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PREFACE TO THE GOLDEN JUBILEE
‘ EDITION

ology discipline emerged as a major subject in
the then West Pakistan Agricultural University Lyallpur for the first
time in Pakistan. The author was among the first 20 students t‘o be
selected for this major discipline. At that time no one was acqua|ntgd
with this subject. The times have changed. Now Food Technolog){ is
being offered in several universities and colleges of technologies

throughout  t
requirements

In 1961 Food Techn

of HEC Curriculum for B.Sc. Hons. Food Science and
Technology 2010 for the course tiled “Food Processing and
Preservation”. It also embraces the needs of the students enrolled

for DAE in various colleges of technolagies.

The University of Agriculture Faisalabad has decided to celebrate the
year 2011 as its Golden Jubilee year and has chalked out numerous
academic events in this regard. This Golden Jubilee edition of the
“Food Processing and Preservation” is a humble contribution in

these celebrations. In this edition (3"’) minor changes have been’

made wherever necessary. It is hoped that this book, in addition to
be useful to the students, will also help refresh the knowledge of food
technologists working in the food industry and improve their job

skills.

Dr. Javaid Aziz Awan
March 2011

he Country. This book adequately - meets the

REVOLUTIONS IN FOOD SECURITY

ood is one of the basic necessity of mankind and all living
Forganisms. In the earlier days of human history, man was a hunter

and a gatherer. If he was able to hunt an animal or collect some
food from the fields, he had the food security for a day or two. Gradually
he realized that gathering and hunting would not suffice, hence he
resorted to domestication of a selected number of plants and animals for
food. In this process, species with great native variability were
introduced. The types that performed best in each area were
perpetuated thus giving rise to distinct varieties and species. This has
resulted in good harvests at times. However, owing to environmental and
political circumstances, generally the situation has been that of a
shortage (drought, flood, war, poverty). As a result, mankind has suffered
from famine and inadequate supply of food.

is a situation “when all people, at all time, have
physical®8na economic access to sufficient, safe, and nutritious foad, and

~ to meet their dietary needs and food preference for an active and healthy

life". The three dimensions in this definition are:-

a. Adequacy of food (effective supply)
b. Ample dccéss to food (the ability of the individual to acquire
sufficient food or effective demand), and .
C: Reliability of both supply and access (equity of food distribution
1
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ry wifnessed thre

The last centu d mankind with sufficient food. The first

ovi . : > Arst
technology that have Pr g;‘?\anization. This is very productive in fermg

- on_mechanization. 1hiS . :
r?volt:tno? pw;S,ggi?:ear. |t has resulted in increase in cultivable lang
of outpu ! Y
intensive farming gnd
founded on the-

. It enabled the development. ang

il ici .agricultural chemicals. Thj
. fertilizers, pestnmdes and other agricultural . This
Pmdflijcr‘t'r?:rcge;ed to enhance the crop yields by providing the required
e ofiting the activities of pests. o

The last revolutionJs based on biology, the green revolution. The
introduction of semi-dwarf, high-yielding fertilizer-responsive and disease
resistant wheat varieties contributgd larger ljarvests from a given area of
farmland. The foundations of this revolution are based on improved

lications of the sci f_genetics, genetic

breeding techniques, ( : ‘ ,
gineering and i y. This has provided n1_ank|nd with crops
i ] resistant to adverse ecological circumstanices

that are high yielding and
such as pests, drought and others. The plant breeders have sought out

crop varieties with characteristics that might help the poor farmers -in
developing countries grow more food. The high vyielding varieties of

wheat, rice and other food staples have helped avert catastrophic famine =~
in Asia in the 1960s and 1970s. Their work continues to improve the lives

and livelihoods of millions of people on the planet Earth. It must be
remembered that the physical resources of the food system, that is, land,
air and water are essentially fixed. So is the energy input required to

. exploit these means. The biological and social inputs, however, are far
-~ more from being pressed to the limit.”

The rapidly growing world population requires new‘agricultural
technologies to boost food production. Only with higher, sustainable

" yields can more people be fed without harming the environment. The 1
farmers need to use the most appropriate means possible to effectively -

manage -natural resources and feed the world’s growing population.
Agricultural biotechnology is just'one of many essential tools to achieve
the gogl. This tool can be brought fully to bear on developing more
productive and nutritiogs crops. However, it raises several complicated
:ISKSL;eS( for the developing countries. The intellectual property rights are
de?/ Zloo a;fect agpcultural b|_otechnology. The private corporations in the
o ped countries are taking out patents and-other forms of protection

eir new genefically modified (GM) crops and-for related genetic

materials. In this manner the developi i
opin i i
the benefits of the biotechnology revglutgio$1Ountrles 2% being deprivad 'Of

2

—

e major revolutions in agriculturg)

reater crop yields. The second révolution was -

®

.
AWAN FOOD PROCESSING & PRESERVATION

Poor nutrition is a violation of an individual’'s human rights, and it
causes untold sufferings. Good nutrition depends on proper access to
food, care, and health and sanitation services. Improvement in nutritionai
status is now being used to judge the success of a wide range of
development strategies. WMMr
from a lack of calories, proteins, micronutrients (vitamins and minerals)

and from illness and impairs vel

" ‘these regions, staple foods make up a large percentage of the diet and

the majority of foods are not processed. In the developed world, people
have easy access to healthcare, fortified foods and vitamin supplements.
In these countries a worthwhile approach is to process the foods that
people already eat and make them more nutritious. _

The revolutions in agricultural technology have not only kept
pace with the population growth, but have surpassed the food needs of
the people. These revolutions in agriculture have definitely helped to
boost agricultural production and provide more and nourishing food for
the rising population. The situation that prevails now in the world is that -
there is plenty of food for everyone on this globe provided the food is
equally distributed. For this purpose there is a need to find techniques

* and methods that would permit safe delivery of sound, nutritious and

wholesome. food. All yevplutions and all efforts to increase the food
production vrgﬂd_beféﬁﬁﬁm&hom_sayingm frqm_wastage=thjj
amounts to lover 40% in fruits and vegetables-and|20% or more in["
cereals and legumes in most developing countries. The prevention of -
food losses from spoilage is critically important. e )

In the 1860s, Louis. Pasteur discovered that microorganisms
were the cause of disease and decay. This immensely important
discovery—the discovery of the principles of food preservation, has led
to yet another revolution. This is a revolution that has helped to supply
food to non-food producing areas, to areas of famine, to places where’

- people relish such foods and to places where food is needed. This is a

revolution that has led to scientific expeditions to the highest mountains
and deepest seas on the earth, and ice laden North and South Poles.

- This discovery has enabled man to travel to the space and set its foot on

other planets:

This revolutionary discovery has helped mankind to prevent
starvation during periods of low harvest. If this revolution is fully utilized,
fhen there would be no hungry soul on this earth. Presently, there is a
need to improve the storage of already existing food instead of producing
more food. This food has to be distributed in a fair way. People still dje.of

3
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ecause We do not find quel which eng kiesius ,to diSfribut

er justb
hunger, ¢ justice.

food with mor this discovery was applied to milk anﬁ
s, i : = . 1 R
Later it T«at:ee;é;%:: "o other foods bY Nicolas A e."tmth\gme'
el Now this revolutionary discovery is being applied to almgg; o
f dln, one fo The scope of this c_ilsc_overy has exteng |
0ods in (as in pasteurization and cannin ed
(in cold storage, refrigerated st Or%) to
val of moisture (drying, dehydration, e"aporaﬁge’
Furthermore, nUMerous chemicals ‘have be’er:{
growth and activities of microorganismg

the applications of low temperature

freezing), 'to remo
binding of moisture).

discovered that prevent the and
“microorganisms’ themselves have beg -

(preservatives). In addition, _
hamessed and exploited to preserve and.~ produce new - foods

(femjentations). The investigations on the electromagnetic spectrum
have led to the discovery of electromagnetic waves that are useful in
extending the shelf life of foods (use of radiations). Packaging has aiso

emerged as a technique to supplement the action of preservative agents, -

This is precisely what food technologists are trained to d
1ed to do. Thei
(eifforjs are geared towa;ds preservation of foods so that these can t?!er 3
I?tnbuted over long periods and distances. To reap the benefits of this -
; ;Es;e ercfef\(/)(;[.:n;n T‘I'mdt hsecurity, food technologists the world over are
i ffor ‘utilize the food produ i
with nourishing, wholesome and s-aze fooé::.d and provide. the consuiy

I of

" PRESERVATION

_reactions, physical ¢
_quality of foods. These p

—

FOOD PROCESSING & PRESERVATION

PRINCIPLES OF FOOD

he activities of spoilage agents are dependent upon several factors
f these results in their decreased

and that a change in any ©
performance. The principles of food preservation are based
tanding of how chemical

precisely on this knowledge and on the unders
hanges and pest attack collectively reduce the

rinciples may be stated as follows: -

Principle 1 v
Autolysis in food may beﬂevented or delayed by the
destructi inactivation es and by the

treatment and handling of food in such a manner so as
to inhibit the reactivity of chemically active molecules.

Principle 2
" Spoilage in
prevented or delayed by either prohibiting the e
m_lgm,orcanisms into the food, physically removing them
from the food, hindering their growth and activity or even
destroying them, if they are already present in the food.

microbial activity may be
ntry of
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P'rir‘lc‘iple 3 ! . : .
Quality. s and losses in food caused by insects
rodents and birds may be controlled by 'adequate'
packaging and by instituting- a sustained population
control programme of such pests. .

Principle 4 L

The deteriorafi ‘ inv food caused b'b

‘ y the _physical
phenomenon occurring during processing, handling and
storage may be reduced by the development of optimal

handling, processing and storage conditions.
21 PREVENTION OR DELAY OF AUTOLYSIS

Enzymes require specific_pH range to catalyze the life reactions.

Th i
e enzymes are very sensitive to changes in pH of the environment

This information is utilized to preserve several foods by merely altering *

thei in biologice T
r pH. For example, in biological preservation of vegetables-(pickling)

-pH of ials i
» gacteriaratvr:a{n ;:ggﬁfe 'Ta&?: uacgg tgrough the activities of lactic acid
likewi . Some meat and mil .
| kewss proserved or produced as a resu o change. . the. o
5 preformed organic acids, such as acetic acid (vinegar); aré 3

added to foods for the purpose.

E i ; ‘
deiiation ff';yr:lt;‘sistltw:\t/s bgst_m a particular temperature range- Any
; enzyme activity. The ? higher or lower side has an adverse efféct on:
§ temperaturo thay will st oo e sublected to a partioular high
;3 ft‘uitselanedr t::stroy or inactivate the enzymes. In the fogd
o ow <5 c;‘sgsveetableg are normally subjected to
0 few minutes in an operation called

As a -
S0, the result of this exposure, some damaging

,?system - g
: ™ . are d ing i
+* dehydration a freSe\.Ierz'al food preserv 'es"oye:éstlasr::cchm s dsualy
€zing; as canni
‘ ""rp ng ‘ nning,

roced
perature, The enzyt:‘z employed to d
reacthns are

~tem
?’Ieat); autolysis is the use of low
rded at low temperatures

" or cold stor:
1S Freezing ages. Thus, réfrigerati
em; g inact . ration delays’
esh ones or hence frozen food;Vates the enzymes -and

tho:
5@ kept at aboye o'léve & much longer shelf

B

8/{‘:-7"!/‘ e pd i liteet & e
e ﬂ!"l(‘) Cor { £ E4 & Crt /il 47"

AWAN ‘
FOOD PROCESSING & PRESERVATION

Enzymes require moisfure for the biochemical reacti i
they .catalyse in foodstuffs. Absence of water would m::ﬁ"?::t ‘:;\h;z
rqa_ctmns cannot take place in the medium. This property of enzymes is
utlll;ed, partly, in the preservation of foods by removal or binding of
moisture. The moisture in foods is removed by sun drying, dehydration
concentration and evaporation. Available moisture may also be bound b);
the use of chemicals as seen in the production -of intermediate moisture
foods.
d autolysis can be minimized by applying good
(GMP) based on experience and scientific
al reactions are retarded by maintaining a low
he use of chemical inhibitors and by proper
in foods may be prevented by the

D QlOL g or
rther control can be achieved by

Chemically induce
manufacturing practices
knowledge. Most chemic
temperature profile, by t
packaging. Non;enzy@atig_chg_r}ggs_
use  of somé ~chemicals, €.9. €Ulp

anfioxidants to_check rancidity Fu
employing low temperature, controlling water activity in dehydrated

foods,- reducti arg in , reduction of
amino-nitrogen content in juices by ion exchange and by packaging with

oxygen scavengers.
2.2 + PREVENTION OR

While . enzymes aré
microorganisms are invaders an
treated like .any other. invader. Firstly, pré
prevent their entry into the food, but where t
access, these may be thrown out. When such
the microbial activities may be controlled by creating co
not favouf their normal  existence. As a final resort, they ma

destroyed by any suitable means.

DELAY OF MICROBIAL ACTIVITY

part and parcel of fresh foods,
d where undesirable, they should be
cautions may be taken to
hey have’ already gained
a strategy is not feasible, *
nditions that do
y be

Keeping Microorganisms Out

Nature creates all foods free from m{crqorganlsrps and %mv:‘dees
a protective covering to prevent their entry inside the tlssua?ls.fre ;afrgm'
banana, mango, wheat, i i s are & © ide
microorganisms when produced. he sk

these commodities protection against |
Similarly, tissues of healthy‘animals are
skin and fatty tissues give
microorganisms. As soon as.the gute
animals is injured, microorganisms inva
thus causing infection or spoalage. o
microorganisms from an outside source, Pr

2.2.1

nfection ! ce
free from microorganisms. e
protection from mva:dmg

i r

ering of plant materials 0
o te d start growing.

e tissues an
de th ainst the entry of
ing is provided
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CHAPTER 2

. While fruits, vegetables, meat and ofp;

he industry i tan
ted in tin cans or glass containers, Somg

for the food in t
foods may be packed and.protec
foods are given a coating -of wax or ot

roorganisms. Examples are_coating of some

from the attack of microor =XE
oties and eggs with wax or simil ¥

2.2.2 Removal of Microorganisms. ‘ .
During food processing, it is difficult to keep microorganismsg
away since these are omnipresent. Even without obvious signs of
microbial attack, microorganisms

storage and subsequent processing v
are very small, it is not easy to pick and’throw them out. Fruits ang

flora on their surface or in their bruised, damaged

and decaying tissues. The food processor washes the raw material’

thoroughly so that much o
‘are removed from the surface.- The bruised,  damaged and decayed -

portions are trimmed off in the operation designated as trimming. These
ppfarations help to reduce the microbial lodd in the food product and aid
Jin its preservation. However, from liquid foods such as clear beverages

(vyaler, fruit juices, wines and beer), mic e _removed
i In the. brewing

ind_ustry special centrifuges are used to separate yeast from beer. In the
dalry |ndu§tw, centrifugation is applied to separate cream frorﬁ milk
During this process quite a number of microorganisms are alsd i
separated-from the milk fraction and are removed with the cream

2.2.3 Creation of Unfavourable Conditions :

Most food spoilage and pathogenic 'microorgahisni's .are aerobic '

in nature. The 'spores of some of these organi \

_ germinate. This information provides thga?c;ir:stg;ﬁoﬁ? \{etoxygen ot
apother tool to control their activities. Creation of anaerob‘glS . '
will prevent growth of vegetative cells and germination of 3 atmpspf]ece
_ysually accomplished in canning by the us rerih Thl's 2
-wﬂsﬁm The air from i =2
and the can sealed airtight. Thus, even if theséh?nsz:?)glrj;;r:?sremoved
ggmdd entry, upder the prevailing anaerobic conditions, the b havg
grow,‘hence will not be able to spoil the food. Howéver ;’ Ahaof.
organisms may pose a problem in such proéesses if their acti .
not checked or these are not subsequently destroyed. - VISR

: Another technique used to create :
; Qo ; unfavourable conditions g4’
prevent the activities of microorganisms in foods, even aﬂ:rdmz;shgnd:' §
- ' : ' S Ve

her inert material to protect them -

gain entry into food during harvesting,
ing operations: Since microorganismé ;

f the contaminants, including microorganisms, - -

|-

" are unable to grow in thei

- emplo i

FOOD PROCESSING & PRESERVA'TION

iy L
gained entry, is the removal or binding of moisture. All microorganisms
requi'ré available moisture for their activity. Consequently, if this is less
than their requirements, the growth is inhibited, This fact is utilized in
preserving foods by removal or binding of moisture. The available
moisture from foods may be removed by drying, dehydration, or
concentration_or is made unavailable by the use of certain chemicals
such aslsugar. glycer and other water-binding substances generally
known as in this manner the available moisture in food is
either removed from it or made unavailable. The microorganisms thus

r changed environment and the food does not

deteriorate or spoil as a result of microbial activity.
" In order to prevent growth and activity of microorganisms in
foods, some chemical substances known as prgser\{atives are also
- employed. The use of sulphur dioxide (added il the
g i i hite [and Godium benzoale respectivély)

AWAN

protect” fruit juices from spoi
chemicals may be intentionally a
in the feod. Lactic acid is a ood ex
organic acid is produced by the normal growt
Thys, in the dairy and meat industries some pro

L rasult of the activities of certain I

dded, others are developed or produced
ample of such a ch ical. This
h of lactic acid bacteria.
duets are produced and

ia. In certain

like' pickles, th
hese grow in the juice of the vegetable and produce
H of the vegetable material is reduced to a

vegetable products
also encouraged. T
Jactic-acid. In this process, p
point that "microorganisms, whi
vegetable material, are unable to do so.
Temperature is yet another very effective tool in the hands of
people engaged in food preservation to create unfavourable conditions.
Use of low temperature (chilling_ar _freezing) inhibits the growth of
microorganisms—their - activities are slowed down at chilling and
completely stopped at freezing temperature. Holding foods at freezing
temperature or in frozen state also helps to destroy or kill some

microorganisms.
2.2.4 Deslruqtidn of Microorganisms

'Spoiiage in foods may also be prevented by destroying
microorganisms. High temperatures (above  the maximum growth

terperature) haV\estg__eﬂegts_on_mi.cmolgaﬂi—smS- Blanching i
i imari inactivate enzymes:

£
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» practicable

FRINVIFLES

grms of microorgan;
7 . amSm
N

rature C

including bact ; ,,
5 much higher temperatures (100°C or_above) ¢,

destroy all:microbial

to destroy all for
| -sterilization OF
their spore
ombination of
these.remain |

heat processing
s remain viable after this heat treatmen;

other techniques employed in the

commercia
rmicroorganisms or
_However, with the ¢
preservation method, ‘
trouble. The heat treatment necessary to -kill microorganisms or theijr
spores will vary from organism -to_organism, its. state (yegetative or

ment. Depending on the effectiveness of the heat

spore) and the environ
“ treatment employed, only part of the vegetative cells, or all or most of the

"Cells may be destroyed.
temperatures. The hea
dependent phenomenon. - _

. Some chemicals are also_very effective in controlling microbial
activity in foods. Use of sulphur dioxide and benzoic acid is’common in

fruit and vegetable preservation industry. In baking,"where mould growth - -

#is feared, propionates are employed?

‘Microorganisms in foods can also be destroyed by the use of .

radiations of various frequencies. The ultraviolet waves from the

electromagnetic spectrum have germicidal ies. ;
( properties. Gamma 'rays,
emitted from by-products of atomic fission are also germicidal and wh)én 5

applied to food, help preserve them.
23 CONTROL OF PESTACTIVITIES '-

Insects, rodents and birds have attained pest' status in most

countries. However, only those are so desi ibi
. ) C esignated that exhibit prolific
" reproductive capabiliies and compete, often menacingly, with ht?malnls,

for i i
for r:oo?haers\g space and may be associated with transfer of diseases:to
. are a.constant threat to man's survival. The seemingly -

.-hammless species are, i
: ; , in fact, a
ecologncal_ system in which we live. . ngcdegany PR e

“2.34

Inseets

40 oo/ Inse ne ¢ k e NI R
i ﬁg‘; /. Insects alone account for the destruction and waste of almost -

percent of ; i
the annual cereal grain crops in some. developing

JJ. © - " countries. : ,
: ’Proceséingg‘:;z'sma" enemies of man attack food in the fielg
L ts, warehouses, supermarkets, as well as in the home,

10

_to_88°C)f are employed o
eria and yeasts in some liquid foog
S,

P ' i
ilizations emplo , oratures (1004

Sterilization” émploy forms. In food processing, !t is néither possible p,
ms of microbial life (sterilization), he“gf.
is employed. Som: ,

dormant and. are unable to cause

Some bacterial spores are also killed at higher -
t treatment applied is a temperature/ time:- -

{
| -

. foods, especially in developing countries for botl

, EVNOLRLET 2DF e o
st A Pl /v i o
AWAN FOOD PROCESSING & PRESERVATION v

/"L/;‘Er :

sizeable quantities of man's food but also "",'-4.

mounts and create easy entry points for :

ry has controlled.insect pests

with such chemicals as,
in_These foods are

d and packed in insect-

t be feasible for all dried

h economic and logistic

reasons. Hence, use of integrated systematic insect control programmes
are recommended in the agriculture and food sectors that include both
preventive and curative measures. :

A typical preventive measure for insect control includes
treatment with long-acting insecticides and insect repellants to dress.
seeds and the use of insect predators or other biological means.

& Curative insect co tro ramme, on the other hand, involves the use
of physical, chemical or biological methods to exterminate .insects and

*insect eggs from already infested food. A popular hysical metho

destroying insect eggs in wheat flour and other similar size-reduced dry
foods involves the use of im act-based instrument, the entolater. Insect
eggs that are thrown to the metal body. of this revolving instrument are
instantly destroyed by impact. Heat disinfection is another physical
method employed to destroy insects in stored products. In this case, the
temperature of food is raised to about 50°C since insects cannot survive
such high temperature. infrared -devices are popular heat sources for
heat disinfection of grains on account of their effectiveness and relative

low cost. ; ; v ‘
The most desirable control measures are those that clemonstrate
effective insect control over long periods without creating intractable
adverse - effects on_man and the environmeg,t‘,Expériences with the -
control ‘of insects as with-other animal-pests, have shown that control
measures Wwhich ‘momentarily-—and indiscriminately reduce insect
populations may introduce ” serious health hazards and environmen‘tal

problems in the long Tun.

Insects do not only eat
damage even greater a
microqrganisms. Traditionally, food indust
in grains and other dried foods by fumigation
methyl _hromide.” ethylene oxide an ho

protected from further_ infestation when treate
proof containers. Insect-proof packaging may no

Rodents . .
esence of

Gross rodent infestation is readily discovered by the pres
s on rodent runaways, odour of mice, filth

burrows, dark oil and dirty stain o
deposited on food, as well as damaged food and other mat‘enals.t r);
“‘urine appears as darkened stain on food and containers. These sfamd
will fluoresce under ultraviolet light. The presence of rodgnt filth in f0O
processing and storage premises calls for prompt control measure.

2.3.2

11
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PRINCIP g

s has however

de

orse in developing countrigg iy

. C . t n is w . Whe

uatio able co . org |
impossible 1385 Thaen:ltkno to OVGMhelrlti:Vggntrol of r?ntnr(?é fa‘3'||tie§ '
rodent popul?,t\l/?rgsnmental sanitation. S);?ctzumccess oSt induSTr'i‘dl_ratsf
due to poor €7 sonable degree | i AliZeg

- is practiced with alfeastemaﬁc control mclgdes Fhe usedof Qg%s

. countries. A typica Systet ds to kill. mice .an rats. Roden{‘
t-traps and sally either destroyed or sealed off after "eatment

harbourages are us icide. Foods are. packaged and storeq ;
: _acting rodenticiae. : _ A : ed in
with anllzr:]gzsafrt‘l:gmake rodent invasion difficult- A sustained. conyyg
environ .
 effort can yield pos!
of sanitation around

tive result A )
food handling and s_to’rage sites.

2.3.3 Birds

been known to devastate entire corn crop in the field. T his loss by bird
invasion has traditionally been checked by installing noise-makin

- . dymmies (shaped like humans or animals) at strategic points on the farm

to scare. birds away. Apart from the consumption of grains, birds can’

contaminate food and water. To prevent this, bird screens can be

erected over important water supply sources and food handli_ng areas.
' 24 REDUCTION IN PHYSICAL DEFECTS

Added to the defects caused by autdlysis, nﬁicfoorganisms and
biological pests, additional quality deterioration in food can be caused by

s only if backed by a reasonable measgy,

Birds con'sumé substantial quantities of grains in the ﬁe[g pricr to ;
harvest. In some tropical countries, birds, such as the weaverbird, haye

physical .and physico-chemical interactions. These interactions are :

inducz_ad'by series of treatments that accompany .food- manufacture, -
handling and storage. There is no simple rule of thumb that predicts the

best processing conditions for all- types i
. _ of foods.
experimentation, ex; g e

;ect;nical information on the effects of. various
ood quality have helped in the develo imi
Y | . _ pment of - optimized
aimed at keep!ng physical defects in foods to minimur‘r)l. DFOCG§593
‘241 Surface Drying '

The desicent - : o X
foods durinzdf?;'zgn t:t)gr:gg z'r;g qut oo oy reomace of can e
N important physical defect that can "
c?ntrolled by adequate Packagin Im;:Jt at?1t e oady
| Snaqe temperature, Tn refrig !

and surface drying erated storage of flesh foods, moisture lost

processing variables-on

- Conventional °¢ minimized by maintaining higher
e al average relative humidity in the storage %ha'rgg(;_»t?ﬁg
12 .

perience. and current exchange - of scientific .and "

“ from syrups and other stgar-based_pro

- solution containing above 60 percent sucr

ERVATION
AWAN FOOD PROCESSING & PRES

such high relative humidity is

increase in microbial activity induced byt lamp as storage atmosphere

kept under check by the use of ujtraviole
sterilants.

Crystallization ,

2.4.2
Another-common physical defect

involves crystallization of sugar
ducts. Such defective products

Uh _sugar crystallization-in.
develop a distasteful sandy texture. Unwanted sugLsTngte“s _

i i instead of :
foods can be prevented by using & mlxtg:z e lempasatu o’

ini | sugars
‘develop crystals, whereas a solution containing 75 percent total sug

‘ ' ill show no
made up of a careful blend of sucrose, glucose apddflfuc:'c::eps;\gl(lj :ction o
visible signs of crystals. This knowledge 'is applied In

high sugar products like jams and sugar-based jellies.

2.4.3 ' Other Defects

e o g P o
i ing and storage-are seeninp h |
gg:tnrglsr:gglsxjd%y the industry. The relative humidity and drying rates

1 inimi inci f case-
i mize the incidence of Ca
are controlled in dehydrators to mini 8 O

' ili ‘ e collapse S
hardening; stabilizers_are used to prevent the_coliap: e et

' -dryi oves moistu
ing handing and storage. Freeze drylng_ rem Ir
(sj:ggi?ivea foodgs and enhances the retention of natural nutn.tlonal and

textural properties on rehydration. -

13
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CHAPTER 2

FOOD PROCESSING & PﬂESERVATIOﬂ

'NOTES'.V//_
X HONEST SERVING MEN

HEY TAUGHT ME ALL.I KNEW 1
THEIR NAMES ARE WHAT AND WHY AND |
oW AND WHERE AND Who» = |

hs {
l

¢] KEEP Sl

WHEN AND H

W kg T _ _
Y iR | PREPARATORYOPERATIONSIN FOOD
| PROCESSING -

n the food industry several conscious operations are performed to
meet the consumer requirements. These are aimed at ensuring that
the raw material is of the desired quality and free from unwanted

|
|
|
l
I
.'
|
kgl T e e ( .
Viss - S i { constituents. These operations are collectlvely called preparatory

-operations and include: -

1. Handling ‘and’ transportatlon of raw materials
Cleaning :

Sorting and grading

Peeling

Removal of inedible constltuents '

Size reduction

Mixing » _

Filtration,

Prevention of %

3.1 HANDLING AND TRANSPORTATION OF RAW MATERIALS

o Under no circumstance .can inferior raw material yield a good
quality end product. Proper handling and transportation of.raw materials
is, therefore, essential to produce good quality end products. Moreover, if
the raw material is contaminated before being processed or preserved,
greater efforts will be required in later stages to salvage its positive

© XN O BAWN

15
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CHAPTER 3

quality potentials. For that reason, as soon s the raw mqy
| slaughtered,-or fish is caught, it has to pg

harvested, anima r fish 1S Ca .
adequate treatment. Proper containerization is essential for thes'e vy’
materials. Suitable containers must be. free from contaminants gc,

fertilizer residues, C g[ﬂLc’a__S_k_ﬁg_[L_QtC QUlte often ‘Sécond-handeack

are used for packaging or transporting grains. These may -haye be
en.

used for animal feed; fertilizer, cement or other similar products. The o |

material gets contaminated in such bags.

