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Abstract 
The objective of this work is to dry the mushrooms to evaluate the impact of 
drying on them. The drying of mushrooms in the oven, in the solar dryer and 
in the microwave indicated that for Termitomyces sp. the total polyphenol 
contents were 15.20 mgEAG/gMs for the microwave drying (280 W), 13.61 
mgEAG/gMs for the oven drying (60˚C), and 9.81 mgEAG/gMs for the solar 
dryer drying (40˚C). For Pleurotus sp., the contents obtained were 13.79 
mgEAG/gMs for microwave drying (280 W), 8.36 mgEAG/gMs for oven 
drying (60˚C) and 8.98 mgEAG/gMs for solar drying (40˚C). Regarding fla-
vonoids, for Termitomyces sp., this revealed 0.5797 mgECa/gMs for micro-
wave drying (280 W), 0.729 mgECa/gMs for oven drying (60˚C) and 0.5671 
mgECa/gMs for solar drying (40˚C). The flavonoid contents for Pleurotus sp. 
gave 0.842 mgECa/gMs for microwave drying (280 W), 1.06 mgECa/gMs for 
oven drying (60˚C) and, 0.425 mgECa/gMs for solar drying (40˚C). For Ter-
mitomyces sp., the levels of free radical scavenging activity varied from 13.02 
mg/mL for microwave drying, 25.08 mg/mL for oven drying, and 22.25 
mg/mL for solar drying; while for Pleurotus sp., 15.96 mg/mL for microwave 
drying, 39.90 mg/mL for oven drying, and 31.60 mg/mL for solar drying. 
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1. Introduction 

In Africa, wild edible mushrooms are an important food source [1]. They pro-
vide a supplement to the daily diet that is particularly rich in trace elements, vi-
tamins and proteins [2]. They are incredibly healthy foods, loaded with nutri-
tious yet low-calorie food components [3] [4] [5]. They are rich in amino acids 
and vitamins, as well as protein and fiber [6]. Edible mushrooms contain fats, 
which are mainly composed of unsaturated fatty acids [7] [8]. Many of the mu-
shrooms have medicinal properties [9] [10]. Mushrooms are consumed all over 
the world, and Zambia is no exception [11].  

In poor and rural areas, this contribution is very important, especially when 
reserves are exhausted or when crops are not yet mature [1].  

In Congo, edible mushrooms are harvested in all agro-ecological zones with a 
high proportion in the forests and savannah. During the flowering period, mu-
shrooms are widely consumed. As such, they are considered strategic foods in 
the fight against the problems of nutrition and food insecurity that plague tropi-
cal African countries. Some African authors believe that mushrooms are a very 
good source of minerals [12] and a real source of protein [2]. Others in India, 
present mushrooms as a source of carotene, polyphenols and Lycopene [13]. 

However, the cultivation of mushrooms is not yet well developed and a short-
age is observed in rural areas but also in large cities. Known as one of the oldest 
operations of food preservation, drying reduces the activity of water. It is there-
fore an operation of thermal separation that consists in eliminating by partial or 
total evaporation of water contained in food [14] [15]. It is a question of simul-
taneous transfers of heat and mass between the product to be dried and the sur-
rounding air. Sun drying is commonly used in Africa but its impact on the fi-
nished product can be unpleasant [16]. Therefore, the use of controlled atmos-
phere devices can be an alternative for the preservation of the quality of dried 
products. The drying process follows an evolution that is a function of time and 
speed. 

This phenomenon allows us to evaluate the drying behavior of a product by 
determining the relationship between the speed of the drying air, temperature, 
humidity and relative mass as a function of time [17]. But for this study, the 
purpose is not to evaluate the kinetics of drying but, on the other hand, to eva-
luate the quality of the product, especially the antioxidants, using different dry-
ing methods.  

Antioxidants appear today as the keys to longevity and our allies in the fight 
against modern diseases. They are protective elements that have an extreme va-
riety of structures and biological activities and act as free radical scavengers. For 
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this reason, an antioxidant is defined as a substance capable of preventing or 
slowing down the oxidation of other molecules [18]. 

