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Methods for Determining Rheological Characteristics of
Doughs : A Critical Evaluation

G. VENKATESWARA RAO AND P. HARIDAS RAO*
Baking Technology Discipline,

Central Food Technological Research Institute, Mysore-570 013, India.
R h eo lo g ica l c h a r a c te r i s t ic s  o f  d o u g h s  a r e  o f  v ita l  im p o r ta n c e  to  b a k e ry  in d u s t r y  in  p re d ic t in g  p ro c e s s in g  

c h a r a c te r is t ic s  o f  d o u g h  a n d  th e  q u a li ty  o f  th e  e n d  p ro d u c ts .  T h e s e  a ls o  p la y  a  ro le  in  q u a l i ty  c o n tro l  p ro g ra m m e  
a n d  e s ta b l i s h m e n t  o f  s p e c if ic a t io n s  for in g re d ie n ts  a n d  th e  fin a l p ro d u c ts .  C o n s e q u e n tly ,  th e  re lia b ili ty  o f  th e  m e th o d s  
u s e d  for d e te rm in in g  th e  rh eo lo g ica l c h a r a c te r i s t ic s  o f  d o u g h  a s s u m e  v ita l im p o r ta n c e . T h e s e  m e th o d s  a r e ,  th e re fo re , 
c ritica lly  a n a ly z e d  a n d  th e i r  l im ita t io n s  a r e  p in -p o in te d . U se  o f  c o m p u te r iz e d  i n s t r u m e n ts  is  a d v a n ta g e o u s  fo r m o re  
a c c u ra te ,  ra p id  a n d  re p ro d u c ib le  c a lc u la t io n s  o f  th e  c u rv e  p a ra m e te r s .
K e y w o rd s  : D o u g h , M e th o d s  fo r rh e o lo g ic a l c h a ra c te r iz a t io n ,  F a r in o g ra p h , M ix o g rap h , R e s e a rc h  w a te r  a b s o r p t io n  m e te r , 

E x te n s o g ra p h , A lv eo g rap h , H a g b e rg  fa llin g  n u m b e r ,  V isc o -a m y lo g ra p h , E x p a n s o g ra p h ,  M a tu ro g ra p h , 
O v e n -r ise  re c o rd e r .

Wheat flour dough constitutes a highly complex 
and unstable colloidal system that undergoes 
con tin u ou s m od ifica tion s in its  p h ysica l 
characteristics through the action of physical, 
chemical and biological forces. Dough derives its 
properties mainly from the constituent components 
of flour, like proteins, carbohydrates, lipids and 
miscellaneous minor components. Other components 
like water, air and added ingredients also influence 
dough properties. Microscopic examination of dough 
reveals three phases, namely, starch, protein and 
gas cells (Bloksma and Bushuk 1988). The native 
starch granules retain their identity in dough and 
are embedded in a continuous phase which is a 
swollen protein. Air is entrapped in this phase, 
while lipids spread over the surface of the starch 
granule (Baker and Mize 1946; Hanssen and Erika
1952). The visco-elastic properties of dough are the 
results of the presence of a three-dimensional 
network of gluten proteins. The network is formed 
by thiol-disulfide exchange reactions among gluten 
proteins.

Dough is an intermediate stage in the 
transformation of wheat flour to bakery products. 
Consequently, dough characteristics are important 
because they influence the quality of the finished 
product. Rheology, the science which studies the 
flow of materials and characterizes the forces of 
deformations in terms of stresses and strains in 
relation to time, allows the determination of physical 
properties inherent in the material. Wheat flour 
dough exhibits visco-elastic properties (Schofield 
and Scott Blair 1932), wherein the stress is a 
function of a combination of applied strain and the
* Corresponding Author

strain rate. The visco-elastic behaviour of dough 
is non-linear. The ratios of stress/strain and 
stress/strain rate are not constants, but are 
functions of stress (Faubion and Hoseney 1990). 
Hence, characterization of non-linear visco-elastic 
wheat flour dough requires that the viscous or 
elastic components be determined as functions of 
testing rate and strain level (Bagley and Christianson
1986).

Experimental measurements of dough are 
difficult and selection of proper techniques are 
needed to measure the rheology of dough. Even 
though the rheology of dough has been studied 
extensively, the challenges of understanding the 
physical properties are still present (Bloksma 1988). 
The physical testing instruments give information 
about the physical behaviour of the dough. The 
empirical designing of the instruments does not 
allow absolute rheological measurements of dough 
or complete understanding of the physical 
characteristics (Shuey 1974). Empirical mechanical 
testing (physical testing) helps in evaluation of flour 
quality and functionality (Brabender 1973) and also 
the effects of additives like oxidizing and reducing 
agents, enzymes and emulsifiers (Anderson 1956; 
Smith and Andrews 1952). Physical testing methods 
have the limitations that the results cannot be 
described in fundamental rheological properties 
(Menjivar 1990).

The behaviour of the dough is highly complex 
and the model proposed by Bloksma (1978) is 
shown in Fig. 1. The force on A and the displacement 
are equal to stress and strain of a dough. The total 
deformation is permanent due to viscous part and 
temporary due to elastic part. This Is described in
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Fig. 1. M e c h a n ic a l m o d e l fo r th e  rh eo lo g ica l b e h a v io u r  o f  w h e a t  

f lo u r  c o u g h .
the Maxwell model shown above by viscous element 
E and elastic element F, connected In series. Since 
the elastic reaction is retarded, a second viscous 
element G is placed parallel to the elastic element 
F as in kelvin body. Spring B is introduced to 
account for the temporary elastic deformation with 
stress below yield value. Frictional element C 
denotes the frictional force related to yield value 
and D is the point of transition to dough structural 
characteristics.

Number of instruments are available to obtain 
objective data on dough properties in order to 
predict the suitability of flour for various bakery 
products. Some of the important instruments used 
for evaluating the rheological characteristics of 
dough by various methods are discussed in this 
article. The most important commercially available 
instruments are : recording dough mixers (Brabender 
farinograph, mixograph); load extension meters 
(Brabender extensograph, Chopin alveograph); 
extrusion meters (Research water absorption meter); 
viscometers (Hagberg falling number, Brabender 
visco-amylograph) and gas production and/or gas 
retention instruments (expansograph, Brabender 
maturograph, Brabender oven-rise recorder).
Brabender Farinograph

The farinograph is a dynamic physical dough 
testing instrument (Shuey 1974) involving the 
measurement of torque. The resistance offered by 
the dough during a prolonged and gentle mixing

at a constant temperature is transmitted to a 
dynamometer, which is connected to a lever and 
scale system as well as a pen which traces a curve 
on a kymograph chart. The instrument consists of 
a mixing bowl (50 and 300 g flour capacity) 
dynam om eter, lever system , sca le  system , 
kymograph recording m echanism , dash pot, 
thermostat and burette (Shuey 1972a)

The two basic methods for running the 
farinograph involve the use of 300 g flour on a 14% 
moisture basis (constant flour weight method) or 
480 g dough (constant dough weighs method). 
There are advantages and disadvantages in these 
techniques of operating the farinograph. A constant 
amount of diy matter is used in each test in the 
300 g constant flour weight procedure. Consequently, 
the moisture determination of flour is a must before 
running farinograph. As the water absorption is 
corrected to 14% moisture basis, the weight of flour 
on 14% moisture basis has to be calculated. In 
the case of the 480 g constant dough weight 
procedure, the farinograph can be run as soon as 
flour sample is received. Thé ratio between flour 
and water is calculated and the water absorption 
is corrected to a 14% moisture basis. It is necessary 
to use a constant amount or m ass of dough in 
the test (Shuey 1972b).
P r o c e d u r e  : Farinograph thermostat is adjusted to 
maintain the temperature at 30°C. The water from 
thermostat bath is made to circulate through the 
bowl jackets. The sensitivity setting of 1:5 towards 
the back of the machine is used for the large bowl 
(300 g), while 1:1 position at the front of lever arm 
is used with the small mixing bowl (50 g). The scale 
head pointer is adjusted to zero by changing 
position of threaded weights when instrument is 
running at fast speed with mixer empty. With a 
small mixing bowl, the smaller of two weights is 
removed. The writing arm is adjusted in such a 
way that the scale head pointer and writing pen 
coincide with zero reading. The band width is 
adjusted such that the scale head pointer moves 
from 1000 to 100 BU within'0.6 to 0.8 sec when 
dynamometer arm is raised and released. 
C o n s t a n t  J l o u r  w e i g h t  m e t h o d  : The thermostat is 
put on at least for 1 h prior to using the instrument. 
The moisture of flour is determined by air-oven 
method and the flour weight on 14% moisture basis 
is calculated using the formula:

1 0 0 -  14
W eig h t o f  f lo u r  o n  14%  m .b . = -------------  x  w e ig h t  o f  flour

1 0 0 - Mwhere M is the moisture of the flour.
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Flour (300 g, 14% m.b.) Is placed In the large 
mixing bowl. The burette is filled with water. The 
pen is adjusted to 9 min position, the instrument 
turned on and allowed to run. When the pen 
reaches zero position, water from burette is added. 
As the dough forms, the sides of mixing bowl are 
scrapped and the addition of water is continued 
till curve levels off at 500 BU line. If the first 
titration does not produce the peak of curve 
centered on 500 BU, titration is repeated to get 
correct water absorption by applying correction of
0.6 to 0.8% absorption (1.8 to 2.4 ml) for 20 BU. 
The curve at maximum dough development should 
centre on 500 BU line. The final farinogram is 
obtained by conducting the test afresh and adding 
all water within 25 sec after opening the burette 
stopcock and running the instrument beyond peak 
for 12 or 20 min. The water absorption is calculated 
using the equation :

x + y -  300Absorption (%) = -------------------3
where x = ml of water to produce maximum 
consistency centered on 500 BU line and y = g 
of flour used-equivalent to 300 g on 14% m.b.

For small bowl, the procedure is similar to that 
for large bowl, but 50 g flour (14% m.b.) is used 
at the sensitivity setting of 1:1 and the water is 
added using the small burette. The water absorption 
(%) = 2 (x + y -  50) where x = ml of water to 
produce the curve with maximum consistency 
centered on 500 BU line and y = g of flour used- 
equivalent to 50 g on 14% moisture basis.
C o n s t a n t  d o u g h  w e i g h t  m e t h o d  : In this method, 
the water absorption of flour at its existing moisture 
level basis is determined and the curve is centered 
on 500 BU line. From the chart, the weights of 
flour and water which correspond to estimated 
water absorption are used to get 480 g constant 
dough. The curve is recorded by placing the flour 
in bowl, dry mixing for 1 min and then, adding 
the water. The curve obtained is evaluated. The 
flour water absorption is corrected to 14% moisture 
basis by using the formula :

(B + M)
A = 86 ------------  -1 4

(100 -  M)
Where A = absorption on the 14% moisture, B = 
absorption on actual moisture basis and M = flour 
moisture.

A.typical farinogram is shown in Fig. 2. The 
following m easurem ents are made from the 
farinogram.

F ig .2 . T yp ica l fa r in o g ra m : A) a r r iv a l  tim e , B) d o u g h  d e v e lo p m e n t 
tim e, C) s ta b ili ty , D) d e p a r tu r e  tim e , E) m ix in g  to le ra n c e  
in d e x  a n d  F) tw e n ty  m in u te  d ro p .

A b s o r p t i o n  : Absorption is defined as the amount 
of water necessary or required to centre the 
farinograph curve on 500 BU line for a flour-water 
dough.
A r r i v a l  t i m e  : The arrival time is the time required 
for the top of the curve to reach the 500 BU line 
after the mixer is started and the water introduced. 
The value is a measurement of rate of hydration 
of flour. In general, the arrival time also increases 
with the increase in protein content of the flour. 
D o u g h  d e v e l o p m e n t  t i m e  : This is  the time to the 
nearest half min from the first addition of the water 
to the development of the maximum consistency 
of the dough. This value is also known as peak 
time. The mid-point of the top of the flat curve or 
the second peak of two peaks are considered as 
peak time.
S t a b i l i t y  : This is defined as the difference in time 
to the nearest half min, between the point where 
the top of the curve first intercepts 500 BU line 
(arrival time) and the point where the top of the 
curve leaves the 500 BU line (departure time). This 
value indicates the tolerance of the flour to mixing.
D e p a r t u r e  t i m e  : This is the time to the nearest 
half min from the first addition of water until the 
top of the curve leaves 500 BU line and equals 
the sum of the arrival time and stability. The longer 
the time, the stronger is the flour.
M i x i n g  t o l e r a n c e  i n d e x  : This value is a difference 
in BU from the top of the curve at the peak to 
the top of the curve measured at 5 min after the 
peak is reached. Flours which have good tolerance 
to mixing exhibit low mixing tolerance indices. 
Similarly, the higher the mixing tolerance index, 
the weaker is the flour.
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T w e n t y  m i n  d r o p  : This is the change in the height 
of the centre of the curve at the peak and the centre 
of the curve at 20 min after the first addition of 
water, expressed to the nearest 5 BU. This value 
indicates rate of breakdown and strength of flour. 
V a l o r i m e t e r  v a l u e  : This is an empirical quality score 
which is based on the development time as well 
as tolerance to mixing and is derived from the 
farinogram by means of a special template. After 
the farinogram is placed in position in valorimeter, 
the left hand edge of the movable slide is placed 
on the peak. The valorimeter value is read at the 
right hand edge of the slide, 12 min past the peak, 
and is the value which corresponds to the line of 
stationary templates that intersects the centre of 
the farinogram at this point.
T i m e  t o  b r e a k d o w n  : It is the time from the start 
of mixing to a decrease of 30 BU from peak point.

The official method for the farinograph by the 
International Association of Cereal Chemistry (ICC) 
uses constant flour weight (14% moisture basis). 
Apart from per cent water absorption and dough 
development time, degree of softening is also 
determined.
D e g r e e  o f  s o f t e n i n g  : This is the difference between 
the centre of the curve at the peak and the centre 
of the curve obtained at 12 min after the peak and 
reported to the nearest 5 BU.
Mixograph

It measures the resistance of dough to mixing 
(AACC 1980). The pull-fold-repull type of the mixing 
action is much more severe than that of the 
farinograph. The basic parts of mixograph include 
mixing pins, mixing bowl, swevel base, tension 
spring, and kymograph. Water absorption is based 
on protein content and is 65% at 15% protein (14% 
moisture basis). It increases or decreases by 1% 
for each 1% of increase or decrease in protein 
content. Another method employs the water 
absorption from farinograph.
P r o c e d u r e  : The instrument is adjusted for mixer 
head shaft to revolve at 85-90 rpm. The spring 
tension position is set between 8 and 11 for strong 
flours and at lower position for weak flours. The 
recording pen is adjusted to zero position on the 
chart. In the mixograph bowl, 35 g of flour (14% 
moisture basis) is placed and the equivalent water 
calculated as above is added. The mixing head is 
put into operating position and the pen at zero 
position on the recording chart before starting the 
instrument and allowing the mixing for 7 min. A

typical mixogram is shown in Fig.3. The following 
measurements are made from the mixograph curves.

TIME (min)
F ig .3 . T y p ica l m ix o g ram : G) a r e a  u n d e r  c u rv e , H) p e a k  h e ig h t, 

I) p e a k  t im e  J )  h e ig h t  o f  c u rv e  a t  s p e c if ie d  t im e  a f te r  
p e a k , K) a n g le  b e tw e e n  a s c e n d in g  a n d  d e s c e n d in g  lin e s  
a n d  L) w e a k e n in g  an g le .

A r e a  u n d e r  c u r v e  : The area is measured by drawing 
a line from beginning, along the centre of the 
recorded curve, to base line and back to the 
starting point.
P e a k  h e i g h t : The height (cm) at peak of the curve 
is peak height.
P e a k  t i m e  : The time taken to reach the peak is 
measured in min.
H e i g h t  o f  c u r v e  a t  s p e c i f i e d  t i m e  a f t e r  p e a k  : The 
tolerance index or drop-off is m easured by 
determining the height of curve at a specified time 
beyond the maximum.
A n g l e  b e t w e e n  a s c e n d i n g  a n d  d e s c e n d i n g  l i n e s  a t  
p e a k  : Using the lines drawn along the centre of 
the curve, the angle at the peak between ascending 
and descending lines is measured.
W e a k e n i n g  a n g l e  : It denotes the angle between the 
descending line and the line drawn at the centre 
of peak as well as parallel to the base line.
Research Water Absorption Meter

This is a simple instrument used to measure 
the water absorption of flour. Doughs, either 
yeasted or unyeasted, are made with known amount 
of water and relaxed for standard period. They are, 
then, extruded under a fixed pressure through a 
nozzle and the rate of flow is determined by means 
of a micrometer dial gauge and stop-watch (Kent- 
Jones and Amos 1967).
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P r o f e s s o r  S t e p h e n  L i t t l e c h i l d ,  D i r e c t o r  G e n e r a l ,

O F F E R

T h e  k e y  is s u e s  c o v e re d  in th is  c o n fe re n c e  a re  built a ro u n d  th e s e  m ajo r th e m e s :

★  C o s t , co m p etition  a n d  regu lation  in th e  e lectric ity  & g a s  m a rk e ts

★  C a p ita lis in g  on n e w  b u s in e s s  o p p o rtun ities for e n e rg y  c o m p a n ie s

★  T h e  future of re n e w a b le s  in th e  U K  an d  an  a s s e s s m e n t  of th e  im p act of e n v iro n m e n ta l 
i s s u e s  an d  re g u la tio n s on p o w e r g en e ra tio n

★  A  c lo s e  ex am in a tio n  of th e  o p eratio n  of a n d  th e  la te st d e v e lo p m e n ts  in th e  e lectric ity  
pool

★  T h e  e c o n o m ic s  an d  f in a n ce  of p o w e r g en e ra tio n

★  O p p o rtu n it ie s  a n d  c h a l le n g e s  for th e  ind ustria l e n e rg y  p u rc h a s e r

★  T h e  future of n u c le a r  p o w e r in th e  U K

C h o o s e  f r o m  21  d i f f e r e n t  s e s s i o n s !  - th is  c o n fe re n c e  is  d e s ig n e d  s p e c if ic a lly  to 
p ro v id e  yo u  with th e  inform ation yo u  n e e d . W h a te v e r  yo u r ro le o r in te re st in P o w e r  
G e n e ra t io n  an d  S u p p ly , th is c o n fe re n c e  h a s  so m e th in g  for yo u .

Jo in  the w h o le  d e le g a te  b o d y in th e  m orn ing  p le n a ry  s e s s io n s  an d  th en  c h o o s e  th e  
aftern o o n  s tre a m  that in te re sts  you  m o st. O n  th e  o p p o site  p a g e  yo u  will s e e  th e  P G S  ‘94  
c o n fe re n c e  a g e n d a  at a  g la n c e .

T h is  c o n fe re n c e  h a s  b e e n  d e s ig n e d  after e x te n s iv e  re s e a rc h  with in d u stry  p la y e rs  s u c h  a s  
y o u rse lf . T h e  is s u e s  it t a c k le s  a re  th e  is s u e s  that yo u  told u s  yo u  m o st w a n te d  to h e a r  
ab o u t. T h is  is  y o u r  opportun ity to h a v e  all of yo u r m o st p re ss in g  p ro b le m s a d d r e s s e d .

W h a t m o re  c a n  w e  sa y , d e s ig n e d  in co n ju n ctio n  with you  - P G S  ‘9 4  is su re ly  th e  lead in g  
P o w e r  G e n e ra t io n  an d  S u p p ly  e v e n t in th e  U K  n ext ye a r!

P la c e s  for th is c o n fe re n c e  will b e  lim ited. S o , re g iste r  for P G S  ‘9 4  today. S e e  th e  b a ck  
p a g e  of th is b ro ch u re  for 3  e a s y  w a y s  to reg ister.

I look fo rw ard  to w e lco m in g  yo u  to th is  excitin g  e v e n t in Ja n u a ry .

Y o u rs  s in c e re ly

S te v e  S co tt , C o n fe re n c e  M a n a g e r  
HR Ltd - Industria l D iv is io n

w u m i n f i ' n

P S .  D o n ’t m is s  P G S  ‘9 4  - a  g re a t opportun ity to m e e t yo u r in d u stry  p e e r s  to d is c u s s  the  
m o st pressing is su e s  facing power generators, suppliers and users!

TELEPHONE: INTL 44-71-412-0141 OR FAX: INTL 44-71-412-0145



P G S  ; 9 4  ------------------------
2 n d  A n n u a l  C o s t ,  C o m p e t i t i o n  a n d  R e g u l a t i o n  i n  

P O W E R  G E N E R A T I O N  &  S U P P L Y

D A Y  O N E  -  T h u r s d a y ,  1 3 th  J a n u a r y  1 9 9 4

COST, COMPETITION AND REGULATION IN THE UK 
ELECTRICITY AND GAS MARKETS

9.00 Registration and Coffee

9.30 Opening Rem arks from the Chair 
M ichael Hope
Partner, MD for European Utilities Industries 
A N D E R S E N  CO N SU LT IN G

9.40 F O R E C A S T IN G  F U E L  C H O IC E  F O R  P O W ER  
G E N E R A T IO N : EXAM IN IN G F U E L  SU P P LY , 
DEM AN D , P R IC E  AND T H E  M A K E-U P O F  
B A S E -L O A D  G EN ER A T IO N  TO  2000 AND  
B EY O N D
* G a s  vs Coal vs Nuclear: assessin g  which 

will be the fuel of the future
-  forecasting future demand for electricity
-  analysing the potential share of base

load generation by fuel
* Predicting the impact of the planned gas- 

fired stations on Electricity supply
* What is the future of coal-fired generation?
* How much of a threat is international 

coal/orimulsion?
* Taking account of government policy
* How will the UK and E C  environmental 

policies affect fuel choice?
* How will electricity prices be affected by 

fuel choice?
Nigel H aw kins  
Utilities Analyst 
H O A R E G O V E T T

10.20 A  R E V IE W  O F  T H E  L A T E S T
D E V E L O P M E N T S  IN T H E  U K  G A S  M A R K ET : 
T H E  M MC’S  R EC O M M EN D A TIO N S AND  
T H E  G O V E R N M EN T ’S  R E S P O N S E
* Analysing key MMC recommendations and 

the Government’s  response
* The timetable for introduction and 

implementation of the reforms
* The break-up of BG  transportation and 

trading and its impact on the development 
of competition

* The need for market m echanism s and the 
possible em ergence of a  spot gas market

Dr M ichael M orrison
Director
CA M IN U S E N E R G Y

11.00 Tea and Coffee

11.30 K E Y N O T E  A D D R E S S : R EG U LA T O R Y  AND  
M A R K ET  D E V ELO P M EN T S  IN E L E C T R IC IT Y  
G EN ERA TIO N  AND S U P P LY
* Analysing recent O F F E R  reviews
* D iscussing competition in generation

-  the costs and margins study
-  possibility of an MMC referral

* What are the latest thoughts on competition 
in supply?

P ro fe sso r Step hen  L ittlech ild
Director General of Electricity Supply  
O F F E R

1 2 .1 0 Lunch -  At lunch you can  ch o o se  which “S p eak er Table” to sit at to d iscu ss  points raised at the 
conference with sp eak ers  and fellow delegates in a  sm aller, le ss  formal forum.

S T R EA M  A

C A P IT A LIS IN G  ON N EW  B U S IN E S S  
O P P O R T U N IT IE S  F O R  E N E R G Y  CO M P A N IES

1.30 Opening Rem arks from the Chair 
Bill W atson
Managing Director (Generation)
E A S T E R N  E L E C T R IC IT Y

1.40 C A P IT A LIS IN G  ON O V E R S E A S  P O W ER  
G EN ER A T IO N  IN V ESTM EN T  
O P P O R T U N IT IE S
* Market potential based on energy demand, 

political and economic trends
-  A sia Pacific
-  Am ericas
-  Europe

* Defining a generic “blueprint” for IPP s

S T R E A M  B

T H E  F U T U R E  O F  R E N E W A B L E S  
IN T H E  U K

1.30 Opening Rem arks from the Chair 
G ord on M acKerron
Sen ior Fellow, S c ie n ce  Policy R e sea rch  Unit 
U N IV ER S IT Y  O F  S U S S E X

1.40 HOW  C O M M E R C IA L L Y  V IA B L E  A R E  
A LT E R N A T IV E  P O W E R  S O U R C E S  AN D  
T E C H N O L O G IE S ?
* Taking a  fresh look at the viability of renewables 

NOW  - waste
- hydro
- wind

N E X T ? - solar, biofuels, hydrogen, wave, 
tidal, geothermal



S T R EA M  A S T R EA M  B

covering integration of business processes, 
people and technologies

* Securing competitive differentiation in 
international markets

* Optimising risk/reward through the Power 
Purchase Agreement

David Tho m linso n
Partner and Director for Pow er Generation 
Europe
A N D E R S E N  C O N SU LTIN G

2.20 A S S E S S IN G  AN D C A P IT A LIS IN G  ON NEW  
D E V E L O P M E N T S  IN T H E  U K  G A S  M A R K ET  
- AN IN D EP E N D EN T ’S  V IEW
* W here are the new areas of growth for 

independent gas suppliers?
* W hich sectors of the existing and new  

markets will the independents concentrate 
on?

* Will there be a level playing field in the new 
G a s Market?

* Developing gas marketing strategies to 
take advantage of increased opportunities

Peter Franklin  
H ead of Marketing 
A G A S

3.00 Tea and Coffee

3.30 D IS C O V ER IN G  N EW  O P P O R T U N IT IES  FO R  
EX P O R T IN G  Y O U R  E N E R G Y  
T E C H N O L O G Y  AND KN OW HOW
* A ssessing  the project’s  commercial viability
* Marketing the skills and technology
* Examining the m echanism s for providing 

assistance
-  funding
-  share in the project

* Effectively managing overseas operations 
Cynth ia  Dubin
Manager, Project Finance  
M ISSION E N E R G Y

4.10 EV ALU A TIN G  T H E  R IS K S  AND R EW A R D S  
O F D IV ER SIF IC A T IO N  S T R A T E G IE S  FO R  
P O W E R  G E N E R A T O R S  AN D S U P P L IE R S
* Strategic planning for competitive 

advantage
-  deciding your strategy for growth based  

on your corporate objectives
* Drawing on your strengths when identifying 

new business markets
* Moving towards the single “energy company”
* Is diversification really a  strategy for 

securing competitive advantage?
* Exploiting future opportunities both inside 

and outside of the electricity market
-  gas supply
-  telecommunications 

Jo h n  H arris  
Chairman
E A S T  M ID LAN D S E L E C T R IC IT Y

4.50 Closing Rem arks from the Chair

* Factoring in changes to the N FFO  levy 
David Elliott
Director, O U  Technology Policy Group  
T H E  O P EN  U N IV ER S IT Y

2.20 EX P LA IN IN G  T H E  T E C H N IC A L  A S P E C T S  
AND EC O N O M IC S  O F  A  S U C C E S S F U L  
E N E R G Y  FR O M  W A S T E  P R O J E C T
* Retro-fitting of a  steam  turbine generator to 

an existing municipal w aste incinerator: 
Coventry W aste Reduction Unit

* Examining the econom ics and return on 
investment

* Tackling the planning problems 
David Frith
Project M anagerme

3.00 Tea and Coffee

T H E  IM PACT O F  EN V IR O N M EN TA L IS S U E S  
AND R E G U LA T IO N S

3.30 T H E  L A T E S T  EN V IR O N M EN TA L T R E N D S  
AN D P O L IC IE S : EV A LU A TIN G  T H E  
A P P LIC A T IO N  AN D IM PA CT ON U K  
P O W E R  G EN ER A T IO N
* What are the implications of the new  

sulphur protocol?
* What is on the horizon in B ru sse ls?
* How are the HMIP applying and enforcing 

the environmental regulations?
* Will greenhouse g as control affect power 

generation?
Dr J im  S k e a
Senior Fellow, H ead Environmental Group - 
S P R U
U N IV ER S IT Y  O F  S U S S E X

4.10 T H E  E C O N O M IC S  O F  C L E A N  A IR
M O D IFICA TIO N S AN D T H E  P O T E N T IA L  
IM PACT ON E L E C T R IC IT Y  P R IC E S
* The econom ics of retrofitting Flue G a s  

Desulphurisation
* Alternative methods of implementing L C P D  

and their implications
* The potential impact of the L C P D  on UK  

electricity prices
P ro fe sso r D avid N ew bery
Director, Department of Applied Econom ics
U N IV E R S IT Y  O F  C A M B R ID G E

4.50 Closing Rem arks from the Chair

5 .15  C o c k ta il R e ce p tio n
At the end of Day One, delegates 
speakers are invited by HR Ltd to 
a cocktail reception. This is an ide 
opportunity to discuss issues rais< 
at the conference with your peers 
informal and relaxed atmosphere.



2 n d  A n n u a l  C o s t ,  C o m p e t i t i o n  a n d  R e g u l a t i o n  i n  

P O W E R  G E N E R A T I O N  &  S U P P L Y

D A Y  T W O  -  F r id a y , 1 4 th  J a n u a r y  1 9 9 4

A CLO SE EXAMINATION OF THE OPERATION AND DEVELOPMENTS IN THE
ELECTRICITY POOL

9.00  

9.30

9.40

10.,

1 2 .0 0 Lunch -  At lunch you can  ch o o se  which “S p eak er Table” to sit at to d iscu ss  points raised at the 
conference with sp eak ers  and fellow delegates in a  sm aller, le s s  formal forum.

S T R E A M  A S T R E A M  B

P O W E R  G EN ER A T IO N : EC O N O M IC S  AND O P P O R T U N IT IE S  AND C H A L L E N G E S  F O R  T H E
FIN A N C E IN D U S TR IA L  E N E R G Y  P U R C H A S E R

1.30 Opening Rem arks from the Chair 1.30 Opening Rem arks from the Chair
D avid Porter Ken  G reen
C hief Executive Com m ercial Manager, Electricity & Water
A SS O C IA T IO N  O F  IN D EP E N D EN T ICI C H E M IC A L S  & P O LY M E R S
E L E C T R IC IT Y  P R O D U C E R S

1.40 AN A N A L Y S IS  O F  T H E  EC O N O M IC S  O F 1.40 E L E C T R IC IT Y  P U R C H A S IN G : A  L A R G E
P O W E R  P LA N T  IN V EST M EN T  AND STA R T- C U S T O M E R ’S  V IEW P O IN T
U P * How purchasing has changed since April
* Forecasting the impact of market 1990

developments on continued investment in * Current areas of concern
new plant build * Suggestions for improvement

* Calculât ng start-up costs Hugh Mortimer
* Securing base-load operation and analysing Com m ercial Manager, Bulk & Tonnage

B O C

Registration and Coffee

Opening Rem arks from the Chair 
P ro fe sso r D erek Bunn  
LO N DO N  B U S IN E S S  S C H O O L

D IS C O V ER IN G  T H E  L A T E S T  FRO M  T H E  
P O O L : W HAT A R E  T H E  P LA N S  FO R  T H E  
F U T U R E
* How plans are made
* Current activities
* Further plans 
Tony Cotton
Trading Director
T H E  E L E C T R IC IT Y  P O O L  O F  EN G LA N D  
AND W A L E S

P O O L  TR A D IN G  C O S T S  - W HO S H O U LD  
P A Y ?: A  G E N E R A T O R ’S  V IEW
* How should the price of electricity be set?
* W hen snould it be set? day-ahead; on-the- 

day; after-the-event
* How should trading relate to operation?
* How should the costs of Uplift be allocated? 

-  by what m echanism ? to whom?
* The impact of developments in the pool on 

income to the Generators and costs to the 
custom ers

Dr Keith Miller
Pool Developm ent M anager
N ATIO N AL P O W ER

11.00 Tea and Coffee

11.20 P A N E L  D IS C U S S IO N : D O E S  T H E  P O O L  
O P E R A T E  A S  AN E F F IC IE N T  M A R K E T ?
* Does the pool price mechanism need review?
* How could it operate more effectively? - in 

what form?
* Will demand-side bidding deliver 

competitive prices?
* Is dedicated generation (pool bypass) really 

a viable option? Avoidance of the fossil fuel 
levy

Tony Cotton
Trading Director
T H E  E L E C T R IC IT Y  P O O L  O F  EN G LA N D  
AND W A L E S

Ed d ie  C um berland
Group Contracts M anager 
H A R R IS O N S  & C R O S F IE L D

Ken G reen
Commercial Manager, Electricity & Water 
ICI C H E M IC A L S  & P O L Y M E R S

Dr Keith Miller
Pool Developm ent M anager 
N ATIO N AL P O W ER

Martin Stan ley
Pool Developm ent M anager 
M AN W EB



S T R E A M  A S T R E A M  B

the impact on profitability if none is secured  
A n g u s  M orrow  
Engineering M anager 
K E N N E D Y  & DON KIN P O W E R

2.20 S U C C E S S F U L L Y  S E C U R IN G  
D E V E L O P M E N T  F IN A N C E F O R  P O W E R  
P R O J E C T S
* Latest trends in project finance
* Sourcing finance
* Financing structures - which is best for you?
* Calculating and allocating risk
* What the banks want to know
* Taking into account legal considerations 
Jim  B arry
Director - Structured Finance  
B A R C L A Y S  B A N K

3.00 Tea and Coffee

3.20 R E A S S E S S IN G  S E L F -G E N E R A T IO N  
O P T IO N S  A G A IN S T  C O N TIN U O U S  
M A R K E T  D E V E L O P M E N T S
* Looking again at the commercial viability of 

self-generation
* Is the return on C H P  investment attractive 

enough?
-  “site” arguments, “export” arguments

* Which sectors of the market are most 
interested in C H P ?

* Re-evaluating the attractiveness of other 
energy options

* Are regulatory changes going to make 
things better or w orse?

* Focusing on the environmental factors 
affecting viability of on-site generation

N ick C o lem an  
Managing Director 
B P  E N E R G Y

2.20 C O S T - E F F E C T IV E  P U R C H A S IN G  
S T R A T E G IE S  F O R  T H E  M U LT IP LE  S IT E  
P U R C H A S E R
* Defining a  “site”
* Central Purchasing v s  individual site 

negotiation:
which is the better option for you?

* Special metering considerations
* Selecting the most appropriate supplier 

mix
A lan  Yard ley
Group En ergy  Controller 
A R G Y L L  G R O U P

3.00 Tea and Coffee

3.20 B E N E F IT IN G  FRO M  O P P O R T U N IT IE S  IN 
T H E  N EW  G A S  M A R K ET : E X P E R IE N C E S  
O F  A G A S  P U R C H A S E R
* Detailing the purchasing options
* Are the independent gas com panies 

interested in anything other than very large 
load purchasers?

* How to get the best deal
-  price
-  security of supply
-  service and support 

S tev e  H eyw ood  
Purchasing & Supply M anager 
TA TE & L Y L E  S U G A R S

P L E N A R Y

4.00 T H E  F U T U R E  F O R  N U C L E A R  P O W E R  IN T H E  U K ?
* Tackling the cost issu es -  can nuclear energy be competitive in the U K ?
* Seeking a level playing field -  can competition exist with subsid ies?
* Understanding the new market place -  what are contracts for differences?
* Can a baseload generator compete for business in the 100kW+ market? 
Peter W ebster
Sales and Marketing M anager 
N U C L E A R  E L E C T R IC

4.40 Closing Rem arks from the Chair 
P ro fe sso r D erek Bunn  
LO N DO N  B U S IN E S S  S C H O O L

4.50 C lose  of Conference

“E x c e l l e n t  c o n f e r e n c e .  P e r t i n e n t  a n d  t o p i c a l  w i t h  a  g o o d  c r o s s  s e c t i o n  o f  s p e a k e r s ” 
M r A  R e e c e ,  L e g a l  A d v is e r ,  K e r r  M c G e e  G a s  ( U K )  L td
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M E E T  O U R  O U T S T A N D I N G  F A C U L T Y  O F  K E Y  
P L A Y E R S  IN  P O W E R  G E N E R A T I O N  &  S U P P L Y

P ro fe s s o r  S te p h e n  L itt le ch ild , Director General of 
Electricity Supply has had extensive experience of 
regulation both in the UK and abroad. He advised on the 
regulatory regime for BT and the water industry and was a 
member of the Monopolies and Mergers Commission for 
six years during which time he participated in reports on 
the North and South of Scotland Electricity Boards, 
Manchester Airport and British Gas. Before his 
appointment with O FF E R , he was Professor of Commerce 
and Head of the Department of Industrial Economics and 
Business Studies at :he University of Birmingham.

M ich ae l H ope is a Partner with Andersen Consulting
and is Managing Director of their European Utilities 
Industries. Michael has worked for Andersen Consulting 
for over 19 years and has extensive experience in the 
electricity, gas and water industries. Prior to transferring 
to Europe in 1990, he was responsible for Andersen’s 
consulting practice in the Western United States and 
Canada.

N igel H a w k in s , is an Electricity Analyst with Hoare 
Govett. Previously he was Political Correspondence 
Secretary to the Prime Minister between 1984 and 1987. 
Prior to this he was employed at the Conservative 
research departmen: as Desk Officer for trade, industry 
and Energy Affairs.

Dr M ich ae l M o rriso n , has been a Director of Cam inus
Energy since 1988. He has a PhD in energy economics 
from the University of Cambridge and has also worked as 
an energy economise in the US, both as an academic and 
at the World Bank. Before joining Caminus, Michael 
worked for Shell International in Group Planning where 
he was responsible for oil market economics and 
scenario planning. He has particular experience in the oil, 
gas and electricity sectors. Dr Morrison is also a Council 
Member of the British Institute of Energy Economics.

B ill W atso n , was appointed Managing Director 
(Generation) at Eastern Electricity in June 1993. Prior to 
this, he was both Engineering Director and Business 
Development Director. Eastern Electricity’s current 
involvement in generation includes the combined cycle 
stations at Peterborough and Barking, and in two 
renewable projects. He has held the posts of Chairman of 
both Peterborough Power Ltd and Barking Power Ltd.

D av id  T h o m lin so n , is a partner in the UK practice of 
Andersen Consulting and is Director responsible for the 
Power Generation industry in Europe. He is a Chartered 
Engineer and was formerly involved in the design and 
construction of a number of major building projects. Over 
the past five years he has specialised in consulting work 
for the electricity industry and has been responsible for 
leading projects in the UK, Italy, Czech Republic and 
Portugal.

P e te r F ra n k lin , joined A G A S in March 1993 as Head of 
Marketing and Sales Co-ordinator. Peter began his 
career in energy 15 years ago, joining Shell where he 
built up a broad portfolio of experience covering market 
research, industrial fuels marketing and sales

management in the UK, petrochemicals supply and 
marketing in Italy and strategic development as Head of 
Downstream Strategic Planning in the Netherlands.

C y n th ia  D ub in , is Manager, Project Finance with 
Mission Energy. She is responsible for arranging and 
managing the project finance activities of the company in 
Europe. Additionally, Cynthia works closely with the 
business development team to ensure financeability of 
potential opportunities in the early stages of the project 
development. Before joining Mission, Cynthia was a Vice- 
President of the Mitsubishi Bank in New York City. She  
worked in the Project Finance Group, focusing primarily 
on independent power projects.

Jo h n  H a rris , has been Chairman and Chief Executive 
of East Midlands Electricity since 1990. He joined the 
electricity industry in 1955 and was appointed Chief 
Engineer at North Western Electricity Boards in 1978 and 
Deputy Chairman in 1979. Between 1978 - 1984 he 
undertook additional responsibilities as UK Director of a 
British Electricity International (BEI) contract in Saudi 
Arabia. He was Director of BEI from 1982 - 1987. John 
Harris is also a Director of National Grid Holdings.

G o rd o n  M acK erro n , is a Senior Fellow in the Energy 
Policy programme, SP R U  at the University of S u sse x .
He is an economist and has specialised for over a 
decade in the economic and policy issues in the 
electricity sector, with a particular concentration on 
nuclear power questions.

Dr D avid  E llio tt, is Senior Lecturer in The Open 
University Faculty of Technology and is Director of its 
Technology Policy Group. He worked for the UKAEA and 
the C E G B , before joining The Open University, where he 
has focused on energy policy issues.

D avid  Frith , has worked for NNC Ltd, the major project 
management and engineering company - a subsidiary of 
G E C  - since 1976. He initially worked on station 
performance predictions and commissioning tests, 
including nuclear and oil-fired plant but has since become 
involved in developing and managing new projects.

Dr J im  S k e a , is Senior Research Fellow at the SP R U  of 
the University of S u sse x  and has been the leader of the 
Environmental programme since 1991. Prior to joining the 
SP R U  in 1983 he was Visiting Assistant Professor at the 
Department of Engineering and Public Policy, Carnegie- 
Mellon University in Pittsburgh.

D av id  N ew b ery , is Director of the Department of 
Applied Economics at Cambridge and Professor of 
Applied Economics. He was a specialist advisor to the 
recent House of Commons Trade & Industry Committee 
on British Energy Policy and the Market for Coal and has 
been researching the privatisation of electricity and the 
workings of the UK energy markets. He is a member of 
the Environmental Economics Academic Panel for the 
Department of the Environment. He has spent 2 years as  
Division Chief at the World Bank and has held visiting 
Professorships at Berkeley, Princeton and Stanford.
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P ro fe sso r  D erek  B u n n , is currently Professor and 
Chairman of Decision Sciences at the London B u sin ess  
School. He had held previous appointments at Oxford 
and Stanford. Author of six books and over 70 papers in 

f the area of forecasting and decision-making, he is editor 
of the Journal of Forecasting. Professor Bunn’s research 

| in electricity capacity planning has been actively 
; supported for the past 15 years by the research councils, 

r the C E G B  and the privatised utilities.

T o ny C o tto n  is Trading Director with the Electricity  
Pool of England & W ales. Tony commenced his career 
in the transport industry and later joined the Energy, Water 
and Transport division of Coopers & Lybrand. He later 

: moved to Eastern Electricity. As Head of Contract 
\ Negotiation, Tony assisted with the establishment of the 
I trading arrangements which came into effect with the 
j establishment of the pool. In 1991 he joined the pool 
! where his main responsibility is to work with the pool 
f members to ensure that both present and future trading 
\ arrangements meet their needs and comply with 
| provisions of the Pooling and Settlements Agreement.

Keith  M iller, is he Pool Development Manager with 
. National Power. Following the vesting of the industry, he 

was responsible for the establishment of a department 
| within National Power to oversee the operation and 
I development of the electricity market and the pool. He 

represents National Power at Settlement sub-committee 
i meetings, represents generator pool members on the 

Project Board (set up to oversee the development of new 
Settlement software systems) and is chairman of the 
LOLP group. Prior to this, Keith was part of the 

! privatisation team. He led the team developing the 
i contractual and pooling arrangements required for the 
| privatisation of the electricity industry.

I Martin S ta n le y , is Pool Development Manager at 
; MANWEB. An economist, he has been at MANWEB for 
| seven years, the last five of which have been in power 

purchasing and pricing related activities. In his current 
post, he has taken an active role in the Longer Term 
Review of the pool and has represented MANWEB and 

I the R E C s  on a number of the pool working groups.

f K en  G reen , is Commercial Director, Electricity & Water 
j for ICI Chem icals & Polymers and Director of ICI’s 
Í subsidiary, Impkemix Energy, formed to trade on the pool, 
j He is deeply involved in matters associated with the theory 

t and operation of the new electricity arrangements. 
Operating within ICI’s Energy Policy and Purchasing 
Department, he was fully involved in the negotiations to 

jj agree an electricity purchase contract with Teeside Power.

-  D av id  Porter, is Chief Executive of the A IEP, the trade 
association representing around 100 companies involved 

J in nearly every generating technology in the UK. He is a 
member of the Executive Committee of the Electricity 
Pool, a member of the CBI Council and of the CB I’s 

; Energy Policy Committee.

r A n g u s M orrow, is Engineering Manager with Kennedy 
! & Donkin Power. He has over 25 years’ experience in 

power generation consultancy, most recently in the field of 
assessing and reporting on technical due diligence for

major C C G T  power projects. In addition, he has been 
responsible for a wide range of feasibility and planning 
studies for leading international lending agencies and for 
the development of software for the analysis and 
simulation of power plant performance.

J a m e s  B arry , is Project Director, Capital Projects Team  
at Barclays Bank. The Capital Projects team is part of the 
structured finance division within the Barclays de Zoete 
Wedd division of Barclays Bank and has played a major 
role in a number of the recent independent power project 
financings in the UK, including Teeside, Barking, Medway, 
NIGen and Derwent.

N ick  C o le m an , is Managing Director of B P  Energy. He 
joined BP as an engineer 20 years ago. After working in 
oil and gas field development engineering, production 
management and corporate planning, he was seconded to 
the government to work on the privatisation of the 
electricity industry in England and Wales, when he 
managed the restructuring of the industry and the 
simultaneous flotation of 12 R EC s. He is also deputy 
Chairman of the Combined Heat and Power Association.

H ugh M ortim er, is Commercial Manager, Bulk & 
Tonnage with B O C  Ltd. His responsibilities include 
electricity purchasing. He was a member of B O C ’s 
electricity privatisation team and conducted commercial 
negotiations with all members of the ES I. This resulted in 
a long term supply agreement between BO C and Scottish 
Hydro-Electric. Prior to electricity privatisation, as Senior 
Purchasing Manager, he led the BO C National Supply 
Agreements section responsible for purchasing a wide 
range of goods and services.

A lan  Y ard ley , is Group Energy Controller with Argyll 
Group. An electronics engineer by trade, Alan spent over 
two years with Argyll Group as an electrical engineer and 
is now responsible for group purchase and control of 
energy in the UK. He is customer representative for the 
M EUC and British Retail Consortium regarding the 
100KW markets and is the customer representative on the 
100KW project group, responsible for the implementation 
of the 100KW market.

S te v e  H eyw ood, is responsible for Tate & Lyle ’s
purchasing activities, including negotiating for supplies of 
energy on behalf of other members of the Tate & Lyle 
Group

P eter W eb ster, is Sales & Marketing Manager with 
Nuclear Electric, responsible for sales of electricity, 
principally to the R E C s  in the form of contracts for 
differences. Peter commenced his involvement with power 
generation working for Shell International - as Coal Sales 
Manager, Mediterranean and later in a post co-ordinating 
Shell’s worldwide Energy Management business. In 1985 
he moved to Dubai as Supply and Trading Manager, a 
role that included responsibility for local tanker 
movements during the Gulf War. More recently, Peter was 
Energy Sales Manager for Shell UK, covering industrial oil 
sales and coal imports. As Energy Sales Manager, he set 
up an electricity trading company and was awarded the 
first second tier supply licence issued to a company 
outside the ESI.

