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Abstract

The demand for dried instant soups is increasing to their ease of use. In particular, the boom in healthy and functional foods,
there is general preference for healthy soup prepared using vegetables, legumes, cereals and mushrooms. Dried instant soup has
long shelf life because it is a dried food and frequently has its effective tasting time period set for a relatively long time. This study
was conducted to develop a nutritious instant vegetable soup mixture incorporated with cereals, legumes and seaweed extracts
such as agar or carrageenan use and was to replace of pectin. The agar and carrageenan area industrial food substitute enrich
with protein, minerals, vitamins and amino acid which improve the overall nutritive values and viscosity of the soup. Organoleptic
evaluation was conducted to select best combination of ingredients of vegetables, cereals, legumes and preservatives. In addition
to that Ulva powder and seaweed extracts (agar or carrageenan) were incorporated in different percentages and was evaluated
for the sensory attributes to optimize and compare physical chemical and sensory parameters with commercial vegetable soup
mixture. The data rank some test revealed that best soup mixture were evaluated by sensory attributes one commercial available
and two formulated soup mixtures with contain 80% vegetables, 10% grain, 3.5% legumes, 2.5% dried Ulva powder with 3% agar
agar or 2% carrageenan and preservatives. The soup formulas have highest viscosity (698 cps, 766 cps, 951cps), water activity
(0.618, 0.586, 0.437), crude protein (9.3%, 7.2%, 1.7%), carbohydrate (64.54%, 61.3%, 51.32%), iodine value and (0.35, 0.32, 0
mg/l) respectively in agaragar incorporated soup, carrageenan incorporated soup and commercial vegetable soup mixture. The
total bacterial counts, total fungal counts and water activity were at the acceptable levels for consumption. The low levels of yeast
and mould counts were detected in all the samples during the storage period. This two formulated products can be introduced to

the commercial market as alternative medicinal heath food.

Keywords: Soup mixture; Agar; Carrageen an; Legumes; Dehydrated
seaweeds.

Introduction

Lack of nutrition education leads to wrong choices of food and
resultant malnutrition. The Interrelationship between diet, food habits
and nutrient deficiency disease have made efforts to investigation of
nutritive value of soup mixture and evaluate the properties of sensory,
physical, chemical and nutrients. The nutrient content of most of soups
available in the market is high in carbohydrate and low in protein.
Deficiencies of nutrients are a major global health problem. More than
2 billion people in the world today are estimated to be deficient in key
vitamins and minerals, particularly vitamin A, iodine, iron and zinc.
Most of these people live in low income countries and are typically
belong to poverty line. Micro nutrient deficiencies increase the general
risk of infectious diseases because of compromised immune system as
well as the risk [1]. Seaweed is known as rich source of protein, vitamins,
amino acids and dietary iodine, macro and micro elements, dietary fiber
[2]. The main two polysaccharides agar and carrageenan extracted from
seaweeds are vicious hydrocolloids which have thickening properties
of food. The growing demand in the role of macro micronutrients in
optimizing the health in prevention or treatment of disease [3]. The
iodine and other essential elements are rare in land plants which are
highly abundance in seaweed. Previous studies have shown that iodine
content in breast milk of lactating mothers has a strong correlation with
the frequency and quantity of seaweed soup consumption [4]. Iodine
is an essential macro and micro element required for thyroid hormone
synthesis; impart some of its prevention of cardiovascular disease and
cancer and other metabolic reactions. Seaweed soup is low cost nutritive
sources and supply protein, minerals, vitamins and amino acids to
health diet. The vegetable and cereal mixed soups are enriched with
high protein [5]. The incorporation of seaweed extract to soup enhances
the nutrition requirement of the diet. The combination of those macro

