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Exercise 1 

Stages of Sugar Cookery
Introduction

Sugar  is e x te n s iv e ly  u se d  in confec t ionary  and other  foods. The  kind o f  use depends  upon  the 
reac t ions  that  it u n d e rg o e s .  Much o f  candy-making starts with making syrup from sugar and water, 
and then cooking it to certain temperatures depending on the candy being made.

Depending on the source, there will be slightly different temperature ranges as well as descriptions for 
the various Cooked Sugar Stages. 1 herefore. it is best to use all o f  these tables as guides only to 
familiarize with the various stages of  cooked sugar, their corresponding temperatures, what the

cooked sugar looks like at each stage, and their uses.

The essent ia l  c o m p o n e n t  con tr ibu t ing  to the texture of confectionery is the sugar crystal.
Sugar  can  be c rys ta l l ized  in d ifferent  forms and sizes by varying factors inf luencing crystal
growth.

From boiled su g a r  so lu t io n . two types o f  confectionary are prepared-crystalline and no 
crystalline (am orphou s).The  tem pera tu re  o f  boil ing sugar  solution.the ingredients  used and 
m ethod  o f  h a n d l in g  the super cooled solution determine the nature of the end product.

Crystalline ca n d ie s  arc c h e w e d  easily and they may he cut with a knife.The principal  
crysta l l ine  c a n d ie s  are fondant and fudge. Considerable  care is required in the preparat ion o f  

crysta l l ine  candy  with  a smooth and velvety structure.

Amorphous cand ies ,  in contras t ,  have a heterogeneous structure and crack into pieces 
rather than be cut with  a kn i lc . (eg .Toffee  and bri t t les) .Caramels,  the softest o f  the am orphous  
candies ,  h o w e v e r .m a y  be cut. I he tempera tures  used lor m aking  different confec t ions  vary.

I he final t e m p era tu re  o f  sy rup  for caramels is US'1 -120°C.

During c oo k ing ,  a brown colour dev e lops owing  to the curnmclizntion o f  sugar  and also 
due to reac t ions  o f  a m in o  g roups  o f  milk proteins and reducing  sugarsun i lk  is one  o f  the

ingredients.

In the p repara t ion  o f  ca ram els ,  corn syrup.fats  and concentra ted  milk p roduc ts  arc used as 

ingredients.

Hrittles are m a d e  m ere ly  hv the m el t ing  and caramcli/ation o f  sugar.  Toffee  is made  from 
a m p le  sucrose  sy rup  with  addition of cream of tartar,vinegar or lemon juice Flavours
»rc added  when  the so lu t ion  has cooled  suff ic ient ly .

s u g a r  when  heated  bv i tse lf  or  in a highly concentra ted  solution,  undergoes  n change  called 

c a r a m c l i / a t i o n



ourCaramelization c a n  be ha l ted  by the addit ion o f  w ater  w h en  the desired colour  and flav 
nave d e v e lo p e d .S u g a r  b reaks  d o w n  dur ing  carameliza t ion  and various organic  acids are 
formed. C a ra m e l iz a t io n  o f  sugar  is useful in the preparat ion o f  confect ioneries

Factors to be considered during sugar cookery  

Cooked Sugar  Stages (Fahrenheit/Celsius)

Sta8e Fahrenheit ( 0 F) Celsius ( 0 C)

Hard Ball 2 50 -2 6 6  °F 122-130 ° C

Soft C rack  2 7 0 - 2 9 0 0 F 132-143 ° C

Hard C ra c k  29 5 -310  ° F  146-155 ° C

Caram el  320 -36 0  °F 160-182 0 C

To C o n v e r t  F a h r e n h e i t  to  C e l s iu s  = Subtract  32, multiply by 5, then divide by 9 

To  C o n v e r t  C e l s iu s  to  F a h r e n h e i t  = Mult iply by 9, divide by 5, then add 32.

P r o c e d u r e  to  t e s t  t h e  d i f f e r e n t  s t a g e s . D epending  on the source you use, there will be 
slightly d i f fe ren t  t em pera tu re  ranges  as well as descript ions for the various C ooked  Sugar 
Stages. T h e re fo re ,  it is best  to use all o f  these tables as guides only to familiarize yourse l f  
with the var ious  s tages  o f  cooked  sugar,  their corresponding  temperatures,  what  the cooked 
sugar  looks  like at each  stage,  and their uses.

f ine  way to test for these stages,  is to drop about a teaspoon of the cooked sugar into a 
glass of cold water. T h e n  retrieve the sugar  by pressing it gently be tween  your  thum b and 

forefinger  and  e x a m in e  it to de te rm ine  the stage, flic higher the tempera ture  o f  the cooked 

sugar, the less w a te r  there  is in the sugar, so the firmer the sugar  will be.

Another way to d e te rm in e  the stage o f  the cooked sugar  is with an accurate mercury or 

digital candy thermometer.

H ig h  A l t i t u d e  G u i d e  fo r  C o o k i n g  S w e e t s  (in  ° F )

2,000' 5.000' 7,500'

Soft ball 230-233 224-227 219-222

Firm ball 234-239 228-233 223-228

1 lard ball 240-250 234-244 229-239

Small crack 260-274 254-268 249-263

1 lard crack 275-289 269-283 264-278



Caramel 290-310 284-294 279-289
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Special features of sugar Cookery

Making Sugar Syrups and caramel always begins with heating and melting ordinary
granulated sugar and re-crystallizing it according to need. During the heating process the
sugar first dissolves into syrup. As the temperature gets higher the syrup begins to thicken. As
the temperature continues to rise and the water evaporates, the sugar begins to caramelize and 
turn a darker colour.

As long as there is a lot o f  water in the syrup mixture die temperature will not raise much 
above the boiling point. As the water begins to evaporate the temperature o f  the mixture also 
begins to rise. As the water continues to evaporate, the temperature continues to rise. When 
most o f  the water has evaporated the temperature o f  the syrup will begin to rise rapidly.
At 320 1 F there is no water left, the sugar is melted and begins to caramelize, and the 
sweetness starts to decrease. The hotter the caramel gets the darker it becomes, and the deeper 
and less sweet the flavour becomes.
Basically, temperature and the chemical interaction between a given component and the w'ater 
molecule determine the component 's solubility in water. Sucrose can be kept in solution in 
pure water at temperatures between 0 and I40°C.
At temperatures above I00:C. prcssurisation is necessary' to achieve the solubility. The 
relatively, high solubility o f  sucrose is an important parameter for its bulking effect in many 
foods and beverages. I he dissolved sugar increases the viscosity of  water-based solutions or 
mixtures, resulting in enhanced mouth feel.
Dissolved sugar lowers the freezing point of  ice cream by preventing the water molecules 
from combining to form ice cry stals, which slows down the freezing process. The frozen 
water crystals no longer in solution increase the sugar concentration in the remaining solution 
and lower the freezing point even further.
In bakery products, the solubility, or hygroscopicity. of  sugar makes it compete with flour 
proteins and starch granules for the available water, which minimises gluten formation and 
decreases gelatinisation of  the starch. This makes the final product more moist and tender, 
and the hygroscopicity o f  the sugar ensures that it remains that way longer.
Mixing g lu c o s e  o r  in ver t  s u g a r  with sucrose increases the solubility of  the combined sugar 
matrix 'and allows for production of products with higher total sugar solids than w hen using

single components.
T andy making is the preparation ol candies and sugar confections. Candy making includes 
the preparation o f  many various candies, such as hard candies, jelly beans, ginmlrops. tally, 
liquorice, cotton candy, chocolates and chocolate truffles, dragees, fudge, caramel candy and

toffee.
Candy Is made by dissolving sugar in water or milk to form syrup, which is boiled until it 
reaches the desired concentration or starts to caramelize.
The type o f  candy depends on the ingredients and how long the mixture is boiled. Candy 
coma* in a wide variety o f  textures, from soft and chewy to hard and brittle 
Formally the sugar syrup undergoes 6 distinct stages or forms when it has been boiling from 
room temperature to the utmost temperature of  320° IT Fercnhite). I licsc stages are named as 
per the methods used to lest the syrup before thermometers became in use.
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TTie thread stage is the first stage which is tested by cooling a little syrup, and pulling it

een the thumb and forefinger. When the correct stage is reached, a thread will form. This 
stage is used for making svrups.
For subsequent stages, a small spoonful of syrup is dropped into cold water, and the
characteristics o f  the resulting lump are evaluated to determine the concentration of the syrup.
A smooth lump indicates "ball" stages, with the corresponding hardness described.

• At the soft crack" stage, the syrup forms threads that are just pliable.
• At the hard crack" stage, the threads are brittle.
• The final texture o f  candy depends on the sugar concentration.
• As the syrup is heated, it boils, water evaporates, the sugar concentration increases, and 

the boiling point rises.
• A given temperature corresponds to a particular sugar concentration. In general, higher 

temperatures and greater sugar concentrations result in hard, brittle candies, and lower 
temperatures result in softer candies.

• Thread Stage:
• Thread Stage is a cooking term meaning that sugar syrup being heated has reached 106 -

I 12" C (223"- 2341-' F.). It is a test o f  how hot sugar syrup is, and of how' much water is left in

it. At this point o f  heating, the sugar concentration in the syrup is 80%.

• It is tested by dropping a small amount o f  the sugar syrup from a spoon into a cup o f  cold
water. If the stage has been reached, the syrup will form fine threads or clump for you at the 
bottom o f  the glass instead o f  merely dissolving away in the water instantly.

• The Thread Stage is called for in recipes for syrups, fruit liqueurs and some icing.
• Soft-Ball Stage: Soft-Ball Stage is a cooking term meaning that sugar syrup being heated has 

reached I 12r' -  1 16° C (234" -  240" F.) It is a lest of  how hot sugar syrup is. and of  how much

water is left in it.
• At this point o f  heating, the sugar concentration in the syrup is 85%.
• To lest this stage a small amount of  the sugar syrup could be dropped from a spoon into a cup

of  cold water. If the stage has been reached, the syrup will come together and briefly form a
soft ball or more accurately, a soft clump with a bit of  height to it.

• If the clump is taken nut of  the water, it will hold its shape for a short w hile then start to 
flatten back down further The Soft-Mall Stage is used in making fudge, fondant, pralines, 
peppermint creams, Italian meringue, Iniltcr-crenms, etc.

• Firm-Ball Stage: Firm-Ball Stage is a cooking term meaning that sugar syrup being heated 
has reached I I 8n - 12 1" C (245" -  250" I .)  It is n test ol how hot sugar syrup is, and of  how

much water is left in it 
.  At this point o f  heating, the sugar concentration in the syrup is 87%.
• I., test this stage when a small amount of the sugar syrup dropped from a spoon into a cup of 

< did water the syrup will form a firm ball o r a  firm clump. The hall when taken out of the 
water, will hold its shape, but it is very pliable The Firm-Ball Stage is called for in recipes
for caramels, nougats, taffy, etc.



I u a f3 ®6' Stage is a cooking term meaning that sugar syrup being heated
las reac e 21 130 C (250 - 266 F.) It is a test o f  how hot sugar syrup is, and o f  how much
vvater is e in it. At this point o f  heating, the sugar concentration in the syrup is 92%.

en a small amount o f  the sugar syrup from a spoon dropped into a cup of cold water the 
syrup will form a firm ball (clump). If it has been pressed down it will hold its shape; even 
after taking it out o f  the water and it will hold its shape.

Soft-Crack Stage: Soft-Crack Stage is a cooking term meaning that sugar syrup being heated 
has reached 132° - 143 °C (270 °- 290° F.)

As s u g a r  syrup fo rm s a firm ball(clump), it has been pressed down it will hold its shape;
At this point o f  heating, the sugar concentration in the syrup is 95%.
This could be tested by drizzling a small amount o f  the sugar syrup from a spoon into a cup of 
cold water. In this the stage has been reached, the syrup will form pliable threads that will 
bend a bit before cracking. The sound of  cracking is hearable and which is like the glass 
cracking, but it is the sugar. The simmering sugar syrup will have its bubbles becoming 
denser.
The Soft-Crack Stage is called for in recipes for butterscotch, salt water taffy, etc. 
Hard-Crack Stage: Hard-Crack Stage is a cooking term, means that a sugar syrup being 
heated has reached 149 °- 154° C (300° - 310 0 F.) It is a test of how hot a sugar syrup is. and 
o f  how much water is left in it.
At this point o f  healing, the su ga r  concentration in the syrup is 99%.
It is being tested by drizzling a small amount of  the sugar syrup from a spoon into a cup of 
cold water.When this stage has been reached, the syrup will form threads. It may actually hear 
cracking and be alarmed that it's the glass cracking, but it is the sugar.
Reach ing  this stage requires a lot of  constant stirring, at first with a whisk to ensure blending, 
then a wooden spoon.
Once the H a rd  C ra c k  Stage is reached, proceed with the recipe immediately before the sugar 
syrup turns to rock fit will also turn amber if heated more.) and begins to set immediately and

it is too hot to.
Once the syrup has passed hard crack, the cold water test won’t show anything other than 
hard, brittle strands o f  sugar when dropped into water, and there arc few uses for sugar syrup 
which has been boiled this high other than as a dessert decoration or a colouring additive to 
foods which need to be coloured brown such as gravy or treacle toffee.
At this point there is little or no water left in the syrup, and the sugar begins to break down, 
creating rich flavours as the sugar  caramelises, but which gradually become b i t te rer  as it 
b u rn s  C a r a m e l i z e d  sugar ,  on the other  linnd. Is pure  sugar  that has been heated to 170°

C.
At that temperature, the sucrose hegins to break down and form other compounds. Results are 

delicious.
C a r a m e l i z e d  s u g a r  has complex flavours, ranging from nutty to buttery and it’s used to give 

a rich taste  to m a n y  d esert  item s.

T e s t i n g  s t a g e s  o f  s u g a r  c o o k e r y :
( a m h  th e r m o m e t e r s  are the most accurate way of determining the temperature of boiling 
snip li should always be attached to the side of  the pan after washing down sugar crystals. 

M ake  sure  that  the th e rm o m ete r  does not touch the bottom of  the pnn



. , .  . ermor^eter at eve level. Verify the accuracy of a candy thermometer by
ng its reading in boiling water. Water normally boils at 212°F at sea level. If your 

termometer does not read 212°F at sea level the thermometer is not accurate. (Water always 
s at a ovver temperature above sea level because there is less air pressure)

To adjust the temperature of a recipe, add or subtract the difference from 212°F as 
needed.

