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MOISTURE AND TOTAL 
SOLIDS ANALYSIS
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INTRODUCTION
• Moisture assays can be one of the most important analyses 

performed on a food product and yet one of the most 
difficult from which to obtain accurate and precise data.

Importance of moisture assay
• One of the most fundamental and important analytical 

procedures that can be performed on a food product  is an 
assay for the amount of moisture. 

• The dry matter that remains after moisture removal is 
commonly referred to as total solids.

• Water is an inexpensive filler.
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1. Moisture is a quality factor in the preservation of some 
products and affects stability in
a) dehydrated vegetables and fruits,
b) dried milks,
c) powdered eggs,
d) dehydrated potatoes,
e) spices and herbs.

2. Moisture is used as a quality factor for
a) jams and jellies to prevent sugar crystallization,
b) sugar syrups,
c) prepared cereals – conventional, 4–8%; puffed, 7–8%.
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3. Reduced moisture is used for convenience in packaging or 
shipping of

a) concentrated milks,

b) liquid cane sugar (67% solids) and liquid corn sweetener 
(80% solids),

c) dehydrated products, 

d) concentrated fruit juices.
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4. Moisture (or solids) content is often specified in 
compositional standards (i.e., Standards of Identity).

a) Cheddar cheese must be ≤39% moisture.
b) Enriched flour must be ≤15% moisture.
c) Glucose syrup must have ≥70% total solids.
d) The percentage of added water in processed meats is 

commonly specified.

5. Computations of the nutritional value of foods require that 
you know the moisture content.

6. Moisture data are used to express results of other analytical 
determinations on a uniform basis, dry weight basis (dwb).
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Moisture content of foods

• The moisture content of foods varies greatly.

• Water is a major constituent of most food products. 

• The approximate, expected moisture content of a food can 
affect the choice of the method of measurement.



7

Forms of water in foods
• The ease of water removal from foods depends on how it exists 

in the food product. 

• The three states of water in food products are:
1. Free water: This water retains its physical properties and thus acts 

as the dispersing agent for colloids and the solvent for salts.

2. Adsorbed water: This water is held tightly or is occluded in cell 
walls or protoplasm and is held tightly to proteins.

3. Water of hydration: This water is bound chemically, for example, 
lactose monohydrate; also some salts such as Na2SO4 × 10 H2O.

• Depending on the form of the water present in a food, the 
method used for determining moisture may measure more or 
less of the moisture present.
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Moisture Content of Selected 
Foods
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Sample collection and handling
• Precautions must be taken to minimize inadvertent moisture

losses or gains that occur during these steps.
• Any exposure of a sample to the open atmosphere should be 

as short as possible. 
• Any heating of a sample by friction during grinding should be 

minimized.
• It is critical to control temperature fluctuations since moisture 

will migrate in a sample to the colder part. 
• To control this potential error, remove the entire sample from 

the container, reblend quickly, and then remove a test 
portion.
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OVEN DRYING METHODS

• In oven drying methods, the sample is heated under
specified conditions, and the loss of weight is used to 
calculate the moisture content of the sample. 

• The amount of moisture determined is highly dependent on 
the type of oven used, conditions within the oven, and the 
time and temperature of drying.

• The methods are simple, and many ovens allow for 
simultaneous analysis of large numbers of samples. 

• The time required may be from a few minutes to over 24 h.
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Removal of moisture
• The boiling point of water is 100 °C.
• This considers only pure water at sea level. 
• Free water is the easiest of the three forms of water to 

remove. 
• If 1 molecular weight (1 mol) of a solute is dissolved in 

1.0 L of water, the boiling point would be raised by 0.512
°C.

• Moisture removal is sometimes best achieved in a two-stage 
process. 

• Liquid products are commonly predried over a steam bath 
before drying in an oven.
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• Bread and field-dried grain are often air dried, then ground 
and oven dried, with the moisture content calculated from 
moisture loss at both air and oven drying steps. 

