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Abstract

The progress and development in science and technology of baking has resulted in increased awareness of
intrinsic nature of ingredients used. Present day bakers have a no. of ingredients that were unknown to their
predecessor 20 years ago. Aims: To evaluate the  quality parameters of raw ingredients used in bread baking
and  identify   the consumer   preference in the quality of bread required. Settings and Design: 22  bakery outlets.
were  covered by census method  in 18 areas of Chennai city to cover  150 in house  bread consumers. Methods
and Material: Quality parameters of raw ingredients used in bread baking was experimentally done as per –ISI
(1985)  norms for bread flour . The consumer   preference of bread  was  evaluated by questionnaire. Statistical
analysis used: Percentage, Likert scale, one way anova and Kolmogorov-Smirinov test (K-s Test) were used.
Results: The moisture percent of bread flour was significantly (11.9 percent) lesser compared to ISI (13 percent).
Most favorable likert score (1.4) was given for appearance of bread and least score(0.5) for packing. Conclusions:
The  quality  of ingredients play an important role in determining the    quality  of end product and consumer
preference towards the   product.

Keywords: Quality; Raw Ingredients; Bread; Parameters.

Introduction

Bakery products  especially bread once considered
as a therapeutic diet or tea-time snack has now become
an essential daily component of an average Indian
house –hold. The progress and development in
science and technology of baking has resulted in
increased awareness of intrinsic nature of ingredients
use[1]. Present day bakers have a no. of ingredients
that were unknown to their predecessor  20 years
ago. The  quality  of ingredients play an important
role in determining the    quality  of end product and
consumer preference towards the   product. There are
few bakeries where quality control facilities are
available. Bakery is a traditional activity and occupies
an important place in food processing industry. The
bakery manufacturers in India can be differentiated

into the three broad segments of bread, biscuits and
cake[2]. About 1.3 million tonnes of the bakery
products industry in India is in the organized sector
out of 3millions tonnes, while the balance comprises
of unorganized, small-scale local manufacturer.
Though, there are sufficient automatic and semi-
automatic bread as well as biscuit manufacturing
units in India but there are still number of people
prefer fresh bread and other products from the local
bakery [3]. Bakery products are an item of mass
consumption in view of its low price and with rapid
growth and changing eating habits of people, bakery
products have gained popularity among masses. The
growth rate of bakery products has been tremendous
in both urban and rural areas [4]. Bread is a
hygienically manufactured and packed snack food
product available at comparatively affordable prices.

Subjects and Methods

The aim of the study is to  evaluate the  quality
parameters of raw ingredients used in bread baking
and  identify   the consumer   preference in the quality
of bread. Study was approved by the research
committee of SRM Engineering college (M.B.A). The
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consumer   preference of bread  was  evaluated by
questionnaire method. 22  bakery outlets were  covered
by census method  in 18 areas of Chennai city. To
cover  150 in house  bread consumers, the flour sample
was tested for moisture per centage, water absorption
percentage, protein, Gluten,  total ash, colour and
spores were evaluated as per BIS (1985) [2] norms for
bread flour.

Statistical Analysis

Percentage, Likert scale ,one way anova and
Kolmogorov-Smirinov test (K-s Test) were used.

Results

Quality of a food is a combination of attributes  that
determine the degree of acceptability.The moisture
per cent of bread flour (Table 1) was lesser by 1.09 per
cent ( 13%) compared to norms of BIS (1969). Lesser
the moisture content the water absorption power
decreases and acceptable is the flour for bread. The
major ingredient that play an important role in the
quality of  bread is the flour, yeast and fat [5] .

 The water absorption power (WAP) was 4 per cent
(60%) lesser than the standard.  High protein flour
produce bread of large volume, uniform air cells and
retain enough gas. The protein content was higher

than the standard. The gluten content is an important
criterion in bread flour. Flour from different suppliers
are mixed and standardized in the laboratory by bake
test to arrive at the required protein and gluten level.
The shelf life at a standard temperature is important
in preservation [6]. Quality in Indian Scenario is rarely
found in reality. There are few bakeries where quality
control facilities are available – hence the present
study was conducted.

Standard Values

There was significant difference in purchase of
bread by attributes as the calculated value was higher
than the table value. Bakery products  especially bread
once considered as a therapeutic diet or tea-time snack
has now become an essential daily component of an
average Indian house–hold.  Taste was highly
important criteria n purchasing bread in 70.7%
respondents. The  quality  of ingredients play an
important role in determining the quality  of end
product and consumer preference towards the
product [7]. Major consumers of bread are people from
the lower middle class and economically weaker
segments consuming more than 90 per cent of the
bread industry’ s total production Table 2.

Appearance was an important criteria in selecting
bread (Table 3)  that scored highest of 1.4 in Likert
scale. Freshness is eqully important next to
appearance. Taste was other important aspect which

Table 1: Evaluation of the quality factors in flour

S. No. Quality Bread Flour 

1. Moisture percentage maximum 11.91 (13) 
2. Water absorption percentage maximum 56 (60) 
3 Protein (Nx 5.7) Percentage, Dry basis, minimum 14.39 (11.0) 

4. Gluten (Dry basis), Percentage, (maximum) 11.67 (8.5) 
5. Total ash (dry basis) percentage, (maximum) 0.46  (0.5) 
6. Maltose 2  (2-3.5) 
7. Color Creamy white 
8. pH (5.5-6.0) 
9. Total bacterial count (gms.) Nil (100,000) 
10. Bacterial ropes spore count (gms.) Nil  (100) 
11. Shelf life (Months) 3-4 (months) 

Factors Highly 
satisfied  (A) 

Satisfied (B) Somewhat 
satisfied (c)  

Not satisfied 
(d)  

Highly Not 
Satisfied (E) 

Total  F - Ratio 

Appearance 73 (41.3%)  73(46.0%)  2 (11.3%)  1 (0.7%)  1 (0.7%)  150   
4.509 

DF=4,30 
(2.69) 

 

Taste 87(70.7%)  45(26.6)  14(1.3%)  3(1.3%)  1(0.7%) 150  
Softness 51 (42.7%) 80 30.7%)  14 (3%)  3 (3.3%)  2 (16%)  150 

Freshness 67 (65.3%)  46 (16%)  13 (0.7%)  22 (0.7%) 2 (17.3%)  150 
Nurient content 38 (57%)  52 (30%)  33 (11%)  23 (1%)  4 (1%)  150 

Variety 64 (37%)  36 (22%)  48(37%)  1(3%) 1(1%)  150  
Packing 23 (18%) 65 (28%)  30 (16.7%)  27 9.3%)  5(18%) 150 

 

Table 2: Attributes in purchase of  bread – consumers

E. Lakshmi / Consumer Preference and Quality of Bakery Product - Bread

( ) standard values
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scored 0..8 in Likert score. when it comes to the
customer purchasing  appearance  is of utmost
importance Visual Identity at the retail point is
extremely important to generate product off take
(Figure 1). Most  research in bread quality is based on
customer analysis  aided by the use of first quality
ingredients. The per capita consumption of bakery
products in india is  about  5-10kgs/annum/personas
compared to 50-100kgs in other countries [8].

Discussion

Though bread is not a staple food in the country,
its consumption has increased over the years. In India
it is still a secondary staple food when compared to
chapatti, puri or rice. The brand and quality alone is
not just sufficient to boost  sales, it is equally important
that good packaging,is  vital to promote and sell the
pro ducts. The shelf life for staple food product like
bread is extremely important because consumer also
asksfor the fresh bread always, so that it can last long
er, Visual Identity at the retail point is extremely
important to generate product off take and finaly
consumers taste is the most important factor [9].

More then ever the sales people at the counter are a
dynamic power in helping the customers in selecting
and help in personal selling.

Key Messages

Bakery products  especially bread once considered
as a therapeutic diet or tea-time snack has now become
an essential daily component of an average Indian
house-hold.  The quality of ingredients play an
important role in determining the quality of end product
and consumer preference towards the product.
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Abstract

Weaning food must be supplied by the age of six months to fulfill the nutritional need of infant. Generally,
the weaning foods available in market are prepared by using cereals and are costly.  Although millets are
equally nutritious, their use is avoided. The research work was planned to formulate millet based weaning
food using finger millet, pearl millet and soybean. Different formulations were developed and evaluated
sensorily. Formulation with the highest sensory score was considered as experimental formulation (EF) and
evaluated for its antioxidant capacity and nutritional content. The EF was prepared by using Pearl millet:
Finger millet: Soybean in the ratio of 30:35:35 with powdered Sugar (40%) and Milk Powder (10%). That
possessed 13.81 ABTS, 48.83 DPPH and 53.76 FRAP antioxidant capacity. That also contained 13.52g%
protein, 6.75g% fat, 2.53g% ash, 1.50g% fiber, 48.34g% carbohydrate, 227.57mg% calcium, 2.77mg% iron and
38.73mg% vitamin-C. It found better in all three types of antioxidant capacity as compared to control thus more
beneficial for overall health maintenance. It was also superior in two principal nutrients required for growth
and development of infants i.e. protein (17.56%) and fat (44.23%) and two important minerals i.e. calcium
(21.66%) and Iron (30.05%) necessary for their bone and blood development, respectively as compared to
control. The total antioxidant activities for all the three ABTS, DPPH and FRAP were found higher as compared
to control. To meet the nutritional need of infants, 100g of supplementary mix is recommended daily coasting
just 5 Rs. The product can be stored for 4 months under ambient condition. Thus a homemade, nutritionally
balanced low coast weaning food could be formulated.

Keywords: Weaning Food; Infancy; Millets; Finger Millet; Peral Millet; Soybean.

Introduction

Infancy is period of rapid growth. Weaning food is
recommended for the overall growth and complete
development after 6 months.

In India, it has been observed that infants do not
served special foods. Food which is prepared for other
members, same food is served to infant just after
altering consistency. In urban areas where mothers
are aware, baby food is fed to the infants but are quite
expensive. Most of these weaning foods are prepared
by using cereals.