\



S E L E C T  E X A C T L Y  T H E  I N F O R M A T I O N  T H A T  I S

R E L E V A N T  T O  Y O U
( a n d  t a k e  a w a y  a  f u l l  s e t  o f  d o c u m e n t a t i o n )

D o n ’t w a s te  yo u r tim e - c h o o s e  from  21 d ifferent s e s s io n s  an d  m a k e  s u re  that w ithin th e  2  
co n c e n tra te d  d a y s  of th e  c o n fe re n c e  yo u  h e a r  o n ly  th o se  ta lk s  that a re  m o st re le v a n t to yo u r  
p articu la r b u s in e s s  a r e a  an d  c o n c e rn s . T h a n k s  to th e  s tre a m e d  form at, yo u  c a n  m ix a n d  m atch  
an d  still b e  s u re  to h e a r  in d u stry  le a d e r s  an d  k e y  e x p e rts  g ive  an  in-depth p re se n ta tio n  on y o u r  
c h o s e n  topic.
T a k e  a w a y  a  full s e t  of d o cu m e n ta tio n , in c lu d in g  p a p e rs  from  all the  s e s s io n s  yo u  d id n ’t a tten d . 
N o m atter w h at yo u r in te re sts  in P o w e r  G e n e ra t io n  an d  S u p p ly , you  will find that th is  c o n fe re n c e  
g iv e s  yo u  vital n e w  inform ation on th e  la te st d e v e lo p m e n ts . D o n ’t m is s  th is  u n iq u e  o p p ortun ity  to  
get all th e  inform ation you  n e e d  to p lan  a  s u c c e s s f u l  future!

MAKE THE RIGHT CONTACTS - TAKE ADVANTAGE OF OUR 
NETWORKING SERVICE AND SPEAKER TABLES

T a k e  a d v a n ta g e  of th is  e v e n t to m e e t yo u r in d u stry  p e e r s  a n d  c o lle a g u e s . W e  will p ro v id e  a  
netw ork ing  s e rv ic e  for all c o n fe re n c e  s p e a k e r s  a n d  d e le g a te s . S h o u ld  yo u  w ish  to co n ta c t a  
p a rticu la r d e le g a te  or s p e a k e r  ( a s  a v a ila b le )  p le a s e  le a v e  yo u r b u s in e s s  ca rd  at th e  re ce p tio n  
d e s k  with d e ta ils  of w h o  you  w ish  to b e  in tro d u ced  to. W e  will m a k e  e v e ry  effort to e n s u r e  th is  
introduction  is  m a d e . A lso , m o st s p e a k e r s  will b e  a v a ila b le  for c o n v e rsa t io n  at lu n ch e o n  ta b le s  - 
during  th e  m orn ing  co ffe e  b re a k  of th e  first c o n fe re n c e  d ay, a  list of s p e a k e r s ’ tab le  n u m b e rs  will 
b e  d isp la y e d , g iving th e  d e le g a te s  th e  opportun ity to q u e stio n  a n d  d is c u s s  p o in ts of th eir c h o ic e  
that a re  ra ise d  during  th e  c o n fe re n c e .
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T H E  R E S U L T S  O F  O U R  R E S E A R C H  W IT H  O V E R  1 2 0  S E N I O R  P O W E R  G E N E R A T IO N  A N D  
S U P P L Y  M A N A G E R S  A N D  IN D U S T R IA L  U S E R S

%  of
a u d ie n c e
in te rested

A  A d d re ss in g  k e y  reg u latio n  an d  co m p etition  is s u e s  in th e  e le ctric ity  m ark e t  
B  H o w  th e  oool co u ld  o p e ra te  m o re  e ffective ly  an d  efficiently  
C  E x a m in in g  th e  future of n u c le a r  p o w e r in th e  U K  
D  C a p ita lis in g  on n e w  b u s in e s s  o p p o rtun ities for e n e rg y  c o m p a n ie s  
E  A  c lo s e  e x am in a tio n  of ind ustria l p u rc h a s e r  is s u e s  
F  A n a ly s in g  th e  e c o n o m ic s  an d  f in a n ce  of p o w e r g e n e ra tio n  p ro je c ts  
G  E x a m in irg  th e  future of re n e w a b le s  an d  th e  im p act of e n v iro n m e n ta l re g u la tio n s  on p o w e r  

g en e ra tio n



TAKE ADVANTAGE OF THE EXTRA-CURRICULAR'ACTIVITIES AT PGS 94 
MEET YOUR PEER S AT THE CONFERENCE COCKTAIL PARTY

A cocktail reception will be held at the c lo se  of the first day of the conference - _______
Thursday 13th Jan u ary  - sponsored  by HR Ltd. T h is  is an ideal opportunity for
delegates to network with sp e a k e rs  and other conference attendees in an
informal atm osphere. ___if J [ \

MIX BUSINESS WITH PLEASURE IN LONDON - 
AN IDEAL RENDEZVOUS FOR THIS INDUSTRY FORUM

W hy not mix b u sin e ss  with p leasure  while in London for P G S  ‘94! T h is  y e a r’s  annual Pow er G eneration  
and Supply conference will be held in one of London’s  prem iere hotels, T h e  Langham  Hilton, in the heart 
of the city’s  W est End . W hy not stay the w eekend to enjoy the sites of London, the wealth of theatre, 
excellent shopping and the m any restaurants just a  short walk from the beautiful venue.

The  Langham  is truly a  top -class hotel and venue. And don’t m iss the Langham  Hilton’s  C z a r ’s  B ar - 
specialising in over 30 varieties of vodka!

SPECIAL WEEKEND BREAK RATES
If delegates w ish to bring family, T h e  Forte C re st R eg en ts Park can  offer weeknight rates of £80 .50  per 
person including breakfast. If you would like to stay the w eekend , the Forte C re st R eg en ts Park  h a s  a  
specia l w eekend break rate of £58 .00  per person per night (incl VAT) - breakfast and dinner inclusive. 
Phone the Hotel reservations on 071 388 2300.

T h e  hotel is ideally situated c lo se  to R egents Park and London Zoo. D elegates can  take a  canal trip from 
the buzzing m arket area  of C am d en  to se re n e  Little V enice. T h e  hotel is a lso  a  short d istance from the 
Planetarium  and M adam e T u ssa u d s  in B aker Street. Take advantage of the London Sightseeing  b u se s  
that run from this fam ous street.
T h e  Forte C rest R eg en ts Park is a  10 minute walk from Oxford Street and Euston and Kings C ro ss  train 
stations are a  few m inutes aw ay for e a sy  a c c e s s  to London - or trips into the Eng lish  countryside.

For those delegates wishing to explore the city, T h e  Langham  Hilton or the Forte C re st R eg en ts Park will 
be ready to an sw er your questions, suggest trips and book theatre tickets for you.

HEAR THE SESSIONS YOU MISSED
T ap es of our sp e a k e rs ’ ad d re sse s  will be a  definitive so u rce  of reference and an invaluable “aide- 
m em oire” back at the office. Should you require a  copy of any of the sp e e c h e s  p lease  a sk  at the 
conference reception d esk  for details.

TAKE ADVANTAGE OF THIS CONFERENCE AS A PLATFORM FOR YOUR
SERVICES AND PRODUCTS

A special exhibition disp lay will provide you with the opportunity to market your products and se rv ice s  to 
key industry decision  m akers.

Exhibiting at this event will add a  further dim ension to new  product or serv ice  launches, expanding into 
new m arkets or heightening your com pany profile. C om prehensive  p ack ag es are available that can  be 
tailored to m eet your b u sin ess n eed s and budget. Exhibiting at this forum also  h a s  other benefits, 
including delegate p laces  at the conference and an insert into the delegate’s  documentation pack.

There are a lso  limited opportunities to:
★  advertise in the delegate documentation pack
★  sponsor and host a  lunch or dinner

If you would like to com m unicate with the key decision m akers am ong your aud ience, call S a ra  Fairm an  
or Steve  Scott on inti 44-71-379-8040 to receive further details.
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C o n f e r e n c e  R e g i s t r a t i o n  F o r m

PO W ER  GENERATION & SU PPLY  
1 3 th  & 14 th  J a n u a r y  1994
Please complete and return to:
HR Ltd, 28th Floor, Centre Point,
103 New Oxford Street, London WC1A 1DD.
Telephone: Inti. 44-71-412-0141 Fax: Inti. 44-71-412-0145 Please do not remove this label -  It contains your customer code which we will request if you make a telephone booking

CODE: AB C DE F GHI J KL MNO 
□  Yes I would like to book on...
Please quote our reference nurrberN6286 when making a telephone booking and on the 
reverse of your cheque

REGISTRATION DETAILS

Dr/Mr/Ms FORENAME SURNAME

Title...............................................................................................
Department...............................................................................
Name of Approving Manager (Mr/Ms) (p l e a s e  p r in t )

Title..............
Department 
Company.... 
Address.......

Country....................................................Postcode..........................................................
T e l:............................................. E xt...............................F a x ...........................................
Name of Secretary in case of queries..................................................................... <q)
Nature of your company’s business.........................................................................
Number of employees on your site

0-49 □  50-99 □  100-249 □
250-499 □  500-1000 □  over 1000 □

CONFIRMATION DETAILS

HOW MUCH? FEE VAT TOTAL
£895.00 £156.63 £1051.63

Please use this form as our request for payment. All posted registrations 
must be accompanied by a cheque or credit card details.
Please debit my ACCESS □  VISA □  EUROCARD □  AMEX □

Card No [__1____ I_[ ______ HH__L ___ I I i__:__j___I ! I
Signature................................................  Expiry date.................................................
Account address if different from above.................................................................

.................................................................... Postcode....................................................
★  Confirmation will be sent only when FULL PAYMENT is 

received

CONFIRMATION DETAILS
A reservation can only be confirmed when full payment is received. On 
receipt of such payment, you will be sent a letter stating registration time 
and cancellation details, a copy of the brochure, and directions to the 
venue.

OTHER ALTERNATIVES

I would like to attend this event, but cannot so:
□  please send me details of any future relevant events
□  I am interested in buying documentation, please send me details
□  I would like to purchase the tapes of the proceedings, (where 

release has been authorised by speakers). This includes a copy of 
the documentation. Enclosed is my cheque for £376 (inc.VAT)

W H O  S H O U L D  A T T E N D ?

M a n a g e rs  in vo lved  in a ll a s p e c t s  of 
P o w e r  G e n e ra t io n  a n d  S u p p ly . W h e th e r  
y o u  a r e  from  a  G e n e ra to r  o r R e g io n a l  
E le c tr ic ity  C o m p a n y , In d e p e n d e n t G a s  
M ark e te r o r oil co m p a n y , th is  c o n fe re n c e  
h a s  so m e th in g  to offer yo u . E le c tr ic ity  
a n d  G a s  p u rc h a s e r s  will a ls o  find that 
th is  is  th e  e v e n t yo u  sh o u ld  not m iss !

A D M IN IST R A T IO N  D E T A IL S

WHEN? Thursday & Friday 13th & 14th January 1994

WHERE? The Langham Hilton, London 
1 Portland Place 
London W1N 3AA 
Tel: 071 636 1000

HOW MUCH? FEE VAT TOTAL
£895.00 £156.63 £1051.63

HOW DO I REGISTER? Three easy ways!
1. Fax us on Inti: 44-71- 412-0145, to reserve your place 

provisionally then send the completed registration form with a 
cheque or credit card details to guarantee your place.

2. Telephone us on Inti: 44-71- 412-0141, any time from 9.00 
am to 5.30 pm weekdays to reserve your place provisionally, 
then send the completed registration form with a cheque or 
credit card details to confirm your place.

3. Complete the registration form and send it with a cheque or 
credit card details to: HR Ltd, 28th Floor, Centre Point, 103 New

} Oxford Street, London WC1A 1DD

* Please note. Payment, whether by cheque, bank transfer or credit 
card, must be included with your application to guarantee your 
place and must be received before the conference date.

WHAT HAPPENS IF I HAVE TO CANCEL? A prompt refund, less 
a service charge of 10% of the fee plus VAT, will be made in 
respect of notification of cancellation received in writing at this 
office no later than 30th December 1993. Where notice is given 
between this date and 6th January 1994, refunds will be 50% of 
the fee; thereafter no refunds will be made. A substitute delegate 
is welcome at no extra charge.

CAN I PURCHASE THE DOCUMENTATION OR TAPES IF I 
CANNOT ATTEND? -  If you wish to receive copies of the 
documentation or the audio-cassette tapes (where release has 
been authorised by speakers), please tick the box on the 
registration form, complete the form and return it to HR with your 
cheque or credit card details. The fee for the tapes (which includes 
a copy of the documentation) is £376 (inc VAT)

WHAT DO I DO ABOUT INCORRECT MAILING 
INFORMATION? -  If you are receiving multiple mailings for this 
event, or perhaps there is an error in your own or your company 
details, we do apologise. To enable us to improve our service, 
please send us the incorrect brochure (with the mailing address 
label), so that we can update our database immediately.

DATA PROTECTION If you do not wish to receive other relevant 
direct mail offers, please write to the Database Manager at the 
address on the booking form.

HOTEL ACCOMMODATION: A special delegate rate has been 
organised with the Langham Hilton Hotel. Phone Hotel 
Reservations on 071-636 1000 for details stating that you are an 
HR delegate. Special weekend rates have been arranged with the 
Forte Crest Regents Park. See Inside brochure for details.
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Three d o u g h s  are m a d e  u s in g  th e  sa m e flour  
with d ifferent q u a n titie s  o f 2.5%  sa lt so lu tio n  
(usually  14, 15 an d  16 m l for 2 8  g flour). For a  
yeasted  d ou gh , 0 .3 5  g  com p ressed  y ea st is  added. 
The m ixed  d o u g h s  are p laced  in  three con ta in ers  
and allow ed to ferm ent for 3  h  at 80°F . At the end  
of ferm entation  period, th e  d ou gh  is  flattened  on  
a glazed  su rfa ce  u s in g  a  sp a tu la  to  rem ove gas. 
It is  cu t  in to  sm a ll s tr ip s  an d  loaded  in to  th e  g u n  
of the in stru m en t for ex tru sio n  by releasin g  th e  
w eight on  th e  g u n . T he tim e ta k en  for the p iston  
to travel 1 cm  d ow n  th e  g u n , w h ich  is  equal to  
the one revo lu tion  o f th e  n eed le  o f  th e  dial gau ge, 
is  recorded. T he sa m e  p ro c e ss  is  repeated  w ith  
other two sa m p le s  o f th e  d ou gh s. A graph on  th e  
logarithm ic graph  p ap er  o f ex tru sion  tim e aga in st  
the am o u n t o f w a ter  ad d ed  is  p lotted. A stra ight  
line is  draw n th ro u gh  th e  three p o in ts  and w ater  
absorption  is  recorded  from  th e  p oint at w h ich  th e  
line c u ts  th e  5 0  se c  line. T he p o in ts  sh o u ld  be  
distributed  above an d  b elow  th a t o f  th e  5 0  sec  tim e  
and, accordingly, th e  te s t  is  rep eated  w ith  am en d ed  
w ater ab so rp tio n s. W h en  u n y ea sted  d ou g h s are 
u sed , the re laxa tion  tim e o f lh  in stea d  of 3  h  is  
allow ed  b e tw e e n  m ix in g  a n d  ex tru d in g . T he  
rep rod u cib ility  o f  d a ta  c a n  b e  im p roved  by  
tem perature control an d  u s e  o f eq u ip m en t for 
sh ap in g  th e  te s t  p iece s  (M uller an d  B aren  1958). 
The m easu r in g  range o f in stru m en t ca n  be enlarged  
by ch an gin g  th e  w eigh t on  th e  p lu n ger  (W ensveen  
and D eM iranda 1955).
Extensograph

The ex ten sog rap h  records a  lo ad -ex ten sion  
curve for te s t  p iece  o f d ou gh  stre tch ed  u n til it 
b r e a k s  (AACC 1 9 8 0 ) .  T h e  e x t e n s o g r a p h  
m ea su rem en ts  are em pirical in  n atu re an d  difficult 
to be in terpreted  in  term s o f b a s ic  rheological 
p rop erties b e c a u s e  o f in h eren t d ifficu lties  in  
sep aratin g v is c o u s  from  e la stic  com p o n en ts in  load  
exten sion  cu rves an d  a lso  d u e to  th e  n on -id ea l 
v isco -e la stic  b eh av iou r  o f w h ea t flour dough. The 
m ea su rem en ts  are u se d  for a s se s s in g  the quality  
of flour an d  a lso  its  r e sp o n se  to im proving agen ts. 
The b a s ic  p arts o f ex ten sog rap h  are cradle, cradle 
clip, m otor, s tre tch in g  h ook , levelling system , sca le  
head, d am p er an d  kym ograph (Sietz 1991). 
P r o c e d u r e  : The w a ter  ab sorp tion  o f flour is  
determ ined u s in g  farinograph . D ou gh  is  prepared  
in  large farinograph bow l u s in g  3 0 0  g  flour (14%  
m oisture), w ater a n d  6  g  sa lt. T he am o u n t of w ater  
u sed  is  eq u ivalen t to  farinograph w ater absorption  
m in u s 2% to co m p en sa te  for th e  effect o f sa lt. The

d ough  is  m ixed  for 1 m in , rested  for 5 m in  and  
the m ix ing con tin u ed  till th e  p eak  reach ed  5 0 0  BU  
line. The dough  is  sca led  to  150  g an d  rounded  
by applying 2 0  revo lu tion s in  th e  rounder. The 
d ough  ball is  th en  sh a p ed  in to  -a cylindrical p iece  
in  th e sh ap in g  u n it, c lam p ed  in  th e  grea sed  holder  
an d  kep t in  hum id ifier ch am b er. R em ain d er of 
d ough  is  u se d  for rep licate te st . A fter 4 5  m in  of 
rest, th e  te s t  sa m p le  is  p laced  on  th e  b a lan ce  arm  
of exten sograp h  an d  th e  p en  is  ad ju sted  to  th e  zero 
p osition  o f th e  chart.

B y startin g  an d  ru n n in g  th e  stre tch in g  hook, 
the load  ex ten sio n  curve is  recorded  till th e  te st  
p iece breaks. The d ou gh  is  resh a p ed  a s  before and  
the te st  repeated  at 9 0  an d  135 m in  re st  periods. 
A typical ex ten sogram  is  sh o w n  in  F ig .4 .

Fig.4. Typical extensogram : R) resistance to extension,
E) extensibility and A) area.

The m ea su rem en ts  m ad e o n  lo a d -ex ten sio n  cu rves  
or exten sogram s are :
R e s i s t a n c e  to  e x t e n s i o n  : It is  th e  h e ig h t o f th e  curve  
at m axim u m  in  BU.
E xten sib ility : It is  th e  to ta l len g th  o f th e  curve in  cm. 
A r e a  : It is  th e  area u n d er  curve (sq. cm) and is  
m easu red  u s in g  a  p lan im eter.
R a t i o  f i g u r e  : It is  th e  ratio b etw een  res ista n ce  to  
ex ten sion  and th e  exten sib ility .

The ex ten sog ram s ca n  be c la ssified  a s  w eak, 
m ed iu m , strong and very stron g b a sed  o n  dough  
strength . F lours th a t give areas, le s s  th a n  8 0  cm 2 
and b etw een  8 0 -1 2 0  cm 2 are w ea k  an d  m edium , 
respectively. The area s o f 1 2 0 -2 0 0  cm 2 an d  m ore 
th an  2 0 0  cm 2 are con sid ered  a s  stro n g  an d  very  
strong, respectively. S im ilarly, flou rs w ith  low  
exten sib ility  are c la ssified  a s  sh o r t or b u ck , while 
th o se  w ith  high exten sib ility  are k n ow n  a s  extensib le  
an d  pliable (Preston an d  H o sen ey  1991).
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O th er  e x te n s o g r a p h  p r o c e d u r e s  in c lu d e  
stru ctu ral relaxation  m eth o d  b y  D em p ster  et al. 
(1952 , 19 53 , 1955) an d  w ork tech n iq u e  m eth od  b y  
M uller et al. (1 9 6 1 , 19 62 , 1963).
S t r u c t u r a l  r e l a x a t i o n  m e t h o d  : T he s tru c tu ra l  
relaxation  m eth od  sh o w s th e  ch a n g es  In resista n ce  
to ex ten sio n  at a  co n sta n t rate of ex ten sion , a s  th e  
relaxation  tim e b etw een  m old in g  and stre tch in g  of 
dough is  in creased . T im e d ep en d en t ox id ation  is  
m easu red  in  th is  stu d y . In th e  w ork tech n iq u e, th e  
dough is  stretch ed  *o va rio u s p re-defined  res ista n ce  
va lu es  prior to rupture, the m ovem en t o f the h ook  
is  reversed to  allow  th e  te s t  p iece  to recover and  
the hook  is  m oved  d ow nw ard s after a fixed tim e  
period, u n til it c o n ta c ts  dough . The m ovem en t of 
hook  is  reversed  again  and th e  effective m a ss  of  
the d ough  is  th en  m ea su red  (M uller et al. 1961). 
A n alysis o f r e su lts  en a b les  to sep ara te  th e  v isc o u s  
an d  th e  e la s t ic  c o m p o n e n ts  o f  th e  d o u g h . 
E xtensograph ch ara cter istics  d ep en d  m ain ly  on  
length  of rest period allow ed b etw een  sh ap in g  and  
stretch in g o f dough . The ch an g e  in  load  w ith  rest 
period is  the b a s is  for d eterm in ation  o f stru ctu ra l 
relaxation.
P r o c e d u r e  : D ough  is  m ad e from  2 0 0  g flour (14%  
m oisture), 1% sa lt and  w ater b a sed  on  farinograph  
w ater ab sorption  (m in u s 4%) and m ix in g  for 2 .5  
m in  in  a G rain R esearch  Laboratory m ixer. The  
dough is  sca led  to 15 0  g and p laced  at 30°C  and  
95% RH. A  total o f  s ix  te s t  p iece s  are m ad e for 
com plete stru ctu ral relaxation  curve. At th e  en d  of 
the rest period, the d ough  p ieces  are sh ap ed  and  
clam ped and th e load ex ten sion  cu rves are recorded. 
The rest period u se d  are 5, 10, 25 , 4 5 , 75  and  
105 m in. From  th e  curve, th e  res ista n ce  at th e  end  
of 7 cm  ex ten sio n  is  read. The prod u ct o f load  and  
rest period along y -a x is  are p lotted  ag a in st rest  
period on  x -a x is , w h ich  g ives lin ear tran sform ation  
of s tr e ss  relaxation  curve. From  th e  curve, the  
structural relaxation  con ten t an d  asym p totic  load  
(La), are determ ined  from  th e in tercep t an d  slope  
of the line , respectively . T h ese  d eterm in ation s  
define th e d ough  properties.
V a r i a t i o n s  i n  m e t h o d s  : B o th  th e  m e th o d s  
recom m ended b y  A m erican  A sso c ia tio n  o f Cereal 
C h em ists  (AACC 1983) an d  th e  In tern ation a l 
A ssocia tion  for Cereal C h em istiy  (ICC 1980) em ploy  
3 0 0  g flour (14% m .b .), 6  g sa lt  an d  w ater to obtain  
dough co n s isten cy  of 5 0 0  BU. In ICC m ethod , 
dough is  m ixed  for exactly  5 m in , w h ile  it is  m ixed  
for 1 m in , rested  for 5 m in . and th en  m ixed  to  
p eak  co n s isten cy  in  AACC m ethod . T h u s, th e  
w orking o f th e  d ough  and effect o f  oxygen  during

m ix in g  are h eld  c o n sta n t in  ICC m eth o d , w h erea s , 
d ough  d evelop m en t is  op tim al b u t w ork  in p u t an d  
oxid ation  are variable in  th e  AACC m eth od . T h ese  
differences ca n  resu lt in  d ifferent ex ten so g ra p h  
ch ara cter istics  for th e  sa m e flou r (M uller an d  
H lynka 1964). T h ese  tw o m e th o d s  are id en tica l 
b eyon d  th e  m ix in g  sta g e  o f th e  m ethod ology .

The Royal A u stra lian  C h em ical In stitu te  (RACI,
1988) h a s  p u b lish ed  a sta n d a rd  ex ten so g ra p h  
m ethod . Strong flou rs are m ix ed  for 5 m in , w h ile  
b iscu it flou rs are m ixed  for 1 m in , rested  for 3 0  
sec , th en  m ixed  for furth er 3 0  se c . After th is  m ix in g  
m ethodology , the furth er proced u re is  th e  sa m e  a s  
in  AACC and ICC m eth o d s. R ep rod u cib ility  o f  
v a lu es  is  reported to b e  b etter  at 4 5  m in  th a n  at 
135 m in  rest period in  ICC m eth o d . T he h ig h er  
degree of ox id ation  d u e to  lon ger ex p o su re  to air 
is  probably resp on sib le  for h ig h er  r e s is ta n c e  to  
ex ten sio n  v a lu e s  an d  sh orter  ex ten sib ility  v a lu e s  at 
135 m in  th a n  at 4 5  m in  rest period  (Aitken et al. 
1944).

S m all sca le  p roced u res u s in g  d ou gh  p iece s  
w eigh in g  7 5  g or le s s  h ave b een  d escr ib ed  b y  O liver
(1979) an d  B abyak in  an d  Ish in a  (1981). T he s tu d ie s  
on th e  u se  of exten sograp h  for d eterm in in g  th e  
quality o f  flour; th e  effect o f  in g red ien ts  like  
ox id an ts an d  related  co m p o u n d s, lip id s, sa lt , pH, 
oth er ingredients; an d  p ro cess in g  co n d itio n s  like  
m ixing, rest periods, ab so rp tio n  an d  tem p eratu re, 
h ave b een  review ed b y  P resto n  an d  H osen ey  (1991).
C h o p in  A lv eo g ra p h

The C hopin  alveograph c o n s is t s  o f  th e  m ixer, 
b u bb le b low ing portion  an d  record in g m a n o m eter  
(K ent-Jones an d  A m os 1967). T he m ixer an d  th e  
alveograph are m ain ta in ed  at a co n sta n t tem perature  
of 25°C . The m oistu re  o f th e  flour is  d eterm in ed  
an d  th e  q u an tity  o f  2.5%  sa lt  so lu tio n  to  b e  added  
to  2 5 0  g flour (15%, m .b .) is  ca lcu la ted . T he flour  
is  tak en  into th e  m ixer, the ca lcu la ted  sa lt  w ater  
is  added an d  th e  m ix in g  is  carried ou t for 7 m in . 
The m ixer is  stop p ed  an d  th e  sm a ll sh u tte r  o n  th e  
sid e of th e  m ixer is  ra ised . The m ixer is  started  
again  to  expel th e  d ou gh  in  th e  form  o f a narrow  
strip . T he sm all s tee l p la te, o n  w h ich  th e  d ou gh  
extru d es, is  oiled an d  th e  first 2 in c h e s  d ou gh  
discarded . Four p ieces  o f d ou gh  are cu t off a n d  
p laced  on  a g la s s  p late. E ach  p iece  o f d o u g h  is  
cu t in to a circu lar d isc , oiled , k ep t in  tem p erin g  
com p artm en t an d  relaxed  for 2 0  m in . T he d ou gh  
p ieces  are tested  in d iv id u ally  o n  th e  a lveograph  b y  
b ein g  b low n into b u b b le s  an d  four su p er -im p o sed  
cu rves are recorded (K en t-Jon es an d  A m o s 1967).
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The m easu rem en t is  b a sed  on  th e  p ressu re  atta in ed  
by a carefully controlled  flow  o f air a g a in st a dough  
sh eet u n til th e  exten d ed  d ou gh  m em b ran e b u rsts . 
The dough p iece is  held  b etw een  tw o m eta l p la tes, 
the upper one hav in g  a circu lar hole o f 5 8  m m  
in diam eter, throu gh  w h ich  th e  exp an ding  d ough  
bubble r ises , w h ile  th e low er p la te is  provided w ith  
a sm all air valve. T he air valve lea d s to  a sm all 
air cham ber, s itu a ted  b en ea th  the b ottom  plate. 
This air ch am b er is  co n n ected  to  a large b u rette  
w hich provides th e  air p ressu re  b y  d isp lacin g  th e  
air for water. The air ch am b er is  a lso  con n ected  
to a m an om eter w h ich  records the air p ressu re  
w ithin  the d ough  b u b b le  a g a in st tim e (Pyler 1979). 
The typical curve ob ta in ed  is  sh o w n  in  F ig .5.

D I S T A N C E  T O  R U P T U R E  ( m m )
Fig. 5. Typical alveogram : S) area, H) peak height and L) length 

of curve.
The m ea su rem en ts  recorded  are a s  follow s :
A r e a  : The area o f th e  curve is  ob tained  in  sq. cm  
by m ea n s o f a  p lan im eter an d  is  fou n d  to  be related  
to the baking stren g th  o f flour.
P e a k  h e i g h t  : The p eak  h eight (mm) is  fou n d  to  
be related to th e  stab ility  o f  th e  d ou gh .
L e n g t h  : The length  o f th e  cu rve (mm) g ives th e  
stretch ing pow er o f th e  dough.
S w e l l i n g  i n d e x  : It is  sq u are  root o f  th e vo lu m e of  
the air (ml) u se d  to b low  th e  b u bb le . (G=\|Vrupt)
D o u g h  t e n a c i t y  : It is  ca lcu la ted  b y  m u ltip ly in g  th e  
height of th e  curve b y  1.1. P is  an  in d icator of 
the resistan ce  to deform ation.
P / L  r a tio  : It is  a n  in d ica tion  o f th e b a lan ce  o f  
elastic to v isc o u s  co m p o n en ts  in  a dough.
T h e  d e f o r m a t i o n  e n e r g y  (W ) : It is  th e  m ech an ica l 
work in  103 ergs to  b low  th e  b u b b le  per g d ough  
and is  ca lcu la ted  b y  W  = 6 .5 4  x  G x  103.

Unlike exten sograp h , the alveograph d o es  n ot 
show  the effect of flour im provers. T h is lim ita tion

is  overcom e b y  sp ec ia l p roced u res w h ich  provide 
for longer reaction  tim es  for s tru ctu ra l activation  
(B ennett an d  C oppock 1952; H lynka an d  B arth  
1 9 5 5 ) . T h e  a d v a n ta g e  o f  a lv e o g r a p h  o v er  
exten sograp h  is  th e  m od e o f ex p a n sio n  o f dough . 
The d ou gh  ex p a n d s in  on e d irection  at a  co n sta n t  
rate o f  ex te n s io n  in  ex ten so g ra p h , w h ile  th e  
ex p a n sio n  is  in  tw o d irectio n s a n d  th e  rate of  
ex p a n sio n  v a r ies a s  th e  b u b b le  grow s in  alveograph. 
T h is actio n  is  m ore rela ted  to th e  actio n  o n  a p iece  
of d ou gh  d u rin g  ferm en tation  an d  th e  early  s ta g e s  
of b ak in g  (Launay an d  B u re 1977).
H agb erg  F a llin g  N u m b er

The H agberg falling n u m b er  is  b a sed  o n  the  
princip le o f S to k e’s  law , excep t th a t a sp ecia lly  
d esign ed  stirrer is  u se d  in  p la ce  o f a  fa llin g sp h ere  
(Sh u ey 1974). T he in stru m en t u tilizes  th e  princip le  
of th e  rapid gela tin iza tion  o f a  flour su sp e n s io n  
w ith  su b seq u en t m ea su rem en t o f th e  liqu efaction  
of th e  sta rch  throu gh  th e  actio n  o f a lp h a -a m yla se . 
F alling n u m b er is  th e  tim e (sec) required  to stir  
an d  allow  a v iscom eter-stirrer  to  fall a  fixed  
d ista n ce  throu gh  a h o t a q u e o u s  flour su sp e n s io n  
w h ich  is  u n d ergoin g  liqu efaction .
P r o c e d u r e  : The w ater in  th e  b a th  is  b rou g h t to  
boil an d  th e  b oiling co n tin u ed  d u rin g  th e  test. 
S even  g  flour sa m p le  is  w eigh ed  an d  2 5  m l d istilled  
w ater at 20°C  is  ta k en  in to  th e  v isco m eter  tub e. 
The flour is  transferred  in to  th e  v isco m eter  tub e. 
The flour w ater su sp e n s io n  is  m a d e  b y  p la c in g  a  
stop p er  in  th e  tu b e  an d  in vertin g  it 10 tim es. The  
u p p er part o f tu b e  is  scrap p ed  w ith  th e  v iscom eter  
stirrer. T he v iscom eter  tu b e  is  p laced  w ith  th e  
stirrer in  th e  b oiling w ater b a th  an d  th e  tim er  
started . The in stru m en t s tir s  th e  flour w ater  
su sp e n s io n  au tom a tica lly  for 6 0  se c  an d  lea v es  th e  
stirrer at th e  top o f th e  gel. T he stirrer, d u e  to  
its  ow n  w eigh t, m o v es d ow n  d u rin g  th e  liqu efaction  
of starch  gel b y  a lp h a -a m yla se . W hen  th e  stirrer  
t o u c h e s  t h e  lo w e r  e d g e , t h e  t im e r  s t o p s  
autom atica lly , g ives th e  a larm  an d  th e  tim e in  sec  
is  n oted  o n  the cou n ter. F alling n u m b er  is  in versely  
proportional to  the a lp h a -a m y la se  activ ity. T he  
liqu efaction  n u m b er w h ich  is  d irectly  proportional 
to a lp h a -a m yla se  activ ity is  g iven  by

Liquefaction n u m b er = ----------------------------------F alling n u m b e r - 50
The w eigh t o f w h ea t grou n d  for preparing th e  

sam p le  (Tipples 1971) an d  d im en sio n s  o f tube  
(M eredith 1970) in flu en ce  th e  falling num ber. 
G reenw ay an d  N eu stad t (1967) reported that w ater
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b ath  level, tem peratu re o f w ater, w eigh t o f sam p le, 
vo lu m e o f w ater u sed , particle s ize  o f  flour, m ill 
u sed  for grinding, m eth o d  o f su sp en d in g  flour, 
severity of m ix in g an d  b lea ch in g  of flour affect th e  
falling n u m ber to  varying d egrees.
Brabender Visco-amylograph

It m ea su res  th e  ch an g e  in  v isco sity  o f flour  
and w ater su sp e n s io n  a s  th e  tem peratu re is  raised  
at uniform  rate. T he in stru m en t record s th e  
gelatin ization  tem peratu re, th e  m ax im u m  v isco sity  
on  h eatin g , th e  v isco sity  o f  th e  p a ste  at th e  end  
of cook ing, th e  v isco s ity  in crea se  on  coo ling  and  
the v iscosity  o f  the co ld  p a ste  (R asper 1980). The  
visco-am ylograph  c o n s is ts  o f a  bow l an d  a stirrer  
w hich  is  co n n ected  to a h ighly  sen sitiv e  m easu r in g  
spring cartridge. The bow l is  rotated  at a  uniform  
sp eed  (75 rpm) an d  th e  stirrer d eflects  d ep en d in g  
on  the v isco sity  c f  th e  sam p le . T he res ista n ce  
en cou n tered  is  tran sm itted  to  th e  sp rin g sy stem  
and co n tin u o u sly  recorded  b y  th e  recording sy stem . 
Tem perature is  controlled  b y  th e  therm oregulator. 
Cooling is  effected  b y  w ater c ircu lation  an d  a 
solenoid  valve con tro ls  th e su p p ly  o f water. W hen  
in creasin g or d ecreasin g  th e  tem perature during  
test, a syn ch ron ou s m otor drives the therm oregulator  
up or dow n b y  th e  gear train . T he entire sy stem  
is  program m ed b y  a p re-se t tim er w h ich  m on itors  
the te st  run. The se n s in g  e lem en t c o n s is ts  o f a 
plate to w h ich  sev en  p in s  are attach ed . T his  
elem ent a c ts  a s  a stirrer and is  a n  ex ten s io n  of  
a sh aft w h ich  is  con n ected  to  a calibrated  spring. 
The drag o f the sh aft a g a in st th e  res ista n ce  o f th e  
calibrated spring cartridge w eigh in g  sy stem  d ep en d s  
on  the v isco sity  of the te s t  slurry an d  is  recorded  
on  chart paper in  torque u n its  in  term s o f cm  g 
or B rabender u n its . The in stru m en t covers th e  
range of 0  to 1 0 0 0  BU  or 0  to 5 0 0 0  CP. The range  
can  be in creased  w ith  th e  ad d ition  o f w eigh ts. 
P r o c e d u r e  : A  flour sam p le  o f 10 0  g on  14% 
m oistu re b a s is  an d  citric a c id -d iso d iu m  p h osp h ate  
buffer so lu tio n  (pH 5 .3  and 4 6 0  m l of buffer) are 
placed in  the bow l. T he in stru m en t is  p u t on  w ith  
the therm oregulator en gaged . T he tem perature r ise s  
at a rate of 1 .5 °C /m in . D uring h eatin g , th e  v isco sity  
of the su sp e n s io n  in crea se s  a s  th e  gelatin iza tion  
tem perature o f the sta rch  is  reached , w h ile  at th e  
sam e tim e, the sta rch  gel is  liquefied  b y  th e  
am ylase  activity. The v isco sity  b eg in s  to  decrease  
w h en  liqu efaction  rate is  greater th a n  gel form ation. 
T h u s, th e  p eak  v isco sity  m easu red  is  in versely  
proportional to a lp h a -a m yla se  activity.
A A C C  p r o c e d u r e  : W ith 100  g of flour on  14%

m oistu re  b a s is  an d  4 6 0  m l b uffer so lu tio n , th e  p ea k  
v isco s ity  in  BU  is  d eterm in ed . T h is v a lu e  is  ca lled  
a s  th e  m alt in d ex  o f th e  flour. T he effect o f d ifferent 
m alt flours or v a iy in g  lev els  o f  m alt flou r c a n  b e  
determ ined.
IC C  p r o c e d u r e  : W ith 8 0  g  o f w h ea t flou r  or Rye 
flour, w eighed  on  14% m oistu re  b a s is , an d  4 5 0  m l 
of w ater, th e  te st  is  con d u cted . T he te s t  is  r u n  from  
in itia l tem peratu re o f 30°C  to  fin a l tem p era tu re  
of 96°C for 4 4  m in . The v isco sity  at 96°C  is  recorded.

S p ecia l rapid am ylograph  a c c e sso r ie s  red u ce  
th e  ru n n in g  tim e to  ob ta in  cu rve in  5 to  15 m in . 
The in stru m en t is  a lso  availab le w ith  a u to m a tic  
program m es. W ith a m odified  p roced u re, th e  a lp h a -  
am ylase  activ ity  in  fu n gal a m y la se  p rep aration  ca n  
a lso  be determ ined.

The v isco-am ylograp h  h a s  b e e n  ad o p ted  for 
m a n y  ty p es  o f m ateria ls  (T ipples 1980). W h en  u s in g  
stan d ard  procedure, a w ater s u sp e n s io n  o f s ta rch  
or sta rch y  m ateria l is  h ea ted  from  25°C  to  95°C  
at th e  uniform  rate of 1.5 °C /m in  an d  u n d er  co n sta n t  
stirring at 7 5  rpm . T he sa m p le  is  m a in ta in ed  at 
95°C  for 3 0  m in , w h ile  b ein g  c o n tin u o u s ly  stirred . 
The p a ste  is, th en , coo led  d ow n  to  50°C  at th e  
sp ecified  rate o f 1 .5 °C /m in  an d  h e ld  a t th e  
tem perature for another 3 0  m in . A  typical am ylogram  
is  sh o w n  in  Fig. 6.

Fig.6. Typical amylogram : A) gelatinization temperature, D) 
peak viscosity, C) viscosity at 95°C, D) viscosity after 
cooking for 30 min at 95°C, E-D) Set-back and F) 
viscosity after holding for 30 min at 50°C.

The v isco-am ylograp h  is  u se d  to  d eterm in e th e  
follow ing p aram eters :
G e l a t i n i z a t i o n  t e m p e r a t u r e  : It is  th e  tem p eratu re  
at w h ich  starch  sta r ts  gelatin izing .
P e a k  v i s c o s i t y  : It is  the v isco s ity  in  B U  at p ea k  
irrespective of tem peratu re at w h ich  it is  a tta in ed . 
V i s c o s i t y  a t  9 5 ° C  : It is  v isco s ity  in  B U  on  a tta in in g  
95°C  tem perature. T he rela tion  o f th is  v a lu e  to  p ea k  
v isco s ity  reflects th e  ea se  of cook in g  th e  sta rch . 
V i s c o s i t y  a f t e r  c o o l in g  f o r  3 0  m i n  a t  9 5 ° C  : It is  
v isco s ity  in  BU  after hold in g  period  o f 3 0  m in  at
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95°C. It illu stra tes  the sta b ility  o f p a ste  during  
cooking.
S e t  b a c k  : T h is is  th e d ifference in  v isco sity  after 
cooking at 95°C  an d  coo lin g  to 50°C. It reflects the  
rétrogradation ten d en cy  o f sta rch , w ith  inhib ited  
starch exh ib iting m in im u m  v isco sity  in crea se  on  
cooling.
V is c o s i ty  a f t e r  3 0  m i n  a t  5 0 ° C  : It is  v isco sity  after  
3 0  m in  of hold in g  at 50°C . It in d ica tes  th e  stab ility  
of cooked p aste .
Expansograph

It m ea su res  th e  g a s  retain ed  by th e  ferm enting  
dough. The d ough  vo lu m e during ferm entation  is  
registered in  th e  form  o f a  curve (S h u ey  1974).

D ough prepared w ith  2 0  g  flour, 2.5%  yea st, 
50-55%  w ater and 2.0%  sa lt is  kept at 30°C con stan t  
tem perature during ferm en tation  in  a v e sse l filled  
with water. The w ater level r ise s  d u e to th e  
exp an sion  o f th e  dou gh . T he g a s  reta in in g  ability  
of the dough is  related  to th e  w ater level w hich  
is m easu red  an d  recorded b y  a m an om eter. The  
tem perature is  au tom atica lly  regu lated  b y  a bu ilt- 
in therm ostat. The typ ica l exp an sogram  is  sh ow n  
in Fig. 7.

Fig.7. Typical expansogram : A) stability, B) gas retention 
capacity and C) area

The follow ing p aram eters are m easured:
S t a b i l i t y  : It is  th e d ista n ce  b etw een  the p o in ts  
where the curve c u ts  2 0  m m  line. The m ore th e  
distan ce, the stronger is  th e  flour.
G a s  r e t e n t i o n  a b i l i t y  : It is  th e  h eigh t o f th e curve  
from 5 m m  lin e to  its  m axim u m .
A r e a  : The area above 2 0  m m  line is  m easu red  
u sin g  p lanim eter.

It is  s tre ssed  th a t th e  h eig h t o f the curve  
ind icates m ax im u m  d ough  vo lu m e. The dough  
holding large vo lu m e o f g a s  for longer period

in d ica tes  b etter  b ak in g  q u ality  th a n  a d ou gh  that 
co lla p ses  in  a sh ort tim e after a tta in in g  sam e  
volum e.
Brabender Maturograph

It is  u s e d  to  d e te r m in e  t h e  p r o o fin g  
ch ara cter istics  of ferm entin g  d ou gh  (Seibel 1968; 
S h u ey  1974). T he d ou gh  is  p repared  u s in g  a 
stan d ard  recipe con ta in in g  3 0 0  g  flour, 3  g  y ea st,
4 .5  g  sa lt, 3  g  fat, 3  g  su g a r  an d  variable w ater. 
The d ough  is  m ixed  in  farinograph for 5  m in  and  
15 0  g  d ough  is  allow ed to  ferm en t at 30°C  and  
85%  RH for 6 0  m in . T he m atu rograp h  records the  
proofing b eh av iou r o f d ou gh  th rou gh  a  sen s in g  
probe w h ich  to u ch es  th e  d ou gh . W ith th e  additional 
lo ad in g  on  th e  s e n s in g  probe, w h ich  occu rs  
periodically, th e  e la stic ity  o f  th e  ferm entin g  dough  
is  recorded. The se n s in g  probe an d  cou n ter-w eigh t 
are con n ected  b y  a stee l b an d . T he la tter  is  gu ided  
over a p u lley  w h ich  is  fr iction less. T he sen s in g  
probe co n ta c ts  th e  d ou gh  w ith  a w eigh t o f 5  g  and  
th e  in creasin g  vo lu m e o f d ou gh  lifts th e  sen s in g  
probe. The m ovem en t is  tran sm itted  an d  recorded  
on  a chart. A  cam  lever eq u ilib ra tes th e  cou n ter  
w eigh t via lever arm  an d  d rop s fu ll w eigh t of  
se n s in g  probe on  th e  d ou gh  for a sh ort period. The  
sen s in g  probe p en etra tes  th e  d ou gh  an d  th e  depth  
of th e  p en etration  d ep en d s o n  th e  e la stic ity  of th e  
d ou gh  an d  its  g a s  p ressu re . T he cycle  is  repeated  
every 2 m in  w h ich  p ro d u ces  th e  typ ica l zig zag  
curve. The curve r ise s  u n til m ax im u m  dough  
m atu rity  is  a tta in ed  an d  drops thereafter. The  
typ ical m aturogram  is  sh o w n  in  F ig.8.

Fig.8. Typical maturogram: A) final proof, B) proofing stability, 
C) elasticity and D) dough level

V arious m ea su rem en ts  are :
F in a l  p r o o f  : It is  th e tim e in  m in  from  th e start 
of final proof to th e  first drop o f th e  curve after  
th e  m axim u m . T his in d ica tes  op tim u m  m aturity.
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P r o o f in g  s t a b i l i t y  : It is  the stab ility  at th e p eak  
m easu red  u s in g  sten cil. T h is in d ica tes  to leran ce in  
m in  during w h ich  th e  lo a f h a s  to  b e p u t in to  th e  
oven.
E l a s t i c i t y  : It is  th e  b an d  w id th  in  BU  at p eak  w hich  
sh ow s e la stic ity  of th e  dough.
D o u g h  l e v e l  : It is  th e  h eigh t o f the curve in  BU  
at the peak.
Brabender Oven-rise Recorder

T h is in stru m en t records ch an g e  in  vo lu m e of 
dough during b ak in g  (Sh u ey  1974). After proof 
period (as determ ined  in  m aturograph), a sep arate  
test p iece o f 5 0  g h eld  at 30°C  an d  85%  RH, is  
kept in  a m eta l b a sk et an d  is  b ak ed  in  a n  oilbath  
h eated  from  30°C  to 100°C for 22  m in . The  
su sp e n s io n  h ook  is  con n ected  to  a sca le  h ead  
w h ich , in  turn , is  linked  to  th e  chart recorder. The  
volum e of the d ough  in crea ses  w ith  th e  tem perature  
and th e  te st  p iece a sc e n d s  in  th e  oilbath . T his  
action  is  sen sed  b y  th e  sca le  sy s tem  an d  recorded. 
A typical curve is  sh o w n  in  F ig.9.

