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Abstract: With the increased incidence of Type 2 diabetes worldwide, many therapeutic foods have been used for the 

reduction of blood glucose amongst which are different varieties of mushrooms. This study determined the effect of 

Termitomyces le-testui bread on blood glucose reduction. T. le-testui powder was used at up to 30% to replace wheat flour to 

produce bread. The nutritional, phytochemical, and sensory properties of the bread were determined. The blood glucose 

reduction property was evaluated on diabetic male Wistar rats and the glycemic index was determined on healthy nondiabetic 

humans. Incorporated wheat flour with 0 to 25%. T. le-testui increased protein, insoluble dietary fiber, soluble dietary fiber, 

polyphenols, flavonoids, and vitamin A levels. There was also a significant increase in Mg, Zn, and Fe as the concentration of 

T. le-testui increased. The decrease in carbohydrates was associated with the increase in T. le-testui powder. The 5% 

incorporation showed the best sensory properties. T. le-testui reduced the rate of sugar released in non-diabetic humans and in 

male Wistar rats after 15 days of administration significantly (p=0.001) reduced blood glucose and serum lipids, and increased 

the HDL levels. T. le-testui mushroom bread can be used by diabetic patients to lower blood sugar levels. 
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1. Introduction 

Diabetes mellitus describes a metabolic disorder of 

multiple causes, characterized by chronic hyperglycemia with 

disturbances of carbohydrate, fat, and protein metabolism 

resulting from defects in insulin secretion, insulin action, or 

both. Epidemiological data are upgrading and alarming: 442 

million people with diabetes were diagnosed worldwide in 

2014, and 516 thousand in Cameroon by the International 

Diabetes Federation. According to projections, an increase of 

54% in the world and 80% in Cameroon is expected by 2035. 

Seventy-five percent (75%) of these deaths occurred in 

people under 60 years of age with a high rate among the 

active population of young people aged 20 to 39 [1]. 

It is a pathology that stands out with the potential of 

developing long-term complications [2]. At a microvascular 

level, patients with diabetes may develop ischemic heart 

disease, cerebrovascular disease, and peripheral vascular 

disease, which often lead to morbidity and mortality. At a 

macrovascular level, diabetes can lead to vision impairment 

(retinopathy), kidney disease (nephropathy), and neuronal 

damage (neuropathy), which are more common causes of 

irreversible blindness, chronic kidney disease, and non-

traumatic lower-limb amputations. A healthy diet and a 

Stress-less lifestyle can prevent the development of such 

pathological conditions [3]. This proves the severity of 

diabetes, as the reported complications affect different 

systems in the body and the consequence can severely 

compromise the patient's quality of life. Type II diabetes 

mellitus (T2DM) can be considered one of the chronic 
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diseases of greater impact on the public health system. In 

addition to causing a high degree of morbidity and mortality, 

the metabolic control of diabetes and the treatment of its 

complications have a high cost for health services [4, 5]. 

Bakery products such as bread, cakes, and biscuits are a 

large family of popular food products, consumed all over the 

world due to their varied tastes, relatively long shelf-life, and 

low cost. Unfortunately, the rich carbohydrate content makes 

it not good for diabetics as it easily causes an increase in 

blood sugar levels. The enrichment with vitamins, minerals, 

proteins, polyphenols, and fibers may be achieved through 

the incorporation of other food components. The dried 

mushroom powder is one of the components with great 

potential to reduce blood sugar levels when incorporated with 

bakery products [6] like bread. Despite these rich 

compliments people do not consume this mushroom as much 

as they should due to ignorance, availability, and inability to 

cultivate them. There is a need to innovate a method for 

maximum utilization, by processing the mushroom into a 

powder that can be stored and used even in off-season. 

Several studies have proven that mushrooms can help in 

the management of type two diabetes [6]. Most often it is the 

cultivated mushroom that is used in Africa., meanwhile the 

local wild edible mushroom Termitomyces le-testui is very 

nutritive and has antidiabetic potential [7]. Termitomyces le-

testui mushroom is rich in proteins (27–36%) and ascorbic 

acid (10–18 mg/g) and also superior in taste [8]. Some of the 

ethnomedicinal uses of Termitomyces mushrooms can be 

related to certain bioactive compounds that these mushrooms 

contain including phenolic compounds, polysaccharides, 

cerebrosides, serine protease, ergostanes, saponins, and fatty 

acid amides [9]. Termitomyces le-testui has also been found 

to be potent antioxidants in the concentration range of 10-

70µg/Ml [10]. These bioactive components also have 

antidiabetic potentials [11, 12]. This study was to produce 

and evaluate T. le-testui powder, use it to substitute wheat 

flour in bread, and determine its glycemic potential using 

humans and Wistar rats. 