Free radicals are produced daily in large quantities by the organism via the 
oxygen that is essential to our life, and are very reactive compounds with a single 
electron and necessary for vital mechanisms [19]. However, they become harm-
ful when they are in excess and induce certain damage to the structure of pro-
teins, lipids [20], nucleic acids [21] by causing oxidative stress that contributes to 
the processes of accelerated cellular aging and the development of many human 
pathologies such as cardiovascular diseases, cancers, arteriosclerosis [21], di-
abetes, Alzheimer’s disease, rheumatism [22].  

The aim of the present work is to evaluate the drying quality of mushrooms 
(Termitomyces sp. and Pleurotus sp.). 

2. Material and Methods 

This study was conducted in two research laboratories, the National Institute of 
Research in Engineering Sciences, Innovation and Technology (INRSIIT) and 
the National Institute of Agronomic Research (IRA). 

2.1. Plant Material 

The plant raw materials that were the subject of this study are: 
 Mushrooms of the genus Termitomycse sp. (Figure 1(a)) from the locality of 

Brazzaville in southwestern Congo;  
 Mushrooms of the genus Pleurotus sp. (Figure 1(b)). These fungi were col-

lected at the foot of trees in the southwest of Brazzaville Congo. 

2.2. Drying Equipment 

The drying equipment consisted essentially of solar dryer of boat type (Figure 
2(a)) and the Memmrt brand oven (Figure 2(b)) 

2.3. Methods 
Determination of Total Polyphenols and Total Flavonoids 

1) Preparation of extracts 
 

  
(a)                                 (b) 

Figure 1. Termitomycse sp. (a); Pleurotus sp. (b). 
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(a)                                  (b) 

Figure 2. Boat type solar dryer (a); oven (b). 
 

The different extracts made for the determination of total polyphenols and 
flavonoids were obtained by mixing 30 g of the plant material in 2 × 500 mL of a 
50% hydroethanol solution in the same proportions 50% (v/v). The mixture was 
then macerated under stirring for 72 h and filtered with filter paper. The filtrate 
obtained was concentrated to dryness at 50˚C under reduced pressure using a 
rotary evaporator model N-1 (Eyela, Tokyo Rikakikal Co., Ltd., Japan) and stored 
in an oven at 25˚C and kept in a cool place (+4˚C) waiting for analysis (Figure 2).  

2) Determination of total polyphenols 
The determination of the concentration of total phenols in the different sam-

ples was performed by the Folin Ciocalteu technique described by [18]. The Fo-
lin Ciocalteu reagent is reduced by the phenyl-copper complex which gives a 
blue coloration with maximum absorbance at 760 nm.  

0.1 mL of the hydroethanol extract of mushrooms of concentration 2 mg/mL 
is introduced into a 2 mL Eppendorff tube. Subsequently 0.9 mL of distilled wa-
ter and 0.9 mL of Folin-Ciocalteu reagent (1 N) are added and immediately af-
terwards 0.2 mL of Na2CO3 solution (20%) is added. The resulting mixture is 
incubated at room temperature for about 40 minutes in the dark. The absor-
bance is then measured with a spectrophotometer at 725 nm against a methanol 
solution used as blank. Note that a calibration line is previously performed be-
fore the analysis with gallic acid under the same conditions as the samples to be 
analyzed. The results obtained are expressed in mg gallic acid equivalent per 
gram of dry matter (EAG/gMs). 

3) Determination of total flavonoids 
The total flavonoid content of the extract of mushroom types was obtained by 

using aluminum trichloride (AlCl3) [23]. In a 100 mL flask, 250 μL of the hy-
droethanol extract was successively introduced. 

1 mL of distilled water, 7.5 μL of NaNO2 (5%). The mixture was allowed to 
stand for 5 minutes. Then 75 μL of AlCl3 (10%), was added before letting it stand 
again for 6 min. Then 500 μL of NaOH (1 N) and 2.5 mL of distilled water were 
added successively to the mixture. The analyses were performed at 25˚C. 

The following reagents: NaOH, NaNO2, Na2CO3, ethyl acetate, and formic ac-
id were all from Merck. 
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Absorbance was measured by UV-Visible spectrophotometer, model Gd-752n 
at 510 nm and results were expressed as mg catechin equivalent per gram of dry 
matter (mgECa/gMs). 

2.4. Determination of the Anti-Radical Activity of the  
Hydro-Ethanolic Extract 

Determination of the Anti-Radical Activity of the Hydro-Ethanolic  
Extract 
The antioxidant activity of the extract was measured using DPPH radical. 

