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Abstract 

The Monascus fermentation industry has gained global attention. Its key products, i.e., pigments, functional food 
ingredients, food supplements, and medicinal use, are growing in the world’s market. Efforts to find the cost-effective 
substrate for Monascus fermentation have remained the target. This paper aimed to appraise the utilization of agro-
industrial by-products (cereal, starchy tuber and root, legume, fruit, and coffee processing) as a cost-effective sub‑
strate for Monascus fermentation. The specific objective was to review the by-products pre-treatment, the fermenta‑
tion process, product yield, and the bioactivity of the fermented products. Among all the by-products that could be 
used as the fermentation substrate, cereal brans do not need pre-treatment, but others need a suitable pre-treatment 
step, e.g., cassava peel, okara, and jackfruit seed to list a few, that need to be powdered beforehand. Other substrates, 
such as corn cob and durian seed, need soaking and size reduction through the pre-treatment step. During fermenta‑
tion, Monascus produce many pigments, monacolin K, associated with rise in phenolic and flavonoid contents. These 
products possess antioxidant, antihypercholesterol, antidiabetes, and antiatherosclerosis activities which underpin 
their health significance. In conclusion, we report in this review the agro-industrial by-products which have poten‑
tial prospects for pigments, functional food ingredients, food supplements, and therapeutic usages produced from 
Monascus fermentation.
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Introduction
Monascus fermentation has been practiced for centuries 
in Asian countries. In past traditional way, people were 
carrying out the fermentation through solid-state fer-
mentation (SSF) using rice as substrate. The Monascus 
fermentation product is also known as ‘angkak,’ ‘anka,’ 
‘red mold’ rice, ‘beni-koji,’ ‘angquac,’ or ‘red yeast’ rice. 
People use the Monascus fermentation product as a natu-
ral food colorant, food supplement, and in traditional 
medicine. The products have also been widely used by 
the community to increase thrombocytes in the blood of 

dengue fever patients (Srianta et al. 2014a, b; Chen et al. 
2015; Prayoga and Tjiptaningrum 2016).

During the fermentation process, Monascus can pro-
duce various secondary metabolites, especially pigments 
and monacolin K. Monascus pigments which are cat-
egorized into three (3) groups based on the color: red, 
orange, and yellow. Monascus pigments compounds 
that have long been known are Monascorubramine and 
Rubropunctamine (red), Monascorubrin and Rubropunc-
tatin (orange), Monascin, and Ankaflavin (yellow). By 
2017, there was as many as 111 Monascus pigments com-
pounds which have been identified (Chen et  al. 2019). 
As a natural coloring, Monascus pigments have been 
widely used by the food industry for meat and fish prod-
ucts, rice wine, bread, biscuits, and beverage (Srianta 
et  al. 2014a, b). Many researchers reported Monascus 
pigments compounds to have bioactivity, for example, 
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anti-inflammatory, anticancer, antimicrobial, antiobesity, 
and antidiabetic (Akihisa et al. 2005; Hsu et al. 2011; Feng 
et  al. 2012; Shi and Pan 2012; Vendruscolo et  al. 2014). 
Meanwhile, monacolin K which is a secondary metabolite 
of Monascus has been known to have antihypercholester-
olemia activity, through inhibition of hydroxymethylglu-
taryl-CoA (HMG-CoA) reductase activity [a key enzyme 
in the cholesterol biosynthesis pathway] (Lachenmeier 
et  al. 2012). Pigments and monacolin K are produced 
by Monascus through polyketide pathways involving the 
polyketide synthase enzyme group (Hajjaj et  al. 2000). 
Pigments and monacolin K production are influenced by 
the strain of Monascus fungi, the fermentation substrate, 
and the conditions during fermentation (Miyake et  al. 
2008; Feng et  al. 2012; Chen et  al. 2019; Kraboun et  al. 
2019). Moreover, Monascus fungi produce additional 
bioactive compounds, such as dimerumic acid, defferi-
coprogen, and γ-aminobutyric acid (GABA) which can 
improve the bioactivities of the substrates (Lai et al. 2019; 
Su et al. 2003).

Innovative efforts to find substrates other than rice for 
the Monascus fermentation have continued to evolve. 
Various agricultural products, namely, cereals (wheat, 
corn, sorghum, finger millet), tubers (cassava, sweet 
potato, dioscorea), and legumes (soybeans, green beans), 
have been used as a fermentation substrate for the fer-
mentation process (Venkateswaran and Vijayalakshmi 
2010; Srianta et  al. 2014a, b; Kraboun et  al. 2013; Sri-
anta and Harijono 2015; Srianta et  al. 2016). Moreover, 
various by-products of agro-industry have potential as 
a cost-effective Monascus fermentation substrate. Thus, 
this review appraises the utilization of the agro-industry 
by-products for the Monascus fermentation, including 
pre-treatment, fermentation process, product yield, and 
bioactivity of the fermented products.

