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ABSTRACT 

Milk-clotting enzymes (MCEs) play a crucial role in cheese production, facilitating the coagulation of milk, 
traditionally sourced from animal rennet. Soil samples were collected from Sidi Mamman Assarakawa and Sidi 
Akibu farms, while wheat bran was obtained from Sokoto Central Market. Fungi were isolated using serial 
dilution and cultured on Potato Dextrose Agar (PDA) with chloramphenicol (0.05 g/L). A potential milk-clotting 
enzyme (MCE)--producing fungi were screened using Skim Milk Agar, and the potential isolates that showed 
clear zones were identified based on macroscopic and microscopic characteristics using lacto-phenol cotton blue 
staining and subjected to solid-state fermentation using wheat bran as a substrate to produce MCEs. The crude 
enzyme extracts were evaluated for aflatoxin B1 content using ELISA. A total of 12 fungal isolates were obtained 
from soil samples collected from the dairy farms. Among them, two isolates (SMA 3 and SA 4) demonstrated 
significant proteolytic activity, forming clear zones of 8.0 mm and 6.0 mm, respectively. The isolates were 
respectively identified as Aspergillus niger and Penicillium spp with Aflatoxin B1 content of 7.1 ± 0.02 from 
Aspergillus niger and 7.6 ± 0.05 from Penicillium spp This study indicates the safe utilization of Aspergillus niger 
and Penicillium spp enzymes in solid-state fermentation for cheese production in Nigeria, providing a local and 
economically viable alternative in the dairy industry. 
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INTRODUCTION 

Milk-clotting enzymes (MCEs) play a crucial role in 
cheese production, facilitating the coagulation of 
milk (Kumar et al., 2014). Traditionally, rennet 
extracted from the stomach lining of young animals 
has been used as the Milk-clotting enzyme. 
However, the increasing demand for cheese, 
availability of calf rennet, costs and religious 
considerations have led to the exploration of 
microbial sources (Hayam et al., 2013).  
The use of microbial rennet has gained popularity in 
recent years due to its potential to reduce cost and 
improve the sustainability of cheese production 
(Silveira et al., 2005). Several successful attempts 
have been made to produce milk-clotting enzymes 

from other sources such as plants and 
microorganisms (Rodarte et al., 2011). 
Most of these enzymes are mainly produced by 
genera such as Aspergillus, Mucor, Entothia, 
Rhizopus, Penicillium and Fusarium. These fungi are 
characterized by their adaptation to solid-state 
fermentation (SSF) using cheap substrates, which 
improve the recovery of extracellular enzymes from 
fermentation media, solve contamination 
problems, and process investment costs (Sathya et 
al., 2009). 
The safety of MCEs produced by solid-state 
fermentation must be evaluated to ensure their 
suitability for use in cheese production. This study 
aimed to evaluate the safety of milk-clotting 
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enzymes (MCEs) produced by Aspergillus niger and 
penicillium spp by solid-state fermentation (SSF). 

MATERIALS AND METHODS 
Collection of Samples 
Soil samples were obtained from Sidi Mamman 
Assarakawa farm and Sidi Akibu farm. 
The soil samples were collected from the top 
surface and at a depth of about 10cm.  A sterile 
spatula was used to collect 10g from each farm of 
the soil samples (Sathya et al., 2009). 
Processing of Industrial Residues 
Wheat bran, obtained from Sokoto Central Market, 
was also sieved using a 1 mm metal sieve (Hayam et 
al., 2013) before being used in this study. 
Isolation and Identification of Fungi 
Ten-fold serial dilutions were carried out (10-1 – 10-

10) and 0.2ml from a dilution factor of 10-3, 10-5 and 
10-8 were plated onto Potato Dextrose Agar (PDA) 
medium containing 0.05 g/L chloramphenicol. The 
plates were incubated at 30 °C for 5 to 7 days to 
isolate distinctive colonies (Sathya et al., 2009). 
Fungal identification was done based on 
macroscopic and microscopic characterization. 
(Mohanasrinivasan et al., 2012). Macroscopic 
identification was based on characteristics of fungal 
growth on PDA plates; while microscopic 
identification was through lacto-phenol cotton blue 
staining technique (Mohanasrinivasan et al., 2012).  
Lacto-phenol Cotton Blue Staining 
Lacto-phenol Cotton Blue stain (Sigma-Aldrich, 
Germany) was used to study the microscopic 
characteristics of fungi. A drop of lacto-phenol 
solution was placed on a clean slide. Using a needle 
that has been sterilized in a Bunsen burner flame, a 
tincture of fungal growth together with a very small 
layer of the agar was taken and placed on the drop 
of lacto-phenol solution (Mohanasrinvasan et al., 
2012). The fungal culture was spread onto a slide by 
using a second needle to tease out the fungal 
structures. The needles were sterilized in a bunsen 
flame (Mohanasrinvasan et al., 2012). 
Screening for MCEs-Producing Fungi 
Primary screening for MCEs production was tested 
using the method of Sanna and Sayed (2001).  
Protease productions were tested using the Skim 
Milk Agar medium for the production of a clear 
zone. The detection medium (Skim Milk Agar, SMA) 
was prepared using 10g of skim milk, 2g of agar-
agar each dissolved in 150 mL distilled water, and 
the pH was adjusted to 6.0. All three media 
components were autoclaved separately to avoid 
coagulation and charring of milk and later mixed 
under sterile conditions. The plates were then 
subsequently inoculated with mycelia from a 5-day-
old culture and incubated at 30°C for 3 to 4 days. 
The plates were examined for the formation of the 

