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D.2.1 Participatory Workshop for Biomass Sampling and Analysis
Participant UL held a participatory workshop for biomass Sampling and Analysis from the 9th
until the 17th of December 2009. The purpose of this workshop was to educate the other
participants in the appropriate means of sample collection, preparation and analysis, with the
aim of ensuring effective knowledge transfer and inter-regional co-operation and that these
methodologies are standardised across the project. This workshop was attended by partners
from CTC and UNICAMP. The protocols developed in UL were communicated and
demonstrated to the other partners.
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Agenda
Participatory Workshop for Biomass Sampling and Analysis
The purpose of this workshop is to educate the other participants in the appropriate means of
sample collection, preparation and analysis, with the aim of ensuring effective knowledge
transfer and inter-regional co-operation and that these methodologies are standardised across
the project. The protocols developed in UL will be communicated and demonstrated to the
other partners.
Workshop is run by Daniel Hayes, UL.
Attendees:
Aparecido Alves- CTC
Magale Rambo- UNICAMP
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Conventional Methods for
Biomass Analysis

DIBANET Biomass Analysis
Workshop
9-17 Dec 2009
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 Important Chemical Characteristics:







C6 Sugars: Glucose, Galactose, Mannose
C5 Sugars: Arabinose, Xylose
Lignin content (acid soluble and insoluble)
Extractives
Ash.
Elemental analysis.

 With the development of the theoretical and, later,
practically validated kinetic equations – accurate
analytical data should enable the prediction of LvA,
furfural, FA yields from a variety of LA and EU
feedstocks.
 The amount of solid residue for downstream processing
(pyrolysis) can also be predicted.
 Hence, determinations as to the value/feasiblity of
feedstocks in the DIBANET process chain can be made.

Miscanthus
•
•
•
•

A C4 grass that is native of Asia
Various hybrids, typically Miscanthus x giganteus grown
Grows quickly, harvested annually.
Commercial operations require the planting of
Miscanthus rhizomes harvested from standing stock.
• No real pest problems. Very competitive against weeds.
Low nutrient requirement – nutrients translocated to
rhizomes following senescence.
• Requires abundant rainfall and mild winters.
• Irish conditions are appropriate for reasonable yields of
up to 20 dry tonnes per hectare.

• Over 500 samples of
Miscanthus collected:
•
•
•
•
•
•

Whole plant
Leaves (dead/live)
Sheaths (dead/live)
Internodes (var heights)
Nodes (var heights)
Flowers

• Over 250 other
samples collected (e.g.
agricultural wastes,
energy crops,
municipal wastes)

Sample Preparation

Chemical
Analysis
Procedure

DIBANET Itemised Analysis
Procedures
• UL has developed and written a series of step-bystep analytical procedures for use for the wetchemical analysis of biomass feedstocks and NIRS
calibration.
• The target is that methods and data are transferrable
and NIRS spectra and reference values can be
combined and compared on the same basis.

1. Extractives Content
• Extractives - extraneous components that may be
separated from the insoluble cell wall material by their
solubility in water or neutral organic solvents.
• Of relevance to biorefining due to the effects they have
on the dynamics of stored biomass piles and the
accuracy of analysis procedures.
• Many different extractives, many of which are speciesspecific. Major categories include monosaccharides,
polysaccharides, volatile oils, terpenes, fatty acids and
their esters, waxes, polyhydric alcohols, alkaloids and
aromatic compounds.
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Extractive Removal Employed
• Quantifying all extractives separately is a costly/lengthy
process.
• Primary concern in our analysis is removal of majority of
extractives (but not their separate quantification) and,
particularly, those that may interfere with acid hydrolysis
and quantification of hemicellulosic/cellulosic sugars.
• We use the ASTM standard test method for the
determination of extractives in biomass feedsotcks.
• One solvent (95% ethanol) used, reducing time and
chemical costs.
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Ethanol-Soluble Extractives
• Traditional method – Soxhlet extraction:
– Ethanol is heated to reflux and passes
through the sample. Extractable components
of the sample will dissolve in the solvent.
– When the Soxhlet chamber is almost full it is
emptied automatically by a side arm which
allows the solvent to return to the distillation
flask. This is termed a “cycle”.
– With subsequent cycles the “extractives”
become concentrated in the distillation flask.
– Under ASTM method, at least 160ml of 95%
ethanol is used and the system is heated
under reflux for 24 hrs  100-200 cycles.
– Rotary evaporator used to remove ethanol
and quantify extractives. Extractives also
quantified as dry mass loss in solid during
process.
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Carbolea Extractives Analysis
• Use Dionex ASE-200
(Accelerated Solvent
Extractor)
– Operating pressure
500-3000 psi.
– Extractions automated,
take approx 30
minutes (not 24
hours!)
– Uses less ethanol
– Up to 24
extractions/samples
can be done in a
sequence.
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Advantages of ASE-200
• By using conventional solvents at elevated temperatures
and pressures, the efficiency of extraction is increased.
• The increased temperature accelerates the extraction
kinetics while the elevated pressure keeps the solvent
below its boiling point.
• Allows us to extract up to 12 cells a working day.
• In the last 2 years have analysed 570 samples (490 in
duplicate, 80 in triplicate)
• Would have taken 5+ years using one soxhlet extractor
every working day!!!
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2. Acid Hydrolysis of Extracted Biomass
• Follows the Uppsala method, which through a multi-lab
and multi-feedstock round robin, was found to be
suitable for both woody and herbaceous feedstocks.
• Involves acid hydrolysis in order to break apart the
polysaccharides to their constituent free monosaccharide
units which can then be quantified with chromatography.
• Particle size important for hydrolysis (between 180 and
850 µm).
• Sample needs to have extractives/starches removed.
• Take 300mg of extracted sample (moisture content
known), add 3ml of 72% H2SO4 and mix, keep for 1 hr
and 30oC mixing thoroughly at intervals.
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2. Acid Hydrolysis cont’d.
• After 1 hour add 84ml water to dilute solution to 4% acid.
• Seal pressure tube and put in autoclave at 121oC for 1
hour to complete the hydrolysis and liberation of sugars
• Autoclaving step associated with loss of free sugars
(degradation to HMF, furfural, levulinic acid etc.).
• So place sugar solutions of known free sugar (glucose,
xylose, arabinose etc.) content in autoclave and
determine the loss of sugars  correction factor for
samples.
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Outputs of Hydrolysis
• Filter contents of pressure tube.
• Hydrolysate contains:
–
–
–
–
–

Liberated sugars.
Sugar degradation products.
Acid soluble lignin.
Acid soluble ash.
Other components of polysaccharides (uronic acids,
acetyl groups).

• Solid residue contains:
– Klason Lignin
– Acid insoluble ash.

• Weigh residue (Acid Insoluble Residue, AIR)
then ash it.
• Klason lignin = AIR – (Ash from AIR)
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Analysis of Sugars in Hydrolysate
• Most interest in (for DIBANET process yields):
Glucose

-

- Arabinose

Galactose Mannose

- Xylose

-

5 – carbon sugars

6 – carbon sugars

Rhamnose

-

Fucose (internal standard) 6 – carbon deoxy sugars
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• Can we accurately analyse for all these with one method?

Ion Chromatography
• Separates ions and polar molecules. Analyte molecules
from the sample are retained on the column due to
coulombic (ionic) interactions.
• Separation depends on the reversible adsorption of
charged solute molecules to immobilised ion exchange
groups of opposite charge.
• IC can be termed HPAEC (anion exchange
chromatography) when anions are to be resolved and
analysed and HPCEC (cation exchange
chromatography) when cations are analysed.
• The stationary phase have ionic functional groups R-X
(X is a cation X+ in HPAEC and an anion X- in HPCEC)
21
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IC for Carbohydrates (2)
• The lower the alkalinity of the mobile phase, the higher is
the selectivity for separation.
• For our analysis it is necessary to use only deionised
water for the elution of sugars.
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IC for Carbohydrates (3)
• A mobile phase of water requires a regeneration step to
restore full ion-exchange capacity to the column.
• Strongly retained molecules (e.g. uronic acids) also need
to be pushed from the column.
• Concentrated NaOH used after elution of the
monosaccharides of interest. We also introduce sodium
acetate to the mobile phase at this stage.
• Acetate binds to the active sites on the column, reducing
chromotographic run times.
• This shift is proportional for all the analytes except
rhamnose, where it is less pronounced.
• Hence, we adjust the acetate loading level to achieve
elution of rhamnose between galactose and glucose. 24

Solid Phase Extraction
• Lignin and other hydrophobic components may negatively
affect chromatographic performance.
• Off-line SPE is time consuming.
• We use a valve in the IC to direct flow (post injector valve
and pre-column) for the first minute to position A (through
an NG1 guard) and then to position B which bypasses this
guard.
• Allows injected sample to pass through NG1 and ensure
against non-reversible binding of hydrophobics to
divinylbenzene backbone of analytical column.
• Periodic cleaning of NG1 column is necessary
(acetonitrile).