However, millets are ignored in the formulation of
weaning food mix. Though that are unique among
the cereals because of their richness in calcium,
dietary fibre, polyphenols and protein [6], fat, essential
amino acids particularly methionine and cysteine
[12]. It is well known fact that cereals and millets
possess many antinutritional factors which can be
reduced by applying various processing techniques.
Studies have revealed that germination enhances the
nutritive value of cereals and legumes [9, 10, 7] and
decrease the levels of antinutrients present in
cereals [11].

In the present study finger millet, pearl millet and
soybean were used to develop weaning food mix.
Finger millet contains high levels of calcium, iron and
manganese, its protein is relatively better balanced; it
contains more lysine, threonine and valine than other
millets. Its carbohydrate, protein, fiber and mineral
content are comparable to cereal. Nutritionally pearl
millet is comparable and even superior to major
cereals with respect of energy value, protein, fat and
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minerals. It makes an important contribution to
human diet due to high levels of calcium, iron, zinc,
lipids and high quality proteins. Besides this, millets
are rich source of phytochemicals such as phinolics,
âglucan, lignans, phytates sterols, tocopherols,
dietary fibers and carotenoids, which act as an
antioxidants and boost our immune system [6,8,5].
Soybean stands first to supply both quantity and
quality of the protein.

Antioxidants are natural substances found in foods
that neutralizes the free radicals and can reduces
incidence of disease such as cancer, heart disease
and health risk related to aging. The millets and
soybean are rich source of antioxidant activity.
Various antioxidant activity methods have been used
to monitor and compare the antioxidant activity of
foods.

Objectives

i. To formulate low coast weaning food by mixing
Pearl millet, Finger millet and Soybean.

ii. To standardize the formula using sensory
evaluation technique.

iii. To estimate the antioxidant activity and
nutritional composition of formulated weaning
food.

Methodology

The study was conducted into four parts, process
treatment to grain seed, formula optimization to select
the best weaning food mix among the various
combinations of grains and evaluate the antioxidant
capacity and nutritional composition of the selected
weaning food mix to judge its possible use in the
infant diet. A coast was calculated, dietary
recommendations were estimated and a shelf life was
also studied as separate part of this long study.

Grain Processing

Both the millets were germinated and soybean was
pressure cooked and dehulled before milled to fine
dry powder. The process parameters were
standardized for soaking, germination, pressure
cooking and drying based on laboratory trials
conducted based on literature.

Formula Optimization

Formula optimization was carried out by mixing
processed powder of White Finger millet, Pearl millet

and Soybean.  Combination was made in such a way
that, the quantity of any one ingredient ranged from
10 to 50 percent (at an interval of 10 percent) and rest
two ingredients in equal quantity to make 100 percent.
Thus total fifteen combinations of weaning food
formulations were prepared into three phases. In each
combination 10 percent milk powder and 40 percent
powdered sugar were added.

Before serving, 25 g of weaning food mix was added
in 150ml of water and cooked for 3 minutes after
getting boiled and served immediately to the semi
trained panel of 7 judges into 3 replications for
sensory evaluation using 9 point Hedonic rating scale.
From each phase one highly accepted mix was
selected and further sensory and nutritional analysis
were carried out. The formulation scored sensorily
the heights, considered as experimental formulation
and used for the further experimentation.

Nutritional Evaluation

Highly accepted three mixes were analyzed in
triplicate for proximate composition [1]. Total
carbohydrate was calculated by difference and energy
content was calculated by factorial method. Irons,
calcium, crude fiber, ash were analyzed by [2] method.
Protein was analyzed by Kjeldahl method while fat
content by solvent extraction method.

Antioxidant Activity Evaluation

Various antioxidant activity methods have been
used to monitor and compare the antioxidant activity
of foods. In the present experiments, three methods of
analyzing total antioxidant capacity are used.

i. 2,2 Azinobis, 3 Ethyl Benzothiazolin-6-Sulphonic
Acid , radical scavenging activity (ABTS RSA) [13].

ii. 2,2-diphenyl-1-picrylhydrazyl, radical scavenging
activity (DPPH RSA) [4].

iii. Ferric reducing antioxidant power assay (FRAP
assay) [3].

Data Analysis

The standard SPSS programme was run to analyses
the data on mean, SEM, CV, CD. All the data was
tested for significance using the ANOVA / Ducncan’s
test [14].

Results and Discussion

Results obtained are presented into two subheadings,

Minaxi R. Prajapati et. al. / Evaluation of Antioxidant Capacity and Nutritional Composition
of Millet Based Low Cost Weaning Food Formulation
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formula optimization and analysis of nutritional
composition. Results on coast calculation, shelf life
study and dietary recommendations are also
mentioned at the last in nutshell from the other part
of this long study.

Grain Processing

Both the millets were germinated and soybean was
pressure cooked and dehulled before milled to fine
dry powder. The standardized processing illustrated
in figure 1.

Formula Optimization

The best accepted combination from each phase
found is listed in Table 1. Among that combinations
formula for phase III (Pearl millet:Finger
millet:Soybean in the ratio of 30:35:35) scored the
highest in all the sensory attributes. Thus it was
selected as an experimental formulation.

Procured from local market  

Pearl millet and Soybean (Anand), Finger millet Waghai (Di. Dang) 

 

Cleaned Manually 

 

Washed with tap water twice 

 

Soaked overnight at ambient temperature in R.O. water 

Pearl Millet and Soybean overnight while Finger Millet 3 hours 

 

Drained off extra water and rinsed twice with R.O. water 

 

Millets Germinated in muslin cloth for 48 hours at room temperature 

Soybean Cooked in pressure cooker until tender 

Drained off excess water and dehulled 

 

Dried in tray dryer at 60  C – Finger millet 8 hours rest both 12 hours 

 

Milled into fine powder Fig. 1: Flow chart for grin processing

Minaxi R. Prajapati et. al. / Evaluation of Antioxidant Capacity and Nutritional Composition
of Millet Based Low Cost Weaning Food Formulation

Nutritional Composition

The protein content for phase II formulation was
found the highest followed by Phase III and both were
significant. However, both were significantly differ
from Phase I formulation and control. The
experimentally selected mix contains 17.56% more
protein as compared to control. That is beneficial for
the infants for their rapid growth.

The fat content was increased significantly in all
the three formulations as compared to control. The
rise was found slightly less than half. Thus the
developed formulation beneficial for infants as they
required more energy per unit of weight as compared
to adults for their constant activity.

Carbohydrate was increased for Phase I and III
formulations while decreased in Phase II mixes as
compared to control. However the difference was just
5 g%. Ash and Fiber content was decreased significantly
at 25.14% and 32.00%, respectively.

Calcium and Iron, the most important minerals for
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Table 1: Phase wise best accepted formulations

Phase Pearl Millet (%) Finger Millet (%) Soybean (%) 

I 35 35 30 
II 40 20 40 
III 30 35 35 

Table 2: Nutritional composition of the selected weaning food formulations

Phase Protein 
(g%) 

Fat 
(g%) 

Ash 
(g%) 

Fiber 
(g%) 

Carbohydrate 
(g%) 

Calcium 
(mg%) 

Iron 
(mg%) 

Vitamin C 
(mg%) 

I 11.88a 
+0.50 

6.32b 

+0.25 
2.15a 
+0.12 

1.55a 
+0.17 

46.41b 
+1.30 

206.80ab 
+8.07 

6.19c 
+0.48 

35.27a 
+3.10 

II 14.61b 

+0.24 
6.59b 

+0.27 
2.73ab 
+0.33 

1.35a 
+0.15 

39.80a 
+1.79 

205.13ab 
+6.90 

1.55a 
+0.03 

56.77b 
+4.62 

III 13.52b 

+0.35 
6.75b 

+0.42 
2.53a 
+0.18 

1.50a 
+0.11 

48.34b 
+1.06 

227.57b 
+13.14 

2.77b 
+0.18 

38.73a 
+1.60 

Control 11.5a 

+0.44 
4.68a 

+0.45 
3.38b 
+0.24 

2.23b 
+0.09 

44.24ab 
+2.25 

187.06a 
+4.49 

2.13ab 
+0.20 

39.67a 
+1.19 

SEM 0.40 0.36 0.23 0.13 1.67 8.74 0.27 2.96 
CD 1.22 1.11 0.71 0.41 5.13 26.94 0.85 9.11 
CV 6.14 11.81 17.19 16.05 7.45 8.46 17.37 13.87 

          Values are Mean + SEM of nutritional analysis
Means bearing the same superscript within the column do not differ significantly (p<0.05)
Cereal based weaning food mix available in  market treated as control

Table 3: Antioxidant capacity of selected weaning food formulation

Phase ABTS DPPH FRAP 

I 10.15+0.58 39.48+0.91 45.47+1.29 
II 14.06+0.36 43.92+2.56 48.93+1.64 
III 13.81+0.40 48.83+3.69 53.76+1.16 

Control 12.36+0.68 40.33+1.46 39.50+1.47 
SEM 0.52 2.41 1.40 
CD 1.62 7.42 4.33 
CV 8.37 11.17 6.00 

Values are Mean + SEM of antioxidant capacity

Chart 1: Percentage change in nutritional composition of experimental mix
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Chart 2: Percentage increase in antioxidant activity of experimental mix

Minaxi R. Prajapati et. al. / Evaluation of Antioxidant Capacity and Nutritional Composition
of Millet Based Low Cost Weaning Food Formulation

bone and teeth development and blood, respectively
and thus found the most valuable for the children
were increased.  The positive change for experimental
formulation were 21.66 mg% and 30.05 mg% for
Calcium and Iron, respectively as compared to control.

Vitamin C content was almost similar for both
control as well as experimental formulation.

Antioxidants Capacity

Total antioxidant capacity is a measure which
shows the combined action of all antioxidant
compounds present in a specific food. The mean
values are depleted in Table 3.  Sample phase II
showed the highest (14.06) ABTS % inhibition
followed by phase III (13.81) and Phase I.