Fig.9. typical oven-rise recorder curve : A) dough volume, B) 
baking volume and C) oven-rise.

The curve is  eva lu ated  for th e  follow ing criteria :
D o u g h  v o l u m e  : It is  th e  h eig h t o f  th e  curve at th e  
b egin n in g  o f th e te st  an d  in d ica tes  the vo lu m e of 
dough  at th e start o f b ak in g  period.
B a k i n g  v o l u m e  : It is  ;h e  h eigh t o f th e  curve after 
22 m in  at th e  en d  of test.

O v e n  r i s e  : It is  th e  d ifference b e tw een  fin a l vo lu m e  
an d  d ough  vo lu m e.

There are tw o d raw b ack s in  m ea su r e m e n ts  
from  th is  in stru m en t. The tem p era tu re  applied  to  
d ou gh  in  a c tu a l b ak in g  is  n o t gra d u a l a s  is  th e  
c a s e  in  th is  in s tr u m e n t . T h e d if fe r e n c e s  in  
tem peratu re lag an d  im m ersin g  th e  d ou gh  in  oil 
a s  aga in st th e  h o t m o ist  air in  a n  ov en  vary  w ith  
th e  b ak in g  p rocess.
Conclusion

In recen t yea rs, efforts are b ein g  m a d e  to  
m odify th e  in stru m en ts  an d  p roced u res to  su it  to  
sm aller flour sam p le size. T h is h a s  sh o w n  u se fu ln e s s  
in  th e  d evelop m en t o f n ew er cu ltiv a rs b y  th e  
breeders. S om e d evelop m en ts h ave a lso  ta k en  p lace  
in  red u cin g  th e  tim e for d eterm in ation  an d  a lso  to  
find ou t th e  effect of va r io u s lev e ls  o f d ifferent 
in gred ien ts on  the d ou gh  properties.

The d eterm in ation  of rh eological ch a ra cter istic s  
of w h ea t flour d ou gh  is  b ecom in g  fa ster  w ith  th e  
in crea sed  u se  of com p u ters w ith  recording o f cu rv es  
on  a com p u ter  throu gh  su b st itu tio n  o f tra n sd u cer -  
com p u ter com b in ation  for th e  p en  recording sy stem . 
T h is sy stem  h e lp s  in  m ore accu ra te , rapid an d  
reproducib le ca lcu la tio n  o f cu rve p aram eters.

P resently, in crea sin g  a tten tio n  is  b e in g  p a id  to 
th e rheological p roperties o f  w h ea t flour d ou gh  
b e ca u se  o f th e u se fu ln e ss  o f th e  in form ation  in  
p red icting p ro cess in g  ch a ra cter istic s  o f d ou gh  and  
th e  quality of en d  product. A lso , th e  d ou gh  rheology  
h e lp s  in  th e  quality  con tro l program m e an d  in  
esta b lish in g  sp ec ifica tio n s for in g red ien ts a n d  final 
product. Though the different rheological param eters, 
m e a su r e d  in  th e  in s tr u m e n ts  d escr ib e d , are  
exp ressed  m ostly  in  arbitrary u n its , th e se  p rop erties  
are h igh ly  related  to p ro cess in g  ch a ra cter is tic s  and  
end  p roduct quality.
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E v a l u a t i o n  o f  T h e r m a l  P r o c e s s  a n d  S h e l f - L i f e  o f
K i n n o w  J u i c e

P.S. RANOTE*+, S.P.S. SAINI AND A.S. BAWA
D epartm ent o f Food S c ien ce  and T ech n ology  

Punjab A gricultural U niversity, L udhiana - 141 0 0 4 , India
The slowest heating point was found to be at the geometric centre and at l/1 0 th  of the height from the bottom 

along vertical axis for pouched and bottled Kinnow juice. The thermal processing time on the basis of pectinmethyl 
esterase inactivation was 28.3 and 17.0 min for bottled and pouched juice, respectively. Invert sugars increased, while 
total sugars declined with storage under ambient conditions. Cans, being opaque to light, retained higher amounts 
of ascorbic acid during storage. Various sensory attributes were significantly affected by types of packaging containers 
and storage.
Keywords : Thermal process, Pouch, Storage, Shelf-life, Kinnow-juice, Bottle, Cans.

K in n ow -m an d ann  is  an  im portant com m ercial 
fruit crop of Punjab. A fully  ripe K innow h a s  bright 
and deep  attractive colour. It h a s  a th in  tight and  
com pact sk in , w h ich  is  e a sy  to p eel b y  h an d . The 
fruits are ju icy  an d  fresh  ju ice , extracted  from  th e  
fruit harvested  at appropriate stage of m aturity , h a s  
refreshing flavour w ith characteristic p leasing aroma. 
Reports on  storage of fru its after w axing  (Subba  
Rao et al. 1967), storage of ju ic e  con cen trate  
(Sandhu et al. 1985) an d  pulp  (Adsule and Roy,
1975) are available.

The flexible p o u ch es  are p ossib ly  on e o f the  
m o st  th o r o u g h ly  r e se a r c h e d  food  p a c k a g in g  
in n ovations in  recen t yea rs due to their  logistic  
advantages like low er p rices, fu n ction a lity , light 
w eight and sav in g in  freight. The p ack agin g of food  
p roducts in  b o ttles  an d  c a n s  is  co st in ten sive  and  
p o ses  d isad v an ta ges like fragility, m eta llic  toxicity  
etc. Therefore, the u se  o f flexible p a ck s ca n  be  
econom ically  viab le. S ca n ty  w ork h a s  b een  reported  
on the therm al p ro cess  req u irem en ts o f s u c h  p ack s, 
although  N ath and R an gann a (1977) w orked out  
p r o c e s s in g  r e q u ir e m e n ts  for  c a n n e d  o ra n g e  
segm en ts. The p rocessin g  sch e d u le s  so  far u sed  
have b een  b a sed  u p on  in activation  of p ectin m eth yl 
esterase  (PME) u sin g  h it an d  trial m eth o d s. There  
is  a n e e d  to  d e te r m in e  th e  h e a t  tr a n s fe r  
ch aracteristics in  flexible p o u ch es  to e sta b lish  the  
tim e tem perature re la tio n sh ip s  an d  provide b a sic  
inform ation to the p ro cesso rs  in terested  in  sh ifting  
from rigid to flexible con ta in ers. Therefore, th e  
p resen t in vestigation  w a s  u n d ertak en  to s tu d y  th e  
h eat p en etration  ch ara cter istics  an d  to  ca lcu la te  
the p rocessin g  sch ed u le  a s  w ell a s  sh elf-life  of  
K innow ju ic e  in  flexible p ou ch es .

* C o r re sp o n d in g  A u th o r . * P r e s e n t  a d d r e s s  : D e p a r tm e n t  o f  
H orticu ltu re , P .A .U ., L u d h ia n a .

Materials and Methods
K in n ow -m an d an n  oran ges h arv ested  d u rin g  

1 9 8 8 -8 9  w ere procured , w a sh ed  an d  h an d p ee led . 
The ju ic e  w a s  extracted  u s in g  su p erfin e  p u lp er  
(Raylon's India) an d  divided in to  tw o lo ts . O ne lot 
w a s  u sed  a s  su c h  for th erm al s tu d ie s , w h ile  th e  
seco n d  lot w a s  p ack ed  an d  sto red  for sh elf-life  
s tu d ies . H eat p en etra tion  ch ara cter istic  o f  th e  ju ic e  
in  p o u ch es  (300  gau ge polypropylene (PP), 15 cm  
x  10 cm) a s  w ell a s  b o ttles  (2 0 0  ml) w a s  in v estig a ted  
b y in sertin g  th e  therm om eter from  top at th e  cen tre  
cold  point. In ca se  of p o u ch es , a sp ec ia lly  d esig n ed  
rack  w ith  com p a rtm en ts to h old  a s in g le  p o u ch  w a s  
u sed . The h ea t p en etra tion  w a s  stu d ied  b y  recording  
th e  tem perature at regular in terva ls, k eep in g  th e  
tem perature o f th e  im m ersion  m ed iu m  (water) 
con stan t. The cold point w a s  determ ined  b y  in sertin g  
th erm om eter at th e  cen tre  a lon g  th e  vertica l a x is  
at h e ig h ts o f 1 .25 , 3 .1 0 , 6 .2 5  an d  7 .5 0  cm  in  c a se  
of b o ttles  an d  3 .7 5 , 5 .0 0  an d  6 .2 5  e m s  from  b otto m  
in  ca se  o f p o u ch es . After e s ta b lish in g  th e  cold  
point, h ea t p en etration  s tu d ie s  w ere co n d u cted  to 
ca lcu la te  th e  p ro cess  sch ed u le  u s in g  th e  grap h ica l 
m eth od  of B a ll an d  O lson  (1957). The in a ctiv a tio n  
rates on  th e  h ea t p en etra tion  cu rves, during h ea tin g  
an d  coo ling  at va rio u s p o in ts , w ere ca lcu la ted  u s in g  
th e exp ressio n  :

W here I = Inactivation  rate at tem p era tu re  T  
Tx = T em perature a t w h ich  F is  1 
Z -  N um ber o f degree F required  for TIT 

curve to traverse  on e log cy c le  
The therm al in activation  rate cu rve w a s  draw n  

b y p lotting in activation  rate a g a in st tim e. T he F 
v a lu es for p rocess ca lcu lation  in  ca se  o f p ectin m eth y l

8 8
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esterase (PME) in  K innow  ju ic e  w a s  tak en  a s  
F21'6 =1 at pH 4 .0  (Nath an d  R an gan n a  1977).

The p rocess tim es required  to  ach ieve F va lu e  
were ca lcu la ted  b y  draw ing coo lin g  cu rves at 
different in tervals, parallel to th e  original coo ling  
curves. Area u n d er  th e se  cu rves w a s  determ ined  
u sin g  an  au tom atic  d ig ita l p lan im eter. T he actu a l 
processin g tim e w a s  d eterm in ed  b y  th e  graphical 
interpolation m eth od  i.e. p lotting F  va lu e  v e r su s  
process tim e an d  d eterm in in g  th e  p ro cess  tim e  
required to  ach ieve F v a lu e  o f on e. A n a ly ses  o f fresh  
and stored ju ic e  w ere co n d u cted  u s in g  th e  stan dard  
procedures a s  d escrib ed  b y  R an gan n a  (1986). 
Tintom etric co lou r v a lu e s  w ere m ea su red  u s in g  
Lovibond tin tom eter an d  co lou r exp ressed  in  yellow , 
red and b lu e  u n its . S en so ry  q u ality  w a s  eva lu ated  
by a sem i-tra in ed  p an el co n s istin g  o f 6  to 7 ju d g es .
Results and D iscussion
C o m p o s i t i o n  o f f r e s h  K i n n o w  J u i c e  : The fresh  ju ice , 
im m ediately after extraction , p o s s e s s e d  h igh ly  
attractive co lou r w ith  ch aracter istic  p lea sin g  arom a  
and w a s practica lly  free from  b ittern ess. Total 
solids (14.5% ) com p rised  m ain ly  o f red u cin g  and  
total su ga rs, ac id s, p rote in s an d  p ec tin s  w ith  their  
respective v a lu es  o f 3 .3 , 7 .0 , 0 .7 , 0 .4  and 0.2% . 
TSS va lu e w a s  13 .5° Brix w ith  B r ix /a c id  ratio o f
18.7 and th ese  v a lu es  are h ig h er  th a n  th e  recorded  
va lu es (Bal an d  C h oh an  1983; J o sa n  et al. 1983), 
b ut sim ilar to  th o se  n oted  b y  R anote an d  B a in s
(1982). The ascorb ic  acid  co n ten t w a s  2 0 .4  m g /

0 10 20 30 (0 SO
TIME (min)

Fig. 1. Heat penetration and cooling curves for Kinnow-Juice

100 g, sim ilar  to  th a t recorded  b y  earlier w orkers 
(Josa n  et al. 1983; R anote an d  B a in s  1982; S arm ah  
et al. 1981). The ab so rb a n ce  v a lu e s  for ta n n in s  
(760  nm ), tota l caro ten o id s (4 5 0  nm ) a n d  brow ning  
(440  nm) w ere 0 .7 5 , 0 .3 2  a n d  0 .0 6 , resp ectively .
P r o c e s s  c a l c u l a t i o n s  : T he h ea t p en etra tion  d a ta  at 
va rio u s h e ig h ts , from  b otto m  o f th e  co n ta in er  on  
vertica l a x is , in d icated  th a t s lo w est h ea tin g  took  
place at a d ista n ce  o f 1 .2 5  cm  from  th e  b ottom  
for b ottled  an d  5 cm  for th e  p o u ch ed  ju ic e . T he  
h eatin g  an d  coo lin g  cu rv es  are p resen ted  in  F ig .l .  
The h ea t p en etra tion  w a s  fa ster  in  p o u c h e s  a s  
com pared  to  b o ttle s  an d  p ro cess in g  tem p eratu re  
w a s  ach ieved  m u ch  earlier. T he w h o le  p ro cess  of 
h eatin g  an d  coo ling  w a s  com p leted  w ith in  3 5  and  
4 5  m in , respectively . T he in a ctiv a tio n  ra tes  are 
d ep icted  in  F ig .2 ., w h ile  F v a lu e s  are p resen ted  in  
Fig.3 . T he p ro cess  t im es  required  to  ach ieve  an  F  
v a lu e /in a c tiv a tio n  at 2 0 0 °F  w a s  2 8 .2 5  an d  1 7 .0 0  
m in , resp ectively  for b ottled  an d  p o u ch ed  sam p les.

T h e  e v a lu a t io n  o f  h e a t  p e n e t r a t io n  
ch ara cter istics  o f  b ottled  an d  p o u ch ed  K innow  
ju ice , in  relation  to s ize  o f  th e  con ta in er , revealed  
th a t th e  s lo w est h ea tin g  took  p la ce  a t l / 1 0 t h  (1 .25  
cm) o f th e  h eig h t from  th e  b o tto m  o n  vertica l ax is  
in  ca se  o f b ottled  an d  at th e  geom etric  cen tre  (5 
cm) o f th e  filled in  p o u ch ed  sa m p les . T h u s, th e  data  
in d ica ted  th a t th e  h ea tin g  in  b ottled  an d  p ou ch ed  
j u i c e s  w a s  b y  c o n v e c t io n  a n d  c o n d u c t io n ,  
respectively. The low er p ro cess in g  tim e required to  
ach ieve F va lu e  in  p o u c h e s  w a s  approxim ately 60%
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Fig.3. F values vs process time plots for Kinnow-juice

period  w a s  m ore in  c a n n ed  sa m p le s  a s  com p a red  
to  b ottled  or p ou ch ed  sa m p les , w h ich  c a n  b e  
attr ib uted  to  th e  preventive effect o f c a n s  a g a in st  
n atu ra l light. There w a s  a n o ticea b le  d eclin e  in  to ta l 
carotenoids in  all th e sam p les. However, th e d ecrease  
w a s  m in im u m  in  ca n n ed  sa m p le s  d u e  to  r e a so n s  
attr ibuted  for a scorb ic  acid . T intom etric  co lou r  
v a lu es  d id  n o t ch an g e  m u ch  d u rin g  sto rag e  excep t  
for m arginal d eclin e  b y  ye llow  colour.

S en sory  eva lu atio n  o f K innow  ju ic e  p a ck ed  an d  
p rocessed  in  different co n ta in ers  an d  sto red  u p to  
6  m o n th s  at am b ient tem p era tu res  sh o w ed  th a t  
acceptab ility  d eclin ed  for all th e  a ttr ib u tes  in  stored  
sa m p les . T he d ec lin e  w a s  g ra d u a l a n d  m ore  
p ron oun ced  in  c a se  o f flavour irresp ective o f th e  
con tainer. The co lou r w a s  a lso  ad v erse ly  affected  
during storage. T he u n d esirab le  effect o f  s to rag e  on  
colou r an d  flavour ca n  b e  attr ib u ted  to  ca ta ly tic  
effect o f light o n  deteriorative c h a n g e s  in  flavou r  
an d  co lou r The sh elf-life  o f p o u ch ed  ju ic e  w a s  
com paratively low er (Approx. 4 m on th s) a s  com pared

TABLE 1. EFFECT OF PACKING AND STORAGE ON KINNOW-ORANGE JUICE

0 8 16 24
Can

Reducing sugar, % 3.3 4.0 4.5 5.9
Ascorbic acid, m g /100 gm 18.6 16.5 14.3 14.2
Total carotenoids, OD at 440 nm 0.3 0.3 0.3 0.3
Browning OD at 440 nm 0.1 0.1 0.1 0.1

Storage period, weeks
0 8 16 24 0 8 16 24

Bottle Flexible pouch
3.3 3.5 4.5 5.2 3.3 3.4 3.9 4.1

22.2 20.8 15.2 12.0 20.0 15.0 12.0 10.2
0.4 0.3 0.2 0.2 0.3 0.2 0.2 0.2
0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.2

of that required for th e  id en tical product in  b ottles.
S to r a g e  c h a n g e s  : There w a s  a m arginal d eclin e in  
total so lub le  solid s. D ecrease  in  T SS of K innow  
ju ice  w a s  sligh tly  m ore for flexible p ou ch  a s  
com pared to bottled  an d  ca n n ed  p rod u cts. Total 
so lid s did not ch an g e m u ch . The pH and acid ity  
also  rem ained  a lm ost co n sta n t th rou gh ou t th e  
storage period o f s ix  m on th s.

The storage resu lted  in  a n  in crea se  in  reducing  
su gar co n ten ts  o f all th e  sa m p les  w ith  m arginal 
decline in  tota l su g a rs . T he in crea se  in  reducing  
su g a rs  (Table 1) w a s  m argin ally  h igh er in  can n ed  
a s  com pared  to  b ottled  or p ou ch ed  ju ice . There w a s  
d ecrease in  ascorb ic acid  con ten t o f all the sam p les. 
The in itia l variation  in  ascorb ic  acid  w a s  du e to 
the kind  o f p ro cess  each  sam p le  h ad  undergone. 
The retention  o f ascorb ic acid  at th e end  o f storage

to  can n ed  sam p les . A s th e  deteriorative c h a n g e s  
during storage in  p o u c h e s  w ere m a in ly  light- 
related , th e se  ca n  b e  preven ted  b y  u s in g  o p a q u e /  
coa ted  p o u ch es  or by stor in g  in  c lo sed  ca b in ets . 
The p o u c h e s  have p oten tia l for u se  a s  s u b s t itu te s  
for traditional co stly  rigid co n ta in ers  b a se d  u p o n  
th e  factors like co st, energy a n d  tim e req u irem en t 
for p rocessin g  of K innow  ju ice .
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A  N o n - D e s t r u c t i v e  M e a s u r e m e n t  o f  P i g m e n t s  o f  W h o l e  
T o m a t o  b y  L i g h t  R e f l e c t a n c e  T e c h n i q u e

R. THIAGU**, O.C. ONWUZULU- AND K.V.R. RAMANA
Fruit an d  V egetable T ech n ology  D iscip lin e,

C entral Food T ech n olog ica l R esearch  In stitu te , M ysore-570  0 1 3 , India.
A Simple non-destructive method for estimating pigment content of tomato during ripening is described. Tomatoes 

sorted out subjectively into six ripening stages, from mature-green to over-ripe, were subjected to light reflectance 
measurements using a tristimulus photovoltic colour instrument and also analysed for lycopene, chlorophyll and fl
ea rotene contents, Simple linear coefficient of correlations between pigment values and ten reflectance parameters viz., 
lightness (L), redness (a), yellowness (b), hue (a/b), hue angle (0=tarr'(b/a)}, chroma (AC), total colour difference (AE), 
a/L, arc length (0* sqr (a'2 + b'2)} and tomato colour (2000 * cos0/L) were determined and suitable regression equations 
fitted to estimate lycopene, chlorophyll and P-carotene contents of tomatoes, using the best linear/non-linear function.

1 __Keywords : Tomato, Pigment, Non-destructive measurement, Light reflectance technique, Ripening.
Subjective evaluation  b ased  on  v isu a l perception  

h a s  b een  a n  accep ted  m eth od  of sortin g tom atoes  
for colour, a lth ough  it is  su b jected  to errors (Gould  
1956; R ob in son  et al. 1952), an d  th is  s e e m s  to  vary  
greatly w ith  variety, so il con d ition  and environm ent  
(Jayadeviah et al. 1965). C olour eva lu ation  requires  
a h igh  degree o f accu racy , a s  th e  d ifferen ces in  
colour am on g to m a to es  are u su a lly  sm aller. T h is  
h a s  led to  a con sid erab le  research  in  d evelop ing  
in stru m en ts (Francis 1952; V on  B eck m an n  and  
B ulley 1978; D esro sier  et al. 1952; Pow ers et al
1953). N on -d estructive te s t s  for m ea su rem en t of  
pigm ents (W orthington 1974; B irth et al. 1957; 
W atada et al. 1976) are rapid, e a sy  an d  red u ce  
nu m ber o f rep licates o f exp erim en ts. C h an ges in  
su rfa ce  re flectan ce  v a lu e s  d u rin g  r ip en in g  o f  
tom atoes are m ain ly  d u e  to  p igm ent ch a n g es. 
H igher degrees o f correlation  of su rface reflectan ce  
v a lu es or H u nter co lou r p aram eters w ith  su b jective  
and objective eva lu a tio n s h ave b een  reported by  
several au th ors (Karmer 1950; H alsey  an d  J a m is io n  
1958; M avis and G ould 1954). W atada et al. (1976), 
u sed  H unter D 2 5  co lou r d ifferen ces m eter w hich  
w a s stan dard ized  w ith  a reference w h ite tile and  
reported low er degree o f coefficient of correlation, 
of H unter co lou r v a lu e s  L, a, b an d  tr istim u lu s  
v a lu es X, Y, Z, w ith  p ig m en ts o f  tom ato  a s  
com pared to  ab so rb a n ce  v a lu es . H ow ever, th e  
H unter colou r v a lu es  th u s  m ea su red  w ere lim ited  
to  th e b lo sso m  en d  o f tom ato p laced  o n  a 5 cm  
aperture o f th e  in stru m en t.

T h is paper h ig h ligh ts m od ifica tion s aim ed  at

* C o r re sp o n d in g  A u th o r . P r e s e n t  a d d r e s s  : * C e n tra l L e a th e r  
R e s e a r c h  In s t i tu te ,  A d y a r ,  M a d r a s -6 0 0  0 2 0 , In d ia . **N igerian  
S to r e d  P ro d u c ts  R e s e a r c h  In s t i tu te ,  P M B  5 0 4 4 , Ib a d a n , O y o  
S ta te ,  N ig eria .

m in im izin g  th e  errors in h eren t in  m ea su rem en t of 
reflectan ce v a lu e s  an d  co m m u n ica te s  th e  r e s u lts  of 
th e  s tu d y  co n d u cted  to  estim a te  th e  p ig m en t  
co n ten ts  o f  w h o le  tom ato  b y  a n o n -d estru ctiv e  
m eth od  u s in g  light reflectan ce tech n iq u e .
Materials and Methods

F resh ly  h arvested  m a tu re-g reen  to m a to es  (cv. 
R u p a lij  o f size ran g in g from  5 .5 -6 .5  cm  (dia) w ere  
b rou ght to laboratory an d  h eld  at 2 0 -2 2 °C  u n til 
th ey  reach ed  th e  d esired  s ta g e s  o f r ip en ess . F ru its  
w ere c la ssified  in to  s ix  rip en in g  s ta g e s  n a m ely  
green , breaker, turn ing , ligh t-p in k , firm  full-ripe  
an d  over-ripe. T om atoes w ere sorted  in to  3  fru its  
per lot an d  6  lo ts  per ripen ing sta ge . P aram eters  
determ ined  w ere reflectan ce v a lu e s  (L, a, b , a /b ,  
AC, AE, a /L , 2000*  c o s0 /L , 0 * sq r(a‘2+b"2)} an d  
p ig m en ts (chlorophyll, ly cop en e, P -carotene). 
R e j l e c t a n c e  m e a s u r e m e n t  : A  co lo u r  in stru m en t  
m od el "Photovolt 5 7 5  (Sergen  Inc. In d ian ap o lis , 
USA) h av in g  illu m in an t C an d  ap ertu re d ia  1 .25  
cm  w a s  u sed , after b ein g  ca lib rated  w ith  a  p in k  
tile (X^g = 5 3 .6 , Ycie= 4 6 , ZCIE = 4 1 .5 ). C olorim eter  
read in gs (A, G, B) u s in g  am ber, green  an d  b lu e  
filters w ere tak en  at s ix  p o in ts , w h ich  w ere se lec ted  
random ly b u t sp read  w ell over th e  su rfa ce  o f ea ch  
fruit. Average su rface reflectan ce v a lu e s  o f s ix  
p o in ts w ere u se d  to derive sev en  h u n ter  co lou r  
p aram eters (H unter 1975; T hiagu  et al. 1991) an d  
three oth er reported  p a ra m eters  (Little 19 75 ;  
Y eatm an et al. 1960) for ea ch  tom ato  an d  m e a n  
v a lu es  o f s ix  lo ts  o f  ea ch  rip en in g  s ta g e  w ere  
reported.
P i g m e n t s  : T om atoes w h ich  w ere earlier su b jec ted  
to  reflectance m ea su rem en t w ere b len d ed  an d  
an a lysed  for ch lorophyll, ly cop en e a n d  p -caroten e
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content accord ing to th e  m eth o d  describ ed  by  
R anganna (1986). The ab sorp tion  o f each  e lu a te  
w as m easu red  at the appropriate w avelength  In 
spectrophotom eter (B au sch  & Lom b, S p ectron ic  20) 
and con cen tration  o f p ig m en ts  w ere ca lcu lated . 
Mean va lu e o f p igm ent con cen tra tion  o f se lec ted  6  
lots In each  ripen ing sta g e  w a s  reported a s  p igm ent  
content o f tom ato  a t th e  se lec ted  ripening stage.
S ta t i s t i c a l  a n a l y s i s  : The reflectan ce p aram eters an d
TABLE 1.

w h ich  d ec id es th e  v isu a l im p ressio n  o f fruit colour. 
The a / b  va lu e  at light p in k  s ta g e  w a s  0 .8 4 2 6  above  
w h ich  th e  to m a to es  ap p eared  very im p ressive  red 
in  colour.
P i g m e n t s  : There w a s  n o  s ig n ifican t ch a n g e  in  
lycop en e con ten t o f tom ato  from  g reen  to  b reaker  
sta ge  (Table 1). After th e  b reak er s ta g e , lycopene  
sy n th e s is  sign ifican tly  in crea sed  an d  co n tin u ed  till 
over ripening stage. D rastic breakdow n o f chlorophyll

CHANGES IN REFLECTANCE COLOUR PARAMETERS# AND PIGMENT CONTENTS# OF 'RUPALI' TOMATO AT DIFFERENT 
STAGES OF RIPENING

Reflectance Ripening stages
parameters*/ ----------------------------------------------------------------------------------------
pigments* Green Breaker Turning Light pink Full ripe Over ripe

L 49.43 ± 0.382a 50.75 ± 1.011a 48.83 ± 0.628a 45.17 ± 0.395b 36.39 ± 0.352c 31.68 ± 0.399d
a -9.61 ± 0.882f -6.34 ± 0.647e 4.50 ± 0.234d 13.48 ± 0.893c 24.21 ± 0.892b 26.72 ± 0.686a
b 15.06 ± 0.494b 17.24 ± 0.610a 17.27 ± 0.518a 6.18 ± 0.538ab 10.70 ± 0.293 7.25 ± 0.330d

a/b -0 .64 ± 0.058f -0 .37 ± 0.04 Oe 0.26 ± 0.018d 0.84 ± 0.067c 2.28 ± 0.115b 3.72 ± 0.141a
e 122.18 ± 2.340a 110.13 ± 1.963b 75.29 ± 0.983c 50.34 ± 2.415d 23.98 ± 1.234e 15.18 ± 0.547f

a/L -0 .20  ± 0.018f -0.12 ± 0.01 le 0.10 ± 0.005d 0.30 ± 0.021c 0.67 ± 0.023b 0.84 ± 0.020a
2000 Cos 9/L -21.47 ± 1.45If -13.47 ± 1.114e 10.44 ± 0.787d 28.19 ± 1.167c 50.20 ± 0.913b 60.99 ± 0.867a

etaW )0-5 38.40 ± 2.032a 35.46 ± 1.461a 23.51 ± 0.897b 18.55 ± 0.815c 11.03 ± 0.338d 7.34 ± 0.340f
AC 5.03 ± 0.648c 14.35 ± 0.906d 23.27 ± 1.395c 34.13 ± 0.987b 37.17 ± 1.346a
AE 1 5.71 ± 0.609e 14.48 ± 0.98 Id 23.70 ± 1.364c 36.57 ± 0.916b 41.26 ± 1.077a

Chlorophyll 14.63 ± 0.398a 10.13 ± 0.500b 4.67 ± 0.221c 1.52 ± 0 .1 12d 0.97 ± 0.056d 0.00 ± O.OOOe
Lycopene 0.84 ± 0.040e 1.45 ± 0.047e 8.44 ± 0.309d 20.75 ± 0.426c 55.77 ± 0.462b 81.64 ± 0.499a

P-carotene 0.99 ± 0.05Od 1.89 ± 0.150c 4.07 ± 0.046a 4.26 i : 0.48a 2.64 ± 0 .109b 1.99 ± 0.025c
# Average of 6 samples, each containing 3 tomatoes, Mean ± SE 

* Values within the same row not followed by a common letter are significantly different (p 5 0.05).

pigm ent data  w ere su b jected  to DMRT (K w anchai 
and Arturo 1984) for finding ou t th e  trend of  
change in  th ese  data  w ith  ripening. S im p le linear  
coefficients o f correlation  b etw een  p igm ent and  
m easured  reflectance p aram eters w ere ca lcu la ted  
and com pared to ob ta in  th e  b e s t  lin ear rela tion sh ip . 
Finally, su itab le  em pirical eq u a tio n s w ere fitted to  
the experim ental data b y  regression  a n a ly sis , u s in g  
the b est lin e a r /n o n lin ea r  fun ction .
Results and D iscussion

L ightness, arc-len gth  and h u e  angle d ecreased  
with ad van cem en t o f ripening, w h erea s red n ess, 
(a/L), tom ato colour, h u e , ch rom a an d  tota l colou r  
differences in crea sed  w ith  ripen ing o f tom ato (Table 
1). The y e llo w n ess  (b) im proved sign ifican tly  upto  
breaker sta ge  and red u ced  very m u ch  during  
further ripening. L igh tn ess (L) d id  n ot ch an g e  
significantly u p  to tu rn in g  stage of tom ato. H owever, 
significant lo ss  in  lig h tn ess  w a s  fou n d  after turn ing  
stage. Sim ilarly, sign ifican t ch an g e in  p aram eter  
arc-length w as n oticed  on ly  after the b reaker sta g e  
of ripeness. The a /b  ratio is  a n  im portant param eter

w a s  observed  a s  r ip en in g  p rogressed . P -carotene  
in creased  up  to th e  ligh t-p in k  sta g e  an d  d eclined  
afterw ards. At light p in k  sta g e  o f tom ato , th e  
lycop en e con ten t w a s  ap p roxim ately  5 t im e s  greater  
th a n  th e  p -carotene an d  14 t im es  greater  th a n  
ch lorophyll co n ten ts . After ligh t p in k  sta g e , further  
in crea se  in  th e ratio o f  ly co p en e  c o n ten t  to  
ch lorophyll a s  w ell a s  ly cop en e to  P-carotene  
occurred , resu ltin g  in  th e  en h a n cem en t o f h u e  of 
tom ato  fruit w h ich  exh ib ited  d eep  red colouration . 
There are a lso  varieties w ith  h igh  lycop en e co n ten ts  
(Theym oti B a la su b ra m a n ia n  1984).
C o r r e la t io n  a n d  R e g r e s s i o n  : L ycopene co n ten t  
sh ow ed  h ig h est correlation  (r = 0.9**) w ith  a /b  ratio  
(Table 2). E xam in ation  o f d ata  o f  to m a to es  reported  
b y W atada et al. (1976) sh o w ed  th a t th e  coefficient 
of correlation  (r = 0 .9 6 ) o f  ly cop en e co n ten t w ith  
a /b  ratio w a s  h igh er th a n  th e  coeffic ien t o f  
correlation  (r = 0 .9 2 ) o f  lycop en e w ith  "a" va lu e  
w h ich  w a s  u sed  to  com p are th e  ab sorp tion  va lu es. 
Sim ilarly, h is  r e su lts  o f  ch lorop h yll con ten t had  
b etter  correlation  (r = 0 .9 0 ) w ith  h u e  angle th a n  
the reported correlation  (r = 0 .8 5 ) w ith  "a". In th is
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TABLE 2. LINEAR COEFFICIENTS OF CORRELATION FOR REFLECTANCE PARAMETERS AND PIGMENTS
L a b a/b  8 AC AE a/L 2000 

cos 0/L
eia’+b2)0-5 Chloro

-phyll
Lyco
-pene

ß-caro
-tene

L 1.00 -0.93 0.96 -0 .98  0.91 -0.93 -0.94 -0 .97 -0 .97 0.90 0.76 0.98 0.06
a 1.00 -0 .78 0.95 0.99 0.99 0.99 0.99 0.99 0.99 -0 .94 0.92 0.32
b 1.00 -0.92 0.75 -0.79 -0.81 -0 .87 -0.79 0.75 0.55 -0 .95 0.32
a/b 1.00 -0.94 0.95 0.97 0.98 0.96 -0 .94 0.83 0.99 0.06
e 1.00 -0 .99 -0.99 -0 .98 -0.99 0.99 0.96 -0.91 -0 .37
AC 1.00 -0.99 0.98 0.99 -0.99 -0 .94 0.93 0.31
AE 1.00 0.99 0.99 -0 .98 -0 .93 0.94 0.26
a/L 1.00 0.99 -0 .98 -0 .89 0.97 0.16
2000 1.00 -0.99 -0 .94 0.93 0.31
efa’+b2)0-6 1.00 0.90 -0 .90 -0 .37
Chlorophyll 1.00 -0 .77 -0 .56
Lycopene 1.00 -0 .05
P-carotene 1.00

stu d y , ch lorop h yll reg istered  s ig n ifican t lin ear  
correlation (r= 0.96**) w ith  h u e  an g le an d  arc- 
length. The im proved linear correlations o f lycopene  
an d  ch lorop h yll w ith  th e  se lec ted  reflectan ce  
param eters were due to  th e  follow ing rea so n s  w hich  
are resp on sib le  for m in im izin g th e  errors in h eren t  
in  reflectance technique: Average su rface reflectance  
va lu es were u sed  for each  tom ato by m easu r in g  
the v a lu es  at severa l p o in ts  all over th e  su rface  
of the fruit in stead  o f reflectan ce va lu e  m easu red  
only at b lo sso m  end. P hotovoltic co lou r in stru m en t  
with sm aller aperture (1 .2 5  cm  dia) w h ich  w a s  u sed  
in th is  stu d y  w a s m ore appropriate for u se  w ith  
tom atoes that h ave a relatively regular exterior  
surface con tou r an d  arc w ith in  EEC grad es o f sm all 
to large (4 0 -6 7  m m  dia) (H obson et al. 1983). The  
in strum en t w a s  calibrated  w ith  p in k  co lou r tile a s  
it h a s  very c lo se  h u e  to tom ato-red-co lour. T en  
colour p aram eters w ere te sted  to  obtain  on e w ith  
a high degree of linear correlation  w ith  each  
pigm ent.

It is  very c lear from  th e  correlation  a n a lysis  
that param eters (a/L ), (2000* C o s0 /L ) an d  [0*sqr 
(a'2+b'2)] did n ot im prove lin ear  correlation  w ith  
pigm ents. No sign ifican t lin ear  rela tion sh ip  w a s  
found for (^-carotene w ith  all ca lcu la ted  colou r  
param eters. All th e  three H u nter co lou r v a lu es  L, 
a, b w ere ta k en  in to  con sid era tion  w h ile  predicting  
pigm ent co n ten ts  an d  sim p le  linear coefficient of 
c o r r e la t io n s  w e r e  c a l c u la t e d  fo r  d if fe r e n t  
com b in a tion s o f th e  three v a lu e s  (Table 3). The  
param eters a /b L  an d  a b /L  registered high coefficient 
of correlation s o f 0 .9 9  an d  - 0 .9 6  w ith  lycop en e and  
chlorophyll, respectively , b u t th ey  failed to im prove

TABLE 3. SIMPLE UNEAR COEFFICIENTS OF CORRELATION 
FOR PARAMETERS DERIVED FROM HUNTER 
COLOUR VALUES L, a, b.

Parameters
Pigments ab/L aL/b a/bL bL/a
Lycopene 0.83 0.97 0.99 0.14
Chlorophyll -0 .96 -0.89 -0 .76 -0 .56
ß-carotene 0.45 0.18 0.04 0.80

th e  correlation  coeffic ien ts w h ich  w ere co m p u ted  b y  
a /b  an d  0 (Table 2). T h ou gh  th e  lin ear coeffic ien t 
of correlation  o f (i-carotene w ith  b L /a  w a s  0 .8 0 ,  
a  good n on -lin ear  rela tion  (0 .992) w a s  fou n d  w ith  
0.

E q u ation s to  predict lycop en e a n d  ch lorop h yll 
co n ten ts  o f  tom atoes at a n y  sta g e  o f r ip en in g  from  
m atu re green  to overripe sta g e , w ere fitted  w ith  b est  
l in e a r  p a ra m eter  a / b  ra tio  a n d  h u e  a n g le ,  
respectively. The ripen ing ran ge (green to  overripe) 
w a s  sp lit in to  tw o su ita b le  ra n g es to im prove linear  
coeffic ien t an d  ea ch  ran ge w a s  su b jec ted  to  
regression  a n a ly s is  sep ara tely . A  seco n d  d egree  
polynom ial eq u ation  w a s  fitted  to d eterm in e 0- 
caro ten e w ith  in d ep en d en t variable h u e  an g le . T he  
fitted  eq u ation s w ere regressed  w ith  ob served  data  
of p ig m en ts to  ca lcu la te  r-va lu es. T he reg r ess io n  
eq u ation s fitted  for estim a tio n  o f p ig m en ts  of 
tom ato b y  a rapid n o n -d estru ctiv e  m eth o d  are g iv en  
below  :
Lycopene
1. L ycopene (pg/g .f.w .) = 4 .1 4 2 8  e 26025(*/b,

(R2 = 0 .9 9 6 , - 0 .6 4  < a / b  < 0 .2 6  : G reen  to
turn ing  stage)
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2. Lycopene (pg/g .f.w .) = 3 .4 3 8 6  + 2 1 .5 2 1 7 (a /b )  

(R2 = 0 .9 8 6 , 0 .2 6  < a / b  < 3 .7 2  : tu rn in g  to  
over ripe stage)

C h l o r o p h y l l
1. Chlorophyll (|ig /g .f.w .)=  - 1 .1 7 6 8 + 1 .0 1 1 3

(R2 = 0 .9 8 6 , 1 2 2 .8  > 0 2t 50 .34 : green  to light 
pink  stage)

2. Chlorophyll (pg /g .f.w .)=  2 .2 3 3 9  -  3 3 .1 5 9 0 /0 ‘ K)2 
(R2 = 0 .9 9 4 . 5 0 .3 4  > 0 2> 15 .18: Ught p in k  to  
over ripe stage)

P - c a r o t e n e
1. P-carotene p g /g .f.w t.) = 3 .1 5 1 9  * 1CL1 + 1 .2 4 4 0  

0 * 10 '-9 .8 2 8 8  02* KT*
R2 = 0 .9 6 4 , 1 2 2 .1 8  > 0 > 15 .19: green  to  over 
ripe stage)

The grap h ica l rep resen ta tio n  o f estim a ted  
re la tio n sh ip s  b e tw een  ob serv ed  p ig m en ts  an d  
selected  H u nter co lou r v a lu e s  are sh o w n  in  Figs. 
1 and 2. A ccu m u la tion  o f lycop en e In tom ato w a s  
slow  (exponential increase) u p to  tu rn in g  sta ge  an d , 
later, in creased  linearly at a h igh er rate w ith  h u e  
(a/b) w hich gave b est linear correlation with lycopene  
syn th esis  during ripening. The fitted sq u are fun ction

%
Fig. 1. An estimated relationship between lycopene content of 

tomato and a /b  ratio computed from data observed on 
six ripening stages from green to over-ripe stage.

of h u e angle (0) for ch lorophyll breakdow n till light 
pink stage revealed the rapid reduction  a s  com pared  
to ch an g es found  (inverse fu n ction  o f 0) in  later  
stages of ripening. D uring ripening (w hen h u e  angle  
reduced) P-carotene in crea sed  up  to light p in k  stage  
and reduced d rastically  on  further ripening. T h is

Fig. 2. Estimated relationship for chlorophyll and p-carotene 
contents of tomato with hue angle (0°) computed from 
data observed on six ripening stages from green to over
ripe stage.

w a s  exp ressed  b y  th e  fitted  2n d  d egree p olynom ial 
eq u ation .
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L o w - M o i s t u r e  P a r b o i l i n g  o f  P a d d y

P .  P IL L A IY A R * , K .  S IN G A R A V A D IV E L , H . S . R .  D E S I K A C H A R  A N D  V . S U B  R A M A N IY A N
Paddy P rocessin g  R esearch  Centre, T hanjavnr - 6 1 3  0 0 5 , India

Soaking paddy at 70°C for 1 h, draining and tempering hot for 4 h, restricted the kernel moisture to about 
25% (wb) with even distribution of moisture in core ' a condition just enough to get a normal parboiled rice without 
white core. This paddy, on steaming at 0  kg/cm2 for 10 min to gelatinize the starch, contained 26-27% (wb) moisture 
and resulted in 20-25% saving in drying time. Pre-steaming/high soaking tcmperature/longer soaking period increased 
the grain moisture appreciably.
Keyword* : Low - moisture parboiling. Short soaking, Moisture migration, Equilization, Hot tempering. Drying.

Parboiled paddy, a s  produced u n d er com m ercial 
practices in  A sian  co u n tr ies  b y  adopting sin gle  
steam ing, double stea m in g  an d  CFTRI (hot soaking) 
process (Pillaiyar 1988), co n ta in s  33-35%  m oistu re  
(wb). In the p ressu re  parboiling p rocess, the  
parboiled paddy h ad  a kernel m oistu re  o f 24%  a s  
against 30-35%  in  that o f  h ot soa k in g  p rocess  
(Iyengar et al. 1974; K u lk am i and Bal 1984); b ut 
its deep colour (M ohandoss and Pillaiyar 1978), 
undue long cook ing tim e (Pillaiyar and M oh an d oss
1981) an d  to u g h  tex tu re  in  co o k ed  k ern e ls  
(M ohandoss and Pillaiyar 1982) forced th e m illers  
to d iscontinue th is  p rocess. In th e  m odified p ressu re  
parboiling techn iqu e (Ali and  B h attach arya  1982), 
aim ing to produce a n  accep tab le  quality , 20%  of 
the grains w ere hav in g  w h ite core, b u t su c h  rice 
cannot be m arketed  u n d er  th e  ex istin g  Indian  
specifications. P roduction  o f a n  acceptab le  p ressu re  
parboiled rice w ith out w h ite core w a s a lso  w orked  
out (Iyengar et al. 1974); b u t th e gra in s h ad  m ore  
than  30% m oistu re. The m oistu re  con ten t w as a lso  
m ore th a n  30%  in  th e  m eth od  involving m ere  
soaking at 80 -8 5°C  (U n n ik rish n an  et al, 1982). T h is  
stu d y  w as u n d ertak en , a s  it w a s  felt th a t a 
parboiled paddy w ith  a low  m oistu re  an d  norm al 
cooking tim e, can  be produced  by m an ip u la tin g  th e  
soaking-diffusion  con d ition s.
M a t e r i a l s  a n d  M e t h o d s

T km  9', ’Adt 36' an d  'IR 50' varieties o f  paddy  
(0 .5-3  kg) w ere soak ed  ind iv idually  (paddy : w ater  
ratio o f 1:1.2) for different d u ration s (1/ 2 to 2 h), 
a s su ch  or after p re-steam in g . The w ater w a s  
drained and th e paddy left in  the sa m e v esse l, till 
the kernel core atta in ed  su ffic ien t m oistu re  for 
com plete parboiling. The tim e allow ed for th e  
diffusion o f su rface m oistu re  and its  equ ilization  
w ithin  th e  kernel is  term ed  'tem pering' ('hot 
tempering', if perform ed in in su la ted  v esse l and
* Corresponding Author

'normal tem pering', if  in  u n -in su la ted  vessel). D uring  
tem pering (1 to 6  h), p ad d y  sa m p le s  w ere draw n  
periodically, kep t in  wire b a sk et an d  so o n  steam ed  
at 0  k g /c m 2 for 10 m in , u s in g  cap tive  stea m  to 
ascerta in  a s  to  w h eth er  su ffic ien t m o istu re  h a s  
reached  the kernel core for com p lete  parboiling. 
Parboiling w a s  con sid ered  com p lete  w h en  no portion  
of the kernel exh ib ited  w h ite  core.

At laboratory level, th e  parboiled  sa m p le s  were  
sh ad e-d ried  for 4 8  h , sh e lled  in  S a tak e laboratory  
d eh u sk er  an d  m illed  in  M cGill m iller  (No. 3) to  
co n sta n t degree o f m illin g  (6%). At m ill level, s ix  
trials w ere carried out. In all th e  p la ces , a n  uniform  
procedure (1 h soa k in g  at 70°C  after c ircu lation  
of w ater, drain ing an d  h ot or norm al tem perin g by  
leaving the p addy in  th e  sa m e  v esse l)  w a s  followed. 
Long p rob es o f digital th erm om eter (D ig irad-2000  
Radix pyrotech) w ere in serted  at d ifferent p o in ts  in  
the m a ss  of p addy to record th e  va ria tio n s in  
tem perature d u rin g tem pering. After d esired  period  
of tem pering, p addy w a s  s tea m ed  at 0  k g /c m 2 for
10 -1 5  m in , (soak ing v e s se l ca p a c ity  3 .5 -6  T) dried  
in  LSU dryer, u s in g  h ot air at 12 0 -10 0°C  till 14- 
13% m oistu re  co n ten t (wb), h e ld  for 3  h so o n  after 
disch arge an d  th en  m illed  in  ru b b er-sh eller  em ery- 
p o lish er com b in a tion s w ith  c o n sta n t se ttin g s.