Monascus fungi
Monascus is edible fungi that belong to the Monas-
caceae family, the Eurotiales order, Eurotiomycetes class, 
and Eumycota phylum. Monascus has been traditionally 
used in Asia for centuries to produce various fermenta-
tion products. The Monascus mold was first isolated from 
angkak collected in Java by Dutch researchers. Monascus 
purpureus is the species that was first published scientifi-
cally, and subsequently other species, such as Monascus 
ruber, Monascus pilosus, and Monascus sanguineus (Lin 
et  al. 2008; Patakova 2013; Shao et  al. 2014). Species of 
Monascus that are often used in the fermentation are 
Monascus purpureus, Monascus pilosus, and Monascus 
ruber.

Monascus can grow well on various media that con-
tain carbon sources in the form of monosaccharide, 
disaccharides, and starches. Monascus also can grow 

on pectin, cellulose, and ethanol (Patakova 2013). In its 
culture maintenance, Monascus purpureus is gener-
ally grown on Potato Dextrose Agar (PDA), Sabouraud’s 
Dextrose Agar (SDA), or Czapek Agar at 29–32 °C (Pat-
tanagul et  al. 2007). Propagation can be done asexually 
and sexually, each through the formation of conidia and 
ascospores. The special characteristic of Monascus is its 
ability to produce pigments so that when grown on agar 
slant, the mycelia that are initially white will turn yel-
low, orange, and then red. A high throughput screening 
system to determine a high pigments-producing strain 
of Monascus purpureus has been developed (Tan et  al. 

Fig. 1  Solid-state fermentation of sorghum bran with Monascus 
purpureus for pigments production

Fig. 2  Solid-state fermentation of durian seed with Monascus 
purpureus for pigments production
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2014). Research on the genetic and genomic aspects of 
the Monascus has long since been carried out. However, 
only a few groups of researchers succeeded in sequencing 
the genome of the Monascus. Yang et  al. (2015) is con-
sidered to be the first publication of the Monascus mold 
genome. The research group from China successfully 
sequenced the genome of Monascus purpureus YY-1, a 
strain of Monascus that has been used in industries that 
produce Monascus pigments. Furthermore, in 2019, a 
group of researchers in Japan succeeded in sequencing 
the genomes of Monascus purpureus GB-01 (a strain of 
Monascus fungi used in industries producing Monascus 
pigments) and the genome sequences were deposited on 
DDBJ/GenBank (Kumagai et al. 2019).

Monascus produces pigments and monacolin K 
through polyketide pathways involving the polyketide 
synthase (PKS) enzyme. According to Watanabe and 
Ebizuka (2004), PKS has 11 active side domains that 
are well defined, namely, starter acyltransferase, acyl-
transferase, acyl carrier protein, β-ketoacyl synthase, 
β-ketoreductase, dehydratase, enoyl reductase, thioester-
ase, methyltransferase, product domain templates, client 
cyclases, and condensation. Each domain has different 
functions ranging from loading unit starter acetyl-CoA 
and malonyl-CoA, elongation of acyl units to the polyke-
tide condensation.

In the solid-state fermentation process, Monascus grow 
and multiply by first penetrating the substrate with its 
mycelium so that it could associate well with the media. 
This makes it difficult to monitor the growth because 
the mold is difficult to be separated from the substrate. 
Therefore, analysis of Monascus biomass is generally 
carried out through measurement of glucosamine level, 
which is a compound of the Monascus cell walls (Babitha 
et al. 2006). The analytical methods of Monascus second-
ary metabolites have been developed. Pigment content 
analysis can be carried out through absorbance measure-
ments at the wavelengths of the yellow, orange, and red 
spectra. In addition, the HPLC (high-performance liquid 
chromatography) method with Photodiode array detec-
tor and LC–MS has been developed to determine pig-
ments content and composition. Meanwhile, monacolin 
K level is determined by using the HPLC method with a 
UV detector (Miyake et al. 2008; Feng et al. 2012).

Utilization of agro‑industrial by‑products 
in Monascus fermentation
In every process of agricultural products, some by-
products are always generated. The latter are usually 
of low economic value, and some are even being dis-
carded. Many types of agro-industrial by-products have 
the potential to be further processed into a more sig-
nificant economic value products. Table  1 shows the 

agro-industrial by-products of cereal, tuber and root, leg-
ume, fruits, and coffee processing that have been utilized 
as a substrate for Monascus fermentation. Some agro-
industrial by-products require pre-treatment and some 
do not, depending on the characteristics of each material.

In the fermentation process, the moisture content 
of these by-products may need to be adjusted to facili-
tate optimum growth and metabolism of Monascus. 
Nutrients, such as nitrogen sources and minerals, may 
be required, followed by sterilization step at 121  °C for 
15–20  min. After cooling to a temperature suited to 
Monascus growth, the substrate is then inoculated with a 
Monascus starter culture. The cultures used in various lit-
erature include Monascus purpureus, Monascus pilosus, 
and Monascus ruber. After this step, incubation is con-
ducted at its optimal conditions in 7–14  days following 
the fermentation process, the resulting product is dried 
at 45–55 °C. Table 2 summarizes the SSF process of agro-
industrial by-product substrate.

