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ABSTRACT 

ENHANCED PRODUCTION OF RIBOFLAVIN AND NISIN THROUGH  
COCULTIVATION OF Lactococcus lactis AND  

Lactobacillus rhamnosus  

By 

NADRAH BINTI ABDUL HALID 

May 2024 

Chairman : Hanan bin Hasan, PhD 
Faculty : Food Science and Technology 

Microbial co-cultivation from different species of lactic acid bacteria (LAB) has 

the potential mean to trigger its quorum sensing to induce the production of 

targeted metabolites and possibly increasing its yield. The interspecies 

relationship between Lactococcus lactis ATCC 11454 and Lactobacillus 

rhamnosus ATCC 7469 were evaluated by comparing the growth profile (OD 

600), specific growth rate (µmax), riboflavin yield (vitamin B2), and nisin activity 

(against Listeria monocytogenes and Bacillus subtilis). Fermentation was 

performed between the monocultures of L. lactis (LL) and L. rhamnosus (LR), 

and their co-culture (LL+LR). The fermentation conditions (temperature, pH, 

agitation, carbon and nitrogen sources, inoculation ratio and time) were varied 

to attain optimum bacterial growth, riboflavin and nisin yield. Subsequently, 

fermentation in 2.0 L stirred tank bioreactors were investigated using the 

combination of optimized factors in shake-flask scale. Batch fermentation was 

implemented in the control (C) bioreactor, while fed-batch fermentation was 

employed in bioreactor run 1 (B1) and run 2 (B2), with different medium flow 
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rates of 10 mL/min and 1.6 mL/min, respectively. The most profound factors to 

enhance the riboflavin yield were temperature 37°C at pH 6.5, without 

additional glucose and yeast extract. The cell growth, nisin activity and most 

significantly riboflavin yield in LL+LR increased by 58% and 57% as compared 

to LL and LR, respectively.  Furthermore, B1 was able to generate an increase 

of 33.5% riboflavin and 36% growth rate than C and B2. The application of 

bioreactor in the fermentation process resulted in a prolonged exponential 

phase which subsequently contributed to a longer timeframe for metabolite 

production. The findings from this study provided an efficient future prospect 

of LAB co-culture, potentially by extending riboflavin production time and 

increasing vitamin level in fermented foods or facilitating the production of 

valuable metabolites. 

Keywords: fermentation, lactic acid bacteria, co-cultivation, riboflavin, nisin     
 
SDG: GOAL 3: Good Health and Well-Being 
  



© C
OPYRIG

HT U
PM

iii 

Abstrak tesis yang dikemukakan kepada Senat of Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Master Sains 

ABSTRAK 

PENINGKATAN PENGELUARAN RIBOFLAVIN DAN NISIN MELALUI 
PENGKULTURAN-BERSAMA Lactococcus lactis DAN Lactobacillus 

rhamnosus 

Oleh 

NADRAH BINTI ABDUL HALID 

Mei 2024 

Pengerusi : Hanan bin Hasan, PhD 
Fakulti : Sains dan Teknologi Makanan 

Pengkulturan-bersama mikrob daripada spesies bakteria asid laktik (LAB) 

yang berbeza mempunyai potensi untuk merangsangkan penderiaan 

“quorum” untuk mendorong penghasilan and meningkatkan metabolit yang 

diinginkan. Hubungan antara spesies Lactococcus lactis ATCC 11454 dan 

Lactobacillus rhamnosus ATCC 7469 telah dinilai dengan membandingkan 

profil pertumbuhan (OD 600), kadar pertumbuhan spesifik (µmax), pengeluaran 

riboflavin (vitamin B2) dan nisin, iaitu bacteriocin yang diuji terhadap Listeria 

monocytogenes dan Bacillus subtilis. Penapaian dijalankan secara 

pengkulturan-individu untuk L. lactis (LL), L. rhamnosus (LR), dan 

pengkulturan-bersama kedua-dua LAB (LL+LR). Faktor penapaian (suhu, pH, 

pergaulan, sumber karbon dan nitrogen, nisbah inokulasi dan masa) 

dipelbagaikan untuk mencapai pertumbuhan bakteria yang optimum dan 

pengeluaran riboflavin dan nisin yang lebih tinggi. Ini diikuti dengan 

perpindahan penapaian ke dalam bioreaktor 2.0 L dengan menggunakan 

gabungan faktor yang dioptimumkan di dalam skala kelalang. Penapaian 
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kelompok dilaksanakan di dalam bioreaktor kawalan (C), manakala penapaian 

kelompok suapan digunakan di dalam Bioreaktor 1 (B1) dan 2 (B2) dengan 

menggunakan kadar aliran dan susbtrat yang berbeza dengan masing-masing 

sebanyak 10 mL/min dan 1.6 mL/min. Faktor yang paling ketara memberi 

kesan terhadap produksi riboflavin dapat dilihat pada suhu 37°C di pH 6.5 

tanpa penambahan glukosa dan ekstrak yis. Pertumbuhan sel, aktiviti nisin 

dan paling signifikan, produksi riboflavin di LL+LR menaik sebanyak 58% dan 

57% berbanding LL dan LR. Tambahan pula, bioreaktor berskala yang 

dijalankan di dalam B1 mampu menjana peningkatan 33.5% riboflavin dan 

36% kadar pertumbuhan daripada sistem C dan B2. Penggunaan bioreaktor 

dalam proses penapaian mampu menghasilkan fasa pertumbuhan yang 

berpanjangan dan seterusnya dapat menyumbang kepada jangka masa yang 

lebih lama untuk pengeluaran metabolit. Penemuan daripada kajian ini boleh 

memberikan prospek masa depan yang baik bagi pengkulturan bersama 

bakteria asid laktik, berpotensi memanjangkan masa pengeluaran riboflavin 

dan meningkatkan tahap vitamin dalam makanan yang ditapai, atau 

memudahkan pengeluaran metabolit yang bermutu. 

Kata kunci: penapaian, bakteria asid laktik, kultivasi-bersama, riboflavin, nisin  
 
SDG: MATLAMAT 3: Kesihatan Baik dan Kesejahteraan  
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Lactic acid bacteria (LAB) are a group of microorganisms that are commonly 

utilized in various industries including food, clinical and agricultural sectors 

(Abedin et al., 2023; Bintsis, 2018). They are the most common starter culture 

main for food preservation and have been recognized as Generally 

Recognized as Safe (GRAS) status (Ayivi et al., 2020, Plavec & Berlec, 2020). 

In recent years, LAB has garnered interest from researchers for their 

significant ability to synthesize various beneficial metabolites. These 

metabolites showcase unique bioactivity and contribute to a diverse range of 

health-promoting effects, including vitamins, bacteriocins, organic acids, 

exopolysaccharides, gamma-aminobutyric acid and flavor compounds (Hakim 

et al., 2023; Mathur et al., 2020).  

Their highly diverse properties have laid the foundations for the food industry 

to enhance the sensory quality by regulating the taste and texture in their food 

products (Hoxha et al., 2023; Mokoena, 2017). To date, the ability of LAB to 

naturally produce various compounds has gained attraction in the 

manufacturing industries to improve the shelf-life, quality, safety, and 

nutritional value of fermented products (Albano et al., 2020; Ponzio et al., 

2024).  
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Certain LAB strains exhibit the capacity for biosynthesis of essential B group 

vitamins, essential micronutrients that play a critical role in several metabolic 

and regulatory processes necessary for human health, including folates, 

cobalamin, and riboflavin. Among these vitamins, riboflavin is particularly 

important for various physiological functions (Levit et al., 2021; Thakur et al., 

2015). Ariboflavinosis can occur when there is a deficiency in riboflavin 

consumption which is linked to ocular complications, cardiovascular risks, 

preeclampsia, anaemia, hepatic and dermal harm, as well as alterations in 

cerebral glucose metabolism (Suwannasom et al., 2020; Thakur et al., 2017).  

Traditionally, riboflavin has been synthesized for fortification purposes through 

chemical means (Liu et al., 2020; You et al., 2021). However, in recent years, 

there has been a significant change towards using microbial techniques to 

produce riboflavin. Riboflavin-supplying LAB, such as Lactobacillus 

rhamnosus ATCC 7469, offers a clear advantage over chemical synthesis by 

increasing the nutritional value of food using cleaner and sustainable methods 

(Hasan et al., 2023; Zhang et al., 2022). 

