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The demand for fish as food is systematically increasing but at the 

same time marine resources are close to the limits of exploitation. 
Fortunately, aquaculture which supplies the market with both marine and 
freshwater fish is fast developing. Fresh water fish and shellfish constitute 
an important component of global fish production.  

 
The present-day consumers’ particularly urban consumers are showing 
more and more interest in food products which are available as ready to eat 
or ready to cook. These food items are called convenient products and the 
global demand for such products is increasing rapidly. This has led to the 
development of several fishery products varying in taste, texture and 
appearance. One group among them having high consumer appeal is 
‘battered and breaded products’ popularly known as coated products. 
Battering and breading techniques have contributed significantly to value 
addition of fish and fishery products. 
 
In essence, a coated food product is one that is coated with another 
foodstuff. Coating by battering and breading enhances a food product’s 
characteristics such as appearance, flavour and texture. Coating acts as a 
moisture barrier, minimizing moisture losses during frozen storage and 
microwave re-heating and retains the natural juices of foods, thereby 
ensuring a final product that is tender and juicy on the inside and at the 
same time crisp on the outside. The first commercially successful coated 
product was fish finger. There are several ingredients used in the 
formulation of coatings. Each ingredient performs its functions to 
contribute to the unique characteristics and functionality of coatings. The 
commonly used ingredients fall under five categories. They are 
polysaccharides, proteins, fats, seasonings and water. Besides small 
quantities of leavening agents, gums, spices, colour etc. may be added to 
provide specific functional effects.  The major ingredients used for the 
production of batter mix and breadcrumbs are more or less same but the 
manufacturing techniques employed are different. 
 
1. Batter 
The word 'batter' comes from the old French word 'battre' which means ‘to 
beat” as many batters require vigorous beating or whisking in their 
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preparation. A batter is defined as “a liquid mixture comprised of water, 
flour, starch and seasonings into which food products are dipped prior to 
cooking”. Batters are broadly classified as adhesive batter and tempura 
batter. 
 
Adhesive batters are conventional batters and are also termed as traditional 
batters.  The adhesive batter is a fluid, basically consisting of flour and 
water, into which the product is dipped before it is cooked or fried. It acts as 
an adhesive layer between the food substrate and the subsequent breading. 
The primary purpose of this batter is to increase crumb adhesion to the 
product. The proportion of batter and water is generally in the ratio of 1:2. 
The desired viscosity and pick up decide the ratio of components in the 
batter mix. 
 
Tempura batters are also known as leavened batters or puff batters. Wheat 
and corn flour play an important role in this system. This batter forms a 
crisp, continuous, uniform layer over the food, constituting its final coating. 
Tempura batters provide crust coatings of exceptionally high volume, which 
are also light in texture. The main difference between an adhesive batter and 
a tempura batter is that the tempura batters always contain leavening 
agents to generate leavening gas (carbon dioxide) and hence they are applied 
using special tempura batter applicators to retain the leavening action.  
 
Typical formulation of a batter system is given in Table 1. The ingredients 
are classified as critical and optional based on their functionalities. 
 

Table 1. Formulation of batter 
 

Ingredients  Addition range (%) 
Critical  
Wheat flour 30-50 
Corn flour 30-50 
Sodium bicarbonate Up to 3 

Acid phosphate 
Adjust based on  

neutralizing value 
Optional   
Flours from rice, 
barley, soy 

0-5 

Shortening oil 0-10 
Dairy powders 0-3 
Starches 0-5 
Gums, emulsifiers, Less than 1 
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colors 
Salt Up to 5 
Flavors, seasoning 
etc. 

As required 

 
2. Breadings 
The term 'breadings' is a general or descriptive term that covers a wide range 
of cereal based food coating.  A breading is defined as “a dry mixture of 
flours, starch and seasonings, coarse in nature and applied to moistened or 
battered food products prior to cooking”. Most breadings are developed using 
certain variations of established baking techniques.  
 
2.1 Breading characteristics 
Breading may be identified by their functional characteristics when applied 
to a substrate.  The major functional characteristics of breading are mesh 
size, area to volume relationship, browning rate, moisture absorption, oil 
absorption, colour and texture.  
 
Mesh: Typical breadings have particle sizes between No. 5 U.S. sieve and No. 
80 U.S. sieves. The proportion of these various mesh fractions governs the 
final appearance of the food.  Based on the mesh size the industry divides 
the breadings into three broad ranges - coarse, medium and fine.  Each 
range of particle sizes has a particular role to play in the formation of an 
attractive and economical coating system.  The larger particles provide 
visual interest and textural impact while the finest mesh portion rapidly 
absorbs the moisture in a very few seconds from any batter.  Although 
coarse particles are desired to achieve visual and textural targets, its 
excess use on a food portion with small surface area gives rise to falling off 
coating during handling and transportation of the breaded products.  So a 
balance among the mesh fraction is desirable. 
 
Area to volume relationship: The area to volume relationship (shape) of food 
to be breaded is another important factor.  Some foods by their natural 
shape have particular area to volume relationship.  Other foods like fish 
sticks and beef patties can be sliced or formed into various shapes.  A high 
area to volume ratio permits a good coverage to be applied without any 
unfavorable effects on appearance and texture.  In cube shaped foods 
coatings are very difficult to apply. 
 
Browning rate:  Browning rates of breadings depend largely on the 
proportion of reducing sugars used in their manufacture.  Fast browning 
rates permit high processing speeds, reduced frying times and lower fry 
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temperatures. 
Moisture absorption: The rate at which a particle of breading absorbs 
moisture is a function of its particle size, porosity and gelation.  The 
production rate can be increased if a breading of a smaller average mesh is 
used.  It is porosity, together with mesh size, that determines the rate of 
absorption and the texture of coating. 
 
