






































































QUALITY CONTROL MANAGEMENT IN BEVERAGE INDUSTRY

Maintenance of quality in beverage (Fruit-based and carbonated) not only helps the consumers 
in getting the desired quality product, but also promotes sales in the competitive markets. This 
can be achieved by exercising proper quality control measures at the three important stages, 
namely: 

Raw Material control 
Process control 
Finished product control  

Quality of Water In the Beverage Industry

As per the Bureau of Indian Standards 2346-1973, beverages shall mean non-
alcoholic beverages containing dissolved carbon dioxide in properly sealed 
containers or dispensing units in a manner which ensures freedom from spoilage  



Beverages are of two types: 

a. Carbonated water or soda water with or without flavour. 
b. Flavoured and sweetened carbonated water.

The beverages should be prepared from potable water and carbon dioxide confirming to Grade 
II of the Bureau of Indian Standards 307-1966. And all the ingredients used in the beverages of 
the carbon-dioxide should be clear, pure and fir for human consumption. 

In appearance the beverages should be free from insects and rodent contamination, skins, and 
practically free from other extraneous matter. 

Clean beverages should be of sparkling clarity and should remain so when stored under normal 
conditions. The cloudy beverage should be stable. The beverages should be carbonated to a 
pressure in accordance with their character. The beverages should however have a minimum of 
one volume of carbon-dioxide and a well-balanced and pleasant flavour. 

 





Collection of Water Sample for Bacteriological Analysis 
Collection of water sample is more important than the test itself since the collection of wrong 
sample and the results obtained thereon will be misleading and also the time, energy and 
money spent in collecting and sending the un-representative sample for test would be a sheer 
waste. 

Sample Collection from Tap 
First, a tap that is not leaky and which is in regular use should be selected before the sterilised 
bottle is cut open and kept ready as per the instructions given in the instruction sheet supplied 
with the bottle. Before collection of sample, the tap should be opened and the water allowed 
to flow for about 2 to 3 minutes in order to flush out the external contamination with bacteria 
If any .

Then the tap is closed and the mouth of the tap is sterilised with a spirit lamp or cotton wad 
soaked in spirit. The tap should then be opened and water allowed to run out for 1 or 2 
minutes in order to cool the tap and then regulating the flow, the sample should be collected 
in the sterilised bottle leaving some air space. 



Microbiological Test 

1. Total calory count on sugar at 37° c in 24 hours. 
2. MPN of coliform organisms at 37°c In 48 hours .
3. Coliform differential tests.

Chemical quality of water used in Beverage Industry 
The water used in a beverage industry should have a satisfactory chemical quality similar to the 
requirement of potable water.  





Correction of Water Defects used in Beverages

Turbidity 
Where the turbidity is more then a few part for a million less then 50 ppm. a pressure sand 
filter is generally employed and with this type of filter alum is used as a coagulant and 
generally fed to the raw water through a displacement feeder. The alum helps to coagulate the 
suspended matter on the surface of the sand bad which helps in the removal of very fine 
particles of suspended matter.

Colour 
coagulation plant would be employed using chlorine to oxidise the iron or precipitate it Alum 
or other coagulants are used to reduce the colour. 

Taste and odour 

activated carbon purifiers offer the most simple and effective means of removing taste and 
odour. In others, super chlorination ahead of the purifier may be necessary.   



Hardness 
Hardness in water is referred to as temporary, when it is due to bicarbonates and carbonates, and 
as permanent when it is due to salts other than carbonates like chlorides and sulphates. 
The first is lime-soda process, the second is the familiar Sodium Zeolite softening. A third method 
is a relatively new process of demineralization (reverse osmosis technique). 



Sweetening Agents 
Sugar, liquid glucose, dextrose monohydrate, invert sugar, fructose and honey are either singly 
or in combination used for sweetening the carbonated waters. It is hardly necessary to discuss 
the purity of these sweetening agents as they are available in highly refined forms. 

As per the P.F.A. Rules 1955 a sweetened carbonated water shall have not less than 5 per cent 
total sugars, expressed as sucrose. In fruit products like fruit juice, fruit squash, fruit syrup, fruit 
beverage or fruit drinks, bulk of the added sugar forms the total soluble solid of the finished 
product. 

Saccharin 
Saccharin is one of the extensively studied artificial sweetener used in carbonated water .
The use of saccharin is permitted only in carbonated water up to 100 ppm under P.F.A. 

Flavouring Agent 
The retention of flavours during storage of fruit juice and beverage is of prime importance if 
they are to find consumer acceptance. Flavouring agents include flavour preparations of natural 
flavours, nature Identical flavours and artificial flavours which are capable of imparting 
flavouring properties. 



As per Rule 64 BB of P.F.A. Rules 1955 where on extraneous flavouring agent has been added to any article of 
food, the label should carry the words, CONTAINS ADDED FLAVOURS. 

Colouring Agents 

Rule 24 requires that extraneous addition of colouring matter should be displayed on label in capital letters as 
CONTAINS PERMITTED COLOURS. 

Preservatives 
The principal preservatives in commercial use in beverage Industry are salts of benzoic acid and sulphur dioxide.
P.F.A. Rules 1955 permit the use of sulphur dioxide up to 70 P.P.M. or Benzoic Acid up to 120 P.P.M. in sweetened 
ready to serve beverages .

Impregnation with Carbon-dioxlde 
Since carbon-dioxide has an inhibiting action on the growth of moulds, this gas is used in combination with 
sterilisation, filtration and the like. The purity of carbon-dioxide used is also important. Even minor chemical 
contaminants are open to course taste deviation.  



Metallic Contamination

Metals are wide in the juice industry, not only in the construction of crushers, presses and 
extractors, pumps, decorators, pasteurizers, coolers and filters, but also in the construction of 
storage tanks, pipes, hose fittings and the like.
Metallic irons may affect the flavour, colour and appearance of juice in different ways 
depending on certain conditions, particularly oxygen and the extent and nature of reducing 
conditions. 

It is necessary to use equipment  made of glass or steel lined with glass or suitable enamel or to 
use corrosion resistant metals. Stainless steel is found suitable in most juice factories.  
Rule 57 of P.F.A. Rules 1955 prescribes the maximum tolerance limit for poisonous metals like 
Lead, Copper, Arsenic, Tin, Zinc, Cadmium and Mercury in beverages.   



Basic Requirement of Factory Building 

The floor should be cemented or tiled, walls should be plastered, smooth Impervious. It should 
be covered with permanent roof, RCC/Asbestos/GI. 

Adequate supply of potable water, adequate drainage to carry-out the waste water and suitable 
arrangement for disposal of sewage should be made .

Adequate machinery and equipments should be made available which are required for 
manufacturing the desired items. 

The building should have adequate provision for natural light and ventilation to have better 
working conditions in the factory. Adequate arrangements for workers' utility also should be 
available. 









Oils and Fats

Edible fats and oils are foodstuffs defined as which are composed of glycerides of fatty acids. 
They are of vegetable, animal or marine origin. They may contain small amounts of other lipids 
such as phosphatides, of unsaponifiable constituents and of free fatty acids naturally present in 
the fat or oil. Fats of animal origin must be produced from animals in good health at the time of 
slaughter and be fit for human consumption.

 Virgin fats and oils are edible vegetable fats and oils obtained, without altering the nature of the 
oil, by mechanical procedures, e.g. expelling or pressing, and the application of heat only. They 
may be purified by washing with water, settling, filtering and centrifuging only.

Cold pressed fats and oils are edible vegetable fats and oils obtained, without altering the oil, by 
mechanical procedures, e.g. expelling or pressing, without the application of heat. They may 
have been purified by washing with water, settling, filtering and centrifuging only.





FOOD ADDITIVES

 No additives are permitted in virgin or cold pressed oils covered by this Standard.
 
Colours
No colours are permitted in vegetable oils covered by this Standard.

Flavours
Natural flavours and their identical synthetic equivalents and other synthetic flavours, except 
those which are known to represent a toxic hazard.

Commercial Name Actual Component Maximum Level

100 Curcumin or Turmeric 5 mg/kg (calculated as total 
curcumin)

160a Beta-carotene 25 mg/kg

160b Annatto extracts 10 mg/kg 















SAPONIFICATION VALUE :  The saponification value denotes the weight in mg of 
potassium hydroxide (KOH) required to saponify one gram of oil. 

IODINE VALUE : The unsaturated glycerides of an oil have the ability to absorb a definite 
amount of iodine, especially when aided by a carrier such as bromine, and thus form saturated 
compounds. The quantity of iodine absorbed is a measure of the unsaturation of an oil or fat. 
The iodine value is generally expressed as the number of grams of iodine absorbed by 100 g of 
the oil.