F or  d e t e r m in in g  m o i s t u r e  c o n t e n t ,  
rep resen tative sa m p le  o f so a k ed /tem p ered  paddy  
w a s tak en  in  d ou b le-fo ld ed  filter paper, gen tly  
p ressed  in  b etw een  fo lds an d  dried in  hot air oven  
at 105°C for 24  h. In c a se  o f parboiled  paddy, 
sam p le  w a s  draw n to  th e  brim  o f a pre-w eighed  
screw -ca p p ed  a lu m in iu m  d ish , t ig h tly  c lo sed ,  
w eighed  after cooling, the m o istu re  d eterm in ed  a s  
above, b u t w ith ou t su b -sa m p lin g . T he m oistu re  
con ten t w a s ex p ressed  o n  w et b a s is .

Equilibrium  m oistu re  con ten t (EMC-S) va lu e  
w a s determ ined  b y  th e  m eth o d  o f  Indudhara  
Sw am y et al, (1971) and th e  cook in g  tim e by double
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p o t - e x c e s s  w a te r  m e th o d  (R a n g h in o  1 9 6 6 ;  
B h a tta ch a iy a  an d  Sow bhagya 1971), b u t to  an  
Identical so ftn ess  of th a t o f  norm al parboiled  rice  
(fully sa tu rated  p addy stea m ed  at 0  k g /c m 2 for 10  
m in). The alkali va lu e (increase in  breadth  after  
im m ersing in  1.1% KOH for 4  h) w a s  determ ined  
a s  described  b y  M o h an d oss an d  Pillaiyar (1980).
Results and Discussion

The optim um  soak in g-tem p erin g  com b in ation  
for getting parboiled rice w ithout w hite core depended  
m ostly  on  the soak in g con d ition s em ployed (Table 1). 
Except in  c a se  of 70°C soa k in g  for 1 h , w hich
TABLE 1. OPTIMUM DURATION OF SOAKING AND 

TEMPERING FOR COMPLETE PARBOILING.
Soaking Duration Moisture content %(wb)
tempera- Time, of normal Soaked Parboiled
ture

°C
h tempering*.

h
and tempered 
paddy

paddy

95 v , 3 7 a 31.1 33.1
90 2 2 7 , 31.1 33.8
80 1 4 30.5 32.0
70 3 1 28.6 30.3
70 1 6 24.8 26.0
65 3 l ’/ 2 29.0 30.5

* accomplished in non-insulated vessel.

required about 25%  optim um  m oisture for parboiling, 
other soak in g con d ition s resu lted  in  h igher m oistu re  
levels (28.6-31.1% ). H ence, op tim isin g  the factors  
influencing the practical application of th is techn ique  
w a s confined  to 7 0 CC and 1 h  soak in g  condition . 
The m oistu re con ten t o f p addy during 3 , 4  and 5 
h tem pering w a s  found  to be 2 5 .3 , 2 4 .5  an d  24.5% , 
w hile it w a s  25.5%  at th e  end o f 1 h  soak ing. At 
the sam e tim e, th e  gra in s w ith  w h ite  core h ave  
reduced from  4 0  to 20%  in  norm al tem pering and  
from 13 to 0% in  h ot tem pering over a period of 
4  h. T h is su g g e sts  th a t during tem pering stage, th e  
film o f w ater clin gin g to  th e su rface of grain  and  
the m oistu re th a t had  already seep ed  into the h u sk  
and peripheral layers o f brow n rice m ay  d iffuse  
tow ard s th e  core o f  th e  gra in , th o u g h  th e  
in tergranular w ater is  ab sen t. B y 6 h tem pering, 
the gra in s w ith  w hite core w ere a b sen t in  norm al 
tem pering. S in ce soa k in g  w a s lim ited to  1 h in  th is  
stu d y , th e  m oistu re required for com p lete  parboiling  
cou ld  be restricted  to, ab out 25%  (wb) a s  again st  
earlier reported va lu es of 30-35%  (wb) (Bhattacharya  
and S u b b a  Rao 1966; B h attach arya  an d  Indudhara  
Sw am y 1967; Ali an d  O jha 1976; B andyopadhyay  
and Roy 1976; U n n ik rish n a n  et al. 1982). In earlier

stu d ie s , p ad d y w a s  allow ed  to  im b ib e w a ter  till 
sa tu ra tion  resu ltin g  in  a h ig h er  gra in  m oistu re .

S oakin g  at 80 -85°C  (grain m o istu re  30%  wb) 
a s  su g g ested  by U n n ik r ish n a n  et al. (1982) w ou ld  
lead  to  certa in  u n d es ira b le  c o n s e q u e n c e s . In 
com m ercial parboiling in sta lla tio n s , v a r ie tie s  fa llin g  
u n d er  c la ssifica tio n  fine, com m o n  etc ., are p ooled  
an d  soak ed  together. V arieties u n d er  fin e h ave  
different gelatin iza tion  tem p eratu re (GT) an d  oth er  
properties. U nder su ch  com pelling s itu a tio n s, s len d er  
a s  w ell a s  low GT gra in s w ou ld  u n d o u b ted ly  over
im bibe m oistu re  lead in g  to  gra in  sp littin g , lea ch in g , 
lo s s  o f 2% w eigh t an d  aggravation  in  co lou r  
(Bhattacharya and Subba Rao 1966). T h ese prob lem s  
are alleviated  w ith  th e  u se  o f  co n d itio n s  a s  
stan dard ized  in  th e p resen t m ethod .

P r e -s te a m in g  o f  p a d d y , h ig h e r  s o a k in g  
tem perature (Table 1) or lon ger d u ration  so a k in g  
at 70°C for 1, 2 an d  3  h  resu lted  in  2 4 .8 , 2 8 .6  
an d  29.0%  grain  m oistu re , th ereb y  in d ica tin g  
appreciable in crease  in  gra in  m oistu re .

A ttem p ts w ere m ad e to red u ce  the to ta l 
p rocessin g  tim e o f th is  m ethod . T he tim e required  
for th e  inw ard m igration  o f m o istu re  an d  its  
equilization  in  th e  k ern el cou ld  ap p reciab ly  be  
reduced  by adopting hot tem pering. T he tem peratu re  
variation  b etw een  peripheral an d  cen tra l la yers of 
p addy m a ss , kept in  in su la ted  so a k in g  tan k , is  
m in im al a s  com pared  to  th a t in  u n -in su la te d  v e sse l  
(Table 2). T h u s , h ot tem perin g aid ed  in  rapid  
m igration of m oistu re to the k ernel core. C on seq u en t  
to th is , 6  h  norm al tem pering d u ration  for th e
TABLE 2. TEMPERATURE VARIATIONS DURING TEMPERING 

(70°C, lh  soaking).
Tempering Un-insulated tank* Insulated tank* 
duration, h Centre —> Periphery, °C Centre -» Periphery, °C

0 70 —* 70 70 -> 70
1 70 —» 69 70 -» 70
2 69 —> 68 7 0 -» 6 9
3 67 —» 65 70 -> 68
4 66 —> 61 69 —>68
5 65 —» 59 -
6 63 —» 56 _

* 3j/ 2 to 6 tonnes

paddy soak ed  at 70°C for 1 h  cou ld  b e b rou g h t  
dow n to 4  h  b y  ad optin g  hot tem perin g.

The r e su lts  o f  th e  b u lk  sca le  tria ls, carried  ou t  
at s ix  location s, involving 3 .5 -6  to n n e s  o f bold  and  
slen d er  varieties o f p a d d y /b a tc h , in d ica ted  th a t 4  
h hot tem pering or 6  h norm al tem p erin g  (for 70°C ,
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1 h soaked  paddy) is  su ffic ien t for gettin g  parboiled  

rice w ith out w h ite core. A s a resu lt o f low  m oistu re  
in parboiled p addy (28-30%  ag a in st 35-37%  in  
parboiled p addy produced  in  th ese  m ills , b a sed  on  
the u se  of e ith er d ou b le s tea m in g  or h ot soak in g  
process), a con siderab le  red u ction  (1 .0  to 1.5 h) 
in drying tim e u n d er  yard drying an d  m ech an ica l 
diying (unpublished) w a s  noticed .

The colour o f the m illed  rice produced  in  the  
short soak in g-tem p erin g (SST) p ro cess  w a s  lighter  
than  that produced in  h o t soa k in g  p rocess. T h is  
m ay be due to a sh orter  soa k in g  tim e em ployed  
in  th is case . The difference in  EM C-S an d  alkali 
va lu es a s  w ell a s  cook in g  tim e for th e  m illed  rice  
produced by SST an d  rou tin e m eth od  w a s  m arginal 
(Table 3).
TABLE 3. PROPERTY OF PARBOILED RICE

Bold Slender
Particulars SST

method
Routine*
method

SST
method

Routine*
method

EMC-S, % 
on diy basis

69.2 70.9 64.6 64.7

Alkali value, % 
increase over raw

118 120 103 123

Cooking time, min 35 36 34 35
* 70°C soaking for 5 h, draining and steaming at 0 kg/cm2

for 15-20 min.
P r a c tic a l  s i g n i f i c a n c e  : Rice is  c la ssified  in to  three  
groups viz., su p erfin e, fine an d  com m on , b ased  on  
th e  len g th  :b rea d th  r a tio  u n d e r  th e  In d ia n  
specification. M ixing o f gro u p s to  a level o f 10-15%  
is  allowed u n d er  com m ercial p ractices. Therefore, 
the slender varieties p resen t in  bold  group during  
soaking tend  to over-im bibe w ater till the bold  
grains atta in  th e  op tim u m  m oistu re  required for 
com plete parboiling w ith o u t w hite core. Over- 
im bibition o f m oistu re lea d s  to h u sk  sp littin g  and  
leaching o f so lid  co n stitu en ts . To alleviate th is  
situation , the S S T -p rocess, w h erein  over-im bib ition  
of m oisture is  avoided , w ou ld  be a su itab le  
processing tech n iq u e. U n d er com m ercial parlance, 
irrespective o f th e  GT, d ifferent varieties are

con sid ered  u n d er  a p articu lar group  b a sed  on  their  
size. U nder prevailing so a k in g  co n d itio n s  (4 to  5
h), over-im bib ition  o f m o istu re  b y  low  GT grains  
w ou ld  lead  to  the above p rob lem s.
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P h y s i c o - c h e m i c a l  a n d  B i o l o g i c a l  P r o p e r t i e s  o f  R a w  a n d
U s e d  M a h u a  O i l

D.S. KOTWAL1*, S.A. VALI1 AND N.V. SHASTRF
'D epartm ent of H om e-Scien ce and d e p a r tm e n t  of B iochem istry , N agpur U niversity ,

N agp u r-440  0 1 0 , India
Groundnut oil (GNO) and M a lru a  oil (MO) were heated at 180°C for 8 h both with and without intermittant 

frying of ’fryums' (a commercial ready-to-fry snack). Thermal degradation as measured by changes in colour development, 
viscosity, smoke point, acid value, peroxide value, iodine value and conjugated diene hydroperoxide values (CDHP) 
were found to be higher in MO than in GNO. Albino rats of either sex fed on diets with raw MO for a period of 
three months shewed good growth and were found to be comparable to raw GNO diets. Intake of used (heated and 
fried) MO and GNO adversely affected the food intake and consequently weight gain of female rats. Rats of either 
sex fed on heated GNO exhibited normal histology, while heated MO fed rats showed moderate hepatic hypertrophy, 
with only one rat out of four exhibiting unilateral atrophic testicular damage. Fried GNO and MO showed more damage 
to liver of the male rats, while the kidneys and ovaries of all the rats fed cither raw or used GNO and MO depicted 
normal histological picture.
Keywords : M a h u a  oil, Raw, Used, Physico-chemical and biological properties.

M a h u a  (M a d h u c a  la t i fo l ia  J .F . Gmel; Syn . M. 
in d ic a ,  B a s s i a  la L ifo lia  M acb, fam ily S a p o t a c e a e ) 
se ed s  have b een  identified  a s  good so u rces  o f oil. 
About 1.11 m illion  to n n es  of s e e d s  and 4 0 0 ,0 0 0  
ton n es of oil are available an n u ally , w hile edible  
grade oil is  being u sed  in  h ydrogenation  in d u stry  
(NIN 1987). M ultigeneration breeding s tu d ie s  carried  
out recently (NIN 1989) revealed that the raw  
M a h u a  oil, w h en  fed to  rats, sh ow ed  nu trition al 
quality com parable to  grou n d n u t oil a s  indicated  
by growth, b iochem ical and toxicological param eters. 
However, in th e secon d  an d  third gen era tion s, the  
m ale rats exhibited  sterility  w ith  testicu lar  atrophy  
and degenerative ch an g es.

H eated o ils h ave b een  sh ow n  to be poorly  
absorbed  an d  to p rod u ce ca n cero u s tu m o u rs  
(Artman 1969). T h u s, severe d ecom p osition  of 
frying oils not on ly com p rom ises the quality of the  
food being fried, b u t a lso  p o se s  a p otentia l hazard  
to h u m an  h ealth  and nu trition  (H uang et al. 1988). 
The deterioration of frying o ils at h igh tem perature  
is  a  com plicated  p h en om en on , b eca u se  of the  
sim u ltan eous occurrence of oxidative and therm olytic  
reactions. R ecently, th e effect of frying on  the  
quality o f oil h a s  b een  in vestigated  in  detail (Rojo 
and Perkins 1987). T odate, no inform ation is  
available on the ch a n g es  in  p h ysico -ch em ica l a n d /  
or biological properties o f M a h u a  oil during deep- 
fat-frying operations. S econ d ly , alth ough  th e  refined  
M a h u a  oil is  sp ecified  to  b e edible a s  per PFA
(1976), the villagers and the tribals u su a lly  co n su m e  
the crude oil exp ressed  in  local g h a n i s  (expeller).
* Corresponding Autlvor

H ence, the p resen t s tu d y  on  th e  ad v erse  effects o f  
feeding h ea ted /fr ied  cru d e M a h u a  o ils  to  th e  rats  
of gen eration  one itse lf  w a s  u n d ertak en .
Materials and Methods

Su n-d ried , brow n colou red  M a h u a  k ern e ls  o f  
good  q u ality  w ere p rocu red  from  th e  F orest  
D epartm ent o f N agpur D istrict. The oil w a s  extracted  
in an  expeller and filtered in  D e Lavals' filtration  
u n it to rem ove su sp en d ed  m ateria l. The oil w a s  
stored  at room  tem peratu re in  brow n co lou red  
b ottles  till u sed . U nrefined GNO an d  'fryum s', (a 
com m ercial ready-to-fry snack) w ere p rocured  from  
the local m arket. GNO an d  MO in  1.5 kg lo ts  w ere  
h ea led  in s ta in le s s  s tee l K a d a i s  (frying v e sse ls )  of 
14" d iam  and 4" depth  at 180 ± 5°C c o n tin u o u sly  
for 8 h. In an oth er exp erim ent, 10 0  g o f 'fryums' 
w ere fried, sep arately  in  GNO and MO, in  three  
b a tch es , each  b atch  after 0 .5 , 4  an d  8 h o f h eatin g . 
A stop  w atch  w a s u se d  to n o te  th e  frying tim e  
w h ich  w as found to b e  4 m in . 'Fryum s' w ere  
drained, coo led  an d  w eighed . E ach  b a tch  o f  'fryums' 
w ere stored  at room  tem peratu re in  sea led  low  
d en sity  polyethylene b ags.

After respective storage period, oil from  'fryums' 
w a s extracted  in S oxhlet ap p a ra tu s  u s in g  petro leu m  
ether (B.P. 60°C to 80°C). T h ese  extracted  o ils  w ere  
u sed  to m ea su re  colou r d evelop m en t an d  CDHP b y  
t h e  m e th o d  o f  S t . A n g e lo  e t  a l . ( 1 9 7 5 ) .  
S p eclrop h otom elric read in gs o f co lou r d evelop m en t  
and CDHP m ea su rem en ts  w ere ta k en  at 2 8 0  run 
a n d  2 3 4  n m , r e sp e c tiv e ly . P h y s ic o -c h e m ic a l  
ch aracter istics su ch  a s  acid  va lu e  (AV), peroxide  
va lu e (PV). iodine va lu e (IV), sap onification  va lu e  (SV)
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and unsaponifiable matter were evaluated by AOCS 
methods (1971).
Animal feed in g  stu d ies : The raw oils (GNO/MO) 
and their used forms were utilised in animal feeding 
experiments to check their nutritional quality. The 
study was conducted on 120 (60 female and 60  
male) albino rats CWistar' strain), weighing between  
100-130 g. The male and female rats were housed  
in separate cages, divided into six  groups and each  
group w as provided with the experimental diet 
containing g /1 0 0  g total diet : casein  13.5, starch
67.5, cellulose powder 3, salt mix 4, vitaminized 
starch 1, and vitaminized oil 1. The quantity of 
oil was kept constant (10 g) in all the diets. The 
variable ingredients in the diets include kind and 
nature of oils, viz, raw GNO, raw MO, heated GNO, 
heated MO, fried GNO and fried MO.

After 4 weeks of feeding, 6  anim als (3 m ales 
and 3 females) from each group were picked 
randomly, killed under mild anaesthesia and their 
blood and organs (liver, kidney, testes/ovaries) were 
collected. The blood w as allowed to clot and the 
serum was stored in deep-freeze for further 
analysis. The fresh organ w eights were recorded. 
The livers were wrapped in polythene papers and 
stored in the freezer for further analysis. At the 
end of 8 and 12 weeks, the sam e experiment w as 
repeated. At the end of the 12 w eeks, 1 cm  cu ts  
of liver, kidney, ovaries and testes were subjected  
to histopathological exam ination after fixing in 10%

w as subjected to total lipids (Folch et al. 1957) and 
total cholesterol (Zlatkis et al. 1953) analysis. Fixed 
tissu es were transferred through progressive ethanol 
and xylene grades, embedded in paraffin, sections 
were cut (4 pm thick) and stained with eosin  and 
haematoxylin (Culling 1963).
Statistical an a lysis : The resu lts were subjected to 
standard deviation and significance w as tested by 
student's 't' test (Garrett 1966).
R e s u l t s  a n d  D i s c u s s i o n

Fifty kg of Mahua kernels provided 15 kg of 
filtered oil. The characteristics of the fried food /s  
have their impact on the nature and extent of 
deterioration of the oil and therefore, in the present 
study, only one type of com m ercially available 
product 'fryums' w as fried in MO and GNO. The 
time required to fiy  ’fryums' in 8 h heated MO and 
GNO were similar (4.6 m in and 4 .8  min, respectively) 
and oil absorption by 'fryums' during frying was 
also comparable (24 g and 23 g, respectively). 
Frying in prolonged heated oils (8 h) and increasing 
storage periods (30 days) of the 'fryums' increased  
the colour and CDHP in the absorbed oil.

Table 1 p r e se n ts  th e  p h y s ic o -c h e m ic a l 
characteristics of raw and heated (8 h) sam ples of 
GNO and MO. As is  evident, the thermal oxidation 
of GNO and MO showed increases in all the 
physico-chem ical values except for sm oke point and 
iodine values. The raw MO illustrated higher

TABLE 1. PH YSICO -C H EM ICA L ANALYSIS O E HAW AND U S E D  SA M PLES O F  GN O AND MO

P h y sico -ch em ica l GNO MO
c h a ra c te r is t ic s

R aw H e a te d F ried R aw H e a te d F ried
C olour, 2 8 0  n m 0 .1 5 0 .4 3 0 .7 1 0 .2 1 0 .7 3 1 .16
V isco sity  C PS 6 6 .0 0 8 7 .0 0 8 8 .0 0 7 9 .0 0 9 6 .0 0 9 8 .0 0
S m o k e  p o in t  °C 2 4 2 .0 0 2 3 6 .0 0 2 3 5 .0 0 2 2 8 .0 0 2 1 7 .0 0 2 1 9 .0 0
Acid v a lu e 1 .02 7 .0 4 5 .7 2 7 .1 0 1 5 .8 3 1 2 .1 0
Perox ide v a lu e , m e q  O a/ k g  o f  oil 1 .76 6 .7 3 6 .9 0 2 .1 5 7 .7 2 6 .9 6
Iod ine v a lu e , w ij's 9 7 .6 8 8 6 .4 1 8 6 .7 2 5 9 .8 0 5 2 .2 3 5 0 .7 6
S ap o n ifica tio n  v a lu e 1 9 0 .8 9 2 1 1 .9 1 2 1 2 .5 3 1 9 5 .5 3 2 1 1 .8 1 2 1 7 .1 2
R efractive in d e x , 40°C 1 .4 6 7 8 1.4681 1 .4 6 8 3 1 .4 6 2 2 1 .4 6 2 9 1 .4 6 2 7
U n sap o n ifiab le  m a tte r ,  % 1 .00 1 .60 1 .80 3 .2 0 3 .5 0 3 .5 0
CDHP, 2 3 4  n m 0 .2 8 0 .3 5 0 .4 1 0 .3 2 0 .3 8 0 .4 8
E ach  v a lu e  is  m e a n  o f  th re e  d e te rm in a tio n s .

buffered formalin. Daily food intake, body weight 
gain and fresh organ weights were also recorded 
after 12 weeks. Serum w as analysed for total 
(Zlatkis et al. 1953) and HDL (high density  
lipoproteins) cholesterol (Burstein and Samille 1960) 
and triglycerides (Van Handel et al. 1957). Liver

percentage values than raw GNO in alm ost all the 
characteristics considered except for sm oke point 
and iodine values. However, w hen the physico
chem ical characteristics of the u sed  forms of GNO 
and MO were compared with their respective raw 
oils, the used GNO illustrated higher percentage



102

ch a n g e s  In th e  acid  v a lu e , v is c o s ity  and  
unsaponifiable matter, whereas used MO illustrated 
higher percent increase in CDHP values. Rest of 
the percentage increases and decreases of the used  
forms of GNO and MO were found comparable.
Food intake an d  weight gain : Feeding heated or 
fried oils significantly decreased food intake and 
growth rate in female rats, while m ale rats 
maintained comparable food intake and weight 
gain.

cholesterol levels were evident in  case of m ale rats  
fed on heated MO (0.32 g %) and fried MO (0.31 
g %) as against the rats fed raw MO (0.44 g %). 
The serum  HDL cholesterol va lues and hepatic total 
lipids of all the rats, fed either raw or u sed  oils, 
were comparable.
Liver : The transverse section  of the liver of rats 
of either sex, fed on raw oils (GNO/MO) revealed  
characteristic hepatic profile. The hepatic profiles 
of rats of either sex  fed on heated GNO did not

TABLE 2. AVERAGE S E R U M  AND HEPATIC TOTAL C H O L E ST E R O L  (m g /d l)  AND S E R U M  TR IG LY C ER ID E (m g /d l)  LEV E LS O F  RATS 
FE D  G R O U N D N U T AND MA1IUA O ILS F O R  12 W EE K S

S e ru m to ta l H e p a tic to ta l S e r u m
c h o le s te ro l c h o le s te ro l tr ig ly c e r id e s

D ie t
F em a le M ale F em ale M ale F e m a le M ale

G r o u n d n u t o il
R aw 5 6 .7 4 7 5 .3 0 0 .2 8 0 .4 0 1 2 3 .6 1 2 4 .8

± 1 1 .0 ± 1 .9 9 ± 0 .0 5 ± 0 .0 7 ± 2 1 .7 ± 1 8 .1
H ea ted 6 5 .6 0 1 0 0 .6 4 0 .2 8 0 .3 7 1 1 6 .8 8 2 .9 5 * *

± 6 .4 0 ± 1 4 .9 ± 0 .0 2 ± 0 .0 4 ± 1 7 .6 ± 2 5 .6
F ried 5 7 .1 4 9 9 .0 5 0 .3 5 0 .2 9 8 6 .4 6 1 0 6 .3

± 7 .5 9 ± 1 5 .0 1 ± 0 .01 ± 0 .0 5 ± 7 .2 8 ± 2 8 .3

Mahua o il
R aw 5 8 .1 9 8 2 .8 0 0 .3 1 0 .4 4 1 3 0 .6 1 1 5 .0

± 1 0 .6 ± 7 .6 3 ± 0 .0 5 ± 0 .0 6 ± 8 .2 7 ± 5 1 .7
H e a ted 4 8 .6 7 114 .66* 0 .3 1 0 .3 2 * 90 .27** 1 1 0 .4

± 8 .8 8 ± 1 2 .6 ± 0 .0 7 ± 0 .0 3 ± 1 0 .1 ± 2 6 .0
F ried 6 5 .3 4 6 9 .0 4 0 .3 5 0 .3 1 * 1 4 2 .6 8 5 .5 0

± 15 .1 ± 21 .1 ± 0 .01 ± 0 .0 0 ± 1 7 .8 ± 2 1 .9
*P = 0 .0 5 , **P = 0 .0 1  In d ic a te  s ig n if ic a n t d iffe re n c e  fro m  c o rre s p o n d in g  ra w  oil.

Organ w eights : On an average, the w eights of liver, 
kidneys, ovaries/ testes of the rats of either sex, 
fed on GNO/MO, (either raw or used), compared 
w ell and  th e  d ifferen ces w ere s ta t is t ic a lly  
insignificant. However, one rat out of the four rats 
exhibited unilateral atrophic testi with noticeable 
reduction in size in case of the feeding of heated  
MO for 12 weeks.
Total cholesterol (serum an d  hepatic) an d  serum  
triglycerides : The m ale rats fed on heated MO 
showed significant increase (Table 2) in total 
cholesterol levels as compared to the rats fed raw 
MO (114.66 m g/d l Vs 82 .9 0  m g/dl). Serum TG 
levels of male rats fed on heated GNO decreased  
significantly when compared to the rats fed raw 
GNO (82.95 m g/d l Vs 124.8 m g/dl). Similarly, the 
female rats fed heated MO showed decreased serum  
TG levels against those fed raw MO (90.27  
m g/d l Vs 130.6 m g/dl). Serum  total cholesterol and 
TG levels of rest of the rats, fed on either raw 
or heated oils, were comparable. Decreased hepatic

differ from those of the rats fed on raw oil. The 
transverse section of the liver of only m ale rats fed 
on fried GNO and all rats fed on u sed  (heated and 
fried) MO showed signs of cellular and nuclear  
hypertrophy. This hypertrophy of rats fed on used  
oils were not due to an  accum ulation of excessive  
fat, since the biochem ical findings show  comparable 
hepatic lipids. In substantive agreem ent, recent 
reports (Huang et al. 1988; Alexander 1978) clarify 
that the hepatic lipid content of rats fed on used  
oils decrease, while the hypertrophy, if observed, 
is accounted due to the increm ent in  hepatic  
protein.
Ovaries and k idn eys : Ovaries and kidneys of the 
rats were least altered due to the consum ption of 
any one of the experimental diets.
T estes : The transverse section  of the testes of rats 
fed on raw oils (GNO/MO) showed normal histological 
profiles, wherein several sem iniferous tu b u les with  
occasional patches of interstitial cells of Leydig were 
observed (Fig. 1). Incorporation of used  (heated /
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Fig. 1. S ta in  : h e m a to x y lin  - e o s in  10 x  7. T e s ti  s e c tio n  o f  r a t  
fed o n  ra w  oil (G N O /M O ) d ie t.

fried) GNO and fried MO in the diets of rats did 
not alter the histological profile of the testes. The 
seminiferous tubules appeared normal and all the 
stages of sperm atogenesis were observed. However, 
one rat, out of four male rats, fed on heated MO 
for a period of 3 m onths, exhibited drastic unilateral 
degenerative changes which were prominently seen  
in many of the tubules. At majority of the places, 
the basem ent membrane w as thickened and there 
appeared a gross reduction in the num ber of 
different sperm atogenic stages. Som e of the  
seminiferous tubules were empty without any

Fig.2. S ta in  : h e m a to x y lin  - e o s in  10 x  7 . T e s ti  s e c tio n  o f  r a t  
fed o n  h e a te d  MO d ie t.

evidence of sp erm a to g en esis  w ith  m oderate  
thickening of basem ent membrane (Fig.2). Some of 
the seminiferous tubules showed giant spermatocytes 
and absence of sperm atids and spermatozoa with 
sloughing of tubular lining at som e places (Fig. 3).

General im pression of th is testicular tissue  
was unilateral m aturation arrest. Thus, the overall 
changes symbolize testicular atrophy with an arrest

F ig .3 . S ta in  : h e m a to x y lin  - e o s in  10  x 7. T e s ti  s e c t io n  o f  r a t  
fed o n  h e a te d  MO d ie t.

of spermatogenic process at the primary or secondary 
spermatocytic stage. The affected features resemble 
those described recently (NIN 1989) in the rats of 
generation two and three, but fed on raw MO. This 
biological test has been of short duration and may  
not have detected su b stan ces that would elicit a 
response on prolonged adm inistration or in m assive  
doses. Effect of male sterility due to consum ption  
of heated MO by the rats of generation one, m erits 
further study.
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E ffec ts  o f  d e e p -fa t- fry in g  tim e , t e m p e r a tu r e  a n d  th ic k n e s s  o f  p o ta to  s lic e s  o n  o il a b s o rp t io n ,  m o is tu r e  c o n te n t  

a n d  c o lo u r  o f  c h ip s  h a v e  b e e n  s tu d ie d . T h e  lo s s  o f  re d u c in g  s u g a r s  w a s  fo u n d  to  h a v e  a n  a v e ra g e  d iffu s iv ity  o f  5 .0 6  
x  10_9m 2/ s  in  c a s e  o f  b la n c h in g  o f  1 .5  a n d  2  m m  th ic k  s lic e s  in  b o ilin g  w a te r . C o lo u r  d e v e lo p m e n t fo llow ed  f ir s t  
o rd e r  re a c tio n  k in e tic s  w ith  a  Q 10 v a lu e  o f  1 .39  a n d  5 2 .2 7  k J / k g  m o le  a c t iv a tio n  e n e rg y . M u ltip le  re g re s s io n  e q u a t io n s  
w ere  d e v e lo p ed  fo r m o is tu re ,  o il a n d  c o lo u r  v a lu e s  in  th e  fin a l p ro d u c t  a s  a  fu n c tio n  o f  f ry in g  tim e , o il t e m p e r a tu r e  
a n d  th ic k n e s s  o f  s lice . U se  o f  l in e a r  p ro g ra m m in g  te c h n iq u e  y ie ld e d  2 2 0 -2 2 2  s e c  fry in g  tim e , 145 - 146°C  o il t e m p e r a tu r e  
a n d  2 m m  th ic k n e s s  o f  s lic e  a s  o p t im u m  p a ra m e te r s .
K e y w o rd s  : O p tim iz a tio n , P o ta to  fry ing . C o lo u r  d e v e lo p m e n t, K in e tic s , P o ta to  c h ip s ,  M u ltip le  r e g re s s io n  e q u a tio n .

Potato chips are m ade by deep-fat-frying of 
potato slices in hot oil. Blanching of slices in  hot 
water lowers the reducing sugars and improves the 
colour. Diffusivity of reducing sugars plays an  
important role in deciding the time of blanching. 
Moisture content, oil content and colour are 
important factors which determine the quality and 
cost of the chips (Anand et al. 1982). For longer 
shelf-life, the m oisture content of chips should be 
within 2-3% (Simpson 1969) and from the economic 
point of view, the oil content of the chips should  
also be as low as possible. Good appearance calls 
for a light yellow colour (Misra and Premchand
1988). Tuber variety, storage condition prior to 
processing, th ickness of slice, blanching time and 
temperature, nature of oil used, temperature and 
time of frying are the factors which affect final 
quality of the chips. This work w as undertaken to 
optimize the processing param eters by developing 
regression eq u ation  b etw een  dependent and  
independent variables.
M a t e r ia l s  a n d  M e t h o d s

Potatoes ('Chandramukhi'), purchased from the 
local market, had m oisture 84-87, fat 0 .10-0 .15  
and reducing sugars 0.9-1.0% . Commercially refined 
groundnut oil, having 1.4627 refractive index and 
240°C smoke point, w as used  as frying medium. 
Potatoes were w ashed and sliced to th ickness of
1.5 and 2.010.2 m m  and blanched in boiling water. 
Reducing sugar content in the slices w as m easured  
by dinitro salicylic acid reagent method (AOAC
1965) at 20 sec intervals. Diffusivity of reducing 
sugars (D^ w as estim ated by using the equation  
of Crank (1957).
* Corresponding Author

X 8 7C2Dreb
In ------ = In -----  -  ----------  (1)

X jt2 b 2ro

Where Xr=reducing sugar content at tim e 0b, wt %; 
Xro= in itia l red u cin g  su gar  co n ten t, wt %; 
b= thickness of slice, mm; 0b=time of blanching, 
s; Dr=diffusivity of reducing sugar, m2/ s .  The 
diffusivity, Dr w as com puted from the straight line 
plot (Fig. 1) between blanching tim e and In  ( x y x j .

Fig. 1. R e la tio n sh ip  b e tw e e n  re d u c in g  s u g a r  a n d  b la n c h in g  tim e  
o f  p o ta to  s lic e s  — O —  1.5  m m  — x —  2 .0  m m

The m oisture contents of the slices did not 
change during blanching. From Fig. 1, the computed  
values of diffusivity Dr are 4 .92  x  10 9m 2/ s  for
1.5 mm  slices and 5.2  x  10-9 m 2/ s  for 2 m m  slices. 
In order to decrease the reducing sugar content 
to 0.2% (Burton and McWeemy 1964) (i.e., Xr=0.002), 
the desired blanching tim es 0b a s  obtained from 
eqn. (1) were 68 sec for 1.5 m m  and 109 sec for 
2 mm  slices.

B lanched s lices  (20g) were fried in hot 
groundnut oil (1kg) in electrically heated aluminum
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container at 145, 165 and 180°C. The surface area 
of oil exposed to atm osphere w as 3 7 0  cm 2. Potato 
slices to oil ratio of 25:1000 w as chosen  to give 
an initial temperature drop of 10°C. Potatoes were 
placed in hot oil when the temperature w as 5°C 
higher than the set temperature m aintained by a 
thermocouple type on-off controller. Potato slices  
were taken out at 30  sec interval and placed on  
an absorbant paper to remove surface oil. The 
frying medium  w as changed (Sultana and Sen
1979) every 3 h of frying, during which time its  
refractive index increased from 1.4627 to 1.4629. 
The m oisture content w as m easured by heating 5 
g sam ples at 105°C for 24 h in an oven. Oil content 
w as estim ated by extracting in hexane in Soxhlet's 
apparatus for 4  h. Colour of all the fried chips w as 
matched against red, yellow and blue colour slides 
of a Lovibond tintom eter (Model-E) followed by 
arithmetic sum m ation, C of the red, yellow and blue 
colour value. The colour intensity w as not measured.

The rate constant k,. w as estim ated from a 
straight line plot between InC and frying time, 0f. 
The effect of the temperature T on the rate 
constant, k,. is represented by the Arrhenius type 
equation (Kessler 1981).

k,. = A exp [-Ea/(R(T+273] (2)
Where, Ea is the activation energy, k J /k g  mole; 

R = 8 .314 k J /k g  mole °K; T is the oil temperature 
during frying, (°C); and A is a constant. The value 
of Ea was obtained from the slope of the straight 
line plot between lnkj. and l/(T +273). The effect 
of temperature on kj. is  also represented by Q10, 
the value of which w as determined from Kessler
(1981).

Q10 = (3)
Where, z is  obtained from a straight line plot of 
log (2.303/k,,) and T. The slope of the line is  
(-1/z).
Optimization ana lysis  : Linear regression equations 
were developed for each of the dependent variables, 
namely, m oisture content M, oil content O and 
colour C, as a function of all the three independent 
variables, namely time of frying 0f, oil temperature 
T and thickness of slice b. These equations were 
used to find out the values of 0f, T and b in such  
way that the sum  [M+O+lnC] becom es minimum  
under the constraints :

T t < T < T2 (4) b, < b < b2 (5)
M, < M < (6) ° i < O < 0 2(7)
0n * 0f * 0f2 (8) c i < C < C2 (9)

The suffixes 1 and 2 used  in eqns. (4) to (9) 
represent the lower and upper limit of the variables.

It w as decided to have the oil tem perature vary 
between 145 and 185°C and the slice th ick n ess  
between 1.5 and 2 .0  mm. Therefore, in eqns. 4  and 
5, T, =145, T2=185, b,= 1.5 and b2= 2 .0 . The values  
of 0fl, 0a , Mj, M2, Or 0 2, C, and C2 were fixed from  
subsequent analysis. The problem w as solved with  
a quantitative system s in b u sin ess  (QSB) package 
on a microcomputer.
R e s u l t s  a n d  D i s c u s s i o n

The m oisture content (Fig. 2) follows a linear  
relationship for the greater part of the frying cycle 
except the beginning and end of the cycle. The

F ig .2 . M o is tu re  c o n te n t  o f  2  m m  p o ta to  s l ic e s  d u r in g  fry in g  
a t  v a r io u s  te m p e r a tu r e s .  —A—  145°C , —O —  165°C , 
— x—  185°C .

m inim um  frying tim es required to reach a final 
m oisture content of 3% were found to be 2 5 5  sec  
at 145°C, 165 sec at 165°C and 110 sec  at 185°C 
for 2 mm  slices. The corresponding tim es for 1.5 
m m  slices were 2 20  sec at 145°C, 150 sec at 165°C 
and 100 sec at 185°C. The oil content of the chips 
increased with increase in frying tim e upto 2 40  sec  
at 145°C, 150 sec at 165°C and 105 sec  at 185°C 
for 2 .0  mm slices (Fig.3). The corresponding tim es 
for 1.5 mm slices were 2 6 0  sec at 145°C, 170 sec  
at 165°C and 100 sec at 185°C. Beyond these

F ig .3 . O il c o n te n t  o f  2  m m  s lic e s  a t  d if fe re n t  oil t e m p e r a tu r e s  
a n d  tim e  o f  fry ing . —A—  145°C , —O —  165°C , 
— x —  185°C.
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Fig.4. O il c o n te n t  a n d  m o is tu re  c o n te n t  r e la t io n s h ip  fo r 2  m m  
s lices  a t  v a r io u s  o il t e m p e r a tu r e s .  —A —  145°C ,
- O —  165°C , — x —  185°C .

periods, the increase in oil uptake and m oisture 
loss were very sm all (Fig. 2 and 3).

The relationship between oil and m oisture 
contents of chips is shown in Fig.4. The oil content 
at any time is found to be independent of oil 
temperature and th ickness of slice, but is closely  
related to the m oisture present. A correlation 
coefficient of 0 .98  w as obtained between oil and 
moisture contents. The sam e oil content of 39-41%  
was observed for both 1.5 mm  and 2 .0  mm slices, 
when the residual m oisture content w as 2-3%. 
These observations were well in agreement with the 
results of Sweetman (1936), who reported that oil 
temperature had no effect on final oil content when  
the frying temperatures were above 121°C. Lowering 
initial moisture content and reducing the frying 
time may be used to produce chips with low oil 
content. But, th is will necessitate a post-fry drying 
operation, which automatically takes place when  
hot chips are removed from oil and cooled in air. 
From this analysis, the constraints for M (eqn. 6) 
and O (eqn. 7) were, therefore taken as : M,=2, 
M2=3, 0 = 3 9  and 0 2=41.

Colour development during deep-fat-frying of 
potato followed a first order reaction kinetics as

Fig.5. Ln C a n d  tim e  o f fry in g  r e la t io n s h ip  fo r 2  m m  s lic e s  
a t  v a r io u s  oil t e m p e ra tu re s .  —A— 145°C , —O —  165°C , 
— x—  185°C.

indicated by the linear relationship of logarithm of 
colour with tim e for all oil tem peratures (Fig.5).
TABLE 1. R EACTION KINETIC PA R A M E T E R S F O R  C O L O U R  

D EVELOPM ENT.

K in e tic  p a ra m e te r s T h ic k n e s s o f  s lice , m m
1.5 2 .0

R e a c tio n  r a te  c o n s ta n t ,  l q  (S '1)
145°C 0 .0 0 3 4 2 0 .0 0 3 3 8
165°C 0 .0 0 6 0 7 0 .0 0 5 4 3
185°C 0 .0 1 3 1 2 0 .0 1 2 3 4

A c tiv a tio n  en e rg y , E t ( k J / k g  m ole) 5 3 .3 5 5 1 .4 0
z  v a lu e , (°C) 6 8 .5 4 7 1 .0 8
0 ,„  v a lu e 1 .4 0 1 .3 8

With the increase in tem perature, the rate constant, 
k,. increased (Table 1). Also, the kinetic param eters 
for colour development did not vary m uch with the 
th ickness of potato slice.

Sensory evaluation of the ch ips revealed that 
for consum er acceptance, the colour of the chips 
should be betw een 7 and 9. Below 7, the colour 
w as too light and above 9, it becam e very dark, 
both being unacceptable. So, the lim its of C in eqn. 
9 were taken as C,=7 and C2=9. From Fig.5 and  
a similar Figure for 1.5 m m  slice, the am ount of 
colour developed at the end of m inim al frying tim es  
w hen the m oisture content is 3% are show n in

TABLE 2 . C O L O U R  INTENSITY AND M INIM UM  T IM E  TO  
ATTAIN 3 %  M O IST U R E  IN C H IP S  D U R IN G  FRYING

O il _______ T h ic k n e s s  o f  s lice
te m p e r a tu r e 1 .5 m m 2 .0 m m

C o lo u r M in . tim e C o lo u r M in  tim e
(°C) re q u ire d  (sec) r e q u ir e d  (sec)
145 8 .2 2 2 0 8 .0 2 5 5
165 11 .5 150 9 .4 165
185 17 .0 100 1 4 .8 110

Table 2. It m ay be observed that frying at 165°C 
and 185°C results in unacceptable colour. So, the 
lim its of frying tim e (eqn. 8) w ere se lec ted  
corresponding to an oil temperature of 145°C yielding 
0fl=22O sec and 0a=255 sec  for 1.5 m m  and 2 .00  
mm  slices, respectively.
Optimal values : Following regression equations 
were used for prediction of m oisture, oil and colour 
of the chips for different tim e, tem perature and 
th ickness of slices.
M =192.42-0.4 2 6 8 0 7  0f-O .795 T + 9 .9 5 8  b (10) 

(R2=0.875)



O = -54.98+ 0.21156 9f+ 0.398 T -  4 .9 0 4  b (11) 
(R^O.877)

In C = -l. 1619+0.00463 9f+0.0178T -0 .1546 b (12) 
(R2=0.714)

TABLE 3 . OPTIMAL P R O C E S S  PARAM ETERS F O R  D E E P - 
FAT-FRYING O F  POTATO

F e a s ib le s o lu tio n
I 11

T e m p e ra tu re  o f  fry ing, T  (°C) 1 4 5 .0 1 4 6 .0
T h ic k n e s s  o f  slice , b  (mm) 2 .0 2 .0
M o is tu re  c o n te n t  o f  c h ip , M (wt%) 2 .0 2 .0
O il c o n te n t  o f  c h ip s , Ofwt%) 4 0 .1 4 0 .1
C o lo u r  v a lu e  o f c h ip s ,  C 8 .6 8 .7
T im e o f fry ing, 0, (sec) 2 2 2 .0 2 2 0 .0

Using the above equations and the values of 
constraints (i.e, T,=145, T2=185, b,= 1.5, b2=2.0, 
M,=2, M2=3, 0  =39, 0 2=41, C,=7, C2=9, 0fl=22Oand 
0a=255) in the QSB package, two feasible solutions 
for the minimum value of (M+O+lnC) were obtained. 
The results show n in Table 3 reveal that, to get 
good quality chips (2-3% m oisture, 40% oil content, 
7-9 colour value), the temperature of oil should be

low (145-146°C) and the tim e of frying high (220- 
222 sec). Although the frying tim e can be reduced  
by using oil at higher tem peratures, th is  is  likely 
to lead to a loss of chip quality by colour darkening.
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S tu d ie s  w e re  c a r r ie d  o u t  to  d e te rm in e  th e  effec t o f  d if fe re n t m ilk  p ro d u c ts ,  s u c h  a s  s k im m e d  m ilk  p o w d er, w h o le  

m ilk  p o w d er, w h o le  m ilk  a n d  c o n d e n s e d  m ilk  o n  th e  q u a li ty  o f  b re a d . All th e s e  m ilk  p r o d u c ts ,  in  g e n e r a l r T e d u c e d  
th e  fa r in o g ra p h  w a te r  a b s o rp t io n ,  in c re a s e d  th e  fa r in o g ra p h  d o u g h  s ta b il i ty  a n d  m a d e  th e  d o u g h  m o re  stiff. In c o rp o ra tio n  
o f  a n y  ty p e  o f  m ilk  p r o d u c t  a t  6 .0 %  level (on  d ry  b a s is )  lo w ered  th e  lo a f  v o lu m e  b y  4 .8  to  12 .4% , h a r d e n e d  th e  
te x tu re , a n d  m a d e  th e  g ra in  c o a rs e r .  T h e  q u a li ty  o f  m ilk  b re a d  c o u ld  b e  im p ro v ed  b y  u s in g  7 .5 %  s u g a r ,  4 .0 %  fa t 
a n d  e i th e r  a  m ix tu re  o f  15 p p m  p o ta s s iu m  b ro m a te  a n d  100  p p m  a s c o rb ic  a c id , o r  0 .5 %  o f  d i-a c e ty l  ta r t a r i c  a c id  
e s te r  o f  m o n o g ly c e rid e  a lo n g  w ith  1 0 0  p p m  a s c o rb ic  a c id . T h e  a b o v e  fo rm u la tio n  im p ro v e d  th e  lo a f  v o lu m e  (4 4 5  to  
559°C ) a n d  c ru m b  te x tu re  o f  th e  m ilk  b re a d . T h e  s tu d ie s  in d ic a te d  th a t  s te r il iz e d  w h o le  m ilk , w h ic h  is  le s s  e x p e n s iv e  
th a n  th e  d r ie d  o r  c o n d e n s e d  m ilk , co u ld  b e  effectively  u s e d  in  m ilk  b re a d  fo rm u la tio n .
K ey w o rd s : M ilk b re a d , S to ra g e  o f  b re a d , D o u g h  c h a r a c te r is t ic s ,  B re a d  a d d itiv e s , E ffec t o f  d if fe re n t  m ilk  s o u rc e s .

Milk solids improve the nutritional quality, 
taste and keeping quality of bread. These form an 
essential ingredient in m ilk bread and a m inimum  
level of 6% (dry basis) h as to be used  as per the 
specifications of Indian Standards Institution (ISI
1985). The inclusion of milk solids in bread leads 
to various changes such  as increase in the bread 
water absorption (Larson et al. 1951; Sw anson et 
al. 1964; Dubois and Patrick 1984), reduction in  
the volume of bread (Larson et al. 1951; Marston
1971) and imparting open grain and hard texture 
(Marston 1971; Baldwin et al. 1964). The extent 
of these changes depends on the method of 
manufacture of the milk solids and the type of its 
pre-heat treatment (Swanson et al. 1964). Heat 
treatment of milk during processing has been  
reported to overcome the deleterious effect in bread 
and therefore, m ilk powder is  specifically processed  
in some of the countries for use in bakeiy industry 
and is known as "High heat" non-fat dry milk  
(NFDM) or special baker's milk powder (Lee 1952).