Oil absorption: The absorption of oil and the effective rate of heat transfer in 
porous granules are higher than in dense granules. The absorption of oil and 
the exchange of the oil for moisture during frying stage have an important 
advantage in texture development. 
 
Colour: The final fried colour is not solely dependent on the content of 
reducing sugars in the breading. It may also be developed by other colors 
which are added to the breadings (paprika extract, tomato pigment, 
synthesized carotene, annatto etc. 
 
Texture: Mesh, porosity and absorption are the major crumb factors that 
contribute to texture.  Coarse, dense crumbs may be very acceptable when 
the food is oven heated and non-oil appearances desired.  Dense crumbs 
tend to absorb less oil when pre-fried; however, this same type of crumb 
when fully fried may have an unacceptably hard texture.  The appropriate 
action is to select a coating with a medium particle size. 
 
2.2 Breading types  
Wide varieties of breading materials manufactured by different techniques in 
different sizes, shapes and colours are commercially available. They can be 
used alone or in combination with other types of crumbs. Important crumbs 
which are used for the production of coated fishery products are cracker 
meal/traditional breading, home- style breadcrumbs, Japanese style 
crumbs and extruded crumbs. Cracker meal is usually used as a coating 
for products which are deep fat fried for long periods and is widely used on 
fish products. Home-style crumbs are more porous than cracker meal and 
tend to absorb more oil and moisture. They cannot tolerate long frying times 
and tend to darken more quickly. The Japanese crumbs, also called 'oriental 
style’ or ‘Panko crumb' has a characteristic flake-like elongated structure 
which has excellent v isual  appeal  and provides a unique surface texture 
when fried.  It has an open and porous texture which imparts a light 
tender crispness.   Because of its lightness, it is possible to produce the 
crumb in large sizes without the sensation of hard particles. Extruded 
crumbs are light and fragile and tend to float in oil, may turn black and 
deteriorate the oil quality. 
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3. Process of Development  
The production of battered and breaded fish products involves several 
stages.  The method varies with the type of products and pickup desired.  
In most cases it involves seven steps.  They are portioning/forming, pre-
dusting, battering, breading, pre-frying, freezing and, packaging and cold 
storage. 
 
Portioning/ forming: Portioning is the first and important stage in the 
production of coated fishery products. The objective of this step is to cut or 
shape the substrate in the most economical way so that minimum loss 
occurs during portioning and subsequent processing steps. The shape of the 
substrate plays an important role in process efficiency. The surface area to 
volume and surface area to weight ratio can play an important role in the 
application of coating.  Cutting loss during portioning is another factor 
which determines the economics of coated products. Cutting loss is 
negligible when manually done with a band saw, whereas with automatic 
block cutting machines it is in the range of 5-10 %. A recent innovation for 
the catering sector is forming of skinless and boneless fish fillets into a 
predetermined shape and size using specially designed forming machines.   
The shapes vary from conventional fillet shapes to several other imaginative 
ones. Different types of forming machines of varying capacities for variety 
products such as balls, cutlets, burgers and other shapes are available for 
large scale commercial production.  
 
Substrate quality plays an important role in coating adhesion. Water content 
and the presence of phosphates in fish blocks can have a direct effect 
on batter adhesion and cook times. An abnormally high amount of water in 
the fish block becomes a problem when it passes through the band saws 
and chopper. A thin layer of water is formed on the cut surface, which 
subsequently freeze and form a frozen film called “ice glaze”. This results in 
poor batter adhesion to fish portions. This can also cause “blow off” of the 
batter from the fish portion surface during frying. Presence of phosphates in 
fish portions can result in prolonged cook time during frying. This can result 
in darkened and overcooked batters in the final product which lose its 
consumer appeal. Highly sophisticated portioning and forming machines for 
different types of products are available for commercial operations. 
 
Pre-dusting: Pre-dust refers to fine, dry material that is dusted onto a food 
substrate first. Pre- dusts can be unprocessed flours or blends of starch, egg 
whites and gums of particle sizes similar to those of flour. A more 
sophisticated and expensive pre-dust may contain salt, spices, seasonings 
and flavorings for functional and flavoring purposes. Before a fish portion is 
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battered it usually undergoes a pre-dusting step.  The purpose of pre-
dusting is to prepare the surface of the portion so that batter can adhere 
uniformly.  Pre-dusting also improves the adhesion of batters to frozen or 
greasy food surfaces. Salt in the pre-dust can slightly melt the ice glaze 
covering the surface of fish portion. Excess pre-dust on the fish portion is 
removed by the use of air blowers. Pre-dusting machines of varying 
capacities for different types of products are commercially available.  
 
Application of batter: Many types of batter are commercially available and the 
major processing factors important to their proper operating functions are: 
viscosity, temperature, set-up rate film thickness, solids content and 
symmetry of application. The pre-dusted product is conveyed to the batter 
applicator and transferred to the next conveyor, which will draw it through 
the batter. The application of batter to a food substrate is a complex process 
and the selection of an appropriate applicator depends on many factors such 
as the type of batter and its process parameters, nature of the substrate and 
its physical parameters and also the requirements of the final coated 
product. 
 
