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INTRODUCTION
To make the corn-based ethanol ventures 
profitable, fast and accurate analyses are required 
to move as much product through the process 
while optimizing use of raw materials, enzymes, 
and reducing energy use. Critical control points in 
ethanol manufacturing include the fermentation 
vats, monitoring the wetcake, fermentation broth, 
syrup, analysis of Dried Distiller’s Grain (DDGs), and 
checking the final ethanol for impurities. We have 
pulled together some valuable resources to help 
you achieve a great return.
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Quality Control Solutions for Ethanol Production

We have the experience and expertise to help you monitor your 
ethanol production. The results generated by our instruments are 
used to measure incoming materials, fermentation, distilling, 
drying processes, co-products, and final ethanol quality. We can 
help you monitor fifteen points in your production process. Use 
the results to reduce operating costs such as enzymes, energy 
consumption at driers, and down-time.

Using rapid analysis to improve profits

We offer a range of products that help ethanol producers 
determine raw material quality, monitor production as well as 
verify co-product quality. In this brochure we will present the 
most versatile of our instruments, our diode-array based Near-
Infrared (NIR) at-line and in-line analyzers.

The DA 7250 is an at-line NIR instrument designed for analysis of 
agricultural products of all kinds; grains, pellets, slurries, liquids 
and more. Its speed and easy handling make it unique. There is 
typically no need for sample grinding or filtration, you get the 
results in just a few seconds, and no clean-up is necessary after 
the analysis.

The DA 7300 is our process NIR instrument designed to 
withstand the rigors of an ethanol production facility. It easily 
integrates into process systems there¬by providing essential, real-
time results for process monitoring and subsequent manual or 
automated process adjustments.

1. Raw material quality control

The level of starch or sugar in the raw material is directly 
correlated to the ethanol yield. Using our NIR instruments you  
will be able to determine starch, moisture, protein and more  
at intake - in a few seconds. Use our aflatoxin test strips to  
keep aflatoxins out of your process and from concentrating in 
your DDGs.

2. Mix and saccharification tanks

By monitoring and controlling mash solids in the mix and 
saccharification tanks, you will be able to achieve a high 
consistency, with much less waste of other inputs, and very 
consistent fermentations. The DA 7250 lets you analyze samples 
as they are and gives you results in only 6 seconds.

3. Yeast propagation, fermentation and beer well

Using the DA 7250 you can monitor key parameters with the 
same level of accuracy as when using HPLC. The advantages of 
the DA 7250 are that it is much faster - seconds versus 20 
minutes - there is no need for sample preparation such as 
filtration, and any plant operator can perform the test.

It is very easy to use - just pour the sample into a plastic, 
disposable cup. Operators can analyze samples themselves and 
have access to accurate process information at all times.

Determination of Starch, DP3, DP4 and DP4+ (highers) enables 
you to optimize saccharification and increase yield.

BRIEF Capturing Value in Ethanol Production
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Monitoring for lactic acid spikes provides an early warning  
of infections. If you find out in time, you will be able to  
take action much sooner and reduce costly clean-up  
and down-time. 

The ability to measure concentrations of ethanol, glucose, 
acetic acid and glycerol in seconds lets you track the 
fermentation in a manner not possible using HPLC. Charts 
and trends with frequently updated information tell you 
whether the fermentation is performing as it should or if 
action is necessary.

4. Co-product quality control

The profitability of an ethanol plant is highly impacted by 
how co-products are handled. The DA 7250 is a powerful 
tool which helps you increase the value of your syrup, DDG/
DDGS, Wet Cake, molasses, bagasse etc. 

Measure syrup solids content to determine its value as a fuel.

Whether analyzing Wet Cake or DDG, our instruments 
provide you with infor¬mation to improve efficiency, reduce 
operating costs, and provide the nutritional information 
required by your customers. 

Use our NIR instruments to monitor moisture content to 
optimize drying operations. Our DA 7300 in-line system can 
be connected directly to your process for automated control 
based on real-time moisture results. Save energy on dryer 
costs while meeting specifications and increasing yield.