For example, if thermometer reads 210°F in boiling water and the recipe temperature is

^40 F. cook the syrup to 238°F, or 2°F less than the temperature required for that recipe.
Much ot candy-making starts with making syrup from sugar and water, and then cooking it to 
certain temperatures depending on the candy being made.
All o f  the temperatures required are over 100° C, which at first seems impossible because the 
boiling temperature o f  water is 100° C and it can't get any hotter.
When water comes out of the syrup through evaporation, leaving behind molten sugar 
as an ever increasing percentage of the mixture as the water percentage diminishes. This 
makes the hotter than boiling water temperatures possible, and is also a gauge of both 
how cooked and how thick the syrup is, as well as what the nature of the molten sugar 
will be when cooled.
Depending on the source, there will be slightly different temperature ranges as well as 
descriptions for the various Cooked Sugar Stages. Therefore, it is best to use all o f  these 
tables as guides only to familiarize with the various stages of cooked sugar, their 
corrciponding temperatures, what the cooked sugar looks like at each stage, and their uses. 
One wav to test for these stages is to drop about a teaspoon of  the cooked sugar into a glass of 
cold water Then retrieve the sugar b\ pressing it gently between your thumb and forefinger 
and examine it to determine the stage
The higher the temperature (if the cooked sugar, the less water there is in the sugar, so 
the firmer the sugar will be.
Another way to determine the stage o f  the cooked sugar is with an accurate mercury or digital 

candy thermometer.
As it is known that each of  the stage o f  sugar cookery fills within a range o f  temperatures, 
gives some leeway over how hard or soft type of sweet is to be made.
This is another advantage of the cold water test over a thermometer -  where one can 
feel with fingers exactly how firm syrup has become and make allowance for having 
miscalculated the measures for any of the ingredients.
Following on from that particular ndvnntagc, one more reason why the cold water test is more 
accurate for making s w e e t s  at altitude
As altitude increases, atmospheric pressure drops and the boiling point of  water occurs nt 

progressively lower temperatures. Boiling the sugar to the same temperature at say, 10.000'
( d-iniii 1 000 metres) as would at sea level, the sweets would be overcooked. The cold water 
test will give the same results regardless of altitude, and helps to turn out perfect sweets

every time.
As drv sugar is heated it melts to a colourless liquid and it soon develops n brown  
colour, giving a pleasing characteristic caramel aroma at 177° ( \  The sugar  
begins to burn and develops a hitter, burnt taste and used for caramel pudding

and wines.
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AIM:

T o  d e t e r m i n e  t h e  i m p o r t a n c e  o f  d i f f e r e n t  s t a g e s  o f  s u g a r  

Materials Required

Sugar, Cold Water, Steel vessel, glass vessel, steel spoons, petri dish, Thermometer. 

Exercise:

• Preparation o f  different stages o f  Sugar cookery
• O bserve the tem perature
• O bserve changes that occurs in each stage
• Explain various products that can be prepared at each stage

Procedure: 50 g ra m s  o f  sugar  was  weighed and melted it in 100 ml water. N ote  dow n  the 
T e m p e ra tu re  o f  d i f fe ren t  s tages  o f  sugar  cookery  by using thermometer .  Give descript ion at 
each s tage  o f  su g a r  c o o k e ry  as you observe.
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Observation:

r t
,
.

[ Stages

Tem perature

Observ ed0°
C

Description

Products that can be 

Prepared.

Thread  

1 Stage :

1 l O T - l  12°

C

Syrup  spins 5 cm thread 
be tween  thumb and first sugar 
S>rup will form a loose thin 

thread.

Sugar concentration -80%

Preparation o f  Jel l ies .Gulab 
Jam un .U sed  for sugar  syrup.

Soft ball

I

1
1
I

T 1 2 V - 1 I 5 V Drop syrup in cold water,  it 
forms a soft sticky ball and these 
hal l s  flatten on removal o f  

water.

Sugar conccntration-85%

Preparat ion o f  crystal,  candies,  
fondant and fudge.pralines

•
i l irm hall 1 18,JC - 1 20" ( '

ii
ii

I

I

f  o rm s a firm hall when syrup is 
d ropped  in to very cold water, it 

does  not flatten, holds it shape 

briefly, on removal from water.

Sugar concentration-87%

Caramel ,  Candy.  Butter creams, 
nougat  .marshm el lows,  Italian 

m cr ingues .gum m ies  and toffees.



Hard ball  |
1
i
|
iI

1 2 0 ° C - 130° 
C

D rop  in to very  cold water,  it 
fo rms balls that are hard  enough 
to hold its shape  but still it is 
plastic syrup w h en  dropped.

Sugar concentration-92%

Peanut
C andy .M arshm el low .Laddu .  

Caramels ,  nougat.divinity,  toffees.

Soft  c rack  
stage

i

132 UC -1 4 3 °C F o rm s  threads  w h ich  are hard 
bu t  not brittle w h en  syrup is 
d ropped  into cold water.

Sugar Concentration-95%

Preparat ion  o f  various toffees. 
Butterscotch Toffees ,f i rm 
nougat,  and taffy.

Hard
Crack1

1

150IJC -15 4 °  C Syrup  dropped  in to water,  
separate  it into thread, w hich  is 
hard and brittle.

S u g a r  c o n c e n t r a t i o n - 9 9 %

Peanut  Brittle,
Glace, toffees ,hard  candy

Clear
liquid

;i
ij
iii
i

160 UC’

i
1
!

Sugar  Liquidifics.  at this stage 
i all the water  has boiled away, 

rem ain ing  sugar  is liquid and 
light am b er  in colour.

S u g a r  c o n c e n t r a t i o n - 1 0 0  %

Brittles. pralines, caramel coated 
molds  and nougatine.

I- - - - - - - - - .- -
Firowni

I Liquid1
ii

; i 7 o " c W hen  clear liquid is heated 
further gets b row n liquid.

S u g a r  c o n c e n t r a t i o n - 1 0 0 %

Caramel

Result and discussion:

Explain in detail about stages of  sugar cookery, as sugar syrup is cooked,  different stage o f  sugar 
from thread s tage  to ca ram el  stage has to be observed and changes  due to increase in 
tempera ture .  T h e  rise in tem pera tu re  makes  water  boil away and increase concentra t ion  o f  
sugar. H ence ,  f rom the thread stage, temperature  increases step by step to caramel stage.

Inference:

C o m m e n t  s c i e n t i f i c a l l y  t h e  c h a n g e s  tha t  o c c u r  d u r i n g  s u g a r  c o o k e r y  w i t h  a d e q u a t e  s u p p o r t i n g

•tud ies

-8-
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Exercise 2

Effect of Cooking on Carbohydrate
Introduction:

Carbohydrates (from  Hydrates o f  carbon”) are organic  co m p o u n d s  w ith  the basic 

s tructure  C2 (Hi 0 )y - M o n o sa c c h a r id e ,  disaccharides ,  po lysacchar ides  e tc .Im por tan t  types 

o f  c a rb o h y d ra te  s in food are the sugars ,  dextrins,  starches, cellulose,  hemicel lu loses ,  pectins 

and certa in  g u m s  or  their  der ivat ives .  C arbohydra tes  are the m ajor  p roximate  principle  w hich  

is the s tap le  food o f  a large  popula t ion .  Carbohydrates  are our  b o d y ’s main  source o f  fuel. 

C a rb o h y d ra te s  are  m o s t  eas i ly  conver ted  to glucose, which  is used by our  cells for energy.

O ur  body  sy s te m s  and  o rgans  need glucose to function properly. T he  basic bui ld ing blocks o f  

c a rbohydra te s  are  su g a r  m olecules ,  which jo in  carbon, hydrogen  and oxygen.

Healthy Carbohydrates

•  D if fe ren t  types  o f  ca rbohydra tes  include s imple and c o m p le x  carbohydrates ,  the latter 

o f  w h ic h  is of ten  a g oo d  s o u r c e  o f  f iber.

•  S im p le  c a rb o h y d ra te s  include sugars found naturally in fruits, vegetables  and milk, as 

well as those  a d d e d  in food processing.

•  Com plex c a r b o h y d r a te s  arc found in whole  grain breads, cereals, s tarchy vegetables

and beans.

•  Carbohydrates are primarily found in foods with grains, sugars and fiber.

•  S im p le  ca rb o h y d ra te s  arc foods made with sugars,  such os fruit sugar  or table sugar.

•  C o m p le x  ca rbo h yd ra te s  arc made when a food contains three or more linked sugars.



Coraplex carbohydrates are healthier than s imple  carbohydra tes ,  and include 

o a tm ea l ,  w h o le  g ra ins  and  beans.

Importance o f  C arbohydrate

• C a rb o h y d ra te s  are  also a  source  o f  energy and can  supply  important  v i tamins  and 

m inera ls .  O ne g ra m  o f  carbohydrate provides 4 Kcal.

• C a rb o h y d ra te s  are one  o f  three proximate  principles in your  diet. The  others are 
p ro te in  a n d  fat.

• C a r b o h y d r a te s  are conver ted  to glucose  as the primary source o f  energy  for your  

body.

• D esp i te  the bad reputat ion  carbohydra tes  have received, most  o f  them  are actually 

good for us, including fresh fruits, vegetables and whole grains, w hich provide 

our body with essential vitamins, minerals and fiber.

• T he  c a rb o h y d ra te s  in our  diet com e primarily from the bread, cereal and grain food 

g roup ,  as well  as the fruit and vegetable  group.

•  T h e se  foods are  na tural ly  higher in fiber, helping you feel full longer.

C o o k i n g  P r o c e s s :

1 here are two poss ib le  c h an ges  that occur  when carbohydra tes  are cooked.

• C aram cli/a t ion  occurs  when the sugars  in the carbohydrates  are browned.  W hen  

bread  turns  go lden  b row n  on top. it is an example  o f  the sugars  b ecom in g

ca ram el ized .

•  Gelatinization o ccu rs  w h en  the s tarches in carbohydra tes  absorb  w ate r  and begin to 

swell  1 his chem ica l  change  is used to make cooked sauces,  breads and other  baked

goods.

-10-
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, ou add certain carbohydrates, such as flour, to liquids, the heat gelatinizes the 

carbohydrates. This is the process used to make gravy and other thick sauces.Starch, a 

complex carbohydrate, has powerful thickening properties.

• When starch is combined with water or another liquid and heated, individual starch 

granules  absorb the liquid and swell.

•  This process, known as gelatinization, is what causes the liquid to thicken. 

Gelatinization occurs at different temperatures for different types o f  starch.

•  As a general rule o f  thumb, root-based starches (potato and arrowroot, for instance) 

thicken at low er temperatures but break down more quickly, whereas cereal-based  

starches (com  and wheat, for example) thicken at higher temperatures but break 

down more slowlv.

•  High levels  o f  sugar or acid can inhibit gelatinization, while  the presence o f  salt can 

prom ote it.

Special features of Carbohydrate Cooking

• C a rb o h y d ra te s  c o m e  in var ious  I on  i is. and each form reacts differently w hen  exposed  
to heat.  The  two forms o f  carbohydrates that are o f  interest from a basic food 
sc ience  pe rspec t ive  arc sugar and starch.

• When exposed to heat, sugar will at first melt into athick syrup.

• As the t e m p era tu re  con t inues  to risc.thc sugar  syrup  changes  color, from clear  to light 
ye l lo w  to a p rog ress ive ly  deepen ing  brown.

.  This b ro w n in g  process  is called caramelization. It is a complica ted  chemical
react ion and  in addi t ion  to color  change,  it also causes  the flavor o f  the sugar  to 
evo lve  and take on the rich com plex i ty  that we k n o w  to be characteris t ic  ol caramel.

.  D ifferent  types  o f  sugar  caram elize  at different temperatures.

- 12-



3 3 8 ^ F /? ^ 0 ^ C ^ te SU®ar m e t̂s at 3 2 0 °F /1 6 0 °C  and b eg in s to caram elize  at

• v t  m? S i a t  ^  no t  pr imari ly  sugar  or  starch, a different reaction,  k n ow n  as the
l ail arc! reaction, is responsib le  for browning.  This  reaction involves  sugars and
amino acids .When heated, these components react and produce numerous chemical 
b>-products, resulting in a brown color and intense flavor and aroma.

It is this reac t ion  that  g ives  coffee,  chocolate,  baked goods,  dark beer, and roasted 
m ea ts  and  nuts  m u c h  o f  their  rich flavor and color.

• Both  caram elization  and the Maillard reaction typically require relatively high 
heat (above 300°F/149°C) to occur  rapidly enough  to m ake  an appreciable  difference 
in foods.

•  B ecau se  w a te r  canno t  be heated above 212°F/100°C  unless it is under  pressure, foods 
c o o k e d  w i t h  m o is t  h e a t  (bo i l ing ,  s t e a m in g ,  p o a c h in g ,  s tew ing)  will  n o t  b ro w n .

• F o o d s  c o o k e d  u s in g  d r y - h c a t  m e t h o d s  ( sau te ing ,  g r i l l ing ,  o r  ro a s t in g )  will  b ro w n .
It is for this reason  that m any  s tewed and braised dishes begin with an initial 
b r o w n in g  o f  ingred ien ts  before liquid is added.

Aim:

T o  s t u d y  th e  e f f e c t  o f  c o o k i n g  c a r b o h y d r a t e

M a t e r i a l s  N e e d e d :

Wheal F lour  

Ragi Flour  

Roasted Rice f l o u r  

Water  

Fxercisc:

I. Watch the change* occurring .luring cooking o f  carbohydrate. 

2.1 lie different type* o f  cereal*

.1. Observe the tem perature and lime taken for geln.inirn.ion

4. Observe the temperatures.

-13-



P r o c e d u r e . S t a r c h  g ra n u le s  do  no t  d issolve  readily  in cold w a te r  but they will form 
temporary  s u s p e n s io n  w ith  s ta rch  and settle dow n  as soon as mixture  is a l lowed to stand.

ri V̂a*e f ’ 'n *errn° le cular high bonding is broken and grains absorb 
water, sw e  an viscosity increases until a peak thickness is reached .Translucency o f  
mixture  a lso  increase .  T h e se  c h an g es  are kn ow n  as gelatinization.

T w e n t \  f ive g r a m s  o f  n e w  w h ea t  flour, roasted rice flour, c o m  flour, Ragi flour was
w eighed  and  each  f lour  w a s  co o ked  in 300 ml w ater  and these w ere  heated  until 
ge la t in iza t ion  to o k  place.