There are two basic types of batter applicators designed to meet the 
properties of two generally used types of batter namely, conventional batter 
and tempura batter. They are overflow applicator and top-submerge device 
applicator. Conventional batters are of low to medium viscosity and hence 
can be applied with total submersion or overflow batter applicators.  Low 
viscosity batters are normally applied in an overflow configuration.  Medium 
viscosity batters may require a total submersion system depending on the 
product requirements. In the battering process pre- dusted fish portion is 
conveyed to the batter applicator and drawn through the batter.  The fish 
portion is totally submersed in the batter as it is drawn through it. Tempura 
batters require special handling for proper application. Tempuras are high 
viscosity batters, which contain raising agents. The control of temperature 
and viscosity are crucial to product quality and production cost. Tempura 
batter should not be prepared in advance of use as gas begins to be lost as 
soon as the batter mix is hydrated. The batter mixer should have a gentle 
mixing action to avoid the loss of leavening gas. Tempura batters are usually 
run at a higher temperature than the conventional batters. A cold tempura 
batter will give less puff. A tempura applicator consists of a deep well pan, a 
product conveyor and a top sub merger conveyor. The top sub merger holds 
the products under the batter and also helps maintain orientation on the 
belt.  
 
Line speed is a very critical factor affecting batter pickup.  An excessively 
fast line speed will reduce the batter pickup. Too low a line speed also can 
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result in excessive batter adherence. Excess batter, if carried over to the 
breading section, will cause formation of lumps and this can cause blockages 
in the breading machine. This will also cause formation of shoulders and 
tails on the edges of the product and contaminate subsequent breading 
application.  Therefore, to overcome the problems the excess batter is 
removed by blowing air over the product.  The position of the air blower 
should be as close to the product as possible to control the airflow across the 
product. Carry over from the pre-dusting operation also is critical.  Where 
pre-dust is carried over, the viscosity of subsequent batter will increase 
leading to an increase in pickup.  
 
Coating Systems  
In the production of coated foods, different types of coating systems are 
involved, although the basic steps are the same. There are four basic coating 
systems which are employed  in  commercial  coating  operations.  They are  
the  single  line,  tandem  line, tempura or batter fry line and the tempura-
Japanese lines as shown in Fig.1. 
 
Single Line: Single line breading system duplicates the manual operation 
that involves coating the substrate first with a batter and then covering it 
with breading material with or without a pre-dusting step. This process is 
mainly used for meat products and premium seafood items. Fryer is an 
option and not a necessity in the line since the last coating step is dry. The 
coating pick up is below 30%. 
 
Tandem Line: This consists of two batter- breading machines and an optional 
pre-dust unit. Sometimes three coating steps are given to thoroughly 
encapsulate the product. Sometimes fryer is  also  added  in  the  line  as  an  
optional  unit  as  per  processor’s requirement for the final product. 
Sometimes a batter-bread-bread line is given where the product is breaded 
twice to maximize the crust on the surface. Common items produced in this 
line are coated onion rings, shrimp, fish sticks etc. The coating pick up is 
above 30%. 
 
Tempura or Batter –fry   Line: This system line consists of a pre-dust 
machine, followed by a tempura batter applicator that transfers product 
immediately into the hot oil of the special tempura style fryer. Here the 
product is fried on a special conveyor with a non-stick surface in order to 
avoid peeling off of the coating. The fryer is an essential unit since the last 
coating step is wet. The coating pick up varies between 30 - 55%. 
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Tempura-Japanese:  In tempura –Japanese line, a heavily tempura battered 
product is coated with Japanese style or porous bread crumbs and then 
flash fried. Pre-dusting is optional. The last coating step is dry. The coating 
pick up varies between 30 - 55%. 
 
Application of breading: Breading is applied to the battered products using 
breading applicators. Specially designed breading machines are used to 
ensure uniform particle size distribution or granulation on both top and 
bottom of the product with minimum crumb breakdown. In the application of 
breading several important factors are to be considered which may affect the 
quality of the breading process. They are granulation, bulk density, reducing 
sugar content, absorption, integrity and porosity. 
 
Granulation is the most important factor which determines the quality of 
the breading process. Particle size of the breading determines the 
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crispness. Larger (coarse) particles give better crispness than fine particles. 
However, larger (coarse) particles are unable o pack closely on the surface 
of the coating which results in poor pick up and coverage. Optimum 
crispness, adequate coverage and maximized weight can be achieved by 
selecting the right particle size of breadings. Bulk density of the breading 
affects the pick-up potential as well as the feel – in - the mouth property of 
the coated product. The lower density breadcrumbs provide a very light 
crispy bite to food. Reducing sugar content in breading determines the 
fried colour of the coated product. Depending on the intended usage, the 
sugar content should be adjusted to obtain uniform and consistent colour 
in the final product. Added colour also plays an important role in the fried 
colour of the product. Absorption of a breading is its ability to take up 
water. High absorption breadings can decrease batter set up rate, reduce 
tailings and fall off.  Integrity of breading is a measure of its ability to 
remain an intact particle when hydrated. Lack of integrity will cause loss of 
texture in the coated product and contributes to a soft surface. Porosity 
describes the open cellular network in breaded products. A porous 
structure of the breading will allow the hot oil to enter and vapourize the 
moisture from crumb during frying which will impart crispness to the 
product. Cracker meal breading does not have porosity. The selection of 
applicators for breading depends on the type of breading used. They are 
classified accordingly and a brief description is given below: 
 
Free flowing breadings Free flowing breadings are used in products from 
poultry, fish and vegetables. Generally, these breadings are fine and uniform 
in granulation. They flow easily in machinery. The applicator for this type of 
breading encapsulates the product by re- circulating the breading material, 
thus providing a bottom bed as well as top flow. After the coating is applied, 
excess material is removed either by air or by “flipping” the product. In the 
former, the breading falls through a belt opening and an engineered stream 
of air blows off particles those have not absorbed batter. In the latter 
the product is flipped from one level to another so that the breading fall off 
as the product makes a half circle turn. There are many types of breading 
applicators available and the appropriate machine depends on the 
ingredients used.  The speed of the breading machine is so adjusted to 
closely match the belt speed of the batter applicator. For soft products the 
crumb depth should be maintained as thin as possible to avoid product 
damage when leaving the breading machine; however, frozen or hard 
products should have a deep bed of crumbs. Pressure rollers are used to 
apply sufficient force to press crumbs onto the battered product. 
 
