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Conclusion 
§  This method provides a simple and accurate approach for determining water-

soluble anions present in DDGS in less than 10 min on a Dionex IonPac AS11 
column. 

§  The method demonstrates excellent peak shape, linearity (r2 > 0.999), accuracy 
(spiked recoveries 96–107%), precision (peak area RSDs <1%), and detection 
limits in the low µg/L range (LODs 1.7–5.7 µg/L and LOQs 5.7–18.8 µg/L). 

§  In addition, the simple sample preparation and the electrolytic eluent generator 
enhance the ease-of-use, reproducibility, and automation of the method. 
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Overview 
Purpose: To develop a rapid (<10 min) method for the determination of chloride, 
sulfate, and phosphate in dried distillers grains with solubles (DDGS).  

Methods: Here we show the determination of water-soluble anions chloride, sulfate, 
and phosphate in DDGS on a Thermo Scientific Dionex IonPac AS11 anion exchange 
column followed by suppressed conductivity detection in <10 min. The Dionex IonPac™ 
AS11 column is designed to separate a wide range of small organic acids from 
common anions, which are often present in these types of samples. Linearity, limit of 
detection (LOD), limit of quantitation (LOQ), accuracy and precision of the method are 
evaluated.  

Results: This method provides a simple and accurate approach for determining water-
soluble anions present in DDGS in less than 10 min on a Dionex IonPac AS11 column. 
The method demonstrates excellent peak shape, linearity (r2 > 0.999), accuracy (spiked 
recoveries 96.1–107%), precision (peak area RSDs <1%), and detection limits in the 
low µg/L range (LODs 1.7–5.7 µg/L and LOQs 5.7–18.8 µg/L). In addition, the simple 
sample preparation and the electrolytic eluent generator enhance the ease of use, 
reproducibility, and automation of the method.  

Introduction 
Distillers grains are a coproduct of the fuel ethanol process that have been used as an 
alternative feed in ruminant diets since the early 1900s. Due to an increased interest in 
alternative fuels, coupled with the rising costs of corn and soybean meal, the distillers 
grains industry has seen significant growth during the past few years. For example, in 
2011 the ethanol producers supplied an estimated 39.4 million metric tons of livestock 
feed, which is more than double the amount produced in 2006.1 When present in 
livestock rations, distillers grains can be an excellent source of energy, fat, and protein 
along with essential minerals that provide three times the amount of nutrients available 
from grain alone.2 However, because the nutritional composition of DDGS can vary 
from batch to batch, it is of interest to the distillery and feed industries to determine its 
composition to properly formulate a nutritionally balanced diet.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Although a variety of specialty formulations are available, the most common forms of 
distillers grains are wet distillers grains with solubles (WDGS) and DDGS. These two 
coproducts are derived from a dry grind milling process in which the whole corn kernel 
is ground and the corn starch molecules are fermented to produce ethanol. After the 
ethanol is distilled, the remaining stillage is further processed to produce WDGS, and 
then dried to give DDGS.4,5 

Accuracy and Precision 

Precision of the method was evaluated by making several injections of standard and 
sample solutions. Peak area precision was measured by evaluating RSDs for five 
replicate injections at the lowest and highest end of the calibration range. At the lowest 
end of the calibration range peak area RSDs were <1%, and at the highest end peak area 
RSDs were <0.2%. Samples were also prepared at 75%, 100%, and 125% of the starting 
grain weight (0.75 g, 1.0 g, and 1.25 g, respectively). Over this range, the amount of 
chloride, sulfate, and phosphate in the samples were determined to be 0.13%, 1.49–
1.52%, and 1.08–1.11%, respectively, with peak area precisions of <0.5% for samples 
prepared at 100% and 75% starting grain weight and <0.7% for sample prepared at 125% 
starting grain weight. This data is summarized in Table 2. Accuracy of the method was 
evaluated by calculating the recovery of the analytes from adding known concentrations of 
the target anions directly into the dry grain at approximately 1.2, 1.0, 0.8, 0.4, and 0.2 
times the expected amount. The recoveries ranged from 97–107%, 98–102%, and 96–
104% for chloride, sulfate, and phosphate, respectively (Table 3).  
  
  

. 

 

Sample Analysis  

Prior to analysis, anions were extracted from a 1 g sample of DDGS by ultrasonic-
assisted extraction in 100 mL of DI water, followed by centrifugation, and a ten-fold 
dilution to give a final 1000-fold dilution. The average amount of chloride, sulfate, and 
phosphate in three separate preparations were 0.13, 1.5, and 1.1% with peak area 
RSDs of 0.55, 0.96 and 0.89%, respectively over 21 injections (three samples injected 
seven times each). These measured values agree with typical values reported by the 
distillery and feed industries. 

Linearity, Limit of Detection, and Limit of Quantification 

To determine linearity, calibration standards were injected in triplicate over seven 
concentration levels within the calibration ranges listed in Table 1. All three analytes 
demonstrated correlation coefficients > 0.999. The limits of detection (LOD) and limits 
of quantification (LOQ) were evaluated for the method using a DDGS sample diluted 
1000 fold. LOD and LOQ are defined as three times the signal to noise (S/N) and 10 
times the S/N, respectively. The system baseline noise for the LOD and LOQ was 
determined to be 1.4 nS based on measuring the peak-to-peak noise between 5–6 min 
over seven consecutive injections of the DDGS sample. This method demonstrates 
sample LODs and LOQs in the low µg/L for all three anions (1.7–5.7 µg/L and 5.7–18.8 
µg/L, respectively). Table 1 summarizes the calibration, LODs, and LOQs data. 

Analyte Calibration 
Range (mg/L) 

Linearity1  
(r2) 

LOD2  
(µg/L) 

LOQ3  
(µg/L) 

Chloride 0.15–5 0.9999 1.7   5.7 

Sulfate  1.25–40 0.9999 3.3 10.9 

Phosphate  1.25–40 0.9999 5.7 18.8 

1 Seven calibration levels, each injected in triplicate  
2 LOD calculated as 3 × S/N  
3 LOQ calculated as 10 × S/N  

FIGURE 2. Separation of chloride, sulfate, and phosphate on the Dionex 
IonPac AS11. 

(n = 7) Chloride Sulfate Phosphate 

Amount 
Sampled 

 (g) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

0.75 0.13 0.41 1.52 0.44 1.11 0.43 

1.00 0.13 0.40 1.49 0.50 1.08 0.48 

1.25 0.13 0.59 1.49 0.63 1.09 0.69 
TABLE 1. Linearity, LODs, and LOQs. 

TABLE 2. Analytes measured in different starting grain weight.  

