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Development of aqueous two-phase systems-based approaches for the selective recovery of
metalloproteases and phospholipases A, toxins from Crotalus molossus nigrescens venom

Snake venoms are rich sources of proteins with potential biotechnological and pharmaceutical applications. Among them,
metalloproteases (MPs) and phospholipases A2 (PLA,) are the most abundant. Their isolation in...

Daniela Enriquez-Ochoa, David Meléndez-Martinez, José Manuel Aguilar-Yafez, Cuauhtemoc Licona-Cassani and Karla Mayolo-
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Multi-omics analysis defines 5-fluorouracil drug resistance in 3D HeLa carcinoma cell model

Cervical cancer is a serious health problem in women around the globe. However, the use of clinical drug is seriously dampened by
the development of drug resistance. Efficient in vitro tumor model is essential...

Lin Wang, Xueting Wang, Tong Wang, Yingping Zhuang and Guan Wang
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Research | Published on: 23 December 2021
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Prediction of phenolic compounds and glucose content from dilute inorganic acid pretreatment of
lignocellulosic biomass using artificial neural network modeling

Dilute inorganic acids hydrolysis is one of the most promising pretreatment strategies with high recovery of fermentable sugars and
low cost for sustainable production of biofuels and chemicals from lignocellu...

Hongzhen Luo, Lei Gao, Zheng Liu, Yongjiang Shi, Fang Xie, Muhammad Bilal, Rongling Yang and Mohammad J. Taherzadeh
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Characterization of Argonaute nucleases from mesophilic bacteria Paenibacillus borealis and
Brevibacillus laterosporus

Thermophilic Argonaute proteins (Agos) have been shown to utilize small DNA guides for cleaving complementary DNA in vitro,
which shows great potential for nucleic acid detection. In this study, we explored me...

Huarong Dong, Fei Huang, Xiang Guo, Xiaoyi Xu, Qian Liu, Xiao Li and Yan Feng
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A comparative study of greener alternatives for nanocellulose production from sugarcane bagasse

Use of enzyme for extraction of nanocellulose from sugarcane bagasse is greener alternative. Literature indicates that effectiveness
of these enzymes can be improved by auxiliary enzymes or mediators. In the c...

Bhargavi Pula, Shradha Ramesh, Sirisha Pamidipati and Purnima Doddipatla
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Laccases as green and versatile biocatalysts: from lab to enzyme market—an overview

Laccases are multi-copper oxidase enzymes that catalyze the oxidation of different compounds (phenolics and non-phenolics). The
scientific literature on laccases is quite extensive, including many basic and ap...

Tatiane Brugnari, Dayane Moreira Braga, Camila Souza Almeida dos Santos, Bruno Henrique Czelusniak Torres, Tatiani Andressa

Modkovski, Charles Windson Isidoro Haminiuk and Giselle Maria Maciel
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> Full Text > PDF

Vinasse: from a residue to a high added value biopolymer

This work aimed to study the feasibility of using vinasse for polyhydroxybutyrate (PHB) production by Bacillus megaterium. To

optimize the culture medium, a Box-Behnken design was employed considering carbon (C),...

https://bioresourcesbioprocessing.springeropen.com/articles?query=&volume=8&searchType=&tab=keyword 7149


https://bioresourcesbioprocessing.springeropen.com/articles/10.1186/s40643-021-00484-1
https://bioresourcesbioprocessing.springeropen.com/articles/10.1186/s40643-021-00484-1
https://bioresourcesbioprocessing.springeropen.com/counter/pdf/10.1186/s40643-021-00484-1.pdf
https://bioresourcesbioprocessing.springeropen.com/articles/10.1186/s40643-021-00476-1

10/27/23, 12:12 PM Bioresources and Bioprocessing | Articles
Daiana V. Trapé, Olivia V. Lépez and Marcelo A. Villar

Bioresources and Bioprocessing 2021 8:130

Research ' Published on: 17 December 2021

IBioethanol I m IB. megoterium I

Optimization: I Fermentation I

* Culture media L
composition -

* C/N ratio / .\
iy Gy
conditions m ———

Polyhydroxyalkanoate
(PHA)

> Full Text > PDF

Utilization of agro-industrial by-products in Monascus fermentation: a review

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 fi...