2. Materials and Methods 

2.1. Sample Collection and Preparation 

Fresh Termitomyces le-testui (mushroom) was bought from 

the local markets of Ndop and identified at the Botany 

department of the Faculty of Science, University of 

Bamenda. Commercial wheat flour (Amigo brand), yeast 

(NEVADA), and salt were bought from the Nkwen market 

Bamenda. 

2.1.1. Preparation of Mushroom Flour 

The mushroom powder was prepared according to the 

method reported by [13]. The dried mushrooms were ground 

into powder using a grinder (ROYALTY + LINE (Model no.: 

SME-600.6). The powder of all the mushrooms collected 

from different villages was mixed and sieved (using a sifter) 

to fine particle size and packaged in airtight containers, 

stored in the freezer -4℃ (to prevent the growth of molds) 

for further use in the preparation of bread. 

2.1.2. Production of Mushroom Bread 

T. le-testui flour and wheat flour were used in the 

production of bread. The flour was used in the ratio for T. le-

testui to Wheat of 0:100, 5:95%, 10:90%, 15:85%, 20:80%, 

25:75%, and 30:70%. The dough preparing method (AACC, 

2000) was used with slight modification for the production of 

bread. The recipe consisted of wheat flour (500 g), salt (7.5 

g), yeast (7.5 g) (NEVADA, Mexico by SAFMEX S.A. de 

C.V.), and water according to the amount needed to achieve a 

dough consistency of 500 FU. The dough was formed using a 

mixer (DITO SAMA B21) to mix wheat flour, mushroom 

powder, dry ingredients, yeast, and water at speed of 1 for 5 

min, and then increase the mixer speed to three for another 

10 min when the elastic dough is formed. After that, rested 

the dough for 30 min and then hand-kneaded and rested for 

another 15 min. Dough pieces were divided (100 g), hand-

rounded, and then put into baking pans, which were greased 

with margarine ahead and placed in a proofer at 40°C for 60 

min. The dough was then baked in an electric oven at 200°C 

for 20 minutes. After baking, the bread loaves were cooled at 

room temperature for 2 hours and then stored at 20°C for 

subsequent analysis [14]. 

2.2. Proximate Analysis 

The bread samples were analyzed individually for protein 

[15], lipids [16], total carbohydrates [17], total dietary fiber, 

Soluble and insoluble fiber [18], minerals (K, Fe, Na, and 

Mg) [19], Vitamin A converted from beta carotene [19], total 

phenolic compounds [20], and flavonoids [21]. 

2.3. Sensory Evaluation 

The sensory evaluation was carried out on the bread 

samples within 6-12 hours of baking using A 9-point hedonic 

scale [6]. The samples served were sliced (1.5 cm thick) and 

tested for their sensory properties on 40 (20 men and 20 

women) randomly selected nondiabetic panelists with ages 

ranging from 18 to 45. Bread samples coded with four-digit 

random numbers were served on a tray in random orders. The 

sensory assessment was carried out under light and water was 

provided to clean the mouth between samples [6]. The 

overall acceptability of bread was calculated from the 

average values of all the above sensory parameters. 

2.4. Glycemic Index Determination 

Fourteen healthy nondiabetics volunteers aged 18- 45 (7 

men and 7 women) were selected for the determination of the 

glycemic index. The exclusion criteria were fasting blood 

glucose (FBG) ≥ 5.5 mmol/L; those with chronic diseases; 

those following a special diet; those taking medication that 

affected glucose metabolism and those taking. Athletes, as 

well as pregnant or breastfeeding women, were also 

supplements excluded from the study. Other exclusion 

criteria included smoking, and those unwilling to adhere to 

study protocol. These criteria were assessed through oral 
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questioning of participants. Prior to obtaining the informed 

consent, all volunteers were educated on the nature and risks 

of the experimental procedures. Approval of Ethical 

clearance was done by the Ethical board of the University of 

Bamenda. 