UNSAPOIIFIABLE MATTER
The unsaponifiable matter is defined as the substances soluble in an oil which 
after saponification are insoluble in water but soluble in the solvent used for the 
determination. It includes lipids of natural origin such as sterols, alcohols and 
hydrocarbons as well as any foreign organic matter non-volatile at 100°C (mineral 
oils) which may be present.



ACID VALUE
PRINCIPLE
The acid value is defined as the weight in milligrams of potassium hydroxide required to neutralize one gram of oil. It 
is a relative measure of rancidity as free fatty acids are usually formed during decomposition of oil glycerides.

PEROXIDE VALUE
The peroxide value is defined as the amount of peroxide oxygen per 1 kilogram of fat or oil. The sample is added to 
boiling chloroform-acetic acid containing dissolved potassium iodide. After cooling, the mixture is diluted with water 
and the liberated iodine titrated with sodium thiosulphate. The amount of iodine liberated by the sample is a measure 
of the active oxygen present.

TITRE
The titre of an oil or fat is the solidifying point of the mixed component fatty acids. The titre temperature is a mean 
for characterizing oils and fats and for assessing the hardness. The titre is the solidification point of the water-
insoluble fatty acids, prepared and left to crystallize in a desiccator at laboratory temperature for about 24 hours 
before completing the determination. Water-insoluble fatty acids are those obtained after saponification of a fat and 
decomposition of the soap formed according to the method described. Because of the possible presence of fatty acids 
which are partially soluble in water, the details of this method must be strictly followed.

https://en.wikipedia.org/wiki/Kilogram
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S.No Food 
Article

Adulterant Method for Detection Remarks

1 Ghee Vanaspathy or 
Margarine

Take about one tea spoon full of melted 
sample of Ghee with equal quantity of 
concentrated Hydrochloric acid in a 
stoppered test tube and add to it a pinch 
of sugar. Shake for one minute and let it 
for five minutes. Appearance of crimson 
colour in lower (acid) of Vanaspati or 
Margarine.

If the test is positive i.e. red colour 
develops only by adding strong
Hydrochloric acid (without adding 
crystals of sugar) then the sample is 
adulterated with coal tar dye. If the 
crimson or red colour develops after 
adding and shaking with sugar, then 
alone Vanaspati or Margarine is present

2 Mashed Potatoes, 
Sweet Potatoes 
and other starches.

The presence of mashed potatoes and 
sweet potatoes in a sample of ghee can 
easily be detected by adding a few drops 
of Iodine, which is brownish in colour 
turns to blue if mashed potatoes/sweet 
potatoes/other starches are present.

3 Coconut 
oil

Any other oil Place a small bottle of oil in refrigerator. 
Coconut oil solidifies leaving the 
adulterant as a Separate layer.



4 Butter Vanaspati or 
Margarine

Take about one teaspoon full of melted sample 
of butter with equal quantity of concentrated 
Hydrochloric acid in a stoppered test tube and 
add to it a pinch of sugar. Shake for one minute 
and let it for five minutes. Appearance of 
crimson colour in lower (acid) of Vanaspati or 
Margarine.

If the testis positive i.e. red colour 
develops only by adding strong 
Hydrochloric acid (without adding 
crystals of sugar) then the sample is 
adulterated with coal tar dye. If the 
crimson or red colour develops after 
adding and shaking with sugar, then 
alone Vanaspati or Margarine is 
present

5 Mashed Potatoes 
and other starches

The presence of mashed potatoes and sweet 
potatoes in a sample of butter can easily e detected 
by adding a few drops of iodine (which is 
brownish in colour), turns to blue.

6 Edible 
oil

Prohibited colour Take 5 ml of sample in a test tube and add 5 ml of 
concentrated hydrochloric acid. Shake gently, let it 
stand for 5 minutes. Colour will separate in the 
upper layer of the solution.
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NUMERICAL SCORING TEST
• The panellist evaluates each sample on a specific     
 scale for a particular characteristic indicating the    
   rating of  the samples 

• Certain score is given to each sensory attribute 
arranged in logical order on a score sheet in this 
method. 

• The weight age is given on the basis of importance 
of the attribute. 

• For example, flavour is considered to be most 
important and highest score is allotted to this 
attribute.





Composite Scoring Test

• The rating scale is defined so that specific characteristic o
f a product are rated separately. 
• The definition  
of the rating scale is weighed so that the most important 
characteristics will account for a large part of the  
total score. 
• The resulting scores are compounded for any one  
panellist to arrive at a composite score.
•  This  method  is  helpful  in  grading  products  
and comparison  of  quality  attributes  by  indicating   
which  characteristic is at fault in a poor product





Descriptive Test
• It is Descriptive Analysis for qualitative and 
quantitative description test for product 
containing different taste and odour.

• This technique utilizes an unstructured 
category scale and a panel of not less than six 
trained panellists.

• Asked to rate intensity for all sensory attributes 
• Analysis is done using a t-test or ANOVA to 
determine if means are statistically different .

• What is the magnitude of these differences?







Sensitivity Test

• A sensitivity test is a measure of sensitivity to a 
human stimulus and is expressed as threshold.

• Sensitivity tests are done to assess the ability of i
ndividual to detect different tastes, odours and fe
el the  
presence of specific factors like astringency or hot
ness (pepper). 

• These tests are used to select and train  
panel members



Sensitivity‐Threshold Test  

• Sensitivity tests to measure the ability of an indivi
dual to smell, taste or feel specific characteristics 
in food  or beverages or pure substances .

• Also, they are used to establish intensity of           
 sensory response of a food or food components. 
 

• Threshold is defined as a statistically determined 
point on the stimulus scale at which a transition   
in a  series of sensations or judgements occurs. 



• There are mainly three types of threshold as described b
elow:  

(a)Stimulus detection threshold is that magnitude of sti
mulus at which a transition occurs from no  
sensation to sensation.  

(b)Recognition identification threshold is the minimum 
 concentration at which a stimulus is correctly  
identified. 

 
(c)Terminal saturation threshold is the magnitude of a st
imulus above which there is no increase in     
the perceived intensity of the stimulus.  





Dilution tests

• Dilution tests are designated to establish the s
mallest amount of an unknown material, devel
oped as a  
substitute for a standard product that can be d
etected when it is mixed with the standard pro
duct,
 e.g.,  
margarine in butter, dried whole milk in fresh 
milk, synthetic orange flavour ingredients with
 natural  flavour



• The quality of the test material is represented 
by the dilution number which is the  
percent of the test material in the mixture of t
he standard product such that there exists a ju
st identifiable  
difference in odour and taste between them.

•  The bigger the dilution number the better is t
he quality of  the test material.  



Limitations of sensory evaluation

1. The result may be highly variable.
 2.People with colds or other health problems   
temporarily lose their maximum effectiveness.
3.Emotional burdens   may influence an individ
ual's ability. 





STATISTICAL QUALITY CONTROL-

SAMPLING METHODS

UNIT II



SAMPLING
• Sampling involves the selection of a certain 
portion, number of container and product units 
from a particular lot of the same food.

•  It must be as representative as possible of the 
whole consignment or from lot.

• An act of obtaining a sample is called sampling, 
which can be done by a person or 
automatically. 

• Samples of material can be taken or provided 
for testing, analysis, inspection, investigation, 
demonstration, or trial use.



• Lot: A quantity of food or food units produced 
and handled under uniform conditions.

• Sample: A number of food units that 
resembles the characteristics of the lot

• A sample is a limited quantity of something 
which is intended to be similar to and 
represent a larger amount of that thing(s).



TYPES OF SAMPLING METHODS

• There are several sampling 
methods/techniques in common use.

Probability Sampling, 
Non-probability Sampling, 



Probability Sampling

• Probability sampling is used when a 
representative sample is desired, and uses 
principles of statistical sampling and 
probability i.e. elimination of human bias.

• It is a random selection approach that tends to 
give each unit an equal chance of being 
selected. 



Random sampling

• Simple random sampling requires that the 
number of units in the population be known 
and each unit is assigned a number. A specific 
quantity of random numbers between one 
and total number of population units is 
selected. Sample size is determined by lot size



Stratified sampling
• Stratified sampling involves dividing the 
population into overlapping subgroups so that 
each subgroup is as homogenous as possible. 
Group means, therefore, differ from each 
other as much as possible. 

• Random samples are then taken from each 
subgroup. 

• The procedure provides a representative 
sample because no part of the population is 
excluded and it is less expensive than simple 
random sampling.



Systematic sampling

• Systematic sampling is used when a complete 
list of sample units is not available, but when 
samples are distributed evenly over time or 
space, such as on a production line. The first 
sample is selected at random and then every 
nth unit after that.



