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Abstract 
 

Pigments play an important role in the pharmaceutical industry as well as in the food 

industry. Biological synthesis of pigments has attained more revenue for easy 

extraction, high growth rate and high yield. The production of pigments by 

Monascus purpureus EG was investigated in several static batch cultures, the most 

suitable medium for its yellow, orange, and red extracellular pigment production 

was yeast glucose medium (YG), while malt extract medium (ME) had maximum 

production for its intracellular pigment. The effect of some physical factors on 

growth and pigment production was studied. Direct illumination inhibited growth 

and pigment production. Antimicrobial activities of pigments were observed against 

selected Gram-negative (G-ve) and Gram-positive (G+ve) bacteria. The antibacterial 

effects of red pigment on G- and G+ were highly effective compared to yellow and 

orange pigments. The extracted pigment was used for the reduction of the aqueous 

silver nitrate into silver nanoparticles (AgNPs). The biosynthesized AgNPs were 

structurally characterized using UV-VIS Spectra which showed absorption peaks at 

437, 453 and 447 nm for pH values 3.5, 6.5 and 9.5, respectively. The optimum pH 

for the maximum synthesis of nanoparticles was 6.5. It showed no nitrate reductase 

activity, but the synthesized AgNPs exhibited strong antimicrobial activity against 

G+ and G- bacteria. 

 

 
Introduction 
 

Monascus purpureus belongs to the phylum 

Ascomycota, Monascaceae family is purplish-red 

in shading. For quite a while, it has been 

customarily significant in China, Thailand, and 

Japan for the creation of red rice wine, red 

soybeans, cheddar, and ang-kak rice. It was 

discovered to create safe regular colours and other 

remedially significant auxiliary metabolites, 

including citrinin and statins (Liu et al. 2020). It is 

not   just   utilized   as a food colorant, seasoning 

specialist, and additive; however, it is likewise 

generally applied in clinical purposes to bring 

down blood cholesterol, hostile to diabetes, 

mitigating and to forestall osteoporosis 

(Arunachalam and Narmadhapriya 2011). It has the 

capacity as a saccharification specialist and ethanol 

maker. The past examination by Takeshita et al. 

(2016) indicated that a mix of M. purpureus  

and Saccharomyces cerevisiae K7 could create 

ethanol in mixed drinks. The shade of a food  

substance is essential to mirror its newness and 

security. It is likewise a pointer of good tasteful and 

sensorial qualities (Malik et al. 2012). 
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Ongoing years, the food business has zeroed in on 

creating characteristic colours from plants and 

microbial sources to defeat the utilization of 

manufactured shades that are possibly dangerous to 

human well-being and the climate. Regular colours 

delivered by microorganisms have acquired 

significance due to their low water solvency and 

the shaky idea of plant inferred shades against 

warmth and light (Sharmila et al. 2013). The main 

trait of M. purpureus is its capacity to integrate 

colours from polyketide chromophores and β-keto 

acids by esterification. The shades created by it are 

grouped into in any event six sorts of shades 

dependent on shading: (1) red colour 

(rubropunctamine and monascorubramine); (2) 

orange colour (rubropunctatin and monascorubrin) 

and (3) yellow colour (monascin and ankaflavin) 

(Fig. 1) (Guo et al. 2016). The structure of colours 

created by Monascus species relies upon elements, 

for example, the sort of substrate and nitrogen 

source, pH, and temperature (Haque et al. 2016).

 

       Yellow colour 

 

 
Monascin, C21H26O5 

 

 
 

Ankaflavin, C23H30O5 

    Orange colour 

 

 
Rubropunctatin, 

C21H22O5 

 
Monascorubrin, 

C23H26O5 

 

       Red colour 

 

 
Rubropunctamine, 

C21H23O4 

 
Monascorubramine, 

C23H26O4 

Fig. 1. Six major Monascus pigments chemical structures. 