and micro elements play important role in mounting immune response
and substantially increase the risk of having poor immune responses
to infections [6]. These compounds also help to influence adult and
child survival as well as educational achievement, child survival and
maternal health [7]. Method of preparation and storage of foods often
leads to large loss of nutrients thus creating deficiency risk of nutrients.
Therefore efforts have been geared towards the study of nutritional
composition of market available and prepared soup. There are no
scientific data available on nutritional values of Sri Lankan seaweed
based soup mixtures. As the formulation and development of nutritious
complementary foods from locally and readily available materials have
received a lot of attentions, the present research work aimed to prepare
and supplement dried vegetarian soup mixtures incorporated with agar
or carrageenan (vicious polysaccharide) and evaluating their chemical,
physical, rheological and sensory properties to assess the nutritional
and technological quality of the resultant mixtures and soups.

Material and Methods

Preparation of seaweed extracts

The seaweed varieties Kappaphycus alvarezii, Ulva lactuca,
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Gracilaria verrucosa were collected from Northeastern (Trincomalle),
Southwestern (Unawatuna and Beruwala) coastal areas of Sri Lanka
and transported to NARA laboratory in insulated boxes. Ulva lactuca
,Gracilaria verrucosa and Kappaphycus alvarezii species were washed in
seawater initially to remove macroscopic epiphytes and sand particles
and finally with fresh water to remove adhering salt. The fresh seaweeds
were blanched in 95°C hot water in 10 minutes and washed in cold
water. They were shade dry for four days followed by oven dry at 60°C
for 12 hours. Then the materials were hand cursed and made as a coarse
powder using mixer grinder. The dried grinded powder was stored in
0°C until it is used. The Gracilaria verrucosa (agar) and Kappaphycus
alvarezii (carrageenan) were used to extract agar with acid treatments
[8] and carrageenan with alkaline treatments [9] respectively. The dried
grinded Ulva powder, agar and carrageenan were stored in 15°C until
used.

Preparation of vegetables

The vegetables pumpkins, carrot, potato, mushrooms, tomato,
B-onions, leaks, celery, carrot and cereals, red rice, soya bean, green
gram, pepper, salt, corn starch were purchased from super market.
Potato carrot and pumpkin samples were sorted, washed, peeled and
sliced in cubic form and blanched in hot water at 95°C for 5 min, then
washed in cold water then hot air flow drying were performed at 65°C
in the first four hours and then reduced to 50°C till completely drying.
Then milled and sieved (315 micron) into powdered form. Tomatoes
were sliced then dried and milled as the above mentioned vegetables;
the green gram and soya bean were subjected to some technological
treatments as soaking in 1:2 w/v water ratios for 30 minutes, and then
cooked for 15 minutes before dried and milled for soup formulation.

Formulation of the dried vegetarian soup mixtures

The prepared samples were seasoned with dried onion, garlic,
coriander, black pepper, cumin salt and agar or carrageenan then
mixed to formulate four dried vegetarian soup mixtures (three
replicates for each formula) namely F andF, as shown in Table 1. The
obtained mixtures were packed into polyethylene bags and kept at
-20°C for further analysis. The formula 1 were made using different
percentages 4%, 3%, 2%, 1% of agar agar. The formula 2 were made
out using same procedure for different carrageenan percentage 4%,

Ingredients Formula 1 Formula 2
(9/100 g) (9/100 g)
Agar 39
Carrageenan 29
Ulva powder 2.5 25
Tomtato 5 5
Mush room 3 3
Pumpkin 10 10
Carrot 15 15
Green gram 15 15
Curry leaves 8 8
Soya bean 15 15
Red rice 15 15
Garlic 1 1
Salt 25 25
Black pepper 1 1
Onion 3 3
Citric acid 0.1 0.1
Sodium benzoate 0.3 0.3

Table 1: Formulas of dried vegetarian soup mixtures (g/100 g).

3%, 2%, 1%. Organoleptic parameters were measured to obtain of best
percentages of agar or carrageenan.