Cereal processing by‑products
Globally, there are five (5) major kinds of cereal pro-
duced, these are corn, wheat, rice, barley, and sorghum. 
In the cereal milling process, bran that makes up approxi-
mately 10% of the grain is produced as a by-product. 
Based on the cereal production data, the annual global 
production potential for rice, barley, wheat, sorghum, 
and corn brans are 48, 14, 9.5, 6, and 100 million tons, 
respectively (Alauddin et al. 2017; Chakraborty and Bud-
hwar 2019; Statista 2020). Cereal bran is generally light 
brown powder. It consists of aleurone layer, pericarp 
layers (pericarp and testa), germ, and a small portion of 
endosperm, which is rich in carbohydrate, protein, lipids, 
vitamins, minerals, and phytochemicals. When it comes 
to the processing of corn, corn cob which constitutes 
about 30% of the whole corn is largely produced. Corn 
cob contains polysaccharides, mainly cellulose and hemi-
cellulose (Velmurugan et  al. 2011). These by-products 
are underutilized resource in most developed countries 
and are usually used for animal feed (Srianta and Hari-
jono 2015). These facts encourage researchers to explore 
potential utilization to increase their economic value.

When used as a Monascus fermentation substrate, the 
moisture content of the cereal bran needs to be adjusted 
to facilitate the growth and metabolism of Monascus. 
Without the addition of water, the growth and the pig-
ments production of Monascus purpureus is very lim-
ited. Water and cereal bran ratio of 1:1 creates a substrate 
condition suitable for Monascus purpureus growth and 
pigments production. After fermentation process at 
30 °C for 7 days on wheat bran and 14 days on sorghum 
bran (Fig. 1), the red pigments production reaches score 
of 3.525 and 22.90 AU/g, respectively. However, the 
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redness value (b*) of corn bran inoculated with Monas-
cus increases from 6.9 on the 4th day of fermentation to 
10.2 on the 16th day fermentation (Babitha et  al. 2007; 
Srianta and Harijono 2015; Almeida et  al. 2019). Simi-
larly, the addition of water on rice bran for the Monascus 
fermentation has also been reported by other researchers 

(Razak et al. 2015; Cheng et al. 2016). Cheng et al. (2016) 
reported that Monascus pilosus growth and metabolism 
were affected by the moisture content, which adjusted 
in the range of 35–50%. It was concluded that 45% is 
the optimum moisture content for Monascus pilosus 
KCCM60084 to grow and produce monacolin K. During 

Table 1.  Agro-industrial by-products production, characteristics, and pre-treatment for Monascus fermentation

*FAOSTAT, 2020; aAlmeida et al., 2019; bZubaidah and Dewi, 2014; cJamaluddin et al., 2016; dManan and Webb, 2019; eWen et al., 2020; fSrianta and Harijono, 2015; 
gVelmurugan et al., 2011; hEmbaby et al., 2018; iSepelev and Galoburda, 2015; jFatimah et al., 2014; kSehrawat et al., 2017a, b; lCarvalho et al., 2007; mColletti et al., 
2020; nNimnoi and Lumyong, 2011; oBabitha et al., 2006; pSrianta et al., 2012; qBrito et al., 2012

Agro-industrial by-product Potential global 
production (tons/
year)*

Physical and Chemical characteristics Pre-treatment for Monascus fermentation

Cereal processing

Corn bran 115 × 106 Rich in protein (9.3 g/100 g), carbohydrate 
(27.6 g/ 100 g), phenolic content (68.9 mg 
GAE/g), and antioxidant activity (416.1 µM 
Trolox/g)a

No pre-treatment

Rice bran 78 × 106 Powder, high vitamin B1 and zincb

High functional compound and antioxidantsc
No pre-treatment

Wheat bran 73 × 106 Rich in nutrition, starch content (23.3%), high 
volumetric specific surface area, porous, good for 
SSF substrated

No pre-treatment

Barley bran 14 × 106 Poor water absorptione Grinding, soaking, drying

Sorghum bran 6 × 106 Starchy pericarp, high polyphenol contentf Soaking and sterilization

Corn cob 330 × 106 Yellow to brown, 32.3–45.6% cellulose, 39.8% 
hemicelluloseg

Washing, drying with direct sunlight, grind‑
ing, pressing, drying, sterilization

Starchy tuber and root processing

Potato peel 55 × 106 Powder, high water content, containing 7.8 g 
carbohydrates in starch of 100 g potato peelh

Contains of non-starch polysaccharides, lignin, 
polyphenol, protein, and less of lipidi

Powdering

Cassava peel 28 × 106 Powder, rich in carbohydratej Powdering

Sweet potato peel 9 × 106 Powder, rich in carbohydrate (65–70%)k Powdering

Cassava residue 47 × 106 Powder, more porous, rich in carbohydrate 
(660 g/kg dry basis), high fiber contentl

Powdering

Legume processing

Okara 170 × 103 Poor in nitrogen and rich of fiber (50%), protein 
(25%), fat (10%)m

Drying

Soy bran 28 × 106 Powder, rich in carbohydrate (9 g/kg dry basis), 
protein (480 g/kg dry basis), and phosphorus 
(7 g/kg dry basis)l

Powdering

Fruit processing

Coconut testa 3 × 106 Brown, thin: 0.2 mm thick, high antioxidant 
(phenolic content, tocopherol, tocotrienol), and 
radical scaveringc

Powdering

Coconut residue 6 × 106 Powder, rich in carbohydraten Drying, grinding

Jackfruit seed 390 × 103 Particle size 0.4 and 0.6 mm, high moisture con‑
tent, stable color pigments on a wide range pH, 
and 36.7% starch contento

