
Chapter 5:

Analysis of water content, total 

solids & water activity
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Water is an essential constituent of many foods. It 

may occur as an intracellular or extracellular 

component in vegetable and animal products, as a 

dispersing medium or solvent in a variety of 

products, as the dispersed phase in some 

emulsified products such as butter and margarine, 

and as a minor constituent in other foods
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 The presence of water influences the chemical and 

microbiological deterioration of foods. Also, removal 

(drying) or freezing of water is essential to some 

methods of food preservation. Fundamental changes 

in the product may take place in both instances.
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 to measure the availability of water for chemical 

and biochemical reactions we use water activity, 

which is a property of aqueous solutions, is 

defined as the ratio of the vapor pressures of 

pure water and a solution
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Definitions

 Water content should refer to all water in food 
and nothing but water

 Loss of weight on drying = ‘moisture content’
◦ does not include all forms of water

◦ may include non-water components

 Chemical and spectroscopic methods may 
include almost all water

 Total solids = dry matter after moisture removal

 Water activity = a measure of free water
◦ available for microbial growth and chemical 

deteriorative reactions 
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Water content of food

 Accurate determination of water is difficult;

◦ not all water is free (freezes or evaporates)

◦ may be bound by ionic and polar species in food

 Therefore the keeping qualities of food 

should be measured by aw (range 0.1-1) 

rather than moisture content
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aw activity ranges

 High moisture foods aw 0.97 to 1; 

◦ highly susceptible to deterioration by micro-

organisms

◦ milk, fruit, vegetables, meat etc

 Intermediate moisture foods aw 0.6 to 0.9

◦ shelf stable without refrigeration or heat processing 

◦ susceptible to enzymic browning & Maillard reaction

◦ cheese, jams, jellies etc
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aw activity ranges

 Low moisture foods aw < 0.6

◦ stable to deterioration

 except lipid oxidation

◦ dried milk, cereals
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Importance of water content in food

 Measuring water in foods is important in 

ensuring:

◦ preservation and stability

◦ product quality

◦ legal food standards are met
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1. Methods of water measurement 

-Oven drying

 Loss of weight on heating used to 

calculate moisture content of sample

◦ convection oven, 101-105oC, several hours -

overnight, heat stable samples

◦ forced draft oven

 better air circulation

◦ vacuum oven, approx. 70oC (25-100 mmHg), 

several hours - overnight, heat unstable

samples (sugars)
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2. metode infrared

◦ infrared drying lamps.

 incorporates direct reading balance

 fast but lacks accuracy

 distance from sample is important

 sample thickness (curst formation)

 not approved by AOAC

◦ vacuum desiccators at room 

temperature

 for products such as backing powder
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 Pure water evaporates at 100oC at sea 
level. 

◦ boiling point increases with increased 
concentration

 Sample preparation for oven drying; 

◦ liquids may be pre-dried over a steam bath 
before drying in oven

◦ high moisture solids such as yoghurt and  
humus mixed with known weight of pre-heated 
and cooled sand and a small glass rod that 
remains in sample pan
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 Sample preparation

◦ mill to consistent particle size of 1mm

◦ eliminate exposure to atmosphere

 store in airtight small container with minimal headspace

 Sample pans

◦ aluminum with cover

 pre-heated at 100OC for 3 hrs

 cool and store in desiccators
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Oven drying Advantages/Disadvantages

 Advantages;

◦ simple, little expense and reasonably accurate

 Disadvantages;

◦ unsuitable for products

 C6H12O6  6C + 6H2O (produce moisture)

 sucrose hydrolysis (utilise moisture)

◦ containing volatile constituents

 acetic & butyric acids; alcohols, esters & aldehydes 

◦ variation between samples due to variation       in 

sample particle size
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3. Distillation procedure

 Immiscible solvent (xylene or toluene)

◦ less dense than water with boiling point slightly 

higher

◦ helps prevent charring of sample and assists in 

heat transfer and effective distillation

 Sample and solvent in distillation flask

 Heated to distill emulsion of water and 

solvent
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 Emulsion condenses in condenser and runs 

into graduated tube (Bidwell-Sterling 

moisture trap)

