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Objectives

To enable the students to

1. Understand the food technology principles

2. Know about the food preservation, food spoilage and role of micro organisms

3. Enable to gain information on advanced food techniques 

Outcome of this paper 

Gained awareness on fundamental of food technology aspects.

UNIT I : Introduction about food technology

Food technology- definition,  introduction to terminology, principles involved in

food technology.

UNIT II : Food processing techniques 

Recent trends in food processing technology in brief

UNITIII : Fermentation and its by products

Fermentation Technology - Definition, types of arobic and anaerobic fermentation

Steps in fermentation, fermented food products from various food groups, Dairy

products, Beverages and related products of baking.



UNIT IV: Enzyme technology

Enzyme Technology - Production of enzymes - Amylase, Protease, Lipase, Lactase

and pectinase, Use of enzymes in food & beverage industry (eg Cheese, fruit, juice,

Wine, Meat tenderizing & dairy).  

UNIT V: Food packaging and its importance

Food  packaging  technology  and  labeling:   types  of  packages-traditional  and

modern Design and testing of package materials, package performance. Principles

in  the  development  of  safe  and  protective  packing,  safety  assessment  of  food

packaging  materials.  Recent  packaging  methods-principles-hazards  related  to

packaging (PCB,PCPs etc.,).



FUNDAMENTALS OF FOOD TECHNOLOGY

Unit 1

What is the Food Technology?

Food Technology is a science branch that deals with the techniques involved

in production, processing, preservation, packaging, labeling, quality management,

and distribution of food products.

INTRODUCTION TO TERMINOLOGY

Food Technology is a science which deals with the techniques and principles

involved in processing and preserving the food substances. The application of

food science  helps  in  manufacturing safe,  wholesome  and  nutritious  food

products.  The  study  of  food  technology  is  to  develop  new  methods  and

systems for keeping food products safe and resistant from natural harms such

as bacteria and other micro-organisms. Food processing helps in preservation

enhances the flavor and reduces the toxins in the food product which results

in  better  distributional  efficiency and easy marketing of  the food product.

The  modern  food  processing  techniques  is  the  key  to  flourishing

supermarkets we have today. Extra nutrients can be added while processing

the  food  and  processed  food is  less  susceptible  to  spoilage.  Some of  the

techniques used are spray drying, juice concentrates, freeze drying and the

introduction  of  artificial  sweeteners,  colorants,  and  preservatives.  Of  late,

many products such as dried instant soups, reconstituted fruits and juices, and

self cooking meals were developed for the convenience of working people.



The food processing industries are involved in processes such as primary and

secondary  processing,  preservation,  quality  management,  packaging  and

labeling of a variety of products such as dairy products, fish products, fruit &

vegetable  products,  meat  &  poultry  products,  confectionery  products  and

food grains.

 

Few specializations in this fields are,

 Dairy

 Sugar

 Alcohol

 Bakery and confectionery items

 Oil and oil seed processing

 Fruits and vegetables

 Meat- Fish

 Cereals

What is the definition of FoodTech?

According to tech blog, Digital  Me Up, Food Tech can be defined as “the

intersection between food and technology; the application of technology to

improve  agriculture  and  food  production,  the  supply  chain  and  the

distribution  channel.” 



 Principles of Food Processing and Preservation

 Introduction

The main reasons for food preservation are to overcome inappropriate planning in

agriculture,  produce  value-added  products,  and  provide  variation  in  diet.  The

agricultural industry produces raw food materials in different sectors. Inadequate

management or improper planning in agricultural production can be overcome by

avoiding inappropriate areas, times, and amounts of raw food materials as well as

by increasing storage life using simple methods of preservation. Value-added food

products can give better-quality foods in terms of improved nutritional, functional,

convenience, and sensory properties. In food preservation, the important points that

need to be considered are

· The desired level of quality

· The preservation length

· The group for whom the products are preserved

4.1 Preservation of foods

After storage of a preserved food for a certain period, one or more of its quality

attributes  may reach  an  undesirable  state.  Quality  is  an  elusive,  ever-changing

concept. In general, it is defined as the degree of fitness for use or the condition

indicated by the satisfaction level of consumers. When food has deteriorated to

such an extent that it is considered unsuitable for consumption, it is said to have

reached the end of its shelf life. The product quality attributes can be quite varied,

such as appearance, sensory, or microbial characteristics. Loss of quality is highly

dependent  on  types  of  food  and  composition,  formulation  (for  manufactured

foods), packaging, and storage conditions. Quality loss can be minimized at any

stage of food harvesting, processing, distribution, and storage. The product quality

can  be  defined  using  many  factors,  including  appearance,  yield,  eating

characteristics,  and  microbial  characteristics,  but  ultimately  the  final  use  must

provide a  pleasurable  experience for  the consumer.  The various stages  of  food

production, manufacture, storage, distribution, and sale are shown in Figure 1.







Figure.1:  Various  stages  of  food  production,  manufacturing,  storage,

distribution & sale

Quality loss can be minimized at any stage and thus quality depends on the overall

control of the

processing chain. The major quality-loss mechanisms and consequences are shown

in Table.1 and Figure.2.

Table.1: Major quality loss mechanisms



Figure.2: Factors affecting food quality, safety and choice

4.2 Causes of Deterioration

Mechanical,  physical,  chemical,  and microbial  effects are the leading causes of

food  deterioration  and  spoilage.  Damage  can  start  at  the  initial  point  by

mishandling of foods during harvesting, processing, and distribution; this may lead

to ultimate reduction of shelf life. Other examples of deterioration can be listed as

follows:  (i)  bruising of  fruits  and vegetables  during harvesting and postharvest

handing, leading to the development of rot, (ii) tuberous and leafy vegetables lose

water when kept in atmospheres with low humidity and, subsequently, wilt, and

(iii) dried foods kept in high humidity may pick up moisture and become soggy.

The  four  sources  of  microbial  contaminants  are  soil,  water,  air,  and  animals

(insects, rodents, and humans)

(Table.2).  In  preservation,  each  component  factor  needs  to  be  controlled  or

maintained to a desired level.



1. Micro organisms

  a. Bacteria  

   b. Fungi mould and yeast

   c. Phages 

 d. Protozoa

2. Insects and mice

  a. directly by eating (infestation) 

  b. Indirectly by the spreading diseases (fruity and housefly)

3. Rodents

  a. Directly by consuming food

  b. Indirectly by spreading diseases.

Table.2: Organisms that spoil food

During  storage  and  distribution,  foods  are  exposed  to  a  wide  range  of

environmental conditions.

Environmental factors such as pressure, temperature, humidity, oxygen, and light

can  trigger  several  reactions  that  may  lead  to  food  degradation.  Mechanical

damage  (e.g.,  bruises  and  wounds)  is  conducive  to  spoilage,  and  it  frequently

causes  further  chemical  and  microbial  deterioration.  Peels,  skins,  and  shells

constitute natural protection against this kind of spoilage. Shriveling occurs due to

the loss of water from harvested fruits and vegetables. Each microorganism has (i)

an optimum temperature at which it grows best, (ii) a minimum temperature below

which growth no longer takes place, and (iii) a maximum temperature above which

all  development  is  suppressed.  Bacteria  that  grow  particularly  well  at  low



temperatures are called  psychrophilic  (cryophilic) or low-temperature organisms.

Bacteria with an optimum temperature of 20°C–45°C are  mesophilic,  and those

with an optimum temperature above 45°C are  thermophilic. Microbial growth in

foods  results  in  food  spoilage  with  the  development  of  undesirable  sensory

characteristics, and in certain cases the food may become unsafe for consumption.

Microorganisms  have  the  ability  to  multiply  at  high  rates  when  favorable

conditions are present. Prior to harvest, fruits and vegetables generally have good

defense mechanisms against microbial attack; however, after separation from the

plant,  they  can  easily  succumb  to  microbial  proliferation.  The  presence  of

unsaturated fatty acids in foods is a prime reason for the development of rancidity

during storage as long as oxygen is available. While development of off-flavors is

markedly noticeable  in  rancid foods,  the generation of  free radicals  during the

autocatalytic  process  leads  to  other  undesirable  reactions,  for  example,  loss  of

vitamins, alteration of color, and degradation of proteins. The presence of oxygen

in the immediate vicinity of food leads to increased rates of oxidation. Similarly,

water plays an important role; lipid oxidation occurs at high rates at very low water

activities. Some chemical reactions are induced by light, such as loss of vitamins

and  browning  of  meats.  Non  enzymatic  browning  is  a  major  cause  of  quality

change and degradation of  the  nutritional  content  of  many foods.  This  type of

browning  reaction  occurs  due  to  the  interaction  between  reducing  sugars  and

amino acids, resulting in the loss of protein solubility, darkening of lightly colored

dried products, and development of bitter flavors. Environmental factors such as

temperature, water activity, and pH have an influence on non enzymatic browning.

4.3 Principles of food preservation

Based  on  the  mode  of  action,  the  major  food  preservation  techniques  can  be

categorized as

(1) Slowing down or inhibiting chemical deterioration and microbial growth,

(2) Directly inactivating bacteria, yeasts, molds, or enzymes, and

(3) Avoiding recontamination before and after processing.



A  number  of  techniques  or  methods  from  the  above  categories  are  shown  in

Figure. 3.

Figure.3: Major food preservation techniques

A good method of food preservation is one that slows down or prevents altogether

the action of the agents of spoilage. Also, during the process of food preservation,

the food should not be damaged. In order to achieve this, certain basic methods

were applied on different types of foods. For example in earlier days, in very cold

weather condition,  ice was used to preserve foods.  Thus,  very low temperature

became an efficient method for preventing food spoilage. The principles of food

preservation are:

· Removal of micro-organisms or inactivating them: This is done by removing

air,  water  (moisture),  lowering  or  increasing  temperature,  increasing  the

concentration of salt or sugar or acid in foods. If you want to preserve green leafy



vegetables, you have to remove the water from the leaves so that micro organisms

cannot  survive.  You  do  this  by  drying  the  green  leaves  till  all  the  moisture

evaporates.

·  Inactivating enzymes: Enzymes found in foods can be inactivated by changing

their conditions such as temperature and moisture, when you preserve peas, one of

the methods of preservations is to put them for a few minutes in boiling water. This

method also known as blanching inactivates enzymes and thus, helps in preserving

the food.

·  Removal  of  insects,  worms  and  rats:  By  storing  foods  in  dry,  air  tight

containers the insects, worms or rats are prevented from destroying it. While the

currently  used  preservation  procedures  continue  in  one  or  more  of  these  three

ways, there have recently been great efforts to improve the quality of food products

principally  to  meet  the  requirements  of  consumers  through  the  avoidance  of

extreme use of any single technique. Preservation starts when the harvested foods

are separated from the medium of immediate growth (plant, soil, or water) or meat

from the  animal  after  slaughter,  or  milk  from normal  secretion  of  mammalian

glands.  Postharvest  technology  is  concerned  with  handling,  preservation,  and

storage of harvested foods, and maintaining its original integrity, freshness, and

quality. The methods of preservation depend on the origin of foods particularly

whether they are of plant or animal origin. Postharvest handling of foods of plant

origin includes efficient control of environmental atmosphere, such as humidity,

gas composition, and temperature, and implementing an adequate packing, storage,

and  transport  system.  Physical  treatments  usually  used  are  curing,  pre-cooling,

temperature treatments,  cleaning,  and waxing,  whereas  chemical  treatments  are

disinfection, fumigation, and dipping. Chemical disinfectants vary in their ability

to kill microorganisms. Several chemicals are utilized, such as chlorine, chlorine

dioxide, hydrogen peroxide, ozone, peroxyacetic acid, bromine, iodine, trisodium



phosphate,  and quaternary  ammonium compounds.  Although fumigants  are  not

strictly preservatives, they are used for insect control. Methyl bromide is one of the

fumigants used, but it has the potential to damage atmospheric ozone and is being

phased out. There is a need for development of new environmentally safe methods

of fumigation

.

4.3.1 Inhibition

The  methods  based  on  inhibition  include  those  that  rely  on  control  of  the

environment (e.g., temperature control), those that result from particular methods

of processing (e.g., microstructural control), and those that depend on the intrinsic

properties  built  into  particular  foods  (e.g.,  control  by  the  adjustment  of  water

activity or pH value. The danger zone for microbial growth is considered to be

between 5°C and 60°C; thus chilling and storing at a temperature below 5°C is one

of the most popular methods of food preservation.

Use of Chemicals: The use of chemicals in foods is a well-known method of food

preservation.

Wide varieties of chemicals or additives are used in food preservations to control

pH, as antimicrobes and antioxidants, and to provide food functionality as well as

preservation action. Some additives are entirely synthetic (not found in nature),

such as phenolic antioxidant tertiary butylhydroquinone (TBHQ), and others are

extracted  from natural  sources,  such  as  vitamin  E.  Irrespective  of  origin,  food

additives must accomplish some desired function in the food to which they are

added, and they must be safe to consume under the intended conditions of use.

Many  legally  permitted  preservatives  in  foods  are  organic  acids  and  esters,

including sulfites, nitrites, acetic acid, citric acid, lactic acid, sorbic acid, benzoic

acid,  sodium diacetate, sodium benzoate, methyl paraben, ethyl paraben, propyl

paraben,  and  sodium  propionate.  When  a  weak  acid  is  dissolved  in  water,

equilibrium is  established  between  un  dissociated  acid  molecules  and  charged



anions, the proportion of un dissociated acid increasing with decreasing pH. There

are several limitations to the value of organic acids as microbial inhibitors in foods:

· They are usually ineffective when initial levels of microorganisms are high.

· Many microorganisms use organic acids as metabolizable carbon sources.

· There is inherent variability in resistance of individual strains.

· The degree of resistance may also depend on the conditions

.

Controls  of  Water  and Structure:  Many physical  modifications  are  made in

ingredients or foods during preservation. Such modifications can also improve the

sensory, nutritional, and functional properties of foods. Changes experienced by

foods during processing include glass formation, crystallization, caking, cracking,

stickiness, oxidation, gelatinization, pore formation, and collapse. Through precise

knowledge and understanding of such modifications, one can develop safe, high

quality foods for consumption. Water is an important constituent of all foods. The

minimum water activity is the limit below which a microorganism or group of

microorganisms  can  no longer  reproduce.  For  most  foods,  this  is  in  the  water

activity range of 0.6–0.7. Pathogenic bacteria cannot grow below a water activity

of  0.85–0.86,  whereas  yeast  and  molds  are  more  tolerant  of  a  reduced  water

activity of 0.80, but usually no growth occurs below a water activity of about 0.62.

The critical limits of water activity may also be shifted to higher or lower levels by

other  factors,  such  as  pH,  salt,  antimicrobial  agents,  heat  treatment,  and

temperature to some extent. Removing water, adding solutes, or change of solute–

water interactions can reduce the water activity of a food.

Control of Atmosphere: Packaging techniques based on altered gas compositions

have a long history. The respiratory activity of the various plant products generates

a low-oxygen and high carbon dioxide atmosphere, which retards the ripening of

fruit. Modified-atmosphere packaging is a preservation technique that may further



minimize the physiological and microbial decay of Perishable produce by keeping

them in an atmosphere that is different from the normal composition of air. The gas

composition and method of this technique depends on the types of produce and

purposes.  There  are  different  ways  of  maintaining  a  modified  atmosphere.  In

modified  atmosphere  packaging  (termed  “passive  atmosphere”),  the  gas

composition  within  the  package  is  not  monitored  or  adjusted.  In  “controlled

atmosphere  packaging,”  the  altered  gas  composition  inside  the  packaging  is

monitored and maintained at a preset level by means of scrubbers and the inlet of

gases. Active packaging can provide a solution by adding materials that absorb or

release a specific compound in the gas phase. Compounds that can be absorbed are

carbon dioxide, oxygen, water vapor, ethylene, or volatiles that influence taste and

aroma. Vacuum and modified-humidity packaging contain a changed atmosphere

around the product. Although this technique was initially developed to extend the

shelf life of fresh products, it is now extended to minimally processed foods from

plant and animal sources, and also to dried foods.

4.3.2 Inactivation

Use  of  Heat  Energy:  Earlier,  mostly  heat  was  used  for  inactivation.  Thermal

inactivation  is  still  the  most  widely  used  process  of  food  preservation.  The

advantages of using heat for food preservation are

· Heat is safe and chemical-free

· It provides tender cooked flavors and taste

· The majority of spoilage microorganisms are heat labile

· Thermally processed foods, when packed in sterile containers, have a very long

shelf life.

The main disadvantages of using heat  are (i)  overcooking may lead to textural

disintegration and an undesirable cooked flavor, and (ii) nutritional deterioration

results from high temperature processing. Heat treatment processes include mainly



pasteurization, sterilization, cooking, extrusion, and frying. Recently, more electro

technologies have been used and this will expand further in the future.

Use of High Pressure and Ultrasound: High-quality fresh foods are very popular,

so consequently there is a demand for less extreme treatments and fewer additives.

High-pressure  hydrostatic  technology  gained  attention  for  its  novelty  and  non-

thermal preservation effect.  Ultrasound is sound energy with a frequency range

that covers the region from the upper limit of human hearing, which is generally

considered  to  be  20  kHz.  The  two applications  of  ultrasound  in  foods  are  (i)

characterizing  a  food  material  or  process,  such  as  estimation  of  chemical

composition,  measurements  of  physical  properties,  nondestructive  testing  of

quality  attributes,  and  monitoring  food  processing,  and  (ii)  direct  use  in  food

preservation  or  processing.  The  beneficial  or  deteriorative  use  of  ultrasound

depends  on  its  chemical,  mechanical,  or  physical  effects  on  the  process  or

products.

Use of Electricity:  Many different  forms of  electrical  energy are used in food

preservation, e.g.,

ohmic heating, microwave heating, low electric field stimulation, high-voltage arc

discharge, and

High-intensity pulsed electric field.  Ohmic heating is one of the earliest forms of

electricity applied to food pasteurization. This method relies on the heat generated

in food products  as  a  result  of  electrical  resistance  when an electric  current  is

passed through them. Microwave heating has been extensively applied in everyday

households and the food industry, but the low penetration depth of microwaves

into solid food causes thermal non uniformity.  Low electric field  stimulation has

been explored as a method of bacterial control in meat. The plasma membranes of

cells become permeable to small molecules after being exposed to an electric field;

permeation then causes swelling and the eventual rupture of the cell membrane.

The reversible or irreversible rupture (or electroporation) of a cell wall membrane

depends on factors such as intensity of the electric field, number of pulses, and



duration of pulses. This new electro-heating could be used to develop new products

with diversified functionality.

Use  of  Radiation:  Ionization  radiation  interacts  with  an  irradiated  material  by

transferring energy to electrons and ionizing molecules by creating positive and

negative  ions.  The  irradiation  process  involves  exposing  the  foods,  either

prepackaged or in bulk, to a predetermined level of ionization radiation. Irradiation

has  wide  scope in  food disinfection,  shelf  life  extension,  decontamination,  and

product quality improvement. Although it has high potential, there is concern on

legal  aspects  and  safety  issues,  and  consumer  attitude  toward  this  technology.

Ultraviolet  (UV)  radiation  has  long been known to  be  the  major  factor  in  the

antibacterial action of sunlight. It is mainly used in sterilizing air and thin liquid

films due to its  low penetration depth.  Pulsed light is  a sterilization method in

applications  where  light  can  access  all  the  important  volume  and  surfaces.

Examples include packaging materials,  surfaces, transmissive materials (such as

air, water, and many solutions), and many pharmaceuticals or medical products.

The white light pulse is generated by electrically ionizing a xenon gas-filled lamp

for a few hundred millionths of a second with a highpower, high-voltage pulse. In

many  cases,  it  would  be  very  difficult  to  make  a  clear  distinction  between

inhibition and inactivation.

Use of Magnetic Field: Magnetism is a phenomenon by which materials exert an

attractive or repulsive force on other materials. The origin of magnetism lies in the

orbital  and spin motions  of  electrons  and how the electrons interact  with each

other. Magnetic fields have potential in pasteurization, sterilization, and enhancing

other factors beneficial to processing in food preservation.

4.3.3 Avoid Recontamination (Indirect Approach)

In addition to the direct approach, other measures such as packaging and quality

management tools need to be implemented in the preservation process to avoid

contamination or recontamination. Although these measures are not preservation

techniques, they play an important role in producing high-quality safe food. With



respect to the procedures that restrict the access of microorganisms to foods, the

employment of  aseptic  packaging techniques for  thermally processed foods has

expanded greatly in recent years both in the numbers of applications and in the

numbers of alternative techniques that are commonly available. From skins, leaves,

and bark, tremendous progress has been made in the development of diversified

packaging materials  and equipments.  Packaging performs three main functions.

The first is to control the local environmental conditions to enhance storage life.

The second is the display, i.e., preservation of the product in an attractive manner

to the potential buyer. The third function is to protect the product during transit to

the consumer. The new concept of active or life packaging materials allows one-

way transfer of gases away from the product or the absorption of gases detrimental

to  the  product,  antimicrobials  in  packaging,  release  of  preservatives  from

controlled-release  surfaces,  oxygen  scavengers,  carbon  dioxide  generators,

absorbers or scavengers of odors, absorption of selected wavelengths of light, and

there are capabilities for controlled automatic switching. Another concept of edible

or  biodegradable  packaging  has  also  been  evolved  for  environmental  reasons.

Processing and packaging can be integrated to improve efficiency. Unit 2 

RECENT TRENDS IN FOOD PROCESSING TECHNOLOGY IN BRIEF

INTRODUCTION

 

Although  thermal  preservation  provides  safer  food,  there  exists  loss  of  food

properties  like  nutrient  sand  sensory  attributes. The  main  objectives  of  new

techniques are, to retain the nutrients, sensory properties and to increase the shelf

life without any adverse effect on its quality. The main objective of preservation is

to  increase  the  shelf  life  by  reducing  the  microbial  load  and  also  the  water

activity .Both can be achieved by either traditional method of preservation methods

or by non thermal treatments like microwave heating, Pulsed Electric Field (PEF)

Technology, High Pressure Processing (HPP), Pulsed Light Technology, Ohmic



Heating,  Irradiation,  Ultra  Sonics,  Pulsed  X-Rays,Oscillating  Magnetic  Fields

(OMF). Processing technique used for the particular products should be optimized.

The selection of particular preservation method for the particular food product is

based on the following criteria like cost of production, scale of production, type of

product  either  ready-to-eat or ready-to

cook  product. The non thermal techniques are recently used for all the food produc

ts for shelf lifeextension.This paper deals with different  non thermal methods of

processing the food, its working mechanism and its application in various food

processing industries. The advantages and disadvantages are also reviewed for its

suitability in different food industries.

II. MICROWAVE HEATING

 Microwave heating refers to the use of electromagnetic waves of certain frequencies to

generate heat  in material. When a microwavable container with food is placed in

a microwave oven and then a oven is activated, the food at the edge of the container heats

faster and a temperature gradient develops   between the centre and the edges. For food

applications  most  commonly  used  microwave  frequencies  are  2450MHz  and

915MHz.Meat, fish, fruit, butter and other foodstuffs can be tempered for cold store

temperature to around -3ºCfor ease of further processing such as grinding the meat

in  the  production  of  burgers  or  blending

and portioning butter packs. Food products, such as bread, precooked foods and 

Animalfeedstuffs have been processed using microwaves for pasteurisation or steri

lisation or simply to improve their digestibility. The sterilization of bone meal and

the processing of barley to achieve starch to gelatin conversion [18].A 915-MHz

Microwave-Circulated  Water  Combination  (MCWC)  heating  technology  was

validated for a macaroni and cheese product using inoculated pack studies. Trays

of macaroni  and  cheese  products  were  subjected  to  3  processing  levels:  target

process (F0 = 2.4), under target process (F0 = 1.2), and over target process (F0 =

4.8).  The inoculated packs were evaluated by count-reduction method and end-



point  method.  MCWC  heating  technology  has  potential  in

sterilizing packaged foods [10].

2.1 Mechanism

2.1.1 Dipolar Interaction

Once microwave energy is absorbed, polar molecules such as water molecules inside the food

will rotate according to the alternating electromagnetic field. The water molecule is

a  “dipole”  with  one

positively charged end and one negatively charged end. Similar to the action of ma

gnet, these“  dipoles”  will  orient  themselves  when  they  are subject  to

electromagnetic  field.  The  rotation of  water molecules  would  generate  heat  for

cooking 

2.1.2 Ionic Interaction

In addition to the dipole water molecules, ionic compounds (i.e. dissolved salts) in

food can also be accelerated by the electromagnetic field and collided with other

molecules  to  produce  heat.  Microwave  oven  generally  consists of  the

following basic components.

Power supply and control: It controls the power to be fed to the magnetron as

well as the cooking time

Magnetron: It  is  a vacuum tube in  which electrical  energy is  converted to an

oscillating electromagnetic field. Frequency of 2450 MHz has been set aside for microwave

oven for home use

Waveguide: It is a rectangular metal tube which directs the microwaves generated from the

magnetron to the cooking cavity. It helps prevent direct exposure of the magnetron

to any spattered food which would interfere with function of the magnetron

Stirrer: It is commonly used to distribute microwaves from the waveguide and

allow more uniform heating of food

Turntable: It rotates the food products through the fixed hot and cold spots inside

the  cooking  cavity  and  allows  the  food  products  to be  evenly  exposed  to

microwaves



Cooking cavity: It is a space inside which the food is heated when exposed to microwaves

Door and choke: It allows the access of food to the cooking cavity. The door and

choke are specially engineered that they prevent microwaves from leaking through

the gap between the door and the cooking cavity

fig 1 Basic structure of a microwave oven

2 . Materials for Microwave Heating

Plastic containers are commonly used for microwave cooking. High density polyethylene can

be used for foods with high water content, it cannot be used for foods with high fat

or  high sugar  content  as  these foods may reach temperature above 100 o  C during

microwave cooking. Paper and board can also absorb some microwave energy.

