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How to throw away unwanted 
differences and how to make use 
of them: Two stories pertaining 
to analytics for food science

Wong Limsoon 
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AI can / may do quite a lot of things in 
food production
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Quality assurance in the food manufacturing process

Genetic engineering of plants to optimize yield, quality, etc.

Diet planning

:

:
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Edible oil quality assurance
This is the work of my student Lakshmi Alagappan
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Food oil quality assurance and 
adulteration detection

Currently, rely on chromato-
graphy and wet chemical 
methods; relative slow, 
expensive, and not on-the-spot

NIR spectrometry, much more 
efficient, and desktop-size 
equipment
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However, NIR spectra are deeply 
confounded with batch effects
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Use calibration 
samples to learn 
class-specific xfer 
functions that 
remove batch 
effects

A few calibration 
samples are good 
enough to learn a 
xfer function
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Reminder for WLS

What should you do if you have n oil types:

Learn one xfer function using n sets of calibration spectra?  Or, 

Learn one xfer function for each oil type using its calibration 
spectra?
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Apply all n xfer 
functions to an 
unknown test 
spectrum to get n 
transfer spectra

Choose the xfer 
spectrum that is 
most similar to 
typical reference 
spectra of its class

If no xfer spectrum is close 

enough to typical reference 

spectra of its class , then the 

test spectrum is “novel” ( fails 

quality check, adulterated, etc.)
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Easy test, 
distinguishing 14 
different oil types 
over 7 batches
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Tougher test, 
diluting pure 
peanut oils with 
diff proportions of 
corn oils, from as 
little as 0.5%

48 out of 50 pure samples in 
50 batches correctly identified

Overall sensitivity = 96%

5593 out of 5616 non-pure 
(99.5% to 0% purity) correctly 
identified; mistakes are some 
samples with <1.5% impurity

Overall specificity = 99.6%
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CSCAC is much 
more sensitive and 
specific than current 
methods

When CSCAC makes 
a mistake, the 
sample has <1.5% 
impurity

When other methods 
make a mistake, the 
sample may have 
more than 3% 
impurity
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Oil composition deconvolution

12

NIR spectra are, in theory, additive

If you mix x% of oil A with y% of oil B, the spectrum of the mixed 
oil is theoretically equivalent to adding, wave number wise, x% of 
oil A spectrum to y% of oil B spectrum

So, if you have the spectra n oil types, you can generate the 
theoretical spectra of any compositions of these n oil types

This makes it possible to guess the composition of a mixed oil 
with relatively few training spectra
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Coupling CSCAC and genetic algorithm
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Guess an oil composition

Generate corresponding spectra with simulated batch effect-like 
shifts

Use CSCAC to evaluate if the spectrum of the unknown oil mix 
matches these spectra well

Use genetic algorithm to optimize the guess
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Protein function prediction
This is the work of my student Neamul Kabir
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Genetic engineering

Make a plant more resistant to diseases

Make a plant more resilient to 
environmental shocks

Make a plant grow faster

Make a plant produce desired metabolites 
more efficiently

Often needs to identify genes having a 
desired function from an “efficient” species 
and put these genes into a “production” 
species
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Protein function assignment 

A protein is a large complex 

molecule made up of one or 

more chains of amino acids

Usually, only the sequence of amino 

acid is known

Proteins perform a wide variety of 

activities in the cell

How do we predict the function of a 

protein?
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A standard postulate based on evolution

Two proteins (not) 
inheriting their 
function from a 

common ancestor 
(do not) have 

similar amino acid 
sequences
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Guilt by association

Compare T with seqs of 

known function in a db

Assign to T same 

function as homologs

Confirm with suitable 

wet experiments

Discard this function

as a candidate
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Twilight zone: 
Limit of sequence 
similarity-based 
protein function 
assignment

So, need clever 
methods for the 
twilight zone

Abagyan RA, Batalov S. J Mol Biol., 273(1):355-68, 1997 19
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DeepFam, deep 
learning for protein 
family prediction

This looks good

Really? 

20Seo et al., Bioinformatics, 34(13):i254-i262, 2018
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DeepFam’s good 
accuracy is largely 
due to “easy” 
proteins 

21Neamul Kabir & Wong, BMC Bioinformatics, 23:90, 2022
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If there are few 
twilight zone 
proteins in real life, 
maybe DeepFam’s
poor twilight zone 
performance is ok?

The ref database comprises proteins 
with known function

If no function is predicted for a 
protein, or a wrong function is 
predicted, there won’t be any 
validated result for the protein

Few twilight zone proteins can get 
into the ref database

I.e., the ref database is absurdly and 
increasingly biased

22



Wong Limsoon, Symposium on AI for Food Sustainability & Health, Biopolis, Singapore, Sept 2022

How did EnsembleFam achieve its 
superior performance in the twilight zone?
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EnsembleFam
uses low-/dis-
similarity 
information 
discarded by other 
methods!

Inspired by SVM-
pairwise, but is 
orders of 
magnitudes more 
efficient

24Neamul Kabir & Wong, BMC Bioinformatics, 23:90, 2022
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Enzyme hunting in 
a new fungal 
genome
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Homology betw proteins from the novel fungal genome and EC 
level 3 training seq. Most proteins from the fungal genome are in 
twilight zone

EC level 3 prediction of diff methods on 504 predicted genes of 
the fungal genome. EnsembleFam provides more predictions 
than competing methods
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Final remarks

26



Wong Limsoon, Symposium on AI for Food Sustainability & Health, Biopolis, Singapore, Sept 2022

AI can / may do quite a lot of things in 
food production
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Quality assurance in the food manufacturing process

Genetic engineering of plants to optimize yield, quality, etc.

Diet planning

:

:

But don’t believe everything you see/hear; many AI models are 
not carefully evaluated