Cluster sampling
• Cluster sampling entails dividing the 
population into clusters or subgroups so that 
cluster’s characteristics are as identical as 
possible, that is, the means are very similar to 
each other

• Clusters should be small and having a similar 
number of units in each cluster. 

• This sampling method is more efficient and 
less expensive than simple random sampling, 
if populations can be divided into 
homogenous groups.



Composite sampling

• Composite sampling is used to obtain samples 
from bagged products such as flour, seeds, 
and larger items in bulk.

•  Two or more samples are combined to obtain 
one sample for analysis that reduces 
differences between samples. 



Non-probability Sampling

• Non-probability sampling is used when it is 
not possible to collect a representative 
sample, or a representative sample is not 
desired. 

• For example, in case of adulteration such as 
rodent contamination, the objective of the 
sampling plan may be to highlight the 
adulteration rather than collect a 
representative sample of the population.



• Judgement sampling is solely at the discretion 
of the sampler and therefore is highly 
dependent on the person taking the sample.

• Convenience sampling
• Restricted sampling may be unavoidable 
when the entire population is not accessible.

• Quota sampling 







Statistical Quality Control (SQC)
• Statistical Quality Control (SQC) is the use of statistical 
methods in the monitoring and maintaining of the 
quality of products and services.

• Statistics - is science that deals with the collection, 
classification, analysis, and making of inferences from 
data or information. 

•  Quality - is a relative term and is generally explained 
with reference to the end use of the product. 

•  Control - is a system for measuring and checking or 
inspecting a phenomenon. It suggests when to inspect, 
how often to inspect and how much to inspect



BENEFITS OF SQC
• It provides a means of detecting error at inspection. 
• It leads to more uniform quality of production. 
• It improves the relationship with the customer. 
•  It reduces inspection costs. 
• It reduces the number of rejects and saves the cost of 
material. 

•  It provides a basis for attainable specifications. 
•  It points out the bottlenecks and trouble spots. 
•  It provides a means of determining the capability of 
the manufacturing process. 

•  It promotes the understanding and appreciation of 
quality control



• SQC can be divided into three main sub-areas, 
those are: 

1. Off-line quality control, 
2. Statistical process control, and 
3. Acceptance sampling plans



Off-line quality control(Descriptive)

• Its procedure deal with measures to select 
and choose controllable product and process 
parameters in such a way that the deviation 
between the product or process output and 
the standard will be minimized. 

• Much of this task is accomplished through 
product and process design. 

      e.g.The Mean, Range, Standard Deviation



Statistical process control

• SPC involves comparing the output of a 
process or a service with a standard 

• It also involves determining whether a process 
can produce a product that meets desired 
specification or requirements. 



Acceptance sampling plans

• A plan that determines the number of items 
to sample and the acceptance criteria of the 
lot, based on meeting certain stipulated 
conditions (such as the risk of rejecting a good 
lot or accepting a bad lot) is known as an 
acceptance sampling plan.



classification is by Variables and Attributes

• Variables are used to monitor characteristics 
that can be measured

     e. g. length, weight, diameter, time 
• Attributes are used to monitor characteristics 
that have discrete values and can be counted,  
          e. g. % defective, number of flaws in a 
shirt, number of broken eggs in a box 



ATTRIBUTE SAMPLING PLAN 

• Simple to operate. Decision 
taken merely by gauging 
and counting defectives.

• Normally, defects of various 
kinds are clubbed to decide 
on whether an item is 
defective or OK.

• This plan calls for larger 
sample size, hence more 
amount of inspection

VARIABLE SAMPLING PLAN 

• Complex to operate, 
involves calculation of 
averages and “factors” 
related to acceptability 
criteria for taking decision.

•  Each quality characteristic 
is dealt with separately. 

• variable sampling plan calls 
for smaller sample size 
hence more suited to 
destructive tests.











Statistical process control

• Statistical process control (SPC) is the application 
of statistical techniques to determine whether 
the output of a process conforms to the product 
or service design.

•  It aims at achieving good quality during 
manufacture or service through prevention 
rather than detection.

•  It is concerned with controlling the process that 
makes the product because if the process is good 
then the product will automatically be good.



• There are seven basic techniques employed 
for SPC. These basic techniques are (i) check 
sheets, (ii) histograms, (iii) Pareto analysis, (iv) 
control chart, (v) cause and effect diagram, (vi) 
stratification, and (vii) scatter diagram.



• Control charts can be used to monitor 
processes where output is measured as either 
variables or attributes. 

• There are two types of control charts: 
Variable control chart and 
Attribute control chart.



1. Variable control charts: It is one by which it 
is possible to measures the quality 
characteristics of a product. 

            The variable control charts are X-BAR 
chart, R-BAR chart, SIGMA chart



2. Attribute control chart: It is one in which it is 
not possible to measures the quality 
characteristics of a product, i.e., it is based on 
visual inspection only like good or bad, success 
or failure, accepted or rejected.

•  The attribute control charts are p-charts, np-
charts, c-charts.

•  It requires only a count of observations on 
characteristics
 e.g., the number of nonconforming items in a 
sample.
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QUALITY CONTROL MANAGEMENT IN BEVERAGE INDUSTRY

Maintenance of quality in beverage (Fruit-based and carbonated) not only helps the consumers 
in getting the desired quality product, but also promotes sales in the competitive markets. This 
can be achieved by exercising proper quality control measures at the three important stages, 
namely: 

Raw Material control 
Process control 
Finished product control  

Quality of Water In the Beverage Industry

As per the Bureau of Indian Standards 2346-1973, beverages shall mean non-
alcoholic beverages containing dissolved carbon dioxide in properly sealed 
containers or dispensing units in a manner which ensures freedom from spoilage  



Beverages are of two types: 

a. Carbonated water or soda water with or without flavour. 
b. Flavoured and sweetened carbonated water.

The beverages should be prepared from potable water and carbon dioxide confirming to Grade 
II of the Bureau of Indian Standards 307-1966. And all the ingredients used in the beverages of 
the carbon-dioxide should be clear, pure and fir for human consumption. 

In appearance the beverages should be free from insects and rodent contamination, skins, and 
practically free from other extraneous matter. 

Clean beverages should be of sparkling clarity and should remain so when stored under normal 
conditions. The cloudy beverage should be stable. The beverages should be carbonated to a 
pressure in accordance with their character. The beverages should however have a minimum of 
one volume of carbon-dioxide and a well-balanced and pleasant flavour. 

 





Collection of Water Sample for Bacteriological Analysis 
Collection of water sample is more important than the test itself since the collection of wrong 
sample and the results obtained thereon will be misleading and also the time, energy and 
money spent in collecting and sending the un-representative sample for test would be a sheer 
waste. 

Sample Collection from Tap 
First, a tap that is not leaky and which is in regular use should be selected before the sterilised 
bottle is cut open and kept ready as per the instructions given in the instruction sheet supplied 
with the bottle. Before collection of sample, the tap should be opened and the water allowed 
to flow for about 2 to 3 minutes in order to flush out the external contamination with bacteria 
If any .

Then the tap is closed and the mouth of the tap is sterilised with a spirit lamp or cotton wad 
soaked in spirit. The tap should then be opened and water allowed to run out for 1 or 2 
minutes in order to cool the tap and then regulating the flow, the sample should be collected 
in the sterilised bottle leaving some air space. 



Microbiological Test 

1. Total calory count on sugar at 37° c in 24 hours. 
2. MPN of coliform organisms at 37°c In 48 hours .
3. Coliform differential tests.

Chemical quality of water used in Beverage Industry 
The water used in a beverage industry should have a satisfactory chemical quality similar to the 
requirement of potable water.  





Correction of Water Defects used in Beverages

Turbidity 
Where the turbidity is more then a few part for a million less then 50 ppm. a pressure sand 
filter is generally employed and with this type of filter alum is used as a coagulant and 
generally fed to the raw water through a displacement feeder. The alum helps to coagulate the 
suspended matter on the surface of the sand bad which helps in the removal of very fine 
particles of suspended matter.

Colour 
coagulation plant would be employed using chlorine to oxidise the iron or precipitate it Alum 
or other coagulants are used to reduce the colour. 

Taste and odour 

activated carbon purifiers offer the most simple and effective means of removing taste and 
odour. In others, super chlorination ahead of the purifier may be necessary.   



Hardness 
Hardness in water is referred to as temporary, when it is due to bicarbonates and carbonates, and 
as permanent when it is due to salts other than carbonates like chlorides and sulphates. 
The first is lime-soda process, the second is the familiar Sodium Zeolite softening. A third method 
is a relatively new process of demineralization (reverse osmosis technique). 