Analysis of chemical parameters

The chemical, physical parameters were measured: macro and
micro, proximate composition, viscosity (Brookfield viscosity meter),
water activity (Spring water activity meter), dietary fiber [10], total
Plate Count [11]. Standard deviation and variance of means (ANOVA)
were calculated using statistical analysis package SPSS14 [12].

Rheological properties of the resultant soup samples

Rheological parameters (viscosity and shear rate) of dried
vegetarian soup samples were measured according to Brookfield
manual by using Brookfield viscometer. The sample was placed in a
small sample adapter and a constant temperature water bath was used
to maintain the desired temperature. The viscometer was operated
between 10 and 60 rpm. Viscosity and shear rate data were obtained
directly from the instruments; the SC4-21 spindle was selected for the
measurement. Rheological measurements were made at the resultant
soup samples (F, F, and F, commercial soup) at room temperature
(25°C + 1°C).

Organoleptic evaluation of the resultant soup samples

The resultant soup samples were organolyptically evaluated after
dissolving in hot water (25 g dried vegetarian soup mixtures/250 ml
water) for its sensory characteristics, taste, flavor, color, thickness and
appearance, dissolution rate and overall acceptability. The evaluation
was carried out by using ten panelists according to the method of [13].

Shelf life assessments

The shelf life were measured for prepared different soup formulas
packed in air tight polystyrene packets and stored in three different
temperatures, ambient temperature, 0°C and -18°C during six month
period. Shelf life was determined by measuring of changes of overall
acceptability, total bacterial count, total fungal count and water activity
monthly over a six month period.

Results and Discussion

The best composition of selected from formula 1 was recorded
for 3% agar 10% grains, 80% vegetables 2.5% Ulva powder and 10%
legumes and other ingredients. The procedures followed in formula 2
which was formulated with carrageenan 2% are with other ingredients
were selected as best composition. The viscosity of soup mixtures was
lower than that of commercial available market soup sample. The
viscosity level both the soup mixture was improved to market standards
by incorporation of dried Ulva species powder and corn starch. This
increased in the apparent viscosity of the formulated soup closer to the
commercial sample.

Viscosity of the resultant soup samples

The physical properties of soup mixture were dramatically
improved by incorporate of agar agar and Carrageenan. The highest
apparent viscosity was found at commercial sample 951 cps followed
by formula 2 and formulal. The significant variation could be observed
among commercial sample and formula 1 and 2. Soup mixture
commonly available market contains corn starch as thickening agent.
The formulated soup shows the potential application of agar or
carrageenan as a viscosity enhancer. Agar is generally water- soluble and
very hydrophilic. The agar with low gelling property products provides
the semi-solid body and high viscosity to the soup preparation. In high
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gel strength agar can be added limited amount as liquid thickener or
viscose’s media. In soup preparation, viscosity is an index of thickness
[14]. Carrageenan or agar is used as thickening agents in food to
provide the desirable viscosity to the soup mix [15]. f-glucan has a
lower or equal ability to increase viscosity as xanthan, guar gum, locust
bean gum and Arabic gum. The good viscosity forming properties
make f8-glucans potential alternatives as thickening agents in different
food applications [16]. The functional properties of pulse proteins play
an important role in food formulation and processing.

The relationship between shear rate (S) and values of the viscosity
(cps) of the dried vegetarian soup supplemented with carrageenan agar
and commercial sample given in Figure 1. It seems that the apparent
viscosity (cps) of soup samples decreased as shear rate increased. This
simply means that the three dried vegetarian soups F1 and F2 had a
noticeable apparent viscosity pattern which could be characterized
within the non-Newtonian pseudo plastic flow behavior [17]. The same
Figure depicts that apparent viscosity pattern recorded the highest
value compared to Fland F2, it decreased sharply while; apparent
viscosity patterns in and F1 and F2 were much closer to each other and
decreased gradually. The high viscosity pattern of F3 could be due to
the higher proportion and the functionalities of corn flour starch and
its 8-glucan. The reduction of apparent viscosity pattern of F1'and F2
may be due to the reduced proportion of agar or carrageenan during
formulation.

