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7.1 INTRODUCTION

Ash refers to the inorganic residue remaining after
either ignition or complete oxidation of organic matter
in a foodstuff. A basic knowledge of the characteristics
of various ashing procedures and types of equipment
is essential to ensure reliable results. 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. Microwave systems
now are available for both dry and wet ashing, to
speed the processes. Most dry samples (i.e., whole
grain, cereals, dried vegetables) need no preparation,
while fresh vegetables need to be dried prior to ash-
ing. High-fat products such as meats may need to be
dried and fat extracted before ashing. The ash content
of foods can be expressed on either a wet weight (as
is) or on a dry weight basis. For general and food-
specific information on measuring ash content, see
references (1-11).

7.1.1 Definitions

Dry ashing refers to the use of a muffle furnace capa-
ble 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 CO; and
oxides of N,. 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.

Wet ashing is a procedure for oxidizing organic
substances by using acids and oxidizing agents or their
combinations. Minerals are solubilized without vola-
tilization. Wet ashing often is preferable to dry ashing
as a preparation for specific elemental analysis. Wet
ashing often uses a combination of acids and requires
a special perchloric acid hood if that acid is used.

7.1.2 Importance of Ash in Food Analysis

Ash content represents the total mineral content in
foods. Determining the ash content may be important
for several reasons. It is a part of proximate analy-
sis for nutritional evaluation. Ashing is the first step
in preparing a food sample for specific elemental
analysis. Because certain foods are high in particu-
lar minerals, ash content becomes important. One can
usually expect a constant elemental content from the
ash of animal products, but that from plant sources is
variable.

7.1.3 Ash Contents in Foods

The average ash content for various food groups is
given in Table 7-1. 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% (wet weight basis).

Fats, oils, and shortenings vary from 0.0 to 4.1%
ash, while dairy products vary from 0.5 to 5.1%. Fruits,
fruit juice, and melons contain 0.2-0.6% ash, while
dried fruits are higher (2.4-3.5%). Flours and meals
vary from 0.3 to 1.4% ash. Pure starch contains 0.3%
and wheat germ 4.3% ash. It would be expected that

7-1
|_table | Ash Content of Selected Foods
Percent Ash
(Wet Weight
Food Item Basis)
Cereals, bread, and pasta
Rice, brown, long-grain, raw 15
Corn meal, whole-grain, yellow 1.1
Hominy, canned, white 0.9
White rice, long-grain, regular, raw, 0.6
enriched
Wheat flour, whole-grain 1.6
Macaroni, dry, enriched 0.9
Rye bread 2.5
Dairy products
Milk, reduced fat, fluid, 2% 0.7
Evaporated milk, canned, with added 1.6
vitamin A
Butter, with salt 2.1
Cream, fluid, half-and-half 0.7
Margarine, hard, regular, soybean 2.0
Yogurt, plain, low fat 1.1
Fruits and vegetables
Apples, raw, with skin 0.2
Bananas, raw 0.8
Cherries, sweet, raw 0.5
Raisins 1.9
Potatoes, raw, skin 1.6
Tomatoes, red, ripe, raw 0.5
Meat, poultry, and fish
Eggs, whole, raw, fresh 0.9
Fish fillet, battered or breaded, and fried 2.5
Pork, fresh, leg (ham), whole, raw 0.9
Hamburger, regular, single patty, plain 1.9
Chicken, broilers or fryers, breast meat 1.0
only, raw
Beef, chuck, arm pot roast, raw 1.1

From US Department of Agriculture, Agricultural Research Ser-
vice (2009) USDA National Nutrient Database for Standard Ref-
erence. Release 22. Nutrient Data Laboratory Home Page:
http://www.ars.usda.gov/ba/bhnrc/ndl
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grain and grain products with bran would tend to be
higher in ash content than such products without bran.
Nuts and nut products contain 0.8-3.4% ash, while
meat, poultry, and seafoods contain 0.7-1.3% ash.

7.2 METHODS

Principles, materials, instrumentation, general proce-
dures, and applications are described below for var-
ious ash determination methods. Refer to methods
cited for detailed instructions of the procedures.