Furthermore, LAB also synthesize natural antimicrobials compounds, which is 

known as bacteriocins or bacteriocin inhibitory like substances (BLIS) that can 

be used for food preservation (Barcenilla et al., 2022; Manna & Jana, 2024). 

In the last decade, bacteriocins have been clinically tested as controlling 

agents for bacterial, biofilm, and viral infections (Fernandes & Jobby, 2022). 

As an ideal biopreservative agent, the strategy is to only exhibit antimicrobial 

activity against targeted pathogens but also did not present any detrimental 

effects to the intestinal microbiome of consumers (Pisoschi et al., 2018). This 



© C
OPYRIG

HT U
PM

3 

is due to the properties of bacteriocin which can exhibit non-toxicity towards 

eukaryotic cells and are inactivated by digestive proteases. Besides 

possessing a broad antimicrobial spectrum against food-borne pathogens and 

spoilage bacteria, it exhibits bactericidal effects on the bacterial cytoplasmic 

membrane, and show no cross-resistance with antibiotics (Bhattacharya et al., 

2022; Lahiri et al., 2022).  

Bacteriocins are significantly better compared to conventional antibiotics due 

to its stability in a broad range of physicochemical conditions. It has 

demonstrated inhibitory effects against intestinal pathogens such as 

Clostridium defficile, Staphylococcus aureus, Listeria monocytogenes, 

Salmonella enteritidis and vancomycin-resistant enterococci (VRE) (Darbandi 

et al., 2022). Lactococcus lactis subsp. lactis is a common and high producer 

of bacteriocin called nisin (Rasid et al., 2023; Zhao et al., 2021), capable of 

inhibiting closely related Gram-positive bacteria such as Listeria 

monocytogenes and Bacillus subtilis (Kondrotiene et al., 2023; Suzuki and 

Suzuki, 2021). It has demonstrated a profound effect on hampering pathogenic 

growth, thereby extending the shelf life of perishable foods (Nie et al., 2023). 

Despite their immense potential, the industrial-scale production of these 

compounds has been hampered by high production costs and low yields from 

producer cells, thereby limiting their ability to be widely incorporated in food 

systems (Garsa et al., 2014; Juturu & Wu, 2018; Zhao et al., 2021). In 

response to these challenges, microbial co-cultivation has emerged as a 

promising approach for enhancing the production of bioactive compounds from 

LAB (Canon et al., 2020; Cui et al., 2020; Selegato & Castro-gamboa, 2023). 
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Co-cultivation involves the simultaneous cultivation of two or more microbial 

strains in a fermentation tank at the same time. This allows for the induction 

and stimulation possibly through quorum sensing of secondary metabolic 

pathways and the production of diverse valuable metabolites. This technique 

offers a novel approach to microbial production platforms, allowing for the 

simultaneous synthesis of multiple valuable compounds, including both 

bacteriocins and vitamins (Aguilar et al., 2021; Guo et al., 2024; Kapoore et 

al., 2021; Peng et al., 2021). 

There are limited number of studies focusing on the interaction and behaviour 

of LAB strains in a co-cultivation system to simultaneously enhance the 

synthesis of nisin and riboflavin. This knowledge gap highlights the importance 

of conducting thorough studies to determine the practicality and effectiveness 

of growing industrially important LAB species together, such as the nisin 

producer Lactococcus lactis ATCC 11454 and the riboflavin producer 

Lactobacillus rhamnosus ATCC 7469 to increase it biosynthesis. 

1.2 Problem statement 

The issues and challenges to be addressed are as follows: 

1. The monoculture system is prone to contamination by other 

microorganisms. This can cause drawbacks like lower productivity, 

lower quality of biomass and culture collapse. Thus, the idea of 

implementing co-cultivation system can create a stronger and more 

robust microbial consortium.  



© C
OPYRIG

HT U
PM

5 

2. The challenge of scaling up lies in the optimization process and 

strategies, which are different from that of shake flasks. The control 

process, key parameters and feed fermentations should be taken into 

consideration. These are crucial as metabolites production depends 

heavily on the scaling up strategy. 

1.3 Hypothesis 

The hypotheses of this study are: 

1. The co-cultivation between L. lactis ATCC 11454 and L. rhamnosus 

ATCC 7469 will enhance cell growth and the production of riboflavin 

and nisin concurrently compared to the monoculture of both LABs. 

2. Upscaling the volume of co-cultivates with various feeding strategies 

will increase the cell growth and metabolites production as compared to 

the lab scale shake flasks. 

1.4 Objectives 

The objectives of this study are: 

1. To elevate the cell growth, riboflavin and nisin production through co-

cultivation of both L. lactis ATCC 11454 and L. rhamnosus ATCC 7469 

using various fermentation factors. 
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2. To enhance the cell growth, riboflavin and nisin production through 

bioreactor scale-up using different feeding strategies in fed-batch 

cultivation. 

 



© C
OPYRIG

HT U
PM

87 

REFERENCES 

Abbas, C. A., & Sibirny, A. A. (2011). Genetic control of biosynthesis and 
transport of riboflavin and flavin nucleotides and construction of robust 
biotechnological producers. Microbiology and Molecular Biology 
Reviews, 75(2), 321-360. 

Abbasiliasi, S., Ramanan, R. N., Ibrahim, T. A. T., Mustafa, S., Mohamad, R., 
Daud, H. H. M., & Ariff, A. B. (2011). Effect of medium composition and 
culture condition on the production of bacteriocin-like inhibitory 
substances (BLIS) by Lactobacillus paracasei LA07, a strain isolated 
from Budu. Biotechnology & Biotechnological Equipment, 25(4), 2652-
2657. 

Abbasiliasi, S., Tan, J. S., Ibrahim, T. A. T., Bashokouh, F., Ramakrishnan, N. 
R., Mustafa, S., & Ariff, A. B. (2017). Fermentation factors influencing 
the production of bacteriocins by lactic acid bacteria: A 
review. Research Advances, 7(47), 29395-29420. 

Abedin, M. M., Chourasia, R., Phukon, L. C., Sarkar, P., Ray, R. C., Singh, S. 
P., & Rai, A. K. (2023). Lactic acid bacteria in the functional food 
industry: Biotechnological properties and potential applications. Critical 
Reviews in Food Science and Nutrition, 1-19. 

Abraham, E., Gupta, S., Jung, S., & McAfee, E. (2017). Bioreactor for scale-
up: Process control. In Mesenchymal Stromal Cells (pp. 139-178). 
Academic Press. 

Ahmad, I., Fasihullah, Q., Noor, A., Ansari, I. A., & Ali, Q. N. M. (2004). 
Photolysis of riboflavin in aqueous solution: A kinetic study. 
International Journal of Pharmaceutics, 280(1-2), 199-208. 

Akdoğan, M., & Çelik, E. (2021). Enhanced production of poly (3-
hydroxybutyrate-co-3-hydroxyvalerate) biopolymer by recombinant 
Bacillus megaterium in fed-batch bioreactors. Bioprocess and 
Biosystems Engineering, 44, 403-416. 

Albano, C., Silvetti, T., & Brasca, M. (2020). Screening of lactic acid bacteria 
producing folate and their potential use as adjunct cultures for cheese 
bio-enrichment. FEMS Microbiology Letters, 367(9). 

Andreevskaya, M., Jääskeläinen, E., Johansson, P., Ylinen, A., Paulin, L., 
Björkroth, J., & Auvinen, P. (2018). Food spoilage-associated 
Leuconostoc, Lactococcus, and Lactobacillus species display different 
survival strategies in response to competition. Applied and 
Environmental Microbiology, 84(13), e00554-18. 

Averianova, L. A., Balabanova, L. A., Son, O. M., Podvolotskaya, A. B., & 
Tekutyeva, L. A. (2020). Production of vitamin B2 (riboflavin) by 



© C
OPYRIG

HT U
PM

88 

microorganisms: An overview. Frontiers in Bioengineering and 
Biotechnology, 8, 570828. 

