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In 2020/2021,
almost 10 million
tonnes of coffee
were consumed
worldwide’

Demand for coffee has been increasing
steadily, with the global coffee market
valued at USD 102.02 billion in 20202. As
consumers are getting more conscious
about the products they are purchasing,
there’s a surge in demand for certified
coffee products to ensure the reliability
of their purchase. The most important
determinant of coffee quality is its
flavour profile, which is largely due to the
perception of taste and aroma molecules.

The complexity of coffee flavour is due
to biochemical and chemical changes
from harvesting to final processing.
Generation of the final coffee flavour
happens during the roasting process,
which encompasses a series of complex
chemical reactions that have yet to be
fully elucidated?®. Therefore, evaluation of
coffee quality is usually done by roasting
of the green coffee, grinding of roasted
beans, preparation of coffee liquid and
generation of cupping scores by trained
professionals.



Current quality evaluation methods are
time-consuming and subjective

Working with trained graders, we have
found that their scores are significantly
different from one another. This is further
backed by research findings, which
show that there’s high variability between
different cuppers, with low inter-rater
reliability*®. Another study also found
that the interpretation of each sensory
descriptor is subjective among the
graders, therefore scores cannot be used
interchangeably®. Training of experts can
be tedious and expensive, yet there’s still
no universal standard of quality control of
coffee due to its subjective nature’.

As such, there has been increase in
studies in using Al to improve sensory
data, particularly in interpretation of
cupping scores®®. Here at ProfilePrint,
we believe that Al technology must work
hand-in-hand with the trained experts

in order to bridge the gap in quality

Ground green beans

evaluation. Selection of the right statistical
tools and models can help to reconciliate
some of these differences and generate a
more representative result.

Additionally, processing of the green
coffee beans is needed for quality
evaluation. This includes roasting, cooling
and grinding. Each of the processes has
parameters that requires strict control,
such as temperature and time, which

will impact the final quality of coffee

itself. This makes the entire evaluation
process onerous and tedious. Many
studies conducted on coffee and its
flavour profile used roasted coffee beans
as well, and most of the experiments
required separation techniques such as
gas-chromatography mass-spectrometry
(GC-MS), which can take around one hour
per sample to generate a spectrum.

Whole green beans

CV R2 Calibration R2 CV R2 Calibration F

Fragrance

Aroma 0.951 0.997 0.951 0.994
Flavor 0.929 0.992 0.955 0.997
Aftertaste 0.959 0.994 0.954 0.995
Acidity | Salt 0.928 0.993 0.940 0.996
Body 0.931 0.992 0.940 0.996
Balance 0.957 0.994 0.948 0.997
Overall 0.953 0.993 0.952 0.997

From the experiments we have conducted, we have found that the fingerprints of
green coffee beans obtained from our technology were correlated with the cupping
scores (Table 1). Despite having little aroma that’s characteristic of the final product,
green beans contain all the necessary precursors for flavour generation during the
roasting process. The type and quantity of precursors are influenced by genetics,
environment, coffee maturation, post-harvest processing and storage'®. Quality scores
of coffee brews were also found to be correlated with proportion of caffeine, protein,

chlorogenic acids and sucrose'.



This is not surprising as sugars in green coffee can undergo caramelization process to
generate furans, while it can also participate in the Maillard reaction with amino acids
to generate pyrazines, aldehydes and ketones. Caffeine is commonly associated with
bitterness, while chlorogenic acids will be broken down to caffeic and quinic acid
which further contributes to the bitterness and astringency. Moreover, the carotenoids
in green coffee is also converted to (E)-beta-damascenone, which contributes to

the fruity aroma of coffee. Therefore, green beans contain much of the information
necessary for the prediction of the final coffee quality.

Rapid and reproducible quality evaluation

by ProfilePrint

ProfilePrint uses broad spectrum region
including visible and NIR to generate a
unique fingerprint for each specimen,
which is essentially spectral information
from the second and third overtone
region'?. The data is then stored and

fed into an Al-algorithm in ProfilePrint’s
Saa$S platform, and a model is generated,
which can be used to make the intended
predictions. For instance, predicting
cupping scores is one of our key focus
areas. More recent research has been
conducted to relate sensory data with
spectral data of coffee beans and results
have generally been positive™ . This is
because the information embedded in the
spectra tells us about the bonds present
in the sample, which relates to the sugars,
proteins, lipids and other compounds
that contributes to the profile of roasted
coffee. We have built several models on
the cupping scores, with cross-validation
R2 of up to 0.95.

What discerns ProfilePrint from traditional
methods is our patented technology

that leverages on advancement in

A.l. methodologies onto the overtone
metabolomic signatures, including

both visual peaks as well as non-

visual patterns. The method is non-
destructive and does not require further
sample dilution (due to high absorption)
compared to methods like Fourier
Transform Infrared Radiation (FTIR). We
have also found that increasing sample
homogeneity by grinding the green coffee
samples (Table 1), the respective model
performance of ground coffee and whole
beans were comparable. Additionally,
our SaaS platform provides an easy

way for model generation that does not
require experts to use, empowering the
democratisation of A.l. technologies in a
traditional industry.
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Classification models can also be built,
especially for defect detection, origin
classification etc. For instance, one
common defect of coffee is known as the
aging defect, which results in a flattening
of the flavour profile. Instead of evaluating
its cupping score, one can generate a
pass/fail model to determine if the green
bean’s quality have indeed deteriorated
over time. This is due to the fact that
qguality losses from prolonged storage
were caused by lipid oxidation as well as
moisture content of the beans and these
changes can be picked up by the range
of the ProfilePrint analyser'™'¢. We have
trained and evaluated a model with both
calibration and validation accuracy of 1.

What’s Next?

Other defects not due to storage can

also be determined. Part of ProfilePrint’s
range includes the visible light, which
can also detect colour changes of the
beans, which have been found to be a
marker for quality changes not due to
prolonged storage'. The usefulness

of the visible light range used in the
ProfilePrint analyser, which is not found in
conventional NIR machines, has not been
well documented in literature. However, it
is validated to be therefore useful in this
aspect. Additionally, it can also detect the
precursors of aroma, such as carotenoid,
which is highly correlated to the fruity
aroma of the coffee.

Coffee is a complex field of study — the relationships among different coffee
compounds are not fully understood. Being a natural product, inter-sample variation
will definitely be present'®, and thus conducting a one-time research may not be
representative of the findings. This is where Al accelerates the transformation.
Learning is a continuous process, and using Al and ProfilePrint’s rapid fingerprinting
technology, information will be regularly updated and quality of the models can be

continuously improved.
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