G e la t in iza t ion  te m p e ra tu re  and  t ime taken for com ple t ion  o f  gelat inizat ion were noted. 
T h ickness  o f  gel  fo rm e d  w a s  also observed.

Observation:

1 T yp e  o f  Flour Gelatinization

Time Temperature

W h ea t  f lour 6 min 51 sec 75 °C

Ragi f lour 7 min 14 sec 99 °C

Roasted  rice Hour

j

7 min 43 sec 93 °C

1 Corn  Hour 4 min 38 sec 65 ° C

Results and discussions:

• Exp la in  in detail abou t  the gelat inizat ion temperatures  and time taken for 
ge la t in isa t ion  o f  w hea l  flour and corn Hour as com pared  to ragi and roasted rice flour.

• Is it low  ge la t in iza t ion  tempera ture  com pared  to ragi and roasted rice Hour?

.  Is it b e c au se  ge la t in iza t ion  temperature  physio- chemical  propert ies  varies with

different  s tarches .  R eason  out .
.  I he b e h a v io u r  o f  starch in water  is temperature  and concentra t ion  dependent .

.  1 lence w hea t  and corn  Hour have gelatinized earlier than ragi and roasted rice flour.

I n fe re n c e

scientifically c o m m e n t  on the effect o f  cooking on carbohydrate with supportive studies.

i
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Exercise 3
Effect o f Additives on Stability of Egg white foam 

Introduction:

An egg white is about 90 /o water and 10% protein. The egg-white proteins are long chains 
of amino acids that fold and curl into more or less spherical tangles. When you beat an 
egg white, these proteins uncurl and stretch out.

As you bea t  the  e g g  w hi tes ,  you  also w hip  bubbles  into the mixture. The  water  molecules  and 
egg-w hite  p ro te in s  b u m p  around ,  jo c k e y in g  for position. The water  molecules  are attracted to 
each o the r  a n d  to the  hydrophilic  amino acids on the proteins. While trying to get close to 
each o the r  an d  to the hydroph i l ic  am ino  acids, the water  molecules  squeeze the hydrophobic  
amino acids out. T h e  best  place for the egg proteins is on the surface o f  the liquid, with their 
h yd rophob ic  a m in o  ac ids  s t ick ing  out into the air.

The surface  o t  each  b u bb le  film becom es  crowded with egg proteins. The  w ater  molecules  
are forced apa r t  by these  proteins.  S ince the attraction between water molecules decreases 
with distance, the w ater  molecules don’t stick together quite as well— they can spread 
out and m ake a bubble film. Egg foams can be incorporated into a variety o f  dishes, such as 
m eringues ,  cakes ,  souff les ,  sauces,  mousses ,  and cocktails

S p e c i a l  F e a t u r e s

• All fo am s  are a type colloidal dispersion know n as a suspension, in which air is 

d ispe rsed  th rou g ho u t  a (usually)  liquid phase without  dissolving.

• T h e  specia l  p ro te ins  in egg  whites  are what a l low stable foams to form. Proteins are

large m o lecu les ,  as m olecu les  go.
• B ecau se  t h e y ’re so big. there are areas a long their chain that arc hydrophilic (water-  

lov ing)  and  a reas  that are hydrophobic (water-fearing).

• In nature ,  p ro te ins  fold themselves  into a specific shape based on these 
charac te r is t ics .  T hey  keep  their hydrophobic  areas on the inside, w here  they arc 
p ro tec ted  from exp o su re  to water, and their hydrophil ic  areas on the outside.

• In case  o f  egg yolk, foam formation was dclnycd.
• T h e  e g g  w hi te  foam w hen  beaten with salt, the time taken for beating decreased and 

volum e o f  foam w as  more, shiny and white and resulted in fine stable foam It 
increases  stability because  o f  increase in volume of foam will be elastic. Water 
d ra ined  w as  a l s o  less w hen  com pared  to other foams show ing  a better stability.

.  \\  hen egg  w hi te  foam treated with acid results in fine stable foam because it reduces
the H of egg white foam, f  ormation o f  foaming delay which results in increase total

ati itaiion and  fine stable foam.
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oam when treated with egg yolk, stability is reduced. Since the fat 
P e eSg >olk interferes with foam formation. This effect is the result o f  fat

Probably the Lipoprotein in the egg yolk which may form a complex with proteins in 
the white.

Adding v in egar  (or any other acid) can make the foam less likely to suffer the
consequences ol oxerbeating-lumpiness, loss of water, and collapse. These
undesirable consequences result from too many bonds forming between the egg 
proteins.

• \\ hen you add an acid to a mixture, you are essentially adding some positively 
charged particles. These positively charged particles are hydrogen ions— hydrogen 
atoms that have lost an electron. The hydrogen ions hop onto charged portions o f  
the proteins and leave them uncharged. Proteins that are electrically neutral are less 
likely to react with other proteins.

• Egg  w h i te  foam  w h e n  diluted with water results in soft less stable foam. Because 
d i lu t io n  o l  e g g  w'hite with  water  up to 40 %  o f  the vo lum e o f  egg  increases the 
volum e o f  foam, but decreases the stability.

• Egg  w h i te  w h e n  treated with fat result in soft watery' foam. It decreases the stability 
o f  the foam. T h e  p resence  o f  fat interferes with foam formation and decreases the 

foam.
• S im i la r  e f fec t  is obse rved  when egg yolk is added to white. This effect is the result of  

the fat p rob ab ly  the l ipoprote ins  in the yolk, which forms a com plex  with  proteins in

the white .
• Egg w h i te  foam  w h e n  treated with sugar results in fine, less stable foam.
.  If sugar is added before beating is started, extensive beating is needed to produce

foam, once formed.
.  The foam is stable and very Tine although the volume maybe less. After  sugar  has

been  bea ten  into a foam.it  can stand for som et im es  without becom ing  coagula ted  and

los ing  its e last ic i ty .

S o  h o w  c a n  o v e r h e a t  e g g  w h i t e s  he  s a l v a g e d .

'•All is not lost  As long  as you h a v e n ’t added any other ingredients, you can usually resurrect 
a roam by  adding an extra egg white and healing jus t  until the mixture  looks glossy and

forms peaks again .1’

Aim:To study the effect o f  various additives on the stability of egg white foam

Materials Required

w h i tc s / I - g g  yolk 'Sa l t /Sugar /Oil /C i tr ic  ac id /W atcr /B entcr /W hiskcr
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Procedure

Two important factors to egg white foams are stability and volume. Extend o f  beating is an

important factor in the stability o f  egg white foam. As beating progresses the foam becomes 
increasing > stable up to an initial point after which, continuous beating decreases stability.

M axim um  stability  is reached when the white just bend over but before maximum volume  
has been reached. If beating continues beyond the point o f  maximum stability the surface 
begins to look slightly dry and foam exhibits some brittleness.

• Prepare the egg white foam using the following procedure.
• R ecord the time taken for foam formation (stiff peak).
• Record the colour of foam, stiffness, dull or shiny texture.
• Record the results of effect of the addition of various additives on the egg 

w hite  foam.

A- Preparation o f  Egg white Foam.
1. S ep a ra te  the E gg  white  from the egg yolk.
2. Beat  w h i te  to s t i l ly  peak stage using rotary beater  or whisk and note the t ime

taken  for foam  formation.
3 T ra n s fe r  the prepared  foam to a funnel lined with filter paper  and place over  a 

m e a s u r in g  cyl inder .  K eep  aside for 45 minutes and record the vo lum e ot licjuid

Exercise :

Procedure:

dra ined .

Variations:

B. A d d  l /8 'h tea sp o o n  salt while  preparing  foam

C. A dd  G8'h te a sp o o n  o f  citric acid

1). A dd  l / 4 lh o f  e g g  yo lk  and beat to attain the foam

E. A dd  10 ml o f  w a te r  and  then beat.

F Add 2 te a sp o o n  ol sugar.

C, Add 10 ml o f  oil and beat.

f beaters  and whiskers

ire the result o f  samples .  A to I I with respect 
>ur o f  foam, stiffness, dull or  shiny texture.



Observation:
r
1
I
1

A

VARIA

TIONS

T~

MXM 
time for 
beating

(mnts)

"t im e
t a k e n
f o r

b e a t in g

(minutes)

COLOUR

TEXTU
RE

GLOSSY(S 
HINY OR 
DULL)

STABI

LITY

Yes/No

DRAINED

LIQUID

ml

A Egg
white

/■> f

10 9 White Stiff Shiny Yes "T3

B Salt 10 12 W hite Stiff Shiny Yes 9

CI'-'

1

Citr ic

acid
10 10 White Soft Shiny Yes 12

D

1

Egg
white  + 

Yolk

10 20 O ff  white Soft Shiny No 7

! E W ater 10

1

12 White Soft Shiny No 13

F S u a a rW 10 17 Cream y
white

Soft Shiny No 10

G
i

Oil 10 10

I

Yellow Soft Dull N o 16

Res ult and dis<:ussion:

F,xplain the results scientifically.

• Different stages o f  foam formation are recognised based on the appearance of the 
foam -w hcn egg white is beaten with a beater and whisker and effect of various

additives on egg white foam.
.  The first s tage w h en  the egg white  is beaten slightly, the bubbles  arc formed at the

surface  but a small  a m o u n t  o f  liquid remains in. the bot tom o f  the bowl.

• At this s tage, air  bubb les  arc large and less in number.
.  As bea t ing  is con t inued  beyond this stage, more  air is incorporated into the bubble

ca u s in g  the whi le  m ore  opaque  in appearance.
.  Air b u b b le s  b e c o m e sm a l le r  as agitation continues and foam becom es  soft.

.  ( )n fur ther  hea t ing ,  when  the beater is w ithdrawn from the foam the peak will adjust

bend o v e r  and  is called soft peak stage.

-IS-
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• A ir  b u b b le s  b e c o m e  verv  cm«n j  r  i
omri fU,*c |« i ■ " m a ‘‘ foam becom es  s t i f f  and shiny on further beating
and  this ca l led  hard peak stage.

^ stanc ŝ u p r igh t  w h e n  the beater  is withdrawn. I f  beat ing is continued beyond
pea stage, a dry foam is p roduced  w hich  is very white  but dull and breaks in to 

small  f lakes  o r  curdled textured and forms dry foam.

Egg w h i te  fo am  w h e n  added with sugar delayed foam formation.  V o lum e  o f  foam
w a s  m o r e  a n d  fo am  w a s  sh iny  and glossy in appearance.  The  liquid dra ined  is more  
resu l t ing  in decreased stability.

•  Egg  w h i te  fo am  w h e n  ad d ed  with  salt was having  foam with  more volume, shiny 
and  w hite  ap pearan ce .

• Egg  w h i te  foam  prepared  by the addit ion o f  oil resulted poor foam with less volume. 

Inference:

Scientific com m en ts  on the effect of various additives upon the stability o f  egg white 
foam with supportive  studies.
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Exercise 4

Preparation of Emulsion
Introduction:

An emulsion is liquid preparation containing two immiscible liquids, one o f  which is
disperse as; g o u e s  (d ispe rsed  phase  = internal phase) in the other  liquid (continuous phase 
= external  phase ) .

T o  s tab i l iz e  th e se  d rop le ts ,  em uls ify ing  agent  should  be added

• M ic ro  e m u ls io n :  D rop le ts  size range 0.01 to O . lg  m
• M a c r o  e m u ls io n :  D rop le ts  size range approximately  5 p  m.

Special features o f  Emulsions:
Emulsified D ressings

•  M ayon n a ise  and  m a y o n n a ise  dressing arc emulsif ied semisolid  food products  

p re p a re d  f rom  ed ib le  vegetab le  oil, egg yolk-contain ing ingredients  and the fol lowing

a c id i fy in g  a n d  f lavor ing  ingredients:
• 1 .Salt;

• 2 .N u t r i t iv e  c a rb o h y d ra te  sweeteners ,  such as sucrose, dextrose,  c o m  syrup, glucose 

svrup .  o r  honey ;
• 3 .M u s ta rd ,  pap r ik a  o r  o ther  spices, spice oils or spice extracts, except turmeric  or 

sa f f ron ,  and  no sp ice  oil or spice extract which  imparts  to the mayonnaise  a colour

s im u la t in g  that  im par ted  by egg  yolk;
• 4 .A n y  su i tab le ,  h a rm less  food seasoning  or flavouring (other than imitations),  

p ro v id e d  it d o e s  not imparl  to the mayonnaise  a co lour  s imulat ing that imparled by

egg yolk;
• 5 .M o n o s o d i u m  g lu tam ate ;
• 6. A c id i fy in g  ingred ien ts ,  which  may be any vinegar  ol not less than 2 .5%  acetic acid, 

o r  f rozen ,  c a n n e d ,  concen t ra ted  or dried lem on or lime ju ic e  with  a total acidity o f  no 

less than 2 5 %  ca lcu la ted  as acetic acid: citric or malic  acid may be used in a 

p ro p o r t io n  no t  to ex ceed  2 .5 %  o f  the acid o f  the v inegar  calculated as acetic acid.
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A ty pical com m ercia l mavonnaigp formula:

Vegetable  oil
78 .5%

Vinegar,  w h i te  ( 1 0 % ) 3.8%

Water 11.6%

1 Sugar 1.8%

Salt

\ _ -----------------------------------------------------

1.2%

| Spices (m u s ta rd ,  on ion ,  etc.) 0 .3%

Dried egg  yo lk  so l ids 2 .8%

This  fo rm u la  p rov ides  a mayonnaise with medium viscosity.

For a heavier viscosity, vegetable  oil may be increased to 80.5% and water

d e c re a se d  to 9 . 6 % .
M a y o n n a i s e  m ay  be m ixed  and packed in an inert a tmosphere  in w hich  air is replaced 

totall'v or in part by carbon dioxide  or nitrogen.

Dried  c g g -y o lk  sol ids  may be substi tuted for liquid egg yolk on a  total solids basts.