 

Current exploration found that Monascus shades 

(MPs) had a scope of organic exercises, for 

example, cell reinforcement, anticancer properties, 

anti-cholesterols, and invulnerable enhancer 

metabolites (Park et al. 2005; El-Sayed et al. 

2020). As the Monascus can produce lovastatin 

alongside with function as a colour it is also a 

cholesterol-lowering specialist by stifling 

cholesterol amalgamation using hindrance of 

HMG-CoA reductase compound, which intervenes 

the biosynthesis of cholesterol in the liver and is 

known as a strong inhibitor simvastatin 

(Seenivasan et al. 2020). In this manner, the 

presence of lovastatin in bioproducts of a life form 

is an extra preferred position making M. purpureus 

significant in clinical and drug ventures by 

agreeably working with different mixes or 

independently to animate body cells in the therapy 

of Alzheimer's infection or malignant growth, 

enlistment of apoptotic cell demise, a decrease of 

aggravation, hindrance of tumorigenesis and viral 

replication (Choe et al. 2020). 

The present study aims to evaluate the best possible 

fermentative conditions for maximum production 

of bio-pigment, its antimicrobial effects and study 

M. purpureus pigments as a reducing and capping 

agent for the rapid synthesis of silver nanoparticles 

(AgNPs). 

 

Experimental 
 

Microbial cultures 

M. purpureus EG was obtained from the 

Microbiology Lab (Mayada El-Fawal), Botany and 

Microbiology Department, Faculty of Science, 

Damietta University, Egypt. It was maintained on 

Potato Dextrose Agar (PDA) medium at 30 ºC and 

preserved at 4 ºC, with sub-culturing every four 
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weeks. The bacterial strains (Bacillus subtilis and 

Escherichia coli) were kindly provided by Prof. 

Mohamed I. Abou-Dobara (Professor of 

Microbiology, Botany and Microbiology 

Department, Faculty of Science, Damietta 

University, Egypt). 

 

Chemicals 

 

Silver nitrate was purchased from Panreac Quimica 

S.L.U (Barcelona, Spain). The other chemicals and 

solvents were purchased from Sigma Aldrich (Saint 

Louis, USA) and El Nasr Pharmaceutical 

Chemicals Company (Oubour, Qalyubi, Egypt). 

 

Cultivation media 

 

Yeast glucose medium (YG) (Chen and Tseng 

1989), Modified Lin’s medium (ML) (Lee et al. 

2001), Sabouraud dextrose medium (SD) (Jacobs 

and Gerstein 1960), malt extract medium (ME) 

(Thom and Church 1926), Czapex-Dox medium 

(Waksman 1967) and potato dextrose medium (PD) 

(Beever and Bollard 1970) were the basic 

fermentation media. Nutrient agar medium was 

used in the study of antimicrobial activity tests. 

 

Evaluation of different media, physical parameters 

on   growth and pigment production 

 

Three different solid culture media potato dextrose 

agar (PDA), malt extract agar (MEA) and 

Sabouraud dextrose agar (SDA) were prepared then 

sterilized by autoclaving, inoculated centrally on 

Petri dishes containing those media with a 6mm. 

agar disc cut, with sterilized cork-borer from the 

edge of 7-day old M. purpureus culture growing on 

PDA agar and incubated for 7 days at 20, 30, and 

50 ºC and then after incubation period the most 

suitable degree of temperature for growth and 

pigment production was determined. The effect of 

dark and light was performed in Petri dishes and 

flasks. M. purpureus culture was covered (dark 

conditions) with aluminium foil paper for 

comparison with the other culture that was 

continuously cultured under light for 7 days at  

30 ºC. 

PD, SD, ME, YG, ML broth media were sterilized 

at 121 ºC for 15 min then were inoculated with a 

6mm agar disc of M. purpureus and incubated for  

7 days at 30 ºC under static conditions (Memmert 

incubator, Memmert GmbH + Co. KG, Schwabach, 

Germany). After incubation, the mycelia were 

separated from the broth by using pre-dried and 

weighed Whatman filter No. 1 then was dried in an 

oven at 80 ºC and weighed to determine biomass. 

