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Abstract 

Untreated cassava peel waste generated during harvesting and processing poses significant environmental challenges. Synthesis 

of starch nanoparticles from cassava peels for various applications offers a sustainable solution to waste reduction and 

contributes to environmental conservation. The unique characteristics of nanostarch such as thermal stability, high solubility, 

non-toxicity, and low cost enable its application in the food industry, cosmetics, enhanced oil recovery, and textiles. The current 

study employed the Taguchi method design to optimize sulphuric acid hydrolysis in synthesizing cassava peel-derived 

nanostarch. Additionally, the derived cassava peel nanostarch was characterized using Fourier Transform Infrared Spectroscopy 

(FTIR). Starch was extracted from cassava peels, followed by synthesizing starch nanoparticles via sulphuric acid hydrolysis. 

Optimization of nanostarch synthesis was based on randomized experimental runs using the Taguchi method generated by the 

Minitab software, with the experiments conducted in duplicates. The optimum conditions for the experiment were found to be 3 

hours, at 25°C using an H2SO4 acid concentration of 2M. These conditions produced a yield of 92.28%. ANOVA analysis 

identified sulphuric acid concentration as the most significant factor that affected cassava nanostarch yield, with p-values of 

0.026 and 0.003 for the signal to noise (S/N) ratios and means, respectively. The least significant factor based on the analysis was 

the hydrolysis time. However, according to the S/N ratios main effect plot, the most optimum conditions predicted by the Taguchi 

method design was 9 hours, 25°C using H2SO4 acid concentration of 2M. A confirmation experiment conducted at 25°C, using an 

H2SO4 acid concentration of 2M for 9 hours gave a nanostarch yield of 97.01%. In conclusion, the Taguchi method design 

identified sulphuric acid concentration as the most significant factor in synthesizing cassava peel-derived nanostarch via acid 

hydrolysis. 
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1. Introduction 

Cassava (Manihot esculenta) thrives in lowland tropical 

regions, performing best in warm, moist climates with tem-

peratures ranging from 19-25°C and annual rainfall of 

100-150 cm [1]. Cassava, one of the major sources of starch in 

sub-tropical and tropical areas, can be used as a raw material 

for the creation of biodegradable polymers [1]. Starch ob-

tained from cassava is different from other sources of starch 

due to its reduced low residual material content, amylose 
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content, and high molecular weight amylopectin and amylose 

[1]. Cassava by-products, including as leaves, peels, stems, 

and seivate, can be utilised as feedstock or as substitute sub-

strates for biotechnological processes as a helpful strategy to 

mitigate environmental issues [2]. 

The cassava peels, which constitute about 15% of the cas-

sava root's total weight [3], are agricultural waste commonly 

generated during cassava tuber peeling. It is a waste usually 

dumped indiscriminately and constitutes environmental pol-

lution, which endangers terrestrial life. These peels easily rot 

after some days of disposal and produce foul odors polluting 

the environment due to microbial activities such as fungi, 

yeast, and bacteria. This waste has been disposed-off without 

adequate control measures and this has led to the emittance of 

obnoxious smell and posing health risks [4]. Additionally, 

vegetation and soil in areas designated for dumping cassava 

peels become unproductive and devastated due to biological 

and/or chemical reactions taking place as the peels are de-

grading [5]. 

Starch exists in abundance as a natural, renewable biode-

gradable polymer that is produced by many plants as a source 

of energy. This polymer is made up of amylose and amylo-

pectin molecules. Amylose is a linear polysaccharide, and 

amylopectin is a branched chain polymer [6]. Starches are not 

suitable for most uses due to their low shear and thermal 

stability as well as a high retrogradation rate. Additionally, 

native starches are prone to syneresis aside from the gelling 

tendency of the pastes; thus, require alteration to enhance their 

desirable characteristics and/or minimize their defects [7]. 

According to Alves et al. [8], modification of starch macro-

molecules from micro to nanoscale not only alters the particle 

size but also has an effect on their functional properties. There 

are two types of nanostarches: starch nanoparticles (SNPs) 

made from gelatinised starch, which may contain amorphous 

areas, and starch nanocrystals (SNCs), which are crystalline 

sections created from the breakdown of the amorphous phases 

inside the starch granules [9]. 