Sample Preparation
• Some methods advocate neutralisation of acid in
hydrolysate and removal of sulphate prior to injection.
• Our samples are diluted 5X with an internal standard
solution (fucose) giving approx. 0.8% acid concentration.
• We find that a sulphate loading of this level can improve
peak sharpness and reduce retention times.
• Our conditions allow linearity in detection for all sugars in
quantities relevant to biomass samples.
• Conditions:
– Flow rate 1.1 ml/min, 18oC
– 0-16 min H2O, 30 sec ramp to 240mM NaC2H3O2 in 400mM
NaOH, held for 2 min then 30 sec ramp to H20
– Equilibration with H2O for 15 minutes
– Post column addition of base (0.3M NaOH, 0.3ml/min) required
for electrochemical detection of carbohydrates.
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IC Sequences
• Standard (containing known amounts of all the
sugars) injected every 5 injections to determine
relative response factors (RRFs) compared with
fucose (internal standard).
• Each sample has a known quantity of internal
standard, giving a response factor. This is multiplied
by the most recent RRFs giving a unique response
factor for all sugars for the injected sample.
• Separation is not perfect – specific standards needed
for each biomass type (e.g. grass, wood, paper, peat
etc.)
• Sequence can be left to run over weekend (approx
100 injections).

IC - Conductivity Detector
• We also use IC for the analysis of other anions.
• These include products of the DIABNET process (e.g.
levulinic acid, formic acid) and their intermediates (e.g.
hydroxymethylfurfral).
• For some analytes a conductivity detector is used.
• This applies a pulsed voltage to two electrodes in the
conductivity cell to obtain a conductivity which is
measured in Siemens (S).
• Conductivity is dependant on the mobility of ions in the
applied electric field, on the electrical charge and their
concentration.
30

Detection of LvA and FA
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2
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UV-Visible Analysis
• Some analytes (e.g. furfural, HMF) require ultraviolet
(UV) detectors.
• UV radiation between 200 and 400 nm is strong enough
to cause loosely held electrons to change locations.
• These electrons can be either the non-bonding electrons
(n-electrons) of aldehydes or ketones, or they can be the
π-electrons of conjugated π-systems.

32

UV Analysis of Acid Soluble Lignin
• A small portion of lignin is solubilized during the
hydrolysis procedure.
• Traditionally the UV absorbance of the hydrolysate is
measured at 205nm and an absorptivity (extinction
coefficient) value of 110 L/g-cm used to calculate the
amount of acid-soluble lignin present in the hydrolyzate.
• 205nm is chosen because it corresponds to a minimum
in the UV spectrum of furfural and HMF, and is in a
region where lignin components (e.g. vanillin, p-coumaric
acid, ferulic acid) absorb strongly.
• Beer’s Law is assumed to hold (the absorbance of an
analyte is proportional to its concentration and the path
length through the sample (transmission spectroscopy)).33

Rapid Analysis of
Biomass with NIRS

DIBANET Workshop
9-17 Dec 2009

1

Time for Conventional Analysis
Sample as Collected

Wet Chopped Sample
Dry Sample

Air Drying
~ 3+ days

Chop sample
~ 10 mins

Extractives-free
sample

200

Milling + sieving
~ 1 hour

150
100

Hydrolysis and
0
hydrolysate
0
5
10
15
analysis
Completed
Lignocellulosic Analysis ~ 3 days
50

~ 10 days !!!!

Extractives
Removal
~ 3 days
Dry Sample of 2
Appropriate Particle Size

Requirements for Rapid Analysis
 Minimal/no sample preparation necessary.
 Ability to analyse wet biomass feedstocks.
 Able to quantify components important to DIBANET,
including:





C6 Sugars: Glucose, Galactose, Mannose
C5 Sugars: Arabinose, Xylose
Lignin content (acid soluble and insoluble)
Extractives

 Results accurate and reproducible.
 Technology that can potentially be integrated online at a
biorefining facility.
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Rapid Analysis Techniques
•
•
•
•
•

Pyrolysis techniques (PyGC-MS, Py-MBMS).
Thermo-gravimetric analysis (TGA).
NMR techniques (e.g. Low Field NMR).
FTIR (mid-infrared spectroscopy).
Near Infrared Spectroscopy (NIRS)
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Spectroscopy
• The study of the interaction between electromagnetic
(EM) radiation and matter as a function of wavelength or
frequency.
• Spectrometry - a spectroscopic technique used to
assess the concentration of a given chemical species.
The instruments that carry out this analysis are
spectrometers/spectrophotometers.
• EM waves can be described by their frequency (f,
typically in Hz), their wavelength (λ) and their photon
energy (E).
• Wavelength is inversely proportional to frequency.
• Photon energy is directly proportional to the frequency.
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Effect of EM Radiation on Matter
• When EM radiation interacts with single atoms and
molecules, its behaviour depends on the amount of
energy per quantum (photon) it carries. e.g.:
– Ultraviolet radiation: Excitation of molecular and atomic valence
electrons, including ejection of the electrons.
– X-rays: Excitation and ejection of core atomic electrons.
– Gamma rays: Excitation of atomic nuclei.
– Microwave to far-infrared: Molecular rotations and vibrations.
– Near Infrared: Molecular vibrations (overtones and combination
bands).
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Theory – Infrared Spectroscopy
• Molecules absorb at specific frequencies that are
characteristic of their structure. These are resonant
frequencies (the frequency of the absorbed radiation
matches the frequency of the bond that vibrates).
• These resonant frequencies can be approximated from
the strength of the bond and the mass of the two atoms
involved.
• For a vibrational mode to absorb IR radiation, it must be
associated with a change in the permanent dipole of the
bond.
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NIRS - History
• Infra = below (i.e. below red in energy).
• NIR region discovered in 1800 by William Herschel. He
used a prism to disperse sunlight on to three
thermometers and found that just beyond the red light,
where there was no visible light, the temperature was
greatest.
• Interest in NIRS between then and 1950s was low since
it was considered less attractive than MIRS - many
people considered that the absorptions were too weak (2
or 3 times less than in the MIR region) and also too
confusing (numerous overlapping peaks of overtone and
combination bands).
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NIRS – History (2)
 Research activity increased following the commercial
availability in the 1950s of lead sulphide (PbS) as a
sensitive heat detector for the NIR region.
 Since then, the advances in microprocessor
capabilities and the developments of laboratory and
online NIRS systems as well as the expansion of
chemometric techniques has greatly increased the
presence of NIRS in many sectors.
 Chemometrics is needed to interpret the variations in
NIR spectra.
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NIRS - Principles
• The spectrum of a sample is recorded by passing a
beam of infrared light through the sample. Examination
of the transmitted/reflected light reveals how much
energy was absorbed at each wavelength.
• This can be done with a monochromatic beam, which
changes in wavelength over time, or by using a Fourier
Transform (FT) instrument to measure all wavelengths at
once.
• From this, a transmittance or absorbance spectrum can
be produced, showing at which wavelengths the sample
absorbs.
10

NIR - Advantages
• NIR can typically penetrate much farther into a sample
than MIR radiation.
• Also, the absorbance of water in the NIR is not as
overpowering as in the MIR, hence analysis of wet
materials is possible
• Therefore NIRS has utility in analysing materials with
little/no sample preparation.
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NIR – Chemometrics Needed
•

•
•

The molecular overtone and combination bands seen in the near IR are
typically very broad, leading to complex spectra; it can be difficult to assign
specific features to specific chemical components.
Multivariate (multiple wavelength) calibration techniques are often employed
to extract the desired chemical information.
Spectral pre-processing (e.g. first derivatives) may also be needed.
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Testing Calibrations

• Calibration equations need to be tested.
• They can be tested using the same samples that were in the
calibration set however that leads to over-fitting and uncertainty as
to whether the equation will be accurate for unknown samples.
• Ideally, a separate data set (validation set) will be used to test the
calibration and provide informative statistics.
• If there is a limited number of samples cross validation can be used
– this takes out one (or more) sample at a time and develops the
model. The missing sample(s) are then predicted against this model
and the residual determined.
• It is important that the calibration and validation sets are of a similar
structure (spectral and reference data variability).

Standard Error of Laboratory - SEL
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Important Statistics - r2

15

Statistics – SEC/SECV/SEP
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PRESS – Prediction Sum of Squares
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PRESS (2)
• The procedure will stop when the predesignated number of factors is
reached and at that time the model with the least number of
factors and smallest sum of squares for residuals is selected as
the best model for the calibration set used.
• A plot of PRESS values (y axis) versus the number of factors (x
axis) is often used to determine the minimal PRESS corresponding
with the smallest number of factors.
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ASTM Guidelines for NIRS Calibration
 The quality of the calibration is determined relative to the
natural variation that exists for the components of that
feedstock.
 A ratio is determined by dividing the range in concentration
by the SEP.
 A ratio of 15+ is considered to be good for quantitative
calibration.
 A ratio of 10-15 is considered good for screening control.
 E.g. if the cellulose content of miscanthus varies between 40
and 50%. The maximum SEP permitted to allow a ratio of 15
is 0.67%. This shows the importance of highly accurate and
reproducible lab methods.

Spectral Pretreatments
• There are various chemometric techniques to treat spectra
in order to reduce/remove unwanted effects (e.g. variation
in particle size) so that the calibration can be more focused
for the analytes of interest.
• Some pretreatments include:
–
–
–
–
–
–
–

Spectral Smoothing
Derivatives (1st, 2nd, 3rd, 4th) with gap-segment or SG methods.
Multiplicative Scatter Correction
Standard Normal Variate
Detrend
Orthogonal Signal Correction
Baseline correction

20
• These pretreatments can be used alone or in combination.