 

Extracellular pigments analysis 

 

Estimation in static culture was performed using 

culture filtrate. The pigment mycelia were 

separated from broth by filtration. The cell-free 

culture filtrate was then centrifuged (Xiangshui 

Fada medical apparatus factory, model 800, 

Xiangshui FADA Medical treatment machinery 

Factory, Xiangshui, China.) at 7,511×g for 15 min, 

and the supernatant was decanted. The filtrate was 

diluted with distilled water, and the extracellular 

pigment concentration was determined using a UV-

visible spectrophotometer (model UV1100, 

Shanghai Yoke Instrument Company Co., Ltd., 

Shanghai, China.) at wavelengths of 400, 460 and 

500 nm for yellow, orange, and red pigments, 

respectively. Distilled water was used as blank 

control. The amounts of extracellular pigments 

were obtained via multiplying the sample 

absorbance by the applied dilution (Yang et al. 

2019). 

 

Intracellular pigments analysis 

 

The mycelia were washed twice by distilled water 

and collected, crushed, and soaked in 10 mL of 

ethanol aqueous solution (70 % v/v; pH = 2) for 2 h 

in a horizontal shaking incubator (Incubator WIS-

10 Shaking incubator top-door orbital motion 

benchtop shaker incubator, model WIS-10, Witeg 

Labortechnik GmbH, Wertheim, Germany) at 

0.4×g to extract the intracellular pigments. The 

ethanol extract of intracellular pigments was 

centrifuged at 7,511×g for 15 min to separate the 

mycelia, after which the supernatant was collected. 

The corresponding ethanol aqueous solution was 

subjected to intracellular pigment concentration 

measurement using a UV-visible 

spectrophotometer (Shanghai Yoke Instrument 

Company, model UV1100, China) at wavelengths 

of 400, 460 and 500 nm for yellow, orange, and red 
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pigments, respectively. Ethanol (70 % v/v, cut-off 

wavelength; 210) was also used as blank control. 

The amounts of intracellular pigments were 

obtained by multiplying the sample absorbance by 

the applied dilution (Yang et al. 2019). 

 

Antimicrobial activity of pigments 

 

Extracted pigments were tested for their 

antimicrobial activity against two types of bacteria 

by using the agar well diffusion method. The tested 

microbial strains were E. coli and B. subtilis. 

Standardized suspension of each of the tested 

strains (108 CFU.mL-1) was swabbed uniformly into 

the sterilized culture medium (nutrient agar 

medium), mixed well, poured to Petri plates and 

made discs then placed filtrate of both culture 

media in each disc. The plates were incubated for 

24 h at 37 ºC, the inhibition zones were measured. 

 

Silver nanoparticles biosynthesis using Monascus 

red pigment 

 

The extracellular Monascus red pigment-mediated 

synthesis of AgNPs was executed as follows, 

100 µL (1 mg.mL-1 concentration) of red pigments 

solution was added into 2.5 mL silver nitrate 

(AgNO3) (2.0 × 10-4 M) solution (pH 7.0 ± 0.2) in 

clean glass tubes. Then, the tube was vigorously 

shaken for proper mixing of the reactant and kept 

under high-intensity sunlight and observed for the 

visual colour change of silver salt solution. 

Simultaneously, the controls of silver nitrate 

(2.5 mL silver nitrate without pigments) and 

pigments (100 µL pigments in water) were 

separately run at the same condition (Koli et al. 

2018). 

 

Nitrate reductase activity 

 

Nitrate reductase activity of the fungus was assayed 

by obtaining two tubes, the first one was mycelia of 

the fungus with 10 mL of AgNO3 and the second 

one was the control which consisted of  

10 mL of supernatant of the fungal filtrate and 10 

mL of water then incubated in shaking incubator 

(benchtop shaker incubator, model WIS-10, Korea) 

in the dark conditions for 5 – 7 days until the 

developed brown colour appeared and then 

measured by UV-VIS; spectrophotometer at the 

wavelength of 540 nm. 