Soaking, size reduction

Durian seed 100 × 103 Brown, adhesive, firm, high moisture content 
(60%) and 18.92% starch contentp

Boiling, soaking, size reduction

Coffee processing

Coffee residue 15 × 106 Dried coffee fermented residue, high total 
phenols (10.857 mg GAE g residue), bioactive 
compound with antioxidant actionq

Drying
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the fermentation process at 25 °C for 10 days, the Monas-
cus pilosus culture produces monacolin K in a consider-
able level (2881 mg/g dry weight), higher than that on the 
best-known substrate, i.e., yam (2584  mg/g dry weight). 
Moreover, the Monascus fermentation process increased 
the level of flavonoid and total phenolic content in rice 
bran substrate. These results indicate that the Monascus 
purpureus can produce β-glucosidase, which hydrolyze 
the conjugated phenolic compounds into free phenol. 

Consequently, the fermented rice bran products showed 
higher antioxidant activity than that of unfermented 
rice bran, which was evaluated by in vitro ABTS, FRAP 
(Ferric Reducing Antioxidant Power) and Fe chelat-
ing methods (Jamaluddin et  al. 2014, 2016; Razak et  al. 
2015; Cheng et  al. 2016). Other researchers reported 
that the fermented sorghum and corn brans possess 
DPPH scavenging activity of 7.73 and 364.82 µmol Trolox 
Equivalent/g, respectively (Srianta et  al. 2017; Almeida 

Table 2  Summary of Monascus SSF process on agro-industrial by-product substrate

Agro-industrial by-product SSF culture and condition Product References

Corn bran M. purpureus ATCC 36,928; 32 °C, 
16 days

Fermented corn bran with red color 
and important nutritional value

Almeida et al. (2019)

Rice bran M. pilosus KCCM 60,084; 25 °C, 10 days
M. purpureus; 32 °C, 12 days

Fermented rice bran with high 
monacolin K content. Phenolic and 
flavonoid contents; antioxidant activ‑
ity enhanced

Cheng et al. (2016)
Jamaludin et al. (2014); Razak et al. 
(2015)

Wheat bran M. purpureus LPB 97; 30 °C, 7 days
M. purpureus ATCC 16,436; 30 °C, 
23 days

Red pigments Babitha et al. (2007); Mousa et al. (2018)

Barley bran M. purpureus CICC 5046; 28–32 °C, 
12 days

Monascus fermented barley bran–coix 
seed with enhanced monacolin K, 
pigments and soluble polyphenol 
contents; barley bran–adlay with 
hypolipidemic activity

Li-Ning et al. (2017); Ding et al. (2017)

Sorghum bran M. purpureus M9; 30 °C, 14 days Monascus fermented sorghum bran 
containing pigments, monacolin K, 
and antioxidants activity

Srianta and Harijono (2015)

Corn cob M. purpureus KACC 42,430; 30 °C, 
7 days
M. purpureus ATCC 16,436; 30 °C, 
10 days

Pigments; stable in acidic pH, high 
temperature and salt solution
Orange and red pigments

Velmurugan et al. (2011)

Potato peel M. sanguineus; 28 °C, 20 days
M. purpureus ATCC 16,436; 30 °C, 
23 days

Red pigments
Red pigments with antifungal activity

Padmavathi and Prabhudessai (2013); 
Mousa et al. (2018)

Cassava peel M. purpureus; 30–31 °C, 14 days Yellow, orange and red pigments Afiandiningsih (2013)

Sweet potato peel M. purpureus MTCC 369; 30 °C, 15 days Yellow, orange and red pigments Sehrawat et al. (2017a, b)

Cassava residue Monascus sp., LPB -31 Yellow and red pigments Carvalho et al. (2007)

Okara Monascus purpureus Red and orange pigments Sun et al. (2020)

Soy bran Monascus purpureus Pigments production Carvalho et al. (2007)

Coconut testa Monascus purpureus Monascus fermented coconut testa 
enhanced total phenolics, antioxidant 
potential, and radical scavenging 
activity compared to unfermented 
coconut testa

Jamaluddin et al. (2016)

Coconut residue M. purpureus MTCC 410 and M. 
sanguineus

Red pigments and yellowish-orange 
pigments

Padmavathi and Prabhudessai (2013)

Jackfruit seed M. purpureus LPB 97; 30 °C, 7 days Red and yellow pigments Babitha et al. (2006)

Durian seed M. purpureus; 30 °C, 14 days Durian seed as optimum substrate 
for Monascus sp. KJR2 to produce pig‑
ments with 50 mg/kg monacolin K

Srianta et al. (2012)

Coffee residue Monascus purpureus Monascus fermented coffee residues 
high in polyphenol and bioactive 
compound with antioxidant action 
that have beneficial effect on cardio‑
vascular disease

Brito et al. (2012)
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et  al. 2019). These findings suggested that cereal bran 
solely without any nutrient supplementation is a consid-
ered potential substrate to produce pigments, monacolin 
K, and functional food ingredients through solid-state 
fermentation with Monascus fungi.