However,  it  is  not ideal  for micro waved food because the strength of the paper

would  be  affected  when  wet and  not  all  types  of  paper  are  suitable  for  microwave

cooking .When food is micro waved; heat is also retained in the glass. The degree

of energy absorption depends on the types of glass. Moreover, microwave energy

can  be  superimposed  at  the  centre  after  passing  through  the  glass  containers,

particularly the ones with small radius.

2.2 Applications of Microwave Heating

Microwave is used in baking, concentration, cooking, curing, drying, finish drying,

and freeze drying, pasteurizing, sterilizing, tempering and thawing

III. PULSED ELECTRIC FIELD (PEF) TECHNOLOGY

 

PEF is a non-thermal food preservation technology that involves the discharge of

high  voltage

electric pulses (up to 70 kV/cm) into the food product, which is placed between tw



o electrodes for a few  microseconds  .It  is  the  emerging  technologies  for  the

replacement  of  traditional  thermal pasteurization among non-

thermal processes, apart from microfiltration eventually combined with  moderate

heat  treatment  .An  external  electric  field  is  used  to  exceed  a  critical  trans

membrane potential  of  one volt.  This  result  in  a  rapid electric  breakdown and

conformational  changes  of  cell  membranes,  which  leads  to  the  release  of

intracellular liquid, and cell death .However, treatment temperature should be kept as low

as possible in order to avoid heat damage to the treated product and to prevent off-

flavours.PEF treatment at 50kV/cm for 2000ms inactivated 45% of papain activity.

The loss of the catalytic activity was counted on the changes in loss of a-helix in

papain secondary structure. In orange at 94.6 o C for 30 seconds. PEF treatment of

ham  shows  changes  in  tissue  structure  leading  to  weight  increase  after  brine

injection  and  greater  water  holding  capacity  and  less  loss  during  cooking.PEF

treatment causes porous, swamp- like structure which holds injected brine better

then un treatedham. The PEF treated ham was significantly softer and tender then

untreated samples .



                                        Fig 2PEF Set-up

 

The typical components of PEF processing equipment include

A power supply:  this may be an ordinary direct current power supply or a

capacitor  charging  power supply  (this  latter  option can  provide  higher

repetition rates).

An  energy  storage  element:  either  electric  (capacitive)  or magnetic

(inductive)

A switch which may be either closing or opening. Devices suitable for use as the

discharge  switch  include  a  mercury  ignitron  spark  gap,  a  gas  spark  gap,  a

thyratron, a series of SCRs, a magnetic switch or a mechanical rotary switch

A pulse shaping and triggering circuit in some cases.

A  treatment  chamber:  A  wide variety  of  designs  have  been  developed  by

individual laboratories).

A pump to supply a feed of product to the chamber.

A cooling system to control the temperature of the feed and/or output material.

3.1 Mechanisms of Microbial Inactivation

3.1.1 Electrical Breakdown

 The  membrane  can  be  considered  as  a  capacitor  filled with  a dielectric.  The

normal resisting potential difference across the membrane is 10 mV and leads to

the build-up of a membrane potential difference due to charge separation across the

membrane. Potential difference is proportional to the field strength and radius of

the  cell.  The  increase  in  the  membrane  potential  leads  to  reduction  in  the  cell

membrane thickness.

3.1.2 Electroporation

Electroporation is the phenomenon in which a cell exposed to high voltage electric

field pulses  temporarily destabilizes the lipid bilayer and proteins of cell membranes. The



plasma  membranes  of cells  become  permeable  to  small  molecules  after  being

exposed to an electric field,  and permeation then causes  swelling and eventual

rupture  of  the  cell  membrane.  The  main  effect  of  an  electric  field  on  a

microorganism  cell  is  to  increase  membrane  permeability  due  to  membrane

compression and portion.

3.2 Applications of PEF Technology

 PEF is used in processing of apple juice, orange juice, processing of milk, liquid

whole eggs, baking applications and processing of green pea soup.

3.2 Advantages of Pulsed Electric Fields

It kills vegetative cells .Colours, flavours and nutrients are preserved. There is no

evidence of toxicity and also short treatment time. Gentle preservation of liquid

foods at ambient or slightly elevated temperature

IV. HIGH PRESSURE PROCESSING (HPP)

High Pressure Processing is also known as “High Hydrostatic Pressure” or “Ultra High

Pressure” processing. HPP uses up to 900MPa to kill many of the micro organisms

found in foods, even at room temperature without degrading vitamins, flavor and

colour molecules in the process. When high pressures up to 1000MPa are applied

to packages  of  food that  are  submerged  in  a  liquid,  the  pressure  is  distributed

instantly  and uniformly throughout the food (isostatic).  Typically  a pressure of

350MPaapplied for 30min or 400MPa for 5min will cause a tenfold reduction in

vegetative cells of  bacteria,  yeasts  or  moulds.  High pressure processing has no

“heating or cooling” periods and there is a rapid “pressurization/depressurization”

cycle, thus reducing processing times compared to thermal processing. Enzymes

that are related to food quality vary in their baro sensitivity.

4.1 High Pressure Processing Equipment

HPP unit consists of a pressure vessel and a pressure generating device. Food packages are

loaded on to the vessel and the top is closed. The pressure medium usually water is

pumped into the vessel from the bottom. Once the desired pressure is reached, the pumping

is stopped, valves are closed, and pressure can be maintained without further need for



energy input. A principle underlying HPP is that the high pressure is applied in an

“isostatic”  manner  such  that all  regions  of  food experience  a  uniform pressure,

unlike heat processing where temperature gradients are established.

Main components of a high pressure system are,

1. A pressure vessel and its closure

2. A pressure generation system

3. A temperature control device

 4. A materials handling system

Fig 3 HPP Equipment

HPP conditions of 50 MP a at 25°C for 3 days was reported to have the

potential  to  accelerate  the  ripening  of  Cheddar  cheese.  These  conditions  were

applied to commercial Cheddar cheese .A treatment of 400 MP a at 20°C resulted



in  significant  inhibition of micro-organisms.  3  log  reduction in  the case  of  the

bacterial species and 6 log in the case of the Penicillium mould. The Gram positive

S.aureus species was more resistant to pressure than the Gram negative

 E. coli species. The mould species, though at lower pressures (<300 MPa) was more

resistant than the bacteria, was much more sensitive at higher pressures. Pressures

of  >  400  MPa  were  required  to  cause  greater  than  50%denaturation  of  whey

protein .There are two processing foods in high pressure vessels: in-container and

bulk processing.

In-container processing Advantages                   Bulk processing Advantages 

1. Applied to all solid and liquid foods

                                                                    1. Simple material handling

2 .Minimal risk of post processing contamination

                                                                   2. Great flexible in choice of container 

3.  No major developments needed for HPP

            3. Maximum efficiency in use of HP vessel volume

4. Easier cleaning

                                     4.  Minimum vessel dead line (no opening/closing of vessel needed)

In-container processing Limitations                    Bulk processing   Limitations

 

1. Complex material handling

                                                            1. Only suitable for pump able foods

2. Little flexible in choice of container  2. Potential post processing contaminations

3. Greater dead time in use of pressure vessel 

                          

                          3.All components in contact with food must have Aseptic design.

4.2 Applications of HPP

Used in pasteurization and sterilization of fruits and fruit products, sauces, pickles,

yoghurt, pasteurization  of  meat  and  vegetables,  decontamination  of  high  risk



products, high value products and Sterilization of heat sensitive ingredients like

shellfish, flavorings, and vitamins.

4.3 Advantages of HPP

It kills vegetative bacteria and spores; there is no evidence of toxicity, reduced

processing  time  .Freshness,  flavor,  nutrients,  color,  and  taste  ate  retained.

Uniformity of treatment throughout the food

V.PULSED LIGHT (OR) HIGH INTENSITY LIGH TECHNOLOGY

 

High intensity light is  also described as pulsed broad spectrum white light is a

decontamination  or sterilization  technology  that  can  be  used  for  the  rapid

inactivation of micro organisms on food surfaces, equipments and food packaging

materials.  Surface  decontamination  of  food  products

using pulsed high intensity light has many potential benefits to the food industry. It 

is a non thermal preservation  intervention, with the ability to minimize

the deleterious effects of thermal process sing and chemical treatments on quality

and sensory attributes .High intensity white light and UV light food preservation

methods employ light wave lengths ranging from ultra violet to near infra-red in

short intense pulse. Pulses of light used for food processing applications typically

emit one to twenty flashes per second of electromagnetic energy Ozer and Demirci 

 have reported a 1.09 log reduction for  Listeria monocytogenes on raw salmonfilets

after 180 pulses of light and Sauer and Moraru  achieved a 7.15 log CFU reduction

of   Escherichia coli in apple juice. Gomez-Lopez [9] achieved a range of 0.5 - 2.04 log

reduction of mesophilic, aerobic microbes naturally found in minimally processed

vegetables  such  as  spinach,ice berg lettuce, cabbage, celeriac, green bell peppers and

soybean sprouts, using a treatment dose of up to 2.700 light pulses. The decontamination

of bulk tank milk with pulsed UV light .

                         Fig 4  Electromagnetic spectrum



5.1 Process and Equipment

 The principle involved in generating high intensity light is that a gradual increase

of  low  to

moderate power energy can be released in highly concentrated bursts of more pow

erful energy. The keycomponent of a Pulsed Light unit is a flash lamp is filled with

an inert gas, such as Xenon, which emits broadband radiation that ranges from the

UV cut off of the envelope material (about 180 nm) to NIR (around 1100 nm). A

high-voltage, high-current electrical pulse is applied to the inert gas in the lamp,

and the strong collision between electrons and gas molecules cause excitation of

the latter, which then emit an intense, very short light pulse (1 μs to 0.1 s). The

exact  mechanisms  by  which  Pulsed  Light  causes  cell  death  are  not  yet  fully

understood, but it is generally accepted that UV plays a critical role in microbial

inactivation.  The antimicrobial  effects  of  UV light  on bacteria  are  attributed to

structural  changes  in  the  DNA,  as  well  as abnormal  ion  flow,  increased  cell

membrane permeability and depolarization of  the cell  membrane.  Some studies

also indicated observable injurious effects on yeast cells and mold spores following

exposure  to  Pulsed  Light.  The survival  curves  for  the PL treatment  display an

obvious nonlinear decline, evidence of tailing, and a concave upward shape



 

 FIG 5 Pulsed Light setup

The  main  limitation  of  Pulsed  Light  treatment  is  its  limited  penetration

depth.  Since  the  effectiveness  of  Pulsed  Light  is  strongly  influenced  by  the

interaction of the substrate with the incident light, the treatment is most effective

on  smooth,  nonreflecting  surfaces  or  in  liquids  that  are  free  of

suspended particulates.  In  surface treatments,  rough surfaces hinder  inactivation

due to  cell  hiding,  while  for  very  smooth  surfaces  surface  reflectivity  and cell

clumping caused by hydrophobic effects are also limiting the degree of microbial

reduction.  For  any  Pulsed  Light  treatment  to  be  fully  effective,  uniform,

360°exposure  of  the  treated  food  is  critical.  Depending  on  the  product

characteristics,  limited  heating  effects  can  be  noticed.  Heating  is  usually  too

modest  to account for  microbial  inactivation or  to cause structural  and sensory

changes in the treated products.

5.2 Applications of High Intensity Light Technology

Used in decontamination of  vegetables,  dairy products.  Also  used in  microbial

inactivation  of  water,  sanitation  of  packaging  materials  and disinfection  of

equipment surfaces.

VI. OHMIC HEATING



 Ohmic  heating  is  based  on  the  principle  of  passing  an  electric  current

through an  electrically  conducting  product,  as  with  microwave  energy,  electric

energy is transformed into heat. Ohmic heating is an efficient way of processing

foods  containing large  solid particulates  unlike  conventional  method of processes

such as canning and aseptic processing. After heating products can be cooled in continuous

heat exchangers and then aseptically filled into pasteurized containers in a manner

similar to conventional aseptic packaging. Both high and low acid products can be

processed by this method .Ohmic heating cannot be used for all the food products.

It is depending upon the product’s electrical conductivity and on whether the product

is an insulator or a conductor. In this process simultaneous and uniform heating of

solid  and  liquid  phases  can  be  achieved,  thus  reducing  the  danger  of

under processing as well as nutritional loss. The critical parameters affecting ohmi

c heating include theelectrical conductivity of the food, temperature dependence of

electrical  conductivity,  the  design  of heating  device,  the  residence  time,

distribution time, thermo physical properties of foods and electric field strength.

  

  Fig 6            Ohmic heating of food

Fruits were analyzed for Electrical conductivity during Ohmic heating. At 25

O  C  the  electrical  conductivity  of  pineapple  was  very  low  and  significantly

different than apples and pear. Electrical conductivity of peach and strawberry was



high.At  higher  temperatures  (40-140  oC),  apples

and pineapple had low conductivity. Strawberry and peach had higher conductivity 

and significantlydifferent  compared  to  other  fruits.  The  gap  in  the  electrical

conductivity  between  strawberry  and peach,  and other  fruits increased

with the temperature [22]. Cloudberry jam was treated with ohmic heating and also

by traditional method. There is no significance difference for sensory attributes and

rhelogical  properties  between  ohmic  heated  jam  and  jam  prepared by  another

method.

6.1 Applications of Ohmic Heating

Used in blanching,  evaporation,  dehydration,  fermentation,  extraction and value

added process

VII. ULTRASONICS

 The frequency of sound waves audible to human ear ranges from 20Hz to 20 kHz. The

sound  waves  having  frequencies  greater  than  20  kHz  are  called  “Ultrasonics  ”  or

“Supersonics”.  The  term supersonics  is  used  for  sound  waves  having  velocities

greater than that of sound. Sound waves of frequencies less than 20 Hz are called

“Infrasonics”.  Ultrasonically  enhanced  drying  was  carried  out  at  lower

temperatures than the conventional methodology which reduces the probability of

oxidation or degradation in the material. By employing ultrasound the heat transfer

between a solid heated surface and a liquid is increased by approximately30-60% .

Application of power ultrasound is benefit in ice cream manufacturing by reducing

crystal  size,  preventing  incrustation  on  freezing  surface.  Inconsistency  in  beef

tenderness  has been  rated  as  one  of  the  major  problems  faced  by  the  meat

industry. Tenderness is influenced by composition, structural organization and the

integrity of skeletal muscle. Ultrasound-assisted process of meat tumbling caused

the  significant  improvement  of  the  yield,  tenderness  and  juiciness  of the  end

product. Sonication resulted in decreased drip loss and sheer force of PSE meat.

7.1 Production of Ultrasonics

7.1.1 Mechanical Method



 This is the earliest method for producing Ultrasonic waves of frequencies up to

100 kHz with the help of Galton’s Whistle. This is rarely used due to its limited

range.

7.1.2 Piezoelectric Generator

Crystal  is  placed  between  two  metal  plates.  This  combination  forms  a

parallel plate condenser with crystal as dielectric. The metal plates are connected to

the primary of a transformer which is coupled to the oscillatory circuit of the triode

valve. If the natural frequency of the oscillatory circuit of triode valve coincides

with the crystal  frequency,  resonance  will  occur  and the crystal  is  set  into the

mechanical vibrations due to piezoelectric effect. With a quartz crystal ultrasonics

frequency of  5,40,000 Hz can be produced.  To produce higher frequencies the

plate has to be very thin and strong so that it may stand strain. Tourmaline crystal

may be used to generate frequencies up to 1.5 x 108Hz.

7.1.3 Magnetostriction Generator

According to this effect a bar of ferromagnetic material like iron or nickel

changes in its length when it is placed in a strong magnetic field applied parallel to

its length. A nickel rod is placed a rapidly varying magnetic field alternately expands and

contracts with twice the frequency of the applied magnetic field. This change in length of

the ferromagnetic material is independent of the polarity of applied magnetic field.

The  longitudinal  expansion  and  contraction  in  ferromagnetic  rod  produces

ultrasonic sound waves in the medium surrounding the nickel rod. The frequency

of ultrasonics produced is ranges from 8000Hz to 20,000Hz.



                                  Fig 7Ultrasonics in Food

7.2 Applications of Ultrasonics

Used in pasteurization at mild heat, extraction, enzyme inactivation,

Emulsification, crystallization,  viscosity  alteration  and  degassing  , spraying  or

coating, anti fouling and de-foaming.

 



VIII. PULSED X-R AYS

 Pulsed  X-ray  is  a  technology  that utilizes  a  solid  state  opening  switch

to generate  electron  beam  x-ray pulses of high intensity. Electrons

have limited penetration depth of about 5cm in food while x-ray have significantly

higher penetration depths (60-400cm) depending upon the energy used.

                                  Fig 8 Pulsed X-ray setup



Curry and others   used a  system consists  of  an x-ray accelerator  with a

thyristor charging unit, a magnetic pulse compressor, a solid state opening switch,

an electron beam diode load and an x-ray convertor. The thyristor charging unit

converts 3 phase current to direct current. A thyristor capacitor charging circuit is

used to charge the magnetic pulse compressor. A 2-stage circuit compresses and

sequentially steps up the voltage pulse before it is used to charge an inductive load.

Energy from capacitor  is  transferred  from the  inductive  load in  approximately

100ns.  A  convertor  is  installed  on  the  accelerator  and  the  electron  beam  is

converted  to  pulsed  x-rays  to  allow  thick  samples  to

be processed. Curry and others used pulsed x-rays to produce up to a 3 log reductio

n of e-coliO157:H7 in ground beef.

8.1 Applications of Pulsed X-Rays

Use in examination of packaged food for tramp materials, inactivation of e-

coli in meat also used to eliminate Salmonella from foods.

.

CONCLUSION

 

The  main  problem  with  the  thermal  processing  of  food  is  loss  of  volatile

compounds,  nutrients,  and  flavour.  To  overcome  these  problems  non  thermal

methods  came  into  food  industries  to  increase  the

production rate and profit. The non thermal processing is used for all foods for its b

etter quality, acceptance, and for its shelf life. The new processing techniques are

mostly  employed  to  the

liquid packed foods when compared to solid foods. Since the non thermal methods 

are used for bulk quantities  of  foods,  these  methods  of  food  preservation  are

mainly used in the large scale  production .The cost of equipments used in the non

thermal processing is high when compared to equipments  used in thermal  processing.



After minimising the investment costs of non thermal processing methods,it can

also be employed in small scale industries 

UNIT III : DEFINITION , STEPS OF FERMENTATION

6.16  Introduction This  module  describes  the  fundamentals  of  fermentation

technology, a multi-disciplinary area of Biotechnology which involves the skills in

science and engineering. Fermentation technology is ubiquitous - they range from

the production of food in a kitchen to the synthesis  of sophisticated,  extremely

high-value,  cutting-edge  therapeutics.  The  principle  of  bioprocess  technology

involves the use of cells as micro-factories to manufacture the product of interest.

The cellular  products  can be directly  utilized or,  alternatively,  the cells  can be

engineered to produce products of interest. However, the production levels can be

improved  by  employing  several  strategies  for  formation  or  processing  of  the

product. 

6.16.2  Definition Fermentation  Technology  is  defined  as  any  process  that

produces a product by the mass culture of a microorganism. Also, its biochemical

meaning is an energy–generation process in which organic compounds act as both

electron donors and terminal electron acceptors.

6.16.3 History of Fermentation technology 

The  cultivation  of  microorganisms  to  produce  useful  products  or  to  undertake

useful  activities  is however  not  a  recent  invention.  Fermented  foods  such  as

yoghurt, cheese, soya sauce, pickled cabbage have been intentionally produced by

man for  centuries.  Beer  recovered from the pyramids of  the ancient  Egyptians

reveal that the Egyptians were able to produce the fermented brew using almost

pure cultures of yeasts. In Renaissance Europe, nitrates required for gun powder

manufacture were produced by allowing soil bacteria to nitrify ammonia in horse



urine, as  it  was  flowed  down  channels  dug  into  hills.  The  Aztecs  of  Mexico

cultured Spirulina (a singled cell alga) for both waste treatment purposes and as a

source of protein. In the 20th century, biotechnologists have tried again to produce

single celled protein to solve the world’s protein shortage. The father of modern

fermentation technology was however Louis Pasteur. This 19th Century scientist

discovered or perhaps re-discovered that the conversion of sugar to alcohol (in beer

and wine production) and the conversion of sugar to lactic acid (as occurs in  heese

production) were both microbiological conversions and both needed a microbial

"seed" to start them. In the process, Pasteur disproved the theory of spontaneous

generation, discovered that some microbes can grow in the absence of oxygen, and

discovered  a  new  way  of  sterilizing  materials  which  was subsequently  called

"pasteurization". Following  Pasteur,  microbiology  and  fermentation  technology

grew hand in hand. Alexander Fleming's discovery of penicillin eventually lead to

the development of a huge antibiotic industry The world wars and their aftermath

of the 20th Century continued to spur on developments in fermentation technology.

Material shortages forced countries to look to biological sources of chemical feed

stocks. Scientists found ways of producing or enhancing the production of ethanol

and solvents such as acetone and butanol by fermentation. Antibiotic production

was also scaled up to meet growing needs derived from diseases and injuries. The

designs  and  technologies  developed  for  improving  antibiotic  production  found

application in many other products such as amino acids (e.g. lysine and glutamic

acid) and food chemicals e.g. gluconic acid and citric acid. The engineer and the

scientist now had to work hand in hand to achieve these improvements. In more

recent  times,  threats  of  diseases,  environmental  disasters,  food  shortages  and

juxtaposed by  growing  demand  in  developed  countries  have  created  new

opportunities for fermentation technologists. Today, the fermentation industry is a

multi-million dollar industry. 

6.16.4 Basic principles of Fermentation 



In developing a product, a fermentation technologist must consider all stages

of the manufacturing process. At the heart of the process is the fermenter. Large

scale  cell  cultivation is  performed  in  specialized  reaction  vessels  known  as

bioreactors  or  fermenters. In  the  fermenter,  cells  convert  raw  materials  (or

substrates) to products and to more cell The conversion of substrate to more cells is

a  major  advantage  of  fermentation  processes  over enzymatic  and  chemical

processes.  The production  of  more  cells  means  that  during a fermentation,  the

concentration  of  catalyst  (in  this  case  the  cells)  can  increase  with  time  and

theprocess can actually speed up with time. 

CELLULAR CATALYSTS 

The major types of cells used in fermentation processes include: 

Types of cells                            Examples

Animal cells             Chinese Hamster Ovary Cells Hybridoma cells Insect cells

Moulds                    Penicillium spp.  Aspergillus spp.

Yeasts                     Saccharomyces spp.  Saccharomycopsis spp. Candida spp.

Bacteria         Escherichia coli, Bacillus spp. Pseudomonas spp., Streptomyces spp.

6.16.5 Types of fermentation processes

The commercially important fermentations are divided into five major groups

(i) The process that produce microbial cells

(ii) The process that produce microbial enzymes

(iii) The process that produce microbial metabolites

(iv The process that produce recombinant products

(v) The transformation process



Apart from these types of processes, any established fermentation technique may

be divided into six basic component parts.

· Media formulation for culturing the process microorganism

· The sterilization of the medium, fermenters and accessories

· Active and pure culture production for inoculation in production vessel

· Growth of the organism under optimum conditions for product formation

· Extraction and purification of the product

· Effluent disposal produced by the process

There are  a  number  of  steps  involved in  studying a  fermentation process.  The

process will initially be studied in laboratories using flasks and laboratory scale

fermenters.  If  the  process  looks  commercially  successful,  the  process  will  be

"scaled-up" to a pilot scale process. During this stage, the process will be looked at

in  terms  of  engineering  factors  such  as  "mass  transfer"  and  "heat  transfer".



Downstream  processing  will  also  be  looked  into.  The  pilot  scale  studies  will

determine the commercial viability of the process and if successful the process will

be scaled up to industrial/commercial scale.

Some fermentation  processes  however  can involve  the  complex interactions  of

biological, chemical and physical factors. To properly investigate a fermentation

and to be able to predict the effects that these factors play on fermentations, the

process needs to be broken down into meaningful units.

6.16.6 Various modes of operation

Fermentations can be carried out as batch, continuous and fed-batch processes.

6.16.6.1 BATCH CULTURE

Batch  culture  fermentation  is  a  closed  system  where  the  required  amount  of

nutrients and other additives are added at the beginning of the process .Once the

fermentation process has started there is no refill of nutrients and the product is

recovered  only  at  the  end  of  the  process.  At  the  end  of  the  fermentation,  the



contents are removed for  down stream processing.  The reactor  is  then cleaned,

sterilized and refilled for the next fermentation. During the process, the inoculated

microorganisms will pass through a number of phases. 

 Lag phase : First there is a period during which growth does not occur referred to

as the lag phase. Lag phase is a time of adaptation.  