However, DPPH and FRAP (as TAC) % inhibition
both were found the highest for finally selected
product i.e 48.83 and 53.76, respectively. All the three
activities were found higher as compared to control.
The percent increment for ABTS, DPPH and FRAP
was 11.73, 21.08  and 36.10% inhibition as shown in
chart  2.

Other Finding

Cost of formulated mix was just Rs. 5.00 per 100 g,
which is about 5 times less than the most weaning
food mixes available in the market. One serving of
formulated millet based weaning food provide 3.38g
protein, 1.69g fat, 12g carbohydrate, 56.89mg calcium
and 0.69g iron.  To meet the nutritional need of

infants, 100g of supplementary mix is recommended
daily.  The product can be stored for 4 months under
ambient condition.

Conclusion

Millet based nutritionally balanced, homemade,
low coast weaning food could be formulated. That
contained more protein, fat, calcium and iron, the
most beneficial nutrients for infants. It also superior
in antioxidant activity. The product could be stored
for sufficient time. That could be easily prepared and
fed by rural mothers for their infants as supplementary
food.
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Abstract

India is regarded as the ‘Home of Spices’. Alarge proportion of the spices imported globally every year
comes from India. Use of such spices in traditional foods like pickles occupies an important place among the
processedfoods in India. India is the second largest vegetable producer in world. Hence, processing of vegetables
with traditional Indian spices has good scope for the trade development overseas. Different variants of
gherkin(Cucumisanguria)pickles were developed using traditional Indian spices available locally. The pickles
were packed in glass jars through aseptic packing technology by vacuum sealing and pasteurization. The
developed pickles were studied for thephysico-chemical properties and sensory attributes soon after
pasteurization and after 15 days of stabilization period. Further, the effect of heat treatment/pasteurization on
the nutritional profile of the developed pickles after 15 days of stabilization period was studied.The study
showed that use of spices in either fresh or dehydrated form, enhanced the sensory profile of gherkin pickles.
The four variants of spice based picklesdeveloped, were well accepted among the panelistpre- and post-
stabilization. The addition of spices enhanced the nutrient content of the pickles when compared with plain
gherkin vegetables.Though this study focused only on gherkin pickles, Indian spices can be very well explored
in other vegetable products that can be processed and stored for longer time.

Keywords: Gherkin; Spice; Vacuum Sealing; Pasteurization; Osmosis; Stabilization.

Introduction

Processed vegetables account for approximately
42-45 million tons of the total world production and
undergo varying degree of processing. However, in
Asia, vegetables are mainly processed for preparing
pickles. The main suppliers of Asian vegetables to
export market for processing are India, China,
Thailand and Vietnam [1].

Presently, India is listed second forthe vegetables
production in the world. The production of vegetables
in India has touched 295 MT (2015-16), from about
145.8 MT in 2001-02 [2]. Owing to the fact that India
is the second largest vegetable producer, every year
large quantities of vegetables are wasted due to lack

of proper and protected storage. This can be very well
prevented using different processing and
preservation technology. This will help in storing the
vegetables for longer time and they can also be
exported to other countries. One such vegetable which
has emerged as a potential export-oriented delicacy
is the ‘gherkin’, popularly known as ‘pickling
cucumber’. This vegetable alone has the potential of
fetching foreign exchange worth Rs. 1,500 million
from 50,000 tons of produce every year. Today it is
the only 100% export-oriented commodity from the
country [3].

The history and culture of Indian spices and
condiments are probably as old as human civilization
itself. In spite of the industrial advancement of India
in modern times, this country is still regarded as the
‘Home of Spices’.  This is due to the fact that the quality
of the spices produced in and exported from this
country continues to be the best. An impressive 46%
of the spices imported globally every year, comes from
India.

While India exports processed gherkins and spices
separately to the global market, the possibility of
exporting both together in processed form is not
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explored in a systematic way so far by the Indian
gherkin industries. Hence, in present investigation,
an effort is put to study the processing aspects of
gherkins/cucumber pickling in combination with
Indian spices in vacuum sealed glass jars. The
emphasis is placed on the development and
standardization of spice based gherkin pickles
keeping in view the organoleptic parameters
associated with Indian spices. The study further
details the physico-chemical and nutritional
parameters of the developed pickles with added spices
in fresh and dehydrated form.

Materials and Methods

Materials

Selection of Raw Materials

Ajax variety of the Gherkins (Cucumis anguria),were
selected for the pickles/product development with

various spices like onion, garlic, dill leaves, dry red
chili, black pepper, cumin seeds and yellow mustard.
While fresh spices were obtained locally from the
farmers in and around Bangalore, the dry and
dehydrated spices were procured from the approved
traders in India. Pickles generally contain ingredients
such as salt, vinegar,sugar,spices and water  as
described by Sandhu and Shukla (1996) [4]. For this
study, those ingredients such as salt, calcium
chloride, natural vinegar, and colour were procured
from the industrial supply shop and were of food
grade nature.

Methods

Steps in Processing

Various steps associated in pickling process was
described and discussed in detail by Cruess [5]. For
this study, similar steps were adopted for the
processing of gherkins with spices after the harvest

Fig. 1: Process flow for developing the products
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as given in Figure 1 and are detailed below.

Reception: To ensure less time spent on the
transportation, fresh gherkins were received directly
from the farmers within 60 to 80 km periphery of the
industry. Further the gherkins were stored in
controlled temperature and processed within 24
hours of the harvest to avail the benefit of maximum
freshness. The fresh dill leaves, onions and garlic were
procured early morning on day of processing directly
from the farmers or traders and were stored in the
cold storage (between 80C to 150C) till further
processing.

The dehydrated and dry spices and other
ingredients (salt, calcium chloride, natural vinegar,
and colour) were inspected for the quality parameters
and stored till further processing.

Washing: Washing of the freshly harvested gherkins
and dill leaves were done using water to remove soil.
Gherkins were checked visually for any mold
infection or bruises. The dill leaves were sorted out
by removing the roots and weeds prior to washing
and cutting. Fresh onions and garlic were sorted out
to remove the rotten and fungus infected ones
followed by peeling, washing and chopping.

Gherkin Selection: The washed gherkins were
inspected on a conveyer belt to sort out crooked and
bent vegetable and to remove flowers, stalks, damaged
and infected vegetable. Clean, fresh, good green
gherkins were selected for further processing.

Grading: Grading of gherkin is carried out on the
basis of count per kg. The grade of 60/80 (count per
kg was an average of 60 to 80 gherkins), was selected
for this study.

Packaging Container: 500mlcapacity of glass jars
and metal caps of 77 mm diameter with food grade
liner were selected to pack the gherkin pickles.

Cover Brine Preparation: Acidic media or cover brine
having pH less than 3.2 , is used as preservative for
pickles to enhance the taste of the product.  For this
study, cover brine was prepared using potable water
as stated by Sandhu et al. [4] with natural vinegar
(13% pure acetic acid), salt, colour and calcium
chloride which is used as firming agent to ensure
crispiness post pasteurization [6].

Capping: The capping of the jars was done
automatically by the Capping machine (model-
EMRITO 2.8  and Make-Spain). A minimum 100 mbar
vacuum was maintained to ensure long product shelf
life when combined with an effective pasteurization
process.

Pasteurization: The optimum processing conditions

for pasteurization at a process temperature of 700C
was proposed by Rodrigo and Alvarruiz [7]. The
products developed for all the variants were
pasteurized between 80 to 85oC for 12 to 18 min to
obtain the minimum core temperature of the gherkin at
70oC, as suggested by Rodrigo and Alvarruiz [7] to
inhibit/eliminate the viable microbial load
(pathogens).

Core Temperature: The maximum temperature
achieved at the cold spot of a gherkin while the pickle
jars are passed through the hot zone of the pasteurizer
is called the ‘core temperature’. The cold spot is the
center point between 2/3rddistancefrom the gherkin
tip and 1/3rdfrom the bottom of the gherkin. This is
the point where the minimum temperature is checked
to ensure the effective pasteurization that kills viable
microbial load.

QA Check

Product Development

New products were developed keeping ‘spice/s’
as important ingredients in all formulations. Total
four variants of pickled gherkins were developed
(Table 1) out of which three variants were developed
using Dill leaves and spices in fresh and dehydrated
form. One variant was developed without dill leaves
but using other commonly consumed Indian spices
like cumin seeds, whole black pepper and dry
red chili.

For standardization, each of the formulation
mentioned above were subjected to 5-7 trials till an
acceptable product evolved. The criteria of colour,
texture and the overall acceptance was considered
for standardizing the formulations. For each spice
variant, a total of 36 jars were produced in every trial.

Quality Control and Laboratory Analysis

Quality Control is an important aspect in gherkin
pickling and consists of the steps like cover brine
preparation, physical checking, organoleptic
evaluation and laboratory analysis. All these
parameters were evaluated soon after the packing and
pasteurization and also after the stabilization period
of 15 days from the date of packing.

Physical Analysis: The pickled gherkins were
evaluated for correct grade, gherkin count per jar,
spice quantity, vacuum, head space and cap security.

Chemical Analysis: The methods defined by
Ranganna[8] were adopted to analyze the chemical
parameters like pH, acidity as acetic acid, salt and
calcium quantity in ppm.

Madhusmita Sahoo & Jamuna Prakash / Organoleptic, Physico-Chemical and Nutritional Parameters
of Gherkin Pickles Prepared with Indian Spices
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Nutrient Analysis: Uthpala et al [9], studied the
proximate and mineral composition of locally grown
gherkin varieties. A similar effort was taken to study
the proximate parameters (energy, carbohydrate,
protein and fat) and the vitamin C and Calcium
content of the developed pickles after 15 days of
stabilization period, following AOAC [10] methods.

