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Abstract: Tuna frames obtained as factory remnants as well as three underutilized fish species, Flying Gurnard
(Dactylopterus volitans), Woevi, or one-man-thousand, (Sierathrissa leonensis), and Anchovies (Anchoa
guineensis), were mechanically dried, and milled. Proximate values of the fish samples were determined. The fish
powders were then used to prepare four local dishes which were given to school children to test their acceptability.
Proximate values showed the protein content of all fish species to be high. The results showed the potential of these
underutilized fish species for food supplementation in children. In the acceptability tests, the pupils rated the foods
high on the Hedonic scale. All the foods were accepted by the children, in particular banku with Anchovies and okro
stew, rice with Tuna Frames stew and rice with Flying Gurnard stew.
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1.0 Introduction are particularly present in the bones (Toppe et al.,
Fish is of importance to the diet in the developing 2007). Fish is thus a very good source of minerals, in
world. In about 30 low-income food-deficit countries particular if eaten whole i.e. bones inclusive (Toppe et
in Africa and Asia, more than 1/3 of their daily intake al., 2007).
of animal proteins comes from fish. Fish contains 70 — Bones are regarded often as rich in collagen
80 % water, 15 — 24 % protein, 1 — 2 % minerals and proteins and micronutrients such as calcium and
0.1 — 22 % fat (Clucas, 1985), and is high in fat- phosphorus (Toppe et al, 2006). Fish products, when
soluble vitamins like Vitamin A and D (Putro, 1990). eaten together with the bones, provide proteins and
Fish contains macronutrients (proteins and fats) fats and are also considered as good sources of many
and micronutrients (vitamins and minerals) necessary of the micronutrients of significance as most of the
for good nutrition, thus contributing effectively to minerals are found in high amounts in fish bones
food and nutrition security as an accompaniment to (Gordon and Roberts, 1977; Iwasaki and Harada,
rice-based diets in Asia; and maize and cassava-based 1985; Julshamn et al, 1978). However, apart from
diets in Africa (Toppe ef al, 2007; Teeny et al, 1984)). eating small sized fish species whole (with the bones
In Africa, population rise has caused an increasing inclusive), consumption of fish bones of larger fish
demand for fish products resulting in increased focus could also provide good levels of micronutrients
on processing and use of underutilized fish species to (Windsor and Barlow, 1981). An increased use of
combat malnutrition (Badii et al., 2007). Deficiencies seafood, including bones, could contribute
of micronutrients such as vitamin A, iron and iodine significantly to reducing the level of micronutrients
are of public health significance in Africa as and protein malnutrition. Many vulnerable groups
deficiencies may have serious health impacts such as cannot afford to buy seafood products which are most
blindness, poor learning capabilities, poor growth, often quite expensive. This problem could be
increased morbidity and mortality rates (Black, 2003) addressed by exploring the potentials of processing
Mainstreaming nutrition issues using a food based underutilized fish species and the bones of larger fish
approach can help alleviate problems of malnutrition from processing plants into low cost high quality
in developing countries. products for storage and use by this bracket of people.
Fish micronutrients are made up of both vitamins Testing the consumer acceptability of these fish
and minerals. Fish can be a rich source of vitamins; products, by incorporating them into local dishes
vitamin A and D from fatty species, as well as would determine their potential for use as supplements
thiamin, riboflavin and niacin (vitamins B1, B2 and among the vulnerable groups. In this study Tuna
B3). Minerals in fish such as iron, calcium, zinc, Frames as well as three underutilized fish species,
iodine (from marine fish), phosphorus, and selenium Flying Gurnard (Dactylopterus volitans), Woevi, or
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one-man-thousand, (Sierathrissa leonensis)  and
Anchovies (Anchoa guineensis) were mechanically
dried and milled; their proximate nutrient composition
was determined after which powders were
incorporated into four local dishes and their
acceptability tested on school children.