 Log phase  :  Following the  lag  phase,  the  growth  rate  of  the  cells  gradually

increases. The cells grow at a constant and maximum rate and the period is known

as log phase or exponential phase.

Stationary phase :  Eventually the growth rate has declined to zero and the cells

entered the so-called stationary phase. 

· Decline phase: After a further period of time, the culture enters the death phase

and the viable cell number declines. During the exponential phase, certain products

are produced that are essential for the cell growth namely aminoacids, nucleotides,

proteins, lipids, carbohydrates etc. These primary metabolites are produced during

the log phase. Hence it is the task of the industrial microbiologist to improve the

productivity  of  these  primary  metabolites.  The  secondary  metabolites  are

synthesized during the stationary phase.



Logs  of  number  of  bacteria

Thus, batch fermentation can be used to produce biomass, primary metabolites and

secondarymetabolites.

 6.16.6.2  CONTINUOUS  CULTURE In  continuous  cultures,  fresh  media  is

continuously added into the bioreactor  and at the same time bioreactor fluid is

continuously removed. The cells thus continuously propagate on the fresh medium

entering the reactor and at same time, products, metabolic waste products and cells

are removed in the effluent.  

Continuous cultures have however been with us almost since life began on good

old mother earth. Our guts are in many ways a continuous culture. Food comes in,

gets  processed  bymicroorganisms  and  enzymes,  some  is  absorbed,  the  rest  is

excreted.

 Food gut Faecus



                 

The important feature of this technique is that the microbial growth in a continuous

culture  takes place  under  steady-state  conditions;  that  is,  growth  occurs  at  a

constant rate and in a constant environment. Many factors as pH, concentrations of

nutrients,  metabolic  products  and  oxygen, which  inevitably  change  during  the

growth cycle of a batch culture, are all maintained constant in a continuous culture.

Today, continuous cultures find wide application in the waste treatment industry

although to date, limited application in fermentation industry. Continuous culture

systems have many advantages over batch reactors, but unfortunately a few critical

disadvantages. 

Comparison of batch and continuous cultures 

Continuous  cultures  have  several  advantages  over  batch  cultures:  It  is  not

necessary  to  shut  the  continuous  fermenter  down  as  frequently  as  a  batch

fermenter.  At  the  end  of  a  batch  fermentation,  the  reactor  must  be  emptied,

cleaned, sterilize and re-filled. The time required for these operations is known as

turnaround time. Theoretically, a continuous fermenter could operate indefinitely

without having to be shut down. In practice, however this is not possible. · Because

continuous  cultures  are  shut  down  with  less  frequency  as  compared  to  batch

reactors, there is less loss of productivity during lag phases · Most downstream

processing operations are most productive when operated in a continuous manner.

Using  a  continuous  culture  allows  the  fermentation  to  be  in-tune  with other

operations in the plant. Thus, overall plant productivity is easier to optimize. 

The  disadvantage  of  a  continuous  culture  is  Contamination  of  a  continuous

fermenter can have disastrous consequences. A contaminant can cause the wash

out of the resident organism and then completely take over a fermenter.



6.16.6.3 FED BATCH CULTURE 

In a fed batch fermenter, the feed is continuously added until the maximum liquid

fermentervolume is reached. The fermenter may be then allowed to continue or be

partially or completely emptied depending on the process. AlthoughAlthough low

nutrient and substrate concentrations can be maintained in continuous cultures, as

we  have  seen,  continuous  reactors  do  suffer  from  a  number  of  significant

problems. In fed batch reactors,  feed is  added,  but  effluent  (and cells)  are  not

removed. Thus fed-batch reactors can be used to maintain cells under low substrate

or  nutrient  conditions  without  washout occurring. Fed  batch  reactors  are  thus

primarily used for producing products under low nutrient or substrate conditions

and play an important role in industry. 

Comparison of fed-batch and continuous  bioreactor   With both fed-batch and

continuous fermenters, it is possible to set and maintain the specific growth rate

and  substrate  concentration  at  optimal  levels·  The  major  physical  difference

between  a  fed-batch  and  continuous  fermenter  is  that  the effluent  is  not

continuously removed and thus washout does not occur. This provides a fed-batch

reactor a number of advantages over continuous reactors: · Because cells are not

removed  during  the  fermentation,  fed-batch  fermenters  are  well suited  for  the

production of compounds produced during very slow or zero growth.   Unlike a

continuous fermenter, the feed does not need to contain all the nutrients needed to

sustain  growth.  The  feed  may  contain  only  a  nitrogen  source  or  a  metabolic

precursor Contamination will also not have the same dramatic effect on a fed-batch

fermenter as a contaminant will not be able to completely take over the fermenter

(unless the contamination occurred during the early stages of the fermentation). Of

the three systems, 

· Fed batch bioreactors are most commonly used to produce biological products. 



· Batch reactors are the second most commonly used.

·  Although  continuous  reactors  are  rarely  used  for  large  scale  production  of

biochemicals, they  are  widely  used  in  waste  treatment  processes.  In  addition,

natural ecosystems, such as the rumen and gut, soil and rivers, are more closely

represented by a continuous culture system

 6.16.7 Screening of industrially important microorganisms

The tasks of both discovering the new microbial compounds and improving the

synthesis  of  known  strains  have  become  more  and  more  tedious.The

microorganisms  of  industrial  importance  are  generally,  bacteria,  actinomycetes,

fungi and algae. These organisms occur virtually everywhere, e.g., in air, water and

soil, on the surfaces of plants and animals, and in plant and animals tissues. But

most common sources of industrial microorganisms are soils, lake and river mud.

There  are  three  important  stages  in  the  screening  strategies  namely  isolation,

preservation and improvement of the strains of commercial importance

(i) Isolation

Involves  obtaining  either  pure  or  mixed  cultures  based  on  their  production  of

industrially relevant products. A variety of complex isolation procedures have been

developed, but no single method can reveal all the microorganisms present in a

sample.  Specialized  enrichment  techniques  are  used  to  isolate  many  different

microorganisms. Selective pressure can be used in the isolation of organisms to

favour  the  growth of  the desired  types  or  addition  of  inhibitors  to  destroy the

undesired  strains.  The  next  step  after  isolation  of  microorganisms  is  their

screening. A set of highly selective procedures, which allows the detection and

isolation of microorganisms producing the desired metabolite, constitutes primary

screening.  Ideally,  primary  screening  should  be  rapid,  inexpensive,  predictive,

specific but effective for a broad range of compounds and applicable on



a large scale. Primary screening is time-consuming and labour intensive since a

large number of isolates have to be screened to identify a few potential ones. Rapid

and effective screening techniques have been devised for a variety of microbial

products, which utilize either a property of the product or that of its biosynthetic

pathway for detection of desirable isolates. Some of the screening techniques are

relatively simple, e.g., for extracellular enzymes and enzyme inhibitors.

Suitably  designed  specialized  screening  techniques  may  be  used  to  detect

compounds  havingvarious  pharmacological  activities  (other  than  antibiotics).

A sample of the screening approaches used for detection of microbial isolates

producing useful products



Therefore,  it  is  necessary  to  preserve  the  isolated  strain  without  loosing  its

desirable characteristics.

(ii) Preservation techniques

The isolated cultures can be stored by various methods

· Storage at reduced temperature

Ø If the cultures are subcultured at 6-month interval, it can be stored on agar slopes

in  refrigerator  at  4°C  or  in  freezer  at  -20°C.  The  time  of  subculture  may  be

extended to 1 year if the cultures are covered with mineral oil

Ø For the long term preservation of cells that do not survive freeze drying, liquid

nitrogen (-156°C to-196°C) is  the suitable  method for  preservation of  valuable

stock  cultures.  This  technique  involves  growing  a  culture  to  the  maximum

stationary phase and then resuspending the cells in a cryoprotective agent such as

10% glycerol

· Storage in a dehydrated form

Ø  Dried  soil  cultures  are  commonly  used  especially  for  sporulating  mycelia

organisms

Ø Lyophilization technique is used to store the culture in refrigerator for 10 years.

This is done by freezing the culture followed by its drying under vaccum leading to

the  sublimation  of  water  The   industrial  cultures  must  be  stored  to  eliminate

genetic change, protect against contamination and retain viability.

(iii) Improvement

Wild type  microbes  usually  produce  a  very  low compound titre.  Therefore,  In

order to increase the productivity of the wild strain, various improvement strategies

are adopted. Traditional methods for strain improvement are random mutagenesis

and selection.  The selected strains are usually subjected to successive cycles of

mutagenesis and selection; after several cycles, a large increase is yield is likely to

be obtained.Such a random approach is often a good start and sufficient to generate



a  high  producing  strain.  Increased  yields  may  be  achieved  by  optimizing  the

culture medium and growth conditions, but this approach will be limited by the

organism’s maximum ability to synthesize the product. The potential productivity

of the organism is controlled by its genome, therefore, the genome must be

 to increase the potential yield. The techniques and approaches used to genetically

modify strains, to increase the production of the desired product are called strain

improvement  or  strain  development.  Genetic  modification  may be  achieved  by

selecting  natural  variants,  by  selecting  induced  mutants  and  by  selecting

recombinants. There is a small probability of a genetic change occurring each time

when a cell divides, hence a microbial culture will undergo a vast number of such

divisions, the culture will become more heterogeneous.. However, variants have

been isolated which are superior producers and this has led to the development of a

natural product from a newly isolated organism. Recombinant DNA technology

has  enabled  the  production  of  heterologous  products  and  has  built  on  the

achievements of directed selection to increase yields of conventional products still

further

. 6.16.8 Conclusion

This module has presented the overview of fermentation technology where the

microorganisms are  capable  of  growing on a  wide range of  substrates  and can

produce  a  spectrum  of  commercially  valuable  products.  Bioprocess  technolgy

deals  with various biotechnological  processes  used in industries  for  large scale

production of biological product for optimization of yield in the end product and

the  quality  of  end  product.  Further  the  bioreactor  design  and  downstream

processing will be discussed in the next modules

TYPES OF AROBIC AND ANAEROBIC FERMENTATION  

Introduction



Fermentation  was  originated  from  ancient  times.  Home  fermentations  were

practiced in the form of baking, pickling, brewing and cheese making. Later on the

production  of  large  scale  fermented  foods  rely  on  commercially  available

microbial cultures. The usage of defined cultures became the industrial standard in

breweries by the 19th century. The well-defined cultures along with the technique

of  sterilization  or  pasteurization  allowed  the  fermentation  process  to  reach  an

industrial scale.

14.2 Types of industrial fermentations

The industrial fermentation processes are classified

1. Based on the type of substrate

2. Based on the feeding of substrate

3. Based on the need of aeration

14.2.1 Based on the type of substrate

The fermentation process based on the type of substrate is classified into two types.

They are

1. Solid State fermentation

2. Submerged fermentation

14.2.1.1 Solid State Fermentation (SSF)

Solid state  fermentation also  referred as surface fermentation.  It  the process  in

which the microbial growth and product formation occurs on the surface of solid

substrate. The microorganisms grow on the moist substrate with little or no ‘free

water’. This method is suitable for microorganisms the need lesser water for its

growth. This method is economically viable, as the fermentation is wheat, maize,

barley and industrial residues such as bran, straw, sugarcane bagasse, oil cakes,



corn cobs, saw dust, fruit pulps etc. can be used as substrate. This method also uses

an inert  material  as  substrate,  which requires  nutrient  supplement  as  well  as  a

carbon source. These natural raw materials serve as a source of carbon and energy.

Few  examples  of  solid  state  fermentations  are  mushroom  cultivation,  bread

making, production of miso, tempeh and soy sauce, cocoa processing. This method

is considered to be cost effective due to the use ofagro-industrial residues as media

for the growth and production. Little amount of water is utilized for the process

which accordingly releases negligible or considerably less quantity of effluent, thus

reducing pollution concerns. SSF processes use low volume equipment of lower

cost but effective in producing concentrated products.There is an increased oxygen

diffusion rate into the substrate hence aeration is easier in SSF. The process can be

efficiently utilized at smaller scale, which makes them suitable for rural areas.

14.2.1.2 Submerged Fermentation (SmF)

Submerged fermentation occurs in the presence of liquid nutrient media seeded

with microorganisms which trigger the fermentation process. The commonly used

liquid medias are molasses, broth, corn steep liquor etc. This method is suitable for

microorganisms that require high moisture. The substrates are utilized rapidly by

the microorganisms and need to be constantly supplemented with nutrients. Also a

steady flow of oxygen must be circulated throughout the process. As the microbe’s

breakdowns the nutrients in the media, they produce enzymes. The significance of

submerged fermentation is that purification of products is easier and primarily used

in the extraction of secondary metabolites that need to be used in liquid form. This

process is industrially used for the production of enzymes, citric acid etc.

14.2.2 Based on the feeding of substrate to fermenter

The  fermentation  process  based  on  the  feeding  of  substrate  to  fermenter  is

classified into two types. They are

1. Batch fermentation



2. Continuous fermentation

3. Fed-batch fermentation

14.2.2.1 Batch fermentation

Batch fermentation is a closed process system. In this method, the fermenter tank is

filled with the materials such as substrate and inoculum. The process parameters

such as  temperature and pH are set  and occasionally  nutritive supplements  are

added to the substrate. Until the process comes to an end, neither substrate is added

northe product is removed from the fermenter.  Fermentation proceeds and after

desired period, the products are taken out from the fermenter. Once the process is

over, the fermenter is cleaned and the process is repeated.

14.2.2.2 Continuous fermentation

In continuous fermentation, the sterilized liquid nutrients are added continuously to

the fermenter at a fixed rate as the end products are continuously removed. In this

type of process, the growth of bacterial population can be maintained in a steady

state over a long period of time.



14.2.2.3 Fed-batch fermentation

Fed-batch  fermentation  employs  both  modes  of  operations  such  as  batch  and

continuous process,  where substrate  is  added at  fixed time intervals  during the

fermentation process.

14.2.3 Based on the need of aeration

The fermentation process based on the need of aeration is classified into two types.

They are

1. Aerobic fermentation

2. Anaerobic fermentation

14.2.3.1 Aerobic fermentation

Most of large scale fermentation processes are carried out in presence of aerobic

conditions. In aerobic fermentation, the materials in fermenter are agitated with the

help of impeller or sterile air  is forced into the fermenter.  In this process,  it  is

necessary  to  maintain  the  dissolved  oxygen  concentration  above  the  specified

minimal level.

14.2.3.2 Anaerobic fermentation

The  provision  for  aeration  and  mixing  device  is  not  needed  in  anaerobic

fermentation. But in few cases, aeration and mixing may be needed in an initial

period. Once the fermentation begins, the gas produced in the process generates

sufficient mixing. The air present in head space should be replaced by CO2 or N2 or

suitable combination. During this type of fermentation, the released CO2 and H2 are

collected and reused.

14.3 Industrial Fermenter



A fermenter or a bioreactor is a vessel in which the living cells or biochemically

active substances act on the substrate to produce product of higher quality. An

industrial  fermenter  can hold up to 200,000 liters of  cultures.  They are usually

made of stainless steel to withstand the acid produced during fermentation. The

components in most of the fermenters are impellers (to mix the living cells and

nutrients),  sparger  (aeration),  Jacket  or  coils  (cooling  or  heating),  probes  (to

monitor pH, temperature, pressure and dissolved oxygen), valves and steam traps.

14.4 Range of Fermentation Process

Commercially  important  fermentation  process  can be  divided  into  four  groups.

They are

1. Production of biomass or microbial cells

2. Production of extracellular metabolites

3. Production of intracellular components

4. Transformation of substrate

14.4.1 Production of biomass

Sometimes the microbial cells itself are the products of fermentation. The major

biomass or microbial cell production is the production of yeast, lactobacillus to be

used in the baking and dairy industry respectively and production of algaeto be

used as human or animal food.



14.4.2 Production of extracellular metabolites

The  extracellular  metabolites  are  grouped  as  primary  and  secondary

metabolites.  The  microbial  metabolites  produced  during  the  growth  phase  are

called  primary  metabolites.  Many  primary  metabolites  are  economically

importance  and  are  being  produced  by  fermentation.  Examples  of  primary

metabolites are ethanol, lactic acid, citric acid, nucleotides,  vitamins and amino

acids like lysine, tryptophan. Secondary metabolites are compounds produced in

the  stationary  phase  of  the  microbial  growth.  They  are  derived  from  the

intermediates and products of primary metabolism. Secondary metabolites used as

medicines, flavorings, and drugs. For example, antibiotics, antiseptics, fungicides

are produced as secondary metabolites.

14.4.3 Production of intracellular components

In this method, cells are ruptured at the end of fermentation and the environment is

engineered  to  maximize  the  production.  The  intercellular  components  such  as

microbial  enzymes  such  as  lipase,  cellulose,  lactase,  recombinant  proteins  and

microbial oils are produced through fermentation process.

14.4.4 Transformation of substrate

It is the process of conversion of a raw material into valuable finished product

through fermentation. Productions of vinegar, steroids, antibiotics, prostaglandins

are examples of microbial transformation process.

14.5Production of Wine

The conversion of grape juice to wine was practiced dating back to the dawn of

civilization. Wine can also be made from other fruits. Red wine and white wine are

the two major types of wine based on the color. All grape skins contain tannins

whereas  the  skin  of  red  grapes  contains  more  tannin.  The presence  of  tannins



imparts  the  color,  texture  to  red  wine.  The  red  color  of  wine  is  that  the

fermentation  process  occurs  together  with  the  grape  skins.  The  prominent

microorganisms involved in the wine making are  Saccharomyces cerevisiae and

Lactic acid bacteria which dominate the alcoholic fermentation and the malolactic

conversion respectively. The following processes are involved in the production of

red wine.

14.5.1 Harvesting

The grapes are harvested after 1-3 weeks of color change and when the pH is about

3.25.

Harvesting can be performed either manually or mechanically.

14.5.2 Destemming and Crushing

Destemming  is  the  process  of  separating  grapes  from  the  stems.  Before  the

fermentation process,  the stems are removed as the stem contains high level of

tannins which also imparts a vegetal aroma to the wine. Crushing is the process of

breaking the skins of berries by squeezing it to extract the contents of grapes.

14.5.3 Primary Fermentation



The crushed grapes and its skins are left to contact each other to extract the

desired  color.  The squeezed  juice  along with  skins  and seeds  are  called  must.

Preparation of must is the first step in wine making. The most commonly used

cultured yeasts in wine belong to Saccharomyces  cerevisiae  species .They are

added to the must for the alcoholic fermentation to occur. The cultured yeasts are

usually added in dried or inactive state. They are activated by mixing with warm

water or diluted grape juice. For active yeast fermentation, they are continuously

supplied  with  source  of  carbon,  nitrogen,  sulfur,  phosphorus  and  also  nutrient

source such as vitamins and minerals.

During the primary fermentation process, the yeast cells feed on the sugar in the

must and involve in the conversion of sugar into alcohol and carbon dioxide. The

temperature is maintained at 22 -25C. One gram of sugar will yield half a gram

of alcohol in the product. Hence to obtain alcohol of 12 % concentration, the must

should contain 24 % sugar. The duration of primary fermentation takes around 10-

30  days  depending  on  the  final  alcohol  content  in  wine.  Longer  fermentation

makes  the  wines  dry  because  the  majority  of  sugar  is  converted  into  alcohol,

whereas shorter fermentation produces sweeter wine.

14.5.4 Secondary fermentation

Secondary  malolactic  fermentation  takes  place  at  the  end  of  primary  alcoholic

fermentation. Malolactic fermentation is decarboxylation process which releases

carbon dioxide. During this fermentation, specific strains of lactic acid bacteria

such as  Lactobacillus,  Oenococcus oeni are added in addition to the one that is

already available. This process turns malic acids into lactic acids which produces a

more  supple  silky  wine  with  buttery  taste.The  whole  process  is  kept  under

anaerobic conditionto avoid oxidation of wine. The secondary fermentation is a

slow process which takes around 3-6 months.

14.5.5 Pressing



Pressing  is  an  optional  process  in  which pressure  is  applied  to  the  pomace  to

separate wine from the grapes and skins. In production of red wines, pressing is

performed after primary fermentation. The juice obtained through crushing called

free-run juice which accounts for about 60-70% of the total juice whereas 30-40%

of juice comes from pressing called press juice. In practice, the free-run juice and

press juice are blended in the ratio of 85-90% and 10-15% respectively to get a

complete balanced wine.

14.5.6 Purifying or Clarifying

The sediments are removed after fermentation. The presence of solid portion could

potentially harm the quality of wine in future. To remove the solids, the wine is

filtered through a filter or siphoned off from the top of the vat after the solids sink

to  the  bottom.  Sometimes,  gelatin,  micronized  potassium  caseniate,  skim  milk

powder,  bentonite  are  used as fining or  clarifying agent.  The addition of  these

agents  removes  microscopic  particles  that  could  create  cloudiness  of  wine,

removes tannins and also reduces astringency of wine.

After fermentation, sediment of tartrate crystals may appear in the wine formed

due to the union of tartaric acid and potassium. These crystals are also known as

‘wine crystals’  or  ‘wine diamonds’.  This  process  is  called cold stabilization  to

reduce the tartrate crystals in wine.



Hence  the  temperature  of  wine  is  reduced  to  freezing  cold  for  1-2  weeks  to

separate the crystals from the wine.

14.5.7 Aging or Maturation

Immediately after fermentation, a period of maturation is required to get pleasant

taste of wine. During the maturation process, the acidity of wine falls and softens

the tannins. This process takes place in stainless steel vessel or oak barrels based

on the desired taste of final product. Early drinking wines do not need maturation.

For  high  quality  wines,  they  must  undergo  maturation  of  about  9-22  months.

During this time, the wine will undergo controlled oxygenation and produces oak

aroma.

14.5.8 Bottling

The  traditional  wine  bottles  are  sealed  with  cork.  The  closure  types  such  as

synthetic corks, screw caps are currently used. Before bottling of wine, sulfite is

added to prevent the unwanted fermentation and to preserve the wine.

14.6Production of Soy Sauce

Soy sauce is produced from fermented soybeans, roasted grains like wheat, barley

or  rice,  salt  and  special  yeast  molds.  Soy  sauce  is  considered  as  a  traditional

ingredient  throughout Asia.  The consistency varies from thin to very thick and

color  ranges  from  lighter  to  dark  brown.  The  modern  method  of  soy  sauce

production involves the following steps.

14.6.1 Soaking and Steaming



The basic ingredients for soy sauce making are soybeans, wheat, salt and water.

The carbohydrate in wheat imparts soy sauce a pleasant aroma. The starch in wheat

is  converted into glucose  by the action  of  amylase  from the mold which adds

sweetness to the soy sauce. The addition of brine solution prevents the entry of

destructive microorganisms and also acts as a preservative. In the modern methods

the soybeans are soaked in water for 12 to 24 hours. The beans are drained and

steam cooked  at  high  temperature.Wheat  is  roasted  and  crushed  to  get  coarse

product. The coarsely grounded wheat is mixed with cooked soybeans in the ratio

of eight parts of soy with two parts of wheat.

14.6.2 Inoculation and Koji Preparation

The steamed product is cooled and then mixture is inoculated with seed spores of

Aspergillus Oryzae or/and Aspergillus sojae  and kept  for  about  22-30 hours at

35C. Sometimes the culture is grown on steamed polished rice. The inoculated

mash is spread in a layer in wooden trays and the trays are stacked to allow air

circulation over the mash. During fermentation, the mold grows over the mash and

release off heat. The temperature of mash may reach up to 40C or higher. After

3 days,  the white mold surface turns yellowish as spore formation begins.  The

mixture  is  now called  as  ‘koji’. It  is  a  concentrated  source  of  amylolytic  and

proteolytic  enzymes  necessary  for  the  decomposition  of  the  carbohydrates  and

proteins.

14.6.3Fermentation in brine



The molded mash is covered with 22% brine solution in a deep fermentation

tanks. Lactic acid bacteria and yeast cultures are added to the koji to form slurry

called ‘Moromi’. Moromimash which is in a semi liquid state is allowed to ferment

at  controlled  temperature  and occasional  aeration  for  every  2 to  3 days  in  the

beginning. The high salt concentration effectively inhibits growth of undesirable

microorganisms. The starch is broken down to sugars and fermented to produce

lactic  acid  and  alcohol.  The  pH  drops  from  near-neutral  to  4.7-  4.8.  The

moromimash is held in the fermentation tanks for 6 to 8 months.

14.6.4 Pressing

The fermented mash is pressed to remove the solids from the liquid soy sauce.

During pressing the moromi is strained through layers of fabric. After allowing the

soy sauce to flow out under gravity, the mash is mechanically pressed for about 10

hours to obtain ‘raw soy sauce’.

14.6.5 Clarification and Pasteurization

  The raw soy sauce obtained from pressing is left in clarifier tank for 3-4

days. The clarified sauce is then pasteurized to about 70-80C. Heat treatment of

sauce halts  the activity of  enzymes,  eliminates the growth of  active yeasts  and

molds, and also favors the development the characteristic color and aroma. After

final clarification the sauce is bottled.