The procedure was a modification of that of [22]. Subjects 

were left overnight to fast for ten hours, and the fasting blood 

sample was done at 7:00 am. The subjects ate the test bread 

samples at a comfortable pace (max 15 min) and blood 

samples were collected again at 15, 30, 45, 60, 90, and 120 

min after. The test meals were served with water (200ml). 

The water taken by everyone remained constant for each of 

the bread samples. with little modifications with no addition 

of sugar. The blood was obtained by finger-prick (plasma 

glucose) and a drop of blood was placed on the active side of 

a glucometer (PRODIGY Auto Code) to measure the blood 

glucose. The glucose measurement remained standard for the 

duration of the study for each sample [22]. 

2.5. Animal Experiment 

Male Wistar albino rats of weight 150-200g were bought 

from the university of Yaounde 1 and were categorized into 

different control and test groups in labeled bowls, then placed 

on shelves. All experimental rats had a normal day: light 

(12:12) cycle and were kept at a temperature of 24 ± 2°C. 

The rats had access to feed and water for a baseline period of 

3 weeks. 

Diabetes was experimentally induced nutritionally through 

a high sugar diet for four months according to the method 

described by Kamgang et al., [23]. Seven groups containing 

five animals each were taken for the in vivo study and 

marked as control and test groups. For all the animals, blood 

glucose level and body weight were determined daily for 15 

days using a glucometer (EZ-CHEK, ModelG-425-3) and a 

weighing balance (SEVEN STAR GERMANY) respectively. 

T. le-testui powdered bread with different proportions, (0-

30% incorporation) of the powder was used to feed rats to 

test the antidiabetic potential of mushroom bread in the 

reduction of blood glucose levels for type 2 diabetes. Blood 

was gotten by a prick using a needle at the tail of the rats and 

placed on the active side of a glucometer (EZ-CHEK, 

ModelG-425-3). 

After 28 days of treatment with mushroom bread, 

biochemical parameters like triglyceride, cholesterol, high-

density lipoprotein (HDL), and low-density lipoprotein 

(LDL) were determined [24]. On the 28
th

 day, the animals 

were subjected to overnight fasting for 11- 12 hours, 

anesthetized intraperitoneally with Diazepam and ketamine 

in the ratio of 2: 1 according to body weight (60mg/kg). 

Thereafter the blood samples were collected using 

heparinized tubes and kept in test tube racks undisturbed for 

thirty minutes to obtain serum. The supernatant was used to 

test the lipid profile. The total cholesterol (TC) of the 

samples was estimated calorimetrically according to the 

method of Shahzad et al., [25]. 

The quantification of serum triglyceride was done by 

the formation of dihydroxyacetone phosphate and 

hydrogen peroxide from the oxidation of glycerol 3 

phosphate [26]. 

High-density lipoprotein cholesterol content was measured 

from the supernatant that was separated by centrifugation 

[27]. Two hundred microliters of the samples were added to 

500 microliters of precipitated reagent and centrifuged for 10 

minutes at a speed of 4000 rpm. 

Friedewald formular was used to calculate low-density 

lipoprotein [27]. 

2.6. Data Analysis 

Experiments were conducted in triplicate. Analysis of 

results was done using SPSS version 2.1. Statistical 

differences were determined by analysis of variance 

(ANOVA) and relationship analysis using the Pearson 

correlation test (p <.05). 

3. Results and Discussion 

The nutritional and phytochemical compositions of bread 

supplemented with T. le-testui mushroom powder are 

presented in Table 1. Soluble and insoluble fibers, protein, 

polyphenols, and flavonoids increased as mushroom 

concentrations of the bread increased from 0 to 30%, while 

the carbohydrates content of the bread decreases as the 

concentration of mushroom content in bread decreased. 

There is a significant negative correlation between the 

quantity of mushroom powder used and the amount of 

carbohydrate in the bread (with r= -0.983 and p=0.000). This 

result is in agreement with that of Okafor et al., [28] and Agu 

et al., [29] who incorporated Nigerian oyster mushroom 

powder to wheat flour at levels 0-25%and had a significant 

reduction in carbohydrates. 

Table 1. Nutritional and phytochemical composition of mushroom bread in g/100g Dry weight. 