 

Characterization of AgNPs 

 

The formation of brown or yellow-orange color 

after reaction of Monascus pigments with whitish 

color bulk AgNO3 solution in the presence of 

sunlight was the primary indication of conversion 

of silver nitrate into nanosized particles. 

 

UV-VIS spectrophotometric analysis 

 

The extracellular red Monascus pigment-mediated 

synthesis of AgNPs was confirmed by scanning of 

brown AgNPs solution on UV/VIS/NIR 

spectrophotometer (model V-630, JASCO 

International Co., Ltd., Hachioji-shi, Japan) in the 

range of 300 – 700 nm. 

 

Effect of pH on AgNPs synthesis  

 

The optimum concentration of AgNO3 (1 mM) was 

added to the fungal filtrate and the pH of the 

reaction mixture was adjusted to 3.5, 6.5, and 9.5 

(El-Baz et al. 2016), using 1 M HNO3 and 1 M 

NaOH solutions to obtain the optimum conditions 

for the maximum synthesis of nanoparticles. 

 

Antimicrobial activity of AgNPs at different PH 

values 

 

Biosynthesized AgNPs at different PH values 3.5, 

6.5, and 9.5 were tested for their antimicrobial 

activity against two types of bacteria: E. coli and B. 

subtilis by also using the agar well diffusion 

method and after incubation for 24 h at 37 ºC, the 

inhibition zones were measured. 
 

Statistical analysis 

 

The data were statistically analyzed using SPSS 

software version 18. All values in the experiments 

were expressed as the mean ± standard deviation 

(SD). 

 

 

Results and Discussion 
 

4 



Nova Biotechnol Chim (2022) 21(1): e979 

3 

Morphological characters of M. purpureus on 

different media 

 

Different morphological characteristic of M. 

purpureus was shown when grown on different 

solid culture media such as PDA, MEA and SDA. 

In the early stages of mycelial growth on Malt and 

Sabouraud media the mycelium was white and 

rapidly turned to rich orange with small aerial 

development and in the case of PDA medium it 

changed into red color and each colony has whitish 

edges (Fig. 2). 

 

 
Fig. 2. Growth of M. purpureus EG on different solid culture 

media (a) PDA, (b) MEA and (c) SDA, (d) Dorsal view 

showing pigment production on SDA. Based on microscopic 

examination we observe that is the formation of 

cleistothecium that contains up to 120 or more oval 

ascospores which means that M. purpureus preferred sexual 

reproduction (Patrovsky et al. 2019). 
 

Effect of temperature on M. purpureus growth and 

pigment production 

 

The results showed that M. purpureus grew in two 

tested temperatures (20 ºC and 30 ºC) and was not 

able to grow at 50 ºC. The maximum growth and 

pigmentation were observed at 30 ºC (Fig. 3). It 

was shown less growth and pigmentation at 20 ºC. 

The activity of enzymes for red pigment production 

was optimum at 30 ºC, but it stopped at 50 ºC. It 

can be concluded that temperature plays a vital role 

in the metabolism of cells, as it affects the growth 

and pigment yield. Carvalho et al. (2005) also 

reported a shift in absorbance maxima of pigment 

yield at different incubation temperatures. 

 

 

 

 
Fig. 3. Effect of temperature on growth and pigment 

production of M. purpureus (a) 30 ºC, (b) 20 ºC and (c) 

50 ºC. 

 
Effect dark and light conditions on M. purpureus 

growth and pigment production  

 
In this study, it is observed that the production of 

pigment increased by the incubation in total 

darkness and there was a reduction in growth and 

pigment yield under continuous illumination. These 

assays were performed on different culture 

mediums (Fig. 4). There was an increase in the 

biomass of M. purpureus in total darkness and a 

clear reduction in continuous illumination and these 

observations disagree with Babitha et al. (2008) 

who reported that when considering the growth of 

the organism, direct illumination favoured the 

growth but under total darkness, there was a 

reduction in the biomass.  