How to control emulsion type during formulation?
a. Volum e o f  internal and external phases  controls  the type o f  emulsion. The smaller  

vo lum e will he  for the internal phase and the larger vo lum e will be lor  external phase. In 

some eases  in ternal  phases  can be m ore  than 50%  ol the total volume.
b D o m in a n c e  o f  p o la r  an d  n o n  p olar  ch a ra cter is t ic  o f  e m u ls i fy in g  a g e n ts  ( r e la t iv e  

s o lu b i l i ty  o f  e m u l s i f y i n g  a g e n t  m w a t e r  a n d  oil). D o m in a n ce  o f  p o la r  part r e su lts  in 
fo rm a tio n  o f  o / w  e m u ls io n  an d  d o m in a n c e  o f  n on  p o la r  p art  r e s u lt s  in fo rm a tio n  
o f  w / o  e m u ls io n .  N ote  t h a t  p o la r  g r o u p s  a r e  b e tte r  b a rr iers  t h a n  non-polar;
t h e r e f o r e ,  o / w  e m u l s i o n  c a n  be  p r e p a r e d  w i th  m o r e  t h a n  50  %  o f  oil

p h a s e  in te r n a l  p h a s e



Composition oncl Processing*

.  M ayon n a ise  u s u a l ly  con ta in s  the fol lowing ingredients:

' ' e r  >o!k prescribed in som e  countries),  vinegar (as pH regulator and
), spices, flavors (sugar,  salt, mustard)  and stabilizers ( thickeners 

for m a y o n n a i s e  w i th  < 7 0 %  oil only).

M a y o n n a i s e  w i th  8 0 %  oil approaches  the limit for stable oil in w ater  emulsions,  

w h ic h  are  u n s tab le  ab o ve  85%  oil. With more oil, the packaging  o f  oil drople ts  is too 
d e n s e  to a l lo w  for an emuls ion .

•  T h e  h ig h  v i sc o s i ty  o f  m ayonna ise  results from the already high d r o p l e t  d e n s i ty  a t  
8 0 % .

• T h e  tas te  o f  m a y o n n a is e  is very different in certain countries.

•  In Europe, it has  a slightly sour blend taste, and in the Mediterranean area, mainly 

lem on ju ice  or vinegar and oil. It becom es  sweeter and has a more  mustard taste 

w h e n  g o in g  nor th  and is very sweet in Scandinavia.

• T o  p ro d u c e  m a y o n n a ise ,  the egg yolk which is rich in lecithin is mixed with the 

ing red ien ts ,  the water and 1/3 rd o f  the vinegar, and stirred to high viscosity.

• T h e  t e m p e ra tu re  du r ing  this process, called “cold process” should not rise above

5°C .

• T h e n  add  slow ly the rest o f  the vinegar and the oil are added. The “hot process” uses

te m p e ra tu re s  o f  ~ 7 0 ° C  and warm filling.

• T h e  typica l  f lavor  o f  mustard in many countries is the allyl - thiocyanatc o f  mustard

•  V inegar in tense ly  inf luences  microbiological stability; the lower the pH, the more 

stable the p roduct .  1 his m eans  that production ol mild, i.e., less

sour,  m a y o n n a i s e s  requires  higher  hygienic s tandards in manufacturing.

•  M ayonnaises in the m arket  usually have a pH between 3 and 4.

Aim:

To determ ine the best method or preparing stable emulsion like mayonnaise.

P r in c ip le :

.  M a y o n n a is e  is an em uls i f ied  salad dressing which  requires ingredients  in certain

p ropor t ion  to he m ixed  together to form stable oil in liquid em uls ion .  The  egg 

I 'oaming about  2 0 %  o l ' t h c  total weight  provides  the e m u ls i ry in g  a g e n t  lec i th in

present  in the yolk.
• I Ins he lps  in s tabil is ing the other ingredients  in the rmx.ure.

• \ \  hue  egg  may he used in the preparation ol the products.
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.  Therefore the ratio o f  other i J  'Sm8 ab''ity “  ^  h° ld moisture in disPersion- 
exceed 65:10:5  p ercen ta een H h  'emS uUCh “  Sa“ ’ vinegar and sPiccs should n0' 
limited assimilating power. 6 * *  ° f ‘he Cg8 °0ntenlS S‘nCe ‘he y° 'k haVe

Materia^ Required:breakS “P '‘qUid ‘° '° 2 Semi S°'id Stab'e pr°duCt'

Egg-1

S u g a r  -2 g 

S a l t - 1.5 g

W h i te  p e p p e r  p o w d e r -0 .6  g 

Sa lad  oil-  l/ 2 c u p  ( 1 18ml)

C o m  s ta rch-  6 g 

M u s ta rd -0 .6  g

Procedure:The ac t iv i ty  is d iv ided  in to four section A. B. C and D to study the effect 

ofvar ia t ions  in the end  result  and  to determine the most suitable method and preparing  

m ayo n na ise  for d i f fe ren t  application.

A. M ethod o f  preparing mayonnaise:
1 S ep a ra te  yo lk  from the eggs  and drop in to a small bowl.

2. A dd  salt, su g a r  and  white  pepper  powder.
3. Beat  with  h ea te r  till all the ingredients arc well-blended.
4 A d d  oil d ro p  by d rop  a l ternat ing with vinegar,while  continuously  beating the mixture

C o n t in u e  bea t ing  till the mixture  begins to thicken.
5 C o n t in u e  the p rocess  gradual ly  increasing the quanti ty o f  oil. add at one t ime till all

the in g red ien t s  are added  and the end product is spoon able into a ja r .

6. O b se rv e  co lour ,  cons is tency  and llavour.

Note: B e a t in g  should  be continuous.

It l.ffccl o f  varying  M ethods o f  combining in ingredients.

, vin0L?ar t() the yolk and then start whisking. Add oil as in A(4.5) and
I. Add se a so n in g  anu vm cga i  u* j
keep the s a m p le  as ide  for assessment .

I Effect or substituting Emulsifying Agents.

1 M ake a s ta rch  gel with  'A teaspoon o f  c o m  starch and '/, cup  o f  water, cool the gel.
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Take 2-7% o f  gel contents and add it m th
mix together .  Add oil as in A(4) and f  11 ^ ^  With 3,1 ° ther in2redients except oil and
for a s se ssm en t .2 .  S u b s t i tu te  w h o le  °  r ° W ^  procedure  UU A  (5)- KeeP lhe sample  aside

eSg or yolk and proceed as in A. Keep the sample aside.

D EffeC‘ o f  o f  ingredients on formation ofEm uision .

assessm en t^ 01 '’m'’8ar separatel-v 10 100°C. combine the ingredients as in A. Keep aside for 

Exercise:

• Prepare and observe  the formation of Emulsion

O b serve  and record all changes occurring during various variations (A'to D)

Observation:

Sensory quality o f  M ayonnaise  for different variations:

| V A R IA T IO N
|

A P P E A R E N C E STABILITY TASTE M OUTH
FEEL

APPLICATION

A D A R K
Y E L L O W

N O T
S T A B L E

S O U R W A T E R Y PIZZA
T O P P IN G

B
t
I
1

P A L E
Y E L L O W

N O T
S T A B L E

S O U R W A T E R Y PIZA  T O P P IN G

: C ( 1 >
1

Y E L L O W N O T
S T A B L E

SO U R S M O O T H PIZZA
T O P P IN G

C(~2)

I

1 T H IC K  
C R E A M Y  
W H I I f

S T A B L E SO U R S M O O T H S A L A D
D R E S S IN G

! D

i
i

P A L L
Y E L L O W

N O T
S T A B L E

SO U R W A T E R Y S A L A D
D R E S S IN G

Result and Discussion:

.  M a y o n n a i s e  is an o i l - in -w a tc r  em uls ion  which is stabilised with  egg yolk lec i th in .

• The s e n s o ry  qua l i t ie s  o f  m ayonna ise  prepared w „ h  d t P c r c ,  v a n a . to n s  show s  that m

, A t  the a p p e a r a n c e  is dark  ye l low  with  sour  taste and  .a watery  nature. W hy ,s „
7 I ,'C is nole vc l low  with sour taste -w ha t  arc the reasons?

so .’ In (H).  H e  appc.  ■ v e | |o w  with sm ooth  mouthful-  exp la in?  All the above
• In (t t-l the a p p e a ra n c e  is pan. fcuc  ^

can he used  as p i /A i  in appearance  with sour  taste and sm ooth  to
• I he product  (C ) is thick c rcd in j

m t iu ,hful-  exp la in  the c h a n g e s ’



The variation (D) was found m K "24"

mouthful- explain changes o c c u r ^ n ^ 1™  “  C° ‘0Ur Wi‘h S° Ur

™ S Ca" b£ rUSed in Salad d- s s in g -  explain its importance?

instead o f  eggyoTk doT e.* 6 ^  ° ne W“ (C)"2 Where wh° ‘e egg WaS USed

thod o f  preparation o f  mayonnaise is (C)-2 because here whole egg wa 
used with other ingredients -  Why?

In mayonnaise, the emulsifier is egg yolk which contains lecithin which acts as fa 
emulsifier -  explain?

Eggs contain the emulsifier lecithin.

It has the ability to bind the ingredients together and thus obtain a stable emulsion.

Inference:

Attribute to the various scientific aspects observed in the preparation o f  emulsion with  
supportive studies.
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Exercise 5
Effect of Additiv es on Carbohydrate

Introduction:

.  Rice (Oryza saliva) s ta rch  is the maimajor energy source for many millions o f  people
around the world.

polymer o f  glucose which presents as a mixture o f  two forms, amylose and
am ylopectin .

A m y lose  is p r i n c ip a l ^  co m p o se d  o f  a linear po lym er  o f  a (1^4)- l inked  glucose  with 
s o m e  a(  1 —6 ;  l inkages ,

• W h e r e a s  a m y lo p e c t in  is a m ore  complex  mixture o f  both a ( l - 4 ) - l i n k e d  glucose 
e x te n s iv e ly  b ra n c h e d  b y u ( l — 6) linkages.

• In its na t ive  s ta te ,  rice starch has a semi crystall ine structure which is disrupted by 
cook ing , transform ing the starch into a softer, edible, gel-like material.

• B e c a u s e  it is a ssoc ia ted  with  the cooking time and texture o f  cooked rice and cool 
c o o k e d  rice,  the tem perature at which rice starch gelatinizes is an important  

c o m p o n e n t  o f  rice eating quality.

Special Features:

• S ta rch  is sy n th e s iz e d  by the activity o f  several enzymes and has been the subject  o f  

e x te n s iv e  recen t  rev iews.

• R e g a rd le s s  o f  the su b se q u e n t  synthetic path, glucose is first activated in preparation

num ber  o f  different isoforms w hich  display
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A link between the gelatini™ ;
s ta rch  biosynthesis has  he,. a ,emPerature (GT) o f  rice starch and enzym es  o f

rice GT. as determined bv t h ™ *  ^  f‘nd‘n8 **““ a maj° r 8606 th£“ C° ntr° ls
e indirect measure  o f  alkali spreading.

Rice gelatinization is a process of-

^  11 *n te rm ° l ecular  bonds  o f  starch molecules  in the presence o f
eat, a l lo w in g  the hydrogen  bonding sites (the hydroxyl hydrogen  and 

o x y g e n )  to e n g a g e  m o re  water.  This irreversibly dissolves the starch granule in
water.

•  T h e  c o o k i n g  quali ty o t  rice is associated with the starch gelatinization 
tem p eratu re(G T ). Rice genotypes  with low G T have probably been selected for 

the ir  c o o k i n g  qua l i ty  by hum ans  during domesticat ion.

R e t r o g r a d a t i o n  o f  R ic e  is a p r o c e s s  o f-

• R etrogradation  is a reac t ion  that takes place when
the amvlo.se and  amvloncctin chains in cooked,  gelatinized starch realign 
t h e m s e lv e s  as the cooked starch cools.

• W h e n  na t ive  starch is heated  and dissolved in water, the crystall ine structure o f  
a m v lo s e  an d  a m y lo p c c t in  molecules  is lost and they hydrate  to form
a viscous so lu t ion .

• If  the v i s c o u s  so lu t ion  is cooled or left at lower temperature  for a long enough  
p e r io d  the l inear  m olecu les ,  amvlose,  and linear parts o f  amylopcct in  molecules  
r e t ro g ra d e  a n d  rea r range  themselves  again to a more crystalline structure.

.  T h e  l inear  c h a in s  p lace  them selves  parallel and form hvdrogcn bridges.

.  In v i s c o u s  so lu t io n s  the viscosity increases to form a gel. At tempera tures  between
8 and  +8 C the a g in g  process  is enhanced drastically.

• R etrogradation  can expel water from the polymer network. This is a process

known as svnercsjs .
n. o f  w a te r  can he seen on top o f  the gel. Retrogradat ion  is directly• A sm al l  a m o u n t  ol w a te r  can uc .

re la ted  to the sta ling  or  ag ing  o f  bread.

• R e t ro g ra d e d  s ta rch  is less digestible.
" , . - i w i n n  of  starches can reduce or enhance  the retrogradation.

•  < henncal modiDyiiL ' l i r c h 3 r nlso have a m uch  lesser tendency to 
W a x y ,  high a m y lo p c c t in ,  starencs

retrogrudatc. , . ,
, r . i  ntucosc, sndium jliiialS and SSUfMlfiEIcan rcth |cc

• \ d d i l i v e s  such  as fat, gl u— .
r e t r o g r a c l a l i o n  o f  s t n r c h .



C o m p a r e d  to r a w  rice s ta rch  th
am ylose  content, blue value* d  ̂^  "treatet* starch exhibited increases in apparent 
transmittance, and dec^ea<;pc,• extrose eciuivralent, cold-water solubility and

i f ■ m Wave êngth o f  maximum absorbance, viscosity, and
gel- forming ah,lay, reported in various studies.

Rice, the lifeb lood o f  so manv r^r- . • .
food in the w orld  natlons cuisines, is perhaps the most ubiquitous

pan o ^ m ho s T e v e ^ tS ed 9°  PCrCem ° f  a”  riCe ‘S consumed' lhe Pillow y 8rains ^

F  !?^^rea.n ’ ',', l̂ere starch is often mixed with beans, it's a staple too.
ven in t e nited States, where people eat a comparatively modest amount o f  rice, 

plenty is still consumed.

Rice  is p o p u la r  b e c a u se  it's malleable— it pairs well with a lot o f  different kinds o f  
f o o d — a n d  it's re la t ive ly  c h e a p .

But  l ike o th e r  s ta rc h -h e a v y  toods. it has one central flaw: it isn't that good for you.
VV hite rice consum ption , in particular, has been linked to a higher risk o f  diabetes. 
A c u p  ot the c o o k e d  grain carries with it roughly 200 calories, most o f  which comes 
in the  lo rm  o f  starch, w hich  turns into sugar, and often thereafter body fat.

But w h at if  there were a simple way to tweak rice ever so slightly to make it 
much healthier?

