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INTRODUCTION 

The determination of the Moisture and Fat Content of 
ground meat and meat products has utmost importance to the meat 
packing industry and the consumer, who is often represented by 
the Governmental Regulatory Agencies. Moisture, protein, and 
fat are important components of meat, fat and moisture being 
relatively less expensive components. Certain fat and moisture 
levels are desirable in ground meats and prepared meat products. 
Water is usually added as ice to facilitate grinding and to 
reduce temperature. It is also added to processed meats and 
meat products to impart the desired consistency and texture, to 
dissolve curing ingredients, and to minimize shrinkage in cooked 
and smoked meat items. 

Although the consumer wants his ground meat palatable, 
it should not be unduly wasteful. The meat packing industry 
operates at an extremely small margin of profit, and is often 
forced to add more fat and water as they are less expensive 
than muscle. The Government, representing the consumer, imposes 
legal limitations to protect consumer interests. Some meat 
packing houses, however, practice accurate and economical product 
formulation resulting in a uniform reliable product for the 
consumer with maximum profit and quality. The Meat Industry 
cannot afford losses entailed by substandard or extra-legal 
batches of product which can be avoided by careful quality 
control. 
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To control product composition, the composition of the 
raw materials used must be known with reasonable accuracy early 
enough in production to permit adjustments. Formulations 
developed by assuming an average level for a specific raw 
material often differ widely from specifications. 

Existing official Methods of Analysis for Fat and 
Moisture content in Meats are not suitable for active quality 
control by the Meat Packers and for preventative action by 
Government Inspectors with one main disadvantage being the long 
time interval before results are known. The importance of the 
problem has led to development of many rapid methods for fat 
and moisture analysis. 

The work reported in this thesis was undertaken to: 
1. Compare the official methods as specified by the Association 
of Official Analytical Chemists, formerly Association of 
Agricultural Chemists, hereafter designated as the A.O.A.C. 
method; Steinlite Electronic Fat Tester; two modified Babcock 
Methods of fat analysis on ground meat samples of three fat 
levels and on pork sausage samples. 

2. Compare the A.O.A.C. and Moisture Determination balance 
methods of moisture determination on ground meat samples of 
three moisture levels and on pork sausage. 

3. Determine the effect of salt on Steinlite Electronic Fat 
Tester results. 
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REVIEW OF LITERATURE 

Methods for Determination of Moisture Content 
The determination of water is one of the most common 

methods of analysis. Water is present in organic products as 
a combined constituent, as a contaminant, or as a diluent or 
"added" water [Willits (1951), Wierbicki et al. (1958)] , and 
many materials pick up water from the air. Moisture may 
influence the activity of some ingredients and many compounds, 
other than meat, are sold on a "dry" basis. Hence the determina-
tion of water or moisture content is necessary and must precede 
other determinations on a sample (Stillman, 1950). 

The most common methods for determining water or moisture 
can be classified into the following groups; namely oven drying, 
distillation, titration, electrical measurement of water vapor 
with hygroscopic film, and others. 

Thermal Dehydration 
Oven drying or thermal drying is the simplest and 

probably the oldest method of moisture analysis. Even today, 
a common concept of moisture analysis is that implied by an 
old 1885 procedure of the A.O.A.C, which specified moisture as 
the loss in weight occurring when a substance was heated at 98°C 
to 100°C (Willits, 1951). This is the most time consuming method 
and yet forms the standard for most other moisture methods. The 
expected changes during the heating of a moist organic substance 
are volatilization of water as moisture, volatilization of other 
absorbed material, and volatilization of the gaseous products 
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formed by non-reversible decomposition reactions which go on at 

all temperatures at varying rates. 

Nelson and Hulett (.1920) found that when an organic 

substance was heated at constant temperature, the amount of 

water liberated from that existing as an external phase,was 

dependent upon temperature and its rate of moisture removal, 

which is rapid at first,but in time ceases. Their isotherms 

indicated that some water remained after successively increased 

temperature probably due to successive thinner layers of water 

or some other physical phenomenon. Porter and Willis (.1944) 

using potato starch, obtained similar drying isotherms and 

estimated the end value of drying and the beginning of weight 

loss due to the decomposition of the sample. Further studies 

by Sair and Fetzer (1944) and Makower et al. (1946) showed 

that values of "true moisture" could be reproducible by estab-

lishing conditions of time and temperature which did not 

denature the sample. 

During oven drying, the moisture of interest is that 

occurring principally as an external phase and that occurring 

as one or more molecular layers plus liquid water Willits, 1951). 

Ideal conditions for thermal drying as stated by Willits were: 

1. Using diminished pressure to minimize time of 

diffusion of deep-seated moisture. 

2. Using dessicated air to sweep out water vapor 

from drying chamber. 

3. Heating the sample at temperature lower than 

that at which the rate of decomposition becomes appreciable. 
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Some of the sources of error in thermal drying were 

reviewed by Reith et al. (1948) as stated by Willits (.1951). 

