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Abstract

Traditional soups are culturally acceptable soups that are rich in nutrients, but conventional preservation methods such as reheating after use
and frozen storage diminish their nutrient qualities. Freeze drying is a dehydration method which has a great ability to retain food nutrients, but
there is scanty of scientific data on its application to Nigerian soups preservation. Soups (Ila, Ewedu, Ogbono and Kuka) were prepared using
standard recipes, freeze-dried, packaged in polyvinylchloride and stored at ambient condition for 8 weeks. Moisture, protein, fat, crude fibre, ash,
carbohydrate, iron, calcium, sodium, potassium, phosphorus and vitamins were determined at 14 days interval using standard methods. Data were
analysed using ANOVA at p = 0.05. Moisture, protein, fat, crude fibre, ash and carbohydrate contents of the soups ranged from 6.33-7.57%, 25.93-
43.86 %, 7.19-43.86 %, 13.52-17.16 %, 8.45-10.80 % and 0.65-27.97 % respectively. Iron, calcium, sodium, potassium and phosphorus varied
from 9.26-13.47 mg/100g, 73.57-245.23 mg/100g, 150.78-281.72 mg/100g, 209.22-352.07 mg/100g and 286.18-363.52 mg/100g respectively. The
predominant vitamins (mg/100g) were A (66.69-137.49), B (22.73-88.74) and E (64.20-207.23). Freeze-drying reduced soups moisture contents
by 90.0-90.8 %, thus increased the concentrations of other constituents. The nutrients quality of the freeze dried soups was well maintained for
a storage period of two months, but cannot be further guaranteed due to slight decrease in their fat contents which indicates an increase in lipid

oxidation.
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Introduction

Vegetables are good sources of vitamins (A, B, C, E), minerals and
dietary fibre, they also play significant roles in human nutrition (Elemo
et al., 2011). Vegetables and fruits contribute about 91% of vitamin
C and 48% of vitamin A (Oboh, 2005a). Green leafy vegetables have
been widely accepted as a dietary constituent in some parts of Nigeria,
generally forming a dietary portion of substance in the preparation of
soups and stews (Hart et al., 2005). Leafy vegetables are good sources
of protein, mineral, vitamins, fiber and other nutrients which are usually
in short supply in the rural dwellers daily diets (Mepba et al., 2007).
They add taste, colour, flavour, variety, and appeal aesthetically to what
might be otherwise referred to as monotonous diet (Raji et al., 2015).
They are cultivated abundantly during the rainy season but they become
scarce during the dry season. However, limiting basic preservation
facilities for freezing, canning and dehydration make them to be rarely
processed in Nigeria. Therefore, smaller quantities are sundried, giving
rise to poor quality products with high moisture contents and microbial
loads thus affecting storage stability (Mepba et al., 2007). Amongst
these vegetables are “Ewedu” (Corchorus olitorus), “lla” (Hibiscus
esculentus), “Ogbono”(Irvingia gabonensis) and” Kuka”(4Adansonia
digitata).

Traditional dishes are one of the oldest and deeply ingrained aspects of
African culture (Oguche, 2012). They are extremely health protective
and rich in nutrient. Some traditional foods are good sources of proteins,
omega-3 fatty acids and antioxidants (Kpikpi et al., 2009; Amadi et
al., 2011; Benjamin ef al., 2012b). Interestingly, different cultures
have different traditional foods that are indigenous to them (Benjamin
et al., 2012a; Benjamin et al., 2012b; Amadi et al., 2011; Benjamin et
al., 2011). Traditional foods can be broadly classified in to two groups;

the first group are the traditional dietary staples which consumed in the
area where they are grown, for example, cassava, potatoes, plantains,
cocoyam, yam and maize. The second group comprises of component
of accompanying relishes and sauces, which include oilseeds, fruits and
vegetables that are consumed along with the traditional dietary staples
(Okeke et al., 2009). Indigenous or traditional soups are soups that
are associated with a particular ethnic and cultural society (Raji et al.,
2019). Investigations revealed that Nigerian soups are naturally rich in
micronutrients, and their regular consumption might eventually prevent
or reduce occurrences of some micronutrient deficiencies (Raji et al.,
2015; Kayode et al., 2010). In spite of the richness of the Nigerian
traditional soups in nutrients, their preservation by frozen storage and
reheating after use declined their nutrient qualities (Raji et al., 2015).