NIR Spectra for Lignocellulosics
• The figure below shows some of the major overtone and
combination regions between 1100-2500 nm for a typical
agricultural feedstock (analysed dry).
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Important Band Assignments
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Effect of Water
• Variations in hydrogen bonded molecular subspecies can cause
band broadening and peak position shifts.
• Variations in hydrogen bonding (intra- and intermolecular) result in
changes in the force constants of X-H bonds.
• The largest change in the force constants of the fundamental
vibrations occurs for the X-H stretching vibration. It is known that in
the case of O-H vibrations the apparent band location is isolinear
and changes position linearly with temperature.
• This information has important implications for agricultural products.
The water bands at 1450 and 1930 nm consist of multiple
overlapping bands. The apparent location of these composite bands
changes as the spectra are measured from one sample to another.
• This apparent shift is due to changes in the relative proportions of
the individual bands making up the composite bands.
23

Application of NIRS in DIBANET
 DIBANET targets the development of robust and
accurate calibration equations for material that is wet
and of a heterogeneous particle size.
 The vast majority of existing publications regarding the
use of NIRS for the characterisation of lignocellulosic
materials have focused on dry samples that have been
ground down to a homogeneous particle size (< 1mm).
 They have preferred this method because the presence
of water can mask the absorbance signal of some of the
analytes of interest.

NIRS Used for Samples in Various
States
 WU (Wet Unground) – Feedstock not dried and
minimally processed.
 DU (Dry Unground) – After WU sample has been air
dried.
 DG (Dry Ground) – DU sample is comminuted until all is
less than <850 υm
 DS (Dry Sieved) – DG sample is seived and DS is the
fraction with a particle size 180 υm < x < 850 υm. DS is
the fraction used for lignocellulosic analysis in the lab.
 DF (Dry Fines) – The fraction of DG that is < 180 υm

Sample Preparation

2 times
DF scan

Strategy to Develop Good Calibration
• University of Limerick - focus on miscanthus.
• There are significant physiochemical differences
between the various anatomical parts of the plant.
• Incorporating the analytical results for these separate
parts into a global analytical equation could improve its
predictive ability and also ensure a wide component
range exists, allowing good NIRS models with high
Range/SEV ratios to be developed.

Accurate Analysis is Vital
 DIBANET will aim to maximise the Range/SEV ratio for
all the lignocellulosic components of interest.
 This necessitates good lab-data – hence strict quality
controls are in place at UL – analysis is repeated if the
SD between duplicates is greater than 0.25% for the
lignin content and greater than 0.3% for the cellulose
content.
 Inter-batch analysis variability needs to also be
minimised.

Scans of The Same Sample in
Different States

Future Application
• Develop calibrations for yields of ethanol, levulinic
acid etc. based on feedstock spectra and process
efficiencies
• Link to projected feedstock value, other economic
indicators.
• DIBANET project involves the use of online NIR
equipment at a Brazilian sugar-mill.
• Calibration equations will be transferred and tested at
this facility.
• Observations about biorefinery outputs and designs
made.

From Wet Unground Samples to Dry Sieved WU
DS
Rev: 1.0 (1-2-10)
This procedure is for samples that will be prepared in a dry sieved form for analysis
later. It is for biomass that is in a wet form.
Equipment Needed:
•
•
•
•

Analytical balance.
Drying oven, with temperature control of 105 ± 3oC
Cutting device (e.g. chipper or mill).
Sieve Shaker that provides motion in both horizontal and vertical axes- for optional
sieving step, alternatively the sieves can be shaken by hand.

Chemicals and Materials Needed:
•
•
•
•

Sample trays for drying (e.g. party trays)
Sieve Set, No. 20 (850 µm), No. 80 (180 µm) stackable sieves with lid and bottom
pan. Sieves and bottom pan should be 8.9 cm (31/2 in.) in height.
Porcelain crucibles (50ml)
Plastic sample bottles for storing the DS and DF fractions.

THINGS TO ASK BEFORE STARTING:
-

Do we already have NIR-NUMBERS for these samples?
Is the total weight of the sample important?
Is it important that some of the original sample is retained and not dried?
How many samples will we be preparing this day? Referred to as “X”

DAY BEFORE:
1. 2X large crucibles should be placed in the oven at 105C.
2. If the samples are in the freezer they should be taken out of the freezer the night
before in order to defrost and reach room temperature. The bags should not be
opened.
3. Have numerous (2X or more) clean biomass air-drying trays ready for use the
next day – make sure these trays have letters labeled on them
DAY 1 (Wet Analysis):
1. Take a “WU-DS - From Wet Unground Samples to Dry Sieved Samples” Data
Recording Sheet. Make sure you know whether the total sample weight for
this sample is important. This will influence which WU-DS data recording sheet
is used.

2. Take all of the bags for one sample (usually only 1 bag but could be more) and
record its Universal Code, the date it was sampled, and any other codes (e.g.
AM1X1) in the appropriate boxes in the first available column.
3. If it does not already exist, you will need to get a unique NIR number for each
sample and record this on the Data Recording Sheet.
a. Go to the EXCEL file called “ISI-SCAN CODES 3” (on the desktop) and
pick the next number after the last sample according to the species being
sampled, e.g. if the last one was 22 take 23.
b. Put the Universal Code (e.g. PTRB1M) that this ISI SCAN number
represents in the EXCEL file. Remember that all new samples will have
new ISI SCAN codes but that the same ISI SCAN code will be used for a
sample in various states (e.g. wet unground, wet ground, dry unground,
dry ground).
4. Take out 2 large crucibles (for each sample analysed) from the oven and place in
the dessicator. Record the number of these crucibles. These should not be
weighed (and samples not added) until about 20 minutes after removal from the
oven.
5. If the sample is in a state that can be put directly in the NIR cell with no air
gaps or spaces (e.g. mushroom compost, peat) proceed to step 6. If not you will
need to reduce the particle size so that it can pack efficiently in the cell. This can
be done in the following ways:
a. FOR STEMS/WOODY MATERIAL - CHIPPING:
i. Open the chipper – Push in the release valve and twist to open the
door. The press the red button and then the blue button.
ii. Make sure that the chipper is clean and dry. Use the airpressure/hair drier and tools (brush, hand, ruler, wet cloths)
accordingly.
iii. Close the chipper, making sure that the appropriately sized mesh
(20mm for most stems) is in place, and secure the valve.
iv. Make sure the collection tray is clean and below the chipper and
that the plastic funnel is connected properly to the chipper.
v. Start the blades on the chipper (green button).
vi. Put an appropriate amount of biomass standing up over one side of
the chipper chute.
vii. Push the sample down with the wooden tool and make sure that the
tool stays down while the samples are being chipped.
viii. Take the prodding tool with the plastic side upwards and use to
poke at the mesh of the chipper to avoid blockages. Make sure that
the prodding takes place at different locations and angles to ensure
there are no blocked areas.
ix. Repeat for all the sample. If necessary occasionally spread out the
sample on the collection tray so that it is even. If any excessively
large pieces come through these can be put through the chipper
again. If you find that the tray is becoming full it may be necessary
to transfer the material to the bench to allow further chipping.
x. Once chipping is complete stop the rotor and open the chipper.

6.

7.

8.

9.

xi. Remove any sample that remains in the chamber, attempting to
transfer to the collection tray if possible. Remove the mesh and
clean with hands.
xii. Transfer all of the chipped sample to the bench.
b. FOR LEAVES/SHEATHS etc – SHREDDING:
i. Take a box or container and place below the shredder, ensuring
that there is no gap through which sample could be lost.
ii. Turn on the shredder and put the sample through the shredder.
iii. Empty the contents of the box onto the bench for further analysis.
iv. If the material is still not in a suitable state for NIR scanning then it
can be put through the chipper with the 6mm mesh (see (a) above).
If the total weight of the sample is important:
a. If the sample is still in the sample bag and the sample bag (with sample)
weighs less than 600g:
i. Weigh the bag on the scales and record the scales used.
ii. Empty the contents of the bag onto the wooden platform.
iii. Weigh the bag.
b. If the sample is already on the bench (i.e. if it has been chipped) or the
sample bag (with sample) weighs more than 600g:
i. Empty the contents of the bag onto one side of the wooden
platform.
ii. Take the weighing boat (making sure it is clean) and then put on
the scales (replacing the lid for the cardboard box). Press TARE
iii. Take the weighing boat and fill with the sample from the collection
tray. Put on the scales and put the lid on. Record the weight on the
sheet.
iv. Transfer the sample from the weighing boat to the other side of the
weighing platform (i.e. it should be separate from the unweighed
material).
v. Repeat steps ii-iv for the material that has not yet been weighed.
If the total weight of the sample is NOT important (e.g. PEAT) – Making sure
that the wooden platform/bench in the centre of the lab is clean, empty the
contents of the sample bag(s) on to this platform.
Mix the sample on the wooden platform thoroughly (1 minute). You will then
need to decide if this sample is to be subdivided. How the sample is then
subdivided will depend on how much sample is available and if you want to keep
some WU for future analysis:
a. First Priority - You will need to take enough material to spread evenly
(and thinly) across at least one (and preferably about 3) “Party” trays (for
drying), for the wet unground (WU) NIR analysis and subsequent drying
and wet chemical analysis. i.e. we would like to have at least 200g for WU
analysis and drying.
b. Second Priority – The rest (if any) can be stored, if desired, by putting in
sealable bags which then go in the freezer.
NIR ANALYSIS OF WET-UNGROUND MATERIAL - Take the part that has
been reserved for the wet unground (WU) analysis.