Sweetening Agents 
Sugar, liquid glucose, dextrose monohydrate, invert sugar, fructose and honey are either singly 
or in combination used for sweetening the carbonated waters. It is hardly necessary to discuss 
the purity of these sweetening agents as they are available in highly refined forms. 

As per the P.F.A. Rules 1955 a sweetened carbonated water shall have not less than 5 per cent 
total sugars, expressed as sucrose. In fruit products like fruit juice, fruit squash, fruit syrup, fruit 
beverage or fruit drinks, bulk of the added sugar forms the total soluble solid of the finished 
product. 

Saccharin 
Saccharin is one of the extensively studied artificial sweetener used in carbonated water .
The use of saccharin is permitted only in carbonated water up to 100 ppm under P.F.A. 

Flavouring Agent 
The retention of flavours during storage of fruit juice and beverage is of prime importance if 
they are to find consumer acceptance. Flavouring agents include flavour preparations of natural 
flavours, nature Identical flavours and artificial flavours which are capable of imparting 
flavouring properties. 



As per Rule 64 BB of P.F.A. Rules 1955 where on extraneous flavouring agent has been added to any article of 
food, the label should carry the words, CONTAINS ADDED FLAVOURS. 

Colouring Agents 

Rule 24 requires that extraneous addition of colouring matter should be displayed on label in capital letters as 
CONTAINS PERMITTED COLOURS. 

Preservatives 
The principal preservatives in commercial use in beverage Industry are salts of benzoic acid and sulphur dioxide.
P.F.A. Rules 1955 permit the use of sulphur dioxide up to 70 P.P.M. or Benzoic Acid up to 120 P.P.M. in sweetened 
ready to serve beverages .

Impregnation with Carbon-dioxlde 
Since carbon-dioxide has an inhibiting action on the growth of moulds, this gas is used in combination with 
sterilisation, filtration and the like. The purity of carbon-dioxide used is also important. Even minor chemical 
contaminants are open to course taste deviation.  



Metallic Contamination

Metals are wide in the juice industry, not only in the construction of crushers, presses and 
extractors, pumps, decorators, pasteurizers, coolers and filters, but also in the construction of 
storage tanks, pipes, hose fittings and the like.
Metallic irons may affect the flavour, colour and appearance of juice in different ways 
depending on certain conditions, particularly oxygen and the extent and nature of reducing 
conditions. 

It is necessary to use equipment  made of glass or steel lined with glass or suitable enamel or to 
use corrosion resistant metals. Stainless steel is found suitable in most juice factories.  
Rule 57 of P.F.A. Rules 1955 prescribes the maximum tolerance limit for poisonous metals like 
Lead, Copper, Arsenic, Tin, Zinc, Cadmium and Mercury in beverages.   



Basic Requirement of Factory Building 

The floor should be cemented or tiled, walls should be plastered, smooth Impervious. It should 
be covered with permanent roof, RCC/Asbestos/GI. 

Adequate supply of potable water, adequate drainage to carry-out the waste water and suitable 
arrangement for disposal of sewage should be made .

Adequate machinery and equipments should be made available which are required for 
manufacturing the desired items. 

The building should have adequate provision for natural light and ventilation to have better 
working conditions in the factory. Adequate arrangements for workers' utility also should be 
available. 









Oils and Fats

Edible fats and oils are foodstuffs defined as which are composed of glycerides of fatty acids. 
They are of vegetable, animal or marine origin. They may contain small amounts of other lipids 
such as phosphatides, of unsaponifiable constituents and of free fatty acids naturally present in 
the fat or oil. Fats of animal origin must be produced from animals in good health at the time of 
slaughter and be fit for human consumption.

 Virgin fats and oils are edible vegetable fats and oils obtained, without altering the nature of the 
oil, by mechanical procedures, e.g. expelling or pressing, and the application of heat only. They 
may be purified by washing with water, settling, filtering and centrifuging only.

Cold pressed fats and oils are edible vegetable fats and oils obtained, without altering the oil, by 
mechanical procedures, e.g. expelling or pressing, without the application of heat. They may 
have been purified by washing with water, settling, filtering and centrifuging only.





FOOD ADDITIVES

 No additives are permitted in virgin or cold pressed oils covered by this Standard.
 
Colours
No colours are permitted in vegetable oils covered by this Standard.

Flavours
Natural flavours and their identical synthetic equivalents and other synthetic flavours, except 
those which are known to represent a toxic hazard.

Commercial Name Actual Component Maximum Level

100 Curcumin or Turmeric 5 mg/kg (calculated as total 
curcumin)

160a Beta-carotene 25 mg/kg

160b Annatto extracts 10 mg/kg 















SAPONIFICATION VALUE :  The saponification value denotes the weight in mg of 
potassium hydroxide (KOH) required to saponify one gram of oil. 

IODINE VALUE : The unsaturated glycerides of an oil have the ability to absorb a definite 
amount of iodine, especially when aided by a carrier such as bromine, and thus form saturated 
compounds. The quantity of iodine absorbed is a measure of the unsaturation of an oil or fat. 
The iodine value is generally expressed as the number of grams of iodine absorbed by 100 g of 
the oil.

UNSAPOIIFIABLE MATTER
The unsaponifiable matter is defined as the substances soluble in an oil which 
after saponification are insoluble in water but soluble in the solvent used for the 
determination. It includes lipids of natural origin such as sterols, alcohols and 
hydrocarbons as well as any foreign organic matter non-volatile at 100°C (mineral 
oils) which may be present.



ACID VALUE
PRINCIPLE
The acid value is defined as the weight in milligrams of potassium hydroxide required to neutralize one gram of oil. It 
is a relative measure of rancidity as free fatty acids are usually formed during decomposition of oil glycerides.

PEROXIDE VALUE
The peroxide value is defined as the amount of peroxide oxygen per 1 kilogram of fat or oil. The sample is added to 
boiling chloroform-acetic acid containing dissolved potassium iodide. After cooling, the mixture is diluted with water 
and the liberated iodine titrated with sodium thiosulphate. The amount of iodine liberated by the sample is a measure 
of the active oxygen present.

TITRE
The titre of an oil or fat is the solidifying point of the mixed component fatty acids. The titre temperature is a mean 
for characterizing oils and fats and for assessing the hardness. The titre is the solidification point of the water-
insoluble fatty acids, prepared and left to crystallize in a desiccator at laboratory temperature for about 24 hours 
before completing the determination. Water-insoluble fatty acids are those obtained after saponification of a fat and 
decomposition of the soap formed according to the method described. Because of the possible presence of fatty acids 
which are partially soluble in water, the details of this method must be strictly followed.

https://en.wikipedia.org/wiki/Kilogram












ANIMAL FAT















S.No Food 
Article

Adulterant Method for Detection Remarks

1 Ghee Vanaspathy or 
Margarine

Take about one tea spoon full of melted 
sample of Ghee with equal quantity of 
concentrated Hydrochloric acid in a 
stoppered test tube and add to it a pinch 
of sugar. Shake for one minute and let it 
for five minutes. Appearance of crimson 
colour in lower (acid) of Vanaspati or 
Margarine.

If the test is positive i.e. red colour 
develops only by adding strong
Hydrochloric acid (without adding 
crystals of sugar) then the sample is 
adulterated with coal tar dye. If the 
crimson or red colour develops after 
adding and shaking with sugar, then 
alone Vanaspati or Margarine is present

2 Mashed Potatoes, 
Sweet Potatoes 
and other starches.

The presence of mashed potatoes and 
sweet potatoes in a sample of ghee can 
easily be detected by adding a few drops 
of Iodine, which is brownish in colour 
turns to blue if mashed potatoes/sweet 
potatoes/other starches are present.

3 Coconut 
oil

Any other oil Place a small bottle of oil in refrigerator. 
Coconut oil solidifies leaving the 
adulterant as a Separate layer.



4 Butter Vanaspati or 
Margarine

Take about one teaspoon full of melted sample 
of butter with equal quantity of concentrated 
Hydrochloric acid in a stoppered test tube and 
add to it a pinch of sugar. Shake for one minute 
and let it for five minutes. Appearance of 
crimson colour in lower (acid) of Vanaspati or 
Margarine.

If the testis positive i.e. red colour 
develops only by adding strong 
Hydrochloric acid (without adding 
crystals of sugar) then the sample is 
adulterated with coal tar dye. If the 
crimson or red colour develops after 
adding and shaking with sugar, then 
alone Vanaspati or Margarine is 
present

5 Mashed Potatoes 
and other starches

The presence of mashed potatoes and sweet 
potatoes in a sample of butter can easily e detected 
by adding a few drops of iodine (which is 
brownish in colour), turns to blue.