As DDGs have grown dramatically in their use for feed, so 
have the requirements for analysis. The DA 7250 and DA 
7300 provide nutritional analysis results allowing you to price 
and sell your product accordingly.

What you can analyze

Analyze the following accurately, with no sample prep, in just a few seconds.

Raw material (corn, sorghum, wheat, grain, sugar cane 
etc)

Moisture, Starch, Sugars, Protein, aflatoxins

Yeast propagation, Mash, Fermentation Broth, Beer 
Well & Bottoms

Ethanol, Glucose, Maltose, Lactic acid, Acetic acid, Glycerol, 
Brix, Dextrins (DP4+), DP3

Wet Distiller's Grain (Wet Cake)

Moisture, Protein, Fat, Fiber, Ash, ADF, NDF, Starch,  
Sulphur, Phosphorous

Whole & Thin Stillage

Solids

Syrup

Solids

Dried Distiller's Grain

Moisture, Protein, Starch, Crude fiber, ADF, NDF, Ash, 
Sulphur, Phosphorous

Molasses

Brix, Polarity

Bagasse

Brix, Polarity

Ethanol (final product)

Water, Methanol, C3-C5 Alcohols, Gasoline (Denaturant)

Figure 1. Processing points for which a DA 7250 makes measurements.
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Recommended products

Grain Moisture Meter - AM 5200

The AM 5200-A is Perten’s third-generation high frequency moisture meter employing UGMA 
technology and is USDA approved. Drawing on experience from more than 4,000 installed units, 
we have designed a moisture meter improved in every aspect – accuracy, repeatability, reliability, 
and user interface. It can be a stand-alone moisture meter for use at terminals or can be integrated 
into automated testing systems.

Whole Grain NIR Analyzer - Inframatic 9500

The Inframatic 9500 measures whole grains for moisture, starch, oil, and protein content. Use it to 
analyze grain as it is received for rejection, payment purposes, binning, and blending. The IM 9500 
measures a large sample and collects spectra on multiple sub-samples ensuring accurate analysis. 
It's extremely easy to use and can be remotely accessed and administered. 

At-line Analysis System - DA 7250 NIR

The DA 7250 is our 3rd generation diode array based instrument. Diode array technology is ideally 
suited for production environments as it has no moving optical components, it's extremely fast 
allowing it to analyze moving and biologically active samples, and it's extremely robust technology. 
The DA 7250 takes that one step further by putting the optics in an IP6X case suitable for dusty/
dirty environments. Add to that the automated monitoring features, the versatility of design 
(analyze samples from whole grains to broths to liquids on 1 instrument), and the accuracy, and 
the DA 7250 is simply the best instrument available.

In-line Analysis System - DA 7300 NIR

The DA 7300 can be placed on pipes, conveyors, dryer/cooler discharges, chutes and other transfer 
points. Current installations are used for segregation of incoming grain, pre and post-dryer or 
cooler, and in process pipes. The DA 7300 incorporates a digital camera providing a true window 
into the process. The camera provides video for process flow verification, sample presentation and 
color and can be viewed from anywhere in the world when the instrument is connected to a 
network. The camera can also capture still images for additional analysis.

Mycotoxin Testing - AuroFlow™ AQ Afla Strip Test

PerkinElmer’s AuroFlow™ AQ Afla Strip Test and QuickSTAR™ Horizon™ strip reader solution 
features a single-step, water-based extraction method and lateral flow testing  at room 
temperature, enabling safer and  easier sampling and removing the need for incubators and 
centrifuges for analysis. The handheld reader is battery operated and ruggedized, allowing flexible, 
in-field testing. Once results are viewed on the reader’s intuitive, menu-driven color touchscreen, 
the information is stored there for ready access. Certified USDA FGIS 2019-121.

