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Abstract

Anaemia is defined as the condition in which there is a reduction in the concentration of hemoglobin in the
blood stream to a level below 11%gm for pregnant women [1,2]. 40% of all maternal peri-natal deaths are
linked to anaemia [3]. In India, up to 88% of pregnant women are affected [4]. Anaemia in pregnancy, particularly
iron deficiency is a prominent problem in developing countries. A high prevalence of anemia in pregnancy
was observed (96.5%) of which 22.8% had mild, 50.9% had moderate & 22.8% had severe anaemia in a study
conducted in Delhi [5,6]. The consequences of anaemia for women include increased risk for low birth weight
or prematurity, peri-natal & neonatal mortality, inadequate iron stores for the new born, increased risk of
maternal morbidity & mortality & lowered physical activity, mental concentration & productivity [8].  The
study was an observational study which comprised of 100 pregnant woman of age between 18 to 40 years
attending the ante-natal care unit (Prasooti & Streeroga OPD) at K.L.E   Society’s Ayurveda Hospital, Shahapur,
Belagavi being diagnosed as anemic as per Hb value, irrespective of caste, religion, socio-economic status&
who gave consent were included in the study. The subjects suffering from any chronic illnesses, bleeding
disorders, tuberculosis & other immunological diseases were excluded from the study. Chi square test was
used to test the significance of the data. The study revealed that, health services were available and accessible
in general, but a major constraint was that the people could not afford to utilise it, because of the quality of the
service, delivered -  there was poor quality awareness of women about the health services. The prevalence was
higher in poorly educated women, women with large family size, and those who do not use family planning
services.

Introduction

Anaemia is a late manifestation of deficiency of
nutrient(s) needed for hemoglobin synthesis. Most of
the anaemia are due to inadequate supply of nutrients
like iron, folic acid & Vit-B

12
, protein, amino acid, Vit-

A, C & vitamins of B-complex group ie, Niacin &
pantothenic acid are also involved in the maintenance
of hemoglobin level [8]. In recent years, the

contribution of B
12

 deficiency has been highlighted
[9]. In India, the prevalence of anaemia is high because
of low dietary intake, poor iron & folic acid intake,
poor bio-availability of iron in phytate & fibre rich
Indian diet & chronic blood loss due to infection such
as malaria & hook worm infestation [10,11]. Anaemia
gets aggravated by increased requirements during
adolescents & during pregnancy [12]. However iron
stores in these neonates are low, iron contents in breast
milk in anemic women is low because of these factors
substantial proportion of infants become anemic by 6
months [13]. Thus maternal iron deficiency and
anaemia rendered the offspring vulnerable for
developing iron deficiency & anaemia right from
infancy [14]. Most of the studies suggest that a fall in
maternal hemoglobin below 11gm /Dl is associated
with a significant rise in perinatal mortality rate
[15,16]. Women with moderate anaemia have
substantial reduction in work capacity & find it
difficult to cope with household chores & child care.
They are more susceptible to infection and recovery
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from infection may be prolonged [17]. Women with
severe anaemia have higher maternal mortality rates
when Hb level fall below 5gm/Dl.In urban primary
health care institutions, it is possible to screen
pregnant women for anaemia, identify those with Hb
between 5.0 and 7.9 g/dl and give them in therapy as
outpatients. Anaemia in pregnancy is associated with
adverse consequences both for the mother and the
foetus [15,16]. Effective implementation of the Tenth
Plan strategies for combating anaemia can go a long
way in reducing the short- and long- term adverse
consequences of anaemia [16,17]. Hence the aim of
this study was to identify the prevalence of anaemia
among pregnant women in relation with their Socio-
economic status.

Material and Methods

Setting of the Study

K.L.E  Society’s Ayurveda Hospital, Belagavi.

Study Population

Pregnant woman attending ante-natal care unit
(Prasooti & Streeroga OPD) at K.L.E Society’s
Ayurveda hospital, Shahapur, Belagavi.

Sample Size

100

Study Design

Observational Study.

Inclusion Criteria

The pregnant women of age between 18 to 40 years
of age who were diagnosed as anemic as per Hb value,
irrespective of caste, religion, socio-economic status
& who gave consent were included in the study.

Exclusion Criteria

The pregnant women with the age less than 18
years & more than 40yrs & those who were suffering
from any chronic illnesses, bleeding disorders,
tuberculosis & other immunological diseases were
excluded from the study.

Study Period

The total study period was 3-4 months ie, from June
2015 to September 2015.

Source of Funding: Nil

Source of Conflict: Nil

Laboratory Investigation

Haemoglobin estimation, Pregnant women with a
hemoglobin level less than 11g/dl and non-pregnant
women with a level less than 12g/dl are considered
anemic (WHO, 2001; WHO, 2006).

WHO (2000) has defined anemia as mild,
moderate, or severe based on the following cut-off
values (g/dl) for hemoglobin level [59].

     Mild*     Moderate  Severe   

Pregnant 10-10.9   7.0-9.9     <7.0 
 Non-pregnant 11-11.9   8.0-10.9  <8.0 

 
*The level of anemia termed ‘mild’ is still a serious

condition given iron deficiency is already advanced
by the time anemia is detected and deficiency can
have functional consequences even when anemia is
not clinically apparent (WHO, 2006).

Statistical Analysis

Relevant statistical test were applied to analyze
the relation between Socio-Economic Status & Anemia
in pregnancy.

Data Collection

A study proforma was used to collect the required
data & information. In this study all questions were
answered with full consent of respondents. Subjects
were interviewed at the ante-natal OPD regarding
demographic & socio-economic characteristics &
pregnancy history. The hemoglobin estimation of
these women was done by Sahli’s method. Anemia
was classified as per WHO criteria. The data obtained
was tabulated using MS EXCEL. Frequency
distribution, Percentages, mean, standard deviation&
averages were used to present the data. Chi square
test was used to test the significance of the data.

Results

Age Number (percentage) 

18-25yrs  (65%) 
26-35yrs (22%) 
36-40yrs (13%) 

Table 1: Age distribution of mothers

Amrutha Kalyani et. al. / Prevalence of Anemia in Pregnant Women w.s.r.t. Socio-economic
Status: Observational Study
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As shown in Table 1, women differed in their ages
from very young mothers (18-25 years old) to peri-
menopausal women (40 years old). The majority of
the mothers were in the age range of 18-25 years old
(65%) which reflects the traditional marriage age of
women in the province. Mothers of age range of 26-35
years old & 36-40yrs represented percentages of 22%

and 13% of the examined mothers, respectively.

Religion

In this study, a maximum of 71% of patients were
Hindu, 20% of patients were Muslims, 4% were
Christians & 5% were belongs to other religions.

Religion Number (Percentage) 

Hindu  (71%) 
Muslim  (20%) 

Christian  (4%) 

Others  (5%) 

Occupation

In the study group of 100 patients, 32% were
working while 68% were housewives.

Table 2: Table showing of populations of pregnant women according to Religion

Table 3: Occupations in pregnant women

Area

Among 100 patients, 28% were from rural &72%
were from urban area.

Occupation Number (percentage) 

Working  (32%) 
Housewives  (68%) 

Table 4: Area wise distribution of pregnant women

Area Number (percentage) 

Rural  (28%) 
Urban  (72%) 

Education Level of Mothers and Husbands

Table 5: Educational levels of pregnant women

Parameter  Number (percentage) 
Educational level Women  Men (Husbands) 

Illiterate  (2%) (3%) 
Primary  (5%) (7%) 

Secondary  (19%) (11%) 
University  (66%) (69%) 

Postgraduate  (8%) (10%) 

Table (V) demonstrate the percentage of women
and their husbands receiving different levels of
education. The most interesting notice that from
these data is the fact that about 2% of women and
3% of their husbands were illiterate without any
level of education which represents an obstacle for
health-improvement programs. Moreover, about
66% of women and 69% of husbands were under
university education level meaning that the
majority of women and their husbands was either
illiterate or just receiving secondary and primary

educations.

In addition, women receiving postgraduate
education was only 8%; meanwhile husbands entered
this high level of education was 10%. Indeed, these
unoptimistic figures indicated that hindered features
could be expected from the examined society as will be
explained later in the association section between
education and presence of anaemia. At the same time
maternal education had a significant influence on
nutritional status.

Sanjeev S. Tonni et. al. / Prevalence of Anemia in Pregnant Women w.s.r.t. Socio-economic
Status: Observational Study
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Effect of Age and Education Level

Table 6: Influences of age & education on anemia level on pregnant women

Percentage of women with anemia 
Terms of 
influence 

Normal 
>11.0g/dl 

Mild anemia11.0 
– 9 g/dl 

Moderate Anemia            
9.0 – 7.0 g/dl 

Severe anemia              
7.0 - 4.0 g/dl 

Very severe 
anemia< 4.0 g/dl 

Total 
no(n=100) 

Age       
 18-25yrs - - 24 - - 24 
26-35yrs - 18 - - 32 50 
36-40yrs - - - 26 - 26 

 Total  - - - - - 100 

Women 
education 

      

Illiterate  - - - - 28 28 
Primary  - - - 23 - 23 

Secondary  - - 22 - - 22 
University  - 15 - - - 15 

Postgraduate  - 12 - - - 12 

Husband 
education 

      

 Illiterate  - - - - 26 26 
 Primary  - - - 23 - 23 

Secondary  - - 20 - - 20 
University  - 18 - - - 18 

Postgraduate  - 13 - - - 13 

 

Table 6 shows anaemia levels among the
interviewed women aged from 18 to 40 years old. The
level of anaemia was very severe in about 32% of
women, while 18% and 24% had a mild and a
moderate level of anaemia and 26 % of the examined
women had severe level of anaemia, respectively.
Statistical analysis indicated that age was strongly
associated with anaemia levels and it was inversely
related to the presence of anaemia with older women
being somewhat more likely to be moderately or
severely anemic than younger women. For instance,
women older than 35 years old (in the age category of
36-40 yrs) were all suffering from anaemia from mild
to very severe conditions. Strictly speaking, the rate
of severe and very severe anaemia condition among
women aged 36-40 years was almost five times as
high as among women age 18-25 years. On the other
hand, As shown in the second part of Table 6, about
28% of the illiterate women had anaemia from mild
to very severe levels with about 23% having anaemia
from moderate to very severe level. Women with a
higher education are less frequently anemic than
illiterate women or women with a primary or
secondary education. Surprisingly, 12% women who
had postgraduate study was suffering from mild level
of anaemia but this could be attributed to some other
factors not to her educational level. In spite of this
misleading result, women with university, secondary
and primary educations had moderate to very severe
level of anaemia of 15, 22, 23% respectively indicating
that when the women were well educated the anaemia

level reduced significantly. Now, the question that
should be investigated is that whether the husband
education also affects the anaemia level of the
interviewed women or not. The third part of Table 6
has the answer of this question. In general, husband
education has a significant effect on anaemia level of
the interviewed women. About 26% of illiterate
husband their wives had anaemia from mild to very
severe conditions. On the contrary, educated wives
of highly educated husband had a lower rate of
anaemia. Wives of husbands with postgraduate
education had the lowest level of anaemia.

Types of Mothers’ Diet

As exposed, in Table 7, the majority of the mothers

Diet Number (percentage) 

       Adequate  (24%) 
Poor  (36%) 

       Very poor (40%) 

Table 6: Types of diet in pregnant women

had a poor diet (36%) or a very poor diet (40%)
indicating the very poor nutritional conditions of the
interviewed mothers. Some factors influencing
pregnancy outcomes 24% of the studied women knew
the right types of foods they were supposed to eat
during pregnancy.

Sanjeev S. Tonni et. al. / Prevalence of Anemia in Pregnant Women w.s.r.t. Socio-economic
Status: Observational Study
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Percentages of Folic Acid Intake by Mothers

Table 7: Folic acid intake in pregnant women

Folic acid intake Number (percentage) 

Positive  (82%) 
Negative (18%) 

The percentage of mothers who were practicing
folic acid intake during their pregnancy stage is shown
in Table 8.  It is very obvious to notice that the majority

of mothers (82%) were practicing folic acid intake;
meanwhile the rest (18%) did not take folic acid at all.

Influence of Awareness, Diet and Folic Acid

Table 8: Influences of age & education on anemia level on pregnant women

The results shown in Table 9 revealed that
awareness had a very significant effect on the
presence of anaemia among pregnant women. In fact,
it was not an astonishing matter to find that more
than half of the interviewed women (about 18%) were
not aware or had a little awareness about the danger
of anaemia due to that fact that the majority of these
women was either illiterate or had a primary or
secondary education as described before.

 The awareness of these facts responded by the
interviewed women is shown in te previous table. It
is obvious that the majority of mothers were either
not aware (3%) or aware to some extent (50%) about
the danger of anaemia. Table 7 shows that the
prevalence of anaemia was higher among women who
have intake of very poor diet. The ratio of women
having very poor diet with presence of anaemia (in
all levels altogether) was 90, 89.55 and 98.55 % for
women having adequate, poor and very poor diet
respectively. Actually, it was unusual to notice that
even women having adequate diet were also suffering
from anaemia which could be attributed to some other
interacted factors.

Percentage of Women with Anemia 
Terms of 
influence 

Normal 
>11.0g/dl 

Mild anemia 
11.0 – 9 g/dl 

Moderate Anemia            
9.0 – 7.0 g/dl 

Severe anemia              
7.0 - 4.0 g/dl 

Very severe 
anemia < 4.0 g/dl 

Total no 
(n=100) 

Awareness        
       Very aware  - 16 - - - 16 

Aware  - - 31 - - 31 
Aware to some 

Extent 
- - - 29 21 50 

Not aware - - - - 3 3 

Diet       
       Adequate  - 12 5 3 4 24 

Poor  - 9 13 10 4 36 
       Very poor - - - - - 40 

Folic acid       
Intake   - 26 31 18 7 82 

      Not intake - - - - 18 18 

 
As declared in Table 8, although the percentage of

women taking folic acid during pregnancy stages was
much higher than those who did not acquire it, there
is no significant difference among women in their
response to folic acid during all stages of pregnancy.
This could be attributed to the little uptake of folic
acid by the interviewed women.

Hemoglobin Level

Hemoglobin level  Number (percentage) 

11.0 – 9g/dl (29%) 
9.0 – 7.0 g/dl (39%) 
7.0 - 4.0 g/dl (22%) 

< 4.0 g/dl   (10%) 

Table 9: Ranges of Hemoglobin level in pregnant women

As shown in Table 10, about  22% (22 women) were
suffering from severe and 10% were very
severeanaemia. The problem of anaemia makes
women feel cold, weak, dizzy and irritable during
pregnancy. In addition, about 68% of the investigated

Sanjeev S. Tonni et. al. / Prevalence of Anemia in Pregnant Women w.s.r.t. Socio-economic
Status: Observational Study
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women sample was suffering from mild and
moderate anaemia. In total, more than 95% of the
examined women had anaemia during pregnancy
leading to a negative influence on their ordinary life
activities.

Child Spacing

Table 10: Child spacing in pregnant women

Child Spacing Number (Percentage) 

>2yrs  (63%) 

<2yrs (37%) 

The collected data indicated about 63 % of mothers
had more than two years between repetitive
pregnancies and 37% of women had a child spacing
of less than two years.