Some researchers utilized cereal bran in a mixed sub-
strate to improve the Monascus fermentation. Zubaidah 
and Dewi (2014) reported the effect of rice bran sup-
plementation into the rice substrate fermented by M. 
purpureus on pigments and lovastatin production. Up 
to 10% level, the supplementation enhanced the red pig-
ments production compared with control (0% rice bran). 
This is due to the rice bran enriches micronutrients, i.e., 
minerals, amino acids, and vitamin B1, which are essen-
tial in the polyketide pathway. At the optimum level (5% 
rice bran), the fermented product produces red pigments 
and lovastatin levels of 3.574 AU/g and 102.040  ppm, 
respectively. Other researchers reported Monascus fer-
mentation on a combined substrate of rice bran and 
coconut testa and found that is better than that on coco-
nut testa solely. The total phenolic content and anti-
oxidant activity of fermented-mix substrate were higher 
than these of fermented coconut testa and fermented 
rice bran (Jamaluddin et al. 2016). Other reports on the 
utilization of barley bran in a mixed substrate with adlay 
in Monascus fermentation (Ding et al. 2017). During fer-
mentation on adlay and barley bran substrate, the pig-
ments, monacolin K, and soluble polyphenol production 
were increased. However, granulated teas made from the 
fermented adlay–barley bran in combination with lotus 
leaves have hypolipidemic activity in Sprague–Dawley 
rats fed a high-fat diet.

In comparison to the cereal bran, corn cob has differ-
ent physical and chemical characteristics. Corn cob has 
a much larger size than cereal bran and higher moisture 
content. According to Velmurugan et  al. (2011), corn 
cob was washed thoroughly and dried, then ground to 
2 mm particle size. The prepared material was soaked in 
deionized water at 80  °C for 12–48 h to increase poros-
ity and bulk density. In its utilization, therefore, it needs 
pre-treatment to create a suitable characteristic as a 
Monascus fermentation substrate. The pre-treatments 
are washing, grinding, soaking, drying, and grinding 
into 2 mm size particle to increase the surface area. The 
ground corn cob is then soaked in hot water (80 °C) for 
12–48  h to increase porosity and bulk density. After 
soaking, it is then pressed and dried. Since the nutrients 
are very limited, several nutrients are supplemented into 
the corn cob, e.g., KH2PO4, NH4NO3, NaCl, and MgSO4. 
Water is also added to adjust the moisture content. On 
corn cobs substrate and under the optimum condi-
tions, e.g., 50% of moisture content, pH 5, and 4% starter 
culture concentration at 30  °C for 7  days, Monascus 

purpureus KACC 42430 produces red pigments of 25.42 
AU/g of a dry fermented substrate (Velmurugan et  al. 
2011). Another research group reported that corn cob 
supplementation to a medium as co-solid-state fermen-
tation and carbon source in Monascus fermentation. The 
supplementation successfully provoked high levels of 
orange and red pigments production by Monascus pur-
pureus ATCC 16436. Corn cob is very economical for 
Monascus pigments production.

Tuber and root processing by‑products
Tuber and root are the second in importance to cereal 
as global sources of carbohydrate. Potato, cassava, sweet 
potato, and dioscorea are the biggest tuber commodities 
produced. According to data from Food and Agriculture 
Organization, the annual production of potatoes is over 
300 million tons annually.

Potato peel
Consumption of processed potatoes is on the rise not 
only in the developed countries but also in developing 
ones. During processing of potato, potato’s peel is the 
major by-product generated. The losses depending on 
the peeling method used ranges from 15 to 40% of the 
first product mass (Sepelev and Galoburda 2015). Indus-
trial processing generates up to 140 thousand tons of 
peels worldwide annually. Potato peel is of a zero value 
as by-product, which resulted in huge amounts after pro-
cessing. Potato peel as a by-product of the food process-
ing industry poses to be a totally inexpensive, valuable, 
and affordable raw material for the production of eco-
nomically important added-value products. Traditionally 
potato peel waste is used for producing low-value animal 
feed, fertilizer, or used as the raw material of biogas.

According to the study by Padmavathi and Prabhudes-
sai (2013), potato peel was recognized as the best sub-
strate for M. sanguineus fermentation. Their research 
used SSF, three substrates, viz, orange peel, potato peel, 
and coconut cake. 5  g of the substrates along with dis-
tilled water was placed in a 100 ml conical flask. The pH 
of the medium was adjusted to 6. It was then autoclaved 
for 20  min at 121  °C. These substrates were inoculated 
with 10% of the seed culture from both strains sepa-
rately and incubated with 56–60% relative humidity at 
28 °C for 20 days. It was found that both strains Monas-
cus sanguineus and Monascus purpureus MTCC 410 
grew on all experimented substrates although pigments 
yield varied. Based on Padmavathi and Prabhudessai 
(2013), for M. purpureus, coconut cake with 0.73 AU/g 
at 510 nm showed maximum pigments yield followed by 
orange peel with pigments yield of 0.65 AU/g at 510 nm. 
For Monascus sanguineus, potato peel with 0.68 AU/g at 
510  nm showed maximum pigments yield followed by 
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coconut cake with 0.56 AU/g at 510  nm. SSF possesses 
several biological advantages when compared with sub-
merged fermentation. Such advantages were repre-
sented as higher fermentation productivity, less catabolic 
repression, lower water demand, and hence, lower steril-
ity demand due to the low water activity, cultivation of 
microorganisms requiring solid support, and mixed cul-
tivation of Monascus.