7.2.1 Sample Preparation

It cannot be overemphasized that the small sample
used for ash, or other determinations, needs to be very
carefully chosen so that it represents the original mate-
rials. A 2-10-g sample generally is used for ash deter-
mination. For that purpose, milling, grinding, and
the like probably will not alter the ash content much;
however, if this ash is a preparatory step for specific
mineral analyses, contamination by microelements is
of potential concern. Remember, most grinders and
mincers are of steel construction. Repeated use of
glassware can be a source of contaminants as well. The
water source used in dilutions also may contain con-
taminants of some microelements. Distilled-deionized
water always should be used.

7.2.1.1 Plant Materials

Plant materials are generally dried by routine methods
prior to grinding. The temperature of drying is of little
consequence for ashing. However, the sample may be
used for multiple determinations — protein, fiber, and
so on — which require consideration of temperature for
drying. Fresh stem and leaf tissue probably should be
dried in two stages (i.e., first at a lower temperature of
55°C, then a higher temperature) especially to prevent
artifact lignin. Plant material with 15% or less moisture
may be ashed without prior drying.

7.2.1.2 Fat and Sugar Products

Animal products, syrups, and spices require treat-
ments prior to ashing because of high fat, moisture
(spattering, swelling), or high sugar content (foaming)
that may result in loss of sample. Meats, sugars, and
syrups need to be evaporated to dryness on a steam
bath or with an infrared (IR) lamp. One or two drops
of olive oil (which contains no ash) are added to allow
steam to escape as a crust is formed on the product.
Smoking and burning may occur upon ashing for
some products (e.g., 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 dry-
ing and fat extraction. Under no circumstances should
fat-extracted samples be heated until all the ether has
been evaporated.

7.2.2 Dry Ashing
7.2.2.1 Principles and Instrumentation

Dry ashing is incineration at high temperature (525°C
or higher). Incineration is accomplished with a muf-
fle furnace. Several models of muffle furnaces are
available, ranging from large-capacity units requiring
either 208 or 240V supplies to small benchtop units
utilizing 110-V outlets.

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. Vycor® brand
crucibles are stable to 900°C, but Pyrex® Gooch cru-
cibles are limited to 500°C. Ashing at a lower tem-
perature of 500-525°C may result in slightly higher
ash values because of less decomposition of carbonates
and loss of volatile salts. Porcelain crucibles resem-
ble quartz crucibles in their properties, but will crack
with rapid temperature changes. Porcelain crucibles
are relatively inexpensive and usually the crucible
of choice. Steel crucibles are resistant to both acids
and alkalies and are inexpensive, but they are com-
posed of chromium and nickel, which are possible
sources of contamination. Platinum crucibles are very
inert and are probably the best crucibles, but they
are currently far too expensive for routine use for
large numbers of samples. Quartz fiber crucibles are
disposable, unbreakable, and can withstand tempera-
tures up to 1000°C. They are porous, allowing air to
circulate around the sample and speed combustion.
This reduces ashing times significantly and makes
them ideal for solids and viscous liquids. Quartz fiber
also cools in seconds, virtually eliminating the risk of
burns.

All crucibles should be marked for identification.
Marks on crucibles with a felt-tip marking pen will dis-
appear during ashing in a muffle furnace. Laboratory
inks scribed with a steel pin are available commer-
cially. Crucibles also may be etched with a diamond
point and marked with a 0.5M solution of FeCl3, in
20% HCI. An iron nail dissolved in concentrated HC1
forms brown goo that is a satisfactory marker. The
crucibles should be fired and cleaned prior to use.

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
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can be handled at once, and the resultant ash can be
used additionally in other analyses for most individ-
ual elements, acid-insoluble ash, and water-soluble
and insoluble ash. The disadvantages are the length of
time required (12-18h or overnight) and expensive
equipment. There will be a loss of the volatile ele-
ments and interactions between mineral components
and crucibles. Volatile elements at risk of being lost
include As, B, Cd, Cr, Cu, Fe, Pb, Hg, Ni, P, V, and Zn.