clearing zone. The species that exhibited maximum 
clear zone were selected for identification (Sanna 
and Sayed, 2001).  
Preparation of Inocula  
Fungal isolates were grown on PDA and incubated 
at 30°c for 5 days. The isolates were scraped using 
10 mL of sterile distilled water to prepare spore 
suspension. 1.0 mL of spore solution 
(106 spores/mL) were used according to the study 
by Sathya et al. (2009). 
Medium and Cultural Condition for Solid-State 
Fermentation  
The fermentation was carried out in 250 mL conical 
flask which contained 10g of wheat bran, 2g of skim 
milk powder. This was moistened with 10ml of 
mineral solution (g/L) : 2.0, KNO3; 0.5, MgSO4·7H2O; 
1.0, K2HPO4; 0.439, ZnSO4·7H2O; 1.116, 
FeSO4·7H2O; 0.203, MnSO4·7H2O,  and pH was 
adjusted to pH 5.0. The mixtures were autoclaved 
at 121 OC for 20 min. and allowed to cool. After 
sterilization, the flasks were inoculated with 1.0 ml 
of spore suspension and incubated at 30 °C for 120 
h (Sathya et al., 2009). 
Extraction of Enzymes 
After the fermentation period, 100mL of distilled 
water were added to the solid-state fermentation 
medium and homogenized by shaking for 40 min. 
Cell-free supernatant was obtained by centrifuging 
the extract at 10,000 rpm for 30 min. The 
centrifuged extract was filtered through Whatman 
No.1 filter paper to obtain crude enzymes (Ja’afar 
et al., 2020). 
Aflatoxin B1 Analysis 
The crude enzyme extracts were evaluated for 
aflatoxin B1 content using enzyme-linked 
Immunosorbent assay (ELISA) kits.  

RESULTS 
Fungal Isolation, Screening, and Identification 
A total of twelve (12) fungal isolates were obtained 
from the two farms, Sidi Mamman Assarakawa farm 
(SMA) and Sidi Akibu farm (SA). These isolates were 
screened for their ability to produce protease 
activity using Skim Milk Agar. The presence of a 
clear zone around the fungal colony on the Skim 
Milk Agar medium indicated the hydrolysis of 
casein, which is a sign of protease enzyme 
production. 
As shown in Table 1, only two (2) isolates 
demonstrated the ability to hydrolyze casein by the 
formation of clear zones, while the remaining ten 
(10) isolates showed no proteolytic activity. The 
two isolates that exhibited positive results were 
SMA 3, which produced a clear zone of 8 mm, and 
SA 4, which produced a clear zone of 6 mm. These 
two isolates were identified and confirmed as 
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Aspergillus niger and Penicillium spp respectively 
(Table 2). 
In Table 3, the results indicate that the 
concentration of aflatoxin B1 produced by 

Aspergillus niger and Penicillium spp are 7.1 ± 0.02 
and 7.6 ± 0.05 µg/L respectively. 

Table 1: Proteolytic Activity of the Fungal Isolates on Skim Milk Agar Media 

Isolate code Clear zone (mm) 

SMA 1  0.0 

SMA 2  0.0 

SMA 3  8.0  

SMA 4  0.0  

SMA 5  0.0  

SMA 6  0.0  

SA 1  0.0  

SA 2  0.0  

SA 3  0.0  

SA 4  6.0  

SA 5  0.0  

SA 6  0.0 

Keys: SMA=Sidi Mamman Assarakawa farm, SA= Sidi Akibu farm 

Table 2: Macroscopic and Microscopic Characteristic of Potential MCEs-producing Fungi 