TABLE 3. Chloride, sulfate, and phosphate recovery in spiked DDGS samples 

 Chloride Sulfate Phosphate 

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered 

(%)  

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered 

(%)  

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered  

(%)  

0.27 107 3.13 102 2.30 104 

0.55 100 5.87 99 4.59 97 

1.16 100 12.38 101 9.15 99 

1.49 97 15.48 98 11.46 96 

1.71 98 18.44 99 13.69 97 

DRY GRIND PROCESS 

Entire Corn Kernel Is Ground and Fermented 

Simpler Technique Associated with Lower Capital Costs 
 

PRODUCTS 

Ethanol 

Dried Distillers Grains with Solubles (DDGS) 

Wet Distillers Grains (WDG)  

Condensed Distillers Solubles (CDS) 

Wet Distillers Grains with Solubles (WDGS) 

 

Many factors contribute to the nutrient variability of DDGS, including corn hybrid and 
yield, fermentation characteristics, processing equipment and chemicals, and drying 
times and temperatures. The mineral variability of DDGS in a single study reported 
coefficient of variations as high as 25%.3 This nutrient variability can have negative 
effects on the distillers grains industry by requiring the consumer to supplement the diet 
of their feed animals to meet their nutritional needs. In addition, high concentrations 
and low bioavailability of some minerals can lead to serious nutritional disorders and 
excess mineral concentrations in biowaste increases environmental concerns.

  

Method 
Equipment 

Thermo Scientific Dionex ICS-2100 Integrated Reagent-Free IC (RFIC) system 
including: 

§  Pump 

§  Degasser 

§  Eluent Generator 

§  Column Heater 

§  AS Autosampler 

Data Analysis 

Thermo Scientific Dionex Chromeleon Chromatography Data System software 7.1  

Sample Preparation 

Weigh 1 g of DDGS into a 125 mL polypropylene bottle. To ensure a representative 
sample is taken, mix the sample thoroughly. Take portions from three different areas of 
the DDGS sample. Add DI water until the scale reads 100 g. Cap the bottle, shake to 
mix, and sonicate for 5 min. Transfer a 12 mL portion of the liquid to a 15 mL 
disposable polypropylene centrifuge tube with cap and centrifuge at 5000 rpm for 10 
min. Perform a final 1:10 dilution by transferring 1 g of the supernatant to a 20 mL 
polypropylene vial and bring to a total weight of 10 g.  

Results  
Separation and Detection 

Separation of chloride, sulfate, and phosphate was achieved on a Dionex IonPac AS11 
(2 × 250 mm) column in less than 10 min using a hydroxide eluent gradient generated 
with a Thermo Scientific Dionex EGC III KOH Potassium Hydroxide Eluent Generator 
Cartridge, followed by a Thermo Scientific Dionex CR-ATC Continuously Regenerated 
Anion Trap Column. Samples were detected by suppressed conductivity with a Thermo 
Scientific Dionex ASRS 300 Anion Self-Regenerating Suppressor. Figure 3 shows a 
typical DDGS sample prepared at a 1000-fold dilution using the conditions described. 
Retention times for chloride, sulfate, and phosphate were found to be 1.7, 4.5, and 6.8 
min, respectively. Unidentified small organic acids which are thought to be residuals of 
the fermentation process are present at 1.1, 3.8, 4.8, and 7.5 min. Figure 3 shows the 
highest calibration standard, containing 5, 40, and 40 mg/L of chloride, sulfate, and 
phosphate, respectively. This sample shows excellent peak shape and asymmetry with 
tailing factors of <1.5 for all three anions.  

Column:  Dionex IonPac AG11, AS11, 2mm 
Eluent:  3–15 mM KOH 0–5 min, step at 5 min to 25 mM 
Eluent Source:  Dionex EGC III KOH with Dionex CR-ATC 
Flow Rate:  0.5 mL/min 
Inj. Volume:  5 µL  
Temperature:  30 °C   
Detection:  Dionex ASRS™ 300 (2 mm), recycle mode 
Sample:  Calibration standard   
 
Peaks:  1. Chloride         5 mg/L 

 2. Sulfate       40 
 3. Phosphate      40 

1

2

3
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FIGURE 3. 1000-fold dilution of a DDGS sample. 

Column:  Dionex IonPac AG11, AS11, 2 mm 
Eluent:  3–15 mM KOH 0–5 min, step at 5 min to 25 mM 
Eluent Source:  Dionex  EGC III KOH with Dionex CR-ATC 
Flow Rate:  0.5 mL/min 
Inj. Volume:  5 µL  
Temperature:  30 °C   
Detection:  Dionex ASRS 300 (2 mm), recycle mode 
Sample:  1000 × dilution of a DDGS sample 
 

  mg/L    %* 
Peaks:  1. Chloride    1.3  0.13 

 2. Sulfate  15.4  1.54 
 3. Phosphate  11.2  1.12 
   * calculated amount  
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FIGURE 1. DDGS process schematic from whole corn kernels.4 
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§  The method demonstrates excellent peak shape, linearity (r2 > 0.999), accuracy 
(spiked recoveries 96–107%), precision (peak area RSDs <1%), and detection 
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Overview 
Purpose: To develop a rapid (<10 min) method for the determination of chloride, 
sulfate, and phosphate in dried distillers grains with solubles (DDGS).  

Methods: Here we show the determination of water-soluble anions chloride, sulfate, 
and phosphate in DDGS on a Thermo Scientific Dionex IonPac AS11 anion exchange 
column followed by suppressed conductivity detection in <10 min. The Dionex IonPac™ 
AS11 column is designed to separate a wide range of small organic acids from 
common anions, which are often present in these types of samples. Linearity, limit of 
detection (LOD), limit of quantitation (LOQ), accuracy and precision of the method are 
evaluated.  

Results: This method provides a simple and accurate approach for determining water-
soluble anions present in DDGS in less than 10 min on a Dionex IonPac AS11 column. 
The method demonstrates excellent peak shape, linearity (r2 > 0.999), accuracy (spiked 
recoveries 96.1–107%), precision (peak area RSDs <1%), and detection limits in the 
low µg/L range (LODs 1.7–5.7 µg/L and LOQs 5.7–18.8 µg/L). In addition, the simple 
sample preparation and the electrolytic eluent generator enhance the ease of use, 
reproducibility, and automation of the method.  

