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ABSTRACT 

Type 2 diabetes is a global problem that can be controlled by a diet that consists of 

carbohydrates with substantial amounts of slowly digestible starch amongst others. 

Pearl millet (Pennisetum glaucum (L) R. Br.) is an underutilised cereal crop that in 

recent times, raised interest due to its health benefits. The low starch hydrolysis rate 

of pearl millet is particularly of interest in type 2 diabetes modulation. To contribute 

to the value-addition and food diversification using pearl millet, this project 

investigated the nutritional content and starch digestibility of composite flours and 

crackers made of pearl millet-wheat, truffle (Kalaharituber pfeilii) and Oyster 

mushroom (Pleurotus ostreatus) composite flours and crackers. Equal amounts of 

fermented whole pearl millet grain and bread wheat flour were mixed. Of this 

mixture, 5%, 10% and 15% were substituted with Oyster mushroom and Kalahari 

truffle powders. The moisture, fat, protein, ash and minerals contents, water 

absorption (WAI) and water solubility (WSI) indices, total starch and starch 

digestibility of the flour formulations and the resultant crackers were determined. 

The consumer acceptance of the composite crackers was also assessed. The ash 

content, WSI and WAI were higher in the mushroom flours than in the cereals 

composite flours. Contrary, mushroom containing flours had the lowest starch 

content of all the flours. For crackers, ash content, WAI and WSI were directly 

proportional to the levels of mushroom incorporation. In terms of consumer 

acceptance, 5% oyster mushroom and 5% Kalahari truffle incorporated crackers 

scored the highest on the 9 point hedonic scale. Starch digestibility of mushroom 

incorporated flours and crackers were lower than those of cereal composite products. 

The higher the mushroom incorporation level, the slower the glucose release rate, 

showing that mushroom incorporation may be beneficial to people with type 2 

diabetes. 
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CHAPTER 1 

This chapter is composed of the introduction and background of the study. Study 

questions, hypotheses and significance of the study are also stated in this chapter. 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

Snacks are smaller portions of foods that are usually eaten between meals, they may 

be fresh, packaged or processed (Tumuluru, 2015). They offer convenience as they 

require no or minimal cooking. Processed snacks may be manufactured through 

extrusion cooking (Ajitaa & Jha, 2017) or baking. Traditionally baked goods such as 

biscuits and crackers are made from wheat. To improve these products nutritional 

content, the use of composite flours in the production of baked snacks is increasing 

(Chandra et al., 2015). 

Apart from wheat, there are underutilised cereals such as pearl millet. Compared to 

other cereals, pearl millet has a lower glycaemic response (Annor et al., 2017). It is 

grown in arid and semi-arid regions in countries such as India, Niger, Mozambique 

and Namibia. In Namibia, it is commonly known as Mahangu and is a major staple 

food that has seen little value addition. It is mostly utilised at a household level to 

prepare porridges, traditional brews and it is rarely used for commercial products. 

Namibia is also home to indigenous and or endemic species of edible mushrooms 

such as Kalahari truffles (Kalaharituber pfeilii), (Termitomyces schimperi), 

Termitomyces sagittiformis, Kakalahambo and Ganoderma mushroom species. They 

are mostly seasonal and are rarely preserved, thus leading to their general 

underutilisation.  
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1.2 Statement of the problem 

The World Health Organisation has classified diabetes as a global problem that was 

estimated to have affected 422 million adults in 2014 (WHO, 2019). A diet that 

entails low GI foods plays an important role in diabetes management. Pearl millet’s 

slowly digestible starch makes it an ideal candidate for the management of type 2 

diabetes (Annor et al., 2017).  

Although pearl millet may contain relatively higher amounts of protein (12.4%) 

compared to other cereals, its lysine content is limited (0.5 – 3.2 g/100 g of protein) 

(Amadou et al., 2013; Obilana, 2003). To improve protein content and quality, 

mushrooms such as Kalahari truffle and oyster mushrooms may be used. Kalahari 

truffle (100 g) contains 20 – 27 g of crude protein with 85% digestibility (Kagan-zur 

& Roth-bejerano, 2008). On the other hand, oyster mushroom is relatively rich in, 

lysine 22.9 g/100g on dry basis (Deepalakshmi & Mirunalini, 2014). 

Classified as a subsistence crop, pearl millet is a staple to many individuals, 

especially in Africa and Asia (Dias-Martins et al., 2018). Minerals such as iron and 

zinc are present in lower quantities (Dias-Martins et al., 2018). Additionally, these 

pearl millet’s minerals are located in the pericarp, eleurone layer and germ (Taylor, 

2016). Their location makes them susceptible to loss during milling (decortication) 

(Taylor, 2016). On the other hand, edible mushrooms are generally rich in minerals 

such as copper, iron and zinc (Gençcelep et al., 2009), thus making them ideal for 

use in fortifying pearl millet and wheat based food products. Incorporation of 

mushrooms can potentially enhance the presence of these micro-elements (Cu, Fe, 

Zn) in pearl millet and wheat based food products. The enhancement of micro-

minerals in food is necessary in the fight against minerals deficiencies, with over 2 
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billion people estimated to be deficient in minerals such as iron and zinc (WHO, 

2007). 

To enhance antioxidant activities, modulate glycaemic response, improve nutritional 

value, sensory and rheological properties of various baked products, several studies 

have incorporated mushroom powder into different cereal based foods.  Lu et al., 

(2018) investigated the effect of mushroom powder addition on the antioxidant and 

predictive glycaemic response of pasta. Regula & Gramza-Michalowska (2010) 

incorporated mushrooms in maize flour cookies and investigated the chemical 

composition of the resultant cookies. Eissa, Hussein, & Mostafa, (2007) investigated 

the rheological properties of oyster mushroom enriched biscuits and Egyptian Balady 

bread. Farzana & Mohajan, (2015) investigated the sensory and nutritional properties 

of biscuits fortified with mushroom. Additionally, Ng, Robert, Ahmad, & Ishak, 

(2017) investigated the effect of mushroom powder incorporation in biscuits on their 

postprandial glycaemic response. The nutritional and sensory quality of  bread 

incorporated with Nigerian oyster mushroom was also investigated by Okafor, 

Okafor, Ozumba, & Elemo (2012), whereas Seguchi, Morimoto, Abe, & Yoshino, 

(2001) investigated the effect of Maitake (Grifola frondosa) on bread properties. 

Gadallah & (Ashoush, 2016) developed wheat-truffle (Terfezia claveryi) composite 

biscuits and found that the protein, ash and crude fibre of the biscuits increased with 

an increase in the amount of truffle powder added. 

Considering these studies on cereal-mushroom composite products, the following 

questions arise: Can mushrooms be used to improve the nutrient content of pearl 

millet via the development of a mushroom-pearl millet crackers? How does this 

compositing, and baking affect the in vitro starch digestibility of the developed 

crackers? So far, no mushroom, pearl millet-wheat composite flours and crackers 
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have been found in literature. Therefore, this project aims at investigating the effect 

of mixing wheat-pearl millet with indigenous Namibian truffle and Oyster mushroom 

on nutrient content and starch digestibility on derived flours and crackers. 

1.3 Research questions 

This aim of this study was to answer the following questions: 

1. Does Kalahari truffle and Oyster mushroom incorporation affect the 

nutritional (moisture, protein, crude fibre, fat, starch) content of pearl millet-

wheat composite flour and crackers? 

2. Does Kalahari truffle and Oyster mushroom incorporation influence the 

starch digestibility of pearl millet-wheat composite flours and crackers? 

3. Does Kalahari truffle and Oyster mushroom incorporation affect the 

functional (Water absorption Index (WAI) and Water solubility Index (WSI)) 

properties of pearl millet-wheat composite flour and crackers? 

4. Are oyster mushroom and Kalahari truffle incorporated crackers acceptable 

by consumers? 

1.4 Hypotheses 

1. Kalahari truffle and Oyster mushroom incorporation has no effect on the 

nutritional (moisture, protein, crude fibre, fat, starch) content of pearl millet-

wheat composite flour and crackers. 

2. Kalahari truffle and Oyster mushroom incorporation has no effect on starch 

digestibility of pearl millet-wheat composite flour and crackers. 

3. Kalahari truffle and Oyster mushroom incorporation has no effect on the 

functional (WAI and WAI) properties of pearl millet-wheat composite flour 

and crackers. 



5 
 

1.5 Significance of the study 

Sorghum and millets are often underutilised (Rooney, 2010). To change this 

perspective, there is a need to add value to pearl millet. Traditionally, crackers are 

made with wheat flour, therefore the use of pearl millet as an ingredient in crackers’ 

baking could contribute to the diversification of pearl millet usage. Mushrooms are 

well known for their desirable organoleptic properties. Mushrooms such as Kalahari 

truffle are seasonal. The use of Kalahari truffle in alternative food products could 

lead to the employment of preservation methods such as drying to ensure that truffle 

products are available even in seasons when fresh truffles are not. Furthermore, these 

additional value addition streams could create a bigger market for Kalahari truffles 

and in return generate an income for local Kalahari truffle hunters. Compositing 

cereal with mushrooms such as oyster mushroom and Kalahari truffle can enhance 

the nutrient content of the cereal and improve the nutrition status of communities, 

especially those suffering from protein and mineral malnutrition. Finally, nutritional 

information on the Kalahari truffle is limited or non-existent, thus this study could 

help fill that gap in literature. This document adds to the knowledge on pearl millet, 

wheat, oyster mushroom and Kalahari truffle composite flours and crackers.  
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CHAPTER 2 

LITERATURE REVIEW 

This chapter looks at the production, distribution, structure and composition of the 

raw materials (Pearl millet, Kalahari truffle and Oyster mushroom). The raw 

materials’ uses, processing and health benefits or lack thereof are also discussed.  

2.1 Pearl millet 

2.1.1 Production and distribution 

Pearl millet (Pennisetum glaucum (L.) R. Br) is a resilient and water efficient cereal 

crop that can grow in areas with an annual rainfall that is as low as 250 – 400 mm 

(Taylor, 2017). However, an even rainfall distribution during the growing season is 

vital for the crop’s growth and development (Taylor, 2016). The main locations for 

pearl millet production are India, West and Central Africa (Taylor, 2016). Pearl 

millet is also cultivated in Southern Africa. Its cultivation spreads from Angola, 

northern Namibia, Zimbabwe and Mozambique (Taylor, 2016). 

In Namibia over 50% of the population consume pearl millet. In Namibia, pearl 

millet is the third major cereal crop grown in the country, after white maize and 

wheat. In the 2017/2018 financial year, local farmers produced 76 660 tonnes of 

white maize and 6 863 tonnes of wheat, respectively (Agro Marketing and Trade 

Agency, 2019). In the same period, pearl millet trading done in the formal domestic 

markets showed that 2 344 tonnes of pearl millet were sourced from local producers 

in the formal domestic market, whereas 3 469 tonnes of pearl millet were imported. 

Pearl millet is however the most consumed cereal crop in the country. 
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2.1.2 Grain structure 

Pearl millet are small tear shaped (Figure 1)  (Delcour & Hoseney, 2010) naked 

(Taylor & Kruger, 2016) kernels of up to 2 mm in length (Taylor, 2016).  Kernel 

colour varies between yellow, white, brown and slate grey, with the latter being the 

most common (Delcour & Hoseney, 2010).  

The grain is composed of the pericarp, the aleurone layer and the starchy endosperm 

(McDonough & Rooney, 1989). Pearl millet’s pericarp does not contain starch 

granules (Delcour & Hosney, 2010), and is made up of the epicarp, mesocarp and 

endocarp layers (McDonough & Rooney, 1989). The mesocarp may contain some 

starch granules (Taylor, 2016).  

The aleurone layer is part of the endosperm (Taylor, 2016) and is one cell layer thick 

(McDonough & Rooney, 1989). Lipids are found in this layer (McDonough & 

Rooney, 1989). Furthermore, McDonough & Rooney (1989) found the starch 

endosperm to consist of the peripheral, corneous and floury layers. The peripheral 

layer consists of tightly packed starch granules enclosed in a protein matrix 

(McDonough & Rooney, 1989). The corneous and floury layers made up most of the 

starch endosperm. The cell contents of the corneous and floury layers are not as 

tightly packed as those found in the peripheral layer (McDonough & Rooney, 1989). 
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Figure 1 Schematic diagram of a longitudinal section through a pearl millet kernel  

(Barrion, 2008) 

 

 



9 
 

2.1.3 Nutrient composition 

Millets are rich in vitamins and minerals. They also contain 60-70% carbohydrates, 

7-11% proteins, 1.5-5% fat and 2-7% crude fibre (Sarita & Singh, 2016; Vinoth & 

Ravindhran, 2017). Millets contain phenolic acids, phenols and carotenoids (Sarita & 

Singh, 2016; Vinoth & Ravindhran, 2017). Compared to many other cereals, pearl 

millet has similar or higher nutritional quality in terms of proteins (19-33% higher) 

minerals and macronutrients (Mweu, Akuja, & Mburu, 2016; Taylor & Kruger, 

2016).  

Millet proteins (Table 1) are however incomplete as they contain less than the 

recommended lysine (Table 2) content, with pearl millet containing only 17% of the 

1.93 g of lysine required by adults (Taylor & Kruger, 2016). 

Pearl millet has a relatively low starch hydrolysis which is beneficial to individuals 

with celiac disease and type 2  diabetes (Rooney, 2010). 

Table 1 Proximate composition of pearl millet grain 

Source (Obilana, 2003) (Taylor & Kruger, 2016) 

Protein (g100g) 11.0 12.4 

Carbohydrate (g/100g) 70.0 70 

Fat (g/100g) 4.8 5.1 

Crude Fibre(g/100g) 2.3 13.8 

Ash (g/100g) 1.9 2.8 

Food Energy (kJ/100 g) 1483 1499 

*All values are on a dry basis. 
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Table 2 Essential amino acid profile for pearl millet (g/100g of protein) 

Source 

Amino Acids 

(Amadou et al., 2013) (Pelembe et al., 2003) (Obilana, 2003) 

Isoleucine  5.1 3.6-5.9 3.9-4.6 

Leucine  14.1 8.0-25.1 9.5-12.4 

Lysine  0.5 1.7-6.5 2.8-3.2 

Methionine  1.0 1.5-2.9 1.8-2.6 

Phenylalanine  7.6 4.4-5.6 4.1 

Threonine  3.3 1.2-4.8 3.3-4.1 

Valine 4.2 4.8-7.0 4.9-6.0 

Histidine  1.7 1.8-2.6 N/a 

Tryptophan  1.2 N/R 1.4-1.51 

*N/R = Not reported. 

2.1.4 Processing and uses of pearl millet 

In general, grain processing includes wetting, decortication (dehulling), milling, 

fermentation, malting, extrusion, flaking, popping and roasting (Obilana, 2003). 