In India and som e other developing countries, 
normal NFDM is used  in bread. Many other sources 
of milk solids, such as whole milk powder, condensed  
milk and whole milk could be used  in bread. 
However, comparative information regarding their 
effect on the quality characteristics of bread and 
dough is not available. The results of such  studies 
are presented in th is paper.
M a t e r ia l s  a n d  M e t h o d s

Wheat flour (M aida) w as procured from the 
local market. Commercially available skimmed milk
* Corresponding Author

powder, whole milk powder, condensed m ilk and 
w h o le  m ilk  w ere p r o c u r e d  from  rep u ted  
m anufacturers. Whole m ilk w as boiled for 5 m in  
before using in the formulation.
Chemical characteristics : Estim ation of m oisture, 
total ash, dry gluten, Zeleny's sedim entation value 
and K ent-Jones colour grade value were carried 
out, as per the standard AACC (1969) m ethods. 
Dough raising capacity of flour w as determined  
according to ISI m ethod (ISI 1985).
Rheological ch aracteristics : Farinograph and  
extensograph characteristics of bread dough were 
assessed  by AACC (1969) m ethods. General food 
texturometer characteristics of bread were evaluated  
by the m ethod adopted by Tanaka (1975) with the 
following conditions : 0 .5  V voltage; 2 mm  clearance; 
50 mm plunger diameter.
Baking characteristics : Breads were prepared by 
following the remix baking test (Irvine and McMullan
1960). Fat (1%) and m alt (0.5%) were included in  
the formulation. Milk products were incorporated 
on diy weight basis. Loaf volum e of bread w as 
m easured in a loaf volum e m eter using rapeseed  
displacem ent m ethod (Mallock and Cook 1930). 
Sensory evaluation of breads, for crust and crumb  
characteristics, w as carried out by a panel of sem i- 
trained judges.
Storage stu d ies : Storage trials were carried out by 
packing the breads in polypropylene pouches (150 
gauge) and storing at 27±2°C and 65±5% RH. The 
breads were observed for mould growth and assessed  
for the textural characteristics using general foods 
texturometer (Tanaka 1975) at regular intervals.
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All the tests were carried out in triplicate and 
the average values are reported.
R e s u l t s  a n d  D i s c u s s i o n

The flour used for the study had the following 
quality characteristics as expressed on 14% moisture
TABLE 1. C O M POSITION O F  D IF F E R E N T  MILK PR O D U C TS

C o m p o 
s itio n , %

S k im m e d
m ilk
p o w d er

W hole
m ilk
p o w d e r

W h o le
m ilk

S w e e te n e d  
c o n d e n s e d  
w h o le  m ilk

W ate r 4 .0 0 4 .0 0 8 7 .2 5 2 6 .7 5
P ro te in 3 7 .4 0 2 7 .2 0 3 .5 0 7 .8 5
M ilk fa ts 1 .00 2 6 .0 0 3 .8 0 8 .9 9
L ac to se 4 9 .2 0 3 6 .8 0 4 .8 0 1 2 .9 4
A sh 8 .4 0 6 .0 0 0 .6 5 1 .7 7
S u c ro se - - - 4 0 .5 9
T o ta l m ilk 9 6 .0 0 9 6 .0 0 1 2 .7 5 7 3 .2 5
so lid s________________________________________________________________
basis: dry gluten 11.66%, sedim entation value 24  
ml, ash 0.46% and colour grade value 3.2. The 
reasonably high values for gluten and sedim entation  
suggest the suitability of flour for bread preparation. 
The com p osition  of different m ilk  p rod u cts  
(Table 1) agrees with the values reported by Eckles 
et al (1951).
E ffect o f  m ilk  p ro d u c ts  on th e  rh eo lo g ica l 
characteristics o f  w h ea t flour dough : Table 2 
illustrates the changes in farinograph characteristics

of flour due to incorporation of differently processed  
milk solids. There w as a gradual decrease in  
farinograph water absorption with the addition of 
all the m ilk products. The reduction w as negligible 
upto 2% level of addition. Incorporation of skim  
m ilk powder, whole m ilk powder and w hole m ilk  
at 6% level (on dry basis), decreased the water 
absorption from 5 9 .6  to 55.4-58.0% , while it w as  
reduced to 49.4%  with the u se  of condensed  milk. 
The greater red u ction  in  farinograph w ater  
absorption with condensed milk could be attributed  
to the presence of high level o f sugar (about 40%) 
in the milk product (Eckles et al. 1951). The dough  
development time as well as dough stability increased  
with increase in the level of incorporation of m ilk  
solids. In these cases, the extent of increase w as  
similar in all the sources of m ilk used. This could  
be attributed to the presence of high levels of 
calcium  in m ilk solids. The sa lts are know n to 
increase the m ixing time and stability (Bennett and  
Ewart 1965).

Use of differently processed m ilk solids (6% 
level) m ade the dough stiff a s  evidenced from the 
increase in the resistance to extension  from 485  
to 550-735  BU, and also the ratio figure from 2 .77  
to 3 .27 -4 .32  (Table 2). Larsen et al. (1951) also  
reported the increase in  the resistance to extension  
on  in co rp o ra tio n  o f sk im m ed  m ilk  s o lid s .

TABLE 2 . E F F E C T  O F  D IFFE R E N T  MILK S O L ID S O N  T H E  RHEOLOG ICAL C H A R A C TERISTICS O F  T H E  D O U G H

F o rm  o f  Level F a r in o g ra p h  E x te n s o g ra p h
m ilk  o f  ------------------------------------------------------------------------------------  -----------------------------------------------
u s e d m ilk F a r in o  D o u g h S tab ility , M ixing R esis- E x te n s i R a tio A rea ,

so lids*
(%)

g r a p h  
w a te r  
a b s o r p 
tio n  %

d e v e lo p 
m e n t  tim e, 
m in

m in to le ra n c e
in d e x ,
BU

s ta n c e
e x te n s io n ,
BU

b ility ,
m m

fig u re ,
R /E

c m 2

C o n tro l 0 5 9 .6 4 .0 6 .0 7 0 4 8 5 175 2 .7 7 1 2 0 .3 5
S k im m ed 2 5 9 .4 4 .5 7 .0 5 5 - - - -

m ilk  p o w d e r 4 5 9 .0 5 .5 9 .0 5 5 - - - -
6 5 8 .0 5 .5 1 0 .0 5 0 5 5 5 170 3 .2 7 1 3 3 .6 5
8 5 7 .2 6 .0 1 0 .0 4 5 - - - -

W hole 2 5 8 .5 4 .5 6 .0 6 0 - - - -

m ilk  p o w d e r 4 5 7 .0 5 .0 7 .0 6 0 - - - -
6 5 5 .4 6 .0 9 .0 6 0 6 0 0 160 3 .7 0 1 3 8 .6 0
8 5 4 .8 6 .0 1 0 .0 5 0 - - - -

W hole  m ilk 2 5 9 .0 4 .0 9 .5 4 5 - - - -

4 5 8 .8 4 .5 1 0 .0 4 5 - - - -

6 5 7 .8 6 .0 1 0 .0 4 0 5 5 0 175 3 .1 3 1 3 0 .7 0
C o n d e n se d  m ilk 2 5 5 .6 4 .0 8 .5 7 0 - - - -

4 5 2 .4 4 .5 1 0 .0 6 0 - - - -

6 4 9 .4 5 .0 1 0 .0 6 0 7 3 5 170 4 .3 2 1 7 4 .8 0
8 4 7 .0 6 .0 1 0 .0 5 0 - . - _

* - O n  d ry  b a s ts
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Extensibility of dough, on addition of m ilk solids, 
did not show  any considerable change. Use of 
condensed m ilk  at 6% level had m axim um  
improvement in total strength of the dough as  
indicated by the area of the extensogram , which  
increased from 120.4 to 174.8 cm2. Maximum change 
in the extensograph characteristics w as observed 
with the incorporation of condensed milk.
Effect on bread quality : Inclusion of differently 
processed milk products in  the bread formulation 
gradually decreased the bread loaf volume with 
increase in their level (Table 3). With the addition 
of 6% milk solids, the reduction in bread loaf 
volume ranged betw een 4 .8  and 12.4%. Larsen et 
al. (1951) and D ubois et al. (1984) have also  
reported similar reduction in loaf volume with the 
addition of skimmed milk powder. Among the 
various milk products, condensed milk had the 
least effect on the loaf volum e. This could be due 
to the oxidation of sulfhydiyl groups during 
processing of condensed m ilk which otherwise is

solids upto 2% did not affect the texture or grain 
of the crumb, but the crum b texture became 
increasingly harder, while grain becam e coarser at 
higher levels of m ilk powder. At all levels of 
incorporation, bread containing condensed milk 
had better texture and grain w hen compared to 
th o se  con ta in in g  other m ilk  so lid s. T hough  
incorporation of m ilk solids improved the taste of 
breads, in general, the bread containing condensed  
milk ranked higher a s  indicated by higher score.
Improvement in the quality o f  milk bread  : In order 
to overcome the deleterious effect of incorporating 
m ilk solids in bread, ingredient levels were varied 
and additives were used  in  the formulation. These 
studies were carried out in bread containing 6% 
skim m ed milk solids. As illustrated in Fig. 1, 
optimum levels of sugar and fat were found to be 
7.5% and 4.0%, respectively. Further increase in  
their addition reduced the volum e of bread. 
Incorporation of both sugar (7.5%) and fat (4%) 
increased the bread volum e to 570  cc as compared

TABLE 3 . QUALITY O F BREAD, AS A FFE C T E D  BY D IFFE R E N T  MILK PR O D U C TS

F o rm  o f Level V o lum e, S p ecific C r u s t C ell s t r u c tu r e T a s te  '
m ilk  u s e d m ilk  so lids* , CC v o lu m e , c o lo u r a n d  te x tu r e  **

% c c /g
C o n tro l 0 5 2 5 3 .9 1 G B 8 .5 6 .0
S k im m ed  m ilk  p o w d e r 2 5 1 5 3 .8 1 G B 8 .0 6 .0

4 4 9 5 3 .6 7 B 7 .0 7 .5
6 4 7 0 3 .4 0 B 4 .0 7 .0
8 4 7 0 3 .3 9 DB 3 .0 6 .0

W hole m ilk  p o w d er 2 5 1 0 3 .8 0 G B 8 .0 6 .0
4 4 8 5 3 .6 2 B 7 .5 7 .0
6 4 7 0 3 .4 4 B 5 .0 8 .5
8 4 5 0 3 .4 0 DB 4 .0 6 .0

W hole m ilk 2 5 0 5 3 .7 5 G B 8 .0 6 .0
4 4 9 5 3 .6 9 B 6 .5 8 .0
6 4 8 0 3 .5 7 B 5 .0 5 .5

C o n d e n se d  m ilk 2 5 1 5 3 .7 4 G B 8 .5 7 .0
4 5 0 5 3 .5 4 B 8 .0 9 .0
6 5 0 0 3 .5 0 B 7 .0 8 .5
8 4 9 0 3 .5 0 DB 5 .5 6 .0

GB - G o ld en  b ro w n , B - B ro w n , D B  - D a rk  b ro w n , * - O n  d ry  b a s is ,  
** - S e n so ry  e v a lu a tio n  w a s  c a r r ie d  o u t  o n  9  p t. H e d o n ic  s c a le

known to be responsible for the deleterious effect 
(Swanson et al. 1964).

Addition of m ilk solids darkened the crust 
colour, and the crust colour w as acceptable only 
upto 6% addition of m ilk solids. Beyond th is level, 
the crust colour could be made acceptable by 
slightly reducing the bake time. Hubbard (1971) 
observed definite improvement in crust colour at 
a lower level (2-3%) of m ilk powder. Addition of milk

to that of 470  cc in case of control bread containing  
2.5% sugar and 1% fat.

The quality of m ilk bread as affected by 
different additives is  given in  Table 4. The results 
indicated that all the additives improved the volume 
and texture by varying degrees. However, the 
improvement w as better, w hen different combination 
of additives were used. Maximum improvement w as 
observed in bread containing diacetyl-tartaric acid
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Ascorbic Acid level  C ppm)
0 6 0  8 0  100  r - ih - i ----------------- ---------------- ----------------

F a t  l e v e l  ( 7 . )
Fig. 1. E ffect o f in g re d ie n ts  a n d  a d d itiv e s  o n  th e  lo a f  v o lu m e  

o f  m ilk  b re a d .
ester of monoglyceride (DATEM) or Tween 60. 
Greater improvement in bread volume w as observed 
when either a mixture of ascorbic acid and potassium  
bromate or DATEM and ascorbic acid w as used.
TABLE 4 . E F F E C T  O F  ADDITIVES ON T H E  QUALITY O F 

MILK BREAD*
A dditive u s e d V o lum e, S p ec ific  Cell s t r u c tu r e
a n d  level cc v o lu m e , a n d  

c c / g
tex tu re* *

6
C o n tro l, n o  m ilk 5 2 5 3 .9 0 8 .5
M ilk b re a d 4 4 5 3 .3 0 4 .0

K B r0 3, 15 p p m 4 7 0 3 .4 9 6 .5
AA, 100 p p m 4 7 5 3 .5 3 7 .0
KBrO , 15 p p m  + AA, 5 1 0 3 .8 0 9 .0
100 p p m
SSL, 0 .5 % 4 6 5 3 .5 3 6 .5
DATEM, 0 .5 % 4 9 5 3 .6 8 8 .0
DATEM. 0 .5 %  + AA, 5 1 0 3 .7 9 8 .5
100 p p m

T W E E N -40, 0 .5 % 4 8 0 3 .5 3 6 .5
T W E E N -60 , 0 .5 % 4 9 0 3 .61 7 .0

K B r0 3- P o ta s s iu m  b ro m a te . AA - A sco rb ic  ac id , S S L - S o d iu m
s te a ro y -2 - la c ty la te , DATEM - D iace ty l t a r ta r ic  a c id  e s te r  o f  m o n o  
g lyceride , T W E E N -40  - P o ly o x y e th y len e  s o r b i ta n  m o n o -p a lm ita te ,  
T W E E N -60  - P o ly o x y e th y len e  s o rb i ta n  m o n o -s te a ra te ,  * - A t 6%  
sk im m e d  m ilk  p o w d er, d ry  b a s is ,  ** - S e n s o ry  e v a lu a tio n  w a s  
c a rr ie d  o u t  o n  9  p t. H ed o n ic  sca le .

o> *  * C o n t r o l  b r e a d

A----------------------------------------—A— . ■—, ,A
0 3 5

S t o r a g e  d u r a t i o n  ( d a y )

F ig .2 . C h a n g e s  in  th e  c r u m b  h a r d n e s s  o f  b re a d  d u r in g  5  d a y s  
s to ra g e . X X —  C o n tro l b re a d ,  —0 - 0  M ilk b re a d .

F ig .3 . L o af v o lu m e  o f  b re a d , a s  in f lu e n c e d  b y  d if fe re n t  s o u r c e s  
o f  m ilk  so lid s . 1. C o n tro l b re a d ,  n o  m ilk  so lid s ; 2 . M ilk  
b re a d , 6%  SM P, d .b . ,  3 . C o n tro l b r e a d + S u g a r  (7 .5% ) + 
fa t (4%); 4. M ilk b r e a d + s u g a r  (7 .5% )+ fat(4% ); 5 . S M P  (6% 
db) b re a d +  s u g a r  (7 .5 % )+ fa t(4 % )+ ad d itiv es ; 6 . W M P (6%  
db) b r e a d + s u g a r  (7 .5% )+ fa t (4%) + a d d itiv e s ; 7 . W M 
(6% db) b r e a d + s u g a r  (7 .5% )+ fa t (4%) + a d d it iv e s ;  8. C M  
(6%  db) b re a d  + s u g a r  (7 .5 % ).+ fa t(4 % )+ a d d itiv e s .
SM P = S k im m e d  m ilk  p o w d er; W M P = W h o le  m ilk  
po w d er; W M = w h o le  m ilk ; CM  = C o n d e n s e d  m ilk .
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The above two com binations of additives also 
improved the dense and coarse crumb texture of 
milk bread into soft and velvety texture with 
uniform fine cells.

Breads made with optim um  level of ingredients 
and additives using different milk solids indicated  
that the loaf volum e of bread w as alm ost the sam e 
in all cases (Fig.2). The other quality parameters 
were also found to be similar. This suggested that 
any type of milk solids including whole milk could  
be effectively used in bread.
Storage stu d ies : Storage stu d ies carried out 
indicated delayed m ould growth in m ilk bread (6th 
day) as compared to control bread (5th day). Earlier 
studies indicated that wrapping in sorbic acid 
impregnated paper could preserve well upto a 
period of 6 m onths (Ghosh et al. 1973; Chakrabarthy 
et al. 1974). Though the initial hardness in milk 
bread w as higher, the increase in hardness during 
storage w as slightly lower in  milk bread (2.1 kg/v) 
as compared to control bread (2.3 kg/v) (Fig.3.)

To conclude, bread m ade using condensed  
milk had better quality characteristics as compared 
to that containing non-fat dry milk, whole fat milk  
solids and whole milk. Quality of m ilk breads could 
be improved by using the com bination of either 
potassium  bromate and ascorbic acid or diacetyl 
tartaric acid ester of monoglyceride and ascorbic 
acid. The studies also showed that sterilized whole 
milk could be used in m ilk bread, in place of 
costlier milk powder.
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Development of a Laboratory Method for Preparation of Nan
A . R A H IM , C .N . V A T S A L A  A N D  S .R .  S H U R P A L E K A R *

Central Food Technological Research Institute, M ysore-570 0 13 , India.
A la b o ra to ry  m e th o d  fo r p re p a r a t io n  o f  a n  In d ia n  tr a d i t io n a l  fe rm e n te d  food - nan h a s  b e e n  d e v e lo p e d , b a s e d  

o n  a  q u e s t io n n a ir e  s u rv e y  a n d  e v a lu a tio n  o f  th e  d o u g h  a n d  th e  nan fro m  h o te ls . R e s e a rc h  w a te r  a b s o r p t io n  m e te r  
(RWAM) h a s  b e e n  a d a p te d  fo r d e te rm in in g  nan d o u g h  w a te r  a b s o r p t io n  (NWA) to  a r r iv e  a t  th e  d e s ir e d  d o u g h  c o n s is te n c y ,  
e x p re s s e d  a s  th e  d o u g h  e x t ru s io n  tim e  in  th e  r a n g e  o f  6 5 -7 6  sec . C o n d itio n s  h a v e  b e e n  o p tim ise d  fo r (i) p r e p a r a t io n  
o f  th e  d o u g h  b a s e d  o n  re f in e d  w h e a t  f lo u r  (maida), c u r d /y o g h u r t ,  m ilk , ta b le  s a l t ,  egg, fa t, s u g a r ,  food g ra d e  s o d iu m  
b ic a rb o n a te  a n d  w a te r  e q u iv a le n t  to  NWA, (11) fe rm e n ta t io n  a n d  s h e e tin g  o f  th e  d o u g h  a n d  (iii) b a k in g  o f  nan in  a  
g a s  tandoor (oven).
K e y w o rd s  : Nan, In g re d ie n ts ,  P r e p a ra t io n  m e th o d , E v a lu a tio n , D o u g h  w a te r  a b s o rp t io n .  R e s e a rc h  w a te r  a b s o r p t io n  

m e te r , G a s  Tandoor.
Nan, a flat leavened bread made from m aida  

(refined wheat-flour) is  a popular traditional food 
of the Indian sub-continent. It is relatively more 
nutritious than chapati/roti, as it is  prepared from 
a fermented dough containing milk, curd (yoghurt) 
and egg. Due to its specific m ethod of preparation 
and baking in  a special type of oven - tandoor, nan  
is generally m ade only in  a few households and 
its consum ption is confined m ostly to 'Dhabas' (the 
road side food stalls) or hotels.

No scientific information is available on the 
method of nan  preparation vis-a-vis the influence 
of ingredients and processing conditions. Such a 
situation necessitated a survey of the existing  
preparation m eth od s, in clu d in g  the recip es, 
ingredients and baking ovens, to be followed by 
scientific studies to develop a reference preparation 
methodology for nan  of desired quality parameters 
in the laboratory. The resu lts of such  a study are 
presented in th is paper.
M a t e r i a l s  a n d  M e t h o d s

Sam ples of nan  dough and nan  were procured 
locally from 6 hotels. Eight different m aida  sam ples 
were obtained from different sources locally, while 
one w as processed in a laboratory roller flour mill 
(MLU-202) using Punjab' wheat. Essential ingredients 
such as curd, refined groundnut oil, milk, egg, table 
salt, sugar and food grade sodium  bicarbonate 
(baking soda) and optional ingredients such as milk 
and sugar were procured from local market.

Maida of different fineness (21.6-31.7%  throughs 
of 62 p sieve opening) w as processed from 'Punjab' 
wheat, by changing the laboratory roller mill 
settings from normal (B2-0 .13 mm, B3-0 .1 mm, RL-
0 .07  mm and R3-0.03 mm) to varying clearances

* Corresponding Author

of Rg (0 .044-0 .024  mm). M aida  sam ples were 
analysed for m oisture, ash, damaged starch, particle 
size, wet gluten, Pelshenke value, sedim entation  
value, farinograph water absorption (FWA) by AACC
(1976) m ethods and flour hydration capacity by the  
method of Yamazaki (1953). The texture param eters 
like h a rd n ess , c o h e s iv e n e ss , c h e w in e ss  and  
springiness were determined for laboratory m ade  
a s well as hotel sam ples of nan  dough and nan  
by adapting th e ,m eth od  of Tanaka (1975), using  
texturom eter (Model GTX, General Foods). 
Determination o f nan-dough w a ter absorption  (NWA): 
Softness of the dough and absence of stick in ess  
by handfeel were considered as desirable attributes 
for determining NWA subjectively. Consequently, an  
objective m ethod based on the m easurem ent of the  
extrusion time of the dough w as developed by  
adapting research water absorption m eter (RWAM) 
under operative force of 3 .3 9  kg. D ough w as  
prepared by hand m ixing or in  a Hobart m ixer (N- 
50) using 100 g m aida  and water equivalent to 
NWA. A portion w as then  rolled by hand to a 
diameter and length, similar to that of ithe gun  
(cylindrical steel tube) of RWAM. The gu n  w as filled 
with rolled dough and the p iston  w as released for 
extruding the dough. The time for extruding 1 cm  
length of dough w as considered as an  index of 
dough consistency.
Preparation o f the nan dough an d  nan: Two hundred  
grams of laboratory milled m aida  along with optimum  
levels of other ingredients, arrived at after preliminary 
trials, and the required quantity of water (NWA) 
were mixed in a Hobart m ixer for an optim um  
period of 3 m in to obtain a nan  dough of desired  
consistency. The prepared dough w as allowed to 
ferment for 4  h. Based on preliminary trials, about 
80  g fermented dough w as taken for sheeting to 
the desired th ickness of 2 .5  m m  by u s in g ‘a w ooden
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rolling pin and a specially designed alum inium  
platform (Haridas Rao et al. 1986) and baked in  
gas tandoor (Supercook, India) for an optimum  
period of 1.5 m in at 350-365°C  to obtain a nan  
with pleasing appearance, spongy texture and 
desired chew ing/eating characteristics.
Evaluation o f  nan: The nans  were graded on a 5 
point scale viz. poor, fair, satisfactory, good and  
excellent by a panel of six  trained judges for the  
quality attributes of appearance, handfeel (texture), 
chewing/eating quality and overall quality. Optimum  
levels of different ingredients and processing  
conditions were arrived at, on the b asis  of nan  
judged as good/excellent for overall quality.
Survey questionnaire : To get acquainted with the 
present status of information on nan, before 
undertaking scientific studies, information w as 
sought from 77 hotels and catering establishm ents 
about th e  in g r e d ie n ts , d ou gh  p rep a ra tio n , 
ferm entation tim e, leaven in g  a g en ts , dough  
consistency, size, shape and th ickness of the dough 
sheet, method of baking, texture profile, eating 
quality and frequency of consum ption.
R e s u l t s  a n d  D i s c u s s i o n

TAB LE 1. P H IS IC O -C H E M IC A L  A T T R IB U T E S  A N D  NAN
DOUGH WATER ABSORPTION OF COMMERCIAL 
AND LABORATORY MILLED MAIDA SAMPLES

Attributes M aida
Commercial* Laboratory'’

Flour hydration capacity, % 2 06  - 225 236
Particle size,' 18.6 - 2 2 .7 2 1 .6 -31 .7
Moisture, % 11.8 - 13.1 12.3
Damaged starch, % 11.4 - 13.7 9 .4 -12 .6
Wet gluten, % 2 1 .7  - 23 .9 29 .6
Total ash, % 0 .5 9  - 0 .8 0 0 .48
Sedim entation value (ml) 17.7 - 28 .2 28 .2
Pelshenke value, min 8 5  - 106 124
Farinograph water absorption, % 58.1 - 62.1 62 .3
NWA

hand mixed, % 6 1 .0  - 65.1 64 .5
Hobart mixer, % 5 9 .8  - 64.1 63 .2

Extrusion time, sec
handm ixed dough 4 0  - 55 54
Hobart mixer dough 6 5  - 76 76

* R an g e  for 8  s a m p le s
b M illed fro m  'P u n ja b ' w h e a t  to  v a ry in g  d e g re e s  o f  f in e n e ss . 
c A s th r o u g h s  o f  2 5  p  s iev e  o f  6 2  p  o p e n in g

Physico-chemical attributes o f  m aida : The ranges 
of values for attributes like ash, flour hydration 
capacity, wet gluten, sedim entation values and 
Pelshenke values, presented in Table 1, indicated  
that the commercial m aida  sam ples used  in the 
present studies were milled from soft or medium  
hard wheats. Values for laboratory milled m aida  
indicated that ’Punjab' wheat used w as of good 
quality m edium  hard wheat. Variation in damaged  
starch influencing the water requirement of the  
dough m ay be attributed to the severity of grinding, 
which affects the particle size pattern of m aida  
samples.
Nan dough w ater absorption (NWA): The data (Table 
1) on the farinograph water absorption (FWA), NWA 
and extrusion time showed that NWA could be 
obtained by adding 1-3% extra water to FWA. 
Therefore, Brabender farinograph, normally used  
for determining water requirement for a bread 
dough, could be employed for determining NWA.

Hand mixed nan  dough of desired consistency  
required 1-2% more water than  Hobart mixed 
dough. The extrusion time determined on RWAM 
had ranges of 40-55  sec  and 6 5 -76  sec for hand  
and Hobart mixed doughs of desired consistency, 
respectively. The corresponding extrusion tim es for 
laboratory made doughs were 54 and 76 sec,

respectively. This finding h a s show n the possibility  
of adapting a portable RWAM, in  place of imported 
high cost farinograph, for quick determ ination of 
NWA.
Evaluation o f  nan dough a n d  nan: The pH variation  
range w as 6 .6 -6 .9  for fresh doughs and 5 .6 -4 .8  for 
doughs fermented for 2 -1 4  h, while the respective 
acidity values, expressed a s % lactic acid were 0 .0 6  
and 0.4%. The data on textural param eters of nan  
dough and nan  from hotels a s well a s  th ose made 
in laboratory are presented in  Table 2. The
TABLE 2 . D E S IR E D  TEXTURAL A TTRIB U TES O F  NAN D O U G H  

AND BAKED NAN.
A ttr ib u te s  D o u g h  Nan

L ab o ra to ry *  H o te lb L ab o ra to ry *  H o te lb
F a r in o g ra p h  p e a k
c o n s is te n c y 0, B .U 6 1 0 6 8 0 - -
H a rd n e s s ,  k g /v o l t 1 0 .7 8 .6 7 .0 11 .9
C o h e s iv e n e s s
C h e w in e s s ,

0 .9 5 0 .7 9 0 .8 4 0 .7 1

k g /v o l t  x  m m - - 5 0 .3 8 4 .0
S p r in g in e s s ,  m m - - 1 0 .2 1 0 .0
* A verage  o f  4  s a m p le s  p r e p a r e d  in  la b o ra to ry  fro m  'P u n ja b ' 

w h e a t  maida
b A verage  o f  6  s a m p le s
c D e te rm in e d  b y  t r a n s f e r r in g  H o b a r t  m ix e d  a n d  h o te l d o u g h s  

to  fa r in o g ra p h .
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farinograph peak consistency (680 BU) for hand  
mixed doughs from hotels w as higher than Hobart 
mixed laboratory dough (610 BU), thereby, indicating 
the underdeveloped nature of hotel doughs. This 
w as further reflected in the lower values of hardness 
and cohesiveness for hotel doughs. The lower 
values of hardness and chew iness of laboratory 
made nan, as compared to hotel nans from hand  
mixed doughs, indicated softer texture, which m ay  
be attributed to more uniform distribution of 
ingredients and better development of the dough 
prepared in Hobart mixer.
Effect o f ingredients on the overall quality o f  nan: 
The optimum levels of different ingredients were 
arrived at, after a series of preliminary trials 
covering the ranges of essential ingredients (g /100  
g maida): curd 6-24 , salt 1-4, baking soda 0 .25- 
LOO, fat 2-8, and egg 1-4, and optional ingredients 
such as: sugar 1-4, and m ilk 3-12  and on the basis  
of nans graded as excellent or good for overall 
quality by the judges. The data on trials regarding

Effect o f  processing conditions on the quality o f  nan: 
Of the varying period (2-8 min) tried, a 3  m in  
mixing of ingredients in a Hobart m ixer w as found  
optimum for obtaining a well developed hom ogeneous 
dough of desired consistency. Under or over-mixing 
resulted in a non-hom ogeneous, underdeveloped or 
sticky dough, respectively. Among the period  
(2-14 h) tried, a 4  h ferm entation period yielded  
a non-sticky and adequately leavened dough with  
desired aroma and softness. Such a dough could  
be rolled with ease. From the different th ick n esses  
of 1 .5-4 .0  m m  tried for sheeting, 2 .5  m m  sheet 
yielded on baking, a nan  of desired spongy texture  
and chew ing/eating quality. B ecause of the desired  
short duration baking, thicker nan  rem ained  
som ewhat under-baked, while thinner nan  lacked  
soft and spongy texture and tended to be som ew hat 
tough to chew.

A commercially available 'Supercook' gas tandoor 
(Fig. 1) h as been successfu lly  adapted for baking of 
nan. W hen gas flame w as m aintained at m axim um

TABLE 3 . E F F E C T  O F  LEVEL O F  IN G R E D IE N T S ( g /1 0 0  g  maida)' U S E D  ON T H E  OVERALL QUALITY GRADING*1 O F  NAN
C u rd c S a le B a k in g  s o d a ' F at° E gg0

W eigh t G ra d in g  
o f  nan

W eig h t G ra d in g  
o f  nan

W eig h t G ra d in g  
o f  nan

W eig h t G ra d in g  
o f  nan

W eig h t G ra d in g  
o f  nan

6 F a ir l d G ood 0 .2 5 F a ir 2 S a tis f a c to ry 1 S a t is f a c to ry
12d E x c e lle n t 2 S a tis fa c to ry 0 .5 0 “ G ood 4 d E x c e lle n t 2 G o od
18 S a tis fa c to ry 3 F a ir 0 .7 5 S a tis fa c to ry 6 G o od 3 d E x c e lle n t
2 4 P o o r 4 P o o r 1 .00 F a ir 8 F a ir 4 F a ir

b B ased  o n  a t t r ib u t e s  : a p p e a r a n c e ,  h a n d fe e l  ( tex tu re ), e a t in g  a n d  c h e w in g  q u a lity ; '  E x c e p t fo r  th e  v a ry in g  lev e ls  o f  in g re d ie n t  
sp ec ified , th e  re m a in in g  in g re d ie n ts  w e re  in c lu d e d  a t  o p t im u m  levels ( s u p e rs c r ib e d  'd  ) a r r iv e d  a t  a f te r  a  s e r ie s  o f  p re l im in a ry  
tr ia ls  fo r e a c h  in g re d ie n t;  d O p tim u m  level.

optimum levels of essential ingredients based on  
overall grading of nan are presented in Table 3.

Curd with a lower pH of 4 .8  w as better suited  
for dough, when fermentation period w as 4 h. With 
the increase in the level of curd beyond 12 g, the 
texture of nan  becam e increasingly leatheiy and 
tough. Inclusion of 6  g of optional ingredient milk  
(i.e. a m ilk : curd ratio of 1:2) improved the soft 
and spongy texture of n a n  Salt level higher than  
1 g (judged as optimum), tended to affect the dough 
softness adversely. Baking soda at 0 .5  g level 
yielded an optimally leavened nan  of desired spongy  
texture; higher levels affected the taste and the 
product showed fine surface cracks. Optimum levels 
of fat and egg for obtaining a soft dough and spongy 
textured, tasty nan  were 4 and 3 g, respectively.
At higher levels of egg, though the texture of nans 
w as softer, its sm ell becam e unacceptable. Inclusion  
of 2 g sugar as an optional ingredient improved 
the taste of n a n

for 1-3 m in time, a baking time of 1.5 m in w as  
found optimum for obtaining a nan  with desired  
softness, spongy texture and eating quality. This

Fig. 1. In itia l b a k in g  o f  o n e  s id e  o f  th e  nan for 1 m in  o n  in n e r  
s u r fa c e  o f th e  c o v e rin g  lid  o f  g a s  tandoor.
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consisted of 1 m in baking on the inner side of the 
covering lid and 0 .5  m in for baking the other side 
on the wire m esh of the txmdoor. Of the different 
baking temperatures (300-390°C) tried, the desired 
temperature range w as 350-365°C .
Survey: The data and inferences based on the 
responses to the questionnaire on nan  are as follows:

The frequency of consum ption w as occasional 
and daily in 12 and 88% cases, respectively. The 
number of nans  prepared varied from 50 to 400  
per day in the hotels and 'Dhabas'. For obvious 
reasons, no specific quantitative information w as 
revealed about the recipe and processing conditions 
used by alm ost all the respondents. B esides the  
main ingredient m aida, other ingredients used  
invariably were van aspati (hydrogenated fat)/ oil, 
salt, curd and baking soda. Egg, sugar and milk 
were also used by about 40% respondents. Only 
one respondent each, informed the use of 10, 4 
and 1% of fat, salt and yeast, respectively. Only 
a few of the respondents used occasionally, sp ices  
like Kalongu or Somf. R esting/ferm entation period 
ranged from 15 m in to 14 h (overnight). Baking 
was carried out for 1-10 min. in firebrick or coal- 
fired tandoor, without recording inner temperature. 
The desired texture m entioned w as spongy with a 
'typical' chewy bite.
Laboratory m ethod developed  fo r  the preparation o f  
nan: Based on the results of above studies, the 
optimum levels of ingredients and the desired 
processing conditions were arrived at for the

preparation of dough of desired consistency and a 
nan  of good overall quality. Ingredients (g): maida 
100, curd (pH 4.8) 12, m ilk 6, sa lt 1, egg 3, fat 
4, sugar 2, baking soda 0 .5  and quantity of water 
equivalent to NWA (RWAM extrusion tim e range: 
65-76  sec) were mixed for 3  m in in a Hobart mixer. 
The dough obtained w as rested for a 4 h fermentation 
period. About 80  g of the dough w as rolled to a 
th ickness of 2 .5  rnm and baked in gas tandoor, 
set at m axim um  flame for 1 m in on the inner side 
of the covering lid and the other side for 0 .5  min. 
on the wirem esh of tandoor directly. Nan  prepared, 
thus, w as soft to touch, spongy to handfeel, 
som ewhat firm to tear, a little chew y to bite without 
sticking to teeth and had a characteristic fermented  
flavour and a good overall acceptability.
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Effect of Pre-treatment and Drying Air Temperature on 
Quality of Peas Dehydrated in Fluidized Bed Dryer
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Department of Post Harvest Process and Food Engineering,
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D a ta  o n  p  re  t r e a tm e n ts  (p r ic k in g  a n d  b la n c h in g )  a n d  d ry in g  a i r  te m p e r a tu r e s  (60-90°C ) o n  r e h y d ra t io n  ra t io  a n d  

s e n s o ry  c h a r a c te r i s t ic s  o f  p e a s  (V ariety :'A rkel') d e h y d ra te d  In  f lu id ize d  b e d  d ry e r s  sh o w e d  t h a t  th e  e ffec t o f  p r ic k in g  
w a s  m o re  p ro m in e n t  th a n  b la n c h in g . T e m p e ra tu re  a ls o  a ffec te d  te x tu re  a n d  flav o u r. D ry in g  a i r  t e m p e r a tu r e s  o f  7 0 -  
80°C  w ith  p r ic k in g  a n d  b la n c h in g  w e re  fo u n d  to  b e  th e  o p t im u m  t r e a tm e n ts  fo r  p e a  d e h y d r a t io n  In  f lu id ize d  b e d .
K e y w o rd s  : P rick in g , B la n c h in g , F lu id iz a tio n , S e n s o ry  e v a lu a tio n , D ry in g , P e a s .

Pea (Pisum  sativum) is an important legume 
which is consum ed in several forms. Fresh peas 
as such are highly perishable and also the availability 
is seasonal. The dehydrated peas are gaining  
popularity because they offer the advantages of 
greater shelf-life, palatability and convenience during 
transport and handling. (Kuppuswamy and Gururaj 
Rao 1970). To obtain a dehydrated product of high 
quality, the drying process should be su ch  that it 
allows effective retention of colour, texture, flavour, 
taste and nutritive value, comparable to fresh peas. 
The conventional air drying h as failed to produce 
dehydrated peas of high shelf-life (Hand et al. 
1955). The drying in fluidized bed dryer at 70-75°C  
was found optimum as drying below this temperature 
affected the texture, w hile th a t above th is  
temperature affected the colour and rehydration 
characteristics (Gangopadhyay and Choudhari 1979). 
Pricking of peas enhanced the drying rate, also  
colour and texture w as better for pricked peas  
(Takte and Singh 1986; Prabhakar Bhat et al.
1974). The present study was, therefore, undertaken  
to evaluate the effect of pretreatm ents (pricking and 
blanching) and drying air temperature on rehydration 
ratio and sensory characteristics of peas dehydrated 
in fluidized bed dryer.
M a t e r i a l s  a n d  M e t h o d s

Preparation and drying o f p e a s  : The study w as 
conducted on 'Arkel' variety as it is the m ost 
commonly grown in the Tarai region and is also 
suitable for making as dehydrated product (Khurdiya 
et al. 1972). The green peas were procured from 
Haldwani market. The pea pods were shelled  
manually, graded to 9 .2  - 10 mm size in Carter- 
Day cylindrical grader, pricked once in hand-
* Corresponding Author
' Present address: Quarter No. B-5, Indraprastha, Mahatma 
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operated pricking m achine and blanched in a pan  
containing hot water at 96°C for 2 min. The blanched  
peas were immediately cooled using cold water and 
spread on a cotton cloth for removal of surface 
m oisture. Four levels of diying air tem peratures 
(60, 70, 80  and 90°C), all at 3.1 m in /se c  air velocity  
(minimum velocity required for fluidization) were 
used in fluidized bed dryer. The selection  of the  
air velocity w as governed by the fact that the drying 
air velocity had no effect on drying rate (Uckon and  
Ulku 1966). In each case, 500  g sam ple w as dried 
in a laboratory fluidized bed dryer and the sam ple  
w as weighed at an interval of 10 m in, till the weight 
becam e more or le ss  constant. The dried sam ple 
w as cooled and packed im m ediately in polythene  
bag.
Analytical m ethods : M oisture content of fresh peas  
w as determined by two stage air oven m ethod  
recommended by American A ssociation of Cereal 
Chem ists (AACC, 1962). Residual peroxidase activity 
after blanching w as m easured by peroxidase test, 
while rehydration ratio (RR) w as evaluated according 
to Indian Standards (BIS 1968).
Sensory evaluation : Sensory evaluation w as carried 
out by a panel of ten judges of different age groups, 
having different eating habits. The ju d ges were 
selected from the staff in the Post Harvest Process 
and Food Engineering Departm ent of the University. 
Different attributes viz. colour, texture, flavour and  
overall acceptability were rated on the b a sis  of a
9-point Hedonic scale (BIS 1972), ranging from 1 
(most undesirable) to 9 (most desirable). Data were 
subjected to statistical analysis (Snedecor and 
Cochran 1968).
R e s u l t s  a n d  D i s c u s s i o n

Effect on rehydration ratio (RR) : Unpricked  
sam ples (both unblanched and blanched) had RR 
values less  than 3 .0  (Table 1) and did not m eet
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TABLE 1. MEAN VALUES AND CRITICAL D IF F E R E N C E S  O F  QUALITY A TTRIB U TES O F  D EH Y D R A TED  PEA S

P re - tre a tm e n ts D ry  a i r R e h y d ra tlo n S e n s o ry s c o re
te m p e r a tu r e ra tio C o lo u r T e x tu re F la v o u r O v era ll a c c e -

(°C) p ta b il i ty
U n p ric k e d -U n b la n c h e d 6 0 2 .6 1 3 .0 1.8 2 .7 3 .4

7 0 2 .8 4 1.8 5 .3 2 .9 5 .0
8 0 2 .8 7 1.6 6 .0 4 .3 5 .3
9 0 2 .8 4 1.4 1.5 2 .6 2 .3

P ric k e d -U n b la n c h e d 6 0 3 .1 8 7.1 2 .2 4 .8 4 .8
7 0 3 .3 6 8 .0 4 .9 6 .1 7.1
8 0 3 .3 8 6 .1 7 .8 8.1 6 .4
9 0 3 .3 2 4 .4 5 .2 1.6 4 .3

U n p ric k e d -B la n c h e d 6 0 2 .7 2 5.1 1.9 5 .9 4 .3
7 0 2 .8 8 4 .9 5 .7 4 .9 5 .5
8 0 2 .9 0 3 .5 5 .2 5 .3 6 .2
9 0 2 .8 6 2 .6 4 .8 3 .7 4 .1

P rlck e d -B la n ch e d 6 0 3 .1 9 8.3* 2 .6 4 .9 5 .0
7 0 3 .3 6 7 .6 8 .0 8 .3* 7 .2
8 0 3 .4 3 * 7 .6 8.1* 7 .7 7.7*
9 0 3 .3 4 5.1 2 .6 1.8 3 .0

R esid u a l s u m  o f  s q u a r e s 3 .4 2 7 .6 7 7 .2 8 7 .5 3 6 .6 0
C D (5%) 0 .0 0 5 1 0 .6 2 1 3 0 .8 1 5 1 0 .7 6 9 1 1 .0 9 8 3
A ccep tab le  v a lu e /s c o r e 3 .2 7 .5 7 .5 7 .5 7 .5
I n d iv id u a l  e f f e c t s  o f  p r e t r e a t m e n t s
U n p rick ed 2 .8 2 2 .9 4 .0 4 .0 4 .5
P ricked 3 .3 2 6 .8 5 .2 5 .4 5 .7
C D (5%) 0 .0 0 1 0 0 .2 1 9 7 0 .2 8 8 9 0 .2 7 1 1 0 .3 8 8 0
U n b la n c h e d 3 .0 5 4 .2 4 .3 4 .1 4 .8
B lan ch ed 3 .0 9 5 .6 4 .8 5 .3 5 .4
C D (5%) 0 .0 0 1 8 0 .2 1 9 7 0 .2 3 8 2 0 .2 7 1 9 0 .3 8 8 3
D ried  a t  60°C 2 .9 3 5 .9 2.1 4 .5 4 .4

70°C 3 .1 1 5 .6 6 .0 5 .5 6 .2
80°C 3 .1 5 4 .7 6 .8 6 .3 6 .4
90°C 3 .0 9 3 .4 3 .5 2 .4 3 .4

C D (5%) 0 .0 0 2 5 0 .3 1 0 7 0 .4 0 7 5 0 .3 8 4 5 0 .5 4 9 1
* B est m e a n  in  th e  re s p e c tiv e  q u a li ty  a t t r ib u te .

h*-------- >-*------------ H  I-»--------H  *-»---------*H H>--------HRR Colour Texture Flavour Overall
Fig. 1. In te ra c tio n s  o f  p r ic k in g  w ith  b la n c h in g  Q C C C p t a b i l i t y  

U n p ric k e d ; □  P r ic k e d
UB- U n b la n c h e d ; B - B la n c h e d

the quality requirem ents with respect to the 
reconstitutability of the dehydrated peas. Amongst 
the pricked sam ples, the RR values were greater 
than 3 .2  except for the sam ples dried at 60°C (both 
unblanched and blanched). The data revealed that 
RR values increased significantly for both pricking 
and blanching. However, the influence of pricking 
w as more prominent than  blanching. Increase in  
drying air temperature from 6 0  to 80°C also  
significantly improved the RR values. But, further 
increase in tem perature to 90°C decreased the RR 
values significantly. The overall effect of temperature 
on RR w as, however, significant.