• Particle size, particle size distribution, sample sizes, and 
surface area during drying influence the rate and 
efficiency of moisture removal.
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Decomposition of other food constituents

• Decomposition enters the picture when time is extended too 
much or temperature is too high. 

• Most methods for food moisture analysis involve a 
compromise between time and a particular temperature at 
which limited decomposition might be a factor.

• Carbohydrates decompose at 100 °C according to the 
following reaction:

C6H12O6 → 6 C + 6 H2O

• The moisture is not the moisture that we want to measure.
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• Consistent error, is the loss of volatile constituents, such as 
acetic, propionic, and butyric acids; and alcohols, esters, 
and aldehydes among flavour compounds.

• Weight gains also can occur due to oxidation of unsaturated 
fatty acids and certain other compounds.

• By plotting moisture liberated against temperature, curves 
were obtained that show the amount of moisture liberated 
at each temperature.

• None of these curves showed any break before 184 °C.

• Generally, proteins decompose at temperatures somewhat 
lower than required for starches and celluloses.
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Moisture content of several foods held at various temperatures in an oven.
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Temperature control

• Drying methods utilize specified drying temperatures and 
times, which must be carefully controlled.

• Consider the temperature variation in three types of ovens: 
convection (atmospheric), forced draft, and vacuum.

• The greatest temperature variation exists in a convection 
oven.

• A 10 °C temperature differential across a convection oven is 
not unusual.

• A convection oven should not be used when precise and 
accurate measurements are needed.
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• Forced draft ovens have the least temperature differential
cross the interior of all ovens, usually not greater than 1 °C. 

• Air is circulated by a fan that forces air movement throughout 
the oven cavity. 

• Forced draft ovens appear to have added benefit where air
movement is horizontal across shelving.

• Vacuum ovens contribute to a wider temperature spread 
across the oven.
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Calculation

• Moisture and total solids contents of foods can be calculated 
as follows using oven drying procedures:

100
samplewetofwt
sampledryofwt(wt/wt)solids%Total

100
samplewetofwt

sampledryofwtsamplewetofwt(wt/wt)%Moisture

100
samplewetofwt
sampleinOHwt(wt/wt)%Moisture 2

×=

×
−

=

×=
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Forced draft oven

• Drying time periods are 0.75–24 h, depending on the food 
sample and its pretreatment.

Vacuum oven

• By drying under reduced pressure, one is able to obtain 
amore complete removal of water and volatiles without 
decomposition within a 3–6 h drying time.
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• The following are important points in the use of a vacuum 
drying oven:

1. Temperature used depends on the product, such as 70 °C for 
fruits and other high-sugar products. Even with reduced 
temperature, there can be some decomposition.

2. If the product to be assayed has a high concentration of 
volatiles, you should consider the use of a correction factor to 
compensate for the loss.

3. Analysts should remember that in a vacuum, heat is not 
conducted well. Thus pans must be placed directly on the 
metal shelves to conduct heat.
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– Evaporation is an endothermic process; thus, a pronounced 
cooling is observed, the temperature will drop. Do not attempt 
to compensate for the cooling effect by increasing the 
temperature, otherwise samples during the last stages of 
drying will be overheated.

– The drying time is a function of the total moisture present, 
nature of the food, surface area per unit weight of sample, 
whether sand is used as a dispersant, and the relative 
concentration of sugars and other substances capable of
retaining moisture or decomposing. The drying interval is 
determined experimentally to give reproducible results.
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Microwave analyzer
• Microwave moisture analysis, often called microwave 

drying, was the first precise and rapid technique that 
allowed some segments of the food industry to make in-
process adjustment of the moisture content in food products 
before final packaging.

• The general procedure has been to set the microprocessor
controller to a percentage of full power to control the 
microwave output. 