2.1.4.1 Milling 

Milling of pearl millet grain is a crucial processing step as it yields pearl millet flour 

which can be used in the cooking and brewing of pearl millet based products (Taylor, 

2016). Decortication as a part of milling refers to the removal of the bran to improve 

the palatability of the millet flour after milling (Taylor, 2016) and is achieved either 

by traditional means (mortar and pestle) or by using mechanical decorticators 

(Taylor, 2017). However, due to the grain’s small size, decortication may lead to loss 
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of the grain (Obilana, 2003). Milling as a size reduction process results in flour. 

Although, mechanically milled pearl millet flour has a longer shelf life, it retains less 

nutrients compared to flour milled through traditional means (Obilana, 2003). 

2.1.4.3 Grain fermentation 

International Food Information Service, (2009) defines fermentation as an: 

Energy yielding process in which organic compounds are metabolised, 

usually under anaerobic or micro-aerobic conditions to simpler compounds 

without the involvement of an exogenous electron acceptor (p. 163). 

The fermentation of cereal grains dates back to ancient Egypt where beer and bread 

production took place with the help of yeasts and lactic acid bacteria (Poutanen et al., 

2009). Cereal fermentation normally involves fermenting cereal flour with water 

(ratio 1:2-3 w/v) either spontaneously or by the addition of a starter culture (Taylor 

& Kruger, 2019), at moderate temperatures (25-37℃) for up to 24 hours (Poutanen 

et al., 2009). Fermented products are popular in India and many countries in central 

and Southern Africa (El Hag et al., 2002). In the early days, spontaneous 

fermentation was employed, whereby naturally occurring microbes present on 

kernels and milled grains were allowed to thrive (Taylor & Kruger, 2019), these 

microbes usually entailed mixed cultures of yeast and lactobacilli (El Hag et al., 

2002). In Africa, most fermented products still undergo spontaneous fermentation, 

especially at a household or small scale fermentation operations (Adebiyi, Obadina, 

Adebo, & Kayitesi, 2018). Advances in fermentation technology led to what is 

referred to as back-slopping, which is the development and maintenance of microbial 

cultures and it is achieved by saving part of a previously successful fermentation 

product for future use (Taylor & Kruger, 2019). In larger fermentation operations, 
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conditions are more controlled and specific starter cultures are used, based on the 

desired end product (Adebiyi, Obadina, Adebo, & Kayitesi, 2018). 

Some benefits of fermentation include food preservation and an increase in foods’ 

organoleptic properties (Guyot, 2012), improved food safety and nutritional value 

(Singh, Rehal, Kaur, & Jyot, 2015). During fermentation, lactic acid bacteria may 

produce lactic and acetic acids, resulting in products with a pH below 5 (Poutanen et 

al., 2009). The low pH inhibits the growth of pathogenic microbes resulting in an 

improved shelf life (Singh et al., 2015).  

Fermentation increased pearl millet grains’ protein content from 10.99% to 13.65% 

(Akinola et al., 2017). Similarly, Adebiyi et al., (2017) recorded a significant 

increase in the crude protein content of fermented pearl millet flour. Biscuits 

prepared using fermented pearl millet flour also followed a similar trend. These 

authors further recorded an increase in the protein quality of fermented pearl millet 

flour. Essential amino acids content increased from 0.22 g/100g to 0.31 g/100g for 

lysine and from 0.78 g/100g to 0.86 g/100g for leucine (Adebiyi et al., 2017). As far 

as protein quality goes, fermentation was also found to increase in in vitro protein 

digestibility of fermented pearl millet flour from 61.9% to 86.2% after 28 hours of 

fermentation (Elyas et al., 2002). El Hag et al., (2002) also reported similar results, 

where the in vitro protein digestibility of fermented pearl millet dough increased 

from 72.7% to 83.6%. 

Fermentation of pearl millet grains at ratios (1:3 w/v) (Akinola et al., 2017) and (1:4 

w/v) (Adebiyi, Obadina, Adebo, & Kayitesi, 2017) reduced the grains’ ash content 

after three days. A reduction in polyphenol (304 to 122 mg/100) and phytic acid (943 

to 380 mg/100g) content was observed after fermenting pearl millet dough for 14 
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hours (El Hag et al., 2002). Equally so, Elyas et al., (2002) reported a 50% decrease 

in the phytic acid content of fermented pearl millet flour. Authors Adebiyi et al., 

(2017) reported a significant decrease in the crude fat content of biscuits made from 

fermented pearl millet flour. Fermentation was also found to decrease the total 

phenolic content of pearl millet flour (Adebiyi et al., 2017). However, Salar, 

Purewal, & Sandhu, (2017) recorded an initial increase in the total phenolic content 

of pearl millet grain, it later declined after the 6th day of fermentation. 

2.1.5 Effect of pearl millet on health 

Millets in general have been found to have a positive role in reducing oxidative stress 

and post-prandial glucose modulation (Kaur et al., 2018). As gluten free cereal 

(Moreno et al., 2014), pearl millet may be employed as a cheaper alternative for 

people suffering from celiac diseases (Dias-Martins et al., 2018). Additionally, 

phytochemicals found in pearl millet apparently lower cholesterol (phytic acid) and 

reduce the risk of cancer (Amadou et al., 2013).  

2.1.4.4.1 Pearl millet and Diabetes  

Saleh, Zhang, Chen, & Shen, (2013) define diabetes mellitus as “a chronic metabolic 

disorder characterised by hyperglycaemia with alterations in carbohydrate and lipid 

metabolism.’ According to the World Health Organisation, diabetes is a global 

problem and an estimated 422 million adults were reported to be suffering from the 

disease in 2014. Currently, diabetes is classified into type 1 and type 2 diabetes and 

the distinction between the two is based on the age at which the victim develops the 

symptoms (WHO, 2019). As a disease linked to carbohydrate metabolism, the 

restriction of carbohydrates from diets was used as a remedy before the discovery of 

insulin in 1921 (Dyson, 2015; Lennerz et al., 2018). However, consumption of whole 

grain foods has been suggested in the prevention and management of diabetes (Saleh 
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et al., 2013). Additionally, a diet that focuses on a good glycaemic control and the 

reduction of postprandial hyperglycaemia is considered crucial in the management of 

type 2 diabetes (Nambiar et al., 2011). 

Epidemiological studies found diabetes related cases to be low in millet-consuming 

populations (Saleh et al., 2013; Sarita & Singh, 2016). This could be because of pearl 

millet’s low glycaemic index (55) (Nambiar et al., 2011). Pearl millet’s high 

proportion of insoluble dietary fibre enables the slow release of glucose, further 

making pearl millet ideal for people suffering from type 2 diabetes (Kumari et al., 

2019). 

Alyami et al., (2019) investigated the glycaemic, gastrointestinal and appetite 

responses to breakfast porridges from various cereal grains in healthy adults. These 

authors found that the consumption of pearl millet porridge led to a reduction in 

gastric emptying rate and subsequently blunted its glycaemic response. Nani et al., 

(2016) studied the impact of pearl millet on carbohydrate metabolism in diabetic rats. 

One group of rats was fed a corn-starch-based diet and the other group was fed a 

pearl millet based diet for a period of 28 days. At the end of the feeding trial, rats on 

the pearl millet diet had a glycaemic response of 1.39 g glucose/L compared to that 

of 4.35 g glucose/L at the beginning of the feeding trial. This study concluded that 

whole grain pearl millet may be useful in correcting hyperglycaemia. Shukla & 

Srivastava, (2014) evaluated the glycaemic index of 30% finger millet incorporated 

noodles and refined wheat flour noodles in female subjects between the ages of 24 

and 26. They found that noodles containing 30% finger millet had a lower GI (45.13) 

compared to noodles made from refined wheat flour (62.59). Another study by 

Ugare, Chimmad, Naik, Bharati, & Itagi, (2014), found that barnyard millet reduced 

fasting plasma glucose levels by 6% in diabetic test subjects and by 7% in non-
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diabetic test subjects. These authors concluded that dehulled and heat-treated 

barnyard millet grains had a positive effect on blood glucose and serum lipid levels 

in both diabetic and non-diabetic humans. 

2.2 Edible mushrooms 

Edible mushrooms which can either be wild or cultivated are an important food 

source. According to FAOSTAT, Asia is the largest (72.6%) producer of mushrooms 

with Africa only responsible for less than 1% of the world’s production (Figure 2). 

 

Figure 2 Production Share of mushrooms and truffles by region (FAOSTAT, 2019). 

Mushrooms are low in fat,  rich in proteins with an impressive amount of essential 

amino acids, vitamins (B1, B2, B12, C, D and E), unsaturated fatty acids, fibres and 

minerals (Islam et al., 2016; Kadnikova et al., 2015; Reis et al., 2012). Edible 

mushrooms are not only used as food, they are also used as a raw material for 

producing therapeutic and medicinal products (Kadnikova et al., 2015). However, 

compared to medicinal mushroom species, knowledge on the composition and 

nutritional value of culinary mushrooms is limited, mainly because these mushrooms 

are only viewed as a delicacy (Deepalakshmi & Mirunalini, 2014). Edible 
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mushrooms contain several bioactive molecules such as phenolic compounds, 

terpenes and steroids known as effective antioxidants capable to scavenge free 

radicals (Islam et al., 2016). Mushrooms also contain β glucans, which are said to 

positively influence postprandial glycaemic response in humans (Ng, Robert, 

Ahmad, & Ishak, 2017).  

2.2.1 Oyster mushrooms (Pleurotus ostreatus) and Kalahari truffle 

(Kalaharituber pfeilli) 

For the purposes of this study, the focus will be on the Oyster and Kalahari truffle 

mushrooms. 

2.2.2 Oyster mushrooms 

The genus Pleurotus has about 40 species (Deepalakshmi & Mirunalini, 2014; Jeena 

et al., 2014). These include P. ostreatus, P.sajorcaju, P. florida, P. flabellatus, P. 

highbing 5, P. eryngii, P. Pulmonarius and many other species that are considered 

important, due to their superior nutritional values and medicinal importance 

(Deepalakshmi & Mirunalini, 2014). Pleurotus species are all commonly known as 

Oyster mushrooms (Adebayo & Martínez-Carrera, 2015; Deepalakshmi & 

Mirunalini, 2014).  

2.2.2.1 Production and Distribution 

In terms of worldwide edible mushrooms production, oyster mushrooms are ranked 

third after Agaricus bisporus and Lentinula edodes, respectively (Adebayo & 

Martínez-Carrera, 2015; Corrêa et al., 2016; Fernandes et al., 2015; Liu et al., 2016).  

Oyster mushrooms (Pleurotus spp) (Figure 3 and Figure 4) are edible mushrooms 

with apparently a good flavour and taste (Ovat et al., 2017). Naturally, these 
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mushrooms are found in tropical or sub-tropical forests and they can also be 

cultivated (Bonatti et al., 2004; Fernandes et al., 2015; Kayode et al., 2015).  

Pleurotus ostreatus is a saprotroph that acts as a primary decomposer on dead wood 

(Bonatti et al., 2004; Hearst et al., 2009). Due to their rich mineral content and 

medicinal properties, their commercial cultivation is on the rise (Deepalakshmi & 

Mirunalini, 2014; Jafri et al., 2013). Additionally, the cultivation of Pleurotus spp. is 

on the increase due to their short life cycle compared to other edible mushrooms, low 

demand on resources and technology (Bonatti et al., 2004; Deepalakshmi & 

Mirunalini, 2014).. 

2.2.2.2 Structure 

Pleurotus species have a characteristic white spore print attached to the gills and may 

or may not have a stipe (Adebayo & Martínez-Carrera, 2015). They have an oyster 

shaped cap, their colours range from white to grey or tan to dark-brown and they 

often appear lobbed or wavy with distinctive white, firm and fleshy fruiting bodies 

(Deepalakshmi & Mirunalini, 2014; Jonathan et al., 2012). 
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Figure 3 Fresh Oyster mushroom fruiting bodies (Coffey, 2019). 

 

Figure 4 Dry Oyster mushroom fruiting bodies 
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2.2.2.3 Composition 

Pleurotus ostreatus protein content (Table 3) is reported to vary from strain to strains 

due to physical and chemical differences in growing media (Deepalakshmi & 

Mirunalini, 2014). P. ostreatus was reported to have a high carbohydrate content 

(Reis et al., 2012). This mushroom species contains more folacine, vitamin B1 and 

Vitamin B3 compared to other mushroom species (Deepalakshmi & Mirunalini, 

2014). P. ostreatus contains more lysine (Table 4) content (22.9 g/100g db.) 

compared to other Pleurotus mushrooms such as Pleurotus sajor-caju (5.04 g/100g) 

(Deepalakshmi & Mirunalini, 2014; Kayode et al., 2015). 

Table 3 Oyster mushroom proximate composition. 

Source (Reis Et Al., 2012) 

(g/100 g fw) 

(Deepalakshmi & 

Mirunalini, 2014) 

(Bonatti Et Al., 2004) 

Moisture 89.17  85 – 87 % 85.64 – 88.06 (g/100g w.b) 

Ash 0.62  N/A 5.58 – 6.13 (g/100g d.b) 

Protein 0.76  17 – 42 (g/100g d.b) 13.1 – 16.9 (g/100g d.b) 

Fat 0.15  0.5 – 5 (g/100g d.b) 5.97 – 6.32 (g/100g d.b) 

Carbohydrates 9.30  37 – 48 (g/100g d.b) 47.0 – 47.6 (g/100g d.b) 

Fibre N/A 24 – 31 (g/100g d.b) 9.41 – 9.86 (g/100g d.b) 

Ash N/A 4 – 10 (g/100g d.b) N/A 

N/A = Not Available 
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Table 4 Amino acids profile of P. ostreatus mushrooms' (Deepalakshmi & 

Mirunalini, 2014). 

Amino Acid Value (g/100g Dried Mushroom) 

Histidine 12.4 

Valine 21.0 

Lysine 22.9 

Tryptophan 4.8 

Isoleucine 16.2 

Leucine 25.7 

Phenylalanine  15.2 

Threonine 17.1 

Methionine 3.8 

 

2.2.2.4 Processing and uses 

High moisture content, high respiration and the present microflora make fresh 

mushrooms highly perishable (Liu et al., 2016). Due to their highly perishable 

nature, much of the processing involving oyster mushrooms is aimed at extending 

their shelf life and quality. To extend their shelf life, mushrooms are usually salted 

and canned (Liu et al., 2016). Additionally, other preservation methods may be 

applied, these include fermentation (Liu et al., 2016; Radzki et al., 2016; Zheng et 

al., 2018), drying (Aishah & Rosli, 2013; Fan et al., 2012; Tolera & Abera, 2017; 

Tulek, 2011) and modified atmosphere packaging (Xiao et al., 2011). 

It is not common practice for mushrooms to be eaten raw, they usually require 

thermal or hydro-thermal processing before consumption (Radzki et al., 2016). 

Coupled with its high perishability, the diversification of oyster mushroom 
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consumption by incorporating it in popular foods was investigated. Eissa, Hussein, & 

Mostafa, (2007) investigated the rheological properties and quality of balady bread 

and biscuits supplemented with the oyster mushroom (Pleurotus. sajor-caju). These 

authors found that biscuits incorporated with 10% oyster mushroom were of 

acceptable sensory quality. These authors further reported that compared to the 

control bread, balady bread incorporated with 15% oyster mushroom scored high in 

terms of its general appearance, taste and crust colour. 