Any aspectef the container construction that pfedi'spOSes food |

‘raw material_to~fnjury must be avoided, since this will pave way f,
contamjnation and growth of microorganisms resulting in acce'erateodr

. spoilage. The size-and type of container is also. important. Some raw

ma_terials’ such as tomatoes cannot be packed in deep containers, whj)
onions or potatoes, that are texturally hard, may be trarsported in ba ¢
In the Pakistani markets, fruits and vegetables to the tune of 40% 3;:

lost as a result of improper containerization and handling.
Meat carcasses are usually hung in special transp‘ortihg vehicles

that are equipped with refrigeration system. In Pakistan - and other -

%%ver::)pi‘?g géuntries, meat is transported from the slaughterhouses t

driven?:rar?; Egoilli sortsrtotf available vehicles including bicycle animaol ‘
ey cart, fonga, etc.), rickshaw and e time it

reaches the sale point, it gets heavily contaminateI:i pihets. By the fme

Fish has to be brou '

. ; .brought to the market soon a '
i(rjleéea”s(l)(r:ttses ra;sdly a.fter' death. In_most parts of Pakistafzeirt '_Csa?r:hlng o
b e pacded with ice. Eggs have special trays in which S’lﬂsponed
t and the trays are stacked one i o s
finkparatiy 1€ over another for safe :

32 CLEANING-

Food raw rhat i
erials carry se ; - :
Microorganis aiena’s carry several contaminants ony thej
oorganisms are invariably present in al| foods Cariloct)sn the;ur siliace:
) » Potatoes and

ther cro ro

; w_beneath th il

diversified _microflora & Soil: surface mrarge\rand
s

€s. The raw

material also gets contami i .

: ted with soil C
s aminated soll; sand and s
Ao 0 o, i, g, Sk 2 oty g o
o ropes 2y 'e'tc of metals, lubricating ol Materials

: . etc,, may also be in ong -8, and pi
another. In addition ici s and e | il o

. , pesticide residues i 00d materi
applied to crops also form part of the contari?r?anrtes&dues o fem“azl“?;

| as +
S |

|

|
|

aterig) i -
: {

.AWAN

3.21

"several times brings a

- adhering soil on these commodities in conjunction with othe

FOOD PROCESSING & PRESERVATION

* The cleaning operation separates contaminants from the food
material and disposes off the same. Once the food surface has beer
reasonably cleaned, effort is made to limit recontamination and to leave
the cleaned surface in the desired condition. It has been observed that
vegetablé retailers in Pakistan wash their produce in canal or stagnant
water. Such a practice adds fine soil particles to the vegetables and
leaves the surface contaminated, thus providing a reverse effect.
hods of cleaning, depen/ding upon

There are primarily two met .
dry and wet cleaning.

the raw materials and contaminants:

Dry CIeaning )
\ . 5
This is especially suitable for grains and other crops that are dry
and would introduce technical problems if soaked in water. Pgrﬁc}es of
different sizes are separated by screening—-a technique applied in the
home for separating coarse particles Trom flour. If the contaminant and
food raw material are of different densities, then aspiration is a suitable
method. o . .

. Winnowing, finds application in the separation of wheat from
straw, rice from husks, groundnut skins from roasted shelled groundnuts
and bran from endosperm in flour milling. As practiced at home, food to
be cleaned is placed in a shallow wide-mouthed tray or basket and the
contents propelled some J%Ms—w The lighter
particles are blown off by wind or air current. This action’ repeated
bout compléte separation. Industrially, the process

of winnowing.is mechanized. Fig. 3.1 illustrates a combined pneumatic

- and screen separator for grain cleaning in the industry.

Electronic_metal detectors employed to separate metallic
contaminants such as nuts, bolts, pieces of broken equipment parts, etc.
These remove hoth-ferrous—and-nen-ferraus_paricles. Strong magnets
are employed to eliminate nails, screws, pieces of wires and other
ferrous contaminants from the grains.. )

. Other techniques used in dry cleaning of food commodities
employ the principle of abrasion_and brushing. These techniques are
especially useful for heavily contaminated foods such as potatoes,
carrots, radish, turnips, and other roots and tubers that grow beneath the

soil surface. Special - brushes loosen and sometimes remove the
r methods of

cleaning.

Scanned by CamScanner



.

..FOOD PROCESSING & PRESERVATION

CHAPTER 3 PREPARATORY OPERATIONF :
s

" AWAN

is similar to aspiration but in this case water is the medium rather than
air. In cleaning of rice and pulses (daals) destined for cooking, the grains
are soaked in water; all light particles float and are removed from the
surface. The heavier contaminants such as stones settle at the bottom
and are removed. Raw peas contain stones along with pieces of leaves,
pods and stalks. In a stream of water, stones sink to the bottom and
pieces of leaves and stems float to the surface, leaving a layer of “clean”
peas in the middle. Contaminants from fresh milk, fruit juices and syrups

“-are normally removed by filtration.

’ A comibination of different cleaning techniques is often applied in
the food industry to achieve the goal. For example, potatoes are soaked
in water, brushed and then sprayed to effectively remove the adhering
contaminants. Similarly, in cleaning grains, especially wheat for the
manufacture of flour, several techniques are employed. These include
screening, magnetic separation, aspiration and washing before milling

. . . “ : .
Flg- 31 P n(:lples of operation of a combined pneumatic and SCreen
separator ot |

' ' Courtesx: Mather & Platt, Marichester, UK
ke 3.22 wet Cleaning 15 '

“into flour. .
: When wet cleaning is employed, dewatering is essential, since
excess water usually has an- adverse effect on the subsequent
processing steps. Dewatering may be affected at home by using a towel
but in the industry where large quantities of raw material are handled,

mechanical dewatering. equipment is essential. Vibrating screens,
even drying equipment may be

must itself be of ap i B
propriate ie i y
from Pathogenic micro%rgan,'::igd::%s't"e;’ Jt should be clean and free dewatering reels, centrifuges or
i OXIc substances. It should not employed for this purpose.
rangements for 3.3 SORTING AND GRADING
» is the separation of raw materials into categories of

Heavi i . stry. : :

BTt o s'c’,);kggn;srlsn:r;ed faw. materials such ag 0 : - Sdttin = . = -
applying any other technj ef time to loosen the adheri po _atQGS and | —qlffere_nt_phy&.cal charar':ten.sucs such as weight, size, shape tagd\mjlo_ur,
The soaking process s n?;lg or comp!gte removal of theng soil .before - while grgdu_ng;s,,ge_gagﬁon into categories by quality. The two operations
water or the water s st t € more efficient jf the prog Co_ntammants, tog‘ether provide a means of segregating raw material into identical lots,

to 100 kHz gitated. Use of ultrasoni uct is moved in which ensure that finished products are also of uniform quality.

violent —aart t k opularit ’-",f tﬁg In the food industry, where huge quantities of raw materials are

contamin ghation of particles occurs. This r gh the Cleaning f| id handled by machines, sorting and grading form an essential part of the -
ants from the surface of raw m te,SU"S i loose g Tluid, processing. Sorting is one way of ensuring uniformity in quality of
aterial. Spraying N9 Of finished products. Hence, while the raw material is being sorted, it is
partly graded for quality as well. Normally, sorting and grading are

employed separately or j P .
: Y or in conjunction with soaking forwachmd May . be
carried out as integral.operations. However, the finished product is often

egetables. The effici ¢
ater pressure and itsl?/c of the spraying process depss; NG fruits ang
—-——A’ nds UpOn th - .
- e graded again into one of the several grade categories depending upon
its quality. Laboratory tests form a normal part of this final grading

(&
Flotation and sedi i
of the — = <l¢ 5edl n are used wi .
: contaminant is different from that of the rahen density or buoyy,. i i i i i i
W Mmaterial, The Yancy . exercise. Raw materials are sorted on the basis of weight, size, shape or
Principla colour. o
18 ’ : :
] 19
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|
|
{ —

3.:j!.1 Weight Sorting ; . ‘ : .
Weight sdrters aré machines that weigh the individyg ite‘
separate into different categories. Eggs are normally sorteq by m g - 34 ‘ o
an packed ¥, T Some food material that are sold by wej ht.e'ght : Nature protects food crops and animalSTfr?m ther:; ?(cr:::)v:rf .
overing. This coverl

| meat cuts, pass through a computer controlled machine whic, .’ 4, extornal forces by providing a protective ¢ ering
the item, records its weight, computes the-price and prints-oyt- Weigh! as peel, husk, shell or skin, depending on the raw material, is often
| ' ; ' 2 Weighy| - inedible,and has to be removed. Peeling is cemmonly practilced (ijn tluitsd,‘

oyed. Han

label that is affixed to the pack.

" si i SR vegetables and tubers. Several peeling methods are emp
: (332 StzesSorting ‘ : peeling using ordinary or peeling knife requires mmlgwal |nvesltmegt a‘qg
i i ing is imp ' i N B ; is i ive. It has bgen replaced w

. - Size sorting is important for an effective use of pr is only cheap where labour is inexpensive _l .
inery imilar s OCessj i are still hand
: machinery. Foods of similar size are convenient: for mzcﬁ::iszm mor'edm_odern methods, though some fruits like mangoes are )
¢ operations like peeli ching? extracti ANizeg eeled. - o _ :
: Csnning, dEh;;ﬁO:?gn(g(f):zg?:g‘ Zlir:;:"ggh 2)"22(3:2?1” (Oranggs luice) | i Peeling b heat is advantageous as losses are minimum and the
is the fixed aperture screen (sieve) employed for ren?g\%izdtgaromgs- process'can e gsulil/ Be automated. In this method bailing water or steam
from prepared tea beverage, or for sifting wheat flour. Similar sif\z/\;is‘ loosen the peel that can be easily sgpge;dpgglgzngn?g :sszr::il():eli ;r; :/tit:sr
direct flame or to hot gases. Heat

called screens, of different dimensions and apertures are used in-the. | SP;aY- F___JJ___lameb eelers are etg‘P.'oyte
and peppers by exposing them to

" PEELING, SHELLING,‘S,KINNING

1
| food industry. These are operated by electri
«  different types of motions such a ‘wbr};tor?/drr(l)iagogfat?"qe may have. causes steam to develop under the skins and puff them so that they can
;org:rié adlustid to_different ape?tures-are-'e'rﬁb"[évgdmér};b:? "FOH@T " be washed away with water. : _ :
ms suc i its i o . ia ] . : .
have a fixed ap:rstucrgn:z f;w:? including orange and Kinnow, Theseym‘;or " Mechanical peeler is more suited to apples, carrots and
ort the material into y potatoes. It consists o)f an upright cylinder, provided in the bottom with a

variable aperture for g ina into - into two'categories on|
eparating into several sizes, - A Yo rapidly revolving disc that undergoes undulatory movement (Fig 3.2).
o The inner walls of the cylinder and disc surface are coated with abrasive

33.3  Shape-Sorting .
_carborundum. Continuous abrasive peelers have also been developed. .
. ks

In Iye peeling (Fig. 3.2), hot sodium h i

i t Very comman oo i
contaminants from the raw =1y - common except: for re N 4
have been cleaned of aj po,r;!sa:ﬁnal. Thus_. When grains, sych :;Ov\c?]l of for abouhwﬁm_%tes“z{ Idnger, depending upon the raw
'DI€ contami eat, material. The lye dissolves the peels. This method is suited to all shapes,

still remain because of their paj nants,
) their b i oo SOMe weed o A
?eralnS, In this case wheat ?;“%:'Sf:ggr :E size and weighy tost?:i;d:, f?;?-]y sizes and varieties. Peeling losses are less as compared to hand peeling
moves in; > P ro T . i - i '
o a,-"- contaminants having the -y :22 osrhap? sorters, whioh ?nd the method is amenable to large-scale production.
Weight but different Besides these conventionally used methods, a number of new

techpiques have been developed. These are freeze peeling, vacuum

peeling, dry caustic peeling, acid peeling, calcium chloride peeling and
ar‘nmo'nium salt peeling. Major emphasis in all the efforts has been to (a)
Jninimize the peel loss, (b) improve the quality of peeled material, (c)

‘ ‘ - 334, COIour-Sortlng

Colour sorting is impe, f it
i oring is imp ortant where uniformity of ;
This s carried oyt withothcobur will fetch a

abour on inspectio,
n belts—a me e
|,m,tat,°n§. Elt?ctronic coloar o thod that is eXpensiy, help of manual reduce ollut!on of wastewater disposal problems and {d) reduce the
of each ind, rters are inj . and i - : .
allows mate;v‘?ua’f granule with the aid ofps;naho t tscah?}f soeral o Ot' e?hngll e, = Jlves comparativeriSieinties Gf soma
als of the matching otocelfs. e colour conventional peeling methods. . .
granules of different Ng colour to pass =" The eqqi r : :
' colours by means Pass through \p S9Uipm - ' ;
of an aj Gh whijg +..oment . Some raw.-mater i
an air stregm_ ”e. "jecting hard protective covering fz:llfle%gs:heel?g;e?gvglr ooufntc’i]r;u;sh;;a\i/: il
; ‘ shelling.'Some shells, such as are folind on coconut, are so hard that
: ‘ 20 considerable mechanical force may be necessary to crack them open.
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’ Fruits like pinea;

pREPARATORY OPERATIONS

i i ‘ ler (ﬁgﬁt)

3.2 Lye peeler (left) and mechanical pee

F!g Courtgsy: Dixie Canner Equip Co., f’\thens USA .

Cattle, goat and sheep are slaughtered and skinned. Pou!tryv '.
“skinn using hot water or dry defeathering

;Tmi.%eoﬁ)ﬂéww%,wh!@; some’ .ﬁsh are
35 - REMOVAL OF INEDIBLE CONST!TUENTS : " ;
le hav ntral core, which although edible

in some cases, must be removed during processing. Removal of the co
is_termed as coring. Dates and plums have pits or seeds located
cef""yt'n em. The removal of These seeds is done in an operation
referred to s pitting. Some raw materials may be plucked with stems. .
51?;22:% a'r(e%ﬁaioes. slra_wberrie§ and some vegetables. Removal of,
e is {:own 3s stemming and is usually done by hand or vibrating
2ens. A mid heat reatment (blanching) helps easy removal of stems.

4 T ing of discoloured, decayed or |
tions of the raw material and is usually done. after other

Trimming - involves discardin

. preliminary operaf
-’~'»j"gbrtions, . moaggahgg: have_been completed. Green or under ripe
il YIng parts, over-ripe and bruised portions of raw

moved during trimming.

2 mat:elia_l’s‘ orthe eyes in potatoes are re

: 'c”‘f.fﬁn 3 3
A0 or walnuts must be ‘shellgg to

AWAN Foop PROCESSING & PRESERVATION
Table 3.1 Peeling methods, process p'araimeters and their efficiency for
some fruits and vegetables )
Commodity Method [ " Parameters Remarks
Lye 10-15% NaOH or KOH at | Peel loss
o 60-90°C, 4-5 min. 10-12%
Apple 100 psig 20 sec; lowering ;
' High pressure | to 25 psig and flash Peel loss
‘steam - . | cooling with water at 65 25% .
) psig 15 sec. -
. : o . Spray 10% lye at 63°C, 4 | For
Peaches Lye ) min; 2% boiling lye spray | freezing
- for 38 sec. v and drying
| . . 2.0-2.5% boiling lye for
Guava Lye J 60-90 sec.
Cutting cheeks,
Hand quartering and scooping
: the slice with curved khife
‘Machine * | Can peel and cut the
. cheeks
) 100°C, 15-60 sec, ~ -
Hot water cooling and pulling off the
peel by hand
¢ p Peel loss
.| Steam . Steam for 30-60 sec - .
Tomatoes : 7-8% -
Lye 18% NaOH at 88-93°C Peel Joss
'R for 25 sec 7.5% |-
' : ¢ o Peel loss
Infra-red | 816—982 C for 4-20 sec 5.3%
Freshly harvested No heating
Mechanical : . Peel loss
Cure:d tough skinned up to 20%
Potatoes Lve 5-20% NaOH, 77-99°C | Peel loss
‘ Y for 1-6 min 8-18%
: R Pgel loss -
Flame. .1093°C for 15-30 sec 10% -
] Carrots l Lye 3-10% boiling lye spray |

23
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home a . . ol
A definite gize.range may he a consumer requirement, e.g,

_dehydration, freezing, etc. The type of size reduction treatment given

‘ proprietary products of the wheat grain.

- stable meat emulsion, other ingredients and subsequent formatior of

i

RATORY OPERATIONS

PREPA
; —

CHAPTER 3

SIZE REDUCTION ' ;
disintegration is an important operation at

i tion or : i
ssvlvzsjl ;zdilrjlctr[\e food industry and has several funct;ons, viz: -

3.6

production of carrot slices or dices. - ]
the extraction of desirable constituents from

h. It may help in . )
i ! al, e.g., milling wheat grains for the production

the raw materi .
of féur or crushing fruits for juice.

Size reduction facilitates mixing of variovus- ingredientS, as
smaller sized particles are easier to mix, e.g., production of

cake mixes and baby foods.

“d. So_rhe other operations in food processing and preservation |
are facilitated by smaller sized particles. For example, when
potatoes are to be fried or boiled, smaller pieces expose |-
more _su‘rfac'é area, hence are easier to process.

. In food ‘processing several operations demand prior size |
reduction of - the raw material. Examples are blanching, canning, -

depends upon the kind of raw material, consumer preference and
process demand. Thus, in canning, dehydration or freezing of fruits and
vegetables, some. raw material may be sliced (e.g. carrots, mangoes),
diced. (pineapples, potatoes) or shredded (onions, cabbage). When fruits
are processed for the production of beverages, the raw material is
Zr:sh;da and squeezed to release juice from the tissues. For some fruits,
.g., ngo or guav. eci i
e ﬂeshygportiorgs a 2 special process known as pulping assembleg

Grain_milling also | i : . . 4
; : A erations. Different -
fractions” of the milled product formspecial market categories: whole-

w : .
heal flour (brown flour), white flour,- semolina, etc. form special

Meat f ing = .
pieces, while ?orrcz:r;:mg and for use in meat dishes is cut into smaller
Sages, burgers and other similar products it is

macerated or minced. The mi
' d . m i
o facuhtatgs el Inced meat provides a larger surface area,

|
|
!
!
]
g
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37  MIXING

. Mixing_is an operation in which uniform combination of two or
more su is affected. The two components in a mixture may both
e solids, or liquids,.or one solid and-one liquid, and even a gas being

mixed with a gas or a liquid. )
Powdered solids are mixed together for particular reasons.

- 'Powdered skim milk, sugar, cocoa, chacolate, malt extract, processed

cereals and flavourings are mixed in the production of baby foods,
beverages and other products. In self-raising flours and cake mixes, solid

ingredients including white flour; baking powder and other components

are mixed together. The most homogeneous mixture is obtained when alt
ingredients are of similar size, shape and density.

’ Mixing of two miscible liquids like water and milk does not pose a

problem to the food processor. However, immiscible liquids like oil and
water are difficult to mix. When these are mixed intimately, the product is
called an emulsion. Emulsions can be easily formed between two
immiscible liquids when a mutually miscible substance called emulsifier
is-added to the mixture. Examples of emulsions are homogenized milk,

“butter, margarineand mayonnaise.
In the manufacture of syrups and sugar-based confectionery,

water is mixed with soluble and insoluble solids, respectively. Sugar and
common salt constitute soluble solids and will form a homogeneous

solution when mixed with water. Starch and wheat flour (called plastic

solids) are insoluble and will not mix well with water. For such materials

- kneading is done to blend thoroughly with water. Production of dough in

bread making is an example of mixing insoluble solids with liquid, where
the solids absorb water under the influence of mechanical action.

Sometimes gases need to be mixed with liquids. In carbonated
beverages, carbon dioxide is mixed under pressure with a homogeneous
solution of sugar and other ingredients in water. In the production of

omelet, cakes and some types of biscuits, air is incorporated in the eggs

by whipping. Similarly, in the manufacture of hydrogenated vegetable
oils, hydrogen is mixed with oil in a metal-catalyzed chemical process.
The hydrogen is accepted at the double bonds of the unsaturated fatty
acids of the oil in the. presence of the catalyst, nickel. Mixing of gas with
gas poses no problems in the industry, as the gases are readily miscible.
In:cold storage chambers sometimes an atmosphere of ozone or carbon
dioxide is maintained to prolong the shelf life of fresh fruits and

‘vegetables.
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38 - FILTRATION . of insoluble onents of solid-liquiq 1 / .
Epalanisihe 3 material that allows the fiquiq S | Bla_nchlpg (also known as scalding) is the heating of some plant
food materials in hot water or live steam for a very short time (ranging

- u h .
the same thro %ds. In food industry, filtration is.3 - :
from few seconds to a few minutes) mainly to destroy active food

mixture by passing the ST7 ) T - -
and retains the {,’,’;0:2: for use as a food ingredient, especially for N h
widely used operation. ¥ reated with chemicals {0 sediment dissolveq enzymes. However, blanching also serves to: - )
is { ~a.” Loosen the skin, e.g. tomatoes. '

b, Clean the product by helping to remove adhering
‘contaminants such as soil, insects, microorganisms, etc.

| : c.. Remove tissue gas from leafy vegetables (e.g. spinach),
{ thereby reducing their volume ‘and facilitating close filling.

d. Fix the green colour in vegetables (peas, spinach).
e. Remove slime-forming substances in vegetables (gkra). -

wmwd bevgf?sg‘;sr;d filtered before being u§ed in the production
inorganic matena ning, sugar and “water are mixed to prepare sugar
: s 'r;m@n;sn%repared by dissolving common sal} In water. |n 1
ety WME'! TUes are removed by filtration. In the dairy industry fresh |
b‘.’m.mmpu- to any treatment. Fruit juices, likewise, are filtered to
- m&ﬁm&m@s, skins, seeds and other fibrous tissues. , ]
Depending upon the application, different filter media are
employed. At hol:sa. onpgmay use cheese-cloth (muslin) for fruit juices. In e - B
the industry, filters canstructed fromt* porous carbon, DO_@_QEID,_ perforated: . /_\t home, blanc_hlpg is %onf: by dipping freshly prepared (peeled,
tal plates, nigid wire meshes or fused alumina find applications. In | sliced, diced) raw material in boiling water for 2 to 5 minutes. In the
5 ‘ | .industry, prepared raw material is exposed to steam in a blancher for

addition, filtters made from silk, woal, ca r jute are also used. AS@F’ 1du ) ; :
filter is , whi il R resistance to the flow of roduct ‘ - similar period (Fig. 3.3).
and retain maximum residues. It has also to be non-toxic and relatively | . : o

inexpensive.

{

| | |
Sometimes when large quantities of a product are required to be |
!

|

I

filtered, the filter surface may get blocked, especially when the solids are .
very finely divided or are of a slimy nature. In such cases substances

known as filter aids are employed. They help to retain the porou s of
the filter thereby facilitating filtration. Examples of such substances are
Ki€selgunr, diatomaceous earth and activated charcoal. . '
R — o ——— - -~
39 PREVENTION OF ENZYMATIC BROWNING .- |
. |
{
|
1
i
v

) In certain plant . foods enzymes promote discolouration,
especially after these have been peeled or injured. These enzymes

catalyze the Oﬁ%&'mwmhenonc substrates |

contained in the 00d. The polymerized products of this complex reaction *

gg’;‘ean"ase '°d browning as observed on the surface of cut potatoes, || : | ‘
avoid dsban apples iafisp eXposure to air. At home, such reactions are \5’ ; The effectiveness of blanching is determined by evaluating the
©d by promptly d’OPP_'ﬂg the material in water soon after cutting. J activity of peroxidase or catalase, as these are the most hggt-resustagt

| and widely distributed in- plant tissues. The heating time Tequired to _

e Planching or Wihelise of certain chemical substances. ; Y destroy these enzymes depends upon several factors such as the typenof
' e raw material, size of particles and heating method. In general, at 100°C

J . peas require from 1 to 1%, spinach 1%z, green .beans from 1 to 4, okra
=2, mushrooms 4 — 5 and turnips from 3 ~ 4 minutes. . .

' - 26_’, ' ‘ ya.

Fig. 3.3
Tray type steam blancher

e
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' i dded to blanching water to
; in chemicals are adde 1chir
Quite often Cr?::; of the process. Calcium chloride il:eadsdoedq to
impmve‘ttheA‘:fcfgrcl?i\(/:eacid sodium chloride, magnesium OXice, Sodium
firm_ fruits. !

; i jum meta o . T
metablsulplrj“stz%ul?:ttises:areservation of colour and retention of vitamin C.
others-are o5

Uée of Chemicals

f polyphenolo .
chievec(i: Og)l'rorlweztisgysihce heat damages some desirable sensory
a '

erties. Chemical substances are, therefore, utilized to retard enzyme
prop :

3.9.2

i i e to inhibit enzymes, alter
idative browning. These serv al
ca?'zz;gso:rllimit entrance of oxygen. Among these are sulphurﬁmmdg q
?:ul:hites ‘and sulphurous acid), some o‘rganlc_amds (e.g., citric an o

malic), ascorbic acid and sugar.

Sulphiting agents, such as sulphur dioxide and salts releasing -

i i ighly effective in controlling both
i Na- or K-metabisulphite), are highly ive in
::rléygri:tgc aas well as non-enzymatic browning. They ‘also check the

growth of microorganisms, act as bleaching agents, antioxidants or -

reducing agents and carry out various other functions. Sulphites m'terafzt
with the enzyme or substrate. The raw matenal,_e.g. grapes for dryllng, is
exposed to SO, fumes generated from burn_mg sulphur in a closed
chamber. Because of the inherent side effects m.trodutl;ec_l'when SO; gas
is used, dipping in solutions of Na- or K-metabisulphite is 'pref_errfed. I.n
this case SO, is released much more slowly, the b|each|ng'act|on.ls
minimized and the apparent toxicity and bad taste often associated with

high levels of the gas are avoided. Sulphur dioxide or matabisulphite

treatment has certain limitations. Besides being toxic to the workers
(implicated as initiator of asthmatic reactions), it bleaqhes_natural colour
" of some.fruits and may cause corrosion of cans. It is discouraged for

fruits and vegetables that serve as major sources of thiamine, since this

vitamin is destroyed by these chemicals.

Ascorbic acid is the best-known alternative "to sulphites. It is

effective in controlling enzymatic browning by maintaining phenolic .

substances in reduced and colourless state. Concentration of about
"0:3% ascorbic acid in sugar syrup is usually required for complete
mm‘%ﬁe“ntraﬁon (about 0.1%) is frequently
used. Sugar syrup lessens enzymatic browning by acting as a barrier to
the entrance of oxygen. The

suitable for enzyme activity.

28
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bisulphite, sodium bicarbonate and

xidase in some fruits usually ‘cannot be

organic acids lower pH to a value less -

- alter its colour; flavour and texture. It more importantly

AWA Foobp PROCESSING & PRESERVATION

 USE OF HIGH TEMPERATURE

" | eat energy is widely used for food processing and preservation. In
cooking, it increases the digestibility of some nutrients, while in

- ‘W heat processing, it is aimed at destroying pathogenic and spailage
microorganisms. Various techniques and processes in which heat energy

is -applied in the form of high temperature include cooking, blanching,
pfssieurization and sterilization.

A o S o
£ fgC’bOKlNG HS— e

Cooking, as applied. broadly, includes Heating food in order to

improves the

digestibility of the food components. During this process, enzymes and

rﬁT&oorganisms are also destroyed. Foods cooked at home do not keep

for long time since these are always left in utensils that are not

hermetically sealed and cannot prevent recontamination. Cooked foods
have-a comparatively longer shelf life than the uncooked ones.

¢4 235 Cooking embraces different forms of heating methods such as

baking, boiling, broiling, roasting, frying stewing and steaming (Table
4.1). Broadly speaking, it may be done by direct exposure of food to a
source .of heat (dry cooking - grilling, roasting). ' Food .may also be
cooked in a suitable liquid medium such as water, steam or cooking fats.
In boiling, stewing and steaming, the process is carried out at boiling
temperature of water or higher if pressure cooker is employed. Baking,

" broiling and roasting employ dry heat, while in frying, the process is

7o matre. Foool D,‘ﬁ«@d‘baﬁe,_mu_ Mo . Imereat eifoms
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HIGH TEMPERATURE

CHAPTER 4 . : k.

conducté

100°C are atta_ined. 6

Table 4.1 Cooking methddsv {2 13 % : ol

‘Eoking method Description __ . . = _
Eaking LK, ! Cooking in an oven with dry hea@1 00 —232°C)- I

Direct heating over glowing, smokeless wood fire

Barbecuing
] Cooking in a liquid, usually water (100°C) e

Boiling
L “/}Tsraising { Short fryfng followed by stewing
. V}’Bm asting I Pressure frying
[ Broiling I Cooking under or over direct rays of heat
’ AFrying | Cooking in heated fat or oil (160° = 200°C)
Fsrining ) ! Cooking by radiant heat from below or above
{ Infrared cooking Cooking by infrared rays
(l:/(l)ig;?’\:\éave ' Cooking by microyvaves (hfgh fre(iuihcy pj)\jvi:)
/ﬁoaching 'Cooking in a minimum volume “of watef_o'at slightly
4 below boiling temperature of water (85-91°C)
Pressure céoking Cooking by steam.under pressure (1 15;1}21°C) =%
i Roasting : gﬁ?ulgnfgtby dry heat.in oven or closed vessel with just
o xjauteing ‘ Frying lightly and quickly in a small’quantity of oil — a
kind of semi-shallow frying .
,/]"Slnmering Cooking in water with gentle heating
. ‘/@eaming : Cooking in sfeam (100°C)
LStewing ' Simmering in a small amount of water in a covered
| saucepan or casserole

42 BLANCHINGS/,t it 4yondminl

Blanching is commonly applied to 'plant materials td destroy " !

some enzyme systems prior to canning, cold storage, freezing or

dehydration. Heat energy is applied through the medium of water or °

steam. This has been explained in Chapter 3, Prepa i in
Food Processing; Section 3.9.1. ) + Treparatory Qperatcong !