The recent demand for good quality products in the food market
necessitates dehydration of foods in such a way that the nutritional and
organoleptic properties of the initial fresh products are maintained at a
very high level (Mayor and Sereno, 2004). Fruits and vegetables have
been dehydrated by different methods, but each method's implication on
the final product qualities include degradation of the texture, colour and
physiologically active compounds (Krokida et al., 2001). Freeze drying
is among the best dehydration methods that retain the biological value of
raw materials, their structure, flavour, aroma and colour, thereby making
their final products to be easily reconstituted by simple addition of water
(Jayathilakan et al., 2012). Freeze drying produces final product quality
that is better than other dehydration methods such as air or drum drying
(Hsuch et al. 2003). Utmost attention has been given to freeze drying
by many researchers, Li et al. (2004) and Yun et al. (2006) revealed
that dried sea cucumber with good quality attribute upon rehydration
could be produced by freeze drying (FD). Paakkonen and Mattila (1991)
reported that improved sensory quality of dried fruits could be achieved
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through low processing temperature such as freeze drying. Hammami and Rene (1997) reported that strawberry freeze dried at 20 °C possessed better
quality than when oven dried at 60 °C. This research work was under taken due to scanty of scientific data on the application of freeze drying to

Nigerian soups preservation.

Materials and methods

Nigerian Soups Preparation

The standard recipes described by FIIRO (2006) were used for the preparation of Ewedu (Corchorus olitorus), ila (Hibiscus esculentus), ogbono
(Irvingia gabonensis), and kuka (Adansonia digitata) soups. Their recipes were shown in Table 1 and the procedures for their preparation were

described below:

Table 1. Recipes Used for Preparation of Soups

Ogbono Ewedu Ila Kuka

Bitter Leaf(20g) Leaves(120g) Okro(fruit(640g)) Meat (1000g)
Ogbono (ground (240g)) Egusi(ground(40g)) Pepper(14g) Onion (75g)
Palm oil (80ml) Water(500ml) Ugwu(200g) Dry fish (50g)
Water (2000ml) Crayfish(40g) Meat(1000g) Stockfish(500g)
Maggi (8g) Potash(1g) Crayfish(40g) Kuka (Powder (150g))
Onion (3400g) Iru(5g) Onion(300g) Maggi (10g)

Iru (locust beans (10g)) Salt(5g) Salt(14g) Salt(8g)
Fish(Smoked (310g)) Palm 0il(40ml) Curry(3g)
Meat(1000g) Water(2000ml) Thyme(1.4g)
Crayfish(ground (40g)) Maggie cube(8g) Crayfish(30g)
Periwinkle(deshelled (94g)) Iru(locust beans(10g)) Water(2000ml)
Salt(10g) Palm Oil(100ml)
Pepper(ground (14g))

Adapted from FIIRO (2006)

Ewedu Soup Preparation

Fresh ‘ewedu’ leaves were washed thoroughly with water to remove
adherent dirt. The clean leaves were blended with a known quantity
of water in a blender. It was then poured into a clean pot and a small
quantity of potash was added to the blend. The blend was further boiled
for 5 min and melon powder was sprinkled into the boiling mixture. The
mixture was stirred gently and left to simmer on low heat for 5 min.
Locust bean, salt and ground crayfish were introduced into the mixture
before heat was removed.

Ogbono Soup Preparation

Onions, meat and pieces of fish were washed thoroughly with clean
water and the clean ingredients were placed in a clean pot having
a known quantity of water. The items were boiled until they were
thoroughly cooked. The cooked meat and fish were removed from the
pot and minced to aid drying. The ground ‘ogbono’, minced fish, oil,
minced meat, ground pepper, ground crayfish and periwinkles were
introduced into the boiling mixture. The boiling mixture was gently

stirred and allowed to simmer for 5 min before chopped vegetable and
seasoning introduced. It was further allowed to boil for 5 min before heat
was removed.