The evaluation of free radical activity was performed using 5 mL of 1.1- 
diphenyl-2-picrylhydrazyl (DPPH at 10 mg in 250 mL ethanol) solution and 100 
µL of each extract diluted to concentrations ranging from 10 to 0.312 mg/mL, 
mixed in EDTA glass tubes. The DPPH radical is dissolved in 0.004% methanol 
solution stored at room temperature protected from light before use. 

After 30 minutes of incubation in the dark, the free radical scavenging activity 
was measured by spectrophotometer at 517 nm in the dark [24]. The percentage 
of inhibition was calculated by the following relationship:  

( )A517 of the white A517 of the sample
% 100

A517 of the white
I

−
= ×  

With A517: Absorbance at 517 nm. 
The reaction of the reduction of DPPH with phenolic compounds is shown in 

Figure 3 below.  

3. Results and Discussion 
3.1. Polyphenol and Flavonoid Content 

Figure 4 shows the results of polyphenols and flavonoids of the studied mu-
shrooms.  

This figure reveals the interesting contents of total polyphenols and flavonoids 
of the studied samples. The results revealed that the samples studied are main-
ly composed of total polyphenols. The concentrations of polyphenols, for Ter-
mitomyces sp. vary from 11.18 mgEAG/gMs (fresh), from 15.20 mgEAG/gMs 
(microwave drying at 280 W), from 13.61 mgEAG/gMs (oven drying at 60˚C), 
and from 9.81 mgEAG/gMs (solar dryer at 40˚C); while for Pleurotus sp., the  
 

 

Figure 3. DPPH reduction reaction. Source: [24]. 
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Figure 4. Quantitative composition of flavonoids and total polyphenols. 
 
concentrations varied from 8.7 mgEAG/gMs (fresh), 13.79 mgEAG/gMs (mi-
crowave drying at 280 W), 8.36 mgEAG/gMs (oven drying at 60˚C), and 8.98 
mgEAG/gMs (solar dryer at 40˚C). 

Flavonoid contents for Termitomyces sp. ranged from 0.4964 mgECa/gMs 
(fresh), 0.5797 mgECa/gMs (microwave drying at 280 W), 0.729 mgECa/gMs 
(oven drying at 60˚C) and 0.5671 mgECa/gMs (solar dryer at 40˚C); while for 
Pleurotus sp., the concentrations vary from 0.4114 mgECa/gMs (fresh), 0.842 
mgECa/gMs (microwave oven at drying at 280 W), 1.06 mgECa/gMs (oven dry-
ing at 60˚C), 0.425 mgECa/gMs (solar dryer at 40˚C). 

The studied mushrooms are a good source of flavonoids. 
Similar results were found by Muanda, N. F. [23] on several plants and showed 

that the extracts of D. Oliveri are quantitatively richer in phenolic compounds 
(polyphenols, flavonoids) with contents of 22 to 70 mgEAG/gMs of PPT and 
96.73 to 120.8 mgECa/gMs of FVT. 

The results on the extracts of D. Adscendens leaves gave 11.15 mgEAG/gMs of 
PPT and 12.94 mgEAG/gMs of FVT. 

The results on the extracts of F. capensis gave 21.33 mgEAG/gMs of PPT and 
115.2 mgEAG/gMs of FVT. 

The results from the root barks of S. Longependuculata are richer in poly-
phonic compounds with values of 9.86 mg EGa/gMs of PPT and 5.85 mgE-
Ca/gMs of FVT. The work reported by Sompila, A. W. G. T., et al., [25] revealed 
that the fronds of P. aquilinum are rich in polyphenols and flavonoids; similarly, 
the work of Nguie, R., et al. [26] revealed that the aquatic plant L. schlechteri was 
also rich in hydro-ethanol extracts. 

3.2. Anti-Radical Activity Content (Anti-Oxidant) 

Figure 5 presents the results of the anti-free radical activity of the studied fungi. 
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Figure 5. Quantitative composition of the anti-free radical activity of the studied fungi. 
 

