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Up-gradation of Khoa Production and Preservation Technologies

ABSTRACT

India is the largest milk producing nation in the world. Milk is perishable in nature, thus it can not be stored for
a very long period. In order to preserve it, more than half of milk produced in India is converted into a variety of
traditional value added milk products which played a significant role in the Indian economy. Khoa is a heat
desiccated value added indigenous milk product. Due to its large scale consumption about six lakh tones of
khoa is being manufactured annually, which is equivalent to seven percent of India’s total milk production. In
this article, the brief overviews on traditional method of khoa making, technological up-gradation in khoa
making process, energy requirements, shelf life, and storage of khoa are presented.
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1. INTRODUCTION

Milk has been used as an article of food since

ancient times in India. It plays an important role in the
diet. In India, the share of milk and its products is the
largest after cereals, and it accounts for 16% of the
total food expenditure [1-3]. According to United
Nation’s Food and Agriculture Organization (FAO,
1999), India has become the single largest milk
producing nation in the world, surpassing USA. India
has shown impressive growth in the milk production,
achieving an annual production of 112.5 million tones
in the year 2009-10 which is 15% of the total milk
production in the world. India is among the world’s
largest and fastest growing market for milk and milk
products. The average annual growth rate of milk
production has been 4% during the past decades. As
per the recent report of ministry of animal husbandry,
dairying, and fisheries the milk production is projected
to rise to 134 million tones by 2015 [4-8].
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The lack of cooling facilities to keep the liquid milk
fresh led to the diversion of milk for preparation of
indigenous milk products with comparatively longer
shelf life. An estimated 50% to 55% of milk produced
in India is converted into a variety of traditional value
added milk products such as heat desiccated
products, cultured products, fat rich products, acid-
heat coagulated products, and milk based puddings.
Over the years, these value added milk products are
manufactured by traditional milk based sweetmeat
makers who form the core of this cottage industry.
This industry has played a significant role in the Indian
economy.

According to Prevention of Food Adulteration Act,
as amended up to March, 2006, khoa is the product
obtained from cow or buffalo (goat or sheep) milk,
or a combination thereof by rapid drying containing
milk fat content not less than 30 percent on dry weight
basis of the final product [9, 10]. Khoa is a heat
coagulated, partially dehydrated milk product. It is
obtained by heat desiccation of whole milk to 65%
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to 70% milk solids without the addition of any foreign
ingredients, mostly in private and unorganized sectors
of India.  It is also known as khoya, khawa, khava,
kava, palghoa, or mawa. Due to its large scale
consumption nearly six lakh tones of khoa is
manufactured annually, which is equivalent to 7% of
India’s total milk production [11-13].

Khoa is a rich source of energy, about 458 Kcal
per100 g of the product. The food and nutritive value
of khoa is very high. It contains large quantities of
muscle building proteins, bone forming minerals, and
energy giving fat and lactose. It is also expected to
retain most of the fat soluble vitamins A and D, and
also fairly large quantities of water soluble B vitamins
contained in the original milk. Depending on the end
use and the quality of milk used, mainly three
commercial types of khoa are identified, namely, Pindi,
Dhap, and Danedar which differs in composition,
texture and quality. All of these varieties are in demand
and are required for making value added khoa based
products like Burfi, Peda, Gulabjamun, pantua,
Kalakand, milk cake, Kunda, etc. These products
may be potential source for export. Khoa is also used
for stuffing vegetables in many food items.

Khoa has considerable economic and dietary
importance to Indian population. It forms an important
base for preparation of milk sweets which are an
integral part of Indian food heritage. The khoa and
khoa based sweets have high commercial significance
because of their popularity throughout the country and
longer shelf life. In India, milk sweets have been an
indispensable part of the socio-cultural life. They reflect
the wealth and status of people, while forming an
important part of their cuisine. These are offered on
special religious occasions, social events, and festivals.
The market for Indian milk based sweets is expanding
overseas also. The total Indian sweet market is around
Rs. 520 billion in terms of annual sales [14-16].
Nowadays efforts are being made to develop a
standard manufacturing package which will increase

its productivity besides quality improvement in terms
of hygiene, standardization of process, and storability.

Khoa is an important Indian indigenous dairy milk
product. Thus very few numbers of research papers
are available in the open literature from any foreign
country. In India the research conducted on this
product are primarily concerned with its production
methods, energy requirements during its manufacture,
shelf life and its storage, chemical composition,
microbiological quality, physico-chemical, and
biochemical changes. In this communication a brief
critical review of the published data on technological
up-gradation in khoa making process, energy
requirements, shelf life, and storage of khoa is
presented.