Ayivi, R. D., Gyawali, R., Krastanov, A., Aljaloud, S. O., Worku, M., 
Tahergorabi, R., da Silva, R. C., & Ibrahim, S. A. (2020). Lactic acid 
bacteria: Food safety and human health applications. Dairy, 1(3), 202-
232. 

Azizan, K. A., Baharum, S. N., & Mohd Noor, N. (2012). Metabolic profiling of 
Lactococcus lactis under different culture conditions. Molecules, 17(7), 
8022-8036. 

Bader, J., Mast‐Gerlach, E., Popović, M. K., Bajpai, R., & Stahl, U. (2010). 
Relevance of microbial coculture fermentations in biotechnology. 
Journal of Applied Microbiology, 109(2), 371-387. 

Barcenilla, C., Ducic, M., López, M., Prieto, M., & Álvarez-Ordónez, A. (2022). 
Application of lactic acid bacteria for the biopreservation of meat 
products: A systematic review. Meat Science, 183, 108661. 

Bertrand, S., Bohni, N., Schnee, S., Schumpp, O., Gindro, K., & Wolfender, J. 
L. (2014). Metabolite induction via microorganism co-culture: A potential 
way to enhance chemical diversity for drug discovery. Biotechnology 
advances, 32(6), 1180-1204. 

Bhatia, S. (2015). Application of plant biotechnology. Modern Applications of 
Plant Biotechnology in Pharmaceutical Sciences, 5, 157-207. 

Bhattacharya, S., Chakraborty, P., Sen, D., & Bhattacharjee, C. (2022). 
Kinetics of bactericidal potency with synergistic combination of allicin 
and selected antibiotics. Journal of Bioscience and Bioengineering, 
133(6), 567-578. 

Bintsis, T. (2018). Lactic acid bacteria as starter cultures: An update in their 
metabolism and genetics. AIMS Microbiology, 4(4), 665. 

Boruta, T., Ścigaczewska, A., & Bizukojć, M. (2021). “Microbial wars” in a 
stirred tank bioreactor: Investigating the co-cultures of Streptomyces 
rimosus and Aspergillus terreus, filamentous microorganisms equipped 
with a rich arsenal of secondary metabolites. Frontiers in 
Bioengineering and Biotechnology, 9, 713639. 

Bourdichon, F., Casaregola, S., Farrokh, C., Frisvad, J. C., Gerds, M. L., 
Hammes, W. P., Harnett, J., Huys, G., Laulund, S., Ouwehand, A., 
Powell, I. B., Prajapati, J. B., Seto, Y., Schure, E. T., Boven, A. V., 
Vankerckhoven, V., Zgoda, A., Tuitjelaars, S., & Hansen, E. B. (2012). 
Food fermentations: Microorganisms with technological beneficial use. 
International Journal of Food Microbiology, 154(3), 87-97. 

Burgess, C., O'Connell-Motherway, M., Sybesma, W., Hugenholtz, J., & Van 
Sinderen, D. (2004). Riboflavin production in Lactococcus lactis: 



© C
OPYRIG

HT U
PM

89 

Potential for in situ production of vitamin-enriched foods. Applied and 
Environmental Microbiology, 70(10), 5769-5777. 

Canon, F., Nidelet, T., Guédon, E., Thierry, A., & Gagnaire, V. (2020). 
Understanding the mechanisms of positive microbial interactions that 
benefit lactic acid bacteria co-cultures. Frontiers in Microbiology, 11, 
2088. 

Capozzi, V., Russo, P., Dueñas, M. T., López, P., & Spano, G. (2012). Lactic 
acid bacteria producing B-group vitamins: A great potential for 
functional cereals products. Applied Microbiology and Biotechnology, 
96, 1383-1394. 

Cha, J., Kim, Y. B., Park, S. E., Lee, S. H., Roh, S. W., Son, H. S., & Whon, T. 
W. (2023). Does kimchi deserve the status of a probiotic food? Critical 
Reviews in Food Science and Nutrition, 1-14. 

Chandrasekar Rajendran, S. C., Chamlagain, B., Kariluoto, S., Piironen, V., & 
Saris, P. E. (2017). Biofortification of riboflavin and folate in idli batter, 
based on fermented cereal and pulse, by Lactococcus lactis N8 and 
Saccharomyces boulardii SAA655. Journal of Applied Microbiology, 
122(6), 1663-1671. 

Chang, C. P., & Liew, S. L. (2013). Growth medium optimization for biomass 
production of a probiotic bacterium, Lactobacillus rhamnosus ATCC 
7469. Journal of Food Biochemistry, 37(5), 536-543. 

Chen, J., Shen, J., Solem, C., & Jensen, P. R. (2013). Oxidative stress at high 
temperatures in Lactococcus lactis due to an insufficient supply of 
riboflavin. Applied and Environmental Microbiology, 79(19), 6140-6147. 

Cheng, X., Zhou, J., Huang, L., & Li, K. T. (2011). Improved riboflavin 
production by Eremothecium ashbyii using glucose and yeast extract. 
African Journal of Biotechnology, 10(70), 15777-15782. 

Chikindas, M. L., Weeks, R., Drider, D., Chistyakov, V. A., & Dicks, L. M. 
(2018). Functions and emerging applications of bacteriocins. Current 
Opinion in Biotechnology, 49, 23-28. 

Choi, M. H., Park, Y. J., Kim, M., Seo, Y. H., Kim, Y. A., Choi, J. Y., Yong, D., 
Jeong, S. H., & Lee, K. (2018). Increasing incidence of listeriosis and 
infection-associated clinical outcomes. Annals of Laboratory Medicine, 
38(2), 102. 

Darbandi, A., Asadi, A., Mahdizade Ari, M., Ohadi, E., Talebi, M., Halaj Zadeh, 
M., Emamie, A. D., Ghanavati, R., & Kakanj, M. (2022). Bacteriocins: 
Properties and potential use as antimicrobials. Journal of Clinical 
Laboratory Analysis, 36(1), e24093. 

Das, P. K., Rani, J., Rawat, S., & Kumar, S. (2022). Microalgal co-cultivation 
for biofuel production and bioremediation: Current status and benefits. 
BioEnergy Research, 15(1), 1-26. 



© C
OPYRIG

HT U
PM

90 

de Albuquerque, M. A. C., de LeBlanc, A. D. M., LeBlanc, J. G., & Bedani, R. 
(Eds.). (2020). Lactic Acid Bacteria: A Functional Approach. CRC 
Press. 

De Filippis, F., Pasolli, E., & Ercolini, D. (2020). The food-gut axis: lactic acid 
bacteria and their link to food, the gut microbiome and human health. 
FEMS Microbiology Reviews, 44(4), 454-489. 

Dong, A., Malo, A., Leong, M., Ho, V. T., & Turner, M. S. (2021). Control of 
Listeria monocytogenes on ready-to-eat ham and fresh cut iceberg 
lettuce using a nisin containing Lactococcus lactis fermentate. Food 
Control, 119, 107420. 

Duan, H., Yu, L., Tian, F., Zhai, Q., Fan, L., & Chen, W. (2022). Antibiotic-
induced gut dysbiosis and barrier disruption and the potential protective 
strategies. Critical Reviews in Food Science and Nutrition, 62(6), 1427-
1452. 

Dussault, D., Vu, K. D., & Lacroix, M. (2016). Enhancement of nisin production 
by Lactococcus lactis subsp. lactis. Probiotics and Antimicrobial 
Proteins, 8, 170-175. 

Dygico, L. K., O'Connor, P. M., Hayes, M., Gahan, C. G., Grogan, H., & 
Burgess, C. M. (2019). Lactococcus lactis subsp. lactis as a natural anti-
listerial agent in the mushroom industry. Food Microbiology, 82, 30-35. 

El-Mansi, M. (2018). Microbiology of industrial fermentation: Central and 
modern concepts. In Fermentation Microbiology and Biotechnology, 
Fourth Edition (pp. 9-30). CRC Press. 