30

d in fat on; oil and as such temperatures much higher thap*

. G
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. . 6)=00%) :
4.3 PASTEURIZATION (Sfea;’;‘c temp speaﬂ‘c e .
, /, i

Pasteurization' fs_-a heat treatment designe imari i
{egetative forms jof Ulj?Clét)_tAaLcells in liquid foods. ?hé’”é?,i’égé? t?::g
treatment varies from food to food, but invariably alt pathogenic and non-
sporing o‘rgamsms. are elim\ipated, €.g., in milk the object is to deétroy
pathoge‘nlc bacteria, especially Mycobacterium tuberculosis which is
responSIple for' tuberculosis in man. The pasteurization temperature
varies Wlt.h the type of food and the length of time it is to be exposed to
that partlicular. temperature. The “heat resistance of the spoilage or -
pathogen!c microorganisms required to be killed in the process also
governs it. Usually pasteurized foods, which show only reasonable
extended' shelf ' life, are supplemented by other methods of food -
pre§er\_/atlon such as storage at low temperature or sealing in anaerobic
environment.  Two types of pasteurizers, continuous and discontinuous
or batch type are in use. : '

4.31 Continuous Pasteurizers

- Continuous pasteurizers consist of a single metal tube or series
of hollow, jacketed plates or small metal tubes through which-the liquid
food flows. It is heated to the desired temperature by steam or hot water
that passes through a jacket. Plate pastelrizers are generally used in
preference to the tubular type, which can only be -cleaned in-line. The
food may be heated in these pasteurizers at low temperature ‘for long-

. 'time or high temperature for a short time, hence the names low-
- temperature-long-time (LTLT) and.high-temperature-short-time (HTST).

In-the LTLT process, usually a temperature between °C
is employed. Most fruit juices are held for about 20 minutes. In the HTST
process, comparatively higher temperatures are used and food is held
for a very short time. Milk, for example, is pasteurized at 72°C for 15
seconds and fruit juices at 82 to 91°C for a few seconds. In the ultra high
temperature.(UHT) process (also called flash pasteurization), the fruit
juice may momentarily be subjected to 116°C and cooled to 88°C before
filling. Higher temperatures for short periods, while being effective in
destroying microorganisms, are’less efficient in bringing about. adverse
changes in food components. In the LTLT. process, greater damage to
food constituents is likely to occur than in the HTST process.

"The food may also be pasteurized after being filled into bottiles or
cans. Normally this is_a continuous process and is done mostly in hot

~water bath or an atmasphere of live steam.

31
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kettlé
milk) may be

CHAPTER 4

" pasteurizers .
Discontinuous st of ste

4.3.2 e o]
ous pasteurizers . food (juice,

The discontinu

nk equipped with SIEZ7E, eratu o
glraat;d an?:l heated fo the‘getﬁirse?yéizmgre that local overheating of small
es |

: i / idation during the
time. The disadvantad food is exposed to OX! :
" reover, y nd nutrie
e f;ni))llozzzl:ﬂrlheaoling causes injury t0 colour, flavour and nufrients
process. _ : . ‘
of the product. Sora k1T
44  CANNING ,ﬁf@""&g
i of fo

tion in -which food
. . hod od preserva
Canning” is the g container is s

ubjected to an elevated

contained in a per
temperature for @
organisms presen

definite period O
t are destroyec{ b
i ents .fresh contaminatl »
Ifgg;a?:r:/isgzvthe rigours of processing 3re'$:ableo:]ct)a?nrg:v ?ﬁcité,sei ig{
ili insi ¢ .
' onditions prevailing inside e iner. In
(L:g:li\i/s:rta:éinif]ues _heating of food is. done before filling .it into pre-
sterilized containers. The traditional met

distinct unit operations.
. Preparation' of Raw Materials -

y heat and the hermetic seal of the

4.441
. : ials ire. -ation to-make them .
. Il raw materials require some sort of prepara :

t fo iy sumption. The food processor ensures that i':hesel_ar(‘a

ed, and inedible parts removed through peeling,
properly handled, sort ot (oo Chapior

pitting, coring, stemming, trimming, shelling, dressing,

3). The size is re
requirements and heat processing parameters. _

Fruits and vegetables are washed, normally peeled (leafy
vegetables stemmed), and seeds and other inedible parts remoyed.
Some fruits may be halved (guava, pears); others are sliced or diced
(mango, banana, pineapple). Animals are slaughtered, bled, skinned and

‘carcass cut into small pieces. Birds are slaughtered, defeathered and 4

eviscerated. Fish is eviscerated and cut into small pieces (tuna).of
packed whole (sardines). ' ' :

Some fruits and most vegetables are blan_ched to inactivate food °

enzyme systems (see Chapter 2). These may also be treated with
sulphites or other chemicals. No such treatment is required for beef or

.mutton. The birds (chicken, duck) may be passed over a flame to singé
< off the tiny hairs that remain after removal of feathers. g

32

steam coils in Wthf:.e o the required length of

manently sealedf time and then cooled. The spoilage

tion. All microorganisms that might.*

hod of canning involves several

duced to suit the consumer demand, market.

.,

#
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Filling )
The cans or glass jars are normally washed by subjeciiﬁg them \
to steam jets prior to filling. This process ensures removal of adhering
contaminants. ’ )

* +. Filling is done manually or by automated machines. At home, all

; products are filled into the containers manually, while the industry
employs both manual and automated filling techniques: depending upon
_the raw material and grade of the product. Fancy grades are still filled
manually, while automated machines  are employed for most fruits and
small vegetables.-Liquid products (milk, carbonated beverages, fruit
juices, squashes)-are invariably filled by automated machines in the -

industry.

443

The spaces in between the pieces of food are filled by a suitable
liquid to facilitate further processing. In case of fruits, sugar syrup is
used, while in vegetables and meat, brine is added. Fish is usually

. canned in brine and oil or tomato sauce. Apart from facilitating heat
transfer during processing, this liquid improves the {aste of the canped
- product and fills up the inter-spaces between food. pieces, driving the air
out. It can also be used as a carrier of additives such as colour and

flavour. :

: -‘\'I_'_D.e\ﬁyrup or brine is filled in the containers at a temperature of
“(7%79 to 82°C,)because the hot. liquid helps_to drive out some of the
| “entrapped air. Suitable headspace] 0310 Q.5.cm)(1/8 to 3/16 inch) is left
in the can or jar so that when thé closure is finally accomplished, this

" space will help in further processing (create vacuum and reduce strain
on: the container during heat processing). The syrup or brine is usually
filled into the cans or jars by automated machines, while it can be done

manually at home.

4.4.2

pared by dissolving sugar in

hould be avoided, singe it contains sulphur. -

. that forms hydrogen sulphide and results in . metallic
sulphide in the cans. This also hastens corrosion of the cans.
Concentrations of sugar syrup that vary from product to product and
grade to grade, usually range from 20 to 40%s—higher concentration is
used for expensive grades and lower for cheaper grades of the product.
Sometimes in canning of fruit pieces, e.g.; pineapple’ slices or mango
cheeks, the processor may prefer to add some fruit juice (obtained as a _

Scanned by CamScanner



‘CHAPTER 4

HIGH TEMPERATURE

K

¥

. L tural flavour
by-product) to reduce the cost of sugar and to add extra na ,

to the product. ‘ - different
Concenrton o g 50 08,8 FEZS e ot sugr
instruments and scales/Brix)ana53 by weight of

r ; A - d to rea percent °
in syrup. While Brix scalé is caiorate asures the same at12.9°C. The

Fina soluon o 20°C, Baling measures (e SIS F s 1
St hd meter)has a scale ranging from (Q_to 70_deg e
Baume scales and specific gravity IS g

relatllor:t t;etva%zr:e?;(y;gg of refractometers are also in use 'thzto?ur‘t?g:qosy
gﬁ: rin;:ile of refraction to measuré sugar cc&nf;entratlon in e hand
The @bbe refractometeris the most widely use tm apneres} The hard
refractometers give sugar concentrgtlon at roon; :eemp ;

models can be adjusted to any desired temperature. ) :
p between Brix, Baume and specific gravity of sugar

Table 4.2 Relations_hi
~ syrups .
. . ! i i .
(% si’g’“’é’r‘i‘isvi?g*m at Deg('a etezso'f’g;‘me _ Sp?glﬂzcogarca)vny
20°C) _
10 ' 5.6 1.040
15 . -~ 83 1.061
20 11.1 1.083 -
25 13.8 . 1.106.
30 16.6 1.129
35 193 1.153
40 22.0 1479
4 24.6 1.205
50 21.3 | 1.232
55 29.9 1260 -
el 325 1.288
65 35.0 1.319
0 37.6 1.350

" In canning of vegetables, brine or common salt solution is added.
The salt should be at least 99% pure NaCl.(ron)compounds in the salt
Glackening

cause discolouration of brine and result in O of the product.
S —

34
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e

A hydrometer commonly calfed]
salt will gives a Salometer 7
common salt variegsfrqm 1
products such an {peas
of sugar, usually between
mellowing action on salt.

e ———

€ brine may contain a small amount

3 to 10%. Sugar improves the taste by its
—

4.4.4 Lidding and Clinching

After filling syrup or brine into the can, the closing end or lid is
placed on the open end of the can without sealing it to rest of the can
body. This process is known idding (Fig. 4.3). However, during the
subsequent exhausting operation, there is a danger that the lid may fall
off and can contents spilled over. To avoid this, some canners prefer to
clinch the lid to the can body. In this operation the curl of the can end is

- engaged with the flange of the can (Fig 4.3) by action of the first set of
rollers in a double seamer (Fig 4.1).

showing the position of the first

operation sealing roller (a) and

the second operation seaming

- roller (b). o
i

U
Vi

Fig 3.1 Basic seamer design _ ;

4.4.5 Exhausting and Vacuuming

XK

Aty Dsadventuye

The can contents contain air T the spaces between food
particles and the tissues of the product. The air-in the can causes
@corrosion of the tin plate; aids®oxidation processes in food and
encourages germination of bacterial spores that survive commercial
sterilization. It is, therefore, undesirable to leave air. When air is removed
either by exhausting or by mechanical means, a vacuum s created
inside the can and the ends remain concave. This gives the consumer an
indication of soundness of the contents since production of gas and

35
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‘canned foods. Vacuum also prevents ufl

subsequent heat processing.

i i d-fo
Different equipment are use
sists of a narrow, shallow, rectang
le that carries the cans (

ust box, while 2 modi
The speed .0

r exhausting. A simple exhaust
ular metal box though which
b teel cab Fig'4.2). This type is known
passes a S |

as the ca f the cable or chain is

replaced by a chain conveyor.Size o the container an d type of the

depending upon_the ‘ )
;igz{?éﬁdThe %ans are carried through an atmosphere of live steam that

equipment. Another type is
rectangular metal box in which _
fitted. Curved iron rods above the di
equipment that travel down one row o
number of rows an
capacity desired and the natur

' "

e of product to be exhausted.

'Fig. 4.2 A simple exhaust box with can sealing machine.
Courtesy: Dixie Canner Equipment Co., Athens, USA. -

(2.0 96°C)

en the can centre temperature feaches

)l( The usual_exhausting temperature fok fruits}i‘
the exhaust box. \

————

. " . Ve ' o fheated: 7
f ( i me kinds of spoilages 0 teg
bulging of the can ends accompany. S0 & KN ain on o n )

fication of this has the cable -

i i ints.in the
i ir box ‘through openings at various points e
s slonad i I e 15 the d?sc exhaust box that consists of.

ich several rows of large metal discs are | -
scs guide the cans through the - |
f discs-and back the next. The .

d the length of exhaust box vary according to the ‘

10 82°0)

the cans would have been exhausted. The length of time depends Upon .

- the type of product and type and size of the - container. Exhausting

temperatures for some selected fruits and vegetables are given in Tables

“4.3 (page 42) and 4.4 (page 43). .
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. In many modern canneries, steam flow closure’ of vacuum -
closing machlnfas' have replaced the exhaust box. Both these help to
create/vacuum in the can.

At home, two different arrangements can be made to remove air
from the food. The prepared material (apple slices or mango pieces) is
placed in a vessel and syrup added. This is heated to the desired
temperature (82 to-96°C) and filled hot in the cans or jars. These are
then sealed immediately. The steam that appears at the surface leaves a
vacuum after condensing. In the second arrangement, food is placed in
the container and syrup or brine is added (headspace must be left). The
cqntainers are placed in water bath, the level of water being abou

below the top of the jar or can. The water is heafed to the desire
temperature for specific time and-the containers are sealed airtight. Only
acid and high acid foods should be canned or bottled at home and
processing of low and medium acid foods be left to the experts.

~4.4.6 Sealing

As soon as cans emerge out of the exhaust box, these are

hermetically sealed with the help of a can-sealing_machine, ca the
double seamer®A hermetic seal consists of ajdouble seam) In the first

seaming operation, the curl of the can end is engaged -with the flange of
the can. A good first operation seam has the body hook approximately
parallel to the cover hook. The second operation ‘is designed to
compress and smooth out the first operation. During both operations,
considerable pressure is exerted on the can end, the can body and the
sealing compound. This pressure forces the sealing compound ‘into the
voids of the seam. This forms-a strong mechanical structure that is air-
and water-tight (Fig. 4.3). . :

When the products are packed in giass container, the cap may
be screwed on. Some jars are sealed under vacuurm—the vacuum inside
the jar retains the cap in such cases.

4.4.7 Heat Processing

Heat processing, as applied in canning, means- heating food at a
certain temperature for sufficient length of time to render the contents
stable against pathogenic and spoilage microorganisms. In food
_processing industry moist heat is employed for the- destruction of
microorganisms. ‘However, absolute sterilization is difficult to achieve
with foods since the temperature/time conditions which bring abopt this,
grossly damage food texture and nutrients.
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B 'Aethality of microorganisms
7) : , 7 '
61 ) Naturg anq number 'of microorganisms, the environmental
: | conditions in which microorganisms are.to be heat processed
c aqd the 'tlme/temperature relationship affect lethality of
. , microorganisms during heat processing. S A
C #'Nature and. number of microorganishs - Broadly speaking,
> microorganisms important in food processing are yeasts, moulds
, - and bacteria. Yeasts and moulds are easily killed, while bacteria
. Enléréed Hermetic sealing by ‘ _ are more heat resistant -and require longer time or higher
. Lidding — Lid is _Cﬁnch:“gt';far‘;ﬁ'l‘:r‘s "IL viows of the seoonrda tsigim .- temperatures for their destruction. . :
he first se . ope s R B _ ] !
placedb%';;he ! edouble seamer : S?ams : : Microorganisms _live in different physiological states. They may
.ean s ormation of a dotible seam. . : - exist as very young cells, older cells and in case of spore
Fig. 4.3 Steps in the formay 5 t’ intaining a balance at which _ formers, as spores. Young cells are essiest to destroy by heat
" The food processor aims i are destroyed and minimum ’ followed by older cells; spores-are most resistant and hence are
maximum numbers of mlcroorganlszs i< referred to as commercial difficult to kill. Therefore, a food material containing mature cells
nutrients are adversely .affe.ctedln;li's Ian ay be define d as a treatment | . gr spores wifll require a severe heat treatment for the thermal
b ek ssing. ; ; ‘ i : isms.
sterilization or heat plTocaethoggnic and most spoilage organisms at the estruction of the orggmsms.
aimed at destroying &' P to food texture and nutrients. Additionally, S The number .of microorganisms present in a particular medium
) for heat' processing has a direct relationship -with their

cost of minimum damage ! the subsequent handling:
S i thrive under the . F !
“microbial spores that are, el tgo be eliminated.. Microorganisms that: . destruction*Microorganisms multiply and die i

and storage _CO”d‘t'onS must eration'are unable to cause any trouble, . . This means that a certain percentage of the population will die in
sunvive the heat procssea 9 been given to the canned food render __a_particular period and the same percentage of the.surviving
since other treatments that have , ' % population will die in the next equivalent period; and so on.
them dormant. AR . : A : Hence, greater the number of organisms, longer will be the time .
4.4.74 Objects of heat processing B S e required for their destruction. It is, therefore, important that the
. ing is to ensure that all health: raw -material used for heat-processed .foods is not heavily

The primary object of heat processi f food products is contaminated, decomposed or over-ripe.

) and that, -the .shelf life o Y,
Era;z;%sedéridm?;ﬂf; heat processing improves texture, .ﬂavourt ang" . Environmental factors - The composition of food materials affects

- appearance of the product by cooking. In case of vegetables, mea anl : heat resistance of microorganisms. Inorganic salts can increase
other similar foods that are required to be cooked for consumption, heat - or decrease their heat resistance. Fat, proteins and
-processing shortens the subsequent cooki~ng time.gt home. ) a A prgt_ii_rlg’ceous substanges provide some prﬁéﬁ{lon 0_the. cells
' . : - P -andspores and thus increase their heat_resistance. Sugar,

likewise, “increases the heaf tolerance of microorganisms,

4.4.7.2 Factors affecting heat processing of foods
especially of yeasts and moulds.”

The success of canning depends on how,hea‘t processing IS’

performed, as well as the degree of vacuum inside the container. and t‘ ¢ . L . . . H of the v
quality of the seal. Heat processing of foods depends upon two major ;,”;Eé V[Lil:”rl:] ouenqed by T rzsistance /K
. factors that determine the processing requirements of a particular foqd-_ . /([ o?:cu.r m‘ vt [baste are more easlly
S . . . : ; ) el Jceurs.near 240
: Thetsg are Iedthtallty otf nwtlt;roorganlsms and heat Rengtration through ‘i3 - destroyed in fruit_products a{pH 30)han in meat.or vegetable -
s glner i . . B ' o products at pH 5.0 or above. It has been established that all "

- ) -:\ B . - 39
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are exposed to a parti temp‘erature..
easily destroyed a(100°C slightly -lower, whil

" destroyed a

w 4.5 (fruits, fruit products) can be
hers like chicken, meat, fish or
4.5.(medium and low acid foods)

foods with a pH valu;a(’)gt gelg t
heat procesSed at 100.%-

—

Foop PROCEss|IN & PRESERVATION

b. Heat penetration through containe and contents

The effectiveness of heat processing of foods largely depends

exceeds :
vegetables whoseeg}:ed at 100°C or higher. . , tuhpon 't1he degree of heat penetration from outside inwards
must be heat proc - temperature to 100°C for heat chr:l:a%t _t?e container into its contents. The heating
One reason for limiting the. foods is that the acid in the food racteris ics of the contents influence the thermal destruction
e d and high acid fo of microorganisms. Foods are normally heat processed in hot

processing of aci ic bacteria and their spores that

n-aciduri .
retards theeg:\oev:thtr?afa?;e”t at this temperature. Secondly, even
may surviv ?

e not destroyed, these will do-no harm as they

water or live steam The factors that affect heat penetration into
the food are: - . :

if the spores are T ducts (since one requirement for
inate in such pro , . )

cannot germ}::ﬁon is suitable pH, above 4.8). Moreover, 108
spore germEr not usually thrive in heavy sugar syrups that y
mlcroorganlslm sed in canning df fruits. On the other hand, low - -
are comfz_‘":ny uacid foods like: meat and vegetables are b _
and me 't‘éd with heat resistant forms from animal body, 5 T
.cf’nta_mlr;a soil, etc. Therefore, higher temperatures are needed 5 0 £
et ces's them. For practical purposes, Iln.hea't processing 5 % .
!ﬁ h?oaotdprporocessor regards pH 4.5 as the dividing line between 3,102 E
;ogds that can be heat processed at either 100°C or above. | z 2

; ; 10 .
Ti and temperature relationship - — The destruqtlon of “
iig i depends, in part, upon the length of time they 2t B AR
microorganisms p ' are Time at a constant temperature (min.) 00 Temperatore (:C) 1z

therr spores require higher’temperafures. The destructive effect

of heat rapidly increases as the temperature rises.
processing at 121°C -is much_guicker than' 3
instance, _in_low_acid media Clostridium botulinurm

(100°CHrk330 minutesy t11
only 10 and at 121°C_just 2.79 minutes. It is less hax"mful for the
food to be exposed to high temperature for a short time, than to

Hence, heat '
100°C. For |

.

Fig. 4.4 Thermal death rate curve (left) and thermal death time curve (right)

Nature and size of container — Conventionally in canning, glass and
tin are commonly used in container manufacture. Glass is a bad
conductor of heat and, therefore, food packed in it will take
longer time to heat process than in a similar sized tin can.
Pouches take still less time. Aluminium foil, plastic films and
other flexible materials are also employed for packaging. Usually

such foods are first heat processed and then aseptically filled in

low temperature for long time. : )
these containers.

The_time required to kill_microor
temperafze: iS_known asSthermaI d
between the number of survivors and time of exposure. at the

lethal temperature is very similar for all microorganisms. This has |
enabled preparation of thermal death curves for target organisms
(Fig 4. 4). Thus, mathematically speaking, logarithm of . the |
. number of survivors is a-straight-line function of time and s |
- horizontal displacement varies as different organisms or diverse |
 foods are considered. . et 2
X [N

ALt

Since heat has to travel from outside to inside the container and
reach all parts, larger containers require longer’ time for heating
than smaller ones: the distance from the surface of a large -
" container to the centre is greater than in a small one. This
problem posed by the container size is, in part, eliminated by the
~ agitation provided in agitation-type retorts.

Kind and consistency of food - Liquid (condensed milk, fruit juices),

<yl semi-solid (baby foods) or solids suspended in syrup or brine

|
{ .
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solid pack (meat, spinach) are |

ing of each varies according |

Heat processing Y - 3

{quctivity of the foods: Compactly F:Z(r:rlx(esrasizlrlg IgOd

to heat con g rocessing time at the same & %f ds 1 .

requires longer che 4 loosely in some liquid; liquid foods nNeeg

the same f°{,-’rf,ep to attain particular temperat}:jre under similar

mych lg:s conditions. Tables 4.3 and 4.4 provide rgcb?,;mﬁndgd

gmﬁe;?;c%ssing parameters for fruits .and. vege (N sl
ea .

retort.

or
- (apple slices, green-beans),

canned in the industry-

sing equipment - Since heat has to reach all parts of |

nts, the type of processing equipment would affect

' Type of proces
ing retorts are more efficient than stil

the can conte .
the heat penetration. Agitat
types in achieving the same goal. . » . '
Exhausting temperature and - heat . processins

. Table 4.3 _requirements for some selected fruits.

r”( . ~ Processing time.(minutes)
. Ti)r(rrvla::;::?e " of cans at 100°C -
. Produc ‘ ?"C No.2 | No.2% | No.10
X Apples T s/ | 10 | 15 28
Apri-ots . 71 25 35 40
Grapes T 12 ~15 20
Guava 88 16 20 25
Mangoes 77 - 15 | . 20 30
Peaches i 71 - 25 35. 45
Pears 71 220 | .30 . 40
Pineapples 7 20 30 40
Plums 82 15 .20, |35
Strawberries - T .8 8 10
Tomatoes ﬂs'o)/ 10 | 10 15
N—" i
4473 Proces;ing methods and equipment Y
. Basically, there are two m e ’ i
- sterile foods: aseptic canning ande::':)?:is ft(‘)r o o commerCIa::z
canning, food ‘is first hea onional_canning. In_aseb 3
- P ra— ssed_and then filled or packad€
. aseptically into suitable sterjle containers. It i - the.
. HTST method, i processes desi ' > 2lso employed * T .
: A gnated as aseptic canning and I
42
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. pasteurization and sterilization utilizing microwave heating. The use of

this principle is seen in the processing-of fruit based beverages, fluid milk
and most fluid foods.

_ Table 4_.4 . Exhausting temperature and heat processing requirements for

some selected vegetables.

; Processing time (minutes) of
product | Tomoaies | cans at100°C

’ (°C) No.2 | No.2% | No.10
Beans, green ; 604 . - 18 . 25 30
Brinjal 71 | 25 30 60
Cabbage 66 . " 35 25 40
Carrots : 66 20, | 20-° 27
Cauliflower 66 20 20 30
Mushrooms 66 - 25 30 | 50.
Oka == 77 20 25 35
Peas, green ; 60 15 18 23
i [ 40 | 45 60
Potatoes, white 71 20 25 32

The commercial thermal processing ‘is conventional canning
process in which food is filled into the container, which is sealed
hermetically and then subjected to high temperature. It may be
accomplished in any of the many available heat exchange devices: -

_ a. Open cookers.
b. Retorts.

c. Hydrostatic cooker and cooler.
d. Direct ﬂéme-sterilizers.

The open cookers aré used for heat processing of acid and high
acid foods' by the small and home-scale processors as well as some
large units. The equipment consists of open metallic pans or tanks of
appropriate size filled with water. The water temperature is maintained at
boiling by suitable means such as firewood, coal, gas, electricity, steam
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coils or open steam jets. Heat trahsfer is more efficient in the agitating
types than in the still cookers. . .
ressure_cookers_in_which foods are processed: in

Retorts _are : ro_processed ini
ratures than attainable at atmosp pressure,
i e lea: | for processing low and medium aciqg

: torts are in use, primarily for : . .
E)rggsre:ztzélfed in metal and glass containers. A conventional still retort is

basically a discontinuous, non-agitating type of vertical (Fig. 4.5) or
horizontal vessel that is used for heat pr

pressure.
The efficiency of retorts has been greatly increased by providing -

agitating- movements inside the equipment. .For
J processing of evaporated milk requiresba

s S

in a

while in the(agitating typg 2.25 minutes are needed to achieve the |

same results at 93.3°C. The modern retorts are fitted with several
gauges and controls (air vent, temperature and pressure gauges, etc)).

ocessing of canned foods under |

example,- heat |

All air from inside the retort must be removed, since it is'a bad conductor 1

of heat and will act as an insulator during the heat transfer operation.

Moareover, air.in the presence of moisture at high temperatures, causes

steel cans to rust.

The hydrostatic cooker and cooler is basically a still retort’
operating-au a constant steam temperature through which the food |

containers are transported for the required process time by conveyer |

" system. The equipment comprises. of a feed and discharge station, in-
feed section, feed leg, steam dome, and discharge leg. The water heads
in the feed .and discharge legs. provide-the pressure necessary to
balance the constant steam pressure in the steam ‘dome. This type of
cooker is efficient but expensive to operate.

Direct flame sterilization of foods in tin ‘cans .has been

successfully achieved with 'small sizes only. T, s are conveyed
across a bank of gas burners operating at about’ i093°C.7Applications of

' this system are somewhat limited.

Y

4.4.8 Cooling®

During heat processing,
{ﬁaaﬁh’:a:cmq C or higher. If the cans are held at this temperature longer
i un;::sgry, the hegt energy will cause damage to the nutrients. TO
oo C(;:;zsaaiy nutrient loss and over-cooking of the food, the cans
coolin 0ed to around@@3:C)This temperature ensures: that after

9 operation the cans will be dried by their own internal -heat,

44

the temperature of food inside the can

AWAN

F
ﬂ‘/‘} 00D PROCESS|NG = PRESERVATION
thereby preventing can rust
bodies.

as a result of moisture adhering to their

In most modern retor e
after. heat pri orts, arrangements exist for subsequent

Fig. 4.5 A vertical still retort for heat pro'cessing of foods at above 100°C.
Courtesy: Dixie Canner Equipment Co:, Athens, USA . o
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. the cans have been coole

"indicating the/product an

_ often quite high -during summer month

"these high temperatures.

" HIGH TEMPERATURE'

CHAPTER 4 by 5

.. ®

=

Almost all modern ,c'ansbc?m e
‘some ies prefer to use labels prin . :
s?orgzs];alﬁg)r;nd pin small factories, printed labels are widely used. After
i ' d and dried, they are'labelled. The commercial
printed label and - prefers special labelling
The home-scale processor writes the label

d date, and pastes it to the container with

on.a paper. For home-scale

food processor uses a
machines to do the- job

suitable glue’

_4.4.10 storing and Packing R d
, ssing of canned food ensures safety

- Although proper heat proce i |
against spoilage, yet some chemical reactions, and in some cases

microbial attack, can still occur in the product if it is stored at high

e with a printed can body. However, -

|

b

commercially sterile cans may

temperatures. Microbiologically speaking, '
contain some viable bacterial spores that may constitute a source of
d above. This information is

spoilage if held at a, temperature ©

i
particularly important in Pakistan WTETE warehouse temperatures are

d in a cool, dry place, whether inside the

that canned foods be store
temperatures in excess of 37°C

house or in the warehouse. If storage
are éxpected in the environment, t

drastic to ensure the destruction of all organisms capa
This will provide a longer shelf life -to

y more nutrients will be damaged during such_

ble of activity at

product even though slight!
a heat treatment.

For shipping to*far off places, séveral cans ére packed into”

suitable sized tartons. InTarge processing plants this job is also done by
machines, while a small-scale processor can utilize manual labour.