7.2.2.2 Procedures

AOAC International has several dry ashing proce-
dures (e.g.,, AOAC Methods 900.02 A or B, 920.117,
923.03) for certain individual foodstuffs. 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

mutffle furnace is warm.

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 des-
iccant. Cover crucibles, close desiccator, and
allow crucibles to cool prior to weighing.

@

Note. Warm crucibles will heat air within the desicca-
tor. With hot samples, a cover may bump to allow air
to escape. A vacuum may form on cooling. 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. Covers with a ground glass
sleeve or fitted for a rubber stopper allow for slow
release of a vacuum.
The ash content is calculated as follows:

% ash (dry basis)

_ wt after ashing —tare wt of crucible < 100
~ original sample wtxdry matter coefficient

[1]
where:
dry matter coefficient = % solids/100

For example, if corn meal is 87% dry matter, the
dry matter coefficient would be 0.87. If ash is calcu-
lated on an as-received or wet weight basis (includes
moisture), delete the dry matter coefficient from the
denominator. If moisture was determined in the same
crucible prior to ashing, the denominator becomes
(dry sample wt - tared crucible wt).

7.2.2.3 Special Applications

Some of the AOAC procedures recommend steps
in addition to those listed previously. 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:

1. Suspend the ash in water.

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

3. Dry the filtrate.

4. Place paper and dried filtrate in muffle furnace
and re-ash.

Other suggestions that may be helpful and accelerate
incineration:

1. High-fat samples should be extracted either by
using the crude fat determination procedure
or by burning off prior to closing the muffle
furnace. Pork fat, for example, can form a com-
bustible mixture inside the furnace and burn
with the admission of oxygen if the door is
opened.

2. Glycerin, alcohol, and hydrogen will accelerate
ashing.

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

4. Salt-rich foods may require a separate ashing
of water-insoluble components and salt-rich
water extract. Use a crucible cover to prevent
spattering.

5. An alcoholic solution of magnesium acetate can
be added to accelerate ashing of cereals. An
appropriate blank determination is necessary.

7.2.3 Wet Ashing
7.2.3.1 Principle, Materials, and Applications

Wet ashing is sometimes called wet oxidation or wet
digestion. Its primary use is preparation for specific
mineral analysis and metallic poisons. Often, analyti-
cal testing laboratories use only wet ashing in prepar-
ing samples for certain mineral analyses (e.g., Fe, Cu,
Zn, P), because losses would occur by volatilization
during dry ashing.

There are several advantages to using the wet ash-
ing procedure. Minerals will usually stay in solution,
and there is little or no loss from volatilization because
of the lower temperature. The oxidation time is short
and requires a hood, hot plate, and long tongs, plus
safety equipment.

The disadvantages of wet ashing are that it takes vir-
tually constant operator attention, corrosive reagents
are necessary, and only small numbers of samples can
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be handled at any one time. If the wet digestion uti-
lizes perchloric acid, all work needs to be carried out
in an expensive special fume hood called a perchloric
acid hood.

Unfortunately, a single acid used in wet ashing
does not give complete and rapid oxidation of organic
material, so a mixture of acids often is used. Com-
binations of the following acid solutions are used
most often: (1) nitric acid, (2) sulfuric acid-hydrogen
peroxide, and (3) perchloric acid. Different combina-
tions are recommended for different types of samples.
The nitric—perchloric combination is generally faster
than the sulfuric—nitric procedure. While wet diges-
tion with perchloric acid is an AOAC procedure (e.g.,
AOAC Method 975.03), many analytical laborato-
ries avoid if possible the use of perchloric acid in
wet ashing and instead use a combination of nitric
acid with either sulfuric acid, hydrogen peroxide, or
hydrochloric acid.

Wet oxidation with perchloric acid is extremely
dangerous since the perchloric acid has a tendency
to explode. The perchloric acid hood that must be
used has wash-down capabilities and does not contain
plastic or glycerol-base caulking compounds. Precau-
tions for use of perchloric acid are found in the AOAC
methods under “Safe Handling of Special Chemical
Hazards.” Cautions must be taken when fatty foods
are wet ashed using perchloric acid. While perchloric
acid does not interfere with atomic absorption spec-
troscopy, it does interfere in the traditional colorimet-
ric assay for iron by reacting with iron in the sample
to form ferrous perchlorate, which forms an insoluble
complex with the o-phenanthrolene in the procedure.