Ignatius Srianta, Endang Kusdiyantini, Elok Zubaidah, Susana Ristiarini, Ira Nugerahani, Andreas Alvin, Nathania Iswanto and Bo-Bo
Zhang
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Zymomonas mobilis as an emerging biotechnological chassis for the production of industrially
relevant compounds

Zymomonas mobilis is a well-recognized ethanologenic bacterium with outstanding characteristics which make it a promising
platform for the biotechnological production of relevant building blocks and fine chemical...

Adelaide Braga, Daniela Gomes, Jodo Rainha, Claudia Amorim, Beatriz B. Cardoso, Eduardo J. Gudifia, Sara C. Silvério, Joana L.

Rodrigues and Ligia R. Rodrigues
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Early transcriptomic response of the mycoparasite Sphaerodes mycoparasitica to the
mycotoxigenic Fusarium graminearum 3-ADON, the cause of Fusarium head blight

Mycoparasites are an assemblage of biotrophic and necrotrophic fungi that occur on plant pathogenic fungal hosts. Biotrophic
mycoparasites are often overlooked in transcriptomic-based biocontrol studies. Sphaerod...

Seon Hwa Kim and Vladimir Vujanovic
Bioresources and Bioprocessing 2021 8:127
Research | Published on: 16 December 2021
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Immobilization of transaminase from Bacillus licheniformis on copper phosphate nanoflowers and
its potential application in the kinetic resolution of RS-a-methyl benzyl amine

This study reports the isolation and partial purification of transaminase from the wild species of Bacillus licheniformis. Semi-purified
transaminase was immobilized on copper nanoflowers (NFs) synthesized throug...

Shraddha Lambhiya, Gopal Patel and Uttam Chand Banerjee
Bioresources and Bioprocessing 2021 8:126
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Development of a plasmid stabilization system in Vibrio natriegens for the high production of 1,3-
propanediol and 3-hydroxypropionate

Vibrio natriegens is a promising industrial chassis with a super-fast growth rate and high substrate uptake rates. V. natriegens was
previously engineered to produce 1,3-propanediol (1,3-PDO) from glycerol by ove...

Ye Zhang, Qing Sun, Yu Liu, Xuecong Cen, Dehua Liu and Zhen Chen
Bioresources and Bioprocessing 2021 8:125
Research | Published on: 14 December 2021
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Effects of plant growth regulators on transient expression of foreign gene in Nicotiana
benthamiana L. leaves
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In the last decades, replicating expression vectors based on plant geminivirus have been widely used for enhancing the efficiency of

plant transient expression. By using the replicating expression vector deriv...

Ying Li, Min Sun, Xin Wang, Yue-Jing Zhang, Xiao-Wei Da, Ling-Yun Jia, Hai-Long Pang and Han-Qing Feng
Bioresources and Bioprocessing 2021 8:124
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Ionic liquid-based multi-stage sugaring-out extraction of lactic acid from simulated broth and
actual lignocellulosic fermentation broth

In this study, ionic liquid-based sugaring-out extraction was developed to separate lactic acid from the synthetic solution and actual

lignocellulosic fermentation broth. Except for [Eqymim]BFy, the ILs with BF,~

Xu Zhou, Yagin Sun, Hongjun Zhan, Haijun Liu, Xiaoyan Wang, Yang Xu, Yi Li, Zhilong Xiu and Yi Tong
Bioresources and Bioprocessing 2021 8:123
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Strain engineering and bioprocessing strategies for biobased production of porphobilinogen in
Escherichia coli

Strain engineering and bioprocessing strategies were applied for biobased production of porphobilinogen (PBG) using Escherichia

coli as the cell factory. The non-native Shemin/C4 pathway was first implemented by ...
Davinder Lall, Dragan Miscevic, Mark Bruder, Adam Westbrook, Marc Aucoin, Murray Moo-Young and C. Perry Chou
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Elucidating the degradation pattern of a new cold-tolerant pectate lyase used for efficient

preparation of pectin oligosaccharides
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The cold-active pectate lyases have drawn increasing attention in food and biotechnological applications due to their ability to
retain high catalytic efficiency under lower temperatures, which could be helpfu...