Final Product Purity - SP2 Infrared

Test the ethanol after distillation for impurities including water, methanol, other alcohols, and 
denaturants in 2 minutes. Once calibrated, the workhorse SP2 is ideal for rapidly testing final 
product ethanol prior to load-out - safely, quickly, and efficiently.
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Example applications

Moisture Control of DDG/DDGS

Moisture optimization has a direct impact on a plant’s revenue potential. 
Our DA 7300 process NIR instrument is ideal for moisture measurement 
of DDG at the dryer and at cooler discharge. The instrument tracks 
process changes allowing for manual and automated adjustment of 
process variables. The DA 7300 performs accurately on both elevated 
and ambient product temperatures.

Nutritional Content of DDG/DDGS

The DA 7300 and DA 7250 can monitor protein, fat, ash, starch and 
others. These additional parameters have several uses. Starch in DDG is 
an indicator of process efficiency and material recovery. Excessive starch 
can indicate processing issues and reduce ethanol yield. Nutritional 
information is used by DDG consumers to properly formulate their own 
products.
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The Perten Instruments DA 7250 NIR Analysis System is currently 
used in over eighty (80) ethanol production facilities in North 
America. Its success is rooted in its speed (6s analysis of multiple 
parameters), ease-of use, accuracy, commitment and support, 
and its flexibility.

The DA 7250 monitors twelve (12) production points for multiple 
parameters in ethanol production – whole corn, ground corn, 
yeast propagation, mash, fermentation broth, beer well, beer 
bottoms, syrups, whole stillage, thin stillage, wetcake, and DDGs. 
It tests all of these products and parameters on a single 
instrument. The illustration to the right depicts each processing 
point for which a DA 7250 makes measurements.

Recently, measurements of additional parameters in both DDGs 
and Wetcake have gained importance with the expanded uses  
of these products in feed. In cooperation with our customers, we  
expanded our calibrations; both to add additional parameters as 
well as to add robustness and range to existing parameters.

BRIEF DDGs and Wetcake Overview

Figure 1. Processing points for which a DA 7250 makes measurements.
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DDGs

Sulfur, phosphorous, and color measurements of L, a, and b were added to existing databases. The resulting statistics 
are listed below:

Moisture Protein Fat Crude Fiber Ash ADF NDF Starch Sulfur Phosphorus L a b

Min 2.80 22.40 6.93 5.83 2.74 6.50 20.26 0.45 0.284 0.517 41.7 11 32.4

Max 16.10 38.49 12.62 12.50 6.49 17.90 32..3 15.26 1.261 0.98 63.6 14.5 47.4

R 0.989 0.993 0.941 0.921 0.933 0.904 0.801 0.930 0.923 0.881 0.889 0.811 0.875

SECV 0.427 0.507 0.298 0.408 0.275 0.808 1.8310 .812 0.066 0.041 1.63 0.493 1.28

Samples 841 824 548 290 275 219 147 213 121 144 <100 <100 <100

The Min and Max are the lowest and highest values of the parameter in the sample set. R is the correlation 
coefficient. SECV stands for Standard Error of Cross Validation and is an error measurement as compared to the 
reference method (wet chemistry).

Wetcake

Moisture Protein Fat Fiber Ash ADF NDF Starch Sulfur Phosphorus

Min 36.40 8.99 1.93 2.25 0.66 0.76 8.30 1.10 0.14 0.15

Max 73.98 15.18 7.30 7.30 4.36 8.02 14.40 6.44 0.49 0.75

R 0.987 0.973 0.987 0.847 0.947 0.917 0.879 0.972 0.826 0.940

SECV 0.754 0.270 0.236 0.678 0.336 0.767 0.868 0.309 0.040 0.055

Samples 538 236 <100 <100 <100 <100 <100 192 <100 <100

Figure 2. Sulfur in DDGs

Figure 4. Color L in DDGs

Figure 3. Sulfur in Wetcake

Figure 5. Color B in DDGs
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Notes

• These updated calibrations are available to all current users at no charge. All available calibrations are also supplied 
to new customers at time of instrument purchase at no additional cost.

• Please note that each of these calibrations should be validated using a reputable reference laboratory of the 
customer’s choosing.