1. Nonwater components. In thermal drying, errors 

will be introduced if the material being dried contains any 

substances in addition to water which have an appreciable vapor 

pressure under the conditions of the drying causing an additional 

loss in weight of the sample resulting in "high moisture" values. 

2. Chemically bonded water. Small quantities of 

water may be lost through chemical reaction induced by heat as 

in the case of dextrin formation, inversion of disaccharides, 

or hydrolysis of proteins. 

3. Nonwater Solvents. Often in the case of 

preparative organic substances which have been crystallized 

from such solvents as acetone or alcohol, moisture values are 

too low as indicated by elemental analyses. The "incomplete 

drying" is due to substances held throughout the thermal process. 

4. Autoxidation. Chemical changes cause an apparent 

low moisture due to increased weight of sample by autoxidation, 

especially in fats and oils. 

5. Decomposition. This occurs when the temperature 

of drying is sufficient to cause thermal decomposition of the 

substance and the products of this decomposition are volatile 

resulting in "high moisture" values. 

Willits (1951) pointed out additional sources of error: 
1. Slowness in establishing equilibrium between 

the vapor pressure of the water of the solid and that of the 

atmosphere may cause a slow rate of volatilization of the water 
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resulting in incomplete drying, as in the case of lactose hydrate 
or starch. 

2. Crust formation. The formation of a water impervious 
crust causes a nearly complete stoppage of evaporation of the 
remaining moisture. 

3. The physical structure of plant or animal tissue. 
Both types of tissue often contain as high as 60 to 90% 
moisture. The removal of moisture from the cells, vacuoles, and 
tubes of these tissues presents separate problems. Cell moisture 
must diffuse through the cell wall before it can be volatilized. 
The moisture must leave the surface of the cells by diffusion and 
this can be slow in thick materials. Furthermore, as the cells 
lose water and the cell fluid becomes more concentrated, there 
is a lowering of the vapor pressure of the residual water. 
To drive the last traces of moisture out of the cells at a 
reasonable rate, the temperature must be increased, and this 
often makes the cells less permeable to water and also tends to 
seal the tubes in the tissue making diffusion of deep seated 
water vapor very slow. 

4. Sampling is a common source of error in moisture 
analyses, particularly for substances with high moisture content. 
These samples usually have water vapor pressures much higher 
than the ambient air and therefore undergo rapid changes. A 
material having a water content of 90% or more with an error 
of sampling, which accounts for only a one per cent error in 
moisture, can cause a 10% error in the non-volatile constituents 
reported on a moisture-free basis. 
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Willits suggested that most of these errors can readily 

be avoided, with the possible exception of those caused by 

non water volatile constituents. Three methods that tend to 

minimize errors due to non water volatile constituents are 

collection of the volatilized water, using an absorbent specific 

to water, and the indirect methods of Makower and Porter (1946). 

Loss of water through chemical reaction can best be 

prevented by drying the sample at low temperatures until the 

bulk of the water has been removed and the possibility of the 

reaction reduced to a minimum. The substance can then be dried 

at the desired elevated temperature. 

To prevent errors from substances previously treated 

with such solvents as alcohol or acetone, the best remedy is 

to humidify the sample,in which process the solvent is replaced 

by water and then this is removed by the accepted thermal method. 

To limit errors from oxidative changes, an inert gas 

(oxygen free) such as nitrogen or carbon dioxide is used in 

the thermal drying chamber. 

For substances that undergo thermal decomposition, it 

is possible to determine the critical temperature at which 

decomposition occurs and to use temperatures in a range below 

this value for thermal drying. 

Where there is slowness in establishing equilibria 

between the vapor pressure of the water of the solid and that 

of the atmosphere, this error can be avoided by drying for a 

longer time, using a higher drying temperature, or both. 
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The formation of an impervious crust can be avoided 

by use of sand dishes to increase the exposed surface or by 

top drying at moderate temperatures under infra-red heat lamps. 

Errors due to physical structure can often be avoided 

by fine grinding to diminish the distance through which the 

water vapor must diffuse, and by using multiple stage drying, 

so that most of the moisture can be removed at temperatures at 

which the cell walls remain permeable to water. Sampling errors 

need further studies and this error is inherent in all moisture 

determination methods as noted by Willits. 

The kind of oven to be used will depend on type of 

moisture, time of drying, and physical structure of the sample. 

For loosely held liquid water, any type of drying is satisfactory. 

For surface water and if time is a a factor, high temperatures 

below thermal decomposition are employed in a forced air oven. 

Drying is usually four times as fast in mechanical convection 

ovens as it is in gravity convection ovens and greater uniformity 

of temperature is maintained (Willits, 1951). When the moisture 

is deep seated and has to diffuse through capillaries, a 

decided advantage may be gained through the use of vacuum drying. 

The determination of moisture by distillation was 

described by Hoffman in 1902. The procedure measures actual water 

(Fetzer, 1951). Hoffman used turpentine and toluene as distilling 

liquids while Brown and Duvel (1907) applied the distillation 

on grain using a mineral oil as a distilling liquid. Their 

modification reduced the test time to 30 minutes. The method 