a. Mix this thoroughly on the bench and spread thinly across the bench.
b. Put a representative sample of this into the large NIR sample cell (make
sure the cell is clean and dry and that the cell for “wet” biomass is used)
and fill the cell and put the lid on.
c. Put the cell in the XDS (without touching the transport), making sure it is
in correctly. Press “Scan”. Save this scan in the appropriate product group.
For the Sample Number box put the NIRNUMBER-WU-1 (or 2 or 3
depending on the number of the scan) e.g 22-WU-1. In the comments box
put the UNIVERSALCODE. Also put any other things that were on the
card in the sample bag (e.g. date and original code) or any other comments
that are in the ISI SCAN CODES 3 file. Also make a note of the
number/letter of the NIR cell that is used. Then take the sample out of the
cell and put back with the rest of the sample.
d. Steps a-c should be repeated for scan WU-2 and WU-3. Each time take
the sample out of the cell and mix with the rest of the sample reserved
for Wet Unground analysis and then the cell should be filled again.
e. Clean the NIR cell afterwards with a tissue if it is wet and make sure it is
dry.
10. Moisture Content Determination – MUST BE DONE IMMEDIATELY AFTER
NIR ANALYSIS OF WU:
a. Take one of the large numbered crucibles out of the dessicator.
b. Weigh it to the nearest 0.1mg, record the scales that were used.
c. Put in a subsample of the WU-NIR-analysis subset (that which was just
used for NIR scanning) and fill the crucible (but do not have any material
over the edges) and weigh to the nearest 0.1mg in the same scales.
d. Place crucible in the oven and dry at 105C overnight.
e. Repeat a-d for a second large crucible.
11. Air-drying of remainder of sample:
a. Take a numbered tray, record the number of the tray according to the
sample. Weigh the tray.
b. Add the remaining material from the WU-NIR subset (unground biomass)
to it, make sure that the biomass is not deeper than 1 cm. Weigh the tray.
c. If there is too much material then repeat steps (a)-(b) for more trays.
d. Put the trays on a bench and allow to dry.
e. Record the time and date it was put in.
f. Each day record the weight of the trays and move the sample around so
that it will dry properly (i.e. turn it over).
g. The drying is complete when the weight does not change significantly
between days.
DAY 2 – MOISTURE CONTENT OF SAMPLES
1. Take the large crucibles (for the moisture content of the wet unground material)
out of the oven and put in a dessicator. About 20 minutes later weigh these
crucibles to the nearest 0.1mg.

DAY “Y” (when the weight of the trays stops falling) - NIR ANALYSIS AND
SIEVING OF DRIED SAMPLES:
1. These steps will occur when the weight of the trays with the samples on does not
change significantly between 2 days. From now on the procedure is identical to a
DU-DS procedure.
2. Take all of the trays for one sample and empty the contents onto a bench. Mix the
sample on the bench thoroughly.
3. NIR Scanning:
a. Take a representative sample from the bench and put in the NIR cell.
Make sure that the cell is clean and (very important) dry and that the NIR
cell that is for “dry” biomass is used.
b. Scan the sample
c. Consult the Data Recording Sheet and ISI-CODES 3 document for
the appropriate NIR-NUMBER for the sample. For the Sample
Number box put the NIRNUMBER-DU-1 (or 2 or 3 depending on the
number of the scan) e.g 22-DU-1. In the comments box put the
SAMPLENUMBER-DU-1(or 2 or 3 depending on the number of the
scan). Also put any other things that were on the card in the sample bag
(e.g. date, original code), and things that may be in the comments column
for the sample on the ISI SCAN CODES 3 file, also note the latter/number
of the NIR cell that is used. Then take the sample out of the cell.
d. Steps a-c should be done three times (3 scans) with the sample being
taken out of the cell each time and mixed with the rest of the dry
unground material. Clean the NIR cell afterwards with the brush and air
gun.
4. PARTICLE SIZE REDUCTION:
a. The next steps are necessary to reduce the particle size of the sample down
from the DU state to the DG state (less than 850 υm). The DG state
comprises the DS fraction (the fraction used for wet chemical analysis and
has a particle size 180υm < x < 850υm) and the DF fraction (which has a
particle size < 180υm). IT IS VERY IMPORTANT THAT THE
PROPORTION OF THE DS FRACTION IS MAXIMISED.
THEREFORE THE EXACT METHODS OF PARTICLE SIZE
REDUCTION WILL VARY ACCORDING TO THE SAMPLE OF
INTEREST.
b. There are several options for reducing particle size:
• Using the chipper (with different mesh sizes)
• Using the mill.
• Using a mortar and pestle.
• Other options…..
c. This is a general summary of the steps involved for particle size reduction:
i. Sieve the sample (see below for sieving instructions).
ii. Remove the DG fractions (DS and DF).

iii. Take the DB fraction ( x > 850υm) and cut it somehow (e.g.
chipper, mill, etc.)
iv. Repeat steps (i) to (iii) until there is no DB left. It may be useful to
record the weight of DB, DS and DF material for each iteration of
these steps.
5. Scanning the dry ground (DG) material:
a. At this stage all of the original DU should be in a DG state. Empty all of
the DG sample onto the bench and mix thoroughly. If it is separate as DS
and DF fractions (after sieving) these need to be mixed together to give
the DG fraction.
b. Transfer the dry ground material to the sample cell (you should be wearing
plastic gloves for this so not to give moisture to the sample). The cell
should be dry and clean and the cell that is designated for “dry” samples
should be used.
c. Scan the sample.
d. Consult the Data Recording Sheet and ISI-CODES document for the
appropriate NIRNUMBER for the sample. For the Sample Number box
put the NIRNUMBER-DG-1 (or 2 depending on the number of the scan)
e.g 22-DG-1. In the comments box put the UNIVERSALCODE. Also put
any other things that were on the card in the sample bag (e.g. date, original
code) and anything that is in the comments section for the sample on ISI
SCAN CODES 3 file, also make a comment of the number/letter of the
NIR cell that is used. Then take the sample out of the cell.
e. Steps b-d should be done two times (2 scans) with the sample being
taken out of the cell each time and mixed with the rest of the dry
ground material before transferring sample to the cell again.
f. Once finished transfer the material from the cell back to the tray. Clean the
NIR cell afterwards with the brush and air gun.
6. Sieving:
a. Find a “sieve-set” (top (850υm), middle (180υm) and bottom (bottom
pan) that is dry, clean and where the mesh is not blocked with particles.
b. Put some of the DG on the “top” sieve but do not put too deep a layer of
DG here. If there is too much material then more than one sieve set can be
used or it will be necessary to sieve parts of the sample in sequence until
all the sample is sieved.
c. Put the sieve set(s) on the AS 200 digit and start the shaker on a 20minute
run.
d. Once the run has completed. Take a tray, weigh it and make a note of the
weight and empty all of the DS fraction from the middle sieve(s) onto this.
Do the same for the DF fraction (in the bottom pans). Then weigh the DS
and DF trays so that we will know the proportion of DS and DF fractions.
e. Then transfer the DS fraction to a container. Label this container
UNIVERSALCODE-DS and NIRNUMBER-DS.
f. Then transfer the DF fraction to a container. Label this container
UNIVERSALCODE-DF and NIRNUMBER-DF.

g. These fractions can then be stored for future wet chemical analysis.
7. Scanning the dry sieved (DS) material:
a. Empty the DS sample onto the bench and mix thoroughly.
b. Transfer the material to the sample cell (you should be wearing plastic
gloves for this so not to give moisture to the sample). The cell should be
dry and clean and the cell that is designated for “dry” samples should be
used.
c. Scan the sample.
d. Consult the Data Recording Sheet and ISI-CODES document for the
appropriate NIRNUMBER for the sample. For the Sample Number box
put the NIRNUMBER-DS-1 (or 2 depending on the number of the scan)
e.g 22-DS-1. In the comments box put the UNIVERSALCODE. Also put
any other things that were on the card in the sample bag (e.g. date, original
code) and anything that is in the comments section for the sample on ISI
SCAN CODES 3 file, also make a comment of the number/letter of the
NIR cell that is used. Then take the sample out of the cell.
e. Steps b-d should be done two times (2 scans) with the sample being
taken out of the cell each time and mixed with the rest of the dry
ground material before transferring sample to the cell again.
f. Once finished transfer the material from the cell back to the storage
container.

Instructions for using the mill:
1. Make sure that the mill is clean, use the air gun and/or wet tissues for this. If tissues
are used make sure that the mill is dry before it is used to cut the sample.
2. Take a brown collection bottle and make sure it is clean. Put this in place below the
mill
3. Put the dry unground sample through the mill. Be careful not to put too much in at
any time or the mill will overload
4. If there is too much dry unground material to fit in one collection bottle then use
another (clean) one or empty the contents of the bottle onto a tray and then put the
bottle back under the mill.