Discussion

Although the sample of mothers was not normally
distributed in an ideal manner, the wide range of their
ages gave a better change to study the influences of
age on anaemia conditions related to eating habits,
education and overall awareness. Most of the subjects
are hindus as the area where the study conducted is
Hindu dominant. The hospital, where the study is
conducted is situated in urban area & this can be the
reason of this prevalence. Indeed, these unoptimistic
figures indicated that hindered features could be
expected from the examined society as will be
explained later in the association section between
education and presence of anaemia. At the same time
maternal education had a significant influence on
nutritional status. The rate of moderate to very severe
anaemia in wives of husbands who had
postgraduate, university, secondary and primary
educations were 13,18, 20 & 23% respectively
indicating that when the education level of women’s
husband was high the anaemia level reduced
considerably. women education has a great influence
on their attitude of hemoglobin deficiency leading to
anaemia disaster. In brief, anaemia decreases steadily
with the increases in the level of educational
attainment in the interviewed women. Low education
level has indirect effects on the understanding of
nutrition and food aspects as well as improvement of
the socio-economic conditions. Family income was
another important factor related to the anaemia level
since it improves some other related factors such as
nutrition, education, awareness and hygienic
conditions. Diet and nutritional status of the pregnant

women is another angle of the problem that has been
dealt with in this study because it is well known that
there are differentials in the anaemia rates by
nutritional characteristics. The result probably can
explain the very high percentages of anemic mothers
in this study since it is extremely associated to the
nutrition condition of the mothers.

The main aspect of care for persons affected by
anaemia involves early treatment intervention of
preventable health problems such as analgesics,
antibiotics, vitamins; folic acid supplementation and
high fluid intake are periodically used.

Having a healthy baby means that mothers must
be healthy too. Folic acid, sometimes called folate, is a
B vitamin (B9) found mostly in leafy green vegetables
like kale and spinach, orange juice, and enriched
grains. Mothersbodyneeds folate to make normal red
blood cells and prevent anaemia. One of the most
important things mothers can do to fulfil their body
needs and to help prevent serious problems is to get
enough folic acid every day- especially during early
pregnancy. Folic acid is also essential for the
formation and maturation of red blood cells and
necessary for cell growth and repair. Deficiency of
folate reduces the rate of DNA synthesis with
consequent impaired cell proliferation and
intramedullary death of resulting abnormal cells; this
shortens the lifespan of circulating red blood cells
and results in anaemia. There is, however, little
evidence that folic acid deficiency may be a public
health problem in many developing countries.
Awareness in this context indicated to the state and
the ability to perceive the danger of anaemia and its
negative consequences during and after pregnancy.
The only way to realize the dangers of anaemia would
be throughout better awareness either during
education or by increasing this knowledge by
organized campaigns. Maternal education level
therefore influences the food choices and feeding
patterns of family members.

Majority of the women in this study had attained
only primary level education. Marital status has been
reported to influence pregnancy outcome. Generally
speaking, awareness had an inverse effect on the
presence of anaemia, when the awareness increased
the existence of anaemia among women decreased
significantly. As a matter of fact, the inadequate
nutritional practices usually lead to anaemia
particularly in pregnant women. On the other hand,
adequate amounts of protein, fat, carbohydrates,
vitamins, and minerals are required for a well-
balanced diet.

Considering differentials by women’s nutritional

Sanjeev S. Tonni et. al. / Prevalence of Anemia in Pregnant Women w.s.r.t. Socio-economic
Status: Observational Study
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status, the greatest variation in anaemia was observed
when the diet was rather poor. When the diet enhanced
the haemoglobin level in the interviewed women was
improved very significantly.

In general, poverty has a negative effect on the
consumption of nutritious types of food. Women in
households with a low standard of living are less
likely than other women to eat various foods, and
their diet is particularly deficient in fundamental
element. It was foreseen that women residing in urban
areas should be less likely for substantial anaemia
conditions than women residing in rural areas
because they have access to every type of food in their
diet, particularly nutritious foods, and access to more
advanced public and private clinics. The dietary
intake of rural pregnant women was lower than the
recommended level. Because anemia usually results
from a nutritional deficiency of iron, folate, vitamin
B12, or some other nutrients, it is quite vital to look
after of the women’s diet especially during
pregnancy. The consumption of a wide variety of
nutritious foods is important for women’s health. For
example, green, leafy vegetables are a rich source of
iron, folic acid, vitamin C, carotene, riboflavin, and
calcium. It is reported that riboflavin deficiency may
be quite common in developing countries where
intake of animal products is low, and especially
during seasons when there is less intake of vegetables.
Vitamin B12 is necessary for the synthesis of red blood
cells and its deficiencies have been associated with
anaemia. Therefore, diets with little or no animal
protein, as it is often the case in the developing world,
coupled with malabsorption related to parasitic
infections of the small intestine, might result in
Vitamin B

12
 deficiency.

Usually, iron and folic acid tablets are provided to
pregnant women in order to prevent anaemia during
pregnancy. The provision of iron and folic acid
supplements to pregnant women has undoubtedly
reduced the overall prevalence of anaemia in pregnant
women. However, the result tabulated in Table 8
revealed that intake of folic acid was insufficient for
reducing the prevalence of anaemia in the interviewed
women because both women who intake or did not
intake folic acid are suffering from anaemia.This
result could be elucidated to the low amount of folic
acid taken by the women which was not enough to
beat this epidemic dominant problem.
Supplementation of iron during pregnancy is one of
the main components of the anaemia control and
prevention strategy. The provision of iron and folic
acid supplements to pregnant women will
undoubtedly reduce the overall prevalence of anaemia
in pregnant women. Because folic acid is an essential

element that usually used to alleviate the problem of
anaemia, this strategic component was investigated
in the current study.

Anaemia in pregnancy is defined by World Health
Organization as hemoglobin level of less than 11.0
g/dl and often classified as: Mild degree (9.0-11.0g/
dl), Moderate (7.0-9.0g/dl), Severer (7.0-4.0g/dl), Very
Severe (<4.0g/dl). Based on this classification, the
examined women samples were classified according
to the measured hemoglobin in their blood analyses.
Hemoglobin is the protein molecule in red blood cells
that carries oxygen from the lungs to the body’s tissues
and returns carbon dioxide from the tissues to the
lungs. Hemoglobin levels indicate the oxygen carrying
capacity of the blood. Anaemia occurs when the blood
does not have enough hemoglobin because the blood
does not carry enough oxygen to the rest of the
women’s body. Therefore, anaemia is a medical
condition in which the red blood cell count or
hemoglobin is less than normal. The normal level of
hemoglobin is generally different in males and
females as well as in pregnant females. For women,
anaemia is typically defined as hemoglobin level of
less than certain thresholds.

Time interval between pregnancies strongly
influences the outcome of the subsequent pregnancies.
Short birth interval does not give the mother enough
time to recuperate from the nutritional burden of the
previous pregnancy, which may lead to poor
pregnancy outcomes. This interesting distribution
will be associated with anaemia in the subsequent
part of this study. Good pregnancy outcomes are
expected when there is a gap of at least 18 – 23 months
between the consecutive pregnancies. Child spacing
means the period between two consecutive
pregnancies of the same mother. Because the
nutritional burden on the mother between
pregnancies depends on the extent of breastfeeding,
the inter-pregnancy interval and the ‘recuperative
interval’ (duration of the non-pregnant, non-lactating
interval) could measure whether the mother has had
a chance to recover from the pregnancy. Therefore, it
is expected an increased risk for maternal anaemia
when the inter-pregnancy interval is very short.

Conclusion

In this study, the prevalence of anaemia among
pregnant women was investigated under the
influence of some nutritional and socio-economic
factors. The health services is available and accessible
in general, but a major constraint is that the people
could not afford to utilise it, because of the quality of
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the service, delivered there is poor quality awareness
of women about the health services. The prevalence
was higher in poorly educated women, women with
large family size, and those who do not use family
planning services.

The study revealed that the prevalence of anaemia
was the same among women who attend clinical units
and using iron supplementation and women who do
not attend or use iron supplementation. These
findings strongly raise the issue of the awareness of
mothers towards their health and family. More studies
are needed to explore the causes of the failure to
prevent anaemia among pregnant women. It is
recommended to redistribute the health services
according to needs of the population, to train clinical
providers to deliver services up to the standard of the
guidelines recommended by the World Health
Organization, to increase the awareness of midwives
regarding diagnosis, treatment and referral system of
anaemia cases, to implement advocacy program to
increase the utilization of family planning services,
and iron supplementation in reproductive age and to
revitalize the cooperation and coordination between
school health and health education departments to
raise the awareness of women in reproductive age,
particularly girls in secondary schools for better
anaemia prevention.
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Abstract

Food product development is the need of society today. The food products are available in the market but
lack nutritional quality. Therefore in present study there is a need of society and industry to produce new food
products. We have developed beet root cookies with the combination of Bengal gram flour , beet root and
sesame seeds. We have taken different ratios of the main ingredients and cookies were developed by
incorporating the beetroot extract and Bengal gram flour in four in the ratio i.e. 50:50, 60:40, 70:30 and  80:20.
The beet root was grinded and the extract was taken out with sieving and pressing. Then in the Bengal gram,
Maida, sesame seeds, Butter , Sugar and the extraxt was mixed to prepare the cookies. A panel of Ten experts
from field of Nutrition were selected to mark the food samples in different ratios. Four samples were made and
Sample B scored highest on hedonic scale of sensory evaluation. This resulted that Sample B was acceptable in
terms of Color, Taste, Texture , After taste and Overall aceeptability.

Keywords: Beet Root; Extract; Bengal Gram; Food Product; Cookies.

Introduction

Beetroot is the hardy and cool season vegetable
crop which is grown throughout the world . It has
been classified as B. vulgaris and belongs to genus
Beta and family Chenopodiaceae and is usually
known by several names like beet, sea beet, chard ,
garden beet, chukander (in hindi). It is basically the
taproot portion of beet plant [1]. The earliest form of
beetroot is the wild sea beet and is the source for all
different beetroot varieties available today. Beetroot
requires an ideal temperature of about 18 to 25 Degree
Celsius and does not grow well in extreme hot and
extreme cold weathers. It grows well in deep and well
drained, loose, loamy to sandy soils that is free from
large stones. The best suitable pH that is required for
beetroot cultivation is 6.0 to 7.0. Acidic soils should
be avoided. Cultivation of beetroot requires a lot of
water and frequent irrigation in drought and summer

season so it is better to sow this crop on arrival of
monsoons.

A one cup serving of boiled beets contain 74
calories, very low fat i.e. 0.15g and 2g of fibre. It also
meet the 17% of vitamins daily intake based on 2,000
calorie intake and 14% of mineral daily intake.
Beetroot is having glycaemic index of score 61 and
glycaemic load is only 5 which means that it does not
have major effect on blood sugar level. Due to
antioxidant, antiapoptosis and anti-inflammatory
properties, beetroot has a renal protective potential
[2]. In ancient times, beetroot was believed to enhance
human sex hormones and as an aphrodisiac and the
juice of beetroot was also consumed to expel kidney
and bladder stones [3]. It is a natural food that can be
used to boost the energy in athletes. The latest study
suggest that beetroot juice shows its performance at
peak at 2-3 hours after ingestion. The requirement of
the oxygen to maintain a level of moderate exercise
after consuming beetroot juice decreases in amount .
The best results show the declining level of oxygen
consumption by about three percent. Researchers also
found that the acute ingestion of 2 bottles of beetroot
juice concentrate will show maximal effect on exercise
capacity [4] and 6 days of beetroot juice
supplementation has shown a significant
improvement  in 10-km cycle TT performance [5].

Beetroots are high in betaine, a nutrient that helps
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protect cells, proteins and enzymes from
environmental stress and also help to fight
inflammation , protect internal organs, which is used
to lower toxic levels of Homocysteine (Hcy) (this
contributes to development of heart disease, stroke
and peripheral vascular disease) so it is a potential
herb used in cardiovascular disease [6]. Moreover
Beta vulgairs var. rubra has shown tumor inhibitory
effects in skin and lung cancer [7]. Recent research
shows that beetroot provides a high number of
antioxidants. Moreover it is a significant source of
dietary polyphenols [8]. It can also improve the clinical
outcomes of Type 2 Diabetes. Many studies proved
that beetroot also contribute to improve the
haemoglobin level in blood. Hence a study was
conducted by to evaluate the effectiveness of beetroot
juice on haemoglobin level among adolescent girls.
This study concludes that the all adolescent girls who
are anaemic can take the beetroot juice for 20 days to
improve their haemoglobin level [9]. It has been also
claimed that beets helps in building red corpuscles
and add tones to blood so that haemoglobin level
increases.

The nitrate supplementation provided by beetroot
juice improves exercise tolerance through vascular
control and elevated oxygen delivery to skeletal
muscles [4]. Furthermore beetroot juice was found to
have blood pressure lowering and vaso protective
effects [10]. A daily intake of one glass of beetroot
juice can lower blood pressure in people with
hypertension. In general, dietary intake of nitrate or
nitrite has proved beneficial to NO-mediated
physiological effects in humans, such as regulation
of blood pressure, vascular control and enhanced
vasodilation [11,12]. A new study by researchers at
Wake Forest University has shown that daily
consumption of beetroot juice can foster brain health
in older adults .Consumption of beetroot leaves are
beneficial for faster healing of wounds [13].

Gram flour is  known as garbanzo bean flour or
besan and it is a white pulse flour made from ground
chickpeas or channa dal. It is also known as gram in
some of the Asian countries and kaalachanna in both
Hindi and Urdu or chhola boot. It is a staple ingredient
in Indian, Pakistani, Nepali and Bangladeshi
cuisines. It can be made from either raw or roasted
gram beans. It is believed to be one of the oldest pulses
known and cultivated in Asia and Europe. According
to Aykoid and Doughty (1964), the eastern
Mediterranean is stated as the centre of origin of
Bengal gram, but its probable place of origin lies in
Southwestern Asia i.e. countries like Afganistan and
Persia. According to De Candolle, Sanskrit name
“Chanaka” of Bengal gram flour indicates that the

crop was under cultivation in India longer than in
any country in the world.

Besan flour contains 387 calories per cup. It also
has 11 grams of sugar, 22 grams of protein, 7 grams of
fat, 11 grams of fiber and 58 g of carbohydrates. 75%
of lipid content present in besan is unsaturated fatty
acids in which linoleic acid comprises 43% of total
fat. One third of the starch present in besan is Amylose,
which is a slowly digested starch that helps to feel
full longer. It is a protein rich supplement to cereal
based diets, especially to poor in developing
countries, where people cannot consume or afford
animal protein or are vegetarians. The pulse proteins
contain high amount of lysine and have low sulphur
containing amino acids. Gram seeds contain high
percentage of oil (4-5%) than other pulses. The
glycaemic index of Bengal gram flour is just 10 which
is low so it is a great food for diabetes. Blended Bengal
gram flour can be used with wheat flour to make
“basini roti” which is mainly unleavened bread
commonly consumed by diabetic patient. Neutral
detergent fiber present in Bengal gram flour can also
lower glucose level in body so it can be used for control
of diabetes [14]. Being rich in iron, consumption
ofbesan on daily basis can help the body to recover
from iron deficiency like anaemia. A study also stated
that regular consumption  of pulses performs a
protective effect on risk for cardiovascular diseases.
Pulses also contain a rich variety of compounds,
which if consumed in sufficient amount may help to
reduce tumour risk. Bengal gram flour contains
molybdenum which is a mineral that is used to
detoxify sulphites (a preservative found in wine, meat
and salad in salad bars) [15]. It provides dietary
calcium as about the same as yogurt and close to milk.
It also possesses hypolipidemic action. It has been
suggested that natural carbohydrates, especially rich
in dietary fiber may protect against atherosclerosis
and may reduce hypercholesterolemia so Bengal gram
flour can be used to prevent these diseases. Several
studies also reveal that fiber rich diet i.e. diet
containing Bengal gram flour can minimise the toxic
effects of pesticides [14]. Exiting antioxidant
properties of raw and cooked chickpeas is due to
presence of carotenoids [16], total polyphenol and
tannins [17]. So inclusion of Bengal gram in daily
diet will afford protection against many of the
disorders.