• Power settings are dependent upon the type of sample.
• Time for the drying operation is set by the operator and 

“start” is activated.
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• Some considerations when using a microwave analyzer for 
moisture determination:

– The sample must be of a uniform, appropriate size to provide for 
complete drying under the conditions specified;

– The sample must be centrally located and evenly distributed, so 
some portions are not burned and other areas are 
underprocessed;

– The amount of time used to place an appropriate sample weight
must be minimized to prevent moisture loss or gain before 
weight determination.

• Microwave drying provides a fast, accurate method to analyze 
many foods for moisture content.
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• Infrared drying involves penetration of heat into the sample 
being dried, as compared with heat conductivity and 
convection with conventional ovens.

• No infrared drying moisture analysis techniques are approved 
by AOAC International.

Infrared drying
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Rapid moisture analyzer technology

• Many rapid moisture/solids analyzers are available to the 
food industry.

• Using a digital balance, the test sample is placed on an 
aluminium pan or filter paper and the heat control program 
(with a heating range of 25–275 °C) elevates the test 
sample to a constant temperature. 

• As the moisture is driven from the sample, the instrument 
automatically weighs and calculates the percentage 
moisture or solids.
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DISTILLATION PROCEDURES

• Reflux Distillation with Immiscible Solvent:

– Reflux distillation uses either a solvent less dense than water 
(e.g., toluene, with a boiling point of 110.6 °C; or xylene, 
with a boiling range of 137–140 °C) or a solvent more dense 
than water (e.g., tetrachlorethylene, with a boiling point of 
121 °C). 

– The advantage of using this last solvent is that material to be 
dried floats; therefore it will not char or burn. 

– In addition, there is no fire hazard with this solvent.
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Apparatus for reflux 
distillation of moisture

from a food
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CHEMICAL METHOD: CARL FISCHER 
TITRARION

• This is the method of choice for determination of water in 
many low-moisture foods such as dried fruits and 
vegetables, candies, chocolate, roasted coffee, oils and fats, 
or any low-moisture food high in sugar or protein.

• This method is based on the reaction involving the reduction 
of iodine by SO2 in the presence of water:

H2O + SO2 + I2 → 2 HI + SO3
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• This was modified to include methanol and pyridine in a four-
component system to dissolve the iodine and SO2.

– For each mole of water, 1 mol of iodine, 1 mol of SO2, 3 mol of 
pyridine, and 1 mol of methanol are used. 

– For general work, a methanolic solution is used that contains 
these components in the ratio of 1 iodine:3 SO2:10 pyridine, 
and at a concentration so that 3.5 mg of water = 1 ml of 
reagent.
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• In a volumetric titration procedure iodine and SO2 in the 
appropriate form are added to the sample in a closed 
chamber protected from atmospheric moisture. 

• The excess of I2 that cannot react with the water can be 
determined visually.

• The endpoint colour is dark red-brown.
• The volumetric titration can be done manually or with an 

automated unit.
• The procedure is appropriate for samples with a moisture

content greater than ∼0.03%.
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Automated Karl Fischer 
volumetric titration unit
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• Coulometric titration, is ideal for products with very low 
levels of moisture, from 0.03% down to parts per million 
levels. 

• In this method, iodine is electrolytically generated 
(2 I → I2 + 2 e–) to titrate the moisture.
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• The major difficulties and sources of error in the Karl Fischer 
titration methods are as follows:

– Incomplete moisture extraction. Fineness of grind, particle size is
important in preparation of cereal grains and some foods.

– Atmospheric moisture. External air must not be allowed to 
infiltrate the reaction chamber.

– Moisture adhering to walls of unit. All glassware and utensils 
must be carefully dried.

– Interferences from certain food constituents. Ascorbic acid is 
oxidized by KFR to dehydroascorbic acid to overestimate 
moisture content; carbonyl compounds react with methanol to 
form acetals and release water to overestimate moisture content; 
unsaturated fatty acids will react with iodine, so moisture 
content will be overestimated.
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PHYSICAL METHODS

Dielectric method

• The electrical properties of water are used in the dielectric 
method to determine the moisture content of certain foods, 
by measuring the change in capacitance or resistance to 
an electric current passed through a sample. 