The wavelength dependence of this response was 

investigated for red pigment production, and it had 

shown that light inhibits the pigment yield as in the 

case of total darkness the absorbance was 2.209 

and under continuous illumination was 1.371. 

Colonies with more growth were observed in Petri 

dishes covered with aluminium foil, and linear 

extension was determined (Table 1). 
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Table 1. The diameter of M. purpureus radial growth (mean ± 

SD) on different culture media in dark conditions and the 

presence of light. 

Culture 

media 

Diameter [mm] 

Dark Light 

MEA 90 ± 0.2 50.8 ± 0.2 

SDA 70 ± 0.5 50.1 ± 0.4 

PDA 70 ± 0.1 30.6 ± 0.2 

 

Light has a depression influence on spores and 

aerial mycelium production, which was similar to 

Zhang et al. (2020) results. The negative effect of 

light can be reversed by applying darkness 

exposure.  

Miyake et al. (2005) studied the effect of different 

conditions of illumination, using the blue, green, 

and red light and he found that the red light showed 

little effect on the growth and pigment production. 

 

 
Fig. 4. The effect of light; (I) and dark; (II) conditions on 

Monascus culture morphology and pigment production while 

growth on (a) MEA, (b) PDA and (c) SDA. 

 

The colonies grown under the direct illumination 

resulted in less pigment production and that may be 

according to the presence of photoreceptors that 

make a response to dark and light like these 

receptors that found in Neurospora crassa as 

reported by Ballario and Macino (1997). 

 

Effect of different liquid culture media on growth 

and pigment production 

 

The results showed that M. purpureus grew rapidly 

on all tested culture media, but the texture of 

mycelium and color was dependent on media type 

(Fig. 5). We observed that PD and ME were the 

best media to promote fungal growth after 

incubation for 7 days at 30 ºC. The highest dry 

weight was achieved when M. purpureus grew on 

PD medium (Fig. 6). These results indicated that 

this fungus has a complex system of the enzyme 

(lytic enzymes) that enables it to grow on different 

substrates and we can say that it preferred growth 

on complex culture mediums. 

 

 

Fig. 5. Batch fermentation profile showing pigment 

production and biomass of M. purpureus while growth on (a) 

ME, (b) PD, (c) YG and (d) SD broth media. 

 

 
Fig. 6. The effect of different culture media on M. purpureus 

mycelial dry weight (g). M. purpureus grow on the PD 

medium better than ML medium followed by SD, YG and 

ML broth media, respectively (Highly significant = * P<0.05, 

n = 3). 

 

The current study focused on determining 

intracellular and extracellular yellow, orange, and 

red pigments in different culture media. Fig. 7 

showed that the YG broth medium was the best 

culture medium for maximum production of 

extracellular yellow, orange, and red pigments of 

1.591, 1.912, and 2.391, respectively. This current 

result was similar to Pisareva and Kujumdzieva 

6 
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(2010) and Lee et al. (2001) who concluded that 

glucose as the sole carbon source was suitable for 

producing high pigment yields. The mechanism for 

high pigment yield may be related to the high 

expression levels of certain proteins in the 

polyketide synthesis pathway and the high 

concentration of primary metabolism-generated 

molecules as substrates for polyketide synthesis 

(Huang et al. 2018). ME broth medium had the 

maximum production of intracellular yellow, 

orange, and red pigment of 1.508, 1.869 and 2.377, 

respectively. Our finding is in agreement with 

Huawei et al. (2019) who reported that maltose was 

the most suitable carbon source responsible for 

high intracellular Monascus pigments.   

Patrovsky et al. (2019) studied the influence of 

initial pH and nitrogen source on the production of 

Monascus pigments during submerged liquid 

cultivation and reported that red pigments are made 

by the reaction of orange pigments with 

compounds containing an amino group, and the 

reaction is followed by the formation of a mixture 

of red pigment. 