Introduction 
Distillers grains are a coproduct of the fuel ethanol process that have been used as an 
alternative feed in ruminant diets since the early 1900s. Due to an increased interest in 
alternative fuels, coupled with the rising costs of corn and soybean meal, the distillers 
grains industry has seen significant growth during the past few years. For example, in 
2011 the ethanol producers supplied an estimated 39.4 million metric tons of livestock 
feed, which is more than double the amount produced in 2006.1 When present in 
livestock rations, distillers grains can be an excellent source of energy, fat, and protein 
along with essential minerals that provide three times the amount of nutrients available 
from grain alone.2 However, because the nutritional composition of DDGS can vary 
from batch to batch, it is of interest to the distillery and feed industries to determine its 
composition to properly formulate a nutritionally balanced diet.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Although a variety of specialty formulations are available, the most common forms of 
distillers grains are wet distillers grains with solubles (WDGS) and DDGS. These two 
coproducts are derived from a dry grind milling process in which the whole corn kernel 
is ground and the corn starch molecules are fermented to produce ethanol. After the 
ethanol is distilled, the remaining stillage is further processed to produce WDGS, and 
then dried to give DDGS.4,5 

Accuracy and Precision 

Precision of the method was evaluated by making several injections of standard and 
sample solutions. Peak area precision was measured by evaluating RSDs for five 
replicate injections at the lowest and highest end of the calibration range. At the lowest 
end of the calibration range peak area RSDs were <1%, and at the highest end peak area 
RSDs were <0.2%. Samples were also prepared at 75%, 100%, and 125% of the starting 
grain weight (0.75 g, 1.0 g, and 1.25 g, respectively). Over this range, the amount of 
chloride, sulfate, and phosphate in the samples were determined to be 0.13%, 1.49–
1.52%, and 1.08–1.11%, respectively, with peak area precisions of <0.5% for samples 
prepared at 100% and 75% starting grain weight and <0.7% for sample prepared at 125% 
starting grain weight. This data is summarized in Table 2. Accuracy of the method was 
evaluated by calculating the recovery of the analytes from adding known concentrations of 
the target anions directly into the dry grain at approximately 1.2, 1.0, 0.8, 0.4, and 0.2 
times the expected amount. The recoveries ranged from 97–107%, 98–102%, and 96–
104% for chloride, sulfate, and phosphate, respectively (Table 3).  
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Sample Analysis  

Prior to analysis, anions were extracted from a 1 g sample of DDGS by ultrasonic-
assisted extraction in 100 mL of DI water, followed by centrifugation, and a ten-fold 
dilution to give a final 1000-fold dilution. The average amount of chloride, sulfate, and 
phosphate in three separate preparations were 0.13, 1.5, and 1.1% with peak area 
RSDs of 0.55, 0.96 and 0.89%, respectively over 21 injections (three samples injected 
seven times each). These measured values agree with typical values reported by the 
distillery and feed industries. 

Linearity, Limit of Detection, and Limit of Quantification 

To determine linearity, calibration standards were injected in triplicate over seven 
concentration levels within the calibration ranges listed in Table 1. All three analytes 
demonstrated correlation coefficients > 0.999. The limits of detection (LOD) and limits 
of quantification (LOQ) were evaluated for the method using a DDGS sample diluted 
1000 fold. LOD and LOQ are defined as three times the signal to noise (S/N) and 10 
times the S/N, respectively. The system baseline noise for the LOD and LOQ was 
determined to be 1.4 nS based on measuring the peak-to-peak noise between 5–6 min 
over seven consecutive injections of the DDGS sample. This method demonstrates 
sample LODs and LOQs in the low µg/L for all three anions (1.7–5.7 µg/L and 5.7–18.8 
µg/L, respectively). Table 1 summarizes the calibration, LODs, and LOQs data. 

Analyte Calibration 
Range (mg/L) 

Linearity1  
(r2) 

LOD2  
(µg/L) 

LOQ3  
(µg/L) 

Chloride 0.15–5 0.9999 1.7   5.7 

Sulfate  1.25–40 0.9999 3.3 10.9 

Phosphate  1.25–40 0.9999 5.7 18.8 

1 Seven calibration levels, each injected in triplicate  
2 LOD calculated as 3 × S/N  
3 LOQ calculated as 10 × S/N  

FIGURE 2. Separation of chloride, sulfate, and phosphate on the Dionex 
IonPac AS11. 

(n = 7) Chloride Sulfate Phosphate 
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0.75 0.13 0.41 1.52 0.44 1.11 0.43 

1.00 0.13 0.40 1.49 0.50 1.08 0.48 

1.25 0.13 0.59 1.49 0.63 1.09 0.69 
TABLE 1. Linearity, LODs, and LOQs. 

TABLE 2. Analytes measured in different starting grain weight.  

TABLE 3. Chloride, sulfate, and phosphate recovery in spiked DDGS samples 

 Chloride Sulfate Phosphate 

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered 

(%)  

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered 

(%)  

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered  

(%)  

0.27 107 3.13 102 2.30 104 

0.55 100 5.87 99 4.59 97 

1.16 100 12.38 101 9.15 99 

1.49 97 15.48 98 11.46 96 

1.71 98 18.44 99 13.69 97 
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Many factors contribute to the nutrient variability of DDGS, including corn hybrid and 
yield, fermentation characteristics, processing equipment and chemicals, and drying 
times and temperatures. The mineral variability of DDGS in a single study reported 
coefficient of variations as high as 25%.3 This nutrient variability can have negative 
effects on the distillers grains industry by requiring the consumer to supplement the diet 
of their feed animals to meet their nutritional needs. In addition, high concentrations 
and low bioavailability of some minerals can lead to serious nutritional disorders and 
excess mineral concentrations in biowaste increases environmental concerns.

  

Method 
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including: 
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§  Degasser 

§  Eluent Generator 
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Data Analysis 

Thermo Scientific Dionex Chromeleon Chromatography Data System software 7.1  

Sample Preparation 

Weigh 1 g of DDGS into a 125 mL polypropylene bottle. To ensure a representative 
sample is taken, mix the sample thoroughly. Take portions from three different areas of 
the DDGS sample. Add DI water until the scale reads 100 g. Cap the bottle, shake to 
mix, and sonicate for 5 min. Transfer a 12 mL portion of the liquid to a 15 mL 
disposable polypropylene centrifuge tube with cap and centrifuge at 5000 rpm for 10 
min. Perform a final 1:10 dilution by transferring 1 g of the supernatant to a 20 mL 
polypropylene vial and bring to a total weight of 10 g.  

Results  
Separation and Detection 

Separation of chloride, sulfate, and phosphate was achieved on a Dionex IonPac AS11 
(2 × 250 mm) column in less than 10 min using a hydroxide eluent gradient generated 
with a Thermo Scientific Dionex EGC III KOH Potassium Hydroxide Eluent Generator 
Cartridge, followed by a Thermo Scientific Dionex CR-ATC Continuously Regenerated 
Anion Trap Column. Samples were detected by suppressed conductivity with a Thermo 
Scientific Dionex ASRS 300 Anion Self-Regenerating Suppressor. Figure 3 shows a 
typical DDGS sample prepared at a 1000-fold dilution using the conditions described. 
Retention times for chloride, sulfate, and phosphate were found to be 1.7, 4.5, and 6.8 
min, respectively. Unidentified small organic acids which are thought to be residuals of 
the fermentation process are present at 1.1, 3.8, 4.8, and 7.5 min. Figure 3 shows the 
highest calibration standard, containing 5, 40, and 40 mg/L of chloride, sulfate, and 
phosphate, respectively. This sample shows excellent peak shape and asymmetry with 
tailing factors of <1.5 for all three anions.  

Column:  Dionex IonPac AG11, AS11, 2mm 
Eluent:  3–15 mM KOH 0–5 min, step at 5 min to 25 mM 
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FIGURE 3. 1000-fold dilution of a DDGS sample. 