6 Edible 
oil

Prohibited colour Take 5 ml of sample in a test tube and add 5 ml of 
concentrated hydrochloric acid. Shake gently, let it 
stand for 5 minutes. Colour will separate in the 
upper layer of the solution.



FQCR IV UNIT

Ms. Shaik Shakeera
Department of Food Technology







































Cleaning Techniques



































Lactometer is a cylindrical vessel made by blowing a glass tube. 

One side of glass tube looks like a bulb filled with mercury and another side is 
thin tube with scale. 

For milk testing, lactometer is dipped in milk which we are testing. In 
lactometer, the point up to which it sinks in the pure milk is marked after that 
put in water and marked at the point up to which it sinks in water. 

It sinks less in milk than water because as we know milk is denser than water. 
In the lactometer there are two portions i.e. ‘M ‘and ‘W’ which is divided in 
three parts and marked as 3, 2 and 1. 

That indicates the level of the purity in milk.















S. No. Food Article Adulterant Method of detection Remarks

1 Milk Water The presence of water can be detected by 
putting a drop of milk on a polished slanting 
surface. The drop of pure milk flows slowly 
leaving a white trail behind it, whereas milk 
adulterated with water will flow immediately 
without leaving a mark.

2 Starch Add a few drops of  Iodine solution. Formation 
of blue colour indicates the presence of starch.

Iodine solution is easily available in the 
medical stores

3 Urea Take a teaspoon of milk in a test tube. Add half 
teaspoon of soybean  powder, Mix up the 
contents thoroughly by shaking the test tube. 
After 5 minutes, dip a red litmus paper in it. 
Remove the paper after half a minute. A 
change in colour from red to blue indicates the 
presence of urea in the milk.

4 Detergent Shake 5-10 ml of sample with an equal amount 
of water. Lather indicates the presence of 
detergent



5 Synthetic milk Synthetic milk has bitter after taste, gives a 
soapy feeling on rubbing between the fingers 
and turns  yellowish on heating

Synthetic milk is made by adding while 
colour water
paint, oils, alkali, urea and detergent, etc.

6 Test for 
Glucose /
Invert sugar

Take a strip of Diacetic strip and dip in to the 
milk for 30 sec to 1 min. If the strip changes 
the color then it shows the sample of milk 
contains glucose .If there is no change in the 
color of the strip , then glucose is absent.

Glucose inverts sugar syrup is added to the 
milk increases the consistency.









































PLANT LAYOUT

The ideal layout permits production of new product or modification in production system at the 
least possible expense and interruption in production schedule. Good plant layout has short 
pipeline, least number of bends. As far as possible, sequencing of equipment should follow the 
process layout. Plant machinery should be placed apart at sufficient distance to allow movement 
for cleaning, operation and monitoring. Minimum holding of product during production is 
another aspect of consideration. Least possible stock of intermediary or in-process and finished 
item should be present on the production floor



Development of good layout should fulfil following objectives: 

a. Improve or facilitate production operation, 
b. Minimize material handling, 
c. Have flexibility of operation for alterations and expansions, 
d. Minimize investment in equipment, 
e. Economize use of floor area, 
f. Make labour utilization effective, 
g. Make effective utilization of by-products, 
h. Provide convenience and comfort for employees,
i. Ensure proper cleaning, operation and monitoring of processes, and
j. Prevent cross contamination



Advantages of a good plant layout 

1. A good layout reduces 
a. the effort in normal material handling of a worker.
 b. cost of handling by direct labour and hence increased productivity per man hour and 
c. indirect manufacturing cost by decreasing spoilage under difficult handling situation 

2. It uses only essential space required and eliminate congestion and accident, permits 
flexibility for methods improvement and future expansion besides making supervision easier. 

3. It also facilitates scheduling and despatching operation.

















Quality control in Animal Based Food Processing Sector





Good Hygiene Practices during Slaughtering























































Factors affecting Meat Grading



Breed



Maturity



Meat Color



Marbling





The two distinct differences in poultry forms are white meat and dark meat. 
Each type of meat holds different nutrition values.

White meat is from the areas of the fowl where little muscle use takes 
place, such as the breast:

White meat is low in calories and fat content and cooks faster.

Dark meat is from areas where the bird’s muscles are used more heavily, 
such as the leg and thigh region:

Dark meat is higher in calories and fat.
Dark meat also tends to be the richer, more flavorful meat.
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Fish Quality Control















Torrymeter measure's fish freshness based an Organoleptic Chart which provide 
an easy to see 0 – 16 scale of fish freshness. 16 being extremely fresh to under 4 
being spoiled.

It measures conductance, capacitance and q-factor of the fish flesh and muscle 
structure. As the fish spoils and as bacteriological activity increases, there is a 
redistribution of intra– cellular and extra-cellular electrolytes. This redistribution 
changes the capacitance and resistance of the flesh and muscle structure. These 
changes in value allow us to calibrate the freshness meter’s response.
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Characteristics
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Physical



Food 
Characteristics

Physical

Shape

Color

Texture

Size

Freshness

Defects

 Appearance

Total solids, etc

Surface condition



Food 
Characteristics

Chemical 

Nutritional value

Moisture content

Functional value

pH

Food additives

Chem contaminants

Etc



Food 
Characteristics

Biological &
Microbiological

Total bacteria

Total coliform bacteria

Total mold

Free from pathogenic mos

Etc



Food 
Characteristics

Sensory

Flavor

Aroma

Taste

Texture

Etc



COLOR

Color may be defined as the impact of the wavelengths of light in 
the visual spectrum from 390-760 nm on the human retina.

The retinal cells may be sensitive to black and white only or to red, 
green and blue (RGB) wavelengths of light.

The correct interpretation by the brain in terms of color depends on 
the adequacy of signals.



Color scales

• There are two popular L, a, b color scales in use today – Hunter L, a, 
b, and CIE L , ∗ a , ∗ b .∗

• They are similar in organization, but will have different numerical 
values. 

• Hunter L, a, b and CIE L , ∗ a , ∗ b  scales are both mathematically ∗
derived from X, Y, Z values. 

• Hunter scale is over expanded in blue region of color space, while CIE 
scale is over expanded in yellow region. The current recommendation 
of CIE is to use L , ∗ a , ∗ b .∗



Size

 Size is very important feature since it can determine the 
loss of products during processing and the final product 
yields.

 Size can be measured in three dimensions such as 
volume in the real world. However, it is usually reduced 
to one or two dimensional measurements.

 Size features include weight, volume, diameter, area, 
surface area, perimeter, length, skeleton length and 
width.



Size

 Area has become a very popular measurement for the quality evaluation of 
fruit and vegetables such as the determination of tomato ripeness.

 Length measurements might also be used especially for those long shape 
food products such as cucumber, banana, which usually measured by 
skeleton length, mid-line of the products.

Skeleton length



Size
• In meat industry, the calculation of surface area and volume of 

ellipsoid meat joints can be used to determine shrinkage during 
processing.

• The measurement of area is also important in meat --- the area of 
marbling/intramuscular fat and the overall area to determine the 
marbling score.



Texture

• Texture can be generally correlated to the sensory properties of food 
products.

• Texture can also be used to determine chemical or physical properties of 
food products --- contain more information about chemical or physical 
properties than color and size.

• Textural properties of food product will be change during storage.
• The importance of texture in the overall acceptability of foods varies 

widely, depending upon the type of food:



Texture
• Relation between textural parameters and popular nomenclature:

• Mechanical characteristics

Primary parameters Secondary parameters Popular terms

Hardness Soft – firm – hard 

Cohesiveness Brittleness

Chewiness

Gumminess

Crumbly – crunchy – 
brittle

Tender – chewy – tough

Short – mealy – pasty – 
gummy



Texture
Primary parameters Secondary parameters Popular terms

Viscosity Thin - viscous

Elasticity Plastic – elastic 

Adhesiveness Sticky – tacky - gooey



Texture

• Geometrical characteristics

Primary parameters Secondary parameters Popular terms

Particle size and shape Gritty, grainy, coarse, etc

Particle shape and 
orientation

Fibrous, cellular, 
crystalline, etc.



Texture

• Other characteristics

Primary parameters Secondary parameters Popular terms

Moisture content Dry – moist – wet - 
watery

Fat content Oiliness

Greasiness

Oily

Greasy

Source: Bourne (2002)





Primary function of sensory testing:

To conduct valid and reliable tests, which provide data on 
which sound decision can be made.

Development of Sensory Testing



The role of sensory evaluation is to….
   provide valid and reliable information to R&D, production, and marketing for 
management to make sound business decisions about the perceived sensory 
properties of products.