Bread samples Carbohydrates Protein Lipids Soluble Fiber Insoluble Fiber Polyphenols Flavonoid 

C0 71.33 ±0.09b 3.77±0.05a 0.007±0.005a 3.91± 0.01a 11.89±0.01a 0.111±0.008a 0.202±0.004a 

C5 63.33 ±0.57a 7.92±0.01a 0.013±0.005ab 5.42± 0.01a 36.37±1.011a 0.998±0.005a 0.276±0.003a 

C10 59.80±0.16a 8.04±0.01a 0.023±0.005bc 6.47± 0.01a 38.16±0.04a 1.196±0.038a 0.424±0.003a 

C15 57.40±0.16a 10.19±0.01a 0.033±0.005cd 6.91± 0.01a 55.31±0.08a 1.671±0.006a 0.664±0.005a 

C20 41.80±0.05a 10.23±0.02a 0.040±0.006d 7.55± 0.03a 58.10± 0.04a 1.920±0.001a 0.846±0.022a 

C25 38.10±0.34a 11.30±0.01a 0.047±0.005cd 11.33±0.01a 60.78±0.02a 2.352±0.025a 0.972±0.023a 

C30 33.03±0.08a 13.40±0.00a 0.063±0.012d 26.89±0.01a 83.52±0.09a 2.484±0.022a 1.388±0.002a 

Values are Mean ± standard deviation (n=5). (a); values with same superscript letters are not significantly different (P > 0.05) C0 = 0% T. le testui, C5= 5% T. 

le testui, C10 =10% T. le testui, C15= 15% T. le testui, C20= 20% T. le testui, C25= T. le testui, C30= 30%T. le testui. 
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There is a significant positive correlation between the 

amount of mushroom flour used and the amount of protein 

with r=0.951 and P=0.001. This means as the amount of 

mushroom flour increased, proteins in the mushroom bread 

also increased. The bread with 30% mushroom inclusion was 

observed to have the highest protein content (13.397), this 

was followed by 25% mushroom bread (11.295%), while the 

bread without mushroom inclusion had the lowest protein 

content (3.773%). This is similar to the findings of Okafo et 

al., [28] who supplemented wheat flour with mushroom 

powder of (Pleurotus plumonarius) from 0-25% and found 

that the crude protein content increased significantly from 

7.96-14.62%. 

There is a positive correlation between the amount of 

mushroom powder used and the amount of lipids with r = 

0.993 and P= 0.001. The lipid content of the bread samples 

was low and did not differ significantly as the mushroom 

concentrations increased. This result is lower than that of 

Okafor et al., [28]. It is also in line with the results of Irakiza 

et al., [30] on fortification with mushroom flour (Pleurotus 

ostreatus). 

There is a positive significant correlation between the 

quantity of mushroom flour in the bread, also soluble fiber 

(with r=0.801 and P= 0.030), and the amount of insoluble 

fiber with r=0.962 and P=0. 001. These results are similar to 

the findings of Ng et al., [31] who determined the effects of 

oyster mushroom (OM) powder addition on the nutritional 

values, in-vivo glycemic index, and sensorial properties of 

biscuits, and had appreciable amounts of insoluble dietary 

fiber (48.79%), soluble dietary fiber (8.21%) were detected 

in the osster mushroom powder. These results are also in line 

with those of Lu et al., [32]. The restriction of starch for 

hydrolysis markedly reduced the glycemic index of bread. 

There is a positive correlation relationship between the 

quantity of mushroom flour used and the amount of 

polyphenols content (with r = 0.977 and P= 0.000), and 

flavonoids in the mushroom bread samples (with r = 0.981 

and P=0.000) (Table 1). These results are similar to those of 

Lu et al., [32] who had a strong positive correlation (p ≤ 

0.05) for the total phenolic content of the bread produced. 

Studies have suggested that the presence of phytochemicals 

and antioxidants in many species is closely related to their 

anti-hyperglycemic potentials [33, 34]. In addition, 

polyphenolic compounds in the added mushroom powder 

could act as non-proteinaceous amylase inhibitors [35]. Choo 

et al. reported that polyphenols reduced starch hydrolysis by 

binding with amylases [36]. Several mechanisms have been 

proposed for the hypoglycemic effects of phytochemicals, 

such as inhibition of carbohydrate metabolizing enzymes, 

manipulation of glucose transporters, β-cell regeneration, and 

enhancing insulin-releasing activity and sensitivity [37]. 

Thus the phytochemicals and antioxidant properties of the 

Termitomyces may contribute to their anti-diabetic potential. 