Other study outlined that Monascus purpureus pro-
duce pigments on potato peel substrate with a yield 
of 2.636 ± 0.04 AU/g dry substrate while on rice sub-
strate of 3.627 ± 0.03 AU/g dry substrate (Mousa et  al. 
2018). It showed that rice is the most suitable substrate, 
but potato peel is also good for red pigments produc-
tion by Monascus purpureus. Production of maximum 
pigments yield by the experimental fungal strain was 
achieved using potato peel as a solid substrate incubated 
for 16  days. In the literature, the optimum incubation 
time for maximum pigments production varies from 
one strain to another. Ahmad and Panda (2011) used 
14 days of incubation for pigments production. A shorter 
incubation period (7  days) was reported for pigments 
production by some other authors (Babitha et  al. 2006; 
Rajeswari et  al. 2014). Maximum pigments production 
by the experimental fungal strain was achieved by potato 
peel substrate with a moisture content of 75%. In partial 
accordance with these results, Ahmad and Panda (2014) 
used a rice-based medium with a moisture content of 
70%. Some authors used 56–60% moisture content for 
maximum pigments production (Dikshit and Tallapra-
gada 2011; Padmavathi and Prabhudessai 2013).

Sweet potato peel
Maloney et al. (2014) reported the findings of the analysis 
of the proximate composition of sweet potato peel, i.e., 
moisture 4.74–4.76%, carbohydrates 77.0–76.4%, protein 
6.40–6.49%, fat 2.33–2, 65%, and ash 9.47–9.70%. Sweet 
potato peels were suspected to be Monascus substrate 
based on their nutritional value. Sweet potato peels were 
washed, dried, crushed, sieved, added nutrients, adjusted 
the moisture content, sterilized, and inoculated with 
Monascus culture. After that it is fermented and dried.

The main objective of Sehrawat et  al. (2017a), Seh-
rawat et al. (2017b) research was to optimize the media 
and process parameters for bio-pigments extraction 
with Monascus purpureus MTCC 369. The pigments of 
Monascus purpureus MTCC 369 are natural source of 
colorant. Bio-pigments production was carried out using 
solid-state fermentation. Sweet potato peel powder and 
pea pod powder were used as Monascus purpureus sub-
strates, fermented at optimized condition 32 °C for 8 days 
9 h and pH 5.4. There was an increase in pigments pro-
duction up to 7.81% (w/w) sweet potato peel powder 

and up to 3.93% (w/w), respectively, with a final yield 
of 21 CVU/g. The decrease in bio-pigments production 
may be caused by C/N ratio. Moreover, increasing tem-
perature over 32 °C may also decrease the bio-pigments 
production.

Cassava peel
Cassava peel has been unsuitable for animal feed since 
its high content of cyanogenic glucosides. Okpako et al. 
(2008) reported the proximate composition of cassava 
peel in terms of moisture (8.60%), carbohydrate (64.51%), 
protein (10.60%), fat (3.52%), and ash (6.54%). However, 
the cassava pulp contained different values for moisture 
(3.60%), carbohydrates (72.72%), protein (0.93%), fat 
(1.63%), and ash (1.52%) (Enenebeaku et al. 2016). Based 
on their chemical composition, these by-products have 
the potential as fermentation substrates for Monascus 
fermentation.

Utilization of these ingredients in the development 
of Monascus fermentation products was carried out 
through the process of washing and drying the inner cas-
sava peel, crushing, and sieving. Nitrogen source and 
mineral were added to the cassava peel flour, the mois-
ture content was adjusted, then sterilized, and inoculated 
with Monascus culture. Afterward, the inoculated sub-
strate was fermented and dried.

Afiandiningsih (2013) reported that cassava peel sub-
strate with a starter culture concentration of 10% pro-
duced the highest level of Monascus pigments. The 
resulting product contained yellow, orange, and red pig-
ments of 1.63, 0.96, and 1.09 AU/g, respectively. Based on 
Fatimah et  al. (2014), cassava peels flour with the addi-
tion of 10% rice bran showed the highest red pigments 
production (5.6 CVU/gds) and 47% of water content. The 
results showed that the addition of rice bran to cassava 
peel substrate could increase Monascus red pigments 
production. On cassava bagasse substrate, fermentation 
products contain red pigments of 15.7 AU/g. Adjustment 
of moisture content at 70% can increase pigments pro-
duction up to 25 AU/g (Carvalho et al. 2007).

Legume processing by‑products
Legumes are agricultural products that contribute the 
largest source of vegetable protein, especially soybeans. 
The removal of the husk is usually needed for the pro-
cessing of soybeans so that the skin of the soybean (soy-
bean bran) is collected as a by-product. However, in the 
processing of soybeans into soy milk and tofu, other by-
products are produced in large quantities in the form of 
soybean residue or okara. Soybean bran contains 40.0% 
carbohydrates and 48.0% protein (Carvalho et  al. 2007), 
while okara has a proximate composition of carbohydrate 
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(3.8–5.3%), fiber (52.8–58.1%), protein (25.4–28.4%), fat 
(9.3–10.9%), and ash (3.0–3.7%) (Li et al. 2012).