Sesame seeds are known to be as the oldest
condiments. They are tiny, flat oval seeds with a nutty
taste. Sesame (Sesamumindicum L.) belongs to the
Pedaliaceae family and also known by several names
like benniseed, gingelly, simsim, til etc. It was a major
oilseed crop in the ancient world due to its easiness,
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great stability and resistance to drought. India, China
and Mexico are the largest commercial producers of
sesame seeds. They are given more importance just
because of their oil which is resistant to rancidity.

Sesame seeds grow best in well-drained soil with
a medium texture and neutral pH. They require 90 to
120 frost free days and temperature above 23 degree
Celsius. Moreover these crops are drought tolerant
due to extensive root system.

Sesame seeds have the highest oil content as
compared to rapeseed, peanut, soybean and other oil
crops, it is rich in oil (50-60%), protein (18-25%),
carbohydrate and ash. Oils of sesame seeds are used
as raw material in the manufacture of linoleic acid
which is a therapeutic nutrient with antioxidant and
anti-tumor therapeutic properties. Moreover
monounsaturated fatty acids present in seeds helps
in removing dangerous LDL cholesterol from arteries
and blood vessels, thereby preventing against
atherosclerosis, heart attack and strokes. The
impressive levels of essential minerals like zinc,
calcium and phosphorus helps to maintain body‘s
bone health and prevent osteoporosis. Moreover
phosphorus is also required for kidney function, cell
maintanence and maintaining body‘s acid-alkaline
balance so sesame seeds also serves this function in
the body. They have also been found to have
immunoglobulin E [18]. They also contain the lignans,
sesamolin, sesamin, pinoresinol and lariciresinol [19]
[20]. Organic compound sesamol in sesame seeds
have been associated in protecting DNA against the
harmful effects of radiation. Magnesium present in
these seeds have shown protective effect against
asthma and other respiratory disorders by preventing
airway spasms. Black seeds increase the liver blood
therefore beneficial for liver and also for nourishing
the eyes.sesameseds contain phytate which is a cancer
preventing compound and reduces the impact and
effect of free radicals.it is also known to cure bleeding
dysentery, burns ear pain , headache and impotency.

Maida is known as white wheat flour without any
bran in south india and it is basically finely milled
refined and bleached white flour. It is made from the
endosperm of the grain. The limiting use of maida in
preparation of leavened breads is just because of the
denaturation of protein by the heat generated during
milling process.

Materials and Method

 Procurement of Raw Material

Beetroot were purchased online from Big Basket

Store. The raw materials were physically examined
to ensure they were disease free and stored in a cool
temperature. Bengal gram flour, Maida and salt were
purchased from local market, Panipat, Haryana,
India. Sesame seeds, vanilla essence, Baking powder,
butter were purchased from Departmental store in
Amity university, Manesar, Haryana, India. Castor
sugar was obtained from Spar, MGF Mall, Gurgaon.
Sesame seeds were milled in a grinder to obtain sesame
powder and Beetroot was milled to obtain Beetroot
extract. All the ingredients are carried to Nutritional
lab of Dietetics and Applied Nutrition, Amity
university, Haryana.

Standardisation of Food Product

The recipe for cookies was standardised using the

S. No. Ingredients Quantity (in grams) 

1. Maida 170g 
2. Sesame seeds 63g 

3. Baking powder 2g 
4. Salt 0.2g 
5. Vanilla essence 2g 
6. Castor sugar 100g 
7. Beet root  125 -200g 
8. Bengal gram flour 50-125g 

 
following

After the standardisation of the ingredients, the
ingredients are being proceed for development.

Baking requires the dough to be gentle. The magic
of baking comes in full taste when the dough is the
appropriate one. The type of dough and flour affects
the structure and texture of the cookies. Handling of
dough requires much techniques like more of
whisking .The contents of the dough (Maida, Bengal
gram flour etc)  should be measured with precision..
As we are using Bengal gram flour which is a high
protein flour thus it absorbs more moisture making
the dough a drier and tougher one. Thus to make
coookies soft some amount of maida is also added in
the dough.The kneading of the dough should be
proper so that no lumps are formed and the dough is
a smooth one. The apt dough for the cookies  is the
one that is little harder than the normal dough we
use to make chapatis. It should be supple and when
broken into pieces less incisions should be visible.

Development of Food Products (Cookies)

Using the above standardised recipe, cookies were
developed by incorporating the beetroot extract and
Bengal gram flour in four ratio i.e. 50:50, 60:40, 70:30,
80:20. The method used in developing these cookies
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are as follows.

First of all, Beetroot was peeled and cut into small
pieces. These small pieces of beetroot undergoes
grinding in grinding machine until a thin form of
beetroot extract was obtained. Then Beetroot extract
was collected in a bowl. Sesame seeds were roasted
in frying pan over gas fuel and then kept for few
minutes so that their temperature comes to room
temperature. Then these sesame seeds are grinded
until they take a form of powder and collected in a
bowl.

Then four bowl of same size were collected to make
four variations and marked as A, B, C, D. Ingredients
including 170g of Maida, 4g of vanilla essence, 2g of
baking powder, 100g of castor sugar and a pinch of
salt were added into all four bowl to form dough of
cookies. The appropriate amount of beetroot extract
and Bengal gram flour was weighed using an
electronic balance to give the various ratios of this
mixture.

Beetroot and Bengal gram flour were added to all
four bowl according to their quantities in different
variation. To make the variation A, 50% of beetroot
(125g) and 50% of Bengal gram flour (125) were added
to bowl marked as A. To make variation B, 60% of
beetroot (150g) and 40% of Bengal gram flour (100g)
were added to bowl marked as B. To make variation
C, 70% of beetroot (175g) and 30% of Bengal gram
flour (75g) was added to bowl marked as C. To make
variation D, 80% of beetroot (200g) and 20% of Bengal
gram flour (50g) was added to bowl marked as D.
Butter was melted in pan over gas and poured over
the mixtures in all four bowl. All the ingredients added
in different bowl undergoes mixing separately to form
a suitable dough. The dough of all four varieties was
left for 10 minutes to achieve better results.

The dough of variety A was shaped into rectangle,
dough of variety B was shaped into circle, dough of
variety C was shaped into triangle, dough of variety
C was shaped into square. OTG is pre-heated at 180
degree Celsius for 10 minutes and OTG tray was
greased with butter to avoid sticking of dough to tray.
Then these shaped dough were kept into tray for
baking turn by turn with variety A undergoing baking
at first then followed by variety B, then by variety C
and then by variety D. All the variations undergo
baking at temperature of 170C-180C for 20 minutes.
After the cookies were baked, all the cookies were
kept in different containers marked as A, B, C, D.

Sensory Evaluation of Food Product

Then sensory evaluation of four samples were being

done at 9 point hedonic scale. For each variation , 20
hedonic tests were conducted by 20 different
panellists /experts from the field of Nutrition. Hedonic
tests were done on the basis of

• Taste

• Colour

• Texture

• Firmness

• Crispiness

• Overall

Each individual gave his rating on the basis of his
likes or dislikes. After conducting the sensory
evaluation, statistical analysis was done. This was
done on the basis of Mean and Standard deviation of
all attributes. In statistical analysis we jot down all
the points given by the individual in different
attributes.

Result and Discussion

After the sensory evaluation the product were
statistically analysed using Mean and Standard
deviation. According to above information, we got to
know that following samples have following
attributes.

Sample A

Taste: The sample had mean 8.85± 0.85 scores
depicting the taste factor. It was felt by the experts
that both the ingredients  i.e. beetroot and Bengal gram
flour tasted equally.

Colour: The sample hadmean 9.1± 0.83 scores in
this aspect and it‘s colour was quite similar to red as
beetroot content was highest in it. As colour factor is
very important because the food is at first seen by the
eyes so the Sample A had an attractive red colour.

Texture: The sample had  mean 8.6 ± 1.24 scores in
texture  and it was observed as crumbly and thin in
texture and had a smooth top so it resembles the texture
required for cookies.

Firmness: The sample had mean 8.5 ± 1.24 scores
depicting the firmness factor and firmness was not
ideal as it was supposed to be because it was quite
difficult to break and chew.

Crispiness: The sample had mean 8.8 ± 0.87 scores
in crispiness and it had a crisp taste and rated as
second in this aspect.

Overall: Overall this sample was accepted by the
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panellists upto much of the extent as all the ideal
factors required for cookieswas not met and had
8.9±1.26 mean scores.

Sample B.

Taste: The sample had same mean scores as that of
A i.e. 8.85±1.27 as it was also felt to have taste of both
the ingredients equally .

Colour: The sample hadsimilar mean scores to that
of A i.e. 9.15 ±1.01 but not exactly same as A and it
possessed light red colour which was more appealing
than sample A and more suited to the texture of this
sample.

Texture: This sample had highest mean scores
among all the samples i.e.9.1±0.88 and it was
observed by experts as quite puffy with a fine and
smooth top so it was considered as ideal sample
among all.

Firmness: This sample was rated bestin this aspect
among all and it had 9.05±0.92 mean scoresand it‘s
firmness was similar to that required by the cookies
i.e. neither  too hard nor too soft and chewy also.

Crispiness: The sample had 9±2.35 mean scores in
this aspect and it was crisp enough around the edges
which adds on to the more appealing quality of this
sample and can be easily crumbled.

Overall: Overall this sample was most accepted by
panellists as it was rated best in all the attributes and
had 9.5±1.14 mean scores.

Sample C

Taste: The sample had 8.35±0.79 mean scores in
taste and it was observed after tasting that this sample
had a bitter after taste so it did not satisfy the taste
buds as compared to other samples.

Colour: This sample had 8.25± 0.82 mean scores
depicting the taste factor and it was light red along
with black finish. Vision stimulates taste thus the
colour was not so eye relishing.

Texture: The sample had 8.55±0.92 mean scores in
texture .It was found to have high flakiness and lack
of puffiness  thus the sample was not considered. It
was thin, coarse and rough in texture.

Firmness: The sample had8.45±0.80 mean scores in
firmness. Hard foods are not easily accepted and the
sample was quite hard to break thus not accepted.

Crispiness: The sample had 8.5±0.80 mean scores
in this aspect . The high crispiness made this sample
hard to chew.

Overall: Overall this sample was accepted by
onlysome of the panellists and it had 8.25±0.82 mean
scores. Due to this sample lacking in all the considered
aspects this sample was ranked on the third place.

Sample D

Taste: This sample was worst in taste due to high
beetroot content which gave this sample  a bitter
taste.It had least 8.1±1.04 mean scores in this aspect
as it was not liked.

Colour: This sample had 8.2±1.07 mean scores in
colour and it was dark in colour i.e. a mixture of black
and light reddue to the black colour  this sample was
not eye catching.

Texture: This sample had least mean scores among
all the samples i.e. 8.15 ±1.10. It‘s texture was thin
and craggy. Due to hard texture it became more
tasteless .

Firmness: This sample had firmness above average
so it was too hard to break and not easily chewable. It
had least mean scores in terms of firmness i.e. 8.1±0.94.

Crispiness: This sample was too much crispy to
chew and the crust was burnt  which was not at all
tasty so it had least mean scores i.e. 8.3±1.1 in this
aspect.And was ranked at the last.

Overall: Overall this sample was not at all liked by
the people as it has worst ratings in all of the attributes
so it had 7.9±0.99 mean scores. The panellists rejected
this sample mainly due to its exceeding firmness after
taste .

It is clearly seen that sample containing 60%
Beetroot (150g) and 40% Bengal gram flour (100g)  is
rated best followed by sample containing 50% beetroot
(125g)  and 50% Bengal gram flour (125g) , which is
followed by sample containing 70% beetroot (175g)
and 30% Bengal gram flour(75g) while the sample
containing 80% beetroot (200g) and 20% Bengal gram
flour (50g) is least rated.

All these results are calculated on the basis of
standard deviation and mean of the samples. The
cookies prepared from 80% beetroot (200g) and 20%
Bengal gram flour (50g) i.e. sample D was very difficult
to break as their firmness was above average.
Moreover their texture was not too much appealing
and they also taste bitter. Sample A i.e. 50% of beetroot
(125g) and 50%of Bengal gram flour(125g) is not
found as much as significant like B on other attributes
like texture, colour, firmness. The reviews of patents
also revealed that sample C i.e. 70% of beetroot 9175g)
and 30% of Bengal gram flour(75g) was over baked.
The storage capacity of these cookieswereobserved it
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was found that these cookies can stay upto 6 – 7 days
without addition of preservatives.

The result thus indicates that the panellist accepted
the cookies prepared from 60% beetroot(150g) and
40% of Bengal gram flour (100g) at the most.

Chemical Composition of Cookies

Chemical composition of accepted cookies having
60% beetroot (150g) and 40% Bengal gram flour (100g)
are summarized in Table 2. With the increase in
beetroot content there is decrease in protein content.

Conclusion

After the evaluation of chemical composition,
vitamin and mineral analysis of sample B i.e. 60%
beetroot(150g)  and 40% Bengal gram flour (100g), It
has been concluded that sample B is rich in protein
and iron. Moreover sample B results best in all the
attributes as compared to other. It is also found that
there is no difference in cooking time with change in
amount of beetroot and Bengal gram flour. The results
of this study are good indicators of the possibilities of
better utilisation of beetroot and Bengal gram flour
through developing variety of new food products.
Around 5 cookies of sample B will almost meet the
requirement of protein and iron. Though these cookies
are iron rich it can be a good option for people who
are suffering from anaemia.
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Abstract

Food handler’s training is an important key to food safety management system. To understand the
requirements of training of food handlers,  the study was conducted in the city of Bengaluru and the education
level and awareness regarding  food safety was captured. A total of 16 Food Business operators (FBO’s) with
284 food handlers (FH) were selected. Two questionnaires were used for collecting information on  the
department of work, their literacy level and food safety trainings undergone. The result showed that the
majority, 50% of the food handlers were in the department of chef and washing & cleaning, followed by the rest
of the department consisting of manager, cashier, storekeeper, helper and service. The subjects comprised of
83% literate and 17% illiterate population. Most of the FH were middle school educated followed by secondary,
senior secondary, primary and graduates. The cashiers and mangers were 100% educated and on the other
side the washing and cleaning staff had more than 50 percent illiterate members. The rest of the team had a mix
of education levels but more than 50% were literates. Nearly 88 percent of food handlers had never undergone
food safety training. There is a need for the right training intervention program as the gap between the law
makers and the followers is big. The loss due to water and food poisoning can affect the economy of the country
through direct effect like medical expense, absenteeism, unhealthy human resource and waste of valuable
resources resulting in increase of carbon footprints in the food chain.