On the other hand, Talapragada et al. (2017) 

revealed that specific amino acids at 1% influence 

the type and amount of extracellular or intracellular 

bio-products and fresh biomass produced by 

M. purpureus under submerged static conditions. 

Pengnoi et al. (2017) reported that pigment 

production in this fungus can be achieved by solid-

state fermentation technique using agricultural 

products other than rice. Cornmeal supplemented 

with 8 % (w/w) glucose was a suitable substrate for 

pigment production. So, it can be concluded that 

the composition of the medium influences the color 

and amount of the produced pigment, as proved by 

Shi et al. (2015). 

 

 

Fig. 7. Estimation of the produced pigments by M. purpureus. 

 

Antimicrobial activity of Monascus pigments  

 

M. purpureus showed antimicrobial activity against 

the G+ve B. subtilis and the G-ve E. coli but we 

observed that the influence was various with the 

different culture media. Table 2 showed that 

pigments extracted from YG medium filtrate were 

more effective as an antimicrobial agent against the 

tested bacteria. It was noticed that G+ve bacterium 

has been more sensitive to the action of M. 

purpureus pigment with an inhibition zone of 20.63 

mm compared with the G-ve bacterium; the 

inhibition zone was 10.6 mm (Fig. 8). 
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Table 2. Antibacterial activity of different M. purpureus culture filtrates. 

Tested 

bacteria 

Zone of inhibition (mean ± SD, mm) 

YGA SDA MEA MLA PDA 

B. subtilis 20.63 ± 0.03 -ve 20.06 ± 0.06 -ve 20.46 ± 0.06 

E. coli 10.6 ± 0 -ve 10.16 ± 0 -ve 10.5 ± 0 

where -ve resembles no inhibition zone formation. 

These results disagree with the results by 

Talapragada et al. (2017) that reported that the 

antimicrobial action of extract containing M. 

purpureus pigment had shown negative results 

against E. coli which may be attributed to the type 

of the media or tested strain. 

 

 

 
Fig. 8. Antimicrobial effect of M. purpureus pigments and 

AgNPs on E. coli (a) and B. subtilis (b) where (1): AgNPs, 

(2): SD, (3): Malt, (4): PD, (5): YG and (6): ML culture 

filtrate. 

 

Abdel Ghany et al. (2015) reported that culture 

filtrate of Monascus strain had antibacterial action 

against Bacillus spp. Other research finds that 

antimicrobial activity is significantly determined by 

cell growth conditions and culture medium 

compositions (Narsing et al. 2017). The fungus 

Monascus can produce pigments, lovastatin 

(monacolin K), citrinin, dimerumic acid and  

c-aminobutyric acid, usually in the stationary 

growth phase. Some of these minor pigments might 

be intermediates or degradation products of the 

main pigments, and a possible relationship between 

monascusones A and B and the major yellow 

pigment, monascin, has been proposed 

(Jongrungruangchok et al. 2004). Lovastatin is a 

typical secondary metabolite that is produced in the 

stationary growth phase, and its production is 

subject to glucose repression. M. pilosus was 

induced to produce lovastatin in a liquid medium 

using a mixed substrate of maltose: glycerol (1 : 7) 

and peptone as the nitrogen source (Miyake et al. 

2006). Orange monascus pigment has a weak 

antimicrobial activity, whereas the red pigment has 

little or no activity. A change in the oxygen part of 

orange pigment to a nitrogenous compound (amino 

acid) causes a color change to red (Saisadan et al. 

2016). Lovastatin is a lactone that is readily 

hydrolyzed in vivo to the corresponding β-

hydroxyacid and strong inhibitor of HMG-CoA 

reductase, a hepatic microsomal enzyme that 

catalyzes the conversion of HMG-CoA (3-hydroxy-

3-methylglutaryl-coenzyme A) to mevalonate, an 

early rate-limiting step in cholesterol biosynthesis 

(Moghadasian 1999). Therapeutic properties of 

culture filtrate of Monascus spp. could be due to 

monascidin A, which is a secondary metabolite 

produced by Monascus spp. (Talapragada et al. 