FERMENTATION AND ITS BY PRODUCTS

FERMENTATION  TECHNOLOGY  IN  TRADITIONAL  FOODS  OR

VARIOUS FOOD GROUPS

INTRODUCTION 

Fermentation is one of  the ancient  forms of  food preservation.  This method of

preservation  is  rooted  in  traditional  cultures  and  in  villages  as  one  of  the

inexpensive method of food preservation. The fermentation process was believed

to be practiced date back to thousand years in order to preserve food at times of

scarcity and also to improve the characteristics of food by giving desirable flavor,

taste and texture to foods. Numerous fermented foods have been documented in

Asian and African countries. The indigenous fermented foods based on the region

reveals  the  knowledge  of  the  native  people  of  the  country  in  terms  of  their

capability to prepare different microbial based products.  

13.1. Fermentation 

The word “Fermentation”  is  derived from the  Latin  word “Fermentum” which

means boiling. Fermentation is a chemical conversion process in which the organic

substances are converted into simpler compounds by digesting certain substances

with  the  help  of  micro-organisms.  In  technical  terms,  fermentation  is  the

biochemical  conversion  of  carbohydrates,  starches  or  sugars  into  alcohol  and

organic acids, by bacteria and enzymes. Fermentation can also be defined as the

controlled  decay  of  materials  with  the  aid  of  specialized  bacteria  without  the

presence of oxygen to produce desirable products. The end product of fermentation

will provide digestive enzymes, favorable bacteria and other required nutrients. It

results in the production of energy in the form of two ATP molecules. 

13.2. Types of Fermentation 



Different types of fermentation are used in food processing based on the

desirable end products. The two main types of fermentation widely found in food

products are lactic acid fermentation and alcoholic fermentation. 

13.2.1. Lactic acid fermentation 

In lactic acid fermentation, the sugars such as glucose, sucrose and fructose

are  converted  into  cellular  energy  and  lactic  acid  with  the  help  of  lactic  acid

bacteria such as Leuconostoc,  Lactobacillus, Streptococcus bacteria.  Lactic acid

fermentation  can  further  be  classified  into  two  types  such  as  homo  lactic

fermentation and hetero lactic fermentation. The homo lactic fermentation is the

simplest fermentation in which one molecule of glucose is ultimately converted

into  2  molecules  of  lactic  acid.  An example  of  homofermentative  bacteria  are

Lactobacillus  delbruckii,  L.bulgaricus,  L.  plantarum,  L.acidophilus.

Homofermentative lactic.



Fermentation is observed in the production of sour or fermented milk products,

yoghurt and bread. 

C6H12O6 → 2 CH3CHOHCOOH 

The hetero lactic acid fermentation differs from homo lactic fermentation in the

way that one molecule of glucose is converted into one molecule of lactic acid

along with a molecule of ethanol and carbon dioxide. 

          C6H12O6 → CH3CHOHCOOH + C2H5OH + CO2 

An  example  of  heterofermentative  bacteria  is  Leuconostoc  mesenteroide,

Lactobacillus  brevis,  Leuconostoc  dextranicum.  Heterofermentative  lactic

fermentation is used in preserving various fruits and vegetables. 

13.2.2. Alcohol fermentation 

Alcohol fermentation or ethanol fermentation is a process in which the sugars are

converted  into  ethanol  and carbon dioxide  by yeast  in  the  absence  of  oxygen.

Hence  alcohol  fermentation  is  considered  as  anaerobic  process.  The  following

equation represents the alcohol fermentation process. 

C6H12O6 → 2 CH3CH2OH + 2 CO2 + Energy 

The organisms responsible  for  carrying alcohol  fermentation  are  yeast  such  as

Saccharomyces  saki,  Saccharomyces  cerevisiae,  Candida  utilis  and  certain

bacterias  such  as  Closteridium  acetobutylicum,  Klebsiella  pneumonia.  Few

examples of products obtained by alcohol fermentation are wine, beer, bread. 

13.3 Organisms responsible for fermentation 

Microorganisms are the efficient live organisms responsible for fermentation. They

are economical resources that consist of abundant enzymes which can efficiently

convert  complex  substances  into  simple  digestible  molecules.  They  utilize  the

nutrients  present  in  the  food  substrate  to  produce  energy  and  other  essential

precursors for their growth and results in the fermented foods. The most common



groups of microorganisms which involve in food fermentation are bacteria, yeasts

and molds. 

13.3.1. Bacteria 

The  main  bacteria  which  involves  in  the  fermentation  of  foods  are  the

Lactobacillus,  which  produce  lactic  acid  from  carbohydrates.  The  lactic  acid

bacteria  are  used  in  the  fermentation  of  various  dairy  and  non-dairy  products.

These organisms control the growth of putrefactive microorganisms and pathogens

by producing organic acids during fermentation and also they produce desirable

flavors  in  the  fermented  foods.  The other  important  types  are  the  Acetobacter

(acetic  acid  producing)  and  Bacillus  species.  Table  1  shows  the  few kinds  of

bacterial  species.  During  fermentation  of  fruits  and  vegetables,  the  acetic  acid

producing bacteria  obtain energy from oxidation of  ethanol  to acetic  acid.  The

process is called acetic acid fermentation. For example, when acetic acid bacteria

act on alcoholic beverages, it produces vinegar. The Bacillus species increases the

alkalinity of the substrate and makes it unsuitable for the growth 



of spoilage organisms. Hence this process is also referred as alkaline fermentation,

which is mostly dominated by the presence of Bacillus subtilis. 

Table  1  Bacterial  species

and corresponding foods 

 

 Bacterial Species 

Type of Food 

Acetobacter aceti Vinegar 

Bifidobacterium bifidum Dairy 

Bacillus cereus Chocolate 

Lactobacillus acidophilus Yoghurt 

Carnobacteriumdivergens Meat 

Lactobacillus brevis Vegetables 

Leuconostoc spp. Butter 

13.3.2. Yeast 

Yeast is a unicellular fungus widely distributed in nature. The most beneficial yeast

is  Saccharomyces  spp.  is  the  common  microbial  population  present  in  plants,

fruits, vegetables and grains and also widely used in food fermentations. Yeast is

naturally present on grape skins, which is adequate for the fermentation of sugars

to alcohol.Table 2 shows the few kinds of yeast species.Saccharomyces cervisiae is

the most  commonly used yeast  in alcoholic fermentations such as leavening of

dough, alcohol production and invert sugar production. 

Table 2 Yeast Species

and  corresponding

foods 



Yeast Species Type of Food 

Saccharomyces

cerevisiae 

Bread, cheese, wine 

Saccharomyces

bayanus 

Beer 

Candida colliculosa Kefir 

Candida utilis Cheese 

13.3.3. Molds 

Molds are aerobic and can tolerate high concentration of salt and sugar. Molds are

essential components of certain fermented foods such as cheese, sausages and soy

sauce. Mold fermentation often extends the shelf life and improves color, flavor,

texture  and  nutritional  value  of  foods.  Molds  from  the  genus  Penicillium  are

related with the ripening and flavoring of cheeses. They also play a characteristics

role in improving the texture of the sausages. Table 3 represents the different types

of products obtained based on the mold species. 

Table 3Mold Species and

corresponding  foods

products

 Mold Species 

   

 Type of Food 

Penicillium roqueforti      Blue cheese 

Penicilliumcamemberti      Camembert cheese 

     



Penicilliumchrysogem

Penicilliumnalgiovense 

        Sausages 

Aspergillus oryzae 

Aspergillus sojae

        

         Soy sauce 

13.3.4 Enzymes 

Enzymes  are  complex  proteins  produced  by  microbes  to  carry  out  desirable

biochemical reactions. Enzymatic activity is responsible for the changes that occur

during  fermentation.  Enzymes  are  employed  during  fermentation  to  initiate  or

control the reactions. Hence they are also known as catalysts. Microbial enzymes

play  a  vital  role  in  the  fermentation  of  fruits  and vegetables.  They  are  highly

sensitive to temperature, pH, moisture content, ionic strength and concentrations of

substrate and inhibitors. Each type of enzymes has their characteristic roles during

fermentation such as the liquefaction and saccharification of starch, the conversion

of sugars and the modification of proteins.  For example, Zymase is an enzyme

occurs naturally in yeast, which catalyzes the fermentation of sugar into ethanol

and carbon dioxide. The enzymes from fermented foods also help to populate our

intestinal tract with beneficial bacteria and aids in digestion. They also helps to

eliminate the toxins from the body. 

13.4. Fermentation in food preservation 

During  fermentation,  the  presence  of  desirable  bacteria  inhibits  the  growth  of

spoilage  organisms.  Some organisms create  an acidic  environment  or  alcoholic

environments and thus prevent the growth harmful spoilage microorganisms. The

nature  of  organisms present  and the  surrounding conditions  will  determine  the

nature of process and the end products.  Thus fermentation helps to prevent the

food  from  spoilage  and  also  extend  the  shelf  life.  By  adjusting  the  external



conditions,  microbial  actions  can  be  controlled  to  produce  appropriate  results.

Controlled  fermentation  encourages  the  growth  of  beneficial  bacteria  to  fight

against the spoilage microbes. The factors influencing the growth and activity of

microbes  during  fermentation  are  water  activity,  temperature,  oxygen

concentration, nutrients and pH. 

13.4.1 Water activity 

Water is the most essential for the growth and activity of all microorganisms. The

water  available  for  the growth of  microorganisms is  referred as  water  activity.

Almost all bacterial activity is inhibited below aw of 0.85. Similarly, most fungi

and yeast are inhibited below water activity of 0.65. The water activity of the foods

can be altered by changing the quantity of free water available in the product. The

water activity can be reduced by adding salt or sugar which binds the free water.

The amount of free water, in turn the water activity can be increased by decreasing

the concentration of the product. Hence the growth of desirable microbes can be

encouraged and growth of spoilage organisms can be inhibited by controlling the

water activity. 

13.4.2 Oxygen concentration 

Based on the respiration, microbes are classified into aerobes (grow in presence of

oxygen) and anaerobes (grow in the absence of oxygen). Facultative anaerobes are

capable  of  growing  either  in  presence  or  absence  of  oxygen  whereas  micro

aerophilic organisms are those capable to grow in reduced oxygen. The microbial

activity can be regulated by controlling the availability of free oxygen. 



13.4.3 Temperature 

The  microbes  are  classified  based  on  their  ability  to  survive  in  specific

temperature.  They  are  Psychrophilic  (30 C),  Mesophilic  (15  to  40 C)  and 

Thermophilic  (45 to 80 C).  At high temperatures,  the microbes are  destroyed

whereas at very low temperatures, their rate of activity is reduced. 

13.4.4 Nutrients 

Nutrient requirement is the crucial factor for the energy and growth of microbes.

The energy sources  may be  complex carbohydrates,  simple  sugars  or  proteins.

Limiting the availability of nutrients restricted the growth of microbes. 

13.4.5 pH 

A high acid food (pH 4.6 or less) does not allow the growth of bacterial spores. By

increasing  the  pH of  foods  up to  4.6,  the  bacterial  spoilage  can  be  drastically

reduced.  Lactobacillus  and  Streptococcus  species  are  examples of  acid tolerant

bacteria, which play a major role in vegetable and dairy fermentations. Yeasts and

molds can grow in a pH range of 4 - 4.5 and 2 - 8.5 respectively. A change in the

pH of the substrate can hinder the growth of spoilage organisms. 

13.5. Benefits of fermentation 

 Fermentation extends the shelf life of food products by inhibiting the growth of

spoilage organisms 

 Extended fermentation of few products imparts a distinctive flavor to the foods. 

 More  vitamins  are  produced  in  foods  fermented  by  bacteria,  especially  B

vitamins. Thus fermentation improves the nutritional value of foods 

 The presence of digestive enzymes in fermented foods helps body to absorb

more nutrients from the foods 



 Fermentation introduces beneficial bacteria into the gut and provides the health

benefits  of  probiotic  supplements  which  were  proved  to  fight  against  cancer,

reverse some diseases, improve bowel health and increase immunity 

 Fermentation  process  makes  the  food  more  edible  and  easily  digestible  by

altering the chemical compounds. 

 Fermented dairy products aids in the digestion and comforts the persons with

lactose intolerance and autism. 

13.6. Traditional Fermented foods 

There are numerous fermented foods are consumed worldwide from thousands of

years  ago.  The  production  of  traditional  fermented  foods  is  still  remains  as  a

household  art  in  villages.  Fermented cereals  and legumes,  fermented roots  and

tubers are consumed as staple diet throughout Africa, Asia and Latin America, in

forms of breads, porridges, gruels and pickles. Let us discuss few of the traditional

fermented foods around the world.

 13.6.1. Fermented Cereals and Millet based foods 



Koozhu is a fermented semisolid millet based food originated in Tamil Nadu. For

the preparation of koozhu, one cup of ragi flour is mixed with two cups of water

and  kept  overnight  to  ferment.  It  is  then  cooked  under  low  heat  and  stirred

continuously till ragi gets cooked and water is evaporated. Cooking is allowed till

the product reaches the cake batter consistency and later it is allowed to cool. It is

mixed with curd and salt may be added for taste. This can also be prepared using

pearl  millet,  little  millet,  foxtail  millet  and  sorghum.  Koozhu  is  consumed  as

breakfast  foods  along  with  cooked  beans.  This  fermented millet  food is  easily

digestible and also aids in cooling of the body, hence widely consumed during the

period of summer. 

Bhatooru (Sumkeshi roti) and March constitute the staple diet of the rural people in

Himachal  Pradesh.  They  are  made  from  wheat/barley/buckwheat  flour  as  the

substrate  and  „Khameer / Malera  and  „Treh  are  used  as  the  inoculum  for‟ ‟ ‟ ‟

fermentation. These inoculums are prepared by natural fermentation of wheat flour

dough and can be used as starter culture for many food preparations. The dough is

left undisturbed for few hours to ferment which leavens the dough. The fermented

dough of marchu is deep fried usually in mustard oil, whereas the fermented dough

of bhatooru and chilra are baked. Marchu is served with tea and mostly prepared

during festivals and other religious ceremonies. Bhatooru is taken along with meals

as a staple diet. 

13.6.2. Fermented legume based foods 

Papad  is  a  deep  fried  crackly  snack;  prepared  using  the  blend  of  black  gram

flourwith Bengal gram, red gram and green gram flour. This snack is widely used

in South India. Water is added to the flour and kneaded into dough with oil and

salt.  The  dough is  left  to  ferment  for  about  1-6  hours.  Candida krusei  and  S.

cerevisiae  are the microorganisms involved in fermentation of the dough. After

fermentation, the dough is rolled into thin sheets and dried in shade to reduce the



mositure to 12- 17 %. The dried sheet is deep fried and served as snack or with the

meals. Spices can be also be added to the dough as per the required flavor and

taste. 

Dhokla is a legume based fermented food originated in Gujarat. It is prepared using

chick pea dal,  yoghurt,  sugar,  water,  lemon juice, salt,  green chillies,  coriander

leaves, ginger, turmeric and salt. The chick pea dal is soaked in water and blend

along  with  the  yoghurt,  to  form batter  of  pancake  consistency.  To  this  batter

coriander leaves, green chillies, ginger, grated coconut and sugar are mixed and

kept overnight to ferment. After fermentation, the remaining ingredients are added

to the batter, poured into the vessel and steam cooked for 20 minutes. The cooked

product  is  removed from the vessel,  cooled and cut  into cubes.  The cubes  are

garnished by hot mustard seeds,  grated coconut and coriander leaves.  Dhoklais

usually served as breakfast or as a snack or even as a main course. 

13.6.3. Fermented vegetable based foods 

Sauerkraut  also called as sour cabbage is a fermented cabbage most familiar in

European and German cuisines.  The cabbages are cleaned and cut  into 2-5mm

thick products. To this 2.25% salt is added, filled into bottles and sealed to allow

for fermentation. The acidity increased and slowly reaches a maximum of 1.29%

lactic acid at the end of 60 days. The lactic acid fermentation occurs in the cabbage

is  due to  L.  mesenteroides  and  L.  plantarum.  The fermented cabbage  is  either

consumed raw or cooked. The fermented cabbage and its juice are better sources of

vitamin  C,  B  and  K.  They  are  also  rich  in  antioxidants  such  as  lutein  and

zeaxanthin. 



Fermented or Pickled cucumber is fermented cucumber popular in the regions of

Sikkim. The cucumber is cleaned, sliced; the inner soft portion is removed and cut

into pieces. Then they are mixed with red chili powder, turmeric powder, rapeseed

powder  and salt.  The mixture is  heated  with mustard oil  and transferred to  an

earthen pot, covered with lid and allowed to ferment for 3 days to undergo lactic

acid fermentation. This pickled cucumber is consumed either as pickle or as soup

base. It aids in digestion, reduces stomach bloating and provides soothing effect. 

13.6.4. Fermented dairy based foods 

Dahi or curd is the fermented dairy product most popular in India and South Asian

Countries. Dahi is prepared either from cow milk or buffalo milk. The raw milk is

slowly  boiled  till  creamy  layeris  reached  and  cooled  slowly  to  reach  room

temperature. The cooled milk then poured into an earthen pot and a small amount

of already fermented curd is  added as the starter  inoculum. This facilitates  the

lactic  acid  fermentation  and  Streptococcus  cremoris,  Streptococcus  lactis,

Streptococcus  thermophilus,  Lactobacillus  bulgaricus,  Lactobacillus

acidophilusand  Lactobacillus  cremoris  are  the  organisms  involved  in  the

fermentation processes. The product is incubated overnight for the curd to form.

Then the curd is stored at lower temperature to stop further fermentation process. 

13.6.5. Fermented fish based foods 

Ngari  is  a fermented fish product consumed as a part  of diet by the people of

Manipur.  Sun  dried  non-salted  fish  species  Puntius  sophore  is  used  for  the

preparation of ngari. The dried fish is washed, covered with gunny bags, pressed

hard and packed in earthen pots. The mouth of the pot is sealed tightly with mud.

The pot is left undisturbed for about 4 – 12 months for the solid state fermentation

to occur. This fermented fish product is a rich source of proteins and is eaten as a

side dish with cooked rice. 



FERMENTED DAIRY PRODUCTS

DAHI

Dahi is produced by bacterial fermentation of milk. The bacteria used to make dahi

are known as "dahi cultures". A freeze dried thermophilic culture for dahi is also

available with NDDB. Fermentation of lactose by these bacteria produces lactic

acid, which acts on milk protein to give dahi its texture and its characteristic tang.

The process of manufacturing product at a dairy plant consists of easily adaptable

processing steps. Dahi can be packed easily in polythene pouches and cups. It has a

shelf life of 7 days in polypack and 15 days in polypropylene cups when stored

under refrigeration (8°C or below).

DAHI-LEGUME SNACK

Dahi-legume snack  is  a  value  added  salty  fermented  dairy-based  product

incorporating  nutrition  from  dairy  and  non-dairy  sources.  This  product  is  a

nutritionally  diversified  product  -  a  synergy of dahi/  yoghurt  and legumes  like

kidney bean, chick pea and/ or mung bean with added spices and herbs. Legumes

are rich source of protein and also contain vitamins like folic acid and B Group

vitamins,  minerals  like calcium and iron,  alpha-linolenic  (n-3)  acid and dietary

fibre. Dahi-legume snack is a new option for consumer as it combines taste and

nutrition  of dahi and  legumes.  It  is  a  ready-to-eat  healthy  savoury  snack  for

fulfilling the requirements of present-day consumers. This is a versatile product

and can be consumed as a snack singly, in combination with meal or as a filler or

topping in other snacks. The product has a shelf-life of 15 days at 7±1°C. It can be



helpful in diversifying the product profile range of dairies by making use of the

existing infrastructure for manufacturing dahi or other fermented foods.

SET MANGO DAHI

Dahi, a fermented dairy product, is used all over India since centuries in various

cuisines in different states. Technology for making set fruit dahi is standardised

using mango pulp and saffron as a natural flavouring ingredient. Artificial colour

or flavour is not added. Therefore, this dairy product is healthy option of flavoured

fermented product for consumers. Shelf life of the product is 15 days at 4°C or

below. It  can be helpful  in diversifying the product profile range of  dairies by

making  use  of  the  existing  infrastructure  for  manufacturing Dahi or  other

fermented foods.

HIPRO – HIGH PROTEIN FERMENTED MILK DRINK

HiPro is a fermented milk drink rich in milk protein along with functionality of

fermentation. Currently, many health conscious consumers want high protein food

for better health, muscle power, or physique.  Many people are tending towards

protein source replacing excess intake of carbohydrate in their diet. The product is

suitable for all age group people including sports persons and children. It contains

double the amount of protein present in milk, that is, 7-8 per cent dairy protein in a

digestible and bioavailable form. The shelf life of high protein fermented drink is

15 days at 7°C or below.

DAHI-WHEY BASED SMOOTHIE

Dahi-whey based smoothie is a blend of dahi, whey powder, fruit pulp and sugar.

This  product is  variant  of  smoothie  with rich nutritional  value comprised from

dairy ingredients and fruit pulp. It can be served as a healthy snack or consumed

during breakfast. It appeals to all age groups because of its sour, sweet taste, fruit

flavour and nutritional value. Small or large dairies can adopt this technology for



producing new dairy based product. The product has a shelf life of 15 days at 4°C

or below.

DAHI-BASED SPREAD

      

Change in life style, increased purchasing power and health awareness among the

consumers is leading to demand for varieties of convenience foods. Dahi-based

spread  is  one  such  convenience  food  and  has  been  developed  with  some

modifications  in  the dahi manufacturing  parameters.  It  incorporates  benefits  of

fermentation and spreadability. It has relatively higher protein and lower fat than

the conventional spreadable dairy products. It can be used as a spread on bread,

rotis, biscuits and as a dip for the crackers, and forms a healthier alternative to

many spreadable products available in the market.

Dairies that have manufacturing facility of dahi/yoghurt can adopt this technology

with minimal investments. The product has a shelf life of 15 days when packed in

polypropylene  cups  and  stored  under  refrigeration  (below  8°C).  This  can  be

increased up to 2 months under refrigeration if preservatives are used.

FRUIT YOGHURT

Yoghurt is a fermented milk product produced by bacterial fermentation of milk. In

its production, specific bacterial cultures are added to milk. NDDB has developed

technology for the manufacture two variants - “sugar added” and “sugar-free” fruit

yoghurt. The product has a shelf life of 15 days when packed in polypropylene

cups and stored under refrigeration (8°C or below).

MISTI DOI

Misti doi is a popular fermented dairy product available in set and stirred variant of

curd.  Co-operative  dairies  manufacturing dahi can  easily  make  this  product  by



using misti  doi culture.  A  freeze  dried  culture  for misti  doi is  available  with

NDDB. Artificial flavour and preservative do not form part of the recipe. Misti

doi has a shelf-life of 15 days when packed in polypropylene cups and stored under

refrigeration (8°C or below).

SHRIKHAND

Shrikhand is a semi-solid,  sweetish-sour fermented milk product prepared from

dahi. It is a popular dessert and a part of the meals on festive occasions especially

in  Gujarat  and  Maharashtra.  It  can  be  manufactured  using  the  existing

infrastructure  for  dahi  where  available  with  investment  for  some  specific

equipment like maska separator, planetary mixer and cup filler. The product has a

shelf life of 40 days under refrigeration at 8°C or below, which can be increased up

to 6 months if the product is thermised and stored at 0°C. A mechanised product

line for shrikhand  manufacture is available.

SHRIKHAND-LIKE FERMENTED PRODUCT/MATHA

Shrikhand-like  fermented product/Matha is  a  nutritious  dairy  product.  It

incorporates benefits of fermentation and spreadability, and is a combination of

higher protein and/or lower fat in comparison to conventional products. It is also

convenient to use and can be eaten as such as well as with a variety of foodstuff

like chapatis, bread, biscuits, etc.

The product contains 5 per cent fat as well as protein of dairy origin. It doesn’t

contain any added preservatives and artificial flavour or colour.

The traditional process of manufacturing shrikhand/matha involves whey drainage

for concentration of dahi. In case of this product, the process has been standardised

to eliminate the whey drainage step. This prevents loss of quality whey protein and

minerals while also eliminating use of expensive machinery or lengthy process of

hanging  of  curd  in  muslin  cloth  and  associated  hygiene  concerns.  The



manufacturing process is relatively more environment friendly and amenable to

mechanised production.

The product has a shelf life of 30 days when stored below 4°C and 4 months stored

at 0°C in polypropylene cups.

BUTTERMILK

Buttermilk is a popular fermented dairy drink. This can be salted, without salted

and/ or spicy variant. This is manufactured by breaking the curd. The product has a

shelf life of 7 days at refrigeration temperature (8°C or below) when packed in

polyfilm.

LASSI

Lassi is a cooling and refreshing drink consumed largely in summers. Lassi is a

blend  of  dahi,  water  and  sugar.  To  make  it  more  tasty,  flavours,  spices  and

sometimes,  fruits  are  added  to  it.  The  dairy  plants  already  manufacturing

dahi/buttermilk  can  easily  make  this  product  with  the  existing  facilities.

Preservatives do not form part of the recipe of the product.

Lassi can be packed easily in polythene pouches, polypropylene glass shaped cups,

PET bottles and TetraPak. It has a shelf life of 7 days in polypack and 15 days in

polypropylene cups when stored under refrigeration (8°C or below). The product

has a longer shelf life of about 6 months when UHT processed and aseptically

packed.