Keywords: Food Safety; Food Handlers; FSSAI; Training; Food Poisoning.

Introduction

Food is nourishment. Eating the right kind of food
at home and outside is important for good health.
Eating habits of human beings have evolved with
time and with the present lifestyle constraints our
dependency on food cooked outside home has
increased. Right handling of food at home and
commercial establishment is important for wholesome
and safe food. It is easier to handle food at home since
procurement, cooking and serving is limited to small
numbers in comparison to commercial handling. In
commercial set ups Food business operators (FBOs)
require adequate understanding of food safety along
with culinary skills to ensure customer satisfaction
and compliance fulfilment. India has a rich culinary

expertise as well as many hotel management
institutions to train food handlers on the culinary
skills. Food Safety and Standards Authority of India
(FSSAI) regulations has been implemented in 2012 in
India. The government is creating awareness in this
regard as it is a mandatory compliance requirement
to run a FBO. This means that the government has to
market the regulations, strengthen policies, regulate
the frame work and ensure adequate enforcement of
standards under FSSAI along with support from all
municipalities based on market structure [1].

A transparency in the food chain helps in ensuring
traceability. The tracking mechanism can help in
identifying early warnings and avoid food poisoning
[2].  Episodes of food poisoning are common to all
countries regardless of its development stage and in
most cases is due to inadequate training provided to
food handlers. There are so many cases of food
poisoning that at times it becomes a part of everyday
life [3].

The malpractices followed due to lack of training
is known as a major cause of food borne illness among
customers and food handlers themselves. Studies
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have shown that the training was inaccessible as it
came at a cost and required time. Most of the food
handlers are uncomfortable with formal training [4].
Without knowledge on the basics of scientific food
handling methods, it is not possible to achieve food
hygiene which is a critical part of food safety.

With rapid growth in industrialization and
globalization, it is critical that the people involved in
entire food chain be trained to achieve the vision to
food safety. This includes the training of food handlers
too. It is important to understand their education level
to develop the right aids for their training. Since the
education level varies from being illiterate to basic
schooling or higher studies, it helps determine the
approach required to train them. They need trainings
on the food chain, food preparation, global food –
urbanization, changing customer demand to name a
few. The trainings are aimed at improving the
knowledge, attitude and practice of the food handler
[5]. Hence, the present study was planned to
understand the level of education and training among
food handlers from different type of catering
establishments, which could serve as a future
database to develop appropriate training materials
in food safety.

Material and Methods

The present study was undertaken to determine
the status of education and trainings in Food
Handlers in the city of Bangalore. There were 16 FBO’s
identified that included seven medium size
restaurants, two catering establishments serving
cooked food away from the base kitchen, one school,
one hospital and a food court that consisted of six
tuck shops. Data was collected with regard to the
education and training undergone by the FH and a
total of 284 food handlers from all FBO’s were studied.

A questionnaire regarding the classification of the
FBO, the department of work, literacy, qualification
and whether the FH had undergone training or not
was framed. The FBO was classified based on
whether it was a medium size restaurant, catering
establishment, school, hospital or a tuck shop in food
court. The FH based on department of work were
classified as Cashier, Chef, Helper, Service,
Storekeeper, Washing & Cleaning and Manager. The
literacy was classified as literate or illiterate. The
education classification was Illiterate, Primary school,
Middle school, Secondary school, Senior Secondary
school and Graduate. The training was captured as
rarely or never.

The questionnaire was filled up on a one on one
interview with the food handlers. The data is then
analysed for the distribution of food handlers in
various departments, the relationship between the
levels of education in each of the department of work,
between the food handlers of the same department,
distribution of literates and illiterates and the food
safety training undergone to understand and infer
on the future training requirements.

Result and Discussion

The results of the study are summarized in Figures
1-4 and Table 1. Figure 1 shows the distribution of
food handlers in various food departments. The
personnel coming under ‘Chef’ and ‘Service’
departments were the highest number covering more
than 50 percent of the total food handlers followed by
‘Washing & Cleaning’ at 17 percent, ‘Helpers’ at 14
percent, ‘Managers’ at  7 percent, ‘Cashier’ at  5 percent
and ‘Storekeeper’ at 3 percent. These data tell us that
the maximum number of employees belong to these
two departments in any catering unit, and thereby
are most important for working of the unit. They also
are involved in maximum food handling as they
undertake the job of cooking and serving. In India
studies have shown that there has been a concern for
food safety but limited effort has gone into controlling
it. Though World Health Organization has
considered food safety as an integral part of health
there is still a lot of work required to strengthen this
system [6]. Training plays a critical role in food safety.
All work departments need to undergo training
which includes basic and work specific. It has been
observed that the meaning of ‘risk’ and ‘hazard’ is
not understood by most of the food handlers. The
knowledge of the each department of work on the
responsibility they hold has to be specified. The
subject should be relevant to their area of work so
they are open about learning of compliance and safety
[7]. The information on the distribution thus was
helpful to understand the course material specifically
required for training each department and the
allotment of time for each of the department.

The distribution of all food handlers based on
educational level given in  Figure 2 shows that the
highest number of food handlers were middle school
educated followed by secondary, senior secondary,
primary and graduates. An important point to be
noted was an overall 17 percent were illiterate. This
leads us to a point on the content of the food safety
course material. It has been established that an
effective course material can instil a positive attitude
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among food handlers leading to better food safety
practices personally like personal hygiene and food
handling at all stages of operations [8].

A study conducted in 2011 in Tamil Nadu showed
that  the 47% of chef’s and waiter’s carried food
poisoning bacterium in their hand and the percentage
rose to 87 percent in case of street hawkers. The risks
associated with low level knowledge of food handlers
was observed [9]. To educate the food handlers in the
present study their literacy levels was also analysed
as number of workers in each department and the
results are compiled in Figure 3.  As expected the
Managers belonged to the category of highest number
of educated workers with highest level of graduates,
but also had secondary, senior secondary and one
illiterate personnel.  The managers were also observed
to know few basics on food safety.  Since this is a
group of literate personnel, the education material

Fig. 1: Distribution of all food handlers in different depart-
ments

Fig. 3: Distribution of food handlers in different department based on educational level

Fig. 2: Distribution of all food handlers based on educational
level

can be planned accordingly.  The cashiers also were
all literate, either graduates, or with secondary or
senior secondary school education. Their
involvement in physical food handling was minimal
but was important as the transactions of inventory
and sale had to be maintained by them and a training
for FIFO (food in, food out) and invoice maintaining
is required for them. The chefs were a mix of all but
were mostly middle schoolers followed by secondary
schoolers. A classroom session followed by an on the
job training would suite them the best. The helpers
were both literate and illiterate. Among the literates,
higher percentage were middle school educated. Since
they were directly involved with helping the chef,
they require a training for food handling and also
support activities like washing and servicing. The
service staff had very few illiterate, most of them were
educated expect four. There were few graduates and
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senior secondary schoolers, a high percentage of
middle school and secondary followed by primary.
Since service staff are directly involved in interaction
with customers, an overall class room session with
on the job training is appropriate for them. The
washing and cleaning staff had more than 50 percent
illiterate members and this meant that their training
had to be through videos and on the job trainings.

The total number of study subjects could be

divided as 83% literate with having any level of
education and the rest (17%) were illiterate.
Specifically the highest number of illiterates were in
washing & cleaning department, followed by chef,
helpers, service and store as shown in Figure 4. This
is one of the factors limiting them to follow food safety
practices. This is further affected with the low socio
background they come from and the lack of basic
awareness of hygiene and safety [10].

Fig. 4: Number of literate and illiterate in different department

The level of training undergone on food safety was
studied for the study subjects and as shown in Table
1, nearly 88 percent of food handlers had never
undergone food safety training. It is known that
formal food training is required at all levels to
implement and sustain food safety. Access to

information from the appropriate source in an
appropriate format is critical [11]. Since a huge
percentage have never been exposed to training, the
material built should be basic and then advanced to
accommodate all the challenges like small/big FBO’s,
literate/illiterate and department of work.

Department of Work Never Attended Training Rarely Attended Training 

Catering 60 8 
Food Court 47 8 

Hospital 14 - 
Restaurant 123 18 

School 6 - 
Grand Total 250 34 

Table 1: The number of subjects who attended any training of food handling based on catering unit

Conclusion

With the rapid speed at which the economy is
growing and the opportunity available for the food
industry, it is critical that the government supports
in the ensuring compliance.  Loss due to water and
food poisoning can affect the economy of the country
through direct effect like medical expense,
absenteeism, unhealthy human resource and waste
of valuable resources resulting in increase of carbon
footprints in the food chain. There is a need for the

right intervention as the gap between the law makers
and the followers is big. The biggest challenge for
food safety failure is the lack of foundation which is
the lack of awareness among the food handlers. There
is a need to build a training system/module that
covers and helps in overcoming the challenges of low
awareness, illiteracy/low literacy levels,
demographic trends and other factors at the FBO’s
affecting the implementation of food safety
management system. The approach needs to be simple
and studied systematically to understand the
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effectiveness for successful food safety management
system.
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Abstract

Flavor enhancer is widely used in various cuisines to enhance the original flavor or taste in a food system.
The most commonly used flavor enhancers in Asian cuisine are the glutamate related compounds such as
monosodium glutamate (MSG) , monopotassium glutamate and ribonucleotide based compounds. The present
study was planned with an objective of evaluating the flavor potentiating effect of monosodium glutamate on
tomato soup.  Five soup formulations were prepared using spice powders (Capsicum annum L., Capsicum
fructescens L., Syzygium aromaticum L., Cinnamomum verum, C. and Piper nigrum L.), employing three different
levels of MSG (50, 100 or 150mg/100g). Products without MSG served as control. The products were evaluated
by trained panelists (n=10) using a score card comprising a maximum score of  20. The results revealed that
there was a gradual increase in the scores being awarded for each increasing level of MSG incorporation.
Statistical analysis indicated a significant difference in taste, mouth feel and aroma quality of the formulated
products. This implies that MSG with spices would tend to have a synergistic effect which in turn contributes
for the enhanced liking of the product.

Keywords: Sensory Attributes; Monosodium Glutamate; Spices; Sensory Scoring; Free Choice Profiling.

Introduction

Flavor is considered as one of the most important
sensory attribute. Flavor enhancers are the
ingredients which by its unique synergistic property
would tend to intensify the flavor profile of a product.
One of the most common ingredients that have been
used as a flavor enhancer since time immemorial is
the monosodium glutamate (MSG). It has been
identified as the source of umami taste for obtaining
pleasant savoury taste (Ikeda 2002). Another major
advantage of addition of MSG to dishes is that it
would serve to reduce sodium content without
drastically affecting taste and pleasantness of foods
when they are used alone or in combination with
Inosine 5’ monophosphate  (IMP) (Carter et al 2011a;
Okiyama and Beauchamp 1998; Roininen et al 1996).
There is a common notion that the umami rich foods

are usually regarded as satiating. For instance, sweet
taste would exert influence signaling for high energy
sources, while that of umami substances might have
profound influence on amino acids and proteins
(Chawdhari and Roper 2010). Findings from Marsh
et al (2007) indicated that, the taste sensitivity to MSG
has been thought to be linked with an increased
demand for dietary protein.

Several researchers have also reported that, MSG
is likely to interact with protein, and can influence
gastric emptying leading to subsequent altered
appetite and energy intake (Marsh et al 2009; Masic
and Yeomans 2013; Zai et al 2009). MSG is also known
to have greater impact on satiety which is mainly due
to the presence of umami taste receptors and its
signaling molecules and their expression in gastro
intestinal enteroendocrine cells (Nakamura et al 2010;
Gabriel et al 2007). Incorporation of glutamate has
been estimated to stimulate these cells, consequently
promoting the release of satiety related hormone such
as cholecystokinin and glucagon like peptide both in
rodents as well as in humans (Daly et al 2013; Hosaka
et al 2012). The synergistic interactions of free
glutamate and 5’-ribonucleotides are known to be the
major determinants of intensity of umami taste in any
product. A significant enhancement in umami taste
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could be brought about by 5’ribonucleotides. This
unique taste property is termed as taste synergism
(Zhang et al 2008). Investigations of Marcus (2005)
and Peralta et al (2005) have indicated that, most of
the processed savoury foods have been reported to
contain umami substances which are mainly released
during various processing steps such as ripening,
drying, curing, aging and or fermentation. The
objective of the present investigation was to examine
the flavor potentiating effect of MSG in tomato soups
prepared with different spices.

Methodology

For the preparation of soups the materials such as
full ripe tomato (Lycopersican esculentum), corn flour
(zea mays), milk, salt and five different spices namely;
two varieties of chillies- chilli CA (Capsicum annum
L), chilli CF (Capsicum fructescens L), pepper (Piper
nigrum L), cloves (Syzygium aromaticum L) and
cinnamon (Cinnamonum verum C) were procured from
local market. These spices were ground into desired
particle size prior to incorporating into soups. The
two different varieties of chillis used in soup
formulation are known to have varied level of
pungency. Chilli CF is known to impart a bright
appealing color with an appetizing delicate aroma,
while chilli CA has higher pungency. Hence, they
contribute for the different flavor profile to whatever
dishes they may be added. MSG was obtained from
Ajinomoto company, Japan.

Preparation of the Soup

Fresh full ripe tomatoes were washed, blanched
and the skin was removed. The pulp was ground
into a fine paste and was strained. This pulp was
used for the preparation of soup. The basic soup recipe
was developed by using 75g of ground tomato pulp,
0.5g corn flour and 25ml milk. The level of addition of
spice powders,  namely chilli CA, chilli CF, pepper,
cinnamon and cloves was standardized individually
to give the soup a pleasant flavour. Each of the selected
spice powders were added at the level of 0.2, 0.4, 0.2
0.05 and 0.1g respectively per 100g of the prepared
soup samples. The soups were standardized with
three different levels of MSG (100, 150 and 200mg)
and the one without MSG served as control sample.
For each sample 1g salt was added. A white sauce
was prepared by adding corn flour to boiled and
cooled milk. To this mixture tomato pulp was added
and was cooked on medium flame for 5 min with
constant stirring. Towards the end of cooking, spice

powders and desired level of salt and MSG were
added, mixed well.

Sensory Evaluation

The prepared soup samples were subjected to
sensory evaluation by a total of 10 trained panelists.
The sensory panelists were recruited by various
sensory screening tests and were selected based on
their ability to perceive and detect the flavor of MSG
when the samples were presented in a solution
comprising various basic tastes. Multiple training
sessions were completed using taste solutions of all
basic tastes for intensity scaling. The concentration
of salt solutions used for testing were 0.05, 0.1, 0.15
0.2, 0.25 and 0.3% and for sour solution [represented
by citric acid] were 0.01, 0.03, 0.05, 0.07, 0.09 and
0.11%. The grading scale used was : 0- none or taste
of pure water, ?-different from water but taste quality
not identifiable, X-very weak taste, 1- very weak taste,
2-medium, 3- strong, 4- very strong, 5- extremely
strong. Tests were conducted pre- and post MSG to
bring out the flavor potentiating effect of MSG on basic
taste.

For soup samples, a maximum score of 20 was
assigned for the various sensory attributes such as
appearance, taste, mouth feel, aroma and overall
acceptability. The grading scale was defined as
follows; 1-4 fair, 5-8 satisfactory, 9-12 good, 13-16 very
good, 17-20 excellent. An additional score card was
also used to evaluate the free choice profiling of the
soup samples. The characteristic attributes of the
sample was evaluated in a descriptive manner.

