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Introduction to Flavoring 
Coffee

• Liquid flavor is sprayed onto ground 
coffee in a large mix tank.

• Mixed for a set amount of time to 
ensure homogeneity.

• Test random samples throughout the 
packing line to verify proper distribution 
of the liquid flavor



GC-MS
• Gas Chromatography – Mass Spectrometry

• Can use this analytical tool monitor key flavor 
markers in the headspace of the coffee.

• Have to create a multipoint calibration curve 
for each % flavor analysis to be conducted.

• Time Consuming - A single run can take up to 
60 minutes to perform.

• Destructive to the sample.



Near Infrared (NIR) 
Spectrometry

• Collect a spectra that fingerprints the 
flavored coffee sample.

• Quick – less than 2 minutes for a 
sample.

• Do not need to recreate a calibration 
curve each time % flavor analysis is 
required.

• Not destructive to the sample.



What is NIR?
• The near-infrared (NIR) spectral region 

is usually defined as that portion of the 
spectrum with wavelengths in the range 
700 to 2500nm. 

• In this spectral region, overtone 
frequencies of molecular vibrations 
absorb light quite readily. 

• Because the overtone absorption bands 
are typically wide and overlapping, 
spectroscopists cannot merely measure 
peak heights to perform quantitative 
analysis. 

• Instead, multivariate regression 
analyses are utilized to correlate 
spectral features with concentrations or 
physical properties of interest.



Work Flow

Export Data 
from NIR 
(.cal file)

“Clean Up” 
Data in JMP

Transpose 
Data in JMP

Create 
Calibration in 
JMP



Data Collection
• A total of 41 spectra were collected from % flavor 

ranging from 2.5% to 5.5%.

• One spectra contains 1,050 data points.

• Performed 5 replicate NIR analysis on each 
calibration level.

– 2.5%, 3.0%, 3.5%, 4.0%, 4.5%, 5.0% and 5.5%

– Randomly collected 7 additional spectra from the 7 levels of 
calibration

• Want to be able to predict accurately within the 3% -
5% range.



Export Data (.cal)



Import into JMP



Check NIR Data Using Graph 
Builder



Check NIR Data Using Graph 
Builder

Using the Y-Axis settings 
to change Y-Axis to log. 
To see proper NIR 
spectra



Transpose the Data in JMP



The Transposed Data



Ready to Build A Calibration 
– JMP Work Flow

PCA 
Analysis 
on 
Training 
Set

Visually 
Look for 
Outliers 
and 
Remove

PLS 
Analysis

Inspect 
PLS 
Report

Save 
Prediction 
Formula

Test 
Model to 
Verify with 
Validation 
Set

Split Data into 
Training and 
Validation Set



Training vs. Validation Data

• Training Set

– 27 spectra of the 41 collected randomly 
selected

– 66% of the total data collected

• Training Set

– 14 spectra of the 41 collected

– 34% of the total data



PCA Analysis on  Training 
Set

Outlier



PCA Analysis

Outliers



PCA Analysis

Increasing Percent Flavor
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Why a PLS Analysis?
• Partial least squares regression has been used in 

various disciplines such as chemistry, economics, 
medicine, psychology, and pharmaceutical science 
where predictive linear modeling, especially with a 
large number of predictors, is necessary. 

• Especially in chemometrics, partial least squares 
regression has become a standard tool for 
modeling linear relations between multivariate 
measurements (de Jong, 1993).

de Jong, S (1993) SIMPLS: An Alternative Approach to Partial Least Squares 
Regression, Chemometrics and Intelligent Laboratory Systems, 18, 251-263



PLS Analysis



PLS Analysis



Distance Plot Analysis



T2 Plot Analysis



Residual Plot



Actual vs. Predicted Plot



Predictive Formula
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Validation Test



Conclusions

• Can build a calibration of % flavor from 
NIR data collected.

• JMP has the ability to handle complex 
analysis instrumentation data

• Must keep up and maintain calibration 
to ensure it keeps its accuracy and 
predicability.



Thank you….

And any 
questions?