Elsayed, E. A., & El Enshasy, H. A. (2018). Effects of different aeration rates 
and feeding strategies on cell growth and invertase production kinetics 
by Saccharomyces boulardii. Journal of Scientific and Industrial 
Research, 77, 575-82 

Elsayed, E. A., Farid, M. A., & El-Enshasy, H. A. (2019). Enhanced Natamycin 
production by Streptomyces natalensis in shake-flasks and stirred tank 
bioreactor under batch and fed-batch conditions. BMC Biotechnology, 
19(1), 1-13. 

Farias, N., Soares, M., & Gouveia, E. (2016). Enhancement of the viability of 
Lactobacillus rhamnosus ATCC 7469 in passion fruit juice: Application 
of a central composite rotatable design. LWT-Food Science and 
Technology, 71, 149-154. 

Feng, Y., Ibarra-Sánchez, L. A., Luu, L., Miller, M. J., & Lee, Y. (2019). Co-
assembly of nisin and zein in microfluidics for enhanced antilisterial 
activity in Queso Fresco. LWT, 111, 355-362. 

Fernandes, A., & Jobby, R. (2022). Bacteriocins from lactic acid bacteria and 
their potential clinical applications. Applied Biochemistry and 
Biotechnology, 194(10), 4377-4399. 



© C
OPYRIG

HT U
PM

91 

Field, D., Fernandez de Ullivarri, M., Ross, R. P., & Hill, C. (2023). After a 
century of nisin research-where are we now? FEMS Microbiology 
Reviews, 47(3). 

García, C., Rendueles, M., & Díaz, M. (2019). Liquid-phase food fermentations 
with microbial consortia involving lactic acid bacteria: A review. Food 
Research International, 119, 207-220. 

Garsa, A. K., Kumariya, R., Sood, S. K., Kumar, A., & Kapila, S. (2014). 
Bacteriocin production and different strategies for their recovery and 
purification. Probiotics and Antimicrobial Proteins, 6, 47-58. 

Ge, Y. Y., Zhang, J. R., Corke, H., & Gan, R. Y. (2020). Screening and 
spontaneous mutation of pickle-derived Lactobacillus plantarum with 
overproduction of riboflavin, related mechanism, and food application. 
Foods, 9(1), 88. 

Goers, L., Freemont, P., & Polizzi, K. M. (2014). Co-culture systems and 
technologies: taking synthetic biology to the next level. Journal of The 
Royal Society Interface, 11(96), 20140065. 

Golbach, J. L., Chalova, V. I., Woodward, C. L., & Ricke, S. C. (2007). 
Adaptation of Lactobacillus rhamnosus riboflavin assay to microtiter 
plates. Journal of Food Composition and Analysis, 20(7), 568-574. 

Guo, L., Xi, B., & Lu, L. (2024). Strategies to enhance production of metabolites 
in microbial co-culture systems. Bioresource Technology, 131049. 

Gutiérrez-Cortés, C., Suarez, H., Buitrago, G., Nero, L. A., & Todorov, S. D. 
(2018). Enhanced bacteriocin production by Pediococcus pentosaceus 
147 in co-culture with Lactobacillus plantarum LE27 on cheese whey 
broth. Frontiers in Microbiology, 9, 2952. 

Hasan, H., Abd Rahim, M. H., Campbell, L., Carter, D., Abbas, A., & Montoya, 
A. (2019). Improved lovastatin production by inhibiting (+)-geodin 
biosynthesis in Aspergillus terreus. New Biotechnology, 52, 19-24. 

Heinzle, E., Biwer, A. P., & Cooney, C. L. (2007). Development of sustainable 
bioprocesses: Modeling and assessment. John Wiley & Sons. 

Hemalatha, M., & Devi, C. S. (2022). A statistical optimization by response 
surface methodology for the enhanced production of riboflavin from 
Lactobacillus plantarum–HDS27: A strain isolated from bovine milk. 
Frontiers in Microbiology, 13. 

Hernández-Alcántara, A. M., Chiva, R., Mohedano, M. L., Russo, P., Ruiz-
Masó, J. Á., Del Solar, G., Spano, G., & López, P. (2022). Weissella 
cibaria riboflavin-overproducing and dextran-producing strains useful 
for the development of functional bread. Frontiers in Nutrition, 9, 
978831. 



© C
OPYRIG

HT U
PM

92 

Hiemstra, P. S., & Zaat, S. A. (Eds.). (2013). Antimicrobial peptides and innate 
immunity. Springer Science & Business Media. 

Hoxha, R., Evstatieva, Y., & Nikolova, D. (2023). Physicochemical, rheological, 
and sensory characteristics of yogurt fermented by lactic acid bacteria 
with probiotic potential and bioprotective properties. Foods, 12(13), 
2552. 

Huang, Z., Lin, F., Zhu, X., Zhang, C., Jiang, M., & Lu, Z. (2020). An 
exopolysaccharide from Lactobacillus plantarum H31 in pickled 
cabbage inhibits pancreas α-amylase and regulating metabolic markers 
in HepG2 cells by AMPK/PI3K/Akt pathway. International Journal of 
Biological Macromolecules, 143, 775-784. 

Jamaluddin, N., Stuckey, D. C., Ariff, A. B., & Faizal Wong, F. W. (2018). Novel 
approaches to purifying bacteriocin: A review. Critical Reviews in Food 
Science and Nutrition, 58(14), 2453-2465. 

Juturu, V., & Wu, J. C. (2018). Microbial production of bacteriocins: Latest 
research development and applications. Biotechnology Advances, 
36(8), 2187-2200. 

Kapoore, R. V., Padmaperuma, G., Maneein, S., & Vaidyanathan, S. (2022). 
Co-culturing microbial consortia: Approaches for applications in 
biomanufacturing and bioprocessing. Critical Reviews in Biotechnology, 
42(1), 46-72. 

Kareb, O., & Aïder, M. (2020). Quorum sensing circuits in the communicating 
mechanisms of bacteria and its implication in the biosynthesis of 
bacteriocins by lactic acid bacteria: A review. Probiotics and 
Antimicrobial Proteins, 12(1), 5-17. 

Kato, T., & Park, E. Y. (2012). Riboflavin production by Ashbya gossypii. 
Biotechnology Letters, 34, 611-618. 

Kaur, S., & Kaur, S. (2015). Bacteriocins as potential anticancer agents. 
Frontiers in Pharmacology, 6, 165109. 

Kawai, M., Tsuchiya, A., Ishida, J., Yoda, N., Yashiki-Yamasaki, S., & 
Katakura, Y. (2020). Suppression of lactate production in fed-batch 
culture of some lactic acid bacteria with sucrose as the carbon source. 
Journal of Bioscience and Bioengineering, 129(5), 535-540. 

Khelissa, S., Chihib, N. E., & Gharsallaoui, A. (2021). Conditions of nisin 
production by Lactococcus lactis subsp. lactis and its main uses as a 
food preservative. Archives of Microbiology, 203, 465-480. 

Kierończyk, B., Rawski, M., Mikołajczak, Z., Świątkiewicz, S., & Józefiak, D. 
(2020). Nisin as a novel feed additive: the effects on gut microbial 
modulation and activity, histological parameters, and growth 
performance of broiler chickens. Animals, 10(1), 101. 



© C
OPYRIG

HT U
PM

93 

Kierończyk, B., Sassek, M., Pruszyńska-Oszmałek, E., Kołodziejski, P., 
Rawski, M., Świątkiewicz, S., & Józefiak, D. (2017). The physiological 
response of broiler chickens to the dietary supplementation of the 
bacteriocin nisin and ionophore coccidiostats. Poultry Science, 96(11), 
4026-4037. 

Kleerebezem, M., Bachmann, H., van Pelt-KleinJan, E., Douwenga, S., Smid, 
E. J., Teusink, B., & van Mastrigt, O. (2020). Lifestyle, metabolism and 
environmental adaptation in Lactococcus lactis. FEMS Microbiology 
Reviews, 44(6), 804-820. 

Kondrotiene, K., Kasnauskyte, N., Serniene, L., Gölz, G., Alter, T., 
Kaskoniene, V., Maruska, A. S., & Malakauskas, M. (2018). 
Characterization and application of newly isolated nisin producing 
Lactococcus lactis strains for control of Listeria monocytogenes growth 
in fresh cheese. LWT, 87, 507-514. 

