumental texture attributes such as hardness, adhesiveness, cohesiveness, 
springiness, gumminess, chewiness and resilience were measured using a texture analyser. A 
double compression mode was considered for the procedure as it simulates the action of the 
mastication of food. 
Fermented cassava mash with contrasting cooking qualities obtained from three varieties of cassava 
were used to produce fufu. Two sets of replicate measurements were made for a fixed cylindrical 
sample geometry (40 mm x 47 mm) at 45 °C, and a combination of measurement parameters (pre-
test speed 1mm/s, test speed 2 mm/s, strain 30%, compression cycle interlude 10 s, compression 
probe 100 mm diameter). Statistical analyses of the data obtained assist to determine the accuracy 
of data and validity of the procedure for texture measurement. Analysis of variance (ANOVA) to 
determine effect of measurement variables and repeatability between replicate measurements were 
conducted. Also, discrimination between various cassava genotypes based on their inherent textural 
attributes were viewed from principal components (PCA), discriminant, and hierarchical analyses.  
 
Context: Validation of SOP on Instrumental Texture Profile Analysis of Fufu 
Objectives:  Evaluating repeatability between replicate measurements and discrimination between
  various cassava genotypes based on textural characteristics of Fufu 
 

Key Words: Textural attributes, PCA, Discriminant analysis, ANOVA, Fufu, Texture analyser, 
Hierarchical classification 
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1 GENERAL OVERVIEW 
1.1 Interest of this support mission in RTBfoods 

framework 
• Validation of SOP on instrumental textural characterization of fufu 
• Knowledge share & transfer of SOP among partners 

1.2 Specific objectives 
• Validation of SOP on instrumental textural characterization of fufu by testing protocol for 

accuracy, repeatability and discriminance. 

1.3 Organizing committee 
• Ugo CHIJIOKE, Food Technologist, National Roots Crop Research Institute (NRCRI) 
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1.4 Support team 
NAME First name Gender 

(F/M) 
External OR Position 
/ Responsibilities 
within RTBfoods  

(ex: WP leader, 
Product Champion) 

Background –Expertise  

(ex: Biochemistry) 

Institute / 
Company + 
COUNTRY 

Email Contact Consent 
to Picture 
use 

(YES/NO) 

AYETIGBO Oluwatoyin M Focal Point, Texture Food Science & Physical 
measurements 

CIRAD, France Oluwatoyin.ayetigbo@cirad.fr YES 

1.5 Targeted audience(s) & staff supported / trained 
 

# NAME First name Gender 
(F/M) 

Position Education - 
Background 

Institute + 
COUNTRY 

WP Email Contact Consent 
to Picture 
use 
(YES/NO) 

1 CHIJIOKE Ugo F Food Scientist / Lead  Food Science NRCRI Nigeria 2 ugochijioke4@gmail.com YES 

2 OKORONKWO 
Justice 

M Technical Official Biochemistry NRCRI Nigeria 2 justice_okoronkwo@yahoo.com YES 

3 ACHONWA Oluchi F Assistant Food Science NRCRI Nigeria 2 olyachonwa@gmail.com YES 

4 IRO Ugochi Jane F Assistant - NRCRI Nigeria 2 ugochijaneiro@gmail.com YES 

5 UDOKA Precious F Assistant - NRCRI Nigeria 2 preudoka@yahoo.com YES 

6 CHIKERE Juliet F Assistant - NRCRI Nigeria 2 - YES 

7 OGUNKA Amaka F Assistant - NRCRI Nigeria 2 Pinozichora268@gmail.com YES 
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1.6 Experience level of staff supported / trained 
Ugo Chijioke is the lead Food Scientist at the Institute. She manages the lab, and has good 
knowledge on the texture measurement procedures. 
Okoronkwo Justice is the primary technical officer focussed on the use of the texture analyser. 
Oluchi Achonwa is the assistant to primary technical officer and focussed on assisting on the use of 
the texture analyser 
Other assisting staff have varying skills such as in sample preparation prior to textural measurement. 

2 SUPPORT IMPLEMENTATION 
2.1 Support mission agenda 

13 December 

• Arrival and familiarisation with staff, lab protocol and materials 
• Test run of the texture analyser 
• Conditioning of test materials (fermented cassava mash from 3 contrasting varieties of cassava) 
• Discussion on prior experimental data (4 varieties, 2 replicates per variety, 5 measurements per 

replicate) 
• Discussion with team and work plan breakdown 
• Making sure of availability of all materials for start of measurements the following day 

14 December 

• Sample preparation of fufu from cooked mash following established SOP for fufu preparation 
• Calibration and setting measurement parameters of texture analyser 
• Measurements on texture analyser (2 varieties, 2 replicates per variety, 6 measurements per replicate) 

15 December 

• Sample preparation of fufu from cooked mash following established SOP for fufu preparation 
• Calibration and setting measurement parameters of texture analyser 
• Measurements on texture analyser (1 variety, 2 replicates per variety, 6 measurements per replicate) 
• Data download and reposition 
• Tentative discussion with team on results 
• Preparation for analyses on next food product profile to be tested (boiled yam) 

2.2 Daily progress of the support mission 
DAY 1 

Who: Ugo, Justice, Jane, Precious, Amaka  

Where: Sample preparation room and Texture lab. 