2.0 Materials and Methods
2.1 Materials

Fish species used in this study were the West
African Pygmy herring (Sierathrissa leonensis), a
Clupeid fish species (subfamily Pellonulinae) found in
African inland waters and locally known as Woevi, or
one-man-thousand; Flying Gurnard (Dactylopterus
volitans)  (Linnaeus)  otherwise = known  as
Cephalocanthus volitans (local name is pampansre)
and Anchovies (Anchoa guineensis). Tuna Frames as
by-product from processing Tuna were obtained from
Pioneer Fish Processing Limited at Tema. The one-
man-thousand, was harvested in the Volta lake
reservoir (fresh water), purchased at Kpong in the
Eastern Region and conveyed to the laboratory on ice.
The other freshly harvested fish species (all marine)
were also immediately conveyed on ice at 0°C from
the Tema Fishing Harbour to the laboratory where
they were frozen at —20°C until being analyzed.

2.2 Methods

The fishes were dried using an FRI gas-fuelled
mechanical dryer (60°C). Due to its tough skin, the
Flying Gurnand was de-skinned before cutting into
fillets (4 — 5 cm thick) to facilitate drying; the other
fish species were dried whole because of their small
sizes, likewise the Tuna Frames. They were then
milled with a stainless steel hammer mill into fine
powder (0.3mm) bones inclusive. The powder was
placed in clean polyethylene bags (49.25ml), sealed,
labelled and stored for use.

Crude protein was determined by the Kjeldahl
method of AOAC 984.13 (1990)), Moisture by AOAC
925.10 (1990)) and total fat by AOAC 920.39 C
(2000)). Ash was determined by AOAC 923.02
(2000).

Four local foods were selected and used as
vectors for inclusion of the milled fish products for
acceptability tests on school children. Each of the fish
powders were tested and mixed into each of the local
dishes below:

1. Okro stew served with banku
2. Aprapransa

3. Jollofrice

4,

Plain rice served with tomato stew

Consumer acceptability test was conducted using
the four varieties of fish powder (Woevi, Flying
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Gurnard, Anchovies and Tuna Frames) in the different
foods, a total of 16 samples. One thousand four
hundred and sixty four (1464) school children who
were not trained but familiar with the local dishes,
were recruited for the test in the premises of the
school. The children were divided into four groups,
each group tested four different diets, all with
different fish powders. Each portion included 10g of
fish powder in 100g of food. The school children,
provided with ballot sheets were asked to rate how
much they liked each sample in terms of the following
attributes: appearance, colour, aroma, texture, taste
and overall acceptability. Rating was done on a 9-
point hedonic scale with anchors 1-dislike extremely
and 9-like extremely. Provision was also made on the
ballot sheets for further comments from the school
children for liking or disliking the samples. The
children were made to eat a meal per day during their
lunch time and in accordance with the school feeding
programme.

All data obtained from the school children on
the rating of sensory attributes of the foods were
analysed using SPSS version 16. The means were
tested for significance using one way analysis of
variance (ANOVA) and Tukey’s post test to
determine significant differences between individual
fish variety in each group and between the four food
groups. Mean differences were considered significant
at p <0.05.

3.0 Results and Discussion

The data were analysed with SPSS version 18.
One way ANOVA was used to determine the
difference between individual catches, while a two-
way ANOVA was used to compare differences
between different catches.

3.1 Proximate Composition of Fish Species

Table 1 shows the proximate composition of
the four types of fish studied.

Protein was very high in all the fish types
(range of 13.14% - 78.86%) even though Woevi had
significantly low levels of the nutrient in all three
catches. Tuna Frames recorded the lowest ash level
(4.35%) whilst the highest ash content was observed
in Anchovies (19.27%). However, anchovies were
generally low in fat as compared to the rest of the fish
types studied.