Non Free-flowing Breading or Flour Type Breading: This type  of  breading  
poses  significant  problems  for  the  processor.  The movement of particles 
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through a machine is very difficult. This type of material causes machine 
failures since the material bridges in hoppers or packs around augers. Other 
problems encountered are slow batter absorption, low pick up usually below 
20%, and uneven coverage.  Uneven coverage in the finished product is 
caused by the tendency of the breading to come off during frying in the 
fryer. To move the non-free flowing breading through the machines a 
driving mechanism like augers or vibrators that force the coating to flow 
evenly is incorporated. These units are also suitable for pre-dusting. 
 
Japanese crumbs Japanese style crumbs with their low bulk density and 
larger granule sizes make the crumb pickup difficult by the normal batter 
systems.  Special batter formulations, sometimes containing raising agents, 
may have to be used at medium viscosity for a desired level of pickup of 
crumbs. Specially designed breading machines are used to apply uniform 
particle size distribution or granulation to both top and bottom of the 
product with minimum crumb breakdown.  Air blowers are used to remove 
excess crumb from the product after breading. Excess crumb carried into 
the fryer can cause unsightly black specks on the product.  Filters are 
used to remove small particles from the oil to prevent this phenomenon. 
 
Pre-frying/ Flash frying After coating with batter/bread crumbs many 
products are often flash fried in refined vegetable oil prior to freezing.  The 
purpose of pre-frying is primarily to set the batter/bread coating on the fish 
portion so that it can remain intact during further processing. It also 
inhibits freeze denaturation and contributes to taste. Besides, pre- frying 
develops a characteristic crust and gives the product a characteristic fried 
(oily) appearance and taste.  Therefore the temperature of frying oil and the 
time of frying are critical.  The normal frying temperature is between 180–
200°C and the frying time 20-30 seconds.  The term pre-frying is used 
because the final product frying is completed by the consumer for a duration 
of 4-6 minutes depending on the portion size and thickness.  The battered/ 
breaded fish portions enter the frying medium through a conveyor system, 
the speed of which is adjusted so as to keep the fish portion in the hot oil 
for the required time. 
 
Frying Medium: In battered and breaded fish production, the frying 
operation plays a vital role on the quality of the finished product.  The 
frying operation is comprised of three basic components.  First is the fryer 
and associated equipment (filters, conveyers etc.).  Second is the fish being 
fried (including the batter and breading) and the third component is the 
frying fat. Frying fats serve dual purposes in a frying operation.  They 
function first as a heat transfer medium and then as a food ingredient.  To 
choose the proper frying fat for a specific operation many things must be 
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considered.  Some frying fats are noted as having a specific flavour which is 
carried over to the finished product. Some flavours contributed by the frying 
fat will improve the fried item, whereas others will degrade the quality of 
the item. A frying fat that is liquid at room temperature will provide a shiny 
wet appearance to the product.   Moreover a liquid fat is easier to handle 
(pumping, metering, pouring etc.) compared to a solid fat. Usually refined, 
bleached and deodorized vegetable oils are used for frying purpose. During 
frying, the fat is exposed to extreme conditions such as high heat, high 
moisture, turbulence and the introduction of contaminants such as food 
particles and bread  crumbs.  These conditions  promote  the  degradation  
of  the  frying  fat.    The prominent forms of frying fat degradation are 
hydrolysis, oxidation and polymerization. There are many analytical tests 
that can be performed to determine quality of the fat. The most common 
tests are free fatty acids (FFA), smoke point, peroxide value (PV) and colour.  
 
Free fatty acids (FFA): Freshly produced frying fat would be theoretically free 
from free fatty acid.  During frying the fat is exposed to water in the form of 
steam escaping from the frying substrate, which results in the formation of 
fatty acids, by the breakdown of glyceride molecules.  The rise in free fatty 
acids in the frying fat affects the quality of the fried product and hence it 
has to be either neutralized or replaced with new frying fat when the FFA 
level in the frying fat exceeds 0.5% level. 
 
Smoke point: All fats will smoke when heated sufficiently. The temperature 
at which they begin to smoke is the smoke point.  The smoke point of a fresh 
fat is around 232°C. As the fat degrades the smoke point lowers.  When 
the smoke point reaches the frying temperature, smoking will occur during 
frying.  
 
Peroxide value (PV): When fats are exposed to air (oxygen), they undergo a 
degradation process known as oxidation which results in the formation of 
peroxide.  By determining the peroxide content, the extent to which 
oxidation has occurred in a frying fat can also be monitored.  A fresh fat 
should have a low PV of about 0.5 mg/kg, which will increase with time. 
 
Colour: Molten fresh frying fat will have only a very pale colour.  As the fat 
ages and degrades during frying it darkens and ultimately becomes black.  
The colour of frying fat is evaluated by comparing with standardized red and 
yellow filters in a lovibond scale.  
 
The fish portion leaves the frying oil with a coating temperature equivalent to 
that of the oil but still frozen in its center.  Although the fish flesh center is 
frozen the surface flesh may be partially thawed.  Therefore a quick and 
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efficient freezing method is very essential to keep the quality of the coated 
product.  
 