CHEESES

Cheese may be the most popular fermented milk product, using more than one-

third of all milk produced in the United States each year for its production. Both

soft  and hard types of  cheeses are produced by culturing milk for  an extended

period of  time.  Certain  types  of  cheeses  can  be  made  simply  by  straining  the

moisture  out  of  sour  cream or  yogurt.  Some  other  types  of  cheese,  however,



require  additional  steps  in  the  culturing  and  fermentation  process.  Over  2,000

varieties  of  cheeses  exist,  with  some of  the  most  notable  being  cheddar,  feta,

cream, goat and blue.

SOUR CREAM

The original process for making sour cream was to simply let cream sour on its

own. Today, a more proactive process is used: the lactic-acid-producing bacteria

Streptococcus lactis. The flavour of sour cream is mild and tangy and the texture is

thick and smooth. With a fat content somewhere between 10 to 14 percent, sour

cream has significantly fewer calories than mayonnaise – a food sour cream can

replace in many applications. Sour cream also works well in baking recipes for

cookies cakes, bread and pies.

FERMENTED BEVERAGES  

 Fermented beverages have been produced and consumed all over the world

and over a very long time span. Man discovered that sugar solutions of different

origins, if left standing rather warm, will start fermenting spontaneously into an

alcoholic  beverage  that  also  often  contains lacticacid.  The  requisite

microorganisms, Saccaromyces yeasts  and Lactobacillus bacteria,  are  abundant

almost  everywhere and will  do their  duty,  producing alcohol and lactic acid. A

similar  fermentation  process  of  animal  and  vegetable  foods  is  the  lactic-acid

fermentation that yields, for instance, sour herring in Sweden, and sauerkraut.

Fermented beverages can be divided into two groups, wines and beers, broadly

defined.  Wines  are  fermented  from various  fruit  juices  containing  fermentable

sugars.  Beers  come from starch-containing  products,  which  undergo  enzymatic

https://www.encyclopedia.com/science-and-technology/chemistry/organic-chemistry/lactic-acid
https://www.encyclopedia.com/places/germany-scandinavia-and-central-europe/scandinavian-political-geography/sweden
https://www.encyclopedia.com/science-and-technology/chemistry/organic-chemistry/lactic-acid


splitting by diastase, malting, and mashing, before the fermentable sugars become

available for the yeasts and bacteria. The enzymatic splitting of the starch can also

be performed either by human saliva, containing amylases, or by molds. Narrowly

defined, beer is barley beer and wine is grape wine.

Detailed information on fermented beverages all over the world can be found in

Hardwick and colleagues (1995, 63–68), Steinkraus (1979), Arnold (1911), and

Campbell-Platt (1987).

Beer from Cereals

Bouza is  produced  in Egypt and  is  probably  the  forerunner  of  beer  in  Ancient

Egypt. It is prepared from malt of milo (a grain sorghum that resembles millet) and

crushed baked loaves of bread. Residue from an earlier fermentation is used as a

starter  and  both  lactic-acid  bacteria  and Saccaromyces are  involved  in  the

fermentation process to get this sour alcoholic beverage. Talla from Ethiopia is a

very  similar  to bouza and  can  be  produced  from barley  and  wheat.  The  bread

loaves are heated to give a roasted character, and the pots are fueled by olive wood

to give a smoky taste. Talla can also be spiced with hop leaves and stems, and

spices.

Wheat beer. Wheat beer—and rye and oat beer as well—are frequently made from

mixtures of malt and the crushed grains of these cereals with barley. Often the beer

is bottled with the yeasts for continued fermentation in the bottle. Wheat beer—

which  is  top-fermented  and  thus,  technically,  an  ale—is  particularly  popular

in Bavaria and  in Belgium and  northern Germany,  in  varieties  such

as lambic, Gueuze, Wit beer, Trappist beer, and Berliner Weisse.

https://www.encyclopedia.com/places/germany-scandinavia-and-central-europe/german-political-geography/germany
https://www.encyclopedia.com/places/britain-ireland-france-and-low-countries/benelux-political-geography/belgium
https://www.encyclopedia.com/places/germany-scandinavia-and-central-europe/german-political-geography/bavaria
https://www.encyclopedia.com/places/africa/ethiopia-political-geography/ethiopia
https://www.encyclopedia.com/places/africa/egyptian-political-geography/egypt


Rye  beer. Rye beers  such as kalja and sahti in Finland,  similar  beverages  in  the

Baltic area, and kvas ("kvass" in English) in Russia are produced in northern and

eastern Europe,  where cultivation of  rye is widespread. Kvas has been the basic

beverage for the Russian people for centuries. Its importance is indicated by many

proverbs such as "Eat cabbage soup with meat, but if you don't have it, eat bread

and kvas. " The use of kvas is documented from about the year 800. Traditionally it

is spontaneously fermented. In a broad sense, kvas is any sour and alcoholic fluid

made  from  honey,  bread,  cereals,  birch  sap,  fruits,  beets,  or  cabbage.  Red-

beet kvas should always be used to produce borshch ("borscht," in English—red-

beet soup). In a narrow sense, kvas (that is, bread-kvas ) is produced from rye malt

with or  without  other  cereals  or  sour-fermented rye bread as  adjuncts,  and the

beverage is spiced with peppermint. Most of the consumed kvas is of low alcohol

content, only some few percent.

Oat beer. Oat beer is today mostly used as an adjunct in certain stouts called oat

stouts. A stout is a dark ale, made of roasted malt, which occurs in several varieties

such  as  sweet  and  dry  (Guiness).  Oats  have  also  been  used  in  traditional

Norwegian beer production.

Rice beer. Another type of cereal beers is made from rice, and these have been

produced in all the rice-growing areas of the world. The best-known example is

sake  from Japan,  which  has  a  documented  history  of  more  than  two thousand

years. The principal difference from the malting of barley lies in the koji -process

of rice. Koji is a culture of Aspergillus oryzae, which grows on steamed rice, and

saccharifies the rice starch (that is, converts it to sugar) and decomposes the rice

proteins. The sugar produced in the sake mash is later fermented by the already-

present Saccaromyces cerevisiae. The mash is acidified either by adding lactic acid

to  it  or  by  facilitating  the  growth  of  lactic  bacteria  to  form  the  seed
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mash, moto. Sake is a clear, pale-yellow liquid with an alcoholic content of about

15 percent and a characteristic estery (artificially fruity) aroma. It is slightly sweet

and slightly acidic and has a high amino-acid content compared to wine and beer.

Other  similar  beverages  from rice  are  known from other  eastern  and  southern

Asian countries such as China, Thailand, India, Malaysia, and the Philippines.

Another similar fermentation process is performed by the inoculum ragi, present

in Southeast  Asia. Ragi contains  the  mold Amylomyces  rouxii, the

yeast Endomycopsis  burtonii, and  sometimes Hansenula yeasts;  it  produces  a

pleasant  alcoholic  and acid  beverage  from rice or  cassava,  called tape  ketan in

Malaysia.

Sorghum and millet  beer. Sorghum beers,  known as  kafir  beers  in  Africa,  are

made from malt from sorghum (Sorghum bicolor ) or from the related grain, millet

(Pennisetum  typhoides and Eleusine  coracana ).  Often-used  adjuncts  are  maize

(corn), malted or unmalted sorghum or millet, and malt amylase. Lactic acid is

used  as  a  flavoring  and  preserving  agent,  and  the  alcoholic  fermentation  is

performed  by Saccaromyces. Nowadays,  these  traditional  African  beers  are  not

only produced in tribal areas; they are also available in home-brewed urban and

industrially produced versions. They are opaque, rather thick pinkish-brown liquids

with an estery (artificially fruity) or fruity odor, and a sweet and sour taste.

Maize  beer. Tesquino and zendecho from  Mexico  and Latin  America are  made

from  malted  maize  and  spontaneously  fermented  by Saccaromyces

cerevisiae. These  beverages might be as  ancient  as  the oldest  beers  of  the Old

World, dating back about eight thousand years. Another beer is chicha, made by

Andean and Central American Indians. The starchy material is chewed into dough,

which  is  dried  and  later  placed  into  warm water  where  the  amylase  action  is
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finished. Then a starter (a small amount taken from a prior fermentation) is added,

and the lactic-acid and alcoholic fermentation begins. Today much of the chicha is

made using a maize malt rather than saliva.

Beer from Starch Products

All kinds of starchy items, such as manioc (cassava), potatoes, beets, and various

roots, are included in this group. To get fermentable sugars, the starch has to be

split  either  by diastase  in  malt,  by saliva,  or  by molds,  as  with rice.  In  South

and Central America, almost all of the traditional beers were originally produced

by chewing either the cereal maize or other starchy vegetables. One of the most

popular  has  been  the  manioc,  both  the  sweet  and  the  bitter;  sweet  potatoes,

mangabeira  (Hancornia  speciosa ),  cashew,  Jaboticaba  (Myrciaria  cauliflora ),

pineapples, bananas, and algarroba pods have also been used. In the tropical forest

tribes, the favorite manioc beer was prepared as follows:

The roots, cut into think slices, were first boiled, then squeezed and partly chewed

by young girls.  The mass,  impregnated with saliva,  was mixed with water  and

heated again over the fire. The liquid was afterward poured into huge jars, half

buried in the ground, covered with leaves, and left two to three days to ferment. A

fire  was  built  around  the  jars  to  warm  the  beverage  before  serving  it.  Each

extended family manufactured its own liquor. When a bout was organized, drinkers

went successively to each hut, exhausting the available supply. The women served

the liquors in huge calabashes.

An earlier popular American low-alcoholic beverage is root beer, which consists of

an infusion of sarsaparilla, sassafras, spruce, wild cherry, spikenard, wintergreen,

and ginger, with sugar and yeast. Today, it is a soft drink containing some of these

ingredients at its best; otherwise, it is artificially spiced.
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Wine from Fruit and Vegetable Juices

Fruit  wine. Fruit  wines are  produced with almost  the same technique as grape

wines. Specifically-named fruit wines such as cider (from apples) and perry (from

pears) are produced, as well as wines from other fruits. The technical difference

between these two groups is the alcohol content—5 to 7 percent in the first group

and up to 18 percent in the second group—which depends on sugar addition.

Tree-sap  wine. Saps  from  various  trees  have  been  used  to  produce  alcoholic

beverages; examples include maple sap (from Acer saccharum, the sugar maple)

in North  America,  and  birch  sap  (from Betula  pubescens, the  downy  birch)  in

northern Europe. The manifestation of the symbiosis of yeast and bacteria cultures,

which looks like a jellyfish,  on the wounds of spring birches has been used in

Europe as a folk medicine and is called "Volga-swamp."

Sugarcane wine. Wine made from the sugarcane, Saccharum officinarum, together

with molasses, is distilled into rum.

Cactus-plant wines. The tall perennial plants of the genus Agave, which grow in

Mexico  and  nearby  areas,  give  a  sweet,  slightly  bitter  sap,  called agua

miel (literally, honey water), which is fermented into pulque, either spontaneously

or through the use of an inoculum from a previous fermentation. The Aztecs were

familiar with the product. Pulque is an important food beverage for the poor in the

semiarid areas of Mexico. If pulque made from Agave tequilana is distilled, the

resultant liquor is called tequila; if pulque made from another agave is distilled, it

is  called  mescal. Before  the  contacts  with  the  European  settlers,  only  a  few

American Indian tribes north of Mexico made alcoholic beverages. They were the

Akimel  O'odham  (Pima),  Tohono  O'odham  (Papago),  and  the  River  Yuman

peoples in southern Arizona and northern Mexico, and they produced wine from
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the saguaro cactus as well as from the agave and the mesquite. In the East, the

Cherokees made wine from persimmons. During an important ceremony in July,

the Papagos and the Pimas drank enormous quantities of the wine to induce rainfall

in their desert areas.

Sugar-palm  wine. Some  examples  of  wines  made  from  palm  sap

are surra from Borassus flabillifer, toddy and temba from the coconut palm Cocus

nucifera (from  which  arrack  is  obtained  by  distillation), malovu from Elaeis

guineensis, a  kind  of  undistilled  "rum"  from Hyphaene  coriaca and Hyphaene

critina, Phonix reclinata, Raphia pedunculata, and Raohia vinifera.

"Wine" from Animal Sources

Mead. Honey is probably among the first foods gathered by Homo sapiens and its

predecessors, and mead, the wine fermented from honey, may well be one of the

oldest  alcoholic  beverages.  Honey  has  also  been  much  used  as  an  adjunct  to

sweeten many kinds of beers over the centuries. Mead was the drink of the Nordic

gods, whereas the people drank beer. 

Fermented milk. Only milk from human beings and horses has a relatively high

concentration  of  milk sugar  (lactose)—6.9 percent,  in  comparison with the  4.9

percent in cow's milk—which makes it easier to ferment milk from mares than that

from cows. People from central Asia (Tajikistan, Uzbekistan, and Kazakhstan) and

Mongolia have fermented mare's milk, making the alcoholic beverage kumiss, and

it appears that milk from camels, sheep, yaks, and reindeer has been used similarly.

FERMENTATION IN BAKERY PRODUCTS

Fermentation is a baking process in which yeasted dough rises and increases in

volume and flavour is developed. Fermentation occurs when yeast converts sugar
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present in flour such as starch into carbon dioxide and ethyl alcohol. CO2 gas is

trapped by gluten proteins the flour which causes the dough to rise. Fermentation

results in a light and airy crumb. Fermentation influences product volume, shape,

crust colour, and crumb cell structure

Unit 4
Enzyme technology –Introduction and Production of enzymes
This module would focus on enzyme technology which deals with the enzymes,
the metabolic catalysts and their use in various Industries. The introductory part
outlines the concepts in enzyme technology as part of Biotechnology. Briefly, it
describes the methods involved in the large scale production of enzymes through
fermentation process.

ENZYME TECHNOLOGY - INTRODUCTION
Enzymes are now largely used in a wide range of industrial processes. The study of
industrial enzymes and their uses is called enzyme technology. The goal of enzyme
technology  is  to  design  innovative  products  and  processes  that  are  not  only
competitive but also meet the criteria of sustainability. Proteins are the metabolic
end products of gene expression and they characterize different organisms. They
may be either structural or functional proteins. Enzymes are the functional proteins
which catalyse biochemical reactions required for the survival and reproduction of
the living organisms. In some cases, biocatalysts may be nucleic acid in nature as
exemplified by ribozymes.  Enzymes display a number of  remarkable properties
especially when compared with other types of catalyst. The most important ones
are high catalytic power, specificity, and the extent to which their catalytic activity
can be regulated by a variety of naturally occurring compounds.

These properties of enzyme molecules lured many researchers to develop
new enzyme applications and also in improving the existing applications. Although
enzyme  preparations  have  been  used  by  mankind  over  a  long  period,  a
breakthrough is needed to extend their uses in broader areas with more superior
performance. Recent advancements in novel enzyme exploring and engineering are
briefly introduced in this module.



Enzyme technology is concerned with the application of enzymes as tools of
industry, agriculture and medicine. Also, with the development of modern natural
science, a wide range of enzymes have become available on a large scale and this
has increased the scope of enzyme technology. The research in this area includes
fundamental and applied enzymology, biocatalysis, molecular modelling, structural
biology and diagnostics. The overall goal is to develop new and more sustainable
products, processes and services to meet the human needs or to improve processes
to produce existing products from new raw materials and biomass.

 Enzymes can be used as biocatalysts to catalyze chemical reactions on an
industrial  scale  in  a more  sustainable  manner.  Their  application  covers  the
production of desired products such as food, animal feed, pharmaceuticals,  fine
and bulk chemicals for all human material needs, as well as in a wide range of
analytical  purposes,  especially  in  diagnostics  and for  environmental  protection.
Enzymes  are  biodegradable  and,  unlike  many  inorganic  catalysts,  cause  less
damage to the environment.

 In the field of  biotechnology there are many industrial  applications that
result in biotech products which we use every day at home.  Enzymes have been
used in brewing, baking and alcohol production since prehistoric times - only our
ancestors  did not  call  them enzymes,  but  they certainly used them. One of  the
earliest  written  references  to  enzymes  is  found  in  Homer's  Greek  epic  poems
dating from about 800 BC, where it is mentioned about the use of enzymes in the
production of cheese.

Enzymes are responsible for fermentation of sugar to ethanol by yeasts, a
reaction that forms the basis of beer and wine manufacturing. Enzymes oxidize
ethanol  to  acetic  acid.  This  reaction  has  been  used  in  vinegar  production  for
thousands of years. Similar microbial enzyme reactions of acid forming bacteria
and yeasts are responsible for aroma production in bread making. Presently more
than 2000 different enzymes have been isolated and characterized. More than 75%
of industrial enzymes are hydrolases in their nature.

 Enzyme stabilization is one of the most important properties in basic and
applied  enzymology.  In  basic  enzymology,  it  is  of  particular  reference  to
understand  enzyme  stabilization  principles  first  elucidating  how  and  why  the
enzymes  lose  their  biological  activity  and  then  deriving  structure-stability
relationships existing in enzymes. 



In  applied  enzymology,  the  most  significant  goal  is  to  achieve  useful
compounds by biocatalysis.  Enzymes are  good catalysts  in  terms of  efficiency,
specificity and regulation and are also more versatile in nature with the ability to
function under mild conditions. However, they are not always ideal catalysts for
practical  applications  because  they  are  generally  unstable  and  they  inactivate
rapidly through several mechanisms. In order to enhance enzyme stability, many
strategies have been pursued in recent years. 

The advantages and disadvantages of using enzymes are directly related to
their properties: 

They are highly specific, rapid and efficient in their action and are therefore
less likely to produce undesired by-products

 Enzymes  are  biodegradable  and  therefore  cause  less  environmental
pollution. They operate in mild conditions, i.e. low temperatures, neutral pH and
normal  atmospheric  pressure, which  consequently  results  in  low  energy
consumption thereby helps in saving energy.

 They are highly sensitive to changes in physical and chemical conditions
surrounding them. The enzyme substrate  mixture must  be uncontaminated with
other substances that might affect the reaction.

 They are easily denatured by even a small increase in temperature and are
highly susceptible to toxic chemicals and changes in pH. Therefore the conditions
in which they operate must be tightly controlled.

Sources of Enzymes
Since time immemorial, natural enzymes made by microorganisms have been used
to  makeproducts  such  as  cheese,  bread,  wine,  and  beer.  Biologically  active
enzymes may be extracted from any living organisms. Microbes are still the most
common source of industrial enzymes. Naturally-occurring microorganisms are the
most  successful  producers  of  enzymes  but  several  enzymes  are  obtained  from
renewable  animal  and  plant  sources.  This  knowledge  has  been  exploited  by
industry for more than fifty years. 

Microbial enzymes are isolated from a variety of sources and these include
bacteria, fungi and yeast cells. These are the few enzymes that are isolated from
bacterial and fungal sources .

Bacteria  and  fungi  are  the  microorganisms  best  suited  for  the  industrial
production  of  enzymes.  They are  easy  to  handle,  can  be  grown in  huge tanks



without  light,  and  have  a  very  high  growth  rate.  Among  the  many  different
enzymes being used industrially, over a half is derived from fungal sources and
nearly  one-  third  is  from  bacteria  with  the  remainder  from  animal  and  plant
resources.  Microbes are preferred to plants and animals as sources of  enzymes
because:
- They are generally cheaper to produce.
- Their enzyme contents are more predictable and controllable.

Plant  and animal  tissues  contain  more potentially  harmful  materials  than
microbes, for instance, the presence of phenolic compounds in plants. 

In addition, microbial enzymes are widely used in industrial processes due to
their large productivity, chemical stability, environmental protection, plasticity and
vast  availability.  The  microorganisms may have  specific  genes  introduced  into
their DNA through genetic engineering, so that they produce enzymes naturally
made by other organisms.

Most of the industrial enzymes are produced by a relatively few microbial
hosts like Aspergillus and Trichoderma species, Streptomyces and Bacillus species.
Certain  industrially  used  microorganisms have  been  genetically  modified  to
increase  productivity,  the  desired  activity  and  not  to  produce undesirable  side
effects.  Often  enzymes  do  not  have  the  desired  properties  for  an  industrial
application. E.g extreme thermo stability or overproduction of the enzyme. Protein
engineering  is  used  to  improve commercially  available  enzyme  to  a  better
industrial  catalyst.  Several  enzymes  have  already  been engineered  to  function
better in industrial processes. These include proteinases, lipases, cellulases and few
amylases.

Types of enzymes
Organisms produce enzymes inside their cells called intracellular enzymes

and may also produce enzymes that are secreted into the medium and function
outside  the  cells  called  extracellular  enzymes.  Now let  us  see  the  comparison
between  intracellular  and  extracellular  enzymes  during  enzyme  production.
Isolation  of  intracellular  enzymes  is  difficult  when  compared  to  extracellular
enzymes. Cells need to be broken for the release of intracellular enzymes and is not
required for extracellular enzymes. Extracellular enzymes are more stable when
compared to intracellular enzymes Separation from cell debris, other enzymes and
unwanted chemicals is needed in the case of intracellular enzymes and not needed



for extracellular enzymes Purification procedures and downstream processing is
difficult and expensive for intracellular enzymes when compared to extracellular
enzymes.

PRODUCTION OF ENZYMES

With the recent advent of biotechnology, there has been a growing interest
and  demand  for  enzymes  with  novel  properties.  Production  of  enzymes  by
traditional mode depends on the natural hosts as raw materials; however enzyme
engineering  has  now  given  an  option  of  selected  production  hosts  such  as
genetically  engineered  microbes  through  mutation  and  transgenic  plants  for
producing enzymes at an elevated and safe level. Considerable efforts have been
devoted to the selection of microorganisms via sophisticated screening techniques
and  process  methodology  for  the  production  of  enzymes  with  new
physiological/physical properties and tolerance to extreme conditions used in the
industrial processes (e.g. temperature, salts and pH). The activity of an enzyme
produced from a natural environment is not often favorable and satisfies the human
need and thus the activity has to be raised for Industrial production. An elevated
level  of  enzyme action  is  achieved  by the  process  of  mutation.  An alternative
strategy that has gained advantage includes the production of enzyme in a desirable
recombinant organism whose growth conditions are well standardized and GRAS
status  is  also  established.  The organism producing the  enzymes  should  have  a
GRAS-status,  which  means  that  it  is  Generally  Regarded As  Safe.  This  is
especially important when the enzyme produced by the organism is used in food
processes.  The organism should be able to produce high amount of the desired
enzyme  in  a  reasonable time  frame.  The  microorganisms  selected  are  usually
cultured in large fermentation chambers as shown in the picture under controlled
conditions  to  maximize  enzyme  production.  Two  different  methods  used  for
enzyme  production  includes  Surface  and  submerged  techniques. In  Surface
method, enzymes are produced on the surface of a solid medium and in submerged
method, the microbe producing the enzyme is grown throughout a liquid medium.
Both solid state- and submerged fermentation methods are applicable, while the
latter is preferred due to better handling of aseptic conditions, more enzyme yield
and process  control.  The maximum enzyme production  is  usually  in  stationary
phase of  microbe growth, so a batch or  fed-batch process is usually used.  The



medium must  be chosen to  stimulate  the microbe into synthesizing the correct
enzyme. For example to stimulate a microbe to synthesise  amylase enzymes,  a
medium with starch but no sugars is used. Downstream processing of enzyme from
the raw material constitutes the key stage in the production process and uses a
variety of techniques. In the first stage cells need to be separated from the liquid
part of the suspension. Separation can be done by sedimentation, centrifugation or
filtration. If the cells themselves are the desired product (as in the case of single-
cell protein production for animal feed) then they need to be sterilised, washed,
dried and packed. If the desired product is a chemical within the cells, the cells
have  to  be  broken  apart  to  release  the  chemical  and  the  cellular  components
removed.  The desired  chemical  is  then  extracted  and purified  by a  number  of
techniques  such  as  precipitation  and  chromatography.  Finally,  the  purified
chemical has to be dried and packed in a suitable form. This picture schematically
represents the various steps involved in the production of enzymes from different
enzymes sources such as microbes, plants and animals.

Large scale production of enzymes
The large scale production of enzymes involves culturing microorganisms in

chambers called Fermenters or Bioreactors.

Microorganisms  are  best  suited  for  use  in  the  large  scale  production  of
enzymes in fermenters because:
• They have rapid growth rates and are able to produce larger numbers of enzyme
molecules per body mass than many other organisms
• Microorganisms can be genetically engineered to improve the strain and enhance
yields
• Microorganisms are found in a wide variety of different habitats such that their
enzymes are able to function across a range of temperatures and pH
• Microorganisms have simple growth requirements and these can be precisely
controlled within
the fermenter
• Microorganisms can even utilise waste products such as agricultural waste as
substrates



Requirements for the production of microbes in fermenters:

•  Oxygen is needed for the respiration of  microorganisms,  if  aerobic in nature,
otherwise for strict anaerobes oxygen must be excluded
• a source of carbohydrate is required for respiration to release energy needed for
the growthof microbes
• a source of nitrogen is essentially needed in the form of Ammonia (NH3) and
urea((NH2)2CO) for protein synthesis. Both are widely used as cheaper sources of
nitrogen for the Industrial production of microbes.