• These instruments require calibration against samples of 
known moisture content.
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Hydrometry
• Hydrometry is the science of measuring specific gravity or 

density, which can be done using several different
principles and instruments.

• Specific gravity measurements with various types of 
hydrometers or with a pycnometer are commonly used 
for routine testing of moisture content of numerous food 
products, beverages, salt brines, and sugar solutions.
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• Hydrometer:
– A second approach to measuring specific gravity is

based on Archimedes’ principle, which states that 
a solid suspended in a liquid will be buoyed by a 
force equal to the weight of the liquid displaced.

– Hydrometers are available in narrow and wide ranges 
of specific gravity.

– The spindle of the hydrometer is calibrated to read
specific gravity directly at 15.5 or 20 °C. 

– A hydrometer is not as accurate as a pycnometer, but 
the speed with which you can do an analysis is a 
decisive factor.
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– Various modifications depending on the fluid to be measured:

1. The lactometer is used to determine the density of milk.

2. Baumé hydrometer was used originally to determine the density 
of salt solutions.

3. The Brix hydrometer is a type of saccharometer used for sugar 
solutions such as fruit juices and syrups.

4. Alcoholometers are used to estimate the alcohol content of 
beverages.
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• Pycnometer:

– One approach to measuring specific 
gravity is a comparison of the weights of 
equal volumes of a liquid and water in 
standardized glassware, a pycnometer. 

– This will yield density of the liquid 
compared to water.

– The density of the sample is calculated as 
follows:

picnometeremptyofweightpicnometerfilledwaterofweight
picnometeremptyofweightpicnometerfilledsampleofweightsampleofdensity

−
−

=
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Refractometry

• If it is performed correctly and no crystalline solids are 
evident, the refractometer procedure is rapid and 
surprisingly accurate.

• The refractive index (RI) of an oil, syrup, or other liquid is a 
dimensionless constant that can be used to describe the 
nature of the food.
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Infrared analysis

• Infrared spectroscopy has attained a primary position in 
monitoring the composition of food products before, 
during, and following processing.

• Different frequencies of infrared radiation are absorbed by 
different functional groups characteristic of the molecules 
in food.

• A sample is irradiated with a wavelength of infrared light
specific for the constituent to be measured. 
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• The concentration of that constituent is determined by
measuring the energy that is reflected or transmitted by 
the sample, which is inversely proportional to the energy 
absorbed.

• For water, near-infrared (NIR) bands (1400–1450; 1920–
1950 nm) are characteristic of the –OH stretch of the 
water molecule and can be used to determine the moisture 
content of a food.
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Freezing point
• When water is added to a food product, many of the physical 

constants are altered.

• The freezing point of milk is its most constant physical 
property. 

• The secretory process of the mammary gland is such that the 
osmotic pressure is kept in equilibrium with blood and 
milk.

• The principal utility of freezing point is to measure for added 
water.
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WATER ACTIVITY

• Water content alone is not a reliable indicator of food
stability, since foods with the same water content differ in 
their perishability.

• Water activity (aw) is a better indication of food 
perishability than is water content. 

• Water activity is defined as follows:

aW: water activity

P: partial pressure of water above the sample

Po: partial pressure of pure water at the same temperature (specified)
ERH: equilibrium relative humidity surrounding the product

100
ERHa;

P
Pa W

o
W ==
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SUMMARY
• The moisture content of foods is important to food

processors and consumers for a variety of reasons.

• While moisture determination may seem simplistic, it is 
often one of the most difficult assays in obtaining accurate 
and precise results. 

• The free water present in food is generally more easily 
quantitated as compared to the adsorbed moisture and the 
water of hydration.

• Some moisture analysis methods involve a separation of 
moisture in the sample from the solids and then 
quantitation by weight or volume.
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• Other methods do not involve such a separation but instead 
are based on some physical or chemical property of the 
water in the sample. 

