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Abstract 

The study aimed to investigate the influence of AM fungi inoculation and the partial substitution of wheat flour 

with cassava flour on some functional properties of composite flours, and to do analysis of the hedonic properties 

of biscuits from the most promoted composite flours. Wheat flour was substituted with three cassava flours at the 

rate of 25, 50 and 75%, followed by the analysis of the functional properties of flours. Cassava flour was from 

both non-AM and AM fungi plants. The 50/50 flour formula was used to make biscuits for each variety. Results 

show that composite flour from AM fungi inoculated plants has better functional properties characteristics than 

wheat flour and flour from non-AM fungi inoculated plants. Cassava variety also impacts functional properties. 

Contrast was noted with appreciation of biscuits from the 50/50 composite flour. The biscuits made with flour 

from none AM fungi AE and 693TME cassava varieties show better sensorial scores than none AM fungi, while 

the contrary was recorded with the 92/0326 cassava variety. This study highlights the emergency to include 

nutritive criteria while doing plant breeding in order to better fight hunger across the world population. Such 

study must be extended to other cassava varieties and crops. 
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I. Introduction 
Wheat base pastry products have considered input in the food systems across the world. Wheat 

production account between the top five cereals production in the world, with 808 million tons of grain in 2022 

(FAO, 2023). Approximately 20 % of food calories and proteins gain by the world population come from wheat 

(Shiferaw et al., 2013). Key agricultural strategies allow improvement of this crop production within the past year, 

including breeding programs with several orientations (Reynolds and Braun, 2022). Wheat production is facing a 

global average rate decrease per year and the high demand of the growing population of the world (Shiferaw et 

al., 2013; Singh et al., 2022). Thus, modern technologies can contribute both to improve wheat production, and 

the production of alternative crops, potentially useful in the substitution of wheat flour in the pastry foods process. 

Potential consequence might be the alleviation of such drastic situation. 

Beneficial microbes, such as arbuscular mycorrhizal AM fungi could greatly contribute to solve the 

problem. AM Fungi are organisms undergoing symbiotic relations with several plants, with the exchange of 

nutrients involving carbon molecules from host plants to fungi, and minerals, including nitrogen, from AM Fungi 

to host plants (Liu et al., 2013). The carbon/nitrogen balance in plants may determine it nutritive status and the 

sensorial quality of outcome and derive foods. Field application as fertilizers worldwide was shown to increase 

by 5 % and 20 % straw and grain yield. Additionally, they increased the grain N and Zn content by 31 % and 13 

%, respectively (Marrassini et al., 2024). More over field inoculation of cassava plant with AM fungi improve 

tuber and leave yields, improve nutrients content (total carbohydrates, lipids proteins, some minerals) and decrease 

anti-nutrients content (cyanides, oxalate, phytates, tannins) in tubers and leaves (Mbassi et al., 2019; Mbassi et 

al., 2024). Processing of cassava tuber into sticks records the improvement of the chemicals and sensorial quality 

of derived products following AM fungi inoculation (Mbassi et al., 2024). It was found that inoculation with AM 

Fungi increased grain yield and quality, especially bioactive compounds and protein contents (Jerbi et al., 2022). 

To date, comprehensive investigations into the impacts of AM fungi inoculation on yield protein composition, 

gluten secondary structure, dough characteristics, baking quality, and their interrelationships are still not well 

illustrated.     
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Cassava (Manihot esculenta Crantz) is an important tuber crop cultivated in tropical and subtropical 

regions of the world with a strong tolerance against soil infertility and water stress (Idris et al., 2020). In Africa 

and South America, cassava is consumed as an important staple food by more than 800 million people (Obojiofor 

et al., 2021). Fresh cassava roots are difficult to store and usually have a short shelf life of only 1-2 days after 

harvest because of their postharvest physiological deterioration (Yan et al., 2022; Ma et al., 2022). Therefore, 

cassava is generally prepared as flour by peeling, crushing, and drying. The production of cassava flour (CF) can 

prolong the shelf-life of cassava and further reduce cyanide glucosides content to safe levels (Onyenwoke et al., 

2015). Cassava flour has attractive advantages in terms of starch, with low retro-gradation, high water-binding 

ability, and high fiber and mineral content compared with cereal flours. Numerous studies and applications 

demonstrated the feasibility of partially replacing wheat flour with cassava flour in cakes (Vega et al., 2018), 

biscuits (Oliveira et al., 2021), bread (Chisenga et al., 2020), and noodles (Wangtueai et al., 2020). Ingredients to 

be used in composite flour blends must meet a number of criteria including: availability, acceptability and provide 

necessary nutritional requirements (Akobundu et al., 1998). People are consistent with the fact that, the food 

produced with cassava flour provided more carbohydrates and low lipid and protein content (Vega et al., 2018; 