Ila Soup Preparation

Onions, fish and meat were washed thoroughly and placed in a clean
pot having known amount of water. The items were boiled until they
become cooked. The boiled fish and meat were removed from the pot
and minced to aid drying. Oil, ground crayfish, minced meat, minced
fish, and ground pepper were added to the boiling mixture. The mixture
was stirred gently and allowed to boil for 10 min. Thereafter chopped
okro fruits and seasoning were introduced and left until the okro softened
and the required consistency was achieved.

Miyan kuka Soup Preparation

Onions, fish and meat were washed thoroughly with clean water and
the items were placed in a clean pot having considerable amount of

CROATIAN JOURNAL OF FOOD TECHNOLOGY, BIOTECHNOLOGY AND NUTRITION



u
. Croatian Journal of Food Technology, Biotechnology and Nutrition vol.15 (3-4), 2020

A. O. Raji, R. Akinoso: 139-146 141

water. The mixtures were cooked for 25 min. A mincing machine was
used to mince the boiled meat, stock fish and dried fish in order to aid
drying. The items that were minced were placed in a clean pot. Also,
considerable amount of water, curry, and ground pepper were introduced
into the mixture and it was further cooked for 20 min. Miyan Kuka leaves
powder was also introduced into the boiling mixture and it was stirred
gently and allowed to steam for 15 min before heat was removed. All
the soups were cooled and then packaged in stainless steel trays before
freeze drying.

Soups Freeze Drying

Each freshly prepared soup (350 g) was spread in the drying trays and
kept in freeze drying chamber of CRC FD-10N-50 model freeze dryer
for 12-14 h. The temperature of the shelf was maintained at 25 °C, while
the drying chamber pressure was kept at 80 Pa during drying. The cold
trap temperature was kept at -40 °C. Each sample was dehydrated until
final moisture content ranging from 6-7 % w.b. was reached. Each dried
soup was subsequently packaged in 0.1 mm poly vynil chloride bags and
kept at room temperature for 8 weeks.

Analyses

Analyses such as proximate composition (moisture, protein, ash, fat,
crude fibre and carbohydrate), mineral composition (iron, calcium,
sodium, potassium and phosphorus) and vitamin contents (vitamin A,
vitamin B and vitamin E) of each soup sample were evaluated using
the standard AOAC procedures (AOAC, 2005). Data obtained were
analyzed by one-way ANOVA test using SPSS statistical programme.

Results and discussion

Effect of Storage Period on the Proximate Composition
of Freeze Dried Soups

Proximate compositions of the freeze dried Nigerian soups were
presented in Table 1. The storage period had significant influence on all
the determined chemical properties at 95 % confidence level, except for
the fat content of oghono and the ash content of kuka soup that were
insignificant during ambient storage.

Table 2. Effect of Storage Period on the Proximate Composition of Freeze Dried Soups

Sample Moisture (%) 520;"1“ ’(th) ‘(“j})‘ gg;e " gz;bOhydf ate
Ewedu

0 week 6.33+0.11¢ 34.33+0.36 7.60+0.13¢ 8.45+0.11¢ 16.00+0.11* 27.28+0.71¢
2 weeks 6.57+0.07¢ 34.03+0.25% 7.4440.04° 8.54+0.08¢ 14.93+0.08° 28.49+0.31*
4 weeks 7.2240.05° 33.86:+0.06" 7.33+0.04% 8.99+0.08° 14.81+0.08" 27.79+0.17%
6 weeks 7.3440.04 33.57+0.09< 7.28+0.04< 9.29+0.05° 14.65+0.05° 27.86+0.07%
8 weeks 7.44+0.06* 33.34+0.13¢ 7.19+0.05¢ 9.46+0.04* 14.59+0.04° 27.97+0.05%
lla

0 week 6.92+0.12¢ 43.86+0.17* 8.51+0.06* 10.12+0.25¢ 17.00+0.24 13.59+0.59°
2 weeks 7.274+0.58% 43.49+0.17° 8.34+0.11° 10.15+0.17¢ 16.97+0.17¢ 13.78+0.30°
4 weeks 7.36+0.02% 43.14+0.03¢ 8.01+0.07¢ 10.31£0.07% 16.80+0.09% 14.39+0.232
6 weeks 7.70+0.04 42.74+0.11¢ 7.82+0.03¢ 10.54+0.02° 16.58+0.08" 14.61+0.20°
8 weeks 8.17+0.07 42.55+0.03¢ 7.55+0.05¢ 10.80+0.06* 16.43+0.02° 14.50+0.06*
Ogbono