A n u n d e r g r a d u a te  s tuden t  at the College o f  Chemical  Sciences in Sri Lanka and his 
m e n to r  h a v e  b e e n  t inker ing  with a new way to cook rice that can reduce its 
calories by as much as 50 percent and even offer a few- other added health 
benefits. T he  in gen ious  m ethod ,  which at its core is just  a s imple manipula t ion o f
c h e m is t ry ,  in v o lv e s  on ly  a couple  easy steps in practice.

" W h a t  w c  d id  is cook the- rice as you normally do, but when lhe water is boiling 
before a d d in g  the raw riee, we added eoeonut o i l - a h o u .  3 percent o f  lhe weigh.
o he rice y o u ’re going I .  cook," said Sudhair  James,  who presented ins 
or m e  n e t  y h h M e d i n a  & Exposit ion o f  the American C hcmical

-  •!»'«> * •  refrigerator for about .2

hours. T h a t ’s it.”

How docs it work?

   M

Not all s t a rc h es ,  as il happens ,  are crcaled equal.

, Hiecslible  starches,  take only a little time to digest,  are quickly
a n d  th e n  la ter  glycogen.

.j\ in burn  i<

ne
I Cl
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Drocess a r e n ' t ™ 6311' * ^ - 6’ c a ^ ec* res istant starches, take a long t ime for the body to
d ie e s t  them  a A ml0 ®*ucose or g lycogen because we lack the ability to
d iges t  them ,  a n d  add  up to few er  calories.

g ing  b o d y  o f  research ,  however,  has shown that it might be possible to 

change the types o f  starches found in foods by modifying how they are prepared

Rice, depen d in g  on the method of preparation, undergoes observable chemical 
c angcs. ost  notably ,  tried rice and p i la f  style rice have a greater  proport ion o f  
res is tan t  s ta rch  than  the most  com m only  eaten type, s teamed rice.

It >ou can  reduce  the digest ible  starch in something  like s teamed rice, you can 
reduce  the ca lo r ies ,  said Dr. Pushparajah Thavarajah.Sri lanka.  a professor who is 
su p e rv i s in g  the research.  " The im p a c t  could be huge."

Scien t is ts  tes ted  e ight  dif lerent  recipes on 38 different kinds o f  rice found in Sri 
Lanka.

• W hat they found is that by adding a lipid (coconut oil in this case, because it's 
widely used in Sri Lanka) ahead of cooking the rice, and then cooling the 
riccim m ediatcly  after it was done, they were able to drastically change its 
com posit ion— and for the better.

• "The oil interacts with the starch in rice and changes its architecture."

• "C h i l l ing  the rice then helps  foster the convers ion o f  starches. The result is a 
hea l th ie r  se rv ing ,  even w hen  you heal it back up."

• So far they have only measured the chemical outcome of the most effective
cooking m ethod for the least healthful of the 38 varieties.

• But that va r ie ty  still p roduced  a 10 to 12 percent reduction in calories. "W ith  the
better  kind,  we expect  to reduce the calories by as m uch  as 50 to 60 percent.".

• C ooking  that can change the world

• The prospect o f  lower calorie rice is a hig deal.
•  O besity  rotes are rising around the world,  particularly in the dev e lo p in g w o r ld ,

where  people rely more heavily on cheaper rood staples.
.  China and India,  which  ore a lready seeing rising obesity problcms.nrc

.  R ^ ' T c o r s T i s  n " C|he  sole cause o f  weight gain But reducing the amount of
. , . „ Hrr hv even as little as 10 percent could have an enormouscalories in a cup ol r i t e  •»> v

impact for future generations.



Droblem in Ad?*! * Problem in the United States for some time.""But it’s becoming a 
isn't good " °°" C0^ e are ea^ ng larger and larger portions o f  rice, which

^ Se^ Ĉ e [? Stj^ ^aVe t0 test remaining varieties o f  rice,which they believe 
tu »u° UCC 6 ar^est calorie reduction. They also plan to experiment with oils

other than coconut oil, like sunflower oil.

A w orld  w here  commercially sold rice comes pre-cooked and with much fewer  
calories m ight not be that far off.

• Peop le  sh o u ld  a l ready  be able to replicate the process at home,  a l though Jam es  warns 
the resu l ts  m ig h t  va ry  depend ing  on the type o f  rice used. And there's good reason 
to believe the chemistry could be applied to many other popular healthy foods.

A im :To study the effects of additives on Carbohydrate.

Gelatinization:
•  It is a p ro ces s  o f  b reak ing  dow n the inter molecular  bonds  o f  starch molecules  in 

th e p re s e n c c  o f  w a te r  and heat, a l lowing the hydrogen bonding  sites to engage  more 
water.

•  T h is  i r revers ib i l i ty  d isso lves  starch granules in water.

• W a te r  acts  as a plasticiscr.

• T h e  ge la t in iza t ion  tem pera ture  o f  starch depends on plants type and the am oun t  o f  

w a te r  presen t .  pH and concentra t ion  o f  salt, sugar,  fat and protein.

Retro gradation:

• C o o k e d ,  u n m o d if ie d  starch, which cooked for a long enough period,  will thicken (or 
gel) and  rea r range  i tself  again to a more crystalline,  structure, this process is called

r e t r o g r a d a t i o n .
•  Starch r e t r o g r a d a t i o n  is one o f  the undesirable processes w hich  occur  dur ing  the

s torage  o f  s ta rchy  foods.
M a n y  ad d i t iv es  can be used to retard re trogradation o f  starch in foods.

W h en  c o m p a re d  to the addit ives  used in the experiments ,  fat showed delay in

r e t r o g r a d a t i o n
D ur ing  re t rog rada t ion ,  a m y ln sc  is more  easily r e t r o g r a d e d .
The a d d i t io n  o f  fat in s ta rch-walcr  systems can hinder w ater  penetra t ions into granules

and hinder amylo.se leaching dur ing  heating. . . . .
As a result ,  the  mobili ty  o f  amylase  molecules  is constra ined ,  result ing tn slower

re t rogradat ion .
Addi t ion  o f  fat can  also h i n d e r  e rn s s - l in k tn g  b e tw e en  a m y la s e  and thus r e ln r d  

re t  r o g r a c l a t i o n
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-30
Exercise . Prepare the flour alone and with additives by using the following procedure
and record the tem perature o f  gelatinization and time taken for both gelatinization and 
retrogradation .

Procedure:

• W eigh  T w e n ty  five g ram s  o f  rice flour and cook it in 300 ml water  with different 
addi t ives  viz, sugar,  fat and acid. Heat it until gelatinization took place.

• Record  G ela t in iza t ion  temperatures,  t ime taken for comple t ion  o f  gelat inizat ion along 
with  retro gradation.

Observation:

Flour with  
Additives

Temperature

Time Taken in minutes

Gelatinization Retrogradation

Rice flour 94° C 3.33 5.10

Rice flour 
+ Sugar

91 0 C 5.50 11.16

Rice Hour 

-f-Citric Acid

95 M C 5.49 10.19

Rice Flour  Fat 86 UC 3.40 12.11

Result and discussions:

The exp e r im en t  has to be conducted  by adding different addit ives- Sugar,  citric acid and fat 
to rice flour. T h e  rice flour to be cooked by adding sufficient am ount  o f  water.  The time 
taken and the tem pera tu re  for gelatinization and retro gradation has to be noted.

In the ex p e r im en t  with rice Hour alone, the lime taken for both gelatinization and retro 
gradation has to be noted and com pare  it with other treatments with addit ives and find out the 
temperature  variat ions.  What happens  when is sugar  is added? Has sugar  delayed the lime for 
gela t in izat ion? Is this de lay  in gelatinization in a sugar solution, is mainly due to the ability o f  

sugar to the fo l low ing  attr ibutes. Explain.’

• l imited w a te r  availabil i ty  to the starch granules.

• L o w er  w ate r  activity
• f o rm  sugar  br idges  be tween starch chains.

Inference:

Attribute scientific comm entary on the effects o f  additives on carbohydrate with  

supportive studies.
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Exercise 6

Effect of Cooking and Processing on Plant Pigment
Introduction

• Ch lo rophy l l .  Ch lo rophy l l ,  the green p igment o f  plants, plays an important  role in their  
syn thes is  o f  carbohydra tes .

•  The  cel ls  o f  the m esophy l l  o f  the lea f  contain chloroplasts  or chlorophyll-corpuscles ,  
the nuc leus ,  o the r  substances ,  and the cell liquid with its d issolved materials .

• T he  ch lo rop las ts  conta in  four pigments ,  two green ones, chlorophyll  a and chlorophyll  
b, an d  two y e l lo w  ones,  carotene and xanthophyll.

•  So lub i l i ty  o f  ch lorophyll .
• C h lo rophy l l  is not soluble  in water. Very little green color is found in the water  in 

w h ich  g reen  vege tab les  have been cooked.
• Pure isola ted chlorophyl l  is soluble in acetone, ether and benzene.
• In ex trac t ing  the p igm ent  from thoroughly dry leaves it is necessary to add about 

20 per cent  o f  w a te r  to the acetone or other solvent.
• O ne  ex p lan a t io n  for this is that chlorophyll  is in the colloidal state in the leaf, and the 

mineral  cons t i tuen ts  o f  the leaf, d issolved in the water, peptize it. rendering it soluble.
• O nslow  states that "the condit ion  o f  chlorophyll is altered by plunging 

into boi l ing  water.
• The  p igm en t  is then m uch  more soluble,  in ether, etc., even when the leaves are 

su b seq u en t ly  dried.
• It is su p p o se d  that the chlorophyll  has diffused out from the plastids. and is in

true so lu t ion  in the accom p an y in g  waxy  substances which have becom e liquid owning 
to ch an g e  in tempera ture ."
During Boiling

• W hen  green vege tab les  are dropped into boil ing water a change takes place nearly 
instantly,  the green color  being intensified.

• V ar ious  exp lan a t io n s  have been offered for the phenomenon.

• O ne  is that the hot water  has melted waxy consti tuents o f  the leaf  so the chlorophyll  
e scapes  from the cell more  readily or may becom e more soluble.

• O r  the hot w a te r  m ay  have dissolved salts or other substances  in contact  with  the
ch lo rophy l l  so that it d iffuses  more readily.

• For peas,  one  factor in the intensification of the green color is the removal o f  air 
from the pea w hen  it is dropped  in the boil ing water.

• T he  ou te r  skin o f  the pea is transparent,  the space beneath  this being impregnated  with 
air which  is rem oved  when  lhe peas arc blanched.

• 1 hat this ch ang e  in co lor  is caused by removal o f  the air can be show n by subjecting 
the p e a s  to an adequate vacuum under cold water and releasing the vacuum while
t h e  peas are still under the water.
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Special Features 

Composition o f  chlorophyll

• The  chemica l  reactions o f  chlorophyll,  reports that it exists  in two forms,  depending 
upon  the degree o f  oxidation in the plant cells: form (a) and form (b). The  former 
exists  in the proport ion  o f  three to one o f  the latter.

COOCH, COOH
CnH,iON|Mg<^ CrH aO N.M g/

COOCmH,, COOH
ch lo rophy l l  j  chlorophyllin

COOCH, 
CBH*OaN4M g /  

COOC3lHM
ch lorophyl l  b

Chlorophyll conta ins  2.7 % o f  the metal magnesium. It contains two ester groups, one o f  
methyl alcohol (CO O C H 3) and one o f  phytol alcohol (COOC20H39).

• React ions  o f  chlorophyll with alkalis

• Chlorophyll is a neutral substance but gives characteristic reactions w hen  treated 
with alkalies or acids.

• The  parent substance  o f  chlorophyll  as chlorophyllin.

• The  reaction o f  chlorophyllin with methyl and phytol alcohols gives the ester 
chlorophyll.

• Chlorophyl l .  w hen  treated in the cold with alkalies, gives alkaline salts of 
chlorophyllin.

•  The color  change  is first brown, followed by a return o f  the green, but it is no 
longcrfluorcsccnt.

• W hen chlorophyll  is saponified with hot alcoholic alkalies, isochlorophyllins are 
formed, which  arc fluorescent.

C< XK/II.,

Cn I U > N ,M g < /  I I M O M  •
C ’( K K I ,,

fill rrr' Y'l I

(*(X)M

( V d L ,n \ ,M u  | (11 ,011 -h I ’jnMfcOII
( ’( X)M

i i i1, *i • i * j r, i ,< i | * \ | I
ttkoh*il



• When the green-colored vegetables are cooked in water with an alkaline
reaction, or in water to w hich a small amount of soda is added, they develop a 
bright, intense green color.

Reaction o f  chlorophyll with acids.

Chlorophyll reacts with acids to give an olive-colored product, without fluorescence, called 
phaeophytin.

The magnesium o f  the chlorophyll is replaced by hydrogen.

From phaeophytin -has obtained two decomposition groups:

1. Phytochlorins, are olive green and derived from chlorophyll A

2. Phytorhodins, are red and derived from chlorophyll B.
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The effect o f  heat upon chlorophyll.

The chlorophyll is changed  to the olive-green color by two means,
( 1) Hydrogen ions or an acid reaction and
(2) Heat.

• The hydroxyl ions, or an alkaline reaction, produccchlorophyll salts with bright 
green color.

• In general, the more acid the reaction, the more rapid is this change in color 
when the vegetable is heated.

• The more alkaline the reaction, the more slowly the chlorophyll changes to olive- 
grecn.

• Thus in order that the bright green color be retained in cooking green 
vegetables, they should be cooked for ns short a time as possible and contact with 
acids should he avoided as far as possible.

• It is also possible  that o ther  ions than the hydrogen and hydroxyl ions may affect 
the stability of the chlorophyll, for som e vegetables with nearly the sam e pH. 
cooked  in w ater  from the same source, and with other condit ions s tandardized arc 
more  stable to heal than others.

• In c o ok in g  certain  procedures  may aid in decreasing the acidity o f  the cooking  water.

• The vegetab les  contain  both volatile and non-volatile acids, w hich  in the plant arc 
prevented from uniting with the chlorophyll but arc liberated w hen  the plant
tissues are heated.
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• I f  the cooking vessel is not covered, the volatile acids may escape with the steam, 
thus decreasing the acidity.

• It has been found that the highest percentage o f  these volatile acids passes off  
during the first few minutes of cooking.

• Hence, if the cooking vessel needs to be covered for a part o f  the time, it is 
preferable to have the uncovered period the first few minutes.

• Hard water,  softened water, or  water  from m any  streams, is alkaline in reaction.

• Rain water ,  snow, or ice water  is usually about neutral.

• It the co o k in g  water contains alkaline salts, these salts may neutralize the non
volatile acids, and if  there is a slight excess of alkaline salts the green color is 
intensified.