Researchers modify starch using physical, chemical, and 

enzymatic methods, or combinations, to improve its proper-

ties for application in various industries [10]. Physical 

methods modify starch molecules by thermal and non-thermal 

techniques [11]. Chemical modification techniques involve 

adding new chemical groups to starch molecules, which en-

hances the starch's functional properties [12, 13]. These 

properties include less retrogradation, increased viscosity, 

decreased gelatinisation temperature, and increased pro-

cessing stability. By creating more resistant starch through 

enzymatically catalysed debranching of the starch molecules, 

enzymatic modification modifies the functionality of starch 

[12]. Since acid hydrolysis yields starch nanoparticles that are 

more stable and have a considerably higher crystallinity than 

other procedures, it is the recommended approach for pre-

paring nanostarch [14]. 

A variety of variables influences the process of acid hy-

drolysis, which ultimately results in the development of 

nanostarch with distinct mechanical, chemical, and technical 

characteristics [15]. Three key parameters that have a major 

impact on the process are reaction time, temperature, and acid 

concentration [15]. The origin and crystallinity of starches, 

the type and strength of acid, the time and reaction tempera-

ture affect the degree of hydrolysis and, as a result, have a 

significant effect on the yield and quality of acid hydrolysed 

SNCs [16]. According to Qin et al. [17], current acid hydrol-

ysis procedures have limited practical application due to their 

low ultimate yield, time-consuming nature, and high cost. As 

a result, it is critical to develop an alternative method that 

enhances the process by increasing yield while reducing re-

action time. 

Low nanoparticle yield leads to greater production costs, 

hence increasing yield leads to considerable cost savings. 

Process optimization is the most effective way to increase 

production yield [15]. The Taguchi approach in experimental 

design identifies the optimal parameter values to reduce 

production quality variance. This technique also reveals the 

most important components that lead to variance [18]. By 

using the Taguchi method approach, the parameters that offer 

the best performance and efficiency can be identified thus 

saving time, cost, and resources by eliminating the need for 

repeated trials [19]. The signal-to-noise (S/N) ratio is com-

puted using the loss function's value, which is also used to 

determine performance metrics that deviate from the intended 

goal value. Three categories are often used to group perfor-

mance: "smaller the better," "nominal the better," and "higher 

the better" statistics [20]. According to Pardo [21], this ap-

proach uses fractional factorial experiment design to decrease 

the number of trials, resulting in cost savings and time effi-

ciencies. Following the laboratory experiments, the obtained 

data is converted into the Signal-to-Noise (S/N) ratios using 

the quality parameters specified. The bigger the S/N ratio 

number, the better the response of interest quality. Analysis of 

Variance (ANOVA) identifies the most relevant process fac-

tors that influence statistical quality characteristics [18]. 

In the current study, the synthesis of starch nanoparticles 

from cassava peels was explored as a solution to remediate the 

environmental challenges posed by cassava waste, with the 

Taguchi method employed to optimize the sulphuric acid 

hydrolysis process, resulting in a significant improvement in 

nanostarch yield and its applicability across multiple indus-

tries. 

2. Materials and Methods 

2.1. Chemicals and Materials Used 

Cassava tubers were collected from the farm; and peeled to 

obtain the cassava peels that were used to extract starch. 

Sulphuric acid was obtained from Science Lab Kenya Limited. 

Distilled water and apparatus (magnetic stirrers, beakers, and 

conical flasks) were obtained from the laboratory at the 

Technical University of Kenya. 
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2.1.1. Extraction of Starch from Cassava Peels 

The cassava peels were washed to remove the brown part 

and any other debris and were blended into a pulp. The pulp 

was mixed with water and filtered using a muslin cloth. The 

resulting liquid was left to stand overnight. The filtrate was 

decanted to obtain the white cassava starch that had settled at 

the bottom. The white paste was left to sun dry to give a 

powdery cassava starch. 

2.1.2. Optimization of Sulphuric Acid Hydrolysis of 

Cassava Peel Starch Using Taguchi Method 

The experiments were designed based on orthogonal arrays 

to optimize the Sulphuric acid hydrolysis of cassava peel 

starch for cassava peel nanostarch production. Independent 

variables, time (A), temperature (B), and acid concentration 

(C) were optimized in this experimental design for optimal 

nanostarch yield (response of interest). The experiment was 

conducted at nine experimental points generated by the 

Minitab Software. The levels of each independent variable 

and the experimental design matrix are presented in Table 1. 