What: - Introduction to staff member and assistants. 
- Laboratory protocol, safety introduction. 
- Review of staff competencies in texture measurements. 
- Test running the texture analyser. 
- Allocation of work duty to team members (fufu preparers, texture measuring 

staff, and other auxiliary functions for the smooth running of the work). 

https://rtbfoods.cirad.fr/


  Page 9 of 21 

- 3 contrasting fermented fufu mash samples were conditioned at room 
temperature overnight. 

- Draft of SOP shared. 

Specific Methods & Tools Used: 

Discussions  

Challenges Faced: 

• Problem with steady electricity. Therefore, the team manager planned fuelling and use of 
stand-by generator for the following day to prevent shutdown of the texture analyses 
system during activity. 

• Institute was on strike and access was delayed into building. 

Output(s) – Result(s): 

Work plan agreed to avoid delays and electricity shutdown. 

 
DAY 2 

Who: Ugo, Justice, Oluchi, Jane, Precious, Amaka 

Where: Sample preparation room and Texture lab. 

What: - Texture SOP draft copy shared  
- Texture analyser was calibrated with standard weight (2kg) 
- Texture measurement parameters set (See SOP deliverables for details) 
- Appropriate use of infrared thermometer 
- Sample preparation was handled consistently by 2 assistants following fufu 

sample preparation SOP. Samples prepared in batch as consistently as 
possible. 

- Only 2 contrasting varieties could be completed.  Third variety will be concluded 
next day 

- Measurements were taken. 2 replicates per variety, 6 measurements per 
replicate 

Specific Methods & Tools Used: 

• Fufu sample preparation SOP, Texture SOP draft 
• Double compression using texture analyser 

Challenges Faced: 

A batch was discarded due to cooling down of sample prior to measurements  

Output(s) – Result(s): 

Texture measurements raw data 
 
DAY 3 

Who: Ugo, Justice, Oluchi, Jane, Precious, Amaka 

Where: Sample preparation room and Texture lab. 

https://rtbfoods.cirad.fr/


  Page 10 of 21 

What: - Texture analyser was calibrated with standard weight (2kg) 
- Texture measurement parameters set 
- Sample preparation was handled by same 2 assistants. Samples prepared in 

batch as consistently as possible. 
- Only 1 contrasting variety was measured 
- Data was collated and shared 
- Tentative discussion with team on results 
- Preparation for analyses on next food product profile to be tested (boiled yam) 

and collection of test yam materials 

Specific Methods & Tools Used: 

• Fufu sample preparation SOP, Texture SOP draft 
• Double compression using texture analyser 

Challenges Faced: 

none 

Output(s) – Result(s): 

Texture measurements raw data 
 

2.3 List of material / documents distributed  
• Validated SOP on sample preparation for fufu 
• Draft SOP on texture measurement of fufu  

2.4 General approach - methods applied  
• Open discussion with lab manager, technical officer and at least 3 assistants. 
• Hands-on activities 

3 MISSION OUTPUTS & FEEDBACKS 
3.1 Specific outputs of the support mission  
• Statistically accurate textural attribute data were generated (see Appendix 1) 
• ANOVA and repeatability of textural data was confirmed (see Appendix 1) 
• The three selected varieties were well discriminated based on textural attributes (see 

Appendix 1) 
• Number of measurements per replicate confirmed to be sufficient for discrimination 
• The most discriminant attributes were identified among attributes list 
• Agreement of validation exercise outcomes with prior data (see Appendix 2) 

3.2 Challenges faced – paths for improvement  
• It was suggested that a dedicated stable power source should be provided solely for the 

texture analyser to overcome occasional power outage faced at initial stage of the exercise 
• Most of support staff are not skilled sufficiently in statistical analyses. A training 

recommended. 
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3.3 Feedbacks from staff trained - general remarks 
from support team  

• Request for statistical training in cleaning textural data and statistical analyses 

3.4 Next steps 
• Texture Profile analyses of a wider range of fufu samples from 11 cassava varieties 
• Sensory analyses and correlation with textural data 

List of documents attached to the report 
1. SOP drafts for sample preparation and texture measurement Yes 

2. Pictures No 
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4 APPENDICES 
4.1 Annex 1: Statistical accuracy, ANOVA, 

repeatability and discriminance of texture of fufu 
at validation exercise  

Varieties: 
• 0505 – preferred elite variety 
• 1368 – least preferred elite clone 
• Wonono – Intermediate local variety 