There were no observed significant changes in water activity
levels of three different formulas. The water activity content was less
than the 0.6 and it range from 0.564 + 0.4 to 0.597 + 0.8. The low
level of water activity content may have restricted the growth rate of
microorganisms. Almost all microbial activity is inhibited below aw 0.6
[18]. while between most fungi are inhibited below a_ 0.7, most yeast
are inhibited below aw 0.8 and most bacterial growth below aw 0.9
[18]. Very low values of aw are related to high lipid oxidation rates. A |
values of 0.2 and 0.4 lipids have been suggested to have optimal stability
and oxidation rates increase with increasing aw [19]. According to
the present study (Table 2) initial levels of microorganisms in tested
samples were comparatively lower and in the range of 1 x 10? to 2 x
10% All the three samples were much lower compared to the maximum
allowable limits. The product can be stored for further period of time.

Sensory attributes of different type of soup mixtures

Sensory evaluation considered to be a valuable tool in solving
problems involving food acceptability. It is useful in product
improvement, quality maintained and more important in new product
development. It is desirable that the product to free from off flavors’,

1000

900

800

700

Viscosity 600
500

400

300

200 F3

100

— Fl1

e —
1
|~

— F2

0 50 100 150

Shearing rate

F1-agar incorporated soup mixture, F2-Carrageenan incorporated soup
mixture, F3-Commercial product.

Figure 1: Viscosity of three different soup mixtures at different shearing rates.
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Macro and Formula 1 Formula 11 Market soup
Micro Elements
mg/100g

Cobalt (Co) ND ND ND
Ni ND ND ND
Cr ND 0.08 +0.86 1.3+0.7
Mn ND 1.97.0£0.45 1.2+0.31
K 53.39 £ 0.07 98 +0.42 5.6 £0.45
Mg 45.8 £0.98 54.9+£0.23 4.9+0.32
Ca 250.56 £ 0.75 125.9+0.21 3.8+0.23
Na 115.76 £ 0.56 126.8 £ 0.32 5.3+0.12

lodine 0.62 £ 0.02 0.75+0.02 0

Table 2: Comparison of mineral content of in different soup formula powder
mixtures.

unacceptable aroma and faulty texture. The market sample was also
observed to be in highest sensory quality. Formula 1 and 2 showed
same points for sensory quality. Table 3 indicates the sensory quality
attributes of resultant soup thickener with different soup mixtures.
Incorporation of agar and carrageenan significantly affected thickness
as well as dissolution rate. Sensory studies showed that all three samples
were not significantly difference in appearance, color, texture, aroma,
taste and overall acceptability. The commercial sample is used with corn
starch as thickening agent in f-glucane. Therefore agar or carrageenan
can be successfully substituted to corn starch as a thickener with higher
level of sensory acceptability.

Proximate composition of dry vegetable soup mixtures

The proximate composition of the different soup formulas were
given in Table 4. The highest protein values were observed in the formula
1 followed by formula 2 and commercial vegetable soup sample. There
were significant differences between protein content of commercial
sample, F1 and F2 soup formulas. The protein content ranged from
1.7-11.3. There were no significant difference between F1 and F2. The
soya bean, cow pea and added seaweed polysaccharides enhance the
protein content in soup formula 1 and 2. The present data is similar to
the observations of [20] who mention that legumes and seaweed are
high in protein and especially rich in lysine and leucine, low in fat and
excellent source of dietary fiber and complex carbohydrate.