Ling Zheng, Zilong Guo, Shengsheng Cao and Benwei Zhu
Bioresources and Bioprocessing 2021 8:121
Research = Published on: 4 December 2021
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Combined transcriptome and metabolome analyses reveal the potential mechanism for the
inhibition of Penicillium digitatum by X33_antimicrobial oligopeptide

Penicillium digitatum is the primary spoilage fungus that causes green mold during postharvest in citrus. To reduce economic losses,
developing more efficient and less toxic natural antimicrobial agents is urgent...

Shuhua Lin, Yuanxiu Wang, Qunlin Lu, Bin Zhang and Xiaoyu Wu
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Revitalizing the ethanologenic bacterium Zymomonas mobilis for sugar reduction in high-sugar-

content fruits and commercial products

The excessive consumption of sugars can cause health issues. Different strategies have been developed to reduce sugars in the
diets. However, sugars in fruits and commercial products may be difficult to reduce...

Mimi Hu, Xiangyu Chen, Ju Huang, Jun Du, Mian Li and Shihui Yang
Bioresources and Bioprocessing 2021 8:119
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Engineering Escherichia coli biofilm to increase contact surface for shikimate and L.-malate
production

Microbial organelles are a promising model to promote cellular functions for the production of high-value chemicals. However, the

concentrations of enzymes and nanoparticles are limited by the contact surface ...

Qiang Ding, Yadi Liu, Guipeng Hu, Liang Guo, Cong Gao, Xiulai Chen, Wei Chen, Jian Chen and Liming Liu
Bioresources and Bioprocessing 2021 8:118
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In vitro biosynthesis of ATP from adenosine and polyphosphate

Adenosine triphosphate (ATP) acts as a crucial energy currency in vivo, and it is a widely used energy and/or phosphate donor for
enzyme-catalyzed reactions in vitro. In this study, we established an in vitro mul...

Chuangi Sun, Zonglin Li, Xiao Ning, Wentian Xu and Zhimin Li
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Production of bacterial cellulose from glycerol: the current state and perspectives

Current research in industrial microbiology and biotechnology focuses on the production of biodegradable microbial polymers as
an environmentally friendly alternative to the still dominant fossil hydrocarbon-b...

Peteris Zikmanis, Sergejs Kolesovs, Maija Ruklisha and Pavels Semjonovs
Bioresources and Bioprocessing 2021 8:116
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A hemolysin secretion pathway-based novel secretory expression platform for efficient
manufacturing of tag peptides and anti-microbial peptides in Escherichia coli

Although Escherichia coli has been widely used for the expression of exogenous proteins, the secretory expression in this system is
still a big obstacle. As one of the most important secretion pathways, hemolysin...

Wen Zhu, Lifu Hu, Yang Wang, Liangyin Lv, Hui Wang, Wengiang Shi, Jianwei Zhu and Huili Lu
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pomace: influence of solvent composition and temperature

This study aims to assess kinetic modelling of the solid-liquid extraction process of total polyphenolic compounds (TPC) from apple

pomace (AP). In this regard, we investigated the effects of temperature and s...

Parinaz Hobbi, Oseweuba Valentine Okoro, Christine Delporte, Houman Alimoradi, Daria Podstawczyk, Lei Nie, Katrien V. Bernaerts

and Amin Shavandi
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Valorisation of corncob into furfuryl alcohol and furoic acid via chemoenzymatic cascade catalysis

Heterogeneous tin-based sulfonated graphite (Sn-GP) catalyst was prepared with graphite as carrier. The physicochemical
properties of Sn-GP were captured by FT-IR, XRD, SEM and BET. Organic acids with differen...