7.2.3.2 Procedures

The following is a wet ash procedure using concen-
trated nitric and sulfuric acids (to be performed in a fume
hood) (John Budin, Silliker Laboratories, Chicago, IL,
personal communication):

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 3ml of HySO4 and 5ml of
HNO;, to be treated like the samples. (Blank is
to be run with every set of samples.)

3. Add 3ml of H,SOy followed by 5ml 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 H,SO, are observed,
the sample will become darker. Remove the

flask from the hot plate. Do not allow the flask
to cool to room temperature.

6. Slowly add 3-5ml of HNO3.

7. Put the flask back on the hot plate and allow
the HNOj to boil off. Proceed to the next step
when all the HNOj is removed and the color is
clear to straw yellow. If the solution is still dark
in color, add another 3-5ml of HNOj3 and boil.
Repeat the process until the solution is clear to
straw yellow.

8. While on the hot plate, reduce the volume
appropriately to allow for ease of final transfer.
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 appro-
priate, for the specific type of mineral being
analyzed.

The following procedure for a modified dry-wet
ash sample destruction may be used. It is listed under
“Minerals in Infant Formula, Enteral Products, and Pet
Foods” (AOAC Method 985.35).

1. Evaporate moist samples (25-50ml) in an
appropriate dish at 100°C overnight or in a
microwave drying oven until dry.

. Heat on a hot plate until smoking ceases.

. Ash in a 525°C furnace for 3-8 h.

4. Remove dish from furnace and allow to cool.
Ash should be grayish white to white and free
from carbon.

5. Cool and wet with deionized distilled water
plus 0.5-3.0ml of HNOs.

6. Dry on a hot plate or steam bath and then return
to a 525°C furnace for 1-2h.

7. Repeat steps 5 and 6 if carbon persists. (Caution:
Some K may be lost with repeated ashing.)

8. Dissolve the ash in 5ml of 1 M HNO3 by warm-
ing on a hot plate for 2-3min to aid solution.
Transfer to an appropriate size volumetric flask
(i.e., 50ml), then repeat with two additional
portions of 1 M HNOs.

W N

7.2.4 Microwave Ashing

Both wet ashing and dry ashing can be done using
microwave instrumentation, rather than the conven-
tional dry ashing in a muffle furnace and wet ashing in
a flask or beaker on a hot plate. The CEM Corporation
(Matthews, NC) has developed a series of instruments
for dry and wet ashing, as well as other laboratory
systems for microwave-assisted chemistry. While the
ashing procedures by conventional means can take
many hours, the use of microwave instrumentation
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can reduce sample preparation time to minutes, allow-
ing laboratories to increase their sample throughput
significantly. This advantage has led to widespread
use of microwave ashing, especially for wet ashing,
both within analytical laboratories and quality control
laboratories within food companies.

7.2.4.1 Microwave Wet Ashing

Microwave wet ashing (acid digestion) may be per-
formed 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. Because of the ability of the closed ves-
sels to contain higher pressures (some vessels can han-
dle up to 1500 psi), acids may be heated past their boil-
ing points. This ensures a more complete dissolution
of hard-to-digest substances. It also allows the chemist
to use nitric acid with samples that might normally
require a harsher acid, such as sulfuric or perchlo-
ric. In closed vessels specifically designed for high-
temperatures/high-pressure reactions, nitric acid can
reach a temperature of 240°C. Thus, nitric acid is often
the acid of choice, though hydrochloric, hydrofluo-
ric, and sulfuric acids also are used, depending on the
sample and the subsequent analysis being performed.
Closed-vessel microwave digestion systems (Fig. 7-1)
can process up to 40 samples at a time, with vessel

liners available in Teflon®, TFMTM Fluoropolymer,
and quartz. These systems allow the input of time,
temperature, and pressure parameters in a step-by-
step format (ramping). In addition, some instruments
enable the user to adjust the power and offer “change-
on-the-fly” software, which allows the method to be
changed while the reaction is running.