• We wish to thank the following companies for providing samples for the updates and expansion: 
Hawkeye Renewables - Fairbank, IA 
Hawkeye Growth - Shell Rock, IA 
Hawkeye Renewables - Iowa Falls, IA 
Platinum Ethanol - Arthur, IA 
Hawkeye Growth - Menlo, IA 
Lincolnway Energy - Nevada, IA 
Quad County Corn Processors - Galva, IA
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DA 7250

Ethanol Calibration package

The DA 7250 is used extensively in the ethanol production industry. Its accuracy, speed and flexibility make it especially suited for 
analysis of raw materials, in-process samples and co-products. This calibration package includes calibrations for a very wide range 
of parameters measured throughout the production process.

Grain calibrations

Product Parameter Samples Range (%) R Sample prep.

Barley Moisture 300+ 6.8-19.6 0.98 None

Protein 300+ 6.8-15.8 0.98 None

Starch 200+ 46.1-58.8 0.96 None

Fiber 200+ 2.9-5.9 0.93 None

Corn Moisture 2500+ 7,4-37.6 1.00 None

Protein 1500+ 4.9-15,3 0.97 None

Fat 1500+ 2.2-13,5 0.97 None

Starch 200+ 57,7-67.6 0.81 None

Oats Moisture <100 7.8-14.6 0.96 None

Protein <100 9.4-13.9 0.91 None

Ash <100 2.7-4.1 0.75 None

NDF <100 22.1-36.2 0.71 None

Rice, white 

polished

Moisture 100+ 11.9-16.6 0.98 None

Protein 100+ 6.5-13.8 0.99 None

Starch 100+ 83.6-94.2 0.89 None

Product Parameter Samples Range (%) R Sample prep.

Rye Moisture <100 12.6-17.2 0.97 None

Protein <100 6.0-11.8 0.93 None

Ash <100 1.3-2.6 0.82 None

Sorghum/

Milo

Moisture 200+ 11.5-19.4 0.86 None

Protein 200+ 9.3-12.8 0.92 None

Starch 100+ 58.6-73.6 0.97 None

Triticale Dry Matter <100 87.9-90.4 0.93 None

Protein <100 8.6-12.8 0.95 None

Ash <100 1.3-2.6 0.82 None

Wheat Moisture 1000+ 8.0-22.0 0.99 None

Protein 1000+ 9.2-22.2 0.99 None

Starch 200+ 61.5-72.7 0.94 None

Fiber 200+ 2.0-4.0 0.44 None

NDF <100 7.2-18.2 0.81 None

Ash <100 0.8-2.1 0.77 None

P R O D U C T  B R I E F
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Process calibrations

Product Parameter Samples Range (%) R Sample prep.

Beer bottom Solids 100+ 12.2-18.7 0.95 None

Dextrin 100+ 1.2-2 0.89 None

DP4 <100 0.6-1.7 0.82 None

DP3 <100 0.1-0.1 0.34 None

Maltose 200+ 0.4-0.8 0.85 None

Glucose 100+ 0-1.5 0.95 None

Lactic Acid 100+ 0.2-0.9 0.91 None

Glycerol 100+ 1.1-2.2 0.97 None

Acetic Acid 100+ 0-0.2 0.85 None

Ethanol 200+ 0-0.3 0.87 None

Beer well Brix 200+ 8.8-11.8 0.94 None

Solids 100+ 11.4-13.4 0.88 None

Dextrin <100 0.5-1.1 0.96 None

DP4 200+ 0.4-1.7 0.93 None

DP3 200+ 0.1-0.1 0.92 None

Maltose 300+ 0.2-0.7 0.97 None

Glucose 200+ 0-1.1 0.96 None

Fructose <100 0-0.2 0.77 None

Lactic Acid 200+ 0-0.2 0.88 None

Glycerol 300+ 0.9-1.8 0.95 None

Acetic Acid 200+ 0-0.1 0.92 None

Ethanol 300+ 10.9-17.6 0.99 None

Fermentation 
broth

Brix 500+ 9.0–27.7 0.99 None

Dextrin 1500+ 0.3-15.8 0.98 None

DP4 500+ 0.5-16.4 0.99 None

DP3 1000+ 0.1–2.0 0.95 None

Maltose 2500+ 0.2–6.3 0.96 None

Glucose 2500+ 0.0–11.2 0.97 None

Lactic Acid 2500+ 0.0–0.7 0.78 None

Glycerol 2500+ 0.1–1.9 0.95 None

Acetic Acid 2000+ 0.01–0.13 0.66 None

Ethanol 2500+ 0.3–15.7 0.99 None

Product Parameter Samples Range (%) R Sample prep.