Organoleptic Evaluation

Few studies have been conducted on the
development of the terms or descriptors used to
describe pickle flavour and the other sensory
parameters responsible for the characteristic pickle
taste and aroma. One such study was conducted by
Zhuk[11], who described a method based on 5-point
scale for panel evaluation of organoleptic quality of
pickled cucumber. Similar method was adopted to
evaluate the sensory attributes like colour, texture,
crispiness and flavour profile of the developed pickles.

Statistical Analysis

The data of nutritional analysis were considered
in triplicates for analyzing the mean and standard
deviation. Similarly, the results of sensory evaluation
were subjected to statistical analysis using Students
T test between fresh and stabilized samples fixing
the probability level of 0.05.  The values represent
mean and standard deviation of analysis result and
sensory scores respectively.

Result and Discussion

The physico-chemical properties of the pickles
developed with various spices, soon after the
development and after a stabilization period of 15
days are listed in the Table 2 to Table 5. The level of
the ingredients and additives/chemicals which are
added to the media determines the process of pickling
and preservation.

Physico- Chemical Properties of Gherkin Pickles
with Various Spices

A. SP 1-Pickles with fresh spices (Dill leaves, Onion
and garlic)

While same grade of gherkin (60/80) was used to
pack all the jars, the count of the gherkins varied from
jar to jar. The average count of gherkins per kg was
72.2 during the packing and an average of 19.6
numbers of gherkins was packed in each jar. The head

space was lower initially; however, it increased after
stabilization. This is due to the osmosis process that
takes place during the stabilization period, leading
to loss of water from the gherkins and the same water
is replaced by the vinegar based cover brine to result
in the characteristic pickle flavour. There was an
increase in calcium content post-stabilization,
whereas acidity and pH recorded a decrease.

Aseptic /vacuum sealing is referred to as one of
the many hurdle technologies in obtaining the
microbial safety of pickled fruits and vegetables [12].
Vacuum or hypobaric packaging technique also acts
as preservation technique [13]. The vacuum of the
jars were initially kept constant at 100 mbar of Hg at
the time of development. However, the same increased
to nearly 3 times high with an average vacuum of
280mbar after stabilization. An increase in the
vacuum is a proof for a tamper proof aseptic sealing.

Kuwahara et al. [6] reported that addition of calcium
chloride to cucumber pickles increased firmness to
direct proportions to calcium level present in the
pickles. In the present study, the calcium level
increased from 351 to 473 ppm indicating the natural
source of calcium content contributed by gherkins
and the spices.

B. SP-2-Pickles with dehydrated spices (Dill leaves,
Onion and garlic)

A slightly different trend was observed in the
physico-chemical parameters of the pickles when
packed with the same spices but in the dehydrated
form. The detailed parameters are listed in Table 3.

While a maximum 100m bar vacuum was found
in fresh pickle, the stabilized jar had maximum of
250 mbar vacuum. There was reduction in the acidity
content from 0.8% to 0.71%. The calcium content
increased significantly. The pH of the product was
initially 4.0 and reduced to 3.83 after stabilization.
As noted earlier, these changes signify the process of
osmosis in pickles and indicate stabilization.

C. SP-3-Pickles with cumin seeds, dry pepper and dry
red chilli.

Table 4 shows the Physico-chemical parameters of
the gherkin pickles made with cumin seeds, dry
pepper and dry red chili. While there was a
combination of increased and decreased levels of
different parameters observed in the two variants of
pickles mentioned above, for this particular variant,
the levels were decreased after the pickles were
stabilized for a period of 15 days.

The acidity and salt levels were reduced to 0.62%

Madhusmita Sahoo & Jamuna Prakash / Organoleptic, Physico-Chemical and Nutritional Parameters
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and 1.12% from 0.74 % and 1.23% respectively. The
pH of the product decreased from 4 to 3.8 signifying
the process of osmosis in pickles and indicating
stabilization.

D. SP-4-Pickles with dehydrated dill leaves, yellow
mustard and fresh onion

This is the only variant which was tried with a
combination of spices in all three forms. While the
dill leaves used were in dehydrated form, there was
fresh onion and dry yellow mustard used in this
variant of pickles. The physico-chemical parameters
are presented in Table 5. Like other variants, the
parameters like acidity and salt decreased from 0.71%
and 1.30% to 0.63% and 1.18% respectively. Head
space decreased from 10.6 mm to 8.6mm.In the present
study, the calcium level increased from 299 to 457
ppm adding to the product crispiness as reported by
the study conducted by Kuwahara et al. [6].

Sensory attributes of Gherkin Pickles

Consumer acceptance of the freshly packed gherkin
pickles is very much dependent on the organoleptic
criteria in the overseas market. The main sensory
attributes of gherkin pickles are recognized as the
colour, crunchy bite/crispiness and the overall
flavour profile. This is because, some vegetables used
in pickling are very heat sensitive and quality
indicators such as colour and texture are usually
degraded to a large extent during thermal treatment
or pasteurization process [14]. Further Fresh
cucumber pickles especially when refrigerated,
develop a characteristic flavour.  The investigative
study by Harris et.al (2002) [15 ] have demonstrated a
strong dependence between product pH and the
ability of refrigerated cucumber to produce flavor
components that characterize fresh cucumber flavor.
India is considered as the “Home of Spices” and every
spice in India is known for its unique aroma and
flavour components. Addition of spices imparts

Table 1: Details of Formulations of Spice variant Gherkin pickles

SP 1 SP2 SP3 SP4 

Gherkins Gherkins Gherkins Gherkins 
Water Water Water Water 

Salt Salt Salt Salt 
Vinegar Vinegar Vinegar Vinegar 

Calcium Chloride Calcium Chloride Calcium Chloride Calcium Chloride 
Color Color Color Color 

Fresh Dill leaves Dehydrated dill leaves Cumin seeds Dehydrated dill leaves 
Fresh Onion Dehydrated onion pepper Yellow mustard 
Fresh Garlic Dehydrated garlic Dry red chilly Fresh Onion 

Table 2: Physico-chemical properties of fresh and stabilized product: Spice Variant 1 (SP 1)

Properties Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Mean 

Freshly prepared products   

Grade 60/80 60/80 60/80 60/80 60/80 60/80 
Count Per Kg in No. 73 71 73 73 71 72.2 

Vaccum in mbar 100 100 100 100 100 100 
Security in mm 5 6 5 5 6 5.4 

Head Space in mm 9 8 9 9 10 9 

Acidity in % 0.66 0.66 0.66 0.6 0.66 0.65 
Salt in % 1.34 1.28 1.28 1.34 1.34 1.3 

Calcium in ppm 333 335 380 375 331 351 
pH 4.1 3.87 3.87 3.91 4.1 4 

Stabilized Products after 15 days    

Grade 60/80 60/80 60/80 60/80 60/80 60/80 
Count Per Jar in No. 20 19 20 20 19 19.6 

Vaccum in mbar 300 250 300 300 250 280 
Security in mm 6 7 7 7 6 6.6 

Head Space in mm 7 12 10 10 9 9.6 
Acidity in % 0.6 0.6 0.6 0.66 0.6 0.6 

Salt in % 1.28 1.28 1.34 1.34 1.28 1.3 
Calcium in ppm 481 481 481 442.1 481 473 

pH 3.7 3.74 3.81 3.83 3.71 3.76 
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characteristic flavour to the dishes made. While
consumers relate the flavour profile of traditionally
made pickles loaded with spices, very few studies
are conducted on the addition of spices to the gherkin
pickles and the impact on the flavor components of
the pickles.

The developed pickles with various Indian spices
were evaluated by skilled and semi-skilled panelists
(employed with the gherkin processing Industry) for
the attributes like texture, colour,flavour and
crispiness based on the 5-point scale method

Table 3: Physico-chemical properties of fresh and stabilized product: Spice Variant 2 (SP 2)

Properties Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Mean 

Freshly prepared products   
Grade 60/80 60/80 60/80 60/80 60/80 60/80 

Count Per Kg in No. 73 72 72 72 73 72.4 
Vaccum in mbar 100 100 100 100 100 100 
Security in mm 6 7 7 7 7 6.8 

Head Space in mm 10 11 11 12 11 11 
Acidity in % 0.86 0.78 0.78 0.86 0.78 0.8 

Salt in % 1.34 1.28 1.28 1.22 1.34 1.3 
Calcium in ppm 285 302 288 285 285 289 

pH 4 4 3.97 3.91 4 4 

Stabilized Products after 15 days    
Grade 60/80 60/80 60/80 60/80 60/80 60/80 

Count Per Jar in No. 21 20 20 22 20 20.6 
Vaccum in mbar 250 200 250 300 250 250 
Security in mm 6 6 7 6 6 6.2 

Head Space in mm 8 8 10 8 8 8.4 
Acidity in % 0.72 0.72 0.66 0.72 0.72 0.71 

Salt in % 1.28 1.34 1.22 1.28 1.22 1.27 
Calcium in ppm 481.2 444.1 481.2 442.1 444.1 458.5 

pH 3.83 3.84 3.73 3.84 3.93 3.83 

 
Table 4: Physico-chemical properties of fresh and stabilized product: Spice Variant 3 (SP 3)

Properties Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Mean 

Freshly prepared products   
Grade 60/80 60/80 60/80 60/80 60/80  

Count Per Kg in No. 72 74 72 70 73 72.2 
Vaccum in mbar 75 100 100 75 100 90 
Security in mm 6 7 7 6 6 6.4 

Head Space in mm 10 9 10 11 9 9.8 
Acidity in % 0.72 0.78 0.78 0.72 0.72 0.74 

Salt in % 1.22 1.22 1.22 1.22 1.28 1.23 
Calcium in ppm 302 302 288 288 285 293 

pH 3.91 4 4.03 3.91 4 4 

Stabilized Products after 15 days    
Grade 60/80 60/80 60/80 60/80 60/80  

Count Per Jar in No. 20 21 21 21 21 20.8 
Vaccum in mbar 350 300 350 350 250 320 
Security in mm 6 6 7 6 6 6.2 