2017). Pigments colours of M. purpureus differed 

after extraction from the different culture media as 

shown in Fig. 9. 
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Fig. 9. Pigments extracts from M. purpureus were obtained 

after 7 days from static liquid cultivation at 30 ºC, in different 

culture media (a) SD, (b) ME, (c) PD, (d) YG and (e) ML 

broth media. 

 

Antimicrobial activity of AgNPs 
 

The results showed that there was visually 

yellowish-brown AgNPs as soon as the silver 

nitrate solution was added to the M. purpureus 

supernatant and then exposed to the sunlight (Fig. 

10). In addition, M. purpureus filtrate showed no 

nitrate reductase activity which indicates that 

pigment is the main reducing power, and this result 

agrees with El-Batal et al. (2015) who reported that 

the high red pigment content of the M. purpureus 

culture filtrate could be responsible for the 

synthesis and stabilization of the AgNPs. 

 

 
Fig. 10. AgNPs synthesis in the dark and light conditions. (a) 

M. purpureus showed no nitrate reductase activity, (b) 

showing AgNPs synthesis in the light whereas its pigments 

were reducing power. 

 

Monascus red pigment-mediated AgNPs synthesis 

was evaluated for their antimicrobial activity 

against two pathogens, including one G+ve (B. 

subtilis) and one G-ve (E. coli) bacteria. The 

AgNPs inhibited the growth of the tested pathogens 

but showed higher antimicrobial activity towards B. 

Subtilis compared to E. coli (Fig. 11). B. subtilis 

was more susceptible to AgNPs showing the higher 

zone of inhibition 6 ± 0.1 mm at 10 µg.mL-1 AgNPs 

while E. coli with an inhibition zone of 1 mm and 

this was attributed to the effect of the nanoparticles. 

The interpretation of the reduction of the 

antibacterial activity by AgNPs instead of 

increasing with the pigments that M. purpureus 

pigments reducing power was decreased after 

nanoparticles formation (El-Baz et al. 2016). In this 

work, we also studied the effect of AgNPs that was 

synthesized at different pH values on bacterial 

growth and results showed that synthesized AgNPs 

at pH6.5 was more effective compared to the 

AgNPs that was synthesized at the other pH values 

and had higher distribution on the G+ve bacteria. 

Feng et al. (2000) reported different mechanisms of 

the antimicrobial action of nanomaterials such as 

penetrating the cell wall and plasma membrane 

ending with damaging DNA molecules. Others 

suggested that nanomaterials might interact with 

thiol groups in proteins, which induces the 

inactivation of microbial proteins. In the presented 

study, negatively charged M. purpureus EG crude 

metabolite compounds have an opposite charge 

with Gram-positive bacteria, in that way killing 

them more easily than Gram-negative bacteria due 

to the electrostatic attraction. 

Koli et al. (2018) reported that the zone of 

inhibition increased by increasing the concentration 

of AgNPs and they determined the concentration of 

AgNPs which inhibit the 50 % growth of E. coli 

bacteria. The IC50 concentrations of AgNPs were 

observed to be 8.53 ± 0.6 µg.mL-1.  
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Fig. 11. Antibacterial effect of biosynthesized AgNPs at 

different pH values; (1) pH 6.5, (2) pH 9.5 and (3) pH 3.5. 

 

The effect of pH values, on the AgNPs synthesis, 

could be illustrated in Fig. 12. The UV-VIS 

absorbance spectra of the different reaction peaks 

were 437, 453 and 447 nm for pH values 3.5, 6.5 

and 9.5, respectively. The height of the UV-VIS 

spectrum and peak area, obtained from the reaction 

and carried out at pH 6.5, are considerably higher 

than those obtained at other pH values (Fig. 13) and 

indicates higher nanoparticle productivity. The 

obtained results, in the current study, are correlated 

with those obtained by Kim et al. (2002); Jaidev 

and Narasimha (2010); El-Zahed et al. (2019) and 

El-Zahed et al. (2021) studies that also showed the 

influence of  AgNPs against G-ve and G+ve 

bacteria in addition, they added that there was a 

remarkable antifungal effect of AgNPs on Candida 

albicans and S. cerevisiae. This was in accordance 

with the results obtained by Sneha et al. (2010), 

who reported that low acidic and alkaline pH 

values decreased the AgNPs synthesis as silver 

tends to precipitate at alkaline pH, which could be 

due to the formation of the silver hydroxide. 