Korcz, E., Kerényi, Z., & Varga, L. (2018). Dietary fibers, prebiotics, and 
exopolysaccharides produced by lactic acid bacteria: Potential health 
benefits with special regard to cholesterol-lowering effects. Food & 
Function, 9(6), 3057-3068. 

Kos, B., Beganović, J., Jurašić, L., Švađumović, M., Pavunc, A. L., Uroić, K., 
& Šušković, J. (2011). Coculture-inducible bacteriocin biosynthesis of 
different probiotic strains by dairy starter culture Lactococcus lactis. 
Mljekarstvo/Dairy, 61(4). 

Lahiri, D., Nag, M., Sarkar, T., Ray, R. R., Shariati, M. A., Rebezov, M., 
Bangar, S. P., Lorenzo, J. M., & Domínguez, R. (2022). Lactic acid 
bacteria (LAB): Autochthonous and probiotic microbes for meat 
preservation and fortification. Foods, 11(18), 2792. 

Lambertz, C., Leopold, J., Damme, K., Vogt-Kaute, W., Ammer, S., & Leiber, 
F. (2020). Effects of a riboflavin source suitable for use in organic broiler 
diets on performance traits and health indicators. Animal, 14(4), 716-
724. 

Le Lay, C., Fernandez, B., Hammami, R., Ouellette, M., & Fliss, I. (2015). On 
Lactococcus lactis UL719 competitivity and nisin (Nisaplin®) capacity 
to inhibit Clostridium difficile in a model of human colon. Frontiers in 
Microbiology, 6, 160120. 

LeBlanc, J. G., Levit, R., Savoy de Giori, G., & de Moreno de LeBlanc, A. 
(2020). Application of vitamin-producing lactic acid bacteria to treat 
intestinal inflammatory diseases. Applied Microbiology and 
Biotechnology, 104, 3331-3337. 

Ledesma‐Amaro, R., Kerkhoven, E. J., Revuelta, J. L., & Nielsen, J. (2014). 
Genome scale metabolic modeling of the riboflavin overproducer 
Ashbya gossypii. Biotechnology and Bioengineering, 111(6), 1191-
1199 



© C
OPYRIG

HT U
PM

94 

Lee, S. J., Jeon, H. S., Yoo, J. Y., & Kim, J. H. (2021). Some important 
metabolites produced by lactic acid bacteria originated from kimchi. 
Foods, 10(9), 2148. 

Lee, Y. K. (2013). Principles of Microbial Biotechnology. In Microbial 
Biotechnology: Principles and Applications (pp. 21-69). 

Levit, R., Savoy de Giori, G., De Moreno De Leblanc, A., & LeBlanc, J. G. 
(2021). Recent update on lactic acid bacteria producing riboflavin and 
folates: application for food fortification and treatment of intestinal 
inflammation. Journal of Applied Microbiology, 130(5), 1412-1424. 

Li, J., Yang, X., Shi, G., Chang, J., Liu, Z., & Zeng, M. (2019). Cooperation of 
lactic acid bacteria regulated by the AI-2/LuxS system involve in the 
biopreservation of refrigerated shrimp. Food Research International, 
120, 679-687. 

Lima, E. M. F., Quecán, B. X. V., da Cunha, L. R., de Melo Franco, B. D. G., 
& Pinto, U. M. (2020). Cell-Cell Communication in Lactic Acid Bacteria: 
Potential Mechanisms. In Lactic Acid Bacteria (pp. 1-14). CRC Press. 

Linares, D. M., Gómez, C., Ross, R. P., & Stanton, C. (2017). Lactic acid 
bacteria and bifidobacteria with potential to design natural biofunctional 
health-promoting dairy foods. Frontiers in Microbiology, 8, 248410. 

Liu, E., Segato, F., & Wilkins, M. R. (2021). Fed-batch production of 
Thermothelomyces thermophilus lignin peroxidase using a recombinant 
Aspergillus nidulans strain in stirred-tank bioreactor. Bioresource 
Technology, 325, 124700. 

Liu, S., Hu, W., Wang, Z., & Chen, T. (2020). Production of riboflavin and 
related cofactors by biotechnological processes. Microbial Cell 
Factories, 19(1), 31. 

Liu, W., Zhou, J., Tan, F., Yin, H., Yang, C., & Lu, K. (2021). Improvement of 
nisin production by using the integration strategy of co-cultivation 
fermentation, foam fractionation and pervaporation. LWT, 142, 111093. 

Liu, Y., Zhang, Q., Qi, X., Gao, H., Wang, M., Guan, H., & Yu, B. (2023). 
Metabolic engineering of Bacillus subtilis for riboflavin production: A 
review. Microorganisms, 11(1), 164. 

Mahdinia, E., Cekmecelioglu, D., & Demirci, A. (2019). Bioreactor scale-up. 
Essentials in Fermentation Technology, 213-236. 

Mahmoud, G. A. E., & Bashandy, S. R. (2021). Nitrogen, amino acids, and 
carbon as control factors of riboflavin production by Novosphingobium 
panipatense-SR3 (MT002778). Current Microbiology, 78(4), 1577-
1589. 

Maldonado, A., Ruiz-Barba, J. L., & Jiménez-Díaz, R. (2004). Production of 
plantaricin NC8 by Lactobacillus plantarum NC8 is induced in the 



© C
OPYRIG

HT U
PM

95 

presence of different types of gram-positive bacteria. Archives of 
Microbiology, 181, 8-16. 

Maldonado-Barragán, A., Caballero-Guerrero, B., Lucena-Padrós, H., & Ruiz-
Barba, J. L. (2013). Induction of bacteriocin production by coculture is 
widespread among plantaricin-producing Lactobacillus plantarum 
strains with different regulatory operons. Food Microbiology, 33(1), 40-
47. 

Malik, N. N. A., Faizal, M. M. M., Tajarudin, H. A., Shoparwe, N. F., & Makhtar, 
M. M. Z. (2021). Effect of different yeast extract concentration in 
membrane-less microbial fuel cell (ML-MFC) for electricity generation 
using food waste as carbon sources. Journal of Physics: Conference 
Series, 2129(1). 

Mall, P., Mohanty, B. K., Patankar, D. B., Mody, R., & Tunga, R. (2010). 
Physiochemical parameters optimization for enhanced nisin production 
by Lactococcus lactis (MTCC 440). Brazilian Archives of Biology and 
Technology, 53, 203-209. 

Malvido, M. C., González, E. A., Outeiriño, D., Bernárdez, P. F., & Guerra, N. 
P. (2017). Combination of food wastes for an efficient production of nisin 
in realkalized fed-batch cultures. Biochemical Engineering Journal, 123, 
13-23. 

Man, Z. W., Rao, Z. M., Cheng, Y. P., Yang, T. W., Zhang, X., Xu, M. J., & Xu, 
Z. H. (2014). Enhanced riboflavin production by recombinant Bacillus 
subtilis RF1 through the optimization of agitation speed. World Journal 
of Microbiology and Biotechnology, 30, 661-667. 

Manna, A., & Jana, S. C. (2024). Isolation and characterization of lactic acid 
bacteria producing a potent anti-listerial bacteriocin-like inhibitory 
substance (BLIS) from chhurpi, a fermented milk product. Archives of 
Microbiology, 206(2), 73. 

Marco, M. L., Heeney, D., Binda, S., Cifelli, C. J., Cotter, P. D., Foligné, B., 
Ganzle, M., Kort, R., Pasin, G., Pihlanto, A., & Hutkins, R. (2017). 
Health benefits of fermented foods: Microbiota and beyond. Current 
Opinion in Biotechnology, 44, 94-102. 

Marmann, A., Aly, A. H., Lin, W., Wang, B., & Proksch, P. (2014). Co-
cultivation—A powerful emerging tool for enhancing the chemical 
diversity of microorganisms. Marine Drugs, 12(2), 1043-1065. 

Marques, M. P., Cabral, J. M., & Fernandes, P. (2010). Bioprocess scale‐up: 
quest for the parameters to be used as criterion to move from 
microreactors to lab‐scale. Journal of Chemical Technology & 
Biotechnology, 85(9), 1184-1198. 