•  To  a certa in  extent  the intensification depends upon the quantity o f  water used, for
the larger quantity o f  water  contains a greater quantity of alkaline salts.

• If  the water is only slightly alkaline the plant acids may not all be neutralized and 
the olive-green color  may develop.

• If  the water is very’ alkaline and considcrablcwater is used, not enough volatile and 
non-volatile acids will be liberated to neutralize the alkalinity' of the w ater, the 
cover can be kept on during cooking, and the product will be bright green.

• With longer cooking the heat may have more effect upon the chlorophyll than the 
alkaline salts of thewater.

• The addi t ion  o f  sodium bicarbonate (baking soda) also intensifies the green color.

• C anned  sp inach ,  asparagus ,  peas, and string beans have a deep olive-green color due
to the retention o f  the plant acids during processing and to the high temperature  
at which they arc processed.

• Green  vege tab les  like cabbage,  Brussels sprouts, and spinach cooked in milk may 
remain  a bright  green color.

• O w in g  to the case with which milk scorches and boils over there is usually less 
tendency to cook the vcgctnblestoo long when milk is used.

• Mineral salts of organic acids may be formed during the cooking  o f  fruits in metal
containers .

• Very unpala tab le  flavors arc developed in this way. and the color  o f  the cooked 
product is darkened.
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Thus oxalic acid gives

C O O H C ( X ) K
+ K O H . H . . 0 + ii

C O O H C O O H
a id  lie acul potass ium

hydroxide
water arid potassium

ova la ic

C O O H C O O K1
i + 2 K O H > 2 1 IoO - f 1

C O O H C O O K
oxalic acid potass ium

hydroxide
water potassium

oxalate

Zinc utensils.
•  S om e  o f  the metal salts formed with organic acids are injurious w hen taken into 

the body.

• T he  zinc salts of organic acids have been regarded as toxic.

•  T hey  are formed when  foods containing acids are placed in galvanized containers.

• Galvanized iron contains sonic zinc, and when fruits, beverages,  or  even niilk are 
placed in utensi ls  m ade  o f  it, the acids of the food combine with the zinc, forming  
salts.

• Zinc is d isso lved  from galvanized utensils and the greater the acidity o f  the food and 
the longer the food stays in such containers the more zinc dissolved.

• Even fresh milk conta ins  enough acid to dissolve appreciable  am ounts  o f  zinc.

•  The toxici ty  o f  huttcrmilk held in galvanized containers, quest ion the attr ibuting o f  
the toxicit> to zinc in many previous investigations

• The  toxicity m ay  have hcen due to the surface o f  the galvanized container being 
contaminated with some other substance, possibly arsenic, lead, or antimony.

• The  tin salts  have not been found poisonous,  but large am ounts  o f  them in a food, 
such as would result when an acid fruit is cooked for a long time in a tin wash 
boiler, produce a very dark color and a disagreeable metallic flavor.

• Iron salts with acids may cause discoloration in some food products.

E ffe c t  o f  c o o k i n g  fo o d  w i th  b a k in g  s o d a

• C o o k in g  food with baking  soda (a.k.a. sodium bicarbonate)  can indeed damage a 
number of nutrients, such as vitamin C, vitamin I), riboflavin, thiamine, and one 
essential amino acid. Yet it doesn’t hurt others, including vitamin A, vitamin
HI 2. niacin, and folic acid.
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H ow ever ,  that alkalinity usually gets neutralized during cooking by th< 

am oun ts  o f  acid in m any  fruits and vegetables.

Professional  cooks  have  know n that adding bicarbonate  o f  soda to cooking 

vege tab les  enhances  their  color; greens turn bright green and old carrots  look like
new.

It's a  c h e f s  trick that has crept into some recipe collections and often appears  

in lists o f  cook ing  tips and hints. It is not a good practice.

Aim:

To study the effect o f  cooking and processing on plant pigment.

Characteristics:

• Vegetab les  are plant or part o f  plants served with the main courses o f  a meal.

• Apart  from this nutrit ive value, vegetables probably do more than any other  group o f  
food, to add appet iz ing  colour,  texture and flavours to daily food.

• C o o k in g  affects  the colour,  texture and nutritive value o f  vegetables.  Cook ing  
m ethods  can  des troy  good qualit ies if  not handled properly.

• C o m m o n  m e thod  o f  cooking  is boiling, s teaming, baking, drying and pressure 
cooking.

• Before app ly ing  this m ethod  the chemical structure o f  vegetables must  be considered.

• Vegetab les  conta in  different chemical com pounds  like pigments ,  tannins,  enzym es  

and f lavouring  substances.

• C o m m o n  p igm ents  in vegetables are chlorophylls ,  earotenoid. I lavononc and 

an thocyan ins .
• On heating these pigments undergo certain chemical changes which affect the

colour o f  the finished product.
• V egetab les  also loose organic acids and nutrients in cooking  water.

• A cid  or alkali contents  and cooking media also affect the appearance  and quali ty o f  

the product.
• At a high tem pera tu re  cellulose is disintegrated and proto pectin,  a non-dispcnsablc  

subs tances  in water  undergoes  hydrolysis ,  make it dispensable.

• This change  the structural  frame work o f  the vegetable  becom es  m ushy  and 
unpala table  and exert an anliplasticizing effect,  relative to water.

• Stun hrctrogradat ion is  one o f  the undesirable processes which occur  dur ing  the 
storage o f  starchy foods. Many addit ives can be used to retard retro g radnt ionof  starch 
in foods W hen com pared  to the addit ives used in the experiments ,  fat showed

• delay in retro gradation. During retro gradation, amylo.se is more  easily



retrograded. T he  addit ion o f  fat in starch-water  systems can hinder  water  
penetra t ions into granules  and hinder amylose  leaching during heating.
As a  result,  the mobil i ty  o f  amylase  molecules  is constrained, result ing in s low 
re trogradat ion.

A ddi t ion  o f  fat can  also hinder cross-linking between amylose and thus retard 
retrogradation.Since vegetables  lose this natural f lavour on cooking.

im bicarbonate is added to some vegetables  to help in retaining the green colour and 
n cooking .  T h is  m ethod  o f  cooking  results in heavy lose of many vitamins due to the 
: o f  alkaline pH and when  vinegar or citric acid are added to vegetables  before 
.ng the vegetables does not cook  readily and remain firm and hard.
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Exercise:

Follow the following procedure for cooking various vegetables
Observ e and record effect of cooking time
Observ e and record effect of various cooking medium.

Procedure:

General Instruction:

1. Boil water  before  adding  the vegetables,  and boil the vegetables at the quickest  time 

as possible .
2. C o v er  the pan while  cooking.
3. 1 J s e  25 g m  o f  vegetable  and one cup o f  water.

4. M easure  the left over  water.
5. Use carrot ,  beans,  cabbage  and potatoes.

Method:

1. Effect o f  cook ing  time: remove all vegetables (5g) after 5 minutes.

2. Effect o f  c o o k in g  m edium.
a). Boil vege tab le  in water  after adding 'A teaspoon o f  cooking  soda.
b). Boil vegetab les  in water  after adding 1 teaspoon vinegar.
c). Boil vegetab le  in water  after adding 'A teaspoon ol salt.



Observation

38

Vegetables W ithout Salt Salt Acid Alkali

Carrot Pale yellow, 
fade

Bright, No  fade Yellow hard Colour  retain 
soft

Beans N o  change  in 
co lour

Light change, 
Light green

Colour  fade 
hard.

Bright green soft

Potato W hite ,
normal
texture

Creamy white  in 
colour.

Dull white 
colour

Bright white 
soft.

Cabbage N o  change  in 
co lour

Light white soft Dull white  hard Cream y white



l
1

Vegetables with  
additives

i!

W ater taken 
initially and 

remained after 
blanching (ml)

Vegetables with 
additives

Water taken and 
remaining after 
blanching (ml)

Before After Before After

Carrot Cabbage

Water 280 180 Water 150 16

Salt 150 130 Salt 150 25

Acid 150 80 Acid 150 9

Alkali 150 6 Alkali 150 45

Beans

i

Potato

Water
1

150 100 Water 150 65

1 Salt 150 100 Salt 150 70

i Acid 150 80 Acid 150 50

; Alkali
1i

150 30 Alkali 150 25

Result and discussion

• O bse rve  and record the appearance  o f  the vegetables cooked in alkali and salt. Isit 

good or bad?.
•  W hat  arc the effect o f  water  and other mcdium?Is  it a light change or ex trem e change

in plant p igm en ts?
• W hat  are the effect  o f  water, salt. acid, alkali in the colour  p igments?

• W h y  do t h e  colour  changed  with acid?

•  Exp la in  abou t  the changes  in the texture in the various vegetables  cooked in water,

salt, acid,  and alkali?
• M easu re  the left out vvater-amounl in ml and compare  it for each treatment with

water,  salt, acid,alkali treatments.

Inference :

Attribute scientific aspects of effect of cooking and processing on various plant 

pigments with supportive studies.

v>
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Exercise 7

Effect of cooking on Protein Content of Foods
Introduction:

• Processing by heat increases food digestibility because it breakdown the food to 
complex proteins and carbohydrates.

• Despite this, however, vitamins, minerals, some essential amino acids, and other 
beneficial nutrients are lost.

• Lipid oxidation is one factor that contributes to loss o f  protein quality.
•  T h e  prote in  qual i ty  o f  is affected during processing as a result o f  the application o f  

heat,  w h ich  causes  protein de-maturation.
• The ex ten t  ot protein de-maturat ion depends on type o f  cooking method, the 

duration and temperature.
• Heat  t rea tm ents  changed  the protein molecular  structure. Both dry and moist  heating 

increased the am ide  I-to-amide II ratio.

• C o m p a re d  with  dry heating, moist heating dramatically changed the chemical  and 
nutr ient profiles

• It great ly  decreased  soluble crude protein, non-protein nitrogen, and increased neutral 
de te rgen t  insoluble  protein.

• Both dry  and mois t  heating treatments did not alter digestible nutrients and energy 

values.
• Heat ing  tended to decrease  the non-protein nitrogen fraction (soluble and rapidly 

degradab le  protein fraction) and true protein 1 fraction (fast-degradable  protein 
fraction). Converse ly ,  the true protein 3 fraction (s lowly degradable  fraction) 

significantly increased.
• C o m p a re d  with dry heating, moist heating dramatically affected the nutrient profile, 

protein sub-fract ions ,  rumen degradabil ilv. intestinal digestibility, and protein 
m o lecu la r  s tructure  (amide  I-to-ll ratio; u-hcl ix- to- |kshecl  ratio) in various studies.

Special Features

•  To cook  eggs  at a tempera ture  between 7()°C7158°F and 8 4 .5 ° C /1 8 4 ° l \  so that the co 
a lbum in  and o v o m u c o id s  (but not the ovalbumin)  will be denatured,  for a lime to heat 
the yolk to a tem pera ture  around 64 .50C7148°I;, y ielding a soft-boiled egg  with a firm

by not rubbery  egg while.
• W hen  egg white  is subjected to heat, its globular  proteins arc prone to changes  in

structure  and conformation .
• D epend ing  on the extent  o f  the temperature and duration o f  the treatment,  these

« hanges  can range from denaturalion at the gelation or coagulation.

• I cm  p e r i l  lure o f  c o a g u l a t i o n  f o r  whole egg. egg white and egg yolk differs.



Denaturation refers to the physical changes that take place in a protein when 
exposed to.

Heat treatment o f  eggs causes denaturation o f  their key proteins ovalbumin and 
ovomucoid, leading to a decrease in allergenicity.
Cytokine production indicating a shift from a type 2 cytokine response to a type 1
response was observed in heat denatured ovalbumin and ovomucoid  
stimulatedcells.
The strong decrease in solubil ity at higher temperatures (74-89 °C) is probably  
due to denaturation and aggregation o f  heat-resistant proteins such as ovalbumin. 
Ovalbum in is an a lmost  spherical glycophosphoprotein which  is the most  co m m o n  
protein in egg  white ,  representing nearly 60 %  o f  the whole. The peptide chain 
consis ts  of 385 am ino  acids (M W  = 42,700 Da). Hydroxyl groups from the side 
chains  of ser ine-68 and serine-344 are estcrified with phosphoric  acid, and an 
o l igosacchar ide  is a t tached to the side chain o f  asparagine-292.

Ovotransferrin, consti tut ing 13 %  o f  the egg white, consists  o f  686 am ino  acids 
( M W  = 77 .000  Da), and may bind two iron- or other mult ivalent-metal-cations.  This  
bond ing  involves  two phenolic  hydroxyl groups (from tyrosine) and a nitrogen atom 
(on hist idine). S trong binding with iron inhibits the growth o f  m icroorganism s (as 
well as Salmonella en(erilidis) in the yolk, a process that requires a constant  influx. 
O v o m u c o id a c c o u n t s  for 11 %  o f  the p ro te in  content o f  egg white . I t  occurs  in 
var ious  forms, which  differ  in the am ount  o f  carbohydrate  bonded via asparagine.  
N ine  d isu lf ide  br idges and a high content (< 80 %) o f  helical and [3-pleated sheet 
s tructures  confer  upon ovom uco id  such a stable spatial structure that it is not 

dena tured  even  upon boiling.
O vomucin is a relatively small protein (M W  -  10 kDa) to whose amino acid chain a 
wide  variety o f  carbohydra te  entities (glucosamine,  glactosamine.  hcxoses.  scialic 
acid) are hound ,  and a substantial portion o f  whose hydroxyl groups arc estcrified 
with sulfuric  acid. Due to its polar character, ovomucin  aggregates  to filamentous 
and fibroid structures. '!  he high viscosity o f  the egg white layers is a consequence  o f  

a high ovomucin content.

L yso /vm c is one o f  the most  thoroughly investigated o f  all proteins and was the very 
first protein subjected to X-ray structural analysis. As implied by its name, it is an 
e n z y m e ,  one  found in other animal tissues and secretions as well. It c leaves specific 
bonds  in specific  polysaccharides ,  ones that constitute  the cell walls o f  many 
bacteria. L vso /ym c thus has antibacterial activity, and provides an em bryo  with a 
m easure  o f  protect ion against infection during its developmenta l  phases.

-41-

Doth egg  yolks and whites are excellent sources o f  standard protein with high BV 
and IN H ratio. However ,  the nutritional value including the amount  o f  protein differs

be tween  the yolks and whites o fcg g x



• Regard less  o f  w h e the r  you choose the yolk, egg white  or whole  eggs, adding  eggs to
your  diet  can  help  you  meet  your  daily protein needs.  One whole  egg contains about 
6 g ram s  o f  protein.