Column:  Dionex IonPac AG11, AS11, 2 mm 
Eluent:  3–15 mM KOH 0–5 min, step at 5 min to 25 mM 
Eluent Source:  Dionex  EGC III KOH with Dionex CR-ATC 
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Inj. Volume:  5 µL  
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FIGURE 1. DDGS process schematic from whole corn kernels.4 
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Overview 
Purpose: To develop a rapid (<10 min) method for the determination of chloride, 
sulfate, and phosphate in dried distillers grains with solubles (DDGS).  

Methods: Here we show the determination of water-soluble anions chloride, sulfate, 
and phosphate in DDGS on a Thermo Scientific Dionex IonPac AS11 anion exchange 
column followed by suppressed conductivity detection in <10 min. The Dionex IonPac™ 
AS11 column is designed to separate a wide range of small organic acids from 
common anions, which are often present in these types of samples. Linearity, limit of 
detection (LOD), limit of quantitation (LOQ), accuracy and precision of the method are 
evaluated.  

Results: This method provides a simple and accurate approach for determining water-
soluble anions present in DDGS in less than 10 min on a Dionex IonPac AS11 column. 
The method demonstrates excellent peak shape, linearity (r2 > 0.999), accuracy (spiked 
recoveries 96.1–107%), precision (peak area RSDs <1%), and detection limits in the 
low µg/L range (LODs 1.7–5.7 µg/L and LOQs 5.7–18.8 µg/L). In addition, the simple 
sample preparation and the electrolytic eluent generator enhance the ease of use, 
reproducibility, and automation of the method.  

Introduction 
Distillers grains are a coproduct of the fuel ethanol process that have been used as an 
alternative feed in ruminant diets since the early 1900s. Due to an increased interest in 
alternative fuels, coupled with the rising costs of corn and soybean meal, the distillers 
grains industry has seen significant growth during the past few years. For example, in 
2011 the ethanol producers supplied an estimated 39.4 million metric tons of livestock 
feed, which is more than double the amount produced in 2006.1 When present in 
livestock rations, distillers grains can be an excellent source of energy, fat, and protein 
along with essential minerals that provide three times the amount of nutrients available 
from grain alone.2 However, because the nutritional composition of DDGS can vary 
from batch to batch, it is of interest to the distillery and feed industries to determine its 
composition to properly formulate a nutritionally balanced diet.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Although a variety of specialty formulations are available, the most common forms of 
distillers grains are wet distillers grains with solubles (WDGS) and DDGS. These two 
coproducts are derived from a dry grind milling process in which the whole corn kernel 
is ground and the corn starch molecules are fermented to produce ethanol. After the 
ethanol is distilled, the remaining stillage is further processed to produce WDGS, and 
then dried to give DDGS.4,5 

Accuracy and Precision 

Precision of the method was evaluated by making several injections of standard and 
sample solutions. Peak area precision was measured by evaluating RSDs for five 
replicate injections at the lowest and highest end of the calibration range. At the lowest 
end of the calibration range peak area RSDs were <1%, and at the highest end peak area 
RSDs were <0.2%. Samples were also prepared at 75%, 100%, and 125% of the starting 
grain weight (0.75 g, 1.0 g, and 1.25 g, respectively). Over this range, the amount of 
chloride, sulfate, and phosphate in the samples were determined to be 0.13%, 1.49–
1.52%, and 1.08–1.11%, respectively, with peak area precisions of <0.5% for samples 
prepared at 100% and 75% starting grain weight and <0.7% for sample prepared at 125% 
starting grain weight. This data is summarized in Table 2. Accuracy of the method was 
evaluated by calculating the recovery of the analytes from adding known concentrations of 
the target anions directly into the dry grain at approximately 1.2, 1.0, 0.8, 0.4, and 0.2 
times the expected amount. The recoveries ranged from 97–107%, 98–102%, and 96–
104% for chloride, sulfate, and phosphate, respectively (Table 3).  
  
  

. 

 

Sample Analysis  

Prior to analysis, anions were extracted from a 1 g sample of DDGS by ultrasonic-
assisted extraction in 100 mL of DI water, followed by centrifugation, and a ten-fold 
dilution to give a final 1000-fold dilution. The average amount of chloride, sulfate, and 
phosphate in three separate preparations were 0.13, 1.5, and 1.1% with peak area 
RSDs of 0.55, 0.96 and 0.89%, respectively over 21 injections (three samples injected 
seven times each). These measured values agree with typical values reported by the 
distillery and feed industries. 

Linearity, Limit of Detection, and Limit of Quantification 

To determine linearity, calibration standards were injected in triplicate over seven 
concentration levels within the calibration ranges listed in Table 1. All three analytes 
demonstrated correlation coefficients > 0.999. The limits of detection (LOD) and limits 
of quantification (LOQ) were evaluated for the method using a DDGS sample diluted 
1000 fold. LOD and LOQ are defined as three times the signal to noise (S/N) and 10 
times the S/N, respectively. The system baseline noise for the LOD and LOQ was 
determined to be 1.4 nS based on measuring the peak-to-peak noise between 5–6 min 
over seven consecutive injections of the DDGS sample. This method demonstrates 
sample LODs and LOQs in the low µg/L for all three anions (1.7–5.7 µg/L and 5.7–18.8 
µg/L, respectively). Table 1 summarizes the calibration, LODs, and LOQs data. 

Analyte Calibration 
Range (mg/L) 

Linearity1  
(r2) 

LOD2  
(µg/L) 

LOQ3  
(µg/L) 

Chloride 0.15–5 0.9999 1.7   5.7 

Sulfate  1.25–40 0.9999 3.3 10.9 

Phosphate  1.25–40 0.9999 5.7 18.8 

1 Seven calibration levels, each injected in triplicate  
2 LOD calculated as 3 × S/N  
3 LOQ calculated as 10 × S/N  

FIGURE 2. Separation of chloride, sulfate, and phosphate on the Dionex 
IonPac AS11. 

(n = 7) Chloride Sulfate Phosphate 

Amount 
Sampled 

 (g) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

0.75 0.13 0.41 1.52 0.44 1.11 0.43 

1.00 0.13 0.40 1.49 0.50 1.08 0.48 

1.25 0.13 0.59 1.49 0.63 1.09 0.69 
TABLE 1. Linearity, LODs, and LOQs. 

TABLE 2. Analytes measured in different starting grain weight.  