Head Space in mm 8 8 10 8 8 8.4 
Acidity in % 0.6 0.6 0.66 0.66 0.6 0.62 

Salt in % 1.11 1.11 1.11 1.14 1.14 1.12 
Calcium in ppm 441 481 481.2 441 444.1 457.6 

pH 3.84 3.73 3.9 3.83 3.72 3.80 

 

described by  Zhuk (1991) [11].The retention of
characteristic texture, flavour and crispiness after the
completion of osmosis process post 15 days of
stabilization was a challenge as there are many
instances reported overseas on the rejection of pickles
at retail level, due to improper texture or flavor or due
to sogginess. The present study confirmed that the
flavour of cucumber pickle products varies widely,
depending upon the  type of spices and the form in
which the spices are added to the final product, as
identified earlier by Fleming et al. [16].
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Table 5: Physico-chemical properties of fresh and stabilized product : Spice Variant 4 (SP 4)

Properties Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Mean  

Freshly prepared products   
Grade 60/80 60/80 60/80 60/80 60/80  

Count Per Kg in No. 75 72 73 72 71 72.6 
Vaccum in mbar 100 100 100 100 100 100 
Security in mm 7 6 7 7 7 6.8 

Head Space in mm 10 11 11 10 11 10.6 
Acidity in % 0.72 0.72 0.66 0.72 0.72 0.71 

Salt in % 1.34 1.34 1.28 1.28 1.28 1.30 
Calcium in ppm 302 302 302 288 302 299 

pH 3.87 3.84 3.91 3.91 3.84 3.87 

Stabilized Products after 15 days    
Grade 60/80 60/80 60/80 60/80 60/80  

Count Per Jar in No. 19 20 21 19 19 19.6 
Vaccum in mbar 150 250 150 250 250 210 
Security in mm 7 6 7 7 6 6.6 

Head Space in mm 7 9 10 7 10 8.6 
Acidity in % 0.66 0.66 0.6 0.66 0.6 0.63 

Salt in % 1.22 1.22 1.14 1.14 1.22 1.18 
Calcium in ppm 481.2 441.1 441.1 481.2 441 457 

pH 3.82 3.9 3.76 3.74 3.78 3.8 

 Table 6: Sensory attributes of Fresh and Stabilized Products

 Day Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 

SP 1  
Colour 0 4.00 ± 0.286 4.00 ± 0.085 3.9 ± 0.35 4.00 ± 0.252 4.00 ± 0.244 

15 4.00 ± 0.115ns 3.2 ± 0.316*** 3.5 ± 0.408 ns 4.00 ± 0.183ns 4.00 ± 0.085ns 
Texture 0 3.8 ± 0.27 4.00 ± 0.23 4.00 ± 0.15  3.5 ± 0.15 4.0 ± 0.28 

15 3.9 ± 0.21 ns 3.8 ± 0.29ns 3.8 ± 0.39* 4.5 ± 0.18*** 4.5 ± 0.13*** 

Crispiness 0 3. 8 ± 0.23 3.8 ± 0.27 3.5 ± 0.42 4 ± 0.3 4.00 ± 0.21 
 15 4.00 ± 0.08** 3.4 ± 0.44 4.5 ± 0.2** 4.00 ± 0.28 ns 4.00 ± 0.28ns 

Flavour 0 3.5 ± 0.32 4.2 ± 0.27 4.5 ± 0.13 4.00 ± 0.12 4.5 ± 0.13 
 15 3.90 ± 0.33** 3.8 ± 0.32** 4.00 ± 0.17*** 4.2 ± 0.23* 4.2 ± 0.25*** 

SP 2  
Colour 0 3.8 ± 0.3 3.8 ± 0.21 3.9 ± 0.27 4.00 ± .22 4.00 ± 0.20 

 15 4.00 ± 0.31* 4.20 ± 0.3*** 4.0 ± 0.34 ns 4.00 ± 0.22ns 4.00 ± 0.08ns 
Texture 0 3.3  ± 0.36 3.8 ± 0.35 3.8 ± 0.35 4.00 ± 0.31 4.00 ± 0.46 

 15 4.0 ± 0.08*** 3.5 ± 0.33** 4.5 ± 0.09*** 4.0± 0.15 ns 4.50 ± 0.11*** 
Crispiness 0 3.5 ± 0.09 3.50 ± 0.27 3.50 ± 0.36 3.5 ± 0.24 4.0 ± 0.22 

 15 4.00 ± 0.13*** 4.0 ± 0.3*** 4.00 ± 0.2*** 4.00 ± 0.35*** 4.00 ± 0.27 ns 
Flavour 0 3.50 ± 0.32 4.2 ± 0.21 4.0 ± 0.28 4.00 ± 0.20 4.00 ± 0.07 

 15 3.0  ± 0.27*** 3.5 ± 0.32*** 4.00 ± 0.23 ns 4.0 ± 0.09 ns 4.0 ± 0.18 ns 

SP 3  
Colour 0 4.00 ± 0.0.3 4.5 ± 0.21 4.5 ± 0.13 4.0 ± 0.22 4.0 ± 0.22 

 15 4.00 ± 0.21ns 4.2 ± 0.23** 4.0 ± 0.0.31*** 4.00 ± 0.31ns 4.00 ± 0.23 ns 
Texture 0 4.0 ± 0.31 4 ± 0.33 3.8 ± 0.32 4.0 ± 0.30 4 ± 0.29 

 15 4 ± 0.08 ns 3.5 ± 0.32** 4.5 ± 0.05*** 4.0 ± 0.21 ns 4.5 ± 0.14*** 
Crispiness 0 4.00 ± 0.31 3.5 ± 0.36 3.5 ± 0.36 3.50 ± 0.33 4.00 ± 0.30 

 15 4.00 ± 0.20ns 4.0 ± 0.28** 4.00 ± 0.36** 4.00 ± 0.31** 4.00 ± 0.22 ns 
Flavour 0 4.0 ± 0.23 4.2 ± 0.23 4.00 ± 0.22 4.5 ± 0.15 4.00 ± 0.19 

 15 3.00  ± 0.42*** 3.5 ± 0.24*** 4.0 ± 0.18 ns 4.0 ± 0.57*** 4.0 ± 0.18 ns 

SP 4  
Colour 0 3.8 ± 0.22 3.5 ± 0.33 3.8 ± 0.27 4.00 ± 0.32 4.00 ± 0.05 

 15 4.00 ± 0.27ns 4.20 ± 0.29*** 4.00 ± 0.36ns 4.00 ± 0.30ns 4.00 ± 0.18ns 
Texture 0 3.5 ± 0.41 3.5 ± 0.30 3.5 ± 0.33 3.8 ± 0.24 3.5 ± 0.28 

 15 4.00 ± 0.22** 3.50 ± 0.23 ns 4.50 ± 0.0*** 4.00 ± 0.12* 4.50 ± 0.11*** 
Crispiness 0 4.0 ± 0.31 3.50 ± 0.32 3.50 ± 0.36 4.0 ± 0.28 4.00 ± 0.30 

 15 4.00 ± 0.31 ns 4.0 ± 0.14*** 4.0 ± 0.10*** 4.0 ± 0.35 ns 4.00 ± 0.31 ns 
Flavour 0 3.8 ± 0.23 4.0 ± 0.22 4.00 ± 0.28 4.2 ± 0.23 4.00 ± 0.18 

 15 3.00 ± 0.31*** 3.50 ± 0.30*** 4.0± 0.18 ns 4.0 ± 0.30** 4.00 ± 0.08 ns 

 Values represent mean and standard deviation of sensory scores. The statistical differences are between fresh and stabilized
product on application of Students T test. ***: P0.001; **: P0.01;*: P0.05; ns: not significant – P> 0.05.
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Table 7: Nutritional composition of Spice variant Gherkin Pickles (per 100g)

Parameters SP 1 SP2 SP3 SP4 

Carbohydrate (g) 4.73 ± 0.028 4.78 ± 0.141 4.38  ± 0.169 4.33 ± 0.028  
Protein (g) 1.26  ±0.028 1.44 ± 0.024 1.13 ± 0.106 0.67 ± 0.035 

Fat (g)  0.15 ± 0.014  0.26 ± 0.014 0.38 ± 0.017 0.53 ± 0.176  
Vitamin C (mg) 4.24 ± 0.021 5.24 ± 0.021 5.19 ± 0.042 5.09 ± 0.127 
Calcium (mg) 44.19 ± 0.247 46.71 ± 0.134 45.3 ± 0.707  51.5 ± 0.707 
Energy (Kcal) 25.3 ± 0.070 27.2± 0.282 24.99 ± 0.926 24.58 ± 0.671 

Table 6 shows the comparison between the overall
sensory score of the freshly prepared pickles with
spices and the same pickles post 15 days of
stabilization period. The sensory scores for various
sensory characteristics were varying for individual
trials and were very much dependent on the ratings
given by the panelists. For the spice variant 1, where
the pickles were prepared using fresh spices (dill
leaves, onion and garlic), the colour difference was
non-significant in almost all the trials taken to
standardize the product. However, the difference was
very much significant for the flavour characteristic of
pickles freshly packed and the same pickle after 15
days of stabilization period. This study supported
the findings of by Salashiniski et al. [17] whose study
showed an improvement of flavour of pickled
cucumber by the use of spices.

In case of the spice variant 2 (gherkin pickle with
dill leaves, onion and garlic in dehydrated form), the
same trend recorded for colour as that of SP1, where
there was no significant difference observed in the
colour of the freshly packed pickle and the stabilized
pickle. The difference was significant for the flavour
characteristic in the first two trials, but no significant
difference noted in the subsequent trials. However,
for this variant the difference was significant in many
of the trials for the texture and the corresponding
crispiness of the pickles when compared between the
freshly packed with the pickles after 15 days of
stabilization period. Under the spice variant 3 (SP3)
and 4 (SP4),the pickles were packed along with cumin
seeds, dry pepper, dry chilli, and dehydrated dill
leaves, yellow mustard and fresh onion. These are
the spices used daily in every Indian household.  For
both the variants, non-significant difference was
found for the sensory attributes colour, flavour and
crispiness for the products packed in the 5th. / final
trial. However, the only characteristic for which the
difference was highly significant between the freshly
packed and stabilized product of both the variants,
was the texture of the product. This finding did not
support the perception of the consumers who usually
perceive texture with the ‘crispiness’ of the product.