Martinez, J. A., Delvenne, M., Henrion, L., Moreno, F., Telek, S., Dusny, C., & 
Delvigne, F. (2022). Controlling microbial co-culture based on substrate 



© C
OPYRIG

HT U
PM

96 

pulsing can lead to stability through differential fitness advantages. 
PLOS Computational Biology, 18(10), e1010674. 

Mathur, H., Beresford, T. P., & Cotter, P. D. (2020). Health benefits of lactic 
acid bacteria (LAB) fermentates. Nutrients, 12(6), 1679. 

McKenney, P. T., Driks, A., & Eichenberger, P. (2013). The Bacillus subtilis 
endospore: assembly and functions of the multilayered coat. Nature 
Reviews Microbiology, 11(1), 33-44. 

Mears, L., Stocks, S. M., Sin, G., & Gernaey, K. V. (2017). A review of control 
strategies for manipulating the feed rate in fed-batch fermentation 
processes. Journal of Biotechnology, 245, 34-46. 

Melini, F., Melini, V., Luziatelli, F., Ficca, A. G., & Ruzzi, M. (2019). Health-
promoting components in fermented foods: An up-to-date systematic 
review. Nutrients, 11(5), 1189. 

Mohedano, M. L., Hernández-Recio, S., Yépez, A., Requena, T., Russo, P., 
LeBlanc, J. G., Spano, G., Aznar, R., & López, P. (2019). Real-time 
detection of riboflavin production by Lactobacillus plantarum strains and 
tracking of their gastrointestinal survival and functionality in vitro and in 
vivo using mCherry labeling. Frontiers in Microbiology, 10, 469925. 

Mokoena, M. P. (2017). Lactic acid bacteria and their bacteriocins: 
classification, biosynthesis and applications against uropathogens: A 
Mini-Review. Molecules, 22(8), 1255. 

Mokoena, M. P., Omatola, C. A., & Olaniran, A. O. (2021). Applications of lactic 
acid bacteria and their bacteriocins against food spoilage 
microorganisms and foodborne pathogens. Molecules, 26(22), 7055. 

Mulya, E., & Waturangi, D. E. (2021). Screening and quantification of anti-
quorum sensing and antibiofilm activity of Actinomycetes isolates 
against food spoilage biofilm-forming bacteria. BMC Microbiology, 21, 
1-8. 

Murugan, R., Guru, A., Haridevamuthu, B., Sudhakaran, G., Arshad, A., & 
Arockiaraj, J. (2022). Lantibiotics: An antimicrobial asset in combating 
aquaculture diseases. Aquaculture International, 30(5), 2365-2387. 

Mustafa, S. M., Chua, L. S., & El-Enshasy, H. A. (2019). Effects of agitation 
speed and kinetic studies on probiotication of pomegranate juice with 
Lactobacillus casei. Molecules, 24(13), 2357. 

Negash, A. W., & Tsehai, B. A. (2020). Current applications of bacteriocin. 
International Journal of Microbiology, 2020. 

Nie, A., Qi, X., Hong, T., Jin, Y., Fan, H., Xu, X., & Xu, D. (2023). Extending 
shelf life of fresh noodles with nisin producer Lactococcus lactis subsp. 
lactis fermented sourdough and characteristic changes during storage. 
Food Control, 151, 109818. 



© C
OPYRIG

HT U
PM

97 

Nielsen, J. (2018). Fermentation kinetics: Central and modern concepts. 
In Fermentation Microbiology and Biotechnology, Fourth Edition (pp. 
31-54). CRC Press. 

Omoregie, A. I., Palombo, E. A., Ong, D. E., & Nissom, P. M. (2020). A feasible 
scale-up production of Sporosarcina pasteurii using custom-built stirred 
tank reactor for in-situ soil biocementation. Biocatalysis and Agricultural 
Biotechnology, 24, 101544. 

O’Reilly, C., O’Connor, P. M., O’Sullivan, Ó., Rea, M. C., Hill, C., & Ross, R. 
P. (2022). Impact of nisin on Clostridioides difficile and microbiota 
composition in a faecal fermentation model of the human colon. Journal 
of Applied Microbiology, 132(2), 1397-1408. 

Ochoa, S. (2019). Fed-Batch Fermentation – Design Strategies. In M. Y. 
Murray (Ed.), Comprehensive Biotechnology, Third Edition (pp. 586-
600). Pergamon Press. 

Pal, M., Shimelis, A., Mamo, W., Barot, A. M., Pinto, S. V., & Prajapati, J. P. 
(2017). Hurdle technology: A novel approach for food preservation. 
Beverage Food World, 44(1), 20-23. 

Pandey, A., Negi, S., & Soccol, C. R. (Eds.). (2016). Current developments in 
biotechnology and bioengineering: Production, isolation and purification 
of industrial products. Elsevier. 

Peng, X. Y., Wu, J. T., Shao, C. L., Li, Z. Y., Chen, M., & Wang, C. Y. (2021). 
Co-culture: Stimulate the metabolic potential and explore the molecular 
diversity of natural products from microorganisms. Marine Life Science 
and Technology, 1-12. 

Pereira, A. L. F., Maciel, T. C., & Rodrigues, S. (2011). Probiotic beverage 
from cashew apple juice fermented with Lactobacillus casei. Food 
Research International, 44(5), 1276-1283.  

Pérez-Burillo, S., Molino, S., Navajas-Porras, B., Valverde-Moya, Á. J., 
Hinojosa-Nogueira, D., López-Maldonado, A., Pastoriza, S., & Rufián-
Henares, J. Á. (2021). An in vitro batch fermentation protocol for 
studying the contribution of food to gut microbiota composition and 
functionality. Nature Protocols, 16(7), 3186-3209. 

Pérez-García, F., Burgardt, A., Kallman, D. R., Wendisch, V. F., & Bar, N. 
(2021). Dynamic co-cultivation process of Corynebacterium glutamicum 
strains for the fermentative production of riboflavin. Fermentation, 7(1), 
11. 

Peterson, C. T., Rodionov, D. A., Osterman, A. L., & Peterson, S. N. (2020). B 
vitamins and their role in immune regulation and cancer. Nutrients, 
12(11), 3380. 



© C
OPYRIG

HT U
PM

98 

Petrova, P., & Petrov, K. (2020). Lactic acid fermentation of cereals and 
pseudocereals: Ancient nutritional biotechnologies with modern 
applications. Nutrients, 12(4), 1118. 

Plantone, D., Pardini, M., & Rinaldi, G. (2021). Riboflavin in neurological 
diseases: A narrative review. Clinical Drug Investigation, 41(6), 513-
527. 

Plavec, T. V., & Berlec, A. (2020). Safety aspects of genetically modified lactic 
acid bacteria. Microorganisms, 8(2), 297. 

Pisoschi, A. M., Pop, A., Georgescu, C., Turcuş, V., Olah, N. K., & Mathe, E. 
(2018). An overview of natural antimicrobials role in food. European 
Journal of Medicinal Chemistry, 143, 922-935. 

Ponzio, A., Rebecchi, A., Zivoli, R., & Morelli, L. (2024). Reuterin, phenyllactic 
acid, and exopolysaccharides as main antifungal molecules produced 
by lactic acid bacteria: A scoping review. Foods, 13(5), 752. 

Postigo, V., García, M., Cabellos, J. M., & Arroyo, T. (2021). Wine 
Saccharomyces yeasts for beer fermentation. Fermentation, 7(4), 290. 

Qiao, W., Qiao, Y., Gao, G., Liao, Z., Wu, Z., Saris, P. E. J., Xu, H., & Qiao, 
M. (2022). A novel co-cultivation strategy to generate low-crystallinity 
bacterial cellulose and increase nisin yields. International Journal of 
Biological Macromolecules, 202, 388-396. 

Ragan, I., Hartson, L., Pidcoke, H., Bowen, R., & Goodrich, R. (2020). 
Pathogen reduction of SARS-CoV-2 virus in plasma and whole blood 
using riboflavin and UV light. Plos One, 15(5), e0233947. 