Dry Sieved Samples through Extraction
DS
E Rev: 0.92 (1-2-10)
This procedure is for dry sieved samples that will be put through the ASE. “X”
samples will be processed (in duplicate) in this batch.
Equipment Needed:
•
•
•
•
•

Analytical balance, accurate to 0.1 mg
Medium to large capacity oven set to 105 + 5 °C for glassware drying
Oven set to 40 + 2 °C
Apparatus for automatic extraction
o Dionex Accelerated Solvent Extractor, model 200 and extraction cells, 11ml
Evaporator, either apparatus listed or equivalent device suitable for evaporating water
and ethanol
o Rotary evaporator with trap and water bath set to 40 + 5 °C
o Or Turbovap II

Chemicals and Materials Needed:
•
•
•

Deionised water.
Ethyl alcohol, capable of making 95% ethanol from.
Porcelain crucibles.

DAY BEFORE:
1. Take 2X small empty crucibles and put them in the oven overnight at 105C (MC
of dried).
2. Have 2X clean ASE cells (11ml) ready. This means that they should be assembled
but missing the filters.
3. Have 2X ASE collection vials clean and in the oven at 105C.
4. Get 2X clean petridishes for air drying the extracted material. These can be put in
the oven (provided that they are not plastic and do not melt) but they should be
put out in the open after thirty minutes in the dessicator so they can equilibrate
with the room temperature before weighing.
DAY 1 (Extractives Removal):
1. Weighing Collection Vials:
a. Take the 2X collection vials from the oven (105C) and put in a dessicator.

2.
3.
4.

5.

6.

7.

8.

b. 20 minutes later, take a collection vial from the dessicator and then close
the dessicator lid again. Weigh the vial to the nearest 0.1mg. Repeat for
another collection vial. These collection vials should be numbered and the
numbers should match with the identity of the DS sample (and ASE cell)
they will collect the extract from and the position they will be on the ASE
carousel.
c. Repeat for the other collection vials for the other samples. Only take these
vials out of the dessicator when they are ready to be weighed. Never leave
unweighed glassware or samples outside of the dessicator.
Take a DS bottle.
Pour the sample from the bottle into a clean and dry “mixing box” and close the
box. Shake it vigorously to mix the contents thoroughly.
NIR Scanning:
a. Take the circular NIR cell and put some of the DS material in it. Carefully
position it over the detector. Scan the cell.
b. Save with the code NIRCODE-BATCHNUMBER in the product group
“DS-E” if moisture content determination is to be carried out or in the
product group “DS-E NO DISHES” if moisture content determination
is not to be carried out (in the case of limited sample quantity).
Moisture Content Determination (if there is sufficient DS material):
a. Take a small crucible from the dessicator (should have been put there from
the oven about 20 minutes ago). Weigh it to the nearest 0.1mg and record
the scales that were used to weigh the crucible.
b. Add roughly 0.5g of the DS biomass (less if there is a small amount of
DS) and weigh to the nearest 0.1mg.
c. Put in the oven and dry at 105C overnight or for at least 6 hours.
d. Repeat (a)-(c) for another small crucible.
Take a numbered (assembled) clean DIONEX ASE cell. Record the number of
the cell. Place two appropriately sized glass filters in the bottom of the cell, tamping
down one at a time. Put the cell on a weighing scales (record which weighing scales
is being used), making sure that the lid is not on the cell, and then press TARE
a. Fill the cell with the sample by pushing it in with the tamping rod (not too
tightly). Make sure that there is no sample on the outside, and then weigh
the cell again (to the nearest 0.1mg).
b. Then screw the top of the cell on tightly. Make sure that there is no sample on
the threads of the lids or cell.
c. REPEAT (a) to (c) FOR ANOTHER CELL for the same sample.
d. Put the remainder of the sample (not used for extractive removal and
moisture content determination) back in the DS sample-bottle and store it.
e. Keep the ASE cells on one side until ready to bring them to the ASE.
Make sure that the bottom (the part with the glass filters) is always at the
bottom.
Put the two cells in the ASE (positions 1 and 2), ensuring that the end with the
filters is on the bottom, record the position on the ASE carousel that the cell was
placed.
Make sure that there is enough ethanol in the ASE reservoir. NOTE THAT THE
ETHANOL NEEDS TO BE 95% (v). THE ETHANOL WE HAVE IS 99.5%

AND SO WILL NEED TO BE DILUTED TO 95% WITH DEIONISED
WATER.
9. Turn on the pressurized air and the Nitrogen so that gases are being supplied to the
ASE.
10. Make sure that there are empty collection vials in positions 1 to 2X and in R1, R2
and R3. The numbers and positions of each collection vial should be included on
the data recording sheet so that they can match with the ASE cell being processed.
11. On the ASE, check that everything is working properly by doing a “RINSE” then
click “Run Schedule”, select Schedule 1 and press Enter.
12. Repeat steps 2-6 for the remaining DS samples. Put the cells in positions
6,7,8,9,10,11,12,13,14,15 in that order. Make sure that the numbers, positions and
dry weights of the collection vials for each ASE cell are known.
13. When the run is complete, check that all of the cells have been extracted by going
to the Error Log Diagnostic screen on the ASE.
14. If some cells did not get fully processed assess why (if it was vapour threshold
exceeded error then it is likely that the cell was not packed correctly and leaked).
Then set up a new schedule to just process these cells.
15. Once all cells have been extracted, allow the cells to cool (approx 10 minutes) and
then prepare to remove the material.
16. Take 2X numbered petri-dishes:
a. Record the number of each petri-dish in the appropriate column for the
ASE cell.
b. Weigh each large petri-dish to the nearest 0.1mg. Note that if the dish is
too wide for the scales then use a support that is thinner, then Tare
the scales and then weigh the petri-dish.
c. Take all of the sample from an ASE cell and put in the petri-dish. Make
sure not to leave any sample in the ASE cell. At this point the glass fliters
can be left in the petri-dish.
d. Clean the ASE cells. Leave the samples in the petri-dishes to dry (in the
lab not in the oven) for 2 days.
17. Take the collection vials and place in the Turbovap, turn on the system and the air
line and turn on the rows when the vials are present then turn on the system. Run
it until there is no solvent left in the vials. Once this occurs the vials can be put in
an oven set at 40C (note this whole step can be done the next day if necessary).

DAY 2 – Petri-Dish Drying
1. After 1 day scrape off any biomass from the glass filters onto the petri-dishes,
making sure not to transfer any of the filter paper to the petridish.
2. Move about the sample on the petridish with a spatchela to expose wet areas so
that they may dry.
3. Take the 2X small crucibles (for the moisture content of the dry sieved material)
out of the oven. Find the appropriate column for each numbered crucible.
4. When it is 20 minutes after, take a small crucible (for the moisture content of the
dry ground material) out of the dessicator then close the dessicator again. Weigh
the crucible to the nearest 0.1mg. These crucibles can then be used for
determining the ash content of the sample if necessary.

5. Repeat step 4 for the remaining crucibles.
6. If the moisture content of the petri-dish samples is to be determined: Put 4X
small crucibles in the oven at 105C.
7. If step 17 was not carried out yesterday do it today. If Step 17 was carried out
yesterday then take the 2X collection vials and put in a dessicator. After 20
minutes take one collection vial out of the dessicator and then close the dessicator
lid. Weigh this collection vial to the nearest 0.1mg. Repeat for the other collection
vials. Then put the collection vials back in the oven at 40C.

DAY 3 – MC Determination
1. If the moisture content of the petri-dish samples is to be determined: Take 4X
small crucibles from the oven and put in a dessicator.
2. Weigh a petri-dish. Empty the contents into a “MIXING BOX” and close the box
and shake. Fill a circular NIR cell with the sample. Carefully position it over the
detector. Scan the cell. IF YOU ARE DOING MOISTURE CONTENT
DETERMINATION OF THE PETRIDISH SAMPLE: Save with the code
NIRCODE-BATCHNUMBER-PETRIDISHNUMBER in the product group “DSE DISHES”. IF YOU ARE NOT DOING MOISTURE CONTENT
DETERMINATION OF THE PETRIDISH SAMPLE: Save with the code
NIRCODE-BATCHNUMBER-PETRIDISHNUMBER in the product group “DSE DISHES NO CRUCIBLES”.
3. IF YOU ARE DOING MOISTURE CONTENT DETERMINATION OF
THE PETRIDISH SAMPLE: (20 minutes after 1) weigh a small crucible then
add approximately 0.2g (not much more) of the extracted biomass to it. Weigh
the exact amount that was added. Put the small crucible on a tray to put in the
oven at 105C. Repeat for another small crucible with the biomass from the
MIXING BOX.
4. Put the rest of the extracted biomass in a red-test tube and label that test tube
UNIVERSALCODE-“E”-BACTHNUMBER.
5. Take the other Petri-dish for that sample. Repeat steps 2-3 for that sample with a
clean mixing box. Then add the remaining sample to the test tube from before.
6. Repeat 1-5 for the other samples, each sample (2 duplicates) should have its
own test-tube.
7. IF YOU ARE DOING MOISTURE CONTENT DETERMINATION OF
THE PETRIDISH SAMPLE: Put the small crucibles in the oven at 105C.
8. The collection vials should be weighed according to step 7 of Day 2. The data
should be recorded in the appropriate cell depending on whether the vials have
been in the oven for one or two days. If they have been in the oven for 2 days
after weighing they can be washed until clean (it may be necessary to use NaOH)
and then put in the oven at 105C.
DAY 4 – Weighing Dried Extracted Samples

1. IF YOU ARE DOING MOISTURE CONTENT DETERMINATION OF
THE PETRIDISH SAMPLE: Take 2X of the 4X small crucibles (used to
determine the moisture content of the extracted samples) out of the oven and 20
minutes later weigh these crucibles.
2. Repeat step 1 for the remaining crucibles in the oven.
3. The collection vials should be weighed according to Step 7 of Day 2. The data
should be recorded in the appropriate cell depending on whether the vials have
been in the oven for one or two days. If they have been in the oven for 2 days
after weighing they can be washed until clean (it may be necessary to use NaOH)
and then put in the oven at 105C. This step is not necessary if the collection vials
have been cleaned the previous day.