Figure 5 reveals interesting antioxidant properties of the studied samples. For 
Termitomyces sp., the concentrations vary from 21.25 mg/mL (fresh), 13.02 
mg/mL (microwave drying), 25.08 mg/mL (oven drying), and 22.25 mg/mL (so-
lar dryer); while for Pleurotus sp., they vary from 26.11 mg/mL (fresh), 15.96 
mg/mL (microwave oven drying), 39.90 mg/mL (oven drying), 31.60 mg/mL 
(solar dryer). The studied mushrooms have interesting antioxidant properties. 
These results corroborate with those found by [19] on the same plants which 
show that the antioxidant capacity of the extracts analyzed is relatively impor-
tant. This is the case for the extracts of D. oliveri “Et (2.9 µg/mL), Er (2.8 
µg/mL), F (2.7 µg/mL)”; V. doniana “Et (2.9 µg/mL), Er (2.9 µg/mL), F (2.9 
µg/mL)”; D. adscendens “F (4 µg/mL)”; F. capensis “Et (2.9 µg/mL)” and S. re-
baudiana “Er (2.9 µg/mL)”. 

Barks of the roots of S. longependuculata “Er (5.5 µg/mL)” and extracts of F. 
capensis “Er (8.8 µg/mL)”. Extracts of leaves of F. capensis (10.2 µg/mL), essen-
tial oils S. rebaudiana IC (23.3 µg/mL) and F. capensis (19.3 µg/mL). 

4. Conclusion 

This study aims to contribute to the valorization of two species of edible mu-
shrooms from Congo, Termitomyces sp. and Pleurotus sp., which play an im-
portant role in the food and nutritional security of the populations of Congo. 
The drying of these products preserved the total polyphenols and flavonoids and 
the anti-root activity at satisfactory levels. 

The evaluation of the anti-oxidant properties reveals that all these samples 
show an important anti-oxidant activity, with high activity for Termitomyces sp. 
of 25.08 mg/mL (oven drying), and 22.25 mg/mL (solar drying); while for Pleu-
rotus sp. of 39.90 mg/mL (oven drying) and 31.60 mg/mL. 

Acknowledgements 

We would like to thank all the managers and colleagues of the laboratories where 

https://doi.org/10.4236/ojapps.2022.122019


A. M. Bita et al. 
 

 

DOI: 10.4236/ojapps.2022.122019 263 Open Journal of Applied Sciences 
 

we have carried out this work, in particular those of the Laboratory of Plant Physi-
ology Biology (LPBV). 

Many thanks were sent to Professor ATTIBAYEBA and Doctor Arnaud Wen-
ceslas Geoffroy TAMBA SOMPILA. 

Conflicts of Interest 

No conflict on this article. 

References 
[1] De Kesel, A. and Degreef, J. (2007) Ethnomycological Research and Literature Sur-

veys from Africa. MycoAfrica, 2, 4-5. 

[2] Okoro, I. and Achuba, F.I. (2012) Proximate and Mineral Analysis of Some Wild 
Edible Mushrooms. African Journal of Biotechnology, 11, 7720-7724.  
https://doi.org/10.5897/AJB11.590  

[3] Racz, L., Papp, L., Prokai, B. and Kovacz, Z. (1996) Trace Element Determination in 
Cultivated Mushrooms: An Investigation of Manganese, Nickel, and Cadmium 
In-Take in Cultivated Mushrooms Using ICP Atomic Emission. Microchemical 
Journal, 54, 444-451. https://doi.org/10.1006/mchj.1996.0121  

[4] Barbisan, L.F., Spinardi-Barbisan, A.L.S., Moreira, E.L.T., Salvadori, D.M.F., Ribei- 
ro, L.R., Eira, A.F., et al. (2003) Agaricus blazei (Himematsutake) Does Not Alter 
the Development of Rat Diethylnitrosamine-Initiated Hepatic Preneoplastic Foci. 
Cancer Science, 94, 188-192. https://doi.org/10.1111/j.1349-7006.2003.tb01417.x  

[5] Bellini, M.F., Giacomini, N.L., Eira, A.F., Ribeiro, L.R. and Mantovani, M.S. (2003) An-
ticlastogenic Effect of Aqueous Extracts of Agaricus blazei on CHO-k1 Cells, Studying 
Different Developmental Phases of the Mushroom. Toxicology in Vitro, 17, 465-469.  
https://doi.org/10.1016/S0887-2333(03)00043-2  