Jiacheng Ni, Junhua Di, Cuiluan Ma and Yu-Cai He
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A novel fragmented anode biofilm microbial fuel cell (FAB—MFC) integrated system for domestic
wastewater treatment and bioelectricity generation

The critical MFC design challenge is to increase anode surface area. A novel FAB-MFC integrated system was developed and
evaluated for domestic wastewater treatment. It was operated in fed-batch flow mode at 1...

Tesfalem Atnafu and Seyoum Leta
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Techno-economic analysis of a new downstream process for the production of astaxanthin from
the microalgae Haematococcus pluvialis
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The biotechnological production of the carotenoid astaxanthin is done with the microalgae Haematococcus pluvialis (H. pluvialis).

Under nutrient deficiency and light stress, H. pluvialis accumulates astaxanthin i...
Andreas Bauer and Mirjana Minceva
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Metabolic engineering strategies for de novo biosynthesis of sterols and steroids in yeast

Steroidal compounds are of great interest in the pharmaceutical field, with steroidal drugs as the second largest category of
medicine in the world. Advances in synthetic biology and metabolic engineering have...

Yuehao Gu, Xue Jiao, Lidan Ye and Hongwei Yu
Bioresources and Bioprocessing 2021 8:110
Review = Published on: 5 November 2021

> Full Text > PDF

Customized exogenous ferredoxin functions as an efficient electron carrier

Ferredoxin (Fdx) is regarded as the main electron carrier in biological electron transfer and acts as an electron donor in metabolic

pathways of many organisms. Here, we screened a self-sufficient P450-derived...

Zhan Song, Cancan Wei, Chao Li, Xin Gao, Shuhong Mao, Fuping Lu and Hui-Min Qin
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Tyrosinase@HKUST-1: a super stable biocatalyst efficient for catecholic product synthesis

Although metal-organic frameworks (MOFs) have been considered as promising matrices for enzyme immobilization, HKUST-1,
constructed from copper acetate (CuAcy) and benzene 1,3,5-tricarboxylate (BTC), has rarely b...

Xiao-Feng Lu, Chao-Yun Feng, Shuangfei Li, Guo-Hao Liu and Zhen Yang
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From induction to secretion: a complicated route for cellulase production in Trichoderma reesei

The filamentous fungus Trichoderma reesei has been widely used for cellulase production that has extensive applications in green
and sustainable development. Increasing costs and depletion of fossil fuels provoke...

Su Yan, Yan Xu and Xiao-Wei Yu
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Recent advances in the microbial synthesis of lactate-based copolymer

Due to the increasing environmental pollution of un-degradable plastics and the consumption of non-renewable resources, more

attention has been attracted by new bio-degradable/based polymers produced from rene...
Pengye Guo, Yuanchan Luo, Ju Wu and Hui Wu
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Mutations in adaptively evolved Escherichia coli LGE2 facilitated the cost-effective upgrading of
undetoxified bio-oil to bioethanol fuel

Levoglucosan is a promising sugar present in the lignocellulose pyrolysis bio-oil, which is a renewable and environment-friendly

source for various value-added productions. Although many microbial catalysts ha...
Dongdong Chang, Cong Wang, Fabrice Ndayisenga and Zhisheng Yu
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Quantitative analysis on photon numbers received per cell for triggering 3-carotene accumulation

in Dunaliella salina

Accumulation of B-carotene in Dunaliella salina is highly dependent on light exposure intensity and duration, but quantitative

analysis on photon numbers received per cell for triggering p-carotene accumulation i...
Yimei Xi, Song Xue, Xupeng Cao, Zhanyou Chi and Jinghan Wang
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Structure-guided protein engineering of ammonia lyase for efficient synthesis of sterically bulky

unnatural amino acids

Enzymatic asymmetric amination addition is seen as a promising approach for synthesizing amine derivatives, especially unnatural

amino acids, which are valuable precursors to fine chemicals and drugs. Despite ...
Zi-Fu Ni, Pei Xu, Min-Hua Zong and Wen-Yong Lou
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Identification and structural analysis of a thermophilic (3-1,3-glucanase from compost

B-1,3-glucanase can specifically hydrolyze glucans to oligosaccharides and has potential applications in biotechnology. We used the
metatranscriptomic technology to discover a thermophilic B-1,3-glucanase from...