2. KHOA PRODUCTION METHODS AND
PROCESSES

2.1. Traditional Khoa Making Method and Its
Drawbacks

Khoa production is the easiest way of preserving
rurally produced milk. For khoa production, generally
traditional method (i.e., open pan evaporation
process) is followed in which milk is heated in an open
pan over non smoky fire and continuously it is stirred
and scraped with the help of a scraper to avoid the
scorching of milk solids sticking to the pan. The milk
is heated till it attains a semi-solid consistency of
dough. Thereafter, the product is removed from the
fire and rolled up into solid mass known as khoa-pat.

The traditional method of khoa making requires
large quantity of energy and in the present era, energy
saving is needed to pay more attention. In rural India,
generally, wood, cattle dung, coal, kerosene, etc., are
used in open chulah as fuel for khoa making which is
hardly 8-10% thermally efficient. Khoa making
involves intensive heating during the desiccation
process with an aim of evaporating the large quantity
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of water present in the milk. The traditional method
of khoa making has a number of drawbacks. Some
of the major drawbacks are: (i) limited capacity due
to batch operation, non- uniform product quality and
thus not suitable for large volume production, (ii)
inefficient use of energy and low heat transfer
coefficient results in bulky equipment, (iii) requires
more manual labor due to lengthy process, and (iv)
sometimes burning of the product occurs which
lowers its quality.

2.2. Advancement on Mechanization of Khoa
Making Method and Process

In order to overcome drawbacks of traditional
methods of khoa making various researchers
attempted mechanization of the khoa making process.
Earlier, a brief account of such works has been given
in the literature [10, 15, 17-19]. In the following
paragraphs the technological progress made towards
mechanization and automation advancement in khoa
production process is mentioned.

The first prototype machine was fabricated of mild
steel for continuous manufacture of khoa on a semi-
large scale with a rated capacity of 50 liters of milk
per hour [20]. Several improvements in the design
and operation of this continuous khoa making machine
were carried out [21]. To overcome the metallic
contamination problem this machine was fabricated
in stainless steel [22]. An improved khoa pan for rural
application was developed [23] which was used in
determining the flow characteristics of khoa at different
temperatures [24]. Subsequently, an adoptive model
of this mechanized khoa pan was made [25].

Steam jacketed drum fitted with semi-mechanized
scraper based on the principle of scraped surface heat
exchanger was employed for khoa making [26].
A batch type prototype mechanized conical process
vat with a sanitary type scraping mechanism having
spring loaded blades for khoa production was
developed [27]. A prototype of khoa making machine
consisting of a horizontal cylinder of mild steel having
a steam jacket on the lower half side was developed

[28]. Inspired by the performance of this prototype
machine, another batch type machine of stainless steel
with power drive was developed [29]. Subsequently,
this unit was developed into a continuous khoa
manufacturing machine by providing three jacketed
cylinders placed in a cascade arrangement [30].

The khoa powder was manufactured by employing
reverse osmosis (RO) technique in which the steam
jacketed kettle was replaced by SSHE (scraped
surface heat exchanger) [31]. The product obtained
by this machine was having burnt flavor. A khoa
making process was developed in which the pre-
concentrated milk obtained by RO was heated in an
open stainless steel steam jacketed kettle [32].

The use of horizontal thin film SSHE was reported
for continuous khoa production [33]. A correlation
was developed for power requirement to drive the
rotor for a straight sided thin film SSHE by taking
water as a working fluid [34]. Thin film SSHE
application was extended for concentration of milk
to high solids and its suitability for continuous khoa
production was confirmed [35]. The performance of
thin film SSHE was evaluated at different rotor speeds
and steam temperatures for continuous manufacture
of khoa [36]. An inclined scraped surface heat
exchanger (ISSHE) was developed to manufacture
khoa continuously [37]. The effects of various
parameters on evaporation of water, concentration
of milk, and dehydration of cream in straight sided
horizontal thin film SSHE was reported [38]. A thin
film SSHE system of mild steel for continuous
manufacturing of khoa by arranging two SSHE in a
cascade fashion was developed [39]. Later on, the
quality of khoa obtained from this machine was
attempted to improve by adding a third stage with
modified rotor blade assembly [40]. A continuous
khoa making unit of mild steel was developed by
arranging three identical SSHE one over another to
control the product flow under gravity [41]. The
utilization of solar energy in dehydration of milk for
the manufacture of khoa was attempted, and reported
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that solar method of dehydration results in less
evaporation of water from milk [42]. A 3-stage SSHE
for manufacture of khoa was developed [43] and the
quality of khoa manufactured from SSHE was claimed

to be comparable with the market samples. The
research development carried out by various
researchers discussed in this section has also been
reported in Table 1.