The experimental factor levels were chosen based on litera-

ture values used for cassava nanostarch production [18]. 

According to Sabarish et al. [22], three standard S/N equa-

tions are widely used to categorize the objective function - 

larger the better, smaller the better, or nominal the best. A 

larger is better was chosen since the study’s aim was to 

maximize the response of interest. Equation 1 shows how the 

S/N is calculated for the “larger the better” function; 

𝑆

𝑁
=  −10 ∗𝑙𝑜𝑔 𝑙𝑜𝑔 (

∑(
1

𝑌2)

𝑛
)          (1) 

Where Y is the response for the given parameter level 

combination and n is the number of responses in the factor 

level combination. 

The experiments were conducted in a randomized order, 

generated by the Minitab software. An L9 orthogonal array 

was selected for this study as shown in Table 1. 

2.1.3. Batch Sulphuric Acid Hydrolysis Studies for 

Nano Starch Production 

The cassava peel sulphuric acid hydrolysis experimental 

runs were conducted following the designed Taguchi exper-

imental model. The experimental procedure involved dis-

persing 15 g of cassava peel starch in diluted sulphuric acid 

solution according to the experimental design matrix in 250ml 

conical flasks and the dispersion was magnetically stirred at 

100 rpm. After various durations of acid hydrolysis, the sus-

pensions were filtered with successive washing. The per-

centage yield was calculated as shown in Equation 2 [23]: 

𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑦𝑖𝑒𝑙𝑑 (%) = (
𝑊𝑎

𝑊
) 𝑥 100%        (2) 

Where: Wa is the weight of starch (dry basis) after acid 

hydrolysis, and W is the weight of starch (dry basis) before 

acid hydrolysis. 

2.2. Characterization of Cassava Peel Starch 

Cassava peel starch chemical structure was examined using 

Fourier Transform Infrared Spectroscopy (Thermo Scientific, 

TruDefender FX6455) before and after sulphuric acid hy-

drolysis. The samples were dried at 105ºC for 2 hours before 

analysis to avoid moisture interference. 

3. Results and Discussion 

3.1. Optimization Using Taguchi Method 

Table 1 shows the nanostarch yield percentages in each of 

the experimental runs conducted according to the Taguchi 

method design. Each test combination was replicated two 

times. It can be seen that the optimum conditions for cassava 

peel nanostarch production were within 3 hours at 25 °C at an 

acid concentration of 2M. 

According to the Taguchi method design, once the cassava 

peel nanostarch yields are obtained, the data is converted to a 

measure of variability known as the signal-to-noise ratio 

(S/N). Based on this analysis, the larger the better perfor-

mance characteristic was chosen according to Nguyen et al. 

[24] because the study’s aim was to maximize the yield of the 

nanostarch. Nanostarch synthesized with a higher acid con-

centration gave a lower percentage yield. This is due to cor-

rosion and degradation at high acid concentrations, which 

causes more cleavage of the starch glyosidic linkages and 

results in a reduction in recovery yield. Saeng-on et al. [25] 

discovered a similar relationship between acid concentration 

and nanostarch yield. They reported that nanostarch synthe-

sized at higher acid concentration (4.5M H2SO4) resulted in a 

lower percentage yield. Chen et al. [26] conducted a study on 

the yield pattern of nanocellulose from bleached eucalyptus 

kraft dry lap pulp by varying H2SO4 concentrations from 50 to 

64-wt%. The results suggested that the nanocellulose yield 

reduced rapidly as the H2SO4 concentration above 58-wt%. 
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Table 1. Taguchi optimization experimental design (L9). 

Time (hours) Temperature (°C) Acid Concentration (M) %Experimental yield S/N ratio 

3 25 2 92.28 39.30215 

3 40 3.5 74.36 37.42679 

3 55 5 7.04 16.95145 

6 25 3.5 85.23 38.61185 

6 40 5 2.96 9.425834 

6 55 2 85.45 38.63424 

9 25 5 11.79 21.43028 

9 40 2 85.14 38.60267 

9 55 3.5 67.22 36.54997 

 

3.2. Analysis of Variance (ANOVA) 

Analysis of Variance (ANOVA) method is a 

well-established method used to determine the percentage 

contribution of each process parameter on the desired outputs 

[27]. ANOVA model was performed to find the significance of 

factors such as sulphuric acid concentration, time, and temper-

ature on the yield of nanostarch in different working conditions. 