Freezing  
The first step in preparing the fried fish portion for freezing is air-cooling.  
This is usually accomplished with the use of a fan or a series of fans. This 
allows the coating temperature to drop, while at the same time allowing 
the batter coating to recover from the frying shock and also to stabilize 
itself.  The coated fish portions are then fed to the freezer through 
conveyor belts. Since the fried portions are fragile, care should be taken to 
avoid contact between the portions while loading in the freezer. Freezing is 
usually carried out in spiral freezers. Other types of IQF freezers can also be 
used depending on the product and convenience. Freezing is completed 
when the internal and external temperature of the fish portion drop to about 
– 40°C. 
 
Packaging and Storage  
The common deteriorative changes taking place during frozen storage of 
battered and breaded fish products are desiccation, discolouration, 
development of rancidity etc. Application of proper packaging 
prevents/retards these changes to a great extend. Conventional packaging 
materials like flexible plastic films are not suitable for these products as 
they provide little mechanical protection to the products and as a result the 
product  gets  damaged  or  broken  during  handling  and  transportation.  
Hence thermoformed containers are commonly used for this purpose.   The 
packed coated products are usually stored at –20°C. 
 
4. Equipments in Battering and Breading Process   
Development in coating technology has been synonymous with development 
in machinery and equipment. Prior to the introduction of machines breading 
lines in food processing plants consisted of a conveyor surrounded by a 
personnel who battered and breaded by hand. The process was slow, 
tedious, low production rates and difficult to maintain the hygienic 
standards.   Today a large number of automatic and highly sophisticated 
processing equipment of varying capacities are available. Commonly used 
equipment in the production of coated products are grading equipment, 
peeling and de- veining equipment, cooking equipment,  meat  bone  
separator,  fish  meat  strainer, automatic band saw, forming machine, 
kneading machine, pre-duster, battering and breading machine, fryer, 
freezing equipment such as blast freezer, cryogenic thermal freezer, modular 
spiral belt freezer, fill and seal machine, vacuum packing machine with gas 
fleshing capability etc. The introduction of modern machines results in the 
growth of productivity and reduction of employment; it shortens the 
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duration of technological processes, and makes it easier to prepare more 
laborious but, at the same time, more attractive products for the consumer. 
 
5. Quality evaluation of coated products 
Food quality is an important concept because the food people choose 
depends largely on quality. Food quality must be monitored on a regular 
day-to-day basis to ensure that a uniform product is produced and that it 
meets the required quality control standards. Both sensory and objective 
tests are important in evaluating a coated product, and ideally they should 
correlate with or complement each other. 
 
One of the chief quality parameters of a coated fish product is the amount of 
fish flesh content in the product. Fish flesh content in frozen coated fish 
product is determined by AOAC Official Method 996.15(1997). Method uses 
(1) combination of heat and water to breakdown adhesive properties of 
coating (batter and/or breading) and (2) hands to assist in determining when 
coating's ability to adhere to flesh's frozen surfaces is diminished and can be 
easily removed. Fish flesh content is calculated using the formula 

% Flesh = (Wd / Wb) x 100 
Where Wd = weight of debattered and/or debreaded test sample; Wb = 
weight of battered and/or breaded test sample. 
 
Different countries are following different standards for flesh content. In 
USA, the department of commerce has specified a minimum flesh content of 
75 % for raw breaded fish portions and 65 % for precooked portions. The 
Food advisory committee of the UK government has recommended a 
minimum fish content of 55 % for battered, and 60% for the fingers coated 
with bread crumbs. Although instrumental methods have been used to 
evaluate texture of fried, coated products, parameters such as crispness or 
crunchiness, fragility, tenderness etc are hard to quantify using empirical 
mechanical methods. Other parameters such as greasiness, juiciness, 
oiliness etc have been assessed with trained panelists. The possibilities of 
contamination of coated fish products with microorganisms of public health 
significance are similar to any other fish products and hence they are 
evaluated by the conventional methods followed for other frozen fishery 
products. In spite of tremendous advances in food technology, processing 
safe food and storing food safe are still matters of worldwide concern. 
 
6. Coated Fish Fillets 
Fried coated fish fillet is a prominent food item in the European markets. 
Along with fried potato chips it forms a substitute for lunch for majority of 
the floating population in Europe. Fresh water fish fillet of table size and 
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having minimum fin bones can be used for this purpose. Various stages in 
the production of coated fish fillet are: 

• Filleting 
• Cold blanching 
• Pre-dusting 
• Coating with batter 
• Coating with bread crumbs 
• Pre-frying 
• Freezing 
• Packaging 
• Storage 

Filleting: A fish fillet is a skinless, boneless fish loin cut along the central 
bone frame and trimmed free of loose or hanging meat. Skinless and 
boneless fish fillets can be prepared manually as well as using filleting 
machines. While fillet yield is 30 to 40% with machine filleting, manual 
filleting gives better yield. To fillet, keep the fish on the chopping board and 
cut from behind the pectoral fin down to the main bone and move the knife 
along the bone frame with minimum loss of meat. Remove the skin along 
with scales by passing the knife along the skin layer. Also remove the belly 
flaps. Trim off any hanging meat from the fillet and make it regular and 
uniform. Wash the fillets in chilled water and drain. 
 
Cold Blanching: Dip the fillets in 5% brine solution containing 0.1% citric 
acid for 3-5 minutes depending upon the size grade and then drain off. 
 