The highest oil content 2.68% was observed at market soup samples
followed by formula 1 and 2. There was no statistical difference among
oil contents of soup formulas. The fat content ranged from 2.3%-2.68%
at different soup formulas. Agar and carrageenan have low oil content
[21]. The results of present study confirm the observations of Amal et
al. [17] Observed similar oil contents in the diets from dried vegetable
soup mixture. The highest carbohydrate content was also observed at
formula 1 than in others soups. It can be concluded that formula 1
has the highest nutritional compounds than other two formulas. The
soup mixture formula 1 supply highest carbohydrate content followed
by formula 2 and then commercial soup sample. The carbohydrate
content is over 60% in all seaweed polysaccharides. The application of
these polysaccharides stabilized the food product against degradation.
These polysaccharides enhance acceptability and shelf life [22]. The
ash content is an indicator of minerals. Seaweed is rich source of
minerals. The highest ash content was recorded in formula 2 followed
by formula 1 and market soup. Dietary sources of essential elements
are important for correct physiological functions of human body. A
Deficient intake of certain minerals can produce diseases and lead to
abnormal development [23].

The availability of macro and micro elements were observed in
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Different soup Taste (10) Colour (10) Flavour (10) Thickness Dissolution rate (10) Overall acceptability (50) Colors
Formulas Mean * SE Mean * SE Mean * SE Mean (10) £ SE Mean * SE Mean * SE
Formulas 1 8.3+17 94 +1.23 86+1.2 8.55+1.27 8.45+0.3 433+ 1.14 Orange yellow
Formulas 2 8.4 +.25 9.45 + 1.54 8.4 +1.53 8.63+1.6 89+1.6 43.78+1.8 Orange Yellow
Market available 9.10 £ 1.67 8.50 +1.32 9.1+1.67 9.0+£1.9 9.1+1.6 44.8 +1.63 Yellow
sample
Table 3: Comparison of sensory attributes of different soup formulas (Mean + SE).
Parameters Formula 1 Formula 11 commercial soup sample
Protein (%) 11.3+0.8 11.2+0.6 1.7+04
Oil (%) 24+07 23+06 2.68+0.5
Carbohydrate (%) 64.54 £ 0.4 61.34 £ 0.5 51.32+0.5
Moisture content (%) 126+04 123+0.6 145+05
Ash (%) 9.5+0.3 9.7+0.3 9.3+0.2
TPC (Total Plate Count) 1%x102+0.1 2x10%+0.54 1x10%+0.65

Table 4: Comparison of proximate composition and TPC (Total Plate Count) in different soup formulas (dry weight basis, mean * SE).

Parameters Formula 1 Formula 2 Commercial soup
sample
viscosity (cp) 698 + 0.3 766 + 0.5 951+0.5
Overall 8+0.2 8+0.3 10+0.6
acceptability
water activity 0.564 + 0.4 0.505+ 0.6 0.597 £ 0.8
pH 6.3+0.5 6.7+0.8 6.9+0.2

Table 5: Comparison of physical and sensory attributes of laboratory prepared
soup and commercial soup samples (Mean * SE).

Table 2 in three different soup Formulas. The availability of Ca, Na, Mg
and K values were significantly very high in laboratory prepared two
soup samples than in commercial samples.

The significantly (P<0.05) highest Ca content was found in formula
1 (250.056 mg/100 g) followed by formula 2 (125.9 mg/100 g). The
lowest value was found in commercial sample (3.8 mg/100 g). The
differences among the Ca content of samples were due to the high Ca
availability of agar which was extracted from the red algae. These very
high Ca content seaweed soup consumption may be useful in case of
expectant mothers elderly and adolescents that all expose to risk of Ca
deficiency [24]. Most of the vegetable soups in the market have low
levels but not sufficient to meet adequate intake of calcium for adult
1000-1200 mg/day. Calcium deficiency is certainly a risk factor for
osteoporosis in later life [25].