Similarly, El-Baz et al. (2016) recorded pH 6.5 as 

the best for silver nanoparticles biosynthesis.  

Lately, the antimicrobial activity of negatively 

charged oxygen compounds (pigments) had been 

reported as the bioactive compounds in the 

biological control (Abdel Ghany et al. 2015). In the 

present study, the antimicrobial action of AgNPs 

has been associated with M. purpureus EG crude 

metabolite compounds chemical properties and 

their versatility such as deacetylation degree and 

molecular weight. This deacetylation action 

decreases the oxygen negative charge of pigments 

in addition to the positive charge of the silver ions 

that led to the decrease in the antimicrobial action 

of the bound AgNPs with M. purpureus EG crude 

metabolite compounds (Lin et al. 2019). Moreover, 

El-Baz et al. (2016) suggested that no nitrate 

reductase was detected by M. purpureus, whereas 

its pigments reducing power was decreased after 

nanoparticles formation indicating its role in the 

AgNPs biosynthesis. It was previously reported by 

Broder and Koehlerthat (1980) that the 

extracellular pigments were combined with the 

nitrogenous components of the medium. Also, the 

higher polarity of the red pigments was known to 

enhance their binding to water-soluble nitrogen-

containing organic compounds, which has been 

proposed as the solubilization mechanism. On the 

other hand, recent research regarding the use of 

fungi has generally investigated potential redox 

systems using silver nitrate as the source of silver 

ions and M. purpureus extract having a 0.65 ± 0.03 

reducing activity (equivalent cysteine, mM) 

(Vahabi et al. 2011). So, a further study of the 

synthesized AgNPs should be taken into account to 

study and improve the antimicrobial efficacy of 

AgNPs to have a negative surface charge 

throughout capping them with negatively charged 

proteins. The negative charge of the nanometal 

capping agent might increase the microbicidal 

effect of the M. purpureus EG crude metabolite 

compounds. 

 

 
Fig. 12. Changing in the reaction colour before and after Ag+ 

reduction into AgNPs by the action of M. purpureus culture 

filtrate at different PH values (b) 3.5, (c) 6.5 and (d) 9.5 in 

comparing with (a) negative control. 
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Fig. 13. UV-visible spectra of the produced AgNPs 

atdifferent pH values. 

 

Conclusions 
 

This study examined the effects of dark and light 

conditions on the growth and pigment yield  

of M. purpureus EG which revealed that the 

incubation in the total darkness was the most 

effective in induction of the pigment production 

and the colonies grew under the direct illumination 

resulted in less pigment production. This result 

postulates that there is an existence of 

photoreceptors responsive to dark and light in this 

fungus. The growth at 30 ºC gave the highest yield 

pigment. It can also be concluded that YG and malt 

extract broth media were the most favourable to 

produce extracellular and intracellular pigment of 

M. purpureus, respectively.  These conditions 

might be beneficial in the production of Monascus 

pigments for use in the food industry. M. purpureus 

showed antimicrobial activity against Gram-

positive and negative bacterial strains, so its 

secondary metabolites appeared to have a great 

potential in medicinal uses. Finally, the synthesis of 

biogenic AgNPs was considered easy, rapid, safe, 

and did not need any additional toxic reducing 

agent as extracellular red pigments are used as a 

reducing and natural capping agent. Moreover, the 

AgNPs had shown antibacterial activity against 

G+ve and G-ve bacterial strains which might be 

used in the biomedical application and 

environmental field. 
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