Statistical Analysis

The results obtained through sensory evaluation
were subjected to statistical tests to derive mean and
SD. The scores of sensory attributes were subjected to
analysis of variance (ANOVA) to determine statistical
significance at p = 0.05% using data analysis tool
pack.

Results and Discussion

The results of the study are compiled in Figures 1-
2 and Tables 1-2.

Flavour Potentiating Effect of MSG on Basic Tastes

Since, MSG is known to have flavor enhancing
effect, results of  sensory threshold testing for salt
and sour taste were selected for inclusion as they have

Prabhavathi S.N. & Jamuna Prakash / Acceptability Profile of Tomato Soup Prepared Using
Flavor Potentiator and Spices



67

International Journal of Food, Nutrition and Dietetics / Volume 5 Number 2/ May - August 2017

a direct relation with the flavour attributes of tomato
soup. Data pertaining to cumulative responses for
threshold tests for salt is presented in Figure 1.
Majority of the panel members were able to identify
the taste quality at different intensities as weak,
medium and strong. For very few panel members the
perception was found to be towards very strong. The
responses were found to be nil for the intensity scale
indicating extremely strong taste of the given solution.
The results of after effect of MSG on the perception of
salt taste (salt post MSG) showed that MSG did not
exert a masking effect on the perception of basic taste
quality which was evident from the compiled results.
A very small number of panel members were still able

to perceive the basic taste quality as being different
from water [5] and a perception of very weak threshold
[8].  For considerably higher number of panel
members the taste intensity was found to be in the
range of weak to very strong. According to the
responses of  3 panel members it was opined to have
extremely strong taste. Similarly the responses
obtained for mixed solution i.e. MSG +salt showed
that the taste perception was better in the presence of
MSG because it exerts synergism with salt. Here, a
proportionately higher number [20] of panel members
were found to be more sensitive to salty taste and
thus the responses obtained were shown to be towards

Fig. 1: Cumulative responses for threshold tests for salt

Fig. 2: Cumulative responses for threshold tests for sour

the higher category of intensity scaling.

Grading scale: 0- none or taste of pure water, ?-
different from water but taste quality not identifiable,
X-very weak taste, 1- very weak taste, 2-medium, 3-
strong, 4- very strong, 5- extremely strong.

Citric acid was used to prepare the solution

representing the sour taste. The threshold responses
for basic sour taste and sour post MSG are presented
in Figure 2. For the basic sour taste majority of the
respondents identified the taste as either bland or to
be very weak. The observed responses were found to
be spread over a wide range of intensity scaling
ranging from unrecognizable level to extremely strong

Prabhavathi S.N. & Jamuna Prakash / Acceptability Profile of Tomato Soup Prepared Using
Flavor Potentiator and Spices



68

International Journal of Food, Nutrition and Dietetics / Volume 5 Number 2/ May - August 2017

taste. The compilation of the responses implied that
there was a gradual progress in the recognition of the
given taste which showed an increase from being
weaker to stronger category.

A similar trend was observed in taste perception
of sour solution which was tasted after MSG solution.
According to the responses it can be said that there
was no carry over/taste masking effect. Here a
proportionately higher number of panel members
were able to recognize the taste quality. This shows
that sour taste could be very easily recognized in
comparison to salt even at a lower intensity scale.
This could be due to the characteristic sharp tangy
taste of the citric acid to which most humans are
found to be sensitive and can be recognized very
easily. In this case also the results were found to
be widely distributed throughout the entire
intensity scaling ranging from very weak to
extremely strong. A slightly higher number of
responses were found to be distributed in the
intensity scale of ? and X.

The results of mixed solution of MSG and sour taste
indicated that majority of the responses were found
as having a medium taste perception (24), followed

by weak (17), strong (11), very strong (14) and
extremely strong taste (7). This indicates that even
after mixing with MSG the basic sour taste was able
to maintain its characteristic taste and flavor. All the
recorded responses were towards the progressive
higher range of intensity scaling.

Effect of MSG Addition on Sensory Quality of Tomato
Soup

The mean sensory scores of tomato soup prepared
with chilli CA and chilli CF, pepper, cinnamon and
cloves are presented in Table 1.  The mean scores for
the quality of appearance were found to be similar for
various samples with two different varieties of chillies.
For chilli CA the score was 14.8±1.33 and for soup
with chilli CF 12.5±1.43. Statistical analysis indicated
p-value greater than 0.05 implying that the
appearance of soup samples was not affected due to
the addition of MSG. The mean scores for all the other
attributes of control sample were found to be
comparatively lesser than that of samples prepared
by incorporating MSG. The taste quality of sample
with chilli CA was indicated to have obtained
gradually increasing level of scores which ranged
between 10.1±1.3 – 13.2 ±1.23 respectively. Statistical

Table 1: Sensory scores [Mean ± standard deviation] for tomato soup

Appearance Chili CA Chili CF Pepper Cinnamon Clove ANOVA 

Control 12.5± 1.43 14.8 ± 1.33 13.3± 1.73 11.6± 1.56 11.2± 1.33 3.61NS 
100 12.5± 1.43 14.8 ± 1.33 13.3± 1.73 11.6± 1.56 11.2± 1.33 3.61NS 
150 12.5± 1.43 14.8 ± 1.33 13.3± 1.73 11.6± 1.56 11.2± 1.33 3.61NS 
200 12.5± 1.43 14.8 ± 1.33 13.3± 1.73 11.6± 1.56 11.2± 1.33 3.61NS 

p-value 1.000 1.000 1.000 1.000 1.000  

Taste       
Control 10.65± 1.58 10.1± 1.3 12.6± 1.43 11.4 ±1.56 11.5± 1.43 0.01* 

100 11.5± 1.43 11.3± 1.36 13.35± 1.42 12.45± 1.59 12.6± 1.28 0.02* 
150 12.4 ±1.02 12.15± 1.34 14.6 ±1.34 13.35± 1.55 13.45± 1.11 0.001** 
200 13.3± 1.10 13.2 ±1.23 15.4 ±1.43 14.5± 1.36 14.3 ±1.19 0.003** 

p-value 0.00085 0.00013 0.0006 0.0009 0.0002  

Mouth feel       
Control 11.75± 1.29 10.65± 1.45 11.5 ±1.28 11.6±5 1.42 11.2± 1.6 0.48NS 

100 12.78± 1.38 11.8 ±1.31 12.55± 1.31 12.7± 1.23 12.35± 1.69 0.58NS 
150 13.8 ±1.33 12.75± 1.19 13.6 ±1.26 13.55 ±1.31 13.1± 1.58 0.46NS 
200 14.4 ±1.56 13.55± 1.15 14.3± 1.19 14.4 ±1.28 13.9 ±1.3 0.56NS 

p-value 0.0013 0.00019 0.00021 0.0006 0.005  

Aroma       
Control 12.3± 1.35 10.7± 1.62 11.3± 1.28 12.25 ±1.36 10.8 ± 1.33 0.03* 

100 13.25± 1.36 11.75± 1.44 12.35 ±1.10 13.2± 1.33 11.9 ±1.39 0.05* 
150 14.23± 1.37 12.65± 1.45 13.15± 1.10 14.15 ±1.34 12.7± 1.40 0.02* 
200 15.3± 1.35 13.8 ±1.40 13.7± 0.81 15.05± 1.31 13.3 ±1.36 0.004** 

p-value 0.00029 0.00068 0.0017 0.0005 0.0029  

Overall acceptability       
Control 11.2 ± 1.33 11.65± 1.18 11.65± 1.18 11.95± 1.31 11.9± 1.45 0.10NS 

100 12.3± 1.27 12.6± 1.11 12.6± 1.11 13.0 ±1.26 13.05±1.27 0.12NS 
150 13.3± 1.17 13.4± 1.20 13.4± 1.20 13.9± 1.30 14±1.26 0.16NS 
200 13.95± 0.93 14.2± 1.25 14.2± 1.25 14.9± 1.30 14.8 ±1.33 0.19NS 

p-value 0.0001 0.00045 0.00045 0.0002 0.0003  

 
Note: P value indicates effect of MSG on taste attribute of samples whereas ANOVA
indicates comparison between different spices

Prabhavathi S.N. & Jamuna Prakash / Acceptability Profile of Tomato Soup Prepared Using
Flavor Potentiator and Spices



69

International Journal of Food, Nutrition and Dietetics / Volume 5 Number 2/ May - August 2017

analysis revealed highly significant differences
(p=0.00013). A similar trend in the pattern of score
being given for other attributes was observed. The
differences were found to be statistically highly
significant. Chilli CA was known to impart a delicate
pungent aroma to the soup samples which was
reported to enhance the aroma characteristics. The
incorporation of MSG resulted in a synergistic effect
and a gradually increasing level of score was
awarded for the various soup samples.

For soups prepared with chilli CF, samples with
200mg of MSG was found to be given the highest
score (13.3 ± 1.10). For the quality of aroma the scores
given were in the range of 12.3 – 15.3. Statistically
highly significant differences were noted for the
attributes like taste (p=0.00085), aroma (p=0.00029)
and overall quality (p=0.00011). While mouth feel was
evaluated to have only a mild significant differences
(p=0.0013). A similar trend in the pattern of score
being given for other attributes was observed. The
differences were found to be highly significant. Chilli
CA was known to impart a delicate pungency to the
soup samples which was reported to enhance the
aroma characteristics. The incorporation of MSG
resulted in a synergistic effect with a consequent
gradual increase in the scores of the soup samples
with different levels of MSG.

For soups prepared with chilli CF, sample with
200mg of MSG was found to be given the highest
score (13.2 ±1.23) for its taste quality. For the quality
of aroma the scores given were in the range of 10.7±
1.62 -13.8 ±1.40 respectively. Statistically significant
differences were noted with respect to attributes like;
taste (p=0.00013), Mouth feel (p=0.00019), aroma
(p=0.00068) and overall acceptability (p=0.00037).

As can be seen from the table, the soups prepared
with pepper powder was found to have obtained
highest scores for the quality of taste (15.4 ± 1.43) in
comparison to soups prepared with cinnamon (14.5
±1.36) and cloves (14.3 ±1.19). Appearance quality
was shown to have  statistically non significant
difference for all the three different set of samples. For
aroma quality of pepper soup, cinnamon and cloves
the scores given were in the range of 11.3-13.7, 12.25-
15.05 and 10.8 – 13.3 respectively. Among all the soup
samples soup with cloves was found to have scored
proportionately lower scores. The control samples
from all the three sets were found to have been
awarded comparatively lower scores. Within each
set, the control product was found to have scored
much lower scores for its overall acceptability in
comparison to products with MSG. Considerable
variations were observed within each set of samples
for the attributes of taste, mouth feel, aroma and overall

acceptability. A similar trend in the scoring pattern
was observed for all the 3 set of products, i.e, as the
level of MSG increased the scores were also found to
be given in an increasing trend.  This is suggestive of
the fact that, MSG incorporation along with different
spice powders was shown to exert flavor synergism
with a consequent increase in the perceived level of
palatability. Statistically highly significant differences
were noted for all the attributes of three different set
of products.

The analysis of variance was performed in order
to determine whether there exists any inter sample
differences when compared with different levels of
MSG and with spices. The inter sample comparison
indicated that the difference was not significant for
the appearance quality (p=3.61) of all the samples
with different levels of MSG and spices. With respect
to taste quality all the formulated soup samples were
exhibited to have mild to moderate level of differences.
Control sample and sample with 100mg MSG were
found to have very mild significant differences
(p=0.01 and 0.02). While for product with 150 and
200mg MSG it was indicated to have moderate
differences with the probability value of 0.001 and
0.003 respectively. With the available data it can be
inferred that with increasing the concentration of
MSG the product would acquire better taste quality
in comparison to those made without incorporating
MSG. The quality of mouth feel was shown to have
no significant differences for all the soup samples
with different levels of MSG and spices. For the quality
of aroma the statistical analysis indicated significant
differences. For control sample (p=0.03), and sample
with 100 and 150mg MSG (p=0.05, 0.02). The
differences were observed to be quite large (p=0.004)
for product with 200mg MSG. This data implies that
MSG incorporation tended to enhance the aroma
characteristic. The analysis of overall acceptability
data showed no significant differences between all
the developed soup samples. From the above
observations it can be concluded that certainly there
was a significant improvement in taste and aroma
characteristics. This could be because MSG is
basically known as an excellent flavor potentiator
and its role has been clearly demonstrated in the
present investigation via enhancement in taste and
aroma quality.

A study was conducted by Kang et al (2007) to
evaluate the sensory interactions of organic acids and
various flavours in ramen soup systems. There are
basically three types of ramen soup bases namely;
beef, sea food and kimchi flavours that are considered
as most popular flavor bases for ramen soup in South
Korea. These were selected as model food system for
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evaluating the potential of organic acids such as
malic, citric and lactic acid as flavor enhancers. The
results of the sensory characteristics of ‘beef’ ramen
soup showed that the intensity of all the attributes
except for fat and MSG taste indicated to have
significant differences. In ‘seafood’ ramen soup
system the intensity of hot, sweet taste, salty, MSG
taste, dried shrimp, mussel dried seaweed were
indicated to have no significant differences. The
addition of acid tended to increase the sourness but
was shown to have least effect on other flavor
attributes. The addition of organic acid to kimchi soup
resulted in an increase in astringent, hot, sour taste
and metallic taste. But, tended to decrease sweet taste,
MSG taste, artificial beef flavor and mushroom flavor.
In this particular formulation the flavor attributes
generally known to have congruency with sourness
such as astringency and metallic tastes  which were
seem to be enhanced with the addition of organic
acids. On the other hand, the attributes not exerting
congruency such as sweet, MSG, artificial beef and
mushroom flavor were shown to be suppressed. The
authors concluded that, the sour flavor intensification
was thought to be largely dependent on the
congruency of the pair in each of the specific food
systems.

Kawai et al (2012) investigated the glutamate
concentration in miso soup served in hospitals and
nursing homes for the elderly in Japan. This
traditional savoury soup is very popular in Japan
which is served at least once a day in such
institutions. It is generally prepared by boiling
ingredients such as vegetables in soup stock (dashi)
and then seasoning the stock with fermented soybean
paste (miso). The collected soup samples were
analyzed for glutamate concentration, Disodium
inosine 5’ monophosphate(IMP) and Disodium-
5'-guanosine monophosphate  (GMP) and sodium
content. The results showed that the glutamate
concentration in samples ranged from 36±4.0 to 98±
7.0mg/100ml. The variation in glutamate
concentration within each institution was noted to
be relatively small. The estimated concentration of
IMP was 8.8±8.5mg/100ml, while, that of GMP was
1.6±3.1ml/100ml. These two substances are known
to exert synergistic effect especially when mixed with
glutamate. The sodium concentration was observed
to fall within a narrow range of 142 and 596 mg/
100g. A significant positive correlation was noted
between the glutamate and sodium concentration.
Miso is known to contain high glutamate and sodium
since it is prepared with salted and fermented
soybeans. Readymade dashi contains higher
concentration of glutamate and sodium as it
comprises sodium chloride and umami compounds C
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as major ingredients. The positive correlation between
the concentration of glutamate and sodium in miso
soup could be due to the wide variety of associated
aspects of miso soup.