If that is the case, then the discrepancies in the level of 

inhibition between various compositions can be attributed to 

the differences in the concentration of these bioactive 

components present in the different species of Termitomyces 

mushrooms. The presence of phytochemicals polyphenols 

increases insulin sensitivity [38] and flavonoids Inhibitory 

activity against α- glycosidase [39]. 

For the mineral and vitamin A composition of T. le-testui 

Bread, the result showed that potassium and sodium were the 

main mineral elements in the bread samples, and the mineral 

(potassium, magnesium, iron, and zinc) composition 

increases with the level of Termitomyces le testui mushroom 

addition (Table 2). Iron, Zn, and vitamin A are also present 

but in smaller quantities, as compared to Phosphorus, 

Sodium, and Magnesium. 

Table 2. Minerals and vitamin A composition (mg/100g) of Termitomyces le-testui mushroom bread. 

Mushroom Levels Na (mg/100g) Mg (mg/100g Fe (mg/100g Zn (mg/100g K (mg/100g) Vitamin A (µg/g) 

C0 66.97±1.46a 38.95±0.07a 6.33±0.025a 1.05±0.06a 336.115±30a 5.67±0.06a 

C5 68.41±0.08a 88.29± 0.81a 7.705±0.25a 1.36±0.05b 634.33±5.6a 14.53±0.20b 

C10 112.10±1.02a 68.07± 0.03a 8.98±0.03a 2.37±0.015a 569.13±100a 14.48±0.05b 

C15 147.40±0.61a 117.33±0.69a 8.77±0.14a 1.45±0.01bc 680.52±3.9a 5.72±0.11a 

C20 147.02±0.23a 164.66±0.58a 9.810.205a 1.67±0.05a 753.41±1.1a 15.39±0.13c 

C25 21.02±0.010a 166.13±0.89a 14.62±0.05a 1.49±0.05a 987.18±1.5a 15.40±0.14c 

C30 187.50±0.52a 146.40±0.60a 20.11±0.001a 2.11±0.02a 1012.25±19a 16.395±0.505d 

Values are Mean ± standard deviation (n=5). (a); values with same superscript letters are not significantly different (P > 0. 05) C0 = 0% T. le testui, C5= 5% T. 

le testui, C10 =10% T. le testui, C15= 15% T. le testui, C20= 20% T. le testui, C25= T. le testui, C30= 30%T. le testui. 

Table 2 shows the mineral composition and vitamin A 

content of the composite bread. A significant positive 

correlation existed between the amount of mushroom powder 

used in the bread made and the quantity of potassium, 

magnesium, Iron, (with significant P=0.000 and r=0.964), 

and Zinc (r= 0.857 and P=0.014) in the mushroom bread, 

while there was a positive but insignificant correlation 

between the amount of mushroom used and the quantity of 

Sodium used (with r = 0.464 and P=0.294). These results are 

similar to that of Bello et al., [40] who made bread and 

biscuit from wheat and oyster mushroom powder, but the 

potassium content of this study is higher than that of Bello et 

al., [40]. This may be due to the difference in the species, 

Termitomyces le testui has a higher concentration of 

potassium than oyster mushrooms. 

There was a positive and insignificant correlation between 

the amount of mushrooms used and the amount of Vitamin A 

found (r= 0.234 and P= 0.613). Consumption of magnesium-

rich foods reduces the resistance of insulin thereby reducing 

the risks of metabolic syndrome and type two diabetes 
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mellitus [41]. 

Zinc is an essential micronutrient for metabolism that 

regulates more than 100 enzymes for protein folding, and 

gene expression, as well as in the production and 

neutralization of reactive oxygen species (ROS). Zinc is 

essential for the proper processing, storage, secretion, and 

activities of pancreatic cells of mammals [42]. Also, 

Magnesium as a cofactor is needed for the metabolism of 

carbohydrates, and the movement of glucose into the cell. 

Therefore insufficient intake is a risk factor for those with 

diabetes [43]. Magnesium deficiency leads to oxidative 

damage that prevents cellular defenses, consequently leading 

to decreased strength and oxidative stress in those with 

diabetes [41]. 

