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Abstract:  Doda Burfi is region specific traditional Indian dairy product. The product has pleasant characteristic nutty 
flavor. This product is highly nutritious. But even today it is manufactured by traditional method, which inherently suffers 
from various limitations, viz., non-uniform quality, batch to batch variations etc. Scraped surface heat exchanger (SSHE) 
seems to be most suitable heat exchanger for handling high viscosity and heat sensitive products, which tend to foam and 
foul heat transfer surface. Therefore, it was planned to study on mechanized production of Doda Burfi using SSHE. Doda 
Burfi was manufactured by adding precooked germinated wheat flour, colour, skim milk powder, citric acid solution, sugar 
(50% of total sugar initially added into milk at 700C and remaining 50% sugar at 40% total solids). The investigation was 
carried out to optimize the various process parameter like scrapper speed (100, 125 and 175 RPM), steam pressure (1, 1.5, 2 
and 2.5 kg/cm2) The performance was evaluated for various characteristics using Texture Profile Analyser. The best quality 
of Doda Burfi was found at scraper speed of 100 RPM, 2 kg/cm2 steam pressure. 
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1. INTRODUCTION 
 
Milk has been described as nature’s nearly “perfect 
food” in that it provides vital nutrients like proteins, 
essential fatty acids, vitamins, minerals, lactose in 
balanced proportions. Traditional Indian dairy 
products contain a significant proportion of milk 
nutrients and therefore are highly nutritious. Burfi is 
the most popular Khoa based traditional confection 
all over India. The generic nomenclature “Burfi” 
covers a wide range of product variations that include 
plain, danedar, dudh, chocolate etc. has variation in 
flavor, color, body and texture. Burfi is prepared by 
heating a mixture of milk solids (Khoa) and sugar to 
a homogenous consistency followed by cooling and 
cutting into small cubes. These products are very 
delicious and good for health. The addition of cereals 
like wheat and rice, fruits, fruit pulps and vegetables 
in milk results into value addition in terms of 
nutrition. It is a common practice in Indian continent 
to consume milk along with cereals and fruits. These 
products are highly nutritious and contain minor 
constituents that are deficient in milk are 
supplemented by cereal and vice versa. Such type of 
product is also very useful for infants and growing 
children’s because of its flavor and its nutritional 
value, which provides essential nourishment for the 
body growth and maintenance in infants (Rajoria, 
2000). The several type of foods or milk products are 
developed based on cereals foods such as malt milk 
food, infant foods etc. which are very nutritious, 
healthy and popular food (Aneja et al., 2002). 
 
In this manner sprouted wheat based milk product 
called Doda Burfi. A softer fudge like variation –
resembling Burfi called ‘Doda’ is region specific 
traditional Indian dairy product quite popular in 
northern state specially Punjab and Haryana. The 

product has pleasant characteristic nutty flavor. This 
product is highly nutritious. Even today, Doda Burfi 
is manufactured primarily in ‘karahi’ and jacketed 
kettles, which inherently suffers from several 
disadvantages such as low heat transfer rates, high 
fouling behavior, heat losses, batch to batch variation 
in product quality, poor hygiene and sanitary 
conditions. The demand for efficient and labor saving 
processing of Doda Burfi attracts the application of 
mechanization processing methods. Scraped surface 
heat exchanger (SSHE) is the most suitable heat 
exchanger for handling high viscosity and heat 
sensitive products, which tend to foam and foul heat 
transfer surface. Studies on the applicability of 
Scraped Surface Heat Exchanger for the 
mechanization of Doda Burfi are also important field 
of investigation. In SSHE, the heat transfer wall is 
continuously scraped thus minimizes heat induced 
changes by minimizing the residence time 
distribution. In light of above facts, It is proposed  to 
optimize various process parameters for manufacture 
of Doda Burfi. The textural quality of Doda Burfi so 
produced will be evaluated using TPA. Statistical 
analysis was done using two way ANOVA without 
interaction. 
 
II. MATERIALS AND METHODS 
 
2.1 Horizontal Scraped Surface Heat Exchanger 
The scraped surface heat exchanger of 304 stainless 
steel was fabricated having 40 cm I.D., 0.3 cm wall 
thickness and 100 cm overall length. Mild steel jacket 
of 45 cm I.D. 0.3 cm wall thickness has been 
provided. The effective heating length is 65 cm. The 
heat exchanger has been provided with glass wool of 
5 cm thickness. The end covers of heat exchanger are 
of 0.6 cm thickness and of 45 cm diameter. The 
rectangular outlet from heat exchanger of 15 cm by 
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7.5 cm for the finished product has been provided 
with a regulating slit to control the flow of product. 
The machine has been provided with regulating and 
safety valves for steam. The machine components 
have been assembled and fitted on an angle iron 
frame with an inclination of 20 mm. Rotor assembly 
is of S.S blades of length 53 cm with 2.2 cm width 
has been hinged. The thickeness of blade is 0.16 cm. 
 