In the utilization of soybean bran, a pre-treatment pro-
cess of drying, grinding, and sifting to obtain soybean 
bran with a size of 0.8–2.0 mm is needed (Carvalho et al. 
2007). If Okara is used, preliminary treatment is carried 
out in the form of drying (Japakaset et al. 2009) or dry-
ing and grinding (Nimnoi and Lumyong 2011). In the 
research of Nimnoi and Lumyong (2011), the addition of 
nitrogen and mineral sources was carried out. The next 
stage is the same for both soybean bran and okara, which 
is to adjust water content, sterilization, cooling, inocula-
tion with Monascus starter culture, fermentation, and 
drying the product.

Red pigments produced by Monascus purpureus on 
soybean bran substrate can reach up to 22 AU/g (Car-
valho et al. 2007). The red pigments were measured by a 
spectrophotometer at 500 nm. In okara substrate, Monas-
cus purpureus growth reached its maximum on the 7th 
day, after which it decreased (Japakaset et al. 2009). Red 
pigments production by Monascus purpureus is relatively 
low at around 3 AU/g (Nimnoi and Lumyong 2011). The 
low production of red pigments might be due to the lim-
ited carbon source in the substrate. This is proven by 
the addition of carbon sources in the form of galactose, 
glucose, mannitol, psicose, sorbose, and xylitol at levels 
4 and 8% to increase the production of red pigments. 
The highest increase occurred in the addition of glucose, 
where the production of red pigments reached around 
23 AU/g. Japakaset et al. (2009) reported that Monascus 
purpureus produces monacolin K. At its optimum condi-
tions, i.e., pH 4, 30 °C, and 25% water content, monacolin 
K production reaches 109.23 mg/kg. Monacolin K levels 
in rice substrate were 481 mg/kg. Monascus fermentation 
products from soybean bran and okara have not been 
tested for their bioactivity yet.

Fruit processing by‑products
Fruits are agricultural commodities and a source of fiber, 
vitamins, and minerals. The by-product of fruit process-
ing varies. Some of the by-products used as a Monascus 
fermentation media are coconut residue, jackfruit seeds, 
and durian seeds. Moorthy and Viswanathan (2009) 
reported the results of the analysis of coconut dregs, 
namely, water content 9.54%, protein 22.75%, fat 2.89%, 
crude fiber 12.11%, and ash content 7.41%. Jackfruit 
seeds contain 15.88% water, 71.46% carbohydrates, 5.78% 
protein, 1.77% fat, and 2.62% ash (Islam et  al. 2015). 
Durian seeds contain 51.5% water, 43.6% carbohydrates, 
and 2.6% protein (Brown, 1997).

Jackfruit seeds need to be dried and ground before 
being used as a medium for Monascus fermentation. 
When using durian seeds, it is necessary to soak them in 

a lime solution, peel them, cut them into small sizes, and 
adjust their water content  (Fig. 2). Following the adjust-
ment of water content, the next process steps were the 
same as the general process, namely, sterilization, cool-
ing, inoculation, incubation, and product drying (Babi-
tha et al. 2006; Nimnoi and Lumyong 2011; Srianta et al. 
2012).