0 week 6.53+0.18> 26.86+0.16* 43.60+1.17* 9.83+0.14° 14.02+0.10° 0.84+0.66
2 weeks 6.60+0.17° 26.67+0.11° 44.19+0.05* 9.92+0.12¢ 13.93+0.06 1.30+0.35°
4 weeks 6.76+0.08" 26.37+0.08¢ 43.57+0.10* 10.14+0.06° 13.80+0.09° 0.65+0.17
6 weeks 7.33£0.11¢ 26.18+0.02¢ 43.37+0.07* 10.35+0.032 13.79+0.10° 1.02+0.08*
8 weeks 7.57+0.09 25.93+0.04¢ 43.18+0.07* 10.50+0.05* 13.52+0.06° 0.71£0.122
Kuka

0 week 6.35+0.07¢ 39.79+0.91° 9.57+0.20° 9.70+0.31° 17.16+0.04 17.43+0.82¢
2 weeks 6.56+0.11¢ 39.27+0.21%® 9.52+0.21¢ 9.76+0.26° 17.07+0.02° 17.81+0.16%
4 weeks 6.77+0.10¢ 39.13£0.19% 9.36+0.13%® 9.91+0.' 16.83+0.05° 18.00+0.12%¢
6 weeks 6.94+0.05° 38.88+0.03" 9.14+0.06" 9.98+0.10° 16.53+0.06¢ 18.53+0.02%
8 weeks 7.28+0.06 38.61+0.06" 9.02+0.10¢ 10.07+0.032 16.33+0.06° 18.68+0.13%

Mean values having different superscripts within a column are significantly different (p<0.05)
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Moisture Content

The moisture contents of the freeze dried soups ranged from 6.33+0.11-
7.4440.06 % (ewedu), 6.92+ 0.12-8.17+ 0.07 % (ila), 6.53+ 0.18-7.57+
0.09 % (ogbono) and 6.35+ 0.07-7.28 + 0.06 % (kuka). Significant
changes in chemical composition of the soups during storage might
be attributed to water absorption capacity of the biomaterials which
causes re-distribution of chemicals within a food (Akinoso and Lasisi,
2013). The moisture content of food determines their suitability to
microbial attack and hence spoilage (Olusanya, 2008). Dehydration
of foods is one of the most common processes used to improve food
stability, since it decreases considerably with the water activity of the
material, reduces microbiological activity and minimises physical and
chemical changes during its storage (Mayor and Sereno, 2004). The
observed low moisture contents (6.33+0.11-8.17+0.07 %) in all the soup
samples during two months storage could mean that the soups might
be shelf stable for more than two months. However, there was slight
increase in the moisture content of all the soup samples packaged in
0.Imm polyvinyl chloride bags as the storage period increased. Slight
increase in the moisture content of the samples during storage might be
attributed to water adsorption of low-moisture-content food powders
from storage environment (Huaning and Benheng, 2013). Similar results
were obtained by Kog et al. (2010) and Kumar and Misha (2004) and
who reported that the moisture contents of mango soy fortified yoghurt
powder under accelerated storage and spray-dried yoghurt powder
under 25 °C and 50% RH increased slightly in 49 days and 90 days,
respectively.

Protein

The protein contents of the freeze dried soups ranged from 33.34+0.13-
34.33+ 0.36 % (ewedu), 42.55+ 0.03 -43.86+ 0.17 % (ila), 25.93+ 0.04-
26.86+ 0.16 % (ogbono) and 38.614 0.06-39.79 + 0.91 % (kuka). It was
observed that as the storage period increased the protein content reduced.
Protein quality is a measure of the usefulness of a food protein for the
purpose of growth and maintenance of tissue. Reduction in crude protein
content was due autolytic deterioration associated with the actions of
endogenous enzymes and bacteria (Hultman and Rustard, 2004). High
protein contents observed in the dried soup was as a result removal of
moisture and the method of dehydration employed which prevented food
quality losses during drying. This lays credence to the findings of Tao
and Linchun (2008) who worked on influences of hot air drying and
microwave drying on nutritional and odorous properties of grass carp
(Ctenopharyngodon idellus) fillets.