Raj, T., Chandrasekhar, K., Kumar, A. N., & Kim, S. H. (2022). Recent 
biotechnological trends in lactic acid bacterial fermentation for food 
processing industries. Systems Microbiology and Biomanufacturing, 
2(1), 14-40. 

Rapaport, A., Nidelet, T., El Aida, S., & Harmand, J. (2020). About biomass 
overyielding of mixed cultures in batch processes. Mathematical 
Biosciences, 322, 108322. 

Rasid, N. H. M, Halid, N. A., Song, A. A. L., Sabri, S., Saari, N., & Hasan, H. 
(2023). Effects of individual and combined fermentation factors on 
antimicrobial activity of nisin by Lactococcus lactis ATCC 11454. 
Molecular Biotechnology, 65(6), 861-870. 

Raveschot, C., Cudennec, B., Deracinois, B., Frémont, M., Vaeremans, M., 
Dugersuren, J., Demberel, S., Drider, D., Dhulstrer, P., Coutte, F., & 
Flahaut, C. (2020). Proteolytic activity of Lactobacillus strains isolated 
from Mongolian traditional dairy products: A multiparametric analysis. 
Food Chemistry, 304, 125415. 



© C
OPYRIG

HT U
PM

99 

Raza, Z. A., Tariq, M. R., Majeed, M. I., & Banat, I. M. (2019). Recent 
developments in bioreactor scale production of bacterial 
polyhydroxyalkanoates. Bioprocess and Biosystems Engineering, 42, 
901-919. 

Revuelta, J. L., Ledesma‐Amaro, R., & Jiménez, A. (2016). Industrial 
production of vitamin B2 by microbial fermentation. Industrial 
Biotechnology of Vitamins, Biopigments, and Antioxidants, 15-40. 

Revuelta, J. L., Ledesma-Amaro, R., Lozano-Martinez, P., Díaz-Fernández, 
D., Buey, R. M., & Jiménez, A. (2017). Bioproduction of riboflavin: A 
bright yellow history. Journal of Industrial Microbiology and 
Biotechnology, 44(4-5), 659-665.  

Rodpan, S., Usman, J. N., Koga, Y., & Jongruja, N. (2022). Synergistic effect 
of nisin with acetic and propionic acids inactivates Bacillus subtilis on 
meat and potato. Biocatalysis and Agricultural Biotechnology, 41, 
102317. 

Ruengvisesh, S., Khunrae, P., Rattanarojpong, T., & Jongruja, N. (2020). The 
combined effect of formic acid and nisin on potato spoilage. Biocatalysis 
and Agricultural Biotechnology, 24, 101523. 

Ruiz, A. L. B. A., Williams, S. K., Djeri, N., Hinton Jr, A., & Rodrick, G. E. 
(2010). Nisin affects the growth of Listeria monocytogenes on ready-to-
eat Turkey ham stored at four degrees Celsius for sixty-three days. 
Poultry science, 89(2), 353-358. 

Sadiq, S., Imran, M., Hassan, M. N., Iqbal, M., Zafar, Y., & Hafeez, F. Y. (2014). 
Potential of bacteriocinogenic Lactococcus lactis subsp. lactis 
inhabiting low pH vegetables to produce nisin variants. LWT-Food 
Science and Technology, 59(1), 204-210. 

Şanlier, N., Gökcen, B. B., & Sezgin, A. C. (2019). Health benefits of fermented 
foods. Critical Reviews in Food Science and Nutrition, 59(3), 506-527. 

Sano, A., Takatera, M., Kawai, M., Ichinose, R., Yamasaki-Yashiki, S., & 
Katakura, Y. (2020). Suppression of lactate production by aerobic fed-
batch cultures of Lactococcus lactis. Journal of Bioscience and 
Bioengineering, 130(4), 402-408. 

Sarwar, A., Aziz, T., Din, J., Khalid, A., Rahman, T., & Daudzai, Z. (2018). Pros 
of lactic acid bacteria in microbiology: A review. Biomedical Letters, 4, 
59-66. 

Schwechheimer, S. K., Park, E. Y., Revuelta, J. L., Becker, J., & Wittmann, C. 
(2016). Biotechnology of riboflavin. Applied Microbiology and 
Biotechnology, 100, 2107-2119. 

Selegato, D. M., & Castro-Gamboa, I. (2023). Enhancing chemical and 
biological diversity by co-cultivation. Frontiers in Microbiology, 14, 
1117559. 



© C
OPYRIG

HT U
PM

100 

Settier-Ramírez, L., López-Carballo, G., Gavara, R., & Hernández-Muñoz, P. 
(2021). Broadening the antimicrobial spectrum of nisin-producing 
Lactococcus lactis subsp. lactis to Gram-negative bacteria by means of 
active packaging. International Journal of Food Microbiology, 339, 
109007. 

Sharma, N., Garcha, S., & Singh, S. (2013). Potential of Lactococcus lactis 
subsp. lactis MTCC 3041 as a biopreservative. Journal of Microbiology, 
Biotechnology and Food Sciences, 3(2), 168-171. 

Sidooski, T., Brandelli, A., Bertoli, S. L., Souza, C. K. D., & Carvalho, L. F. D. 
(2019). Physical and nutritional conditions for optimized production of 
bacteriocins by lactic acid bacteria–A review. Critical Reviews in Food 
Science and Nutrition, 59(17), 2839-2849. 

Simsek, O., Buzrul, S., Akkoc, N., Alpas, H., & Akcelik, M. (2009). Stress 
response kinetics of two nisin producer strains of Lactococcus lactis 
spp. lactis. Applied Biochemistry and Biotechnology, 158(2), 387. 

Souza, E. S. D., Manjunatha, J. G., Raril, C., Tigari, G., & Pushpanjali, P. A. 
(2020). Polymer modified carbon paste electrode as a sensitive sensor 
for the electrochemical determination of riboflavin and its application in 
pharmaceutical and biological samples. Analytical and Bioanalytical 
Chemistry Research, 7(4), 461-472. 

Spacova, I., Ahannach, S., Breynaert, A., Erreygers, I., Wittouck, S., Bron, P. 
A., Van Beeck, W., Eilers, T., Alloul, A., Blansaer, N., Vlaeminck, S. E., 
Hermans, N., & Lebeer, S. (2022). Spontaneous riboflavin-
overproducing Limosilactobacillus reuteri for biofortification of 
fermented foods. Frontiers in Nutrition, 9, 1231. 

Suwannasom, N., Kao, I., Pruß, A., Georgieva, R., & Bäumler, H. (2020). 
Riboflavin: the health benefits of a forgotten natural vitamin. 
International Journal of Molecular Sciences, 21(3), 950. 

Suzuki, A., & Suzuki, M. (2021). Antimicrobial activity of Lactococcus lactis 
subsp. lactis isolated from a stranded cuvier’s beaked whale (Ziphius 
cavirostris) against gram-positive and-negative bacteria. 
Microorganisms, 9(2), 243. 

Tafreshi, S. Y. H., Mirdamadi, S., Norouzian, D., Khatami, S., & Sardari, S. 
(2010). Effect of non-nutritional factors on nisin production. African 
Journal of Biotechnology, 9(9). 

Takors, R. (2012). Scale-up of microbial processes: impacts, tools and open 
questions. Journal of Biotechnology, 160(1-2), 3-9. 

Thakur, K., & Tomar, S. K. (2015). Exploring indigenous Lactobacillus species 
from diverse niches for riboflavin production. Journal of Young 
Pharmacists, 7(2), 126. 



© C
OPYRIG

HT U
PM

101 

Thakur, K., Wei, Z. J., & Tomar, S. K. (2020). Riboflavin-enriched fermented 
soy milk for redox-mediated gut modulation: In the search of novel 
prebiotics. In Molecular Nutrition (pp. 91-103). Academic Press. 

Thuan, N. H., Tatipamula, V. B., Canh, N. X., & Van Giang, N. (2022). Recent 
advances in microbial co-culture for production of value-added 
compounds. 3 Biotech, 12(5), 115. 

Titcomb, T. J., & Tanumihardjo, S. A. (2019). Global concerns with B vitamin 
statuses: biofortification, fortification, hidden hunger, interactions, and 
toxicity. Comprehensive Reviews in Food Science and Food Safety, 
18(6), 1968-1984. 

