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Development of an ASTM  standard 
for the measurement of “cellulose”
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Overview

1) Megazyme/Neogen and the ASTM process

2) The need for a method

3) NREL assay and associated biases

4) Proposed methods and assay performance

5) Next steps

6) Conclusion
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Megazyme and Polysaccharide Assay Expertise

Fungal β-Glucan 
(from mushrooms & yeast)

1988

Megazyme Foundation
2002

Resistant Starch
(AOAC 2002.02)

1999
Fructans in food
(AOAC 999.03)

1995
β-Glucan

(AOAC 995.16)

Co-founded by Prof. 
Barry McCleary

2009-2011

First AOAC methods for  
dietary fiber measurement  
matching CODEX definition
(AOAC 2009.01 & 2011.25)

2017-2022

Improved methods for CODEX total 
dietary fiber that also allow 
insoluble/soluble fiber split
(AOAC 2017.16 & 2022.01)

2021

Neogen Acquires
Megazyme 

Neogen

2018

Fructans in animal 
feed and pet food
(AOAC 2018.07)

1996

Total Starch
(AOAC 996.11)
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Development Of An Assay For “Cellulose” Within ASTM

2021
E48.05 

Dec meeting

2023

2022

2022

E48.05 
June meeting

Reintroduction of cellulosic 
content method discussion

2023

July-Aug
E48.05 

Sub-committee ballot

2023

Starch methodology 
presentation and cellulose 
working group formation

E48.05 
Dec meeting

Novozymes presentation 
on DFO method 

investigation

E48.05 
June meeting

Agreement to move 
Neogen method to 

ballot
Sep-Oct

E48.05 Sub-, 
E48 Main 

committee ballot

Working group meets 
virtually six times
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The Need For A Method
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The Need For A Method

https://www.epa.gov/sites/default/files/2015-08/example_lifecycle_of_a_rin_0.png
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The Need For A Method
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CFC = cellulosic converted fraction

AC = After conversion

BC = Before conversion

Where:

The Need For A Method

Note: 
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NREL Assay and Associated Biases
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NREL assay (2021)

200 mg of sample dispersed in 
ethanol

Add 4 mL NaOH (1.7 M) and stir 
vigorously for 15 sec

Add 16mL NaOAc (0.6M), pH 3.8.

Add Starch degrading enzymes and 
incubate

Isolate pellet by filtration

Pellet hydrolysed in Sulfuric 
acid (72%) @ 30°C for 1 hour

Dilute Sulfuric Acid to 4%

Autoclave at 121°C for 1 hour

pH adjust (CaCO3) to 5-7, 
syringe filter and HPLC analysis

Calculate cellulose content

Removal of non –
cellulosic content 

Cellulosic content 
hydrolysis and 
measurement
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Neogen (Modified NREL) Assay (2023)

200 mg of sample dispersed in 
ethanol

Add 4 mL NaOH (1.7 M) and stir 
vigorously for 15 sec

Add 16mL NaOAc (0.6M), pH 3.8.

Add Starch and yeast carbohydrate 
degrading enzymes and incubate

Add ethanol to precipitate soluble 
cellulosic material and isolate by 

filtration

Pellet hydrolysed in Sulfuric acid 
(72%) @ 30°C for 1 hour

Dilute Sulfuric Acid to 4%

Autoclave at 121°C for 1 hour

pH adjust (CaCO3) to 5-7, syringe 
filter and HPLC analysis

Calculate cellulose/hemicellulose-
derived glucan and galactan (CHDGG)

Removal of non –
cellulosic content 

Cellulosic content 
hydrolysis and 
measurement
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CHDGG = Cellulose/Hemicellulose-Derived Glucan and Galactan 
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Bias 1 – Effect Of Yeast In Pre- And Post-fermentation Samples

“We recognize that this method cannot differentiate between b-(1,4) glucans and other b-glucans present. In particular, the measurement of cellulose b-glucans in 
post-fermentation material will be biased high due to …fermentation yeast. An attempt to quantify b-(1,3) glucans present in the post fermentation (DDGS) sample 
using commercially available enzymatic assay (Megazyme K-EBHLG) … showed significant cross-activity…Until further research can be performed in this area, we are 
unable to address this bias.”

CFC = cellulosic converted fraction

AC = After conversion

BC = Before conversion

Where:
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Bias 1 – Effect Of Yeast In Pre- And Post-fermentation Samples
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Bias 2 – Loss Of Cellulosic Content Due To NaOH Treatment

“Cellobiose, the b-(1,4)-linked glucan dimer, was chosen as the smallest molecule that retains the linkage indicative of cellulose solubilization; any detectable 
cellobiose would indicate cellulose loss during enzymatic hydrolysis…we conclude that there is no detectable cellobiose present in the filtrate solutions.”
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Bias 2 – Loss Of Cellulosic Content Due To NaOH Treatment
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Bias 2 – Loss Of Cellulosic Content Due To NaOH Treatment

Effect of ethanolic precipitation on the recovery of cellulose in the Neogen assay

Sample
n, 

replicates
% CV

Minus (-) or 

Plus (+) 