Pre-dusting: The fillets are then pre-dusted with a suitable pre-dust or dry 
batter mix itself. The excess pre-dust adhered to the substrate is then 
removed either by shaking or using an air blower 
 
Battering: An adhesive type quick setting batter is usually used. A typical 
adhesive batter formulated at CIFT, Kochi is given in Table 2. The ingredients 
are mixed evenly and one part of batter powder is mixed with two parts of 
water to get the required consistency. The pre-dusted fillets are then coated 
with this batter. 
 

Table 2. Formulation of batter 
Ingredients  Weight (g) 
Maida 2000 
Corn flour 200 
Bengal gram 200 
Salt 30 
Gura gum 5 
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Turmeric powder 5 
Sodium tri-
polyphosphate  

10 

 
Breading: The batter coated fillets are further coated with bread crumbs. 
Generally medium size porous crumbs having a relatively large granulation 
are used even though the selection of the crumbs depends upon the 
requirement of the finished coated product. The bread crumbs are uniformly 
applied on the product and the excess crumbs are then removed using an air 
blower. The coating pick up depends on the viscosity of the batter and the 
type of crumbs and 30-35% is generally obtained. 
 
Pre-frying:  After  the  application  of  bread  crumbs  the  fillets  are  flash  
fried  in  hot vegetable  oil  for  20-30  seconds  depending  on  the  size  
grade  of  the  fillets.  The temperature of frying is maintained at 180-200 
0C. 
 
Freezing: Immediately after flash frying the fillets are cooled using a fan and 
then frozen in an IQF freezer preferably a spiral freezer for the required time 
depending on the size of the fillets. The time is adjusted by regulating the 
conveyer speed of the freezer. 
 
Packaging: The frozen coated fillets are immediately packed in thermoformed 
containers or pouches made of 12µm plain polyester laminated with 118µm 
LDPE. A specified number of such consumer packs are then packed in 
master cartons. Storage: The packed cartons of frozen coated fillets are 

stored in a cold storage maintained at -200C. 
 
7. Fish Fingers/ Fish Portions/ Fish Sticks 
Fish fingers are regular sized portions cut from rectangular frozen blocks of 
fish fillet or fish mince. A common size fish block in commercial practice 
in Europe is 47.9cm long, 25.4 cm wide x 6 cm thick weighing 7.5 kg.  
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On the production line the blocks are subdivided by a series of band saws 
and subsequently cut into the desired width and shape.  Fish fingers are 
made in to different shapes such as rectangular, square, wedge and french 
cuts. For small-scale units, frozen slabs of 1.5 cm thick may be convenient 
for cutting out fish fingers of uniform size. A typical British fish finger 
normally weighs about 28 g (1 oz) of which up to 50% of the total weight is 
contributed by the batter and crumbs. Accordingly, a rectangular piece of 
7.5 x 2.0 x 1.5 cm weighing about 15 g may give a final weight of 28 g. The 
frozen fish block is prepared by mixing fish fillet/mince with 0.6% sodium 
tripolyphosphate and 1% sodium chloride, placing in a frame of convenient 
size, pressing slightly and frozen to form a solid block of fixed dimension. 
(The removal of fin bones from the fillets of fresh water fish of many species 
is a difficult task. In such  cases it will be better to prepare the fish block 
from the fish mince after removing the fin bones using a fish meat strainer). 
The frozen block is cut into suitable uniform sizes. These pieces are given a 
coating of pre-dust, batter and breading as in the case of coated fish fillets.  
 
The battered and breaded fish fingers are flash fried in oil at 180-200°C for 
30 seconds. After cooling, the fingers are frozen preferably in an IQF 
machine and packed in thermoformed trays or pouches and stored at −20°C. 
The flow chart for production of fish finger is given in Fig.2. The fish fingers 
when fried in vegetable oil develop a golden brown color with attractive 
appearance and odour. It has been observed that the sensory quality of fish 
finger developed from the frozen block of fish fillets is superior to that 
developed from the block of mince. 
 
8. Molded Fish Products 
Molded fish products occupy an important position among fishery products 
of commerce. A variety of products like balls, burgers, cutlets, medallions, 
nuggets and surimi based products like seafood analogs etc come under 
this category. They have all the beneficial features of fish along with 
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attributes contributed by ingredients. Molded fish products are very 
attractive, nutritious and tasty products prepared from fish mince/surimi. 
The molded products have good market share in the Indian snack food 
industry. These products also go to the export market and earn foreign 
exchange for the country. 
 
8.1 Fish cutlet 
Fish cutlet has become a popular snack at celebrations, household 
functions, tea times etc. The basic raw material required for preparation of 
this product is cooked fish meat generally from less costly fresh water fish or 
cooked meat from skeletal frame obtained after filleting of fresh water fish. 
Rohu, mrigal, catla etc are ideal for this product. A common problem 
noticed in fresh water fish is the presence of fin bones and an undesirable 
muddy odour. Fin bones to a great extent can be removed by passing the fish 
mince through a fish meat strainer. Muddy odour can be masked by the use 
of mint leaves along with other spices. 
Process of preparation: 

 Cook the dressed fish /skeletal frame/mince in 2% brine for 30 
minutes and drain off the water 

 Remove the skin, scales and bones and separate the meat 
 Mix the meat well with a little salt and turmeric powder in a 

homogenizer 
 Fry chopped onions in oil till brown. Add curry leaves, chilly and 

ginger in chopped form and mint in blended form and fry. Mix 
these with the cooked meat 