Okafor, Okafor, Ozumba, & Elemo, (2012) looked at the quality characteristics of 

bread made from wheat and the oyster mushroom (Pleurotus plumonarius). These 

authors reported that compared to the control, 25% oyster mushroom incorporation 

resulted in a significant increase in the bread’s crude protein (7.96-14.62%), ash 

(0.90-2.64) and crude fibre (0.51-2.48). It was further found that, 25% oyster 

mushroom incorporated bread had the highest water absorption percentage as 

compared to the 100% wheat bread. However, the addition of 25% oyster mushroom 

resulted in a low loaf volume (375 cc/g) when compared to the 100% wheat bread 

(675 cc/g). Finally, the sensory acceptability of the bread kept declining as the 

amount of oyster mushroom increased. 

Wan Rosli, Nurhanan, & Aishah, (2012) investigate the effects of oyster mushroom 

(Pleurotus sajor-caju) incorporation on the nutritional composition and sensory 

properties of butter biscuits. The protein content proportionally increased with oyster 

mushroom incorporation. Butter biscuits containing 6% oyster mushroom had 

significantly higher protein content (6.94%) when compared to the control (6.50%). 

These authors also reported an increase in ash content, from 0.70% to 0.88 in the 

control and 6% oyster mushroom incorporated butter biscuits respectively. Butter 

biscuits incorporated with 4% and 6% oyster mushroom were found to have a 
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significantly high amount of β-glucans (0.72 and 0.79 g/100g respectively). On 

sensory aspects, these authors found that 4% oyster mushroom incorporated butter 

biscuits had the most acceptable flavour (4.54). However, 2% oyster mushroom 

incorporated butter biscuits had the highest overall acceptance (5.16). 

Likewise, Ng, Robert, Ahmad, & Ishak, (2017) studied the effect of oyster 

mushroom (Pleurotus sajor-caju) incorporation on starch digestibility of biscuits. 

Oyster mushroom incorporation significantly increased the biscuits protein content, 

from 6.50% in the control biscuits to 7.85% in biscuits containing 12% oyster 

mushroom powder. Equally so, ash content increased from 0.86% to 1%. The 

amount of β-glucans increased from 0.12% in the control biscuits to 1.78% in 

biscuits containing 12% oyster mushroom. In contrast, the carbohydrate content had 

an inverse relationship with oyster mushroom incorporation level. It was further 

found that 12% oyster mushroom incorporation reduced the amount of rapidly 

digestible starch by 60%. 

The nutritional composition, physical qualities and sensory properties of wheat bread 

supplemented with oyster mushroom (Pleurotus ostreatus) were studied by Ndung`u, 

Otieno, Onyango, & Musieba, (2015). Oyster mushroom inclusion significantly 

increased both the protein and ash contents of composite breads. Oyster mushroom 

incorporation proportionally increased iron, potassium and zinc content of the 

composite breads. Mushroom incorporation further increased the amount of lysine, 

from 0.55mg/100g to 0.83mg/100g. The founders also observed an increase in the 

amount of riboflavin as the mushroom content in the bread increased. 
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2.2.2.5 Health benefits of oyster mushroom consumption 

Oyster mushrooms are known to possess several medicinal properties, amongst many 

others, these include anti-diabetic properties, antimicrobial properties and anti-

oxidant properties (Deepalakshmi & Mirunalini, 2014; Kumar, 2018; Y. Patel et al., 

2012). 

2.2.2.5.1 Anti-diabetic properties 

The effect of oyster mushroom incorporation on biscuits’ in vitro and in vivo starch 

digestibility was studied by Ng, Robert, Ahmad, & Ishak, (2017). In vitro starch 

digestibility investigations revealed that, increasing amounts of oyster mushroom 

powder led to a decline in the biscuits’ rapidly digestibly content. At the same time a 

significant increase in slowly digestible and resistant starches was also observed. 

These results were an indication of oyster mushroom’s potential in hyperglycaemia 

modulation. To further consolidate the potential shown during the in vitro starch 

digestibility studies, the authors conducted an in vivo investigation in which eleven 

(11) healthy participants took part. Blood glucose samples were taken at 15, 30, 45, 

60, 90 and 120 minutes. At 30 minutes, the blood glucose levels of the test subjects 

after consuming  the test foods were at their peak, with the reference food having the 

highest blood glucose concentration (8.3 mmol/L), followed by the control biscuit, 

4%, 8% and 12% oyster mushroom biscuits with concentrations of 6.7 mmol/L, 6.6 

mmol/L and 6.6 mmol/L respectively. These in vivo results provide affirmation that, 

oyster mushroom incorporation could positively impact postprandial glucose 

response or release in individuals, thus making these biscuits potentially safe for type 

2 diabetes patients. 
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2.2.2.5.2 Antimicrobial and anti-oxidant properties 

A comparative study by Iwalokun, Usen, Otunba, & Olukoya, (2007) documented 

the potential antimicrobial and antioxidant properties of the oyster mushroom 

(Pleurotus ostreatus). The authors tested the antibacterial and antifungal activity of 

petroleum ether and acetone extracts from oyster mushroom fruiting body on several 

multi-drug resistant bacterial pathogens. They concluded that P. ostreatus possesses 

“a broad spectrum antibacterial and antifungal activities”. Okafor et al., (2017) 

investigated the antimicrobial and antioxidant activities of oyster mushroom. These 

authors found oyster mushroom to have inhibition zones of 14 and 12 mm against 

gram positive bacteria Bacillus cereus and Streptococcus agalactiae. Against the 

gram negative bacteria Pseudomonas aeruginosa, oyster mushroom had an inhibition 

zone of 11 mm. Moreover, oyster mushroom showed an antioxidant activity of up to 

35.36µM. Oyster mushroom mycelial hot water extract was found to exhibit 

antimicrobial properties by Morris et al., (2017). 

2.2.3 Desert Truffles (Kalaharituber pfeilii) 

Desert truffles are found in arid and semi-arid regions (Akyüz et al., 2015; Slama et 

al., 2010). Truffles are mycorrhizal fungi that form either ecto- or endomycorrhizae 

symbiotic associations with the roots of the host plants (Chaturvedi et al., 2015; 

Minter, 2008). 

There are three species of desert truffles found in the Kalahari Desert, namely, 

Kalaharituber pfeilii (Henn.) Trappe & Kagan– Zur, Eremiomyces echinulatus 

(Trappe & Marasas) Trappe & Kagan–Zur and Mattirolomyces austroafricanus 

(Trappe & Marasas) Trappe & Kovacs (Trappe et al., 2008). K. pfeilii (Figure 5) is 

found in Namibia, Botswana and adjacent areas of South Africa (Ferdman et al., 

2005), from April through July (Trappe et al., 2008). E. echinulatus species is found 
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in South Africa’s Northern Cape and Botswana (Ferdman et al., 2005), around June 

(Trappe et al., 2008). M. austroafricanus is found in South Africa’s Northern Cape 

Province around April (Trappe et al., 2008). 

 

Figure 5 Washed Kalahari truffle tubers 

2.2.3.1 Growth and distribution 

Kalaharituber pfeilii are hypogeous, ascomycete fungi that grows in the Kalahari 

desert and northern parts of Namibia (Adeleke & Dames, 2014; Haileka, 2015; 

Trappe et al., 2008). For years, it has been misidentified as belonging to the 

Mediterranean genus Terfezia (Trappe et al., 2008). Locally, Kalaharituber pfeilii is 

known as Kalahari Truffle in English, Omatumbula in Oshiwambo and N’abba in 

Khoisan (Adeleke & Dames, 2014; Minter, 2008).    

In the northern parts of Namibia, truffles manifest themselves towards the end of the 

pearl millet growing season (June) (Trappe et al., 2008). During this season, truffles 

push towards the surface forming cracks in the ground, which enable their discovery 
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by truffle hunters (Ntshakaza, 2013). In the central and northern Kalahari, their 

fruiting season is from March to July (Trappe et al., 2008). In Saudi Arabia, truffles 

occur during the months of February to April (Hussain & Al-Ruqaie, 1999). While in 

Zambia, truffles are found from early April to early July (Siachoono et al., 2015). 

Kalaharituber pfeilii was noted to grow on compact, pink or white sands with a pH 

of 5.5-6.5 and a CaCO3 range of 0.3-3.1% (Trappe et al., 2014). On the Namibian 

side of the Kalahari desert, Acacia melifera and Stipagrsfis uniplumis were identified 

as host plants (Taylor, Thamage, Baker, Roth-Bejerano, & Kagan-Zur, 1995). 

However, attempts to cultivate Kalaharituber pfeilii by Kagan-Zur, Roth-Bejerano, 

& Taylor (1995) proved futile. These authors performed field experiments in 

Botswana and found it difficult to successfully inoculate the suspected K. pfeilii host 

plants and thus allow the successful cultivation of K. pfeilli. 

2.2.3.2 Structure 

Generally, truffles have no stalk or gills and its mycelium grows underground (Wang 

& Marcone, 2011). Kalahari truffle’s size and shape may be compared to that of a 

potato, with an average diameter of 2 – 5 cm (Adeleke, 2007). Sliced  Kalahari 

truffle (Figure 8) has a cream white colour that eventually becomes yellow due to 

exposure to air (Adeleke, 2007). In general, mature truffles are usually firm, dense 

and woody (Wang & Marcone, 2011). Mature Kalahari truffles have been found to 

grow to about 12 cm in diameter, may weigh up to 200 g and their weight may go up 

to 400 – 500 g on years with relatively good rainfall (Ntshakaza, 2013).  Truffles’ 

unique physical appearance makes it very easy to differentiate them from common 

mushrooms (Wang & Marcone, 2011).  
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2.2.3.3 Composition 

Truffles are highly nutritious with a good taste, they are rich in fibre, proteins, 

vitamins and minerals (Haileka, 2015; Slama et al., 2010). Although they vary 

depending on the environmental conditions where they grow, truffles’ nutritional 

value is almost identical across the different species (Saritha et al., 2016). On a dry 

weight basis, desert truffles contain 3-7% fat, 7-13% crude fibre, 60%carbohydrates 

and 20-27% crude protein, of which 85% is digestible by humans (Kagan-zur & 

Roth-bejerano, 2008). Gadallah & Ashoush, (2016) found that powdered desert 

truffle (Terfezia claveryi) contains 5.30% ash, 18.74% crude protein, 2.78% lipids, 

8.5% crude fibre and 64.64% carbohydrates. However, when Dundar et al., (2012) 

evaluated the chemical composition of the desert truffle (Terfezia boudieri (Chatin)) 

from different locations in Turkey, they found them to contain 9.4-28.8% protein, 

4.4-17.7% crude fat, 5.3-20.5% ash, 24.9-127.2% carbohydrate and 11.6-39.1% 

crude fibre. Bouatia et al., (2018) analysed the nutrient content of the Moroccan 

truffle (Tirmania pinoyi) and found it to contain 26.96 g/100g protein, 3.01 g/100g 

fat, 5.28 g/100g ash and 64.74 g/100g carbohydrate. Kalahari truffle fruiting bodies 

contain fructose, glucose, sucrose and sorbitol (Adeleke, 2007). 

2.2.3.4 Uses 

Truffles are a delicacy and they are considered to be the world’s most expensive 

mushroom. Using the exchange rate of 2011, a kilogram of truffles sold for N$ 6 846 

- N$ 68 460 in the European markets whereas the same kilogram sold for N$18 977 - 

N$56 933 in the USA, depending on the species (Slama et al., 2010; Wang & 

Marcone, 2011).  Truffles’ expensiveness rises from their scarcity and medicinal 

value (Saritha et al., 2016). Truffles may be eaten raw or cooked when fresh and they 
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can also be dried as a way of preserving them (Chaturvedi et al., 2015; Haileka, 

2015). 

2.2.3.5 Health benefits of truffles consumption 

Truffles are mainly known for their aromatic appeal. Apart from their use in the 

culinary world, truffles have some beneficial health attributes, these include their 

roles as antioxidants, antimicrobial, immunomodulators and anti-tumours (El 

Enshasy et al., 2013). Akyüz, Kırbağ, & Bircan, (2015) investigated the medical 

characteristics of several Turkish truffles including Terfezia boudieri Chatin and 

Terfezia claveryi Chatin. The truffles were assessed for their antimicrobial properties 

and free radical scavenging activity. This study demonstrated that truffles T. 

boudieri, T. claveryi, T. olbiensis, P. lefebvrei and P. juniper exhibit antimicrobial 

activities towards certain bacteria, yeast and dermatophyte. Dahham, Al-Rawi, 

Ibrahim, Abdul Majid, & Abdul Majid, (2018) studied the effect of different Terfezia 

claveryi extractions on 4 cancer cell lines (U-87 MG, HT 29, MCF-7 and PC3). The 

different extraction methods exhibited varying cytotoxicity levels with hexane 

extraction being most potent against U-87 MG and PC3 cell lines. Whereas ethanol 

and methanol were most potent against the MCF7 and HT29 cell lines respectively. 

Chaturvedi, Khare, Kwape, & Makholwa, (2015) investigated the antioxidant and 

free radical scavenging properties of Kalaharituber pfeilii and found that both 

methanol and water extraction exhibited significant 2, 2-diphenyl-1-picryl hydrazyl 

(DPPH), 2-Azobis-3-ethyl benzothiazoline-6-sulphonic acid (ABTS), Hydroxyl and 

nitric oxide (NO) radicals scavenging activity. The health benefits derived from 

truffles consumption are further discussed in reviews by Patel (2012) and Patel, 

Rauf, Khan, Khalid, & Mubarak (2017). 
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2.3 Crackers Manufacturing 

Crackers (Figure 6) are usually distinguished by their crispness, open texture and 

savoury flavours (Davidson, 2016). The crackers’ family is composed of saltine 

crackers (soda crackers) cream crackers and snack crackers (Davidson, 2016; Miller, 

2016). Saltine and cream crackers undergo fermentation, using the sponge and dough 

method, whereas snack crackers are chemically leavened (Miller, 2016). Chemically 

leavened crackers are quick to produce and leavening agents such as sodium 

bicarbonate are employed. Savoury crackers undergo fermentation during which 

herbs and spices are used as additional ingredients (Millar et al., 2017). Post 

fermentation, the dough is sheeted to about 0.3 mm thick and laminated into six or 

eight layers (Miller, 2016). Lamination increases dough thickness to about 2.5 cm, 

the laminated dough is thus passed through a number of sheeting rollers to bring the 

thickness back to 0.3mm before cutting it into 5 cm squares and three rowed 

perforations are made in each square (Miller, 2016). If desired, the now sheeted and 

perforated dough is sprinkled with salt and baked at 250 - 300℃ for 2.5 – 3 minutes 

(Miller, 2016). 

 

Figure 6 Typical crackers (Anderson, 2019) 
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Although both biscuits and crackers are low moisture baked products and are similar 

in many ways, the main distinguishing factor is that crackers undergo fermentation 

and biscuits do not. Cookies  or biscuits are typically characterised by high sugar and 

fat presence, whereas crackers usually contain little amounts of the said ingredients 

(Kweon et al., 2014). 