TABLE 3. Chloride, sulfate, and phosphate recovery in spiked DDGS samples 

 Chloride Sulfate Phosphate 

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered 

(%)  

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered 

(%)  

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered  

(%)  

0.27 107 3.13 102 2.30 104 

0.55 100 5.87 99 4.59 97 

1.16 100 12.38 101 9.15 99 

1.49 97 15.48 98 11.46 96 

1.71 98 18.44 99 13.69 97 

DRY GRIND PROCESS 

Entire Corn Kernel Is Ground and Fermented 

Simpler Technique Associated with Lower Capital Costs 
 

PRODUCTS 

Ethanol 

Dried Distillers Grains with Solubles (DDGS) 

Wet Distillers Grains (WDG)  

Condensed Distillers Solubles (CDS) 

Wet Distillers Grains with Solubles (WDGS) 

 

Many factors contribute to the nutrient variability of DDGS, including corn hybrid and 
yield, fermentation characteristics, processing equipment and chemicals, and drying 
times and temperatures. The mineral variability of DDGS in a single study reported 
coefficient of variations as high as 25%.3 This nutrient variability can have negative 
effects on the distillers grains industry by requiring the consumer to supplement the diet 
of their feed animals to meet their nutritional needs. In addition, high concentrations 
and low bioavailability of some minerals can lead to serious nutritional disorders and 
excess mineral concentrations in biowaste increases environmental concerns.

  

Method 
Equipment 

Thermo Scientific Dionex ICS-2100 Integrated Reagent-Free IC (RFIC) system 
including: 

§  Pump 

§  Degasser 

§  Eluent Generator 

§  Column Heater 

§  AS Autosampler 

Data Analysis 

Thermo Scientific Dionex Chromeleon Chromatography Data System software 7.1  

Sample Preparation 

Weigh 1 g of DDGS into a 125 mL polypropylene bottle. To ensure a representative 
sample is taken, mix the sample thoroughly. Take portions from three different areas of 
the DDGS sample. Add DI water until the scale reads 100 g. Cap the bottle, shake to 
mix, and sonicate for 5 min. Transfer a 12 mL portion of the liquid to a 15 mL 
disposable polypropylene centrifuge tube with cap and centrifuge at 5000 rpm for 10 
min. Perform a final 1:10 dilution by transferring 1 g of the supernatant to a 20 mL 
polypropylene vial and bring to a total weight of 10 g.  

Results  
Separation and Detection 

Separation of chloride, sulfate, and phosphate was achieved on a Dionex IonPac AS11 
(2 × 250 mm) column in less than 10 min using a hydroxide eluent gradient generated 
with a Thermo Scientific Dionex EGC III KOH Potassium Hydroxide Eluent Generator 
Cartridge, followed by a Thermo Scientific Dionex CR-ATC Continuously Regenerated 
Anion Trap Column. Samples were detected by suppressed conductivity with a Thermo 
Scientific Dionex ASRS 300 Anion Self-Regenerating Suppressor. Figure 3 shows a 
typical DDGS sample prepared at a 1000-fold dilution using the conditions described. 
Retention times for chloride, sulfate, and phosphate were found to be 1.7, 4.5, and 6.8 
min, respectively. Unidentified small organic acids which are thought to be residuals of 
the fermentation process are present at 1.1, 3.8, 4.8, and 7.5 min. Figure 3 shows the 
highest calibration standard, containing 5, 40, and 40 mg/L of chloride, sulfate, and 
phosphate, respectively. This sample shows excellent peak shape and asymmetry with 
tailing factors of <1.5 for all three anions.  

Column:  Dionex IonPac AG11, AS11, 2mm 
Eluent:  3–15 mM KOH 0–5 min, step at 5 min to 25 mM 
Eluent Source:  Dionex EGC III KOH with Dionex CR-ATC 
Flow Rate:  0.5 mL/min 
Inj. Volume:  5 µL  
Temperature:  30 °C   
Detection:  Dionex ASRS™ 300 (2 mm), recycle mode 
Sample:  Calibration standard   
 
Peaks:  1. Chloride         5 mg/L 

 2. Sulfate       40 
 3. Phosphate      40 

1

2

3

1.5 3.0 4.5 6.0 7.5 0 

45 

Minutes 

µS 

FIGURE 3. 1000-fold dilution of a DDGS sample. 

Column:  Dionex IonPac AG11, AS11, 2 mm 
Eluent:  3–15 mM KOH 0–5 min, step at 5 min to 25 mM 
Eluent Source:  Dionex  EGC III KOH with Dionex CR-ATC 
Flow Rate:  0.5 mL/min 
Inj. Volume:  5 µL  
Temperature:  30 °C   
Detection:  Dionex ASRS 300 (2 mm), recycle mode 
Sample:  1000 × dilution of a DDGS sample 
 

  mg/L    %* 
Peaks:  1. Chloride    1.3  0.13 

 2. Sulfate  15.4  1.54 
 3. Phosphate  11.2  1.12 
   * calculated amount  
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22 
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3 
FIGURE 1. DDGS process schematic from whole corn kernels.4 
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Conclusion 
§  This method provides a simple and accurate approach for determining water-

soluble anions present in DDGS in less than 10 min on a Dionex IonPac AS11 
column. 

§  The method demonstrates excellent peak shape, linearity (r2 > 0.999), accuracy 
(spiked recoveries 96–107%), precision (peak area RSDs <1%), and detection 
limits in the low µg/L range (LODs 1.7–5.7 µg/L and LOQs 5.7–18.8 µg/L). 

§  In addition, the simple sample preparation and the electrolytic eluent generator 
enhance the ease-of-use, reproducibility, and automation of the method. 
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Overview 
Purpose: To develop a rapid (<10 min) method for the determination of chloride, 
sulfate, and phosphate in dried distillers grains with solubles (DDGS).  

Methods: Here we show the determination of water-soluble anions chloride, sulfate, 
and phosphate in DDGS on a Thermo Scientific Dionex IonPac AS11 anion exchange 
column followed by suppressed conductivity detection in <10 min. The Dionex IonPac™ 
AS11 column is designed to separate a wide range of small organic acids from 
common anions, which are often present in these types of samples. Linearity, limit of 
detection (LOD), limit of quantitation (LOQ), accuracy and precision of the method are 
evaluated.  

Results: This method provides a simple and accurate approach for determining water-
soluble anions present in DDGS in less than 10 min on a Dionex IonPac AS11 column. 
The method demonstrates excellent peak shape, linearity (r2 > 0.999), accuracy (spiked 
recoveries 96.1–107%), precision (peak area RSDs <1%), and detection limits in the 
low µg/L range (LODs 1.7–5.7 µg/L and LOQs 5.7–18.8 µg/L). In addition, the simple 
sample preparation and the electrolytic eluent generator enhance the ease of use, 
reproducibility, and automation of the method.  