Mash Total Solids 500+ 26.4-39.2 0.92 None

ph <100 6-6.2 0.71 None

Brix <100 28-31 0.67 None

DP4 <100 29.7-48.3 0.69 None

DP3 <100 2.9-6.9 0.92 None

Maltose <100 1.8-7.4 0.82 None

Glucose <100 1.3-3.4 0.84 None

Lactic Acid <100 0.1-0.2 0.78 None

Acetic Acid <100 0-0.2 0.92 None

Ethanol <100 0.6-0.9 0.81 None

Syrup Solids 500+ 7.4-44.3 0.99 None

Thin Stillage Total Solids 300+ 5.2-19.7 0.98 None

Wet cake Moisture 300+ 55.5-73.9 0.96 None

Protein 100+ 9-13.5 0.96 None

Fat <100 2.5-6.4 0.97 None

Crude Fiber <100 2.3-7.3 0.76 None

Ash <100 0.8-4.4 0.87 None

NDF <100 8.3-14.4 0.94 None

ADF <100 0.8-6.6 0.96 None

Starch 100+ 1.8-6.4 0.95 None

Sulfur <100 0.2-0.4 0.92 None

Yeast 
propagation

Brix 200+ 9-24.1 0.98 None

Dextrin 100+ 2.1-12.6 0.84 None

DP4 200+ 2.4-20.1 0.96 None

DP3 200+ 0-2.9 0.96 None

Maltose 300+ 0.1-4.5 0.93 None

Glucose 300+ 0.1-13.4 0.98 None

Fructose <100 0.1-0.3 0.98 None

Lactic Acid 300+ 0-0.2 0.87 None

Glycerol 400+ 0.1-1.2 0.94 None

Acetic Acid 100+ 0-0.1 0.82 None

Ethanol 300+ 0.1-6.6 0.99 None

Co-product calibrations

Product Parameter Samples Range (%) R Sample prep.

DDG corn-

based

Moisture 500+ 2.3-16.3 0.99 None

Protein 400+ 23.5-38.4 1.00 None

Fat 200+ 7.5-12.6 0.92 None

Crude Fiber <100 6.1-11.9 0.94 None

Ash 100+ 3-6.5 0.94 None

NDF <100 25.9-32 0.74 None

ADF <100 10.3-17.6 0.84 None

Starch 100+ 0.5-9.4 0.94 None

Product Parameter Samples Range (%) R Sample prep.

DDG 

wheat-

based

Moisture <100 4.6-17.5 0.98 None

Protein <100 28.2-37.8 0.98 None

Starch <100 5.9-11.5 0.94 None

Water 

activity
<100 0.3-0.6 0.98

None

ADF <100 10-24 0.89 None
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NIR is an indirect method and the actual accuracy will depend on the accuracy of the reference method which is used for 
comparison with the DA 7250. For most products and parameters a typical accuracy would be 1-1.5 times the accuracy of 
the reference method.



Introduction

The intensifying global emphasis on developing sustainable  
fuel supplies has led to increasing use of fuels derived from 
biological sources. The most important of these are biodiesel 
(produced by transesterification of plant and animal oils and  
fats) and bioethanol, which is produced by fermentation of 
sugars, starches and, increasingly, cellulose from a range of  
crops including corn, sugarcane, wheat and sugarbeet. 