The sensory parameters of the mushroom bread are 

presented in table 3. The Increased in mushroom 

concentrations affected the taste, texture, and mouthfeel thus 

reducing the overall acceptability of the bread. Meanwhile, 

the color and aroma were increased with increased 

mushroom concentrations in the bread. A significant 

(p<0.05) difference between 100% WF bread (control) and 

those incorporated with 15, 20, 25, and 30% MP (table 3). In 

all the quality attributes analyzed bread with 5% MP did not 

differ significantly from 100% WF bread in color, taste, 

texture, aroma, and overall acceptability. Similarly, there was 

no significant (p>0.05) difference between the 10% MP 

supplemented bread and the control in aroma, and texture. 

Bread with 25% and 30% MP addition had significantly poor 

loaf size, dark color, and pronounced mushroom taste and 

flavor. Although the 15% MP fortified bread had a low rating 

in most of the quality attributes, they were, however, 

acceptable. Generally, the mushroom powder gave the bread 

a unique taste and texture that make them look and feel like 

cake bread, particularly the 20, and 25% mushroom powder 

formulation. 

Bread with Proper color change might attract consumers’ 

attention and affect their preference and acceptability. The 

bread with Termitpmyces le-testui mushroom had a 

distinctive aroma increase, as the concentration of mushroom 

powder increased (from 3.67±0.33-2.91±0.06). This result is 

similar to that of Okafor et al. [28] who studied the quality 

characteristics of bread made from wheat and Nigerian oyster 

mushroom (pleurotus plumonarius) powder and 

supplemented wheat flour with mushroom powder from 0-

25% and observed a significant difference (p<0.05) between 

0% mushroom bread and those fortified with 15-25% 

mushroom powder in all the quality attributes analyzed, 

implying bread with 5 and 10 percent had better results in all 

the attributes. These findings are also similar to that of Salehi 

[6] who studied the characterization of different mushroom 

powder and their application in bakery products and found 

out that, the bread containing 5% powdered osyster 

mushroom showed a considerably better result for texture 

and total acceptability. 

Table 3. Sensory evaluation of mushroom bread. 

Formulations Colour Taste Mouth feel Aroma Texture Overall Acceptability 

C0 7.31±0.21a 7.97±0.59a 7.75±0.16a 6.67±0.33a 7.44±0.54a 7.74± 0.38a 

C5 7.55±0.22ab 6.97±0.07a 6.61±0.18a 6.38±0.49a 7.86±0.53a 6.36± 0.59a 

C10 7.68±0.53a 5.45±0.27a 6.92±0.24a 6.35±0.13a 7.98±0.42a 6.61± 0.96a 

C15 7.74±0.19ab 5.82±0.36a 5.28±0.10a 6.25±0.46a 7.76±0.42a 6.23± 0.79a 

C20 6.65±0.23b 5.90±0.36ab 5.69±0.47a 7.58±0.43a 6.77±0.11a 5.25± 0.56a 

C25 6.83±0.53b 5.91±0.38a 5.79±0.60a 6.15±0.25a 6.50±0.73a 5.03± 0.84a 

C30 5.09±0.53b 4.06±0.33a 5.85±0.25a 7.91±0.06a 6.82±0.10a 5.02± 0.80a 

Values are Mean ± standard deviation (n=5). (a); values with same superscript letters are not significantly different (P > 0.05 C0 = 0% T. le-testui, C5= 5% T. 

le-testui, C10 =10% T. le-testui, C15= 15% T. le-testui, C20= 20% T. le-testui, C25= T. le-testui, C30= 30%T. le-testui. 

The results from the glycemic index of the mushroom bread evaluated in non-diabetic humans are illustrated in figure 1. 

From 0-30 minutes, there is an increase in the blood glucose levels for all the animals fed different bread samples. From 30-

120 minuites, the blood. 

 

Figure 1. Effects of mushroom bread compositions on the reduction of glucose release. 
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Increasing mushroom powder substitution levels decreased 

sugar release thereby decreasing the area under the curve. The 

substitution of wheat flour with mushroom powder caused a 

decrease in the total carbohydrate digestibility time as 

illustrated in figure 1. Lower levels of sugars were released 

from all the mushroom-enriched bread compared to the control 

(100% wheat bread). The levels of sugar release in the control 

bread were significantly higher, at 60 and 120 min in the in 

vivo digestion, compared to the mushroom enriched bread. 

The highest decrease in sugar release was observed in the 30% 

substitution level. The rapidly digested starch during the first 

15 min in the mushroom enriched samples 5-30% was reduced 

compared to the control (0%MP). The amounts of the slowly 

digested carbohydrates fractions, over 15–120 min, were lower 

in the mushroom bread samples when compared to the control. 