Introduction 
Distillers grains are a coproduct of the fuel ethanol process that have been used as an 
alternative feed in ruminant diets since the early 1900s. Due to an increased interest in 
alternative fuels, coupled with the rising costs of corn and soybean meal, the distillers 
grains industry has seen significant growth during the past few years. For example, in 
2011 the ethanol producers supplied an estimated 39.4 million metric tons of livestock 
feed, which is more than double the amount produced in 2006.1 When present in 
livestock rations, distillers grains can be an excellent source of energy, fat, and protein 
along with essential minerals that provide three times the amount of nutrients available 
from grain alone.2 However, because the nutritional composition of DDGS can vary 
from batch to batch, it is of interest to the distillery and feed industries to determine its 
composition to properly formulate a nutritionally balanced diet.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Although a variety of specialty formulations are available, the most common forms of 
distillers grains are wet distillers grains with solubles (WDGS) and DDGS. These two 
coproducts are derived from a dry grind milling process in which the whole corn kernel 
is ground and the corn starch molecules are fermented to produce ethanol. After the 
ethanol is distilled, the remaining stillage is further processed to produce WDGS, and 
then dried to give DDGS.4,5 

Accuracy and Precision 

Precision of the method was evaluated by making several injections of standard and 
sample solutions. Peak area precision was measured by evaluating RSDs for five 
replicate injections at the lowest and highest end of the calibration range. At the lowest 
end of the calibration range peak area RSDs were <1%, and at the highest end peak area 
RSDs were <0.2%. Samples were also prepared at 75%, 100%, and 125% of the starting 
grain weight (0.75 g, 1.0 g, and 1.25 g, respectively). Over this range, the amount of 
chloride, sulfate, and phosphate in the samples were determined to be 0.13%, 1.49–
1.52%, and 1.08–1.11%, respectively, with peak area precisions of <0.5% for samples 
prepared at 100% and 75% starting grain weight and <0.7% for sample prepared at 125% 
starting grain weight. This data is summarized in Table 2. Accuracy of the method was 
evaluated by calculating the recovery of the analytes from adding known concentrations of 
the target anions directly into the dry grain at approximately 1.2, 1.0, 0.8, 0.4, and 0.2 
times the expected amount. The recoveries ranged from 97–107%, 98–102%, and 96–
104% for chloride, sulfate, and phosphate, respectively (Table 3).  
  
  

. 

 

Sample Analysis  

Prior to analysis, anions were extracted from a 1 g sample of DDGS by ultrasonic-
assisted extraction in 100 mL of DI water, followed by centrifugation, and a ten-fold 
dilution to give a final 1000-fold dilution. The average amount of chloride, sulfate, and 
phosphate in three separate preparations were 0.13, 1.5, and 1.1% with peak area 
RSDs of 0.55, 0.96 and 0.89%, respectively over 21 injections (three samples injected 
seven times each). These measured values agree with typical values reported by the 
distillery and feed industries. 

Linearity, Limit of Detection, and Limit of Quantification 

To determine linearity, calibration standards were injected in triplicate over seven 
concentration levels within the calibration ranges listed in Table 1. All three analytes 
demonstrated correlation coefficients > 0.999. The limits of detection (LOD) and limits 
of quantification (LOQ) were evaluated for the method using a DDGS sample diluted 
1000 fold. LOD and LOQ are defined as three times the signal to noise (S/N) and 10 
times the S/N, respectively. The system baseline noise for the LOD and LOQ was 
determined to be 1.4 nS based on measuring the peak-to-peak noise between 5–6 min 
over seven consecutive injections of the DDGS sample. This method demonstrates 
sample LODs and LOQs in the low µg/L for all three anions (1.7–5.7 µg/L and 5.7–18.8 
µg/L, respectively). Table 1 summarizes the calibration, LODs, and LOQs data. 

Analyte Calibration 
Range (mg/L) 

Linearity1  
(r2) 

LOD2  
(µg/L) 

LOQ3  
(µg/L) 

Chloride 0.15–5 0.9999 1.7   5.7 

Sulfate  1.25–40 0.9999 3.3 10.9 

Phosphate  1.25–40 0.9999 5.7 18.8 

1 Seven calibration levels, each injected in triplicate  
2 LOD calculated as 3 × S/N  
3 LOQ calculated as 10 × S/N  

FIGURE 2. Separation of chloride, sulfate, and phosphate on the Dionex 
IonPac AS11. 

(n = 7) Chloride Sulfate Phosphate 

Amount 
Sampled 

 (g) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

0.75 0.13 0.41 1.52 0.44 1.11 0.43 

1.00 0.13 0.40 1.49 0.50 1.08 0.48 

1.25 0.13 0.59 1.49 0.63 1.09 0.69 
TABLE 1. Linearity, LODs, and LOQs. 

TABLE 2. Analytes measured in different starting grain weight.  

TABLE 3. Chloride, sulfate, and phosphate recovery in spiked DDGS samples 

 Chloride Sulfate Phosphate 

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered 

(%)  

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered 

(%)  

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered  

(%)  

0.27 107 3.13 102 2.30 104 

0.55 100 5.87 99 4.59 97 

1.16 100 12.38 101 9.15 99 

1.49 97 15.48 98 11.46 96 

1.71 98 18.44 99 13.69 97 

DRY GRIND PROCESS 

Entire Corn Kernel Is Ground and Fermented 

Simpler Technique Associated with Lower Capital Costs 
 

PRODUCTS 

Ethanol 

Dried Distillers Grains with Solubles (DDGS) 

Wet Distillers Grains (WDG)  

Condensed Distillers Solubles (CDS) 

Wet Distillers Grains with Solubles (WDGS) 

 

Many factors contribute to the nutrient variability of DDGS, including corn hybrid and 
yield, fermentation characteristics, processing equipment and chemicals, and drying 
times and temperatures. The mineral variability of DDGS in a single study reported 
coefficient of variations as high as 25%.3 This nutrient variability can have negative 
effects on the distillers grains industry by requiring the consumer to supplement the diet 
of their feed animals to meet their nutritional needs. In addition, high concentrations 
and low bioavailability of some minerals can lead to serious nutritional disorders and 
excess mineral concentrations in biowaste increases environmental concerns.

  

Method 
Equipment 

Thermo Scientific Dionex ICS-2100 Integrated Reagent-Free IC (RFIC) system 
including: 

§  Pump 

§  Degasser 

§  Eluent Generator 

§  Column Heater 

§  AS Autosampler 

Data Analysis 

Thermo Scientific Dionex Chromeleon Chromatography Data System software 7.1  

Sample Preparation 

Weigh 1 g of DDGS into a 125 mL polypropylene bottle. To ensure a representative 
sample is taken, mix the sample thoroughly. Take portions from three different areas of 
the DDGS sample. Add DI water until the scale reads 100 g. Cap the bottle, shake to 
mix, and sonicate for 5 min. Transfer a 12 mL portion of the liquid to a 15 mL 
disposable polypropylene centrifuge tube with cap and centrifuge at 5000 rpm for 10 
min. Perform a final 1:10 dilution by transferring 1 g of the supernatant to a 20 mL 
polypropylene vial and bring to a total weight of 10 g.  