• A major difficulty with many methods is attempting to 
remove or otherwise quantitate all water present. 

• This often is complicated by decomposition or interference 
by other food constituents.

• For each moisture analysis method, there are factors that 
must be controlled or precautions that must be taken to 
ensure accurate and precise results.
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• Careful sample collection and handling procedures are
extremely important and cannot be overemphasized.

• The choice of moisture analysis method is often determined
by the expected moisture content, nature of other food 
constituents (e.g., highly volatile, heat sensitive),
equipment available, speed necessary, accuracy and 
precision required, and intended purpose (e.g., regulatory 
or in-plant quality control).
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ASH ANALYSIS
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• Ash refers to the inorganic residue remaining after either 
ignition or complete oxidation of organic matter in a 
foodstuff.

• Two major types of ashing are used: 

– dry ashing, primarily for proximate composition and for some 
types of specific mineral analyses; 

– wet ashing (oxidation), as a preparation for the analysis of 
certain minerals. 
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• Microwave systems are available for both dry and wet 
ashing.

• Most dry samples need no preparation, while fresh 
vegetables need to be dried prior to ashing.

• The ash content of foods can be expressed on either a wet 
weight or on a dry weight basis.
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Definitions
• Dry ashing refers to the use of a muffle furnace capable of 

maintaining temperatures of 500–600 °C. 

– Water and volatiles are vaporized, and organic substances are 
burned in the presence of oxygen in air to CO2 and oxides of N2. 

– Most minerals are converted to oxides, sulfates, phosphates, 
chlorides, and silicates. 

– Elements such as Fe, Se, Pb, and Hg may partially volatilize with 
this procedure, so other methods must be used if ashing is a 
preliminary step for specific elemental analysis.
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• Wet ashing is a procedure for oxidizing organic substances 
by using acids and oxidizing agents or their combinations. 

– Minerals are solubilized without volatilization.

– Wet ashing often uses a combination of acids and requires a 
special perchloric acid hood if that acid is used.
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Ash contents in foods
• The ash content of most fresh foods rarely is greater than 5%. 

• Pure oils and fats generally contain little or no ash; products 
such as cured bacon may contain 6% ash, and dried beef 
may be as high as 11.6%.

• Fats, oils, and shortenings vary from 0.0 to 4.1% ash, while 
dairy products vary from 0.5 to 5.1%.

• Flours and meals vary from 0.3 to 1.4% ash. 

• Pure starch contains 0.3% and wheat germ 4.3% ash.

• Nuts and nut products contain 0.8–3.4% ash, while meat, 
poultry, and seafoods contain 0.7–1.3% ash.
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Ash content of selected foods
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Sample preparation

• A 2–10 g sample generally is used for ash determination.

• Plant materials are generally dried by routine methods prior 
to grinding. 

• The temperature of drying is of little consequence for ashing.
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Fat and sugar products

• Animal products, syrups, and spices require treatments prior 
to ashing because of high fat, moisture, or high sugar 
content that may result in loss of sample.

• Smoking and burning may occur upon ashing for some 
products (cheese, seafood, spices). 

• Allow this smoking and burning to finish slowly by keeping
the muffle door open prior to the normal procedure. 

• A sample may be ashed after drying and fat extraction.

• In most cases, mineral loss is minimal during drying and fat 
extraction.
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DRY ASHING

• Dry ashing is incineration at high temperature (525 °C or 
higher). 

• Incineration is accomplished with a muffle furnace.

• Crucible selection becomes critical in ashing because the 
type depends upon the specific use.

• Quartz crucibles are resistant to acids and halogens, but not 
alkali, at high temperatures.

• Ashing at a lower temperature of 500–525 °C may result in 
slightly higher ash values because of less decomposition 
of carbonates and loss of volatile salts. 
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• Porcelain crucibles resemble quartz crucibles in their 
properties, but will crack with rapid temperature changes.

• Steel crucibles are resistant to both acids and alkalies and 
are inexpensive, but they are composed of chromium and 
nickel, which are possible sources of contamination. 