Let us move on to the production steps
The large stainless  steel  cavity in  the fermenter  is  filled with a  sterile  nutrient
solution,  which  isthen  inoculated  with  a  pure  culture  of  the  carefully  selected
microbe depending on the requirement. Paddles rotate the mixture to ensure that
the suspension is mixed well. As the nutrients are used up, fresh nutrients can be
added. Probes monitor the mixture and changes in pH, oxygen concentration and
temperature are  computer  controlled.  A water  jacket  surrounding the fermenter
contains fast flowing cold water to cool the fermenter, since fermentation is a heat
generating  process.  Most  of  the  air,  including  carbon  dioxide  and  other  gases
produced by cell metabolism, leave the fermenter by an exhaust pipe. The stainless
steel fermenter with complicated control systems is not actually the most expensive
part  of  the  process.  Almost  80% of  the  cost  is  accounted  for  by  downstream
processing: the isolation, extraction, and purification of the product at the end of
the culture in the fermenter.

Isolation of Enzymes
Generally isolated enzymes are efficiently used than whole cells,  because

enzyme concentration is higher and no unwanted enzymes are present.
Pure enzymes are needed for commercial use; therefore microbes must be

grown  in  aseptic  conditions,  free  from contaminants,  undesired  chemicals  and
other microbes. It is necessary to prevent contamination with other bacteria since:
1. There may be competition for nutrients
2. The required enzyme may not be produced as readily the end-product may be
contaminated and unsafe

The required  enzyme that  is  finally  produced  must  be  isolated  from the
microbial cells.



Extracellular enzymes are present in the culture outside the microbial cells, since
they have been secreted. They are often soluble in water, so they can readily be
extracted from the culture medium and purified. Theses are less common in Nature
(although genetic engineering can be used to modify cells to promote this), these
enzymes are cheaper to produce and tend to be more stable – they are therefore the
preferred choice, when available!

Microorganisms such as bacteria and fungi are saprobionts i.e.  they feed
saprophytically, secreting enzymes onto their food – making them a good source of
extracellular  enzymes.  For  example,  the  fungus  Aspergillus  niger  produces  an
enzyme called pectinase, which breaks down pectin, a substance found in the cell
walls of plant cells. The fruit juice industry uses pectin widely, since when fruit is
crushed to extract the juice; pectin prevents some being released and also makes
the juice cloudy.

To obtain an intracellular enzyme, the microbe cells are harvested ( either by
filtration  or  by  centrifugation)  from  the  culture  and  are  then  broken  up.  The
mixture is then centrifuged to remove large cell fragments and the enzymes are
precipitated from solution by a salt or alcohol.

Purification of Enzymes
The  required  enzyme  must  then  be  purified  by  techniques  such  as

electrophoresis  or  column  chromatography.  The  desired  level  of  purification
depends on the ultimate application of the enzyme product.  The Industrial bulk
enzymes  are  relatively  crude  formulations  while  speciality  enzymes  undergo  a
thorough  step  of  purification  to  yield  a  homogenous  product.  This  process  is
complicated and expensive, so these intracellular enzymes are used only when no
other alternative is available. By their very nature, they tend to be more sensitive to
their  operating conditions,  which make their  commercial  use  less  easy.  On the
other hand, these enzymes are much more common in Nature! 

In the case of  the enzymes in biological washing powders,  which means
coating the granules with wax to ensure that they remain dry until used – otherwise
the enzymes would digest themselves!. Thus large scale production of enzymes has
to comply with the standards set by International Organisation of Standardization
for  ensuring  quality  and  production  efficiency,  and  also  environmental
management control, whenever applicable.



Conclusion
Enzymes  are  applied  in  various  fields,  including  technical  use,  food

manufacturing, animal nutrition, cosmetics, medication, and as tools for research
and  development.  At  present,  thousands  of  enzymes  are  known,  and  of  these,
approximately 200 microbial enzyme types are used commercially. However, only
very  few  enzymes  are  produced  on  truly  industrial  scale.  With  the  improved
understanding of the enzyme production biochemistry, fermentation processes, and
recovery methods, an increasing number of industrial enzymes can be foreseeable.

Applications of Enzymes in Food Industry

Introduction
Man has used naturally occurring microorganisms such as bacteria, yeasts

and moulds for many thousands of years as sources of enzymes in food processing
such as bread, cheese, beer and wine. Nowadays enzymes are used for an
increasing range of applications in bakery, cheese making, starch processing and
fruit juices and other drinks industries. These enzymes can improve texture,
appearance and nutritional value, and may develop desirable flavours and aromas
in these food processing industries.

Technology for utilizing enzymes for the improvement of our life is a key
feature of biotechnology. The value of using enzymes over inorganic catalysts in
the technological field is their efficiency, selectivity and specificity. Enzymes are
biodegradable and, unlike many inorganic catalysts, that cause less damage to the
environment. Enzyme technology deals with the application of enzymes as tools in
the field of industry, agriculture, and medicine. Enzymes are biological catalysts
that carry out their functions by binding specific substrates at their active sites.
This specificity is an important property of enzymes that makes them useful for
different industrial applications.
.
Rennet

The use of rennet in cheese manufacture was among the earliest applications
of exogenous enzymes in food processing, dating back to approximately 6000 B C.
The use of rennet, as an exogenous enzyme, in cheese manufacture is the largest
single  application  of  enzymes  in  food  processing.  Animal  rennet  (bovine
chymosin) is conventionally used as a milk-clotting agent in dairy industry for the



manufacture of quality cheeses with good flavor and texture. 
Milk  contains  proteins,  specifically  caseins  that  maintain  its  liquid  form.

Rennet  and  rennin  are  general  terms  for  any  enzyme  used  to  coagulate  milk.
Technically rennet is also the term for the lining of a calf's fourth stomach. Rennet
acts on the milk protein in two stages, by enzymatic and by nonenzymatic action,
resulting in coagulation of milk, which is the first step in cheese manufacture. The
most  common  enzyme  isolated  from  rennet  is  chymosin  which  carries  out
anextremely specific and limited proteolysis, making the casein micelle metastable.
In the second step, non-enzymatic phase, the resultant milk becomes a gel due to
the influence of calcium ions and the temperature used in the process. Chymosin
can also be obtained from several other animal, microbial or vegetable sources, but
indigenous  microbial  chymosin  that  are  obtained  from  fungi  or  bacteria  is
ineffective for making cheddar and other hard cheese varieties.
Proteases

Proteases  are  proteolytic  enzymes  that  are  added  to  milk  during  cheese
production,  to  hydrolyze  caseins,  specifically  kappa  casein,  which  stabilizes
micelle  formation  preventing  coagulation.  Milk  contains  a  number  of  different
kinds of proteins in addition to the caseins. Neutral proteases have been found to
accelerate cheese ripening by increasing the development of flavor, wheareas acid
and alkaline proteases caused bitter tastes. Cow milk also contains whey proteins
such as lactalbumin and lactoglobulin. The denaturation of these whey proteins,
using proteases, results in a creamier yogurt product. Destruction of whey proteins
is also essential for cheese production.

During production of soft cheeses,  whey is separated from the milk after
curdling, and may be sold as a nutrient supplement for body building, weight loss,
and for lowering the blood pressure. Recently, reports on dietary whey for cancer
therapies are also available, and having a role in the induction of insulin production
for those with diabetes mellitus type II disorder. Proteases are used to produce
hydrolyzed whey protein, which is less likely to cause allergic reactions and is
used to prepare supplements for infant formulas and medical uses.

 Lactic  acid  bacteria  have  a  complex  proteolytic  system  capable  of
converting milk casein to the free amino acids and peptides necessary for their
growth.  These  proteinases  include  extracellular  proteinases,  endopeptidases,
aminopeptidases,  tripeptidases,  and  proline-specific  peptidases,  all  of  these
enzymes  are  serine  proteases  in  nature.  The  proteolytic  system  of  lactic  acid



bacteria is essential for their growth in milk, and contributes significantly to flavor
development in the fermented milk products. Aminopeptidases are important for
the development of flavor in fermented milk products, since they are capable of
releasing single amino acid residues from oligopeptides formed by extracellular
proteinase activity.

In  recent  years,  proteinases  have  found  additional  applications  in  dairy
technology,  for  example  in  acceleration  of  cheese  ripening,  modification  of
functional  properties  and  preparation  of  dietary  products.  Two  other  very
interesting applications of  proteases are  firstly the use of  a protease to convert
porcine  insulin  into  human insulin  and  secondly  the  use  of  aminopeptidase  to
produce  the  pharmaceutically  useful  substance  D-phenylglycine  by  selectively
hydrolyzing the L-phenyl glycinamide in a racemic mixture.
Lactases

Lactose, the sugar found in milk and whey, and its corresponding hydrolase,
lactase  or  beta-galactosidase,  have  been extensively  researched  during the  past
decades.  Lactose itself is  less sweet and soluble than sucrose,  and it  cannot be
absorbed directly from the intestine. Lactase hydrolyses lactose into glucose and
galactose, which has a combined sweetening power as well the hydrolysed product
is more soluble than lactose. Because of the intestinal insufficiency of the enzyme
lactase,  some individuals,  and even a  population,  show lactose  intolerance  and
difficulty in consuming milk and dairy products. Hence, low-lactose or lactose-free
food aid programme is  essential  for  lactose-intolerant  people to  prevent  severe
tissue dehydration, diarrhoea, gastrointestinal distress and, at times, even death.

Thus the advantage of lactase-treated milk is the increased sweetness of the
resultant  milk,  thereby  avoiding  the  requirement  for  addition  of  sugars  in  the
manufacture  of  flavored  milk  drinks.  Manufacturers  of  ice  cream,  yogurt  and
frozen  desserts  use  lactase  to  improve  scoop  and  creaminess,  sweetness,  and
digestibility,  and  to  reduce  sandiness  due  to  crystallization  of  lactose  in
concentrated preparations. Technologically, lactose crystallizes easily which sets
limits to certain processes in the dairy industry, and the use of lactase to overcome
this problem has not reached its fullest potential because of the associated high
costs. Cheese manufactured from hydrolyzed milk ripens more quickly than the
cheese manufactured from normal milk.

 Lactase can be obtained from various sources like plants, animal organs,
bacteria, yeasts (intracellular enzyme), or molds. Some of these sources are used



for commercial enzyme preparations. Lactase preparations from Aspergillus niger,
Aspergillus oryzae,  and  Kluyveromyces lactis  are considered safe because these
sources already have a history of safe use and have been subjected to numerous
safety tests. The most investigated  E. coli  lactase is not used in food processing
because of its cost and toxicity problems.

Thus Lactases can find their application in several areas

Milk for people with milk intolerance problems, especially infants
Milk  destined  for  cheese  and  yogurt  making.  Whey  or  lactose  for  the

production of sweeteners and soluble hydrolysed wheysyrups.
  Concentrated milk products such as condensed milk, and for preventing the
gritty texture of ice-cream made with lactose.
Catalase

Catalase is the enzyme that breaks down hydrogen peroxide to water and
molecular oxygen. In dairy industry, hydrogen peroxide at a lower concentration is
conventionally used to ‘cold pasteurize’ milk destined for cheese manufacture, and
in  the  preservation  of  milk  in  some  countries  lacking  refrigeration.  Catalase
effectively removes the residual hydrogen peroxide, ensuring that it is peroxidefree
and mainly used in food industry and also in egg processing with other enzymes.
Catalase  is  a  common  enzyme  found  in  nearly  all  living  organisms  whichare
exposed to oxygen, where it functions to catalyze the decomposition of hydrogen
peroxide to water.

Glucose oxidase and catalase are often used together in selected foods for
preservation.  Superoxide  dismutase  is  an  antioxidant  for  foods  and  generates
H2O2,  but  is  more  effective  when  catalase  is  present.  Thermally  induced
generation of volatile sulphydryl groups is thought to be responsible for the cooked
off-flavour  in ultra high temperature (UHT) processed milk.  Use of  sulphydryl
oxidase under aseptic conditions can eliminate this defect. The natural inhibitory
mechanism in raw milk is due to the presence of low levels of lactoperoxidase
(LP),  which  can  be  activated  by  the  external  addition  of  traces  of  H2O2 and
thiocyanate.
Lipases

Lipase is a water–soluble enzyme that catalyzes the hydrolysis of ester



bonds in water-insoluble, lipid substrates. Lipases (triacylglycerol acylhydrolases)
are  produced  by  microorganism  in  individual  or  together  with
esterase.Microorganisms  that  produce  lipases  are  Pseudomonas  aeruginosa,
Serratia marcescens, Staphylocococcus aureus and Bacillus subtilis. Lipase is used
as biocatalyst to produce free fatty acids, glycerol and various esters, part of
glycerides and fat that is modified or esterified from cheap substrate such as palm
oil.  Those  products  are  extensively  used  in  pharmacy,  chemical  and  food
industries.

Unpasteurized  milk  contains  lipoprotein  lipase  which  contributes  to  a
piquant flavor in aged cheese by breaking down milk fat to free fatty acids.
However, lipoprotein lipase is inactivated by heat treatment such as pasteurization,
resulting  in  a  blander  flavor  in  aged,  pasteurized  cheeses.  To  counteract  this,
external  lipases  may be added to ripened cheeses  during production process  to
enhance flavour. Although exact mechanisms remain unclear, it is believed that
lipases  which  generate  short  chain  fatty  acids  contribute  to  a  more  desirable,
piquant flavour profile.

Lipases are used to break down milk fats and give characteristic flavours to
cheeses. Strongly flavoured cheeses, for example, the italian cheese, Romano, are
prepared using lipases. The flavour comes from the free fatty acids produced when
milk fats are hydrolyzed. Various animal or microbial  lipases gave pronounced
cheese flavor,  low bitterness and strong rancidity,  while lipases in combination
with  proteinases  and/or  peptidases  give  good  cheese  flavor  with  low levels  of
bitterness.  In a more balanced approach to the acceleration of  cheese  ripening,
mixtures of proteinases and peptidases, attenuated starter cells or cell-free extracts
(CFE) are being used.

Animal lipases are obtained from kid, calf and lamb, while microbial lipase
is  derived  by  fermentation  with  the  fungal  species  Mucor  meihei.  Although
microbial  lipases  are available  for  cheese-making,  they are less  specific in fats
which they hydrolyze,  while the animal enzymes are more partial  to short  and
medium-length fats. Hydrolysis of the shorter fats is preferred because it results in
the desirable taste and flavor of many cheeses. Hydrolysis of the longer chain fatty
acids can result in either soapiness, or produce no flavour at all.

Lipolytic enzymes extracted from microbial sources enhance cheese flavor
results in rancidity and soapy flavours. Despite these limitations, these lipolytic



enzymes provide a balance between flavour enhancement and cost and are suitable
for use.
Uses of enzymes in Brewing Industry

Beer is an undistilled alcoholic beverages produced from fermentation of
barley malt by yeast, especially S.cerevisiae. In the brewing of beer, enzymes are
used at two stages, mashing and conditioning. Enzymes from barley are released
during the mashing stage of beer production. They degrade starch and proteins to
produce  simple  sugar,  amino  acids,  and  peptides  that  are  used  by  yeast  for
fermentation. Industrially-produced barley enzymes are widely used in the brewing
process to substitute for the natural enzymes found in barley.

Amylase,  glucanases,  and proteases  are used to split  polysaccharides  and
proteins in the malt. Beta -glucanases and arabinoxylanases are used to improve
the wort and beer filtration characteristics. Amyloglucosidase and pullulanases are
used for low-calorie beer and adjustment of fermentability. Proteases are used to
remove cloudiness produced during storage of beers.

Cereal beta-amylases are perhaps best known in terms of the vital role they
play in  releasing easily  fermentable sugars from cereal  grain starch to fuel  the
production of alcohol by yeast in brewing. The extent to which they have been
investigated  is  indeed  largely  due  to  their  significance  in  this  economically
important industry. 

Bacterial  and  fungal  alpha  amylases  and  beta  glucanase  are  used  for
increased and rapid saccharification,  especially  when adjuncts  are  added to the
malt.  Adjunct  is  a  starch  containing material  added to  barley  malt  in  order  to
increase the amount of fermentable sugars.

Neutral proteases are added to the wort to hydrolyse proteins and to increase
the fermentation rate in the latter stages. For production of high-gravity beer, extra
proteins are added to the wort, neutral proteases are used in such cases to digest the
proteins. Cellulases are used to digest barley glucans, particularly when wheat is
used as an adjunct.

Proteins and tannins make the beer hazy when chilled ie produce’chill-haze .
Papain is added to the beer during the later post-fermentation stages to hydrolyse
the proteins and thereby, prevent the occurrence of  chill-haze’. More recently, the
demand for low calorie or light beers has grown rapidly. These are produced by
using lower levels of starch coupled with much higher levels of saccharification,



this  reduces  both  total  solids  and alcohol  contents  of  the  beer.  This  is  usually
achieved by using the enzyme glucoamylase during fermentation.
Uses of enzymes in drink Industry

Enzymes break down specific components within fruit and vegetables such
as pectin, starch, proteins and cellulose which results in improved extraction and
increased  yields,  shortening  of  processing  time  and  improving  sensory
characteristics. They can also be used to decrease the viscosity of nectars, and to
provide ‘cloud stability’ and texture in juices.

Enzymes  are  used  in  the  processing  of  fruit  juices  to  maximize  the
production of clear or cloudy juice. Nearly all fruits contain pectin. The presence
of  soluble  pectin  in  squeezed  juice  causes  cloudiness.  The  addition  of  pectin
degrading enzymes such as  pectin  methyl  esterase  which cleaves  pectin  at  the
pressing stage increases the amount of juice produced and at the same time can
reduce cloudiness. The desired flavor and colour of citrus juices depends on the
insoluble,  cloudy  materials  of  the  pressed  juice.  The  pectin  component  is
manipulated  requiring  a  balance  between  pectin  methyl  esterase,  to  promote
cloudiness  by  increasing  the  pectin/calcium  complex  formation  and
polygalacturonase  to  break  cloudiness  by  depolymerisation  of  the  pectin.  The
application of enzymes in these processes is superficial. The clarification of cider,
wines and fruit juices is usually achieved by treatment with fungal pectinases.

In  the  alcohol  industry,  fermentation  depends  on  the  action  of  enzymes
present in the yeasts and bacteria used in the production process. The advantages
of using enzymes in the beverage industry allow it to be more economic and have
consistent  quality.  The  starch  derived  from  maize,  potatoes,  barley  must  be
pretreated  with  hydrolase  enzymes  such  as  alpha  and  beta  amylases  and
amyloglucosidases which  carry out liquefaction and saccharification before it can
be fermented by yeasts and other organisms into potable or non-potable alcohol.
Uses of enzymes in Baking Industry

Traditional  method  of  baking  is  based  on  the  presence  of  endogenous
enzymes which catalyse natural changes during growth, ripening and storage. They
also  carry  out  the  saccharification  of  starch  prior  to  fermentation  and  the
degradation of  gluten which is a  very important  determinant of  the rheological
properties of the dough.



Amylases
Alpha  amylases  have  significant  effects  on  baked  goods.  If  the  amylase

activity is low, this leads to low dextrin production and poor gas production. This
 in turn results in inferior quality bread with reduced size and poor crust color. To
compensate for the deficiencies of the grain, it is necessary to add either sugar or
alpha amylase. The addition of enzymes offers certain advantages over sugar. At a
flour mill, it is possible to standardize the enzyme content of the flour so that a
uniform commodity can be supplied. Furthermore, enzymes bring about a gradual
formation of  sugar,  which matches  the needs  of  the yeast.  When the dough is
placed in the oven, the steadily increasing temperature leads to an increase in the
enzymes’ rate of reaction and more sugar is produced. Malt flour and malt extract
can be used as enzyme supplements as malt is rich in alpha amylases.

Amylases can be derived from bacteria and fungi. They play a major role in
the food and beverages (baking), brewing, and starch and sugar industries. This
enzyme is used extensively in drink industry for example the production of  High
Fructose  Syrup  (HFS).  Amylases  can  be  made  from  various  microorganisms
especially from Bacillus, Pseudomonas and Clostridium species. Potential bacteria
that  are  recently  used  to  produce  amylases  in  industrial  scale  are  Bacillus
licheniformis  and  Bacillus  stearothermophillus.  It  is  preferable  to  use  Bacillus
stearothermophillus  because it can produce enzyme that is thermo stable so that
can reduce production cost.

However,  it  is  better  to  use a  fungal  alpha amylase.  The alpha-amylases
degrade the damaged starch in wheat  flour into small  dextrins,  thus allows the
yeast  to  work  continuously  during  dough  fermentation,  proofing  and  the  early
stage  of  baking.  This  results  in  improved bread volume and crumb texture.  In
addition,  the  small  oligosaccharides  and  sugars  such  as  glucose  and  maltose
produced by these enzymes enhance the reactions for the browning of the crust and
baked flavour.

During starch processing, enzymes help to separate raw milled cereals into
polysaccharides, gluten and fibres. Enzymes are also used to further break down
the  long  chains  of  sugars  (polysaccharides)  into  multiple  sugars  (e.g.  glucose,
fructose, sucrose, maltose, maltotriose, raffinose).

In  the  industrial  production  of  glucose  from  starch,  the  latter  is  first
solubilised and partly degraded by bacterial alpha amylase and then treated with
fungal amyloglucosidase which can cleave both types of glycosidic bonds found in



starch, therefore gives a good yield of glucose. Glucose may also be obtained from
cellulose-containing waste products by treatment with cellulase.

Invert sugar, a mixture of glucose and fructose, is produced from sucrose by
the  action  of  yeast  beta  fructofuranoside,  better  known  as  invertase.  Sucrose
crystallizes from solution more readily than invert sugar at the high concentrations
required for jam making, so the latter is widely used for this purpose. Invert sugar
may also  be  produced  from glucose  by the  action  of  glucose  isomerase.  Thus
commercial production of high-fructose syrup from glucose is made possible using
soluble glucose isomerase.

Bio protective enzymes offer a natural means to improve food safety and
reduce costs associated with microbial contamination, especially in aged products.
There are 3 different Bio Protective enzymes commonly used: LYSOZYME: An
antimicrobial enzyme which limits growth of Clostridia in aged cheeses. NISIN:
An  antimicrobial  peptide  effective  against  Gram  positive  and  spore-forming
bacteria  in  cheese  LACTOPEROXIDASE:  An  antimicrobial  enzyme  used  to
preserve raw milk in developing countries.

Proteases are used in the baking industry to partially digest the gluten of
dough  obtained  from  high-gluten  varieties.  This  treatment  makes  the  dough
suitable for biscuit making. Proteases such as papain are reputed to be widely used
to tenderize meat, papain being especially useful as it is relatively heat stable, so
that its action continues during the early stages of cooking.
Sugar Refining

Raffinose, an alpha galactoside, accumulates in sugar beet, especially in cold
conditions, interferes with the crystallisation of sucrose from sugar beet molasses
is hydrolysed by enzymes
Conclusion

Enzyme applications have now been established as useful tools in industry
and  have  demonstrated  promising  growth  in  research  areas.  Applications  of
enzymes  to  produce  desired,  superior  and  complicated  molecules  need  further
research. The enzyme technology has many fold applications in the days to come
in favour of the environment and for the welfare of mankind.



UNIT 5

  TYPES  OF  PACKAGE

 

It is clear that packaging plays a large role in the perceived value of a product and

as a whole,  the packaging industry really hasn’t  changed too much in the past

years, compared to the constant innovations made in portable technology. With all

the  packaging  and  box  choices  available  in  today’s  market,  it  often  becomes

difficult to select the most appropriate packaging solution for your product. Let’s

take a look at some of the different types of packaging options you can use to

enhance your product & customer experience!

1. Paperboard boxes

Paperboard is a paper-based material that is lightweight, yet strong. It can be easily

cut and manipulated to create custom shapes and structures. These characteristics

make it ideal to be used in personalized packaging. It is made by turning fibrous

materials that come from wood or from recycled waste paper into pulp, and then

bleaching  it.  Paperboard  packaging  comes  in  various  grades,  each  suitable  for

different  packaging  requirements.

SBS (or solid bleached sulfate)  paperboard can be used for  packing cosmetics,

medicines,  milk and juice,  cosmetics,  frozen food and more. Choosing kraft,  or

CUK (coated unbleached kraft) paperboard packaging are for those who prefer the

natural and environmentally-friendly look of recycled paper, which can be used for

similar packaging applications. Kraft is often seen to be less resistant to moisture,

making it less suitable for food-related products, or frozen-goods packaging. With



the right combination of design options, paperboard packaging can look high-end,

without high-end pricing.

2. Corrugated boxes

Corrugated  boxes  simply  refer  to  what  is  commonly  known  as:  Cardboard.

Corrugated  boxes  are  the  ones  many  probably  consider  as  ‘cardboard’  as  it

produces the large shipping, shoe & storage boxes.  What a lot of people do not

realize  is  that  corrugated  boxes  also  come in different  types  depending on the

durability  and  strength  of  the  box.  Identifying  a  certain  corrugated  material,

however,  is  easy.  How do you determine  the material?  Through its  corrugated

medium (also  known as  fluting).  Identifying  a  corrugated  material  is  easy.  It

consists  of 3 layers of paper, an outside liner,  an inside liner and a corrugated

medium (also known as fluting). The corrugated medium that gives it strength and

rigidity.

The  main  raw material  that  is  used  to  construct  the  corrugated  board  is  most

recycled paper,  made on large high-precision machinery known as  corrugators.