7-1 Microwave closed-vessel digestion system.
(Courtesy of CEM Corporation, Matthews,
NC.)

Typically, in a closed-vessel microwave system,
sample is placed in vessels with the appropriate
amount of acid. The vessels are sealed and set on a
carousel where the temperature and pressure sensors
are connected to a control vessel. The carousel then
is placed in the microwave cavity, and the sensors
are connected to the instrument. Time, temperature,
pressure, and power parameters are chosen and the
unit is started. Digestions normally take less than
30min. Because of the pressure generated by rais-
ing the temperature of a reaction, the vessels must
be allowed to cool before being opened. The ability
to process multiple samples simultaneously provides
the chemist with greater throughput than traditional
methods. (Note that some closed-vessel microwave
digestion systems may also be used for acid concen-
tration, solvent extraction, protein hydrolysis, and
synthesis with the proper accessories.)

Open-vessel digestion systems (Fig. 7-2) are used
often for larger sample sizes (up to 10 g) and for sam-
ples that generate substantial amounts of gas as they
are digested. Open-vessel systems can process up to
six samples, each according to its own parameters in
a sequential or simultaneous format. Teflon®, quartz,
or Pyrex® vessels are used, and condensers are added
for refluxing. Acid (reagent) is automatically added
according to the programmed parameters. Sulfuric
and nitric acids are used most often with open-vessel
systems, as they process reactions under atmospheric
conditions; however, hydrochloric and hydrofluoric
acids, as well as hydrogen peroxide, can be used.

- C
.
7-2 Microwave open-vessel system. (Courtesy of

CEM Corporation, Matthews, NC.)
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These instruments do not require the use of a fume
hood, because a vapor containment system contains
and neutralizes harmful fumes.

Generally, 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, tempera-
ture, and reagent addition parameters are then chosen.
The unit is started, the acid is added, and the vapor
containment system neutralizes the fumes from the
reaction. Samples are typically processed much faster
and more reproducibly than on a conventional hot
plate. (Note that some open-vessel systems may be
used for evaporation and acid concentration as well.)

7.2.4.2 Microwave Dry Ashing

Compared with conventional dry ashing in a muf-
fle furnace that often takes many hours, microwave
muffle furnaces (Fig.7-3) can ash samples in min-
utes, decreasing analysis time by as much as 97%.
Microwave muffle furnaces can reach temperatures
of up to 1200°C. These systems may be programmed
with various methods and to automatically warm up
and cool down. In addition, they are equipped with
exhaust systems that circulate the air in the cavity to
help decrease ashing times. Some also have scrubber
systems to neutralize any fumes. Any crucible that
may be used in a conventional muffle furnace may be
used in a microwave furnace, including those made of
porcelain, platinum, quartz, and quartz fiber. Quartz
fiber crucibles cool in seconds and are not breakable.
Some systems can process up to 15 (25ml) crucibles at
a time.

Typically, 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 (ramping) format

Microwave muffle furnace. (Courtesy of CEM
Corporation, Matthews, NC.)

may be used when programming the method. The sys-
tem is started and the program is run to completion.
The crucible then is carefully removed with tongs and
reweighed. The sample then may be further analyzed,
if necessary. Some tests call for acid to be added to a
dry ashed sample, which is then digested for further
analysis.

A comparative study (9) showed that dry ashing
various plants for 40 min using a microwave system
(CEM Corporation, Matthews NC) was similar to the
4-h time in a conventional muffle furnace. Twenty
minutes was shown to be adequate for the plant mate-
rial used except for Cu determinations, which needed
40min to obtain similar results. Other comparative
examples include dried egg yolks, which can be ashed
in 20min in a microwave system, but require 4h in a
conventional muffle furnace. It takes 16 h to ash lactose
in a conventional muffle furnace, but only 35min in a
microwave furnace. Though microwave furnaces may
not hold as many samples as a conventional furnace,
their speed actually allows significantly more samples
to be processed in the same amount of time. Also,
microwave furnaces do not require fume hood space.