Okafor et al., 2017). A growing literature showed that the sensory quality of bread with a substitution level of 

10% or 20% is generally acceptable. Knowledge is growing on the technology of substitution of wheat flour by 

the flour from other plants but few researchers questioning about the influence of the growth condition of plant 

like AM fungi inoculation on the functional properties of composite flour, substitution rate, and the sensorial 

properties of the outcome products. Thus, the aim of this study was to investigate the influence of AM fungi 

inoculation and the partial substitution of wheat flour with cassava flour at three levels on the functional properties 

of composite flours. Analysis of AM fungi on the hedonic properties of biscuits from the most promoted composite 

flours will be also done.  

 

II. Material and Methods 
The experiments were conducted in the Soil Microbiology Laboratory in the Biotechnology Centre at the 

Yaoundé I University in Cameroon. Raw materials, including wheat flour, rice flour, were procured from the local 

market. Initial moisture content of flours and biscuits was determined using air oven drying method as 

recommended by AOAC (2000). Cassava tuber of each variety harvest at maturity and divided into two groups: 

one growth with AM fungi inoculation and the second without AM fungi were provided by the Soil Microbiology 

Laboratory of the University of Yaoundé I. They were carried to the Laboratory of Food Technology, the Institute 

of Agricultural Research for Development, Yaoundé in Cameroon for flour production.  

 

II.1 Productions of cassava flours 

The cassava tubers were cleaned, peeled, washed and kept in water to avoid discoloration. The roots were then 

cut into small chips, drained and dried at 50°C for 8h. When dry, cassava chip was milled using a hammer mill 

apparatus. Two groups of flour were obtained for each variety including non-AM fungi flour (T) and AM fungi 

flour (M). The flours were store in polythene bags until used for analysis.  

 

II.2 Composite flours preparation 

 Composite flour was made by substitution of wheat flour with cassava flour at the rate of 25, 50 and 75%, making 

3 formulations for each flour (Table 1). Each composite flour was mixed and stored for analysis. 

 

Table: substitution rate of wheat flours 
 Proportions (%)  

Cont  100 75 50 25 

AE 0 25 50 75 
AEm 0 25 50 75 

92/0326 0 25 50 75 

92/0326m 0 25 50 75 
693TME 0 25 50 75 

693TMEm 0 25 50 75 

Cont=wheat flour; AE, 92/0326 and 693TME are cassava variety; AEm, 92/0326m and 693TMEm are cassava 

variety from AM plants. 

 

II.3 Evaluation of functional properties of composite flours 

The functional properties of composite flours include swelling capacity (ml), water absorption capacity 

(WAC, %), oil absorption capacity (OAC, %), Emulsion activity (EA, %), Gelatinization temperature (GT, °C).  

The swelling capacity was measured following the method described by Okaka and Potter (1977). Graduated 

cylinder of 100 mL was filled with flour to 10 mL mark. The distilled water was added to give a total volume of 

50 mL. The top of the graduated cylinder was tightly covered and mixed by inverting the cylinder. The suspension 
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was inverted again after 2 min and left to stand for a further 8 min. The volume occupied by the sample was taken 

after the 8th min.  

The water absorption capacity of the flours was determined using the method of Sosulski et al. (1976). 

One gram of sample was mixed with 10 mL distilled water and allow to stand at ambient temperature (30±2°C) 

for 30 min, and centrifuged for 30 min at 3,000 rpm. Water absorption was recorded as per cent of water bound 

per gram flour.  

The oil absorption capacity was evaluated using the method of Sosulski et al. (1976). One gram of sample 

mixed with 10 mL olive oil and allow to stand at ambient temperature (30±2°C) for 30 min, then centrifuged for 

30 min at 300 rpm. Oil absorption was examined as percent oil bound per gram flour.  

The emulsion activity was tested following the method describe by Yasumatsu et al. (1972). One gram 

of sample was mixed with 10 mL distilled water and 10 mL olive oil in calibrated centrifuge tube. The mixture 

was centrifuged at 2000 × g for 5 min. The ratio of the height of emulsion layer to the total height of the mixture 

was calculated as emulsion activity in percentage.  