“BOOKS, LIKE FRIENDS,
.SHOULD BE FEW AND WELL CHOSEN”

46

s. It is, therefore, recommended - .

hen heat processing should be more

the - -

. The activities of food spoilage agents are very much dependent

) upon temperature. Enzymes require particular optimum

tgmpgrgture for their. catalytic reactions; so do the microorganisms
for their activities. Even the rate of pure chemical reactions is influenced
by temperature, but these are not terminated as easily as enzyme-
catalyzed reactions when temperature beyond the optimum range is
encountered. o :

-Temperature manipulation is a very useful tool for extending

. storage life of foods. When enzyme and microbial activities are

undesirable in foods, temperature control may become necessary.
Ke;eping food above the maximum temperature required for enzyme and
microbial activity may mean encouraging chemical reactions as
temperature is increased. Moreover, the nutritional quality of food is -
damaged if it is stored at a high temperature for a long time. The.
alternative proc.f;‘dure for checking the problems posed by enzymes and
microorganisms is to hold food at temperature below the minimum for
their activities. Low: temperature also retards ‘simple non-enzymatic
chemical reactions in foods. . ' v

Normally enzyme activity and growth of food spoilage and
pathogenic organisms best proceed at moderate temperature, i.e., in-the
mesophilic _range. Progressive reduction in temperature -below this

initiates gradual decrease in the activity of food spoilage agents. Below a
certain temperature, all life activities cease and so food is saved from

deterioration -and spoilage. The choice of temperature usually depends

a7
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upon the 0bj

" required for the enzyme

LOW TEMPERATyR, |
1 _term storage is the aim ;
i torage. If short-term stora . then
ect!‘ll:ja f,’é zecrgased to near or §!|ghtly below the Minim, g
cou and microbial activities. In. case food jg fo
qg peri ' temperature has to- be redyc
a long period, then the P! ed o
sbg;:)ev?tgminimgm at which any life activity can occur. r
torage and freezgr - storage, respectiyey

; old S FAS
. The terms cold storage CCoid storagaret

temperature

describe storage under the two situation fefers to thé
storage. condition where food is held at temperature(above) its” freezin,
ibes the situation where

QQIP on the other hand, dx
food is held in frozen state at temperatures ‘than the freezmg point
which incidentally corresponds to temperatures far m
conducive for the activities of enzymes and microorganisms. .
5.1 «~ EQUIPMENT o

The equipment required in low temperature storage installatibns

is basically a refrigeration system whose power may be through non. -

mechanical or mechanical means. In the non-mechanical or natural™

systems, ice or a surtable freezing mixture is employed. In mechanical
elrgeratio ] refrigerant that boils and vaporizes af |
very low temperaturer circulates in aclosed system. It absorbs heat from -
ltsfgnwronment and is transformed to the gaseous state. The gaseous
::artlg':zm is relconverted into liquid state through a suitable mechanism
y involve either a ‘vapour absorption cycle' : ;
) . : ycle' or .a ‘vapo
:‘.;r;p:ssllon cycle'. In systgmg. using the vapour absorption cycle pthuer
absgrb:(? irmove's from the liquid phase to the gaseous state: the g'as is
. employeclj ;S;Jﬁ?}iﬂmfd alnd th? liquid refrigerant is regenerated. This
ufacture of domesti i f  with
gas, kerosene or other similar source of E:gf. refrlger;tors g HQeGy

pour compression cycle emplby a
out the compression of the gaseous

‘commercial i i
equipment aalrer c;f. this type. In its simplest form, a vapour
elrigeration system consists of 'four szic

components—comg 3

(Fig. 5.1) ;essor, cond;n&gl’. €xpansion valve and’ gvaporator
——————
: 3 ™
St

M eshsz:?iret of the's stem and provides energy
gqs circulating in the hermetically
l? condenser. Here the (, -3
'quid refrigerant is passed

' result

- FOOD PROCESSING & PRESERVATION

awAN

— .

s in changing the fluid
rant to .an atomized
_liquid mixture at low
Vapso_c,uurre.q In the evaporator
Z refrigerant obtains heat
th ‘the surrounding
i phere and vaporizes.
us vapours again
through the
ssor and the cycle is

refrigé

REFRIGERATION
- SYSTEMS

Refrigeration syster_né are
classified into

LOW PRESSURE, LOW TEMPERATURE VAROUR

WGH PALISURE, WON TEMPERATURS LIOUD .

Fig. 5.1 Diagrammatic
representation of a
mechanical refrigeration
system

High temperature systems — used for air conditioning and cold
storage equipment where temperatures between -3.9°C

Medium temperature systems — these are used for food storage

generally
three groups based on the
operating temperatures
attainable: -
(25°F) to 7°C (45°F) or higher are needed.
b.

and other applications requiring temperatures between —

~3.9°C (25°F) and —17.8°C (0°F).

C.’

Low temperature systems — employed where témperatures of —
17.8°C (0°F) or lower are needed.

53 ' USE OF ABOVE FREEZING TEMPERATURE .
The simplest form of equipment available for storage of foods at

above freezing temperature is the domestic refrigerator and food

displaying cabinets installed in supermarkets. '
temperature is lowered by the use of vapour compression me

In this equipment,
chanical

refrigeration system. The shelf life of food commodities is .short in these
than when the same commodities are stored in commercial cold stores

€quipped with other sets of controls.

ing in Pakistaﬁ are large

The commercial cold stores operat
cooling system that lowers

Nsulated rooms equipped with a mechanical

tmosphere storage

the tem
perature of the chamber..The cQatr [
facilities (CA storage) are equipped with other mechanisms whereby

.
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"humidity, ventilation and ¢

. 5.3.2 Pre-treatment of Food for Low

ases inside the chamber may

sition of g
o nditions to the commodities,

be regulated. These provide optimum. €0

ensuring long shelf life.
531 Objectives of Cooling Foods
ure reduces the rat

ions and retards the activities of M lisms
::,anc‘:frr;ture by 10°C reduces the rate of these reagtlorjs by one-half
ould be doubled by merely lowering its temgerature

ife of a food ¢ ;
g or.quadrupled by reducing 20°C from the ambient temperature.
However, this assumption does not hold 900;\j as.eacg.fo?d fmafelrial
) perature changes differently. A major object 0 cooling
responds to tempera g s Holding foods at low

foods is, therefore, t0 increase. their_storage lif .
temperature also protects their nutritive value and pre,vents»mplsture '_OS'S'v

through normal metabolic activities and evaporation: : ;
In the industry, cooling of foods may be donéf_or purposes other
than preservation. Bread is cooled after baking to facilitate slicing, while

beef is cooled fi

production of carbonated beverages, water is cooled before carbonation
to increase the solubility of ¢ ioxide. Wort is cooled in the brewing

industry to precipitate some undesirable_companents and again after

e of chemical and biochemicg

Low temperat ¢ microorganisms. A fall i

fermentation, the young bee

impregnation of carbon dioxide and
substances. ‘

v.Temperature Storage

Food raw materials get ‘contamin r
when they are gathered, harvested or slaughtered. Some contaminants
such as microorganisms can be troublesome even under very ideal
handling conditions. Food ‘meant for cold storage is prepared according
to the requirements for each particular commodity. Beef-carcasses are
washed, dewatered and then stacked in the chambers that are usually
equipped with ultraviolet lamps. Eggs may be dipped in suitable mineral

oil and then brought inside the cold store. Fruits are sorted for over-ripe .

or under-ripe ‘ones, while vegetables are washed, drained and then
stored. . . ¢ . ) o B

Qu!te often the microbial load of fresh food destined for cold
storage is reduced by washing, heat treatment, use of chemicals or

. irradiation’jemons, papaya or nectarines are immersed in- hot water ata

temperaturd of 46 to 54°C for one to four minutes to pasteurize. Some

fruits and vegetables such as cucumbers and root crops are waxed t0 |

50

~ commodities. QU

=ing fo_jmprave its_sensor characteristics. In the - i

r is held at chilling temperature: for -
precipitation of other insoluble -

ated from different .sources

dipp€ 4_hoy
~rds_dehydration as wel| Urs_after laying—
(r]itality of the fresh eggs. 3 loss of B o reatment

Chemicals are very f 5
m?ter'alaﬂrlg:c:gl%md storage. Chlorine, agetgids”:)the yeatment of food
and @gl,,y.mt Ide are commonly useqd o o fz<.Jne, sulphur dioxide
egetables 1o prevent the growth of py; ruits and occasionally

ved
ins is retarded by applicati Croorganismsy¥-Ripening
plantains IS re Y application of purafil whi ipening of
 with 2.4, 5=trichlorophenoxy acetic acig forltlﬁew :Iellme 2E?s:sseare o
. Sproufing

in such-commiodities as onions, potatoes and

- olicati - 5 carrots i

applicatjon Of[phenyl carbamates maleic h drazid;s 5 prevented by the
alcoho =y S8 Tlyerazid vapours of nonyl

thylene gas is often used ;
: alt,s,_ as é colour modifier to degreen citrus

)Lgradlat((_)gas also,been very helpful in cold storage of man
) often chilled meat is irradiated to destroy the surfa :
mggolflgré_a!‘d parasites.. Primarily, irradiation is used to sterilize tf\e
ghambers that are now a days equipped witftltraviolet lamps especialle
in rooms for storage : eat and cheese. Irradiation of the a;tinos herg
also helps when higher relative - humidity and increased tp

temperatures are preferred. B : sorege

.5.3.3 Cold Storage Proceduré

At home fresh commodities Iike'?;ions arlic, ginger, potatoes,

" sweet potatoes and others are stored in.a cool corner of the house for
ePMeat, fish, eggs-and other perishable commaditi

quite some timey itizs are
kept in the refrigerator, if not utilized immediately. With storage at lower
than amibient temperature, the shelf life of the food materials is
considerably extended. Table 5.1 shows the useful storage life of some-
foods of plant gnd‘animal origin at different temperatures.

The [efrigerator_is general-purpose_equipment in- which only 1
temperature is controlled and maintained atn the refrigerator

cabinet. This temperature range is useful in_prolonging the shelf life of
several raw and prepared foods for a few days .only. Fresh fruits and
vegetables meant for storage in the refrigerator should be washed to/
remove the contaminants. It is @ common notion among housewives that
washed fruits and vegetables do not” keep well when stored in the
refrigerator. This is because these have not been dewatered. It is
essential that extra water from the their surface be removed before these

are placed in the refrigerator.
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Generalized averageé useful storage life of animal and plant foods
e e |
at different temperatures.

' Generalized avérage useful storage life, in days, at

Table 5.1

" Food o rcurn | scawn |
Animé;l ﬂes;l - 6-10 1 Less than 1
. | o2-7 RE Less than 1 °
{::m:/ry’-—‘ 5-18 "1 | Lessthant
Dry meatand fish | 1000 and moré” | 350 and more 100 and more
Fruits 2-180 1-20 . 1-7

1000 and more " 350 and more ‘| 100 and more

Dry fruits

Leafy vegetables 3-20 Co1=-7 . 1-3
Root crops 90 - 300 70-50 - . 2-20 .
Dry seeds 1000 and more”| 350 and more | 100 and more

In practice, the food processor does not take any qhances with
his ‘commodities. The food is' stored under controlled conditions, which
guérantee evtension in the shelf life. Large capacity cold storages are
employed for preserving fresh food raw materials such as fruits,
vegetables and tubers. . : : :

' 5.3.4 Factors affecting cold étorage of foods

The phyéiological phenomenon in plant and animal tissues is + -

required to be slowed down to prevent' metabolic changes and increase
the shelf life. All'plant materials respire even after harvesting. The rate
varies from one material to another. During storage - of - fruits and
vegetables, oxygen is taken up and carbon dioxide and water are
evolved. Respiration in plant materials also results in heat generation
- and loss in the quality of the product%nima[ tissues ergo anaerobic

respiration, converting glycagen into “glucose and fj actic_acid. .
The energy lmﬁﬁﬁﬁﬁmﬁﬁsm%
heat, while th MMD@M&M@A@M&&
Lo\ab%l_%asi_. All respiration in meat. ceases. after a. post—morte'm"
period of o due to -non-replenishment of glycogen or

glucose. The refrigeration requirements of plant and animal foods are

--dependent on several factors. These are temp ' i idi
er . erature relative humidity,
composition of storage atmosphere and ventilation r ’

52

_ knocalo‘rieS (2,000 BTU) of heat under the same cond

AWANA

—

53 41 Temperature

. & iem rrdl{éz
The choice of temperatyre f(f refriger.

depends primari[¥ on fthe nature of foqq estimztign storage of foods
e, C ition o ’ i
material. The metabolic activities in some Shd re-tre f-the

hig lon |
! g storage. For exampl
one ton of green beans, sweet okra or gree i
N peas stored r@
hours at A5 "9] generate .over(252 Kilocalor iti
Units, BTY) of heat. Under simiar conditli?')sn“’000 gAY

' i s, over 504
Kilocalories (2,000 to 5,000 BTU) of heat are generated when ttt::a ;azrﬁg

~ quantity of Learrols or potatoes] are stored. Most_fruits i
respiration_and thus release less heat " duri o e

ng_stor. i
lemons _oranges, cabbage, onions and tomatoeq—siggpd' G—kbr:lomi
itions and time. |

Since the rate of metabolic activities. of each food varies, so does
the storage-life expectancy under any specific situation. Depend,ing upon
“other conditions, some animal tissues, firm, ripe fruits and vegetables
may be stored at optimum parameters of chilling temperature and
relative humidity for a period of less than two weeks. In an atmosphere
containing normal amounts of oxygen and carbon dioxide, heef, mutton,
poultry, fish, lemons, nectarines, cabbage, carrots, green peas and
spinach may be kept at just above freezing temperature for maximunm
storage life. Qranges, pineapples and potatoes will best be stored at 2 to
°C. Bananas, grapefruits, lemons, limes, mangoes, tomatoes, green
beans cucumbers, and sweet potatoes are kept at a temperature
between 7 to 13°C for maximum life. Green lemons, oranges, cabbage,
carrots, potatoes, sweet potatoes and eggs may be stored for overfthreg/

months at optimum conditions of temperatyre and relative humidity.
SR (€] insulation/ is é@%@ adequate and uniform

temperature inside -the chamber throahout the rage period. The
insulating material should normally be“non-toxic,“strong and with low
heat conducting properties. Another factor that affects the temperature of
cold storage chambers is the temperature difference between
refrigeration coils and the storage atmosphere—smaller temperature
difference is preferable over a large one, since the latter pro_m'otes
vapour condensation on cooling coils. Proper air circulation equipment

- maintains a uniform temperature in cold stores. The specifications of the

equipment have to coincide with cooling requirements of the food
Material. - : )
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5.3.4.2 Relative humidity o
cont the storage chamber is vital for

ontrol over relative humidity in the S !
extendeg storage. Too high relative aur .Idl!y, .afeﬁggvrwgf |§gel,
encourages microbial growth. grow in a - . 35 to
ercent, yeasts re uire 90 ! _"? QFOI " on the
food surfatl:“e at near saturation. Relative humld[ty egw etogltlmum
results in moisture 0SS, causing wilting In fruits and vegetables or
damage to the appearance of animal tissues, thel;eby 'r.]curr'ng,ﬁCO”Om]c
losses. In many vegetables, @ decrease of 3 to 6% moisture wi rgsult in

. amarked loss in quality. R

relative _humidity for-a WM&

optimum
dope The the storage temperature. In cziscegsc;; mgat' the
lative humidity at 0°C is 92%, at 2.2°C 88% an 75% at
e e ture for storage IS specified for g

4.4°C. Thus, whenever temperatur
particular material, the relative humidity has also to be stated.

e storage atmosphere

5.3.4.3 Composition of th .
In cold storage chambers, .an atmosphere containing higher

percentage of carbon dioxide and lower oxygen content than are found in

air, is maintained to suppress the norma proc
materials. Carbon dioxide content of above 1.0% S|gnlflca‘ntly retards
microbial growth on the food surface. Similarly, reducing oxygen
concentration from the normal 21% to 10% or lower decreases the rate
of respiration. The: problem in manipulating the. gas atmospljere lies .in
the difficulty of control. The storage process known as /C'ontrolled
Atmosphere Storage’ or *CA storage’ has techmcally solved thls.' In CA
storage, machines including scrubbers control the amount of different
gases in sealed and insulated storage atmosphere. Ozone may also be
used where higher relative humidity is. employed, since it helps in the
control of microorganisms. Eggs,
humidity of 90% in the presence of 1.5 pp

absence. e
5344

m of.ozone as in 85% in its

Ventilation .

" Ventilation in cold storage chambers is important to prevent the

development of stale odours and flavours and remove them from the:

atmosphere. This is also helpful in maintaining a uniform temperature
and relative humidity. In case adequate ventilation or air circulation is not
provided, then food in [local areas of high humidity may unde: go
microbial decomposition. This would also prevent maintenance ©f
uniform product composition in the storage atmosphere.

4

\ AwAN

_ activity is considerably reduced.

| physiological processes in plant .

for example, keep as well in a relative:

- 5411
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54 USE OF BELQW FREEZING TEMP'ERATURE

~ The rate of chemical reqaqy;
icroorgan_ls.m; are retarded gt
~perature. Howev
em‘pe X €, at below the freezin ’
oilage agents are completely inagfj G point of water most

{ a very slow rate. The human pa vated. Chemical reactions proceed

. t :
while normal food spoilage organism: c\;%ﬁ ns do not thrive below 3.3°C

enzymes retain their activity at even -77°

not grow below -9.4°C_ Some
C, although the rate of enzyme

In freezer storage, length of storag .
) orage and halding temperature
ure are

“gritical in- determining the life of fr i )

i nactivafeq by blanChing or chemical t?;;;efﬁ?g:fdrsér’}feeezeinzym?ﬁs o
food spoilage” organisms will not grow below —94°Cngt?1n fore,
temperatures somewhere below this limit are normélly éele;go;e’
frozen food storage. This provides enough safeguards against ar?r
possg_ble tempergtur_e rise. Considering the factors involved in 'fooz
freezing including’  enzymatic and. non-enzymatic  reaction

microbiological changes and the cost of freezing and freezer storage Sii
has-been found that freezing of foods to an internal temperature of -
18°C and storage at this or lower temperature would be optimal for the

. maximum life of most products. However, use of temperature as low as —

30°C for storage is not uncommon in commerce.:

" 5.4.1 Methods of Food Freezing

~ Basically there ‘are four methods by which foods are frozen
commercially. These are: - ' o

.. a. . Freezingin air — Still air sharp freezing, blast'freézing, and fluidized
bed freezing. . )
% b. Indirect contact freezing — Single plate freezer, double plate
: freezer, pressure plate freezer, and slush freezer. .

c. Immersion freezing ~ Heat exchange fluid, compressed gas, and
' refrigerant spray. ' :

d. Cryogenic freezing.

Freezing in air

N
is a typical example. The food to be frozen should be.prepared (washed,
peeled, inedible portions removed, cut) and packed in small consumer
packs. Meat, poultry and vegetables are often frozep at home. Meat an_d
poultry are cut into’ small pieces, washed, drained and pgcked u;
polythene bags: Vegetables are normally blanched, cooled, drained.an
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éckets shol
then packed. These P air as possible from the packages.

made to remove as much .
o chould the freezer for quick freezing and not stackeq

s should spread in ;
These atot nce completely frozen, the packets  may be

one over the other. (0]
stacked. .
In the commercial freezers, food ‘is placed in an insulated

2) or conveyer belt (Fig. 5.3). It is frozen by

chamber on trolleys (Fig. 5. . t (Fi f
passing cold air at a specific velocity and d_lrectlon. The temperature
used in still air sharp freezer ranges betwee In air
blast freezers, it varies from —29 to —46°C. Thear velocily.in the still air
freezing is negligible, while in the blast freezers it may be 15 meters per
_ second. In case of fluidized bed freezing, cold air is passed through the

food particles.
Excep

freezing medium may be tai
are normally referred to as fast { i

t for the still air sharp freezers, all types using.air as the

= . _ 4

L L D] 3

[

FROZEN

FEED
— —
PRODUCT

Fig. 5.2 Continuous batch air freezer With counter-flow air circulation
Indirect contact freezing ) ’

In the indirect contact freezers',\ the freeZing medium cools a

_ surface (plates or walls) with which food comes in direct contact. As a

results o_f the heat exchange, it is frozen. Liquid foods and purees aré

pumped in-between the cold walls of a heat exchanger and frozen to the

slush condition. The efficiency of indirect freezers' depends upon the
extent of contact between the cold surface (plates) and the food

5.4.1.3

54.1.2

Immersion freezing

In this ‘type, packaged or.unpackaged food material is direciy

:;ng:g:e; i?ethe fffr_e_ezing_medium or the medium is sprayed on it. This =
: ry e lglent since there is intimate contact between food of

uld not be over 1 kg in weight. Efforts .

lored for batch, or continuous operations and

>

'r

" “as the freezing medium.

, N FOOD PRO ( X . .
AWA PCESs)
NG & PRESERVATIQN

—

ackage and the freezing medium. This minimi

. i < mizes the resi

transfer- grcl)lwi\:;r’t'sme food items come directly inriiztzgfe s

medium, y non-toxic. substances, which would -not impart und‘g:::att)r}e
. e

‘odour, taste or colour to the- product, can be omployed 2s frassing

edia. -ggiisrzmc%c;r;idn;e_:;ad used for the purpose include solutions of
= : and|g olf A sugar solution containi y
suCrose Oor a brine containing 23% sodium chloride will be :ll.u?;i?:?e':tz t/:;
lower .the templerature to —21°C. Glycerol-water mixture can be used to
obtain'a much lower temperature, €.g., with 67 per cent glycerol solution

in water) EZ"Cican be attained.

Z

|
AN NN \\L][‘]

2
o
a(.
o

<

XX
1
-
VAV A A4

- ___ FROZEN
) . _ ] (3) PRoouct

Fig. 5.3 Continuous belt air freezer with concuri'ent air circulation.

5.41.4  Cryogenic freezing .
This is similar to immersion freezing. Liquefied gases of
extremely low boiling point are employed and the refrigeran itselt serves

ts of —79°C and —196°C, respectively are

nitrogen that have boiling poin

used. The food commodity is immersed in or sprayed by-the liquid gas
and is frozen in a very short time (Fig. 5.4). Liquid nitrogen is preferrgd
over liquid carbon dioxide because of its lower boiling point. The food is
usually froZzen to —46°C or above. In most fruits, vegetables, meat apd
fish, the freezing proceSs may require from 1 to 3 minutes. Some fru_nts
and vegetables, however, show physical quality defects when frozen with
liquefied nitrogen gas. For cryogenic freezing, liquefied gases under
pressure are more efficient than plain cold gas at the same temperature

on account of the-extra cooling capacity provided by the latent heat of
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is more suitable for. products of small size’

vaporization. The method is e
whpere freezing is completed in 3 very short timeé

CHAPTER 5 ———

FROZENl
. -PRODUCT

Fig. 5.4 Schematid representation of a cryogenic freezing unit using liquid riitrogén
5.4.2 Effect of Freezing on Foods '

When foods are subject to below freezing t_emperatures, the
moisture freezes and turns into ice crystals. The size of crystals may be
small (in quick freezing) or large (in slow freezing) depending upon the
rate of freezing. Since water ands on freezing by almost 9%, the
frozen foods al$o increasé’in volume. During storage o

crystals.

During freezing operation all moisture present in the foodstuff
does not instantaneously change into ice. It first cools to a temperature

below the freezing point (super cooling) and then starts crystallizing. As.

. the temperature is lowered, more water is crystallized. The remaining

moisture in the food with the soluble solids forms a concentrated solution .

with a much lower freezing point. A stage is reached when no more
water from the solution can be frozen independent of the dissolved

sc;‘l'utss and the solution may freeze en masse. Such a solution from
which water cannot be crystallized is known as Jeutectic mixture]. It is the
mmmw en freezing operation

: :sr;‘;e;%d“(;igt' 5.5). Freezing ties up most of the moisture in solid form
‘ atever remains in the foodstuff becomes very concentrated

f frozen foods, ice -

crystals can grow owing to fluctuations 'in temperature, thus resulting in.
physical damage to the food material due to the formation of larger ice *

. Catalyzed reactions and other chemic

’ Foo : ‘
AwAN 00D PROCESS NG 4 PRESERVATION
— —
. dissolved solids. Conse ;
with dissO quently, moisture i .
N : IS made unavailable to the
f th

TEMPERATURE

a1 S TR S 4 N N 3. n .‘ N S
'\ HEAT WITHDRAWN ___ R

Fig 5.5 Freez!ng curves for pure water and a simple solution showing the effect of
§ lowering temperature on water and solutions ’ :

V_ery low gemperature and. moisture immobilization encountered
in freezing retard or terminate chemical and enzymatic reactions.

- Normally the enzymes are inactivated before freezing by- heat or
- chemical treatment. Hence, there are no active enzymes or. enzyme

activity is drastically subdued. Similarly, ordinary chemical reactions are
very. much slowed down. However, on prolonged storage, flesh foods

_such as meat, poultry and fish may become irreversibly dehydrated

(freeze burn) as a result of chemical changes in animal proteins. When

<myoglohin is oxidized, the red pigment on the surfac of meat is turned _
to _brown metmyoglobin. Sometimes tats' are eitlfer oxidized or
hydrolyzed. :

. 5.4.3 Storage Life of Frozen Foods

The period, for which a food commodity can be safely_ kept in a
frozen state without appreciable loss in quality, depends upon its nature,
its processing, and packaging as well as storage temperature. Though

microbial activity ceases practically at —18°C, yet some enzymes still
chemical reactions also occur at

remain active at this temperature. Some ) cour
temperatures far ‘below freezing. Therefore, while subfreezing

‘temperature may check the activities of microorganisms, enzyme-

al changes still procged but at a
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considerably sIbWer'pace. Each food_commo@ity' beha\_/e‘s differe”t| :
during freezer storage; hence the period it can stay in such StOrage '

facilities will vary depending upon the factors enumerated above. -

Heated canned orange juice can stay for, up to 27 months at -

_<18°C, while the same juice has‘a.shqlf-life ofi 10 months at -12°C ang

only.4 months at -6.7°C. Green beans. and green peas can be‘kep{ f0r"

11 to 12 months at ~10°C and only 3 and 1 month at -12°C and -6.7:¢

" respectively. Raw chicken has a shelf life of 27 months at -18°C; 155
and less than 8 months at —12°C and <6.7°C respectively. Similarly, the

life of all foods is much lower (almost half) at —6.7°C than at -12°C,
5.4.4 Effect of Thawiﬁg_on the Quality of Frozen Foods - )

" During freezer storage, intermittent fluctuation in temperatuyre
results in greater damage to food than either the freezing.operation or
‘storage. A fluctuation of 3°C in freezer storage temperature below -
18°C, can cause considerable damage to the food. During thawing,'

~ foods are subject to damage by physical, chemical, and microbiologicg|
means. When food thaws, ice crystals melt and change to liquid state: op

refreezing these once again turn into ice crystals but larger in size anq

eventually cause physical damage -to the product. The chemical
reactions ard enzyme activity would be faster at higher temperature.

 As some microorganisms ‘are not killed before and during
freezing or subsequent frozen storage, these will become active when
the food. is thawed. Although microbiological changes in foods are

‘negligible as a result of temperature fluctuations, .yet this aspect cannot ;

“be ignored. It is only on rare occasions that' commercial freezers

. breakdown without notice. Therefore complete thawing in operating-‘v

- freezers is uncommon.

Frozen foods (except ice cream and'similar-products) must be
. defrosted or thawed prior to consumption. The time required for thawing
-operation is very crucial to the quality of food material. The Ionger the
food takes. to thaw, the greater will be the damage caused by
proliferation of microorganisms that have survived freezing and storage.
For example, when frozen whole egg meat is thawed. under a.dielectrjc
heat source, the time required is 15 minutes and negligible increase In
.microbial count occurs. The.same product when thawed in running water
at 21°C requires 12 hours, and the microbial population increases to
about 300% of the original count. In case air at 21°C is employed-for
_thawing, 36 hours are required and the microbial population increases by
-750 per cent during this period. : S

o

A

some time. Since ali mojsyy
microorganisms may stjj| fing
w as —5°C on meats, —1
eas. Yeasts have been re
sters, while moulds hay
. \,"egetables. ’ *

oy

5.4.5 Effect of Freez;n'g on Micy,
‘ 00|

'sanism,

Most microorganis
] ms
e r:lot fre freezing temperature f
G :::ns a} 0°C or slightly low«i.)rr ;ucte
0°G & ) uutablf: for thejr 2t o

ported ’tb."grow = fish and —12¢
at-5° on
€ been foyng grot -5 (; On meat ang —17+C o,

. Subjecting food to below fre

" reduces the microbial population, byt deZlng temperature Considerably

canned food is expected to pe Sleta 988 not sterilize it. Thus, whie a

never near to that condition, | implies
handling a frozen than a heat proce
. during freezing quite ‘a substantia| per

between 50 to 80 per cent, is killed dep

."C. -Freezing and storage termperature — Very low freezin

~‘d. Length of storage

Or near sterile, 5 frozen fooq |
hat more care has to be lakei :;
Ssed or canned food. However
centage of microbial population,
ending upon the following,f’actor‘s:’ ‘

a. Kin(.i and state of microorganisms — Generally, bacteria are more
resystan_t to des_truction by freezing temperature than yeasts
or mqulds. Similarly, growth phase of the organism
determines the effect of freezing temperature upon viability
of thg population—young and old cells .are easily killed by -
freezing than mature ones. Vegetative cells in the lag phase
are more susceptible than those in other phases of growth,
and the spores. ‘ Coe

- b. Kind of food — The combosiﬁon of food invariably affects the

susceptibility of microorganisms to freezing temperatures.

