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Genetic analysis offers several advantages compared to 
traditional plating methods:

•• Faster analytical turnaround time 
Standard time to results for Scorpions™ is 4-5 hours in 
house or two working days from an outside lab.

•• Detects Viable Nonculturable (VNC) organisms not 
detected by plating 
Many fermentation contaminates can survive the 
combined environmental stress of pH and alcohol in a 
“viable nonculturable” state: even though they are viable 
(and present a latent threat to fuel ethanol production), 
they will not grow under routine plating conditions.  
These same contaminants are detectable using 
Scorpions™ technology, allowing early intervention to 
eliminate these microbes.

•• Speci�c identi�cation 
Scorpions™ technology is highly specific to the target 
organisms. It requires three exact matches to DNA 
sequences, properly aligned and spaced, in order to 
detect the target organism.  This allows highly specific 
and acurate species identification for the selected 
spoilage organisms.

SCORPIONS™ BIOFUEL CONTAMINANT DETECTION 
ASSAY APPLICATIONS FOR FUEL ETHANOL PRODUCTION

•• Troubleshooting contamination problems 
- Monitor effectiveness of sanitation/CIP process 
- Check incoming feedstock 
- Check additives, yeast, enzymes etc.

••  Preemptive screening and early detection enables early 
intervention and loss reduction

••  Optimization of fermentation conditions due to 
improved control of biocontaminants

•• Evaluate efficacy of antimicrobial treatments

ADVANTAGES OF GENE SPECIFIC ANALYSIS

CASE STUDY

Lactobacillus brevis Scorpion Response 
to Antibiotic Treatment 
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EVALUATION OF ANTIMICROBIAL EFFICACY AGAINST 
TWO INOCULATION LEVELS OF LACTOBACILLUS BREVIS

EFFECT OF ANTIBICROBIAL TREATMENTS ON ETHANOL 
YIELDS IN FERMENTATIONS CONTAMINATED WITH 
LACTOBACILLUS

TREATMENTS
ETHANOL YIELD 

(%)
% YIELD 

LOSS

Control (no bacteria) 10.8

L. brevis at E6 
inoculum

9.89 8.43

Bacteria E6 + 
Antimicrobial X

10.62 1.67

Bacteria E6 + 
Antimicrobial Y

10.64 1.48

The ETS Scorpions™ Biofuel Contamination Detection 
assay was used to evaluate antimicrobial efficacy in 
fermentations contaminated with various levels of 
Lactobacillus brevis.

Both antimicrobial treatments were effective in 
preventing population growth of Lactobacillus.  
Treatment at lower levels of Lactobacillus resulted in 
overall reduced levels of contamination.

Both antimicrobial treatments were effective at reducing 
percent yield loss of ethanol in the contaminated 
fermentations.
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DETECTION OF FERMENTATION CONTAMINANTS: 
SCORPIONS™  VS.  ACETIC ACID PRODUCTION
Traditional detection of contaminant microbes in 
biofuel fermentations relies on the detection of metabolic 
compounds produced by the microbes, such as acetic acid 
and lactic acid. Although these methods can be useful, 
by the time the metabolite levels are high enough to be 
detected, the contaminant population is usually large and 
growing rapidly.

In a series of trials conducted in our laboratory we did 
not detect the presence of acetic acid until 36 hours after 
the fermentations had been inoculated with 10,000 cells 
per mL of Lactobacillus. By that time, the population of 
these contaminant microbes had grown to more than three 
million cells/mL.

ETS Scorpions™ Diagnostics can detect and identify these 
spoilage microbes at less than 100 cells/mL, providing 
greater sensitivity and earlier detection of the contaminants. 
Early detection, identification and intervention will improve 
fermentation performance.

EARLY DETECTION AND IDENTIFICATION OF 
CONTAMINANT MICROBES CAN IMPROVE PROFITABILITY

Antimicrobial treatments are more effective when used early 
on against low numbers of target organisms. Choosing the 
correct antimicrobial treatment and applying it early can 
improve profitability:

•• Operating costs are minimized by reducing the amount 
of antimicrobial agents applied

•• Yields are increased, and time in process is decreased, 
by preventing the inhibition of yeast from byproducts of 
bacterial growth

•• Feedstock loss is reduced by quickly eliminating 
contaminant microbes

ADVANTAGES OF GENE SPECIFIC ANALYSIS
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Detection by Scorpions Occurs
Much Sooner than Detection by Acetic Acid

Acetic Acid g/100mL

Lactobacillus cells/mL

0.50

0.40

0.30

0.20

0.10

0.00

1.0E+08

1.0E+07

1.0E+06

1.0E+05

1.0E+04
9684726048362412

Detected by
Acetic Acid

Detected by
Scorpions™

Hours



Page 6 of 8

SPECIFIC, ACCURATE AND SENSITIVE

The ETS Scorpions™ Reagent Modules are designed to work 
together for amplification and detection of specific genetic 
markers for microorganisms associated with fermentation 
contamination. Identification and quantification of 
contamination microorganisms before fermentation yield 
can be affected is now easy and fast.