Gelatinization temperature was determined by Shinde (2001). One-gram flour sample was weighed 

accurately in triplicate and transferred to 20 mL screw capped tubes. Ten mL of water was added to each sample. 

The samples were heated slowly in a water bath until they formed a solid gel. At complete gel formation, the 

respective temperature was measured and taken as the gelatinization temperature.  

 

II.4 Production of biscuits. 

Production was done according to the method described by the American Association of Cereal Chemists 

(AACC, 2000) with a few modifications. The ingredients were weighed as follows: 60g of each flour (table 1), 

50.0g of fine sugar, 1.0 egg (50.0g), 28.0g of shortening, 0.93g of salt, 1.11g of sodium chloride and 1g of vanilla. 

The ingredients were properly watered and mixed to form a paste, introduced into the moulds before baking at 

180°C for 20 min. After cooking, the biscuits were taken out of the oven, cooled and introduced into the plastic 

bags, then stored for analysis. A total of 22 groups of biscuits were produced, corresponding to flours. They are: 

W=Wheat, AE25,50,75=AE biscuits type at three rates of substitution, AEm 25,50,75 =AE mycorrhiza biscuits type at 

three rates of substitution, 92/032625,50,75= 92/0326 biscuits type at three rates of substitution, 92/0326m 25,50,75= 

92/0326 mycorrhiza biscuits type at three rates of substitution, TME25,50,75=TME biscuits type at three rates of 

substitution, 693TMEm 25,50,75 =693TMEm mycorrhiza biscuits type at three rates of substitution. 

 

II.5 Sensorial evaluations. 

A semi-trained panel consisting of both genders, with more than 10 judges from different age groups and 

varying eating habits, was constituted to evaluate the quality. The panelists were selected from the faculty staff 

and students of the faculty of Sciences, Department of Biochemistry, and the Biotechnology Center University of 

Yaoundé I. Samples were served to the panelists and they were asked to rate the acceptability of the product 

through sense of organs. The overall acceptability of biscuits was rated on the basis of 5- point hedonic scale 

ranging from 1 (extremely dislike) to 5 (extremely like). Prior to the test, each panelist was give its agreement by 

signing a consent note. The data obtained from the various experiments were recorded during the study and were 

subjected to statistical analysis as per method of “Analysis of Variance” by Factorial Randomized Block Design. 

The significant difference between the means was tested against the critical difference at 5 % level of significance 

SPSS software was used for analyze the recorded data.  

 

III. Results 
 III.1 92/0326 varieties 

The functional properties of wheat flour at various substitution rates from the 92/0326 cassava variety 

were studied and recorded (Figure 1). With reference to pure wheat flour, a significant increase was recorded for 

the SC, WAC, and OAC parameters at all substitution rates except 75/25 T and 25/75 M for SC, 75/25 T for 

WAC, and 25/75 for OAC. The highest increase ratios were 1.41, 1.13, and 1.72 for SC, WAC, and OAC, 

respectively. Paradoxically, a significant decrease in EC was observed for all substitution rates of composite flours 

compared to pure wheat flour. A significant increase in GT was recorded only at the 75/25 M and 25/75 M 

substitution rates compared to pure wheat flour. The influence of cassava growing conditions on the studied flour 

parameters was significant. Thus, a significant increase in OAC and GT was observed between composite flours 

from plants inoculated with AM fungi compared to non-AM fungi at all substitution doses. EC and WAC 

parameters showed a contrasting effect between flours from AM fungi and non-AM fungi plants, with a reduction 

in EC at the 50/50 dose and a reduction in WAC at the 25/78 dose. SC increased at the 75/25 dose, remained 

stable at the 50/50 dose, and decreased at the 25/75 dose in flours from plants inoculated with AM fungi compared 

to non-inoculated plants. 
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Figure 1: Impact of AM fungi inoculation and substitution rate (wheat/cassava) on some functional properties 

of flour from 92/0326 cassava varieties. 

 

Cont=wheat flour; 92/0326=cassava variety; (75/25,50/50,25/75) =flour substitution rates of none AM Fungi 

wheat/cassava; (75/25,50/50,25/75) m =flour substitution rates from AM Fungi wheat/cassava. SC=swelling 

capacity; WAC=water absorption capacity; OAC=oil absorption capacity; EC=emulsion capacity; 

GT=gelatinization temperature. 