Results  
Separation and Detection 

Separation of chloride, sulfate, and phosphate was achieved on a Dionex IonPac AS11 
(2 × 250 mm) column in less than 10 min using a hydroxide eluent gradient generated 
with a Thermo Scientific Dionex EGC III KOH Potassium Hydroxide Eluent Generator 
Cartridge, followed by a Thermo Scientific Dionex CR-ATC Continuously Regenerated 
Anion Trap Column. Samples were detected by suppressed conductivity with a Thermo 
Scientific Dionex ASRS 300 Anion Self-Regenerating Suppressor. Figure 3 shows a 
typical DDGS sample prepared at a 1000-fold dilution using the conditions described. 
Retention times for chloride, sulfate, and phosphate were found to be 1.7, 4.5, and 6.8 
min, respectively. Unidentified small organic acids which are thought to be residuals of 
the fermentation process are present at 1.1, 3.8, 4.8, and 7.5 min. Figure 3 shows the 
highest calibration standard, containing 5, 40, and 40 mg/L of chloride, sulfate, and 
phosphate, respectively. This sample shows excellent peak shape and asymmetry with 
tailing factors of <1.5 for all three anions.  

Column:  Dionex IonPac AG11, AS11, 2mm 
Eluent:  3–15 mM KOH 0–5 min, step at 5 min to 25 mM 
Eluent Source:  Dionex EGC III KOH with Dionex CR-ATC 
Flow Rate:  0.5 mL/min 
Inj. Volume:  5 µL  
Temperature:  30 °C   
Detection:  Dionex ASRS™ 300 (2 mm), recycle mode 
Sample:  Calibration standard   
 
Peaks:  1. Chloride         5 mg/L 

 2. Sulfate       40 
 3. Phosphate      40 
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FIGURE 3. 1000-fold dilution of a DDGS sample. 

Column:  Dionex IonPac AG11, AS11, 2 mm 
Eluent:  3–15 mM KOH 0–5 min, step at 5 min to 25 mM 
Eluent Source:  Dionex  EGC III KOH with Dionex CR-ATC 
Flow Rate:  0.5 mL/min 
Inj. Volume:  5 µL  
Temperature:  30 °C   
Detection:  Dionex ASRS 300 (2 mm), recycle mode 
Sample:  1000 × dilution of a DDGS sample 
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FIGURE 1. DDGS process schematic from whole corn kernels.4 
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Conclusion 
§  This method provides a simple and accurate approach for determining water-

soluble anions present in DDGS in less than 10 min on a Dionex IonPac AS11 
column. 

§  The method demonstrates excellent peak shape, linearity (r2 > 0.999), accuracy 
(spiked recoveries 96–107%), precision (peak area RSDs <1%), and detection 
limits in the low µg/L range (LODs 1.7–5.7 µg/L and LOQs 5.7–18.8 µg/L). 

§  In addition, the simple sample preparation and the electrolytic eluent generator 
enhance the ease-of-use, reproducibility, and automation of the method. 
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Overview 
Purpose: To develop a rapid (<10 min) method for the determination of chloride, 
sulfate, and phosphate in dried distillers grains with solubles (DDGS).  

Methods: Here we show the determination of water-soluble anions chloride, sulfate, 
and phosphate in DDGS on a Thermo Scientific Dionex IonPac AS11 anion exchange 
column followed by suppressed conductivity detection in <10 min. The Dionex IonPac™ 
AS11 column is designed to separate a wide range of small organic acids from 
common anions, which are often present in these types of samples. Linearity, limit of 
detection (LOD), limit of quantitation (LOQ), accuracy and precision of the method are 
evaluated.  

Results: This method provides a simple and accurate approach for determining water-
soluble anions present in DDGS in less than 10 min on a Dionex IonPac AS11 column. 
The method demonstrates excellent peak shape, linearity (r2 > 0.999), accuracy (spiked 
recoveries 96.1–107%), precision (peak area RSDs <1%), and detection limits in the 
low µg/L range (LODs 1.7–5.7 µg/L and LOQs 5.7–18.8 µg/L). In addition, the simple 
sample preparation and the electrolytic eluent generator enhance the ease of use, 
reproducibility, and automation of the method.  

Introduction 
Distillers grains are a coproduct of the fuel ethanol process that have been used as an 
alternative feed in ruminant diets since the early 1900s. Due to an increased interest in 
alternative fuels, coupled with the rising costs of corn and soybean meal, the distillers 
grains industry has seen significant growth during the past few years. For example, in 
2011 the ethanol producers supplied an estimated 39.4 million metric tons of livestock 
feed, which is more than double the amount produced in 2006.1 When present in 
livestock rations, distillers grains can be an excellent source of energy, fat, and protein 
along with essential minerals that provide three times the amount of nutrients available 
from grain alone.2 However, because the nutritional composition of DDGS can vary 
from batch to batch, it is of interest to the distillery and feed industries to determine its 
composition to properly formulate a nutritionally balanced diet.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Although a variety of specialty formulations are available, the most common forms of 
distillers grains are wet distillers grains with solubles (WDGS) and DDGS. These two 
coproducts are derived from a dry grind milling process in which the whole corn kernel 
is ground and the corn starch molecules are fermented to produce ethanol. After the 
ethanol is distilled, the remaining stillage is further processed to produce WDGS, and 
then dried to give DDGS.4,5 

Accuracy and Precision 

Precision of the method was evaluated by making several injections of standard and 
sample solutions. Peak area precision was measured by evaluating RSDs for five 
replicate injections at the lowest and highest end of the calibration range. At the lowest 
end of the calibration range peak area RSDs were <1%, and at the highest end peak area 
RSDs were <0.2%. Samples were also prepared at 75%, 100%, and 125% of the starting 
grain weight (0.75 g, 1.0 g, and 1.25 g, respectively). Over this range, the amount of 
chloride, sulfate, and phosphate in the samples were determined to be 0.13%, 1.49–
1.52%, and 1.08–1.11%, respectively, with peak area precisions of <0.5% for samples 
prepared at 100% and 75% starting grain weight and <0.7% for sample prepared at 125% 
starting grain weight. This data is summarized in Table 2. Accuracy of the method was 
evaluated by calculating the recovery of the analytes from adding known concentrations of 
the target anions directly into the dry grain at approximately 1.2, 1.0, 0.8, 0.4, and 0.2 
times the expected amount. The recoveries ranged from 97–107%, 98–102%, and 96–
104% for chloride, sulfate, and phosphate, respectively (Table 3).  
  
  

. 

 

Sample Analysis  

Prior to analysis, anions were extracted from a 1 g sample of DDGS by ultrasonic-
assisted extraction in 100 mL of DI water, followed by centrifugation, and a ten-fold 
dilution to give a final 1000-fold dilution. The average amount of chloride, sulfate, and 
phosphate in three separate preparations were 0.13, 1.5, and 1.1% with peak area 
RSDs of 0.55, 0.96 and 0.89%, respectively over 21 injections (three samples injected 
seven times each). These measured values agree with typical values reported by the 
distillery and feed industries. 