Fat

The fat contents of the freeze dried soups ranged from 7.19+0.05-
7.60+0.13 % (ewedu), 7.55+0.05- 8.51+0.06 % (ila),43.18+0.07-
43.60+1.17 % (ogbono) and 9.02+0.10- 9.57+ 0.20 % (kuka). It was
observed that there was a significant increase in lipid contents of the
soups, suggesting that freeze drying retained the fat contents of fresh
soups subjected to dehydration. This was similar to the findings of
Rahman et al. (2002) who worked on pores and physico-chemical
characteristics of dried tuna produced by different methods of drying
and Artharn et al, (2009) who researched on storage stability and its
effectiveness for shelf-life extension of dried fish powder packaged in
round scad protein-based film. It was also noticed that as the storage
period increased the fat contents of the soups slightly reduced. The
reduction in fat content indicates an increase in lipid oxidation. This
could be due to the release of oxidative enzymes and prooxidants from
various rupture cellular organelles (Boonsumrej et al., 2007). Variation
in the fat contents might be as a result of different quantities of external
red oil added to the soups as stated in the recipe book and the nature of

the ingredient used as the case of oghono soup, where the oghono seed
which is the major ingredient naturally had high fat content of 54 — 67 %
(Akusu and Kiin-Kabari, 2013). The lower level of fat in the freeze dried
ewedu, ila and kuka samples gave a higher probability of a longer shelf-
life in terms of the onset of rancidity (Arisa ez al., 2013).

Ash

The ash contents of freeze dried soups ranged from 8.45+0.11-9.46+0.04
% (ewedu), 10.12+ 0.25 -10.80+0.06 % (ila), 9.83+0.14-10.50+0.05 %
(ogbono) and 9.70+0.31-10.07+0.03 % (kuka). It was observed that as
the storage period increased the ash contents of all the soup samples
increased. This trend was similar to the findings of Tao and Linchun
(2008) who worked on influences of hot air drying and microwave drying
on nutritional and odorous properties of grass carp (Ctenopharyngodon
idellus) fillets. Ash content is an index of mineral contents in biota
(Akubugwo et al., 2007). The observed high ash content in the soup
samples suggested that they might contain high mineral values.

Crude Fibre

The crude fibre contents of the freeze dried soups ranged from 14.59+0.04-
16.00+0.11 % (ewedu), 16.43+£0.02-17.00+0.24 % (ila), 13.52+0.06
-14.02+0.10 % (ogbono) and 16.33+£0.06-17.16+0.04 % (kuka). It was
observed that as the storage period increased the crude fibre content
reduced. Losses in crude fibre from all these soups were most probably
dominated by enzyme-induced degradation (Martininez-Romero et al.,
2004). Adequate intake of dietary fiber can lower the level of serum
cholesterol and reduce the risk of developing hypertension, constipation,
diabetes, colon, cancer and coronary heart disease (Ishida ez al., 2000).
Loss of moisture increases dry matter of which fibre is one and high fibre
content of foods is good for quick bowl evacuation (Oguche, 2012). The
observed high crude fibre content in the soup samples suggested that their
consumption might reduce the risk of developing the aforementioned
diseases.

Carbohydrate

The cabohydrate contents of the freeze dried soups ranged from
27.28+0.71-27.97+£0.05 % (ewedu), 13.59+0.59-14.50+0.06 % (ila),
0.65+0.17-1.30+0.35 % (ogbono) and 17.43 + 0.82-18.68+0.13 %
(kuka). However, there was a significant increase in the percentage
carbohydrate contents of the dried soups, suggesting that freeze
drying retained the carbohydrate contents of fresh soups subjected to
dehydration. The recommended dietary allowance (RDA) values of
carbohydrate for adults, pregnant and lactating mothers are 130 g, 175
g, and 210 g respectively (Durumajesty et al., 2012). The carbohydrate
contents of the soups were very low, but this is not a concern since they
are consumed along with starch based dietary staples (Kayode ez al.,
2010).