These type of boards can reused and recycled again and again as a source of pulp

fiber. Corrugated boards are of different types, single faced, double faced (single

wall),  twin  wall,  and  triple  wall.  They  can  be  used  to  make  packaging  with

different characteristics, performances, and strength. The board is cut and folded

into different sizes and shapes to become corrugated packaging. Other applications

of  corrugated  board  packaging  include  retail  packaging,  pizza  delivery  boxes,

small consumer goods packages, and so forth.



3. Plastic boxes

Plastic  is  used in  a wide range of  products,  from spaceships  to  paper clips.  A

number of traditional materials, such as wood, leather, glass, ceramic, and so on,

have  already  been  replaced  by  plastic.

Plastic box packaging has many advantages in which they can be recycled, and

generally  they  are  much  more  durable  than  paperboard  boxes.  Airtight  plastic

packaging containers can help to preserve the quality of food and eliminate any

contamination  issues.  Plastic  packaging  also  does  not  break  easily  and  can  be

stored  with  food  under  extreme  conditions.

Another reason why plastic is a popular choice for packing material is because of

its ability to showcase the product at any angle without necessarily opening the

packaging. It is also flexible, lightweight and can be applied with films or coating

to  enhance  packaging  appearance.

Contrary to popular belief, plastic is in fact recyclable, in the sense that it takes less

energy to produce new plastic, compared to glass, and other materials. Best of all,

it is very cost effective!

4. Rigid boxes

I’m sure you’ve always wondered the type of box they used to package iPhones or

those luxury retail products such as Rolex, Tiffany & Co and Marc Jacobs. You

have a sense that it’s a type of cardboard but still wasn’t sure because of its durable

and premium appearance. This type of cardboard material is called a rigid box.



A rigid box is made out of highly condensed paperboard that is 4 times thicker than

the paperboard used in the construction of a standard folding carton. The easiest

real-world example of rigid boxes are the boxes that hold Apple’s iPhones and

iPads,  which  are  2  piece  setup  rigid  boxes.

Compared to paperboard and corrugated boxes, rigid boxes are definitely among

the most expensive box styles. The rigid boxes usually do not require dies that are

expensive or massive machinery and are often hand-made. Their non-collapsible

nature also gives them a higher volume during shipping, which easily incurs higher

shipping  fees.

These boxes are commonly used in merchandising cosmetics, jewelry, technology,

and high-end luxury couture. It is easy to incorporate features such as platforms,

windows, lids, hinges, compartments, domes, and embossing in a rigid box.

5. Chipboard packaging

Chipboard  packaging  is  used  in  industries  such  as  electronic,  medical,  food,

cosmetic, and beverage. A chipboard basically is a type of paperboard that is made

out of reclaimed paper stock. It can be easily cut, folded, and formed. It is a cost-

effective packing option for your products.

It comes in various densities and strength is determined by how high the density of

the material is. If you want images to be directly printed onto the chipboard, you

can treat the chipboard with bleach sulfate, and with CCNB (Clay Coated News

Back)  which  makes  the  material  even  more  durable.

You cannot use chipboard packaging if your business deals with heavy items, since



the chipboard sheet is a lightweight material, made for many grocery items such as

cereal,  crackers,  tissue boxes,  and so forth.  Also,  if  the storage environment is

heavy with moisture, chipboard can easily weaken, and result in discoloration and

expansion.

6. Poly bags

A poly bag, also known as a pouch or a plastic bag, is manufactured out of flexible,

thin, plastic film fabric. It is one of the common types of packaging and can carry a

wide  range  of  products  including  food  items,  flowers,  waste,  chemicals,

magazines,  and  so  on.

Poly bags are durable yet lightweight, reusable and flexible. Since poly bags are

structurally simple to make, it can be fully customized in design, style & sizes but

still  remain  cost-effective.  Plastic  recycling  is  also  possible  with  poly  bags,

depending  on  the  construction.  Most  of  the  poly  bags  are  made  with  security

features, tape attachments, hanging holes, and carrying handles to make sure the

products are well secured and visually appealing to the customer.

7. Foil sealed bags

Foil sealed bags can be seen typically in most coffee and tea packaging. Why? It

keeps the products dense to maintain the flavor, protects it from bacteria coming in

and helps increase shelf life. Apart from food, foil sealed bags are also used to

package bedding and clothing products. The process involves removing the oxygen

from the bag to keep the fabric tight and secure in order to prevent the growth of

fungi and other bacteria. Nuts, cereals, smoked fish, cheese and cured meats are

also packaged with foil sealed bags to prevent from spoilage



 TRADITIONAL AND MODERN DESIGN PACKAGE MATERIALS

TRADITIONAL  DESIGN PACKAGE MATERIALS

Introduction 

World  over,  there  has  been  growing  concern  about  environmental  degradation

caused  by  synthetic  packaging  material.  These  synthetic  packaging  materials,

which is convenient to use, take hundreds of years to break down, and when they

breakdown, they releases poisonous material into the water and soil. They can also

choke the animals on land and in the sea, which may eat these inadvertently.

 

It  is  because  of  this  adverse  impact  on  the  environment  that  countries  and

environment  conscious  people  across  the  world  are  looking  for  environment

friendly and biodegradable packaging materials.

Although traditional processing represents a low cost option for many small scale

producers,  these  packaging methods don’t  always  support  sustainability  and in

most cases are creating unnecessary wastage.

Improved  technologies  are  usually  techniques  that  require  little  in  the  way  of

expensive equipment, but at the same time increases the quality and efficiency of

the  process.

In  earlier  days,  natural  materials  were  used  in  packaging  such  as  tree  leaves,



bamboo,  lotus  leaves,  palm  leaves,  gourds,  coconut  shells,  shells  of  shellfish,

animal skin etc. Later on manmade material were used including fabrics, ceramics,

metals,  lacquer  ware,  wood  ware,  jade  ware,  paper  etc.

As early as the late years of the primitive society, packaging had already started.

Bamboo tubes, gourd shells, coconut shells, shells of shellfish were use to hold

solid objects. Sometimes commodities were directly wrapped in bamboo leaves,

lotus leaves etc.

 Treated skin

Treated skin such as leather has been used for many countries as a non-breakable

containers  or  bottle.  Water  and  wine  are  frequently  stored  and  transported  in

leather containers (camel, pig and kid goat hiders). Flour and solidified sugar are

also packed in leather cases and pouches.

 Earthenware:

The earthen ware or pottery wares emerged in the Neolithic age was the first great

invention  of  manmade  packaging  materials,  they  have  the  advantage  of  being

durable, antiseptic and anti worm eaten. They also excel in being various in forms.

Earthenware is used worldwide for storage of liquids and solid foods such as

curd, yoghurt, beer, dried food, honey etc. Corks, wooden lids, leaves, wax, plastic

sheets or combinations of these are used to seal the pots. If well sealed, it is a gas,

moisture  and lightproof  container.  Unglazed earthenware is  porous and is  very

suitable for products like curd that need cooling. Glazed pots are better for storing

liquids such as oil, wine as they are moisture proof and airtight if properly sealed.



They are lightproof and if clean, restrict the entry and growth of micro-organisms

insects and rodents.  One should ensure that the glazing of the earthen does not

contain lead. They cannot be used for acidic drinks and other products which are to

be stored for a long time.

 Leaves

Depending  on  location  and  locality,  various  types  of  plant  leaves  are  used  as

wrappers.

1.  Banana  leaves

Banana leaves are a Traditional Packing Material. Many ancient, cultural cuisines

were  wrapped  in  banana  leaves  for  storage.  These  thick,  glossy  leaves  hold

moisture in and don't easily degrade, thereby making them a perfect food saver.

Banana  leaves  are  used  in  supermarket  store  as  plates  and  food  wrappers.

Vegetables are weighed bundled in banana wraps. Apart from this, cooked food

like solid rice items are also wrapped in banana leaves and are available in the

market. Banana leaves are said to impart a special flavor to foods and can even be

used to steam food.  

 2.  Thaumatococcus  danielli

Leaves of T. danielli are mostly used as food wrappers. The popularity of these

leaves as a food wrapper material is not only in villages, but has gained widespread

acceptance in the towns and cities for buy and eat foods packaged in such, even

among the elites who consider the packaging (wrapping), as not only exotic, but

also for flavour enhancing also the use of this leaves as packaging material varies

with tradition/culture.

 MODERN DESIGN PACKAGE MATERIALS



There  Are  A  Large  Variety  Of  Materials  And  Containers  that  are  used  for

packaging. Below is a list of the most common packaging materials used all over

the world.

1. Paper/Paperboard/Fiberboard

Paperboard and fiberboard are used in both primary and secondary packaging for

companies  throughout  the  world.  Paper  is  used  for  making  a  large  variety  of

thinner  packaging  products  including  labels,  Kraft  paper,  paper  bags,  butcher

paper, and more.

Paperboard is thicker and more durable than a standard paper material. Paperboard

is often used in primary packaging. Paperboard is used for milk and juice cartons,

cereal boxes, frozen food boxes, candy boxes and more. Paperboard offers slightly

more product protection than a paper material and less than fiberboard.

Fiberboard of Fluted fiberboard is used in the creation of corrugated boxes. Fluting

fiberboard creates ridges between two flat fiber boards creating more strength and

crush resistance. According to the American Forrest and Paper association, more

than 95% of all products in the United States are shipped in secondary packaging

made from fluted fiberboard.

http://www.afandpa.org/our-products/paper-based-packaging/containerboard


2. HDPE/PET/Rigid Packaging

Derived  from  polyethylene, high-density  polyethylene and polyethylene

terephthalate are harder and more rigid plastics than other plastics. Both materials

offer excellent moisture resistance while maintaining a rigid protective structure.

Some of the most common uses for HDPE and PET are bottles and Jugs.

Most  water  and  soda  bottles  are  made  from  PET.  Jugs  for  cooking  oil,  milk

cartons, and most all bottle caps are made from HPDE which is harder and even

more rigid than a PET material.

3. LDP/LLDPE/Flexible Packaging

Low-density  polyethylene  and  Linear  low-density  polyethylene  are  flexible

packaging materials used for primary and secondary products around the world.

Each material is soft to the touch and often offers excellent puncture resistance.

https://en.wikipedia.org/wiki/Polyethylene_terephthalate
https://en.wikipedia.org/wiki/Polyethylene_terephthalate
https://en.wikipedia.org/wiki/High-density_polyethylene


Low-density polyethylene is used to make a variety of bags, films, and flexible

tubing for packaging. LDPE bags and tubing are often referred to a poly bags and

tubing.  They range in multiple  thicknesses and are often used to package food

items, dog treats, auto parts, tools and more. Low-density polyethylene is also used

to make shrink bundling film which is used as secondary packaging for cases of

water bottles and canned goods.

Linear Low-Density polyethylene is often thinner than LDPE and is commonly

used  in  the  packaging  industry  for stretch  wrap to  be  used  around  pallets  of

packaged products. LLDPE is extremely flexible and stretchability.

4. Aluminum Packaging

Aluminum packaging is used for a variety of applications throughout the world.

The most commonly used and recognized application for aluminum packaging are

aluminum cans  and  containers.  According  to  the Aluminum Association,  more

than 7 billion foil cans and containers are produced annually.   Though the use of

aluminum  for  cans  is  prominent,  there  are  several  other  uses  for  aluminum

packaging.

Foil  packaging  is  used  in  medical,  food,  beverage,  cosmetic  and  many  other

industries as a barrier protector. The foil helps to protect products from moisture,

sunlight,  and  other  external  elements.  Foil  packaging  is  often  used  with  an

adhesive to protect and preserve unopened products while on the shelf.

http://www.aluminum.org/product-markets/foil-packaging
https://uspackagingandwrapping.com/Stretch-Film/
https://uspackagingandwrapping.com/shrink-bundling-film.html
https://uspackagingandwrapping.com/Poly-Tubing-Bags/
https://uspackagingandwrapping.com/Poly-Tubing-Bags/


5. Glass/Jars

Though the PE plastic market has consumed some of the glass packaging market,

glass  packaging  still  holds  a  significant  market  share  within  the  packaging

industry. Alcoholic and Non-Alcoholic drinks make up a large portion of the glass

packaging  market.  Other  industries  that  consistently  use  glass  packaging  are

cosmetics  and  personal  care,  food  and  condiments,  and  even  home  decor  and

candles.

Glass  is  preferred by some companies  because  it  is  100% recyclable  and very

commonly  reused  for  new  containers  over  and  over.  According  to  the Glass

Packaging  Institute,  glass  can  be  recycled  endlessly  without  loss  in  quality  or

purity. Glass can be preferred because of the perceived value of the product. More

expensive  products  are  often  packaged  in  glass  packaging  to  provide  a  higher

quality look to other plastic packaged products on the shelf.

The overall packaging market is a trillion dollar plus industry and is composed of

many different  materials.  Some materials  such as  the  ones  mentioned here are

well-established  materials  that  have  been  used  for  years  for  packaging.  Other

newer  materials  are  beginning  to  gain  market  share  as  technology  and  market

demands  change.  In  our  next  post,  we  will  discuss  newer  forms  of  packaging

gaining market share throughout the world.

http://www.gpi.org/learn-about-glass/benefits-glass-packaging
http://www.gpi.org/learn-about-glass/benefits-glass-packaging


METHODS TO EVAULATE PACKAGING PERFORMANCE

Food  packaging  is  core  to  managing  the  delivery  of  innovative,  safe

products to the consumer. The consumer has an increasing awareness of the impact

of packaging on the environment. With the advent of the Courtauld Commitment

to reduce the amount of packaging materials being sent to landfill, an increasing

number of  companies are exploring routes to lightweight  material  or  are  using

alternative  materials.  The  Courtauld  Commitment  is  a  voluntary  agreement

between major UK supermarkets and the Waste and Resources Action programme

(WRAP). It aims to reduce household waste by achieving reductions in packaging

waste growth and identify solutions to reduce food waste.

In 2010, we saw Asda trial reusable packaging for fabric conditioner, Sainsbury’s

move from cans to combibloc cartons for its  Basics range of canned tomatoes,

Nestle  remove  inserts  from  Easter  Egg  packaging,  Stella  Artois  launch  a

lightweight glass bottle and Waitrose use flow wrap packs for minced beef. We

also saw the move to wine in pouches and PET bottles, cereal without cartons and

milk in bags. Choosing the correct packaging is key to ensuring safe delivery of

product through the supply chain. By evaluating the performance of materials used

for packaging, specifications can be drawn up to aid the reduction in the amount of

packaging being used without compromising product safety.

THE FUNCTION OF PACKAGING

The need for packaging is sometimes questioned. However, packaging can prevent

microbiological growth, product deterioration and chemical contamination, it can

protect food from light and moisture and it can protect from physical damage. It is

also vital for carrying legally required and other information about the food. In



essence,  packaging  carries  out  three  functions:  protection,  preservation  and

promotion of the product. The first two of these functions directly impact on food

waste as they reduce the rate of deterioration.

The  three  functions  described  are  achieved  by  primary,  secondary  or  tertiary

packaging alone or in combination. Primary is the term applied to packaging in

direct contact with the food. Secondary packaging houses a number of primary

packs, for example, the cardboard sleeve of a multipack of drinks cans or the outer

plastic wrapper of a multipack of crisps. Tertiary packaging refers to the transport

container which is a pack made up of a number of secondary packs. In order for us

to understand how packaging performs these  three functions,  it  is  important  to

understand why certain materials are used. The key materials are plastic,  metal,

glass and board.

Plastics

Plastics are typically polymers of high molecular mass. They are very adaptable,

having both technological and aesthetic properties that make them ideal for food

use: 

1. Can be moulded, shaped and deformed

2 .Rigid or flexible

3. Generally lightweight

4. Provide barriers to light, moisture and certain gases when required

5. If the application requires it, can be heat sealed together 



6. Can be coloured

7. A high quality print can be achieved on smooth surfaces

Metal

Metal food packaging is generally manufactured from steel or aluminium. Steel

cans are generally used for food and beverages, whereas aluminium is typically

used for beverages. Metal can also be used as a laminate in pouch applications and

in its simplest form for cheese, chewing gum and stock cubes. Metal packaging is

chosen for a number of reasons:

1. Relatively high strength and stiffness

2. Good formability

3. Good impact resistance

4. Good thermal conductivity

Glass

Glass is the oldest  packaging material  known to man. It  can be produced in a

variety  of  Shapes  and  sizes.  It  is  chemically  inert  and  provides  long  term

containment  for  a  number  of  food stuffs.  It  is  suitable  for  hot  filling,  thermal

processing and chilled storage. Other characteristics include:

1. Consumer appeal,  glass  can be perceived as packaging for  quality/luxury

items



2. It is impermeable to all gases and moisture

Board

Paper  and paper  board are  primarily  cellulose  fibres  derived from wood.

They can be used as a primary packaging container but more typically are used as a

transport container, in corrugated form. The characteristics making them suitable

for food packaging include:

1. Good light barrier

2. Light weight

3. Provide a good surface for printing

4. Provide rigidity for delicate products

5. Packaging as a protector

During product development, the packaging will be chosen for its ability to protect,

preserve and promote. Promotion is typically through colour, shape and branding.

Preservation  can  be  tested  through  shelf-life  trials  and  on  evaluation  of  the

suitability  of  the  packaging  to  the  food.  However,  when  considering  how the

packaging  will  aid  protection,  the  movement  of  the  product  through  the

distribution  chain  must  be  taken  into  account.  A  recent  survey  carried  out  by

Campden  BRI  found  that  78  per  cent  of  companies  surveyed  have  recorded

packaging damage in the supply chain in the past 12 months. There are a number

of  tests  that  are  employed  by  packaging  manufacturers  during  design  and

manufacture of packaging to test its ‘fitness for purpose’. These tests can also be



used by food manufacturers and independent test houses as investigatory tools as

part of research into packaging performance. One of the tests commonly used in

the packaging industry is compression testing.

This determines the behaviour of materials under crushing loads. This test

can be used to calculate the performance of a distribution package with respect to

compressive forces and so its ability to protect its contents during compression. It

can also be used to measure stacking strength. This is particularly important in

storage and distribution where space is at a premium. This ensures the packs can

withstand the compressive force exerted upon them when stacked.  An external

load is applied to the container to replicate the load applied when containers are

stacked. By using the correct grade of carton board, the packaging will protect its

contents during storage and distribution without being over specified and therefore

unnecessarily expensive.

A recent study at Campden BRI was commissioned by a large food company to

test  the  ‘fitness  for  purpose’  of  corrugated  cartons  in  protecting  their  contents

during  storage  and  distribution  without  using  excessive  packaging.  The

specification for the cartons required that a compression load of 12250N would

result in less than 20 per cent dimensional deformation. Ten cartons were tested

using BS EN 22872:1993. Complete, filled transport packages –

method  for  determination  of  resistance  to  compression.  Cartons  were  pre-

conditioned at 23°C/ 50 per cent relative humidity (RH) for >16 hours prior to

testing. Maximum force applied was 12250N, the compression tester automatically

ended the test if the carton deformed by more than 20 per cent.

Table 1



Sample

Number

Fmax (N)

dL at Fmax

(mm)

F at break (N)

dL at break

(mm)

1

12251.25

10.9

–

–

2

12250.81



10.6

–

–

3

12249.22

16.7

–

–

4

12251.50

11.1

–

–

5

12102.50



14.2

11500

14.4

Table 1 shows that sample five failed at 11500N and so we concluded that 80

per cent  of  the containers comply with the company’s requirements.  Typically,

during a compression test the following characteristics are seen: 

1. Buckling:  this  is  characterised  by  sudden  failure  caused  by  compressive

force

2. Shearing  (or  shear  force):  characterised  by  a  sliding  failure.  The  shear

strength of a material can help to determine the dimensions of a package

The resistance to the compressive force applied to a board container is related to

a number of factors. Strength properties increase with thickness but can be reduced

by an  increase  in  moisture  content.  All  paper  and board products  will  seek to

achieve moisture content in equilibrium with ambient conditions. This is known as

hygrosensitivity. With corrugated containers, the board type and flute type will also

influence the strength properties. Corrugated board samples range from single face

(comprised of one liner and one flute layer) to triple wall (made up of four liners

and  three  flute  layers)  with  strength  increasing  respectively.  Figure  2  shows a

single walled board sample.

Flutes provide rigidity and can make the board more economical. The flute profile

will affect strength; higher flutes (B flutes) provide a physically stronger stack with



softer  cushioning  characteristics.  Lower,  more  dense  flutes  (E  flutes)  provide

greater flat crush resistance, smoother print surfaces and crisper score lines. The

most  common flute  type  used in  the  UK is  ‘B’.  Figure 3  shows some of  the

different flute types in use.

B flute is used for canned food as it has good end-to-end compression attributes. C

flute is used for more delicate products, as it has a good stacking strength. E flute is

commonly used for  point  of  purchase  display  containers  as  it  provides  a  good

surface for printing graphics. More and more companies are looking to include

higher proportions of recycled content in their packaging, but this too can affect

strength. Flute manufactured from recycled board is used for general performance

but  when more strength is  required  or  the packaging is  to  be stored in  humid

conditions, it is recommended to use virgin material. It is understood that products

manufactured from recycled  board  tend to  have  an unpredictable  structure and

inferior  functional  properties  to  virgin  based  boards.  The  compression  test

described above is  not  restricted to board and corrugated board;  it  can also be

useful to measure the resistance of metals, glass, plastic and composite containers

to  compression  forces.  An  emerging  example  is  in  the  drinks  industry.  The

industry  is  trialling  the  use  of  lighter  weight  glass  for  wine  and other  brewed

drinks. Compression testing can be used to evaluate the vertical load capacity of

such containers. Glass containers are required to withstand compressive forces to

ensure they do not break. This type of test replicates the types of forces applied

during capping and stacking.

TESTING OF PACKAGE MATERIALS

1 .  E D G E  C R U S H  T E S T  ( E C T )



Stacking  of  shipping  cartons  is  common  in  factories  and  warehouses  for  the

storage,  shipping  and  distribution  of  orders.  Sometimes  a  factory  might  have

limited storage space available and they might improperly stack too many boxes on

top of each other to conserve space. Improper stacking can stress shipping cartons

and cause them to collapse . 

The edge crush test (ECT) was developed in the 1990s as shipping on pallets and

stacking of cartons became more popular in international supply chains. Evaluating

a  carton’s  strength  in  isolation,  as  was  common  before,  failed  to  measure  its

performance  in  actual  shipping  situations.  The  edge  crush  test  measures  the

compressive  force  a  cardboard  material  can  sustain  in  its  vertical  or  loading

direction before collapsing.

A finished box’s compression strength is defined by the amount of force needed to

crush a section of cardboard when standing on its edge. During this test, a load is



applied to the edge of a small sample of the packaging material when standing on

its end until it collapses.

 Standard: TAPPI (Technical Association of the Pulp and Paper Industry) 811

 Required equipment: ECT tester

 Suitable packaging materials: corrugated cardboard boxes or shipping cartons,

particularly those that will be stacked on pallets for shipment

2 .  B U R S T IN G  S T R E N G T H  T E S T  ( B S T )

The burst strength test, also known as the Mullen test, is commonly compared to

the edge crush test, as they both evaluate the strength of corrugated or cardboard

materials.  Together  these  two  tests  are  the  most  commonly  recommended

packaging lab tests for importers.

But that doesn’t mean importers should use these two tests interchangeably, as the

tests  measure  different  things.  Bursting  strength  is  the  measure  of  the  force

required to puncture through a corrugated board. Rather than applying force at the

edge, like in the edge crush test, force is applied on its flat side.

The burst strength test is an older test than the edge crush test and provides a more

general assessment of a carton’s strength. Importers shipping products individually

might find a burst  strength test more helpful as their shipments might be more

subject to rough handling than products stacked on pallets.

 Standard: TAPPI/ANSI T 810 om-11

 Required equipment: bursting strength tester or Mullen tester

 Suitable packaging materials: corrugated cardboard boxes or shipping cartons,

particularly for those to be shipped individually rather than on a pallet

3 .  P U N C T U R E  R E S IS T A N C E  T E S T



Shipping your products isn’t just about shipping, but also shipping and handling.

Tens of people might handle your packages before they reach the end customer.

Cardboard can easily be punctured during handling by factory staff and logistics

personnel if the box collides with another object. The corner of other boxes, sharp

edges of a truck or shipping container or a sharp product within the box all might

puncture your shipping cartons.

The  puncture  resistance  test

aims to simulate such collisions by evaluating the energy required to create a hole

in the packaging material. The bursting strength test and the puncture test both

verify the susceptibility of packaging materials to damage through puncturing. But

the puncture resistance test uses a puncture resistance tester with a pendulum arm

and a steel pyramid head that physically hits the cardboard at a 90-degree arc.

 Standard: ISO 3036:1975 or TAPPI T 803 cm-10

 Required equipment: Puncture resistance tester with a pendulum arm and pointed

steel head for puncturing

 Suitable  packaging  materials:  any  corrugated  cardboard  boxes  or  shipping

cartons



4 .  C L IM A T E  C O N D IT IO N IN G  F O R  D IF F E R E N T

E N V IR O N M E N T S

The climate of your sourcing destination could be drastically different from that of

your target market.  Many popular sourcing locations in Asia have a tropical or

subtropical climate and regularly experience high humidity levels. But you might

be shipping to a country in Scandinavia or elsewhere with a much cooler, dryer

climate.  Packaging  materials  might  warp,  mold  or  otherwise  deteriorate  under

different climates .