Sensory Evaluation as a Scientific Method
 Incorporates the following:

◦ Identification of a problem
◦ The statement of a hypothesis
◦ An experimental strategy to investigate the problem

 Strategy accomplished through data collection and analysis and a conclusion is 
reached that answers the original question









































































































CLUSTER SAMPLING

95

• Cluster sampling is an example of 'two-stage sampling' . 
•  First stage a sample of areas is chosen;
•  Second stage a sample of respondents within those areas is 

selected.
•  Population divided into clusters of homogeneous units, usually 

based on geographical contiguity.
• Sampling units are groups rather than individuals.
• A sample of such clusters is then selected.
• All units from the selected clusters are studied.

http://en.wikipedia.org/wiki/Cluster_sampling
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• Milk is an excellent medium for growth of 
microorganisms. 

• If produced un-hygienically, and handled 
carelessly, it gets contaminated very easily 
leading to its earlier spoilage. 

• To prevent this, production of clean milk is 
emphasized. 



• The prerequisite for production of a high 
quality product is the cleaning and sanitization 
of the milk and milk product contact surfaces, 
which contributes to 60% of the total 
contamination. 

• Not only the dairy equipment should be clean 
but also the dairy plant atmosphere should be 
free from pathogens.







Buildings: 
• Maintenance of hygiene in the plant depends upon the 

design of the building. 
• Floor should be impervious and sloped for efficient drainage 

of water. 
• In walls, 2m height should be tiled, help in efficient cleaning. 
• Doors and windows should be self-closing type.
• A distance of 3m between walls and the equipment and a 

minimum of 42cm to 52cm between the bottom of 
equipment and floor is necessary for proper cleaning.

• Proper ventilation is essential to remove odour, heat, 
moisture and to minimize condensation on cooled surfaces.

• The light requirement in storage areas, boiler room and 
compressor room is 13w/sq. m.; 21w/sq. m. on processing 
equipment like homogeniser and pasteurizers and 41w/sq. 
m. in laboratory and packaging areas for efficient cleaning 
and sanitization.



Equipment, materials and design

• Stainless steel and aluminium alloys are widely used 
for equipment and utensils in dairy industry. 

• The equipment surface should be free from dents, pits, 
rough spots, crevices and also it should be nontoxic, 
non-corrosive and non taintable. 

• For effective cleaning, length of pipes when dismantled 
should not be more than 2m. 

• Gaskets, stationary ring, dead ends inaccessible to 
mechanical cleaning should be designed specifically for 
CIP (cleaning in place). 









Utensils

• Microbial contamination of milk with dust at the time 
of milking can be minimized by using small topped 
containers.

•  Milking pails and utensils should be cleaned and 
sterilized regularly to avoid contamination. 

• Use of strainer to remove large sized objects. 
• Freshly drawn milk has a temperature of approximately 

380C which is highly suitable for bacterial growth. 
• Hence milk should be cooled to less than 100C as 

quickly as possible after milking.



Milker’s hygiene:
• Persons working in the dairy plant should be educated 

on hygienic handling of milk and milk products. 
• They should wear washable clean white cloths and 

caps.
• The milker should be clean and he should avoid 

sneezing, coughing, smoking as well as chewing of 
tobacco just before and during milking.

• Milker should be free from contagious diseases like 
cholera, typhoid, diphtheria and tuberculosis and 
should be monitored for these diseases rigorously on 
regular basis.



• Milkers should thoroughly clean their hands 
and arms before milking.

• Fingernails should be kept trim.
• Soap and clean towels should always be 

provided for the milkers.
• Milker should avoid the wrong milking 

practice like knuckling and incomplete milking, 
which leads to multiplication of organisms in 
the left over milk.





Water supply: 

• Uninterrupted
• Uncontaminated
• Non-chlorinated 
• Potable
• Soft water with hardness not exceeding 112 

mg/litre is essential.





Laboratory control: 

• Efficiency of cleaning and sanitization has to 
be tested for residual sanitizers and 
contamination in the laboratory from time by 
swab method or rinse method.





Air quality:  

• Contamination of air in the plant can be controlled by 
spraying sanitizers at a level of 0.048 mg/litre.

• Irradiations are used to sanitize the air in culture 
transfer room and packaging materials. 

• Common sanitizers used in dairy industry are hot 
water, steam, chlorine (200 mg/litre), iodophor (25 
mg/litre) and quaternary ammonium compounds (200 
mg/litre). 

• Among these, commonly chlorine is used in the dairy 
industry as it is considered better than other sanitizers 
due to its ideal qualities.



Cleaning: 

• Cleaning of dairy equipment refers to removal of soil which 
includes milk residues, water deposits, detergent and sanitizer 
residues, dust, sediments or any foreign matter.

• Cleaning is chiefly dependant-upon:

The type of soil, 
Hardness of water, 

Surface of dairy equipment (contamination by micro-
organism like coliforms, Bacillus etc.) 





• Pre-draining: 
           Draining should be carried out thoroughly to 

minimize product loss, reduce the load on the 
sewage and thereby helps in cleaning.

• Pre-rinsing with water: 
            Pre- rinsing helps for flushing of milk residues, 

prevents drying and sticking of milk to the surface. 
            Lukewarm water should be used for pre-rinsing 

and temperature should not exceed 600C to avoid 
coagulation of proteins.



•Cleaning with detergent: 
Blended detergents at an optimum temperature and 

mechanical scrubbing helps in removal of soil from the 
surface. 

Common alkaline detergents used in dairy are sodium 
carbonate, caustic soda,sodium bicarbonate, sodium 
sulphate at a concentration of 0.2 – 2.0% while sodium 
silicate is used as a protective agent for aluminium. 

Acid detergents widely used include nitric acid 0.5% and 
phosphoric acid at 2.0%. 

Acid detergents help to remove the milk stones and 
water scale.



• Hot water rinsing (post-rinsing): 
         Post – rinsing with lukewarm water removes all traces of 

detergents, displaced dirt and prevent deposition of line scale.

• Sanitizing: 
           It involves effective bactericidal treatment with 

chemical/thermal agents to reduce the bacterial count 
including pathogens to a safe level on the utensils and 
equipment.

           Sanitizing solution used are hypochlorites, organic solution 
of chlorine with 100-200 mg/litre of available chlorine, mixed 
halogens – 25 mg/litre of available iodine. 

• Post- draining and drying: This is to prevent contamination of 
milk the residual sanitizer. 



CIP



Internationally accepted 

food safety management 

system

Ensures that the product is safe andwill not cause harm to the consumer

The HACCP system is solely related to FOOD 
SAFETY and not PRODUCT QUALITY

Hazard Analysis & Critical Control Point







HACCP FOR MILK PASTEURIZATION
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Introduction

• Health hazards on the 
job site

• Protect yourself; 
protect your family

Source: OSHA
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Introduction

Lesson objectives:
1. Identify types of health hazards in the workplace.
2. Describe strategies to control chemical hazards.
3. Describe strategies to control biological hazards. 
4. Describe strategies to control physical hazards. 
5. Describe strategies to control ergonomic hazards. 
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Introduction
Industrial Hygiene – the 
science of protecting the health 
and safety of workers through:

• Anticipation,
• Recognition,  
• Evaluation, and 
• Control

…of workplace conditions 
that may cause workers’ 
injury or illness.