Effect of Storage Period on the Mineral Compositions of
Freeze Dried Soups

The mineral compositions of the freeze dried Nigerian soups were
presented in Table 3. The storage period had significant influence on
all the mineral compositions of the selected freeze dried soups at 95 %
confidence level.
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Table 3. Effect of Storage Period on the Mineral Compositions of Freeze Dried Soups

Samples Iron Calcium Sodium Potassium Phophorus
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g)
Ewedu
0 week 13.42+0.52¢ 245.2342.65° 236.29+1.05° 276.78+0.05* 362.43+0.08¢
2 weeks 13.35+0.49° 245.10+2.60° 236.14+1.01* 276.71+0.59* 362.37+0.10°
4 weeks 13.29+0.50° 244.97+2.57* 235.97+0.90* 276.42+0.03° 362.17+0.02°
6 weeks 13.24+0.49° 244.53+2.33¢ 235.94+0.89° 275.94+0.04¢ 362.11+£0.07°
8 weeks 13.15+0.42 244.35+2.21* 235.93+0.89* 275.78+0.04¢ 361.84+0.06°
Ila
0 week 9.30+0.04 73.57+0.18° 151.48+0.25° 210.24+0.26* 287.50+1.228
2 weeks 9.28+0.04 73.53+0.15% 151.2540.11 209.96+0.55% 286.63+0.44%
4 weeks 9.28+0.04 73.48+0.14%® 151.08+0.11* 209.60+0.39% 286.35+0.28®
6 weeks 9.26+0.04° 73.41+0.13% 151.25+0.47%® 209.414+0.17% 286.24+0.27°
8 weeks 9.26+0.04° 73.29+0.09° 150.78+0.04° 209.22+0.14¢ 286.18+0.25°
Ogbono
0 week 13.47+0.05° 153.80+0.06* 210.59+0.08* 290.50+0.50? 387.194+0.07¢
2 weeks 13.22+0.07° 153.44+0.06° 209.78+0.10° 289.93+0.06° 387.08+0.07¢¢
4 weeks 13.13+0.04% 153.40+0.05 209.66+0.02% 289.81+0.10° 386.97+0.07%
6 weeks 13.12+0.01° 153.34+0.06¢ 209.54+0.09¢ 289.75+0.07° 386.84+0.10*
8 weeks 13.09+0.08° 153.34+0.07¢ 209.26+0.06¢ 289.63+0.08" 386.79+0.07¢
Kuka
0 week 11.28+0.02° 240.83+0.08* 281.72+0.03¢ 352.07+0.06° 363.52+0.50*
2 weeks 11.23+0.02° 240.66+0.05° 280.85+0.05° 351.88+0.02° 362.77+0.01%
4 weeks 11.2240.02° 239.76+0.10° 280.61+0.06° 351.82+0.01° 362.88+0.56°
6 weeks 11.21+0.02° 239.59+0.13% 280.38+0.10¢ 351.80+0.03¢ 362.44+0.02%
8 weeks 11.19+0.03° 239.47+0.10¢ 280.34+0.04¢ 351.74+0.03¢ 362.21+0.03¢

Mean values having different superscripts within a column are significantly different (p<0.05)

Iron

The iron contents of the freeze dried soups ranged from 13.15+0.42-
13.424+0.52 mg/100g (ewedu), 9.26+0.04-9.30+0.04 mg/100g (ila),
13.09+0.08-13.47+0.05 mg/100g (ogbono) and 11.19+0.03-11.28+0.02
mg/100g (kuka). Ewedu was observed to have the highest concentration
of Iron, while Ila had the lowest concentration. It was observed that there
was a slight reduction in the iron contents of the soups as the storage
period increased. Soups selected had appreciable levels of iron content.
Iron is an important component of the red blood cells, which enhances
the oxygen-carrying capacity of the red blood cells (Sanni et al., 2010).
The adult RDA for iron is 10 mg/day for men and 15 mg/day for women
indicating that the selected soups will be able to meet the daily dietary
iron requirements (Kayode et al., 2010; Wardlaw, 1999). High level of
Iron in the soups might probably due to the ingredients and inclusion of
meat which is a source of iron (Onabanjo and Oguntona, 2003). This
corresponds to earlier reports that most Nigerian natural foods are rich
in iron (Latunde-Dada, 1997). Openheimer (2000) reported that Iron
deficiency was extremely common in the developing world, with less
than 50 % of the world’s population having some degree of deficient iron
status based on a wide variety of tests.