2.3.1 Why crackers? 

In recent years, the global demand for convenient functional foods has risen and 

crackers were identified as a fast growing segment as far as baked products are 

concerned (Qadri et al., 2018). Their long shelf life and attractive appearance make 

them a suitable product for scalability (Qadri et al., 2018). Crackers possess an 

admirable market share in the snacks market and has been a source of new product 

development opportunities, especially in the functional foods arena (Millar et al., 

2017). Several studies involving crackers as functional foods have been conducted. 

Crackers for use as functional foods are usually produced using composite flours and 

less sugar, which may not disturb glucose homeostasis. Schmidt, Geweke, Struck, 

Zahn, & Rohm, (2018) investigated the dough characteristics and product properties 

of savoury crackers from wheat flour partially substituted with blackcurrant pomace. 

Similarly, Gangopadhyay et al., (2019) looked at the fate of beta-glucans, 

polyphenols and lipophilic compounds in baked crackers fortified with different 

barley-milled fractions. Whereas Venkatachalam & Nagarajan, (2017) looked at the 

physicochemical and sensory properties of green gram flour incorporated savoury 

crackers. The effects of pulse flours on the physiochemical characteristics and 

sensory acceptance of backed crackers were also studied by Millar et al., (2017). 

Further studies included the investigation of nutritional and storage stability of brown 
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rice flour and carboxymethyl cellulose (CMC) incorporated wheat based crackers by 

Qadri et al., (2018). 

From literature, crackers are an important tool in the functional foods segment. Their 

convenience and long shelf being some of the attractive features placing crackers at 

the centre of new cereal products development. In this light, it is therefore ideal to 

constantly identify new, health promoting and locally available foods to incorporate 

into these new products. 

2.3.2 Crackers and nutrition 

Baking usually results in the destruction of some nutrients, especially those found in 

the crust portions of baked goods (Ranhotra & Bock, 1988). During baking proteins 

and fats undergo an alteration of their physical state whereas starch gets gelatinized 

and hydrolysed to dextrins and eventually to reducing sugars (Fellows, 2017). 

Compared to other baked goods, the destruction of nutrients is much greater in 

breakfast cereals, biscuits and other baked snack foods, this is mainly due to the thin 

profile of these food items(Fellows, 2017). Apart from the destruction of nutrients, 

baking may also result in the production of carcinogenic acrylamide (Fellows, 2017). 

On a positive note, baking may improve the nutritional profile of food products 

through the inactivation of undesirable microorganisms, some anti-nutrients and by 

breaking up complexes that would normally hinder the absorbance of certain 

nutrients (Ranhotra & Bock, 1988).  

To offset the effects of baking on the nutritional content of crackers and other similar 

baked goods, there is a need to optimise time and temperature combinations. Another 

option would be to utilise nutrient rich foods to produce crackers that will still 

maintain an improved nutritional content post baking. This shift in cracker 
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technology is becoming popular and several studies have looked at improving the 

nutritional content of crackers by incorporating different cereal grain flours, as well 

as other sources. Benjakul & Karnjanapratum, (2018) developed whole wheat 

crackers fortified with tuna bone bio-calcium powder. The incorporation of tuna 

bone bio-calcium powder increased the crackers’ protein (11.53% to 13.59%), ash 

(3.97% to 16.21%), calcium (0.14% to 4.85), and phosphorus (0.44% to 2.02%) 

contents. Tuna bone bio-calcium powder incorporation also led to a decline in the 

amount of total carbohydrates (67.03% to 56.88%). Whole buckwheat crackers 

developed by Sedej et al., (2011) had a relatively higher protein content (11.4%) than 

whole grain wheat crackers (10.5%). Whole buckwheat crackers were also found to 

contain less starch (46.7%) when compared to whole wheat crackers (48.9%). From 

literature, it is evident that cracker technology is evolving towards the production of 

composite cracker that are of an improved nutritional content. Despite this shift in 

cracker technology, studies on the starch digestibility of crackers is very rare. 

2.4 Starch digestibility 

The increase in lifestyle related diseases such as diabetes, consumers’ awareness of 

the link between food, nutrition and health has sparked an interest in starch digestion 

kinetics (Naidoo et al., 2015). In humans, starch is broken down into glucose, which 

is the main source of energy for body cells. 

Starch digestibility is used to classify starchy foods (Singh, Dartois, & Kaur, 2010). 

Starch digestibility is characterised by the rate and duration of glycaemic response 

(Singh et al., 2010). Starch digestion begins in the mouth and is completed in the 

small intestines where glucose is absorbed into the bloodstream and undigested 

starch passes through to the large intestine (Parada & Santos, 2016). The resultant 
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change in the blood glucose levels after ingestion of food is referred to as glycaemic 

response (Jones, 2007).  

Glycaemic response is measured using the concept of glycaemic index (GI) (Sheard 

et al., 2004). Glycaemic index is defined as “a measure of the change in glucose 

following ingestion of carbohydrate-containing foods” (Sheard et al, 2004), and it is 

expressed as a percentage of the area under the blood glucose response curve after 

taking the same amount of carbohydrates as glucose (Jenkins et al., 1981).With 

regards to glycaemic response, carbohydrates are of interest because they have the 

greatest influence on blood glucose levels (Sheard et al, 2004). 

Starch can be grouped into three categories (Englyst, Kingman, & Cummings, 1992). 

Starch that is hydrolysed within 20 minutes is referred to as Rapidly Digestible 

Starch (RDS), beyond that it is then classified as slowly digestible starch (SDS) 

(Englyst et al, 1992). These authors also concluded that, once starch digestion goes 

beyond 120 minutes, the remaining undigested starch can be referred to as Resistant 

Starch (RS). According to these authors, things such as properties of food (intrinsic 

factors) and chewing (extrinsic factors) influence starch digestion. For instance, if the 

structure of the food is such that it cannot be readily accessed by starch digesting 

enzymes, then starch digestion will be slow. Furthermore, actions such as chewing 

and to the extent which they are carried out influences the physical accessibility of 

starch that is within rigid structures.  

2.5 Sensory evaluation 

Sensory evaluation involves a set of techniques that are employed to accurately 

measure human responses to foods (Lawless & Heimann, 2010). Furthermore, 



34 
 

sensory analysis deals with the isolation of food’s sensory characteristics (Lawless & 

Heymann, 2010).  

Measuring foods sensory properties and determining their importance to consumers 

is integral to sensory analysis (Stone & Sidel, 1985). Sensory scientists have an 

interest in knowing how consumers would respond to food products, both pre and 

post-purchase (Stone et al., 2012), thus making sensory analysis a crucial tool to 

product developers and food scientists alike (Lawless & Heymann, 2010). 

Sensory evaluation started to gain relevance to food businesses in the 1950s and 

1960s, this was after the development of the flavour profile to quantify flavour 

characteristics of food by Arthur D. Little Inc. (Moskowitz, Beckley & Resurreccion, 

2012). Another notable milestone in sensory analysis was the development of the 9-

point hedonic scale in 1957 (Moskowitz, Beckley & Resurreccion, 2012). Prior to the 

above developments, sensory evaluation faced challenges such as management 

failure to recognise its importance (Stone & Sidel, 1985). Nowadays, food 

companies have sensory evaluation branches under their quality departments. 

Although a food item may be nutritious, it is ideal that the consumers are willing to 

accept it, hence consumer acceptance tests form an important part of any product 

development initiative. 
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CHAPTER 3 

RESEARCH 

This chapter is divided into two sections. The first section looks at the formulation of 

pearl millet, wheat, Kalahari truffle and Oyster mushroom composite flours. In this 

section, selected nutritional and functional properties of the different composite 

flours are reported and discussed. 

Section two of chapter three looks at the development of Kalahari truffle and Oyster 

mushroom incorporated crackers. Similar to section one, selected nutritional and 

functional properties of the different mushroom incorporated crackers are discussed. 

To highlight the different aspects of starch digestibility, results are presented as 

rapidly available and slowly available glucose in section one, whereas in section two, 

starch digestibility results are presented as the amount of glucose released after 20, 

60 and 120 minutes (G20, G60 and G120) of hydrolysis.  
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Pearl millet-wheat, Kalahari truffle and Oyster mushroom composite flours: 

Some functional and nutritional aspects 

Abstract 

Cereal grains for a huge part of many people’s diets, with wheat being the most 

consumed of the three major cereal grains. Most developing countries are unable to 

sufficiently grow their own wheat, thus relying on imports. There has been an 

increased interest in the development of functional composite flours using locally 

available cereal grains, tubers or legumes. The aim of this work was to develop pearl 

millet-wheat, Kalahari truffle and Oyster mushroom composite flours. Fermented 

whole grain pearl millet flour was mixed with bread wheat flour to have a 1:1 (w/w) 

pearl millet-wheat composite (control) flour. Parts of this control flour were replaced 

with 5, 10 and 15% of dry Kalahari truffle powder to have Kalahari truffle composite 

flours. The same procedure was repeated using oyster mushroom powder. The 

composite flour flours were analysed for moisture, protein, ash, fat, starch and crude 

fibre contents, starch digestibility as well as water absorption and solubility indices. 

Mushroom incorporation significantly (p<0.05) increased the composite flours’ 

protein and ash contents. Mushroom incorporation also led to a decline in rapidly 

available glucose following in vitro starch digestibility. Compared to the control, 

oyster mushroom composite flours had high slowly available glucose, whereas 

Kalahari truffle composite flours had significantly low slowly available glucose. This 

study has demonstrated that the two studied mushrooms have the potential to 

increase the protein content of pearl millet-wheat composite flours. Moreover, the 

low rapidly available glucose content suggests that the resultant composite flours can 

be used in formulating food products with low glycaemic index, which could be 

beneficial to people suffering from type 2 diabetes. 
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3.1 Introduction 

Cereal grains serve as the backbone of agriculture in many civilisations and are an 

important source of dietary energy for humans (Serna-Saldivar, 2010). Major cereal 

grains are wheat, rice and maize. While oats, rye, barley, buckwheat, sorghum and 

millets are considered to be minor cereals (Linquist et al., 2012; Singhal & Kaushik, 

2016). In Namibia, pearl millet is an important cereal crop, with more than 60% of 

the population farming with it at a subsistence level. Other important cereal grains 

are wheat and white maize. 

Compared to other cereal grains, wheat is widely used in the baking industry (Kadam 

et al., 2012), wheat flour has gluten that when hydrated and mechanically worked 

forms a cohesive and elastic dough that is ideal for the development of baked goods 

(Serna-Saldivar, 2010). Several developing countries have shown interest in utilising 

alternative and local available flours as substitutes for wheat (Raihan & Saini, 2017). 

This is achieved by formulating composite flours where flour from a locally 

available cereal crop supplants a portion of wheat flour (Raihan & Saini, 2017). In 

terms of wheat, composite flour formulation involves mixing wheat flour with other 

cereals or legumes (Kadam et al., 2012), and the resultant composite flour may be 

used for the production of pasta, snacks, porridges and leavened or unleavened baked 

products (Chandra et al., 2015).  

Pearl millet (Pennisetum glaucum) is a staple food in many dry regions of Africa and 

Asia, where it is cultivated via subsistence farming (Dias-Martins et al., 2018; 

Singhal & Kaushik, 2016). It is one of the gluten-free cereal which is also an 

important source of energy in many developing countries (Akinola et al., 2017; 

Serna-Saldivar, 2010). Pearl millet also exhibits, anti-inflammatory, 
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antihypertensive, anti-carcinogenic and hypoglycaemic properties (Dias-Martins et 

al., 2018). 

Mushrooms are macro-fungus that are composed of a distinctive fruiting body which 

can either be above or underground (Wani et al., 2010). Mushrooms like truffles 

grow underground. They are considered to be delicacies that are popularly consumed 

because of their aromatic and textural appeal (Kalac, 2013). In general, mushrooms 

contain 19-35% protein, 57% carbohydrate and 2-8% lipids (Beluhan & Ranogajec, 

2011; Ekunseitan et al., 2017; Wani et al., 2010). Mushrooms are highly perishable, 

hence the need for preservative processing (Ekunseitan et al., 2017). There are 

several studies that investigated the incorporation of mushroom powder in wheat 

based food products (Gadallah & Ashoush, 2016; Ng et al., 2017; Okafor et al., 

2012). However, there are no studies that investigated compositing pearl millet-

wheat and mushrooms. The aim of this study was to determine some physical and 

chemical characteristics of whole pearl millet-wheat and mushroom (Kalahari truffle 

and oyster mushroom) composite flours. 

3.1.2 Materials and methods 

3.1.2.1 Pearl millet and wheat flours 

Pearl millet grains were purchased from subsistence farmers around Omuthiya 

gwIipundi in Oshikoto region. Grains were cleaned to remove foreign objects and 

fermented at a ratio of 1:2 (w/v) for 24 hours 37℃ as outlined by (Onweluzo & 

Nwabugwu, 2009). Fermented grain was dried at 40℃ in an oven (Scientific, Model 

222, South Africa) for 48 hours before milling using a hammer mill (Trapp TRF 

4000, Metalúrgica Trapp Ltda. Brazil) and passed through a 250 µm screen. Bread 

wheat flour was purchased from a local retail shop in Windhoek, Namibia. 
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3.1.2.2 Mushrooms 

 Kalahari truffles were purchased from informal vendors at Omuthiya gwIipundi 

Informal (open) Market in Oshikoto region. Truffles were sliced (Figure 8) and dried 

at 40˚C for 48 hours. Dried Oyster mushrooms were obtained from the University of 

Namibia’s Zero Emissions Research Initiatives Division. Both dry mushrooms were 

milled using a blender (Waring Commercial 7011HS 2-Speed Food Blender) before 

passing through a 250 µm screen. 

 

 

 

Figure 7 Sliced fresh Kalahari truffle. 
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3.1.2.3 Composite flours formulation 

Composite flours were prepared by mixing equal amounts of wheat and pearl millet 

flours to make a pearl millet-wheat composite flour (control), 5, 10 and 15% of this 

composite flour were replaced with either Kalahari truffle powder or Oyster 

mushroom powder. 

3.1.2.4 Proximate composition of composite flours 

Moisture, ash, crude fat, crude protein and crude fibre contents were determined 

following AACC methods 44-15.02 A, 08-01, 30-10.01, 46-30.01 and 32-10.01 

respectively. Total starch was determined using the Megazyme Total Starch Assay 

Kit. Minerals were determined according to the method described by Giron (1973), 

using Inductively Coupled Plasma (ICP) Spectrometry (ICAP 6000 Series, Thermo 

Scientific). 