Dry Extracted Samples Through Hydrolysis
E
H Rev: 1.00 (1-2-10)
This procedure is for dry sieved samples that have already been extracted and are
ready for the acid hydrolysis stage.
FIRST DECIDE ON THE NUMBER OF SAMPLES (REFERRED TO HERE AS
“X”) THAT WILL BE ANALYSED.
Equipment Needed:
•
•
•
•
•
•
•
•
•

An autoclave capable of reaching 121C and staying there for 1 hour.
Analytical balance, accurate to 0.1 mg and weighing scale up to 300g
Convection drying oven, with temperature control of 105 ± 3oC
Water bath, set at 30 + 3 °C
Filtration setup, equipped with a vacuum source and vacuum adaptors for crucibles
Desiccator containing desiccant
Chromatogrpahy system (HPLC or IC)
UV-Visible spectrophotometer, diode array or single wavelength, with high purity
quartz cuvettes of pathlength 1 cm
A deionised water maker.

Chemicals and Materials Needed:
•
•
•
•
•
•
•
•
•

Sulfuric acid, 72% w/w (specific gravity 1.6338 at 20oC)
Sugar standards : L(-) Fucose, D(+)glucose, D(+)xylose, D(+)galactose,
L(+)arabinose, and D(+)mannose
12 Pressure tubes, minimum 90 mL capacity, glass, with screw on Teflon caps and oring seals (Ace glass # 8648-30 tube with #5845-47 plug, or equivalent)
9 Stir rods sized to fit in pressure tubes and approximately 5 cm longer than pressure
tubes.
9 Filtration flasks, 250 mL
10 porcelain crucibles
10 Filtering crucibles, 25 mL, porcelain, medium porosity, e.g. Coors #60531
Disposable syringes, 3 mL, fitted with polypropylene syringe filters
Autosampler vials with crimp top seals to fit

DAY BEFORE:
1. Take 2X small empty crucibles and put them in the oven overnight at 105C (MC
of dried).
2. 2X clean and labeled filter crucibles should be put in the oven at 105C.
3. 2X Buchner flash adapters should be cleaned with deionised water.

4. 2X Buchner flasks should be cleaned thoroughly, first with NaOH then
thoroughly cleaned, to ensure that no NaOH is left, with water and then deionised
water. These should then be put in the oven at 105C.also be ready for tomorrow.
5. At least (2X+3) pressure tubes (Ace Glass) (a few extra should be washed incase,
on inspection the next day, some are not clean) should be cleaned thoroughly, first
with NaOH then thoroughly cleaned, to ensure that no NaOH is left, with water
and then deionised water. These should then be put in the oven at 105C.
6. The tops to the pressure tubes should also be cleaned with deionised water.
7. 2X glass rods should be clean and dry today for their use tomorrow.
8. Make sure that we have the appropriate SRS’s sugar solutions ready in the freezer
for tomorrow. IT IS IMPROTANT THAT THE APPROPRIATE SUG
SOLUTION IS USED FOR THE SAMPLE TYPES BEING ANALYSED, i.e.
the SUG should have similar concentrations to that of the samples.
9. Make sure that a clean circular NIR cell is ready for tomorrow if access to the
NIR is possible.
10. Get the samples (X) for tomorrow and put them by the analytical balance. The
samples will be in red test tubes and should be labeled UNIVERSALCODE-EBATCH NUMBER.
11. Get X of the “shaking boxes” and make sure they are clean. Put them by the
balance.
12. Get X clean weighing boats and put by the balance.
13. The pressure tube holder and funnel need to be clean and by the balance.
14. Make sure that there is enough 72% acid in the automatic titrator reservoir for the
hydrolysis next day. If there is not add more to the reservoir and “prime”
according to the instruction booklet. Check that the density of the acid is correct –
3.00ml of 72% H2SO4 should equal 4.92g. If it does not there is either an error
with the titrator and it needs to be sorted or the density of the acid itself is wrong
in which case a new bottle needs to be used/ordered. If you do not have an
automatic titrator then a transfer pipette can be used.
DAY 1 – ACID HYDROLYSIS
1. Take 2X small (empty) crucibles from the oven and place in the dessicator. These
will be the crucibles used for determining the moisture content of the samples. It
is important that they are left to cool for approx 20 minutes in the dessicator
before weighing.
2. Take 3 SUG test tubes (accurately weighed sugar standard solutions) from the
freezer (these should already have been pre-weihed) and allow to defrost (but
make sure they are standing up and not lying plat). IT IS IMPROTANT THAT
THE APPROPRIATE SRS IS USED FOR THE SAMPLE TYPES BEING
ANALYSED, i.e. the SRS should have similar concentrations to that of the
samples.
3. Check the water level in the waterbath. There must be enough water in the
water bath so that the water level is above that of the acid in the pressure tubes.
4. Set the water bath at 30C and check that this is the actual temperature by using a
thermometer. It is crucial that a constant 30C is maintained.

5. Take a new data recording sheet (EH) and fill in the samples data (universal
code, nir code, old code, date sampled etc.). Also fill these data in the Batch
Database Description file.
6. Make sure that a very clean sample bottle (500ml) is ready for filling with
deionised water at a later point.
7. Make sure that the deionised water “squeezy bottle” is clean and ready for use
after the primary hydrolysis.
8. Hydrolysis of Sample 1 (should take approx. 10 minutes for two pressure tubes):
a. Take the red test tube containing the extracted material and empty the
contents into the “shaking box”.
b. Shake the box for 2-3 seconds.
c. Take the clean NIR circular (non-moving) cell and, using the weighing
boat, fill the cell with the sample.
d. Carefully place the cell over the correct scanning position in the NIR and
then close the lid.
e. Press scan.
f. While this is scanning you can take a small crucible from the dessicator
and record its number and weight (accuracy 0.1mg).
g. Add approximately 300mg of the sample to this crucible and record the
weight again (accuracy 0.1mg).
h. Repeat f-g for the other small crucible.
i. NOTE FOR SAMPLES WHERE WE HAVE VERY LITTLE
MATERIAL WE WILL NOT DO THE MOISTURE CONTENT
WITH CRUCIBLES BUT WILL INSTEAD ONLY DO THE NIR
SCAN.
j. The NIR scan will now have completed. Save the spectra in product group
(E-H) with the filename being NIRCODE-BATCHNUMBER.
k. Put the sample that was in the NIR cell back in the mixing box.
l. Take one of the pressure tubes and record the number.
m. Take the pressure tube holder (the drinks bottle) and insert the pressure
tube into this so that it stands up vertical and straight. Put this in the centre
of the weighing scales (from the top, so the top lid will need to be closed)
and pull the cardboard box over the scales. Wait for weight to be steady
then press TARE.
n. Take the funnel and place it in the pressure tube ensuring that it points
straight down to the centre base of the pressure tube and that you do not
move the pressure tube and bottle when this funnel is inserted.
o. Make a mental note of the weight shown on the scales. This is the weight
of the funnel. The target will be that we will add approx 300mg (+ or – 10
mg) of sample to by using the weighing boat. It is important that the
sample gets to the bottom of the pressure tube and does not get stuck
on the sides. If it does get stuck on the sides then you will need to push it
down to the bottom with the glass rod.
p. Once this level (300mg) is achieved carefully remove the funnel without
shaking the pressure tube and bottle. Note that the cardboard box shield
should still be over the scales.

q. Wait for the weight on the weighing scales to steady and then record this
weight to the nearest 0.1 mg.
r. Push the cardboard box shield back in order for the titrator to be inserted.
Take the automatic titrator and lower it down so that its nozzle points to
the bottom centre of the pressure tube but ensure that the pressure tube or
bottle are not touched by the nozzle or its supports.
s. Press Tare.
t. Add 3.00 ml (4.92 g) of sulphuric acid to the pressure tube (with the
automatic pipette) making sure that the acid only touches the bottom of the
tube. Record the volume dispensed (from the reading on the titrator) and
the weight on the scales (to the nearest 0.1mg). If you do not have an
automatic titrator then a transfer pipette can be used.
u. Then take the pressure tube and bottle support out of the scales. Slowly (so
that there is not a jerk at the end) take the pressure tube out of the bottle
support. Always keep the pressure tube vertical and ensure that the
sample and acid do not go up the sides.
v. Take a clean glass rode and mix the acid and sample for about 30 seconds.
It is crucial that the sample is mixed with the acid and that both stay at the
base of the pressure tube and do not go up the sides.
w. Then put the pressure tube (with rod) in the water bath.
x. Record the time when this is done. Also record this time in the “Acid
Stirring Column”.
y. Repeat steps (l)-(x) for a second pressure tube using the same sample from
the shaking box.
z. Take the red test tube and place it inside the shaking box so that (at a later
point) the remaining material can be transferred back into the test tube.
9. Repeat Step 8 for the remaining (X-1) samples.
a. IMPORTANT – The acid and samples in the pressure tubes in the bath
need to be mixed at regular intervals. This must be done very carefully, do
not take the pressure tube out of the bath when you do it. Use careful
circular motions at the base of the pressure tube with the glass rod to stir.
This is done to ensure that the sample and acid do not go up the side of the
pressure tube. If some does go up the side attempt to push it back down
again by using the glass rod. Because the way the water in the water bath
distorts the vision it is only possible to see one side of the pressure tube at
a time. Hence, after stirring for a few seconds (and ensuring no material is
on the sides) rotate the pressure tube 180 degrees and repeat (this will
allow you to inspect the other side of the pressure tube). There is an ACID
STIRRING TABLE on page 2 of the Data Recording Sheet. On this
record the time the first test tube is put in the bath and then record a note
of the time at every session when the existing pressure tubes in the bath
are stirred. The way I used to do it was to stir all tubes in the bath after
every 2 pressure tubes have been added or taken away. However this only
works if the tubes are added/withdrawn at a similar rate. In effect, the
tubes should be stirred about every 10 minutes they are in the bath, so
at least 5 times per tube.