◦ emulsion separates and water layer can be 

measured on graduations under solvent layer
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Distillation procedure
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Distillation procedure, advantages / 

disadvantages

 Advantages;

◦ useful for foods containing low moisture content 

and volatile oils

◦ cheap to run, no sophisticated equipment

 Disadvantages;

◦ under estimates water content (water droplet 

may cling to dirty apparatus)

◦ requirement for flammable solvents

18



4. Chemical procedures 

- Karl Fischer Titration

 Ideal for low moisture foods showing erratic 

results by oven drying

 Rapid & sensitive (no heat)

 Based on reduction of iodine with SO2 in the 

presence of water

2H2O + SO2 + I2  C5H2SO4 + 2HI
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Difficulties and sources of error of 

Karl Fischer Titration
 Incomplete water extraction (especially in 

solid food)

◦ finely grind food

 Atmospheric water (drying tubes)

 Moisture adhering to unit

 Interference

◦ ascorbic acid

◦ carbonyl compounds 

◦ unsaturated fatty acids
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5. Introduction to physical methods of 

water content analysis
 Electrical methods

◦ based on resistance to or conductivity of an electric 
current
 the electrical resistance of wheat at 13% moisture is 7 times 

greater as that of 14% and 50 times at 15%

◦ dielectric constant (measure ability to store charge)
 for water (80.37 at 20C), dielectric constant of starch and protein 

is 10

 % water is obtained from standard curve

 Hydrometry

◦ measures specific gravity (density=weight/volume)

◦ alcoholic beverages, brines and sugar solutions using 
hydrometer
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Hydrometers
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Electrical methods

- Dielectric constant Meter

 Instruments need calibration 
against known samples

 Sample density and 
temperature affect the 
reliability

 Useful for continues 
measurements

 Limited to food systems that 
contain no more than 30-
35% moisture
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 Refractometry

◦ refractive index of a solution increases with 

concentration of solute

◦ refractometer calibrates in Brix used for 

carbohydrate-based solutions


Brix = g sucrose/100g sample
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Refractometry

 Measures ‘refractive index’

 Based on bending of light rays in solution 

containing component being measured

 Dependent on concentration of solution

 Used for rapid estimation of sugar content 

of jams during processing
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Refractometer
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Freezing point - Cryoscope

 Freezing point

◦ AOAC approved (method 961.07)

◦ used to test for added water in milk

◦ AOAC standard freezing point taken as - 0.527C

 the FDA rejects milk if freezing point > than - 0.503C
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Expression of compositional data on 

‘as is’ or ‘dry basis’
 ‘as is’, ‘as received’, ‘fresh sample’

◦ refers to composition (eg fat content) of sample 

as a percentage of food as received from original 

source

 ‘dry matter basis’, ‘dry basis’

◦ refer to composition (eg fat content) as a 

percentage of the total solids in the sample
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Calculating composition on ‘dry 

basis’ from ‘as is’ analysis

 The Bligh & Dyer method requires fat to be 

extracted from a fresh, ‘as is’ sample (not 

pre-dried)

◦ % fat ‘as is’ is calculated as follows:

% fat (as is) = wt fat extracted (g) x 100

fresh sample wt (g)

◦ to convert fat content on ‘as is’ basis to ‘dry 

basis’ the following equation is used
% fat (dry basis) = % fat (as is) / dry matter coefficient
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◦ The Soxhlet method requires fat to be 

extracted from a pre-dried sample of food

 % fat ‘dry basis’ is calculated as follows:
% fat (dry basis) =      wt fat extracted (g) x 100

wt of pre-dried sample (g)

 to convert fat content on ‘dry basis’ to ‘as is’ 

basis (eg the % fat in the original sample before 

drying) the following equation is used: 
% fat (as is) = % fat (dry basis) x dry matter coefficient
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Measurement of water activity (aw)

 A better indicator of food perishailiby than 
moisture content

 Refers to water not tightly bound to other 
food molecules 

 aw = P / Po = ERH / 100

◦ aw     = water activity

◦ P = partial pressure of water above sample

◦ Po     = vapour pressure of pure water at same 
temp.

◦ ERH = equilibrium relative humidity 
surrounding product
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