Due to high thermal losses and non-uniform quality
of the product the scraped surface heat exchanger
systems and conical vat machines met with limited
success. It was claimed by every researcher that their
equipment/process has manufactured khoa
successfully. But among them the inclined scraped
surface heat exchanger equipments are observed to
have potential for industrial use.

3. RECENT STUDIES ON MILK HEATING
PROCESS FOR KHOA MAKING

The convective heat transfer coefficients are
required for the proper design of an evaporator for
khoa production as well as in the theoretical modeling
of simultaneous heat and mass transfer process. The

Table 1:  Various Equipments Developed for Khoa Making

Researchers Method Remarks 
[20] Steam Jacketed 

Kettle 
Developed first prototype of continuous khoa making 
machine 

[21] 
 

Steam Jacketed 
Kettle 

Standardized and suggested several improvements in design 
and operation of  continuous khoa making machine 

[22] Steam Jacketed 
Kettle 

Fabricated continuous khoa making machine in stainless steel 
to overcome contamination problem. 

[23] Steam Jacketed 
Kettle 

Improved khoa pan was developed for rural applications 

[25] Steam Jacketed 
Kettles 

Incorporated more safety features. 

[27] Mechanized 
conical vat 

Mechanized conical process vat was developed. 

[26] Steam jacketed 
drum 

Steam jacketed drum based on the principle of scraped surface 
heat exchanger was developed. 

[28] Steam jacketed 
drum 

A mild steel prototype of khoa making machine with 
horizontal cylinder was developed. 

[29] Steam jacketed 
drum 

Batch type stainless steel machine with power drive was 
developed 

[30] Steam jacketed 
drum 

Continuous khoa making machine with three steam jacketed 
cylinder was developed. 

 

natural (sensible heating) and boiling convection heat
transfer are the major heat transfer mechanisms which
occur during milk heating process. The sensible
heating or natural convection boiling exist up to a
temperature of =90 oC and the pool or nucleate boiling
exist for temperature >90 oC to 95 oC [44, 45].

The convective and evaporative heat transfer
coefficients during sensible heating of milk in an
aluminum pot for khoa making under open condition
(i.e., traditional khoa production method) were
reported to decrease from 5.25 W/m2 oC to 3.09 W/
m2 oC and from 63.83 W/m2 oC  to 27.8 W/m2 oC
respectively with the increase in heat inputs from 240
watts to 420 watts, whereas for a stainless steel pot it
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Fig.1(a). Variation in Sensible Heating hc Versus
Heat Input [44, 45]

Fig.1(b). Variation in Sensible Heating he Versus
Heat Input [46, 46]

were found to decrease from 4.70 W/m2 oC to 2.68
W/m2 oC and from 57.24 W/m2 oC to 24.97 W/m2

oC [44-46]. The variation in convective and
evaporative heat transfer coefficients with respect to
rate of inputs is illustrated in Figure 1(a) and (b).

The convective heat transfer coefficients for pool
boiling of milk under open condition during khoa
making in an aluminum pot was observed to increase
from 334.48 W/m2 oC to 837.78 W/m2 oC with the
increase in heat inputs from 240 watts to 360 watts,
whereas for the stainless steel pot it was reported to
increase from 283.02 W/m2 oC to 783.97 W/m2 oC.
[47, 48]. The value of nucleate boiling heat flux during
pool boiling of milk for khoa making in aluminum and
stainless steel pot under open condition were observed
to increase exponentially. The fluid-surface constant
for Rohsenow pool boiling correlation during khoa
making in aluminum and stainless steel pots were

Fig.2 Variation in Pool Boiling hc Versus Heat Input [47, 48]

Fig. 3. Variation in Pool Boiling hc Versus Heat Input
Under Closed Condition [50, 51]

reported as 7.8815 × 10
-3

 and 9.4772 × 10
-3

respectively [49].