Linearity, Limit of Detection, and Limit of Quantification 

To determine linearity, calibration standards were injected in triplicate over seven 
concentration levels within the calibration ranges listed in Table 1. All three analytes 
demonstrated correlation coefficients > 0.999. The limits of detection (LOD) and limits 
of quantification (LOQ) were evaluated for the method using a DDGS sample diluted 
1000 fold. LOD and LOQ are defined as three times the signal to noise (S/N) and 10 
times the S/N, respectively. The system baseline noise for the LOD and LOQ was 
determined to be 1.4 nS based on measuring the peak-to-peak noise between 5–6 min 
over seven consecutive injections of the DDGS sample. This method demonstrates 
sample LODs and LOQs in the low µg/L for all three anions (1.7–5.7 µg/L and 5.7–18.8 
µg/L, respectively). Table 1 summarizes the calibration, LODs, and LOQs data. 

Analyte Calibration 
Range (mg/L) 

Linearity1  
(r2) 

LOD2  
(µg/L) 

LOQ3  
(µg/L) 

Chloride 0.15–5 0.9999 1.7   5.7 

Sulfate  1.25–40 0.9999 3.3 10.9 

Phosphate  1.25–40 0.9999 5.7 18.8 

1 Seven calibration levels, each injected in triplicate  
2 LOD calculated as 3 × S/N  
3 LOQ calculated as 10 × S/N  

FIGURE 2. Separation of chloride, sulfate, and phosphate on the Dionex 
IonPac AS11. 

(n = 7) Chloride Sulfate Phosphate 

Amount 
Sampled 

 (g) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

Calculated 
Average 

Amount of  
Anion in 
Sample 

(%) 

Peak 
Area 
RSD 
(%) 

0.75 0.13 0.41 1.52 0.44 1.11 0.43 

1.00 0.13 0.40 1.49 0.50 1.08 0.48 

1.25 0.13 0.59 1.49 0.63 1.09 0.69 
TABLE 1. Linearity, LODs, and LOQs. 

TABLE 2. Analytes measured in different starting grain weight.  

TABLE 3. Chloride, sulfate, and phosphate recovery in spiked DDGS samples 

 Chloride Sulfate Phosphate 

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered 

(%)  

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered 

(%)  

Final Spiked 
Concentration 

(mg/L)  

Amount 
Recovered  

(%)  

0.27 107 3.13 102 2.30 104 

0.55 100 5.87 99 4.59 97 

1.16 100 12.38 101 9.15 99 

1.49 97 15.48 98 11.46 96 

1.71 98 18.44 99 13.69 97 

DRY GRIND PROCESS 

Entire Corn Kernel Is Ground and Fermented 

Simpler Technique Associated with Lower Capital Costs 
 

PRODUCTS 

Ethanol 

Dried Distillers Grains with Solubles (DDGS) 

Wet Distillers Grains (WDG)  

Condensed Distillers Solubles (CDS) 

Wet Distillers Grains with Solubles (WDGS) 

 

Many factors contribute to the nutrient variability of DDGS, including corn hybrid and 
yield, fermentation characteristics, processing equipment and chemicals, and drying 
times and temperatures. The mineral variability of DDGS in a single study reported 
coefficient of variations as high as 25%.3 This nutrient variability can have negative 
effects on the distillers grains industry by requiring the consumer to supplement the diet 
of their feed animals to meet their nutritional needs. In addition, high concentrations 
and low bioavailability of some minerals can lead to serious nutritional disorders and 
excess mineral concentrations in biowaste increases environmental concerns.

  

Method 
Equipment 

Thermo Scientific Dionex ICS-2100 Integrated Reagent-Free IC (RFIC) system 
including: 

§  Pump 

§  Degasser 

§  Eluent Generator 

§  Column Heater 

§  AS Autosampler 

Data Analysis 

Thermo Scientific Dionex Chromeleon Chromatography Data System software 7.1  

Sample Preparation 

Weigh 1 g of DDGS into a 125 mL polypropylene bottle. To ensure a representative 
sample is taken, mix the sample thoroughly. Take portions from three different areas of 
the DDGS sample. Add DI water until the scale reads 100 g. Cap the bottle, shake to 
mix, and sonicate for 5 min. Transfer a 12 mL portion of the liquid to a 15 mL 
disposable polypropylene centrifuge tube with cap and centrifuge at 5000 rpm for 10 
min. Perform a final 1:10 dilution by transferring 1 g of the supernatant to a 20 mL 
polypropylene vial and bring to a total weight of 10 g.  

Results  
Separation and Detection 

Separation of chloride, sulfate, and phosphate was achieved on a Dionex IonPac AS11 
(2 × 250 mm) column in less than 10 min using a hydroxide eluent gradient generated 
with a Thermo Scientific Dionex EGC III KOH Potassium Hydroxide Eluent Generator 
Cartridge, followed by a Thermo Scientific Dionex CR-ATC Continuously Regenerated 
Anion Trap Column. Samples were detected by suppressed conductivity with a Thermo 
Scientific Dionex ASRS 300 Anion Self-Regenerating Suppressor. Figure 3 shows a 
typical DDGS sample prepared at a 1000-fold dilution using the conditions described. 
Retention times for chloride, sulfate, and phosphate were found to be 1.7, 4.5, and 6.8 
min, respectively. Unidentified small organic acids which are thought to be residuals of 
the fermentation process are present at 1.1, 3.8, 4.8, and 7.5 min. Figure 3 shows the 
highest calibration standard, containing 5, 40, and 40 mg/L of chloride, sulfate, and 
phosphate, respectively. This sample shows excellent peak shape and asymmetry with 
tailing factors of <1.5 for all three anions.  

Column:  Dionex IonPac AG11, AS11, 2mm 
Eluent:  3–15 mM KOH 0–5 min, step at 5 min to 25 mM 
Eluent Source:  Dionex EGC III KOH with Dionex CR-ATC 
Flow Rate:  0.5 mL/min 
Inj. Volume:  5 µL  
Temperature:  30 °C   
Detection:  Dionex ASRS™ 300 (2 mm), recycle mode 
Sample:  Calibration standard   
 
Peaks:  1. Chloride         5 mg/L 

 2. Sulfate       40 
 3. Phosphate      40 

1

2

3

1.5 3.0 4.5 6.0 7.5 0 

45 

Minutes 

µS 

FIGURE 3. 1000-fold dilution of a DDGS sample. 

Column:  Dionex IonPac AG11, AS11, 2 mm 
Eluent:  3–15 mM KOH 0–5 min, step at 5 min to 25 mM 
Eluent Source:  Dionex  EGC III KOH with Dionex CR-ATC 
Flow Rate:  0.5 mL/min 
Inj. Volume:  5 µL  
Temperature:  30 °C   
Detection:  Dionex ASRS 300 (2 mm), recycle mode 
Sample:  1000 × dilution of a DDGS sample 
 

  mg/L    %* 
Peaks:  1. Chloride    1.3  0.13 

 2. Sulfate  15.4  1.54 
 3. Phosphate  11.2  1.12 
   * calculated amount  

0 1.50 3.00 4.50 6.00 7.50 
0 

22 

Minutes 

µS 
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2 

3 
FIGURE 1. DDGS process schematic from whole corn kernels.4 
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