3.1.2 .5 Water absorption and Solubility indices 

Water absorption (WAI) and solubility (WSI) were determined following the method 

by Anderson (1982) with some modifications. One gram (1 g) of sample was 

suspended in 10 mL of distilled water in a 15 mL centrifuge tube. The sample was 

left at room temperature for 30 minutes with shaking every 5 minutes before 

centrifuging at 3689 × g for 20 minutes and working out WAI as the wet pellet 

weight per dry sample weight. Water solubility index was determined by continuing 

the process used in WAI determination. The supernatant from WAI determination 

was poured into tarred evaporation dishes. The supernatant was evaporated at 100°C 

for 3 hours in a convection oven (Scientific, Model 222, South Africa). WSI was 

worked out as the weight of soluble solids per dry sample weight, multiplied by 100. 
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 3.1.2.6 In vitro starch digestibility 

In vitro starch digestibility was determined using a modified Englyst method 

(Englyst et al., 1992). 100 mg of dry sample was suspended in 2 mL 0.1M sodium 

acetate buffer (pH 5.2) and incubated at 37°C for 5 minutes before the addition of 

100 µL of diluted α-amylase and 100 µL of diluted amyloglucosidase. Samples were 

incubated in a shaking water bath at 37°C for 120 minutes. 50 µL aliquots were 

pipetted into 2 mL micro-centrifuge tubes containing 400 µL of cold ethanol after 20, 

60 and 120 minutes of digestion. Glucose released at the specified time intervals was 

determined using the Megazyme D-Glucose Assay Procedure (GOPOD). 

3.1.2.7 Statistical analysis 

All analyses were carried out in duplicates (unless stated otherwise). Results 

represent the average of duplicates and are presented as means ±standard deviation. 

Data obtained was subjected to an analysis of variance (ANOVA) and Duncan’s least 

significant differences (LSD) test using SPSS Statistics Software, Version 25 (IBM, 

USA). 

3.1.3 Results and Discussion 

3.1.3.1 Moisture content 

The moisture contents of all the composite flours ranged from 6.81%-10.22% with 

Kalahari truffle powder having the least moisture content (Table 6). These results are 

within range of what Ekunseitan et al. (2017) found. These authors reported a 

moisture content of 10.6-13.22% in wheat, mushroom and high quality cassava 

composite flours. Moisture content is important in flour storage, with low moisture 

contents being preferred (Butt et al., 2004). For safe storage, the moisture content of 

flour and/or grains need to be less than 14% (Delcour & Hoseney, 2010). Low 

moisture content also retards the deterioration of the flour’s baking quality (Butt et 
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al., 2004). The moisture contents of the oyster mushroom and Kalahari truffle 

composite flours in this study were all below 14%, which makes the less susceptible 

to microbial spoilage and can possibly be store safely for relatively much longer. 
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Table 5 Proximate and physicochemical properties of composite flours. 

*Values are means (n = 2, except for starch where n = 4) ± standard deviation, values with the same letter in a column are not 

significantly different (p >0.05). WAI = Water absorption index, WSI = Water solubility index. 

 

 

Composite 

Flours 

Moisture 

(%) 

Ash (%) Crude 

protein (%) 

Crude Fat 

(%) 

Crude fibre 

(%) 

Starch (%) WAI (g/g) WSI (%) 

         

Kalahari 

truffle 

6.81 ±0.10a 5.62 ±0.02h 23.65 ±0.07e 16.73 ±0.05h  7.46 ±0.71b 22.91 ±9.32b 2.71 ±0.01d 24.56 ±1.04f 

Oyster 

mushroom 

7.33 ±0.03b 6.83 ±0.01i 25.60 ±0.28f 1.44 ±0.06a 9.45 ±1.10c 12.50 ±0.85a 5.26 ±0.06e 28.38 ±0.47g 

Control      

flour 

10.19 ±0.03d 0.87 ±0.04a 11.65 ±0.07a 2.30 ±0.01d 0.72 ±0.16a 72.90 ±2.45d 2.05 ±0.03ab 4.75 ±0.08a 

5% Oyster 

flour 

10.11 ±0.05cd 1.12 ±0.01c 12.35 ±0.07b 2.13 ±0.02b 1.40 ±0.45a 76.57 ±4.13d 1.93 ±0.05a 6.81 ±0.06b 

10% Oyster 

flour 

10.03 ±0.04c 1.43 ±0.00e 12.9 ±0.00c 2.21 ±0.04c 1.88 ±0.47a 76.57 ±2.78d 2.01 ±0.06ab 8.17 ±0.16cd 

15% Oyster 

flour 

10.02 ±0.07c 1.72 ±0.02g 13.6 ±0.00d 2.24 ±0.01cd 1.85 ±0.05a 65.06 ±4.59c 2.20 ±0.21b 10.72 ±0.52e 

5% Truffle 

flour 

10.22 ±0.04d 1.05 ±0.04b 12.2 ±0.14b 3.08 ±0.00e 1.21 ±0.13a 71.06 ±1.39d 1.89 ±0.08a 5.54 ±0.01a 

10% Truffle 

flour 

10.08 ±0.01e 1.31 ±0.00d 12.8 ±0.00c 3.89 ±0.00f 1.33 ±0.07a 73.02 ±2.80d 1.89 ±0.07a 7.87 ±0.18bc 

15% Truffle 

flour 

10.01 ±0.01c 1.53 ±0.00f 13.45 ±0.07d 4.66 ±0.02g 1.75 ±0.02a 60.65 ±3.95c 2.44 ±0.04c 8.85 ±0.25d 
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3.1.3.3 Ash content 

Ash content of the composite flours ranged from 0.87-1.72% (Table 6). Oyster 

mushroom incorporation significantly (p<0.05) increased the composite flour’s ash 

content. There was no significant difference between 5% and 10% oyster mushroom 

composite flours. Incorporation with 15% oyster mushroom significantly increased 

the composite flour’s ash content. This could have been due to the high (6.83%) ash 

content observed in the oyster mushroom flour. All Kalahari truffle composite flours 

had ash contents that were significantly (p<0.05) higher than the control flour. 

Similar to oyster mushroom incorporation, ash content was directly proportional to 

Kalahari truffle powder incorporation in the composite flour with 15% Kalahari 

truffle composite flour having the highest ash content amongst the Kalahari truffle 

composite flours. The incorporation of Kalahari truffle which has a high ash content 

(5.62%) resulted in an increased amount of ash in the composite flour. These results 

are consistent with the findings of Ekunseitan et al., (2017) who observed a 

significant increase on ash content as a result of mushroom incorporation in wheat, 

mushroom and high quality cassava composite flours. Mushrooms have relatively 

high amounts of minerals (Manzi et al., 1999). The relatively high ash contents 

suggest that these two mushrooms probably have more minerals and they may 

significantly increase the minerals content of the resultant composite flours. 

3.1.3.4 Crude protein 

Protein content of the composite flours was between 11.65% and 13.60% (Table 6). 

Compared to the control flour, 5, 10 and 15% oyster mushrooms composite flours 

had significantly (p<0.05) high protein contents. Among the oyster mushroom 

composite flours, 15% oyster mushroom composite flour had the highest protein 



45 
 

content amongst all the composite flours. This could have been due to the 

considerably high (25.60%) protein content observed in oyster mushroom powder. 

Kalahari truffle incorporation also led to a significant (p<0.05) increase in the 

composite flour’s protein content. Following the trend observed in oyster mushroom 

composite flours, increasing the amount of Kalahari truffle in the composite flour led 

to significant increases in the composite flours’ protein content. Between 

mushrooms, there was no significant difference (p<0.05) between 5% oyster 

mushroom and 5% Kalahari truffle composite flours. The same trend was true for 

10% oyster mushroom and 10% Kalahari truffle composite flours. Mushroom 

incorporation significantly increased the protein content in both Kalahari truffle and 

Oyster mushroom composite flours at 15% incorporation level. Protein is an essential 

biomolecule that is central to proper body function (Bello et al., 2017) and it is the 

primal element of animal and human tissues (Wu, 2016). The results are in line with 

the findings of Tumwine, Atukwase, Tumuhimbise, Tucungwirwe, & Linnemann, 

(2019) who reported that protein content of pearl millet, skimmed milk and 

vegetables composite flours increased with a percentage increase in skimmed milk. 

Fenn, Lukow, Humphreys, Fields, & Boye, (2010) also reported a similar trend in 

wheat-legumes composite flours. Oyster mushroom and Kalahari truffle powders had 

relatively high protein contents, hence the increase in protein content of the 

composite flours may be a direct result of mushroom incorporation. These results 

suggest that these two mushrooms can be employed in the improvement of cereal 

flours’ protein contents. 

3.1.3.5 Crude Fat 

Crude fat content ranged between 2.13% and 3.89% (Table 6). Among the oyster 

mushroom composite flours, 15% oyster mushroom composite flour had the highest 
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fat content. There was a significant difference (p<0.05) between all oyster mushroom 

composite flours and the control. Composite flours containing 10 and 15% oyster 

mushroom did not differ significantly. Fat content was directly proportional to oyster 

mushroom incorporation in the composite flours. Kalahari truffle incorporation 

significantly (p<0.05) increased the crude fat content of the composite flours. 10% 

Kalahari truffle composite flour had the highest fat content among all the composite 

flours. These results show a similar trend like the findings of Udomkun et al., (2019)  

who reported significant increases in the crude fat content of wheat-rice composite 

flour. Fat play a significant role in the stabilisation of gas cells in cake batters and 

bread dough, allowing expansion without rapture (Chevallier et al., 2000). 

Hydrolytic and oxidative rancidity may occur due to high fat content especially when 

it comprises high levels of unsaturated fatty acids and this has a negative impact on 

the sensory quality and functional properties of whole grain flour (Doblado-

Maldonado et al., 2012). Therefore, flours with low fat content could be less 

susceptible to fat oxidation. 

3.1.3.6 Crude fibre 

The composite flours’ crude fibre content range was 1.21-1.88% (Table 6). There 

was a significant difference (p<0.05) between the control and all the oyster 

mushroom composite flours. However, there were no significant differences between 

the different oyster mushroom composite flours. Among the oyster mushroom 

composite flours, the highest crude fibre content was observed in 15% oyster flour. 

The increase in oyster mushroom composite flours could be due to oyster 

mushroom’s high crude fibre, which is in the range of 5.4-30% (Michael et al., 

2011). The crude fibre contents of all Kalahari truffle composite flours were not 

significantly different from the control flour, except for the 15% Kalahari truffle 



47 
 

composite flour. Like oyster mushroom composite flours, Kalahari truffle composite 

flours’ crude fibre contents were not significantly different from each other. Kalahari 

truffle powder’s crude fibre content was 7.46%, this was relatively lower than what 

was found by Gadallah & Ashoush, (2016) in dry desert truffle flour to (8.54%). The 

difference in the truffles’ crude fibre contents could be due to a difference in species 

and geographical origins.  Kalahari truffle’s high crude fibre (compared to pearl 

millet-wheat composite flour) might have contributed to the increased crude fibre 

content of the Kalahari truffle composite flours. 

Overall, the crude fibre contents of oyster mushroom and Kalahari truffle composite 

flours are within range with what was found by Udomkun et al., (2019), who 

reported a crude fibre content of 2.1-2.9%. Similarly, when Ekunseitan et al., (2017) 

investigated the crude fibre content of wheat, high quality cassava and mushroom 

composite flours, they reported that the crude fibre content ranged between 0.74 and 

2.76%. Dietary fibre is an important aspect in the human diet as it can impart a range 

of health benefits, dietary fibre intake reduces the risk of being vulnerable to diseases 

such as coronary heart disease, stroke, hypertension, diabetes, obesity and other 

several gastrointestinal disorders (Anderson et al., 2009; Rathore, Prasad, & Sharma, 

2017). Oats, barley and mushrooms are regarded as good sources of dietary fibre 

including β-glucans (Ng et al., 2017). These results suggest that, these two 

mushrooms may be successfully used to improve the fibre content of pearl millet-

wheat composite flours. 

3.1.3.5 Starch 

Starch content of the composite flours was between 60.65 and 76.57%. The starch 

contents for 5 and 10% oyster mushroom composite flours were similar and were the 

highest among all the composite flours. Oyster mushroom incorporation of up to 
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15% significantly (p<0.05) reduced the composite flour’s starch content due the low 

starch contribution of oyster mushroom. Kalahari truffle composite flours had a 

starch content of 60.65-73.02%, with the 15% composite flour having the lowest and 

10% composite flour having the highest starch content. Incorporation of 15% 

Kalahari truffle significantly (p<0.05) reduced the composite flour’s starch content. 

Of all the carbohydrates found in cereals, starch is the most abundant (Taylor, 

Emmambux, & Kruger, 2015a). The starch content observed in this study is in 

correspondence with the findings of Ekunseitan et al., (2017), whereby wheat, 

mushroom and cassava composites had a starch content range of 68.5-73.91%. Jisha 

et al., (2010) reported a starch range of 62.06-72.1% in extruded cassava, cereal and 

legume composite flours, whereas Udomkun et al., (2019) found carbohydrates 

content (by difference) range of 58.3-66.5% in wheat-cassava, wheat-rice and wheat-

banana composite flours. 

3.1.3.8 Water absorption (WAI) and solubility (WSI) indices 

The water absorption index of the composite flours was in the range of 1.89-2.44 g 

water/g flour (Table 6).  There was no significant difference (p<0.05) between the 

control and all the oyster mushroom composite flours. Composite flours containing 

10 and 15% oyster mushroom did not differ significantly. These findings are 

comparable with those (1.88-2.01 g/g) reported by Bolarinwa & Muhammad, (2019) 

for germinated brown rice and rice starch composite flours. Kalahari truffle had a 

low water absorption index (2.71 g/g) compared to oyster mushroom (5.26 g/g). 

There were no significant differences (p<0.05) between the control composite flour 

and the 5%, and 10% Kalahari truffle composite flours. No significant differences 

were observed between the control composite flour, 5% and 10% Kalahari truffle 

composite flours. The increase in the composite flours’ WAI could be due to 
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increased amylose leaching and solubility as well as loss of starch crystalline 

structure (Chandra et al., 2015). High water absorption is associated with the 

presence of hydrophilic components like polysaccharides (Aathira & Siddhuraju, 

2017). Water absorption index is a crucial parameter in baking and it also has 

importance when the viscosity, bulking and consistency of products are of interest 

(Julianti et al., 2017).  

WSI ranged between 4.75 and 10.72% for the composite flours (Table 6). The 

composite flour with 15% Oyster mushroom had the highest (10.72%) WSI. This 

could have been due to oyster mushroom powder’s high WSI. This paper’s findings 

were within the range of 5.12-7.76% as found by Obadina et al., (2016) when they 

investigated the physical properties of native and roasted pearl millet flour. WSI 

measures the volume occupied by the starch granule after percolated from starch 

granules in the presence of excess water (Savlak et al., 2016). It is essentially an 

indicator of the flour particles ability to dissolve in water (Aathira & Siddhuraju, 

2017).  

3.1.3.9 Minerals content 

The composite flours’ mineral content is given in Table 7. Three minerals were 

analysed for and iron was the most abundant mineral in both oyster mushroom and 

Kalahari truffle. The amount of iron found in oyster mushroom is consistent with the 

findings of  Sakellari et al., (2019) who reported an iron content of 64 – 185 mg/kg 

in oyster mushrooms grown on different substrates. On the other hand, the amount of 

iron in Kalahari truffle powder was much lower than 2170.05 mg/kg found by 

Hamza, Jdir, & Zouari, (2016) in Tirmania nivea, a desert truffle from Tunisia. 