7.2.5 Other Ash Measurements

The following are several special ash measurements
and their applications:

1. Soluble and insoluble ash (e.g.,, AOAC Met-
hod 900.02) — Applied to fruits.

2. Ash insoluble in acid — A measure of the sur-
face contamination of fruits and vegetables and
wheat and rice coatings; contaminants are gen-
erally silicates and remain insoluble in acid,
except HBr.

3. Alkalinity of ash (e.g.,, AOAC Method 900.02,
940.26) — Ash of fruits and vegetable is alkaline;
ash of meats and some cereals is acid.

4. Sulfated ash (AOAC Method 900.02, 950.77) —
Applied to sugars, syrups, and color additives.

7.3 COMPARISON OF METHODS

Ash determination by dry ashing requires expensive
equipment, especially if many samples are analyzed.
The mulffle furnace may have to be placed in a heat
room along with drying ovens and it requires a 220-V
outlet. It is important to make sure that large furnaces
of that type are equipped with a double-pole, single-
throw switch. Heating coils are generally exposed, and
care must be taken when taking samples in and out
with metal tongs. Desktop furnaces (110 V) are avail-
able for fewer samples. Wet ashing requires a hood
(a special hood if perchloric acid is used), corrosive
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reagents, and constant operator attention. While wet
oxidation causes little volatilization, dry ashing will
result in the loss of volatile elements. The type of fur-
ther elemental analyses will dictate the equipment.
Some micro- and most volatile elements will require
special equipment and procedures. Refer to Chaps. 12
and 24 for specific preparation procedures for elemen-
tal analyses. Both dry and wet ashing can be done
using microwave systems that utilize relatively expen-
sive instrumentation, but they greatly reduce the time
for ashing and do not require use of a fume hood.

7.4 SUMMARY

The two major types of ashing, dry ashing and wet oxi-
dation (ashing), can be done by conventional means
or using microwave systems. The procedure of choice
depends upon the use of ash following its deter-
mination, and limitations based on cost, time, and
sample numbers. Conventional dry ashing is based
upon incineration at high temperatures in a muffle fur-
nace. Except for certain elements, the residue may be
used for further specific mineral analyses. Wet ashing
(oxidation) often is used as a preparation for specific
elemental analysis by simultaneously dissolving min-
erals and oxidizing all organic material. Wet ashing
conserves volatile element, but requires more operator
time than dry ashing and is limited to a smaller num-
ber of samples. Dry and wet ashing using microwave
technology reduces the time for analyses and requires
little additional equipment (special fume hood) or
space (heat room).

7.5 STUDY QUESTIONS

1. Identify four potential sources of error in the prepara-
tion of samples for ash analysis and describe a way to
overcome each.

2. You are determining the total ash content of a product
using the conventional dry ashing method. Your boss
asks you to switch to a conventional wet ashing method
because he/she has heard it takes less time than dry
ashing.

(a) Do you agree or disagree with your boss concerning
the time issue, and why?

(b) Not considering the time issues, why might you want
to continue using dry ashing, and why might you
change to wet ashing?

3. Your lab technician was to determine the ash content of
buttermilk by conventional dry ashing. The technician
weighed 5 g of buttermilk into one weighed platinum cru-
cible, immediately put the crucible into the muffle furnace
using a pair of all stainless steel tongs, and ashed the sam-
ple for 48h at 800°C. The crucible was removed from

the muffle furnace and set on a rack in the open until
it was cool enough to reweigh. Itemize the instructions
you should have given your technician before begin-
ning, so there would not have been the mistakes made
as described above.

4. How would you recommend to your technician to over-
come the following problems that could arise in conven-
tional dry ashing of various foods?

(a) You seem to be getting volatilization of phosphorus,
when you want to later determine the phosphorus
content.

(b) You are getting incomplete combustion of a product
high in sugar after a typical dry ashing procedure (i.e.,
the ash is dark colored, not white or pale gray).