Statistical accuracy of texture attributes measured 
 variety cooking replicate N Mean Std Err CV 
Hardness (g) 505 1 6 653.87 15.60 5.8 
    2 6 812.91 43.13 13.0 
  1368 1 7 1864.95 60.76 8.6 
    2 6 1803.14 42.82 5.8 
  wonono 1 7 668.58 15.86 6.3 
    2 6 611.92 24.82 9.9 
Adhesiveness (g∙s) 505 1 6 -206.34 26.67 -31.7 
    2 6 -145.56 21.86 -36.8 
  1368 1 7 -283.70 106.20 -99.0 
    2 6 -685.18 282.59 -101.0 
  wonono 1 7 -43.28 8.08 -49.4 
    2 6 -81.25 4.66 -14.0 
Springiness (%) 505 1 6 0.326 0.014 10.2 
    2 6 0.282 0.013 11.7 
  1368 1 7 0.343 0.008 6.0 
    2 6 0.326 0.007 5.3 
  wonono 1 7 0.231 0.012 13.6 
    2 6 0.259 0.006 5.5 
Cohesiveness (-) 505 1 6 0.335 0.006 4.1 
    2 6 0.315 0.015 11.5 
  1368 1 7 0.353 0.011 8.0 
    2 6 0.330 0.008 5.9 
  wonono 1 7 0.259 0.012 11.9 
    2 6 0.290 0.003 2.3 
Gumminess (g) 505 1 6 218.73 6.03 6.8 
    2 6 253.46 8.15 7.9 
  1368 1 7 660.13 32.82 13.2 
    2 6 595.12 20.23 8.3 
  wonono 1 7 173.79 10.95 16.7 
    2 6 177.64 8.16 11.2 
Chewiness(g) 505 1 6 71.63 4.46 15.3 
    2 6 71.55 4.53 15.5 
  1368 1 7 227.13 14.96 17.4 
    2 6 194.51 9.59 12.1 
  wonono 1 7 40.75 4.34 28.2 
    2 6 46.13 2.58 13.7 
Resilience (-) 505 1 6 0.072 0.003 11.4 
    2 6 0.077 0.002 5.3 
  1368 1 7 0.111 0.005 11.3 
    2 6 0.095 0.003 8.3 
  wonono 1 7 0.084 0.004 12.2 
    2 6 0.081 0.003 8.1 
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Outliers were not cleaned from data. Outliers can be cleaned by statistical analysis 
ANOVA and Repeatability of textural parameters 
Hardness 

By Variety By cooking replicate 

  

  

 
 

 
 

 

Adhesiveness 

By Variety By cooking replicate 
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By Variety By cooking replicate 

 

 

 

Springiness 

By Variety By cooking replicate 

 
 

 
 

  

 

 

 

Cohesiveness 

By Variety By cooking replicate 
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By Variety By cooking replicate 

  

 

 

 

Gumminess 

By Variety By cooking replicate 

  

  

  

 
 

 

Chewiness 

By Variety By cooking replicate 
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By Variety By cooking replicate 

 
 

  

 
 

 

Resilience 

By Variety By cooking replicate 

  

  

  

  

 
The TPA parameters for the varieties generally showed good repeatability and no significant 
differences between the cooking replicate means. 
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Discriminance between varieties based on textural profile 

  
 
PCA 
The first two components of the PCA explained 83.6 % of the variation. The PCA & discriminance 
analyses show that the varieties were grouped into separate components, thereby showing 
discriminance between the textural parameters of the varieties. 
 

 
 
Discriminance 
Discriminance analysis shows hardness is particularly positively associated with the canonical 
space, and therefore carry more weight in discriminating between varieties. Adhesiveness and 
springiness were not significant in discriminating the varieties. The more discriminating textural 
attributes are, therefore, cohesiveness, hardness, resilience, chewiness and gumminess. 
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Hierarchical classes 
The varieties were clustered in three groups but with some interloping between wonono and 0505. 
Summary 
All TPA parameters for all the varieties generally showed good repeatability with no significant 
differences between the replicate means. Discriminance was good between the varieties based on 
ITPA. 
This outcome validates previous experiment on TPA of fufu, where similar results were obtained. 
Conclusion 
TPA may be conducted with a texture analyser in determining discriminant character of textural 
attributes of fufu made from various cassava genotypes. A minimum of 6 measurements per replicate 
and 2 replicates per variety was sufficient to discriminate between the varieties. 

4.2 Annex 2: Excerpts from prior experiments - 
repeatability and discriminance of texture of fufu 

Varieties: 
• 518 – preferred elite variety 
• 1368 – least preferred elite clone 
• Chenke – preferred local variety 
• Wonono – Intermediate local variety 
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Example of ANOVA and Repeatability of Hardness attribute 
By Variety By cooking replicate 
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PCA, discriminant and hierarchical analyses of fufu texture from 4 contrasting cassava varieties   
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