Copper was the lowest of the three minerals in both the oyster mushroom and 

Kalahari truffle. 
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Table 6 Composite flours minerals (Cu, Fe and Zn) content (mg/kg). 

Values are means ±standard deviation; Values with the same letter in a column are 

not significantly different (p >0.05); results presented as is and n = 2.OMF = Oyster 

mushroom flour, KTF = Kalahari truffle flour. 

 

Iron was highest in 10% oyster mushroom flour, whereas zinc was highest in 15% 

oyster mushroom flour. The increase in the composite flours’ zinc and iron contents 

can be directly linked to their high presence in oyster mushroom. There was no 

significant difference (p<0.05) between the control and 5% oyster mushroom 

composite flour’s copper content. At 10% oyster mushroom incorporation, the 

composite flour’s copper content significantly increased.  

All Kalahari truffle composite flours had significantly higher amounts of iron as 

compared to the control. The same was observed for the composite flours’ zinc 

content. Kalahari truffle had a significantly (p<0.05) higher copper content as 

compared to oyster mushroom (10.37). Consequently, Kalahari truffle composite 

 Copper Iron Zinc 

Composite flours    

Kalahari truffle 19.03 ±0.68e 66.21 ±0.13d 42.27 ±0.83f 

Oyster mushroom 10.37 ±0.20d 77.21 ±0.88e 62.19 ±0.91g 

Control  3.94 ±0.24ab 40.13 ±2.41a 23.22 ±0.56a 

5% OMF 3.31 ±0.37a 41.11 ±1.85ab 25.19 ±0.12b 

10% OMF 5.47 ±0.74c 46.36 ±0.94c 28.74 ±1.20de 

15% OMF 3.84 ±0.78ab 44.83 ±2.07c 30.05 ±0.37e 

5%KTF 3.11 ±0.19a 45.49 ±0.35c 26.19 ±0.88bc 

10%KTF 5.30 ±0.67c 45.73 ±0.19c 27.45 ±0.59cd 

15%KTF 4.93 ±0.28bc 44.00 ±0.26bc 28.81 ±0.12de 
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flours had copper contents. There was no significant difference between the control 

and 5% Kalahari truffle composite flours’ copper content. Similarly, for copper, no 

significant differences were observed between 15% Kalahari truffle composite flour 

and the control. However, 10% Kalahari truffle composite flours’ copper contents 

differed significantly.  

In summary, the  minerals content of  oyster mushroom and Kalahari truffle 

composite flours is comparable to the findings of Tumwine et al., (2019) and 

Udomkun et al., (2019). For example, Udomkun et al., (2019) investigated the 

minerals content of cereal and legume based composite flours and found an iron 

content that was in the range of 41 – 145 mg/kg and zinc was in the range of 34 

mg/kg – 83 mg/kg. 

3.1.3.10 In vitro Starch Digestibility 

In vitro starch digestibility results are given in Table 8. The composite flours’ rapidly 

available glucose (RAG) was in the range of 9.22 - 11.91%.  Incorporation with 15% 

oyster mushroom significantly (p<0.05) reduced the amount of rapidly digestible 

starch. 

Table 7 Composite flours starch digestibility. 

 

Composite flours 

RAG SAG 

Kalahari truffle 14.73 ±0.42e 5.62 ±0.02h 

Oyster mushroom  8.03 ±0.77a 6.83 ±0.01i 

Control 11.50 ±0.72cd 0.87 ±0.04a 

5% Oyster mushroom flour 11.33 ±1.20cd 1.12 ±0.01c 

10% Oyster mushroom flour 11.91 ±0.55d 1.43 ±0.00e 

15% Oyster mushroom flour 9.22 ±0.55b 1.72 ±0.02g 

5% Kalahari truffle flour 10.74 ±0.72c 1.05 ±0.04b 
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10% Kalahari truffle flour 11.15 ±0.28cd 1.31 ±0.00d 

15% Kalahari truffle flour 10.88 ±0.43cd 1.53 ±0.00f 

*Values are means (n = 4) ± standard deviation, values with the same letter in 

a column are not significantly different (p >0.05). RAG = rapidly available 

glucose, SAG = slowly available glucose. 

 

According to its digestibility, starch can be classified as either rapidly digestible, 

slowly digestible or resistant starch (Englyst, Liu, & Englyst, 2007). The amount of 

glucose released after 20 minutes (G20) of digestion is referred to as Rapidly 

Available Glucose (RAG), whereas Slowly Available Glucose (SAG) is the 

difference between G120 and G20 (Englyst, Englyst, Hudson, Cole, & Cummings, 

1998). RAG is considered to be a good indicator of starch hydrolysis as it includes 

both free glucose and rapidly digestible starch. Foods with relatively low rapidly 

digestible starch are preferred because high amounts of rapidly digestible starch can 

be detrimental to people suffering from postprandial hyperglycaemia (Vujic et al., 

2015). 

The slowly available glucose (SAG) content for the composite flour was in the range 

of 0.87 – 1.72%. Oyster mushroom significantly (p<0.05) increased the composite 

flours’ slowly available glucose.  Similarly, there was a significant (p<0.05) increase 

in the composite flour’s slowly available glucose as a result of Kalahari truffle 

incorporation. Kalahari truffle composite flours had significantly higher SAG 

compared to the control. This could be due to the presence of insoluble  dietary fibre 

which acts as a physical barrier and entraps starch molecules, making them less 

susceptible to enzymatic hydrolysis (Ng et al., 2017). These findings point out that 

oyster mushroom and Kalahari truffle have the potential to increase SAG in pearl 

millet-wheat composite flours. Increasing SAG content is crucial in changing starch 
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hydrolysis rates and consequently the glycaemic index of the resultant products 

(Vujic et al., 2015). 

3.1.4 Conclusions 

Mushrooms incorporation resulted in composite flours that had improved protein, ash 

and crude fibre content. Oyster mushroom incorporation of up to 15% resulted in an 

increased crude protein, ash and zinc contents. Whereas 10% oyster mushroom led to 

relatively high crude fibre, copper and iron contents. Composite flours containing 

15% Kalahari truffle powder had relatively high amounts of ash, crude protein, crude 

fibre and zinc. Relatively high amounts of copper and iron were present in 10% 

Kalahari truffle incorporated flour. Furthermore, oyster mushroom incorporation of 

up to 15% resulted in a composite flour with low rapidly available glucose levels, 

which can be beneficial in manufacturing food with a low GI. 
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In vitro starch digestibility of Kalahari truffle and Oyster mushroom 

incorporated pearl millet-wheat crackers. 

Abstract 

Type 2 diabetes is a global problem that can be mitigated by amongst others, a diet 

that consists of carbohydrates with substantial amounts of slowly digestible starch. 

The aim of this study was to investigate the effects of Kalahari truffle and Oyster 

mushroom incorporation on pearl millet-wheat crackers. Equal amounts of pearl 

millet and wheat bread flour were mixed. Of this mixture, 5%, 10% and 15% were 

substituted with Oyster mushroom and Truffle powders to have 0% (control), 5, 10 

and 15% Oyster mushroom as well as 5, 10 and 15% Truffle flour formulations. The 

moisture ash, protein, starch, crude fibre and crude fat contents, water absorption 

(WAI) and solubility (WSI) indices, physical characteristics, minerals’ content, in 

vitro starch digestibility, and sensory evaluation crackers were determined. The ash 

content, WSI and WAI were higher in the mushrooms than in the cereals composite 

flour. However, mushrooms had the lowest starch content compared to the cereal 

composite flour. For the crackers, the ash content, water absorption and water 

solubility indices were directly proportional to the levels of mushroom incorporation. 

The starch digestibilities of mushroom incorporated crackers were lower than that of 

the control. The rate of glucose released during in vitro starch digestion decreased as 

the mushroom incorporation levels increased. The increase in ash content indicates 

that mushroom incorporation may potentially improve wheat-pearl millet-mushroom 

crackers’ minerals content. The slow release of glucose during starch digestion 

suggests that these mushroom incorporated wheat-pearl millet crackers may be 

beneficial to people with Type 2 diabetes. 
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3.2.1 Introduction 

Generally, cereal grains are responsible for the huge part of human carbohydrates 

intake, thus the alteration of carbohydrate especially starch quality in cereal products 

has a potential positive effect on nutrition (Englyst, Vinoy, Englyst, & Lang, 2003). 

Starch is composed of glucose molecules joined together by α-1,4, and α-1,6 

glycosidic bonds that can be hydrolysed by amylases and alpha-glucosidases (Ng et 

al., 2017). In-vitro starch digestibility assist in the description of the carbohydrate 

component of a meal (Englyst & Englyst, 2005). Starch can be classified as rapidly 

digestible, slowly digestible or resistant starch (Englyst et al., 1992). Starch that is 

hydrolysed within 20 minutes is regarded as rapidly digestible starch, whereas starch 

that is digested between 20 and 120 minutes is called slowly digestible starch, 

beyond 120 minutes, it is regarded as resistant starch (Englyst, Kingman, & 

Cummings, 1992). With the exception of lactose, Englyst et al., (2003) further 

categorised glycaemic fractions of carbohydrates into Rapidly Available Glucose 

(RAG) and Slowly Available Glucose (SAG), with RAG explained as the glucose 

released after 20 minutes of hydrolysis and SAG as the difference between the 

glucose released after 120 and 20 minutes (SAG = G120 – G20). 

Cereals grains are an important food source for mankind all over the world. Rice, 

barley, maize, wheat, sorghum, oat, rye and millets are classified as major cereals in 

terms of their contribution to people’s diets (Adebiyi, Obadina, Adebo, & Kayitesi, 

2018). The word millet is reserved for cereal species or grasses with small round 

seeds (Graybosch, 2016; Taylor, 2017). Due to their short growing cycle, millets are 

adapted to semi-desert, tropical and subtropical areas where they are mainly grown at 

a subsistence level (Serna-Saldivar, 2010). However, millets’ perceived health 

benefits could see them being grown more on a commercial scale. Millets are 
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classified as either major or minor millets (Taylor, 2017). Fonio, teff, pearl, finger, 

proso and foxtail millets are regarded as major millets classification, whereas 

barnyard, kodo and minor millets are identified as minor millets (Taylor, 2017). 

Based on its annual production and superior nutritional value, pearl millet 

(Pennisetum glaucum (L.) R. Br.) is the most important millet (Graybosch, 2016; 

Serna-Saldivar, 2010). Pearl millet is cultivated in Southern Africa, Brazil and the 

United States of America, however, the major pearl millet cultivation areas are India, 

West and Central Africa (Taylor, 2016). In Namibia, pearl millet is commonly 

known as Mahangu and it is one of three controlled cereal crops, together with wheat 

and white maize. It is consumed by over half of the Namibian population, with the 

largest estimated planting area of 268 359 hectares (Namibian Agronomic Board, 

2017) in Namibia. 

Pearl millet is gluten free, making it one of the low-cost alternative cereal for people 

suffering celiac disease (Dias-Martins et al., 2018). Additional health benefits 

include the management of blood glucose levels (Kaur et al., 2018), as well as anti-

cancer and prebiotic properties (Dias-Martins et al., 2018). On the other hand, millets 

contain less than the recommended lysine content (only 17% of the 1.93 g) lysine 

required by adults (Taylor & Kruger, 2016). This impediment may be overcome by 

incorporating mushrooms in pearl millet products. Edible mushrooms are known to 

be an excellent source of protein, with exceptional amounts of essential amino acids 

(Islam et al., 2016; Kadnikova et al., 2015; Reis et al., 2012). Additionally, 

mushrooms contain β-glucans which are known to positively influence postprandial 

glycaemic response in humans (Ng et al., 2017). Namibia is home to indigenous and 

or endemic species of edible mushrooms such as Kalahari truffles (Kalaharituber 



57 
 

pfeilii), Termitomyces schimperi, Termitomyces sagittiformis, and Ganoderma 

mushroom species, which are barely utilised commercially.  

With an increased consumer interest in functional foods and biscuits and crackers 

can be excellent vessels for functional ingredients due to their popular consumption 

(Pasqualone et al., 2015; Sedej et al., 2011). Crackers are of significance in the 

baking industry due to their low moisture and sugar contents which ensures a better 

shelf life and they also offer variety in taste, texture and aroma (Florence-Suma et al., 

2014; Reddy et al., 2019). Crackers belong to a group of crisp, chemically leavened 

or fermented bakery products that may contain up to 30% fat (Reddy et al., 2019; 

Sedej et al., 2011). Crackers can either be fermented (soda, saltine and cream 

crackers) or chemically leavened (snack crackers) (Reddy et al., 2019). The aim of 

this project was to develop mushroom incorporated pearl millet-wheat crackers and 

evaluate the mushroom’s influence on the resultant crackers’ nutrient content and 

starch digestibility. 

3.2.2 Materials and Methods 

3.2.2.1 Ingredients 

The pearl millet grain, Kalahari truffle and oyster mushroom samples were treated as 

described in sections 3.1.2.1 and 3.1.2.2 in the previous paper on composite flours.  

3.2.2.2 Crackers formulation 

Whole grain pearl millet flour, Kalahari truffle and Oyster mushroom powders were 

kept frozen until required for crackers formulation. The composite crackers were 

formulated as presented in Table 9. The dough was rested for 20 minutes followed by 

sheeting and cutting (Figure 9). The crackers were baked at 180 °C in a conventional 

oven (Macadams Convecta 7, Cape Town, South Africa) for 8 minutes.    
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Table 8 Crackers formulation 

Ingredients (%)                                                   Crackers 

Control 5%OMC 10%OMC 15%OMC 5%KTC 10%KTC 15%KTC 

Wheat flour 25.70 24.40 23.13 21.85 24.40 23.13 21.85 

Pearl millet flour 25.70 24.40 23.13 21.85 24.40 23.13 21.85 

Oyster M. Flour 0 2.60 5.14 7.70 0 0 0 

Kalahari T. Flour 0 0 0 0 2.60 5.14 7.70 

Baking powder 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

Sugar 1.4 1.4 1.4 1.4 1.4 1.4 1.4 

Salt 1.7 1.7 1.7 1.7 1.7 1.7 1.7 

Vegetable oil 17.8 17.8 17.8 17.8 17.8 17.8 17.8 

Water 26.8 26.8 26.8 26.8 26.8 26.8 26.8 

Total 100 100 100 100 100 100 100 

OMC = Oyster mushroom cracker, KTC = Kalahari truffle crackers.
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Figure 8 Kalahari truffle crackers before baking 

 

3.2.2.3 Proximate composition of crackers 

Crackers were grounded using a blender (Waring Commercial 7011HS 2-Speed 

Food Blender) and passed through a 500 µm screen. Moisture, ash, crude fat, crude 

protein and crude fibre contents were determined following AACC methods 44-

15.02 A, 08-01, 30-10.01, 46-30.01 and 32-10.01 respectively. Total starch, WAI, 

WSI, minerals content and starch digestibility were determined as described in 

respective sections 3.1.2.4, 3.1.2.5 and 3.1.2.6 in the previous paper on composite 

flours.   