While sugar, salt, proteins, colloids, fats and other food

components may offer protection to microbial cells, high
moisture " content and low pH will hasten kiling of

microorganisms. '

g or storage

temperatures are not very lethal to microorganisms. The

st criti i isms is between —1° to —
‘most critical range for microorganisms 1S er '
5°C. Foods frozen or held for a long time at this rangcren 2;:2
havé less number of viable cells. Slow freezing g_aruzeiss ore
damage to microorganisms but the same conditio _
. detrimental to product quality. -

— Longer storage peribds are helpful in

; i ina
3 iable microorganisms N
. e .numbers of viab ‘ i
decreasing the .nu :
frozen food.
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NOTES

“THE MAN WHO D'O.ES NOT READ GOOD BOOKS
HAsS NO ADVANTAGE OVER THE MAN
WHO CAN’T READ THEM”
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REMOVAL OF MOISTURE

'apd reactions and
Q 00ds. Without avaitatle moisture, the

mts—would be completely inactive. It is present in
practically all foods in varying quantities. Fresh fruits, vegetables, meat
and fish that contain high levels, spoil readily. Dry beans ‘and cereal
grains have relatively low moisture and can be stored for long periods
without spoilage. This knowledge has been utilized for centuries to
preserve foods by sun drying.

6:1 ROLE OF WATER IN FOOD *

Water plays.one or more roles in a food system. It may: -

a. serve as a solvent, .
b. participate in chemical .and biochemical reactions as
principal reactant in processes involving hydrolysis.
be product of chemical reactions involving condensation,

d. serve as a modifier of the catalytic activity of other

substances in food, e.g., metallic catalysts associated with
lipid peroxidation are inactivated by water, o

6.2 FORMS OF WATER IN FOOD
Water exists in foods i

a. Free water (e.g., in tomato juice).
b. Dropléts of emulsified water (e.g., in butter).
[ _—,

L8

Jorms such as:
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\% VA 0V . .
/ .‘\‘\ c. Watertied in colloidal gels (e.g-In Jel'hes)._ o
CD \P\‘-‘ d. Athin layer of adsorbed water (€.g., IN powdered milk).
\ e. Chemically bound water of hydration (e.g., in sugar).
i is ex ly difficult to remo
chemically bound water Is extre'me : Ve
during dx‘iﬁg while free and adsorbed water Is easy to manipulate. |,

i bsorbed moisture is removed
val of moisture, the free and a . ove
;?Jr;::ble means. In this manner the water becomes unavailable for the

—

chemical and biochemical reactions, as well as the activities of enzymeg - -

" and microorganisms. Moisture from the foods may be removed by any of -
the following methods: - :
.9 }) L Sun-dryidg
® Dehydration _
0. Evaporation / Concentration
e ‘Freeze-drying
] e. Dehydro-freezing .
6.3 ADVANTAGES OF DRIED FOODS

Dried foods, preserved by the removal of moisture, are less
expensive than. most foods preserved by other methods. These are

concentrated sources of nutrients and. are high in total solids. The 1
dehydrated foods, because of reduced weight, are less costly to

transport. They also require less storage space. While sun drying is
restricted to countries with plenty of sunshine, dehyd_ratlon can be
practiced in any part of the world under any climatic co_ndltlo.ns.

6.4 SUN-DRYING

Sun drying refers to removal of moisture from foods by exposing
them to the direct energy from the sun's rays. Many food grains such as
cereals and pulses becom@i@m the field by solar_energy
and are protected from autolysis icrobial attack. Their moisfure
content usually varies from(g and water activity is normall;@?S j
below. In addition fo These naturally preserved foods, other perishable
commodities are sun-dried in order to prolong their shelf life. In tropical
and sub-tropical regions with abundance of sunshine, several-fruits and
vegetables are .sun-dried. Examples are sun drying of grapes in
Afghanistan, Greece and United States to produce raisins and the drying
of dates in Saudi Arabia, Irag, Tunisia, Egypt and .Algeria. Guava, .

ato rs_and peaches are also sun-dried in severe tne

world. In Pakistan fruits including figs, plums,.grapes, dates and apricots
are sundried. - : ‘ :

64

%\}IEO/‘ .

Equipment requireq fo,
4duct to be dried, ‘local cong:
PO wever, any one engaged in g,

44 Equipmént
6' .

..n dryin
ditiong an(? tVare,;
H : N dryj : ale o

d wooden boxes of appropriatez 19 of fruits an yeq

ze for Collection of

» Cuttin
are requireq

S_izeq trays t.hat € prepareg raw materiai

e .
F m the field- In the preparatiop

eeling knives, aprons, etc,

ﬁe’eds to be placed in suitable

: . are usual|

00 d: S-or. Y constryct,

he raw material is brought to o o MY be needed. Afier d;?ngf
equipm‘?nt |sf‘reqU|r'ed 1o pack the dried product in e Packaging -
oisture-proof containers. » ¢ In suitable sizeq

64-2 ) ‘Procedure

The raw material for sun drvi

similar to those required for preservation i :
_techniques. T_he fruit may be washed, peg| e)d,cc?gtng’r?d I;iizgg or other

sulphured. It is left in the OPeN sun in trays and turned oc lanched or

dried to the desired degree. The dried Casionally until

: . ! uits are then sorted

in bo;(es c;tr bins _for meIsture equilibration—a procéssan?(nsct):/d‘(zg
‘swea ing? It may now be stored in insect-

rooms. L and rodent-proof storage

Preparatory treatments |

6.4.3 Precautions

. Since the raw material for sun drying is direc :
atmosphere, there is danger of contam)i(na%ion fromﬂyn:t):ﬁglse:o;cr)c?se
Microorganisms floating in the atmosphere may settle on the product.
Birds and animals should not be allowed in and around the vicinity of the
drying yard. Cleanliness in all operations is absolutely essential. Great
care should be taken during the drying process to prevent contamination.
gdl equ(ijpment hshc()juld be properly sanitized. Waste fruit should not be

umped near the drying area and where this is not possible; it should be
treated in a pit withevent its decay and multiplication of .
microorganisms and flying insects, especially flies.

Dried products are subject to attack by insects and rodents.
These should be protected by providing insect-proof room for i
Occasionally this room is fumigated with suitable gas to kil insect pests.
Since dried foods usually deteriorate at room temperature and lose both
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CHAPTER .6

sble to store them at lower temperatures

ritis preferns' Most processors prefer to keep thej

especially if stored in bulk bi

A a temperature of 0 =4 ¢
zrodu‘?fblg iﬁ(;‘gcgo:g raot dents, apart from protecting product quality. _
amag . v

6.5 DEHYDRATION '
, L : ter content of food j
jon i operation In which wa .
b Pezd(:x(e’?egs ?jl:\deﬁ controlled conditions of tempemre,.
su

w_Under these conarions, Nigh quality products arg

hﬁgiﬂzd atrr::tagain their natural characteristics upon rehydration o
0

reconstitution. Foods.that have; Dee -
dehydration inclu e fruits - e

ixes and others. The raw m :
:]r:d type of equipment needed for dehydration.

6.5.1 Drﬁing atmosphere

i dstuffs, heat energy is .
moval of moisture from natural fog_ 'S yis -

liedlnt(t)httehfee food. Water, which evaporates, IS _removed from the
gt oods may be dried in_(a) hot air, (b) .

* vicinity of the raw material.
d

.J' eaied dd e b | t
ue‘heae eam, (C vVd ( .J - I t . D drevc

However, i~ is the most comm jum for removal of moisture from
foods for' several reasons: dehydrators using air are less to construct,

They are more convenient to install and operate. By using air as a drying ./

medium, eating, di f the product is

greatly avoided. Air also permits gradual drying of foods, thereby -

- avoiding loss of juice by drippihg.

Primarily, there are three major roles of air in dehydration. It .

to food, v izes moisture from the -commodity
and transfers the liber i to the atmosphere outside. A larger
volume of air is required to vaporize moisture from the;food Fhan to
transport it out of the drying atmosphere. The volume of air required .for
drying is calculated from the initial temperature of air entering the drier,
volume of moisture required to be evaporated, time in which the

operation has to be completed and temperature .of air leaving the :

dehydrator. Other factors connected with this calculation are the heat

losses through leakage and heat required to-raise the temperature of
trays and walls of the dehydrator. 3 '

°C. This also prevents - ate”

peen: successfully 'presferVed'_ by - g

terial determines the handling techniques

i wil not be efficient for the purpose.

. velocity of @ir, provided other fa

three times as fast. . :

4l depends upon the

rom the free
h (in case-of pieces placeq al, surfape of- a food
veloci i - Oona Surface), M.Ldlty , the

All food raw materigls do not
: ; " react in the
anges 10 atmospheric conditions. Since ks tsame manner to
¢ from'|ns[de‘, Iarger particles take longer f € lravels oyt of the
“Thus, while it-may take a f e to dry than the smaigr
o™ | drier, several h

a pieces o dry in a
wh i

‘particles, s seen in spray drying of milk and instant
meds_

"« The relative humidity and velo
factors that .must bg garefully controlle
high in relative humidity will not- acco
“the food. At low temperature, air is ea

ci.ty of air are other important
d in dehydration processes. Air,
mmodate the extra moisture from
sily saturated with moisture, hence
The rate of moisture evaporation
rial ‘is directly proportional to the
actors remain constapt. It has been found

pute, drying would be
140 meters_per minufe, it would be -

from the free surface of . food mate

that at.an"air_velocity of abou
jwice as rapid as in still air and

. Food materials are living units and moisture has to travel out
from inside the pie’ces.' At high temperature, low relative humidity and
high velocity of the drying air, the food surface can get dried, while the
moisture inside the food is unable to travel towards the outer surface—a

situation known~as | casehardeping] This results in food being dry

-outside- and wet inside. Therefore, air velocity is_usually requlated in

commercial dehydnators_w,pg_twg‘en 9 eters per_min el Air
, Velocity beyond this range is uneconomical. Part of the spent air may be

recirculated to avoid casehardening and economize on heat expenditure.
653 Types of Dehydrators ‘

Depending upon the mechahism of transferring heat energy from
the heat exchanger to the food, all dehydrators can-be grouped into one
of the following categories: - :

67
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/ Ay E. . roode '
‘ pTER 6 C : ,W‘“ ; "OCEssing & PR .
t c"‘ . : . ' ESERVAT|°'N
§ : ) :
end of each tunnel throy

4 .

ie driers T inet, towér an ila el - . h an i ‘
" Hot aIr 2= o rers = Kiln, cabin and Qeggn , oW/ material (normally fruits) enta, the 898nlng Or throat, whjj

Natural dr@ , u, D -u”“e[ fo0 ess towards the lower or warm néle{_ at the upper ,orco; trags of
i " driers: ' f nd of each tu : he dry fryt ; €nd and
i ‘ 5 #t driers = Tunnel (concurrent, Counter. tp s Anel. This type jg very s Y UL s removeq from
i b Forced dra t tunnel driers, cross flow tUnrfe| 'u"ent duce prunes Suitable for drying plums
! ' centre.-gxzagsr uidized bed drier, spray drier. gy
i I s X 4 h &

{ ‘ . conveyer - ”
i -y contact Wit heated suface = Drum driey, Vagy,
i . in . & : . Um
i 2. i ’
helf drier iati )
° jication of energy from a radiating ICroy,
3, Drying Y 8PP0 o Radiant heating drier, continyq, &g |
. dielectric SO and dielectric heating drier Nfrg,

; ﬁp,d_‘ﬂﬁr' Icr

gpecial drying techn

ques — Puff drying, foam mat drying

4 - L
6.5.3.1 Hot air driers

a Natural Draft Driers - SR
e driers, in general, conglst of a furnace r ‘
" The patural (g;f;nt (steam pipes, electric heaters), SUrm(c))?Jm o
other heating arraggr The air is heated by contact with the radianFe(_, .
by 2 dryl(? y Ct':g] the drying chamber by natural convection cu"eﬂ? B
| ?f::ezr:ier:nare'ineXDenSi\’e to build and ?ave lohv_v ;uﬁl efficiency, Mos‘ - -
; i ith fans which have P
natural draft driers are NoW equipped with Ve considerap),
increased their efficiency. _ s o
0 driar i t type and is-employed | , :
“The kiln drier_is one of the oldest ty| : ployed inthy, K : _ ,
drying of hops (flowers -of hop plapt used in prewmg to Impart bitte - o +* FigBdAcabinotidrler
taste), cacao and apples. It is unsuitable for dryr.ng ?]oft fruits. The drigy - : .
consists of an upper storey that houses the drying floor, and a groyng , :
floor that accommodates the heating system.At the top of the upper flogr i £ Fomedpraﬂ DEhyqram\rs R » S
_is an exit for escape of the spent air. "5 . ' - The forced draft- dehydrators offer more efficient energy
; in ' e utilizati d control over the product. In principle, .all forced draft
In the tower drier, the drying chamber can accommodate severst ~Uilization and control over ! w ,
drying trays stacked one over another in the form of a tower. The heating  dehydr a.torSICO”S‘St otfha geat'”g ;:]harrgber, P‘:’;‘C?O’g:{nt;e Ezatffcgé' A
system is like the kiln drier. The cabinet drier is similar to tower drier, ~ conventional means, the drying chamber where y be p ;
i ' § i ' ; a system to circulaté air through the foodstuff. Normally these driers
except that steam coils placed below-the trays furnish heat. In this type, T t for re-circulation of air that increases fuel efficiency
- temperature of the air can be conveniently regulated and drying made a%e g&iﬁ?:gi’;har ASrina RS b e
-~ more rapid. The modern types of cabinet driers consist of compartments preve \ 9
- that hold several trays over or through which hot air is blown by specid ) T
5. fans (Fig. 6.1). - S "+ which is longer than it is wide. Depending upon tt?e dnrecho:moWhev;
‘ i . . P ' . movement of air over the product, a tunnel drier may be concurr ;
narrow T:e Oredon tunnel drer consists of a series of parallel, SIPM i oy oy material movg in the same direction or counter-current (Fig.
chambers above the furnace room. The hot air enters at te ; . 5 I : '

)

The tunnel driér consists of a. chamber in the form of a tunnel,
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i ite directi h other. In some drigr:

if these move in opposite direction to eacr 5

?rigz,'fe:gr from both sides of the tunnel and is let c_)ut from the m; dals

Such a drier is called centre-e tunnel d (F|g.h6.2)hand has the

advantage of producing a better qualltyAprodL.Jct than the other dﬁlers_ In

another version, called cross flow drier, the air flows across the dlrecﬁ‘oh
of food. ' .

ChAPTERG

' air

| driers, food is normally placed in trays that are stagf
on trollelyr;t::rn ?rte.lcks and these move the Igngth of the tunqel. Heatin
air is done either by steam coil.s, electrlcglly h'eated g(lds or hot
furnace. The air supply is maintained by using disc, multivane, airpla
propeller, axial or paddle wheel types of fans.

keq
g of
air

The conveyer drier such as continuous draper or belt drier i
sifilar to the tunnel driers in construction, except that the raw. materiy

moves on endless conveyers rather than trugks or trolleys. This type is - 4
suitable for drying vegetables, starch, etc: Air is usually blown across the

product in a con-or counter-current design. -

FRESH AIR _

EXHAUSTAR - = .- .7 R
‘& — : =

m
e o iy A\
DIRECTION OF FEED ~ - HEATERS
' - FRESH AIR 'HEATERS

SN —

o]

4

L4

L+_J

D] ) O N ¢
EXHAUST

DIRECTION OF FEED * .

Fig. 6.3 Schematic representation of typical counter current (above) and centre:
: exhaust (below) tunnel driers. A ’

70

Cfr

Ne.

\\'I s @

éterialsn e.g., grains, cacap, ‘
s for drying granulated materjgyg o - 2ONs, di
om the bed through a porgyg Plate at 5
pe food particles in suspensiop, 7y, 3 Pressure tn
diferent POITS N the bed that, iy 5qq PP
tramsferrlng it .to the outside atmOSphere it
e o Socrie e a oy,
ot air thr eftood is jy ’
g;?mpression of gentle boiliné ;foznwgh to suspeng th

Spray driers are employe for liquid and oth

instant coffee etc.) of low viscosity that ean be atg:nf'oo

spray drier, liquid food is atomized into 5 drying Chamt;zﬁh In a typical
nozzle. Hot air IS passed into the drying chamber and the frough a ﬁpe
dries instantly. Slnce Some powdered materia| may be lost °°t<; material
air, 8 FECOVETY SyStem (cyclone system) is usually attachey | ri
exhaust in-which the suspended powdereq particles are recovgrtde i
spent air is allowed to escape or recircylate. S

6.5.3.2 Drying by contact with heateqd surface

Some foods such as milk, SOup mixes, baby foods, mashed
potato, and others that are either liquid or can form slurry are 'also dried
by exposing them directly to hot surface.. The drum drier is a good
example in this group. It essentially consists of one or more hollow
metallic cylinders called the drum that

is heated internally by steam, or
other heating medium. The cylinder revolves on a horizontal axis. As the
drum revolves, it collects a thin film of the liquid or slurry at a certain

point. By the time it goes around by about 180 — 270°, the film is dried

and a special scraping assembly removes the dried film and drops it onto

a conveyor. Another film of wet material then coats the drum for the next
round of drying. Conventional drum driers are economical to use, but
heat sensitive products may be adversely scorched. Usually drum driers
are classified according to the number of drums in one unit, e.g., single,

- double or twin drum systems.

In" vacuum drier, food is placed between two plates in a

“system where vacuum can be created. The foods are dehydrated under

vacuum at low temperature. The procedure is comparatively expensive,
hence is used for highly priced and heat sensitive foods.

ds (mnilk, eqgs, .

7
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n of energy from .radiating microwave or dielectric

MOISTURE REMOVAL

—

6.5.3.3 Drying by appllcqtio
sources 'A )
Several types of radiations from the electromagnétic spectrum

" are capable of producing heat in food materials and thus evaporating or

ighl bed by foods
commonly employed have a wavelength of 0.8 to 400 nm. These are
—used primarily for surface heating, hence find.applications in dehydration
of fruits vegetables, grains and tea, as well as in baking, freeze-drying
and roasting of cacao beans and nut kernels:

Some waves, especially. at frequencies of 915 MHz (wavelength
3.28x108 nm, dielectric heating) and 2450 MHz {wavelength 1.22x108
nm, microwave heating), are used in the food industry for drying and
other purposes. When food materials. absorb .waves at these
frequencies, heat energy is generated. In dielectric heating, food material
is heated by -keeping it between parallel electrodes, while in the
microwave heating, it is placed in a resonance cavity. In microwave
heating, microwaves produced by a magnetron when absorbed by
the food, generate considerable heat through a series of rapidly
alternating currents, which produce friction within the material. The food
gets instantaneously, heated from within. The dielectric and microwave
heating have found applications in quite a few situations in the food
industry such as concentration and drying, besides’ baking, cooking,
blanching, pasteurization .and sterilization. These are also becoming

popular for preliminary or finishing steps in drying potato chips, cooking -

- chicken pieces and baking crackers.
6.5.3.4 Special drying techniques

Special drying techniques are applied to produce certain effects
in foods that are not possible with the normal methods of dehydration.

- Puff drying is employed to increase the porosity of food particles to give
tmem~e-spongy Took. Such products are easier to reconstitute and have a -
better texture than those dried by the usual techniques. Production of
potato_ puffs represents a good example of this technique in which the
escaping steam tends to puff the product.

Foam'mat drying has a similar object, i [
X ject, i.e., producing a product
\g:hvlani'ger (\j/olume and spongy texture. In this case the raw material may
! tori')\g?o, e.gz.. egg w_hlte. I_n. concentrated citrus juices, fruit purees
{ paste, an edible whipping agent is added prior to whipping.

72

boiling water from them (see Chapter 9). The M'
M in heat generation. The radiatiq

- frough

!.

. evapora

s are then cast in.thin layer.
o f02 : S onto tra
5tab| 3 ppropnate system. YS or belts ang a

" " APORATION AND CONCENTRATION
65 ‘

€ dried

aporating some moisture, '

E;/1 |gwe.r the water activity of ; ?c:igymca?nqem’aﬁng the solypy

.e'xa”?p‘e where eygpo‘ration is a p:rrtlal' T°maopaste is?a
o . Initially tomatt_o ];JICB contains  apoyt gzuthse l.ptese“’a‘b“
0" trated DY e}' apc;) ration to about 32%. Evaporaton e {ds that are
gt of foo materials; ™ thereby lowering :is to reduce
thens' ortation costs..Normally water activity of most evago(r:aagng .
trtgi“ g enOUthto dencouragefgrOWth of spoilage microorganis:r(:ods b
s r‘efore,_suf:h oods require further processing. Most are v e
her ent m"de.r than would be the case for their _u i
{red rarts Of may be concentrated by the oo

e additi .
cggﬁtuems‘to further decrease their water activity. don of ‘souble
0

a

Solids’ “
omO"
v AU

" common salt is obtained by concentrati

evaporation in grﬁﬁcia] lagoons. . In ther:ﬂzgr fi:‘c:jmus;;a\;vl?tzr,
ne or sugar beet juice is concentrated by evapora\io}‘ f,gonr‘
pproximately 15% sugar content 1o saturation. Sugar syrups are
repared to _70 Brix. In thg production of jams, jellies and other such
foods, sugar 1S added to fruit pulp and part of the moisture is removed by
tion in open type or vacuum pans. Microorganisms normally do
ot thrive in foods that are high in sugar, especially above 65%. Hence,

-~ ams and similar products packed in hermetically sealed containers must

contain at least 65% dissolved solids. If the product is packed in non-
hermetically sealed containers, a minimum of 68% dissolved solids is
usually desirable. - : : ' ‘—-‘—_—‘_ -
" However, for concentration of products like fruit juices that must
retain their very delicate chemical, textural and sensory characteristics,
special types- of evaporators are employed. These could be the natural

circulation evaporators that include:
; a. openpantype, * S
horizontal or vertical short tube type,

-b. | .
c.” natural circulation type, (with externa calandria),
~d. forced circulation evaporator, - o
e. long tube evaporators, (climbing fim, faling film an
. climbing-falling film models),
f. - plate type,

T3
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LX)
: CIfAPTElb\ko ‘B .
. kbv ] v S

expanding flow evaporator
centrifugal evaporator

i. low temperafure. evaporator or
Vj. the bubbling type evaporator.:

Each of these has its own advantages and disadvantages and is suitabyq

" for concentration of specific products. o _
' Food may also be concentrated without any evaporation takine

place. Butter contains about 80% fat. It is concentrated milk fat produceq

from milk which initially contains between 3.2 to 6.5% fat. The fat in milk

is_first concentrated into cream through centrifugation and then thg
cream is further concentrated by {churning}-a process in which fat

globules are removed in the-form of emulsion and the-liquid or whey
drained out. Similarly, in the manufacture of cornstarch, centrifuges are
employed to dewater the starch and no evaporation is involved.

6.7 FREEZE-DRYING

show minimal quality differences from the fresh, food technologists have
provided various innovative solutions. Freeze-drying is one processing

technique that does minimal harm to product ‘quality. Foods that are .

freeze-dried are light, porous in structure and when reconstituted, exhibit

most good characteristics of- the fresh commodity. Additionally, freeze-

dried products retain shape and size of the original raw material.
_—— -

Freeze-drying invol\/es freezing of food material followed by -

removal™of moisture by sublimation, i.e., evaporation fstre from the

solid state to vapour state -without first changing into liquid. The -

sublimation process is carried out at low vacuum (usually at 9.1 =2 mm '
Hg). The product is often finished in an ordinary drier since some

moisture may remain in the food. Some disadvantages of freeze-drying .

include the possible damage to raw material cell structure when freezing
is poorly. executed. Moreover, the product is brittle and, therefore,
susceptible to mechanical damage. Also, freeze-drying process is very
expensive as compared with other conventional drying techniques. This

‘method is suitable for coffee, fruit juices, whole shrimps, chicken dices, -

etc.
68  DEHYDRO-FREEZING

This is ‘a less cdmmonly used method of food presérvatio'n.'

Baé'rcaHy dehydro-freezing involves moistqr_e reduction by any suitable

74

, ﬁsua”y varying from 20 - 50%. T

In response to demand by consumers for présérved foods, which:

" jelles, confectionery products, sweet

- the moisture. This is followed by the addition of

'@ propylene glycol and/or sor

 Particularly useful and practica

normal low temperature sforage - : = 5

ration technique folloeg |, ,

ehyd™® : ree :

f‘l the food. The freezing ensures further Irr;% TESt of the Moisty ?

I * In practice, the Pfécess i Uction in wat ’?typresem
ure from the foodstuff ang nsists  of ivity.

i . e .~ T€Movg
MO erial to normal freezing operaign | ns‘t‘}:’igectmg this. par

’maye Jquced, th‘erAeby lowering storage, trans manner,
roduct is superior in quality ¢ aNSportation 5

is
The P 0 3 purely defyrate .
[etains the flavour and texture, : ydrated one, g betic

i INTERMEDIATE !I»I_OISTURE FOODS TECHNOLOGY |

The available moisture in fo
' : 0ds '
naVailame for spoilage agents. Such 4 teccr?r:}q b2 oung making

roduction of intermediate moisture foods that rl::vies rf\?ii{?,yed in the
he water o, h ré content
moisture foods generally ranges from 0.70 to 0.: S it iniermediate

. 9, which is Ig
to. prevent the.g_row.th of many spoilage bacteria armm;:alsst;ov:’enough
this water activity -is relatively high for v

oo TN lor several spoilage
osmophilic yeasts. The intermediate moisture foogs arge h:::;dsja::

ened condensed mik, and simi
s o f similar

support enzyme and microbial activity. Thus, the food remains semi-
moist and can be kept on kitchen or retailer's shelf for long periods. The,
greatest preservation effect in these Jproducts is on account of high
concentration of solutes resulting in high osmotic pressure. Additionally,
salts, acids and other chemical substances may be used to ‘extend the
storage life further. These foods also have simpler packaging
requirements and can be packed in inexpensive protective wrappers.

The principle underlying thé technology of intermediate moisture

f i ivi terial is lowered by partly removing
oods is that water activity of the ma b

others that bind part
microbial growth i§ further
ecially-antimycotics such

common salt, glycerol sorbi

of the remaining moisture. In these prodt:ctzs

retarded by employing antlmlcrobnsgcag:crild kL pits S asshm sa"la ng
; i ds cou

i ate moisture foo .

mg?g?g? 'developing countries that lack the

facilities.

technology of ~ producing
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"The - moisture ‘content in- these foods is lower than in fresh
. commodities but"higher than in conventionally dehydrated foods. The
“available moisture left-after binding with chemicals is not high enough to
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“«A ROOM WITHOUT BOOKS
1S LIKE A BODY WITHOUT SOUL”
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uSE OF CHEMICAL ADDITIVES
74 DEFINITIONS 5

ny substance not intentionally added to food. which i '
» Which is i
Asuch food as a result of the production (including g;:?:g;;:

carried out in" crop husbandry, animal husha i
medicine), manufacture, processing, preparation, ?ri%n?ggtvif;mw.
packaging, transport or holding of such food or as 'a’result gf
environmental ‘contamination. These substances come into foodstuffs
accidentally and include -grease or mineral oils from processing
‘equipment as well as soil, stones, metallic pieces, - plant materials

. microorganisms and pesticide residues:

Insecticides are “most commonly employed pesticides. Their
Tesidues are usual contaminants in fpods of plant origin. DDT
accumulates in natural food chain. 1t capiSes,restlessness and increased
;)%t;ﬂﬂ_tl followed * by muscular ewiching. causes

mufation of central nervous system. Similarly aldon and dieldrin
‘residues affect the central nervous system. Organophosphates cause
headache,.giddiness, nervousness, blurred vision, nausea, diarrhea, and
other symptoms. ’ '

enjum, tin, cadmium,

Trace like mercury, lead, sel
O e i taminate foods have

aluminium, arsenic, fluoride and iodide that con

77
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Table 7.1 Common adulterants in some foods.

/| Baking powder

: l Butter

] Common salt

v/ Floﬁr

CHAPTER 7 CHEMICAL ADDITIVEg

' R ts in animals and man. These
een shown to elicit toxic effects in : s enter tj,
f%od through air* (automobile emission), -or irrigation water °°“tainin~;

domestic and industrial wastes.
Food Adulterant )
Some _substances are added intentionally ‘to foods  for th

‘purpc.)se of making more profit. These aid food processor or distribyto, to -

cheat or undermine the intelligence of the consumer, and are 9enerally

referred to as food adulterants. Food adulterants are used to mask the
ing. .

g . . i its quantity, thereby deri

ferior_quality of a product or to' increase i y deriy
gore profit from an equal quantity of unadglterated prodyct. Commop
examples of food adulteration are the é.dﬂ.ltlﬂﬂ—qf—wate{-—m‘hnngy and
whole fluid milk, or removal of cream from milk, or increasing the quantit,

- b ition...of vegetable--ghee (Table -

of _desi _ghee hy theaddition. pf vege le  7.1),
Unscrupulous traders have engaged in the art of food adulteration singg

. prehistoric time, and at present practically no food is safe from their
< 7clutches. However, legistations are in force in all countries of the world to

prevent the exploitation of consumers by food adulterators. -

5%

=

| Food " Adulterant

Citric acid
Dried papaya seeds -

Excess moisture, vegetable fats, animal body fat

Black pepper, whole

Coffee powder Exhausted coffee, roasted date kernels

Sand, water

Sand, foreign starch, chalk powder, talc

| Stones, sand, grit, mud, weed seeds

Water, sugar

Margarine
Milk, whole
‘Sugar.

Excess moisture, animal fat

Water, starch, removal of fat

Fine white sand, dirt, semolina

Tea Exhausted tea leaves, black gram husk
Vegetable oil .