The fermentation produces a complex mixture of ethanol and 
byproducts, from which the ethanol is isolated by distillation.  
The performance of the ethanol as a fuel is dependent on its 
purity, and international standards such as ASTM® D4806 and  
EN 15376 limit the allowable concentrations of impurities in fuel 
ethanol and specify the test methods to be used. At present, 
the specified tests are time-consuming chromatographic and 
titrimetric methods, so a rapid spectroscopic method such as  
FT-IR could provide an attractive alternative.

In this note we show that the Spectrum Two™ FT-IR spectrometer 
(Figure 1) can be used to develop a quantitative method with 
sufficient sensitivity to meet the required detection limits for 
methanol, water, C3–C5 alcohols and gasoline denaturant, while 
requiring less than two minutes of analysis time per sample.

FT-IR Spectroscopy

a p p l i c a t i o n  n o t E

Analysis of Bioethanol 
Impurities with the 
Spectrum Two FT-IR 
Spectrometer

Figure 1.  The Spectrum Two FT-IR Spectrometer.

Authors
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Experimental

A feasibility study was conducted by preparing 60 mixtures 
of ethanol with water (0–1% m), methanol (0–1% m), 
1-propanol (0–1.7% m), 1-butanol (0–1.7% m), 1-pentanol 
(0–1.7% m) and petroleum spirit (0–7% m). The experiment 
was designed to cover a large number of levels of each 
analyte and to account for 2-factor interactions; higher- 
order interactions were not considered.

The spectra were measured on a PerkinElmer Spectrum  
Two™ FT-IR spectrometer, using a 0.1 mm liquid flow cell  
with BaF2 windows. The flow cell allowed samples to be 
injected and drained to waste rapidly, for a total analysis  
time of ~2 minutes per sample, with negligible carryover.

Results and Discussion

Some of the measured spectra are shown in Figure 2. Due 
to the long pathlength, the strong bands of ethanol are 
saturated. Small absorption features due to the impurities are 
evident throughout the spectrum. Due to the large number 
of species present, the bands are overlapped and it is not 
reasonable to build calibrations based on single wavelengths.

Spectrum Quant+ software was used to build and cross-
validate full-spectrum PCR models for all of the analytes. 
The default software settings were used, and good results 
were obtained without any manual adjustment of the model 
parameters. The results of the cross-validation are shown in 
Figure 3 below.

Figure 2.  Some typical spectra of contaminated ethanol samples.

Figure 3.  Cross-validation plots for quantitation of impurities in ethanol.

2
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Conclusions

Defining the detection limit conservatively as 5× the SEP 
and comparing it with the maximum allowable impurity 
concentrations (see Table 1), it can be seen that the FT-IR 
method has promise. All of the impurities are detectable at 
levels well below the specified limits for both ASTM® D4806 
and EN 15376. Furthermore, all of these impurities are 
detected simultaneously within a two-minute measurement.

The Spectrum Two instrument was designed with demanding 
quantitative applications like this in mind, and combines 
excellent sensitivity with a compact and robust chassis 
together with a full-featured software suite. The patented 
AVI™ technology standardizes the abscissa and lineshape of 

each instrument against a “virtual” reference, vastly reducing 
variation between instruments and in many cases permitting 
the application of a single calibration model across many 
instruments without the need for complicated calibration 
transfer procedures.

While the feasibility of this method has been demonstrated, 
it must be emphasized that, in a realistic application, 
greater variability among the samples may be encountered. 
For example, additional C3–C5 alcohols may be present. 
Gasoline, which may be present as a denaturant, is itself a 
highly variable mixture. Accordingly, implementation of the 
method will require careful development and maintenance 
of calibration models built on realistic, representative sets of 
accurately characterized samples.
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Table 1.  Ethanol impurities: maximum levels compared with FT-IR detection limits.

Parameter ASTM® D4806 EN 15376 FT-IR LOD (5xSEP)

Water 1.0% v (1.3% m) 0.3% m 0.15% m

Methanol 0.5% v (0.5% m) 1.0% m 0.12% m

C3–C5 alcohols N/A 2.0% m 0.48% m

Gasoline (denaturant) 1.96–5.0% v (~2-5% m) N/A 0.7% m
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