Calcium

The calcium contents of the freeze dried soups ranged from 244.35+2.21-
24523+2.65 mg/100g  (ewedu),73.2940.09-73.57+0.18 mg/100g
(ila), 153.34+0.07-153.80+ 0.06 mg/100g (ogbono) and 239.47+0.10-
240.83+0.08 mg/100g (kuka). It was observed that there was a slight
reduction in the iron contents of the soups as the storage period increased.
Calcium is one of the macro minerals needed in highest amounts by the
body cells (Sanni et al., 2010). The selected soups had relatively high
levels but not sufficient to meet the Adequate Intake (Al) of calcium for
adults (1000-1200mg/day) and adolescence (1300 mg/ day). Deficiency
of calcium might lead to osteoporosis in later life (Allen, 2001). This
makes supplementation very important. Flesh and sea foods are often
included in these soups and also consumed with tuber or cereal-based
dishes such as cooked cassava, yam, plantain, rice or maize- based
dishes thus improving the calcium level.

Sodium

The sodium contents of the freeze dried soups ranged from 235.93+0.89-
236.29+1.05 mg/100g (ewedu),150.78+0.04-151.48+0.25 mg/100g
(ila), 209.26 + 0.06-210.59+0.08 mg/100g (oghono) and 280.34+0.04-
281.724+0.03 mg/100g (kuka). The sodium contents of the soups slightly
reduced as the storage period increased. The observed moderate content
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of sodium in the soup samples suggested that they might contribute to
proper functioning of the body system (Sanni et a/., 2010). Sodium intake
of less than 2 g/day increases calcium loss in urine and high intakes can
contribute to hypertension in some people (Wardlaw and Kessel, 2002).
Sodium is the major positive ion in the extracellular fluid and a key
factor in retaining body water. Under the FDA food-label ingredients, the
Daily Value for sodium is 2400 mg (Greely, 1997). Consumption of large
amounts of these soups would be important to meet the recommended
daily allowance (RDA) for sodium.

Potassium

The potassium contents of the freeze dried soups ranged from
275.78+0.04-276.78+0.05 mg/100g (ewedu), 209.22+0.14-210.24+0.26
mg /100g (ila), 289.63+ 0.08-290.50+0.50 mg/100g (ogbono) and
351.74+0.03-352.07+£0.06 mg/100g (kuka). Reduction in potassium
content was minimal as the storage period increased. Potassium plays a
similar role with sodium in the biological system, but it is located in the
intracellular fluid. Unlike sodium it is associated with lower rather than
higher blood pressure values (Wardlaw, 1999). Potassium level of the
freeze dried soups was high, but it is far below the RDA (2000 mg/day).
Deficiency in potassium leads to an irregular heartbeat, loss of appetite
and muscle cramps (Kayode ez al., 2010). Since these soups are often
not consumed alone, but with other food types which could improve the
potassium level, the RDA mentioned above might be met.

Phosphorus

The phophorus contents of the freeze dried soups ranged from
361.84+0.06-362.43+0.08 mg/100g (ewedu), 286.18+0.25-287.50+1.22
mg/100g (ila), 386.79+ 0.07-387.19+0.07 mg/100g (ogbono) and
362.21+0.03-363.52+0.50 mg/100g (kuka). Ogbono was observed
to have the highest concentration of Iron, while ila had the lowest
concentration. It was observed that there was a slight reduction in
the phosphorus contents of the soups as the storage period increased.
Analysis of phosphorus in food products is also very important because
it contributes to bone development. Its deficiency might accelerate bone
loss in elderly people, most especially women (Wardlaw,1999; Kayode
et al., 2010). High level of phosphorus observed depicts that the soups
can meet the daily requirements of phosphorus (RDA for adults is >700
mg/day).

Effect of Storage Period on the Vitamin Contents of
Freeze Dried Soups

The vitamin compositions of the freeze dried Nigerian soups were
presented in Table 4. The storage period had significant influence on all
the vitamin compositions of the selected freeze dried soups at 95%
confidence level.