Cheap oils, mineral oils : |

Sources: Awan, J.A. 1979; Jacob, T. 1963. -
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- apP shef life_of the product. Adgjtioy

functions: non-preservative and preservative. i

“Products (juices, squashes, jams, jellies),

4 chemical additive i

‘d iﬁtenﬁona“y .for a téil?ngl!:)t;(l::\?ce iy
a cessings preparation, treatrpent, in
pjiate to enhance the qualitieg” o'y 9(; o
fargvent 0 » avoid toxin t
: - These syps

j0s5¢° ande r"Eéolour flavour, t o
garance: y » 1aste ang g o value or e?e i \
ally, these: may b N Increase

the rtant in the development of the g eci e functional
impo : Pecific product, Clionally
s FUNCTIONS OF FOOD ADDITys ‘
" Chemical additives perform numerous functions such \
: s ' as: -
; Make possible increased aqri .
a. e gricultu S
feed utilization in poultry ang livesto?I{l_ Vields through enhancing

« p. Facilitate handling, distribution and' preparation

¢.. Control physical, chemical, ang Microbiolo
lessen waste,- preserve quality and redyce

of foodstuffs.

gical changes so as to
s duce health hazards. _
d. - Facilitate modification and synthesis of fGoq content

special dietary needs and to offer novel and 'convenie' oot gt

. nce foods.
e. Improve sensory and nutritive properties.

In food . processing, chemical additives perform two broad

7.3 - -CHEMICAL ADDITIVES AS NON;PRESERVATIVES

As non-preservatives, several substances are added in foods to
improve colour, taste, flavour, nutritional value or functional properties.
Table 7.2 provides a summary of such common additives and their
functions. Quite often, a single. additive may perform more than one
function For example, sugar is added in products to provide taste
(sweetness), while it also serves as a nutrient (calories) and in foods like
jams, as a preservative. RRER o .

731 Improve Colour

al su I, chlorophyll)
Many natural substances (e.g. -carotene, caramel,
and synthetic chemicals (dyes and lakes) are added to improve the

[ olour in fruit
of foodstuffs. -gri ermitted colours are used in
oty s oo el carbonated beverages, bakery
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. P N , LT |mpro
... products: (cakes, biscuits) as well as in.candies and others. The yse of I 432 ‘Natura' ﬂavduring Xidbists
| nces

these colouring substances, like all other food additives, must ¢ | : include <n
ts. It is quite common to find small .food onformtg .~ and plant. extracts.. Currently therq © Spices, herpg
! processors | o5 2ing materials used in foods, makj are over gy herossential
A } rin » Making this the Iarg
i Single groy
p of

legal requiremen
\~q nen-food grade colours in Pakistan. '
using 0d gra ' , : : | fa¥? gditives. A number ‘of food flavoy;
Some chemicals bleach the natural colour of food materigs | 009 _gtural raw materials, while st larggrl'compoundS are oy
'S, o™ od flavours from plant materials in ther;g:nbers are Synthe:igzd
- m of essential ojs and

qiving them a superior look. In flour production, for exam |
an oxidizing substance, bleaches out any fesidi:i

“many fruit and vegetable products.

Table 7.2 Non-pfeservat

jve functions of some chemical additives in foods.

Chemical additives

Function

"Acetic, citric,” fumaric, lactic, malic, phosphoric,
succinic, and tartaric acids, glucono &-lactone.

1 Acidulants

_Alumim’um silicate, calcium carbonate, magnesium
oxide, calcium phosphate, silicon dioxide.

Anticaking agents
Antifoaming agents f Dimethy! polysiloxane, silicon dioxide % 0)/ [ ‘

7

K ~biour in- freshly milled wheat flour. Similarly,Chydrogen,

natural _yellow
is used to{whitendthe colour of fresh whole milk for the
~Sroduction of some kinds of cheeses. oulphur dioxide)improves colour of

| added t

o c . e .
xtré ind application as food i
) avourin
0rE v . g agents. Flavoue—~
% mjﬁﬁaorange and lime peels are common ingredign'tst?ﬁ oronours etive
ased products: v B : orange and lime.
synthetic flavours are more common|
) Yy added to food i
4 Materials,

- Sis the base in{pineapold f
| [mpe favour lsoamyT acetate/or@@myT acetate nh athramla N
Jdehyde/ is the base material Tor aimond ﬂaVOl:s our, while
“acted food flavours are available i powder or liquidy?g::]h%rand
S orm. or -as
p ne S :

%

a
X sulated dry flavours.

e
. enca . ) e
Additionally, some substances called ﬂavou}
S enh
o accentuate .the original flavour of the foodstuff. Thezzc;r:y ﬁ::
rave a flavour of their ovyn,‘but are efficient in bringing cut the natural
 favowrs Of foods to which they are added. Monosodium glutamate .~

s 2 common flavour improver employed in meats, gravies, sauce
s_Its excessive use results in toxicity—a burning

- . vAm'aranth. annatto, anthocyanins, betanines, . b
Colours carotenoides, caramel, carmine, carmoisine, coal | . and foods rich in , '
i tar dyes, indigo, turmeric, tartarzine. : sensation” in the back of neck Spreading to forearms and subdermal
N [ Acetylated  monoglycerides, glycerol  esters, comfort. ‘,
| Emulsifiers lecithin, mono- and di-glycerides, dioctyl sodium 733 Improve taste
sulphosuccinate - » : : ' - o
£y Aluminium’ . — The basic quality of a foodstuff meant for human consumption is
Fiming qents Suﬁln;g:n;a,c'potas,smm t suighate; diminiim | that, in addition to its appearance, it should have a good taste. Al foods
phate, calcium gluconate. .| have a natural taste of their own. However, several additives are
Flavour enhan Calcium inosinate, ~gluconates, _glutamates | | ‘employed to improve the taste of foods—Sugar salt, _spices_and
cers (rlr}onolcalcnum and monosodium), glutamic acid, acidulants are common substances that bring the JesTrable taste. Some
Meat tenderizers i = ;.jtes (Ca and Na). ' } ~ synthetic low-caloric sweeteners such as spr/bitol_andt C%ﬁﬂ;
;SW'eeteners Glmméhn, ficin, papain. £ {,,']k:\évjss, are used to irppallrt.dsw?et taste to the prodgc S VP o
- ; ucose, fructose, sucrose, aspartame, cyclamates ; diabetic and obese individuais. -
ickepi gar, - ¢ 7.3, : . :
: stabiuz“::‘sgagents. carrageaer:;ﬁjseéef:t(boxym_ethyl cellulose (CMC), , 34 . “tmprove nutrition v  may lose some.
sl LT i : ine, . i e ' o ients 0 .
f— | collgraline celliiose, | pecin gumoﬁ:m _ Generally natural foods 12k 2 o Z”fgigﬁf}fy the foodstuff with
AL : €, gum tragacanth, - n, p . : du.nng processing. Thus, at times, n(;etfgd anfssitamins 4 D and iron to
S - Suitable nutri 5 .are addition.of Ve | products,
! nutrients. Examples iron and calcium 10 cereal p :

infant milk recipes, B vitamins,

-
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iodine to common salt vitamin C to frui ' ' . o 0D P | ‘
_ ] . Tuit : - Pl '
margarine and other butter substitutes. broducts ang ity V -’ e
_ : am,i | o
n A i
% to retain moisture in
J products like-shredded
coconut.

735 Improve functional properties of foods

" _Fresh and processed foods have cha ’
. racteﬁsh.‘ ey

properties. At times, it may be necessary to add c
SUbStanCes text“fq

favour the attainment of desired characteristics. For
Example, textit Wi

: and_tomatoes soft
anning

calcium chloride » calcUm
‘phosphate rovide!
sfirmness)
Ssito

Similarly, in salad dressings and m naise d
) SSing ayon ais () .
production e

potatoes, fresh peas
o

~lrg
d'ﬁ0n

Sifiers 3

" help to form homo
geneous mixtures i
. components inar o o o @ I
of these and similar products ggewater, the two
: emulsifiers g 0 -
Sug, g

monoglyceri i ,
. formagoyn irfltizz, oﬁ;gycerldes ‘and phospholipids
important in the baakger emulsion, which'is stable (fes.g., lecithin
uniformity and finenes ng lndystry iwhefs they e. Emulsifiers g
s of grain in bread and ro;"smf_’rrﬁVe the volym

s. These favoyr ¢ €,

ven

“distribution of fat
¢  of fat in
baked gopds, fhe batter. and give. stability to the foam
‘ '0am structyre ;
L e

ag
) help
re alsy

t p

! gl :

o)
3
o
2
oy
v}
=
e
1
o
Q
c
2]
(%]
=3

3
Q
(V]
e
=3
S
o8
)
3
(72}
V]
w
(2]
—
QO
=
N
@
=
w

acid, salt
baking ir and starch, ar S, whic
0 g nd[l_s_fry' —0 ¢ ,‘e‘common,y ﬁco\main sodi . : um
5 In other Mployed as leavlém. bicarbonate
- functio; r nin S :
_nclions. oods, chemicg) additj =Ning agents in the

' Ives se :

Oisturiz; N
rzing agents Vi
- Commomy € one or
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the o -
m s

: oy several manufactureq |

ou.s ingredientsotgfertsﬁe These _substances pre
mbers as well as | itted as stabilizers in J'a(r:naslcgélcwon P ol
eflies, pickled

grow b

more ,
known a5 Pumociare) o) |
. — lare ¢

o
ortP ym agents ar
cla
t ducts

ro ’
5 rind and
e .
o additi
urpose
anti—microbial ag
Antifripe'ning

7.4.1

Fruits contin

mango, respec

other fruits.

7.4.2  Sprout inhibi
Many foods

especial
30°C) and relat
sproutl

hydﬁde,t

sprout inhibitors aré

7.4.3 Antioxidants
Antioxidants are
n thereby.

 food constituents W
simple.
unsaturat
porphyrin-like comp

) articularly vulnerable to 0X
ity. Antioxl

are P
d deterioration in

al
bu'tylated hydroxyt

owdered sugar and maleq mi

Antl

oW,QQ@‘L'

P arifyind agents nelp.to Improve e filterability, appearance, as el as ‘
jity of food to which they are added. In several manufactured :

chemical additives are used as creami i
aming, glazing, i
foaming agents. State food laws regulate the Iimi? aseiill?h%

u

of these substances.
CAL ADDITIVES AS PRESERVATIVES
on.to the use of chemicals for

s, some areé empl

20 modities. Among these
ents and anti-oxidants.

ached from the treg and

y_acetic_aclg _
tively. Compounds having similar prope jes ar

eneath the soi
ly vuinerable wh
ive humidity i
m potatoes, methy!
echnazené, propham and chloropropham aré

arbamate and vapour

: ~—ical reactio

oxidative” chemica
ed food component t
chlorophyll

e
added to table salt, -garlic and onion salts ‘and
waers to prevent caking.

various non-preservative
the shelf life of food

oyed to increase
ts, sprout inhibitors, ,

are anti-ripening agen

agents.
al functions even after

ue their normalw.physiologi.c
tipen after harvesting. Sometimes
) ditigs, it is essential to control the
| compounds such as and |2, 4, 5:
idJhelp to retard ripening in plantain and
sed for

oind el

#

tors

of plant origin i
| surface sprgut

ke ‘onions, carrots énd potatoes that
otatoes aré

during storage. P
en the storagé temperature is moderate (25—
In order to prevent-

s between 0= %. ‘
f naphthalene acetic acid, maleic
employed. Other

thyl esters O
s of nonylalcohol.

phenyl c
on ‘of various

substances that .B@Mﬁ/
avoiding deterioration caused by

_ Oxidative: changes occur in
carotenoids and

ude fats and oils, .
; haemoglobin). Fats and oils

ting in off-odour development
s o-tocopl |
nisole

ith oxyge

ounds (€-9-.
idation resul
joxidants such a

d hydroxya

the com
oluene
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and propyl gallate are used to offset o = pol hobgphatgs h:;md citric_acid,  Foqq ‘ ) I
i /NOQIO jnandac OrOphy” ar 0d com 0 ; 4

m = € Naturally gz roonents lik

: lly e haemog!obin, * }

‘\

fried potato chips, salted nuts, crackers yoglobin anC Z0rophl are naty
~ Antimicrobial agents : oceurring chelates——

isopropy! citfate mixture,

" oxidative rancidity in fats and in
preakfast cereals, fat-containing dehydrated foods and other fatty fogg, | Llcs
(Table 7.3)- Hence, these and similar products remain fresh on the Shels [ 7.4.4 N
for a much longer period in the presence of the antioxidants than in the'f P Microorganisms are pre <
absence. Other compounds that exhibit antioxidant characteristics aﬁg ¢ modities; these also fing theirsent on the surface of
are used for the purpose include ethoxyquin, L-ascorbic acid (vitamin C)‘ [ ot inhibited, they will grow ang ‘évay into processed foO(;)S Ifffesh food
stannous chloride, sulphur dioxide and nordihydroguiaretic acid NDGA)' ; treated with fungicide solutions su;USe spoilage.” Whole fl;lmthese are
Again, like all other chemical additives, their use is controlled by foog M on'their surface. The sodium s?sw
o o B B gpray or dip for citrus fruits, alt of O-phenyl phenol is usedu:saa|
Table 7.3 Some antioxidants and their applications. _Salt, sugar, Wodd SmOke. ! ‘
Additive tites medium chain fatty acids, 'hydflzgzg organic acids, parabens,
Liners are being used as antimiorobia| peroxide, phosphates and ,
anned baby food ‘ gome naturally occurring compounds like ag_ents in food preservation
kg jactioacid_badteria or those present %S's%ac‘relg g
also

Alpha tocopherol
sctive against microbes. Fumigants such as ethylene oxide and ethyl
: ! ethy

eff
~ formate help-to control microorganisms on'spices, nuts and dried fruits, —
forme™ ‘ ‘ ‘ ) ruits. -
o In the production of pan bread and cakes, sodium and calgi
pm% ra;ﬁee?aprlnogepd as mould inhibitors, whilmﬁ
ce urpose. Frui es may be washed
i P ruits and vegetables may be washed

g in cNEe=" ul
in_water_conid ning germicidal substances like i ;

: X -2 . chlorine. Pot
sodium metabisulphite)and benzoic acid are common in the przzzl:lr:u;:

Butter oil -
—
“of syrups, JUICES nd squashes. In the manufacture of carbonated -

Edible fats and oils
in ‘addition to- the carbon_dioxide(sodium_benzoalg is a="

) /
Y cit /l _ﬂs/%g«;.mo{gﬁomggo) : b\ﬂwy
 The process of rancidity in fats-and oils is stimulated, in part, by | - common antimicrobial (Table 7.4). Sodium diacetate (parabens) and a
the presence of metallic ions such_as i d copper. These come in | Tfew spectiic antibiotics are.also often employed as antimicrobial agents
~sF Storage in iron or ©o pper . | Wood _smoke chemicals, combined with low water activity are
i ;esponsible for preservation of smoked fish and other products. :

contact with lipids during processing
tem. In order to prevent contact

Edible fats and oils

200 mg/kg §
[Mango chutney | 200 mg/kg

[ Jams, jellies 500 mg/kg
e peaches | 5o0mgka |

Mayonnaise

Ascorbic acid -

containers or may be part of the food sys
+  of these metal catalysts with the unsaturated fats and thus hinder their : - :
_catalytic_action, chemical ‘campounds  generally referred to as .The choice of antimicrobial agent depends upon several factors.
metals. These include ‘properties, %afety and Cost of the compound, as well as
Sequestrants of sequestering agents are compounds that are cam ! the Yproperties of the food and %possible effect of the chemical on its
inactivating a metallic ion by forming a complex (usually water soluble) in quality. In addition, type and level of microorganisms present, post
processing and sto'rage’condi‘tions, as well as food laws of the country
deration while selecting an antimicrobial agent.

 which at lsast one covalent or coordinate covalent bond holds the metal
- | must be taken into consi

in the complex. Ajchelating agent on- the other hand, is a compound: i
th a metal to Concentration of ‘the che
used influences th

mical itself in relation to the medium
e effectiveness of the

’;:;)ntainniz two or more dpnor roups thatw
< water-somg{: 'g?;r ring structures. These chelated complexes may (food)-in which preservative is '
compodnds. Examples oT;\re sometmes referred to as - sequestered additive. A chemical agent, when used as a preservaive, may be
“dons _in  foods are éf;TDands. capable of sequestering metallic | bactericidal at a certain concentration, only inhibitory at a lower level and
£ e rygnd:amm tetra-acetic acid _ (EDTA), i may be completely ineffective at still greater dilutions. The amountfqtfhz
S ' chemical that can be added to food is governed by law as SOMe 71

B e S I S i
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CHEMICAL ADDITIVES o

£ : | N~ o | 2 yiar tree (Holy Bible, Geneg i< 20d Eve frop
‘/Be'n;lical‘s' may have adverse effects at certain levels on human health- pﬂrgc ed food laws were pasi';?jsls 7 Hc‘;e from €ating the fryit f ;
4 .'?hus for examplesulphur dioxideya.comman.p es many fryis " pid Testament .in LéViticuSdown through h:';an. VIi:19), The %r;
£ Thus, LS 7 nly be added to @ maximum-— s o Fer thisumptio n. of lawiul foods only":-l ' Utem"oz?s o-ére part of
. o ile i shes, s Fru . . , : . s :
while in squashes, Syrups and fryjt ;‘\’/|;115)‘ (Holy Quran, ||:1y73 \72 Virde
' » Vi3, Vi:4g,

e Jecapcenira s 4 sh
and sher| .

bets, Maximum permitted levels of ., :

Mmo,

;qr:d?ngntgeddes:red quality that are safe, healthy and nourishing. They
Ay e :ridt-o protect the public from frauds, negligence of fcud
g o unsanitary- practices during food preparation and
i g.. The first law ever to be passed on to mAankind was a food

87

are_permissible. Similarly, i Syrups.
d’may be added to a maximum limit of(600_ppny). while ofify 1a0'e 75 n chemi )
—orare allowed in tomato puree @ (Tables 7.4 and 7.5). | Wal Preservatives,
relation to (:oncentration'of.‘_ mpst 'acnd ‘food.bﬁre?ervta':wes, '|t.;s‘ the uponlnor m 3
I onized form of the, acid, which is res'pOnSI e for the anh_mlcrob,aJ Margaring : use{ mgikg) ;
activity ) R Pickled 1000
perties ofsgme'antimlcroplal agents g : CUClmbers 1000
. S Effective pH Antimicrobial activity = 7 alcium hydrogen Slﬂphlte Jams, jelies T ————
j v range . ; . - " i potassium ascorbate Wheat for . ¢
| - cetate |- - — - 300
. |- Gram positive bacteria, Na diacetate jum benzoate - e, 00 e |
iic acid 65 - used in baked goods as a mould and ‘potaSS. oo Mango chutney 250
. o c 1 : rope.inhibitor g - | [potassium me ulp fe Mango chutney 100
£ 04— 40 " | Yeasts an'd moulds, food poisoning potassium sorbate Dried apricots ===~ 50
Benzoic acid 4= spore forming bacteria : , marmalade _ =
/ N . ) . - . - -
Lactic acid - Spore forming bacteria ] oropionic acid F’fl;ocesse_d ' o
| : '. “Spore-forming ~ bacteria  especially ; - — cheeses 0
Propionic acid | rope bacteria, moulds. iy ‘Mango chutney - 250
' oxi 4. . Yeasts, moulds, bacteria - SN , «im benzoate Margarine, .| =
Sulphur dioxide | 5 ' d e | Sodium Der mayonnaise 1000
~ The temperature of the environment and the length of time ood —
is kept under the influence of a chemical agent also determine the _——— Ja.mS,JeIIIes ‘ 1000
effectiveness of the preservative. Lower storage temperature will add to [ Sodium sorbate Dried apricots 500
the preservation powers of the chemical additives. : | Vineoar
: . v e o Sorbic acid : g ' 490
o Chemical and physical characteristics: of the food material in 5 Dried apricots | . 500
which the organisms are found, greatly influence the effectiveness of the White sugar T o0
preservatives. The moisture - content of food, pH, and presence of g
g:t)tedl_v? Sl:gst?nc?s Tuch as sugars, salts and fats, all are effective in : Glucose syrup 40
ermining the final role of the chemical additives. y o 3 ams, jell : '
¥ FOODLAWS Sulphur dioxide Jams, jellies, 100
s J : marmalade
~ - Food laws are regulations aimed at providing the consumer with | Raisins ‘ 1500 .
Dried apricots 2000

Source: FAOWHO, 1990
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)

egislation stems from the fact th.
a |

unscrupulous food handlers and traders started adulterating foods. In |
United States the earliest Jegislation_dealt with the adulteration o.f fl the |
During the period from 580 to 1906 over one hundred bills M;)ur_v -
introduced into the Congress, which- culminated in passing- Pure Fere £
and Drug Act of 1906. This Act formed the basis for the present day food i
legisfation in the United States._ It has®given rise to the Federal F ool e
Drug and Cosmetic Act of 1938. = &) .
. The British food laws have been used as the basis in
Commonwealth_countries. In- i food laws passed by differ o
provinces from time to fime (e.g., Punjab Pure Foad Rules, 1930; Sin?jm
Food Rules, 1949; The Karachi Food Rules; 1958) were oonsdlid?h'
b | into Pure Food Ordinance 1960. This later was amended to The Wed_
| - Pakistan Pure Food Rules, 1965, now called Pure Food Rules Bes'dest
thesg rules, different Acts, Rules, Orders and Ordinances are in' forcl s
A distribution, movement and processing of wheat, rice, tea, su ar Ry
. hydrogenated vegetable oil, meat, etc. : o it

] . in general, food laws are aimed at rotecting . iy ; f
prov!d!ng him with wholesom‘e foods of the dF:esired anthhts (%E)hneS?(;Tc])SrI:\;]/d v
prphlblt the -sale and consumption of adulterated 'contaminateds ’
misbranded, substandard and potentially harmful foods ’Food standards: b microorganisms, breakdown carbohydrates or carbohydrate-like
' ' | materials into substances that are less subject to undesirable microbial
; material. Contrary to other food preservation )

The present day'food I

N o T . < S e

USE OF FERVENTATIONS
Fermentation is the anaerobic'or partially anaerahic oxidétion of

carbohydrates. During this = process, enzymes, elaborated by,

are being formulated in Pakistan for different foods. These are aimed at :
: . activity than the original !
d, the activities of desirable microorganisms %2

setting.guidéllines for the quality of the processed foods.
s of temperature, hydrogen 10N

techniques, in this metho
ents and water activity are

promoted.  Optimum ‘conditions .
- concehtration - (pH), oxygen supply, nutri
| maintained to promote their growth.

8.1 FERMENTED FOODS -~ . - . . gietal

Traditionally, fermented foods are an important part ofdthe urI:ri:s
over the world. In the less developed and technjcally.back;'l’/aft tgghnique
iy ? f Asia, Africa and Latin i~ fermentation 1 aI: 'quot :cmnologicaﬂy
- | 1o extend the shelf life of food raw materials. ' ed more for the

a . , i ica, itis
¥ " wine making, vinegar

flavour and  variety_thel_&._2%C ine
SWEAR THE _ ermentation industries (e.g.,'B'z’akmg, brewing e e bome-scale
- OLD COAT" Manufacture) which employ Pur® cultures greW O " ine activities of
raditional fermentation processes that rehedrp il

eral mOGETt 4 ice ferm

BUT BUY TH :
5 E NEW BOOK” .
g : . g Mixed microflora. However, S€V o

crobial cultures t0 p

y E‘é‘“ze, mixed or conjoint M :
- ‘8., yoghurt, cheese sauerkraut :
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nd somie_press-cakes (€. ¢
aw material fo Qoy saucynd miso in which moulds and M
portant roles are also fermented b;ft:t[c i

."steamed cakes).

( Pakistan .and

. of mainly lactic acid bacteria.

FERIﬂENTATIO

\

fermentaﬁbn industry is. enormoys
N

i Is and microorganisms  to ‘
dnfferent gy matee e {l -EEE ermented produce Se Utiliz
roducts. There aré more alk i de beOdS Cons, Verg ees
' rages are_produce Mo &
' b produced _by__fermentafiy, Int:

- ojude alcoholic randy, WNISKY, Vo ka1l h
:;r\;iﬂi) and non-alco olic beverages (tea, coffee, and ’COC(S)?)‘G(
, ned bread mmumnsm,
are fermented in the Far Eg‘r(dh,/a Jf
the production of tempeh, soy_sauce,. miso ing, Japan’ i
(e.g. ground-nuts) are Uée(?r;i onggy
il

and 'doS
“Indonesia) for

bacteria play im

o Fpudgto produceCfordGuiandlempes that are consumey 2k

or are_fried before € ting. Similarly, rice serves as a sourc a8 such
' € of ray

material to produce (@09 7ac) (colouring substance), . temari
: T Il Saug

(seasoning), sake (drink

:

Fermented fruits and vegetables are traditionally consumed i
Raw mangoes, ripe limes, olives, ‘turnips gfrdtm
pepper an:ﬂ ptr:srs are pickled with the r?elsp
. ly n' these fe ion
rrlr?;?‘or%ﬁnlsdm§ also contribute to the characteristics roTtehr:et?‘?r?ar;sprozm ‘
Am .k% micsa aa;:y pl;oducts, cheese and.yoghurt are popular, while keﬂ
and. ks 21e b'r%h %grgdy_cg,d__m.,sgmg _regions of Europe. Fish is |
e i o .rlc,a, Middle' East, Europe .and South East Asia
fe_rmengted anc ami are. ._procljuc.edﬂjmm, ‘meat. In Nigeria, seved
constitute a major portion of the diet. Among these.a®

onions, cauliflower, reddish,

" some usé :
 some used as staple food (gari, ugba), breakfast gruel (ogi), beverad®

alm wi ; s
(palm wine, burukutu, pito) or condiments (ogiri, dawadawa and afzelé

bella-bella).

8.2 .(F)BJE'CTS OF FERMENTATION . -
erm i I .
items. It has e:;aitt]:-”v offers means of producing a special grouP o
primary objective, the prolongation.of the keedp'”og
10 3

quality of food )
preservation’ a?iwtg;itgnals-eSPeCially in areas where other metf
Since the process inv(:lcally and economically difficult t0 im
several changes simul ves growth and proliferation of ‘microorgan! e
ultaneously take place in the original 100 aterrsla!i
. in othe!

Fermentation

i may enhance flavour

improves the ph syical ch ce flavour of some foods, while in ©

v haracteristics. In some cases, it‘_completely alters

. 90‘. . _ ' ’

_conve
simph

: ) and idi (2 staple food prepared in the fom g emp

digest and
and malt adjuncts._This is_passed through
@ jthat contains fermentable sugars and

N
s

t- foodstuff to a

are
ine Eably has a longer shelf life than the pare
£S OF FERMENTATIONS

TYP

8 3.1 Ale

FOOD PROC
ESSING:& ’RESE .
RVAT)
ON

new and different product. Th
e e ne

nt raw material, W product

oholic Fermentation

AICOh olic fermentation is applied in tﬁe production
ioh q

and_&Icol ofic—beverages. In this f ;
ermentation
, sugars are -

R e
Zrted into
. fied equation below:
" CeHuOs _
Glucose -

Sever
enus Saccharomyces
loyed. gihyl alcohol

natura! 'pres_ervative agen

Alcoholic
eparate process,
conditions 10 pro
ermination process-

the fitrate (now called

“necessary nutrients for

enzymes, extract solubl

al yeasts can be used, but most
such as

ethyl alcohol and carbon dioxide according to the

v

Yeast 5 2C,HsOH
Ethyl alcohol +200,

commonly species of the

apd, to some extent, carbon dioxide act as
ts in such fermented products.

beverages —is, produced from (barieg In a
the barley is allowed to germinate under controlled
duce _malt that
These help‘in
ighed and adjuncts added, if necessary.
‘much as possible the V.

contains active enzymes from .the
the breakdown of starch. The maltis
it is mashed to
aluable portions of the malt

filtration process after which
other

¢ yeasts, is te
e ‘substances from the hops and precipitate
nt in special vessels

coagulable proteins. The wort is allowed to ferme : :
° Din the aid of selected strains of ) (S,
: ' wort is filtered to remove

(Fig. 8.1) wit

cerevisiae, S. carlsber! ensis

yéast cells and othe

called, is allowed to matu

pasteurised. This, gives

). The fermented

i t is
r coarseé articles. The young l_ueer,.as i
re in F;tora’g'e vessels. It 15 filled in botties 2"
roduct additional_Pr rvation

the finished. P

Eﬁect. The final product contains betV;I‘eean [
urther in situ preservative action: othef added Int0
ethyl alcohol, ig derived from the hops of hop extract that is
the mash for taste and flavour: u e jw materidl
- Wines may be manufactured ;r:m any srlg%aurzed f'romd
ruits a nly o= ©
re commonly use le th ecifically

by ) ns
d for the pY I while thosé ma
(Vitis species) are regarded ag :hebut more SP
ed to 23

. other fruits are simply referr

Scanned by CamScanner




ERMENTA
CHAPTER 8 F ‘ TIOoNs

f the fruit used as @ prefix to the worg w

designated with the name O . e
e.g. banana wine, mango wine, etc. _Sele._cted ra'es.or fruits of Propg.
maturity are crushed and treated with * or Sulphite o
the microbial contaminants. This is then i”OCUIatO
t starter and 3llowed to ferment. After 5 g 3

A aced in storage tanks for fyry, efr

clarified and packaged.;

‘pasteurised to reduce
_ with” a suitable _yeas
fermentation, the wine is drawn off, pl
fermentation, racked, stored for ageing,

i
i
4

. Fig. 8.1 A battery of fermenters .