Jianwei Feng, Shenyuan Xu, Ruirui Feng, Andrey Kovalevsky, Xia Zhang, Dongyang Liu and Qun Wan
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Novel cattail fiber composites: converting waste biomass into reinforcement for composites

Vacuume-assisted resin transfer molding (VARTM), used in manufacturing medium to large-sized composites for transportation
industries, requires non-woven mats. While non-woven glass mats used in these applicati...

Md. Shadhin, Mashiur Rahman, Raghavan Jayaraman and Danny Mann
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engineering: a critical review

5-Aminolevulinic acid (5-ALA), a non-proteinogenic five-carbon amino acid, has received intensive attentions in medicine due to its
approval by the US Food and Drug Administration (FDA) for cancer diagnosis an...

Ying-Chen Yi, I-Tai Shih, Tzu-Hsuan Yu, Yen-Ju Lee and I-Son Ng
Bioresources and Bioprocessing 2021 8:100
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Rice husk hydrochars from metal chloride-assisted hydrothermal carbonization as biosorbents of
organics from aqueous solution

Hydrochar a carbon-rich material resulting from hydrothermal carbonization of biomass, has received substantial attention because
of its potential application in various areas such as carbon sequestration, bio...

Yin Li, Fana Mulugeta Hagos, Rongrong Chen, Hanxin Qian, Chengxing Mo, Jing Di, Xikun Gai, Ruigin Yang, Genxing Pan and
Shengdao Shan
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Polyhydroxyalkanoate production from rice straw hydrolysate obtained by alkaline pretreatment
and enzymatic hydrolysis using Bacillus strains isolated from decomposing straw

Rice straw is an important low-cost feedstock for bio-based economy. This report presents a study in which rice straw was used
both as a source for isolation of bacteria producing the biodegradable polyester p...

Doan Van Thuoc, Nguyen Thi Chung and Rajni Hatti-Kaul
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Rice straw as source for PHA-
accumulating bacteria and as carbon
source for PHA production

One-pot synthesis of (R)- and (S)-phenylglycinol from bio-based 1-phenylalanine by an artificial
biocatalytic cascade

Chiral phenylglycinol is a very important chemical in the pharmaceutical manufacturing. Current methods for synthesis of chiral
phenylglycinol often suffered from unsatisfied selectivity, low product yield and...

Jiandong Zhang, Ning Qi, Lili Gao, Jing Li, Chaofeng Zhang and Honghong Chang
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The fermentation process is dynamically changing, and the metabolic status can be grasped through real-time monitoring of

environmental parameters. In this study, a real-time and on-line monitoring experiment ...

Chen Yang, Chen Lingli, Guo Meijin, Li Xu, Liu jinsong, Liu Xiaofeng, Chen Zhongbing, Tian Xiaojun, Zheng Haoyue, Tian Xiwei, Chu
Ju and Zhuang Yingping
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Current perspective on production and applications of microbial cellulases: a review

The potential of cellulolytic enzymes has been widely studied and explored for bioconversion processes and plays a key role in

various industrial applications. Cellulase, a key enzyme for cellulose-rich waste ...
Nisha Bhardwaj, Bikash Kumar, Komal Agrawal and Pradeep Verma
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Biosynthesis of lactones from diols mediated by an artificial flavin

Lactones are important compounds in the field of medicine, material and chemical industry. One of the promising accesses to these

flexible scaffolds is NAD(P)*-dependent alcohol dehydrogenases-catalyzed oxidative...