 

III.2 693TME varieties 

The functional properties of flour from the 693TME cassava variety were evaluated (Figure 2). The 

results show a significant increase in WAC, GT, and OAC at all substitution rates, regardless of the origin of the 

cassava flour used, compared to pure wheat flour. Furthermore, a significant increase in EC is observed only with 

substitution rates containing cassava flour from plants inoculated with AM fungi, compared to pure wheat flour. 

SC, on the other hand, shows a significant increase compared to pure wheat at 50/50 substitution rate, and at the 

75/25 dose made with cassava flour from plants inoculated with AM fungi. The formulation of flours with tubers 

from AM fungi inoculated cassava plants affects the studied parameters in various ways. Thus, EC increases 

significantly with inoculation at all substitution rates, WAC at the rate of 75/25 and 50/50, GT only at the rate of 

50/50, and SC at dose 75/25. OAC increases significantly at dose 50/50 and decreases at dose 25/75. 

 
Figure 2: Impact of AM fungi inoculation and substitution rate on some functional properties of flour from 

693TME cassava varieties. 
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Cont=wheat flour; TME/693=cassava variety; (75/25,50/50,25/75) =flour substitution rates of none AM Fungi 

wheat/cassava; (75/25,50/50,25/75) m =flour substitution rates from AM Fungi wheat/cassava. SC=swelling 

capacity; WAC=water absorption capacity; OAC=oil absorption capacity; EC=emulsion capacity; 

GT=gelatinization temperature. 

 

III.3 AE varieties 

The functional properties, including SC, WAC, OAC, EC, and GT, of pure wheat flour and composite 

flour at different substitution rates with cassava flour (variety AE) were evaluated (Figure 3). The results show 

that OAC increases significantly in composite flours compared to pure wheat flour, regardless of the substitution 

rate and the growing conditions of the cassava tubers used, while GT shows an inverse trend. EC, on the other 

hand, shows a significant increase compared to pure wheat flour at all substitution rates when cassava flour was 

from un-inoculated plants. WAC and SC exhibit highly variable values, with a significant increase in WAC at the 

(25/75)T, (50/50)M, and (75/25)M rates, as well as in SC at the (75/25)T, 50/50, and (75/25)M rates, compared 

to pure wheat flour. The impact of cassava plant inoculation with AM fungi on the studied parameters at the 

different substitution rates shows multiple orientations. Thus, inoculation leads to a significant decrease in EC, 

OAC and GT at all substitution rates, an increase followed by a significant decrease in WAC at the rates of 75/25, 

50/50 and 25/75, respectively, and finally an increase in SC at rates of 50/50 and 25/75. 

 

    
Figure 3: Impact of AM fungi inoculation and substitution rate on some functional properties of flour from AE 

cassava varieties. 

Cont=wheat flour; AE=cassava variety; (75/25,50/50,25/75) =flour substitution rates of none AM Fungi 

wheat/cassava; (75/25,50/50,25/75)m =flour substitution rates from AM Fungi wheat/cassava. SC=swelling 

capacity; WAC=water absorption capacity; OAC=oil absorption capacity; EC=emulsion capacity; 

GT=gelatinization temperature. 

 

A principal component analysis of the functional properties of composite flours across all substitution rates and 

the growing conditions of the cassava plant varieties used was performed, and the results are presented in Figure 

4. This analysis shows that: data are 32.61 % close to the horizontal axis, 28.30 % close to the vertical axis, and 

60.91 % close to both axes. The treatments, including cassava varieties and their growing conditions, as well as 

substitution rates, are grouped into four categories.  

The first consists of TME693m (25/75, 50/50, 75/25), TME693t (50/50); 92/0326m (75/25, 50/50) composite 

flours, which are close to EC and SC. 

The second consists of AEm (25/75, 75/25, 50/50,); AEt (75/25); 92/0326t (50/50, 25/75) composite flours which 

are close to WAC. 

The third consists of TME693t (25/75, 75/25); 92/0326t (25/75) composite flours, which are close to GT. 

The last group consists of AEt (50/50, 25/75) cont and 92/0326t (75/25) that have no particular correlation with 

the functional parameters studied. 
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Figure 5: Principal component analysis including cassava varieties, substitution rates and functional properties. 