Source: OSHA
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Types of Health Hazards

Chemical Physical

Biological Ergonomic

Source of photos: OSHA

Common  workplace health hazards:
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Chemical Hazards and Controls

Welding fumes

Spraying mist

Forms
• Solids
• Liquids
• Gases and vapors
• Aerosols - dust, mist, fumes

Multiple chemical 
hazards

Dust particulates

Source of photos: OSHA
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Chemical Hazards and Controls

Health Risks 
Heart Ailments Lung Damage Sterility

CNS Damage Kidney Damage Burns

Cancer Liver Damage Rashes

Effects of chemical exposures:

Safety Risks
Fire Explosion Corrosion

Source of photos: OSHA
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Inhalation: Breathed in 
(most common route)

Ingestion: Swallowing via eating 
or drinking

Absorption: Drawn through skin 
or eye surface

Chemical Hazards and Controls

Source of graphics: OSHA

*Injection: Penetration through 
the skin 

Exposure entry routes:
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Chemical Hazards and Controls

Warning Signs of Potential Chemical 
Exposure:
• Dust, mist, smoke in the air
• Accumulation of particulates (dust) on 

surfaces
• Unusual tastes and/or smells
• Eye, nose, throat, upper respiratory, 

and/or skin irritation
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Chemical Hazards and Controls

Examples of chemical exposure symptoms:
• Eye, nose, throat, upper respiratory, skin irritation
• Flu-like symptoms
• Difficulty breathing
• Fatigue
• Loss of coordination
• Memory difficulties
• Sleeplessness
• Mental confusion
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Chemical Hazards and Controls

Exposure Condition Exposure Example

ACUTE Immediate Short-term, high 
concentration

H2S exposure 
within a confined 

space

CHRONIC Delayed; generally 
for years

Continuous; for 
long periods of time Asbestosis

Acute

Source: U.S. Army Corps of Engineers

Chronic

Source: OSHA

Types of health effects:
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Chemical Hazards and Controls

What is toxicology?
• The science that studies the poisonous 

or toxic properties of substances

Source of graphics: OSHA Hazard Communication Pictograms



PPT 10-hr. General Industry – Industrial Hygiene v.03.01.17
13

Created by OTIEC Outreach Resources Workgroup

Chemical Hazards and Controls

Toxic effects:
• Dose

1. Concentration – amount
2. Duration of Exposure – time

Source: OSHA
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Chemical Hazards and Controls

• Toxic chemicals disrupt the normal 
functions of the body.  Effects can 
be:
– Local - at the site of exposure
– Systemic 
• Affects the entire body
• Target organs - organs or systems where 

symptoms of exposure appear
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Chemical Hazards and Controls

Local (direct) effects:
• Irritation (dryness, redness, cracking) - 

fiberglass
• Corrosion (chemical burn) - acid 
• Upper Respiratory Track Infection – inhaling 

particles

Source: Occupational Dermatoses (CDC)



PPT 10-hr. General Industry – Industrial Hygiene v.03.01.17
16

Created by OTIEC Outreach Resources Workgroup

Chemical Hazards and Controls

Systemic effects:
• Hepatotoxins
– Cause liver damage
– Carbon tetrachloride, nitrosamines

• Nephrotoxins
– Cause kidney damage
– Uranium, halogenated hydrocarbons

• Neurotoxins
– Cause nerve damage
– Mercury, lead, carbon disulfide
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Chemical Hazards and Controls

• Hematotoxins  
– Cause blood system damage
– Carbon monoxide, cyanides

• Anesthetics  
– Depress nervous system
– Hydrocarbons, propane, isopropyl ethers
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 Chemical Hazards and Controls
Factors affecting exposures:
• form and innate chemical activity
• dosage, especially dose-time relationship
• exposure route
• age
• sex
• ability of chemical to be absorbed
• metabolism
• distribution within the body
• excretion
• presence of other chemicals
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Chemical Hazards and Controls

Interactions with multiple chemicals:
• Additive effects 2 + 2 = 4

• Synergistic effects 2 + 3 > 5

• Potentiation effects 2 + 0 > 2

• Antagonistic effects 4 + 6 < 10
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Chemical Hazards and Controls

Hierarchy of control:

Source: OSHA
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Chemical Hazards and Controls

• Elimination and 
substitution

Source: OSHA
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Chemical Hazards and Controls

• Engineering controls
– Ventilation – local (hood) / general 

(dilution)
– Process and equipment modification
– Isolation/automation

Example: Replacing transfer belts with screw 
augers on sand movers used in hydraulic 
fracturing will help contain sand and reduce 
dust release (lowering exposure to silica). 

Source: NIOSH
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Chemical Hazards and Controls

• Administrative controls
– Establish written 

programs & policies
– Training
– Monitor/measure exposure levels
– Inspections and maintenance
– Restricted area signage
– Develop SOPs

Source of photos: OSHA
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Chemical Hazards and Controls

• PPE
– Respirators
– Gloves
– Safety glasses
– Long clothing

Source of photos: OSHA
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Chemical Hazards and Controls

Worksite analysis – assessing exposures:
• Air monitoring – personal and area
• Noise monitoring
• Observation – PPE use and work practices
• Ventilation measurements
• Wipe samples – surfaces and personnel

Source: OSHA 
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Chemical Hazards and Controls

• PELs, or permissible exposure limits:
– OSHA’s regulations that establish the 

acceptable amount or concentration of 
a substance in the workplace

– Intended to protect workers from 
adverse health effects related to 
hazardous chemical exposure
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Chemical Hazards and Controls

Exposure limits:
• TWA = Time - Weighted Average

• Levels vary over
the shift duration

• These limits protect from chronic diseases
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Chemical Hazards and Controls

“C” = ceiling limit:
• Level never to be exceeded during the work shift
• Protect from acute disease or health effects
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Chemical Hazards and Controls

Substance-specific standards:
• Established by OSHA to identify specific 

requirements 
• Potentially exposed workers must be 

monitored and protected

Source: NIOSH
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Chemical Hazards and Controls

• Components of substance specific standards: 
(in general)
– Air monitoring
– Control of exposure

• Engineering controls
• Work practices
• Respiratory protection

– Medical surveillance / removal (lead)
– Recordkeeping
– Worker training
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Hexavalent chromium:
• Toxic form of chromium; 
• Known to cause cancer
• Compounds are man-made 

and widely used 
• Major source of exposure 

during “hotwork” on stainless 
steel and other alloy steels 
containing Cr(VI)

Source: OSHA

Chemical Hazards and Controls
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Asbestos:
• Mineral fibers – chrysotile, amosie, 

crocidolite, tremolite, anthophylite, 
actinolite, and chemically treated/
altered forms 

• Known carcinogen; 
can cause chronic lung disease, as well as 
lung and other cancers

• Used in numerous building materials and vehicle 
products

• Exposure potential during construction and ship repair; 
as well as manufacturing of products containing asbestos

Source: OSHA

Chemical Hazards and Controls
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Silica:
• Important industrial material found abundantly 

in the earth’s crust; most common form is quartz 
• Can cause lung diseases, including silicosis and 

lung cancer, as well as kidney disease
• Exposure to respirable crystalline silica 

– Inhalation of small particles 
in air

– Common with operations 
such as cutting, sawing, 
and drilling

Source: NIOSH

Chemical Hazards and Controls
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Lead:
• Blue-gray, heavy metal occurring 

naturally in Earth’s crust
• Can harm many of the body’s 

organ systems; variety of ailments
• Exposure

– Inhalation and/or ingestion of airborne 
particles containing lead

– Occurs in most industry sectors, including 
manufacturing, wholesale trade, 
transportation, construction, remediation, 
and even recreation 

Source of photos: OSHA

Chemical Hazards and Controls
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Welding fumes:
• Content depends on components of 

base metal, coatings, and/or filler 
materials; and welding temperatures

• Potential health effects
– Acute exposure: eye, nose, and 

throat irritation; dizziness; nausea
– Prolonged exposure: lung damage; various types of 

cancer, including lung, larynx, and urinary tract
– Certain fumes and gases can lead to additional health 

issues

Source: OSHA

Chemical Hazards and Controls
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• Exposure to welding fumes 
affected by:
– Welding process
– Materials used
– Location (outside, enclosed 

space)
– Work practices
– Air movement
– Use of ventilation 

Source: OSHA

Chemical Hazards and Controls



PPT 10-hr. General Industry – Industrial Hygiene v.03.01.17
37

Created by OTIEC Outreach Resources Workgroup

Chemical Hazards and Controls

Toxic atmospheres:
• Confined spaces – storage tanks, process 

vessels, bins, boilers, ventilation or exhaust ducts, 
sewers, underground utility vaults, tunnels, 
pipelines, open-top spaces more than 4’ in depth 
(pits, tubs, vaults)

• Hazardous atmospheres
– Oxygen-deficient 
– Hydrogen sulfide
– Carbon monoxide

Source: OSHA
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Biological Hazards and Controls

Bloodborne Pathogens

Animals

Source:  OSHA

Water/Sewage

Source:  OSHA

Source: OSHA

Poisonous Plants

Contaminated Soil

Source:  CDCSource:  OSHA

Insects

Source:  OSHA

http://en.wikipedia.org/wiki/Image:Toxicodendron_radicans.jpg
http://en.wikipedia.org/wiki/Image:Toxicodendron_radicans.jpg
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Biological Hazards and Controls

• Possible effects of exposure 
to biological hazards:

• Mild, allergic reactions
• Serious medical conditions
• Death
• Most virulent and prevalent 

biological agents
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Protection against biological hazards:
• Practice universal precaution with:
– Blood
– Bodily fluids

• Practice personal hygiene
• Provide proper first aid
– Cuts/Scratches

• Vaccinations
• Wear proper PPE/clothing

Source of photos: OSHA

Biological Hazards and Controls
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• Practice precaution with:
– Animals
– Insects

• Use insect repellent
• Provide proper ventilation or 

other appropriate environmental 
controls

Biological Hazards and Controls

Certain species of fruit bats are thought to be the 
natural reservoir for Ebola virus. EHF outbreaks 
are believed to start as a result of contact with 
infected animals or animal carcasses. 
Source: OSHA; photo courtesy of National Park 
Service, U.S. Dept. of Interior.