• Platinum crucibles are very inert and are probably the best 
crucibles, but they are too expensive for routine use for
large numbers of samples.

• The crucibles should be fired and cleaned prior to use.
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• The advantages of conventional dry ashing are that it is a 
safe method, it requires no added reagents or blank 
subtraction, and little attention is needed once ignition 
begins.

• Usually a large number of crucibles can be handled at once, 
and the resultant ash can be used additionally in other 
analyses for most individual elements.

• The disadvantages are the length of time required (12–18 h 
or overnight) and expensive equipment.
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Procedures
• The general procedure includes the following steps:

1. Weigh a 5–10 g sample into a tared crucible. Predry if the 
sample is very moist.

2. Place crucibles in a cool muffle furnace. Use tongs, gloves, and
protective eyewear if the muffle furnace is warm.

3. Ignite 12–18 h (or overnight) at about 550 °C. 

4. Turn off muffle furnace and wait to open it until the 
temperature has dropped to at least 250 °C, preferably lower. 
Open door carefully to avoid losing ash that may be fluffy.

5. Using safety tongs, quickly transfer crucibles to a desiccator
with a porcelain plate and desiccant. Cover crucibles, close 
desiccator, and allow crucibles to cool prior to weighing.
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• Warm crucibles will heat air within the desiccator.

• With hot samples, a cover may bump to allow air to escape.

• At the end of the cooling period, the desiccator cover should 
be removed gradually by sliding to one side to prevent a 
sudden inrush of air.

• The ash content is calculated as follows:

dry matter coefficient = % solids/100

100
tcoefficienmatterdrywtsampleoriginal

crucibleofwttareashingafterwt(drybasis)ash% ×
×
−

=
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Special applications

• If carbon is still present following the initial incineration, 
several drops of water or nitric acid should be added; then 
the sample should be re-ashed. 

• If the carbon persists, such as with high-sugar samples, 
follow this procedure:

– Suspend the ash in water.

– Filter through ashless filter paper because this residue tends to 
form a glaze.

– Dry the filtrate.

– Place paper and dried filtrate in muffle furnace and re-ash.
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• Other suggestions:

– High-fat samples should be extracted either by using the crude 
fat determination procedure or by burning off prior to 
closing the muffle furnace.

– Glycerin, alcohol, and hydrogen will accelerate ashing.

– Samples such as jellies will spatter and can be mixed with 
cotton wool.

– Salt-rich foods may require a separate ashing of water-
insoluble components and salt-rich water extract.
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WET ASHING

• Wet ashing is sometimes called wet oxidation or wet
digestion. 

• Its primary use is preparation for specific mineral analysis 
and metallic poisons. 

• Often, analytical testing laboratories use only wet ashing in 
preparing samples for certain mineral analyses (e.g., Fe, 
Cu, Zn, P), because losses would occur by volatilization
during dry ashing.

• Advantages to using the wet ashing procedure. 
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• Minerals will usually stay in solution, there is little or no loss 
from volatilization because of the lower temperature. 

• The oxidation time is short.

• The disadvantages of wet ashing takes virtually constant 
operator attention, corrosive reagents are necessary, only 
small numbers of samples can be handled at any one time.
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• A single acid used in wet ashing does not give complete and 
rapid oxidation of organic material, a mixture of acids 
often is used. 

• Combinations of the following acid solutions are used most 
often: (1) nitric acid, (2) sulfuric acid-hydrogen
peroxide, (3) perchloric acid.

• The nitric–perchloric combination is generally faster than the 
sulfuric–nitric procedure.

• Wet oxidation with perchloric acid is extremely dangerous 
the perchloric acid has a tendency to explode.
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Procedures
• Wet ash procedure using concentrated nitric and sulfuric acids.