AET, 326T, 693TMET=none mycorrhizal cassava variety; AEm, 326m, 693TMEm= mycorrhizal cassava 

variety. Cont=wheat flour. SC=swelling capacity; WAC=water absorption capacity; OAC=oil absorption 

capacity; EC=emulsion capacity; GT=gelatinization temperature 

 

III.4 Sensorial analyses 

Wheat flour and 50/50 composite (wheat/cassava) flour from AM fungi plants or not were used to make 

the biscuits, and the sensory properties were tested (Figure 5). Related to the AE cassava variety, biscuits made 

from composite flour containing cassava from plants inoculated with AM fungi show significantly lower sensory 

scores than those of composite flour containing cassava from non-inoculated plants. This was observed for all the 

studied sensorial attributes. Related to the 693TME cassava variety, whether the biscuits are made from composite 

flour containing cassava from inoculated AM fungi plants or not, no significant differences in scores of any 

sensory attribute were recorded. Regardless of the origin of the cassava flour used for the composition, the texture 

attribute has significantly less contribution to the sensory test than the other attributes. The results of the sensory 

analysis of biscuits made with 0326 cassava variety show highly diverse attribute scores with a real contrast 

between Am fungi inoculated plant flour producer or not. The color attribute of biscuits made with cassava flour 

from plants inoculated with AM fungi has a significantly lower score than flour from un-inoculated plants. 

Inoculation of cassava plants with AM fungi leads to a significant increase in the scores of all other sensory 

attributes, including general acceptability. The rates of contribution of attributes to the GA of biscuits made with 

flour from Am fungi uninoculated plants are highly variable, with a predominant contribution of color and a lesser 

contribution of smell 
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Figure 5: Impact of AM fungi inoculation and variety on hedonic properties of cassava/wheat (50/50) biscuits.  

AET, 92/0326T, 693TMET=none mycorrhizal cassava variety; AEm, 92/0326m, 693TMEm= mycorrhizal 

cassava variety. GA=general acceptability.  

 

IV. Discussions 
Functional properties of composite flours at various substitution rates with three cassava flours from AM 

fungi-inoculated plants or not were analysed. The plan was to group the flours following both the cassava variety, 

the substitution rate, and the growing conditions. Principal component analysis of the composite flours, the 

cassava varieties, and the symbiotic status of the cassava plant producing the flour shows that two out of three 

cassava varieties show better characteristics regarding EC and SC: 693TME at all substitution rates when the flour 

is produced from plants inoculated with AM fungi. 92/0326 at the substitution rates (75/25 and 50/50) when the 

flour is produced from the plant inoculated with AM fungi (Figure 4). Food scientists use the term SC to refer to 

the capacity of starch granules to bind water upon heating, indicating the level of granule hydration and 

gelatinisation under thermal conditions (Kumar et al., 2017). In flours, the SC can be affected by factors such as 

variety, processing methods, particle size, substitution rate, and more (Mukhtar et al., 2025). In general, our results 

show a significant increase in the functional parameters studied as the substitution rate of wheat flour with cassava 

flour increases in both varieties, especially when the cassava flour comes from plants inoculated with AM fungi. 

Previous studies show that the sugar and protein content of both cassava varieties is significantly increased by 

inoculating the plants with AM fungi. This increase is greater in the TME 693 variety than the 92/0326 variety 

(Mbassi et al., 2024). This suggests that inoculation impacts plant physiology, leading to the production of these 

molecules. Furthermore, several other studies demonstrate the contribution of proteins and starch to the functional 

properties of flours (Chandra et al., 2.15; Li et al., 2023). It appears that substituting wheat flour with cassava 

flour improves the starch and protein content of composite flours and, consequently, parameters such as SC and 

EC, particularly when the involved flour comes from a cassava plant inoculated with AM fungi. The literature is 

consistent with the observation that SC varies with the starch content of flour (Chandra et al., 2015; Li et al., 

2023). 

Moreover, two out of three cassava varieties show better characteristics regarding WAC, including 

AET(75/25), AEM at all substitution rates; 92/0326 at the substitution rates (75/25 and 50/50) when the flour is 

produced from the plant, none-inoculated with AM fungi (Figure 4). This observation shows the distribution of 

WAC according to the variety of cassava used, the symbiotic status of the flour-producing plant and, finally, the 

frequency of substitution. The WAC reflects the ability of flours to bind and retain water. A significant increase 

(P<0.05) in WAC was recorded for both cassava varieties, especially from the 50/50 substitution frequency, 

compared to wheat flour, and between treatments for cassava flours from plants inoculated with AM fungi. Such 

observation could be attributed to the presence of a variable amount of starch, especially free starch in flours 

depending on the variety as well as the AM fungi status of the producing plant. Similar observation was also 

recorded while studying composite flours (Skibsted, 2015; Alviola and Monterde, 2018; Mbassi et al., 2024). The 
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observed variation among different flours may be attributed to differences in protein content monitored by AM 

fungi in plants within the growth and genotype of the cassava varieties involved, resulting to the extent of protein–

water interactions, and the conformational properties of the protein molecules (Chandran et al., 2024). 