3.2.2.6 Crackers’ physical characteristics 

The pearl millet-wheat and mushroom composite crackers’ physical parameters were 

determined as described by Bello, Oluwamukomi, & Enujiugha, (2017). The 

diameter (cm) was measured using a ruler. The crackers’ thickness was determined 

by stacking 6 well shaped crackers together, measuring their height and dividing it 
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by 6 to get the average thickness of the crackers. A weighing balance was used to 

measure the crackers’ weight. 

3.2.2.9 Preliminary sensory evaluation (Consumer acceptance test) 

A voluntary consumer acceptance sensory evaluation was conducted in two sessions 

on different days.  The evaluation of Kalahari truffle incorporated crackers was 

conducted in the first session with 30 participants (14 females and 16 males, age 

group 18-30) took part. Oyster mushroom incorporated crackers were evaluated in 

the second session involving 27 participants (13 females and 14 males, age group 18-

50) took part. Four crackers, each identifiable by a three digit random number were 

presented to each panellist. The crackers were evaluated on a 9 point hedonic scale as 

described by Lawless & Heimann, (2010), with 1 = dislike extremely and 9 = like 

extremely. Parameters evaluated were appearance, flavour, texture and overall 

acceptance.  

3.2.2.10 Statistical analyses 

The experiment (baking) was done twice. All analyses were done in duplicates and 

results represent the average of duplicates, presented as means ± standard deviation. 

Data obtained was subjected to an analysis of variance (ANOVA) and Duncan’s least 

significant differences (LSD) test using SPSS Statistics Software, Version 25 (IBM, 

USA). 
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3.2.3 Results and discussion 

3.2.3.2 Chemical characteristics of mushroom supplemented pearl millet-wheat crackers. 

Results for the chemical characteristics of mushroom supplemented pearl millet-wheat crackers are presented in Table 10. 

Table 9 Chemical characteristics of mushroom supplemented pearl millet-wheat crackers. 

 

Crackers 

Moisture (%) Ash (%) Protein Total Starch (%) Crude Fibre Crude Fat WAI (g/g) WSI (%) 

         

Control  3.44 ±0.01d 3.77 ±0.02a 8.72 ±0.26a 58.99 ±3.03b 0.93 ±0.19a 25.50 ±0.47a 3.61 ±0.05e 10.70 ±0.11a 

5% OMC  2.23 ±0.02a 3.91 ±0.01b 9.22 ±0.30b 49.50 ±3.56a 2.80 ±0.78d 25.02 ±1.78a 3.03 ±0.04b 16.89 ±0.99bcd 

10% OMC 2.32 ±0.07b 3.98 ±0.13b 9.74 ±0.21c 48.41±3.16a 1.43 ±0.29abc 25.47 ±0.52a 3.17 ±0.03c 17.12 ±0.38cd 

15% OMC 3.70 ±0.03e 4.27 ±01c 10.35 ±0.06d 46.44 ±2.60a 1.60 ±0.07c 26.11 ±0.23a 3.38 ±0.03d 17.86 ±0.10d 

5% KTC 4.27 ±0.00f 3.83 ±0.00a 9.13 ±0.09b 50.04 ±3.13a 1.06 ±0.18ab 25.79 ±1.23a 2.92 ±0.02a 16.03 ±0.33b 

10% KTC 3.18 ±0.04c 3.96 ±0.05b 9.67 ±0.14c 48.97 ±4.77a 1.51 ±0.12abc 26.11 ±0.97a 3.07 ±0.03b 16.10 ±0.24bc 

15% KTC 2.22 ±0.01a 4.19 ±0.00c 10.55 ±0.47d 48.62 ±2.56a 1.68 ±0.29c 26.21 ±0.29a 3.18 ±0.09c 16.23 ±0.23bc 

*Values are means (n = 4) ± standard deviation, values with the same letter in a column are not significantly different (p >0.05). Values were 

adjusted to dry weight conditions. OMC = Oyster mushroom cracker, KTC = Kalahari truffle cracker
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3.2.3.3 Moisture content 

Oyster mushroom incorporation led to a significant (p<0.05) decrease in the moisture 

content of 5 and 10% oyster mushroom crackers. It was also observed that, there was 

an increase in the crackers’ moisture content as oyster mushroom percentage in the 

formulation increased. These results are in contradiction with  Ng et al., (2017)’s 

findings who observed a decrease in the moisture content of oyster mushroom 

fortified biscuits. The difference in results could be due to the differences in baking 

times as these authors baked for 14 minutes compared to the 8 minutes used in this 

study. The longer baking time could have resulted in more moisture loss hence the 

observed decrease in the moisture content of oyster mushroom fortified biscuits. 

These results are however similar to those of Srivastava, Genitha, & Yadav (2012), 

who noted an increase in the moisture content of biscuits fortified with sweet potato 

flour. With every increase in the percentage of sweet potato flour, an increase in the 

moisture content was noted, and this could be attributed to the sweet potatoes’ high 

water binding capacity (Srivastava et al., 2012). Furthermore, oyster mushroom 

powder recorded the highest water absorption index, this could potentially be an 

indication that it somehow has a high water binding capacity and possibly be the 

reason for the crackers observed moisture content increase. 

All Kalahari truffle crackers were significantly (p<0.05) different from the control 

cracker. Their moisture content was in the range of 2.22-4.27%. Kalahari truffle 

crackers’ moisture content decreased as the percentage of Kalahari truffle powder 

increased. These results are also consistent with the findings of Ng et al., (2017). In 

contrast, Gadallah & Ashoush, (2016) reported that the moisture content of biscuits 

fortified with desert truffle powder increased as the truffle powder percentage was 

increased. 
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The dietary fibre in the mushrooms’ powders absorbs water and that could be the 

reason for the inverse relationship between moisture content and mushroom 

incorporation (Ng et al., 2017). All the crackers had a moisture content of less than 

5% which is the desired moisture content for cookies, crackers and biscuits. A 

moisture content of less than 5% can be used as a quality parameter and may be used 

to make inferences on biscuits’ microbial and textural properties and eventually their 

shelf life (Ng et al., 2017). 

3.2.3.4 Ash content 

Ash content serves as an estimate of the overall mineral content of food samples 

(Harris & Marshall, 2017). The control cracker had the least ash content (3.77%). 

Although there was no significant difference (p<0.05) between the control cracker’s 

ash content and those of the oyster mushroom and truffle crackers at 5%, and there 

was a gradual increase in the cracker’s ash content with every increase in mushroom 

percentage. This is consistent with the findings of Farzana & Mohajan, (2015) who 

found that the ash content of mushroom fortified biscuits increased (from 1.50% to 

1.76%) with every increase in the percentage of soy flour. Similarly, Ng, Robert, 

Ahmad, & Ishak, (2017) also observed a gradual increase in the ash content (0.86% 

to 1%) of oyster mushroom fortified biscuits. Overall, the 15% oyster mushroom 

cracker had the highest ash content (4.11%), with the 15% Kalahari truffle cracker in 

second place. These two crackers were not significantly different (p<0.05). The high 

ash content in the 15% oyster mushroom and 15% Kalahari truffle crackers could be 

a result of these two mushrooms high ash content (6.80 and 5.61 respectively). These 

results show that the addition of mushroom powder increased the ash content of 

Kalahari truffle and oyster mushroom enriched crackers. These findings imply that 
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these two mushrooms can potentially be used in improving the mineral content of 

cereal based baked products. 

3.2.3.5 Protein content 

The control cracker’s protein content was 8.75%, this was significantly (p<0.05) 

lower than all the oyster mushroom crackers’ protein content. The results show a 

trend of an increasing protein content with every percentage increase in the 

formulation’s oyster mushroom content. Protein content significantly differed among 

the oyster mushroom crackers. The highest oyster mushroom incorporation (15%) 

significantly increased the crackers’ protein from 8.75 to 10.35%.  

Kalahari truffle incorporation resulted in a significant increase in the crackers’ 

protein content. Similar to oyster mushroom crackers, the relationship between 

Kalahari truffle incorporation and the crackers’ protein content was directly 

proportional. The highest protein content amongst the Kalahari truffle crackers was 

found in 15% Kalahari truffle crackers, whereas 5% Kalahari truffle crackers had the 

least protein content. 

Overall, both oyster mushroom and Kalahari truffle incorporation significantly 

increased the crackers’ protein content. This could have been due to the two 

mushrooms’ superior protein content as compared to that of wheat or pearl millet. 

The highest protein content amongst both oyster mushroom and Kalahari truffle 

crackers was found in the 15% Kalahari truffle cracker. Compared to the findings of 

Adebowale, Adegoke, Sanni, Adegunwa, & Fetuga (2012) who reported a decrease 

in the amount of protein in sorghum incorporated wheat biscuits, the study’s findings 

show a gradual increase in protein content as the mushrooms’ content in the 

formulation increased. The results are however in agreement with the trend and 
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protein content found in composite biscuits by Kolawole, Akinwande, & Ade-

Omowaye (2018).  

3.2.3.6 Total starch 

Cereal grain carbohydrate include starch, non-carbohydrate polysaccharides, 

pentosans, beta glucans and trace amounts of simple sugars and oligosaccharides 

(Taylor, Emmambux, & Kruger, 2015). Compared to the other components, starch is 

found in large amounts (Taylor et al., 2015). The control cracker had the highest 

(58.99%) starch content and this was significantly different from 15% oyster 

mushroom cracker had the least (46.44%) starch content. Overall, Oyster mushroom 

incorporation resulted in a significant decrease (p<0.05) in the crackers’ starch 

content. Within the crackers, no significant differences were observed between 5, 10 

and 15% oyster mushroom crackers. 

Kalahari truffle incorporation significantly reduced the cracker’s starch content 

(58.99 to 48.62%). Amongst the different Kalahari truffle crackers, 5% Kalahari 

truffle crackers had the highest starch content, and this was not significantly different 

from the 10 and 15 % Kalahari truffle cracker’s starch contents.  

All in all, the decrease in the mushroom incorporated cracker’s starch content could 

be attributed to the two mushrooms’ low starch content as presented in Table 9. The 

decrease in starch content is consistent with the findings of Farzana and Mohajan, 

(2015) who recorded a reduction (from 65.62% to 56.38%) in the starch content of 

mushroom fortified biscuits. Similarly, Ng et al., (2017) also reported a decrease in 

the starch content of mushroom fortified biscuits as the mushroom percentage 

increased. Gadallah and Ashoush, (2016) also reported similar findings on biscuits 

fortified with desert truffle powder. 
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3.2.3.7 Crude fibre 

The crackers’ crude fibre content was in the range of 0.93 – 2.80%. 5 and 15% oyster 

mushroom incorporation significantly (p<0.05) increased the crackers’ crude fibre 

content. Crackers with 5% oyster mushroom had the highest crude fibre content, 

thereafter, crude fibre content decreased to 1.43 and 1.60% for 10 and 15% oyster 

mushroom crackers respectively. Crackers with 10% oyster mushroom incorporation 

did not significantly increase the crackers’ crude fibre content.  

Kalahari truffle crackers had a crude fibre content of 1.06 – 1.68%. Although 5 and 

10% Kalahari truffle incorporation resulted in an increase in the crackers’ crude fibre 

content, there was no significant difference between them and the control cracker. 

Kalahari truffle incorporation of up to 15% significantly increased the crackers’ 

crude fibre content from 0.93 to 1.68%. 

Apart from the sudden rise in the crackers’ crude fibre content after 5% oyster 

mushroom incorporation, the general trend was that of a gradual increase in fibre as 

mushroom incorporation increased. The gradual increase is comparable with Bello et 

al., (2017)’s findings. A similar trend was reported by (Adebowale et al., 2012; 

Kolawole et al., 2018; Ogunlakin et al., 2018). 

3.2.3.8 Crude fat 

The crackers’ fat content was between 25.02 and 26.21%. There was no significant 

difference between the control and all oyster mushroom crackers. Similarly, no 

significant differences were observed between the control and all Kalahari truffle 

crackers. In comparison to the composite flours where the crackers were derived, the 

fat content sharply increased. The sunflower oil added to the crackers’ dough could 

be the cause of the sharp increase. Although it was lower than this study’s findings, 
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Bello et al., (2017) reported a crude fat content of 19.05 – 21.71% in mushroom 

composited wheat biscuits.  

3.2.3.9 Water absorption and Solubility indices 

The results for water absorption and water solubility indices are presented in table 

10. The control cracker had the highest WAI and the lowest WSI, 3.61 g/g and 10.70 

% respectively. Compared to the control, the addition of Kalahari truffle and oyster 

mushroom powders led to a significant (p<0.05) reduction in WAI. These results are 

consistent with the findings of (Brennan, Derbyshire, Tiwari, & Brennan, 2012) who 

reported that the WAI of extruded snacks enriched with Chestnut mushroom co-

products reduced from 5.03 g/g (control) to 4.23 (15% MCM). The 15% oyster 

mushroom cracker was found to have the highest WSI 17.12%. This could have 

resulted from the high water solubility property of oyster mushroom powder as 

shown in table 9. 

WAI and WSI are mostly used as indicators of starch gelatinisation (Tongdang et al., 

2008). WAI measures the extent to which granules can absorb a certain volume of 

water when suspended in excess water in the absence of heat and I high WAI is an 

indication that starch was fully gelatinised (Tongdang et al., 2008). WSI on the other 

hand is used to determine the solubility of free polysaccharides (Tongdang et al., 

2008). These authors further state that WSI is directly proportional to the molecular 

breakdown of starch during processing.  

3.2.3.10 Crackers’ physical characteristics  

Physical properties of the composite crackers are presented in Table 11. The 

composite crackers’ weights ranged between 3.42 – 5.25g. Crackers containing 5% 

oyster mushroom had a significantly lower weight than the control. 
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Table 11 Oyster mushroom and Kalahari truffle crackers' physical characteristics 

 

Crackers 

Weight (g) Diameter (cm) Thickness (cm) 

    

Control  5.25 ±0.84b 3.58 ±0.22a 0.53 ±0.09a 

5% OMC  3.42 ±0.35a 4.02 ±0.04c 0.44 ±0.01a 

10% OMC 4.25 ±0.12ab 3.93 ±0.05bc 0.52 ±0.02a 

15% OMC 4.25 ±0.12ab 4.00 ±0.00c 0.45 ±0.02a 

5% KTC 3.83 ±0.24a 3.83 ±0.10b 0.42 ±0.07a 

10% KTC 4.42 ±0.59ab 3.82 ±0.15b 0.43 ±0.04a 

15% KTC 3.92 ±0.12a 3.80 ±0.11b 0.40 ±0.00a 

*Values are means (n = 2) ± standard deviation, values with the same letter in a 

column are not significantly different (p >0.05). OMC = Oyster mushroom cracker, 

KTC = Kalahari truffle cracker. 