1. Accurately weigh a dried, ground 1 g sample in a 125 ml 
Erlenmeyer flask (previously acid washed and dried).

2. Prepare a blank of 3 ml of H2SO4 and 5 ml of HNO3, to be treated 
like the samples. (Blank is to be run with every set of samples.)

3. Add 3 ml of H2SO4 followed by 5 ml of HNO3 to the sample in the 
flask.

4. Heat the sample on a hot plate at ca. 200 °C (boiling). Brown-
yellow fumes will be observed.

5. Once the brown-yellow fumes cease and white fumes from 
decomposing H2SO4 are observed, the sample will become 
darker. Remove the flask from the hot plate. Do not allow the 
flask to cool to room temperature.
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6. Slowly add 3–5 ml of HNO3.

7. Put the flask back on the hot plate and allow the HNO3 to boil 
off. Proceed to the next step when all the HNO3 is removed 
and the colour is clear to straw yellow. If the solution is still 
dark in colour, add another 3–5 ml of HNO3 and boil. Repeat 
the process until the solution is clear to straw yellow.

8. Allow the sample to cool to room temperature, then 
quantitatively transfer the sample to an appropriately sized 
volumetric flask.

9. Dilute the sample to volume with ultrapure water, and mix well. 
Dilute further, as appropriate, for the specific type of mineral 
being analyzed.
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MICROWAVE ASHING

• Both wet ashing and dry ashing can be done using
microwave instrumentation.

• The use of microwave instrumentation can reduce sample 
preparation time to minutes.
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Microwave wet ashing

• Microwave wet ashing (acid digestion) may be performed
safely in either an open- or closed-vessel microwave system.

• Choice of the system depends on the amount of sample and the 
temperatures required for digesting.

• Closed-vessel microwave digestion systems can process up to 
40 samples at a time.

– These systems allow the input of time, temperature, and pressure 
parameters in a step-by-step format.

– Time, temperature, pressure, and power parameters are chosen 
and the unit is started. 

– Digestions normally take less than 30 min.

– The vessels must be allowed to cool before being opened.
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Microwave 
closed-vessel 

digestion system



74

• Open-vessel digestion systems are used often for larger sample 
sizes and for samples that generate substantial amounts of gas 
as they are digested.

– Sulfuric and nitric acids are used most often with open-vessel
systems, as they process reactions under atmospheric
conditions; hydrochloric and hydrofluoric acids, as well as 
hydrogen peroxide, can be used.

– In an open-vessel microwave system, the sample is placed in a 
vessel and the vessel is set in a slot in the microwave system. 

– Time, temperature, and reagent addition parameters are then 
chosen.

– The unit is started, the acid is added, and the vapour containment 
system neutralizes the fumes from the reaction.
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Microwave open-vessel 
system
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Microwave dry ashing

• In microwave dry ashing, a desiccated crucible is weighed 
and then sample is added and it is weighed again. 

• The crucible then is placed in the microwave furnace, and 
the time and temperature parameters are set. A step-by-
step format may be used when programming the method.

• The crucible then is carefully removed and reweighed. 

• The sample then may be further analyzed, if necessary.
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OTHER ASH MEASUREMENTS

1. Soluble and insoluble ash

2. Ash insoluble in acid

3. Alkalinity of ash

4. Sulfated ash
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SUMMARY

• The two major types of ashing, dry ashing and wet oxidation
(ashing), can be done by conventional means or using 
microwave systems. 

• The procedure of choice depends upon the use of ash 
following its determination, and limitations based on cost, 
time, and sample numbers. 

• Conventional dry ashing is based upon incineration at high 
temperatures in a muffle furnace.

• Except for certain elements, the residue may be used for 
further specific mineral analyses.
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• Wet ashing (oxidation) often is used as a preparation for 
specific elemental analysis by simultaneously dissolving 
minerals and oxidizing all organic material. 

• Wet ashing conserves volatile element, but requires more 
operator time than dry ashing and is limited to a smaller 
number of samples. 

• Dry and wet ashing using microwave technology reduces the 
time for analyses and requires little additional 
equipment.