Location/Isolate code Colony Description  Microscopic  Fungal identity  

SMA 3  Pin-like black 
growth 

Non-branched conidiophores with 
bulb end carry conidia like sun rays  

Aspergillus niger  

SA 4  Green-greyish color 
colonies   

The brush-like conidiophore carries 
conidia  

Penicillium spp  

Keys: SMA=Sidi Mamman Assarakawa farm, SA= Sidi Akibu farm 

Table 3: Concentration of Aflatoxin B1 Produced By the Fungal Isolates  

Fungal isolate Mean Concentration±SEM (µg/L)  

Aspergillus niger 7.1 ± 0.02 

Penicillium spp 7.6 ± 0.05 

The values are the mean of three determinations (triplicate) SEM = Standard error of the mean 

DISCUSSION 
In this study, a total of 12 fungal isolates were 
obtained from two (2) different dairy farms to 
identify potential isolates capable of producing 
milk-clotting enzymes (MCEs). Among these, only 
two isolates exhibited clear zones of hydrolysis on 
Skim Milk Agar, indicating proteolytic activity. 
Based on macroscopic and microscopic 
characteristics using lacto-phenol cotton blue 
staining, these isolates were identified as 

Aspergillus niger and Penicillium spp Aspergillus 
niger demonstrated the highest milk-clotting 
activity, forming a clear zone of 8 mm, while 
Penicillium spp produced a hydrolysis zone of 6 mm. 
These zones were formed due to the digestion of 
protein by multiple enzymes secreted by the fungal 
isolates. 
The findings of this research align with previous 
research. For example, Abdalla et al. (2018) 
reported that Aspergillus spp exhibited the highest 
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milk-clotting enzyme activity on Skim Milk Agar 
compared to other fungal isolates. Similarly, Arun et 
al. (2015) screened 31 fungal isolates using Casein 
Agar, Skim Milk Agar, and Gelatin Agar, where six 
isolates exhibited enzymatic activity on the media. 
These positive isolates displayed distinct hydrolysis 
zones around their colonies, reinforcing the 
potential of fungal isolates in enzyme production. 
Furthermore, our results agree with Agu et al.  
(2023), who isolated 14 fungi from four soil 
samples, among which two isolates, exhibited 
hydrolysis on Skim Milk Agar. In their study, 
Aspergillus spp demonstrated the highest 
enzymatic activity. The findings of this current study 
are also consistent with MohanasriniVasan et al. 
(2012), who reported the isolation and screening of 
milk-clotting enzymes from fungal isolates in soil 
samples.  
However, our results contrast with the findings of 
Abdalla et al. (2018), who observed that the 
majority of the fungal isolates in their study 
exhibited milk-clotting enzyme production on Skim 
Milk Agar. The relatively lower hydrolysis zones 
observed in this study may be attributed to 
additional components present in the Skim Milk 
Agar, which could interfere with enzyme-substrate 
interactions or compete for enzymatic activity, 
potentially reducing the size of the hydrolysis 
zones. 
The safety evaluation of the milk-clotting enzymes 
produced by Aspergillus niger and Penicillium spp 
through solid-state fermentation revealed the 
presence of aflatoxin B1 at levels exceeding the 
European Union permissible limit (4µg/L). 
However, these levels remain within the acceptable 
range established by the Standard Organization of 
Nigeria (20µg/L), suggesting that the crude 
enzymes may be considered safe after food 
production. Previous studies also supported the 
safety of enzymes derived from Aspergillus species, 
which are generally recognized as safe (GRAS) 
Castro et al. (2014). Additionally, Fazouane-Naimi 
et al. (2010) reported that the culture supernatant 
from Aspergillus niger FFB1 used for cheese 
production, was free from Ochratoxin A (OTA), 
further supporting the safety of fungal-derived 
enzymes in food application.  

CONCLUSION 
This study successfully evaluated the safety of milk-
clotting enzymes (MCEs) produced by Aspergillus 
niger and Penicillium spp through solid-state 
fermentation (SSF) for cheese production. A total of 
12 fungal isolates were obtained from soil samples 
collected from dairy farms, among which two 
isolates demonstrated significant proteolytic 
activity, forming clear zones of 8.0 mm and 6.0 mm 

respectively. These isolates were identified as 
Aspergillus niger and Penicillium spp. 
The safety assessment using ELISA revealed that the 
aflatoxin B1content in crude enzyme was 7.1 ± 0.02 
for Aspergillus niger and 7.6 ± 0.05 for Penicillium 
spp which falls within acceptable safety limits for 
food applications. These findings indicate that the 
enzymes produced by these fungal strains can be 
safely utilized in cheese production. 
Based on the findings of this study, it is 
recommended that further research should be 
conducted to optimize the production process of 
milk-clotting enzymes from Aspergillus niger and 
Penicillium spp to enhance their efficiency and 
safety for large-scale cheese production. 
Additionally, periodic monitoring of aflatoxin B1 
levels in enzyme extracts should be implemented to 
ensure compliance with food safety regulations. 