The ANOVA tables provide valuable insights into the relative 

importance of each factor. The p-values of Tables 2 and 3 in-

dicate which variables had a significant impact on the interested 

response. By examining the p-values, the level of significance 

for each parameter can be determined and prioritized. Ac-

cording to Abebe et al. [28], if the factors’ p-value is less than 

0.05, it is presumed that the factor has a significant influence on 

the output response, but if 0.05 is less than the p-value, the 

factor does not affect the output response. 

Tables 2 and 3 show the results of ANOVA with the S/N 

ratios and means, respectively, as per the Taguchi experi-

mental design. According to the ANOVA analysis, acid 

concentration was the most significant factor with a p-value of 

< 0.05. From Table 2, it can be observed that in the case of the 

S/N ratios, sulphuric acid concentration was the most signif-

icant factor with a p-value of 0.026 and the hydrolysis time 

was the least significant factor with a p-value of 0.606. 

Table 3 shows that in the case of the means, concentration 

was the most significant factor with a p-value of 0.003 and the 

hydrolysis time was the least significant factor with a p-value 

of 0.653. 

Table 2. Analysis of Variance for SN Ratios (Experimental Data). 

Source DF Seq SS Adj SS Adj MS F P 

Time (hours) 2 17.31 17.31 8.654 0.65 0.606 

Temperature (°C) 2 32.17 32.17 16.083 1.21 0.452 

Acid Concentration (M) 2 992.91 992.91 496.456 37.36 0.026 

Residual Error 2 26.58 26.58 13.290   

Total 8 1068.97     

Table 3. Analysis of Variance for Means (Experimental Data). 

Source DF Seq SS Adj SS Adj MS F P 

Time (hours) 2 20.1 20.1 10.05 0.53 0.653 

Temperature (°C) 2 178.2 178.2 89.08 4.71 0.175 
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Source DF Seq SS Adj SS Adj MS F P 

Acid Concentration (M) 2 11272.6 11272.6 5636.28 297.69 0.003 

Residual Error 2 37.9 37.9 18.93   

Total 8 11508.7     

 

The order of the process parameters is determined based on 

the S/N ratio values shown in Table 4. This ranking is decided 

by comparing delta values, which represent the difference 

between maximum and minimum values for levels of each 

factor [21]. A design factor that significantly varies the sig-

nal-to-noise ratio from one factor setting to the next suggests 

that it significantly contributes to attaining the performance 

characteristic [10]. A factor may not have much of an impact 

on the performance characteristic if the signal-to-noise ratio 

hardly changes across factor settings. Based on the results, the 

acid concentration had the most significant effect on the yield 

of nanostarch. 

Table 4. Response Table for Signal-to-Noise Ratios (Experimental Data). 

Larger is better 

Level Time (hours Temperature (°C) Acid Concentration (M) 

1 31.23 33.11 38.85 

2 28.89 28.49 37.53 

3 32.19 30.71 15.94 

Delta 3.30 4.63 22.91 

Rank 3 2 1 

Table 5, the response table for the means further reinforces the significance of sulphuric acid concentration as the primary 

driver of the cassava peel nanostarch yield. 

Table 5. Response Table for Means (Experimental Data). 

Level Time (hours/ Temperature (°C) Acid Concentration (M) 

1 57.893 63.100 87.623 

2 57.880 54.153 75.603 

3 54.717 53.237 7.263 

Delta 3.177 9.863 80.360 

Rank 3 2 1 

 

To visualize the variation of response with the change in the 

levels of a parameter, the response curves were used. The 

mean of means represents yields that are calculated based on 

the yields obtained at each level of each factor. From the 

graph, it can be noted that the most significant conditions 

were at 25°C, within 3 hours, and at 2M acid concentration as 

shown in Figure 1. 
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Figure 1. Main effects plot for means. 

The main effect plot for S/N ratios in Figure 2 clearly 

shows the optimal settings for each factor, with acid concen-

tration being the most significant. It is observed from the main 

effect plot using the S/N ratio of yield values that the optimal 

manufacturing parameters are acid concentration: 2.0 M, 

hydrolysis temperature: 25 °C, and hydrolysis time: 9 hours as 

shown in a confirmation test that was conducted and the 

conditions produced an average nanostarch yield of 97.01%. 