Values represent mean and standard deviation of sensory scores.

Nutritional Profile of the Pickles Post 15 Days of
Stabilization Period

Data on the proximate composition of edible
portion of cucumber (Cucumis sativus) was reported
by Gopalan et al (1982) [18]. Similarly, the
composition of cucumber pickle by  a number of
workers, was appraised by Sandhu et. al (1996) [4] in
relation to vitamins, sugars, proteins and minerals.

Through this study, an effort was made to
understand the nutrition profile of the gherkin pickles,
after the stabilization for 15 days period and the data
is compiled in Table 7. The carbohydrate content of
cucumber is 2.5% as reported by Gopalan et.al. [18].
In our study, when cucumber was processed with
vinegar and various Indian spices, the carbohydrate
content was found to be in the range of 4.33 to 4.78%.

The protein content was lowest (0.67) in the variant
4 where spices in combined forms were used to
prepare the pickles. This result supported the study
carried out by  Alian et al (1979) [19],who reported
the protein content of  0.7 in the pasteurized dill
cucumber pickle. The total fat content was noted to be
low in all four variants and was recorded between
0.15 to 0.53%.The Vitamin C content was highest
(5.24mg/100g) in the variant 2 with dehydrated
spices and surprisingly lowest in the variant 1
(4.24mg/100g) with the same spices, but in fresh form.
This is because of the loss of the Vitamin C during
washing and pasteurization of fresh spices, as
Vitamin C is a water soluble vitamin and also
sensitive to heat treatment.

Koli and Kulkarni (1973) [20] studied the calcium
content of fermented cucumber pickles after 15 days
of fermentation period and found reduction of calcium
content at the end of 15 days. In the present study,
almost same level of calcium found in all variants of
pickles which was in the range of 44.19 to 51.5mg/
100g. Sour pickles is low in calories. This statement
was very well supported by the present study where
all the four variants recorded low energy content of
25.3, 27.2, 24.9 and 24.5 kcal/100g for variants SP1,
SP2, SP3 and SP4 respectively.
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Summary and Conclusion

Although spices are used in many traditional
pickles, their potential usageare not explored in the
gherkin pickles. The processing of such gherkin
pickles along with traditional spices is simple, less
expensive but has huge potentiality to earn revenue
in export market. The present study deals with the
processing of gherkin pickles with various Indian
spices and its impact on the physico-chemical,
nutritional and the sensory profile of the pickles. The
study shows that, use of various spices enhances the
nutritional profile and texture profile of gherkin
pickles and is very well accepted among the panelist.
Presence of spices in the gherkin pickle did not change
the colour of the pickles even after the completion of
osmosis process post stabilization period. Though
the present study focuses only on gherkin pickles,
spices can be very well explored in other vegetables
that can be processed and stored for longer time.
While Indian spices are famous globally as such, use
of these spices in various other food globally
consumed, will give an opportunity to earn revenues
and strengthen our farmer’s economy.
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Abstract

The present study has been undertaken to review the “Hygienic Practices of Food Handlers in India”. Food
Hygiene is concerned with the hygienic practices that prevent food poisoning. The study was conducted to
know about the hygienic practices followed by food handlers in India; and secondary data was collected from
different journals, books, internet, etc. Results depicted that the levels of personal hygiene of the food handlers
in the eating establishments were found to be unsatisfactory. The findings highlight the importance of food
hygiene education among the food handlers to incalculate the practices of good personal hygiene among the
food handlers.

Keywords: Food Hygiene; Food Handler; Hygienic Practices.

Introduction

Hygiene is a set of practices performed for the
preservation of health. Hygiene refers to conditions
and practices that help to maintain health and
prevent the spread of disease. Whereas in popular
culture and parlance it can often mean mere
‘cleanliness’, hygiene in its fullest and original
meaning goes much beyond that to include all
circumstances and practices, lifestyle issues, premises
and commodities that engender a safe and a healthy
environment. Some regular hygienic practices may
be considered good habits by a society while the
neglect of hygiene can be considered disgusting,
disrespectful or even threatening. Food hygiene is
concerned with the hygiene practices that prevent
food poisoning.

Food hygiene consists of several principles adopted
to ensure food safety and to protect food from any
chemical, microbiological or other type of
contamination that can render it unfit for human

consumption, to prevent the spread of communicable
diseases associated with food and food processing
and also to ensure that consumers of food are not
fraudulently treated. It also ensures that food when
purchased is of a nature, composition and quality as
demanded by the purchasers. Proper food hygiene
should ensure that food is handled, stored, prepared
and served in such a way and under such conditions
so as to prevent, as far as possible, the contamination
of the food (WHO, 2011).

A food handler is anyone who handles food or
items that may come into contact with food, such as
eating and drinking utensils. All food handlers are
legally obliged to comply with the health and hygiene
requirements set out in the food safety standards. The
food safety standards contain requirements that apply
only to food handlers. These requirements relate to
health and hygiene and have been included to ensure
that food handlers take steps to avoid contaminating
food.

All consumers have the right to expect safe,
hygienically prepared and good quality food. This is
the reason that the handling of food requires care to
prevent the hazards. Good hygiene practices are the
set of requirements to prevent contamination of food
in order to provide safe food to the consumers. Food
borne illnesses can result from contamination due to
improper practices like when there is lack of
environmental hygiene and poor sanitation, mixed
and inappropriate transportation, poor storage, poor
personal hygiene, unsafe source of food.
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In India, varieties of ready to eat foods are available.
This generally includes Chinese fast food, Parathas,
Puribhaji, Bhature and Kulche apart from lighter
snacks like tea, biscuits, mathi etc. This is the major
source of income for the vendors and consumers get
instant, tasty and cheap food in return. So Street Food
Vending in urban areas especially in metropolitan
cities has become an integral part of the urban lives
and culture. It is also recognized that despite of good
taste and easily availability, street food vendors are
often poor, uneducated and lack hygiene practices.
So, street foods are perceived to be a major public
health risk (WHO, 2013).

Therefore, an attempt has been made to review the
study entitled “Hygienic Practices of Food Handlers
in India” with the following objectives:-

• To know about the hygienic practices followed by
food handlers in India.

• To analyze the factors affecting the hygienic
practices of food handlers in India.

Materials and Methods

The present study is based mainly on secondary
data collected from different journals, books,
internet, etc.

Results and Discussions

The findings and discussion pertaining to the
study “Hygienic practices of food handlers in India”
are discussed as follows:

In Maharashtra, Gupta and Ketkar (1981)
conducted a study and reported that 50% of the food
handlers were habituated to chewing pan and 40.1%
to chewing tobacco. Food handlers who belongs to
below poverty line group were found suffering from
majority of the morbid conditions like anemia,
halitosis, scabies and other skin disease,
phrynoderma, tuberculosis, leprosy as compared to
those above poverty line. However hypertension,
diabetes and dental carries were more common
amongst the individuals who were above poverty line.
Of the total 160 food handlers, 54 (33.75%) were
suffering from some or the other disease. The high
level of morbidity in food handlers could probably be
due to poor environmental conditions, poor personal
hygiene and low socio-economic status.

In Allahabad, Paulson D.S. (1994) conducted a
study and reported that outbreaks are generally

caused by foods due to poor personal hygiene of the
vendors and that have been mishandled or mistreated
during preparation or storage. Handling with bare
hands may result in cross contamination, hence
introduction of microbes on safe food (Food
Agriculture Organization, 1997). Personal hygiene
of the vendors was observed and it was found that
clothes of (46.6%)  of the vendors were moderately
clean and clothes of (13.4%) of the  vendors were dirty,
60% of the vendors had short nails which were not
polished. About (40%) of the vendors were chewing
tobacco during food handling and (73.3%) of the
vendors did not wiped their hands after every serving.

In Maharashtra, despite continuing progress made
in food quality and safety, food borne disease
outbreaks continue to be reported in the literature.
The most frequently identified factors contributing to
the outbreaks are contaminated raw foods or
ingredients, and poor personal hygiene by persons
who handle foods (Report of the Food and Drugs
Authority retail food programmes, 2000). The study
reveals that maximum number (54.37%) of food
handlers were below 30 years of age but unfortunately
3.75% were small children below the age of 10 years.

 Mahan V (2001) conducted a study in
Maharashtra, and reported that the overall prevalence
of intestinal parasite infestation to be 14% whereas
in a study by OA Idowu and SA Rowland (2006) 97%
of the food vendors were infected with one or more
faeco-orally transmissible parasites. Such a high
prevalence of intestinal parasites is largely due to
poor personal hygiene practices and environmental
sanitation, lack of supply of safe water, poverty,
ignorance of health-promotion practices, and
impoverished health services. Washing of hand with
only water after using the toilet was practiced by
81(50.62%) whereas frequency of cutting nails is less
or nil in 26.25% of the food handlers.

In Karnataka, the findings are similar to that of
Bolton (2004), who reported that most of the food
poisoning in restaurants was due to lack of
knowledge of food handlers in safety and hygiene
aspects. Also the findings revealed a significant
relationship between the knowledge and the
knowledge of practices on food safety among the food
handlers. It also revealed that information booklet
was effective in improving knowledge on food safety.

Bhaskar et al. (2004) conducted a study in
Allahabad and reported that defective personal
hygiene can facilitate the transmission of pathogenic
bacteria found in environment and on people’s hand
via food and humans. Hygiene during handling and
cooking of street foods was observed. 20% vendors
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cooked food in advance of sale and (16.6%) of them
cooked food on morning of sale. After preparing their
foods they kept them and served them at ambient
temperature. Only (23.3%) of the vendors reheat the
food. 50% vendors served food in steel plate and glass
(26.6%) and some served on leaves (10%) and news
paper (13.4%) with bare hands (36.6%).