The effects of interactions of pricking and  
b la n ch in g  (F ig .l); p r ick in g  an d  dryin g  air 
tem perature; and b lan ch in g  and drying air 
temperature (Fig.2) were significant with respect to 
RR
E jfect on colour, texture, f la vo u r  a n d  overall 
acceptability: Pricking and blanching increased  
colour, texture, flavour and overall acceptability 
scores. Increase in drying air tem perature from 60 
to 90°C significantly decreased colour score. The 
scores for texture, flavour and overall acceptability
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Texture

Flavour

Overall acceptability

RR Drying air temperature (°c )

Drymr, air temperature ( °c )

Fig.2 . In te r a c t io n s  o f  p r ic k in g  a n d  b la n c h in g  w ith  d ry in g  a i r  
te m p e ra tu re
O — —O  U n b la n c h e d  • ------•  U n p ric k e d
X ------ X B la n c h e d  A-------A P rick e d

Increased significantly with increase in drying air 
temperature from 60  to 80°C, but further increase 
in tem perature to 90°C lowered the scores  
(Table 1). Interactions of pricking and blanching  
were significant for colour, flavour and overall 
acceptability (Fig. 1). Interactions of pricking and 
drying air temperature were significant for colour, 
texture and flavour, while those of blanching and

drying air temperature were significant for texture  
and flavour (Fig.2).
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Improvement of Sensory and Nutritional 9 uaUties of 
Sorghum-based ’K isra’ by Supplementation with Groundnut

A .M . A H M E D , B .  S I N G H , A N D  U . S IN G H *  * 1
'Department of Food Science and Animal Industry,
Alabama A & M University, Normal AL 35762 , USA

S tu d ie s  w e re  c o n d u c te d  to a s s e s s  th e  fe a s ib ility  o f  s u p p le m e n ta t io n  o f  s o r g h u m  f lo u r  w i th  g r o u n d n u t  f lo u r  for 
kisra p r e p a ra t io n .  F lo u r  s a m p le s  o f  fo u r  s o r g h u m  c u l t iv a r s  w e re  s u p p le m e n te d  w ith  0 , 10 , 15 , 2 0 , 2 5  a n d  3 0 %  o f  
d e fa tte d  g r o u n d n u t  f lo u r, a n d  kisra p r e p a re d  w a s  s tu d ie d  fo r s e n s o ry  a n d  n u t r i t io n a l  q u a li t ie s .  T h e  q u a l i ty  o f  s o r g h u m  
f lo u r kisra w ith  g r o u n d n u t  f lo u r  u p to  3 0 %  w a s  fo u n d  to  b e  s a t is fa c to ry  a n d  a c c e p ta b le  a s  ju d g e d  b y  s e n s o ry  e v a lu a tio n . 
P ro te in  a n d  ly s in e  c o n te n ts  o f  kisra  in c re a s e d  b y  7 3 %  a s  a  r e s u l t  o f  s u p p le m e n ta t io n  o f  s o r g h u m  w ith  3 0 %  g r o u n d n u t  
flou r. A t th is  level o f  s u p p le m e n ta t io n ,  th e  r a t io s  o f  le u c in e  to  is o le u c in e  a n d  le u c in e  to  ly s in e  w e re  s ig n if ic a n tly  d e c re a s e d  
a n d  in vitro p ro te in  d ig e s tib ili ty  o f  kisra in c re a s e d . T h e  r e s u l t s  a r e  o f  im p o r ta n c e  in  im p ro v in g  th e  n u t r i t io n a l  s t a t u s  
o f  th e  d ie ts  o f  p e o p le  in  s e m i-a r id  tro p ic a l A frica.
K e y w o rd s  : Kisra, G r o u n d n u t  f lo u r, S o rg h u m -b a s e d  fe rm e n te d  food, S e n s o ry  q u a lity , N u tr i t io n a l  a s p e c ts ,  A m in o  a c id

c o m p o s itio n .

Sorghum (Sorghum bicolor L. Moench) Is a 
staple food In the semi-arid tropic (SAT) regions of 
Africa. Kisra, a fermented thin pancake-like leavened 
bread made from whole sorghum  flour, is  the  
predominant staple diet in the sorghum-growing 
regions of Sudan (Gebisa 1982). Kisra  is usually  
served with stews, sau ces or even ju st water and 
condiments. Sorghum grain contains low am ounts 
of proteins and is  also deficient in lysine, which  
affects the nutritional quality of sorghum  proteins 
(Deosthale et al. 1972). Protein calorie m alnutrition  
(PCM) is still the primary nutritional problem in  
many developing countries, particularly in Africa. 
To combat th is problem, supplem entation of cereals 
with grain legum es in  the daily diets of the people 
has been em phasized. Among grain legum es, 
groundnut (Arachis hypogaea  L.) is  a good source 
of protein (Srinivasan et al. 1979; Nagaraj and 
Subramanian 1973). It w as reported that the 
protein content of defatted groundnut meal of three 
varieties ranged between 4 0 .9  and 44.5%  (Mir and 
Hill 1979). Grits containing 60% protein were used  
to fortify com  and oat-based foods (Ayres and 
Davenport 1977). Further, these workers used  
groundnut flour in baking studies to replace milk  
and egg and prepared excellent breads and dough  
formulation with no significant flavour or appearance 
differences. According to Okeiyi and Futreli (1983), 
the protein efficiency ratio (PER) of sorghum  and 
wheat flours plus groundnut butter and soya flour
* Corresponding Author. Publication No. JA 1440, ICRISAT.
1 Present Address : International Crops Research Institute for  

Semi-Arid Tropics (ICRISAT], Patancheru, A.P. 502 324, India

(SWPSoy) diet w as not different from casein  diet. 
Supplementary value of peanut protein to rice w hen  
fed to weanling rats has been studied (Yayathi and 
Brinkman 1975). Further, the incorporation of 10% 
groundnut flour increased the protein content of 
wheat chapati by 22% and available lysine by 27% 
(Bhat and Vivian 1980; Pereira et al. 1968). Garu 
a low protein food prepared from cassava, w as  
supplem ented with groundnut grits containing 60% 
protein and it w as found that the addition of 10% 
groundnut grits enhanced the sensory properties 
of Gari (Edwards et al. 1978). Also, the potential 
application of groundnut flour as a supplem ent for 
selected food products of w heat su ch  a s  bread, 
m uffins and b iscu its h as been  reported (Ory and 
Conkerton, 1983). As a source of protein, the u ses  
of groundnut in cereal-based diets to improve their 
nutritional quality have been  em phasized recently  
(Singh 1984). Negligible information is available on  
the supplem entation of sorghum  food products with 
high protein groundnut flour. Therefore, the present 
study w as undertaken 1) to a sse ss  the feasibility  
of supplem entation of sorghum  flour with defatted 
groundnut flour for acceptable kisra  quality and 2) 
to determine the effect of supplem entation on the  
nutritional quality of the product.
M a t e r i a l s  a n d  M e t h o d s

Seed sam ples of six  grain sorghum  cultivars 
[ 'A -T x 6 2 3 x C S 3 5 4 1', 'A - 1 5 5 x l2 0 ' ,  '7 7 C S 5 ',
'A -155xT A N 430', 'A x l5 5 x (7 7 C S lx T x 4 3 0 ') and
'A-1 6 0 x 7 7  C S l ’l w ere o b ta in ed  from  T exas  
Agricultural Experiment Sorghum  Nursery in 1986.
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'Dabar', a commonly grown cultivar in SAT Africa, 
w as obtained from Sudan in 1986. Defatted  
groundnut flour w as obtained from Flavoured Nuts 
Company, North Carolina D ivision, Seabrook  
Blanching Corporation. The starter yeast culture, 
for fermentation w as obtained from Sudan in a 
powder form (sun-dried) and w as typical of that 
normally used in Sudan for kisra  making.
Measurement o f grain hardness : The grain hardness 
values for sorghum  cultivars were determined by  
milling 50 g sorghum  grain for two m in in a Strong- 
Scott laboratory barley pearler (Strong-Scott, 
Chicago, Illinois, USA). The milled grain w as sieved  
through a U S -12 screen on the rotor (Tyler Ro-tap) 
for 3 m inutes. H ardness w as expressed as the 
percentage of flour sam ple that could not pass  
through the sieve (Maxon et al. 1972).
Preparation o f  Kisra : Kisra  w as prepared in a 
traditional way as employed com m only by the 
households in Sudan. Sorghum flour (90 g) w as 
mixed with 120 ml water in a sta in less steel beaker 
and 30 g of the starter yeast culture w as added. 
The contents were thoroughly mixed and incubated  
at 27°C for 18 h as the pH reached 3 .9 -4 .0 . After 
fermentation, 60  m l water w as added and dough 
prepared. The dough w as baked in the form of a 
thin sheet on a hot plate at 160°C for 1.5 min. 
For sorghum groundnut com posite flour kisra, 
sorghum flour w as supplem ented with 0, 10, 20, 
25 and 30% of the groundnut flour separately and 
kisra  w as prepared as described above.
Baking-ease an d  sensory evaluation : The baking- 
ease was determined by weighing the residues 
remaining on the hot plate after kisra  preparation. 
Weight, of residue left over w as m easured and 
expressed as baking-ease. The lesser the residue 
weight, the better w as the baking-ease. Such  
organoleptic characteristics as baking ease, colour, 
texture, taste, general acceptability and keeping 
quality were determined by a panel of eight 
members consisting of Sudanese and Ethiopians 
who were familiar w ith k isra  quality. These  
characteristics were rated on a Hedonic scale of
1-5 (where l=veiy  poor, 2=poor, 3=good, 4=veiy  
good and 5=excellent). Data for individual parameters 
were reported as m eans of eight observations. A 
general quality evaluation for each kisra  sample 
w as m ade by sum m ing up the m eans for all 
parameters.

Chemical a n a lysis  : For chem ical analysis, the  
representative sam ples of kisra  were cut into sm all 
pieces and freeze-dried. M oisture contents of the  
individual flour sam ples including com posite flours 
were determined by drying the sam ples in an air- 
oven at 103°C as per Method 44-15A  (AACC, 1983). 
Crude protein (Method 46-08), ash  (Method 08-16), 
and crude fiber (Method 32-10) were also determined 
according to AACC (1983).
Amino acid a n a lysis  : One hundred mg of each  
defatted sam ple w as hydrolyzed in 5 ml of 6  N HC1 
at 110°C for 18 h. After hydrolysis, the pH w as  
adjusted to 2.2  with concentrated NaOH solution. 
Citrate buffer (pH 2.2) w as added to m ake up the  
volum e to 40 ml and centrifuged to obtain a clear 
supernatant for analysis. Amino acid analysis w as  
carried out using amino acid analyzer (Model- 
119CL, Beckm an, Palo Alto, California, USA).
In vitro protein digestibility : A  sam ple containing  
4 00  mg nitrogen w as suspended in 100 ml of 0.1  
N HC1 and shaken at 37°C for 30  min. The pH 
w as adjusted to 1.9 with 1.0 N NaOH and 20  ml 
pepsin enzyme solution (5m g/m l) in 0.1 N NaOH 
w as added. The digestion w as carried out for 30  
m in and stopped by raising the pH with 5 ml of
1.0 N NaOH. Further, pancreatin digestion w as  
performed by adjusting the pepsin digest to pH 8 .0  
with 0.1 M phosphate buffer by dialysis at 37°C. 
Then, 20  m l of pancreatin solution (5 m g/m l) w as  
added and digestion carried out at 37°C for 5 h. 
The nitrogen content in  the dialysate w as taken  
as a m easure of IVPD.
Statistical a n a lysis  : S tatistical an a lysis were 
performed using the statistical analysis stem  on the 
IBM mainframe com puter at the Alabama A & M 
University. Data were analyzed using the general 
linear m odel procedure and significant differences 
were determined by the D uncan's Multiple Range 
Test.
R e s u l t s  a n d  D i s c u s s i o n

Results of the evaluation of grain characteristics 
and kisra  quality of seven sorghum  cultivars are 
summarized in Table 1. The grain studied  involved 
the com parison of the quality of k isra  m ade by 
using six  sorghum  cultivars developed and grown 
in the United States with that of a sorghum  
cu ltivar, 'Dabar', com m on ly  u se d  for k isra  
preparation in Sudan. The 100-grain weight of these
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TABLE 1. GRAIN CH A R A C TERISTICS AND KISRA QUALITY O F  SO R G H U M  CULTIVARS

100 g ra in G ra in F lo u r
C u ltiv a r w e ig h t, h a r d n e s s , v isco s ity ,

g* %* BU*
'D ab a r' 3 .0 4 6 .2 8 0 0
'A -15 5 x (7 7C S Ix T x 430)’ 2 .6 5 0 .3 5 2 0
'A -155x( 12 0 x 7 0 0 )x 7 0 0 ' 2 .9 5 2 .2 5 0 0
'A-155xTAN 4 3 0 ' 3 .3 5 2 .2 6 0 0
’A -T x 6 2 3 x C S 3 5 4 1 ' 3 .0 5 1 .1 7 8 0
'77C S 5 ' 2 .9 5 2 .7 3 3 0
A -160x77C S I' 2 .7 6 2 .5 5 4 0

Kisra q u a l i ty b
B a k in g -e a s e  

r e s id u e  
w e ig h t, g2

T a s te C o lo u r T e x tu re K eep in g
qua lity*

2 .6 3 .6 4 .3 3 .8 3 .3
4 .0 3 .2 3 .9 3 .3 2 .9
3 .5 3 .3 4.1 3 .4 2 .8
3 .4 3 .3 4 .1 3 .6 3 .1
3.1 3 .6 4 .3 3 .7 3 .2
3 .5 3 .1 3 .4 3 .4 2 .6
2 .8 3 .8 4 .3 3 .5 3 .2

a . M e a n s  o f  3  re p lic a te s ,  B U = B ra b e n d e r  u n i t s  a s  a m y lo g ra p h  p e a k .
b . All s e n s o ry  p a ra m e te r s  w e re  r a te d  o n  a  H e d o n ic  s c a le  o f  1-5, w h e re  5  = e x c e lle n t a n d  1 = p o o r, b y  e ig h t  p a n e l  m e m b e rs
c. M e a s u re d  a f te r  2 4  h  s to ra g e  a t  ro o m  te m p e ra tu re .

cultivars ranged between 2 .6  and 3 .3  g, thereby 
showing variations. Grain hardness w as m uch  
lower than reported by other workers (Reichert et 
al. 1982), but th is might have been due to the fact 
that all the cultivars scaled as intermediate floury 
endosperm grains which show  sm all variation in  
grain hardness (Rooney and Miller 1982). On the 
other hand, a large variability in flour viscosity of 
these cultivars w as observed (Table 1).

The colour and texture of kisra  are considered  
as the m ost im portant criteria determ ining  
acceptability of the product. A good quality kisra  
m ust be white in colour, soft, m oist and supple  
in texture (Gebisa 1982). Considerable differences 
in taste, colour, texture and keeping quality of kisra  
made by using these cultivars were observed 
(Table 1). However, the kisra  quality in term s of 
these characteristics of five cultivars grown in the 
United States w as comparable with that of 'Dabar' 
(Table 1). Results indicated that cultivar "77CS5' 
was significantly (P<0.05) different from the other 
six cultivars including 'Dabar' and produced  
unacceptable, intensely greenish-black coloured  
kisra. Since all the cultivars were of the type of 
intermediate floury endosperm  grains, there were 
no significant differences in  texture of kisra  made 
from these cultivars. Interestingly, flour viscosity  
and baking-ease were positively and significantly 
correlated (P<0.05) with colour, texture, and taste 
of kisra  (Table 2). On the other hand, 100-grain  
weight and grain hardness of cultivars did not show  
any significant correlation with kisra  properties as  
judged by panelists and th is might have been due 
to a small variability in  100-grain weight and grain

TABLE 2 . C O R R ELA TIO N  C O E F F IC IE N T S  O F  SO R G H U M  
GRAIN C H A R A C TER ISTIC S AND KISRA QUALITY

100
se e d

T a s te T e x tu re C o lo u r B a k in g -  V isc o 
e a s e  s ity

H a rd
n e s s

w e ig h t
H a rd 

-0 .1 5 8 * -0 .3 4 2 * * - 0 .0 1 3 + 0 .0 9 9  -0 .4 2 0 * * + 0 .0 8 9

n e s s
V isco 

-0 .1 8 7 * - 0 .1 9 3 + 0 .3 2 2 * + 0 .30 6**  + 0 .0 3 5

s ity
B a k in g -
e a s e
C o lo u r

+0 .624**

+0.641**
+ 0 .0 1 1

+0.542**

+0.636**
+0.344**

+ 0 .681**

+ 0 .849**

-0 .1 3 7 *

T e x tu re  +0 .254**
* S ig n ific a n tly  d if fe re n t  a t  (P = 0 .0 5 )  level
** S ig n ific a n tly  d if fe re n t  a t  (P = 0 .0 1 )  level

hard n ess of cultivars tested . However, th ese  
characteristics were more positively and significantly 
correlated (P<0.05) with baking-ease (Table 2). The 
results are in agreem ent with those reported by
TABLE 3 . BAKIN G-EA SE AND S E N S O R Y  EVALUATION O F  

S O R G H U M  KISRA S U P P L E M E N T E D  W IT H  
G R O U N D N U T F L O U R

C h a r a c te r is t ic s  S u p p le m e n ta t io n  level, %  d e fa t te d  g r o u n d n u t
flo u r

0 10 15 2 0 2 5 3 0
B ak in g -e ase* 4.1 4 .1 3 .9 3 .8 3 .7 3 .6
C olour* 4 .2 4 .3 4 .3 4 .3 4 .3 4 .4
T e x tu re b 3 .6 3 .7 3 .7 3 .8 3 .7 3 .7
T a s te b 3 .6 3 .5 3 .6 3 .5 3 .6 3 .6
K eep in g

q u a lity 1* 3 .2 3 .2 3 .0 2 .8 2 .7 2 .6
a . E x p re s s e d  a s  re s id u e  w e ig h t (g), v a lu e s  a r e  m e a n s  o f  th re e  

d e te r m in a t io n s
b . M e a n s  o f  e ig h t s e n s o ry  p a n e l  m e m b e rs  a s  r a te d  o n  H ed o n ic  

s c a le  o f  1 -5  w h e re  5 = e x c e lle n t a n d  l= v e ry  p o o r
c. K eep in g  q u a li ty  w a s  d e te rm in e d  a f te r  2 4  h  s to ra g e  a t  ro o m  

te m p e ra tu re .
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TABLE 4 . M O ISTU R E, ASH, PR O TEIN  AND F IB R E  C O N TEN TS 
O F  SO R G H U M  KISRA S U P P L E M E N T E D  W ITH 
G R O U N D N U T FLOUR*

C o n s t i tu e n t ,%  S u p p le m e n ta t io n , %  d e fa t te d  g r o u n d n u t  f lo u r
0 10 15 2 0 2 5 3 0

M o is tu re 2 .6 7 .4 4 .9 8 .4 S . l 7 .5
A sh b 1.3 1.4 1.4 1.5 1.5 1.5
P ro te in 1’ 12.2 13 .3 15 .9 17 .3 19.9 2 1 .1
C ru d e  flb reb 3 .6 3 .6 3 .7 3 .6 3 .7 3 .7
a . All ’■ alues a r e  a v e ra g e s  o f  th re e  re p lic a te s .
b . D a ta  e x p re s s e d  o n  d ry  w e ig h t b a s is .

Gebisa (1982) who observed that cultivars with 
highly vitreous grains were consistently rated as  
below average for baking-ease, while those with less  
vitreous or opaque endosperm  were rated as above 
average for baking-ease.

The effects of supplem entation of sorghum  
flour with groundnut flour on kisra  quality are 
p r e se n te d  in  T ab le  3 . E ven  th o u g h  th e  
supplem entation stud ies were conducted on three
U.S. cultivars ('A-155xTAN 430', ’A-Tx623xCS3541’ 
and A-160x77C SI’) and a ’Dabar’ cultivar from 
Sudan, only the results on ’Dabar' cultivar are 
reported here. This is because the results of all 
these four cultivars were more or le ss  similar. 
Although baking-ease and keeping quality of kisra  
decreased slightly with increasing the level of 
su p p lem e n ta tio n , th e  d iffe r e n c e s  in  th e s e  
characteristics were not large among different levels 
of supplementation. More importantly, colour, texture 
and taste of sorghum  kisra  showed no noticeable 
differences when it w as supplem ented with 0, 10,

15, 20, 25  and 30% flour. However, the panelists  
observed that supplem entation with more than  30%  
groundnut flour, produced unacceptable kisra  and  
hence, further supplem entation levels were not 
studied. Based on the resu lts of th is study, it 
appears that sorghum  kisra  quality would not be 
a d v erse ly  a ffected  w h en  so rg h u m  flo u r  is  
supplem ented with groundnut flour upto 30%.

In order to study the effect of supplem entation  
on the nutritional quality of kisra, various chem ical 
constituents including am ino acids and in vitro 
protein digestibility of kisra, supplem ented with 0, 
10, 15, 20, 25  and 30% groundnut flour, were 
determined. Moisture and ash  contents of sorghum  
kisra  increased with an increase in groundnut flour 
concentration, whereas no large differences in  
crude fibre content of the kisra  were observed as  
show n in Table 4. Protein content of kisra  increased  
remarkably a s  the levels of groundnut flour 
increased. Protein content increased by 73% as a 
result of supplem entation of sorghum  flour with 
30% groundnut flour. Also, there w as a remarkable 
increase in lysine content of kisra  as a result of 
supplem entation (Table 5). Increases in protein and 
lysine due to supplem entations in the present study  
are comparable to those reported by other workers 
for supplem ented cereal-based foods. Protein content 
of com  and oats-based food w as considerably  
increased with the addition of 17.5% flour (Ayres 
and Davenport 1977). Similarly, incorporation of 
10% groundnut flour increased the protein and  
available lysine contents of w heat chapati by 22%

TABLE 5. AMINO ACID C O M PO SITIO N  O F  SO R G H U M  KISRA SU PPLE M E N T E D  W ITH G R O U N D N U T  FLOUR*
S u p p le m e n ta t io n  level, %  d e fa t te d  g ro u n d  f lo u r

A m ino  a c id  
g /1 0 0  g  p ro te in

S o rg h u m
flo u r

0 10 15 2 0 2 5 3 0

A sp a rtic  ac id 7 .4 6 .7 8 .2 7.1 6 .7 6 .3 7 .0
T h re o n in e 2 .7 2 .6 2 .4 3 .0 3 .9 3 .0 3 .2
S e rin e 5 .3 4 .6 4.1 4 .0 4 .3 3 .2 4 .1
G lu ta m ic  ac id 2 1 .7 19 .3 2 0 .1 17 .3 1 7 .0 16.1 1 5 .8
P ro line 8 .9 7 .4 7 .5 6 .7 6 .7 5 .9 5 .0
G ly cine 3 .6 3 .5 3 .3 3.1 2 .8 2 .5 2 .7
A lan in e 1 0 .0 8 .4 7 .3 6 .6 6 .2 5 .7 5 .2
M eth io n in e 1.1 1.0 0 .8 1.1 1.1 1.1 1.0
Iso le u c in e 2 .5 2 .2 2 .2 2 .3 2 .9 2 .6 3 .2
L eu c in e 12 .4 11 .2 11 .0 9 .5 9 .2 8 .2 8 .5
T y ro s in e 3.1 3 .0 2 .6 2 .5 2 .4 2.1 2 .0
H is tid in e 2 .2 1.9 1.8 2 .3 2 .2 2 .4 2 .3
L ysine 2 .0 1.8 1.7 2 .5 2 .8 2 .9 3.1
V a lin e 4 .6 4 .9 5.1 3 .5 3 .4 3 .5 3 .9
P h e n y la la n in e 3 .7 4 .4 4 .2 4 .0 3 .7 3 .3 3 .2
A rg in ine 2 .6 2 .9 2 .9 2 .5 2 .4 2 .3 2 .2
a. D a ta  e x p re s s e d o n  d ry  w e ig h t b a s is . E a c h  v a lu e  is  a m e a n o f  tw o  d e te rm in a tio n s .
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and 27%, respectively (Bhat and Vivian 1980). In 
addition to lysine, threonine and histidine were the 
other essential amino acids which increased as a 
result of supplem entation (Table 5).

From a nutrition point of view, it may be noted  
that the ratios of leucine to lysine and leucine to 
isoleucine of kisra  dropped to lower values due to 
sorghum supplem entation with groundnut flour. To 
be nutritionally sound, food u ses of sorghum  m ust 
provide an adequate and correct balance between  
essential and non-essential amino acids. A high 
leucine to isoleucine ratio in sorghum  h as been  
reported to be responsible for the pellagra d isease  
in the sorghum-eating population in India (Srikantia
1978). Earlier workers also suggested that the 
leucine to lysine ratios lower than 4 .6  in sorghum  
are not effective in preventing pellagra (Deosthale 
et al. 1972). From the results obtained in this 
study, it appears that supplem entation of sorghum  
flour with peanut flour would correct the im balances
TABLE 6 . RATIOS O F  AMINO A C ID S AS QUALITY IN D IC ES 

AND IN VITRO PR O TEIN  DIGESTIBILITY O F  KISRA 
O F  SO R G H U M  AND G R O U N D N U T SU PPLEM EN TED  
FLOURS*

S u p p le m e n ta t io n  level, %  d e fa tte d  
g r o u n d n u t  f lo u r

C o n s ti tu e n t 0 10 15 2 0 2 5 3 0
L e u c in e /Iso le u c in e 5 .7 5.1 4 .3 3.1 3.1 2 .7
L e u c in e /L y s in e 6 .2 6 .5 3 .9 3 .3 2 .8 2 .7
E /T 2 .7 2 .5 2 .5 2 .4 2 .2 2.1
In vitro p ro te in  
d igestib ility , % 6 6 .0 6 6 .7 6 7 .5 6 8 .9 6 8 .9 6 9 .7

a . All v a lu e s  a r e  m e a n s  o f  th r e e  d e te rm in a t io n s  
E /T =  R atio  o f  e s s e n t ia l  a m in o  a c id s  (E) to  to ta l a m in o  

a c id s  fT)

between amino acids of kisra  which otherwise would  
cause nutritional disorders.

The in vitro protein digestibility (IVPD) increased 
from 66.0% for sorghum  kisra  to 69.7% for sorghum  
kisra  with 30% groundnut flour (Table 6). A slight 
improvement in IVPD values w as also noticed at 
lowers levels of supplem entation (Table 6). The 
major problem with sorghum  appears to be one of 
low protein digestibility (Maclean et al. 1982). 
However, the IVPD values of the sorghum  kisra  are 
slightly higher than those reported by earlier 
workers (Axtell et al. 1982). The importance of the 
interaction of digestibility and the concentrations 
of protein and lysine to improve the nutritional 
quality of sorghum  h as been em phasized (Maclean

et al. 1982). Improved levels of protein, lysine and 
IVPD were the beneficial effects of supplem entations.

In conclusion, the nutritional quality of kisra, 
an important food item prepared m ostly by using  
whole sorghum  flour in several African countries, 
can be improved by supplem entation of sorghum  
flour with groundnut flour upto 30%. The results 
also indicate that nutritional parameters like protein, 
amino acids balance and in vitro protein digestibility 
(IVPD), of kis a  of supplem ented flour are better 
than those of the unsupplem ented flour. The 
introduction of such  new  nutritionally improved 
products, particularly in the less developed countries 
of Africa, Asia and Latin America, would play an 
important role in alleviating the protein calorie- 
m alnutrition (PCM) problem. Such efforts would 
also result in enhanced utilization of grain legum es.
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Microbiological Analysis o f Environmental Sources of 
Contamination in Deonar Abattoir

B .G .  T A R W A T E , A .T .  S H E R I K A R *  A N D  H .V . M U R U G K A R
Department of Food Hygiene and Public Health,

Bombay Veterinary College, Parel, Bombay 400  012, India
In v e s tig a tio n  w a s  c a r r ie d  o u t  to  a n a ly s e  m ic ro b io lo g ic a l h a z a r d s  a n d  to  d e te rm in e  th e  c r i t ic a l  c o n tro l  p o in ts  in  

th e  b u ffa lo  s la u g h te r l in e . N in e  d if fe re n t p o in ts  in  th e  s la u g h te r h o u s e  w e re  s e le c te d  a n d  s a m p le s  w e re  a n a ly s e d  for 
to ta l v ia b le  c o u n ts  a n d  th e  n u m b e r s  o f  faec a l co lifo rm s, E n te ro b a c te r ia c e a e ,  Bacillus s p p .,  Staphylococcus s p p .  a n d  
Clostridium s p p ..  H ig h ly  s ig n if ic a n t d if fe re n c e s  a m o n g  d if fe re n t p o in ts  w e re  o b se rv e d . T h e  m a x im u m  lev e ls  o f  
c o n ta m in a tio n  a m o n g s t  s la u g h te r h o u s e  p o in ts  w e re  n o te d  fo r flo o rs , p la tfo rm s  a n d  w a lls  w ith  a  m e a n  to ta l  v ia b le  c o u n t  
o f  4 . 1 1± 0 .50  lo g 10 C F U /s q  cm . T h e  floo rs, p la tfo rm s , w a lls , k n iv e s , ax e , s a w -b la d e , h o o k s  a n d  h a n d s w a b s  w e re  c o n s id e re d  
a s  c r itic a l p o in ts  in  th e  s la u g h te r h o u s e  a n d  m o n ito r in g  o f  th e s e  p o in ts  w o u ld  le a d  to  th e  d e v e lo p m e n t o f  H A C C P in  
s la u g h te rh o u s e .
K e y w o rd s  : M icrob io log ica l h a z a r d s ,  HACCP c o n c e p t,  S la u g h te r h o u s e ,  S la u g h tc r l in e  o p e ra t io n s .

In its demand for anim al proteins, hum anity  
is exposed to foodbom e infections and intoxications. 
Most of the reported outbreaks of food poisonings 
are associated with food service operations and food 
processing plants. Economic losses are enorm ous 
due to microbiological food spoilage, affecting the 
primary production. The ante-mortem and post
mortem exam inations are not sufficiently adequate 
to arrive at a firm diagnosis on the origin of 
microbial problems associated with animal foods 
(Skovgaard 1989; Gupta et al. 1987). Traditional 
quality inspections and microbiological testing of 
end products have show n little evidence of their 
effectiveness in epidemiology. A need to reduce 
costs of safety and quality assurance has led to 
the development of a rational approach based on  
the hazard analysis and critical control point 
(HACCP) system . The application of HACCP shifts 
emphasis to raw m aterials and process control, 
thus taking away the control out of the laboratory 
into the m anufacturing environment (Kaufmann 
and Schaffner 1974; Bobeng and David 1977; 
Bryan and McKinley 1979; Zottola and Wolf 1980).

In India, the practices of hygiene and sanitation  
prevailing in the food processing plants, aided by 
ecological conditions, encourage access to microbial 
contamination, their survival and growth in the 
foods. With th is background, the present study w as 
undertaken to a sse ss  the potential sources of 
microbiological hazards associated with slaughterline 
operations and the surrounding environment.
M a t e r ia l s  a n d  M e t h o d s
Selection o f  points an d  sam ple collections : Seven
* Corresponding Author

batches of nine different points in the slaughterhouse 
viz., knife, axe, saw-blade, hooks, floor, wall, 
platform, handswab and water were selected. All 
the sam ples were collected during slaughtering  
operations by swabbing, except those of the water. 
About 10 ml of tap-water used  in slaughterhouse  
w as collected in a sterile test tube. Sterile cotton  
swab (3 cm  long and 1 cm  in dia) w as m oistened  
with 0.1% peptone and rubbed on the surface for 
30  sec. The swab w as transferred to a screw-capped  
sterile test tube containing 10 m l of m aintenance  
m edium  (0.85% saline and 0.1% peptone). Sam ples 
were brought to the laboratoiy in iced therm os flask  
and processed immediately.
Enumeration o f  bacteria : Appropriate dilutions of 
the sam ples were made in sterile normal saline for 
enum eration of total viable counts (TVC), counts  
of faecal coliforms, enterobacteriaceae, staphylococci. 
Bacillus spp. and Clostridium  spp., using plate count 
agar. The m edia used include violet red bile agar, 
MacConkey's agar, Baird-Parker's agar, egg yolk 
agar and sodium  polymixin sulphadiazine agar, 
respectively (Speck 1984).
Identification o f  bacteria : Typical characteristic 
colonies of each bacteria developed on the isolation  
media were noted. Randomly selected colonies were 
subjected to purification, characterization and 
identification (Cowan and Steel 1970; Cheesbrough  
1985; Sneath et al. 1986).
Statistical analysis: The difference betw een the 
slaughterhouse points for TVC and for counts of 
different bacterial groups were analysed by using  
completely randomized design and the m eans were 
compared by critical difference test (Snedecor and 
Cochran 1968).
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R e s u l t s  a n d  D i s c u s s i o n
TVC and the counts of different bacterial 

groups in the slaughterhouse points are presented  
in Table 1. Of nine points studied, floors showed  
a maximum TVC of 6 .70  log10 C FU /sq cm, while 
water sam ple showed a m inim um  count of 2 .07  
log10 CFU/m l. The overall average for all the points 
w as 4 .11+0.50 log10C FU /sq cm. Statistical analysis 
of the microbial counts revealed that the bacterial 
counts differed significantly am ong the various 
slaughterhouse points to high extent. The highest 
counts were observed for floor, platforms and walls, 
thereby resulting in m axim um  num ber of the  
bacterial isolates (Table 2). Newton et al. (1978) 
reported high microbial population for structural 
surfaces in dressing areas, particularly the floors 
and designated them  to be the potential sources

TABLE 1. BACTERIAL C OUN TS ENUM ER ATED AT D IFFE R E N T  
PO IN TS IN A SL A U G H T E R H O U S E

S a m p le  B a c te r ia l  c o u n ts  (log10 C F U /s q  cm )
p o i n t s ---------------------------------------------------------------------------------------------

T o ta l
v ia b le
c o u n t

E n le ro -
b a c te r i -

a c e a e

F a e c a l
c o n 

fo rm s

Bacillus
s p p .

Staphy
lococcus

s p p .

Clostri
dium
s p p .

K n ives 3 .2 5 .9 5 .7 5 .5 4 .9 2 .1
Axe 3 .8 5 .6 5 .9 5 .4 4 .9 2 .4
S a w -b la d e  3.1 4 .7 5 .5 5 .8 4 .8 2 .8
H o o k s 4 .2 5 .6 5 .6 5 .7 4 .6 2 .3
F lo o r 6 .7 6 .9 7 .3 6 .9 5 .9 4 .1
W all 5 .3 6 .2 6 .6 6 .4 5 .2 3 .5
P la tfo rm 5 .6 6 .5 6 .8 6 .7 5 .4 3 .9
H a n d
s w a b s 2 .9 5 .4 5 .5 4 .6 4 .2 1.3
W ater* 2.1 4 .4 4 .5 3 .9 3 .4 0 .0
* C o u n ts  e x p re s s e d  a s  lo g 10 C fu /m l .

TABLE 2. BACTERIAL C U L TU R ES ISOLATED FROM  D IFFE R E N T  PO IN TS IN A S L A U G H T E R H O U SE

S o u rc e
K n ives Axe S a w -b la d e s H o o k s F lo o r W alls P la tfo rm s H a n d  s w a b s

O rg a n is m s
S a m p le s P o sitiv e

BaciUus cereus* 3 3 4 5 6 6 5 0
Bacillus subttlis** 4 2 5 4 7 6 6 1
Bacillus megaterium** 4 3 3 4 4 5 4 0
Bacillus circulons** 3 3 4 4 6 5 6 2
Bacillus coagulons** 5 4 6 5 5 7 6 1
Bacillus spp.** 5 4 6 6 7 7 7 3
Staphylococcus aureus* 1 1 3 2 4 5 4 1
Staphylococcus epidermidis** 2 3 4 4 7 5 6 3
Micrococcus roseus** 4 2 5 4 5 6 7 2
Micrococcus luteus** 3 5 4 5 3 5 5 1
Micrococcus spp.** 6 2 5 3 7 6 7 3
Streptococcus faecalis * 0 1 0 0 3 2 2 0
Streptococcus mitís, , 1 0 0 1 2 1 1 0
Streptococcus Jaecium“ 2 1 1 2 2 1 2 0
Streptococcus bovis“ 1 3 0 1 3 2 3 0
Streptococcus spp.** 2 1 2 1 5 5 6 2
Clostridium sp p .* 4 3 3 4 7 7 7 0
Escherichia coli* 5 6 5 3 7 7 2 2
Klebsiella spp.** 2 2 4 4 5 6 5 3
Citrobacter freundei“ 1 2 1 1 3 1 2 0
Enterobacter aerogenes“ 2 1 1 1 2 2 2 0
Enterobacter c lo acae** 1 0 0 0 2 1 1 0
Pseudomonas aeruginosa* 2 0 0 1 3 2 3 1
Alcaligenes s p p . *• 0 0 0 0 1 1 1 0
Shigella sp p .* 0 1 2 1 4 3 4 0
Serratia marcescens** 2 1 0 0 2 2 3 0
Proteus m irab ilis* 0 0 0 1 5 5 6 0
Proteus vulgaris** 2 1 1 1 6 4 6 1
* P a th o g e n ic , ** N o n -p a th o g e n ic  sp o ilag e m ic ro o rg a n is m . O n e  Micrococcus sp . w a s  is o la te d fro m  a w a te r  s a m p le
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of contamination. Floors, platforms and walls, are 
probably contam inated by the m icroorganism s 
present on the animal bodies. The carcasses may 
also contaminate the w alls and platforms through  
contact. The situation is further aggravated by the 
rigid surfaces of the platforms. Uneven surfaces, 
cracks and crevices on the floor and walls, where 
meat particles and m oisture accum ulate, m ay also  
lead to bacterial proliferation. Hence, floors, walls 
and platforms are identified as critical points in  
the slaughterhouse and m ust be effectively and 
regularly cleaned with sanitizing agents. Water at 
65°C and with contact time of 3 0  sec m ay be used  
for complete removal of fat and protein material 
(Weise and Levetzow 1976).

In the present study, TVC and the num bers 
of different bacterial types on knives, axe, saw- 
blade and hooks were significantly high and  
compared closely with those reported by earlier 
workers (Guarino et al. 1974; Simard and Auclair
1981). The bacterial flora of knives, axe, saw-blade 
and hooks can be attributed to their direct contact 
with the carcasses and viscera. The prevalence of 
common types of bacteria on both carcasses and 
slaughterhouse equipm ents are well known (Mackey 
and Derrick 1979). The reason for such a higher 
bacterial load may be due to poor practices of 
hygiene and sanitation followed in the abattoir. 
These equipm ents come into direct contact with 
carcasses and thus, act as vectors. Hence, these  
points are also considered as potential sources of 
microbial hazards.

Total viable counts and counts of pathogens 
for handswabs were lower than those in other 
samples (Table 1) and resulted in the isolation of 
26 cultures. Higher counts, even of one type of 
bacteria, cannot warrant for good hygienic practices 
(Kendereski 1970). Prevalence of the organisms, 
particularly on the worker's hands, could be due  
to the contact with carcasses and their own body 
parts during the operations an d /or the unhygienic 
practices. W ashing of hands can considerably  
reduce the number of transient bacteria (Wit and 
Kamplemacher 1983). The water used at Deonar 
Abattoir is from the m unicipal supply of potable 
water, which had a low bacterial profile and w as  
free from pathogenic bacteria.

A total of 651 isolates were obtained in the 
present stu d y and th ese  inclu d ed  p otentia l 
pathogenic organism s viz., S. aureus, B. cereus, 
Clostridium  spp., E.coli, Shigella spp., and spoilage 
causing organism s (Table 2). The presence of these  
organisms at various sites and equipm ents indicate 
improper sanitary conditions and potential sources 
for food poisoning hazards. The HACCP approach

would help in  monitoring the whole system  by 
frequent evaluation of the microbial types at various 
contaminating points, thereby m inim ising the public 
health hazards.
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T h e  e ffe c tiv e n e ss  o f  few  se le c te d  a n tim ic ro b ia l  a g e n ts  a n d  co m m o n ly  a v a ila b le  p a c k a g in g  m a te r ia ls  o n  m ic ro b ia l 
q u a lity  o f khoa d u r in g  s to ra g e  a t  3 7  a n d  5°C  sh o w e d  a  re d u c tio n  in  th e  c o u n ts  o f  m e so p h ilic  a e ro b e s , y e a s t  a n d  
m o u ld s  w ith  th e  in c o rp o ra tio n  o f  0 .3 0 %  p o ta s s iu m  s o rb a te  o n  p r o d u c t  w e ig h t b a s is  a n d  u p o n  p a c k in g  in  a lu m in iu m  
foil.
K ey w o rd s : Khoa, P a c k a g in g  m a te r ia ls ,  N isap lin , P o ta s s iu m  s o rb a te ,  S to ra g e  te m p e ra tu re .

In India, about 7% of total m ilk produced  
annually is converted into khoa, a popular  
indigenous heat dessicated m ilk product (Mathur
1991). This milk product h as a low shelf-life due 
to microbial spoilage (Jha et al. 1977; Rajorhia and 
Srinivasan 1979). Generally, the m icro-organisms 
occur as post-processing contam inants. As a m eans 
to improve the shelf-life of khoa, in the present 
study, an attempt w as made to find out the 
effectiveness of a few selected antimicrobial agents 
on the microbial quality of khoa packed in commonly 
available packaging materials.

Khoa w as prepared from fresh cow milk, 
obtained from dairy farm of Tamil Nadu Veterinary 
and Animal Science University (standardized to 4% 
fat) in a double jacketted kettle under controlled 
steam pressure according to the m ethod described 
by Rajorhia et al (1990). Aqueous solution of the 
antimicrobial agents namely, nisaplin (Applin and 
Barret Ltd., England) at two concentrations of 0.01  
and 0.02% and potassium  sorbate at 0 .15  and
0.30% levels, on product weight basis, were 
incorporated individually into khoa sam ples (100 
g each) during the last stages of preparation. The 
sam ples were then  packed in U.V. sterilized  
packaging materials like aluminium foil, polyethylene 
and parchment paper and stored at 37 and 5°C, 
respectively. Stored sam ples (five replicates) were 
enumerated for m esophilic aerobes and yeast and 
m oulds (Speck 1984) at an interval of 3 days in  
case of 37°C and 15 days in case of 5°C storage. 
Results obtained were subjected to statistical 
analysis (Snedecor and Cochran 1967).

The effect of two different concentrations of 
antimicrobial agents and three packaging m aterials 
on the counts of m esophilic aerobes and yeast and 
m oulds in khoa  during storage at 37  and 5°C are
* Corresponding Author

presented in F igs.l and 2 and the resu lts of 
statistical analysis are given in Table 1.

With reference to the microbial changes in  
khoa stored at 37°C, alum inium  foil as a packaging  
m aterial proved to be effective and differed 
sign ifican tly  (P<0.05) w ith  p o lyeth y len e and  
parchment paper in  checking growth of m esophilic  
aerobes, yeast and m oulds. There w as statistically  
significant difference (P<0.01) am ong the various 
levels of antimicrobial agents used with respect to 
the microbial counts. Potassium  sorbate u sed  at
0.30% level w as able to bring about m axim um  
reduction of microbial counts in khoa, but there

Fig. 1. E ffect o f  a n tim ic ro b ia l  a g e n ts  a n d  p a c k a g in g  m a te r ia l s  
o n  th e  c o u n ts  o f  m e so p h ilic  a e ro b e s  in  Khoa d u r in g  
s to ra g e  a t  3 7  a n d  5°C.

A----- A C o n tro l, O— O  0 .0 1 %  n is a p lin ,  • -— •  0 .0 2 %  n is a p l in ,
Q— Ü 0 .1 5 %  p o ta s s iu m  s o rb a te ,  ■ — ■  0 .3 0 %  p o ta s s iu m  s o ib a te
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TABLE 1. ANALYSIS O F  VARIANCE O F  VARIOUS M ICROBIAL PARAM ETERS (IN LOG UNITS) O F  KIIOA DU RIN G  STO R A G E.

M ean  s u m  o f  s q u a r e s
S o u rc e  o f  D e g re e s  ------------------------------------------------------------------------------------------------------------------------------
v a ria tio n  o f  M eso p h illc  a e ro b e s  Y e a s t a n d  m o u ld  c o u n t

fre ed o m (37°C)
A m ong p a c k a g e s 2 0 .0 4 3 4 »
A m ong p re se rv a tiv e s 4 2 .8530 **
In te ra c tio n , p a c k a g e s  X p re s e rv a tiv e s 8 0 .0 0 5 4 NS
A m ong in te rv a ls  o f  s to ra g e 2 5 4 .3 8 7 6 * *
In te ra c tio n , p a c k a g e s  X in te rv a ls 4 0.0115«®
In te ra c tio n , p re s e rv a tiv e s  X in te rv a ls 8 0 .7 1 8 3 * *
E rro r 16 0 .0 0 4 1
* S ig n ifican t a t  5%  level “ S ig n if ic a n t a t  1% level.

Fig.2. E ffect o f  a n tim ic ro b ia l  a g e n ts  a n d  p a c k a g in g  m a te r ia ls  
o n  th e  c o u n ts  o f  y e a s t  a n d  m o ld s  in  Khoa d u r in g  s to ra g e  
a t  3 7  a n d  5°C.

A A C o n tro l, O — O  0 .0 1 %  n is a p lin ,  • — •  0 .0 2 %  n is a p lin ,
0 — 0  0 .1 5 %  p o ta s s iu m  s o rb a te ,  ■ — ■  0 .3 0 %  p o ta s s iu m  s o rb a te

was no significant difference between control sam ples 
and khoa with 0.01%  level of nisaplin. Increase in 
the microbial counts w as observed during storage 
of khoa. However, the m agnitude of this increase 
declined with the increase in potassium  sorbate 
concentration. A similar trend w as observed with 
an increase in n isin  concentration in khoa  stored  
at room temperature (Grewal and Jain  1978).

Studies of khoa  stored at 5°C revealed that 
various packaging m aterials differed significantly 
(P<0.01) with reference to the counts of m esophilic

(5°C) (37°C) (5°C)
0 .1 7 6 8 * * 0 .2 4 0 2 * * 0 .0 5 0 1 "»
5 .8774 ** 0 .3 4 4 7 * * 0 .7 8 2 2 * *
0 .0 1 3 9 "» 0 .0 0 2 8 NS 0 .0 3 0 2 "»

4 7 .1 4 5 3 * * 13 .0174** 2 8 .7 1 5 7 * *
0 .0 4 8 3 * * 0 .0 9 0 5 * * 0 .3 7 0 3 * *
1.8874** 0 .0 8 2 7 * * 0 .0 1 3 9 "»
0 .0 0 5 8 0 .0 1 2 4 0 .0 1 8 9

aerobes, the lowest being with alum inium  foil. 
However, there w as no significant effect of packaging 
m aterials on the counts of yeast and m oulds. With 
regard to the antimicrobial agents, potassium  
sorbate and nisaplin differed significantly (P<0.01) 
in reducing the microbial counts. Potassium  sorbate 
had more pronounced effect in reducing microbial 
counts as compared to nisaplin. These resu lts are 
in accordance with an earlier study (Ghodekar et 
al. 1978), wherein incorporation of 0.20%  potassium  
sorbate into khoa  enhanced the shelf-life from 6 
to 14 days at 7°C.

There w as a significant improvement in the 
microbial quality of khoa  with the incorporation of
0.30%  potassium  sorbate on product weight basis  
and packed in alum inium  foil.
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Decontamination of Insecticide Residues on Mango by
Washing and Peeling
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Indian Institute of Horticultural Research, Hessaraghatta, Bangalore-560 0 89 , India.
T h e  in s e c tic id e  r e s id u e s  o n  m a n g o  f ru its ,  r e s u l t in g  fro m  p la n t  p ro te c tio n  s p ra y s ,  w e re  r e d u c e d  to  6 6 -6 8 %  fo r 

d im e th o a te  a n d  fe n th io n  a s  a g a in s t  2 1 -2 7 %  for fe n v a le ra te  a n d  c y p e rm e th r in  s im p ly  b y  w a s h in g  t r e a tm e n t .  T h e  p e e lin g -  
off th e  f ru it  p e r ic a rp  w a s  fo u n d  to  d is lo d g e  100%  r e s id u e s  in  a ll th e  c a se s .
K ey w o rd s : M ang o  d e c o n ta m in a t io n .  In s e c tic id e  re s id u e s ,  W a sh in g , P ee ling , P la n t  p ro te c tio n  s p ra y s .