 
Figure 2. Main effects plot for SN ratios. 
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3.3. Characterization of Cassava-Peel Starch 

The FTIR spectra of cassava peel starch before and after 

sulphuric acid hydrolysis are shown in Figure 3. Ac-

id-hydrolyzed cassava peel starch exhibited the same distinc-

tive peaks as cassava peel native starch. A prominent, broad 

peak at approximately 3260 cm
-1

 corresponds to O-H 

stretching vibrations of hydroxyl groups in glucose monomers. 

The distinctive peak at 2929 cm
-1

 corresponds to C-H 

stretches [29]. The peaks at 1150 cm
-1

 and 1080 cm
-1 

sug-

gested the stretch of C-O-C links in glucosidic rings, whereas 

the absorption peak at 1641 cm
-1

 revealed the H-O-H bending 

vibrations in the starch-bound water [25]. 

Additionally, the absorbance peak at 1420 cm
-1

 and 1341 

cm
-1

 indicates the C – H bend of CH2OH moiety. A sharp 

absorption peak at 998 cm
-1 

represents a C – O stretch. Ab-

sorption peaks at 930 cm
-1

, 855 cm
-1

 and 760 cm
-1

 correspond 

to the C – O – C ring vibration of carbohydrates [29]. Ac-

cording to the spectra, starch's chemical structure was similar 

before and after sulphuric acid hydrolysis, but the absorption 

peaks position and intensities only slightly changed, reflecting 

the modification of the starch molecular groups and the 

short-range order degree of the starch particles [30]. 

 
Figure 3. FTIR spectra for cassava peel starch before and after acid hydrolysis. 

4. Conclusion 

Taguchi method design was found to be effective in the 

optimization of cassava peel nanostarch yield with the design 

showing that the optimum yield was at 25°C, for 3h at an acid 

concentration of 2M. Based on the main effect plot for S/N 

ratios, the optimum conditions were found to be 25°C, for 9 

hours at an acid concentration of 2M. In conclusion, time, 

temperature, and acid concentration have a statistically sig-

nificant effect on the yield of the nanostarch produced via 

sulphuric acid hydrolysis with acid concentration as the most 

significant factor as illustrated by the main effect plots for S/N 

ratios and means. Overall, the findings demonstrate the po-

tential of cassava peels as a source for production of nanos-

tarch for various industrial applications. In order to improve 

its usefulness in certain applications, such drug delivery or 

food preservation, future studies may concentrate on modi-

fying cassava peel nanostarch surface properties. Its applica-

tion in many industrial sectors would also be optimized with a 

thorough assessment of its characteristics, such as crystallin-
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ity, particle size, and thermal stability. 

Abbreviations 

SNCs Starch Nanocrystals 

SNPs Starch Nanoparticles 

ANOVA Analysis of Variance 

S/N Signal to Noise Ratio 

Author Contributions 

Jael Kanyiri: Conceptualization, Resources, Writing – 

original draft, Data curation 

Frank Ouru Omwoyo: Methodology, Software, Writing – 

reviewing and editing, Validation, Formal analysis 

Patrick Musyoki Shem: Writing – reviewing and editing, 

Validation, Funding acquisition 

Geoffrey Otieno: Supervision, Project Administration, 

Writing – reviewing and editing, Funding acquisition 

Funding 

This work is not supported by any external funding. 

Data Availability Statement 

The data is available from the corresponding author upon 

reasonable request. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] Ancy, A. & Lazar, Mary & Chandran a, Saritha & Mythili, 

Ushamani. (2024). Development of Ecofriendly and Sustaina-

ble Bioplastics from Cassava: Tailoring the Properties using 

Nanoparticles. Sustainable Chemistry and Pharmacy. 37. 

101377. https://doi.org/10.1016/j.scp.2023.101377 

[2] Ewa, U. E., Kalu, N. C., Starch Adedokun, O. O., Oka, U., 

Onabanjo, R. S., & Ezike, J. C. (2019). Replacement of maize 

with graded dry cassava sievate in broiler chicken ration. Ni-

gerian Journal of Animal Science, 21(2), 291–300.  

https://www.ajol.info/index.php/tjas/article/view/187916 

[3] Abotbina, W., Sapuan, S. M., Ilyas, R. A., Sultan, M. T. H., 

Alkbir, M. F. M., Sulaiman, S., Harussani, M. M., & Bayraktar, 

E. (2022). Recent Developments in Cassava (Manihot escu-

lenta) Based Biocomposites and Their Potential Industrial 

Applications: A Comprehensive Review. Materials (Basel, 

Switzerland), 15(19), 6992.  

https://doi.org/10.3390/ma15196992 

[4] Akinruli, F. T., Ibiyemi, M. F., Oluwasusi, V. O., & Ajayi, F. A. 