(c) The typical procedure takes too long for your pur-
pose. You need to speed up the procedure, but you do
not want to use the standard wet ashing procedure.

(d) You have reason to believe the compound you want
to measure after dry ashing may be reacting with the
porcelain crucibles being used.

(e) You want to determine the iron content of some foods
but cannot seem to get the iron solubilized after the
dry ashing procedure.

5. Identify an advantage and disadvantage of using
microwave wet digesters or microwave muffle furnaces
compared with conventional units.

7.6 PRACTICE PROBLEMS

1. A grain was found to contain 11.5% moisture. A 5.2146-
g sample was placed into a crucible (28.5053 g tare). The
ashed crucible weighed 28.5939 g. Calculate the percent-
age ash on (a) an as-received (wet weight) basis and (b) a
dry matter basis.

2. A vegetable (23.5000 g) was found to have 0.0940-g acid-
insoluble ash. What is the percentage of acid-insoluble
ash?

3. You wish to have at least 100 mg of ash from a cereal
grain. Assuming 2.5% ash on average, how many grams
of the grain should be weighed for ashing?

4. You wish to have a coefficient of variation (CV) below
5% with your ash analyses. The following ash data are
obtained: 2.15%, 2.12%, 2.07%. Are these data acceptable,
and what is the CV?

5. The following data were obtained on a sample of ham-
burger: sample wt, 2.034 g; wt after drying, 1.0781 g; wt
after ether extraction, 0.4679 g; and wt of ash, 0.0233 g.
What is the percentage ash on (a) a wet weight basis and
(b) a fat-free basis?

Answers
1. (a) 1.70%, (b) 1.92%
Calculate ash from sample:
Crucible + ash: 28.5939 g
Tared crucible: 28.5053 g
Ash: 0.0886 g
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(a) Calculate for ash on a wet weight basis (a):

0.0886 g ash

_DOPO0BA 400, = 1.70% or 1.7%
52146 g sample 0070 = 1-70%or L.7%

(b) Calculate for ash on a dry weight basis (b):

0.0886 g ash + {5.2146 gsample

(100% —11.5%

100% dry matter coeff) } x 100%

=1.92%

or

11.5 g water

5.214 gsample x 100 g sample

= 0.5997 g water

5.214 g sample — 0.5997 g water
= 4.6149 gsample dry wt

0.0886 g ash

100% = 1.92%
4.6149 g dry wtsample 8

2. 0.4%
Calculate % insoluble ash:

0.0940 g acid insoluble ash
23.5 g sample

x 100% = 0.4%

3. 4g
100 mg = 0.1g ash
2.5% =2.5g ash/100 g sample

25gash ~ 0.1gash

100 g sample x
2.5x =10
x = 4gsample

4. Yes, 1.9%
Calculate the mean:

2.15+2.12% +2.07%

=211%
3

Calculation of mean and standard deviation was done

using Excel:
1. 2.15%
2. 2.12%
3. 2.07%
Average = 2.11%
Std. deviation = 0.0404

D
Coefficient of variation(CV) = 57 x 100%
0.0404
CV = W X 100% = 1.91%

It is within the 5% level for CV? YES.

5. (a) 1.1%, (b) 1.64%

Sample wet wt: 2.034 g
Sample dry wt: 1.0781 g

Wt after extraction: 0.4679 g
Wt of ash: 0.0233 g

(a) Calculate for wet weight basis:

0.0233 g ash

——=—— x 100% = 1.15%
2.034 g sample X >

(b) Calculate for fat-free basis:

2.034 g wet sample — 1.0781 g solids
= 0.9559 g water this is 47% moisture)

1.0781 g solids dry wt — 0.4679 g solids after
extraction = 0.6102 g fat

2.034 g wet sample — 0.6102 g fat
= 1.4238 g wet sample wt without fat

0.0233 g ash
(1.4238 g wet sample wt without fat)

= 1.64% ash, fat-free basis

x 100%

7.7 ACKNOWLEDGMENTS

The author of this chapter wishes to acknowledge
the contributions of Dr. Leniel H. Harbers (Emeri-
tus Professor, Kansas State University) for previous
editions of this chapter. Also acknowledged in the
preparation of this chapter is the assistance of Dr.
John Budin (Silliker Laboratories, Chicago Heights, IL)
and Ms. Michelle Horn (CEM Corporation, Matthews,
NQO).