The information pertaining to responses for
descriptive quality attributes given under free choice
profiling of soups prepared with Chilli CA and Chilli
CF, pepper, cinnamon and cloves is indicated in Table
2. As can be observed from the table, all the products
were rated to be ‘appealing’ and ‘attractive’ for the
quality of appearance. Taste profile showed that all
the products were perceived as ‘appetizing and
pleasant’. For the quality of aroma highest number of
response was obtained for ‘delightful’ followed by
very few responses stating as ‘very mild’ perception.
Similarly for soup with chilli CA obtained higher
responses for the appearance attribute under
appealing and a few responses reporting as
‘attractive’. Consistency was rated as ‘smooth’ and
overall acceptability as delicious and appetizing.

In general the overall responses obtained for the
soups were as follows: majority of the responses
indicated the soup to be appealing followed by
‘attractive’. Taste was reported to be appetizing by
majority of the panelists. While, a small number of
responses were also recorded as pleasant. Aroma
quality was regarded as delightful by most of the
panelists and very few reported it to be as very mild
for all the three set of soups. Considerably higher
number of subjects responded as the soup was
delicious and appetizing. From the compilation of
above responses it can be inferred that the spices
would interact with the taste and aroma
characteristics with a consequent impact on
enhancing the flavor profile of formulated soup
samples. Thus it could be said that to have maximum
acceptability, spices and MSG combination could be
regarded as a better option for achieving consumer
acceptability.

Conclusion

The study indicated that the soups formulated with
different spice combination with the incorporation of
MSG exhibited maximum acceptability as evident
with sensory scores. Hence MSG could be used as an
additive to bring about enhanced flavor effect along
with spice combination, since it is known to exert
flavor synergism.
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Abstract

Pomegranates are being hyped up as a miracle drug since ancient times. It is an exotic fruit having  many
therapeutic benefits. They  are rich source  of Antioxidants, Vitamin C,  Potassium, Iron, Fiber, and many of
phytochemicals compounds which  have protective  health effects against  cardiovascular, oncological. and
neurological disorders. Several  evidence  also suggest  that pomegranate  have more  therapeutic  benefits.

Keywords: Pomegranates; Therapeutic Benefits; Antioxidants; Phytochemicals.

Introduction

The pomegranate,  botanical name  Punica
granatum [1]are considered as the ‘fruits of paradise’
in ancient cultures. They’ve been found in Egyptian
tombs, eaten by Babylonian soldiers prior to battle
and incorporated into Persian wedding ceremonies
to symbolize a joyous future. From ancient times
Pomegranate has been grown widely in parts of the
United States, Afghanistan, Russia, India, China, and
Japan. It is a  rich  nutritious  fruit with unique taste
and  flavor and also have many  health promoting
characteristics. Every part of the pomegranate plant
including the fruit juice, peel, arils, flowers, and bark
have medicinal values.. Research  also  indicates that
pomegranates and their extracts may serve as natural
alternatives due to their potency against a wide range
of bacterial and viral pathogens. Various
phytochemical compounds in pomegranate  have
demonstrated antimicrobial activity, but most of the
studies have found that ellagic acid and larger
hydrolyzable tannins, such as punicalagin, have the
highest activities.

 In Unani system of medicine practiced in the
Middle East and India pomegranate serves as a
remedy for diabetes [2].  Even in Ayurvedic medicine
the pomegranate is considered “a pharmacy unto
itself“. It  is used as  a “blood tonic, [3] and
antiparasitic agent [4] and   to heal diarrhea, and
ulcers [5]. Several lines of modern scientific evidence
also indicates the therapeutic efficacy of pomegranate
against different types of disorders [6].

Nutritive Value of Pomegranate

Minerals Nutrient Value 

Calcium 10mg 
Copper 18% 

Iron 0.30mg 
Magnesium 12mg 

Manganese 0.119mg 
Phosphorus 36mg 

Selenium 0.5µg 
Zinc 0.35mg 

 

Pomegranate Nutrition Value per 100g
(Source from USDA)
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 Nutrient Value 

Energy 83 kcal 
Carbohydrates 18.70 g 

Protein 1.67g 
Total Fat 1.17g 

Cholesterol 0 mg 
Dietary Fiber 4g 

 

Vitamins Nutrient Value 

Folates 38 µ 
Niacin 0.293 mg 

Pantothenic acid 0.135 mg 
Pyridoxine 0.075 mg 
Riboflavin 0.053 mg 
Thiamin 0.067 mg 

Vitamin A 0 IU 
Vitamin C 10.2 mg 
Vitamin E 0.60 mg 
Vitamin K 16.4 µg 

 

Pomegranate  is moderate in calories, contains
about 83 calories per 100 grams. It has no saturated
fats. It is a good source of soluble and insoluble dietary
fibers; providing about 4 grams per 100 g. The fruit is
also good source of antioxidant vitamin-C, provides
about 10.2 mg per 100 g. Further, it is also good source
of many vital B-complex groups of vitamins such as
folates, pyridoxine, pantothenic acid (vitamin B-5),
and vitamin K, and minerals like potassium, calcium,
copper,  and manganese.

Therapeutic Benefits of Pomegranate

The most therapeutically beneficial pomegranate
constituents are polyphenols - ellagitannins, ellagic
acid (including punicalagins), punicic acid,
flavonoids, anthocyanidins, anthocyanins, and
estrogenic flavonols and flavones.

Ellagitannin can be broken down into
hydroxybenzoic acid such as ellagic acid. Two other
ellagitannins that are found in both pomegranate
juice and peel are punicalagin and punicalin.
Pomegranate juice and peel have catechins with a
high antioxidant activity. Level of antioxidants have
been found to be higher than in other natural juices
and even in red wine. They are so powerful that
pomegranate juice has been found to have three times
the antioxidant activity of red wine and green tea [ 7].
It is also widely used in plastic surgeries, which
prevents skin flap’s death due to its antioxidant
activity.

Punicic acid,  is a major bioactive  neutraceutical
compound found in pomegranate seed.  A study  done
in 2014 [8]  concluded that Punicic acid is a potential

nutraceutical and should be encouraged for use both
as a prophylactic and therapeutic agent.  Several
classes of pomegranate flavonoids include
anthocyanins, flavan 3-ols, and flavonols. These are
essential compounds of anthocyanin’s production
with antioxidant and inflammatory role. All
pomegranate flavonoids show antioxidant activity
with indirect inhibition of inflammatory markers such
as tumor necrosis factor-alpha (TNF-)[9].
Anthocyanins are responsible for  the red color of
juice.

Pomegranates are Cardio Protective

Antioxidants have numerous positive properties,
including protection against cholesterol oxidation,
anti-aging effects and protection against
atherosclerosis.

Esmaillzadeh A et al [10] assessed  the effect of
concentrated pomegranate juice consumption on lipid
profiles of type II diabetic patients with
hyperlipidemia and they found that after
consumption of concentrated pomegranate juice
significant reductions were seen in total cholesterol
(p < 0.006), low-density lipoprotein-cholesterol (LDL-
c) (p < 0.006), LDL-c/high-density lipoprotein-
cholesterol (HDL-c) (p < 0.001), and total cholesterol/
HDL-c (p < 0.001).  Their study concluded that
pomegranate juice consumption could modify heart
disease risk factors in these hyperlipidemic patients.

Another  study by Aviram & Dornfeld [11]
demonstrated a 5% decline in systolic blood pressure
with daily consumption of  50 ml of pomegranate
juice for two weeks. Both males and females were
studied, with each participant on anti-hypertensive
pharmacological therapy. Lowered blood pressure
resulted from a direct interaction of the pomegranate
juice with serum angiotensin converting enzyme. In
a randomized, double-blinded, placebo-controlled
study at the Preventive Medicine Research Institute
in Sausalito, pomegranate juice drinkers with
coronary artery disease had a 17% improvement in
blood flow compared with an 18% worsening in the
control group. The study team concluded that the
antioxidants in the juice may help prevent the
formation of fatty deposits on artery walls. Several
studies also support that Pomegranate
phytochemicals reduce LDL oxidation [12]  have
blood pressure-reducing properties [13] and many
cardioprotective  functions.

Anti-Cancer Properties of  Pomegranates

Pomegranate’s antioxidant activity is known to

K. Silambuselvi & V. Muruguvalavan / Pomegranate: An Exotic Fruit with Rich Antioxidants
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inhibit cell proliferation and invasion, and promote
apoptosis in various cancer cells [14].  A study also
proved that  pomegranate extract was found to inhibit
the growth of human breast cancer cells by inducing
cell death [15]. Pomegranate fruit has been shown to
have the inhibitory efficacy against prostate cancer
and lung cancer. It can be exploited in
chemoprevention and chemotherapy of prostate
cancer.  A 2013 study  examined the anti-cancer
efficacy of pomegranate fruit grown in Taiwan
against urinary bladder urothelial carcinoma and its
mechanism of action. The analytical results of this
study help to provide insight into the molecular
mechanism of induced bladder cancer cell apoptosis
by pomegranate and to develop novel mechanism-
based chemopreventive strategy for bladder cancer
[16].

A research also demonstrated that pomegranate
oil has chemopreventive efficacy in mice. Reduced
tumor incidence (7%), decrease in tumor numbers,
reduction in ornithine decarboxylase activity (17%),
significant inhibition in elevated Tissue plasminogen
activator -mediated skin edema and hyperplasia,
protein expression of ornithine decarboxylase, and
epidermal ornithine decarboxylase activity have been
reported with pomegranate oil treatments [17,18].

Adams et al. [19] examined the effects of
pomegranate juice  on inflammatory cell signaling
proteins in HT-29 human colon cancer cell line. At a
concentration of 50 mg/l, pomegranate juice
significantly suppressed TNF-induced (COX)-2
protein expression by 79% and also reduced
phosphorylation of the NF-B/p65 subunit and its
binding to the NF-B response element. These data
suggest that polyphenolic constituents in the
pomegranate can play an important role in the
modulation of inflammatory signals in colon cancer
cells. Pomegranate  also has anti-angiogenic
properties, they  help to prevent growing tumors from
acquiring a blood supply, preventing those tumors
from receiving the nutrients that would allow them
to grow larger [20,21].

Pomegranate and Osteoarthritis

The most common forms of arthritis are
osteoarthritis and  is a major progressive degenerative
joint disease, which could affect joint functions and
quality of life in patients. According to research
published in the Israeli Medical Association Journal
[22] concluded that Pomegranate may help reduce
joint pain and decrease inflammation in arthritis
sufferers. Arthritis is mediated by proinflammatory
cytokines such as IL-1 and TNF-. MAPKs are

important due to their inflammatory and cartilage
damage regulation [23] P38-MAPKs are responsible
for regulating cytokine production, neutrophils
activation, apoptosis, and nitric oxide synthesis. The
MAPK family phosphorylates a number of
transcription factors such as runt-related
transcription factor-2 (RUNX-2) [24]. Pomegranate
extract, with its rich source of polyphenols, can inhibit
IL-1 -induced activation of MKK3, DNA-binding
activity of RUNX-2 transcription factor, and p38 -
MAPK isoform [23].

Mélanie Spilmont 2015 [25] study also  investigated
whether the consumption of pomegranate peel extract
could limit the process of osteopenia. They
demonstrated that in ovariectomized  mice,
pomegranate peel extract  consumption was able to
significantly prevent the decrease in bone mineral
density (-31.9%; p < 0.001 vs. OVX mice) and bone
microarchitecture impairment.. Their findings
concluded that pomegranate peel extract may be
effective in preventing the bone loss associated with
ovariectomy in mice, and offers a promising
alternative for the nutritional management of this
disease.

Guards Memory and Brain Function

Pomegranate supplements taken before and after
surgery prevented the postoperative memory
dysfunction associated with coronary artery bypass
or heart valve surgery [26]. In a latest study [27]
subjects with self-reported memory problems were
randomly assigned to receive 8 ounces of pomegranate
juice of a placebo with similar flavor. Over a four-
week study period, the subjects participated in
memory tests, MRI scans, and blood draws.Those
participants in the pomegranate juice group saw
“significant improvement”  in their verbal memory tests
and their plasma antioxidant levels. They even
showed increased brain activity during memory and
verbal testing, suggesting the juice helped encourage
increased blood flow to “critical task-related” regions
of the brain. The  onset of Alzheimer’s disease  also
can be slowed and some of its symptoms curbed by a
natural compound that is found in pomegranate. Also,
the painful inflammation that accompanies illnesses
such as rheumatoid arthritis and Parkinson’s disease
could be reduced, according to the findings of a two-
year project headed by University of Huddersfield
scientist Dr Olumayokun Olajide, who specialises in
the anti-inflammatory properties of natural products.
Braidy et al. [28] also demonstrated that the
pomegranate juice extract can ameliorate 1-methyl-4-
phenyl-1, 6-tetrahydropyridine (MPTP)-induced
neurotoxicity in human primary neurons by
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attenuating redox imbalance to a greater extent and
slowing down age-related neurodegeneration.
Although there are no proven methods to delay the
onset or slow down the progression of AD, PD, and
ALS, recent studies suggest that dietary interventions
can alleviate the risk of neurodegeneration. 

Conclusion

Pomegranates have been cherished for their
exquisite beauty, flavor, color, and health benefits for
centuries .Pomegranate has anti-inflammatory effects
that may protect against cancer and other chronic
diseases[29]. Many studies have  also shown that
they have incredible benefits for your body, and may
lower the risk of all sorts of diseases [30]. Pomegranate
is an ideal fruit for human health.
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Abstract

 Dietary factors are implicated in the etiology of a number of chronic degenerative diseases. High fat intake
is associated with increased risk for some types of cancer, and saturated fat intake is associated with high
blood cholesterol and coronary heart disease. Also, consumption of a diet rich in fat has been identified as a
risk factor for excess energy intake, positive energy balance, and the development of obesity. Consequently,
health conscious individuals are modifying their dietary habits and eating less fat. Consumer acceptance of
any food product depends upon taste—the most important sensory attribute. Although consumers want foods
with minimal to no fat or calories, they also want the foods to taste good. Foods formulated with fat replacers
are enjoyable alternative to familiar high-fat foods. By choosing these alternative foods, health conscious
consumers are able to maintain basic food selection patterns and more easily adhere to low-fat diet.

Keywords: Fat Replacers; Fat Mimetics; Fat Substitutes; Low-Fat.

Introduction

As a food component, fat contributes key sensory
and physiological benefits. Fat contributes to flavor,
or the combined perception of mouthfeel, taste, and
aroma/odor (Lucca, 1994; Mistry, 2001; Sampaio,
2004). Fat also contributes to creaminess, appearance,
palatability, texture, and lubricity of foods and
increases the feeling of satiety during meals
(Romanchik-Cerpovicz, 2002; Sipahioglu, 1999). Fat
can also carry lipophilic flavor compounds, act as a
precursor for flavor development (e.g., by lipolysis or
frying), and stabilize flavor (Romeih, 2002; Tamime,
1999). From a physiological standpoint, fat is a source
of fat-soluble vitamins, essential fatty acids,
precursors for prostaglandins, and is a carrier for
lipophilic drugs (Trudell, 1996, Cooper, 1997,
Harrigan, 1989). Fat is the most concentrated source
of energy in the diet, providing 9 kcal/g compared to

4 kcal/g for proteins and carbohydrates.