Ethanolic 

Precipitation 

CHDGG

% (w/w)

Recaptured 

CHDGG

% (w/w)

Conventional BC
2 1.5 - 1.69

0.43
4 2.4 + 2.12

Conventional AC
2 1.7 - 6.32

0.91
4 0.3 + 7.23

CKF Process BC
2 1.3 - 1.82

0.43
4 0.9 + 2.25

CKF Process AC
2 0.6 - 4.94

0.79
4 1.1 + 5.73

Recovery of CHDGG versus DFO method (%)

Sample
Without ethanolic 

precipitation

With ethanolic 

precipitation

Conventional BC 79.6 95.7

Conventional AC 80.5 102.1

CKF Process BC 88.4 95.8

CKF Process AC 74.4 99.9

Effect of ethanolic precipitation on the recovery of cellulose in the 
Neogen assay compared to that recovered in the DFO assay
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Bias 3 – Exclusion Of Galactose In The Analyte Determined
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Bias 3 – Exclusion Of Galactose In The Analyte Determined
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Proposed Methods and Performance
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Comparison Of Available Open-source Methods

aData from Neogen only
bCombined data from Neogen, POET, NREL, Novozymes
cCombined data from Neogen, POET, NREL
dCombined data from Neogen, POET, NREL - Galactan component excluded
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Investigation Into Within And Between Lab Variability

Sample Lab n
CHDGG

% (w/w)
RSDr

CHDGG

% (w/w)
RSDR

Conventional BC

1 13 2.76 2.86

2.77 1.982 3 2.73 2.15

3 3 2.83 10.37

Conventional AC

1 13 9.47 3.19

9.29 5.762 3 9.71 0.70

3 3 8.69 10.13

CKF Process BC

1 14 2.87 4.55

2.94 2.252 3 2.96 3.93

3 3 3.00 2.65

CKF Process AC

1 14 7.71 3.20

7.51 2.872 3 7.55 2.65

3 3 7.28 4.52

NIST Biomass A

1 14 2.64 8.01

2.50 12.642 3 2.73 5.33

3 3 2.14 4.18

NIST Biomass B

1 12 6.52 3.88

6.31 2.972 3 6.21 1.32

3 3 6.18 6.67

Average RSDr 4.46 Average RSDR 4.74
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Next Steps
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What Could It Mean For The Industry?

“Typical” bioethanol production facility ALREADY operating in-situ CKF process

✓Assume 100 Mgal/Yr capacity
✓Assume 1% cellulosic ethanol based on Neogen methodology
✓Assume $1.60 D6-D3 RIN spread

Predicts ~$1.6m annual benefit with no operational/manufacturing modification before:
 

✓YDC license fee
✓Analytic lab fees
✓Additional audit costs

On a “per-facility” basis
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What Could It Mean For The Industry?

Phase 1 – Facilities that have already adopted cellulase-assisted fermentation 
technology:

✓Ethanol production capacity approved in the LCFS program is ~5.8Bgal
✓Assume 1% cellulosic ethanol based on Neogen methodology
✓Assume $1.60 D6-D3 RIN spread

Predicts ~$93m uplift for those plants on a no-change basis  

Phase 2 – Facilities that currently utilize conventional fermentation technology:

✓Ethanol production capacity NOT approved in the LCFS program is ~10.5Bgal
✓Same assumptions as above

Predicts potential ~$168m D3 RIN “carrot”

Using LCFS to approximate the quantity of CKF processes in situ today 
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How Do We Get There?

2021
E48.05 

Dec meeting

2023

2022

2022

E48.05 
June meeting

Reintroduction of cellulosic 
content method discussion

2023

July-Aug
E48.05 

Sub-committee ballot

2024-2025

2023

ICOS review and 
ASTM approval

Nov-Dec

2023

Starch methodology 
presentation and cellulose 
working group formation

E48.05 
Dec meeting

Novozymes presentation 
on DFO method 

investigation

E48.05 
June meeting

Agreement to move 
Neogen method to 

ballot
Sep-Oct

E48.05 Sub-, 
E48 Main 

committee ballot

ASTM ILS

Jan 2024

Research article 
publication

Mar 2024

EPA approval

Working group meets 
virtually six times
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How Will It Work?
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Summary

• A VCSB method has been developed for the measurement of the relevant portion of cellulosic content as 
defined by the EPA

• This method is currently under consideration for adoption as a standard within ASTM

• Once approval has been finalized, EPA approval is expected to quickly follow based on existing guidance

• For those plants already generating cellulosic ethanol, conversion of the relevant D6 to D3 RINs will be 
possible with no operational changes required, and will deliver significant financial benefit

• For those plants not currently generating cellulosic ethanol, could this be the additional benefit needed to 
justify the change?!

For more information on how to join 
ASTM and help support the VCSB 

method approval, 
contact David Mangan 

(dmangan@neogen.com) 

For more information on the commercial 
aspects of accessing the analytical 

technology, 
contact Matt Nichols 

(mnichols@neogen.com)

mailto:dmangan@neogen.com
mailto:mnichols@neogen.com
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