• Egg-white prote ins  are long molecules, m ade  up o f  chains o f  amino acids linked 
together.

• In a  raw egg. these proteins are curled and folded to form a compact ball.
• W h en  y o u  cook an egg, these proteins uncurl and form new  bonds with one another.
• T he  longer y ou  heat the proteins and the higher the temperature,  the tighter the 

prote ins  will  bond  to each other.

• T he  tightness o f  these bonds determines whether  the eggs are cooked ju s t  rightor 
overcooked.

• Heat  the eggs  slowly,  making  for loose bonds am ong the proteins and tender, rather 
than rubbery, egg  whites.

•  Heat  a round  145°F  for egg w h i te  and 150°F for egg yolk.

•  C on t in u ed h ea t in g  causes  more bonds to form, leaving less space for the water.
• Eventual ly ,  m uch  o f  the water  is squeezed out (this is referred to as weeping) and 

evaporates, caus ing  the egg protein to coagu la te .

• React ion  is p revented  by immediate  cooling o f  the egg (e.g. immers ing  in cold water) 
after  cooking .

• C oagu la t ion  o f  proteins: white at 60-65°C, yolk at 65-70° C.

• B eyond  this temperature ,  over coagulation occurs and water is squeezed out
caus ing  shrinkage result ing in a tough product.

• Cooking transforms no other food as dramatically as an egg.
W hether  you prefer  them h a rd -c o o k e d ,  poached, fried, or scrambled, know ing  how 
eggs go from raw to cooked  can help you perfect your technique.
What happens when we cook eggs?

• T h e  yolk and white  (a lbumen) o f  raw eggs are essentially jus t  sacks o f  water  
d ispersed  with protcins-ahoul 1,000 water molecules  to every one protein 

molecule .
•  Protein  m olecu les  are relatively enormous,  com posed  o f  hundreds  o f  am ino  acids 

bound  together  into long chains.
• In a raw egg. the chains are folded into compact  globs held together by fairly 

weak chem ica l  bonds  connect ing the folds.

• Due to the chemistry  o f  egg albumen, most o f  the protein globs in the w hite have 
a negative electrical charge and therefore repel each other, which  keeps the

while  watery  and loose.
• In the volk, som e  o f  the proteins arc bound up with fat, so a l though some yolk

pn items repel each other, the electrical charge o f  others is neutralized by their
fat coaling,  which makes  yolk proteins less repulsive to one another.

• j h a t’s w In a raw yolk, though still liquid, is less runny than a raw egg white.
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n:

determine the effect o f  coagulation at different temperature on the texture and 
ours o f  egg white and yolk cooked in shells.

aracteristics:

• Eggs are used  in m any  preparation due to variety, they provide food.
•  Nutr i t ive  im portance ,  flavour, pleasing colour, thickening powders ,  foam forming 

ability,  em u ls i fy ing  capacity, stabilizing capacity and the binding property o f  egg are 
uti l ized in m e n u  planning.

•  W h e n  hea ted  var ious  proteins coagulates at different temperature.
•  The  egg  is rich in protein.

• It is easi ly  coagu la ted  by heat.

• Egg  whi te  s tar tscoagulat ionat  52° Cand the coagulation o f  egg yolk begins at 65 °C is 
c om ple ted  at 75 yC.

• Soft  coo k ed  and hard cooked egg arc those prepared in the shell.
•  T h e  cri teria  for a soft cooked egg and that the white should be firm, but tender and 

yolk  a thick liquid.

•  In hard c o ok in g  o f  egg, the white becomes an opaue. tender gel and the yolk is 
com ple te ly  coagulated.

Exercise:
• Cook egg in boiling water for 3,6,10,15 minutes and put them in cold 

water as per the following procedure and observe changes in various 
critcria-appearancc, texture, taste, firmness, flavour etc.and record the 
changes.

• Cook for 15 minutes and observe and record the changes when eggs are 
transferred to cold w ater and left in cooked w ater (different conditions).

• Cook it for 30 minutes in low temperature and put in cold w ater and 
observe and record the changes in various criteria.

icedure:

Cooking an egg  in boil ing water  lor 3 minutes.

Cook an egg  in boi l ing  water  for 6 minutes

Cook an egg  in boil ing water  for 10 minutes-  cool all these three rapidly in water.

Cook an egg s tar t ing  with cold water for 15 minutes and then put in cold water.

Cook two eggs  in boil ing water  for 5 minutes and transfer one immedia te ly  into cold 

cr (  i|K-7.ll.cr o ne  slowly leaving in the cooked water

.„,k >n egg lor  Id m inutes  at s imm ering  temperature,  put it in cold water.
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Observation:

CRITERIA SCORE 3
MIN

6 MIN 10
MIN

START 
WITH 
COLD 

WATER 
FOR 15 MIN 

& PUT IN 
COLD 

WATER.

COOK FOR 15 MIN COOK 
FOR 30 
MIN IN 
SIMM. 

TEMP& 
PU TIN  
COLD 

WATER.

COLD
WATER

TRANSFER

LEFT IN 
COOKED 
WATER

Appearance

Good 3I

Fair 2 1 2 3 3 3 3 1

Poor 1

Texture

Hard 3

Soft 7 1 2 3 3 3 3 1

Turbid 1

Firmness

Very firm 3

Firm 7 1 2 3 3 3 1

Not f i rm 1
i

Taste

Good 3 1 7Lm 3 3 3 3 1

Fair 2

Poor 1

Result and discussion:

r xnl.iin ilie results  when egg is cooked under  different temperature  and at varying 
l imes for 10 m inu tes  and I 5 minutes  gave good appearance com pared  to eggs cooked



at 3. 5. 30  minutes .

• W as egg  c o o k e d  at 10 and 15 minutes  gave good results about its" texture, firmness 
and taste  ?

• W hat  w a s  the result  at 3 minutes  and 30 minutes?
• Do you  ob se rv e  p o o r  result?

• Do you  o b se rv e  any  m oderate  result when eggs are cooked at 5 minutes?
• Expla in  a b ou t  the var ious  changes  and coagulations occurred during cooking o f  eggs 

at varied rate o f  tem pera tu res?

Inference:

Attribute sc ient i f ic  aspects  o f  effect of  cooking on protein content o f  food with  
supportive s tudies .
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Exercise 8

Determination of Gluten content of Foods
Introduction

High g lu ten  f lour  and  bread flour is produced from hard wheat.

H igh  g lu ten  f lour  has  a  gluten percentage o f  about 1 2 -14%  while  bread flour contains 
about  1 0 -13%  gluten.

Both f lours  are  a lm os t  com ple te ly  made o f  hard wheat,  but som e high gluten flours 
are t rea ted  to reduce  starch content, raising the gluten content  to around 1 4 % .
These  f lours  a re  general ly  used for making breads.

High gluten flour is reserved for breads that are extra elastic such as bagels and 
pizza.

Cake flour is p roduced  lrom soft wheat and is low in gluten content (8-10%). This 
flour is used  for m ak ing  delicate  cakes.

Baked  g o o d s  m a d e  with cake flour have a tendency to crumble  because o f  the low 
glu ten  con ten t .

All purpose flour is m ade  from a mixture o f  hard and soft wheat.

The  gluten con ten t  ranges  from 9-12%. This is the most versatile flour because it can 
be used  to m a k e  both  cakes  and breads. 1 lowevcr,  breads won't  be as chew y  and cakes 

w o n ’t he as tend e r  as i f  you used bread or cake flour.

Pastry flour is a lso a mix o f  hard and soft wheat flours with an emphasis  on soft. 
G enera l ly ,  the gluten content  is 9-10% and is often recom m ended  for pie crusts.

Special Features:

The G luten-H and washing Method.
This  tes t ing  is a p p ro v ed  by A AC C ( American Association of Cereal C hemist 

Procedure:
W eigh 25 g o r  Ilnur into n cup  unci add sufficient water to form a l inn  dough.

S ian  w ith  I ri ml w ater  and  gradually  increase until a firm dough is developed. 

H and  k n ead  d o u g h  and incorporate  fines into a ball.

Record  (he a m o u n t  o f  w a te r  you add.
I .el the d o u g h  s tand  in w ater  at room temperature  20-60 min.

W a sh in g  m a y  b e c o m e  eas ier  with increased soaking time.
Soli  w hea t  Hour are eas ier  to wash i f  soaking lime does no. exceed 20 minutes 

Is nead d o u g h  gent ly  in s tream o f  lap water  over  cloth unl.l s tarch and all soluble

m ai le r  a re  hccn rcm ovcd, the gluten ball will become darker  and
W hen m u c h  ol the siarc.it

will lake  0 1 1  a w eb l ik e  structure.
I Ins genera l ly  lakes  20-30  minutes.



•  To determ ine w hether Plutpn8*uten ts approximately starch-free.
ops o f  water, obtained by squeezing, fall into a see thru glass 

containing perfectly clear water.
.  If  starch is present, cloudiness appears.
• Let g lu ten  thus  ob ta ined  by washing  stand in water  1 hr.

• Presa as d r \  as poss ib le  between the hands, roll into a ball , place in a dish and weigh
it as m o is t  g lu ten  ( wet  gluten )

• Hard flours w i th  h igh  protein contents9 (14% protein) - would  have a roughly 
e s t im ate  w e t  g lu ten  o f  3 5 -3 8 %  while soft flours ranges from 24-28%.

Aim:To determ ine the gluten content ofwheat flour, Corn flour, refined w'heat flour.

Exercise: Prepare the dough as per the following procedure, observe the gluten 
formation and record it.

• Procedure:
• W eigh  100 g o f  each  flour and make it as a batter.

• T ie  in m u s l in  c loth  and wash with water until the water becomes clean.

• T ake  the final res idue  (W et  Gluten) and dry it in a hot air oven.

• W eigh  the dr ied  gluten.

Observation:
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Cereal flour Weight of gluten (g)

Wheat flour 11.11

Refined w h e a t  flour 10

Corn Hour 7.8

Result and discussion

r -1 . • , P:,„ fmimI in several types o f  grain. Gluten consist  o f  two protcin-Gluten is a protein c o m p o s i t e  lounu in stvLidi ■
. . . .  i i „„ri i ini  n rnn lc  react negative y too. W hen the lour  is mixedghadinandglulemn.lt is gliadm part that people rcacincgcu

with w a te r .g lu .cn  fo rm s  n s t icky  cross linked net work o f p m .c ,n .g ,v ,n g c l a s t , c  proper. ,cs  ,o 
dough and a l lo w in g  hread  ,o rise when baked. I he name ol gluten .a d e n v e d  Iron, h e *  glue 
like propert ies  D o ' .h c  ref ined when,  flour has low gluten eon.cn, .  as com pared  ,o the g u.cn
content o f  w hea l  f inun tnd  corn nour .O lu .en  is a pro,cm found ,n wheat  barley, rye. and

. | i, ii c |ps foods such as ccrcal.  bread, and pasta, to
trilicale. a c o m b in a t io n  o( wheal  and rye. It helps

hold their shape.
o f t lc ic rm ina i ion  o f  gluten content in foods with

Inference:  \ i i r ih u lc  scicntiln- .1 |
‘̂ ipptirtjv i* s tudies
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Exercise 9

Effect of Cooking on the fat content of Foods
Introduction:

Nutrient loss is a consequence o f  nearly every cooking process.
Exposure to heat, light or oxygen will alter the nutrients found in food, and methods
that invo lve  w a te r  of ten  reduce the amounts  o f  nutrients as these get ‘washed o u t ’ and 
left behind .

H o w e v e r ,  c o o k in g  foods also has its advantages,  including a reduction o f  the number  
ot poss ib le  m a l ignan t  microbes ,  an increase in digestibility and the increased 
avai lab i l i ty  ot certa in  phytonutricnts .

Heating affects mostly  the vitamin and fat content o f  foods, as well as the texture 
that they present .

S o m e  fats are able  to tolerate higher temperatures than others, before reaching their 
'smoke point', at w hich  their  chemical structure is modified.

T hese  changes have  been associated with health risks, unpleasant odours, 
im pairedflavour and reduced vitamin content.

Special Features:

The sm oke point also know n as Huming point o f  an oil or fat is the temperature at 
which ,  u n d e r  specif ic  and defined conditions,  it begins to produce a continuous bluish 

sm o k e  that b e c o m e s  clearly visible.LIJ
Sm oke point values can vary greatly, depending  on factors such as the volume o f  oil 
uti l ized,  the size o f  the container,  the presence of air currents, the type and source 
0 f light as well  as the quality o f  the oil and its acidity content, o therwise known as

free fatty acid ( F F A )  c o n t e n t . ^
The  m o re  F F A  nil conta ins ,  the quicker il will hrenk down and start sm oking .™ !  
The higher in quality and the lower in FFA .  die higher the smoke point.!'! 
it is im por tan t  to consider ,  however,  that the FFA only represents  typically less Ilian 
1% o f  the total oil and  consequen t ly  renders smoke point a poor indicator o r  the

capac i ty  o f  a Fat or oil to withstand Itcal.1111 11 1
The sm oke point o f  an oil correlates with its level of refinement
Many c o o k in g  oils  have  sm oke  points above standard hom e cook ing  temperatures:



- Standard C ooking T em peratures^

Pan frying (saute) on stove top heat: 120 °C (248 °F)

Deep frying: 160 - 180 °C (320 °F - 356 °F)

Oven baking: A verage o f  180 °C (356 °F)

.  Sm oke point decreases at different pace in different oilsJMl 
• C onsiderably above the temperature of the smoke point is the flash point, the

point at w hich  the vapors from the oil can ignite in air, given an ignition source. 
Oxidative stabilityW
H ydro lys is  and  ox ida t ion  are the two primary degradation processes that occur in an 
oil d u r in g  c o o k in g .11̂

O x ida t ive  s tabi l i ty  is how' resistant oil is to reacting with oxygen, breaking dow n and 
potent ia l ly  p ro d u c in g  harmful  com pounds  while exposed to continuous heat.