10. Just before you are ready to take the first pressure tube out of the water bath go
and fill the deionised water bottle (500ml) with deionsed water and then transfer
some to the empty and clean deionised “squeezy” bottle.
11. It should now be 1 hour since the first pressure tube was put in the water bath.
When it is exactly one hour, take the tube out of the water bath and put on the
600g scales (using the tube holder as support). Record the time when this was
done.
12. Lift the stirring rod up (but not out of) the pressure tube so that it is not adding to
the weight, try and get all of the acid and biomass off the rod by rubbing it against
the inside of the glass pressure tube. Tare the weight when a steady value is
reached. Then use the squeezy bottle to spray the deionsied water around the
edges of the rod to remove all of the sample and acid from the rod. Then take the
rod from the tube and put to the side. Then add more mixing water until 84.00g (+
or – 0.04 g) is added. Record the exact weight of the water added. Then put the
top tightly on the pressure tube and invert several times to mix the water and acid.
Then put the pressure tube in the autoclave rack.
13. Repeat 11-12 for the other pressure tubes when their hour is up. Remember to
keep stirring the pressure tubes in the water bath at regular intervals while doing
this.
14. SRS Standards:
a. Before adding acid to the SRS test tubes ensure that the micro-pipette is
functioning properly by calibrating the right volume.
i. We need to dispense 348 υl of 72% sulphuric acid, which is
equivalent to 0.571g of acid. Take a red test tube and, using the
automatic titrator, dispense some of the 72% sulphuric acid into this
test tube. This will be used for obtaining the acid to add to the SRSs.
ii. Take a new test tube, place on the scale and tare the weight. Find the
right setting on the micro-pipette so that 0.571g (or close to) is
consistently dispensed (do a few times to check with the same test
tube, taring each time, for consistency).
b. Then take a defrosted SRS test tube and slowly open the top making sure that
no liquid is in the top or lost. Place the SRS test tube in a holder so that it is
pointing straight up in the scales and tare the weight. Add 348 υl of 72%
sulphuric acid by using the micro-pipette ensuring that the test-tube is not
moved. Record the weight of the acid added. Then put the lid back on the test
tube and shake about, invert and Vortex the mixture and then transfer to a
pressure tube. Make a note of the number of the pressure tube and the amount
of SRS solution in the test tube (from the SRS label) and the amount of acid
added. This will correspond to SRS-1.
c. Repeat (b) for another test-tube/pressure-tube and SRS-2. Add the pressure
tubes to the autoclave rack.
15. Autoclaving:
a. Check the water level of the autoclave, it should be just below the bolts.
b. Put the autoclave rack in.
c. Put the top on the autoclave and close the bolts – do opposite bolts at the
same time but not too tightly. Once all bolts have been closed, go back and
tighten (with two hands) each pair of bolts.

d. MAKE SURE THAT THE PRESSURE RELEASE VALVE IS
CLOSED!!!#
e. MAKE SURE AGAIN!!!!!!
f. Turn on the autoclave and press “Variable Cycle”, make sure the settings
are at 60 minutes and 121C.
g. Press “Start”.
16. It is now likely to be lunch time!!!
17. While the pressure tubes are in the autoclave:
a. Make sure to have 2X dry, cool and clean filter Buchner flasks and
crucible holders.
b. Also take 2X filter crucibles out of the oven (105C) and put in a dessicator
and approx 20 minutes later record the weight of the filter crucibles in the
appropriate box (weigh to 0.1mg), make sure to record which scales
were used. These filter crucibles are now ready for the filtration stage of
the hydrolysis. REMEMBER TO MATCH THE APPROPRIATE
PRESSURE TUBE WITH THE APPROPRIATE FILTER CRUCIBLE.
c. Make sure 2X clean and dry Buchner flask adaptors (the cut black ones)
are ready.
d. Make sure the surface used for the filtration is clean.
e. Prepare test tubes for putting the hydrolysis samples in. The coding system
used is BATCHNUMBER-UNIVERSALCODE-HPRESSURETUBENUMBER. Also record the date on the label. For the
SRS tubes the coding system is BATCHNUMBER-DATE-SRS(1or2)PRESSURETTUBENUMBER.
18. When the autoclave has finished remove the rack and allow the hydrolyzates to
slowly cool to room temperature before opening the lids.
19. Just before doing the filtration take the appropriate numbered filter crucibles for
the pressure tubes and place them in buchner flasks (securing it with the Buchner
flask adaptors) and attach the suction device. Put the pressure tube in a flower pot
that is directly infront of the Buchner flask (with appropriate filter crucible).
20. Turn on the pumps.
21. Filtration of hydrolysate:
a. Take a pressure tube and invert it and shake it vigorously. Pour the
contents onto the appropriate filter crucible making sure not to overfill the
filter crucible.
b. Repeat for the other pressure tubes and their corresponding filter crucibles.
c. The filtration step is made much quicker if the solids are brought into
suspension by carefully vortexing (with your hand) the pressure tube prior
to pouring the solution into the filter crucible.
d. If any solids or liquids are spilt from the filter crucible or pressure tube
make a note of this.
e. When all of the hydrolysate has been removed from the pressure tube and
has passed through the filter crucible turn off the pump and carefully
remove the filter crucible and Buchner flask adaptor from the Buchner
flask. Then shake the Buchner flask with your hand. Transfer some of the
hydrolysate to the appropriate test-tube for that pressure tube. The test
tube should have the following label: BATCHNUMBER-

UNIVERSALCODE-H-PRESSURETUBENUMBER. The tube should be
filled to approx 85% capacity. It should be then put to the side to use for
UV-Vis analysis later.
f. Then put the Buchner flask adaptor and filter crucible back on the Buchner
flask and turn on the pump again.
g. Repeat e-f until all the hydrolysates have been put in test tubes.
22. Transfer of remaining acid insoluble residue:
a. Using deionised water transfer the remaining solid residue from the
pressure tubes to the appropriate filter crucibles.
b. The best way to do this is to use the squeezy bottle to dislodge all of the
material from the sides of the tube so that they fall to the bottom. Then, by
producing a vortex as before, get the solids in suspension and pour them
into the filter crucible. There will be some solids still stuck on the sides
but these should be in a straight line (representing the path of the the water
to the filter crucible).
c. If the pressure tube is kept at an angle of about 50% with the top pointing
into the filter crucible and the “solids line” at the lowest point of the tube
(i.e. on the path that water flowing down the tube would follow), a
squeezy bottle that is full of deionised water should, if squeezed strongly
and angled correctly, produce a stream that goes to the back of the
pressure tube and then runs down so dislodging the stuck biomass and
running it into the filter crucible.
d. Ensure all the sample is transferred to the filter crucible.
e. Repeat for all pressure tubes and their appropriate filter crucibles and then
turn off the pumps.
23. When 22 is complete put the filter crucibles on a tray and put it in the 105C oven
to dry them overnight.
24. ACID SOLUBLE LIGNIN:
a. Firstly the UV-Vis device needs to be turned on at least an hour before it
is to be used.
b. A blank will need to be prepared. This will be a solution of 4% sulphuric
acid in deionised water. This blank can also be used to dilute the
hydrolysates if necessary. Take 200ml of deionsed water and add 11.714g
of 72% sulphuric acid. Mix thoroughly.
c. On the spectrophotometer, fill the sample cell with the blank and run this as a
background/blank. The sample cell is cleaned by using the pipette to suck out
the sample that is in the cell.
d. Using the hydrolysis liquor aliquot obtained earlier measure the absorbance
of the sample at an appropriate wavelength on a UV-Visible
spectrophotometer.
e. Dilute the sample as necessary, using the blank, to bring the absorbance into
the range of 0.7 – 1.0, recording the mls of hydrolysate and mls of blank
factor.
f. Record the absorbance to three decimal places. Reproducibility should be +
0.05 absorbance units.
g. Analyze each sample (i.e. each test tube) in duplicate, at minimum. (This
step must be done within six hours of hydrolysis.)

h. Repeat d-g for all test tubes.
25. PUTTING TEST TUBES IN THE FREEZER:
a. Unless the hydrolysates are to be diluted on the same day (in which case
refer to the dilution procedure) they will need to be stored as frozen. It is
important that the samples freeze when they are standing up so that there
are no leaks. Therefore use a test tube rack to get all of the test tubes
vertical and then place them in the freezer.
b. The next day the samples will be frozen, take them out of the test tube
rack and transfer to a blue sample bag (Ziploc). Label the bag with the
batch number and the date.