(2022). Isolation of microorganisms from cassava peels for the 

production of bioethanol. GSC Biological and Pharmaceutical 

Sciences, 19(1), 278–287.  

https://doi.org/10.30574/gscbps.2022.19.1.0151 

[5] Aisien, F. A., & Aisien, E. T. (2020). Biogas from cassava 

peels waste. Detritus 10, 100–108.  

https://doi.org/10.31025/2611-4135/2020.13910 

[6] J, O., Federal University Wukari., D, O., O, O., Ebonyi State 

University, Abakaliki., & University of Nigeria, Nsukka. 

(2017). Formulation of cassava starch-based adhesive. Inter-

national Journal of Advanced Research, 5(7), 26–33.  

https://doi.org/10.21474/ijar01/4689 

[7] Zia-ud-Din, Xiong, H., & Fei, P. (2017). Physical and chemical 

modification of starches: A review. Critical Reviews in Food 

Science and Nutrition, 57(12), 2691–2705.  

https://doi.org/10.1080/10408398.2015.1087379 

[8] Alves M. J. D. S., Chacon W. D. C., Gagliardi T. R., Agudelo 

Henao A. C., Monteiro A. R., Ayala Valencia G. Food Appli-

cations of Starch Nanomaterials: A Review. Starch-Stärke. 

2021; 73: 2100046. https://doi.org/10.1002/star.202100046 

[9] Marta, H., Rizki, D. I., Mardawati, E., Djali, M., Mohammad, 

M., & Cahyana, Y. (2023). Starch Nanoparticles: Preparation, 

Properties and Applications. Polymers, 15(5), 1167.  

https://doi.org/10.3390/polym15051167 

[10] Gałkowska, D., Kapuśniak, K., & Juszczak, L. (2023). 

Chemically Modified Starches as Food Additives. Molecules 

(Basel, Switzerland), 28(22), 7543.  

https://doi.org/10.3390/molecules28227543 

[11] Punia S. (2020). Barley starch modifications: Physical, chem-

ical and enzymatic - A review. International journal of biolog-

ical macromolecules, 144, 578–585.  

https://doi.org/10.1016/j.ijbiomac.2019.12.088 

[12] Guo, K., Liang, W., Wang, S., Guo, D., Liu, F., Persson, S., 

Herburger, K., Petersen, B. L., Liu, X., Blennow, A., & Zhong, 

Y. (2023). Strategies for starch customization: Agricultural 

modification. Carbohydrate polymers, 321, 121336.  

https://doi.org/10.1016/j.carbpol.2023.121336 

[13] Wang, Z., Mhaske, P., Farahnaky, A., Kasapis, S., & Majzoobi, 

M. (2022). Cassava starch: Chemical modification and its 

impact on functional properties and digestibility, a review. 

Food Hydrocolloids, 129(107542), 107542.  

https://doi.org/10.1016/j.foodhyd.2022.107542 

[14] Aldao, D. A. C., Šárka, E., Ulbrich, P., & Menšiková, E. (2018). 

Starch nanoparticles – two ways of their preparation. Czech 

Journal of Food Sciences, 36, 133–138.  

https://doi.org/10.17221/371/2017-CJFS 

[15] Harun, Z., Arsad, A., Pang, A. L., Zaini, M. A. A., Abdurrah-

man, M., Awang, N., Junin, R., & Mohsin, R. (2022). Acid 

Hydrolysis and Optimization Techniques for Nanoparticles 

Preparation: Current Review. Applied biochemistry and bio-

technology, 194(8), 3779–3801.  

https://doi.org/10.1007/s12010-022-03932-6 

http://www.sciencepg.com/journal/jb


Journal of Biomaterials http://www.sciencepg.com/journal/jb 

 

31 

[16] Kumari, S., Yadav, B. S., & Yadav, R. B. (2020). Synthesis and 

modification approaches for starch nanoparticles for their 

emerging food industrial applications: A review. Food research 

international (Ottawa, Ont.), 128, 108765.  

https://doi.org/10.1016/j.foodres.2019.108765 

[17] Qin, Y., Xue, L., Hu, Y., Qiu, C., Jin, Z., Xu, X., & Wang, J. 

