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Sugar Beet Industry Overview

1 Global Importance
20 - 25% of sugar 
world wid e  is  
p rod uc ed  from 
sugarb ee ts . The  
othe r 75- 80 % 
c omes  from 
sugarc ane .

2 U.S. Production
9 - 12% to the  
glob al 20 %. This  is  
ab out  9  million 
tons  of sugar 
annually.

3 Sugar

Suc rose  = Gluc ose  and  Fruc tose .



Composition of Sugarbeets
Component Concentration %

Moisture 75 - 86
Sucrose 15 - 20
Non-sucrose 2 - 3 
Pulp ~ 5

Raffinose = Galactose + Glucose + fructose



Sucrose

Moisture content

Need for Rapid Analysis

• Farmers get paid based on recoverable 
sugar per acre.

• Processors want beets with high 
sucrose content for more profits.

• Factories to adjust extraction and 
purification processes.

• Monitoring roots while in storage



Sucrose

Moisture 
content

Moisture content is important in 
evaluating the suitability of newly 
developed sugar beet germplasm 
and/or varieties

Need for Rapid Analysis

•High moisture dilutes sucrose 
content.

• Excess moisture promotes 
microbial growth.

•Affects slicing, diffusion, and 
drying processes.



Objective
De ve lop  mod e ls  to ac c urate ly me asure  suc rose , raffinose  and  mois ture  
c onte nt  in sugar b e e ts .



Sample Acquisit ion and Preparat ion

To inc re ase  variab ility, Sugar b e e t  
samp le s  we re  c olle c te d  from thre e  
loc at ions ; Moorhe ad , MN, Re nville , MN, 
and  Wahp e ton, ND

To furthe r inc re ase  variab ility, the y 
we re  s lic e d  (15mm) and  c ore d  (15mm).



Hyperspectral Image Acquisit ion

Camera
Sp e c im SWIR c ame ra in the  sp e c t ral re gion of 1,0 0 0 - 2,50 0  nm.

Lighting
Image s  will b e  c ap ture d  in a  d ark room to p re ve nt  inte rfe re nc e .

Processing
Image  analys is  and  mod e ling we re  d one  us ing Python 3.10 .11.



Measuring Moisture Content

 Wet weight (WW) of samples recorded 
with scale balance.

 Samples were dried in oven at 65˚C until 
constant weight.

 Dried weight (DW) of samples recorded.

 Samples crushed using coffee grinder.

 Moisture content (%) = (𝑊𝑊𝑊𝑊 − 𝐷𝐷𝐷𝐷)/
𝑊𝑊𝑊𝑊 ∗ 100.

Ermis & Özkan, (2021)



Ground sample Weighed 
(0.1g)

Mixed with 
4ml 

80%ethanol 
solution

Centrifuged 
at 3000g for 

10min

Orbital 
shaker 

50rpm at 
40˚C for 16h

1ml of 
supernatant was 
vacuum dried at 

65˚C

Filtered solution was 
tested for sucrose in 
Agilent 1200 series 

HPLC 

Dried pellet 
resuspended in 

1ml high 
resistivity water

Solution 
filtered with 

0.22μm

Measuring Sucrose Content
Trebbi & McGrath, 2004



Hyperspectral Image Preprocessing

• Calibration using dark and white 
reference images.

• Cropping the region of interest.

• Unfolding the hypercube.



Model Development

Classification 
Models

Unfolded 
Hyperspectral 

Images

Wet Chemistry



Model Select ion
• Artificial Neural Networks (ANN), Support Vector Machine (SVM), 

Random Forest (RF), and Linear Discriminate Analysis (LDA) for 
classifying both moisture and sucrose content. 

• Selection of these models was based on their proven effectiveness 
in similar agricultural classification tasks.

Model Accuracy %                 References
ANN >85 Pantazi et al. (2019)
SVM 93.45 Shao and Lunetta (2012)
RF 98.4 Geetharamani and Arun 

Pandian (2019)
LDA 98.3 Lu et al. (2018)
SVM 98 Lu and Lu (2019)



Model Development
1. 3 Classes were assigned to the wet chemistry data.

• Moisture Content: Low (0) = < 75, Medium (1) = 76 – 78, High (2) = > 
78

• Sucrose Content: Low (0) = < 5, Medium (1) = 6 – 11, High (2) = > 11

2. All unfolded data for samples were combined into one dataset.

3. Dataset was split into 60%, 20% and 20% for training, validation and 
testing.



Basic Statistics

Feature Mean Standard 
Deviation

Max Value Min Value

Moisture 72.12 3.78 80.01 63.75

Sucrose 8.82 4.37 16.54 0.0018



Moisture Content: ANN



Moisture Content: LDA



Moisture Content: SVM



Moisture Content: RF





Sucrose: ANN



Sucrose: LDA



Sucrose: SVM



Sucrose: RF





Conclusion

Models did not perform badly considering; 
• Small sample sizes were used.

• No preprocessing techniques like Standard Normal 
Variate, Savitzky-Golay Filtering were used.

• No feature extraction was done to select most 
significant features, representative of sucrose, and 
moisture content.



Conclusion

Hyperspectral Imaging technology combined with 
Machine Learning techniques are accurate for predicting 
moisture content and sucrose content in sugar beets.
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Thank You!

Questions?

Hap p y to answer any q ues t ions  you might  have .
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