The convective heat transfer coefficients for pool
boiling of milk under closed condition during khoa
making in an aluminum pot were observed to increase
from 186.32 W/m2 oC to 567.56 W/m2 oC with the
increase in heat inputs from 240 watts to 360 watts,
whereas for the stainless steel pot it was reported to
increase from 160.51 W/m2 oC to 374.52 W/m2 oC.
The heat flux values during pool boiling of milk under
closed condition in an aluminum pot were 28.12%
higher than in the case of a stainless steel pot
[50, 51]. These results have also been illustrated in
Figure 3.
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Characteristics Steam jacketed kettle Scraped surface heat 
exchanger 

Reverse osmosis 

Energy/steam 
consumption 

1.2-1.35 kg / kg of khoa 
produced [54] 

Low than the conventional 
methods  [55] 

Half of the normal 
evaporation process [56] 

 

Table 2: Comparison Between Various Equipments and Processes

Table 3: Comparison between aluminum and stainless steel pots under open and
closed conditions for milk heating [57, 58]

Characteristics Aluminum pot  
(open condition) 

Aluminum pot 
(closed condition) 

Remarks 

Energy required per 
gram of water evaporated 

Save 6.97% Save 17.24% From energy consumption 
point of view aluminum 

pot is better 
 

4. ENERGY REQUIREMENTS STUDIES ON
KHOA PRODUCTION

Generally, energy costs contribute about 30% to
35% of overall manufacturing cost. The steam
consumption for khoa making in an open kettle was
reported as 1.17 kg per kg of milk and 6.802 kg per
kg of khoa [52]. The steam consumption was
observed as 1.2 to 1.35 kg per kg of khoa produced
at a steam pressure of 0.5 to 1.5 kg/cm2 [53]. The
heat loss during khoa making was estimated about
35.5%. Energy requirement for khoa making in a
stainless steel steam jacketed vat was estimated [54].

The average total thermal energy loss during the khoa
making process was reported to be 32.03%. The
labor and utility costs for mechanized khoa making
system employing ISSHE substantially was found low
than the conventional methods [55]. It was reported
that RO and vacuum evaporators system consumes
less than half of the energy required in normal
evaporation process, thus can be utilized on an
industrial scale for khoa production [56]. A general
comparison for energy requirement in various
equipments/process for khoa making is given in
Table 2.

The energy required for manufacture of khoa in
aluminum and stainless steel pots by following the
traditional method was estimated under open condition
[57]. The aluminum pan was reported to save 6.97%
amount of energy for each gram of water evaporated
in comparison to a stainless steel pan. An aluminum
pot would save 17.24% amount of energy for each

gram of water evaporated in comparison to a stainless
steel pot during heating of milk under closed condition
[58]. It was also concluded that the actual energy
consumption during khoa making in open and closed
conditions decreases at high rate of heat inputs, thus
energy losses increase. So, it was advised to make
khoa at low heat inputs.
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5.  SHELF-LIFE AND STORAGE STUDIES
ON KHOA

Steaming of khoa for 15 to 20 minutes was
reported to prevent its further deterioration [59]. The
keeping quality of khoa samples was extended by
ultraviolet radiation [60] and by the addition of cane-
sugar [61]. Various approaches like different
packaging materials [62-69], addition of preservatives
and antioxidants [65, 70-77] were reported to
increase the shelf life of khoa. The presence of moulds
in khoa causes its fast deterioration by producing
discoloration defects as well as disagreeable flavors
[78-80]. Efficacy of solar radiation on germicidal
influence on khoa during storage was studied and was
reported that solar radiation has a definite role in
significant reduction of yeast and mould counts [81].
Solar energy and microwaves techniques exhibited
germicidal and micro biostatic property during its
application in khoa storage and were reported as an
ideal and promising techniques for preservation of
dairy products like khoa [82]. The convective heat
transfer coefficients of khoa were investigated in an
open sun and greenhouse drying for natural as well as
forced convection modes [83] by taking khoa sample
of size 0.09 × 0.06 × 0.015 m3. The convective heat
transfer coefficient under forced convection
greenhouse drying was found higher than the other
modes.

6. CONCLUSION

Khoa occupies an important place among
indigenous milk products. Khoa has considerable
economic, dietary, and commercial significance to the
Indian population. It forms an important base for
preparation of variety of milk sweets which are an
integral part of the Indian food heritage. From the
literature, it has been observed that khoa is mainly
being produced in unorganized sectors of India by
following the conventional milk heating method which
has many drawbacks. Thus various researchers

attempted to mechanize the khoa making process.
Each researcher claimed that his equipment or process
manufacture khoa successfully. But among them
inclined scraped surface heat exchanger found
industrial use. In this review article, a critical account
of continuous khoa making methods, recent efforts
on traditional milk heating process for khoa making,
and the energy utilization during khoa production has
been depicted. The various methods and materials
used for packaging and storage of khoa to increase
its shelf life have also been delineated.
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