 Dietary factors are implicated in the etiology of a
number of chronic degenerative diseases (Harrigan,
1989; Haumann, 1986). High fat intake is associated
with increased risk for some types of cancer, and
saturated fat intake is associated with high blood
cholesterol and coronary heart disease (Krauss, 2001;
Poppitt, 1995). Also, consumption of a diet rich in fat
has been identified as a risk factor for excess energy
intake, positive energy balance, and the development
of obesity (Thomas, 1992; Wylie-Rosett, 2002;
Siggaard,1996).

Overweight and obesity are the fifth leading risk
for global deaths. At least 2.8 million   adults die each
year   as a result of being overweight or obese (WHO,
May 2012). In 2010, more than 40 million children
under five were overweight. Close to 35 million
overweight children are living in developing countries
and 8 million in developed countries (WHO). In the
Indian scenario, even with the growing awareness
about health and  fitness, more than 3 percent (3
crores) of the Indian population is obese. (Obesity
Foindation of India, 2009).

CVDs are the number one cause of death globally:
more people die annually from CVDs than from any
other cause (WHO, Sept. 2012). An estimated 17.3
million people died from CVDs in 2008, representing
30% of all global deaths. Of these deaths, an estimated
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7.3 million were due to coronary heart disease and
6.2 million were due to stroke (WHO, 2012). In India,
about 25 per cent of deaths in the age group of 25- 69
years occur because of heart diseases. The proportion
of deaths caused by heart disease is the highest in
south India (25 per cent) and lowest - 12 per cent -  in
the central region (India Today, 2010) .

The Surgeon General’s Report on Nutrition and
Health states: “High intake of total dietary fat is
associated with increased risk for obesity, some types
of cancer, and possibly gallbladder disease.
Epidemiologic, clinical, and animal studies provide
strong and consistent evidence for the relationship
between saturated fat intake, high blood cholesterol,
and increased risk for coronary heart disease.
Excessive saturated fat consumption is the major
dietary contributor to total blood cholesterol levels.”
In addition to the Surgeon General, the National
Academy of Sciences, American Heart Association,
National Cholesterol Education Program, American
Cancer Society, American Dietetic Association,
National Institutes of Health, USDA and the
Department of Health and Human Services are among
the many health and government authorities that
advocate reduction of dietary fat for most consumers.
Generally, these groups recommend that even healthy
consumers would benefit from reducing fat to no more
than 30 percent of total calories (Calorie Control
Council, 2017).

Considering an average consumption of 34 percent
of calories from fat, decreasing intake to 30 percent
may not seem a monumental task. However, for many
people it is exceedingly difficult. To meet this dietary
goal, people need to significantly modify their diets—
e.g., choose leaner meats, skin poultry and fish, select
low-fat/non-fat dairy products and dressings, and
limit fried foods. Of course, consumers’ strong desire
for high-fat foods makes this difficult. In fact, diet
and obesity experts have found that consumers have
difficulty maintaining diets once their fat
consumption dips below 30 percent of total calories.
Nevertheless, millions of consumers are trying to
change their “high-fat” ways. A national survey
conducted in 2000 by Booth Research Services for the
Calorie Control Council revealed 188 million adult
Americans (88 percent of the adult U.S. population)
consume low- or reduced-fat foods and beverages.
Another Council survey shows that two-thirds of
adults believe there is a need for food ingredients
which can replace the fat in food products. According
to Prepared Foods, more than 2,000 new low- or
reduced-fat products have been introduced since 1997
(Calorie Control Council, 2017). Foods formulated
with fat replacers are enjoyable alternative to familiar

high-fat foods. By choosing these alternative foods,
health conscious consumers are able to  maintain
basic food selection patterns and more easily adhere
to low-fat diet (Calorie Control Council, 1996).

Fat may be replaced in food products by traditional
techniques such as substituting water (Chronakis,
1997) or air for fat, using lean meats in frozen entrées
(Hsu, 2005), skim milk instead of whole milk (Zalazar,
2002) in frozen desserts (Specter, 1994), and baking
instead of frying (Haumann, 1986) for manufacturing
or preparing snack foods.Some lipids may be
replaced in foods by reformulating with selected
ingredients that provide some fat-like attributes (Tarr,
1995; Sipahioglu, 1999). These fat replacers can be
lipid, protein or carbohydrate-based (Table 1) and
can be used alone or in unique combinations (Akoh,
1998; Costin, 1999; Lucca, 1994; Crehan, 2000;
Sandrou, 2000).

The term “fat replacer” is used to describe a wide
variety of products that replace some or all of the fat
in food. The goal is to change the sensory qualities of
a food as little as possible while reducing its fat and
calorie content. One example of this is the addition of
milk solids to reduced-fat or skim milk; another is the
addition of ground turkey or other lean meat to
processed meat products such as salami.

Types of Fat Replacers

According to Finley and Leveille (1996), there are
three categories of fat replacers: fat mimetics, low-
calorie fats, and fat substitutes.

Fat mimetics provide the bulk and mouthfeel of fats
but have fewer calories. Typical ingredients used to
mimic fat are starch, cellulose, pectin, protein, and
dextrins (substances related to sugar). Fat mimetics
reduce calories not only because they are less
calorically dense than fats, but also because they
contain a lot of water, which itself replaces part of the
fat. Typically, fat mimetics are used in products that
have a lot of fluid in them, such as desserts, spreads,
and salad dressings( Finley et al., 1996).

Low-calorie fats are actual fats whose structure
ensures that they provide fewer calories to the body.
For example, salatrim has very short fatty acids and
very long ones. The short ones have fewer calories
and the long ones are not well absorbed; the result is
that the combination contributes only about five
calories per gram. Similarly, caprenin is composed
partly of a very long fatty acid called behenic acid,
which is poorly absorbed, and partly of medium-
length fatty acids that are processed differently by
the body than are the longer ones. The result is that
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caprenin also contributes only about five calories per
gram( Finely et al., 1996).

Fat substitutes are the substances most similar to
fats functionally. They are heat stable, which is not
true of all fat replacers. These substances generally
contribute fewer calories than regular fats (or no
calories at all) because of their molecular structure
(Finely et al., 1996) and/or because of the way the
body handles them. One example of a fat substitute is
olestra. Olestra is composed of the sugar sucrose
(table sugar) and from six to eight fatty acids. Because
of the way in which the fatty acids are attached to the
sucrose, humans are unable to digest and absorb

olestra; thus, it contributes no calories.

Fat replacers are also classified according to the
substances from which they are derived: carbohydrate,
protein, or fat. Generally, carbohydrate- and protein-
based fat replacers are fat mimetics; fat-based fat
replacers are low-calorie fats or fat substitutes.
Manufacturers commonly use a combination of
several fat replacers in one food (Jones, 1995). They
do this because fat has more than one function in
food, and a single fat replacer often cannot perform
all of fat’s functions (Calorie Control Council,1996 ).

Type of Fat  Replacer Type of Food Products Commercial Names 

Carbohydrate-Based  
Carrageenan Ground beef, hot dogs, processed cheeses, low-fat 

desserts 
Carrageenan 

Cellulose (also called microcrystalline 
cellulose) 

Salad dressings, mayonnaise, processed cheese, 
frozen desserts 

Avicel 

Powdered cellulose Fried foods, sauces Solka-Floc, JUST FIBER 

Dextrins Salad dressings, puddings, spreads,  
dairy desserts, meat products 

N-OIL, instant N-OIL, Stadex 

Gums Bakery products, frozen desserts, yogurts, dairy 
products, sauces, soups, reduced-fat margarines, 

Jaguar, meats, soups, pie fillings, sauce mixes, 
salad dressings 

RHODIGEL, Rhodigum, Dycol, 
Jaguar, Uniguar 

Pectin Dressings, spreads, frozen desserts,  
cakes, cookies, frostings, soups, 

sauces and gravies 

Splendid 

Polydextrose Bakery products, bakery mixes,  
chewing gum, confections, frostings,salad 
dressings, frozen dairydesserts and mixes, 

gelatins, puddings, candies 

Litesse, StaLite 

Vegetable fibers Frozen, reduced-fat bakery products  
Z-trim Still experimental but has been used successfully 

in brownies, cheese, ground-beef patties 
 

 

Classification of Fat Repalcers

Source: Napier K.(1997). Fat Replacers. The Cutting Edge of Cutting Calories.

Type of Fat  Replacer Type of Food Products Commercial Names 

Protein-Based  
Isolated soy protein Ground meats, poultry products, beverages, weight-loss 

products 
Supro, ProPlus, 

Supro Plus 
Microparticulated protein Frozen desserts, cheese, cheesecake, salad dressings, mayonnaise, 

cakes, pie crusts, pie fillings, pastries, spreads, yogurt, sour 
cream, 

pizza, cream soups, cheese sauces, casseroles 

Simplesse, Trailblazer 

Modified whey concentrate Frozen dairy desserts, hard and processed cheeses, sour cream, 
dips, yogurt, sauces, 

baked goods 

Dairy-Lo 

Fat-Based  
caprenin Chocolate-containing confections; not currently in any foods on 

the market 
Caprenin 

Mono- and diglycerides Cake mixes, cookies, icings, select dairy products Dur-Em, Dur-Lo 
Salatrim Confections, baked goods, dairy products Benefat 

Sucrose polyester (olestra) Potato chips and other savory snacks Olean 

Source: Napier K.(1997). Fat Replacers. The Cutting Edge of Cutting Calories.
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Carbohydrate-Based Fat Replacers

Carbohydrate-based fat replacers are the most
widely used fat-replacing ingredients. They are made
primarily from grains, cereals, and other plant
products. Some examples are starches, fibers, gums,
and celluloses. On food labels they can be identified
by such terms as dextrin, maltodextrin, modified food
starch, polydextrose, cellulose, and gum. Some
carbohydrate-based fat replacers are digestible, which
means they contribute calories (up to four per gram).
Others are indigestible and do not contribute
calories(Calorie Control Council,1996 ).

The first of these carbohydrate-based fat
replacers—cellulose gel— became available in the
mid-1960s. Cellulose gel was introduced as a
stabilizer, a substance added to a food to help make it
resistant to changes in texture. Many of the other
carbohydrate-based fat replacers were also initially
developed to improve various qualities in food—
qualities such as thickness, bulk, and moisture. These
substances did not come to be used as calorie reducing
agents until nearly 30 years later, in the early 1990s
(Kurtzweil,1996). Today’s carbohydrate-based fat
replacers still play multiple roles in foods. These roles
range from improving qualities to reducing fat content
in many categories of foods. Carbohydrate-based fat
replacers are commonly used to reduce—and
sometimes eliminate—”fat calories” in such foods as
frozen desserts, puddings, salad dressings, gravies,
sauces, baked goods, processed meats, cheeses, sour
cream, and yogurt (International Food Information
Council Foundation,1995). Carbohydrate-based fat
replacers cannot be used to fry foods, however, as
they break down at the high temperatures required
for frying(International Food Information Council
Foundation,1995).

Food manufacturers often replace part or all of the
fat in a food with a carbohydrate-based fat replacer
bound to water. This is possible because starches,
celluloses, dextrins, and maltodextrins can hold at
least three times their weight in water; some gums
can hold as much as 100 times their weight.
Typically, this translates into replacing nine “fat
calories” with 0–1.33 “nonfat calories,” depending
on whether a digestible or nondigestible
carbohydrate-based fat replacer is used. Calorie and
fat-gram savings can be considerable with this type
of fat-replacement system (Napier,1997).

Some of the most popular carbohydrate-based fat
replacers include the following (Napier, 1997)

Carrageenan (marketed as carrageenan) is an extract
of red seaweed. It gained FDA approved in 1961 for

use as an emulsifier (a substance that helps oily and
watery ingredients stay mixed), as a stabilizer, and
as a thickener. Carrageenan came into popular use
as a fat replacer in the early 1990s (Kurtzweil,1996),
when manufacturers starting using it to provide some
of the gel-like mouth feel of fat in select foods.
Typically, carrageenan is used to replace part of the
fat in ground beef, in hot dogs, in processed cheeses,
and in low-fat desserts. Some consumers complain
that the taste of such products is compromised, but
others find no fault (The Wall Street Journal,1996).
Carrageenan has been consumed by humans for
hundreds of years, with no adverse effects reported
(Napier,1997).

Cellulose (marketed as Avicel) is also known as
microcrystalline cellulose. It forms a gel in the
presence of water and has been used traditionally in
foods as a stabilizer. Cellulose has several properties
that make it an excellent fat replacer: It acts like a fat
in water; it supplies the mouthfeel of fat; it has the
glossy, opaque appearance of fat; and it contributes
no calories (Calorie Control Council,1996). Cellulose
gel is used widely in salad dressings, in mayonnaise,
in processed cheeses, and in frozen desserts
(Napier,1997).

Powdered cellulose (marketed as Solka-Floc and
JUST FIBER) is an insoluble, nondigestible fiber. It is
often used in fried foods and bakery products. Like
most carbohydrate-based fat replacers, powdered
cellulose binds water tightly. Thus, when powdered
cellulose is used in the batter of foods to be fried, the
cellulose preferentially binds to water instead of to
the oil used in frying. The end result is that less of the
oil is absorbed by the food as it is fried. Studies have
shown that the use of powdered cellulose in fried
foods can result in a 40-percent reduction in fat
uptake in fried batter coatings and up to a 20-percent
fat reduction in fried cake donuts. Powdered cellulose
is also used in reduced-fat sauces—products in which
the ability of the cellulose to retain relatively large
amounts of water is also critically important (Calorie
Control Council, 1996).

Dextrins (marketed as N-OIL, instant N-OIL, and
Stadex) are made from the starches extracted from
tapioca, corn, potato, and rice. Dextrins are known
for their ability to mimic several fat sensations,
including mouthcoating, the melting sensation, and
the richness of fat. They are also excellent at replacing
some of the juiciness lost from meat products when
fat is removed. In addition, dextrins can form heat-
stable gels, which makes them acceptable for use in
some cooked foods. Dextrins are commonly used in
salad dressings, in puddings, in spreads, in dairy
desserts, and in meat products. Naturally occurring
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carbohydrates, they have a long history of safe use
(Calorie Control Council, 1996).

Polydextrose (marketed as Litesse and StaLite) is

made from citric acid, a sugar alcohol called sorbitol,

and a sugar extracted from corn. Because human

digestive enzymes cannot totally break down

polydextrose, some of it passes through the body

unabsorbed. Consequently, it contributes only one

calorie per gram. Polydextrose was originally

developed as a bulking agent—an ingredient added

to puff up the volume of cakes and cookies after sugar

was removed from the batter. It was subsequently

discovered that polydextrose exhibits the mouthfeel

characteristics of higher-fat products; as a result, it is

also used today to replace some of the fat in bakery

items. Eating too much polydextrose can have a

laxative effect in some people, however, so products

containing more than 17 grams of polydextrose must

be labeled with the warning, “Sensitive individuals

may experience a laxative effect from excessive

consumption of this product.” (Calorie Control

Council,1996).Typically, a 40-gram candy bar will

contain 8 to 12 grams of polydextrose (The Wall Street

Journal,1996).

Vegetable fibers (no trade names), because of their
ability to absorb relatively large amounts of water
and their ability to improve the body and texture of
foods, are often used to replace some of the fat in
various products. Soy, pea, wheat, and oat fibers are
used as fat replacers in some baked goods, in meats
and in spreads (Calorie Control Council, 1996).

