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NEWS RELEASE  
 
Singapore, 22 December 2021 
 
NTU Singapore scientists invent a protein-rich product made 
from plants that could replace dairy and eggs in certain foods 
 
A team of scientists from Nanyang Technological University, Singapore (NTU 
Singapore) has developed a plant-based emulsifier that is not only rich in protein 
and antioxidants, but has the necessary properties to replace eggs or dairy in 
food staples such as mayonnaise, salad dressings, and whipped cream. 
 
Emulsifiers are crucial for food production, as they help stabilise a combination 
of two liquids that do not mix easily, such as oil and water. For example, egg yolk 
is often used as the emulsifying agent in mayonnaise to ensure that the oil and 
water it contains does not separate. 
 
The NTU-made emulsifier also helps cut down on food waste, as it is made by 
fermenting brewers’ spent grain, a by-product of the beer-making industry (see 
video). It is estimated that globally, around 39 million tons of such spent grains 
are thrown into landfills yearly, where it would decompose and add to greenhouse 
gas emissions.  
 
The study, which presents an innovation that could help cut down on waste, 
reflects NTU's commitment to mitigate our impact on the environment, which is 
one of four humanity’s grand challenges that the University seeks to address 
through its NTU 2025 strategic plan. 
 
To produce the emulsifier, brewers’ spent grain is fermented, before undergoing 
further processes to extract the proteins, which, once dried, are immediately 
viable for producing foods such as mayonnaise. 
 
Compared to store brand mayonnaise, the mayonnaise produced with the NTU-
plant-based emulsifier contained more protein, and higher amounts of certain 
essential amino acids. The fat and calorie contents were similar compared to 
typical store brand mayonnaise, but the NTU-made mayonnaise contained more 
nutrients and antioxidants.  
 
Mayonnaise prepared with the NTU plant-based emulsifier also tasted identical 
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to store-bought mayonnaise. A lab test by the researchers also showed that NTU-
made mayonnaise also showed better texture and spreadability, compared to its 
off-the-shelf counterpart. 
 
Professor William Chen, Director of NTU’s Food Science and Technology 
(FST) programme, who led the project, said: “Our plant-based emulsifier is yet 
another triumph for NTU, as we look to find successful ways to find new uses for 
products that would otherwise be left to waste. Each year, approximately 39 
million tons of brewers’ spent grain is generated globally by the brewing industry 
and is sent to landfills. Upcycling this as a potential human food source is an 
opportunity for enhancing processing efficiency in the food supply chain, as well 
as potentially promoting a healthier plant-based protein alternative to enrich 
diets.” 
 
The NTU team behind the invention also includes Dr Josh Chai, Research 
Fellow at NTU’s FST programme and Ms Chin Yi Ling, a PhD student, also 
from FST.  
 
The results of the study were published in the peer-reviewed academic journal 
Food Chemistry: X in December. 
 
 
Using nature as a solution 
 
Currently, brewers’ spent grain is not widely used in food processing, largely due 
to the difficulty in extracting proteins from it, say the NTU researchers. As the 
proteins are ‘trapped’ within its complex structure, current commercial processes, 
such as using chemicals or high temperature to release them are costly and 
complicated.   
 
Although there have been other uses for brewers’ spent grain, such as cattle feed 
and solid fuel, the NTU-made emulsifier focusses on its human nutritional aspect, 
as well as using natural solutions to add value to it. 
 
The NTU team discovered that a cheaper and simpler alternative to unlock the 
protein potential of brewers’ spent grain was to use a fungus, Rhizopus 
oligosporus, which is easily obtainable and used in the production of tempeh, a 
fermented soybean food product common in Southeast Asia.   
 
As the mixture ferments, the fungus secretes enzymes that break down the 
complex molecular structure of the spent grain, making it a simple and cost-
effective way of extracting the proteins and antioxidants within. 
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Prof Chen added: “Our emulsifier is as an impactful solution to not only cut down 
on waste but potentially improve human diets by introducing plant-based protein 
that is widely accessible. Furthermore, our emulsifier allows us to upcycle a 
would-be waste product. The environmental benefits of upcycling are immense, 
aside from minimising the volume of discarded materials and waste being sent to 
landfill each year, it also reduces the need for production using new or raw 
materials which means a reduction in air pollution, water pollution, greenhouse 
gas emissions and often a conservation of global resources.” 
 
The NTU team will be working on optimising their protein extraction methods to 
improve its yield and quality. The researchers added that they will be testing the 
emulsifier in different food products, such as ice cream and soy bean milk, before 
exploring scaling up their emulsifier through partnerships with the food and 
beverage partners. 
 
Due to the emulsifier’s spreadable properties, the team also hopes to explore 
pharmaceutical and cosmetic uses for it in products such as topical creams, 
lipsticks, and more.  
 

*** END *** 
 
Notes to Editor: 
  
The NTU research paper titled “Upcycling of brewers’ spent grains via solid-state 
fermentation for the production of protein hydrolysates with antioxidant and 
techno-functional properties” is published in Food Chemistry: X on 7 Dec 2021. 
DOI j.fochx.2021.100184 
 
Video: How NTU Singapore scientists produce a plant-based and protein-rich 
product that could replace dairy and eggs in certain foods 
 
 
About Nanyang Technological University, Singapore 
 
A research-intensive public university, Nanyang Technological University, 
Singapore (NTU Singapore) has 33,000 undergraduate and postgraduate 
students in the Engineering, Business, Science, Humanities, Arts, & Social 
Sciences, and Graduate colleges. It also has a medical school, the Lee Kong 
Chian School of Medicine, established jointly with Imperial College London. 
  
NTU is also home to world-class autonomous institutes – the National Institute of 
Education, S Rajaratnam School of International Studies, Earth Observatory of 
Singapore, and Singapore Centre for Environmental Life Sciences Engineering – 
and various leading research centres such as the Nanyang Environment & Water 
Research Institute (NEWRI) and Energy Research Institute @ NTU (ERI@N). 

https://www3.ntu.edu.sg/CorpComms2/research%20papers/emulsifier.pdf
https://www3.ntu.edu.sg/CorpComms2/research%20papers/emulsifier.pdf
https://www3.ntu.edu.sg/CorpComms2/research%20papers/emulsifier.pdf
https://www3.ntu.edu.sg/CorpComms2/Releases/NR2021/NR_211222_eggless/video_1.mp4
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Ranked amongst the world’s top universities by QS, NTU has also been named 
the world’s top young university for the past seven years. The University’s main 
campus is frequently listed among the Top 15 most beautiful university campuses 
in the world and has 57 Green Mark-certified (equivalent to LEED-certified) 
buildings, of which 95% are certified Green Mark Platinum. Apart from its main 
campus, NTU also has a campus in Novena, Singapore’s healthcare district. 
  
Under the NTU Smart Campus vision, the University harnesses the power of 
digital technology and tech-enabled solutions to support better learning and living 
experiences, the discovery of new knowledge, and the sustainability of resources. 
  
For more information, visit www.ntu.edu.sg 
 

http://www.ntu.edu.sg/
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