 Add mashed potato and spices and mix well with the cooked meat 
 Adjust the salt content to taste and shape 30 g each in 

round or oval form manually or using a forming machine 
 Batter with batter mix dispersed in water in the ratio 1: 2 and roll 

in breadcrumbs 
 Freeze the cutlets preferably in an IQF machine. 
 Pack in thermoformed trays/pouches and store at –20 °C 

 
                       Table 3. Ingredients for preparation of cutlet  

Ingredients  Weight (g) 
Cooked fish meat  1000 
Salt 25 
Oil  125 ml 
Chilli 20 
Ginger 25 
Onion 250 
Cooked potato 500 
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Curry leaves 20 
Mint leaves 20 
Pepper powder 3 
Clove powder 2 
Cinnamon powder 2 
Turmeric 2 
Batter mix (for 
battering) 

250 

Bread crumbs (for 
breading) 

300 

 
8.2 Fish balls 
There are several varieties of fish, which do not command a ready market as 
fresh fish, but are comparable to many table fish in nutritive value and other 
attributes.  One of the ways of ensuring effective utilization of such fish is 
to process ready-to-serve or ready-to-cook value added `convenience' 
products, for which there already exists great demand.  Fish ball is one 
such product prepared using fish mince and starch that can be processed 
as a coated product or as a heat-processed product in a suitable fluid 
medium. Coated fish ball is a palatable and nutritious product prepared 
from mince of low cost fishes. The preparation of fish ball is simple and 
requires only few locally available ingredients. Hence it is an ideal product 
for small scale units. Mince of any fresh water fish is suitable for this 
product.  
Process of preparation: 

 Allow the frozen fish mince to thaw. Wash the mince and drain. 
 Add corn starch and salt to fish mince and mix thoroughly. 
 Add ginger and garlic made into a paste along with pepper 

powder and mix thoroughly. 
 Prepare balls of size 2-3 cm diameter. 
 Cook in 1% boiling brine for 10 minutes. 
 Take out, drain and cool. 
 Pre-dust the balls with the dry batter mix 
 Using a bamboo skewer dip in batter prepared in the ratio 1:2 with 

water 
 Apply bread crumbs 
 Flash fry in vegetable oil 
 Pack the balls in thermoformed trays 
 Freeze at -40°C (Blast Freezer or IQF machine) and 
 Store at -20°C 
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Table 4. Ingredients for preparation of balls 
Ingredients  Weight (g) 
Fish mince  1000 
Corn starch 50 
Ginger 20 
Garlic 20 
Pepper 2 
Salt 10 
Batter powder 250 
Bread crumbs 350 

 
 
8.3 Fish burgers/ fish patties 
Fish burgers are more or less similar to fish cutlets but less spicy. 
Usually burgers are eaten sandwiched with fresh vegetables and plain 
buns. White meat fish mince from lean fish is generally used for burger 
preparation. Cooked mince is mixed with salt, cooked potato, fried onion, 
flour, spice mixture and formed into the preferred shape. Generally, the 
starch content is to be kept below 15% and the meat content must not 
be less than 30% for ensuring a meaty flavor. Burgers are battered, 
breaded and flash fried before packing and freezing. 
 

Table 4. Ingredients for preparation of fish-burger 
Ingredients  Weight (g) 
Cooked fish mince  1000 
Potato 250 
Corn starch 100 
Onion 200 
Salt 15 
Pepper 2 
Spice mix 2 
Batter powder 200 
Bread crumbs 300 

 
8.4 Fish medallion 
This is a battered and breaded product prepared from fish mince. Fish 
mince from low cost fresh water fish is commonly used for this product. 

Ingredients  Weight (g) 
Fish mince  1000 
Corn flour 100 
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Salt 15 
Mixed spices 0.2 
Batter powder 250 
Bread crumbs 300 

 
Process of preparation:  

• Mix fish mince with corn flour, salt and spices 
• Fill in food grade thick polythene tubes of 80 mm diameter and 
freeze in IQF machine or blast freezer. 
• Cut in to slices of 20 mm thickness using a band saw. 
• Pre-dust with the dry batter mix. 
• Coat with batter prepared in the ratio 1:2 with water’ 
• Coat the battered medallion with bread crumbs 
• Flash fry the coated medallion in vegetable oil for 30 seconds. 
• Pack in thermoformed trays 
• Freeze at -40°C (Blast Freezer or IQF machine) and 
• Store the products at-20°C 
 

8.5 Coated seafood analogues 
Several value added seafood analogs can be made from surimi prepared 
from fresh water fish such as rohu, tilapia etc. These include imitation 
shrimp, lobster tails, scallops, crab  claws  and  crab  shreds.  All  these  
imitation  products  can  be  further converted into the respective coated 
products by the application of battering and breading process. These sea 
food analogs possess the accepted texture, flavour and appearance of the 
authentic products. 
 
8.6 Coated products from fresh water prawn 
Delicious and attractive coated products can be prepared from fresh water 
prawns such as crayfish and scampi. Coated fresh water crayfish is an 
important product in USA where it is often served as a snack dish or an 
appetizer. Scampi (Macrobrachium rosenbergii) is an important fresh water 
shellfish in India. Coated products in different forms such as butterfly, 
fantail round and peeled and de-veined can be prepared from scampi. 
Scampi in the size range 26/30 to 31/40 counts/ kg are generally used 
for this purpose. The production process involves nine steps as shown 
below: 
 Preparation of raw material: This includes the preparation of prawns 

in different forms such as butterfly, fantail round and peeled and de-
veined and washing and draining. 