Oxidative stability is the best predictor of how an oil behaves during cooking 
IIIHIZHUl

•

The  R a n c i m a t l l  m e thod  is one o f  the most com m on  methods for testing oxidative 
stabil i tv  in o i l s . ^j

This  d e te rm in a t io n  entails  speeding up the oxidation process in the oil (under  heat and 

forced air), w h ich  enab les  its stability to be evaluated by monitoring volatile 

su bs tances  assoc ia ted  with rancidity.
It is m e a su re d  as "induction time” and recorded as total hours before the oil breaks 

dow n.
C a n o  la oil requ ires  7.5 hours,  for example,  whereas extra virgin olive oil (HYOO) and 

virgin coconut oil will hist o v e r  a day at 110 C ol continuous heat.
The  d i f fe r ing  s tabil i t ies  correlate  with lower levels o f  polyunsaturated fatty acids, 
w hich  arc m o re  prone to oxidation. FVOO is high in monounsaturated fatty acids

and antioxidants, conferring stability.^
The following table presents smoke points and oxidative stability of various fats 

and oils:
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Fat • Quality
• Smoke Point

Alm ond oil
i

•

• 22 r c
.  430°FLH1

!

Avocado oil • Refined • 270°C
----------------------

1

M ustard oil •

• 250°C
•  4 8 0 o F U 7 1

flutter •

• 150°C .  302°Ffl*l



1 •1
1------ -

Batter • Clarified • 250°C • 482°FU21

i
• Canola oil •

•
• 220-

230oC^fll
• 428-446°F t

• Canola
oil fRapesecd  

)
•

----------

Expeller press • 190-232°C • 375-450°F£U

• Canola
oil fRapesecd  

)
• Refined • 204°C • 400°F

• Canola

11
oil fRapesecd  

)

• Unrefined • 107°C • 225°F

•
* *'* *

Castor oil • Refined • 2 0 0 ° C ^ • 392°F

• Coconut oil • Refined, drv • 204°C • 400oF^1

Ii
i

• Coconut oil
• Unrefined, dry 

expeller pressed, 
virgin

• 177°C •

-— — - «

350°F^1
i
1

•
• Corn oil •

-

• 230-
238°c li0

__ -

•

1 - -

446-460°F

• Corn oil • Unrefined • 178oCllll • 352°F

• Cottonseed
oil

• Refined,
blenched,
deodorized

• 220-
230°C^1

• 428-446 °F

• Flaxseed oil • Unrefined • 107°C • 225°Fli^

• Lard • • 190°C • 374°Fd81

• Olive oil • Refined • 199-243°C • 390-4 70° 1 ' ^
1

• Olive oil • Virgin • 210°C^J • 410°F

i •

.

Olive oil

• Extra virgin, low 
acidity, high 
q unlity

• 207°C • 405°FUfill2l



^ g l O O ^ T -

Fat

Olive oil

Olive oil

Palm oil

Peanut oil

Peanut oil

Peanut oil

Rice bran oil

Sesam e oil

Sesame oil

Soybean oil

S u n f l o w e r  oil

S u n f l o w e r  oil

S u n f l o w e r  oil

S u n f l o w e r  oil

S u n f l o w e r  oil,  

high oleic

S u n f l o w e r  oiL 

high oleic

V egeta b le  oil 

blend

Quality Smoke Point

• Extra virgin 190°C

• Extra virgin

Difractionated

Refined

Unrefined

Refined

Unrefined

Semircf incd

Neutral ized,  
dewaxed ,  
bleached & 
deodorized

Semircf incd

Unref ined,  first 

cold-pressed,

raw

• Refined

Unref ined

Refined

160°C

374°FM

3 2 0 ° F ^

2 3 5 ° C ^ 1 455°F

2 3 2 ° C ^
450°F

227-
229°C11611281

1 6 0 ° C ^

2 i 3 ocll21

• 177°C

.  232°C

2 3 4 ° C ^

252-
2 5 4 0 CUU

2 3 2 °C luj

2270C,li£l1

.  H)70C ^

.  232°C

160°C

• 22ft°C'^l

• 441-445°F

320°F

415°F

3 5 0 ° F ^

450 oF IM1

• 453°F

486—189°F

450° F

441°F

225°F

4 5 0 ° F ^

3 2 0 ° F d ^

428°f



Aim: To determine the effect of heat on different oil. 

Characteristics:

• Fats and  oils  are  com bina t ion  o f  glyecerol and fatty acids.
• Fat g radua l ly  sof ten  on  heating.

• T h ey  do  no t  have  a  sharp  m elt ing  point.

• S ince fat can  be  hea ted  above  the boil ing point o f  water.
•  They  c a n  b r o w n  the surface  o f  theoil.

• S m o k e  po in t  o f  a  fat is the temperature  at which smoke com e continuously  from the 
surface  o f  fat.

•  B ecause  fat d if fers  on  their  smoke point,fat to be used for frying should be chosen on
the basis  o f  their  res is tance to the smoking at the temperature used.

Exercise: Find out the Sm oke Point of different oils as per the following procedure. 

Procedure:

• T ake  15 g ol coconu t  oil, sunf lower  oil, gingerly oil,
•  Allow it to heat.

•  Find ou t  the sm o k e  point  o f  those oils using s thermometer.
Observation:

Oil Smoke Point
C o c o n u t  oil

S u n f lo w e r  oil
G inge r ly  oil

.  w * ---  -----

Result and discussion:
• The s m o k e  point o f  an oil is the temperature at w hich various volatile 

c o m p o u n d s  em erge  when a bluish smoke become clearly visible from the oil.

• At this tem pera ture ,  the volatile com pounds  such as free fatty acids and short 
cha in  degrada t ion -p roduc ts  o f  oxidation come out from the oil..

• T h e  sm o k e  point is the temperature limit up to which that cook ing  oil can be

used .

Inference:
Attribute scientific aspects o f  the effect of cooking on the fat content of food with 

supportive studies.
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JACK FRUIT SEED FLOUR CHOCOLATE
Introduction:

• The jackfruit (Artocarpus heterophyllus), also known as jack tree, fenne, jakfruit, or
sometimes simply jack or jak, is a species of tree in the fig, mulberry, and breadfruit family 
(Moraceae) native to southwest India.

• Jackfruit is a species of tree which belong to Moraceae family. Ripe fruit is naturally sweet
with subtle flavouring. It can be used to make a variety of dishes including custards, cookies 
etc.

• The seeds from ripped fruits are edible and have a milky sweet taste often comparable to 
the flavour of chestnut when roasted.

• They can be boiled, baked or roasted.
• The protein found in jackfruit seed is said to have more hydrophilic subunit structure and 

this could be the reason for higher water absorption by jackfruit seed flour.
• Jackfruit seed flour have several compounds which give chocolate in distinctive aromas such 

as caramel, hard nut or fruity.
• Roasted jackfruit seed flour impart an aroma similar to that of chocolate and thus they serve 

as a potential replacement for cocoa beans for the manufacture of chocolates.

Characteristics:

• Flour from ja c k f ru i t  seed  w as  prepared by dry milling.

• It is h igh in p ro te in  and carbohydra te  contents.

• The Hour has good  w a te r  and oil absorption abilities.

• <5%  o f  w h e a t - f lo u r  can  be replaced with jackfruit  seed flour lor making  white bread.

• Its am y lo se  co n ten t  w as  high.

• The .starch s h o w e d  good  paste stabil i ty during healing and gave the A- .ypc  X-ray 

diffraction pattern.

Special features
. . i u™in«jin1 nroncrtics o f  jackfruit seed flour and starch.• Some p h y s ic o c h e m ic a l  and  rhcological p r o p e r t y

isolated f rom  the f lour  w ere  investigated.

. ■ fnr vvatcr absorption and oil absorption (03%).
• The Hour had  g oo d  capac i t ie s  f

n ■ villi ilie seed Hour, at the level o f  5, 10 and 20%  markedly
• Substi tut ion ol w hea t  Hour v\i . . .  .

reduced the g lu ten  s t rength  o f  the mixcc o ug i .
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Exercise 10



,  The edible bulbs of ripe jackfruit are consumed fresh or processed Into canned products.
.  Seeds make-up around 10 to 15% of the total fruit weight and have high carbohydrate and 

protein contents.

0 Seeds are normally discarded or steamed and eaten as a snack or used in some local dishes.
• As fresh seeds cannot kept for a long time, seed flour can be an alternative product, which be 

used in some food products.

Aim:

• prepare jackfruit seed flour based chocolate and to standardise and evaluate 
the sensory qualities o f  different treatment.

Exercise :

• Prepare jack  fruit seed flour chocolate with various % with different % of cocoa 
butter and different 4 variations with 20% powdered sugar(Ti), 25% powdered  
sugar for (T: and Tj)

• Prepare 3 treatm ents with 6% cocoa powder
• Prepare 3 treatm ents w ith 3 % additives
• Prepare 3 treatm ents with 1 % salt.
• Sensory evaluation using 9 point Hedonic scale.

TR EA TM EN TS

Ti- 25%  JS F  + 4 5 %  C B  + 3 0 %  O ther  ingredients 

12-25% JSF  + 4 0 %  C B  + 3 5 %  other  ingredients 

Tj -30% JSF + 3 5 %  C B  + 3 5 %  other  ingredients.

JSF- Jackfrui t  seed  flour 

CB- C ocoa  but ter  

Other ingredients :

20% po w d ered  su g a r  (25 %  pow dered  sugar Tor 12 and 1 1 )

6% Cocoa p o w d e r  

3% food add i t ives  

1% salt 

Procedure:

> Mix all the  ing red ien ts  and  hlend il to gc^ proper consistency, 

lie con k  o r  boil  i« fur five nr seven minutes.
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Has J 2. tasted differently? If so explain all its attributes.

• W hat happened to its consistency Ti,T2. T3 at room temperature for long time.
• Which has better taste? Is it T3 ? has better taste.

•  Which had good acceptability?
• Overall, T2 has got good acceptability compared to Ti and T3- attribute reasons.

Inference:
Attribute scientific  aspects of jack fruit seed chocolate with different treatments

and variations with supportive studies.



Sensory Evaluation of Food
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Exercise 11

Introduction:

.  Quality is the ultim ate criterion of the desirabiiity of any food product.

.  Food quality can be evaluated by sensory and objective method.
• Standard rating  scales o f  hardness, brittleness, chewiness, gumminess, viscosity, 

and adhesiveness  w ere  established for qualitative evaluation of food texture.
• The scales cover  the entire intensity range found in food products and may be 

expanded at any desired point for greater precision in a narrower range.
• Each point on the scale is represented by a food product selected on the basis of 

availability, familiarity, constancy of textural characteristics, and other criteria.
• Using the developed  scales, correlation was good between sensory and 

instrum ental (texturom cter and viscosimctcr) evaluations of texture.

Special Features:
• Sensorv  Characteristics of Food-w

A p p e a r e n c e ,C o lo u r ,F la v o u r ,O d o u r ,T a s te ,T a s te  interactions,
M outh  feels,Ternperature,Texture,Brittlcncss,Tenderness,Astringcncy,

Consistency.
C o n d u ct in g  Sensory Tests 

T rained  Panel 
T estin g  Laboratory  
Preparation  o f  sample  
T ech n iq u es  o f  smelling and tasting

T est in g  time  
Design o f  experiment  
R easons for testing food quality

Evaluation  Card  

Sensory evaluation:
rcort hv m e a n s  o f  h u m a n  s e n s o r y  o rg a n s ,  the 

When the q u a l i t y  o f  a g o o d  p r o d u c t  .s a s s e s s e d  by m e a n

evaluation is said to be sensory or subjective or organo
l measure analysis and to Interpret reactions to those 

A scientific discipline used to evoke, ^  perceived by the series of sight, taste,
characteristics of good and materials as they a ^   ̂^  appearance, colour, flavour,
Qdour touch and hearing, sensory character'
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odour, taste and mouth feel. In addition to colour *
.. i oirai f a r t n r c  m n t r ’h * odour, taste and mouth feel certain

psychological factors contribute to acceptability of foods.

Sensory test:

Sensory tests are well integrated with the overall plan of development of the product. The 
reason for testing good quality is to know the consumer reference, effect of variation in 
processing on quality, to detect the presence of off-quality. The requirement to conduct 
sensory evaluation by trained panel members, testing laboratory and prepared samples. The 
samples should be prepared properly and different satisfied methods are used for analysis.

D ifferent s e n s o r y  t e s t s  a r e  e m p lo y e d  for g o o d  e v a lu a t io n . The te s ts  a re  g ro u p e d  in to  fo u r  

types.

A. Difference tests.
B. Rating tests
C. Sensitivity tests
D. Descriptive tests.

The selection of a particular test method will depend on the defined objective of the test, 
accuracy and personal available for conducting the evaluation.

We conducted different tests with 5g of sugar in 50 ml of water as sample and eg. Add Sugar 
in 50 ml water as sample. Evaluate the sensory characteristics of the sweetness.

The tests were conducted by four panel judges.

A. Difference tests:
1. Paired comparison test: The panel members receive several pairs of samples;

these may be different over the same samples in each pair. Samples are always

given in code numbers.
2 Different samples are given in each pair which differs in the intensity of one

characteristic, eg. Sweeteners, bitterness or rancidity. In each pair the samples 

with more or less intense taste will have to be picked out.

Paired comparison test

Nam e-

Product
, • , nf mmoles Evaluate the two samples in the pair for

fou are given one or several pairs  ̂ samples in the pair.
sweetness Is there any difference between



-61-

Duo-Trlo t e s t :

TH'S teSt emf ° / S h7  Sam7 S' tw0 Wentlcal and one different. The panel is first given one 
a  the pa,r of .dentical samples as known reference sample and then the other two
successively m random order and asked to match one of these with the first. A positive
answer is required, even if it to a guess. The chances of probability of placing the samples in 
a certain orders are one half.

Duo-Trio test:

Name:

Product:

The first sample 'FT given is the references sample test carefully.

From the pair of coded sample next given, judge which sample the same as 'R'

Set No Code No. of pair Same as 'R'
1 AA X

II B —

A X

Triangle test:

This test employs three samples, two potential and one different, presented simultaneously
to the panel. The judge is asked to determine which of three to the odd sample to a
positive answer to required even if it to guess. Since all three samples are unknown, the 
l . . „ m n ! a in n mrtain order is one-third. Two samples Achance of probability o f  reaching the sample in a certain oruL. e

and B can be presented in two combinations AA.

Triangle Test 

Name1

Product;

Two of the three sam ples are identical. Determine the odd sample.



Result and discussion:

In paired comparison test, the first pair of samples 'AA' was identical and there is no
difference between the samples. As the second pair, 'AB' the difference was found because 
'B' was less sweetening than 'A'.

As duo-Trio test, the judges picked up the samples which are perfectly matching to the 
reference sample.

As triangle test, the judges picked up the odd samples 'A' from BBA, B from ABA and b from 
AAB.

Inference:

Attribute on im portant scientific aspects of Sensory evaluation with supportive studies.