The best way to protect yourself from Zika, as well 
as other mosquito-borne illnesses, is to prevent 
mosquito bites by using insect repellent, wearing 
long sleeves and pants, and reducing mosquito 
breeding grounds, such as standing water. Source: 
OSHA; photos courtesy of CDC.
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Physical Hazards and Controls

Types of physical hazards:
Vibration

Radiation

Temperature

Source of photos: OSHA

Noise
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Physical Hazards and Controls

Effects of exposure to physical hazards:

Temperature Radiation Vibration Noise

Rash; Cramps Burns Fatigue Interferences

Exhaustion Sickness Strains Stress

Stroke Aging Carpal Tunnel Tinnitus

Hypothermia Cancer HAVS Headaches

Frostbite DNA Mutations Raynaud’s Hearing Loss
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Health 
Effects Cause Symptoms

Rash; Cramps Heavy sweating Red cluster of bumps/blisters; 
Muscle pains or spasms

Exhaustion Loss of body 
fluids/salts

Dizziness, light-headedness, 
weakness, heavy sweating, pale 

skin, sick to stomach

Stroke Rapid body 
temperature rise

≥104F body temperature. Red, 
hot, dry skin; dizziness; 
confusion; unconscious

Physical Hazards and Controls

Exposure to heat:
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Physical Hazards and Controls

OSHA’s Heat 
Safety Tool

https://www.osha.gov/SLTC/heatillness/heat_index/heat_app.html

https://www.osha.gov/SLTC/heatillness/heat_index/heat_app.html
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Physical Hazards and Controls
Protection against heat:

Eliminate or substitute hazard, whenever feasible

Engineering Administrative PPE

• Air conditioning 
• Ventilation
• Cooling fans
• Local exhaust 

ventilation
• Reflective shields
• Insulation
• Eliminate steam 

leaks

• Emergency plan 
• Acclimatization
• Adequate water
• Work/rest cycles
• Avoid hottest times; 

adjust work demands
• Rotate job functions
• Buddy system
• Monitoring

• Insulated PPE, in 
some work places

• Thermal clothing 
(cool vests)
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Health 
Effects Cause Symptoms

Hypothermia Body temperature 
drops ≤95F

Uncontrolled shivering; slurred 
speech; memory loss; 

blue/purple skin

Frostbite Exposed to ≤0F air Pale, cold, waxy-white skin; 
tingling; stinging

Physical Hazards and Controls

Exposure to cold:
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Physical Hazards and Controls

Protection against cold:

Eliminate or substitute hazard, whenever feasible

Engineering Administrative PPE

• Heaters
• Shield work areas 

(windbreaks)

• Warm liquids
• Adjust work schedule
• Buddy system
• Monitoring
• Frequent breaks in 

warm areas
• Acclimatization

• Layered clothing
• Hat or hood, face 

cover, gloves
• Clothing out of 

fabric that retains 
insulation even 
when wet

• Insulated and 
waterproof boots



PPT 10-hr. General Industry – Industrial Hygiene v.03.01.17
49

Created by OTIEC Outreach Resources Workgroup

Physical Hazards and Controls

Exposure to radiation:

Source: OSHA
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Physical Hazards and Controls
Protection against radiation:

Eliminate or substitute hazard, whenever feasible

Engineering Administrative PPE

• Enclose/Shield work 
areas to minimize 
stray radiation

• Interlocked doors on 
devices that can 
produce acute 
thermal injuries

• Remote operation of 
radiation-producing 
devices

• Clearly mark 
controlled spaces

• Minimize exposure 
times

• Location/ 
installation of 
devices

• Proper 
maintenance

• RF/MW protective 
suits, including head 
and eye protection

• Safety glasses, 
goggles, welding 
helmets, or welding 
face shields with 
appropriate filter 
lenses
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Health Effects Early Signs and 
Symptoms

Later Signs and 
Symptoms

• Circulatory 
disturbances, 
such as VWF and 
HAVS

• Sensory nerve 
damage

• Muscle, bone, 
and joint injury

• Intermittent 
tingling of one or 
more fingers

• Blanching of 
fingertips

• Pain in fingers

• Loss of sense of touch; 
numbness

• Blanching of entire fingers
• Loss of grip strength
• Sever pain
• Carpal tunnel syndrome
• Pain and loss of strength in 

arms
• Loss of finger dexterity or 

coordination

Physical Hazards and Controls

Exposure to vibration:
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Eliminate or substitute hazard, whenever feasible

Engineering Administrative PPE

• Vibration reduction 
equipment

• Vibration dampeners 
or shields to isolate 
source of vibration 
from employee

• Proper positioning 
and grip; let the 
machine do the work

• Job rotation
• Limit duration of task
• Proper maintenance

• Anti-vibration 
gloves

Physical Hazards and Controls

Protection against vibration:
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Health Effects Signs and Symptoms

• Tinnitus
• Permanent hearing loss
• Physical stress
• Psychological stress

• Ears feel stuffed up
• Ringing in the ears
• Limited ability to hear high frequency 

sounds, understand speech, and 
communicate

Physical Hazards and Controls

Exposure to noise:
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Source: OSHA

Physical Hazards and Controls

• Noise – prolonged 
exposures to 
85 dB can lead to 
hearing loss
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Eliminate or substitute hazard, whenever feasible

Engineering Administrative PPE

• Use low-noise tools and 
machinery

• Place a barrier between 
noise source and worker

• Enclose or isolate noise
• Weld parts rather than 

rivet
• Use acoustical materials
• Install silencers, 

mufflers, or baffles

• Increase distance 
between source 
and worker

• Alter work 
schedule

• Limit time of noise 
exposure

• Provide quiet 
areas for breaks

• Ear plugs
• Ear muffs
• Hearing bands

Physical Hazards and Controls

Protection against noise:



PPT 10-hr. General Industry – Industrial Hygiene v.03.01.17
56

Created by OTIEC Outreach Resources Workgroup

Physical Hazards and Controls

• When to wear hearing protection
– Noise or sound level exceeds 90 dBA (OSHA)
– Recommended when exceeds 85 dBA (NIOSH)

• What to wear
– Personal comfort preference
– Long-term/Single use (plugs)
– Short-term/On and off (muffs)
– Consider NRR

Source of photos: OSHA
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Physical Hazards and Controls

Dual hearing protection: 

57

Formable Ear Plugs
Listed NRR = 29

Adjusted NRR (29 – 7) = 22

Earmuffs
Listed NRR = 16

Adjusted NRR for Dual 
Protection = 5

22 (adjusted NRR) + 5 (Dual Protection NRR) = 27

Source of graphics: OSHA 
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Ergonomic Hazards and Controls

Source of photos: OSHA
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Effects of exposure to ergonomic 
hazards:
• Musculoskeletal Disorders (MSDs)
– Exposure to ergonomic risk factors for MSDs 

increases a worker's risk of injury
• Repetition
• High force
• Awkward postures 

– Work-related MSDs are among the 
most frequently reported causes 
of lost or restricted work time.

Source: OSHA

Ergonomic Hazards and Controls
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Ergonomic Hazards and Controls
Risk factors for MSDs:
• Overexertion
• Repetitive tasks
• Awkward posture/positions
• Localized pressure
• Cold temperatures
• Vibration
• Combined exposure

Source of photos: OSHA
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Protection against ergonomic hazards:
• Use ergonomically designed tools
• Use correct work practices
– Proper lifting techniques

• Ask for help when handling:
– Heavy loads
– Bulky/Awkward materials

• Properly fitting PPE

Ergonomic Hazards and Controls

Source: NIOSH
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Discussion

• What are examples of health hazards 
at your worksite?

• How are they controlled?
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Knowledge Check

1. Which of the following is an example 
of an industrial hygiene health hazard?

a. Chemical hazards
b. Economic hazards
c. Electrical hazards
d. Fall hazards

Answer: a. Chemical hazards
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Knowledge Check

2. Which of the following is an example 
of a physical health hazard?

a. Asbestos
b. Noise
c. Silica
d. Lead

Answer: b. Noise
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Knowledge Check

3. Which of the following controls is an 
example of an engineering control 
for protection against chemicals?

a. Ventilation
b. Respirators
c. Training
d. Signage 

Answer: a. Ventilation
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What questions do 
you have?

Thank You! 
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