The cultivation of mango in peninsular India 
requires intensive plant protection m easures at all 
stages, since the tree suffers heavily from new flush  
stage by a variety of insect pests. Heavy pesticide 
applications, thus, result in the build-up of the 
residues on or in the fruits particularly, if applied 
at fruit bearing stage (Saivaraj et al 1982; Awasthi
1988). Since mango fruits are consum ed at all the 
stages of fruit growth in different preparations, it 
is desirable to decontam inate the fruit from the 
point of safety to hum an health. Various pesticide 
decontamination processes like; (a) washing the 
treated fruits/vegetables with w ater/dilute solutions 
of non-toxic chem icals, (b) peeling-off the fruit skin, 
etc., were reported to dislodge the residues to 
varying degrees depending on constitution of the 
fruit, chem ical nature of the p esticide and  
environmental conditions (Nath et al 1975; Awasthi
1986). The present com m unication describes the 
effect of washing and peeling the pesticide-treated  
mango fruits on the extent of the reduction of the 
residues of dimethoate, fenthion, cypermethrin and 
fenvalerate insecticides prior to safe consum ption  
of fruits.

Mango cv. Totapuri’ trees in a 8 years old 
orchard of the institute were used in th is study. 
Insecticide schedules involving two spray applications 
of dim ethoate and fenthion each at 0.05%; 
cypermethrin and fenvalerate each at 0.01% , 
coinciding fruit development and stone-hardening  
stages were laid out. Fruit sam ples from treated 
trees were collected at periodic intervals after the 
second application for residue analysis. The treated 
fruit sam ples from each treatment at every sampling 
were divided into three sets. One set w as used for 
residue analysis in whole fruit. The fruits from 
second set were w ashed by dipping in water for
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10 m in and then used  for residue analysis, while 
the fruits from third set were peeled-off, w ashed  
and then used for residue analysis.

Pesticide residues were extracted from fruits 
by solvent extraction followed by clean up of 
residues from other co-extractives and quantitative 
estim ation of the residues w as done by gas liquid 
chromatography through therm ionic detector for 
dimethoate and fenthion (Awasthi and Ahuja 1991), 
electron capture detector for cyperm ethrin and 
fenvalerate (Awasthi 1985), using standardised  
parameters. The data were subjected to statistical 
analysis (Hoskins 1961) to find the rate of residue  
dissipation (Half-life) and waiting periods (TtoI), the 
period required to be lapsed betw een the last 
treatment and the harvest of the crop, based on  
the persistence pattern of residues and m axim um  
residue lim its (MRL) prescribed by FAO/WHO for 
different pesticides (Anon 1986).

The average initial deposits and persistence of 
insecticide residues on the fruit are detailed in  
Table 1. The effectiveness of w ashing the treated  
fruits in water and peeling-off the fruit sk in  in the  
decontam ination of residue deposits at periodic 
intervals following spray treatment h as been detailed 
in Table 2. The progressive residue decay on whole 
fruit took place at the half-life of 3 .1 , 3 .7 , 5 .8  and
5.3 days for dim ethoate, fenthion, cyperm ethrin  
an d  fe n v a le r a te , r e s p e c t iv e ly . (T able 1). 
O r g a n o p h o s p h a te s  d is s ip a te d  fa s te r  th a n  
pyrethroids, but quantitatively higher residues were 
still persisted on whole fruits from the former, after 
10 days of the treatment under normal conditions. 
The washing of the treated fruits effected the  
reduction of surface residues to the extent of 66- 
68% for dimethoate and fenthion as com pared to
21-27%  for pyrethroids at the initial stages of spray 
treatm ent. The effectiveness of w ash ing  w as, 
however, reduced at later stages of all the insecticides
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TABLE 1. RESIDUES OF INSECTICIDES ON WHOLE MANGO FRUIT AND THE RATE OF RESIDUE DECAY AND THE WAITING 

PERIOD FOR INSECTICIDAL TREATMENT.
Insecticides Average residues (mg kg ') after treatment, days Half- Waiting

life. MRL, periods,0 3 7 10 15 20 days ppm days
Dimethoate 1.35 0.67 0.36 0.12 ND ND 3.1 2.0 Nil(50.3) (73.3) 91.1) (100.0) (100.0) (4.7) (Nil)
Fenthion 1.27 0.72 0.40 0.16 ND ND 3.7 2.0 Nil

(43.3) (68.5) (87.5) (100.0) (100.0) (5.6) (Nil)
Cypermethrin 0.83 0.57 0.32 0.19 0.11 0.06 5.8 0.5 3.4(31.3) (61.4) (77.1) (86.8) (92.7) (5.9) (1.9)
Fenvalerate 0.87 0.64 0.32 0.22 0.14 0.05 5.3 0.2 11.2(26.4) (63.2) (74.7) (83.9) (94.2) (5.3) (10.9)

Values for average residues are for whole mango fruit Figures in brackets under average residues are per cent reduction; 
in case of decay and waiting periods are for processed mango fruits. ND= Not detectable.

TABLE 2. DECONTAMINATION OF INSECTICIDE RESIDUES 
ON MANGO FRUITS BY WASHING AND PEELING

Days Average residues (mg kg *)
after ------------------------------------------------------
treatment Dimethoate Fenthion Cypermethrin Fenvalerate

0 0.45 (66.6) 0.40 (68.3) 0.60 (27.7) 0.68 (21.8)
3 0.40 (40.3) 0.44 (38.8) 0.45 (21.0) 0.52 (18.7)
7 0.24 (33.3) 0.27 (32.5) 0.30 (6.3) 0.30 (6.3)
10 0.10 (33.3) 0.12 (25.0) 0.18 (5.0) 0.22 (0.0)
15 ND (100.0) ND (100.0) 0.11 (0.1) 0.14 (0.0)
20 ND (100.0) ND (100.0) 0.06 (0.0) 0.05 (0.0)
Figures in brackets denote per cent loss of residues after
decontamination by washing. Peeling showed 100% 
decontamination at 0 and all the days of treatment

and m ore specifically  on  syn th etic  p yrethroids d u e  
to strong b onding b etw een  the in sectic id e  m o lecu les  
and w axy layer o f fruit sk in  a s  a lso  their n on -  
s y s t e m ic  a n d  n o n - t r a n s la m in a r  m o v e m e n t  
ch aracteristics (Elliot 1980; B riggs 1985).

The w aiting p eriods w orked ou t for u n w a sh ed  
an d  w a sh ed  m an go fru its  (Table 1) w ere a lso  
red u ced  accord ingly d u e  to w a sh in g  effect, thereby  
red u cin g  the toxicity h aza rd s d u e  to tox ic  res id u es  
p ersisten t on  fruits.

The au th or e x p resse s  s in cere  th a n k s  to the  
D irector, I1HR, B angalore, for su p p o rt an d  in terest 
in  the stu d y .
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Total dally Iodine intake of 100 women from ten different regions, living in Bombay, ranged from 211-301 meg. 

Nearly 15.3-42.0% of iodine was contributed by the daily salt intake. Iodine losses during cooking ranged from 37.4- 
69.7%.
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Iodine is  an  essen tia l n u trien t, cru cia l for 
proper grow th , d ev e lo p m en t an d  th e  n orm al 
function ing o f th e body (Pandav an d  K ochupillai,
1982). Average daily requirem ent of iod ine is  150  
m eg and d ietary iod ine in take below  50  m eg is  
asso cia ted  w ith  goitre (NIN, 1987). A bout 90%  of  
the daily requirem ent of iod ine is  m et by food, b u t  
the dietary so u rces  su p p ly in g  th is  e lem en t are not 
w ell-defined and th e inform ation  on  iod ine con ten t  
of Ind ian  food s (raw /cooked ) is  a lso  lim ited. 
Therefore, th is  s tu d y  w a s  u n dertak en  to determ ine
(a) the ad eq u acy  of daily  iod ine in take in  variou s  
regional d iets, (b) con trib u tion  o f v a r io u s food s and  
salt to the daily iod ine in tak e an d  (c) to determ ine  
iodine lo s se s  during cook in g  b y  com paring th e  
iodine con ten t o f raw  an d  cooked  d iets.

o f iod ine from  raw  food s an d  coo k ed  m ixed  d ie ts  
w ere estim ated  b y  u s in g  th e  m eth o d  sta n d a rd ized  
b y NIN (1987). S a lt in tak e w a s  estim a ted  b y  finding  
the am ou n t o f sa lt  (teaspoon) u se d  per d ay  and  
dividing it b y  the n u m b er o f co n su m p tio n  u n its . 
The iod ine co n ten t of th e  sa lt  w a s  determ in ed  b y  
iodom etric titration  (Tyabji, 1985). T he tota l d aily  
iod ine in tak es, ca lcu la ted  from  raw  food s an d  sa lt, 
w ere com pared  w ith  th e  iod in e in tak e from  m ixed  
cook ed  d iets b y  u s in g  s tu d e n t's 't '  te st . C orrelation  
c o e f f ic ie n ts  b e tw e e n  s e le c te d  v a r ia b le s  w er e  
com p u ted .

It w a s  observed  th a t th e  m ea n  iod ine co n ten t  
of va rio u s regional d ie ts  ranged  from  2 1 1  to  301  
m eg daily (Table 1). T h ese  v a lu e s  are m u c h  h ig h er  
th a n  th e  R ecom m en ded  D ietary A llow an ce o f 150

TABLE 1. IODINE INTAKE FROM VARIOUS FOOD GROUPS
Community Total

Iodine,
meg

Cereals,
%

Pulses,
%

Vegetables,
%

Milk and milk 
products,

%
Flesh
foods,

%
Maharastrian 252 35.7 10.7 3.2 44.8 5.6
Sindhi 247 40.9 9.3 5.3 44.5 -
Gujarati 287 49.1 11.5 2.1 37.3 -
Marawadi 240 43.3 9.6 4.6 42.5 -
Christian (Goanese) 301 32.2 7.9 1.7 30.9 27.2
Tamilian 223 36.3 15.7 1.3 46.6 -
Uttar Pradesh 248 37.9 11.3 5.2 45.6 4.4
Punjabi 211 35.1 16.6 5.2 46.4 -
Muslim (Hyderabad) 250 32.8 13.2 2.0 38.8 13.2

D iets o f  100 w om en , from 10 different regions, 
living in  B om bay, w ere collected  in  d u p licate  in  
g la ss  ja rs  on  3  con secu tive  d ays (two w eek  d ays  
and 1 day o f w eekend). D etailed  inform ation about 
raw m ateria ls involved in  th e preparation  of the  
d iets w a s  a lso  collected . The d u plicate diet sa m p les  
were pooled , h om ogen ised  an d  a liq u ots w ere tak en  
(in triplicate) for estim ation  of iod ine. The in tak es
* Corresponding Author

m eg for adults. N ational N utrition M onitoring B u reau  
(NNMB) and m an y  oth er w ork ers reported  v a lu e s  
of 1 7 4 -3 6 5  and 2 2 4 -3 0 2  m eg for iod ine in ta k es  b y  
very low  and low  in com e gro u p s, resp ective ly  
(NNMB; 1984; S tan b u ry  an d  H etzel 1980; P ark  et 
al, 1981; W enlock  et al. 1982; V aro e t al. 1982; 
B ester  1988). H owever, it m ay  b e  n o ted  th a t th e  
reported v a lu es  o f  th e iod ine co n ten t o f  d ie ts  b y  
variou s w orkers w ere com p u ted  from  th e  iod in e
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TABLE 2. CONTRIBUTION OF SALT TO IODINE INTAKE IN VARIOUS REGIONAL DIETS AND IODINE LOSSES DURING COOKING.
Community Salt Iodine

consumed content
per capita, of salt.

g ppm

Maharastrtan 6.1 + 2.9 7.0 + 0.0
Sindhi 8.4 + 3.2 2.8 + 3.8
Gujarati 8.8 + 3.7 5.6 + 3.1
Marwadl 8.7 + 3.9 4.2 + 3.8
Christian (Goanese) 14.4 + 15.2 4.2 + 3.8
South Indian 10.7 + 4.8 5.6 + 3.1
Malayalee 7.1 + 1.8 7.0 + 0.0
Uttar Pradesh 7.4 + 1.3 5.6 + 3.1
Punjabi 9.0 + 4.6 7.0 + 0.0
Muslim (Hyderabad) 6.3 + 3.4 7.0 + 0.0

content of raw food and not from cook ed  m ixed  
diets. The con trib u tion  of different food gro u p s to 
the daily iodine in take in d icated  th a t the cerea ls  
contributed 32 .2 -4 9 .1 %  of th e  d ietary iod ine in take. 
This figure is  m u ch  low er th an  th e  va lu e  o f 75%  
reported by NNMB (1984). The m ajor d ietary  
contributors (30-46.6% ) to  the daily iod ine were 
m ilk and m ilk  p rod u cts (Varo 1982). T h is w a s a lso  
observed by B ester  (1988). Park et al (1981) have  
reported that th e dairy p rod u cts w ere the m ajor  
contributors to d ietary iod ine. The con trib u tion  of 
vegetables and fru its to  th e  daily d ietary iodine  
in take w a s very low (1.3-5.3% ). F lesh  foods are the  
other im portant dietary so u rces  o f iodine. D epending  
upon the am ou nt eaten , th ey  con trib u te  4 .4 -27 .2%  
of the daily iodine in tak e. The total am ou n t o f sa lt  
con su m ed  per cap ita  per day w a s found  to range  
from 6 .1 -1 4 .4  g. (Table 2). The v a lu es  observed  are 
alm ost sim ilar to th o se  reported by NNMB (1984). 
It is  in teresting to n o te  that n on e of the sa lts  
contained  iodine levels o f  15 ppm  a s  specified  for 
iodised sa lt (NGCP 1987). The m ean  iod ine co n ten ts  
of the sa lts  ranged from  2 .8 -7 .0  ppm  w hich  
correspond to 7 .9-22 .9%  o f the daily iod ine intake.

A positive correlation b etw een  th e dietary iodine  
intake of cooked  diet an d  iod ine con ten t o f  sa lt  w a s  
observed (r=0.30). Table 2 sh o w s th a t th e iodine  
intake from m ixed  cook ed  d ie ts  w a s  low  (1 0 2 .0 -
184 .0  meg) and iod ine lo s s e s  during cook ing ranged  
from 37 .4 -69 .7% . T h is w a s not su rp risin g  a s  iodine  
is  an  u n stab le  an d  volatile com p oun d . T h is m ay  
m ean that the iod ine v a lu e s  ca lcu la ted  from raw  
foods can  give a w rong im p ression  w ith regard to 
iodine intake. T h is cou ld  be the reaso n  w hy the  
prevalence of goitre in  India is  so  h igh  even  thou gh  
NNMB data (1984) sh o w  h igher th a n  RDA o f 150  
m eg iodine intake even  in  very low in com e groups.

% of 
total 

iodine 
Intake

Total
raw foods 
salt, meg

iodine intake, meg
cooked 

mixed diet, 
meg

loss %

14.2 294.6 130.4 55.74
7.9 270.5 164.9 39.04
13.9 336.4 102.0 69.68
12.3 276.5 128.6 53.49
17.1 361.8 133.3 63.16
20.8 282.9 151.6 46.41
15.6 316.7 136.0 57.02
14.2 289.4 131.1 54.69
22.9 274.0 117.9 56.97
14.6 294.1 184.0 37.44

In th is  stu d y , 7 ou t o f  10 regional d ie ts  sh ow ed  
a iod ine con ten t low er th a n  15 0  m eg, w h en  iod ine  
w a s estim ated  in  th e  cook ed  m ixed  diet. The  
correlation  b etw een  th e  iod in e co n ten t o f th e raw  
an d  cook ed  d ie ts  ap p ears to  b e  n on -sign ifica n t  
(r= 0 .12) even  th o u gh  it w a s  positive.

The resu lts  o f th e  p resen t s tu d y  su g g est  th a t  
iod ine con ten t com p u ted  from  in tak e o f raw  foods  
is  sign ifican tly  h igh er th a n  th a t o f  m ixed  cooked  
d iet. T h e io d in e  lo s s e s  d u r in g  c o o k in g  are  
appreciable. T h is sh o u ld  b e ta k en  in to  a cco u n t in  
th e  N ation al G oitre C ontro l P rogram m e. T he  
m in im u m  level o f 15 ppm  o f iod in e in  sa lt  at th e  
co n su m er  level m ay  n ot b e a d eq u ate  en ou g h  to  
provide extra iod ine n eed ed  to  m eet the daily  
dietary requirem ents. A s cerea ls  an d  p u lse s  together  
con trib u te le s s  th an  h a lf  o f th e  d aily  d ietary iodine, 
the low er so cio -econ om ic  gro u p s are sp ecia lly  
vu lnerab le to iod ine deficiency. T heir d ie ts  are 
predom inantly  cerea l-b a sed  an d  in tak e o f  m ilk  and  
other flesh  food is  low. More rea listic  g u id e lin es  for 
iod ised  sa lt  are, therefore, vital.
Acknowledgement

T h is stu d y  is  a  part o f th e  research  project 
on  Iodine D eficiency in  India, funded  b y  International 
D evelopm ent R esearch  C entre, O ttaw a, C anada, 
(3 -p -8 9 -0 2 2 7 ).

.  References
Bester BH, (1988) The iodine content of milk and dietary 

products. Die jodiuminhoud van melk en suiwel produkke. 
Suid-A frikaanse Tydskrtf Vir Suiwelkunde (1988) 20(1) 1-8

National Goitre Control Programme (NGCP), (1987) Specification 
for iodised salt. In: Training Course in Quality Control, 
jointly organised by Salt Commissioner, Govt, of India, 
Jaipur and UNICEF. New Delhi, pp 20-22



136
NIN (1987), Annual Report, 1986-1987, National Institute of 

Nutrition, Hyderabad, India, pp 1-6
NNMB (1984) Diet and Nutritional Status of Specific Groups 

of Urban Population, 1975-79 In: National Nutrition Monitoring 
Bureau (NNMB) Report. National Institute of Nutrition, 
Hyderabad, India, pp 25-40

Pandav CS, Kochupillai N, (1982), Endemic goitre in India : 
Prevalence, aetiology, attendant disability and control 
measures. Ind J Pediat 50:259-271

Park K, Harland BE, Vanderveen JE, Shank RF, (1981): 
Estimation of dietary iodine intake of Americans in recent 
years, J  Am Dietet Assoc 79:17-23

Stanbury JB, Hetzel BS, (1980) Endemic Goitre and Endemic 
Cretinism. John Wiley and Sons Inc. New York, pp 
497-505.

Tyabji R. (1985) The use of iodated salt in the prevention of 
IDD In: A handbook of Monitoring and Quality Control, 
UNICEF/ROSCA, New Delhi, India, pp 18-29.

Varo P, Saari E, Passo A, Koivisitonomen P, (1982) Iodine in 
Finnish foods. Int J Vit Res 52:80-89

Wenlock RW, Bush DH, Maxon RE, Buton NG (1982) Iodine 
in British foods. Br J Nutr 47:381-389

R e c e iv e d .  5  A u g u s t  1 9 9 1 ;  r e v i s e d  2 5  N o v e m b e r  1 9 9 2 ;  a c c e p t e d  1 D e c e m b e r  1 9 9 2 .



J. Food S et TechnoL, 1993, Vol 30, No.2, 137-138

G l u c o s i n o l a t e  a n d  L i p i d  C o m p o s i t i o n  o f  N e w e r  I n d i a n  
V a r i e t i e s  o f  M u s t a r d  a n d  R a p e s e e d

T .C . SIND H U KANYA*, T. NAGARAJU AND M. KANTHARAJ U R S
C entral F ood T ech n ological R esearch  In stitu te , M ysore-570  0 1 3 , India.

Mustard varieties contain 64.4 and 89.5 p moles gluconapln/g dry meal In contrast to 104.2 and 123.3 p 
moles/g dry meal in rapeseed varieties. Slnigrtn was present only in mustard and amounted to 7.6 and 10.3 p m oles/ 
g dry meal. Erucic acid was found to be rich in all the varieties. Iodine values were higher in mustard varieties 
than in four varieties of rapeseed.
Keywords : Glucosinolate. Gluconapin, Sinigrin, Erucic acid, Mustard, Rapeseed.

India is  a leading producer o f m u sta rd  [ B r a s s ic a  
j u n c e a }  and rap eseed  ( B r a s s i c a  c a m p e s t r i s )  in  th e  
world, the prod u ction  b ein g  4 .4  m illion  to n n es  
(Anon 1990). H owever, th e  y ield  per h ectare is  low  
and a n u m ber o f n ew  va rieties  are b ein g  developed  
to im prove th e  y ie ld s. T he o ils  o f  m u sta rd  and  
rapeseed  are ch aracterised  by th e  p resen ce  of 
erucic acid , C22., w h ich  is  reported to c a u se  
m yocardial fib rosis (Beari et al. 1972). The seed  
m eal contains the bitter and thyrotoxic g lu cosin o lates  
(Belzile et al. 1963). B esid es , varieties w ith  low  
g lu cosin o la tes co n ten ts  h ave a lso  b een  reported  
(Uppal et al. 1984). Therefore a tten tio n  n eed s  to  
be focu ssed  on  th e q u ality  o f  oil an d  m eal arising  
from th ese  new er varieties.

Two varieties each  o f m u sta rd  ('RLM-198' an d  
’Prakash') and rapeseed  ('R]Y’ and 'P10') w ere an a lysed  
for g lu cosin o la tes. T he s e e d s  w ere flaked, defatted  
u sin g  h exan e and resid u a l so lven t in  th e m eal w a s  
re m o v e d  b y  e x p o s u r e  to  s u n l ig h t .  T o ta l  
g lu cosin o lates, extracted  w ith  b oiling w ater, w ere  
separated an d  estim ated  a s  d esu lp h o-p erm eth y l 
silyl ether (H eany an d  F en w ick  1980) b y  gas-liq u id  
chrom atography. V arian g a s  chrom atograph , fitted  
w ith a g la ss  co lu m n  o f 3% OV-7 o n  chrom osorb  
WAW-HMDS (80-100), w a s  u sed  w ith  n itrogen  a s  
carrier ga s at 4 0  m l/m in . G lu cotrop eo lin /sin igr in  
w as u sed  a s  a n  in tern al stan dard .

T he o i ls  fro m  3  v a r ie t ie s  o f  m u s ta r d  
('Duigamani', V a n in a ' and 'RLM-198') and 4  varieties  
of rapeseed  (T -42', T -9 ', T S -72 ' an d  'BSH-1') w ere 
subjected to p h ysico -ch em ica l ch aracterisa tion  w ith  
respect to  iodine va lue, free fatty acids, saponification  
value, u n sap on ifiab le  m atter , butyro refractom eter  
reading (BRR), refractive in d ex  (RI), B ellier turbidity  
tem perature (BTT), according to th e AOCS procedure  
(AOCS 1975). The m eth y l e s te rs  (C hristie 1975) of

• Corresponding Author

fatty  a c id s  w ere sep ara ted  a n d  d eterm in ed  b y  ga s-  
liquid  chrom atography. D u a l co lu m n  CIC g a s-  
chrom atograph fitted  w ith  12.5%  d ieth y len e  glycol 
su cc in a te  on  ch rom osorb -w  (8 0 -1 0 0  m esh ) w a s  
u sed . The sep ara tio n  w a s  d on e a t iso th erm al 
tem perature o f 183°C. T he p ea k  area  w a s  ca lcu la ted  
for q u an tita tion .
TABLE 1. GLUCOSINOLATES OF MUSTARD AND RAPESEED 

VARIETIES.
Varieties Gluconapin Sinigrin

(p m oles/g dry meal)
'RLM 198' 89.5 10.3
'Prakash' 64.4 7.6
’P10' (Brown seeds) 123.3 Tr.
'R,r (Yellow seeds) 104.2 Tr.
Tr. = Traces

The r e su lts  in  T able 1 in d ica te  th a t  g lu con ap in  
(3 -b u ten y l g lu co s in o la te )  w a s  p red o m in a n t in  
m u sta rd  an d  rap eseed  va rieties . T h is is  in  con trast  
to  th e  earlier report (Kjaer 1953) w h ich  sh ow ed  
sin igrin  a s  th e  m ajor g lu co sin o la te  in  B .  j u n c e a .  In 
the p resen t stu d y , sin igrin  w a s  ob served  a s  a  m in or  
co n stitu en t (7 .6  to  10 .3  p  m o le s /g  dry m eal) of  
g lu cosin o la te  in  B. j u n c e a  a s  a g a in st its  p resen ce  
in  traces in  B .  c a m p e s t r i s .

The p h ysico -ch em ica l ch a ra cter istic s  o f  th e  oil 
(Table 2) sh ow ed  so m e d ifferen ces in  iod in e v a lu es, 
all th e  m u sta rd  va r ie ties  b e in g  h ig h er  in  iod ine  
v a lu es  th a n  all th e  va rieties  o f  rap eseed . T h is  w a s  
reflected  in  th e  fatty  acid  co m p o sitio n  n am ely  C 18.lt 
C 182 and C 183 (Table 3). T he r e su lts  agree w ith  th e  
reports p u b lish ed  earlier in  c a se  o f rap eseed . 
(K rishn am urth y e t  al. 19 8 3 ). T h ere w ere n o  
appreciable d ifferen ces in  BTT a n d  BR R va lu es. 
Sap on ification  v a lu es  varied  from  1 6 4 .2  to  190 .0 . 
E rucic acid  level in  'RLM 198' m u sta rd  variety  w a s  
h igh er th a n  th e  a m o u n ts  p resen t in  oth er 2 
varieties o f m u sta rd  i.e ., V a ru n a' a n d  'Durgam ani'.
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TAELE 2. THE PHYSICO-CHEMICAL CHARACTERISTICS OF MUSTARD AND RAPESEED

Varieties BRR RI BTT Iodine Sap. Unsap. F.F.A.(%
40°C (°C) value value matter (%) oleic acid)

'Durgamanl' 59.2 1.47 25 103.1 138.7 0.9 0.7
Vanina' 59.0 1.47 26 102.9 109.7 0.9 0.7
'RLM-198' 57.8 1.46 26 92.3 139.7 1.2 1.7
T-42' 58.5 1.46 27 79.8 176.1 0.8 2.1
T-9' 57.4 1.46 26 83.6 139.9 0.8 1.8
TS-72’ 59.0 1.47 29 88.6 175.5 0.9 2.3
'BSH-1' 59.0 1.47 27 91.1 174.5 0.8 1.0
BRR = Butyro Refractometer Reading, RI = Refractive Index, BTT = Bellier Turbidity Temperature, FFA = Free Fatty Acid.

TABLE 3. FATTY ACID COMPOSITION OF LIPIDS OF MUSTARD AND RAPESEED VARIETIES.
Varieties ^ 16:0 c 16;1 ^ 18:0 *-"18:1 1̂8:2 

(Relative percentage)
*-"18:3 ŜO:) 2̂0:2 2̂2:1

Varuna' 3.5 Tr. 0.5 11.1 16.3 12.8 8.4 1.4 46.0
'Durgamani' 3.2 Tr. 0.9 10.1 17.9 10.2 8.0 1.3 48.3
'RLM-198' 2.1 0.8 0.5 8.3 13.1 8.1 5.8 1.1 60.3
T-42' 2.0 0.5 1.3 8.1 14.8 8.7 5.1 1.0 58.5
T-9' 1.2 0.3 0.4 11.4 10.4 6.6 6.0 2.1 61.6
TS-72’ 2.4 0.4 0.3 15.0 15.0 12.6 7.8 1.5 48.5
BSH-1’ 4.3 0.4 0.7 14.0 9.7 9.0 7.7 2.6 51.6
C]4.0 was in traces in all the varieties.

T h ese latter varieties con ta in ed  h igh er proportions
0 f  C 18:l- C !8:2 a i l d  C .8:r

D ata in d icated  th a t all th e  7 n ew  varieties of 
m u stard  and rap eseed  are rich in  erucic acid. 
However, g lu cosin o la tes o f rap eseed  varieties con ta in  
only g lu con ap in , w h erea s m u sta rd  varieties have  
a sm all am ou n t o f sin igrin  and m ajor portion of 
gluconapin .
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C o m p o s i t i o n  a n d  9 u a H t y  o f  N e c t a r  P r e p a r e d  f r o m  B l e n d e d  
P u l p s  o f  A m r a p a l i  a n d  T o t a p u r i  M a n g o e s

D .S . KHURDIYA
D ivision  o f F ru its an d  H orticultural T echnology,

Ind ian  A gricultural R esearch  In stitu te , New D e lh i-1 1 0 0 1 2 , India
Nectar prepared from the pulps of T o ta p u r i and A m r a p a li  at the ratio of 50:50, was superior in objective colour, 

carotenoid contents, viscosity and sensory quality, to the nectars prepared from either T o ta p u r i pulp alone or the 
blend with A m r a p a l i  in the ratio of 75:25.
Keywords : Mango, Pulp, Nectar, Quality, Blends, Composition, A m ra p a li , T o ta p u r i

M ango is  a p opular fruit o f th e  trop ics. A bout  
67% of the w orld o u tp u t (am ou n tin g  to  9 .3 3  m illion  
tonnes) is  produced  in  India (Anon 1980a), w here  
m ango occu p ies a tota l area o f 1 .9 6 3  m illion  
hectares, i.e. 40% of the area u n d er  fruit crop s  
(Anon 1987). M ango is  p rocessed  in to  several 
products in  Indian  h o m es a s  w ell a s  at com m ercial 
level. M ango n ectar, w h ich  co n ta in s  20%  fruit pulp , 
can  provide good colour, flavour an d  body to  th e  
beverage w ith out a n y  additives. Several m ango  
cultivars have b een  d escrib ed  to produce good  
n ectars (Rao et al. 1968; S a in i et a l 1982; 
M ahadeviah et al. 19 6 9 , 1974). A com b in ation  of 
D a s h e h a r i  and L a n g r a  m a n g o es in  equal proportions  
gave b est n ectar (Roy et al. 1972). A m r a p a l i  
( D a s h e h a r i  x  N e e lu m ) ,  rich in  caroten o id  co n ten ts , 
deep orange-red flesh  an d  fib reless, w a s  reported  
to be a n  excellen t m an go  for ju ic e  an d  beverage  
production (Anon 1980b; K hurdiya an d  Roy 1988). 
T o ta p u r i  cu ltivar  is  u su a lly  em p loyed  in  th e  
com m ercial production o f m an go ju ice  and beverages  
for local co n su m p tio n  an d  export. The p resen t  
investigation  w a s  con d u cted  to im prove T o t a p u r i  
m ango n ectar b y  b len d in g  w ith  A m r a p a l i

T o t a p u r i  m a n g o es w ere ob ta ined  from  loca l 
m arket, w hile A m r a p a l i  cu ltivar w a s  from th e  
experim ental orchard o f th e  In stitu te. The fru its  
were allowed to ripen fu lly  in  th e laboratory at 
am bient tem perature (35-36°C ), w a sh ed  thorou gh ly  
with water, pu lped  in  a s ta in le s s  stee l p u lp er u sin g  
1 /3 2  inch m esh  sieve, th e pulp  w a s  h ea t-p ro cessed  
upto 90°C and b ottled  after red u cin g  the pH to le s s  
than  4 .0  b y  citric acid . The b ottled  pu lp  w a s stored  
at 3°C u n til required. A m r a p a l i  an d  T o t a p u r i  p u lp s  
were m ixed in  a W aring b len d er at different ratios, 
converted in to  n ectar  an d  p reserved  b y  h ea t  
processing (90°C) a s  per sp ecifica tion  o f FPO (Lai 
et al. 1986). B oth  th e pu lp  and th e n ecta rs w ere  
analysed for th e  va rio u s quality  param eters:

T otal so lu b le  so lid s  (°Brix) w ere determ ined  
w ith  refractom eter and th e  rea d in g s w ere corrected  
to 20°C. A cidity an d  pH w ere determ in ed  b y  the  
stan dard  m eth o d s  (AOAC 1960). T otal caro ten o id s  
w ere estim ated  b y  the m eth o d  d escr ib ed  by Roy
(1973). The co lou r w a s  m ea su red  w ith  a G ardner  
colou r guard sy stem  1 0 0 0  colorim eter, u s in g  H unter  
L, a, b  sca le  an d  to ta l co lou r, h u e  a n d  ch rom a w ere  
also  ca lcu la ted  (R anganna 1986). T he d en s ity  o f  th e  
n ectar  w a s  estim ated  a s  th e  proportion  o f a  m a ss  
to  vo lu m e. V iscosity  o f  th e  n ec ta r  w a s  m easu red  
in  a D igital B rookfield  S yn ch ro-e lectr ic  v iscom eter  
at 20°C  w ith  sp in d le  N o .l at 6 0  rpm  an d  exp ressed  
in  cen tip o ise  u n its  (R anganna 1986). S en sory  
eva lu ation  w a s  carried o u t b y  a p a n e l o f sev en  
ju d g e s  u s in g  a 9 -p o in t H edonic sca le  (Am erine et 
al. 1965).

It is  evid ent from  th e  d ata  (Table 1) th a t th e  
p u lp s o f b oth  th e  A m r a p a l i  an d  T o t a p u r i  m a n g o es  
sh ow ed  sign ifican t va ria tio n s in  all th e  p aram eters  
of p h ysico -ch em ica l ch a ra cter istics . A m r a p a l i  pu lp  
w a s su p erior to th a t o f T o t a p u r i  w ith  resp ec t to total 
caro ten o id s an d  colour. T he °Brix, ac id ity  an d  pH  
w ere h igher in  the A m r a p a l i  p u lp  th a n  T o t a p u r i  
The tota l caroten oid  c o n ten ts  o f  th e  A m r a p a l i  w ere
5 .8  tim es greater th a n  T o t a p u r i  pulp . The carotenoids  
w ere resp on sib le  to len d  orange-red  co lou r  and 2 .8  
tim es h igher va lu e  of +a. The +b va lu e  o f A m r a p a l i  
pulp  w a s a lso  h igher b y  6.6%  th a n  th a t o f  T o t a p u r i  
T otal colou r an d  ch rom acity  w ere 12.1 an d  26.2%  
h igh er in  A m r a p a l i  th a n  T o t a p u r i  p u lp , respectively . 
The h u e  (dom inant w ave length) o f  A m r a p a l i  pu lp  
w a s 2 .7  tim es greater th a n  T o t a p u r i  pu lp .

The n ecta rs  (20% p u lp , 15 °Brix an d  0.3%  
acidity) from  b len d ed  p u lp s  sh o w ed  th a t A m r a p a l i  
h ad  greatly in flu en ced  the q u ality  o f  T o t a p u r i  m an go  
n ectar  in  resp ect of caroten o id  c o n ten ts , v iscosity . 
H unter colou r v a lu es  an d  sen so ry  q u ality  (Table 1). 
The A m r a p a l i  n ecta r  (AT-1) p o s se s se d  h igh est
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TABLE 1. PHYSICO-CHEMICAL COMPOSITION AND QUALITY 
OF BLENDED MANGO PULPS AND NECTARS 
FROM CULTWARS A M  R A P  A U  AND T O TA P U R I.

Proportions of 'A m ra p a li ' and 
T o t a p u r f  pulp (respectively In blends)

Parameters 100:0 75:25 50:50 25:75 0:100
(AT-1) CAT-2) (AT-3) (AT-4) (AT-5)

Pulp
°Brix 21 20 19 18 17
Acidity (%) 0.58 0.57 0.57 0.54 0.55
PH
Total carote

3.7 3.7 3.7 3.7 3.7
noids
(mg/lOOg) 5.2 3.5 3.3 2.1 0.9
Hunter Scale
L 41.7 42.2 42.4 39.9 39.5
+ a 19.0 17.3 16.7 11.8 6.7
+ b 26.9 27.6 27.8 25.9 25.2
Total colour 53.1 53.4 53.4 49.0 47.4
Hue 0.71 0.63 0.60 0.45 0.27
Chroma 32.9 32.6 32.5 28.4 26.1

Nectars
Total carote
noids 
(mg/lOOg) 1.14 0.75 0.33 0.15 0.09
Density (g/ml) 1.053 1.052 1.048 1.041 1.036
Viscosity (CP) 11.0 12.6 17.5 28.8 39.3
Hunter scale
L 47.8 44.2 43.4 42.3 39.0
+ a 12.9 10.4 7.7 5.3 1.9
+ b 29.3 28.0 27.8 27.0 24.7
Total colour 57.6 53.5 52.1 50.5 46.2
Hue 0.44 0.37 0.28 0.20 0.08
Chroma 32.8 29.9 28.9 27.5 24.8
Sensory quality score
Colour 8.7 8.4 7.8 6.6 5.2
Flavour 7.2 7.6 7.2 6.4 5.6
Texture 7.4 7.6 6.9 6.2 5.5
Overall 23.3 23.6 21.9 19.2 16.2

CD - (5%); Colour - 0.78; Flavour -1.00; Texture - 0.97
and Overall - 2.64.

caroten oid s w h ich  w ere 12 .7  t im es  greater th a n  
th o se  o f T o t a p u r i  nectar. The A m r a p a l i  n ectar  w a s  
h igh est in  d en sity , b u t low est in  v iscosity , in  
co m p a r iso n  to  T o t a p u r i  n e c ta r . T he d e n s ity  
decreased , w h ile  v isco sity  in creased  w ith  in creasin g  
proportion o f T o t a p u r i  in  the m an go nectar. T o t a p u r i  
n ectar w a s  3 .6  tim es v isc o u s  th a n  A m r a p a l i  nectar, 
thereby affecting the textura l score.

The A m r a p a l i  n ecta r  p o sse s se d  1 .22 , 6 .7 9  and
1.19  tim es h igher v a lu es  o f  L, +a and +b th a n  th o se  
of T o ta p u r i ,  respectively. T h is sh o w s th a t th e  colou r  
of th e  A m r a p a l i  n ectar  w a s  orange-red , w h ile  that  
of T o t a p u r i  w a s  pale yellow  and it im proved a s  the  
proportion o f A m r a p a l i  w a s  in creased . The total 
colour, h u e  an d  ch rom a o f th e  n ecta rs  h ave sim ilar

p attern  a s  sh o w n  in  th e  ca se  o f b len d ed  p u lp .
A s far a s  th e  sen so ry  q u ality  sc o res  w ere  

con cern ed , all th e  sa m p les  excep t T o t a p u r i  n ecta r  
(AT-5) w ere acceptab le  to  th e  ta s te  p a n e l m em b ers. 
The T o t a p u r i  n ecta r  scored  very low  for colour, 
flavour and texture. There w ere n o  s ta tis tic a lly  
sign ifican t d ifferen ces in  sen so ry  q u ality  am on g th e  
first three trea tm en ts (AT-1, AT-2 an d  AT-3). H en ce  
all th e se  ca n  b e con sid ered  a s  eq u a lly  good. 
Therefore, b len d in g  A m r a p a l i  an d  T o t a p u r i  m an go  
p u lp s at th e  ratio of 5 0 :5 0  an d  th e  n ecta r  p rod u ced  
from  it, cou ld  b e n early  a s  good  a s  th e  n ec ta r  
prepared from  A m r a p a l i  p u lp  (AT-1). It w a s  a lso  
fou n d  su p erior to  th e  n ec ta rs  p repared  from  th e  
p u lp s o f other tw o trea tm en ts  (AT-4 an d  AT-5). T h is  
will en ab le  effective u tiliza tion  o f T o t a p u r i  p u lp  
w ith o u t affecting th e  q u ality  in  th e  p rep aration  of 
m an go nectar.
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I n c i d e n c e  o f  A e r o b i c  S p o r e  F o r m e r s  i n  L a s s i

R .A .V . PELLAI, M. MOHAMED HABIBULLA KHAN* AND V.PADM ANABHA REDD Y
M adras V eterinary C ollege, M a d ras-600  0 0 7 , India.

Analysis of 75 market samples of l a s s i  revealed higher incidence of aerobic spore formers in samples from local 
vendors, followed by private manufacturers and organised dairies. The occurrence of B .s u b t i l i s  was high and the isolated B. c e r e u s  were non-toxigenic in nature.
Keywords : L a s s i , Aerobic spore formers. B. sub tiL is, B . c e r e u s , Total viable counts.

Aerobic spore form ers are o f con siderab le  
im portance in  food in d u stry  b e ca u se  o f their ab ility  
to produce en zym es an d  th e  resu lta n t u n d esirab le  
textural and flavour d efects. B a c i l l u s  c e r e u s ,  th e  
toxin producing sp e c ie s  o f aerobic spore form ers, 
h a s  b een  im plicated  in  m a n y  food p o iso n in g  c a s e s  
(Johnson  1984; R ajakow ski an d  M ikolajcik 1987; 
W ong et al. 1988; Ram araju an d  K irankum ar 1988; 
Eapen et al. 1983). A s th e  inform ation  o n  the  
incidence o f aerobic sp ore form ers an d  toxigen ic  
activity of B . c e r e u s  from  l a s s i  is  scan ty , th e  p resen t  
stu d y w a s undertaken .

TABLE 1. MEAN TOTAL VIABLE COUNTS, AEROBIC COUNTS 
AND PERCENTAGE OF AEROBIC SPORE FORMERS 
IN L A S S I  FROM DIFFERENT SOURCES (MEAN OF 
25 SAMPLES + S.E.)

Source
Total counts 
(cfu/g)**

Aerobic spore 
counts (cfu/g)**

Percentage of 
aerobic spore 
formers

Local
vendors 3.86x107±0.29b 3.26x l0s+1.02b 0.8
Private
manufactures 2 .17xl0®±1.89* 9.11x10^1.68* 0.4
Organised
dairies 4 .68x l05±2.58* 1.63x10^3.01* 0.3
Overall mean 1.37xl07±5.02 1.12x10=18.04

A tota l n u m b er o f 7 5  m ark et sa m p les  o f l a s s i  
(sw eetened curd), 2 5  from  each  o f th e  follow ing  
sou rces viz. local ven d ors, private m an u factu rers  
and organised  dairies, w ere co llected  asep tically .

Means with similar superscripts do not differ significantly 
•• (P<0.01).

TABLE 2. DISTRIBUTION OF B A C IL L U S  SPECIES IN L A S S I  
SAMPLES.

The sam p les w ere en u m erated  for tota l viab le  
cou n ts and aerobic spore form ers (Speck  1984) B a c illu s  species

Source

im m ediately after co llection . The protocol described . vendors manufacturers dairies
in  Bergey's M anual o f  D eterm inative B acteriology B a c illu s  s u b t i l is 12 6 8
(B uchanan  and G ibbons 1974) w a s  followed for B a c illu s  m e g a th e r iu m 8 8 4
id e n t i f ic a t io n  o f  a e r o b ic  s p o r e  fo r m e r s . B a c illu s  c e r e u s 4 2 3
Enterotoxigenic activ ity o f  B . c e r e u s  w a s  determ ined B a c illu s  lic h e n ifo r m is 5 3 4
by Rabbit illeal loop in d u ced  flu id  a ccu m u la tion B a c illu s  c o a g u lo n s 6 4 3
techn iqu e (Spira an d  G oepfert 1972). R esu lts B a c illu s  p u m ilu s 3 3 2
obtained w ere su b jected  to  s ta tistica l a n a ly sis  
(Snedecor and C ochran 1967).

B a c illu s  s p h a e r ic u s 2 2 -

be attributed to unhygien ic practices during h andling
The tota l viab le co u n ts , aerobic sp ore co u n ts o f th e  product.

and percentage o f aerobic spore form ers in  l a s s i  
are p resen ted  in  Table 1. The tota l viab le co u n ts  
and aerobic spore co u n ts  w ere sign ifican tly  (P<0.01) 
higher in  l a s s i  sa m p les  from  local ven d ors, w h ile  
no significant d ifferences w ere ob served  b etw een  
the sa m p les  from  private m a n u fa ctu rers  and  
organised dairies. T h is in c id en ce  o f aerobic spore  
form ers is  h igh  a s  com pared  w ith  0 .07%  in  the l a s s i  
prepared u n der laboratory co n d itio n s  (u n p u b lish ed  
data). The h igher in c id en ce  in  local ven d ors ca n
* Corresponding Author

A m ong v a r io u s sp e c ie s  o f aerob ic sp ore form ers  
(Table 2), occurrence of B . s u b t i l i s  w a s  h igher (28.2%) 
followed b y  B .  m e g a t h e r i u m  (21.7% ) in  l a s s i  sam p les. 
The iso la te s  o f B . c e r e u s  from  l a s s i  w ere n on -  
enterotoxigen ic stra in s  a s  th e  r e sp o n se  to  rabbit 
illeal loop in d u ced  flu id  a ccu m u la tio n  tech n iq u e  
w a s  fou n d  to be negative.

The stu d y  revealed  h ig h er  in c id en ce  o f aerobic  
spore form ers in  m ark et sa m p les  o f  l a s s i ,  th u s  
n ecess ita tin g  to follow  str ict h yg ien ic  regu la tion s in  
preparation  an d  m ark etin g  o f th is  product.
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I n c o r p o r a t i o n  o f  C h i c k e n  B y p r o d u c t s  i n  M u t t o n  N u g g e t s

N. KONDAIAH*, A .S .R . ANJANEYULU AND V. LAKSHMANAN
D ivision  o f L ivestock  P rod u cts T echnology,

Indian  V eterinary R esearch  In stitu te , Izatnagar - 2 4 3  122, India.
Emulsion-based mutton nuggets, incorporating chicken byproducts i.e. skin, gizzard and heart (SGH) from spent 

hens, were evaluated for yield and quality. Three formulations containing 15% mutton fat, 15 and 25% SGH were 
compared. Emulsion stability, cooking loss and composition were nearly similar, but flavour scores were significantly 
higher for 15% SGH. Incorporation of SGH resulted in better acceptability of mutton nuggets as compared to those 
with mutton fat.
Keywords : Skin, Gizzard, Heart, Spent hens, Mutton nuggets, Emulsion stability, Sensory evaluation.

Several w orkers attem p ted  to  develop ground  
or em u lsion  type p rod u cts for efficient u tilisa tion  
of tough m eat from sp en t a n im als (Baker et al. 
1972; Baliga an d  M adaiah 1971; S eid em an  et al.
1982). For realizing h igh er retu rn s from  sp en t h en s, 
byproducts su ch  a s  sk in , gizzard an d  heart (SGH) 
have to be u tilised . C om position  an d  fun ction a l 
properties of th ese  b yp rodu cts h ave b een  reported  
(Kondaiah an d  Panda 1987) and their incorporation  
in  ch icken  sa u sa g e s  h a s  b een  su g g ested  (Kondaiah  
and Panda 1989). M utton fat w a s reported to p ose  
dispersion  problem s in  em u lsio n  p rod u cts and  
resu lts in  u n accep tab le  m ou th  coa tin g  (Carpenter 
et al. 1966; Chattoraj et al. 1979). C om bination  of  
m eats to com plim ent each  oth er in  preparation  of 
m eat p rod u cts h a s  b een  reported (B u shw ay et al. 
1988; Mir S a lah u d d in  et al. 1988; A njaneyulu  et 
al. 1990). In th e p resen t stu d y , th e  incorporation  
of ch icken  byproducts at different levels in  em u lsion - 
b ased  m u tton  n u g g e ts  for rep lacing m u tto n  fat h a s  
b een  evaluated.