Table 4. Effect of Storage Period on the Vitamin Compositions of Freeze Dried Soups

Samole Vitamin A Vitamin B Vitamin E
P (mg/100g) (mg/100g) (mg/100g)
Ewedu
0 week 67.13+0.05? 22.87+0.03* 64.63+0.05*
2 weeks 66.80+0.02° 22.77+0.01¢ 64.30+0.02¢
4 weeks 66.94+0.01¢ 22.82+0.00° 64.45+0.01°
6 weeks 66.73+0.02¢ 22.75+0.01¢¢ 64.24+0.02¢
8 weeks 66.69+0.05¢ 22.73+0.02¢ 64.20+0.05¢
Ila
0 week 137.49+0.32¢ 32.34+0.08* 207.23£0.50°
2 weeks 136.85+£0.17° 32.19+0.04° 206.24+0.26°
4 weeks 137.45+0.08* 32.33+0.02* 207.14+0.12°
6 weeks 136.63+£0.19° 32.13+0.05° 205.90+0.29°
8 weeks 136.02+0.16¢ 31.99+0.04¢ 204.99+0.24¢
Ogbono
0 week 97.99+0.10? 89.42+0.07° 181.70+0.15°
2 weeks 97.91+0.01® 89.32+0.01° 181.50+0.02°
4 weeks 97.85+0.02° 89.26+0.01° 181.39+0.03°
6 weeks 97.68+0.02¢ 89.11+0.02¢ 181.08+0.04¢
8 weeks 97.27+0.01¢ 88.74+0.01¢ 180.32+0.02¢
Kuka
0 week 98.00+0.03* 54.76+0.03° 91.18+0.06*
2 weeks 97.80+0.02% 54.63+0.01° 91.01+0.02*
4 weeks 97.60+0.01% 54.52+0.01% 90.83+0.01%
6 weeks 97.4440.03¢ 54.43£0.01¢ 90.67+0.02¢
8 weeks 96.81+0.26¢ 54.08+0.15¢ 90.08+0.24¢

Mean values having different superscripts within a column are significantly different (p<0.05)
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Vitamin A

The vitamin A contents of the freeze dried soups ranged from 66.69+0.05-
67.13£0.05 mg/100g (ewedu), 136.02+0.16-137.49+0.32 mg/100g (ila),
97.27+0.01-97.99+0.10 mg/100g (ogbono) and 96.81+0.26-98.00+0.03
mg/100g (kuka). It was observed that there was a slight reduction in
the vitamin A contents of the soups as the storage period increased.
Evaluation of the stability of vitamin A is important in food materials as
it acts as antioxidants (Jayathilakan et al., 2012). Effect of freeze drying
and hot air drying on the stability of carotenoids in Taiwanese mango
was studied by Chen et al., (2007) and they reported better retention of
pigments in freeze dried samples during normal temperature of storage.
Vasquez-Caicedo et al. (2007) also reported about 93% retention of
B-carotene during storage of carrot powder. The slight loss of vitamin
A that is occurring during storage at room temperature for the period
of two months might be due to autoxidation. The highly unsaturated
chemical structure makes them very susceptible to thermal degradation
and oxidation (Jayathilakan et al., 2012). Also, freeze dried products are
generally more porous and this facilitates oxygen transfer and promotes
oxidation of carotenoids which is a vitamin A precursor (Khallouf et
al., 2000). Based on the data established above, it was evident that the
freeze drying process and storage at ambient temperature exhibited good
stability of vitamin A in all the freeze dried samples subjected to storage.
The positive effect of temperature and storage in the degradation of
vitamin A in freeze dried samples was also reported by Cinar (2005).

Vitamin B

The vitamin B contents of the freeze dried soups ranged from 22.73+0.02-
22.87+0.03 mg/100g (ewedu), 31.99+£0.04-32.34+0.08 mg/100g (ila),
88.74+0.01-89.42+0.07 mg/100g (ogbono) and 54.08+0.15 -54.76+0.03
mg/100g (kuka). The vitamin B content of the soup slightly reduced as
the storage period increased. Fruits, vegetables and their products in the
dried form are good sources vitamins. However, during the process of
dehydration and storage, vitamin B was found to be more susceptible to
thermal and oxidative degradation (Mustapha, 2013). Thiamin serves as
a co-enzyme of carbohydrate metabolism. Ogbono soup had the highest
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