The Table 5 showed the Na content in dry soup formulas. The
significantly highest value (126.8 mg/100 g) was found in formula 11
followed by formula 1(115.76 mg/100 g). The lowest value was observed
in commercial market soup samples. The Na contents were ranged
from 5.3 to 126.86 mg/100 g. Sodium is the major positive ion in the
extracellular fluid and key factor in retaining body water. Under the
FDA food-labeling rules, the daily value for sodium is 2400 mg. Two
soups prepared in the laboratory were within the RDA (Recommended
Daily intake for Adult) [26]. The highest macro and micro elements
were observed in formula 2 where average K content was 98 + 0.42
mg/100 g. The macro elements in formula 2 were three times higher
than that of formula 1. The metals in both two soup formulas were
significantly higher than that of market soup samples. This is due
to highest availability of minerals in seaweeds than in land plants.
Potassium plays a similar role with sodium in the biological system.
But it is located in the intracellular fluids. Unlike sodium it is associated
with lower levels rather than higher blood pressure values [6].

The Mg content was found significantly highest (45.8 + 0.98) in
formula 1 followed by formula 2 in 54.9 + 0.23. The lowest Mg content

was observed in market soup sample [27]. The very low Mg content
found in market sample in the present study may be due to the
unavailability of Mg found in land plants compared to Mg content of
agar extracted from red seaweed. The variation between formula 1 and
formulae 11 may be attributes to red seaweed species extracted agar and
carrageenan and differences their habitats and metabolic preferences.

The whole samples were with free or low amount was observed in
the toxic elements such as Co, Ni, and Cr. This formula 1 and 2 were
observed as nutritionally rich source for healthy life of children’s and
pregnant mothers. The iodine content was found zero in commercial
vegetable soup while it ranged 0.7-0.6 mg/100 g in a laboratory
prepared soup mixtures. For people with lower organ functions and
greater need of optimization of body iodine stores intakes up to 50 mg
per day can be use safety [28]. Brown seaweeds are the main source of
iodine treated for thyroid conversely, getting sufficient iodine seems to
protect against this disease [29].

From the above nutritional data, it could be demonstrated that
the dried vegetarian soup mixture had reasonable amount of required
nutrients particularly protein, energy, fats, ash and micro elements.

Shelf life assessments

In (-18°C) deep freezer stored samples were found to have overall
acceptability 9 (very much like) score from initially to until six month
of storage [30-34]. The slight increase of microbial growth was observed
after four months and finally it was 3 cfu/g. There were no significant
difference observed in all the parameters during six month period
storage at -18°C. In storage of 0°C (freezer) was found significant
difference from 3™ month to six month in all three parameters analyzed
were range 9-7, 1-90 cfu/g, 2-4 cfu/g respectively (Table 6). Overall
acceptability, TBC and TFC. Dramatically increased in 27°C sample
stored over months. The results show positive correlation of microbial
growth and deterioration in sensory quality. The reduction of sensory
quality may be due to the slight increase of microbial and fungal growth.
The shelf life of (-18°C) deep freezer stored samples can be estimated
more than six month. While freezer storage (0°C) samples can be kept
five to six month without deterioration [35-37]. The samples stored in
ambient temperature have short shelf life around three months.

Conclusion

The two seaweed extracts of carrageen and agar were identified as
potential nutritive thickener and gelling agent in the soup industry. The
small quantity of agar and carrageenan improved apparent viscosity
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Parameters -18°C storage (Deep freezer) 0°C storage (Freezer) 27°C storage (ambient temperature)
Initial 3" month Final Initial 3" Month Final Initial 3 month Final
Overall acceptability 9+0.56 9+ 0.56 9+0.56 9+0.56 84043 7+0.26 9+0.78 8+0.45 6+9.34
Total bacterial count (cfu/g) 1+1.3 1+1,8 3+1,8 1+1.3 3+£1.8 90 + 12 1+0.23 306.8 900 + 24.9
Total fungal count, (cfu/g) 2+0.23 1+£0.2 2+0.05 2+0.05 4+0.8 817 2+04 4+0.3 82
Water activity (A,) 0.54+0.066 0.54+0.024 0.6+0.034 0.54+0.056 0.6+0.075 | 0.67+0.056 0.54+0.075 0.73+0.076 0.73 +0.087

Table 6: Effect on storage conditions six month duration on sensory and microbial quality of soup formula 1 (Mean + SE).
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