The various analyses revealed that the 50/50 substitution rate encompasses a large number of functional 

properties. Subsequently, this substitution rate was chosen as a blended formula of wheat/cassava flours for 

making biscuits, and sensory analyses were conducted. Large variation depending on the cassava varieties, their 

AM fungi status and the sensory attributes studied was recorded (Figure 5). The AE variety shows consistency 

within the evaluation of sensory attributes, with a significantly high score for biscuits containing cassava flour 

from non-AM fungi plants. The taste attribute contributes strongly to the appreciation of biscuits of this variety, 

while the appearance attribute contributes less. A similar trend in sensory appreciation is observed with variety 

693TME, but in this case, the texture attribute contributes the least to overall acceptability, and taste contributes 

the most. A researcher believes that taste attribute is a key factor which determines the acceptability of products, 

and highly contributes to the market success of a product (Tasnim and Suman 2015; Cardona et al., 2023). The 

opposite trend was observed with variety 92/0326, where biscuits containing cassava flour from plants inoculated 

with AM fungi were more highly rated by the panellists. Furthermore, individual sensory attributes showed very 

different scores for biscuits containing flour from non-AM fungi plants, and nearly homogeneous scores for flour 

from plants inoculated with AM fungi. These observations would provide further evidence of the genetic diversity 

among the different cassava varieties described by researchers in several studies. Furthermore, several studies 

demonstrate variation in the content of bioactive molecules between cassava varieties when inoculated with AM 

fungi compared to controls (Mbassi et al., 2024). The contribution of bioactive molecules to the sensory evaluation 

of foods, including cassava tuber-derived products, including those made with composite cassava base flour, is 

well established (Carocho et al., 2014; Seol et al., 2015). 

 

V. Conclusion 
This study was addressed to investigate the influence of AM fungi inoculation and the partial substitution 

of wheat flour with cassava flour on the functional properties of composite flours, and to do analysis of the hedonic 

properties of biscuits from the most promoted composite flours. The outcome of this study was that blended 

Formulating flour with cassava from plants inoculated with AM fungi results in an increase in the functional 

parameters studied compared to wheat flour. This increase is also observed between the substitute formulas with 

the composite flour containing flour from plants inoculated with AM fungi, compared to the control, in all 

varieties. Sensory analysis of biscuits made with the 50/50 substitution shows that the formula containing flour 

from plants inoculated with AM fungi is less appealing for varieties AE and 693TME, while the opposite is true 

for variety 92/0326. This study prompts a reconsideration of plant variety selection criteria, which are generally 

genetic, to strongly integrate nutritional parameters and especially products from processing, to better address the 

crucial problem of food. 

Conflict of interest. 

No conflict exists related to this work. 

 

References. 
[1]. AACC (2000) Approved methods of the American Association of Cereal Chemists, 10 Ed.th Methods 44-15 A, 44-40. The 

Association, St. Paul, MN, US. 

[2]. AOAC (2000) Official Methods of Analysis. 16th Ed. Association of Official Analytical Chemists.Washington, 31p. 
[3]. Akobundu E.N.T., Ubbaonu C.N., Ndupuh C.E. (1988). Studies on the baking potentials on non-wheat composite flours. 

J Food Sci Technol. 1988; 41:211–214. 
[4]. Alviola JNA, Monterde VG. Physicochemical and functional properties of wheat (Triticum aestivum) and selected local flours in the 

Philippines. Philipp J Sci. (2018) 147:419. 

[5]. Cardona M., Izquierdo D., Barat J. M., and Fernandez-Segovia, I. (2023). Intrinsic and extrinsic attributes that influence choice of 

meat and meat products: Techniques used in their identification. European Food Research and Technology, 249, 2485–2514 

[6]. Carocho M., Barreiro M. F., Morales P., and Ferreira, I. C. F. R. (2014). Adding molecules to food, pros and cons: A review on 

synthetic and natural food additives. Comprehensive Reviews in Food Science and Food Safety, 13, 377–399.  
[7]. Chandran A.S., Kashyap P., Thakur M. (2024). Effect of extraction methods on functional properties of plant proteins: a review. 

eFood. (2024) 5: e151. doi: 10.1002/efd2.151 

[8]. Chandra S., Singh S. and Kumari D. 2015. Evaluation of functional properties of composite flours and sensorial attributes of composite 

flour biscuits. J. Food Sci Technol (2015) 52(6):3681–3688. 
[9]. Chisenga S.M., Workneh T.S., Bultosa G., Alimi B.A., Siwela M. 2020. Dough rheology and loaf quality of wheat-cassava bread 

using difffferent cassava varieties and wheat substitution levels. Food Biosci. 2020, 34, 100529.  