A study carried out by Chumber et al. (2007) in
Allahabad and found that unhygienic surroundings
like sewage, improper waste disposal system and
inadequate water supply attract flies and houseflies
which further increase food contamination. About
(63.3%) of the vendors prepared their foods in
unhygienic conditions given that garbage and dirty
waste were close to the stalls. 60% of the vendors
threw waste water besides the stall making the
environment surrounding quite filthy.

Andargie et al. (2008)  conducted a study in
Maharashtra and found that 11% of the food handlers
did not practice hand washing after using the toilet,
this shows that there is a need to give more emphasis
on personal hygiene, self care, training and related
practices of food handlers.

Another study carried out by Rahul, et al. (2008) in
New Delhi among the food handlers of Moulana
Azad Medical College, revealed that after a three
month intervention programme using posters and flip
charts, there was an improvement in the knowledge
of the food handlers in the food handling practices
evidenced by increased hand hygiene practices from
23.5% to 65.4%.

 Isara AR and Isah EC (2009) conducted a study in
Maharashtra, and reported that 59 (36.87%) food
handlers were found illiterate in which different
markedly, wherein they found 98% of the respondents
were having formal education. The lower literacy rate
may be due to the fact the majority of food handlers
were migrants from states like Madhya Pradesh, Bihar
and Uttar Pradesh where the literacy rates are
relatively lower.

This was supported by the study conducted by Isara
and Isah (2009) in Karnataka, who found that more
than half (52.6%) of the employees had poor
knowledge in food hygiene and safety and it also
reported that the prevalence of food contamination
in fast food restaurants was 37.5%.

This finding was supported by the study
conducted by Sung and Chang among the food
handlers of Korea (2010) whose results showed an
increase in knowledge for the food handlers from
49.3% to  66.6% two weeks after a training programme
on food safety.

In Karnataka, George et al. (2013); revealed that
there were no samples with good knowledge on food
safety and all the samples belonged to either average
or poor knowledge.

A study conducted by Kumar et al. (2013) in
Allahabad and found that personal hygiene, health
and food handling practices were observed which
showed that out of 30 vendors chosen for survey, ,
80% were in healthy condition and 20% of them were
suffering from cold and fever. 73.3% of the vendors
continue food preparation during illness. Regarding
reasons for hand washing maximum percentage of
vendors (33.4%) and (30%) washed hands after using
the toilets and handling garbage.

Taraphdar and De (2016) conducted a study in
Kolkata and found that 73% of the study population
believed that importance of hand washing is removal
of dirt while 45% believed it to be prevention of
diseases. On the contrary in Karnataka study almost
all the respondents (96.7%) stated that hand washing
was important for the prevention of diseases and
45.6% stated its importance to maintain cleanliness.

In Assam, Pokhrel and Sharma  (2016) carried out
a study and found that out of the 100 interviewed
vendors, none had undergone any formal training or
apprenticeship on food preparation. They claimed to
be self-taught by observing others. Systems should be
put in place to ensure that food handlers remain
aware of all procedures necessary to maintain the
safety and suitability of food. Street food vendors are
often unlicensed, untrained in food hygiene and
sanitation, and work under crude unsanitary
conditions (Food Agriculture Organization, 1997).
Findings also showed that 68% of the vendors had
the habit of reading food labels before buying them.
Results showed that vendors prepared the foods
either at home or at the stalls. Majority of the foods
were pre-prepared from home and cooked in the stalls.
While the rest were brought fully cooked and reheated
before serving. Observation during the study showed
that the vendors prepared their foods in unhygienic
conditions. In all the study areas, garbage and dirty
waste were conspicuously close to the stalls.
Observation couldn’t be made on aspects like,
whether  the vendors washed the fresh foods like
carrots, cabbage, coriander leaves, capsicum, etc.
before preparation, as they were cooked or chopped
from home and brought. 100% of the vendors asserted
that they thoroughly wash the vegetables.

 This statement however, cannot be entirely trusted.
As there was no source of potable water supply
available at their areas of operation, water was ferried
from homes of the street food vendors. Vendors carried
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water to their business premises in containers of
different capacities ranging from 5 to 20 liters. This
water, however, was not enough for food preparation
and dishwashing. Personal hygiene of the vendors
was observed while the vendors were preparing,
selling and cleaning in their respective stalls. The
use of apron, gloves, hairnet was devoid in 92% of
the vendors. Long and dirty nails were also a common
observation. Coughing, sneezing and touching of hair
during handling of food were also not uncommon.
All the vendors handled money while serving food
and most of them had worn jewellery and other
accessories. Another observation which was found
common in majority of the vendors was their habit of
wiping their hands in a towel after each preparation.

Conclusion

This study reveals areas of improvement which
would translate into positive change towards
attaining safe street food. Every vendor, helper or food
handler should undergo a basic training in food
hygiene. The levels of personal hygiene of the food
handlers in the eating establishments were found to
be unsatisfactory. The cooks and suppliers who
handled food were not maintaining a satisfactory
personal hygiene, thereby increasing the risk of food
contamination considerably. Good personal hygiene
is also expected among the cleaning and dish
washing staff. Food hygiene can be best promoted by
educating the food handlers about personal hygiene.

Good hygiene principles need to be regulated and
enforced. There is a need for introduction of
standards, development on food safety management
system that are suitable for the locality with
continuous and intensive workshops for food
handlers.

The Food Safety and Standards Authority of India
(FSSAI) has been established under the Food Safety
and Standards Act, 2006 as a statutory body for
laying down science based standards for articles of
food and regulating manufacturing, processing,
distribution, sale and import of food so as to ensure
safe and wholesome food for human consumption.
FSSAI also provides good hygiene practices training
for good handlers.

The government of India is also given directives to
the local authorities including metropolitan
assemblies and their districts to actively control and
monitor food safety practice of food vendors. The
water and food hygiene unit of the environmental
health department of the districts is responsible for

the health monitoring and certification of food
vendors. Continuous sensitization programmes for
food handlers and consumers along the food chain
of their roles on compliance with food safety
requirements. Good hygiene practices which are
mostly called prerequisite measures to be available
and enforced as the basic requirement for food
industries and vendors.

This is to ensure that they follow the required rules
for proper hygiene. As street food forms an integral
part of our society vendors should be encouraged to
participate and train under the different schemes
related to food safety and hygiene lunched by the
government. This will in turn upgrade the skills of
the street food vendors and also contribute to prevent
food borne illness. The findings highlight the
importance of food hygiene education among food
handlers, to inculcate the practices of good personal
hygiene.
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Review Article

Abstract

India is a country with heterogenic population having diverse food habits. Cost of health  care has become
a driving force in the shift towards a greater recognition between diet and health care This has spawned a new
era of research leading to the use of few natural unprocessed foods like blue-green algae “spirulina” which
has a galaxy of nutrients as diet supplements.The purpose of the present review is to compile evidence regarding
the health benefits of  spirulina. This review reveals that the greatest amount of evidence on health benefits are
its effect in preventing anaemia,blood sugar and obesity .Relevant papers were identified from Science Direct,
Google Scholar  and pubmed by using all combinations of the search terms related to  spirulina and health.

Keywords: Spirulina; Blue-Green Algae.

Introduction

Spirulina. is a unique blue green algae that is rich
in chlorophyll and many other life-giving
nutrients.The name spirulina comes from a Latin
word meaning tiny spiral. It is microscopic, spiral -
shaped, blue green algae (Figure 1) belonging to the
phylum cyanobacteria. This microcospic single celled
blue green spiral algae has been living on our planet
since the appearance of life on earth. The green color
of spirulina is derived from chlorophyll and the blue
color is derived from the exotic pigment phycocyanin
(7-8%), a potent health-building pigment that helps
produce stem cells [1].

Spirulina is a “micro-vegetable” that can provide
some of the antioxidants needed. Green and yellow
vegetables are important foods for good health. One
of the most well known important natural anti -cancer
substances is beta carotene. Spinach and kale with
their dark green leaves, broccoli, carrots, cantaloupes,
squash, papayas and pumpkin all contain this
important substance. Spirulina is very rich in beta-

carotene and the antioxidant zeaxanthin, the most
important antioxidant for vision [2].

Fig. 1a: Spirulina

Fig. 1b: Spirulina products
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It is one superfood that stands out among the rest
 and should  be taken  every single day to ensure good
health:  Spirulina species has been used as food for
centuries by different populations and only
rediscovered in recent years. The first documented
report on spirulina dates back to the 16th century
and is believed to have been a nutritional source for
the Aztecs and Meso  Americans.The Mayans
specifically farmed spirulina as a crop. The Kanembu
who live along lake Chad  in Africa, were found to be
taking spirulina in the form  of  dihe -”a true
filamentous, spiral shaped blue alga from the lake
and drying it for food [3].

Nutritional Profile of cyanobacterium,spirulina is
amazing. Research suggests that spirulina has a
galaxy of nutrients. It is rich in eight essential amino
acids, 10 non-essential amino acids, B complex
vitamins, zeaxanthin, the antioxidants beta carotene,
the essential fatty acid gamma linolenic acid,
beneficial probiotic bacteria, dozens of trace minerals
and pathogen-targeting proteins. Spirulina also has
unmatched ability to boost the immune system and
help in detoxificaion of body tissues from various
toxins such as arsenic, mercury, radiation, pesticides,
cadmium, environmental carcinogens and synthetic
food chemicals [4].

Spirulina platensis is a commercial product  and
one of the important ‘super food’ with pharmaceutical
and  nutraceutical  properties .Spirulina contains
many bioactive compounds with therapeutic activity
including antitumor property.It has been stated by
NASA that the nutritional value of 1000 kg of fruits
and vegetables equals one kg of spirulina.In long-
term space missions NASA (CELSS) and European
space agency (MELISSA) proposed that spirulina
serves as a major source of food and nutrition [5].