Not only do you need to consider the climate of your sourcing location and target

market,  but  also  the  climate  conditions  your  shipment  will  experience  during

transit. Shipping by air will expose your packaging and products to higher altitudes

and air pressures. Shipping by sea might expose your products to water damage if

packaging materials aren’t adequately sealed.

During  a  climate  conditioning  test,  the  packaging  material  is  placed  and  kept

within  a  specified  climatic  atmosphere  chamber  for  a  length of  time,  often 72

hours, to reveal any changes in the physical properties of the material. Calibrated

environmental  chambers  can  simulate  elevated  temperatures,  cold/sub-zero

temperatures and elevated humidity levels, as shown in the table below.

 Standard: ASTM D4332

 Required equipment: calibrated environmental conditioning chamber

 Suitable packaging materials: Containers, packages, or packaging components,

especially cellulosic materials that might undergo physical changes under different

climatic environments.

ISTA recommended conditioning profiles:



5 .

V IB R A T IO N  T E S T  T O  S IM U L A T E  T R A N S IT  V E H IC L E

V IB R A T IO N S

Modern automobiles drive a lot smoother than the first Model T designs of over a

century  ago.  But  transport  through a  number  of  vehicles,  including trucks  and

semis, still often produces vibration that can affect a shipping carton, its interior

packaging, packaging closure and the products inside. And your shipment might be

subjected  to  additional  bumping,  shocks  and  vibration  when  traveling  in  less

developed countries with unpaved roads. 

The vibration test is meant to assess the performance of a container, including the

interior packing and closure, in terms of its strength and the protection it provides

the products within.

 Standard: ASTM D999-08 (2015)

 Required equipment: vibration table or shaker

 Suitable packaging materials: containers of any form, material, kind or design of

interior  packing,  means  of  closure  and  any  size  and  weight.  Containers  are

https://www.anecto-testservices.com/climatic-conditioning/


generally tested once loaded, rather than unloaded, to measure the strength of the

interior packaging and closure.

There are four different package testing methods meant to simulate different levels

of  vibration a  container  might  be subjected  to  during transit.  Importers  should

assess both their  packaging materials and method of transport  to determine the

appropriate packaging testing method for their shipment. These test methods 

include:

 Method  A1—Repetitive  shock  test  (vertical  motion):  suitable  for  individual

containers that might be transported unrestrained on the bed of a vehicle

 Method  A2—Repetitive  shock  test  (rotary  motion):  as  A1,  suitable  for

individual containers that might be transported unrestrained on the bed of a vehicle

 Method B—Single container resonance test:  tests the ability of an individual

container and its interior packaging to protect its contents

 Method C—Palletized load, unitized load or vertical stack resonance test: tests

the strength of containers to withstand dynamic loads when stacked

6 .  C O M P R E S S IO N  T E S T  FO R  P A C K A G IN G



Like the edge crush test, a compression test can be helpful to evaluate packaging

materials that might be stacked or compressed in small spaces with other boxes and

items.

While the edge crush test evaluates cardboard at its edge, force can be applied

during the compression test to the container’s faces, to diagonally opposite edges

or to corners. You can also use this same standard to evaluate other materials aside

from cardboard, like drums, pails, bottles and tubs.                                      

The compression test can be used to measure the ability of a container to resist

external compressive loads applied to it. The box is gradually compressed between

two parallel platens to reveal any bulging, distorted or damaged shape, damaged

corners or damage to products within.

 Standard: ASTM D642 - 15

 Required  equipment:  fixed-  or  swiveled-platen-type  compression  testing

machines

 Suitable  packaging  materials:  shipping  containers  (for  example,  boxes  and

drums) or components or both. Shipping containers may be tested with or without

contents and with or without a closure.

7 .  S H O C K  T E S T  F O R  PA C K A G IN G

A shock test  might seem similar  to the carton drop test importers often request

among on-site packaging testing during a pre-shipment inspection. Free-fall drop

testing  like  the  carton  drop  test  is  easy  to  perform  and  can  reveal  issues  in

packaging  materials,  methods  or  assortment  through  a  series  of  drops.  But

importers seeking more comprehensive and statistically accurate packaging testing

can consider a shock test performed in a laboratory.



With  an  on-site  carton  drop

test, the orientation of each drop is manually determined by the inspector. While

there are standards for how to orient the carton for a series of nine drops, manual

packaging  testing  still  cannot  provide  statistical  accuracy  of  an  exactly

perpendicular drop with the dropping surface. A machine can determine an exact

90 degree drop from the corner of the shipping carton and the dropping surface,

while a human might drop the carton at a 92- or 95-degree drop.

How much  difference  does  a  few degrees  really  make? ASTM testing found a

variation  of  as  little  as  two degrees  from perpendicularity  resulted  in  an eight

percent lower acceleration and dispersal of impact energy. So a less precise on-

site carton drop test alone may be inadequate in revealing important vulnerabilities

in your packaging.

 Standard: ASTM D 5487

 Required equipment: shock test machine

 Suitable packaging materials: loaded shipping containers, cylindrical containers,

and bags and sacks.



8 .  R E D U C E D  PR E S S U R E  T E S T  FO R  R IG ID  C O N T A IN E R S

Leak tests are essential for food and beverage products, liquid cosmetics and any

other liquid products. Often a reduction in air pressure during air transit can cause

containers to rupture, crack or burst. And it’s not like you can just scoop up any

leaked liquids from your broken containers and repackage them on arrival. Both

the products and your containers will no longer be sellable or safe for consumption

or use.

So  how  can  you  ensure  your  liquid  products  remain  safely  incased  in  their

containers throughout shipment? Similar to a climate conditioning test, a leak test

simulates  elevated  air  pressures  using  a  calibrated  vacuum  chamber.  Initial

pressure applied within an airtight chamber is measured against the final pressure

after a period of time. Any changes in these two measurements will reveal leaks or

other concerning packaging vulnerabilities.

 Standard: ASTM D4991 - 07(2015)

 Required equipment: vacuum chamber leak detector

 Suitable  packaging  materials: rigid,  empty  containers  meant  for  the

transportation  of  liquids  by  air.  This  test  method  may be  unsuitable  for  some

packages, such as packages with paper cap seals that can be damaged by the test

fluid.

9 .  T E S T IN G  PA C K A G IN G  FO R  C O M P L IA N C E  W IT H

T O X IN S  R E G U L A T IO N S

Most of the above tests have focused on evaluating a packaging material’s strength

and  integrity.  But  another  important  role  of  packaging  testing  for  importers  is

ensuring compliance to legal regulations. Failing to comply with legal regulations



for packaging can put your brand at risk for a number of monetary fines, lawsuits

and other liability issues.

The Model  Toxics  in  Packaging  Legislation establishes  requirements  for  the

reduction and elimination of four heavy metals, namely cadmium, lead, mercury

and  hexavalent  chromium  in  packaging  sold  or  distributed  in  nineteen  U.S.

states. The  Model  is  more  restrictive  than  the  European  Union  Packaging

Directive (94/62/EC, Article 11), so importers selling in both U.S. and European

markets will need to ensure compliance under both standards.

The  legislation  holds all

manufacturers,  suppliers,  product  manufacturers  and  distributors of

packaging  and packaging components  accountable  for  testing  and ensuring  the

elimination of toxins. Lab testing is the only way to determine compliance to

these regulations.

 Standard: ASTM  F2617  -  08e1, ASTM  C1606  -  10(2014) and EPA  SW-846

Method 3052



 Required  equipment:  conventional  laboratory  equipment  for  total  chemical

decomposition  of  the  sample  (for  instance  by  using  an  acid  and  external  heat

source) or x-ray fluorescence (XRF) technology

 Suitable  packaging  materials: All  packaging  and  packaging  components,

including plastics, papers, cardboards, metals, inks, glass and ceramics.

In addition to carrying out lab testing, ask your supplier to provide a Certificate of

Compliance after testing has verified the level of chemicals is within the allowable

threshold.

PRINCIPALS OF FOOD PACKAGING 

 Packaging materials: materials will allow for utmost product freshness and

fortification.

 Packaging Construction: much space to keep the content properly.

 Ease of  which it  can be packed into outer containers: the shape  and size

prevent you from easily shipping your product to retailers.

 Ease of storage and distribution: your product will be stored for a period of

time before going on to display

 Shelf life extension through packaging: long might your product sit  on the

shelf before consumer consumption.

 Convey Information: it will convey all the information like the ingredients,

product benefits, considerations, brand identity.

PROTECTIVE PACKAGING 



Protective packaging products  are designed and constructed to protect  the

goods from atmospheric, magnetic, electrostatic, vibration or shock damage.

Products  include  types  of  boxes  or  storage  containers,  packing  materials,

liners, and spacers.

Protective packaging products are intended to protect packaging from one or more

types of damage. Protection factors can include:

Electrical  insulation -  used  to  form a  barrier  or  isolator  between  electrical  or

electrical components.

Thermal insulation - prevents the passage of extreme heat from one location to

another.

Fireproofing - prevents flame ignition or mitigates the spread of flames.

Moisture  or  vaporprotection -  materials  can  block  the  transmission  or

permeation of moisture or vapor.

Shock or vibration dampening - products are designed for minimizing the impact

of shock and vibration on packaged products.

UV or weather resistance - products are suitable for outdoor use and are resistant

to ultraviolet (UV) light, cold, heat, water, or other weather conditions.

Proper selection of protective packaging products depends primarily on the type of

product being packaged and the environmental conditions from which the product

must  be protected.  Selection factors  stemming from this  include product  types,

materials, specifications, and features.



Types

Protective packaging can include a number of specific types of products.  These

include:

Air pillows or air bags are inflated air packets used to cushion and/or secure

fragile products and materials. They may include special valves and inflators to

ensure proper inflation.

Angle or edge boards are channel-like products designed to protect the corners

and edges of products and materials during transport.

Bubble  wrap sheets  contain  rows  of  inflated  air  bubbles  used  to  cushion  and

cover fragile products and materials.

Corner blocks are similar to edge boards, designed to protect corners of products

and materials during transport.



Corrugated  wrap is  a  sponge-like,  paperboard  product  used  to  secure  and

cushion fragile or delicate products and materials during transport.

Packaging inserts are products used to fill empty space, complete the package

housing, and secure the product and material during transport.

Molded packaging products are specifically molded to fit the contour or shape of

the product or material being transported.



Packing peanuts or loose fill products are designed to surround, cushion, and

protect products and materials during transport.

Void  fillers are  products  usually  made  of  corrugated  paper  materials  which

areusedto fill empty space and prevent products in transport from colliding with

each other.

Materials

A number of materials can be used to manufacture protective packaging products.

These include:

 Foam - lightweight material resulting from the introduction of gas bubbles into

a polymer. From this a cellular product is formed that has good insulation and

impact resistance.

 Paperboard - high basis weight and a high density. It is produced in multiple

layers on a cylindrical machine.

 Paper - lightweight material made of cellulose pulp.



 Plastic - includes any of numerous organic, synthetic, or processed materials

used in packaging as films and liners to products from harsh environments.

Specifications

Customers may provide manufacturers with different specifications for a particular

protective packaging product. These include:

 Volume - the space occupied by a packaging protection product. Particularly

important for air pillows and void fillers.

 Dimensions - the maximum or set dimensions of a product, most prevalently

width and length.

 Strength - a measure of the product's ability to support a load. This can include

ply,  strength  level  (for  polywoven  materials),  tearing  strength,  or  tensile

strength.

 Weight - the mass or heaviness of a material. For shipments paid on per weight

basis, the weight of the packing protection is an important factor.

Features

 When selecting protective packaging, an industrial buyer may choose from a

range of features. These include:

 Biodegradable - products are typically organic in nature and by definition are

broken down or decomposed by other living organisms

 Disposable - products are inexpensive consumables designed for one time or

limited use.

 Recyclable -  after  its  intended  use,  the  protective  packaging  is  suitable  for

repulping, material processing, or use in making new product.

 Returnable or reusable - designed for wear resistance and may be reused or

returned to the supplier.



HAZARDS RELATED TO PACKAGING    PCB, PCPS 

HAZARD CLASSIFICATION FOR PCBS

 To  prevent  from the  risk  of  PCB’s  some measures  we should  be  adopted  in

packaging and transportation of hazardous substances and PCB’s particular. The

hazard properties of PCBs are summarized below

. Chemical identification. 

Poly Chlorinated Biphenyls (CAS number 1336-36-3) are a class of chlorine

substituted  biphenyls,  with  209  possible  isomers.  Usually,  PCBs  are  found  in

commercial mixtures made by several PCBs isomers differing from their level of

chlorine substitution. For instance, the Aroclor mixtures may contain PCBs with an

average chlorine content (as weight percentage) ranging from 10% (for the Aroclor

1210) to 68% (for the Aroclor 1268). 

Chemical and physical properties.

  Depending  on  the  level  of  chlorination,  the  molecular  weight  of  PCBs

ranges from 188.72 (for  the Chloro-Biphenyl)  to  498.72 for  the fully chlorine-

substituted  Decachloro  Biphenyl.  Several  physical  and  chemical  properties  of

PCBs vary with the level of chlorination.  

Water solubility:

 PCBs are non-polar compounds. Their non-polar nature makes them only

slightly soluble in water. In general the water solubility of PCBs is very low and

decreases  with the increase of  chlorine substitution.  It  ranges from an order of

magnitude of 1 mg/L for dichloro biphenyls, to an order of magnitude of around

0.01 mg/L for the pentachloro biphenyls. 



 Vapor pressure: 

the vapor pressure of PCBs is very low and decreases with the increase of

chlorine substitution. It ranges from around 1.5x10-6 - 4.2x10-6 for dichlorinated

biphenyls to 2.9x10-11 – 6.9x10-8 for hexachlorinated biphenyls. 

 Lipophilicity. 

PCBs adsorb readily to organic compound. The Octanol / Water partition

coefficient  (KOW)  is  very  high  and  increase  with  the  increase  of  chlorine

substitution.  Experimental  values ranges from a log KOW of 5.55 for  PCB 40

(tetra-chlorinated  biphenyl)  to  a  log  KOW  of  7.52  for  PCB  207  (Nonachloro

Biphenyl). 

 Flammability. 

PCBs are known for their very low flammability and chemical stability to

high temperatures.

  Electrical conductivity.

 PCBs are known for being excellent dielectric compound, due to the almost null

value of electrical conductivity. 

Toxicity.

 Evidence of  PCB toxicity was found in experimental  animals:  the toxic

effects include skin disorders, weight loss, endocrine and reproductive disorders,

carcinogenesis  (liver  carcinoma),  etc.  A  number  of  studies  investigating  the

carcinogenicity  of  PCBs  highlighted  their  low  genotoxicity:  therefore  they  are

thought  to  be  cancer-promoting  rather  than  cancer-initiator  agents.  No  clear

evidence  was  found  with  respect  to  the  correlation  between  exposure  to



environmental levels of PCBs and cancer risk to humans or animals. PCB mixtures

show a wide range of toxic effect. Coplanar PCBs, also called “dioxin-like” PCBs,

have toxic effect which are similar to those caused by 2,3,7,8-tetrachlorodibenzo-

p-dioxin. For this category of PCBs, relative toxicities of dioxin-like compounds in

relation to the reference compound (2,3,7,8-tetrachlorodibenzo-p-dioxin, 2,3,7,8-

Cl4DD) were determined on the basis
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	1. Understand the food technology principles
	2. Know about the food preservation, food spoilage and role of micro organisms
	3. Enable to gain information on advanced food techniques
	Outcome of this paper
	Gained awareness on fundamental of food technology aspects.
	FUNDAMENTALS OF FOOD TECHNOLOGY
	What is the definition of FoodTech?
	In addition to the direct approach, other measures such as packaging and quality management tools need to be implemented in the preservation process to avoid contamination or recontamination. Although these measures are not preservation techniques, they play an important role in producing high-quality safe food. With respect to the procedures that restrict the access of microorganisms to foods, the employment of aseptic packaging techniques for thermally processed foods has expanded greatly in recent years both in the numbers of applications and in the numbers of alternative techniques that are commonly available. From skins, leaves, and bark, tremendous progress has been made in the development of diversified packaging materials and equipments. Packaging performs three main functions. The first is to control the local environmental conditions to enhance storage life. The second is the display, i.e., preservation of the product in an attractive manner to the potential buyer. The third function is to protect the product during transit to the consumer. The new concept of active or life packaging materials allows one-way transfer of gases away from the product or the absorption of gases detrimental to the product, antimicrobials in packaging, release of preservatives from controlled-release surfaces, oxygen scavengers, carbon dioxide generators, absorbers or scavengers of odors, absorption of selected wavelengths of light, and there are capabilities for controlled automatic switching. Another concept of edible or biodegradable packaging has also been evolved for environmental reasons. Processing and packaging can be integrated to improve efficiency. Unit 2
	
	The main problem with the thermal processing of food is loss of volatile compounds, nutrients, and flavour. To overcome these problems non thermal methods came into food industries to increase the production rate and profit. The non thermal processing is used for all foods for its better quality, acceptance, and for its shelf life. The new processing techniques are mostly employed to the liquid packed foods when compared to solid foods. Since the non thermal methods are used for bulk quantities of foods, these methods of food preservation are mainly used in the large scale production .The cost of equipments used in the non thermal processing is high when compared to equipments used in thermal processing. After minimising the investment costs of non thermal processing methods,it can also be employed in small scale industries
	UNIT III : DEFINITION , STEPS OF FERMENTATION
	6.16 Introduction This module describes the fundamentals of fermentation technology, a multi-disciplinary area of Biotechnology which involves the skills in science and engineering. Fermentation technology is ubiquitous - they range from the production of food in a kitchen to the synthesis of sophisticated, extremely high-value, cutting-edge therapeutics. The principle of bioprocess technology involves the use of cells as micro-factories to manufacture the product of interest. The cellular products can be directly utilized or, alternatively, the cells can be engineered to produce products of interest. However, the production levels can be improved by employing several strategies for formation or processing of the product.
	6.16.2 Definition Fermentation Technology is defined as any process that produces a product by the mass culture of a microorganism. Also, its biochemical meaning is an energy–generation process in which organic compounds act as both electron donors and terminal electron acceptors.
	6.16.3 History of Fermentation technology
	The cultivation of microorganisms to produce useful products or to undertake useful activities is however not a recent invention. Fermented foods such as yoghurt, cheese, soya sauce, pickled cabbage have been intentionally produced by man for centuries. Beer recovered from the pyramids of the ancient Egyptians reveal that the Egyptians were able to produce the fermented brew using almost pure cultures of yeasts. In Renaissance Europe, nitrates required for gun powder manufacture were produced by allowing soil bacteria to nitrify ammonia in horse urine, as it was flowed down channels dug into hills. The Aztecs of Mexico cultured Spirulina (a singled cell alga) for both waste treatment purposes and as a source of protein. In the 20th century, biotechnologists have tried again to produce single celled protein to solve the world’s protein shortage. The father of modern fermentation technology was however Louis Pasteur. This 19th Century scientist discovered or perhaps re-discovered that the conversion of sugar to alcohol (in beer and wine production) and the conversion of sugar to lactic acid (as occurs in heese production) were both microbiological conversions and both needed a microbial "seed" to start them. In the process, Pasteur disproved the theory of spontaneous generation, discovered that some microbes can grow in the absence of oxygen, and discovered a new way of sterilizing materials which was subsequently called "pasteurization". Following Pasteur, microbiology and fermentation technology grew hand in hand. Alexander Fleming's discovery of penicillin eventually lead to the development of a huge antibiotic industry The world wars and their aftermath of the 20th Century continued to spur on developments in fermentation technology. Material shortages forced countries to look to biological sources of chemical feed stocks. Scientists found ways of producing or enhancing the production of ethanol and solvents such as acetone and butanol by fermentation. Antibiotic production was also scaled up to meet growing needs derived from diseases and injuries. The designs and technologies developed for improving antibiotic production found application in many other products such as amino acids (e.g. lysine and glutamic acid) and food chemicals e.g. gluconic acid and citric acid. The engineer and the scientist now had to work hand in hand to achieve these improvements. In more recent times, threats of diseases, environmental disasters, food shortages and juxtaposed by growing demand in developed countries have created new opportunities for fermentation technologists. Today, the fermentation industry is a multi-million dollar industry.
	6.16.4 Basic principles of Fermentation
	In developing a product, a fermentation technologist must consider all stages of the manufacturing process. At the heart of the process is the fermenter. Large scale cell cultivation is performed in specialized reaction vessels known as bioreactors or fermenters. In the fermenter, cells convert raw materials (or substrates) to products and to more cell The conversion of substrate to more cells is a major advantage of fermentation processes over enzymatic and chemical processes. The production of more cells means that during a fermentation, the concentration of catalyst (in this case the cells) can increase with time and theprocess can actually speed up with time.
	CELLULAR CATALYSTS
	The major types of cells used in fermentation processes include:
	Types of cells Examples
	6.16.5 Types of fermentation processes
	· Effluent disposal produced by the process
	
	
	Lag phase : First there is a period during which growth does not occur referred to as the lag phase. Lag phase is a time of adaptation.
	Log phase : Following the lag phase, the growth rate of the cells gradually increases. The cells grow at a constant and maximum rate and the period is known as log phase or exponential phase.
	Stationary phase : Eventually the growth rate has declined to zero and the cells entered the so-called stationary phase.
	· Decline phase: After a further period of time, the culture enters the death phase and the viable cell number declines. During the exponential phase, certain products are produced that are essential for the cell growth namely aminoacids, nucleotides, proteins, lipids, carbohydrates etc. These primary metabolites are produced during the log phase. Hence it is the task of the industrial microbiologist to improve the productivity of these primary metabolites. The secondary metabolites are synthesized during the stationary phase.
	Logs of number of bacteria
	Thus, batch fermentation can be used to produce biomass, primary metabolites and secondarymetabolites.
	6.16.6.2 CONTINUOUS CULTURE In continuous cultures, fresh media is continuously added into the bioreactor and at the same time bioreactor fluid is continuously removed. The cells thus continuously propagate on the fresh medium entering the reactor and at same time, products, metabolic waste products and cells are removed in the effluent.
	Continuous cultures have however been with us almost since life began on good old mother earth. Our guts are in many ways a continuous culture. Food comes in, gets processed bymicroorganisms and enzymes, some is absorbed, the rest is excreted.
	Food gut Faecus
	
	The important feature of this technique is that the microbial growth in a continuous culture takes place under steady-state conditions; that is, growth occurs at a constant rate and in a constant environment. Many factors as pH, concentrations of nutrients, metabolic products and oxygen, which inevitably change during the growth cycle of a batch culture, are all maintained constant in a continuous culture. Today, continuous cultures find wide application in the waste treatment industry although to date, limited application in fermentation industry. Continuous culture systems have many advantages over batch reactors, but unfortunately a few critical disadvantages.
	Comparison of batch and continuous cultures
	Continuous cultures have several advantages over batch cultures: It is not necessary to shut the continuous fermenter down as frequently as a batch fermenter. At the end of a batch fermentation, the reactor must be emptied, cleaned, sterilize and re-filled. The time required for these operations is known as turnaround time. Theoretically, a continuous fermenter could operate indefinitely without having to be shut down. In practice, however this is not possible. · Because continuous cultures are shut down with less frequency as compared to batch reactors, there is less loss of productivity during lag phases · Most downstream processing operations are most productive when operated in a continuous manner. Using a continuous culture allows the fermentation to be in-tune with other operations in the plant. Thus, overall plant productivity is easier to optimize.
	The disadvantage of a continuous culture is Contamination of a continuous fermenter can have disastrous consequences. A contaminant can cause the wash out of the resident organism and then completely take over a fermenter.
	6.16.6.3 FED BATCH CULTURE
	In a fed batch fermenter, the feed is continuously added until the maximum liquid fermentervolume is reached. The fermenter may be then allowed to continue or be partially or completely emptied depending on the process. AlthoughAlthough low nutrient and substrate concentrations can be maintained in continuous cultures, as we have seen, continuous reactors do suffer from a number of significant problems. In fed batch reactors, feed is added, but effluent (and cells) are not removed. Thus fed-batch reactors can be used to maintain cells under low substrate or nutrient conditions without washout occurring. Fed batch reactors are thus primarily used for producing products under low nutrient or substrate conditions and play an important role in industry.
	Comparison of fed-batch and continuous bioreactor With both fed-batch and continuous fermenters, it is possible to set and maintain the specific growth rate and substrate concentration at optimal levels· The major physical difference between a fed-batch and continuous fermenter is that the effluent is not continuously removed and thus washout does not occur. This provides a fed-batch reactor a number of advantages over continuous reactors: · Because cells are not removed during the fermentation, fed-batch fermenters are well suited for the production of compounds produced during very slow or zero growth. Unlike a continuous fermenter, the feed does not need to contain all the nutrients needed to sustain growth. The feed may contain only a nitrogen source or a metabolic precursor Contamination will also not have the same dramatic effect on a fed-batch fermenter as a contaminant will not be able to completely take over the fermenter (unless the contamination occurred during the early stages of the fermentation). Of the three systems,
	· Fed batch bioreactors are most commonly used to produce biological products.
	· Batch reactors are the second most commonly used.
	· Although continuous reactors are rarely used for large scale production of biochemicals, they are widely used in waste treatment processes. In addition, natural ecosystems, such as the rumen and gut, soil and rivers, are more closely represented by a continuous culture system
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