YEAST AND BACTERIA DETECTED WITH ETS SCORPIONS™

LACTIC ACID BACTERIA

Lactobacillus hilgardii Lactobacillus kunkeei

Lactobacillus brevis Lactobacillus fermentum

Lactobacillus plantarum Lactobacillus nagelii

Lactobacillus mali Lactobacillus fructivorans

Lactobacillus fermentans Lactobacillus brevis

Lactobacillus delbrueckii Lactobacillus casei

Lactobacillus paracasei Lactobacillus curvatus

Lactobacillus coryniformis Lactobacillus buchneri

Lactobacillus plantarum Lactobacillus collinoides

Leuconostoc mesenteroides
Leuconostoc 
pseudomesenteroides

Pediococcus inopinatus Pediococcus pentosaceus

Pediococcus acidilactici Pediococcus parvolus

Pediococcus damnosus Weisellia confusa

ACETIC ACID BACTERIA

Acetobacter cerevisiae Acetobacter aceti

Acetobacter pasteurianus Gluconobacter oxydans

Gluconacetobacter hansenii
Gluconacetobacter 
liquefaciens

BRETTANOMYCES

Brettanomyces bruxellensis Dekkera anomala

SCORPIONS™ KIT REAGENT MODULES

Scorpions™ Biofuel Contaminant
Detection Reagents Module

5 tubes each* - 10 assays per tube

SDR SDR SDR SDR SDR

Scorpions™ Biofuel Module

YBM - Yeast and Bacteria mix
5 tubes each

Multiplex Microbial Control 
Module for Assay Validation

YBM YBM YBM YBM YBM

Control Module

High Concentration Microbial 
Module Standards for 
Generating Standard Curves

BSC - Brettanomyces spp.
LSC - Lactic Acid bacteria
ASC - Acetic and bacteria

BSC LSC LSC ASC ASC

Standards Module

Lysis Reagents Module
Ly - Lysis enzymes
10 tubes each - 5 reactions per tube
Bu�ers & Water

Lysis Bu�er
25 mL

Lysis Wash
Bu�er (5x)

25 mL

Molecular Biology
Grade H2O, 3 mL

Ly Ly Ly Ly Ly

Ly Ly Ly Ly Ly

Lysis Module
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FREQUENTLY ASKED QUESTIONS

WHAT EQUIPMENT DO I NEED TO RUN SCORPIONS™ 
TECHNOLOGY?

The Minimum Equipment Requirements are:

•• Supported Real-time thermocycler system

••  Consumable supplies for thermocycler, tubes, plates etc.

••  Microcentrifuge with rotor capacity for 2 mL 
centrifuge tubes

••  Nuclease free 2 mL centrifuge tubes

•• Two heating blocks, water baths, or incubators capable 
of heating from 37-55ºC

•• Adjustable pipettes with disposable tips capable of 
accurately measuring from 5 to 1000 μL

•• Nuclease-free, aerosol resistant tips for pipette

•• Freezer (-20C)

•• Refrigerator

DO I NEED A DEDICATED MOLECULAR BIOLOGIST TO RUN 
SCORPIONS™ ASSAYS IN HOUSE?

No you do not need a molecular microbiologist.

•• The assays are robust and a competent lab technician 
can perform the analysis.

•• ETS recommends attending complimentary training 
sessions at their St. Helena, CA facility.

•• ETS provides full service technical support to 
ensure successful implementation of the Scorpions™ 
technology.

IS EVERYTHING I NEED TO RUN THE ANALYSIS IN THE 
KIT?

No, you will need to purchase some additional 
items in order to run the analyses. ETS will provide 
recommendations on vendors and products that have proved 
reliable. Items which must be purchased separately include:

•• DNA Polymerase

•• 100% ethanol

•• DNA Extraction Kit

•• Molecular Biology Grade water

CONTACT INFORMATION

Dr. Richard Descenzo 
ETS Laboratories 
899 Adams Street, Suite A 
St. Helena, CA 94574 
Tel: (707) 963-4806 
Email: micro@etslabs.com
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