. @s manufactured from specially selected white table

. wines produced from grapes. This involves a secondary fermentation
met.ylelds more ethyl alcohol, carbon dioxide and flavour in the product.
S' |(|t§ as whiskey, brandy, gin, rum and vodka are obtained by
distilling various fermented Tiquors. Whiskey is prepared from malted

barely (malt whiskey) or ins_(grain whiskey) by fermentation and

SL:]'{)ISB ent distillation { Grape wing is the usual raw material foi W
while(rum s produced from sugar juices or mola A is prepared b

. distilling fermented maize or ing juni
herbs to the distillate. rye worts and adding juniper and offie

- ab;’:e1n0r2?|mr Ceﬂi?_g_go_fri’;_ﬂggf_}ol‘in wines varies from as low 8
prrr g e in the distilled beverages (spirits) it M2/
depends manly. o cen The keeping qualit of alcohofic beverade?
roduct—highr the aleen horcentage of ethyl alcohol present in 112

gher the alcohol content, longer the shelf life. Excluding aif to

ot

» | 92

—

' are mixed together and-made into dough of desired quality by stretching,

‘bread production, is not aimed at increasing

: -z”ld open’ crumb. Leavened bread iS sli‘ghtlydzzgf: ggtaccoum of the
taovened one made from (e Sam?rigﬁfs to the fermented QOugh.-

Vitamins and proteins that the yeast con

FOOD PRo¢ ; F
CESSING & pRegepy. L
the activities of aerobic ~ ’ ' 5
v nt th = Ol'gamsm
p;eawohO“C beverages.
0

S further Prolongs the shelf life

Fig. 8.2 Pan bread — a product of alcoholic fermentation

" Bread manufacture — In the manufacture of pan bread and similar
products, the. essential ingredients (wheat flour, yeast, water and salt)

folding and cutting. This is allowed to ferment—the yeast utilizes sugars
and produces carbon dioxide and minor amounts of ethyt alcohol. The
carbon dioxide is tr in the gluten framework of the dough to give an
increased volume. The dough is then scaled off into pieces of deﬂr'ﬂt.e
weight and placed in moulds, which are allowed to rest or prove’ in
warm and slightly humid conditions. The moulds are now placed in
baking ovens and the bread baked. Even though ethyl‘a!cohgl is a
product of yeast fermentation in bread production, the objectin this Cazg
S to produce -carbon dioxide, which when trapped by the .develop"
dough, gives it a risen appearance.. The ethyl alcohol normally

. i f

eva ; : : rmentation process, In case 0
porates in the baking process. The fé e el fe, but 0 impart
increased volume

ch as
duct s ritious than the

certain textural characteristics to the pro

93
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Fogyﬁam‘/s' '-r‘é“ﬁreqtiét

Vihe ar

. Fermentation _‘ ' + f . 9 must - . : b
b2 Acet'“? acid bacteria (species of the genera’Acetopacy 3 fer entat:,?,nmc;fte?:gr*}?lrl:ursr:a::te”? | Obtaing y ?eern?emtd o by acetc
Acetic idizing ethyl alcohol into acefic o~ 2 ry ra 5 ontain at | Mation of g
ple of oxidizing etyl a1 ic_acig sug2 ilable in Pakistan i €33t 4 Per cent aeer. o Sultable
Acetomonasyare capa ~ <mplified equation; - - ang gar aval WIS manyfa *Nl acetic aqjq.
. water according to the following sln;ihﬂc: 'anH o L _V,g:g ' cid to about4 per cen concenva‘:_‘f:rf]ei&ms'mpiy diluting m’;‘
: fic acid bacteria CH;COO! | g oduct as vine This 7 Some coloyr’ :
] &T;g:holﬁci’-—_) Aceticacid *HO T i gelling the P gar. This is referreq to.in tradec?:usr;:wthat .
y # . : § o : ar. . ; etic
This organic acid is produced when the activities of acetiy acg e A

o are_harnessed  in the acetuous fermentgtion of alcohgy, | g.3:3 Lactic férmenfation
Zﬁﬁﬁ:ﬁtess the_main component of vinegar, whig, ‘hae Based on the number of ferme

nted products ay

dicine, flavouring agent and preseryat . fermentation is by far the most wige| [CIS available togay,
n used for centuries as a me e SCMVative actic 1€ ’ . ely used biological :
?;eproducls like tomato ketchup, mayonnaise and salad dressmgs (the ‘(echﬂique' It is employed in the in thg maﬂﬁzzz’o&

re emulsified semi-solid products Vprepgred from vegetaple ol | toveral meat “products m(.:lud.in -Special fermented says

E:;rymaid vinegar). Many pickles are also |pag'ai‘:]’;~rf\fz9”’ed by using zgﬁmi, bologtna)-;frjst)hue; i it is important in e podocs
vinegar, while others are prepared exclusively ‘Y mersing vegetables_ Znd preserva on ot %rq lucts such as aVCIdOQhIIUS milk, yoghurt,
in vinegar (e.g. onions, cucumbers). L cultyred butt(;zr mrln érgucs. Igt t?erdmondto sour créam, bgtte.r. all types of -

' Vinegar production — 'Vinegar is a product of ‘acetic agjg ‘?heesess agliv:su and ripe Iimesrgngctlséggtz\lﬁgl sfl?é‘rtls eaing faw
fermentation. In commercial production, suitable; cheap raw materig - mar;goee ’turnips’ and lettrce v beb s Juch ea\; c:x:;lmer;.
such as grapes, apples, malt, sugar or molasses is fermented by yeasis el agtiv'ities ‘of lactic acid bacteria. These organisms utﬁize su arz
to prdduce ethyl alcohol. This yeast-fermented substrate is allowed to e :nt in the foods and convert them into lactic acid, viz: S
undergo acetuous fermentation by the slow or quick process. The slow | Pre® ninto X

process has almost become obsolete due t.o .being inefﬁcient‘alnd - CeH1206  Lactic acid_bacteﬁa CIEgCIt-_{CO%H+HZO l/
producing low quality "vinegar. Furthermore, it involves large CaP‘fal . Glucose — Lactic aci .
-investment. In the improved version of the slow process, called Qréans ' o . A :

Process, the fermented liquid (alcoholic substrate) is filed in special. | = - The preservative characteristics of Iact]cfermentatlon are due{‘o
barrels. This is inocllated with fresh vinegar. After about three months at the conversion of sugary substrates present in the food to lactic acid.

g N . i . i food, thereby preventing
21 to 29°C, about 1/3 is withdrawn and fresh quantity of the fermented This lowers the pH and raises the acidity of t.he od, ypr
liquid added. The freshly acetified vinegar is stored and aged for about 6 growth of most other bacteria. Mor?over,'lactlc acid l{\ thae :\?lﬁglnizdl?étm
months to improve its flavour and other characteristics. It is then clafiﬂed. is toxic above certain concentrations to most pac eri
. bottled and pasteurised. Every month about 1/3™ to 1/4™ of the finished | acid bacteria themselves.
' ’ cies of the genera

vinegar is withdrawn'and the cycle is repeated: _ | " Dairy industry — In the dairy industry, sp(;ast ion utlized 10
The Quick or Generator process consists of an upright cylinder \ treptococcus) { Lactobacillus Jand others aré mo™ shurt, for

* of varying dimension. It is equipped with a spreader device to distribute | convert milk sugars to lactic acid. In rt: isr oo laled wih 2 culture 2

alcoholic solution, a large main section filled with maize cobs, Puriﬁe,d f example, standardized and 'ESteU(ize d [Lactobacillus bulga The
coke or charcoal or Beachwood shavings to provide surface to the aget!C l containing] Streptococcus thermophilu ; roteins. 1he oagulated milk ‘
acid bacteria and a.lower section with ‘air holes. The fermented liquid . | lactic acid produced coagulates the mi p rfurther

cld o4 : ; milk, yoghurt) & 0
sprinkled from the top and air is pumped from the bottom. The ace%® - Product may be consumed as sucr; (:igugreservative agent in thc:s: ‘
acid chte‘ria present.on the corncobs; etc. convert efhyl ‘alcohol |nf0 Processed to produce chegse- The 22 plus the additional € ection §
acetic acid. When the conversion is' completed, the vinegar is dra"™ Products if lagtic acid, which lowers the P neeses. Other preservalioft - |
: S high tration, as in_ ‘ -3
S Gh total “solids concentratior — -
T A

* aged, clarified and filled into bottles.
e = e : 2 md’fw
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" {echniques such as pasteurisation, packaging and s

ensure further extension in shelf life. p
' ry - Lactic fermentation, .

Meat inddst in the pro q

; e i Uctiq

ly dire N g
- eat products_(sausages), is primarily directeq |
Eltl)rtg?r:i?mzsanl]ow'p?-l and the production of unique ‘;I"Vé\rqs

_ . B of

ristic of the product. Strains o ‘
%h?g?cteccus are employed for this purpose, while preservation -
[Peaiococctl> < piaue Serv: mt
by any app_ropnate technique.

" Eruit and vegetable industry — By far the most importan

; o us
Tactic fermentation)in the food industry worldwide is in the ferment ©

=T and vegetable matérials to produce pickles  or other Produgy
Several raw materials like cucumbers, 0|I\éesF, cabbage, turnips, limes.

e “reen ne are . Fe tation is carrigq g
unripe mangoes.and g peppe &¢. regrmen arried g
by species of [Lactobacillu: and Othe:
suitable lactic acid bacteria. The activities of offier microorganisms i

these products are suppressed by the addition.of common salt( \
" higher). The rationale for choosing the level of salt is that most lacfic aciq
bacteria responsible for bringing about the desired changes can tolerate
salt concentration to a certain extent. Furthermore, salt inhibits the
activities of putrefactive, lipolytic and other food spoilage organisms,

For the production of pickles, the raw -material is washed,

trimmed and cut, if necessary. The required ‘quantity of salt is added. |

This' is allowed to undergo fermentation by natural microflora. The

desirable bacteria grow on the vegetable juice which is osmotically |

extracted with the help of salt. The lactic acid produced lowers pH of the

. product and helps in its preservation. However, the vessel containingthe |

product must be kept air tight to prevent proliferation of aerobic spoilage
_microorganisms. ' C : '

8.4 ‘CHANGES IN FOODS AS A RESULT CF FERMENTATION .

During controlled fermentations- the growth and activities of

microorganisms resulting from the existence of a favourable environment !

torage C°”dition
g

—

uconostoc, Lactobae oy |

o organic
| extent that the: ; . L ——
puring the’ growth of microorganisms several vitamins and amino acids

lead to the breakdown of complex components of food molecules inf0

simp!er ones. These substances get metabolised into end products and
are released in the environment. The three maj in foods

that are metabolised by microorganisms are the carbohydrates, proteins
- /h/___—-ﬁ"
and fats. _ S

- When carbohydrates or Carbohydrafe-like .compound's ol

" i Y,\ . : .
.L\'b;____.‘ .

attacked by microorganisms. end 20

: | , products such as ols, Ord

.acids, aldeh!des and kefones are released in the environment. S ‘ ‘
X A

{
4

ounds are only slighy

e . MOre. oy o - e
1h9;0hydrates. they. can yield energy o " OXidized thy the. avs

Most foods from natural sources conai
substances. The breakdow ontain some percentage of

g us ‘
otelnaQeO . ! own of proteinaceg ey
perferred to as lS the term that ::s::nn%teesﬂal s
Lreakdown of fatty matengls, Both proteolytic ang lipolytic rea tithe
' uauy;@,@yﬁi-"ffi‘mf'n the product depending apon the g ctions
ue s. In food fermentations, the egree of

chang®

activities of proteolytic ipolyti
* (roorganisms  are coniralled and 3 e

only the beneficial fermentative

organisms are encouraged to-produce the desirable effects in food

materials.

The end-result of controlled activities of micioorganisms in food
systéms is, that part of carbohydrates are converted to mainly alcohols

. acids, -while proteins and lipids may be broken down to the
these do not produce compounds with|obnoxious odours)
so_that the fermente

esize roduct usually has-an

are. also syn

“increased nutritive value than the original substrate.
_/w
. e

1

€
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USE OF IRRADIATIONS
e sol_'ar system is an important natural source of electromagnetic
- waves to the earth. These are oscillating electric fields travelling

through space accompanied by similar oscillating magnetic fields in
aplane at right angle to them. In other words, electromagnetic waves are
simply electric and magnetic fields and possess energy like any other
field in nature (e.g- gravitational-ﬁeld). The energy content of these

waves depends upon their frequency — i

higher energy.
9.1 “UNITS OF MEASUREM

and_Hertz_(Hz), respectively % smallerwavelengths e

" Hescribed in Angstrom .o nanometers (nm), while longer ones a’fé ﬁge;

: inlarger units (meters). Frequency is designated by Hertz ofror:: ig o
Hertz (Hz, KHz, MH2).
Teasured in terms of Gra : .
oule (J) of energy absorbed pef kilogram

rlie : q" ivalent to
o ot GBiCHOGIE measuremeﬁﬁra?ﬁa- (eqil;:xz radiation). One Gray

absorbed per gram of materia! receiving ion
s or 1 J/kg:
corresponds to 100 rads and K0G8/ 10 1,00,000 28
99
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IRRADIA'T'ON .
s

Fig. 9.i The electromagnetic spectrum

effect N

92 . CHARA

The electromagnet waves forming the electromagnetic speciry
their ‘characteristics. Visible IighT

from-the sun.or any other source, is only small fraction of the spectryn
and covers a wavelength range of {400 — 700 nm! The radiations fron
this fraction are directly beneficial to all forms of life. Along with the
the spectrum, the infrared rays (wavelength,‘ 700 -
1 " owaves are still longer in
10° = 10 Infrared and microwave |
ing i ooking |-
waves. having wavelengths ofﬂare
and are primarily employed in radar system,
. television broadcasts and radio sound transmissions. .

vary in their wavelengths and hence

~ visible portion of
300,000 nm) reach the earth from the

" wavelength, +anging fro 3 X
~ radiations have found practical applications for heat

gadgets. Electromagnetic waves.
known as 'radio waves

while gamma rays occupy a.

while gamma rays originate from energy changes in the
.Gamma,and X-rays have germicidal properties and are
in the food industry. Ca '

9.3 SOUR_CES OF ELECTROMAGNETIC RAD_IbATIONS‘

Electromagnetic radiations can be produced from diffefen}
0

sources. Infrared are produced by all matter over a

temperature from absolute zero upwards.. The most comm

- commercial use includes electrical devices incorporating

15— @ n gprr 8

CTERISTICS OF ELECTROMAGNETIC WAVES

: he ultraviolet rays have a, shorter wavelength tha '
These possess_germicidal haracteristics .— the mos!
effective range being beth-fayS are stil shorte: |
0.01 — 1 . pand among the X-rays-and
have a wavelength ranging fro%%@@ The X-rays aris |
from energy changes associated wit he-electronic structure of atomsi
nuclei of atoms:
exploite

being

trans

on.sourcé 0

mitters ©

uch as quartz and rq
rock g .
The ultraviolet ragiyr 2" M
. | !travmlet rad|aﬁ0ns a%s are
8.g. electric arc or by glegys oAl e
e,

0 165,
Jlarly mercury vapours in quartz enveloo Soharge thr

p For food preservation by irradiation X
. sy AT
rach™ v?)cl)tgr((:(I\e/lse\(/))pecr;:;re};(:n:11t or below an enzyrz;yarli nge'a‘ed from
. - ; na rays ar . vel of &5 mi
jectron e emitted f 5 micro-
fco. lectrons ‘are generated from machine ;rom the radionucleoide
y an energy level of 10 MeV. ources operated at or <

USE OF ULTRAVIOLET RADIATIONS

The ultraviolet (UV) radiations are absorte ‘
pyrimidi‘ne groups of the nucleic acids in micropial 22&."%@"33;3&" '
results in mutation (a permanent change involving genetic material ia z
gventually dgath of the organism. Special Tamps areﬁ\?iﬁlé‘lﬁ?tlean't
these radiations at the mo§t germicidal wavelength (200 to 280 n::; .
some ozone 1S formed durlqg :the operation of UV Iamé

. range of these lamps has an irritating effect on the skin and gazing at its

source produces jrritation in the eyes.

~+Inthe food industry, ultraviolet rays are employed in sterilizing
,equipment especially in microbiology laboratories and space in cold
storage and freezer chambers. These rays are also used in the treatment
of water for beverages; in killing spores On sugar crystals and syrups; in
wreating pickles, vinegar and sauerkraut to prevent the growth of film:
yeasts and in the storage and packaging of cheese.

" USE OF IONIZING RADIATIONS ]
| of short wavelength ~from the
celerated intra- and extra-
ns, alpha. particles and
a, beta and gamma rays

neutrons. These include X-rays as well as alph :
’ substances such as ¢o alt 60
ighl accelerated

from the atomic fission of radioac;tived e e
. -ra

0 eservition. are absorbed

m

(*Go) and caesi
electrons are cammonly used for fOO;(j pr ch. greater penetrating

by all forms of matter. Gamma rays have

power than other radiations (Fi9 9.1). .
i ' ' it ese

Living cells are particularly sensmvekt:;l ; st ion

. radiations, which promote changes that ma;’y el e ars fom ¢

of the cell. The dose required 19 uc oparen

_organism to another. A dos€ of up 10

95

lonizing radiations are
electromagnetic spectrum plus /hnghly ac
nuclear .particles such as . electrons, proto
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3 iy IRRADIATIQp, Fo0D PROC

, : ) N . Esg
éffect .on i Y 1’“‘?? OfnCFEte ; | f. c_ontl'0| of insect pests
organisms, 5)880 tg 15(; SRt ~ quarantine purposes; N fresh fruits ang Vegetaty
Gy (100 to r - FRHENTSN b o £ es for
w 4 be lethal 1o e -4 ‘ H g- enh?r;c;emer;t of the refrigerateq shef 1

InselBrequire AP - (St R .seavg e:: fresh fruit ang Vege:"fbllfe of meat, poiry
=s=roximately 0.01 to f ; : spoilageé causing microorganjsmg ® Ies_ by reductionmg% &
A unique advantage of employing orsin A

enetrating power. Materials t Q radiations lies in the;
yond P~ g ; 0 be freateqd €s in their
® diations '_".t.he'}r?“?' ‘;a.c"ag'”grthus avoiding any s, EXPOSEd to

con amination. The irradiated food should be pre ¥ Potential rigk of
e orted hygienically. 2 & Pared, processed ang

1 kGy (0.001 to 0.1 Beta
M;;a% whie

" microorganisms  may L
need a much higher Gamma:

dose as an effective % £ ¢ S5 -

lethal dose. i " Fig 8.2 Penetrating power of alpha franse=" st o the clea - “
‘ - " beta, and gamma radiations. T ‘ A§ a lsgion. o Fa[ﬁ)e and recommendations by the Cod

| ) . _ i (Source: Radiation - A Fact of Life, IAEA W , over 40 countries hav ex

9.6 ~ COMMERCIAL Vienna, 1994). S ST ’;lgz irradiation for one or more food or foodegz:gﬁ;:;ved éhe use of
A L % i s B . _ an

APPLICATION countries are using it for'commercial purposes. The clearance hg‘;eéezo

n

!
| S OF IRRADIATIONS e L covided for food items including potatoes, onions, garlic, somé cereal
The commercial applications of irradiation have been slow g wheat flours whole wheat flour, strawberries, mangoes, dr'ied vegetz:gcl :
[} ‘owdered eggs, food extracts, -paprika, spices, seasonings cocoﬁst
owder, shrimps, frqzen prawns, frozen frog legs, and, chicke:
According to some estimates, as of 1999, total irradiated food processe&
‘worldwide stood at 243,000 metric tones. - ;

mainly to economic handicaps, lack of' realistic * -techno-economig
! feasibility- studies, lack of ‘acceptance of the process by . nationgl
governments and reluctant attitude - of consumer towards the
consumption of such foods. It is claimed that radiations bring changes in
food materials that are not fully understood and ‘that products of | 9.61 Sprodt Inhibition

radiolysis could prove toxic. : . : »
s = ‘ . #eD | - Coordinated research efforts have established the technological

Joint Based on extensive research, it has been recommended by the | feasibility of irradiation for sprout inhibition in potatoes, onions and gariic.
» diated Foods that "any | The use of radiations at levels of 30 to 150 Gy (0.003 to 0.015 Mrad) or

in tubers and bulbs, thereby extending their
its 30 to 90 Gy for imadiating

food irradiated to an average dose of 1 Mrad (10 kGy) or less is inhibi i
! k less inhibits sprouting
wholesome for humans and, therefore, should be approved without storage life. Government of India perm

further testing". Proven applica_tions of radiation processing include: - ~ onions and 60 to 100 Gy for potatoes.
‘a. destruction of pathogenic bacteria and paras’ites of public | 962 Insect disinféstation ‘
health significance in raw and minimally processed foods; SAT : o oy e d fish
REIT o o Several fresh produce (citrus fruits, mangoes, lentis), drec TS
:+ Microbial facontamlnatqon of spices and dried veget®ble | and spices are often infested with insect eggs, larvae or adultinsects. Al
= nings; : . v present most consignments are fumigated. Owing t0 §uspecée<1e ::Xz'\‘z
c. insect disinfestations.of grains and other stored products; problems, use of some fumigants ke ethylen® oXmuerl:t‘ries for the.
d. inhibition of sprouting in b : ' '| dbromide has been prohibited of restricted in some €0
. of sprouting in bulb, tuber and root crops; ' reatment of spices o I
. i . . . - ' P . ’ : effecti t s §
ev fnh:tlzr::iz extension of fruits and vegetables by delg;.n9 Disinfestation by irradiation is an effectlve |a ltﬁ:g};tihoz '
nS,‘ ripening and microbial spoilage; : fumigation, 1t is a continuous Process and reqmrestTﬂ:::,a'offruits and
: . ; SEFiOd of treatment. Simce irradiation also Lﬂfiif:gaS::r;d of these foods S .
: : Ve . P rke e
i = ' - ~Z0etables by delaying ripening: the markelr :
) o , 103 ' AN
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IRRADIATIONg

' s. A dose of 0.2 kGy (0.02 Mrady is sy
also extended by 2°¢ Ny ‘and render the insects th::l?

Cienl

f larvae

to- destroy insect €995 * . ‘ed and smoked fist lvg

. roduction. In dried and Sm! ish, about 9 o

incapable of further FEPIOZ e ae, although lower dose (0.2 kGZ;)kv(v;'ly
Il

d to kill 99 per cen

1| fly species from deyeloping into adults.

is require
prevent the larvae ofa
ation -

Radiation pasteuﬂs R
4Radiation'pasteurisati_on can be applied to: - |
a. reduce microbial population' in spices and dry ingre i

This treatment is technically termed as radurization
radiation pasteurisation designed to kill or inactivate foOE
spoilage organisms. ' __ |

b. kil or render harmless all disease-causing organisrs
(except viruses and spore-forming orga'nisms) — a treatmen
technically called radicidation. .

Radurization —When fruits, vegetables and'meat are destined for

* cold storage, it is desirable to have.minimum number of microbial cells
on their surface. lonising radiations at a dose of 0.2 kGy to fruits and 3 to
5 kGy to meat can be applied to disinfect their 'surfaces and extend thei
life during cold storage. Similarly; spices, ~ which -carry heavy'
contamination of microorganisms on their surfaces, can be successfilly
degoqtaminated by the application of 4 to 5 kGy (0.4 t0,0.5 Mrad) of
radiation without adversely affecting the volatile constituents of the
proQuct: This treatment is considered: superior to the use of. chemical
fumuganop that leaves toxic residues. Moreover, the shelf life of fruits like
strawberries and fresh fish can also be extended by radurization.

9.6.3

Radicidation — Food can also be made safe for 'human
?:é\iiydm?tlon by The application of irradiation in the process called
destr|u(?tig)r?. fLow dqses of irradiation (below 10 kGy) are helpful in the
Destiuction% fparasn@es and food pqisoning bacteria in meat and poultry.
is achieved at g%fasﬂes such-as Trichinella spiralis and Taenia saginata
(05 Mrad) are ntése of 0.1 to 0.3 kGy, while doses of up to about 5 kGy
Salmonella, Vibrio Cessr? ry to kill non-sporing pathogenic bacteria lIké
Frozen me’at poult‘:ara aemolytieus, Stath/OCOCC.uS aureus and others:
pathdgens Cén be e a'Td .Other foods liable to contamination with
o dastroy the, pathoge imadiation treatment of below 10 kGy (1 M2
radurized) like the h gens. Radiatiori pasteurised foods (radicidized or
: e heat pasteurised, must be stored under refrigeration-
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padiation ste;ilizatlbn - Radappertization

9'6' P H l | . .
' irradiation 1S argely being used to sterii :
p|ieS- Thi's‘requme‘s a dose of ?OO'kGY (10 ;\I/lllrzaed;n:rdt'fa‘ devices ang
sopfogs, it will B2 highly damaging 1o its qualty. Therogore | 210
t0 mmerdal sterilization, radiation treatments can be iv°Te. similar to -
Gostro y al pathogens, most food spoilage 0fganismsg af;n to food to
deore of Qlostr/dlum botuhnum_. Such a treatment is “;’eu as the
spda ppertizatl.on and the resulting food can be Storede,med as

rampe cature, in the same manner as thermally processed food at ‘room.

p Food desigqated for radappertization is blanched

aled under high vacuum to remove oxygen. This is &r:npfi:g:ged
rradiated to a dose of about 10 to 50 kGy (1 to 5 Mrad) s,
ate. The freezing step acts to minimize the possibility of

or flavour changes dgrlng irradiation. After irradiation, the @
yeated ¢ is allowed to thaw in the package and stored without
«efrigeration, as are heat.prO}:esse;i foods. A dose.of up to 10 kGy has
peen found to present no toxicological hazards. The radappertized foods

present no health hazards. 'However, when irradiation is used as an

adjuvant to heat for commercial sterilization, it augments the sterilising
efficiency Of heat and does not have adverse effects on the food’
material. . o

Most research conducted in this direction has been limited to 2
few foods: meat, pouliry, fish and some vegetables. Dairy products have
been found unsuitable for radappertization, since undesirable flavour
changes occur in the irradiated product. Radiation sterilized foods have
been enjoyed by the American astronauts and some hospital patien!s,
such as organ transplant recipients, who are confined to special ;tenle

environment.

ﬂgt’c and i
in frozen st
nutrient loss
~sated food

?.6.5 - Delayed Ripeniﬁg )

, . rs

The ripening process in fruite such as bananas, tomaloes. pear:

- Mangoes, guavas and others can be delayed by low e wr:t(g:ggg

(250 to 350 Gy). Also, the shelf life of fresh mushrooms can bf:tem‘and

by an irradiation. treatment, which will prevent the growt” ckaging an
opening of the caps. If this is combine with proper Pa

storage temperature, the shelf life ¢an be doubled-

) t

. E es as cured mea
mi n such process

The dependence on che jcals i 9 eliminated the use ©

Ploducts can be reduced Of complete! 84,
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CHAPTER 9

irradiation treatment. This ap

b " . 3
X : es in certain food products. For exan,
desirable cljem|cal chaD1 to 2 Mrad) of irradiation hastens the Dle3 a

‘dose of 10 to 20 kG

= i : In
. imilarly, the odour in essentig| o; 9
process in s: S y oils

i f 10 kGy (1 Mrad) of irpggiae o

d by treatment with a dose 0 ) rradiag

Ibne;r;';agf 3eh3xirated vegetables, the time required for rehydration n?:y
he reduced by a dose of 2.5 to 25 kGy.

9.7 EFFECT OF IRRADIATION ON FOODS

Irradiation can cause a variety of changes. in liviqg cellls,‘LOW
doses can interfere with gell division and alter the biochemical reactiong

involved in the ripening of fruits. High doses can kill the cells therety -

destroying microorganisms and jnsects. The chemical changes broygyy
about by irradiation treatment depend upon-the food to be exposed, the
type of - packaging, and ing ¢ s such as temperatyr
during irradiation and storage time. However, based on extensive
research, it has been established that many of the substances produceg
by irradiation and identified through the use of sensitive analyticq
techniques are familiar ones that exit in non-irradiated foods. These are

also formed as a result of conventional processing such as boiling, frying

and grilling. 5! - i
A few new substances called|radiolytic productg may be formed.

The United States Food and Drug Administration has estimated that the.

total amount of undetected radiolytic products that might be formed when
food is irradiated at a dose of 1 kGy would be less than 3 mg per kg of
food or less than .3 ppm. o -

lonising radiations are capable of initiating different changes in
food systems and formation of certain chemically active substances. The
treated food is not heated ‘and, therefore, shelf-stable products are
produced that are closer to the fresh state in texture, flavour and colour.