According to the research by Nimnoi and Lumyong 
(2011), using coconut residue as the media for fermen-
tation, Monascus purpureus produced red pigments at a 
very low level of 0.59 AU/g. Their experiment has shown 
that the addition of carbon sources in the form of galac-
tose, glucose, mannitol, psicose, sorbose, and xylitol can 
increase the production of red pigments with different 
levels. The addition of 8% glucose results in increased 
production of red pigments to about 65 AU/g (Nimnoi 
and Lumyong 2011). In jackfruit seed flour substrate, 
Monascus purpureus can grow well and produce red and 
yellow pigments of 19.5 and 19.0 AU/g, respectively. Sup-
plementation of several types of carbon sources, such as 
rice flour, tapioca, sucrose, sorbitol, xylose, and lactose, 
does not increase the pigments production; significantly, 
it can even decrease the yield of pigments. Meanwhile, 
supplementation of nitrogen sources in the form of mon-
osodium glutamate, peptone, okara, and chitin by 1% can 
increase the production of pigments. Monosodium glu-
tamate is a nitrogen source which can provide the high-
est increase in the production of red and yellow pigments 
reaching 30.8 and 25.5 Au/g, respectively (Babitha et al. 
2006). In durian seed substrate, Monascus can grow well 
and produce pigments and monacolin K. Production of 
water-soluble yellow, orange, and red pigments were 
11.17, 8.52, and 8.11 AU/g, while ethanol-soluble pig-
ments were 3.86, 2.51, and 3.73 AU/g. However, mona-
colin K production was 50  mg/kg (Srianta et  al. 2012). 
The bioactivity of the Monascus fermented products with 
coconut residue and jackfruit seeds have not been tested, 
while Monascus fermented durian seed product has been 
tested for in vitro antioxidant and antidiabetic activities, 
and in  vivo antihypercholesterol and antidiabetic activ-
ity. The antioxidant activity of the fermented product 
was tested by DPPH (2,2-diphenyl-1-picrylhydrazyl), 
FRAP, and phosphomolybdenum methods by inhibiting 
56.26%, 93.45  mg GAE/g, and 256  mg GAE/g, respec-
tively (Srianta et  al. 2014a, b). Additionally, the ethanol 
extract of durian seed fermentation products has inhibi-
tory activity against the α-glucosidase enzyme with IC50 
of 70.7  µg/mL (Srianta et  al. 2013). Nugerahani et  al. 
(2017) reported that administration of 0.15 g of Monas-
cus fermented durian seeds extracted with water was able 
to reduce glucose and cholesterol levels in the blood of 
Wistar rats by 12.89 and 49.30%, respectively.
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Screening of substrates for GABA synthesis was carried 
out using different agro-industrial residues, e.g., wheat 
bran, tamarind seed, coconut oil cake, and jackfruit seed. 
Five grams of each substrate was taken separately and 
placed in a 250 ml conical flask to which 30 ml of basal 
medium was added. The basal medium comprised 100 g 
dextrose, 2 g KNO3, 10 g peptone, 2 g NH4 H2PO4, 0.5 g 
MgSO4∙7H2O, and 0.1 g CaCl2∙2H2O in 1000 ml distilled 
water. The medium was adjusted to pH 6.0 (Dikshit and 
Tallapragada 2011). The use of synthetic media on an 
industrial scale for the production of bioactive com-
pounds from microbial sources was not economical as 
far as the cost is concerned. Therefore, the development 
of low-cost processes is necessary. Keeping this in mind, 
various agro-waste residues were screened; among these, 
coconut oil cake gave the maximum yield (7.74 mg/gds), 
followed by jackfruit seed (6.96 mg/gds) and wheat bran 
(6 mg/gds), while the yield obtained from tamarind seeds 
was low (2.12 mg/gds). Yield is a metric that results from 
dividing the amount of pigments or other metabolites 
produced divided by the total amount of substrate in the 
fermentation. In the present work, an extremely econom-
ical agricultural residue, i.e., coconut oil cake, was used. 
From the model developed in that study, the optimum 
GABA yield was estimated to be 15.53  mg/gds with an 
added MSG concentration of 0.05 g, a pH of 7.5, and an 
incubation period of 20 days. To validate the results pre-
dicted by the model, a test was run under these condi-
tions and the GABA yield was found to be 15.31 mg/gds, 
which was close to the predicted yield. This substantiated 
the model. Comparing the GABA yield per unit substrate 
invested in terms of monetary as well as utility value, the 
results of the presented study were encouraging. This can 
be deemed a good use of coconut oil cake, which is pro-
duced in large amounts and may otherwise go to waste.

Coffee processing by‑product
In various countries, the coffee business is currently on 
the rise. This phenomenon had a great impact on the 
rise of the coffee processing business. By-products in 
the form of coffee residue will be generated after brew-
ing coffee. Aguilar-Raymundo et  al. (2019) reported the 
proximate composition of a dry coffee residue, i.e., mois-
ture 6.0%, fat 12.4%, protein 8.2%, ash 1.5%, and carbohy-
drate 38.1%.

Before it is used in the fermentation process, the coffee 
residue is dried to a water content of around 10%. Nitro-
gen sources and several types of minerals were added to 
the dried coffee residue, and the moisture content was 
adjusted. After that, it was inoculated with Monascus 
ruber culture, then incubated at 28  °C for 13  days. The 
fermentation product was then dried. Brito et al. (2012) 
reported that Monascus fermented coffee residue has a 

total phenol level of 10,867 mg GAE/g, higher than that 
of unfermented coffee residue (7772  mg GAE/g). The 
product was tested for its in  vivo antiatherosclerosis 
activity using Apo E. mice. The test results indicated that 
the addition of 2% of the fermented coffee residue can 
reduce the lesion area by 26.4%. The results of this study 
indicated that coffee residue fermentation products have 
a positive effect in reducing the formation of atheroma 
plaque.

When using agro-industrial by-products for the 
Monascus fermentation, one of the major problems is 
the relatively low productivity of Monascus metabolites. 
In general, the pigments production (AU/g) and monaco-
lin K production (mg/kg) were lower than that achieved 
by using normal cereals as substrate. Several strategies 
to increase the production of pigments and monacolin 
K are combining 2 complementary by-products, such as 
corn cob and glycerol, durian seeds and molasses, and 
durian seeds and okara, adding carbon source, nitrogen 
source, and minerals at optimal levels.

Conclusions
There are a lot of agro-industrial by-products in global 
food production which vary from cereal’s bran, peels 
from tubers, and fruit’s seeds which are bio-degradable 
to waste from industry, which still contain a lot of ben-
efits. It is therefore necessary to utilize these wastes, one 
of these possible utilizations is to be act as substrate for 
Monascus fermentation.

In this review, many bio-degradable wastes are very 
promising and showed great potential for applications in 
health and or to be used in the development of Monas-
cus fermentation. Some of these wastes produce bio-
chemicals that are beneficial to our health. Fermented 
rice bran, okara, durian seeds, and coffee grounds have 
important bioactivity for health, namely, antioxidants, 
antihypercholesterol, antidiabetic, and antiatheroscle-
rosis. Therefore, further studies are warranted regarding 
the application of various fermented products, both as 
natural colorant and functional food ingredients.
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