[10]. FAO (2023). Agricultural production statistics 2000–2022. FAOSTAT Analytical Briefs, No. 79. Rome. 
[11]. Idris, S.; Rosnah, S.; Nor, M.Z.M.; Mokhtar, M.N.; Gani, S. Physicochemical composition of different parts of cassava (Manihot 

esculenta Crantz) plant. Food Res. 2020, 4 (Suppl. S1), 78–84. 

[12]. Jerbi M., Labidi S., Laruelle F., Tisserant B., Faysal B. J., Lounès-Hadj S. A., 2022. Mycorrhizal biofertilization improves grain yield 
and quality of hulless Barley (Hordeum vulgare ssp. nudum L.) under water stress conditions. Journal of Cereal Science, 104, 2022, 

103436. 

[13]. Kumar K, Chandra S, Samsher NC, Singh J, Kumar M. Functional properties of food commodities (wheat, kidney bean, cowpea, 
turnip, cauliflower) flours. Int J Crop Sci. (2017) 5:1199–202.  



Impact of AM fungi on functional properties and sensorial attributes of three .. 

DOI: 10.9790/2380-1906010715                               www.iosrjournal.org                                                   15 | Page 

[14]. Li M., Zhang Y., You X., Wang Y., Zhou K., Wei P., Wei L. 2015. Assessment of Functional Properties of Wheat–Cassava Composite 

Flour. Foods 2023, 12, 3585. 
[15]. Liu Z. L., Yuan-Jing L., Hong-Yan H., Xian-Can Z., Vandna R., Xing-Yuan H., Chun-Jie T. 2013. Differences in the arbuscular 

mycorrhizal fungi-improved rice resistance to low temperature at two N levels: Aspects of N and C metabolism on the plant side, 

Plant Physiology and Biochemistry. 71, 2013, 87-95. 
[16]. Ma, Q.X.; Xu, J.; Feng, Y.C.; Wu, X.; Lu, X.; Zhang, P. Knockdown of p-coumaroyl shikimate/quinate 3-hydroxylase delays the 

occurrence of post-harvest physiological deterioration in cassava storage roots. Int. J. Mol. Sci. 2022, 23, 9231 

[17]. Marrassini V. ; Ercoli L. ; Piazza G. ; Pellegrino E. 2024. Plant genotype and inoculation with indigenous arbuscular mycorrhizal 
(AM) fungi modulate wheat productivity and quality of processed products through changes in the frequency of root AM fungal taxa. 

Field Crops Research 315 (2024) 109456.  

[18]. Mbassi Manga G. G., Djontzo Toche E., Essono D. M., Souleymanou A., Fokom R., Nouhou A., Noah G., Sonkeng A., Nwaga D., 
Fokou E. 2024. Growth, profitability, nutritional, and anti-nutritional properties of seven Manihot esculenta Crantz (cassava) varieties 

as affected by arbuscular mycorrhizal fungi, Heliyon, 2024, e36371. 

[19]. Mbassi G., Fokom R., Adamou S., Maptouom L., Ngwasiri N. Essono D., Nwaga D.,  Fokou E. 2019. Nutritional and antinutritional 
components of cassava (Manihot esculenta var. 326) leaf and tuber as affected by Arbuscular mycorrhiza fungi symbiosis field in 

conditions. J. Food Agric. Environ., 18 (2019), 59-63.  

[20]. Mukhtar T, Jabeen A, Hussain SZ, Siddiqi RA, Wani SH, MahendruSingh A, Amin T, Amin QA and Bhat MS (2025) Variability in 
grain, flour, functional properties and protein profiling in newly developed wheat genotypes grown in temperate climate of Western 

Himalayas. Front. Nutr. 12:1604775. 

[21]. Obojiofor, E.F.; Okechukwu, J.O.; Victor, E.I.; Anikwenze, R. Production, Physicochemical and organoleptic evaluation of bread 
made from composite wheat-cassava flour. Adv. Sci. Technol. 2021, 107, 29–36. 