Xiaowang Zhang, Zhuotao Tan, Chaojian Li, Siyu Qi, Mengjiao Xu, Ming Li, Wenlong Xiong, Wei Zhuang, Dong Liu, Chenjie Zhu and
Hanjie Ying
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Applications and analysis of hydrolysates in animal cell culture

Animal cells are used in the manufacturing of complex biotherapeutic products since the 1980s. From its initial uses in biological
research to its current importance in the biopharmaceutical industry, many typ...

Yin Ying Ho, Hao Kim Lu, Zhi Feng Sherman Lim, Hao Wei Lim, Ying Swan Ho and Say Kong Ng
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Biological pretreatment of corn stover for enhancing enzymatic hydrolysis using Bacillus sp. P3

The biological pretreatment for the enzymatic hydrolysis of lignocellulosic biomasses depends exclusively on the effective
pretreatment process. Herein, we report a significant enhancement of enzymatic sacchar...

Yanwen Wu, Haipeng Guo, Md. Shafiqur Rahman, Xuantong Chen, Jinchi Zhang, Yun Liu and Wensheng Qin
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Bacillus sp. P3

Hemicellulose removed by alkaline resistant
xylanase produced trom Bacillus sp. P3

Advances in engineering microbial biosynthesis of aromatic compounds and related compounds

Aromatic compounds have broad applications and have been the target of biosynthetic processes for several decades. New
biomolecular engineering strategies have been applied to improve production of aromatic co...

Roman M. Dickey, Amanda M. Forti and Aditya M. Kunjapur
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A novel decrystallizing protein CxEXIL.22 from Arthrobotrys sp. CX1 capable of synergistically
hydrolyzing cellulose with cellulases
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Sugarcane bagasse: a biomass sufficiently applied for improving global energy, environment and
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Utilization of agro-industrial by-products
in Monascus fermentation: a review
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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

Monascus fermentation.

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

Keywords: Agro-industry, By-product, Fermentation, Monascus

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
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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 y-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
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Fig. 2 Solid-state fermentation of durian seed with Monascus
purpureus for pigments production

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

Agro-industrial by-product Potential global
production (tons/

Physical and Chemical characteristics

Pre-treatment for Monascus fermentation

year)*
Cereal processing
Corn bran 115 % 10° Rich in protein (9.3 /100 g), carbohydrate No pre-treatment
(27.6 g/ 100 g), phenolic content (68.9 mg
GAE/qg), and antioxidant activity (416.1 uM
Trolox/g)®
Rice bran 78 x 10° Powder, high vitamin B1 and zinc® No pre-treatment
High functional compound and antioxidants®
Wheat bran 73 % 10° Rich in nutrition, starch content (23.3%), high No pre-treatment
volumetric specific surface area, porous, good for
SSF substrated
Barley bran 14 % 10° Poor water absorption® Grinding, soaking, drying
Sorghum bran 6x10° Starchy pericarp, high polyphenol content' Soaking and sterilization
Corn cob 330 % 10° Yellow to brown, 32.3-45.6% cellulose, 39.8% Washing, drying with direct sunlight, grind-

hemicellulose?
Starchy tuber and root processing

ing, pressing, drying, sterilization

Potato peel 55 x 10° Powder, high water content, containing 7.8 % Powdering
carbohydrates in starch of 100 g potato peel
Contains of non-starch polysaccharides, lignin,
polyphenol, protein, and less of lipid'
Cassava peel 28 x 10° Powder, rich in carbohydratel Powdering
Sweet potato peel 9% 10° Powder, rich in carbohydrate (65-70%)" Powdering
Cassava residue 47 x 10° Powder, more porous, rich in carbohydrate Powdering
(660 g/kg dry basis), high fiber content!
Legume processing
Okara 170 x 10 Poor in nitrogen and rich of fiber (50%), protein Drying
(25%), fat (109%)™
Soy bran 28 10° Powder, rich in carbohydrate (9 g/kg dry basis), Powdering
protein (480 g/kg dry basis), and phosphorus
(7 g/kg dry basis)
Fruit processing
Coconut testa 3x10° Brown, thin: 0.2 mm thick, high antioxidant Powdering
(phenolic content, tocopherol, tocotrienol), and
radical scavering®
Coconut residue 6x10° Powder, rich in carbohydrate” Drying, grinding
Jackfruit seed 390 x 10° Particle size 0.4 and 0.6 mm, high moisture con-  Soaking, size reduction
tent, stable color pigments on a wide range pH,
and 36.7% starch content®
Durian seed 100 x 10° Brown, adhesive, firm, high moisture content Boiling, soaking, size reduction
(60%) and 18.92% starch content®
Coffee processing
Coffee residue 15 % 10° Dried coffee fermented residue, high total Drying