The food retains its frfe_shness and physical state.- - -
9.7.4 o '

Effect on Water

When ionising radiations strike the water mo!ecule; the molecule *

is split — technically called ‘radiolyzed'. Several intermediate compounds
such as "excited water', “free radicals of hydrogen and hydroxyl', ‘ionised
yvater molecules' and ‘“hydrated electrons' result. When thesé
intermediates react with one arother and with other components of the
food system in the presence of air, they produce hydrogen gas (&2

hydragen peroxide (H,0,) hydronium ion (H.Q* M)
I J€ | ) and hydrox :
in addition to water itself. Most food componentl are capable of reactind
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intermediates or end progycys of w
lexes resulting from such reactigng m

com jour, odour, taste or qualit Ing
colout: Y of th

Sence that any of these compoun > food

eVl :

9.7:2

: 2
. Pnaszn\,.""

ds is dan
Gerous for ¢g ;
‘Effect on Carbohydrates NSumption,

In carbohydrates, oxidation as well as coner<.«
ndensation reactig
ctidns

1 to non-enzymatic browning predominate,
similar me products of irradiation of sucrose s been suggested

some . . may havi i
tcheel‘lts- starch and pectin are very sensitive to ra dia)t/ion, € toxic effects on
9 1 3 Effecton Proteins
. In proteins, dgaminatian, oxidation, polymerisatign - and
dggar_b,(mdam n have been observed: during irradiation, His,ﬂd'mg
lalanine, thyrexine. and - sulphur-containing_aming acids are
reported to be most sensitive to the effect of irradiation.

o7.4 Effect on Lipids

Many reactions result in lipids, which are similar to oxidative
rancidity. - Several carbonyl (>C=0) containing’ compounds may be
formed. - The production of carbonyls and other potentially dangerous

substances have led to the vast testing of irradiated foods for possible .

health hazards. _ . Sy s
9.7.5 Effect on Vitamins '

Since no cooking .or heating is involved. iq ‘pas'teurising' or
‘sterilizing' doses of irradiation, the food remains in »fresh state.raE:eé
losses are generally less if oxygen is excluded and if the tempera °
during irradiation is low. ‘Vitalmih.I —r and -1
relatively sensitive to radiatien; while wmammm-?able
much more stable. Vitamiin losses caused by Irradlatlor(\):;:szgmtf:ed p

o, or often less than, those produced by other pr
achieve the same goal. 4
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CHAPTER 9

NOTES

YOU WiLL NEVER FIND TIME FOR ANYTHING,
IF YOU WANT TIME YOU MUST MAKE IT

108 -

IRRA'DIATIQN'
S

'FOOD PACKAGING

ackaging may be regarded as a preservation method in i
i i . in it
P”ght or an important adjunct to other methods olfsf?)v;:

: preservation_Themain role of packaging is to protect the product
duringChandling, Wistributiop” and (storagg against environmental and
'mechanical hazards. Even though Patkaging may perform Tanctions

other than preservation; its most important role is to deliver fresh and
manufactured foods of the expected quality to the consumer. To do this,
the fabrication of each package must be based .on an accurate
knowledge of the specific sensitivities of the product, the climatic and
mechanical stresses expected on the package during handling and
turnover time between production and consumption. -

Besides the conventional packaging, “Active Packaging” is also

being introduced into the market. This packaging responds to the
environmental of ~ electronics _and

changes. It mak use
icroelectromechanicgl .system @' which can tisteel prgsztll:,
acceleration, humi Iy,. ) other 9nwronmemz;1"r\l;anahesé
The dominant applications are(imeé-temperature integrators roperty to
devices exploit a change in a physical or P ysiooe emicda tgmperature
Produce irreversible evidence of exceeding predetermine

. tive
e ture history. The Ac
threshold or record the cumulative tlmeégz‘spier:athe environment or the

Packaging senses and measures varia -
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PACKA.GING .

. CHAPTER 10

unicates to the observer it

ontents and comm ol i
the food inside the pack agin SHOWS

ow the condition of
CKAGE .
al, should: - : :

package and its ©
the consumer to'kn

1 CHARACTERISTICS OF APA
Packages for foods, in gener:
' be low cost and non-toxic,

be fat- and water-proof, _
provide barrier against light, gases and water vapoyrs

provide sanitary protection to the food,
be of lightweight, easily filled, poured and disposed-off
be sealable, printable and tamper-proof, ' T

have reasonable impact resistance and mechanical strength.

exhibit adequate transparency where practicable.

JTQe 0 a0 ow

With the present trend of self-service distribution, the package |
s

also expected to supply information on nutritional
I f nature of t
meth.od .of prepgrahon, storage conditions, expected-shelf lif: zr?c?duc{'
spegnal information of likely interest to the consumer. The intern t(')ther
trading demands that packaging should be able to withsta %Ional
pressures of long distance transportation. : e he
Factors considered in selecting a ( S
. ctors package for a food
illustrated in Fig. 10.1. These deal with how best the meéf?;zs:l;(l:t:nrs

handling properties of the package material cut down the adverse effects

of spoilage and deteriorative a C
' gents on food - i ith ti
convenient and low cost to the consumer. i A’ v, tme.

Vitamin In "
ecta

Humidity
anlent

Water
Content

Fat
Content .
Rodents

PRODUCT

Flavouring
Content

Protein
Content

Consumer handiing

Fig. 10.1 Factors considered in selecting a packaging unit
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: . FOOD .
o | PROCESS|yp, I
A & Preg, :
, . B RVarion
PACKAGING MATERIALS &

—

flexible foils™ -

. combinations of properties that inctude: —

102 d packaging utili
0 Foo dp' t g!fr;g utilizes a Variety of
I made into different forms, Thega 199, semiig
: - These inclydg. _—-40id or fley;
. exible

. &gjd_ulEIaJs made into cang and dry
Flexible s made into Wrapping f?IS.
ils.,

Gla§s made into bottles ang jars
Rigid and semi-rigi .
g i-rigid plastics mage into squeeze
@ Dottles ang

canisters.

e. Flexible plastics, celldlosi
pouches and bags. % &d paper made inlo wrappers

£ A combination of paper, ;
‘ A " aper, plastic ;
. made into multi-layer composite pasc kaans?esﬂexnble metal foils
03 RIGID AND FLEXIBLE METALS '
Of the many metals that exXist in nature, only a few have f,
1 : e found

use‘ as food packaging materials. These are steel, ti

. t T

jum. Mef_al-based packages come in the formmofalrigid 'canr:s s
. : | or

rﬂéteri

o o o

10.34 . Rigid Metal Containers - Tincan .
" The most common rigid metal containel |

- er for food packaging i

tin-plate can,’ commonly cglled tin can. As a containerzuitabi ?O‘,s ::ee

heat processing of foods, it offers a number of unique and favourable

a Good appearance and relative low cost.
‘b, High chemical inertness and lack of toxicity.
e Good mechanical strength and sealing properties.
d.  Good resistance to thermal shock.
10.3.1:1 Three-piece tin can -

abil An important characteristic of th
reton}{ to-offer a hermetic seal capable o
ma ing. This rugged property is the result

Nufactured. The essential steps in the

e three-piece tin plate can is its
f withstanding the pressures of
of the way in which the can is
fabrication of three-piece tin

pecially coated steel

tn production start with the manufacture of es
]

manufacture depends
ent foods. For

plate, -
& Steel plate — The type of steel base-plate for canm
d by differ

on "
its -ability to withstand corrosion causé
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<;sion resistant'and is useful for

MR is similar in metalloid COnte(r:]a"S

als. Similarly, MC and M steg|s Sht fo
and. are used for f 0

00
f higher pH values. .- Us o

7/ e,

PACKAGINg

: _steel is good €O
example, type L-sI€8 2 . Type

| ItnLe: ﬁe:u:;i)r o d in residuals.
ay decreasing ability 0 resilst corr05|(cJJrr10
correspondingly lower corrosive natgre of hig - | ¥
= feel plate is coated with a thin protective layer
he SteeSOSi‘ted is usually less thanf o
“scurrently being applied 5356 pralg K
depending on the nature of‘produc_;t' to be packe)
Il suited to the application of a SPeCIfled thickness d
he older less common hot dipping technique yhjg,
f steal through baths of molten tin. The wej
s pounds of tin per base box (112 Sheets of
fin plate and weighing about 1 Cwt)
2.8 to 11.2 for electroplating.

of tin.

b. Tin coating
Typical
total can thickness.
electrolytic plating,
Electroplating is we
tin on steel unlike the
relied on drawing sheets 0
of tin coating is expressed @
14 x 20 inches of common

rams per m? and ranges from

ection of the tin plate against the corrosiye

or as

c. Lacquering — Further prot
action of certain fruits and

Pt
yC-enamel). R

* enamel) and fsulphur-resistan]
for packing fruits o

-enamelflined cang are used
€ acid group' having(soluble colouringf matter (e.g.
strawberry, red plums, coloured grapes). Fruits wit@soluble colouring

matter (peaches, pineapples, apricots, gra efruits) are packed in plain
cans. Thg C-enamel)cans are used fog{iow aﬁd medium a‘c@ Zggjs like
peas, corn, ima peans and red kidney beans to preven 1scolouration of

the contents and staining of the inside of the container. The tin and
enamel coating requirements for tin cans for some foods are given in
Table 10.1. e Sy

d. ‘Ma'nu.fgcture of tin can — An important characteristic of the tin-plate can
is its ability to offer a hermetic seal capable of withstanding the pressures
of retorting. This rugged property is the result of the way in which the can

is manufactured. The essential unit operations in the manufacture of ti
can are: — : '

i.ICutt_ing body blanks — Tin plate is cut to proper size with 2
‘trl'm.mlng and slitting machine, called the gang slitter. Duplex
slitters are employed for high-speed production. These cut the
sheets in one direction and the strips are automatically fed to iné

second section' where thes
. e are cut.tr e correc
can size. ‘ ansversely to th ‘

112

{

Y

* spray coating on the inside. °

" the lids. This machine. also
- depressions that give rigidity to

4 Tin and enamel coating requirem,
. e

“W nts for differg !
- ffood Sy Codeq Specitie M |
» ) . an b’

S ropared pUtIS?S with or P24 borgy %
githout M S ST o
rotS spinach, tomatoes, _\ -, g
Caros (ods E2ilaorks iy 30 s
o &1 , e E2 dola or E4 gogg | -~
Caulifiower. Mushrooms F4blorE2ib [pgug——o .

s o~ olg 7 - o B
Series and pit fruits : E2slaorE4 il m_ 17
. | F24 bl T e
.and apple sauc orE4ila
Apples' peasa PP € E2sla : E4 dola orE2sfa -
MiXed Vegeta_bles E2ila . ' m
codes: g = Electrolytic tinplate; F = Dip<oateq tinplate(;)urttjle . :ezsn:m

dola = inside and outside enamelled; ila = inside enamelleg: sia. = addiongl -

The numbers superseding the letters E and F represent m'inimum and maximum

_ amounts of tin. g/m?-as follows: 2 = 105 - 112, 3 = 157 - 1g8:

4=21-24.
ii. Notching of body blanks = Each body blank is notched at the
four corners to enable formation of smooth edges when the side

“seam is made. In the absence of notching, there is a danger of

leakage after the double seam is made.

i, Lock seaming — The flat can body is passed through an

edging machine where hooks are formed. The edges are hooked
together and a uniform union is brought about by a hammer. The
lap seam is passed through a layer of molten solder ensuring a
perfect seal. ' '

— The body blank is passed through a flanger, which
o form flanges that receive the lid... ="

Tin plate is cut into stips.of
a “stamping machine’ fo
entric ridges - and
e lids.are passed
e ends of the fids

iv. Flanging
turns the edges outwards t

v. Forming can ends (lids) = T
appropriate size and passed through
forms conc
the ends. Th

through a curling machine that bends down th

inwards.
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» g he can'ends is fir
_ The curled edge of the S lineq ..
of rubber Or’ plastic gum. This 'eﬁsmnh
f the lids to the body. - N

— The lid is placed on the f_'angéd can, |
hine the first pair of rollers bends the ggq.
hat they-touch each other. Secong pe§

of the rollers tightly compresses the fqlded flanges togethe tg
bring about a perfect seal. Pressure is exerted by the Sam,
rollers against the ends of the-can body, forcing the gaskettighﬂy

against the lid end (Fig. 4.3). - ‘ .
Flexible Metal Containers__
Fiummium]is a metal of low tensile strengtt

2.5 to 5 mmjt has been successfully made into §mal| cans with-sufficien
strength to withstand heat proW@nd |t Iy
manganese or magnesium offe! Commercial lternatives to thefin cap,

Tacquered aluminium cans are currently used for packaging sardingsin.

sauces and oil, meat, fish paste and fruitjuices. . _

d The aluminium cans cannot be soldered as readily as the tin can,
hence aluminium can making procedure -involves drawing or impact

extrusion. When used for acid foods, they must additionally be protected

~ by lacquering. The advantages and' disadvantages of aluminium cans’
are summarized in Table 10.2. :

‘ ‘Mv 1 the form of foil ig thused commercial
{flexible food packaging material: Its foil is manufactured by rolling
£0.012 miy

slabs of pure aluminium to_a thickness of abouf{ 0.009 mm)td
~-(3/8 to Y2 mil). This

for general use. By annealing, the foils are softened and, made more
pliable. Annealed foils have found limited use in packaging products like
B . chocolate-and butter. Notwithstanding its sensitivity to corrosion that can
! easily be reduced by lacquering and its limiting mechanical properties,
aluminium foils have several favourable  properties. These include
_impermeability to water, water vapours, . gases, oil and radiation a"
thickness between .0.009 and 0.012 mm, provided closure points- are
properly sealed. Aluminium foil can also be printed upon and decorate

due to its non-resilience. It is particularly resistant to attack by many
species of insects. However, owing to its poor mechanical strength,
aluminium foil'is more often used in combination with other materials
(see Laminates and Multilayer Materials, Section 10.7).

vi. Gasket Iaying_
a water emulsion
hermetig;al sealing 0

vii..Sea’lihg the ends
) " double seaming mac
"+ of the lid and the can so

10.3.2

i
f
i

114

but ‘at thickﬁess of :

foil has improved tensile strength, but is usually brittle !

Gans are

Equip
simple -

f < for small output are

Line
available

have

‘. ‘ Advantages '

gcan?

n
Gr?d hot plate

2 art ﬂavbur' or.colourt
t imp: * LY
Do not im! ol
foof nce to external
-stance to external
esis to extelnal

. ‘Weak ;
Good I aker than fin py,
corrosion o easily b dented? ate can and can
: internal pitting Acid
ree from in : P cid foods need =
! lacquereg "+ Propery

ment for manufacture are .

Empty cans will not rustand
2 reuse or scrap value -

)

Some basic advy . %
- cans . ntages ang disadvangyq,, . -
Rt ges of

D

iSadVa,,ta . Far'd ,.
U ges oy W, A
Sually more SHDENSive tham g o

easy to open .~
be heated on open fire MHHUfactured cans h;
S avE_a .

volume ang are non-co||apsri‘?£ yis

Si paci
Z€s and capacitieg are limiteq "

Special autodaves

C are usuall
required for sterilization.~ Y
—_— "
| Need different body making faciifies

Y from tin cans S vng_facﬂmes

‘More care is needed in forming the * -
seam . . :

104 GLASS .

Glass was indisputably the packaging material for mostlfoods a-

few decades ago. Now a
other packaging materials.

keener competition exists between glass and
Although heavier than most other packaging

raterials, glass containers-are still popular for food packaging for a
number of reasons: - S e ‘ con

a.

oo T

f;

10,44 Manufacture of Glass Container

Ommercial container glass is
0 a molten state, a mixture 0

ouide (7%),

 Can resist high internal pressures an

ey :
CJ:])US oxide and manganese oxide
“Mpressed air is passed from

They are inert.
Generally transparent. :
Adaptable to high-speed filling.

Are comparatively cheap and reusable. R
, d vertical loads, ¥ | 0’2 12
¢ . 4

Deformation can only occur.destructively.

anufacture ing, at 8%
&ilicon dioxide 74‘7::j 2
i i %), an

N v 0, al nesmm'oxu i Ces.
e ange (18/0),' m. ‘Ighis is pouretf into
the neck side O
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iquid glass towards the sides and forms. Particyly,
tpl"r::s,smejuhf;.e /Ix?ter t%e glass container Is formed it 'S.Smeitted ang o
annealing in curing ovens. In this process the contamer.is h
about 540°C in the beginning and about 260°C at the end. T
improves. container toughness, reduces-and advantage0u3|

residual stresses and strains‘.

Cateq ?2
{narkedl
d d'st”butez

. 10.4.2 'Glass Container Seal o s
From a safety point of view, the seal is as importa'nt

g : a
container itself. Effective sealing can be obtained by using ors the

stoppers, roll-on pilfer proof caps, aluminium caps or meta| sey, dinyy
for normal pressure seals. Grown corks, alka _caps Omwggf“s
+ caps are employed for pressure seals. For successful use of anyew_
these, tolerance specifications for each type of closure muyst be met of
the bottle design stage. ' : . eyt

: When adequately sealed, glass containers have no Measuray
transmission- to moisture, gases and odours. These can be made\
‘selectively permeable or impermeable to radiation of specific Waveleng,
by incorporating special compounds at the manufacturing stage. '

10.4.3 Glass Fracture . Z

Brittleness is- the ‘most limiting property of glass which is
associated with characteristic sudden failure from tensile stresses. Good
glass manufacturing practice includes the selection of optimum ray
materials, architecturally designed moulds and annealing and cooling
temperatures. These greatly improve. the glass strength.-

* Glass containers must be handled with great care to reduce
surface scratching, since it is a very important component of bottle
ruggedness. ‘Tendency to glass fracture is increased by surface
scratches. To reduce the incidence of surface scratches and hence the
number of breakages during handling, glass containers are coated with
waxes and silicones prior to leaving the annealing chambers. This
imparts lubricity to their surfaces. This fact must always be emphasized
_ to bottle handlers such as transporters, Wwashers and fillers.

The most common internal fracture foci for glass containers are

. caused by either thermal shock or impact.. Thermal shock. can: be

_ reduced by avoiding large and sudden temperature differentials in paﬁs

of the bottle during handling. The thickness of bottles must provide
adequate strength to withstand internal pressure. It should not be s0
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A ufa ;
o) or repeated use (retumapye bg:ltjl'rzd Sither foy

. cellulosics and various other organic Compounds in case

- Fig10.3 Rigid metal container

PR - SMperat. "
nick “° of the bottle during h C
;urfﬂces 0 9 heat ProCes g "eNlaly-

s 0 create large te

4 Regurnable and N°""°Wrnab

. . le By
107 Glass containers are ma “'

es i Ne t; . :
bo;tlusua”y thicker and have mor 6 eFtetur,1a eelgsn;e (%%y
2erior surface han one-way conige, e Plotetye ¢ e
01 fects of longer periods of handiing apeet o pgon their

e e se fsa
thalckiﬂg and bottle conftents_ The use of retum:;d Ures 1romk[a)0r;;1r
developing countries for carbona ra % Popular j
con sidered cheap packages for oy, Cost liquig pggjum Itles .
S

However, when the cost of gie- Of relatygly o
ife span. -1 g lisposing i Vely short
#om the environment is put in PErspective, the 9 littered One-way bottes

0 iy
potties may Prove EVen more appropriag fo, develég?ngf:;tljr;?nfe‘”mable
’ . es.
 FLEXIBLE AND RIGID CELLULogics AND Pusnc's
Cellulose based compounds ang plastics in flexible
figid forms are important packaging matergjs (Fig. 10
formed from basic_organic molecules bageq on cellulos

10.5 .
» Semi-igiq or
)'. They are
€ in case of -

. of plasti
These molecules when induced to polymerise, form polymers of g:csf,'f:r

packaging ‘characteristics. I?olymers made from one type of basic
chemical unit are known as homgpolymers‘, while those formed from a
mixture of two or more basic chemical units are known as ‘copolymers’. -

o - e s

(left) and flexibl

Lever Brothers Nigeria Ltd.
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_ thermoforming semi-finished plastic sheeting (Fig. 10.4).

" Fig. 10.4

CHAPTER 10 PACKAG|N .
N . G

Among the important cellulosics used as ' fooq ackan:
materials are cellophane (regenerated cellulose) and celluloge 5 aQing
The plastics employed for food packaging are: polyamide Celate
“polyester resin - (Mylar™, Scotch - Pak™), polyethylene
polypropylene resin, polystyrene resin, polyvinyl chioride, Polyvinyjig. "
chloride and rubber hydrochloride. By forming polymers from mix'tuy ine
two or more of the -basic plastic materials, copolymers SuCrfs of
-polyethylene vinyl acetate, polypropylene ethylene, propylene i
chloride, polyvinylidine. vinyl (seran, cryovac) and ethylene'acfylic vm.
have emerged. These copolymers exhibit improved general pro ea.c'd‘
for specific packaging requirements. P rlies

_ By increasing the thickness of plastic f‘ilms-,‘ it is possible t-
produce semi-rigid and rigid bags, bottles and other containers, ;

. . Usy
the rigid containers are produced by injection: or blow mouldin aly,

g or by

S 7

(LI LS IS

o,

-

L R A R T T 2O

Steps in blow moulding of bottles (top) and tHermoforming (bottom).

118

Low-density polyethylene of q. . -
pe made into semi-rigid bagstgr:gl(sl‘;neu 0o,

Ssuret fgo?npea'.(?lizginzydl?] Id< - reCkosfStm en mn:)( )
xcellent ! hydrated fogqs o, Product, thstang
ﬁmich must be kept dry. H'Qh-density p'S Ltj sug
srength than low-density POlyethylene, o hylenes
of rigid bO}tl(tas. HO\;:/et;/et;; because o

inity for fats, such Dbottles cannot erme |
?off)ds. They are mainly employeq fo;: ptae;goss of a ability ang
juice concenlrgles and Syrups. Rigid botieg g, ©

. P are more resist M_polyvinylig:
chloride ) ! ant to fa : inylidine
erefore, popular for packag}%ﬁgn% ;nd_ﬂ_okww

Bse are, m .
otecte d from flavour loss or gain, Rigid botfles can a!sS bk -
for packaging food,

Polysty.rene but these are not popular 0 be made from

pre

406  FLEXIBLE AND RIGID PAPER PRODUCTS

Paper is a very important packin
fo its low cost, low weight and adaptability to varioys treatments, whi
improve ' their  functionality. .Paper products for paCkagi";tsinmgz |
wrapping paper, bags, pouches and cartons,”

The basic raw material“for papermaking is cellulose. This is
obtained from wood pulp, straw, cotton linters, hemp, flax, jute and
others either as primary or second hand raw materials. The isolation of
cellulose fibres from various sources entails different processes. For
example, cotton rags of short fibre length are cooked in rotary boilers
containing sodium hydroxide, lime-and mixtures of lime and sodium
carbonate. Wood or annual plants are treated with sulphites and

9 and packaging materia| owing

" sulphates to produce .pulp. By the use of special chemical and

mechanical treatment, paper of particular strength, water and fat’
resistance and, glossiness can be produced (Table 10.3). Paper for
packing and packaging can be further improved functionally by coating or
laminating to either paper or other materials. .

107 LAMINATES AND MULTILAYER MATERIALS ble metals, glass
The packaging properties of rigd and L

S single packaging
Paper, cellulosic and plastic films reveal that nodea'%“kage' Itis

o ) ; i
- Material exhibits all the desirable attributes of an concentric layers of

" f
Common today to find composite P?"kages}]::(:;:er, oil, and film glued
0 or more basic packaging materials SU¢ inates, @

- i gs or lamin
pasiter (mullplayer). ComDOSlteroppa:rgzg *t each basic packagd

Packages are called, combine the P
g 19 o ' |
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material -from which they are made. By combining  mage
complimentary packaging characteristics, the package des; ar;‘grlals \
raj

desired properties to meet the requirements of almost any fgod tallorsl_ti?\ ;
‘ r
Table 10.3 Types of papers used in food packaging P Qdu.ct-

Type . Description

Kraft paper

Ordinary. paper made from sulphate puy| With 3
strength but with poor wet strength and greag 900q
ability. T e‘prooﬂng

‘ Ordinary paper usually made f phite puip
Pouch pa Ty pap ually made from sulphit
PAPET | pleached and used for pouch paper bags Usually |

Grease proof Paper produced by high speed beating of

bro b ang o
to obtain improved grease proofing prope PUP and water

rties
Glassine Grease proof that has been polished by passin

a super calendar ey g through
Vegetable Paper of good strength and grease proofing proper —
| parchment produced by low speed beating of pulp andpw :;;Sr

followed by subsequent treatment with sulphuric acid

VTissue paper ASoft and gxtremely flexible paper with excessive high
permeability :

Paper of improved elongation produced by crapinng\

.| Crape paper -

_craping machine.

. Sometimes a basic packaging material can be made more
versatile by a'simply coating with a clear or pigmented lacquer of a water
dispersion of an organic polymer or plastic resin forming laminates.
Regenerated cellulose. films when coated with different amounts of nitro-
cellulose are made suitable for packaging baked foods, fruits, vegetables
and meat. The amount of nitro-cellulose coating modifies the water
vapour transmission rate of the film to suit the particular product. Fruits
and vegetables normally require a thinner coating than backed goods,
since they have a higher respiratory rate, therefore need a package with
more water vapour transmission. For fresh packaged meat, it s -
important to sustain positive oxygen movement into the package since
. this is essential in-meat colour stability. This is achieved by coating Oné -
side of the regenerated cellulose film with nitro-cellulose. As long as e
coated side of the film is in contact with the meat surface to ensure S0 y

wetting of the overlying cellulose layer, oxygen diffusion into the p_ackage l _

120

gas |- .

AN F
iif- oop PROCESS|Ng

& PRESERVAT| gy '

s enhanced. This is. so b

‘ onsiderably low gas tran 6?3955 dry regenerated cellylos; '

[ : Smission ability, which incres Ulose films have
' ' se i

4074 RetortPouch = S 0N wetting.

Retort pouch is especially made to

It is produced from a flexible ‘lami : mal processing.
typically includa polyester nate made with 2 to 4 layers, which

) alumini i
polypropylene. All layers must be ca;;lzjart;]le (f)(f)llbeand polyolefin or

withstand ther

_ materials, from outside to inside, include: - ing relorted. Typical

3

i
i

{
\

|3
e

a. 2-ply: 12 um nylon or polyester/70 pm polyolefin;
b. : 3-ply: 12 um polyester/12 um aluminum/70 um polyolefin

. Each Iaygr has a specific function: The outside layer provides
-strength, printability and scuff resistance. It also serves as a barrier to

- gas, moisture and light. The middle layer of aluminium foil gives excellent

water vapour, gas and light barrier properties. It has superb heat transfer
characteristics. The inner layer provides heat seal integrity, compatibility
with food ‘product and strength. Polyester and polypropylene can be
processed at up to 135°C. g :

‘The advantages in using retort pouches over other packs are: -

a. Shorter process time than a similar size of metal or glass
" container due to thin cross section.
. Improved product quality due to less overcooking.

¢ No interaction of product and container.

d Processing of unique food products due to faciiity of vacuum
; sealing. : ) o
e. Savings in storage and transportation due to reduced weight _
' and'space compared to rigid containers. 1

§. Convenience in cooking and opening as boiling-bag
K lications.

PROE‘II'F:EF:JTIVE PACKAGING IN TROPICAL ENVIRONMENTS '
| pal function of packaging in any environment is tof
syroduct against contamination and fall t%/_pe;l c(;‘

i i life. Tro
i ilage . during its useful storage | '

oraton 2 Sr?i%‘tlaeg in having high relative hUI.T\.ldlly and hlghé
e ambient temperatures. These conditions encourag

i hysico-chemu:a!
i isms, and accelerate physiC mical
ot fooc The tropical and subtropical climatic’.

108 c!
- The princ
rotect the packaged pro

ctuating,
gy fluctud
u?g r\\lof insects €7 ilage of foods.
ge(ef ration and sPo! . Joping countries.

d It islsothe jocation of many deve .
pet ©oa2 X
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CHAPTER 10

}’" The level of water vapour tightness, oxygen tightness, odour an

. Alimentarius, following information is considered to be of a mandatory

.

PACKAGlNG

In considerihg packaging of _food in tropical. and SUbtrg
must be 'given to the peculiar en\/ironn(:plcal
e

FOOD PRpo
cEss
INg Y

» By
b

' Nutrition labeling is not man,

regions, adequate attention > P nformation to the cong alory by ¢ :
and economic situations in these areas. In principle, it is POSsi Nty (O\”dej‘ B ) Umer c()n(:em-mg"s‘:; ad“wv Mtu i
formulate several alternative packaging systems for food products b:S‘O fhe fo0 MUtional ey ‘E' : tk

on the knowledge of the composition, stability and expectey -
expectancy of the product and characteristics of the available pacy lifg 4
materials. This principle is applied in the selection of packaging matag_mg
for special food items. ) e”a'§

gas proofness for any particular product depends on the nature of th
storage environment and the turnover time of the product. For moe
stringent requirements agains wmuu-uﬂ!m[-l !
one must resort to either metal containers, hermetically sealed glass jar.
or composite heat sealable aluminium based laminates. For PFOtectios
mmgmented wrappers and cartons perform adequately. - N
<t Most plastic films and jmpregnated papers]contribute Sufﬁcient.
{wet strengthjto packages, whtle dri ofness 15 usually achieved by the‘
use of either glass, rigid metal containers or plastic films of sufficient
gauge. For g ) pin hole-free - aluminium- foil, plain
regenerated gellulose film, high- quality glassine- or films of polyvinyl
chloride, powyvinylidine chloride and polyester are usually considered

effective.

10.9 FOOD LABELLING : .

Label means any tag, brand, mark, pictorial or other descriptive
matter, written, printed, stenciled, marked, embossed or impressed on,
or attached to, a container of food. Labelling includes-any written, printed
-or graphic matter that is present on the label. According to the Codex

*

nature and, as such, must appear on the label of prepackaged foods: - 1
‘ The name of the food. @ ﬂf : %ﬁ// / g
List of ingredients. '

Net contents and drained weight.

Name and address of the manufacturer.

Lot identification. .

Date marking and étqrage"instructions.

Instructions for use. .

“éHOOSE A JOB YOU LOVE,

© AND YOU WILL NEVER
" HAVE TO WORK A DAY
IN YOUR LIFE".

AN R /R R
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