[6] Sadler, M. (2003) Nutritional Properties of Edible Fungi. Nutrition Bulletin, 28, 
305-308. https://doi.org/10.1046/j.1467-3010.2003.00354.x  

[7] Yilmaz, N.M., Solmaz, I. and El Mastas, M. (2006) Fatty Acid Composition in Some 
Wild Ediblemushrooms Growing in the Middly Black Region of Turkey. Food 
Chemistry, 99, 168-174. https://doi.org/10.1016/j.foodchem.2005.08.017  

[8] Pedneault, K.P., Gosselia, A. and Tweddel, R.J. (2006) Fatty Acid Composition of 
Lipids from Mushrooms Belonging to the Family of Boletaceae. Mycological Re-
search, 110, 1179-1183. https://doi.org/10.1016/j.mycres.2006.05.006  

[9] Wasser, S.P. and Weis, A.L. (1999) Medicinal Properties of Substances Occurring in 
Higher Basidiomycete Mushrooms: A Modern Prospective. Critical Reviews™ in 
Immunology, 19, 65-96. https://doi.org/10.1615/CritRevImmunol.v19.i1.30  

[10] Wasser, S.P., Weis, A.L. and Krast, P. (1999) Medicinal Values of the Genus Pleu-
rotus (Fr) (Agaricales s.l. Basidiomycetes). International Journal of Medicinal Mu-
shrooms, 1, 69-70. https://doi.org/10.1615/IntJMedMushrooms.v1.i1.50  

[11] Singh, I.S. and Nyau, C. (2020) Quantification of Heavy Metal Accumulation in 
Edible Wild-Mushrooms in Copperbelt and Western Provinces of Zambia. Journal 
of Environmental Protection, 11, 1-12. https://doi.org/10.4236/jep.2020.111001  

[12] Adejumo, T.O. and Awosanya, O.B. (2005) Proximate and Mineral Composition of 
form Edible Mushroom Species from South Western Nigéria. African Journal of 
Biotechnology, 4, 1084-1088. 

[13] Davis, J. (2000) The Edible and Medicinal Mushrooms Industry in Australia. Inter-

https://doi.org/10.4236/ojapps.2022.122019
https://doi.org/10.5897/AJB11.590
https://doi.org/10.1006/mchj.1996.0121
https://doi.org/10.1111/j.1349-7006.2003.tb01417.x
https://doi.org/10.1016/S0887-2333(03)00043-2
https://doi.org/10.1046/j.1467-3010.2003.00354.x
https://doi.org/10.1016/j.foodchem.2005.08.017
https://doi.org/10.1016/j.mycres.2006.05.006
https://doi.org/10.1615/CritRevImmunol.v19.i1.30
https://doi.org/10.1615/IntJMedMushrooms.v1.i1.50
https://doi.org/10.4236/jep.2020.111001


A. M. Bita et al. 
 

 

DOI: 10.4236/ojapps.2022.122019 264 Open Journal of Applied Sciences 
 

national Journal of Medicinal Mushrooms, 2, 5-9.  
https://doi.org/10.1615/IntJMedMushr.v2.i1.100  

[14] Ridene, H., Azzouz, S. and Ghorbel, D. (2006) Séchage des tomates par l’air chaud: 
Cinétique et qualité. 1er Séminaire Maghrébin sur les Sciences et Technologies de 
séchage. 

[15] Arlabosse, P. (2008) Séchage industriel: Aspects pratiques. Techniques de l’Ingénieur, 
J2455, 1-24. 

[16] Perumal, R. (2007) Comparative Performance of Solar Cabinet, Vacuum Assisted 
Solar and Open Sun Drying. Thesis of Master of Science, Department of Biore-
source Engineering, McGill University, Montreal. 

[17] Bonazzi, C. And Bimbenet, J.-J. (2002) Séchage des produits alimentaires. Principes. 
Techniques de l’Ingénieur, traité Agroalimentaire. F30007.  