phenols (10.857 mg GAE g residue), bioactive
compound with antioxidant action

*FAQSTAT, 2020; *Almeida et al., 2019; qubaida_h and Dewi, 2014; ‘Jamaluddin_ etal, 2016; 9Manan and Webb, 2019; *Wen et al., 2020; ‘Srianta and Harijono, 2015;
9Velmurugan et al,, 2011; "Embaby et al., 2018; ‘Sepelev and Galoburda, 2015;Fatimah et al., 2014; “Sehrawat et al., 2017a, b; 'Carvalho et al.,, 2007; "Colletti et al.,
2020; "Nimnoi and Lumyong, 2011; °Babitha et al., 2006; PSrianta et al., 2012; 9Brito et al., 2012

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
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Table 2 Summary of Monascus SSF process on agro-industrial by-product substrate
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Agro-industrial by-product SSF culture and condition

Product

References

Corn bran

Rice bran

Wheat bran

Barley bran

Sorghum bran

Corn cob

Potato peel

Cassava peel
Sweet potato peel
Cassava residue
Okara

Soy bran

Coconut testa

Coconut residue

Jackfruit seed
Durian seed

Coffee residue

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

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

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

M. purpureus CICC 5046; 28-32 °C,
12 days

M. purpureus M9; 30 °C, 14 days

M. purpureus KACC 42,430; 30 °C,
7 days

M. purpureus ATCC 16,436; 30 °C,
10 days

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

M. purpureus; 30-31 °C, 14 days

M. purpureus MTCC 369; 30 °C, 15 days
Monascus sp., LPB -31

Monascus purpureus

Monascus purpureus

Monascus purpureus

M. purpureus MTCC 410 and M.
sanguineus

M. purpureus LPB 97; 30 °C, 7 days
M. purpureus; 30 °C, 14 days

Monascus purpureus

Fermented corn bran with red color
and important nutritional value

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

Red pigments

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

Monascus fermented sorghum bran
containing pigments, monacolin K,
and antioxidants activity

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

Red pigments
Red pigments with antifungal activity

Yellow, orange and red pigments
Yellow, orange and red pigments
Yellow and red pigments

Red and orange pigments
Pigments production

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

Red pigments and yellowish-orange
pigments

Red and yellow pigments

Durian seed as optimum substrate
for Monascus sp. KIR2 to produce pig-
ments with 50 mg/kg monacolin K

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

Almeida et al. (2019)

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

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

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

Srianta and Harijono (2015)

Velmurugan et al. (2011)

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

Afiandiningsih (2013)
Sehrawat et al. (2017a, b)
Carvalho et al. (2007)
Sun et al. (2020)
Carvalho et al. (2007)
Jamaluddin et al. (2016)

Padmavathi and Prabhudessai (2013)

Babitha et al. (2006)
Srianta et al. (2012)

Brito et al. (2012)

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 pB-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 pmol Trolox
Equivalent/g, respectively (Srianta et al. 2017; Almeida
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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., KH,PO,, NH,NO,, NaCl, and MgSO,.
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
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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 2.6361+0.04 AU/g dry substrate while on rice sub-
strate of 3.62710.03 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
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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 Momnascus 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
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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 a-glucosidase enzyme with ICg,
of 70.7 pg/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 KNO,, 10 g peptone, 2 g NH, H,PO,, 0.5 g
MgSO,-7H,0, and 0.1 g CaCl,-2H,O 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 vyield 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
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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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