 
 
2.2 Incubator 
Incubator has been used to maintain the constant 
required temperature for germination of wheat at 
25±10C. Water is placed in the incubator to maintain 
the humidity. Formaldehyde is placed in the small 
beaker to avoid growth of yeast and molds during 
germination 
 
2.3 Tray dryer 
Tray dryer has been used for drying the sprouted 
wheat grains at 600C±50C for 5-6 hours. A 
perforated aluminum tray was used to dry the 
sprouted wheat grains.The Buffalo milk used in 
manufacture of Doda Burfi was analyzed for their 
composition i.e. fat, total solids, SNF, and titrable 
acidity.  It has been taken and filtered using muslin 
cloth, then standardized to 6% milk fat and 9% SNF.  
This  standardized milk  is  pre  heated to  700C in 
SSHE.  (0.04%) of citric acid (2 - 4 percent solution) 
was added in order to obtain granular texture of the 
product. Sugar 1st stage i.e., 50% of total weight of 
crystalline sugar along with skim milk powder and 
chocolate brown colour in the requisite quantity were 
weighed, mixed and blended.  The complete liquid 
mass is taken in overhead tank. When it allowed to 
flow in the SSHE the single pulley speed drive of 
SSHE is switched on to make the scraper assembly to 
rotate at 100, 125, and 175 rpm respectively. Then 
the steam valve of the steam header located above the 
SSHE is opened manually and adjusted to the 
required pressure at 1, 1.5, 2, and 2.5 Kg/cm2 
respectively. Precooked germinated wheat flour is 
added into the system through the optional inlet cone 
one provided above the SSHE. Remaining 50% sugar 

were added after 40 percent of total solid 
concentration.  After final concentration the Doda 
Burfi so formed was collected in trays and then 
weighed. The product was cooled for 3 hours at room 
temperature and analysis was done. The time 
consumed for processing of Doda Burfi in SSHE is 
45 – 50 min. for 10 liters quantity of Buffalo milk. 
The experiment was repeated with different Scraper 
speed and Steam pressure. Doda Burfi manufactured 
was analysed for following parameters. The moisture 
content of the standard product has been determined 
by the standard procedure described in ISI:XI(1981). 
The Doda Burfi made has been subjected for sensory 
evaluation by a panel of judges.  

 
RESULT AND DISCUSSION:  
 
3.1 EFFECT OF SCRAPER RPM AND STEAM 
PRESSURE ON TEXTURAL PROFILE 
Texture Profile analysis is primarily concerned with 
the evaluation of mechanical characteristics where a 
material is subjected to a controlled force from which 
a deformation curve of its response is generated. So 
texture analysis is carried out for different process 
parameter combinations and as fallows: 
 
3.1.1 Effect of scraper RPM and Steam pressure on 
Hardness 
Hardness is the force required to compress a 
substance between teeth and is indicated by the 
highest value of force on the force-time curve during 
first compression cycle. The hardness value 
represents firmness of the product and ease with 
which it will spread. 
Graph 3.1.1a and Table 3.1.1.a indicates the effect of 
scraper RPM and steam pressure on hardness. 
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It is evident that as scraper speed increases hardness 
score decreases. This may because as scraper speed 
increases, the residence time of the product within 
the system decreases and also resulting in higher 
collision of particles. Thus, lowers hardness of the 
final product. Hardness score increases as steam 
pressure increases up to 2.00 kg/cm2 and then 
decreases above 2.00 kg/cm2 
The first set of changes during thermal processing is 
termed as gelatinization and is characterized by the 
irreversible disruption of molecular order depending 
on temperature and moisture, and the initial increase 
in granule size. These changes render part of the 
material in granule soluble following heat treatment 
and thus contribute to food properties such as texture, 
viscosity, and moisture retention. When a majority of 
the granules have undergone these changes, the 
starch is considered to be ‘‘pasted’’. Thus, pasting is 
the phenomenon following gelatinization. It involves 
granular swelling, exudation of molecular 
components from granule, and eventually total 
disruption of granules. Hence there is decrease in 
Hardness at higher RPM and at higher steam 
pressure. 
 
3.1.2 Effect of scraper RPM and Steam pressure on 
Cohesiveness 
Graph 3.1.2a and table 3.1.2a indicates the effect of 
scraper RPM and steam pressure on cohesiveness. 
It is evident that particular trend is observed between 
scraper speed and steam pressure on cohesiveness. 
Decrease in cohesiveness score as increase in scraper 
RPM and Steam pressure. Hence there is a 
significant effect on cohesiveness. 
    

 

    

 
 
3.1.3 Effect of scraper RPM and Steam pressure 
on Adhesiveness 
Graph 3.1.3a and Table 3.1.3a indicates the effect of 
scraper speed and steam pressure on adhesiveness. 