[22]. Okafor, E.N.; Erukainure, O.L.; Ozumba, A.U.; Adewale, C.O.; Kayode, F.O.; Asieba, G.O.; Elemo, G.N. Cassava Flour substitution 

modulates glycemic responses and glycemic index of wheat breads in apparent healthy volunteers. J. Diet. Suppl. 2017, 14, 446–452. 
[23]. Okaka J.C., Potter N.N. (1977). Functional and storage properties of cow pea-wheat flour blends in bread making. J. Food Sci. 42:828-

833.  

[24]. Oliveira, V.A.; Costa, G.F.; Sousa, S. Chemical and microbial evaluation of bread and biscuits made from wheat flour substituted 
with cassava flour. Nutr. Food Sci. 2021, 51, 792–807.  

[25]. Onyenwoke, C.A.; Ojo, C.C.; Omodamiro, R.M. Effect of drying methods on total carotenoids content retention in pro-vitamin a 

high-quality cassava flour. Umudike J. Eng. Technol. 2015, 1, 1–9. 
[26]. Reynolds, M.P., Braun, H.J., 2022. Wheat improvement: food security in a changing climate. Springer Nature.  

[27]. Seol, K-H., Kim, K. H., Kim, Y. H., Youm, K. E., & Lee, M. (2015). Effect of storage condition on sensory properties and fatty acid 

composition of pre-packed Hanwoo loin. Korean J Agric Sci, 42, 37–46. 
[28]. Shiferaw, B., Smale, M., Braun, H.J., Duveiller, E., Reynolds, M., Muricho, G., 2013. Crops that feed the world 10. Past successes 

and future challenges to the role played by wheat in global food security. Food Sect. 5, 291–317. DOI 10.1007/s12571-013- 0263-y.  

[29]. Singh, R.P., Juliana, P., Huerta-Espino, J., Govindan, V., Crespo-Herrera, L.A., Mondal, S., Bhavani, S., Singh, P.K., He, X., Ibba, 
M.I., Randhawa, M.S., Kumar, U., Joshi, A.K., Basnet, B.R., Braun, H.J., 2022. Achieving genetic gains in practice. In: Reynolds, 

M.P., Braun, H.J. (Eds.), Wheat Improvement: Food Security in a Changing Climate. Springer International Publishing, Switzerland, 
Cham, pp. 97–123. 

[30]. Skibsted, L.H.; Kidmose, U.; Thybo, A.K.; Jensen, S. Addition of cassava flours in bread-making: Sensory and textural evaluation. 

LWT-Food Sci. Technol. 2015, 60, 292–299.  
[31]. Shinde B.G. (2001). Isolation and characterization of starch horse grain. Unpublished M.Sc. Thesis. Mahatma Phule Krishi 

Vidyapeeth, Rahuri (India), pp 16–17.  

[32]. Sosulski F.W, Garatt M.O., Slinkard A. E. (1976) Functional properties of ten legume flours. Intern J Food Sci Technol. 9:66–69.  
[33]. Tasnim F. and Suman M. 2015. Effect of incorporation of soy flour to wheat flour on nutritional and sensory quality of biscuits 

fortified with mushroom Food Science & Nutrition 2015; 3(5): 363–369. 

[34]. Vega, O.; Carvajal, L.M.; Rodriguez, F.; Marin, M.C.; Ramirez, C.; Simpson, R.; Valdenegro, M. Effect of thermal pretreatments and 
cooking characteristics on physicochemical, rheological, and sensorial properties of food products based on cassava (Manihot 

esculenta Crantz). J. Food Process Eng. 2018, 41, e12612.  

[35]. Wangtueai, S.; Phimolsiripol, Y.; Vichasilp, C.; Regenstein, J.M.; Schoenlechner, R. Optimization of gluten-free functional noodles 
formulation enriched with fish gelatin hydrolysates. LWT-Food Sci. Technol. 2020, 133, 109977. 

[36]. Yan, Y.; Zhao, S.H.; Ye, X.X.; Tian, L.; Shang, S.; Tie, W.; Hu, W. Abscisic acid signaling in the regulation of postharvest 

physiological deterioration of sliced cassava tuberous roots. J. Agric. Food Chem. 2022, 70, 12830–12840.   
[37]. Yasumatsu K., Sawada K., Maritaka S., Toda J., Wada T., Ishi K. (1972). Whipping and emulsifying properties of soy bean products. 

Agri Biol Chem 36:719–727 