DAY 2 – WEIGHING FOR ACID INSOLUBLE RESIDUE CONTENT
1. Take the 2X crucibles that were used for determining the moisture content of the
samples and place in the dessicator. 20 minutes later weigh these crucibles to the
nearest 0.1mg. Then transfer them to the ashing muffle furnace, making a note of
what position each filter crucible is in. Put a porcelain lid on each of the crucibles.
2. Take the 2X filter crucibles out of the oven and place in the dessicator (the green
rack can be used to help the crucibles stand up straight). 20 minutes later weigh
these filter crucibles to the nearest 0.1mg. Then transfer them to the ashing muffle
furnace, making a note of what position each filter crucible is in. Put a porcelain
lid on each of the filter crucibles.
3. When it is a suitable time (e.g. when people are going home) plug in the furnace
and start Program 2. That follows this heating regime:
Ramp from room temperature to 105 °C
Hold at 105°C for 12 minutes
Ramp to 250 °C at 10°C / minute
Hold at 250 °C for 30 minutes
Ramp to 575 °C at 20 °C / minute
Hold at 575 °C for 180 minutes
Allow temperature to drop to 105 °C
Hold at 105 °C until samples are removed

DAY 3 – WEIGHING FOR ASH CONTENT OF ACID INSOLUBLE RESIDUE
1. Check the temperature of the ashing furnace. If it is 105C then it is OK to take the
filter crucibles out. If it is more than 105 then slowly open the furnace door and
allow the furnace to cool until the temperature is 105C at which point the filter
crucibles can be taken out.
2. The filter crucibles can be put in the green rack so that they stand up better in the
dessicator. However make sure that they have their lids on when they are put in
the dessicator because otherwise, when the dessicator is opened for weighing the
crucibles, the ash will be blown away.
3. 20 minutes after the filter crucibles have been put in the dessicator weigh them to
the nearest 0.1mg.

4. After the filter crucible has been weighed, empty the ash out and blow to remove
the ash and weigh it again to the nearest 0.1mg.
5. Repeat steps 1-4 for the crucibles with the original biomass samples in.

Data Recording: WU-S - From Wet Unground Samples Dry Sieved Samples - REV: 0.98 (15-12-09)
TOTAL SAMPLE WEIGHT IS NOT IMPORTANT
BATCH NUMBER:

Date:

UNIVERSAL CODE:
DATE SAMPLED:
OTHER CODES:
ISI SCAN NUMBER:

Wet Unground
Weighing Scales Used
Large Crucible Number
A
Weight of crucible A
(nearest 1mg)
Weight of crucible + sample
A (nearest 1mg)
Weight of crucible + Dried
Sample A (nearest 1mg)
Large Crucible Number B
Weight of crucible B
(nearest 1mg)
Weight of crucible + Sample
B (nearest 1mg)
Weight of crucible + Dried
Sample B (nearest 1mg)

Notes
Insert any relevant notes or
observations about the
sample (or cutting method)
here:

Tray Number

User:

UNIVERSAL CODE:

Drying of Trays
Weighing Scales Used
Tray Number
Weight of Tray

Tray + Sample wt
Date
Date
Date
Date
Date
Date
Date
Date
Date
Date
Date
Date

Sieving
Weighing Scales Used
Weight of DS container
Wt. DS cont + DS
Wt DF container
Wt. DF cont + DF
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Weight of crucible + Dried
Sample A (nearest 1mg)
Large Crucible Number B
Weight of crucible B
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B (nearest 1mg)
Weight of crucible + Dried
Sample B (nearest 1mg)

Notes
Insert any relevant notes or
observations about the
sample (or cutting method)
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BATCH:
UNIVERSAL CODE:

If Total Sample Weight is Important
Weighing Scales Used
Weight of sample + bag
Weight of bag

OR
Weighing Boat Weights:
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BATCH:
UNIVERSAL CODE:

Drying of Trays
Weighing Scales Used
Tray Number
Weight of Tray

Tray + Sample wt
Date
Date
Date
Date
Date
Date
Date
Date
Date
Date
Date
Date

Sieving
Weighing Scales Used
Weight of DS container
Wt. DS cont + DS
Wt DF container
Wt. DF cont + DF
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BATCH:
Data Recording: DS
 E: From Dry Sieved Samples Through Extraction - REV: 0.94 (6-10-09)
BATCH NUMBER:

Date:

User:

TRAY NUMBER (time):
UNIVERSAL CODE:

DATE SAMPLED:
OTHER CODES:
NIR NUMBER:
MC of DS

Tray Number

Weighing Scales Used

Small Crucible
Number A
Wt crucible

A

Wt of cruc. + sample A
Wt crucib. + Dry Sample A
Wt crucib. + ash A
Small Crucible Number B
Wt of crucible

B

Wt crucib. + sample B
Wt crucib. + Dry Sample B
Wt crucib. + ash Sample B
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BATCH:
UNIVERSAL CODE:

Extractive Analysis

Tray Number

(large crucib.)

Weighing Scales Used
ASE Cell Number A
Weight of sample A
Position on ASE Carousel A
No. of Collection Vial A
Dry Weight of Vial A
Dry Wt.of Vl + Ext. Day 1A
Dry Wt.of Vl + Ext. Day 2A
Number of petridish A
Weight of petridish A
Weight + sample after 1 day
Wt after 2 days A
Small Crucible Number A1
Small Crucible Weight A1
Wt + sample A1
Small crucible and dry
sample weight A1
Small Crucible Number A2
Small Crucible Weight A2
Wt + sample A2
Small crucible and dry
sample weight A2
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Tray Number

(small cruci.)

BATCH:
UNIVERSAL CODE:
Weighing Scales Used
ASE Cell Number B
Weight of sample B
Position on ASE Carousel B
No. of Collection Vial B
Dry Weight of Vial B
Dry Wt.of Vl + Ext Day 1 B
Dry Wt.of Vl + Ext Day 2 B
Number of petridish B
Weight of petridish B
Wt + sample after a day B
Wt after 2 days B
Small Crucible Number B1
Small Crucible Weight B1
Wt. + Sample B1
Small cruc. + dry weight B1
Small Crucible Number B2
Small Crucible Weight B2
Small Crucible and sample
Weight B2 (nearest 0.1mg)
Small crucible and dry
sample weight B2
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BATCH:
E
H: Data Recording: From Dry Extracted Samples Through Hydrolysis - REV: 0.99 (1-11-09)
BATCH NUMBER:

Date:

User:

TRAY NUMBER (time):
UNIVERSAL CODE:

DATE SAMPLED:
OTHER CODES:
VISION NUMBER:
MC of Extracted
Weighing Scales Used

Tray Number

Small Crucible Number A
Wt crucible

A

Wt of cruc. + sample A
Wt crucib. + Dry Sample A
Wt crucib. + ash A
Empty Crucible A
Small Crucible Number B
Wt of crucible

B

Wt crucib. + sample B
Wt crucib. + Dry Sample B
Wt crucib. + ash Sample B
Empty Crucible B
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BATCH:

UNIVERSAL CODE:
Mixing Solution

(if a mixing solution with an internal standard is used)

NAME OF ISTD USED
(e.g. FUCOSE-8)

Hydrolysis

Tray Filt Crucib.

Weighing Scales Used

Pressure Tube # A
Wt of Sample Added A
Volume of Acid Added A
Wt of Acid Added A
Time in Water Bath A
Time out of Bath A
Wt of Water Added A
Filter Crucible # A
Filter Crucible Weight A
Dry Filt. Crucib. + AIL wt A
Filter Crucib + Ash wt A
Empty Filter Crucible Wt A
Wavelength 1/2 (ASL)
ASL 1: Dilution Factor A
ASL 1: Absorbance A
ASL 2: Dilution Factor A
ASL 2: Absorbance A

HPAEC Dilution
Wt of Hydrolysate
Wt of deionsed water
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BATCH:

UNIVERSAL CODE:

Pressure Tube # B
Wt of Sample Added B
Volume of Acid added B
Wt of Acid Added B
Time in Water Bath B
Time out of Bath B
Wt of Water Added B
Filter Crucible # B
Filter Crucible Weight B
Dry Filt. Crucib. + AIL wt B
Filter Crucib + Ash wt B
Empty Filter Crucible Wt B
Wavelength 1/2 (ASL)
ASL 1: Dilution Factor B
ASL 1: Absorbance B
ASL 2: Dilution Factor B
ASL 2: Absorbance B

HPAEC Dilution
Wt of Hydrolysate
Wt of deionsed water
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BATCH:

SRS
CODE FOR
SOLUTION USED
FOR SRS’S
Press. Tube # SRS 1
Weight of Soln SRS 1
Wt of Acid Added SRS 1

ESTDs
(Name)
Weight of soln
Wt of acid

HPAEC Dilution
Wt of Hydrolysate
Wt of deionsed water

Wt of hydrolysate
Wt of deionised
water

Press. Tube # SRS 2
Weight of Soln SRS 2
Wt of Acid Added SRS 2

Weight of soln
Wt of acid

HPAEC Dilution
Wt of Hydrolysate
Wt of deionsed water

Wt of hydrolysate
Wt of deionised
water
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