(2020). Green fabrication and characterization of debranched 

starch nanoparticles via ultrasonication combined with re-

crystallization. Ultrasonics sonochemistry, 66, 105074.  

https://doi.org/10.1016/j.ultsonch.2020.105074 

[18] Fanya, A., Haruman, E., & Adenan, M. S. (2019). Optimiza-

tion of Multi-Objective Taguchi Method for Hybrid Thermo-

chemical Treatment Applied to AISI 316LVM Biological 

Grade Stainless Steel. In Reference Module in Materials Sci-

ence and Materials Engineering. Elsevier.  

https://doi.org/10.1016/B978-0-12-803581-8.11165-8 

[19] B. Somasundaram, & Anand, K. & D. Kirubakaran, & Gane-

shan, P. & Kannan, Sathish & A. H. Seikh, & A. Ghosh,. 

(2023). Experimental analysis of AA7475/ZrC/Al2O3 hybrid 

composites by taguchi method. Journal of Ceramic Processing 

Research. 24. 626-633.  

https://doi.org/10.36410/jcpr.2023.24.4.626 

[20] Ibrahim, T. K., Yawas, D. S., Dan-Asabe, B., & Adebisi, A. 

A. (2023). Taguchi optimization and modelling of stir 

casting process parameters on the percentage elongation of 

aluminium, pumice and carbonated coal composite. Scien-

tific reports, 13(1), 2915.  

https://doi.org/10.1038/s41598-023-29839-8 

[21] Pardo, S. A. (2016). Taguchi Methods® and Robust Design. In 

S. A. Pardo (Ed.), Empirical Modeling and Data Analysis for 

Engineers and Applied Scientists (pp. 223–239). Springer In-

ternational Publishing.  

https://doi.org/10.1007/978-3-319-32768-6_15 

[22] Sabarish, K. V., Akish Remo, M., & Paul, P. (2019). Optimiz-

ing the Concrete Materials by Taguchi Optimization Method. 

IOP Conference Series: Materials Science and Engineering, 

574(1), 012002.  

https://doi.org/10.1088/1757-899X/574/1/012002 

[23] Gulla, A., Getachew, A., Haile, T. G., & Molla, F. (2020). 

Evaluation of Acid-Modified Ethiopian Potato (Plectranthus 

edulis) Starch as Directly Compressible Tablet Excipient. 

BioMed research international, 2020, 9325173.  

https://doi.org/10.1155/2020/9325173 

[24] Nguyen, H. A. D., Lee, S. H., Shin, K.-H., & Lee, S. (2014). 

Optimization of calendering process using Taguchi method to 

improve the performance of printed capacitor. Japanese Jour-

nal of Applied Physics, 53(5S3), 05HC06.  

https://doi.org/10.7567/JJAP.53.05HC06 

[25] Saeng-on, J., & Aht-Ong, D. (2017). Production of Starch 

Nanocrystals from Agricultural Materials Using Mild Acid 

Hydrolysis Method: Optimization and Characterization. Pol-

ymers from Renewable Resources, 8(3), 91–116.  

https://doi.org/10.1177/204124791700800302 

[26] Chen, L., Wang, Q., Hirth, K., Baez, C., Agarwal, U. P., & Zhu, 

J. Y. (2015). Tailoring the yield and characteristics of wood 

cellulose nanocrystals (CNC) using concentrated acid hydrol-

ysis. Cellulose, 22(3), 1753–1762.  

https://doi.org/10.1007/s10570-015-0615-1 

[27] Mustapha, A. N., Zhang, Y., Zhang, Z., Ding, Y., Yuan, Q., & 

Li, Y. (2021). Taguchi and ANOVA analysis for the optimiza-

tion of the microencapsulation of a volatile phase change ma-

terial. Journal of Japan Research Institute for Advanced Cop-

per-Base Materials and Technologies, 11, 667–680.  

https://doi.org/10.1016/j.jmrt.2021.01.025 

[28] Abebe, D. G., & Bogale, T. M. (2023). Optimization of TIG 

welding process parameters on 304 austenitic stainless steel 

sheet metal using fuzzy logic based Taguchi method. Engi-

neering Research Express, 5(4), 045045.  