Todorov, S. D., & Dicks, L. M. T. (2006). Effect of medium components on 
bacteriocin production by Lactobacillus plantarum strains ST23LD and 
ST341LD, isolated from spoiled olive brine. Microbiological Research, 
161(2), 102-108. 

Tse, T. J., Wiens, D. J., & Reaney, M. J. (2021). Production of bioethanol—A 
review of factors affecting ethanol yield. Fermentation, 7(4), 268. 

Wakefield, J., Hassan, H. M., Ebel, R., & Rateb, M. E. (2017). Dual induction 
of new microbial secondary metabolites by fungal bacterial co-
cultivation. Frontiers in Microbiology, 8, 265638. 

Wang, X., Li, W., Mahsa, G. C., Zhang, C., Ma, K., Rui, X., & Li, W. (2023). 
Co-cultivation effects of Lactobacillus helveticus SNA12 and 
Kluveromyces marxiensis GY1 on the probiotic properties, flavor, and 
digestion in fermented milk. Food Research International, 169, 112843. 

Wang, Y., Han, J., Wang, D., Gao, F., Zhang, K., Tian, J., & Jin, Y. (2022). 
Research update on the impact of lactic acid bacteria on the substance 
metabolism, flavor, and quality characteristics of fermented meat 
products. Foods, 11(14), 2090. 

Wu, F., Xie, X., Du, T., Jiang, X., Miao, W., & Wang, T. (2023). Lactococcus 
lactis, a bacterium with probiotic functions and pathogenicity. World 
Journal of Microbiology and Biotechnology, 39(12), 325. 

Wu, J., Zang, M., Wang, S., Zhao, B., Bai, J., Xu, C., Shi, Y., & Qiao, X. (2023). 
Nisin: From a structural and meat preservation perspective. Food 
Microbiology, 111, 104207.Wu, M., Ma, Y., Dou, X., Aslam, M. Z., Liu, 
Y., Xia, X., Yang, S., Wang, X., Qin, X., Hirata, T., Dong, Q., & Li, Z. 
(2023). A review of potential antibacterial activities of nisin against 
Listeria monocytogenes: The combined use of nisin shows more 
advantages than single use. Food Research International, 164, 112363. 

Xu, Y., Zhou, T., Tang, H., Li, X., Chen, Y., Zhang, L., & Zhang, J. (2020). 
Probiotic potential and amylolytic properties of lactic acid bacteria 
isolated from Chinese fermented cereal foods. Food Control, 111, 
107057. 



© C
OPYRIG

HT U
PM

102 

Yang, S., Peng, Z., Hardie, W. J., Huang, T., Tang, H., Liu, Z., Liu, Q., Xiao, 
M., & Xie, M. (2024). Screening of probiotic Lactobacillus to reduce 
peanut allergy and with potential anti‐allergic activity. Journal of the 
Science of Food and Agriculture, 104(4), 2006-2014. 

You, J., Pan, X., Yang, C., Du, Y., Osire, T., Yang, T., Zhang, X., Xu, M., & 
Rao, Z. (2021). Microbial production of riboflavin: Biotechnological 
advances and perspectives. Metabolic Engineering, 68, 46-58. 

Zhang, J. R., Ge, Y. Y., Liu, P. H., Wu, D. T., Liu, H. Y., Li, H. B., Corke, H., & 
Gan, R. Y. (2022). Biotechnological strategies of riboflavin biosynthesis 
in microbes. Engineering, 12, 115-127. 

Zhang, J., Xiao, Y., Wang, H., Zhang, H., Chen, W., & Lu, W. (2023). Lactic 
acid bacteria-derived exopolysaccharide: formation, 
immunomodulatory ability, health effects, and structure-function 
relationship. Microbiological Research, 127432. 

Zhao, G., Liu, J., Zhao, J., Dorau, R., Jensen, P. R., & Solem, C. (2021). 
Efficient production of nisin a from low-value dairy side streams using a 
nonengineered dairy Lactococcus lactis strain with low lactate 
dehydrogenase activity. Journal of Agricultural and Food Chemistry, 
69(9), 2826-2835. 

Zheng, J., Wittouck, S., Salvetti, E., Franz, C. M., Harris, H. M., Mattarelli, P., 
O’Toole, P. W., Pot, B., Vandamme, P., Walter, J., Watanabe, K., 
Wuyts, S., Felis, G. E., Gänzle M. G., & Lebeer, S. (2020). A taxonomic 
note on the genus Lactobacillus: Description of 23 novel genera, 
emended description of the genus Lactobacillus Beijerinck 1901, and 
union of Lactobacillaceae and Leuconostocaceae. International Journal 
of Systematic and Evolutionary Microbiology, 70(4), 2782-2858. 

Zhou, Z., Zeng, X., Wu, Z., Guo, Y., & Pan, D. (2023). Relationship of gene-
structure–antioxidant ability of exopolysaccharides derived from lactic 
acid bacteria: A Review. Journal of Agricultural and Food Chemistry, 
71(24), 9187-9200. 

Zhu, Y. Y., Thakur, K., Feng, J. Y., Cai, J. S., Zhang, J. G., Hu, F., Russo, P., 
Spano, G., & Wei, Z. J. (2020). Riboflavin-overproducing lactobacilli for 
the enrichment of fermented soymilk: Insights into improved nutritional 
and functional attributes. Applied Microbiology and Biotechnology, 104, 
5759-5772. 

 


	ABSTRACT
	ABSTRAK
	ACKNOWLEDGEMENTS
	APPROVAL
	DECLARATION
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF APPENDICES
	LIST OF ABREVIATIONS
	CHAPTER 1
	INTRODUCTION
	1.1 Background
	1.2 Problem statement
	1.3 Hypothesis
	1.4 Objectives

	CHAPTER 2
	LITERATURE REVIEW
	2.1 Lactic acid bacteria
	2.2 Metabolites production by LAB
	2.3 B-group vitamins
	2.3.1 Riboflavin and its biosynthesis
	2.3.2 Application of riboflavin

	2.4 Bacteriocin
	2.4.1 Nisin and its biosynthesis
	2.4.2 Application of nisin

	2.5 Fermentation
	2.5.1 Fermentation condition
	2.5.2 Mono-cultivation and co-cultivation

	2.6 Bioreactor scale-up

	CHAPTER 3
	EFFECTS OF VARIOUS FERMENTATION (MONO-CULTIVATION AND CO-CULTIVATION) FACTORS ON GROWTH, RIBOFLAVIN AND NISIN PRODUCTION
	3.1 Introduction
	3.2 Materials and methods
	3.2.1 Bacterial strains, media and growth condition
	3.2.2 Mono-cultivation and co-cultivation condition
	3.2.3 Variation of inoculum ratio and inoculation time on co-cultivation
	3.2.4 Cell growth assay
	3.2.5 Quantification of riboflavin
	3.2.6 Nisin activity assay
	3.2.7 Statistical analysis
	3.2.8 Methodological Workflow Overview

	3.3 Result and discussion
	3.3.1 Effect of temperature
	3.3.2 Effect of agitation
	3.3.3 Effect of pH
	3.3.4 Effect of glucose as carbon source
	3.3.5 Effect of yeast extract as nitrogen source
	3.3.6 Effect of manipulating inoculum ratio on co-cultivation
	3.3.7 Effect of manipulating inoculation time on co-cultivation

	3.4 Conclusion

	CHAPTER 4
	SCALING UP FERMENTATION OF CO-CULTIVATION USING VARIOUS FEEDING STRATEGIES
	4.1 Introduction
	4.2 Materials and methods
	4.2.1 Bioreactor cultivation runs and feeding strategy
	4.2.2 Inoculum preparation

	4.3 Results and discussion
	4.3.1 Effect of manipulating feeding strategy

	4.4 Conclusion

	CHAPTER 5
	CONCLUSION AND RECOMMENDATION FOR FUTURE RESEARCH
	REFERENCES
	APPENDICES
	BIODATA OF STUDENT
	SKPSI1_STATUS_CONFIRMATION_FOR_THESIS_PROJECT_REPORT_AND_COPYRIGHT.pdf
	Untitled
	Untitled