7.8 REFERENCES

1. Analytical Methods Committee (1960) Methods for the
destruction of organic matter. Analyst 85:643-656. This
report gives a number of methods for wet and dry
combustion and their applications, advantages, disad-
vantages, and hazards

2. AOAC International (2007) Official methods of analy-
sis, 18th edn., 2005; Current through revision 2, 2007
(On-line). AOAC International, Gaithersburg, MD. This
contains the official methods for many specific food
ingredients. It may be difficult for the beginning student
to follow

3. Aurand LW, Woods AE, Wells MR (1987) Food composi-
tion and analysis. Van Nostrand Reinhold, New York.
The chapters that deal with ash are divided by food-
stuffs. General dry procedures are discussed under each
major heading



Chapter7 e

Ash Analysis

115

. Bakkali K, Martos NR, Souhail B, Ballesteros E
(2009) Characterization of trace metals in vegetables
by graphite furnace atomic absorption spectrometry
after closed vessel microwave digestion. Food Chem
116(2):590-594

. Mesko MF, De Moraes DP, Barin JS, Dressler VL, Knap-
pet G (2006) Digestion of biological materials using
the microwave-assisted sample combustion technique.
Microchem J 82:183-188

. Neggers YH, Lane RH (1995) Minerals, ch. 8. In: Jeon
IJ, Ikins WG (eds) Analyzing food for nutrition labeling
and hazardous contaminants. Marcel Dekker, New York.
This chapter compares wet and dry ashing and summa-
rizes in tables the following: losses of specific elements
during dry ashing; acids used in wet oxidation related
to applications; AOAC methods for specific elements
related to food applications

. Pomeranz Y, Meloan C (1994) Food analysis: theory and
practice, 3rd edn. Chapman & Hall, New York. Chap-
ter 35 on ash and minerals gives an excellent narrative
on ashing methods and is easy reading for a student in

10.

11.

food chemistry. A good reference list of specific mineral
losses is given at the end of the chapter. No stepwise
procedures are given

. Smith GF (1953) The wet ashing of organic matter

employing hot concentrated perchloric acid. The liquid
fire reaction. Anal Chim Acta 8:397-421. The treatise
gives an in-depth review of wet ashing with perchloric
acid. Tables on reaction times with foodstuffs and color
reactions are informative. It is easy for the food scientist
to understand

. Wehr HM, Frank JF (eds) (2004) Standard methods for

the examination of dairy products, 17th edn. American
Public Health Association, Washington, DC. This text
gives detailed analytical procedures for ashing dairy
products

Wooster HA (1956) Nutritional data, 3rd edn. H.]. Heinz,
Pittsburgh, PA

Zhang H, Dotson P (1994) Use of microwave mulffle fur-
nace for dry ashing plant tissue samples. Commun Soil
Sci Plant Anal 25(9/10):1321-1327



	7 Ash Analysis
	7.1 Introduction
	7.1.1 Definitions
	7.1.2 Importance of Ash in Food Analysis
	7.1.3 Ash Contents in Foods

	7.2 Methods
	7.2.1 Sample Preparation
	7.2.1.1 Plant Materials
	7.2.1.2 Fat and Sugar Products

	7.2.2 Dry Ashing
	7.2.2.1 Principles and Instrumentation
	7.2.2.2 Procedures
	7.2.2.3 Special Applications

	7.2.3 Wet Ashing
	7.2.3.1 Principle, Materials, and Applications
	7.2.3.2 Procedures

	7.2.4 Microwave Ashing
	7.2.4.1 Microwave Wet Ashing
	7.2.4.2 Microwave Dry Ashing

	7.2.5 Other Ash Measurements

	7.3 Comparison of Methods
	7.4 Summary
	7.5 Study Questions
	7.6 Practice Problems
	7.7 Acknowledgments
	7.8 References