The values of the 25% and 30% mushroom bread samples 

were significantly lower than the control at 120 min. There 

was a positive correlation between the quantity of mushroom 

flour used and fasting blood sugar level after 15 minutes, with 

very little significant difference (r=-0.991, P=0.328). Also, a 

significant negative correlation existed between the quantity of 

mushroom flour used and fasting blood sugar levels after 30, 

60, 90, and 120 minutes (r= -0.991, P=0.000) and 90 minutes 

(r = -1.000, P=0.000). 

These results are similar to those of Lu et al., [32] who worked 

on enhancing the nutritional properties of bread by incorporating 

mushroom bioactive compounds. The results showed that a 

significant positive correlation existed between the total 

carbohydrate content and area under the curve value (r = 0.699, at 

p ≤ 0.001), meanwhile in this study a negative correlation existed 

between the total starch content and area under the curve value (r 

= -0.773 and -0.586, respectively, at p ≤ 0.001). 

These phenomena might be partly attributed to the 

significantly lower total carbohydrate content and more 

insoluble dietary fibre and soluble dietary fiber levels in the 

mushroom bread than in the control (0% mushroom). 

Interestingly, compared with soluble dietary fiber, insoluble 

dietary fibre played a more important role in modulating the 

starch digestibility of the final bread samples. This may be 

due to the fiber that protects the starch granules from human 

physical digestive actions inside the stomach by increasing 

the viscosity of the digesta and forming a physical “barrier” 

to the digestion of starch granules [44]. In addition, dietary 

fiber could form a close and compact matrix with other 

ingredients in bread, such as protein and starch, and such 

complex formations play a pivotal role in inhibiting enzyme 

accessibility to starch granules [35, 45]. It has been observed 

that even small amounts of protein in food products were 

enough to alter the starch digestibility and other functional 

properties [35] in that the protein matrix can entrap the starch 

granules and so reduce accessibility to enzyme attack. 

Continuous protein strands have an encapsulation effect on 

large starch granules, resulting in well-formed protein-starch 

complexes; thus, limiting starch degradation and sugar 

liberation [45]. Choo et al.,[36] reported that polyphenols 

reduced starch hydrolysis by binding with amylases. Several 

mechanisms have been proposed for the hypoglycemic 

effects of phytochemicals, such as inhibition of carbohydrate 

metabolizing enzymes, manipulation of glucose transporters, 

β-cell regeneration, and enhancing insulin-releasing activity 

and sensitivity [37]. Thus, the phytochemicals and 

antioxidant properties of the Termitomyce le testui may 

contribute to their anti-diabetic potential. If that is the case, 

then the distinctions in the level of inhibition amongst the 

different compositions might be because of the differences in 

the concentration of these bioactive components present in 

the different species of Termitomyces mushrooms. 

Summarily, this study shows that different concentrations 

of Termitomyces le-testui mushroom appreciably inhibited 

the rapid release of sugar in blood from carbohydrates in the 

bread. Therefore, the Termitomyces le-testui mushroom can 

play a significant role in the fight against diabetes. 

Figure 2 shows blood sugar reduction in diabetic rats. There 

was a reduction in blood sugar levels to normal levels, for the 

rats who ate bread with mushrooms from day one to day 

fifteen. The blood sugar levels of the rats who ate bread 

without mushrooms were reduced but the rats were still 

diabetic at the end. The effect of glucose reduction of T. le-

testui bread was studied on the diabetic rat (figure 2). In 

experimental animals, diabetes was recognized as a rise in 

Blood Glucose Levels (BGL) of more than 200 mg/dl after the 

administration of a high sugar diet. Later, BGL of Group II, III, 

IV, V, VI, and VII after receiving treatments for 15 days, was 

reduced to normal levels. For group I, the blood sugar level 

was (150.4±2.1 mg/dl) on day 15, this was higher compared to 

those groups who ate bread with different proportions of 

mushrooms. There was a positive correlation (figure 2) 

between the quantity of high sugar diet after induction and 

blood sugar levels (r=-0.991, P=0.328). The was an 

insignificant negative correlation between the quantity of 

mushroom flour used and the blood sugar levels on the 3rd and 

6
th
 day (r=-0.429, P=0.176, r= -0.619, P=0.051 respectively). 