[18] Flora, S.J.S. (2009) Structural, Chemical and Biological Aspects of Antioxidants for 
Strategies against Metal and Metalloid Exposure. Oxidative Medicine and Cellular 
Longevity, 2, Article ID: 873634. https://doi.org/10.4161/oxim.2.4.9112  

[19] Bartosz, G. (2003) Generation of Reactive Oxygen Species in Biological Systems. 
Comments on Toxicology, 9, 5-21. https://doi.org/10.1080/08865140302420  

[20] Pourrut, B. (2008) Implication du stress oxydatif dans la toxicité du plomb sur une 
plante modèle, Viciafaba. Thèse pour l’obtention du Diplôme de Doctorat à l’Institut 
National Polytechnique de l’Université de Toulouse spécialité: Ecotoxicologie, France. 

[21] Favier, A. (2003) Le stress oxydant. Intérêt conceptuel et expérimental dans la 
compréhension des mécanismes des maladies et potentiel thérapeutique. L’actualité 
chimique, 11, 108-115. 

[22] Mezouar, D., Lahfa, F.B., Djaziri, R. and Boucherit-Otmani, Z. (2014) Évaluation de 
l’activité antioxydante de Berberis vulgaris L. Phytothérapie, 12, 297-301.  
https://doi.org/10.1007/s10298-014-0867-1  

[23] Muanda, N.F. (2010) Identification de polyphénols, Evaluation de leur activité 
antioxydante et de leurs propriétés biologiques. Thèse de doctorat. Ecole doctorale 
SESAMES. UFR: Sciences fondamentales et appliquées.  

[24] Lee, D.-S., Kim, N.S. and Lee, S.H. (2001) 2,2-Dipheny1-1-picrylhydrazyl Hydrate, a 
Stable Free Radical, Is an a-Glucosidase Inhibitor. Biological and Pharmaceutical 
Bulletin, 24, 727-728. https://doi.org/10.1248/bpb.24.727  

[25] Sompila, A.W.G.T., Mabika, A.B.M., Pambou-Tobi, N.P.G., Gouollaly, T., Mous-
sounga, J.E., N’simba, G.L.-L.B., Nguie, R. and Matos, L. (2021) Evaluation of Some 
Secondary Metabolites and Determination of the Antioxidant Potential of Different 
Extracts from the Plant of Pteridium aquilinum. American Journal of Analytical 
Chemistry, 12, 506-519. https://doi.org/10.4236/ajac.2021.1212032  

[26] Nguie, R., Gouollaly, T., Tamba Sompila, A.W.G., Moussounga, J.E., Dzondo, M.G., 
Pambou-Tobi, N.P.G., Diakabana, P. and Gampoula, R.H. (2021) Evaluation of Po-
tential Extracts Antioxydant (Aqueous, Hydro-Ethanolic and Ethanolic) of an Aq-
uatic Plant from the River Djoue (Ledermanniella schlechteri). Open Journal of Ap-
plied Sciences, 11, 254-263. https://doi.org/10.4236/ojapps.2021.113018  

 
 

https://doi.org/10.4236/ojapps.2022.122019
https://doi.org/10.1615/IntJMedMushr.v2.i1.100
https://doi.org/10.4161/oxim.2.4.9112
https://doi.org/10.1080/08865140302420
https://doi.org/10.1007/s10298-014-0867-1
https://doi.org/10.1248/bpb.24.727
https://doi.org/10.4236/ajac.2021.1212032
https://doi.org/10.4236/ojapps.2021.113018


A. M. Bita et al. 
 

 

DOI: 10.4236/ojapps.2022.122019 265 Open Journal of Applied Sciences 
 

Nomenclature 

EGA: Gallic Acid Equivalent 
ECa: Catechin Equivalent 
Ms: Dry Matter 
mg: Milligramme 
mL: Milliliter 
IC50: 50% Inhibitory Concentration 
DPPH: 1.1-Diphenyl-2-Picrylhydrazyl 
FVT: Total Flavonoid Content 
PPT: Total Polyphenol Content 
SAF: Salanga Molele fresh (Pleurotus sp.) 
SASSO: Salanga Molele dried in a solar dryer (Pleurotus sp.) 
SA-ET: Salanga Molele oven-dried (Pleurotus sp.) 
SA-MI: Salanga Molele microwave dried (Pleurotus sp.) 
BF: Bouloundi fresh (Termitomyces sp.) 
B-SSO: Bouloundi dried in a solar dryer (Termitomyces sp.) 
B-ET: Bouloundi oven-dried (Termitomyces sp.) 
B-MI: Bouloundi microwave dried (Termitomyces sp.) 
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