https://doi.org/10.1088/2631-8695/acffa5 

[29] Abdullah, A. H. D., Chalimah, S., Primadona, I., & Hanantyo, 

M. H. G. (2018). Physical and chemical properties of corn, 

cassava, and potato starchs. IOP Conference Series: Earth and 

Environmental Science, 160(1), 012003.  

https://doi.org/10.1088/1755-1315/160/1/012003 

[30] Guo, C., Geng, S., Shi, Y., Yuan, C., & Liu, B. (2024). Effect of 

sulfuric acid hydrolysis on the structure and Pickering emul-

sifying capacity of acorn starch. Food Chemistry: X, 22, 

101277. https://doi.org/10.1016/j.fochx.2024.101277 

Biography 

Jael Kanyiri is currently a student at the Technical University of Kenya (TU-K) pursuing a Bachelor’s degree in 

Industrial Chemistry having graduated from the same institution with a Diploma in Analytical Chemistry in 2019, 

Her expertise includes wet Chemistry and synthesis of nanomaterials with a focus in sustainable waste management. 

Her expertise highlights her commitment to advancing environmental solutions through innovative chemical 

processes. 

Frank Ouru Omwoyo is a Research Assistant to Dr. Geoffrey Otieno at the Technical University of Kenya (TU-K). 

He graduated with a bachelor’s degree in Industrial Chemistry from TU-K in 2023. His expertise includes designing 

experiments, data modeling, and analysis using advanced statistical software. With a strong foundation in chemistry, 

he is keen to advance his academic journey by pursuing further studies and conducting research in the fields of 

inorganic and physical chemistry, where he hopes to contribute to innovative solutions in these areas. 

http://www.sciencepg.com/journal/jb


Journal of Biomaterials http://www.sciencepg.com/journal/jb 

 

32 

Geoffrey Otieno is currently the Director of The School of Chemistry and Material Science at The Technical 

University of Kenya. Geoffrey obtained a PhD in Material Science from the University of Oxford, UK in 2012; and 

a Master's in Advanced Materials Engineering from Kangwon National University, South Korea (2007). He is a 

member of the Kenya National Academy of Sciences. He has been a member of the Governing Council of Kenya 

Chemical Society (KCS) since 2015. He is a fellow of the Organization of the Prohibition of Chemical Weapons 

(OPCW) having completed the Associate Program in 2017. Geoffrey’s career as a professional Chemist and 

Material Scientist spans over 20 years. These years have been spent as a researcher, and advisor to government, 

international organizations, and private organizations. As an academic, Dr Otieno worked at Kangwon National University, South Korea 

as a researcher on the development of bipolar plate materials for fuel cells supported by Samsung and as a post-doctoral researcher at 

Oxford Materials on novel nanostructures for applications in electronics and body armor. His research interests are in the area of 

nanomaterials with applications in water treatment and renewable energy. Recent key projects include leading research with Nestle 

Waters (France) in formulating biodegradable polymers and the University of Oxford on Solar concentrators for bone charring. 

Patrick Musyoki Shem is a Senior Lecturer of Chemistry in the School of Chemistry and Material Science at The 

Technical University of Kenya. He graduated with a PhD in Chemistry from the University of Utah, Salt Lake City 

in 2012. He is a holder of BSc (Hons) and MSc degrees in chemistry from the University of Nairobi. From 

2012-2013, he was a Postdoctoral Research Associate at the Material Science Institute, University of Oregon in 

Eugene where he worked in the Safer Nanomaterials and Nanomanufacturing Initiative. His expertise includes the 

synthesis of nanomaterials and, the application of spectroscopic, surface analytical, and microscopy techniques in 

the characterization of nanomaterials. He is also an expert in chemical safety, security, and chemical management. 

Research Field 

Jael Kanyiri: Synthesis of Nanomaterials, wet chemistry, environmental pollution 

Frank Ouru Omwoyo: Catalysis, functional materials, wastewater treatment, energy conversion and storage, surface chemistry 

Geoffrey Otieno: Nanomaterials with applications in water treatment and renewable energy 

Patrick Musyoki Shem: Synthesis and application of new materials for drug delivery, diagnostics, sensors, catalysis, environmental 

analysis and remediation; toxicology of nanomaterials 

 

http://www.sciencepg.com/journal/jb