REFERENCES 
Abdalla, M., Abdullah, M., Mohamed, A.M. and 
Kartikya, T. (2018): Isolation and screening of 
extracellular protease enzyme from isolates of soil. 
Journal of Pure Applied Microbiology, 12(4):2059 - 
2067. 
Agu, K.C., Umeoduagu, N.D., Victor-Aduloju, A.T., 
Uwanta, L.I., Adepeju, D.M., Udenweze, E.C., Awari, 
V.G., Chidubem-Nwachinemere, N.O., Nwosu, J.C. 
and Udeh, K.C. (2023): Isolation and 
characterization of proteolytic enzyme produced 
from fungi. Cognizance Journal of Multidisciplinary 
Studies, 3(6):485 - 493.  
Arun, K.S., Vinay, S., Jyoti, S., Bindu, Y., Afroz, A. and 
Anand, P. (2015): Isolation and screening of 
extracellular protease enzyme from bacterial and 
fungal isolates of soil. International Journal of 
Scientific Research in Environmental Sciences, 
3(9):0334-0340. 
Castro, R. J. S., Nishide, T. G. and Sato. H. 
H. (2014): Production and biochemical properties of 
proteases secreted by Aspergillus niger under solid-
state fermentation in response to different 
agroindustrial 
substrates. BiocatalAgricBiotechnol, 3(4):236-
245, https://doi.org/10.1016/j.bcab.2014.06.001, 
2-s2.0-84915816957. 
Fazouane-Naimi, F., Mechakra, A. and Abdellaoui, 
R. (2010): Characterization and cheese-making 
properties of rennet-like enzyme produced by a 
local algerian isolate of Aspergillus niger. Food 
Biotechnology, 24(3):258-265. 
Hayam, M. A., Mohamed,  S. F., Jihan, M. K., Hala, 
M. B. and Maysa, E.M. (2013): Production of white 
soft cheese using fungal coagulant produced by 
solid-state fermentation technique. World Applied 
Sciences Journal, 25(6):939-944. 

https://doi.org/10.1016/j.bcab.2014.06.001


Sahel Journal of Life Sciences FUDMA 3(1): 282-286, 2025 

Yusuf et al.           286 

Ja’afaru, M.I., Chimbekujwo, K.I. and Ajunwa, O.M. 
(2020): Purification, characterization and 
destaining potentials of a thermotolerant protease 
produced by Fusarium oxysporum. Periodical 
Polytech. Chem. Engr. 64(4):539-547. 
Kumar, V., Singh, D., Sangwan, P., Gill, K. 
and Beniwal, V. (2014): Global market scenario of 
industrial enzymes. Industrial Enzymes Trends, 
Scope, and Relevances, Nova Science Publishers 
Inc., New York, NY, USA, 173–194. 
Mohanasrinivasan, V., Shankar, V., Elizabeth, R., 
Soumya, A.R. and Devi, C.S. (2012): Isolation, 
screening and identification of protease producing 
fungi from rhizosphere soil and optimisation of pH, 
incubation time and inducer concentration for 
enhanced protease production. International 
Journal of Pharma and Bio Sciences, 3(2):784-793. 
Rodarte, M. P., Dias, D. R., Vilela, D. M. and  Schwan, 
R. F. (2011): Proteolytic activities of bacteria, yeasts 
and filamentous fungi isolated from coffee fruit 

(Coffea arabica L). ActaScientiarum and Agronomy, 
33(3):457-464.  
Sanna, T. and Sayed, E. (2001): Purification and 
characterization of raphanin, a neutral protease, 
from raphanussativus leaves. Pakistan Journal of 
Biological Sciences, 4(1):564-568. 
Sathya, R., Pradeep, B. V., Angayarkanni, J. and 
Palaniswamy, M. (2009): Production of milk-
clotting protease by a local isolate of Mucor 
circinelloides under SSF using agro-industrial 
wastes. Biotechnology and Bioprocess Engineering, 
14(6):788-794. 
Silveira, G. G. D., Oliveira, G. M. D., Ribeiro, E. 
J., Monti, R. and Contiero, J. (2005): Microbial 
rennet produced by Mucor miehei in solid-state and 
submerged fermentation. Brazilian Archives of 
Biology and Technology, 48(6): 931-
937, https://doi.org/10.1590/s1516-
89132005000800009.

 

https://doi.org/10.1590/s1516-89132005000800009
https://doi.org/10.1590/s1516-89132005000800009