Gums (marketed as RHODIGEL, Rhodigum, Dycol,

Jaguar, and Uniguar) have been added to foods for

many years as emulsifiers. Because gums have a

creamy mouthfeel, they are excellent fat replacers.

Most gums pass through the human body virtually

unmetabolized; as a class, they have a long history of

safe use. Some of the gum names consumers will find

on food labels include gum arabic, guar gum, locust

bean gum, xanthan, and modified carbohydrate or

vegetable gum. Guar gum is commonly used to reduce

fat in cakes, donuts, ice creams, sour cream, yogurts,

cheese products, sauces, and soups. Gum arabic is often

used to reduce the fat in bakery products, butter,

margarine, toppings, spreads, and frozen desserts.

Locust bean gum is used as a fat replacer in ice creams,

sausages, salami, bologna, cheeses, canned meat and

fish, sauces, syrups, soups, and pie fillings. Modified

carbohydrate gum/vegetable gum is used in baked goods,

in frozen desserts, in dry sauce mixes, in pourable/

spoonable sauces, and in salad dressings. And xanthan

gum may be found in beverages, in frozen fruit-pie

fillings, and in some canned foods (Napier, 1997).

Pectin (marketed as Splendid and under other
brand names) is made from citrus peel and table sugar.
Pectin forms a gel that can replace up to 100 percent
of the fat in select foods. Because pectin forms small
particles that mimic fat globules, it has the mouthfeel
and melting sensation of fat. Pectin is commonly used
as a fat replacer in foods that contain emulsified fats
(fats suspended in a watery medium). Such foods
include soups, sauces, and gravies; cakes and cookies;
dressings and spreads; frozen desserts; and frostings
(Calorie Control Council, 1996).

Z-Trim is a recently developed fat replacer. Its
availability was announced in late August 1996 by
the USDA. Z-trim is made from the processed hulls of
oats, soybeans, peas, and rice or from the bran of corn
or wheat. The hulls or bran are processed into
microscopic fragments, which are then purified, dried,
and milled into a powder. Because the fragments
absorb water, they swell to provide the smooth
mouthfeel of fat. Z-trim also replaces the moistness
and density that fat gives to foods. Z-trim passes
virtually unmetabolized through the human body,
so it contributes no calories. No adverse
gastrointestinal side effects have been noted from the
consumption of Z-trim containing products (Napier,
1997).

Z-trim has already been added successfully to
brownies, to ground beef patties, and to cheeses. Z-
trim can cut the fat calories in a brownie from 25
percent to just 15.5 percent of total calories. It can
replace up to 15 percent of the fat in ground beef while
boosting the meat’s tenderness and juiciness. Z-trim
was developed by a USDA researcher from GRAS
ingredients. Once the patent has been received, the
USDA will license the production process to private
companies, enabling them to develop commercial
products containing Z-trim (USDA,1996).

Protein-Based Fat Replacers

Unlike carbohydrate-based fat replacers—many of
which were initially developed to improve such
qualities as thickness, bulk, and moisture in foods
and which only secondarily came to be used as fat
replacers— protein-based fat replacers were designed
specifically to replace fat. 4 Protein-based fat replacers
are typically made from milk, egg, and whey proteins
modified by a process called microparticulation. As
the name implies, this process produces tiny particles.
In the mouth, the particles act like tiny ball bearings,
rolling over one another easily. The end result is a
food with the same creamy, slippery texture of its
higher-fat counterparts. Protein-based fat replacers
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are commonly used in butter, cheese, mayonnaise,
salad dressings, frozen dairy desserts, sour cream,
and baked goods. These fat substitutes generally give
a better mouthfeel than do carbohydrate- based
substances; however, like their carbohydrate-based
counterparts, protein-based fat replacers cannot be
used for frying (FDA, 1995).

Microparticulated protein (marketed under the brand
names Simplesse and Trailblazer) is made from
microparticulated milk and/or egg-white proteins,
sugar, pectin, and citric acid. When added to foods,
these products successfully perform many of the
functions of fat, and they impart a fatlike creaminess
and richness. They are lacking in fat-type flavor,
however. Because microparticulated protein fat
replacers are not heat-stable, they are used chiefly in
cold products such as ice cream, butter, margarine,
sour cream, and salad dressings. Microparticulated
protein fat replacers provide 1.33 calories per gram,
as compared with the nine calories per gram of
regular fats. Used in ice cream, a single gram of
Simplesse can replace three grams of fat, for a saving
of 23 calories (Gershoff, 1995).

Modified whey protein (marketed as Dairy-Lo) is
made from high quality whey (or milk) protein
concentrate. Modified whey protein does an excellent
job of improving the texture, flavor, and stability of
low-fat foods. It replaces fat at four calories per gram
and is typically used in frozen dairy desserts; in hard
and processed cheeses; in sour cream, dips, and
yogurts; in sauces; and in baked goods(Calorie
Control Council, 1996). Its ability to prevent shrinkage
and iciness in frozen foods makes it especially
desirable as a fat replacer in those products (Napier,
1997).

Isolated soy protein (marketed as Supro, ProPlus, and
Supro Plus) has been used in foods for 35 years.
Isolated soy protein is not meant to replace the fat in
foods functionally; manufacturers add it simply to
reduce the fat content of foods—primarily meat
products. Isolated soy protein is also used in some
beverages and in weight-loss products. The USDA
allows up to two percent isolated soy protein in
cooked sausages; it allows higher levels inground
meats and poultry products(Calorie Control Council,
1996).

Fat-Based Fat Replacers

Fat-based fat replacers are the newest category of
fat replacers. They have the most acceptable taste of
any of the fat substitutes and they provide a mouthfeel
closest to that of fat. And now, one type of product
meets one of the greatest challenges to fat replacers: It

is thermally stable enough to be used in frying (Calorie
Control Council,1996). Fat-based fat replacers are
made from some of the same ingredients found in
natural fats. But because these ingredients are
formulated in such a way that the body cannot absorb
them completely—in some cases, not at all—they
contribute either fewer calories than their ordinary
counterparts or no calories (Napier, 1997).

Sucrose Polyester, also known as olestra (marketed
under the name Olean), is the first calorie-free fat
substitute approved by the U.S. Food and Drug
Administration. Most dietary fats are triglycerides:
As the name indicates, they are composed of a
carbohydrate (glycerol) with three fatty acids
attached. Instead of having a glycerol at its core,
olestra contains a larger sugar molecule (sucrose) and
has six to eight instead of the usual three fatty acids
(Mayo Clinic Health Letter, 1996). Olestra looks,
tastes, and acts like real fat, but its formulation causes
it to pass through the body totally unabsorbed,
contributing no calories to the diet (Napier, 1997).

In January 1996 the FDA approved the use of
olestra in potato chips and other savory snacks. Using
olestra instead of real fat to fry these products reduces
their calories substantially: A one-ounce serving of
potato chips fried in olestra contains no fat and 70
calories; a one-ounce serving of ordinary chips
contains 10 grams of fat and 160 calories. Potentially,
olestra could be used to replace fat in a wide variety
of foods: oils, ice cream, salad dressings, and cheeses.
But, as with every food additive, each new use of
olestra must be approved by the FDA. To date, the
only approved use of olestra is as a replacement for
the fat used in the production of some salty snack
foods such as potato and tortilla chips, crackers, and
cheese curls. Currently, olestra is the only fat replacer
approved and on the market that can be used for
frying. So far, it has been approved only for
commercial uses, but it would also potentially be
suitable for home use(Napier, 1997).

Some vocal opponents have questioned olestra’s
safety, but that safety has been documented in more
than 100 animal studies and 98 human studies
conducted over the past 20 years (Calorie Control
Council, 1996).According to the FDA (1995), these
studies included:

• Animal and human studies which showed that
olestra does not break down in the digestive tract;

• Animal studies which showed that olestra is not
absorbed into the body;

• Animal studies which showed that olestra does
not cause birth defects;

• Animal studies which showed that a diet
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containing olestra is not associated with a higher
incidence of cancer;

• Animal and human studies which showed that
olestra’s effects on the absorption of the four fat-
soluble vitamins (vitamins A, D, E, and K) can be
offset by supplementing olestra-containing foods
with these vitamins;

• Animal and human studies which showed that
olestra does not decrease the absorption of five
key water-soluble nutrients (folate, vitamin B12,
calcium, zinc, and iron) that are hard to absorb
or that are limited in the U.S. diet;

• Human studies which showed that at usual
snack-food consumption levels, olestra’s potential
to cause cramping, bloating, loose stools,
diarrhea, and other gastrointestinal symptoms
in healthy adults and children and in adults with
inflammatory bowel disease is no different than
that of the full-fat snack foods olestra-containing
products can replace;

• Human studies which showed that olestra does
not affect normal intestinal microflora functions;
and

• Animal and human studies which showed that
olestra does not affect the absorption of some
commonly   used drugs, especially drugs that
attach to fat in the body, such as oral
contraceptives.

Two main areas were investigated in these
extensive studies. The most significant area of study
focused on olestra’s ability to decrease the absorption
of fat-soluble vitamins (vitamins A, D, E, and K).
Because olestra is an oil and passes through the body
unabsorbed, it carries a certain amount of these fat-
soluble substances with it(Finley et al., 1996). The
FDA is satisfied, however, that fortifying olestra-
containing foods with fat-soluble vitamins adequately
offsets this effect (FDA,1995; Cooper et al., 1997).The
rationale is that when these vitamins are dissolved
in the olestra before it is eaten, the olestra no longer
has “room” to pick up additional fat-soluble vitamins
from foods as it passes through the body. Stated yet
another way, with fortification there is no net loss of
vitamins (Schlagheck et al., 1994).

Another area investigated was the potential impact
of olestra on the body’s absorption of beta-carotene
and other carotenoids from foods eaten at the same
time as olestra-containing foods. (The carotenes are a
group of yellow-red chemicals found in both plants
and animals. Some can be converted to vitamin A in
the body; some have antioxidant activity). The
consumption of olestra products as part of a meal

that also includes carotene- rich items such as carrots
can block the absorption of some of the betacarotene
(Napier, 1997).

A recent estimate of the magnitude of this effect is
that betacarotene absorption would be reduced by
6.0 to 9.5 percent, depending on how much olestra
was consumed along with the carotene-containing
food(Cooper et al., 1997). It is difficult to evaluate
completely the potential health effects of the
diminished absorption of carotenoids. Carotenoids
are not known to be essential for human diets, but
some scientists believe they protect us from cancer
and other diseases. The only proven health role for
beta-carotene and other carotenoids is as a precursor
to vitamin A—and the potential effect of olestra on
vitamin A has been addressed by fortification. When
advocates argue that substantial ingestion of beta-
carotene will decrease cancer risk, they are referring
mostly to studies that do not link the intake of
betacarotene per se with lower cancer risk. Rather, the
studies link the high intake of fruits and vegetables—
with their vitamins, minerals, carotenoids, and other
phytochemicals—with lower cancer risk (Block et al.,
1992; Ziegler,1991). Indeed, recent epidemiological
studies indicate that beta-carotene is ineffective at
protecting people from lung cancer and may even
increase the risk of lung cancer in smokers (The
Alpha-Tocopherol, Beta Carotene Cancer Prevention
Study Group,1994; Rowe,1996).

While recognizing that additional data on the
impact of small decreases in carotenoid uptake would
be helpful, we must remember that foods often interact
with each other to alter the absorption of some
nutrients. In a balanced diet any losses that may occur
in one meal are generally made up in another. Having
a glass of milk can reduce iron absorption from a
typical breakfast cereal by 50 percent. A high-fiber
meal can reduce the absorption of beta-carotene by
50 percent (Hassal,1994). But neither of these
examples of food–nutrient interaction has caused
nutritionists to advise against drinking milk or eating
fiber. This is because both instances cited involve only
one meal, not an overall diet. At a single meal olestra
can lower carotenoid absorption just as fiber can. This
decrease depends on the carotenoids and the olestra-
containing foods’ being eaten at the same time,
however. For people eating olestra-containing savory
snack foods, the effect on carotenoid absorption is
less than 6 percent—well within the variability seen
in people eating a normal mixed diet. Conceivably,
olestra could be fortified with carotenoids; but at this
time the FDA—basing its decision on input from the
National Cancer Institute and the National Eye
Institute—has recommended that, since there is no
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basis on which to do so, carotenes should not be added
to olestra in snack foods (U.S. Department of Health
and Human Services, Food and Drug Administration,
1996).

Some people experience loose stools after
consuming olestra-containing foods. Because of this
the FDA requires manufacturers of olestra-containing
foods to include a label statement telling consumers
about this potential side effect (FDA Consumer, 1996).

And olestra appears to offer a benefit: It can inhibit
cholesterol absorption and lower blood cholesterol
levels (Finley et al., 1996). In one study 20 men with
normal cholesterol levels were fed 750 milligrams (mg)
of cholesterol per day along with either butter or a
butter-olestra blend. The group receiving the olestra
absorbed about 18 percent less cholesterol than the
group receiving all butter (Jandacek et al., 1990).In
another study 24 healthy, normal-weight men with
normal cholesterol levels were fed 300 or 800 mg of
cholesterol in a typical American diet (a diet
containing 20 percent of its calories as protein, 40
percent as fat and 40 percent as carbohydrate).
Adding olestra to the diet lowered both total and LDL-
(“bad”) cholesterol(Crouse et al.,1979). The same
authors later studied the effect of this type of dietary
regimen on obese people: Again, they found that the
subjects’ total and LDL-cholesterol levels both fell
(Beaton et al., 1992).

Salatrim (marketed as Benefat) is the name for a
family of reduced-calorie fats typically made from
soybean or canola oil. (The name “salatrim” stands
for short and long chain acid triglyceride molecules.)
Salatrim provides just five calories per gram, rather
than the typical nine of regular fats. Salatrim can be
used to reduce the fat in a variety of products such as
baked goods, confections and dairy products. Unlike
olestra, salatrim cannot be used for frying (Calorie
Control Council.,1996).

Caprenin, like salatrim, provides only about five
calories per gram. It is a good substitute for cocoa
butter and can be used in confections.16 Caprenin
cannot be used for frying foods, and it is not in any
foods currently on the market.

Mono- and diglycerides (marketed as Dur-Em, Dur-
Lo, etc.) were developed as emulsifiers—ingredients
that help disperse fat in watery mediums. Mono- and
diglycerides help stretch fats or spread them more
widely throughout a food, thereby allowing less fat
to be used in the product. So, although mono- and
diglycerides have the same caloric value as other
fats— nine calories per gram—their use can result in
a substantial fat and calorie reduction. Mono- and
diglycerides are used to replace all or part of the

shortening in cake mixes, in cookies, in icings, and in
select dairy products(Calorie Control Council.,1996).

Conclusion

Fat replacers have a tremendous potential to
decrease the fat content as well as the overall calorie
content of the diet. Fat replacers can help consumers
avoid both the physical and the psychological feelings
of deprivation that may arise when they attempt to
follow strict, low-fat eating plans—feelings of
deprivation that can cause dieters to revert to the
higher fat eating styles that keep them from achieving
healthier body weights (Napier,1997).There is no
“magic bullet” to achieving dietary goals. A prudent
approach, however, is combining proper nutrition,
dietary variety, with a healthy lifestyle, regular
exercise, and a reduction of total dietary fat aided by
choosing foods formulated with fat replacers
(Akoh,1998).
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