 Cold Blanching: Dipped in 5% brine solution containing 0.1% citric 
acid for 5 minutes (3 minutes for butterfly) 



Compendium of lectures: ICAR sponsored Winter School on ‘Enhancing farm income through entrepreneurship development in fishing 
and fish processing’, ICAR-CIFT, Cochin, 05-25, January, 2018 

 

 268

 Pre-dusting: Coated with a thin layer of fine flour or dry batter mix 
itself. 

 Battering: Usually an adhesive type batter is used. But tempura batter 
can also be used as per market requirement. 

 Breading:  Light coloured coarse crumbs  are  used  for  Japanese  
markets  and  darker coloured crumbs (yellow-orange) for European 
and US markets. 

 Flash frying: The coated shrimp product is flash fried for 30 
seconds at 180°C in refined vegetable oil. (Optional) 

 Packing: The products are packed in thermoformed containers 
/pouches. 

 Freezing: The products are frozen in an IQF machine or in a blast 
freezer at -40°C.  

 Frozen storage: The frozen products in thermoformed containers 
/pouches are packed in master cartons and stored at -20°C 
 

9. Common Quality Problems Encountered During the Coating 
Voids: Presence of voids is a common quality problem that occurs during 
the application of batter to fish portion. Voids are bare areas on a fish 
portion that do not accept the batter. This is caused by many factors such 
as excessive line speed, shape of the fish portion, absence of pre-dusting 
material, a non-adhesive surface, ice glaze, and air pockets formed during 
the application 43. Once the void is formed, it is difficult to remove it from 
the fish portion due to the thick consistency of the batter. Hence the portion 
has to be removed from the line. 
 
Blow-off : Blow off can be observed when some or all of the batter is blown 
off or removed during frying. This problem is accelerated if the portions 
contained voids.  The lingering portions of batter will be fried excessively 
and give the product a dark unacceptable appearance. 
 
Pillowing: Pillowing will appear as an elevated dome of batter on the product 
with a large air pocket beneath it. It is caused by the formation of steam 
pocket due to water vapourization which is trapped under the batter during 
the frying process. Once the product is cooled, the puffed dome collapses 
and create an undesirable wrinkled appearance. Pillowing is mainly caused 
due to the improper blending of the batter mix and also in some cases, due 
to the very high leavening levels of batter mix. 
 
Tailings: Batter extends beyond the product like a tail or stringer. This is 
caused due to the excessive thick batter which results in inadequate blow 
off during the production. The batter will accumulate behind the product as 
the name suggests. 
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10. Innovative Processes in the Production of Coated Products 
Cooking the coated product in a microwave oven as an alternative to the 
final frying step is desirable since this step reduces the oil uptake of the final 
product as well as saves time spent for the preparation of the product.   
However, retention of crispiness is the major problem encountered since the 
microwave cooked product will be soft and soggy.    Several patents have 
made advances the formulation of batter mixes that can retain the crispiness 
of the coated product. A dry mix was formulated that contains 60–70% of 
high amylase corn flour, use of which provides overall acceptable pre-fried 
foodstuffs with crispy coatings after microwave cooking.  A method was 
developed for the production of coated fried foodstuff which may be heated 
by microwave radiation prior to consumption without losing the desirable 
texture characteristics. The predust and the dry batter mix used in this 
product has high-amylose starch and a cellulose derivative that gels when 
heated. This ingredient not only helps to improve the product’s stability in 
the freezing and thawing cycles, but also improves the adhesion of the batter 
to the substrate and reduces the absorption of oil during pre-frying or frying. 
In these studies, the product was prepared in accordance with the normal 
manufacturing process (pre-frying and subsequent freezing). Another 
method describes the process for preparing a frozen, battered food product 
that involves cooking the substrate before the battering and pre-frying steps. 
 
An innovative process was described by Fiszman et al. for the manufacture 
of frozen, battered food products that completely eliminates the pre-frying 
step in the production of coated products. This is achieved by incorporating 
a cellulose derivative (methylcellulose) in the batter formulation, which 
makes it possible for coagulation of the batter by immersion of the battered 
product in a hot water bath (approx. 700C) instead of an oil bath. One of the 
key points in this method is the control of temperature throughout the 
process, both when the batter dough is reconstituted and during all the 
battering steps. The water used and the batter must be at a temperature 
between 10 and 150C. In this temperature range the methylcellulose will 
become completely hydrated and capable of forming a strong gel when the 
battered product is immersed in a hot water bath. During immersion in the 
hot water bath, the methylcellulose forms a thermo reversible gel. Hence, 
after this step the coagulated, battered product must be subjected to a 
heating process, which can be performed in a conventional oven, a 
microwave or by infrared radiation. After the heating, the product is cooled, 
frozen and packaged for storage at temperatures of _180C or below. The 
product obtained using this method has texture, flavour and colour 
properties very similar to those of a product manufactured using a 
traditional process that includes pre-frying in oil, with the advantage of 
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being free of the fat incorporated during prefrying. The final product, after 
frying for consumption has a significantly lower fat content because the 
cellulose incorporated leads to a lower absorption of frying oil. After final 
frying the commercial product has about 35% oil, whereas a product 
prepared with this novel method contains about 16% oil. Coated fishery 
products are an important category of ready–to-cook products which 
command a high consumer appeal and replaces the conventionally 
processed fish products in many market segments, particularly the urban 
and semi urban sectors. The production and marketing of these products 
offer greater scope for the utilization of low value fishes. Besides, many of 
the cultured freshwater species can be potential raw material sources for 
the production of coated items which can significantly improve the 
prospects for value addition and income generation in the fast growing 
freshwater aquaculture sector. The coating process can also modify the 
flavour and enhance the acceptability of freshwater species. Coating is the 
best option for value addition in fisheries which can ensure the total 
utilization of resources.  
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