Spirulina  as a Natural Therapeutic Intervention

Studies suggest that spirulina is also effective in
the treatment of anemia. In his book Healing with
Whole Foods - Asian Traditions and Modern
Nutrition, Paul Pitchford [6] explains how spirulina
boosts the production of red blood cells, particularly
when taken in combination with vitamin B12.Rich in
chlorophyll and phycocyanin, spirulina is also a
powerful blood purifier.

Aside from promoting blood cell growth, these two
vital nutrients also rejuvenate the existing blood
supply. In fact, the structure of chlorophyll is nearly
identical to hemoglobin, an important molecule
responsible for transporting oxygen to the cells and
cleaning the blood.

Few studies have examined that spirulina to
ameliorate anemia and immunosenescence in older
subjects. In a 12 weeks study by Selmi Carlo et al. [7]
enrolled 40 volunteers of both sexes with an age of 50
years or older who had no history of major chronic
diseases.  participants were told to take spirulina
regularly, as well as submit comprehensive dietary
questionnaires outlining all other foods they ate
during this time. Thirty study participants completed
the entire study and the data obtained were analyzed.
Upon analysis, the research team found that,
throughout the 12-week study period, patients’ mean
corpuscular hemoglobin, or average hemoglobin
mass per red blood cell, increased significantly in
both sexes. Both mean corpuscular volume and mean
corpuscular hemoglobin concentration increased in
male participants as well, but older women were
found to derive health benefits from spirulina more
quickly compared to men.similar studies were carried
by UliyarV.M et al [8].

In one of the earliest studies, Bhat VB and
 Madyastha KM. [9] reported that spirulina provides
an adequate amount of a spectrum of carotenoid
pigments, especially beta carotene (associated with
cancer prevention) and zeaxanthin (associated with
prevention of age-related macular degeneration
(AMD). In this respect spirulina is a “micro-
vegetable” that can provide some of the antioxidants
needed. Many studies have also revealed that
antioxidants like the carotenoids in fruits, vegetables,
and spirulina have a synergistic effect.

Specifically, there is evidence suggesting that
spirulina helps in lowering the serum glucose level.
Takai et al [10] found a water-soluble fraction of
spirulina to be effective in lowering the serum glucose
level at fasting while the water-insoluble fraction
suppressed glucose level at glucose loading.

Similar results were found in other studies. In a
human clinical study involving 15 diabetics, a
significant decrease in the fasting blood sugar level
of patients was observed after 21 days of 2 g/day
spirulina supplementation. In a double-blind-
crossover study versus placebo Becker et al [11] found
that a supplementary diet of 2.8 g of spirulina 3 times
d-1 over 4 weeks resulted in a statistically significant
reduction of body weight in obese outpatients.

A study was planned by Mani UV. et al [12] to
observe the long-term effect of spirulina tablet
supplementation (2 g/ day) on blood sugar levels,
serum lipid profile and glycated serum protein levels
of 15 non-insulin dependent diabetes mellitus
(NIDDM) patients. Blood analysis was done at
baseline, 1 month, and 2 months interval and during
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the study period the patients were advised not to
change their life style, dietary pattern and drugs.

Supplementation for a period of 2 months resulted
in a significant reduction of blood sugar levels and
glycated serum protein levels, thus confirming the
hypoglycemic effect of spirulina. A significant
reduction was observed in triglycerides, total
cholesterol and free fatty acid levels. Appreciable
reduction was noticed in LDL-C, VLDL-C and HDL-
C/ LDL-C ratio.

It was concluded that spray dried spirulina tablets
,rich in gamma linolenic acid, antioxidants, amino
acid pattern, fatty acid profile and superoxide
dismutase helps in reducing hyperglycemia and
shifts the metabolism of lipids towards a favorable
side thereby helping in the control of diabetes.

Hirahashi T et al [13]  identified the molecular
mechanism of the human immune potentiating
capacity of Spirulina by analyzing blood cells of
volunteers with pre and post oral administration of
hot water extract of Spirulina. Some interesting
findings reported from the study are ;

1. NK(Natural killer cells that control several types
of tumors and microbial infections )functions
represented by IFN gamma (IFNã, or type II
interferon, is a cytokine that is critical for innate
and adaptive immunity against viral, some
bacterial and protozoal infections)production
and cytolysis were enhanced after administration
of Spirulina in >50% subjects.

2. IFN gamma was produced in an IL-12/IL-18-
dependent fashion.These observations indicated
that in humans Spirulina acts directly on myeloid
lineages and either directly or indirectly on NK
cells. The presence of co-operative IL-12 and IL-
18 is critically important for NK-mediated IFN
gamma production.

Few studies have examined the in vitro culture of
Spirulina with human peripheral blood mononuclear
cells (PBMCs) modulating the production of cytokines.
Mao TK et al [14] evaluated the spirulina-based
dietary supplement (Earthrise Nutritionals, Inc.,
Irvine, CA) on patients with allergic rhinitis by
assessing the production of cytokines [interleukin (IL)-
4, interferon (IFN)-gamma, and IL-2] critical in
regulating immunoglobulin E-mediated allergy.

In a randomized double-blinded crossover study
versus placebo, allergic individuals were fed daily
with either placebo or Spirulina, at  1,000 mg or  2,000
mg, for 12 weeks. PBMCs (peripheral blood
mononuclear cells) isolated before and after the
spirulina feeding were stimulated with phytohem-

agglutinin (PHA) prior to determining the levels of
cytokine from cell culture supernatants. These results
indicate that spirulina can modulate the Th profile in
patients with allergic rhinitis by suppressing the
differentiation of Th2 cells mediated, in part, by
inhibiting the production of IL-4. This is   was the
first human feeding study that demonstrates the
protective effects of spirulina towards allergic rhinitis.

A. Ramamoorthy and S. Premakumari [15] found the
hypercholesterolemic effect of spirulina. Thirty
ischaemic heart disease patients without any
complications with blood cholesterol levels above
250mg/dl were selected for the study and divided
into three groups of 10 each for supplementation
of spirulina. Subjects in groups A and B received
2g and 4g spirulina per day, respectively for three
months. Group C served as control. The study has
revealed that spirulina plays a key role in weight
reduction, lowering the blood cholesterol levels
and improving the lipid profile of patients.

A study was planned  by Uma M.Iyer et al[16] to
develop recipes supplementing spray-dried spirulina
at three different levels (1 g, 2.5 g, and 5 g )and to rank
them according to the degree of acceptance.The recipes
were

•  Different types of parathas with curd

•  Different types of vegetables with chapati

•  Different types of rice with curd

•  Snack

It was found that all the 22 Indian recipes
incorporated with spirulina were acceptable with
regard to appearance/color, texture, taste/flavor, and
overall acceptability at 1 g and 2.5 g levels. Finally it
was concluded that:

1. Spray-dried spirulina can be effectively
incorporated into various Indian recipes, which
would help in the dietary management of diabetes
as well as hyperlipidemia as it is low in
carbohydrate, has gamma linolenic acid, high in
protein, and high in antioxidant content.

2. Owing to its multinutrient property, various
recipes that can be supplied in the supplementary
feeding programs can be tried out for combating
various nutritional disorders such as vitamin A
and iron-deficiency anemia.

Production of Spirulina and its Social Acceptance,
in India

• Spirulina (Arthrospira) fusiformis was grown in
small mud pots  to provide food supplements for
a family and acceptability of the method as a
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family enterprise was evaluated  by Jeeji and
Seshadri  [17].

• Value added extruded product with 5% Spirulina
+ 95% Wheat flour + 5% Corn flour was developed
 by Vijayarani et al [18] and sensory parameters
like taste, odour, texture, color, appearance were
found to be at acceptable level.

Clinical Studies for Combating Malnutrition
Using Spirulina in India

• 1 gram of dried spirulina fusiformis was given
every day as nutritional supplement to 5000 pre-
school children  by Seshadri [19] for a period of 6
to 13 months and clinical parameters were
evaluated. Based on the survey at the end of the
study, 4% reduction in incidence of Bitot’s spots
was observed.

• 900 mg of spirulina was administrated to 100 girls
with age 11 to 13 years for 6 months and
significant improvement anthropometric
measurements and hemoglobin, serum ferrtin,
serum zinc, serum protein and serum albumin
levels was observed.by  Ramesh et al [20].

• 200 adolescent girls (13-15 years) from Shimla
were divided into equal groups  by Dewan [21]
and one group was given 1 gram spirulina + 40
grams wheat besan  ladoo (an Indian  recipe) for 6
days a week for two months and other group was
given placebo for the same period. The group with
spirulina supplementation showed less
prevalence of common ailments (paleness of skin,
conjunctiva, dental caries, fatigue) when
compared with other group Children.

Spirulina contains more natural proteins when
compared to other natural foods .The true protein
digestibility and the biological activity of spirulina
protein calculated by Narasimha et al. [22] is 75.5
and 68 respectively. The Recommended Dietary
Allowance (RDA) for protein consumption is 0.8g/
kg body weight and for athletes, RDA ranges from 1.2
to 1.4 g/kg/day [23]. The advantage of spirulina
protein  is it can withstand up to 67oC without
denaturation.

Conclusion

India is a country with heterogenic population
having diverse food  habits. The present review
revealed that spirulina has potential for being a
‘wonder food supplement’. One concern is the culture
conditions of the spirulina that is being utilized. Blue-

green algae harvested in uncontrolled culture
conditions may be contaminated with heavy metals
that can lead to liver damage, diarrhea, and vomiting.
One approach to circumvent this is to grow spirulina
in an ‘organic’ way. Development of various spirulina
fortified foods are required to create nutritional
awareness and increase the acceptance level in
developing countries like india where there are lot of
deficiency disorders in the population. Considerable
potential exists for spirulina to be used  as a food
supplement,in therapeutic management of various
disorders.

Key Messages

Spirulina is a boon to man- kind. It can  be used  as
a food supplement, in  day–to-day life and therapeutic
management of various disorders in a better and
processed form in receipes and food supplements.
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