M utton w a s  ob tained  w ith in  3  h  o f s la u g h ter  
from 5 year old sh eep  an d  frozen at -1 0 °C . C hicken  
byproducts, SGH, w ere ob ta ined  from  sla u gh tered  
sp en t h e n s  and frozen. T he frozen sa m p les  w ere  
tem pered at 5°C for 12 h before u tilisa tion  in  the  
trials. Three form u lation s o f 2 .5  kg each  w ere 
developed. F orm ulations 1 an d  2 con ta in ed  m u tton  
+ m u tton  fat an d  m u tto n  + SGH at 85; 15 
proportions, resp ective ly , w h ile  form u la tio n  3  
contained  m u tton  an d  SGH at 7 5 :2 5  proportions. 
In addition, each  form ulation  con ta in ed  2% sa lt,
0.5% polyp h osp h ate, 1.5% sp ice s , 5% con d im en ts  
and 10% ice flakes. S k in , gizzard an d  h eart w ere  
u sed  in n atu ral proportions o f 7 7 .7 , 17 .6  and  
4.5% , respectively. M eat w a s  coa rse-m in ced , w hile  
fat and byproducts w ere finely m in ced  and em u lsio n s  
were m ade u s in g  H obart m od el bow l chopper.
* Corresponding Author

N u ggets w ere m ad e b y  form ing b lo ck s, cu ttin g  into  
c u b es  and su b jected  to evalu ation  b y  11 experienced  
m em b ers (Kondaiah et al. 1990). E m u lsio n  stab ility  
w a s recorded. Two tr ia ls w ere co n d u cted  and  
an a lysed  sta tistica lly  (Snedecor an d  C ochran, 1968).

P rocessin g  quality  o f n u g g e ts  w a s  sim ilar  
u n d er the three form ulations (Table 1). No significant 
differences w ere observed  in  em u ls io n  stability ,
TABLE 1. EFFECT OF INCORPORATION OF MUTTON FAT 

AND CHICKEN BYPRODUCTS (SGH) ON THE
QUALITY OF MUTTON NUGGETS

Parameters Formulation
1 2 3

Emulsion stability, % 4.4±0.5 3.9+0.5 3.4+0.4
Cooking loss, % 4.0+0.3 3.8+0.1 3.4±0.4
Moisture, % 65.6±0.8 66.5+0.4 65.5±0.2
Protein, % 17.6±1.0 17.1+0.6 17.4+1.0
Fat, % 13.3±1.0 12.3±0.7 14.0+0.8
Appearance 6.6±0.1 6.7+0.1 6.8+0.1
Flavour 5.7+0.2* 6.4+0. lb 6.0+0. l*b
Juiciness 6.1+0.2 6.2+0.2 6.1+0.2
Texture 6.2+0.2 6.6+0.1 6.3+0.2
Mouth coating 6.3+0.2 6.6+0.2 6.6+0.2
Overall palatability 6.1+0.2 6.4+0.2 6.2+0.2

Means with the same superscript 
do not difTer significantly (P<0.05)

cooking lo s s  an d  com p o sition . E m u lsio n  stab ility  
v a lu es  and cook in g lo s s  w ere b elow  5%, thereby  
in d ica tin g  good q u ality  em u ls io n s  an d  product. 
Incorporation o f SGH at 15% level resu lted  in  b etter  
sen so ry  sco res  th a n  th e oth er form u la tio n s (Table 
1). A s expected , relatively low er sco res  w ere observed  
w ith  15% m u tto n  fat incorporation . M utton  fat, 
b ein g  a sa tu rated  hard  fat w ith  h ig h  so lid ification  
point, did n ot get properly d isp ersed  in  th e  cold  
environm ent (<10°C) o f e m u ls io n  an d  resu lted  in  
u n d esirab le  m ou th  coa tin g  (C arpenter et al. 1966; 
Chattoraj et al. 1979; K ondaiah  et al. 1987). T his

1 4 3
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w a s  reflected in  th e  low er sco res  a s  com pared  to  
that w ith  15% SGH. At 25%  level o f SGH, th e  
flavour sco res  w ere low er th a n  th o se  a t 15% SGH, 
b u t h igher th a n  at 15% m u tto n  fat. W hile th e  low er  
scores at 15% m u tto n  fat cou ld  b e  attr ibuted  to  
the d isad van tages o f hard  fat. low er sco res  at 
higher level o f ch ick en  b yp rod u cts cou ld  b e d u e  
to th e lower m eat con ten t. Lower sen so ry  sco res  
were reported in  frankfurters con ta in in g  h igh er fat 
levels of m u tton  an d  beef, d u e to  a  w axy or tallow y  
taste  (Carpenter et al. 1966). T h is h a s  b een  
reflected in  th e  overall p a latab ility  sc o res  a lso . The  
stu d y  h a s  in d icated  th a t ch ick en  b yp rod u cts su c h  
a s  sk in , gizzard an d  h eart cou ld  b e b eneficia lly  
incorporated u p to  25%  level in  em u lsio n -b a sed  
m u tton  p rod u cts w ith  d u al ad van tage of u tilis in g  
the low  va lu e b yp rod u cts an d  p roducing a m u tton  
product o f b etter  acceptab ility .
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C a r b o h y d r a t e s  a n d  P i g m e n t  A s s a y s  i n  F o r t y  O n e  G e n o t y p e s
o f  C a r r o t  ( D a u c u s  c a r o t a  L )

D .R . SO O D 1*, TEK RAM 1, K .S . DH INDSA1 AND P .S . PARTAP2
‘D epartm ent of C hem istry  an d  B iochem istry , d e p a r tm e n t  o f V egetab le C rops,

H aryana A gricultural U niversity, H isar, India.
Considerable variation has been observed in total solids, edible part, moisture, total sugars, reducing sugars, 

non-reducing sugars, total fructose, total carotenoids, anthocyanins, xanthophyll and lycopene contents in 41 carrot genotypes.
Keyword* : Carrot, Pigment, Carbohydrates, Genotypes, Total solids, Edible parts

Carrot (D a u c u s  c a r o ta  L.) is  grow n all over  
India, both  for forage an d  h u m an  co n su m p tio n  and  
also for the preparation  o f stra in ed  b ab y food s  
(M rudula K alpalathlka et al. 1988). C arbohydrates  
an d  p igm ents are im portant q u ality  a ttr ib u tes in  
its  m arketing. The grow th an d  ch em ica l com p osition  
of carrots are k n ow n  to  be in flu en ced  by th e tim e  
of sow ing and h arvest (N ilsson  1987). The p resen t  
stu d y reports variability in  carbohydrate and pigm ent 
levels in  41 carrot gen otyp es.

C arrot g e n o ty p e s , n a m e ly  'In d ian  G old', 
T em perate type', 'Sel 1-4-2', 'Hisar local co llection ’, 
'Sel 1-5-1', 'Hisar local Sel-1', 'H isar loca l Sel-2', 
'Sel 1-9-2', 'HS 5 -1 -1 ’, ’S el 1-9-3', 'Sel 1 -5 -2 ’. 
’Sonepat selection ', HS 2 -2 -1 ’, 'Sel 1-6-1', 'Pusa  
Kesar 2-1', P u sa  K esar 1-1', 'Sel 1-7-2', 'Sel 1-7- 
1', 'Sel 1-8-4', 'Sel 1 -10-2 ', 'Sel 1 -8 -3 ’, ’HS 1’, S el
1-5 -3 ’, ’S el 1 -8 -2 ’, 'G urgaon S e lectio n ’, 'Sel 1-10-  
1’, 'Pusa K esar 1-2'. 'Sel 1-4-1', 'Sel 1-6-2', 'HS- 
3', 'Sonepat se lectio n  3 -1 -1 ', S el 1-1-2', 'HS 5 -2 -  
1', 'Sel 1-1-1', 'Sel 1 -3 -1 ’, 'HS 2 -2 -2 ', 'Sel 1-2-2', 
'Sahbad selection -1 ', 'P usa K esar 3-1 ', 'Sel 1-3-2' 
and 'Indian Long R ed’ w ere procured from th e  
research farm  at m ark etab le sta ge  during F eb ru aiy , 
1986. R ecom m ended p ack age of practices w a s  
followed to raise th e  crop u n d er  H isar con d itio n s  
(HAU 1981). Tw enty roots, random ly sam p led  from  
a large p opulation , w ere red u ced  to cookable s ize  
(0.25 to 1 .00  cm 2), after d iscard in g  th e  n on -ed ib le  
part, and dried at 60°C  to a co n sta n t w eight, before  
grinding to p a s s  through  8 0  m esh  sieve. W ater  
solub le carbohydrates w ere extracted  by au toclavin g  
(McKee 1985), clarified an d  hydrolysed  b y  th e  
m ethod o f S rin ivasan  an d  B h atia  (1953). R educing  
su gars were determ ined  vo lu m etrically  (H ulm e and  
Narain 1931) and non -redu cing  su g a rs  b y  difference. 
Total fructose  w a s a ssa y ed  by the m eth od  o f Roe

* Corresponding Author

(1934). Total caro ten o id s, a n th o cy a n in s , lycop en e  
an d  xan th op h yll w ere estim a ted  b y  th e  m eth od  of 
Roy (1973), S ieg elm an  a n d  H en d rick s (1957), 
R anganna (1977) an d  M iddendrof et al. (1960), 
respectively.

TABLE 1. VARIATIONS IN WATER SOLUBLE CARBOHYDRA
TES AND PIGMENTS IN CARROT GENOTYPES

Quality indices, % Range Mean S.D.
Edible part 79.8-96.1 88.1 3.4
Moisture 87.4-97.9 92.2 2.8
Total solids 2.1-12.6 7.8 2.8
Total sugars

OASB 0.2-6.0 2.3 1.8
ODMB 5.9-52.0 25.3 13.9

Reducing sugars
OASB 0.1-4.8 1.4 1.3
ODMB 4.2-39.7 14.4 11.0

Non-reducing sugars
OASB 0.0-2.4 0.9 0.6
ODMB 0.9-19.9 10.9 5.2

Total fructose
OASB 0.1-4.0 1.3 1.0
ODMB 1.8-35.7 14.0 8.5

Total carotenoids
OASB 23.3-143.8 61.4 26.0
ODMB 0.4-2.4 0.9 0.4

Lycopene
OASB+ 0.3-2.8 1.3 0.6
ODMB+ 5.4-41.5 15.8 7.1

Anthocyanins
OASB+ 0.40-11.2 6.1 3.3
ODMB+ 21.2-123.5 62.3 27.5

Xanthophylls
OASB+ 0.7-89.9 45.5 19.3
ODMS 0.3-1.5 0.6 0.3

Each value is an average of two determinations 
+ : m g /100 g;

The data  o n  th e  v a r ia tio n s in  m oistu re; edible  
part; total, red u cin g  an d  n o n -red u cin g  su gars; and  
tota l fru ctose  are p resen ted  in  T able 1. V ariations  
in  m oistu re  an d  ed ib le p arts h av e  b een  reported  
in  the literature (C handel an d  R attan  1988). In
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general, th e  v a lu es  for tota l fru ctose  w ere at par  
w ith reducing su ga rs. T he average v a lu e s  o n  dry 
m atter b a s is  (ODMB) for all carb oh yd rates fraction s  
w ere 1 1 .1 9  tim es greater th a n  a s  su c h  b a s is  
(OASB). C handel an d  R attan  (1988) reported large  
variation s in  tota l su g a rs  ranging from  3 .8  to  8.8%  
in  th e  c a rr o ts . T o ta l c a r o te n o id s , ly c o p e n e .

b etw een  tota l su g a rs  an d  to ta l fru ctose  (Table 1). 
L ycopene h a s  sign ifican t re la tion sh ip  w ith  tota l 
su g a rs , xan th op h yll an d  to ta l so lid s , b u t  n egatively  
w ith  red u cin g  su ga rs. All fraction s o f  carb o h yd rates  
sh o w e d  s ig n if ic a n t  p o s it iv e  c o r r e la t io n s  w ith  
an th ocyan in s. Total so lid s  an d  a n th o cy a n in s  sh ow ed  
sign ifican t n egative re la tion sh ip  on  ODM B. E xcep t

TA3LE 2. CORRELATION BETWEEN VARIOUS CHEMICAL CHARACTERS IN CARROT
Total

sugars
Reducing

sugars
Non-redu

cing sugars
Total

fructose
Edible
part

Total
solids

Xantho
phyll

Antho
cyanins

Lyco
pene

Total carotenoids
OASB +0.30 +0.28 +0.28 +0.25 -0 .68“ +0.56“ +0.03 +0.11 +0.46«ODMB -0.54** -0 .42“ +0.03 -0 .52“ +0.53“ -0 .53“ +0.75“ -0 .85“ +0.71«

Lycopene
OASB +0.40** -0.31* +0.39* +0.07 -0.12 +0.43« +0.60** +0.28 -
ODMB +0.35* -0 .51“ -0.19 -0.29 +0.28 -0 .17 +0.81« +0.002 -

Anthocyanins
OASB +0.59“ +0.52” +0.59“ +0.60“ +0.11 +0.66« +0.38* - -

ODMB
Xanthophyll

+0.40“ +0.35* +0.32* +0.42“ +0.09 -0 .45“ -0.09

OASB +0.39“ 0.33* +0.95“ +0.28 -0.14 -0.03 - - -
ODMB -0 .42“ +0.64“ -0.37* -0 .47“ +0.06 +0.01 - - -

Total solids
OASB +0.87“ +0.31* +0.67“ +0.83“ +0.21 - - - -
ODMB +0.79“ +0.75“ +0.57“ +0.75« - - - - -

Total fructose
OASB +0.95“ +0.94“ +0.73“ - - - - - -

ODMB +'3.90** +0.74« +0.50“ - - - - - -
Non-reducing sugars

OASB +0.82“ +0.47“ - - - - - - -
ODMB +0.32* +0.37* - - - - - - -

Reducing sugars
OASB +0.96“ - - - - - - - -
ODMB

• Significant at 5%
+0.94“

level, ** Significant at 1% level " '

an th ocyan in s an d  xa n th op h yll v a lu e s  varied  w idely  
am ong gen otyp es (Table 1). The varia tion  in  colou r  
in  carrot h a s  b een  sh o w n  to  b e m ain ly  d u e  to  
gen otyp es (Bajaj et al. 1980; H ein on en  1990).

The form ation o f a n th o cy a n in s  h a s  b een  sh ow n  
to be a sso c ia ted  w ith  a ccu m u la tion  o f su g a rs  in  
plant t is s u e s  (G oodwin 1976) an d  th is  corroborates  
w ell w ith  th e  p resen t fin d in gs (Table 2). The  
correlation b etw een  v a r io u s ch em ica l com p o n en ts  
is  illustrated  in  Table 2 . Total caro ten o id s w ere  
found to b e sign ifican tly  correlated  w ith  tota l so lid s  
and negatively  w ith  ed ib le part on  OASB. Edible  
part, lycop en e an d  xan th op h yll sh ow ed  sign ifican t  
a sso c ia tio n  w ith  tota l caro ten o id s, b u t tota l su ga rs, 
r e d u c in g  s u g a r s , f r u c to s e , to ta l s o l id s  an d  
a n th ocya n in s w ere n egatively  a sso c ia ted  w ith  tota l 
carotenoids on  ODMB. H ighly significant correlations 
of greater th a n  0 .9 0  h ave b een  observed  b etw een  
xan th op h yll an d  n on -red u cin g  su g a rs  a s  w ell a s

for red u cin g  su g a rs  on  ODM B, all fra ctio n s of 
c a r b o h y d r a t e s  s h o w e d  s ig n i f i c a n t  n e g a t iv e  
a sso c ia tio n  w ith  xa n th op h y ll, w h erea s  m o istu re  
an d  x a n th o p h y ll p rod u ced  n ega tive  s ig n ifica n t  
correlation  (-0 .7 6 5 xx) on  ODM B. A ll carb oh yd rate  
fraction s a lso  have h igh ly  s ig n ifican t correlation  
am on g th em se lves.

C o n sid era b le  v a r ia tio n s  in  p ig m e n ts  an d  
carb oh yd rates am on g th e  g en o ty p es  su g g e st  a 
p o ssib le  sco p e  for d ep en d in g  on  th e  screen in g  of  
further gen o ty p es o f carrot w ith  a v iew  to  se lec t  
a sp ecific  gen otype w ith  im proved quality .
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Handbook o f Food Engineering, Edited by Dennis. 

R  Heldman and D aiyl B. Lund, Marcel Dekkar, 
Inc, 270, Madison Avenue, New York, 1992, 
pp:768, price ($195.00; $6 5 .0 0  on orders of five 
or more copies for c la ss room use only)

There is a long felt need for practising engineers, 
and research students for a handbook of food 
engineering and the present book fulfils such a 
need. The handbook is sub-divided into 14 chapters, 
generally organised by traditional unit operations 
and written by experts in the field.

Chapter one deals with rheological properties 
of foods including accurate steady rheological data 
necessary for the design of continuous flow 
processes, heating rates during concentration, 
aseptic processing and residence-tim e distribution  
in extrusion. In addition, details regarding the 
progress made on the m easurem ent and sim ulation  
of v isc o -e la stic  se m i-so lid  food s and th eir  
biopolymeric com ponents were presented. The next 
chapter on kinetics of food system s h as received 
a great deal of attention to optimize or at least 
maximize the quality of food products during 
processing and storage. Details of reaction kinetics 
have been provided to give a better idea of how  
to formulate or fortify food products to preserve the 
existing nutrients or to m inim ise the appearance 
of undesirable breakdown products. Various order 
of reactions and im plications are extensively dealt 
with. Detailed tables indicating kinetic parameters 
for vitamin destruction and pigment lo sses during 
thermal processing or storage of various fruit and  
vegetable products have been enumerated. Changes 
in the physical state of all m aterials are d iscussed  
along with transformations in food system s. Food 
materials, exhibiting both equilibrium and non
equilibrium states in a num ber of com pounds 
within a complex structure which m akes their 
phase behaviour complicated and close to those of 
polymers, have been extensively dealt with. Because  
of the biological and fragile nature of foods and 
the ever-present threat of attack by insects and 
microorganisms, the design of transportation and 
storage system s poses special challenges and the 
problems associated with these are brought out 
with clarity.

Many desirable changes as well as undesirable 
reactions occur in foods, when heated or cooled. 
When the food material is heated or cooled, an  
initial period of unsteady state is observed and after

the lapse of certain time, the rate of heat transfer 
reaches a steady state. In the chapter on heating  
and cooling processes for foods, m athem atical 
description of both steady and u nsteady sta tes of 
heat transfer as also important therm al properties 
of foods on m athem atical m odels, have been  
presented. In the chapter on food freezing, 
therm odynam ics of food freezing, procedure for 
determination of frozen food properties needed for 
refrigeration requirements, m ethods for com putation  
of freezing time currently used  for freezing system s  
and design calculations for refrigeration requirements 
are d iscussed. In the chapter on m a ss transfer in  
food, the author h as brought out the principles and  
theory cf diffusion, sorption isotherm s, basic theories 
of drying, liquid-solid extraction, w hereas in 
ev a p o ra tio n  and  freeze  c o n c e n tr a t io n  an d  
concentration of liquid foods by reverse osm osis, 
the authors have discussed; various types of 
evaporators used  in food industry, like m ultiple  
effect evaporation, m echanical vapour recompression, 
freeze concentration, principles of reverse osm osis, 
ultra-filtration, microfiltration and the econom ics of 
each one of the system , their comparative advantages 
and applications. The chapter on food dehydration  
deals with all aspects like purpose of diying of food 
p rod u cts and fu n d a m en ta ls , w ater sorp tion  
isotherm s, prediction of diying rates, m oisture 
diffusivities in foods, dryer designs for conventional 
diyers and supercritical fluid extraction and its 
application to drying as well as figures and solutions 
with typical exam ples. Four chapters fall distinctly  
away from classical unit operations, viz., thermal 
process calculation, extrusion p rocesses, food 
packaging, cleaning and sanitation.

The authors have d iscussed thermal inactivation  
kinetics of bacterial spores, heat transfer in canned  
foods, process calculations, com m ercial sterilization  
system s, aseptic processing and low acid canned  
food regulations. In the extrusion process, the m ain  
em phasis of the chapter w as to provide to the food 
engineer a quantitative understand ing of the  
performance of various extrusion devices and not 
a routine way to provide the reader as to how to 
produce various extrusion products. Presently, the 
scientific and engineering principles are com ing  
more and more into their own in the field of 
packaging in general, and food packaging in  
particular. Protection, through packaging, is  
thoroughly presented in the chapter on food 
packaging. In the last chapter on cleaning and
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sanitation, hygiene which is  of utm ost importance 
in the food m anufacturing process, is  d iscussed  to 
provide the reader the basic understanding of m ass  
and heat transfer phenom ena involved, outline 
design considerations and practical user advice.

The handbook is well written with figures, 
tables and design equations. It is in  the direction 
similar to that of Chemical Engineers' Handbook. 
The book is recommended to practising chem ical/ 
food engineers, technologists, R&D scientists and 
students. It is an excellent addition to libraries.

M.M. KRISHNAIAH 
C.F.T.R.I., MYSORE

Drying o f solids. Edited by Arun S. Mujumdar, 
Published by International Science Publishers 
(New York) and Oxford & IBH Publishing Co.Pt. 
Ltd., (New Delhi), 1992, pp. 529, Price not 
mentioned

This book is published to continue the tradition 
of earlier books on the sam e topic edited by Dr. 
Arun S. M ujum dar, w ho is w idely  know n  
internationally for h is extensive and innovative 
contributions to the fields of drying, heat and m ass  
transfer. He is currently Professor of Chemical 
Engineering at McGill University, Canada and is  
the founder of the International Drying Sym posium  
Series (IDSS).

Drying by th erm al p ro cesses  h a s  w ide  
applications in agricultural, chem ical, food, paper, 
pharmaceuticals, wood and polymer industries. A 
proper insight of the physical, physico-chem ical 
and thermo-chemical changes occurring during 
drying of the m aterials, as well as knowledge of 
flow behaviour involving heat and m ass transfer 
and hydrodynamics is  important in designing an 
industrial dryer. Selection of appropriate drying 
technology and equipm ent, needs information on  
conventional and novel drying processes available. 
With the trem endous growth in the num ber of 
published research articles in the last few years, 
a book like th is serves a s  a ready reference and 
a technological update on drying of solids. The book  
is divided into 6  sections, namely; review, drying 
of wood and paper, sim ulation of drying and dryers, 
drying of food products, m iscellaneous topics and 
bibliographies.

Section one includes six  reviews, contributed  
by experts around the world. The first review gives 
the overview of advances in industrial drying 
technologies and their potential application areas. 
Subsequent three review articles are of particular 
interest to food technologists, since these cover 
advances in osm otic dehydration, drying of starch  
and gluten and drying of food products in fluidized 
vibration bed. Review on hydrodynam ics, heat 
transfer and drying of spouted bed and analogy of 
heat-m oisture transfer will be useful for food and 
chem ical engineers engaged in designing of dryers.

Section two includes five papers by authors 
devoted to drying of wood and paper. An overview 
of drying of wood is contributed on the basis of 
research carried out at Moscow Forest Research  
Institute. Novel drying techniques, like infra-red 
thermal radiation and super-heated steam  drying, 
are d iscussed  as separate papers. A few articles 
on the theoretical aspects like heat and m ass  
transfer are also included. Section  three on 
simulation of drying and dryers, covers mathematical 
modelling. There are four papers and the first one 
proposes a model for convective drying of non- 
porous shrinking spheres. This system  h as relevance 
to drying of liquid and solid foods, biological 
products, polymer solutions and colloidal materials. 
The next paper is on optim ization of drying of 
yeasts.

Section four is  on drying of food products and 
has six papers, covering drying technologies in  
potato processing, influence of drying on colour of 
plant products, osm o-convective drying of fruits 
and vegetables, solar-assisted  osm otic dehydration, 
solar drying of vegetables and sorption isotherm s 
of foods. All the articles are usefu l to food 
technologists and food scientists. The paper on 
potato drying is an overview of the current state- 
of-the-art and provides guidelines for selection of 
conventional as well a s  new dryers. All the articles 
have good theoretical background and yet are very 
m u c h  'a p p lic a t io n -o r ie n te d ', s in c e  en erg y  
requirement is  considered as key parameter, while 
developing the new drying technology. Section five 
covers som e m iscellaneous topics like modelling of 
drying of fibrous m aterials. The last, i.e. sixth  
section gives three bibliographies on di-electric 
drying, drying and de-watering and on sorption 
isotherm s in foods. These include extensive, yet
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selective up-to-date literature on specific topics.
To sum  up, this book contains selected research 

contributions from around the world to cater to the  
needs of practising engineers, applied scientists, 
academicians and researchers working in the rapidly 
emerging field of thermal drying.

DR. (BARS.) SMITA S. LELE 
UDCT, BOMBAY

Handbook o f  A pplied Mycology, Vol. 3: Foods and  
Feeds, Edited by Dilip K. Arora, K.G. M ukheiji 
and E.H. Marth, Published by Marcel Dekker, 
Inc., 270  M adison Avenue, New York, NY 10016,
U.S.A., 1991; 640  p.; Price: US $  150.00 (U.S. 
and Canada), US$ 172.00 (all other countries) 
- Prices subject to change without notice.

This excellent book is the third in a series of 
5 volum es published under the series editorship 
of Dilip K. Arora, the well known authority on  
mycology and microbiology from the Centre of 
Advanced S tudy in  B otany, B anaras H indu  
University, Varanasi. His co-editors for th is volume 
are also the well known experts and include K.G. 
Mukheiji of Botany Department, University of 
Delhi, Delhi and Elmer H. Marth of Food Research 
Institute, University of W isconsin, Madison, USA. 
This com bination of editors from East and West 
has m anaged to enlist the support of over 25  
international experts for successfully  presenting the 
much-needed reference book to illustrate the benefits 
and problems resulting from m oulds in foods and 
feeds. The tradition of Marcel Dekker, Inc is also 
maintained in using acid-free paper for printing of 
the book. Even a casual glance at the content pages 
of the book illustrates that the book is a store
house of vitally important information to scientific 
community; the efforts of Marcel Dekker in this 
aspect are well recognised throughout the world. 
All the chapters give extensive literature and the 
whole book is endowed with 2100 literature citations.

The chapter by Sam son et al. on taxonomy of 
filam entous fungi in foods and feeds gives necessary  
inputs on conventional m ethods for identification  
of these fungi with em phasis on new approaches 
such as immunological and m olecular m ethods as 
well as com puter-assisted keying. The section of 
nom enclature also gives vital information on the 
changing nom enclature of fungi. The ecology, 
spoilage and m ycotoxin production by filam entous

fungi in foods and feeds, as presented by Frisvad 
and Sam son, deals with the environm ental factors 
of storage fungi, microbial com petition, spoilage, 
processing factors and m ycotoxin production. These 
deliberations provide the potential routes for control 
of these fungi in foods and feeds. The chapter on  
xerophilic fungi in interm ediate and low m oisture  
foods by Hocking gives an  insight on the fungal 
spoilage of these foods/food products and the  
importance of the role of water activity. Keys for 
identification of xerophilic fungi, along with their 
brief description, are also provided. The chapter on  
fungi and seed quality by C hristensen deals with  
techniques for studying fungi in seed s, field and 
storage fungi, fungal effects on seed quality and  
the danger of m ycotoxins in  the seeds. The 
deterioration of seed s by storage fungi is  aptly  
illustrated with photographs.

Lacey et al. have contributed an excellent 
chapter on grain fungi with em phasis on fungal 
colonization of grains, the relationship betw een  
fungal colonization of grains and different grain  
storage m ethods, fungal/arthropod interactions, 
water-tem perature-gas relationships of grain fungi, 
fungal interactions on m ycotoxin formation, kinetics 
of fungal growth in stored grains and the extent 
of devastating effects on grain quality. The chapter 
on importance of fungi in vegetables by Burgarelli 
and Brackett is  of im m ense value to the vegetable 
scientists/technologists and opens up the possibility  
of scientific m ethods for preservation or shelf-life 
extension of these highly perishable foods. It also 
in c lu d es sec tio n s on p o st-h a rv est h a n d lin g / 
p r o c ess in g  and  ferm en ta tio n  of v e g e ta b le s .  
Splittstoesser has critically reviewed the literature 
on fungi of importance in processed fruits, with  
specific reference to the prevention of the growth 
of fungi in the thermally processed fruits, low water 
activity fruits and frozen fruits. The role of 
preservatives and the m ycological considerations in 
alcoholic fermentation of fruits is also d iscussed . 
The chapters on cultivated m ushroom s by Chang 
and on biological utilization of edible fruiting fungi 
by R ajarath n am  an d  Z akia  B a n o  p rov id e  
com prehensive, but concise information of im m ense  
value on these topics. Various avenues for gainful 
utilization of spent substrate form an aspect worth 
m entioning in the chapter by Rajarathnam and  
Zakia Bano.

The im portance of koji m o u ld s  in  th e  
m anufacture of non-proteinaceous ferm ented foods
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and beverages as well a s  proteinaceous foods and  
condiments Is excellently brought out by Yokotsuka. 
I m ust m ention the right choice m ade by editors 
for preparing these two chapters. The information 
presented by Yokotsuka in these chapters is  of 
immense value and gives an  insight in th is unique 
method of preservation/upgradation of foods, the  
art and science of which is perfected in  the Oriental 
countries. The chapter on fungi and daily products 
by Marth and Yousef is yet another m asterpiece 
and a vast storehouse of information. It critically 
reviews the useful applications of fungi in cheeses, 
fermented m ilks and the m anagem ent of dairy by
products. The section on fungus-related problems 
in the dairy products h as utility value to the 
industry. The chapters on fungal m etabolites in  
food processing and fungal enzym es in food 
processing by Bigelis are indispensable to anyone 
involved/interested in food processing. The account 
presented in these chapters illustrates as to how  
the food biotechnology is a classical food technology 
wedded to new techniques/approaches. It also 
defines the mycological perspectives amply. Food 
fermentation, canning, bottling and packaging form 
some of the m any food processing aspects described  
in the later chapter. The role of genetic and protein 
engineering is  also analyzed.

The chapter on single-cell protein from m oulds 
and higher fungi by Kahlon analyzes the subject 
matter critically for giving insight in th is important 
aspect. A short chapter of 12 pages on anti-fungal 
food additives by Liewen gives the gist of the  
problems of food spoilage by fungi and the additives 
which can control th is devastating phenom ena of 
food spoilage by fungi. The information can serve 
as a ready-reckoner to the food industry and 
technologists. It even gives the information on the 
interactions between various additives. The last 
chapter on products and u se s  of yeasts and yeast
like fungi by Nagodawithana deals with production 
of Baker's yeast, distiller's yeast, wine yeasts, 
nutritional yeast, mineral yeast, single-cell yeast 
protein, yeast products of industrial importance, 
colorants from yeasts, enzymes from yeasts, products 
of pharm aceutical/cosm etic value and genetically- 
engineered products from yeasts. It is  baffling a s  
to why th is chapter w as included in the book on 
Mycology. The chapter, however, is an excellent 
source of information on the topic.

On the whole, the book is  an  excellent and  
up-to-date m aster-piece of inform ation/reference

source for all the food biotechnologists as well as  
te c h n o lo g is ts  from  d iv erse  f ie ld s  s u c h  a s  
microbiology, biotechnology, plant pathology, botany, 
agricultural production and biochem istry. It is  
indispensable to all those dealing with production, 
processing and storage of foods and food products. 
Even those m ycologists with an interest in  foods 
will find this book highly informative and im m ensely  
useful. The book will prove to be a vital asset to 
all those R&D institutions, universities and other 
organizations with interest in foods, feeds and  
mycology. S tudents learning the science, technology  
and engineering of foods/food  products should  not 
m iss reading th is book.

B. K. LONSANE
C. F.T.R.I., MYSORE

Toxicological Evaluation o f  Certain Food A dditives  
a n d  Contam inants : WHO FOOD ADDITIVE 
SERIES : 28  WHO, Geneva, 1991.Prepared by 
the thirty-seventh m eeting of the Joint FAO/ 
WHO Expert Committee on Food Additives 
(JECFA) 437  pp Price: Sw.fr.35.-

JEC FA  h a s  b e e n  d is se m in a t in g  u se fu l  
information on the toxicological stu d ies on the 
safety of food additives, since 1959. Many food 
additives have been  evaluated and Acceptable Daily 
Intakes (ADI) have been suggested  for preservatives, 
anti-microbials, em ulsifiers, food colours, anti
oxidants, m aturing agents, anti-caking agents, 
thickening agents, food flavourings, contam inants 
etc. The current monograph is  the 94th  in the 
series and gives safety data and ADI values on a 
num ber of food additives, including anti-oxidants, 
enzyme preparations, food flavours, non-nutritive 
sweetening agents, m iscellaneous food additives 
and food contam inants. The anti-oxidant BHT, 
although it h as been given a temporary ADI of 0-
0 .1 2 5  m g/k g  body wt, needs further toxicological 
testing, pending a future detailed report in 1994. 
Erythorbic acid ADI is "not specified" as it is  poorly 
absorbed and retained in the body. It is  le ss  anti
scorbutic than ascorbic acid and it interferes with 
the latter's uptake only, if present in large am ounts. 
However, in ascorbic acid depleted states, a level 
of erythorbic intake of 6 00  m g/cap ita  h as no 
adverse effects.

Of the four alpha-am ylases and three chym osin  
preparations obtained from m icro-organism s, som e 
of them  genetically modified, the committee feels 
that since enzym es are u sed  in foods in low
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concentrations, their ADI is "not specified". Allyl 
esters, particularly allyl hexanoate is  present 
naturally in pineapples, but other allyl esters have 
no counterpart in nature. The committee allocates 
an ADI of 0 -0 .0 5  m g/k g  b.w. as allyl alcohol 
equivalent for allyl heptanoate, allyl hexanoate and 
allyl isovalerate. For trans anethole, a temporary 
ADI of 0 -0 .0 6  m g/k g  b.w. has been extended till 
1992 and an ADI of 0-1 m g/k g  b.w w as established  
for (+) carvone. However, (-) carvone requires 
further toxicological data for arriving at an acceptable 
ADI.

Two non-nutritive sw eeteners, acesulfame-K  
and trichloro galactosucrose (TGS) have both been  
assigned an ADI of 0-15  m g/kg b.w. Dimethyl 
dicarbamate (DMDC) is used as a cold sterilisation  
agent in fruit-based beverages, soft drinks and 
wines and this h as been recommended for such  
use in accordance with Good M anufacturing  
Practices upto a m axim um  level of 25  mg/1. Dioctyl 
sodium sulfosuccinate (DSS) is used as a detergent 
in the food and pharm aceutical industry, for 
cleaning and peeling of fruits and vegetables, and 
cleaning of packaging. Pending further evaluation  
in 1995, a temporary ADI of 0 -0 .2 5  m g/k g  b.w. 
has been allocated.

Gellan gum  is obtained by fermentation using  
the aerobic G-negative bacterium  P s e u d o m o n a s  
e l o d e a .  Gellan is a trisaccharide repeating unit (2- 
Glucose-1-Glucuronic acid-l-Rham nose) and is used  
as a stabiliser and thickener in foods. The ADI is 
"not specified" but higher doses have a laxative 
effect.

Coal-fired or wood-fired roasters or driers and 
smoked m eats and fish tend to build residues of 
Benzo(a) Pyrene [B(a)P] as a food contam inant. 
Apart from these, m an-related food processes B(a)P 
and Polycyclic Aromatic Hydro-carbons (PAHs) are 
also environmental contam inants as products of 
pyrolysis of organic m atter like forest fires, car 
exhausts etc. It is, therefore, very difficult to arrive 
at ADI values. The committee, however, recommends 
processes to m inim ise B(a)P exposure, washing of 
fruits and vegetables and trimming surface fat in 
m eats. Use of indirect heating to replace coal and 
wood, fired roasters, driers and barbecue heaters 
will m inim ise th is contam inant in foods. Ochratoxin 
A (OA) is a m ycotoxin produced in grains by 
A s p e r g i l l u s  o c h r a c e u s  as well as by other m oulds, 
n o ta b ly  P e n i c i l l i u m  v i r i d i c a t u m .  OA is  a 
dihydroisocoum arin m oiety linked through its

carboxyl group by an amide bond to one m olecule 
of L-beta-phenylalanine. ADI valu es are very hard 
to establish, as it is  extremely difficult to estim ate 
total dietary exposure to OA for the general 
population. Worst intakes of 1-15 n g /k g  b .w ./d a y  
show s no evidence of neuropathy. Better storage 
con d ition s of grain and grain p roducts are 
recommended with constant m onitoring of OA 
levels.

This monograph, and those that have preceded  
it, are very useful to governm ent and regulatory 
officers and those who produce and u se  food 
additives. The vast am ount of toxicological data 
collected by the com m ittee in the monograph is 
phenom enal and will serve as an eye-opener to 
those involved in toxicological testing of pesticide  
residues and other com pounds.

P.J. DUBASH 
UDCT, BOMBAY

E v a l u a t i o n  o f  C e r t a i n  F o o d  A d d i t i v e s  a n d  
C o n t a m i n a n t s - 7 8 9 :  WHO, Geneva; 1990; pp:48. 
Price : Sw. fr. 6.

The book entitled "Evaluation of Certain Food 
Additives and C ontam inants” contains a report on  
the toxicological evaluation of various food additives 
and contam inants along with their recom m ended  
Acceptable Daily Intake (ADI) for hum ans. Various 
chapters of the book con sist of (1) Principles 
governing the toxicological evaluation of food 
additives and contam inants (2) Principles governing 
the establishm ent and revision of specifications and 
(3) Methodology for analysing chem ical contam inants 
in food. Toxicological data on various em ulsifiers, 
enzym es, flavouring agents, food colours, thickening  
agents etc. are also given in the report. One of the 
main objectives of the present report is the evaluation 
of the effects of various food additives and  
contam inants on hum an health. B ased on those  
results, recom m endation for ADI is prepared.

Monographs containing sum m aries of relevant 
data and toxicological evaluation provide valuable 
information to trade and uniform and com prehensive 
recom m endations to governm ents. This publication  
em braces the major observational com m ents and  
recom m endations on the safety assessm en t of food 
additives and contam inants. It reaffirms the validity 
of recom m endations that are still appropriate and  
points out the problem s.associated with those that 
are no longer valid in the light of m od em  technical
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advances. To attain a better health that will permit 
all the citizens of the world to lead a socially and  
economically productive life needs international 
standards for com p reh en sive com pilation  of 
specification for the identity and purity of food 
additives.

Prof. INDIA CHAKRAVARTY 
ALL INDIA INSTITUTE OF 
HYGIENE AND PUBLIC HEALTH, 
CALCUTTA.

E v a lu a t io n  o f  C e r t a i n  V e t e r i n a r y  D r u g  R e s i d u e s  in  
F o o d  : Joint FAO/WHO Expert Committee on 
Food Additives, WHO Technical Report Series, 
815, Geneva, 1991; pp 64; Price ; Sw Fr. 6 .30.

Animal foods have been traditionally consum ed  
by m an since pre-historic tim es and their role for 
health and well-being needs no em phasis. In order 
to improve animal production and their productivity, 
enormous efforts are being made, including the use  
of drugs like anti-m icrobials, anti-helm inthics, 
tranquillizers, growth promoters etc., at different 
stages of production and growth. These, in turn, 
p ose se r io u s  th rea t to c o n su m e r  th rou gh  
consum ption of such contam inated foods. The 
situation may becom e more serious because of lack  
of liaison between livestock production and food 
hygiene practices in m ost of the developing countries. 
It is, therefore, essential that consum ers, in general, 
and public health authorities, in particular, becom e 
aware and alert about the possible health hazards 
of such food contam ination. It is in th is context 
that the book "Evaluation of Certain Veterinary 
Drug Residues in Food" is a timely effort in the 
right direction.

The book constitutes the 38th Report of the 
Joint FAO/WHO Expert Committee on Food Additives 
and contains the collective views of an International 
group of experts. The specific task s before the 
committee were (i) to elaborate principles for 
evaluating the safety of residues of veterinary drugs 
in foods for determining acceptable and safe levels 
for such residues; (ii) to evaluate the residues of 
certain veterinary drugs and (iii) to d iscu ss the 
deliberations of the Codex Alimentaries Commission's 
5th session  of the Codex Committee on R esidues 
of Veterinary Drugs in Foods.

The book gives detailed com m ents on residues 
of specific veterinary drugs i.e. (3-adrenoceptor- 
blocking agent (Carazolol), three anti-helm inthics 
(Febantel, fenbendazole, oxfendazole), three anti

microbial agents (spiramycin, sufladimidine, tylosin), 
and three tranquillizers (azaperone, chlorpromazine, 
propionylpromazine). Each drug has been  dealt at 
length and the critical evaluation has been given 
based on the available data including those on  
toxicology/m icrobiology, m etab olism , resid u es, 
analytical m ethods etc. The com m ittee has given 
its recom m endations on these com pounds including 
Acceptable Daily Intakes and M aximum Residue 
Limits except for tylosine and tranquillizers, along 
w ith  th e  g u id e lin es  for fu rth er work. The 
requirements of additional information h a s been  
highlighted. Printing, presentation of tables and get 
up of the book are good.

The book is a valuable a sset and a source of 
information on veterinary drug residues in foods 
and will be of practical use to food researchers, 
veterinary professionals and the public health  
personnel. It will be a valuable addition to any 
library.

N. SHARMA
I.V.R.I., IZATNAGAR.

F r u i t  j u i c e s ,  w i t h  r e f e r e n c e  to  c i t r u s  a n d  t r o p ic a l  f r u i t  
j u i c e s :  A  s t u d y  o f  t h e  w o r l d  m a r k e t .  International 
Trade Centre UNCTAD/GATT, Geneva, 1991, 
XVI, 282 pages. Price: Supplied free to developing 
countries (printed in English, French, Spanish).

The fruit ju ice in d u stiy  h as becom e one of the 
world's major agri-businesses. S ince 1980, the 
world trade in fruit ju ices h as increased three-fold 
and reached 5 ,000  m illion dollars in  the year 1990. 
The importance of fruit ju ice in d u stiy  for developing 
countries is  em phasized by the fact that these  
countries account for roughly half of world's exports. 
Brazil, a developing country, occupies a first place 
in the export of fruit and vegetable ju ices. Many 
other developing countries including India are also 
exporting fruit ju ices and pulps, while several 
others have potential to do so. Research information 
h as show n that world dem and is expected to 
increase greatly in the future and the developing 
countries are the m ain beneficiaries.

In response to the m any requests from the 
developing countries and also from FAO and 
UNIDO, the above m entioned book w as published  
with up-to-date information by the International 
Trade Centre in 1991. As m entioned in the title, 
the market study deals particularly with citrus and
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Chapters 2 to 12 present greater details for 
individual countries (each chapter dealing one 
country)- Belgium, Luxembourg, France, Germany, 
Italy, The Netherlands, Sweden, Switzerland, the  
United Kingdom, Canada, the United S tates and  
Japan, on aspects m entioned in Chapter 1 and also  
on prospects for specific sectors or products and 
selected addresses of brokers, agents, importers, 
m anufacturers of speciality products. Government 
offices. Chambers of Commerce, etc. The book also  
contains appendix giving information on EEC 
custom s duties and regulations. Finally, the book  
provides a useful bibliography.

This com prehensive book is  useful to the 
Government agencies involved in processed fruit 
developm ent program m es, sp ec ia lly  in  th eir  
formulation of production and export policies, 
processors and exporters of fruit ju ices and pulps. 
International Organizations and Development Banks, 
Trade A ssociations and Organizations conducting  
training courses and sem inars.

K.V.R. RAMANA 
C.F.T.R.I., MYSORE

J. Food S et Technol, 1993, Vol 30, No. 2.

F o r  m i l l i o n s  in  K a r n a ta k a  
t h r e e  l e t t e r s  m e a n  g o o d  h e a lt h

K M F
F o r  y e a r s ,  t h o u s a n d s  o f  f a m i l i e s  a ll o v e r  t h e  S t a t e ,  h a v e  b e e n  w a k i n g  u p  to  t h e  w h o l e s o m e  g o o d n e s s  
o f  K M F  n a n d i n i  M ilk . T h e  h e a l t h y  s t a r t  to  e v e r y  d a y  K M F  n a n d i n i  M ilk  -  in  1 /2  Itr. a n d  1 Itr. s a c h e t s  
- is  e a s i l y  a v a i l a b l e  in  e v e r y  a r e a .  A n  e x c e l l e n t  n e t w o r k  o f  K M F  A g e n t s  e n s u r e  t h a t  e v e r y  t i m e  y o u  
n e e d  K M F  n a n d i n i  M ilk  - y o u  g e t  it. Q u ic k ly .
K M F  a l s o  o f f e r s  y o u  n a n d i n i  S t e r i l i z e d  F l a v o u r e d  M ilk  a n d  M il to n e .  A  p r o t e i n - r i c h  r e f r e s h i n g  d r in k .  
B o th  t h e s e  h a v e  a  s h e l f - l i f e  o f  3  m o n t h s  ( w i th o u t  r e f r i g e r a t i o n )  a n d  c o s t  j u s t  R s .  5  p e r  b o t t l e .

P lu s  s o  m u c h  m o r e !
K M F 's  r a n g e  o f  h i g h  q u a l i t y  p r o d u c t s  i n c l u d e :  G h e e ,  S k i m  M ilk  P o w d e r  a n d  W h o l e  M ilk  P o w d e r .

P u r e ,  h e a l t h y  a n d  h y g i e n i c  p r o d u c t s .

© K M F
K a r n a t a k a  M i l k  F e d e r a t i o n
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tropical fruit juices. Other fruit ju ices including  
those from temperate zones such as apple, pear 
and berry juice are covered to a limited extent. Also, 
the study m akes only occasional passing references 
to the vegetable ju ices. The m ain purpose of this 
study is to promote better utilization of developing 
countries' fruit resources and help them  increase 
and diversify their exports. The information provided 
is intended to enable developing countries to adapt 
their production and marketing activities to the 
requirements of the world market.

The book begins with introduction and general 
sum m ary w hich covers background, product 
description, scope and objectives of the study and 
market opportunities for developing countries. The 
book contains 12 chapters. Chapter 1 deals with 
world market for fruit ju ices which covers supply  
and demand, market characteristics (industrial end  
users, consum er habits and product preferences, 
packaging, sa les promotion and advertising and 
importers' requirements), com petition and prices, 
distribution channels and market access.
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