There were no significant differences between the control, 10 and 15% oyster 

mushroom crackers. In terms of diameter, all oyster mushroom crackers significantly 

differed from the control. However, there no significant differences between all the 

oyster mushroom crackers and the control cracker’s thickness. 

Kalahari truffle crackers’ stack weights were in the range of 3.83 – 4.42, these were 

significantly lower than the control’s weight, except for the 10% oyster mushroom 

cracker which was not significantly (p<0.05) different from the control. The control 

cracker’s diameter was significantly less compared to all the Kalahari truffle 

crackers. 

The general observation was that, mushroom incorporation significantly increased 

the composite crackers’ diameter. This observation is consistent with the findings of 

Ogunlakin, Oni, & Olaniyan, (2018) who noticed an increase in the diameter of 
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edible termite fortified biscuits. A similar trend was reported by  Akubor, (2003) 

when investigating the physical properties of cowpea, plantain and wheat composite 

biscuits. The crackers’ wet thickness are consistent with the findings of Ogunlakin et 

al., (2018) and Bello et al., (2017).  

3.2.3.11 Minerals content 

Minerals content is shown in Table 12. Among the three minerals analysed in the 

crackers, iron was the most abundant. For all the mushroom incorporated crackers, 

only OMC (10% and 15%) had a significantly lower copper content than the control. 

The zinc and iron contents of all the crackers were statistically the same. 

 

Table 12 Composite crackers minerals (Cu, Fe and Zn) content (mg/kg). 

 Copper Iron Zinc 

Crackers    

Control  3.18 ±1.43c 39.10 ±5.12a 22.28 ±2.19a 

5% OMC 2.80 ±0.78bc 44.02 ±6.06a 23.84 ±3.24a 

10% OMC 1.32 ±0.95ab 43.00 ±7.88a 24.66 ±3.98a 

15% OMC 0.68 ±0.13a 38.57 ±6.53a 23.86 ±2.00a 

5%KTC 2.19 ±0.62abc 41.23 ±4.92a 23.09 ±2.43a 

10%KTC 2.44 ±1.34bc 41.03 ±5.73a 22.36 ±2.82a 

15%KTC 1.92 ±1.00abc 41.43 ±2.77a 21.50 ±2.71a 

Values are means ±standard deviation; Values with the same letter in a column are 

not significantly different (p >0.05); results presented as is and n = 4. OMC = Oyster 

mushroom cracker, KTC = Kalahari truffle cracker 

All in all, these results are different from what was reported by Bello, 

Oluwamukomi, & Enujiugha, (2017). These authors reported significant increases in 

the amount of iron, copper and zinc present in mushroom-wheat composite biscuits 
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(5 – 30% oyster mushroom incorporation). Furthermore, these authors found these 

elements in much lower amounts as compared with this study’s findings. 

3.2.3.12 In vitro Starch digestibility 

In-vitro starch digestibility results are presented in Table 13. Compared to the 

mushroom powder enriched crackers, the control cracker had the highest digestible 

starch at both G20 (16.32), G60 (26.63) and G120 (37.71) respectively. 

Table 10 In vitro starch digestibility of Kalahari truffle and Oyster mushroom 

powder enriched crackers (%). 

 

Crackers 

G20 G60 G120 

    

Control  16.32 ±0.55c 26.63 ±1.08b 37.71 ±1.05d 

5% OMC  16.09 ±0.41b 26.33 ±1.52b 34.45 ±1.82c 

10% OMC 13.97 ±0.78a 23.99 ±1.24ab 32.53 ±1.06bc 

15% OMC 13.69 ±0.60a 23.31 ±1.66a 31.16 ±1.93ab 

5% KTC 15.89 ±0.39bc 25.84 ±1.40ab 33.75 ±0.34c 

10% KTC 15.09 ±0.04b 23.54 ±2.92a 32.78 ±1.88bc 

15% KTC 14.16 ±0.42a 23.67 ±1.82a 30.11 ±0.86a 

*Values are means (n = 4) ± standard deviation, values with the same letter in a 

column are not significantly different (p >0.05). OMC = Oyster mushroom cracker, 

KTC = Kalahari truffle cracker. 

It was observed that starch digestibility significantly (p<0.05) decreased as 

mushroom powder incorporation increased. This could be the a result of the low 

starch contents of both Kalahari truffle and oyster mushroom powders and/or the 

effect of mushroom powder on the digestibility of starch. These results are consistent 

with the findings of Ng et al., (2017), who reported a similar trend in mushroom 

fortified biscuits. Similarly Brennan, Derbyshire, Tiwari, and Brennan, (2013) 

recorded a decline in the amount of glucose released from mushroom enriched 

extruded snacks. 
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The decline in the release of glucose could be due to the increase in mushroom 

percentage, which could have in turn resulted in an increase in the crackers’ dietary 

fibre content. Dietary fibre is especially important as it improves glucose metabolism 

and insulin response in patient suffering from Type 2 diabetes, by facilitating the 

gradual hydrolysis of carbohydrates and glucose release (Brennan, 2005). Wan Rosli, 

Nurhanan, and Aishah, (2012) reported an increase in the amount of dietary fibre as 

the mushroom percentage increased in butter biscuits. These authors reported that 

butter biscuits formulated with 4% and 6% mushroom powder had high amounts of 

β-glucans, 0.72% and 0.79% respectively. Mushroom dietary fibre has been of 

interest lately, as it has been found to contain β-glucans which have positive effects 

on blood glucose modulation (Cheung, 2013). The soluble fraction of β-glucans is 

apparently responsible for their ability to lower blood glucose levels (De Paula et al., 

2017). 

These in vitro starch digestibility results show that the addition of oyster mushroom 

powder to cereal based baked products can significantly reduce the amount of 

glucose released at 20, 60 and 120 minutes time intervals. The addition of Kalahari 

truffle powder also resulted in a similar outcome. Therefore, the addition of these 

two mushrooms to pearl millet-wheat crackers can potentially be beneficial to 

subjects with the Type 2 diabetes. 

3.2.3.13 Sensory evaluation (Consumer acceptance test) 

All the oyster mushroom incorporated crackers scored higher than 5 on the 9-point 

hedonic scale (Figure 11). The 5% oyster mushroom incorporated cracker scored 

highest points for flavour (6.6), texture (6.7) and overall appearance (7.1). It can be 

argued that oyster mushroom incorporation of up to 5% imparts desirable flavour and 

texture, thus contributing to its overall acceptance. These findings are almost similar 
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to  those of Ng, Robert, Ahmad, & Ishak, (2017) who reported that 4% oyster 

mushroom incorporated biscuits scored the highest in terms of overall acceptance. 

 

 

Figure 9 Oyster mushroom crackers' consumer sensory evaluation results. (n = 27 

The 5% Kalahari truffle incorporated cracker scored the highest across all the 

evaluated parameters (Figure 10). The Kalahari truffle incorporated crackers’ 

appearance, flavour, texture and overall acceptance both declined with increasing 

amounts of Kalahari truffle powder in the formulation. The declining score in the 

crackers’ appearance could be due to the dark colour of the Kalahari truffle 

incorporated crackers. The decline in flavour scoring could be due to the presence of 

polyphenols in the truffle powder, which is associated with slight bitterness 

(Gadallah & Ashoush, 2016). Gadallah & Ashoush, (2016) reported similar trends in 

desert truffle incorporated biscuits. 
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Figure 10 Kalahari truffle crackers' consumer sensory evaluation results. (n = 30). 

3.3.4 Conclusions  

Incorporating Kalahari truffle and Oyster mushrooms in pearl millet-wheat crackers 

increased their ash content. Mushroom incorporation of up to 15% can significantly 

increase pearl millet and wheat-based crackers’ protein content. Furthermore, 

Kalahari truffle and Oyster mushroom may be used in the development of low in 

vitro starch digestibility foods. Both 5% Oyster and Kalahari truffle incorporated 

crackers were moderately accepted by consumers.  
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CHAPTER 4 

GENERAL DISCUSSION 

This chapter first discusses availability and cultivation of oyster mushroom and 

Kalahari truffles. It then covers the necessity of the use of composite flours and 

briefly discusses the validity of in vitro starch digestibility methods as an 

approximation of in vivo results. Lastly, a brief discussion on the effect of 

compositing pearl millet-wheat-mushroom on nutrient content, starch digestibility 

and consumer sensory responses. 

4.1 Oyster mushrooms and Kalahari truffles: Availability and cultivation 

Mushroom cultivation has been on the rise with commercial production reaching 7 

959 979 tonnes in 2012 (Corrêa et al., 2016). China is currently the world’s largest 

oyster mushroom producer with more 46% of global production attributed to Chinese 

producers (Jongman et al., 2018). Africa is the least mushroom producing continent 

accounting for less than 1% of the world’s mushroom production (Chioza & Ohga, 

2014; Jongman et al., 2018). In Africa, most of the mushrooms are grown in South 

Africa, with oyster and button mushrooms being the most cultivated (Chioza & 

Ohga, 2014).  

Kalahari truffles are seasonal and they usually grow well in years where there is 

adequate and well distributed rainfall (Trappe et al., 2008). They are associated with 

several host species such as Acacia haematoxylon (grey camelthorn), Acacia 

erioloba, Stipagrostis species, Cynodon datylon (R. A. Adeleke, 2007) and pearl 

millet (Pennisetum glaucum) (Ntshakaza, 2013). Although species found in the 

vicinity of Kalahari truffles may be considered as hosts, this is apparently not usually 
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the case (Ntshakaza, 2013). The inability to successfully identify Kalahari truffle’s 

host plants has hampered efforts for its cultivation (Ntshakaza, 2013). 

The seasonality of Kalahari truffles may present a challenge in their availability 

throughout the year. However, finding alternative processing and preservation 

streams could ensure that in the years when they are abundantly available, they do 

not go to waste, given mushroom’s perishable nature. Although drying as a 

preservation method may lead to a loss of the desirable flavours associated with 

truffles, dried Kalahari truffles can be repurposed to develop alternative products 

such as composite flours, extruded snacks, crackers or biscuits and many other food 

items. 

4.2 Composite flours and their relevance in the agro-business and nutritional 

landscape 

The development of a composite flour is influenced by economic or nutritional 

reasons (Chandra et al., 2015). The use of composite flours can reduce wheat 

importation and may act as a boost to local agro-businesses as farmers can be 

encouraged to grow more of the crops found to be suitable wheat substitutes 

(Ekunseitan et al., 2017). Nutritionally, people are becoming more health conscious 

and their diets are centred around the prevention of many diseases (Erukainure et al., 

2016; Raihan & Saini, 2017). Thus, consumers are shifting towards the consumption 

of functional foods, some of which can be produced using composite flours.  

4.3 Validity of in vitro starch digestibility methods as an approximation of in 

vivo results 

Measuring Glycaemic Index (GI) involves human test subject to evaluate 

postprandial blood glucose response up to 2 hours after ingestion (Germaine et al., 
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2008). To cost effectively assess GI, in vitro starch digestibility methods have been 

developed, these methods are faster and allow product developers in the selection of 

which products may be used for in vivo GI tests (Germaine et al., 2008). Several 

studies on the in vitro prediction of postprandial GI have been conducted (Bornet et 

al., 1989; Englyst, Kingman, & Cummings, 1992; Englyst, Veenstra, & Hudson, 

1996; Goñi, Garcia-Alonso, & Saura-Calixto, 1997; Granfeldt, Bjorck, Drews, & 

Tovar, n.d.; Jenkins et al., 1980; Snow & O’Dea, 1981). Each of these methods 

employ different sample preparations, some use only amylases and others use a 

combination of amylases and proteolytic enzymes (Goñi et al., 1997). However, the 

most widely used method for starch digestibility and classification of starch fractions 

in food substances is that of Englyst, Kingman, & Cummings, (1992). The fact that 

this method was developed hand in hand with validated in vivo studies has 

contributed to its wide use (Englyst et al., 2018). The method is reproducible and this 

was confirmed through inter-laboratory studies as reported by Englyst et al., (2018). 

Most of the starch digestibility methods used around the world have been validated 

in conjunction with in vivo studies. For instance, Goñi, Garcia-Alonso, and Saura-

Calixto (1997) found good correlation (r = 0.894) between values obtained in vivo 

and those obtained in vitro. Similarly, Englyst, Kingman, & Cummings, (1992) 

developed an in vitro starch digestibility method whose validation involved a series 

of in vivo studies. Therefore, several in vitro starch digestibility methods that exist 

have been validated and are good predictors of what happens in the human body. 

However, for better accuracy, it is important to closely mimic the mechanisms that 

take place in vivo. The mechanisms in question include replicating the mastication of 

a food. The accuracy of these chemical methods might also be improved by using 

enzymes of human origin.  
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4.4 Effect of compositing crackers with mushrooms on the nutrient content, 

starch digestibility and consumer acceptance 

Baked foods are primary made with wheat flours. In recent times, the incorporation 

of locally available cereal grains in the development of different baked foods has 

become popular. This investigation developed composite flours and crackers from 

whole grain pearl millet, bread wheat flour, Kalahari truffle and oyster mushroom.  

One of the objectives of this investigation was to develop composite flours and 

crackers with an improved nutritional content. The results presented in this work 

suggest that Kalahari truffle and oyster mushroom incorporation can improve the 

nutritional content of crackers. Thus, it can be concluded that this objective has been 

achieved.  

Another objective was to determine how mushroom incorporation affects the in vitro 

starch digestibility of the composite flours and crackers. This objective has also been 

achieved as it was determined that mushroom incorporation resulted in flours and 

crackers that had low rapidly digestible starch. 

Edible mushrooms are mostly prized for their culinary appeal. To diversify the use of 

mushrooms, there is a need to normalise the use of mushrooms for reasons other than 

those that a culinary related. Although oyster mushroom has been used in the 

development of a similar product (biscuits), the use of Kalahari truffle in the 

development of crackers has never been reported before. Additionally, the use of 

pearl millet in the production of composite flours and crackers is also new. The use 

of pearl millet in the production of these composite flours and crackers may 

contribute to diversifying the use of this locally available cereal grain.  
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CHAPTER 5 

GENERAL CONCLUSIONS AND RECOMMENDATIONS 

Mushroom incorporation positively affects pearl millet-wheat composite flour’s 

protein, crude fibre ash and rapidly available glucose contents. The use of these 

composite flours in the production of crackers yielded products with an increased 

protein, ash and minerals (Cu, Fe and Zn) contents. The water absorption and water 

solubility indices results improved as a result of mushrooms incorporation, 

suggesting that the composite flours possess the required functional properties for 

use in the production of baked products. Mushrooms incorporation also positively 

impacted starch digestibility by significantly reducing the amount of RAG present in 

pearl millet, wheat, Kalahari truffle and Oyster mushroom crackers. This positively 

asserts the importance pearl millet-wheat and mushroom crackers as a potential 

healthy snack especially for those living with diabetes. 

Although the composite flours and crackers show potential nutritional and functional 

capabilities, further studies on aspects such as protein digestibility, in vivo starch 

digestibility, minerals availability, amino acids profile, pasting and rheological 

properties and shelf life of the composite flours and crackers need to be done.  
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