 

MB=Mushroom bread 

Figure 2. Effect of Termitomyces le-testui mushroom bread on blood sugar 

(mg/dl). 
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There was a negative and significant correlation between 

the quantity of mushroom flour used and the blood sugar 

levels on the 9
th

 and 15
th

 days of treatment (r=-0.714, 

P=0.024 and r=-0.810, P=0.011 respectively). These results 

are in line with those of Balaji et al., [46] who used hot water 

extract (HWE) of Pleurotus pulmonarius mushroom on 

streptozotozin-induced diabetic rats, and found that 200 mg 

of hot water extract on averagely reduced the level of blood 

sugar from day 4 onwards with maintained effect till the end 

of treatment. The 400 mg/kg of hot water extract had a 

significant value (P < 0.001), with 97.19 ± 5.52 mg/dl when 

compared with that of the reference control (106.60 ± 8.43 

mg/dl). This could be due to the presence of high fiber in the 

mushroom, the presence of phytochemicals, polyphenols 

which increase insulin sensitivity [38], and flavonoids' 

inhibitory activity against α- glycosidase [39]. 

Lipid profiles of the serum of diabetic rats after 

consumption of different compositions of mushroom bread 

are shown in figure 3. There was an increase in HDL, and a 

decrease in LDL, Trygliceride, and Cholesterol in the blood 

with increased mushroom concentrations. Dyslipidemia, 

heart diseases, and some other connected difficulties in 

diabetics are caused by the metabolism of unusual fatty acids, 

which are characterized by a high difference in serum lipid 

profiles [47]. High-density lipoprotein (HDLC) reduces the 

risk of atherosclerosis, and heart diseases, and plays a big 

role in cholesterol transfer to the liver for disposal [48]. 

Figure 3 shows that as the composition of the mushroom 

bread increases from 0% to 30% the low-density lipoproteins 

decreases while the high-density lipoproteins increase. 

Again, the Triglyceride and cholesterol levels are decreasing 

as the composition of mushroom flour in the bread samples 

are increasing. There was a significant positive correlation 

between the percentage composition of mushroom bread and 

the high-density lipoprotein of the rat (r =0.857, P=0.014). 

There was also a significant negative correlation between the 

percentage composition of mushroom bread and low-density 

lipoprotein (r = -0.976, P=0.001). 

 

HDL=High Density Lipoprotein, LDL=Low Density Lipoprotein, MB= Mushroom Bread 

Figure 3. Values show the changes that occur in the lipids level of diabetic rats when different compositions of the mushroom bread were consumed. 

On the other hand, there was a negative correlation 

between the percentage composition of mushroom bread and 

the Triglyceride level (r = -0.893, P=0.007). similarly, there 

was a significant negative correlation between the percentage 

composition of mushroom bread and cholesterol (r = -0.949, 

P=0.001). These results are similar to those of Balaji et al., 

[46] who during the study period, found that hot water 

extract and alcoholic extract of Pleurotus pulmonarius led to 

a decrease in Total cholesterol, Triglyceride, Low-density 

lipoprotein cholesterol, and Very low-density lipoprotein 

levels in diabetic rats. 

4. Conclusion 

T. le-testui bread has good nutritional properties, with 

protein (3.77-13.97%), insoluble fibers (11.89-83.52%), 

soluble fibers (3.91-26.89), mineral (potassium, sodium, iron, 

zinc, magnesium), vitamin A content and phytochemicals, 

Polyphenols (0.11-2.48%) and flavonoids (0.20-1.39%). 

These nutritional and phytochemical properties increased 

with increased mushroom concentrations with 30% 

mushroom bread having the highest values. Sensory 

evaluation indicated 5% as the most acceptable in all the 

sensory attributes tested (color, taste, mouthfeel, texture 

aroma). Meanwhile, 30% of MB had a good glycemic index 

with non-diabetic humans. Furthermore, mushroom inclusion 

levels led to a progressive decrease in blood sugar levels in 

diabetic rats with 30% MB reducing the most, also an overall 

decrease in LDL, Triglycerides, Cholesterol, and an increase 

in HDL with the increase in mushroom concentration with 

30% having the best. The studied T. le-testui mushroom 

bread has good potential in reducing blood sugar in diabetic 

patients and can thus be used in the management of diabetes 

mellitus. 
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