 

  
It is evident that particular trend is observed between 
scraper speed and steam pressure on adhesiveness. 
As Scraper RPM increases adhesiveness score 
decreases and adhesiveness score increases as steam 
pressure increases up to 2.00 kg/cm2 and then 
decreases above 2.00 kg/cm2 
  This may be due to high gelatinization of wheat 
starch at higher scraper RPM and at increases in 
steam pressure. 
 
3.1.4 Effect of scraper RPM and Steam pressure 
on Gumminess 
Gumminess is defined as the product of hardness and 
cohesiveness (Bourne, 1978). In other words 
gumminess is the energy required to disintegrate a 
semisolid food to a state ready for swallowing, 
indicates the denseness that persists throughout 
mastication. 
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Graph 3.1.4a and Table 3.1.4a indicates the effect of 
scraper RPM and steam pressure on gumminess. 

 

 
 It is evident that as Scraper RPM increases 
gumminess score decreases. Increase in gumminess 
score up to 2 kg/cm2 steam pressure and decreases 
with further increase in steam pressure. It can be 
observed from graph that gumminess score is higher 
for lower rpm. This is because gumminess is product 
of hardness and cohesiveness. Hence gumminess 
varies in direct relation to hardness.  
   3.1.5 Effect of scraper RPM and Steam 
pressure on Chewiness 
 

 
Chewiness is defined as the product of gumminess 
and springiness (i.e. hardness x cohesiveness x 
springiness). Chewiness is an important textural 
attribute of solid food materials. 
Graph 3.1.5a and Table 3.1.5a indicates the effect of 
Scraper RPM and Steam pressure on Chewiness.  

  
 It is evident that as scraper speed increases 
Chewiness score decreases. Increase in chewiness 
score up to 2 kg/cm2 steam pressure and decreases 
with further increase in steam pressure.  It can be 
observed from graph that chewiness is higher for 
lower scraper RPM. This may be due to fact that 
chewiness is directly related to hardness. 
 
3.1.6 Effect of scraper RPM and Steam pressure 
on Springiness 
Springiness means how well a product physically 
springs back after it has been deformed during the 
first compression. 
 
Graph 3.1.6a and Table 3.1.6a indicates the effect of 
Scraper RPM and Steam pressure on Springiness.                                                                 

 
 

 
 
It is evident that no particular trend is observed 
between scraper speed and steam pressure on 
springiness. Hence we may assume springiness to be 
uncorrelated to scraper speed.  
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SELECTION OF OPTIMAL PROCESS PARAMETERS 

 
The optimal process parameters for manufacture of 
Doda Burfi were found at 100 scraper RPM and at 2 
kg/cm2 steam pressure. Sugar is added at two 
different stages, precooked germinated wheat flour 
added directly into milk, addition of colour initially 
into milk and addition of citric acid solution instead 
of curd addition.  

 
Table 4.1 gives the effect of scraper speed and steam 
pressure on Textural properties Hardness, 
cohesiveness, Adhesiveness, springiness, 
gumminess, chewiness of the product. 

 

4.1 Effect of scrapper speed and steam pressure on Textural properties and moisture content of   Doda 
Burfi 

 
STATISTICAL ANALYSIS 
 
Application of statistical tool two way analysis of 
variance (ANOVA) without replication for texture 
properties shows that the calculated F value is more 
than the critical value of F. So there is a significant 
effect of scraper RPM and Steam pressure on textural 
properties like hardness, cohesiveness, adhesiveness, 
gumminess, chewiness and springiness of the 
product. 
 
CONCLUSION 
 
1. There is a significant effect on the texture 

profile score of Hardness, Cohesiveness, 
Adhesiveness, and Gumminess, Chewiness and 
springiness as affected by different 
combinations of operating parameters. 

2. Addition of citric acid solution increases the 
body and texture score compared to addition of 
curd. 

3. Best combination - 100 rpm at 2 kg/cm² and 
addition of GWF, color initially into milk, gave 
good desirable textural properties. 
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Scraper 
RPM 

Steam 
pressure 
Kg/cm2 

 
Hardness 

 
Cohesiveness 

 
Adhesiveness 
(- ve ) 

 
Springiness 

 
Gumminess 

 
Chewiness 

100 1 11.276 0.220 0.665 0.312 2.480 0.941 
100 1.5 11.811 0.231 0.742 0.317 2.728 1.085 
100 2 12.467 0.240 0.768 0.319 2.992 1.114 
100 2.5 12.157 0.230 0.723 0.314 2.796 0.923 
125 1 11.085 0.202 0.609 0.310 2.217 0.802 
125 1.5 11.535 0.220 0.649 0.315 2.537 0.859 
125 2 11.943 0.228 0.690 0.316 2.723 0.882 

125 2.5 11.234 0.220 0.652 0.311 2.471 0.818 
175 1 9.549 0.185 0.498 0.291 1.766 0.470 
175 1.5 10.100 0.196 0.513 0.293 1.979 0.512 
175 2 10.588 0.211 0.531 0.300 2.234 0.611 
175 2.5 10.186 0.196 0.506 0.297 1.996 0.524 
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