There were significant main effects and
interactive effects in the data obtained. Significant
differences were observed for the nutrients among the
fishes. Differences were also observed between
catches. This may be attributed to factors such as
species of the fish, time of catch, maturity at catch,
etc.
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Several workers have reported proximate and
chemical compositions (Pactow et al., 1966;
Podsevalov and Perova 1975; Smith et al., 1980;
Bykov 1985) on commercially important fish species,
in contrast to this study on commercially lesser known
but economically viable species in Ghana. Clucas
(1985) reported a moisture level of 70-80% for fresh
pelagic fish and a protein level of 15 — 24 %. Values
of 74% moisture and 22.3 % protein have been
reported for Flying Gurnard (Badii et al 2007).
Windsor and Barlow reported a level of 16% protein
for fresh pelagic fish (Windsor and Barlow, 1981) and
suggested that fishes with this protein level may be

Table 1: Proximate Composition of Fish Species

used in fish protein concentrate production or in food
supplements (Windsor and Barlow, 1981). In the
current study drying reduced the moisture level to less
than 10% (moisture varied from 4.95% to 9.99%) and
increased protein level (65.07% - 72.29% for Flying
Gurnard). Bilgin et al also reported that smoking
resulted in a significant decrease in moisture and
increase in fat and protein content of gilthead
seabream samples. The fact that the fishes are rich in
protein makes them ideal for use in correcting protein
energy malnutrition in children.

Fish type Catch Moisture (%) Ash (%) Fat (%) Protein (%)
FLYING GURNARD 1 521° 12.20° 9.83° 65.07°
2 9.99° 5.20° 12.32¢ 70.62°
3 4.95° 731° 13.65° 72.29¢
WOEVI 1 7.12° 9.20° 5.12° 13.14°
2 7.18° 6.24° 12.13¢ 67.76"
3 7.35° 4.53° 14.31¢ 44.83°
TUNA FRAMES 1 9.30¢ 14.87° 12.19¢ 53.32°
2 7.78° 6.16° 6.45° 78.86¢
3 9.16° 4.35° 7.89° 64.94°
ANCHOVIES 1 8.09° 15.80¢ 430° 70.17¢
2 7.13° 19.27¢ 456" 70.03°
3 7.34° 16.78° 3.86" 57.02°

+b¢ISame superscript on parameters for the same catch are not statistically significant (p<0.05)

3.2 Acceptability Test of Fish Powder in Foods fed
to School Children
Appearance:

The appearances of all the foods were liked
with mean score above 7.0 (Table 7). However,
apranpransa with Tuna frames, rice with tuna frames
stew, rice with anchovies stew, banku with Flying
Gurnard okro stew, apranpransa with Flying Gurnard,
banku with Woevi okro stew, jollof with Woevi stew,
jollof with Tuna Frames, banku with Anchovies okro
stew and rice with Flying Gurnard stew were rated
highest on appearance with a mean score above 8.0.
On the 9-point hedonic scale, a score above 8.0
implies that the appearances of all those foods were
liked very much. ANOVA indicated that the mean
rating of 7.49 for rice with woevi stew was
significantly lower at (p <0.05) than that of the other
foods. Nevertheless, on the hedonic scale, 7.49
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correspond to moderate liking, thus showing that the
sample was acceptable in appearance.

Colour:

As with appearance, the school children liked
the color of all the meals, giving a rating of above 7.0
which indicated a moderate liking on the hedonic
scale (Table 7).

Aroma:

Rice with woevi stew had a mean score of
6.9 which means it was liked slightly. On the whole,
the aromas of all the meals were acceptable as is
evident by the fact that none of them was rated below
6 (like slightly) on the hedonic scale (Table 7).

Texture:
Only apranpransa had the texture rated and
were rated on the positive side of the hedonic scale
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(Table 7). Apranpransa with woevi had the lowest
rating with mean score of 7.14 which on the hedonic
scale means liked moderately and texture of
apranpransa with Flying Gurnard was liked very much
(8.17).

Mouthfeel:

The school children did not really like how
the rice with woevi stew felt in their mouth (6.7),
however they liked how the other foods felt. The other
foods had mean rating above 7.3 which is moderately
liked on the hedonic scale. Banku with anchovies okro
stew was liked very much (8.3). According to
ANOVA, the foods were not significantly different (p
<0.05) from each other except rice with woevi which
was rated low (7.4-8.3), (Table 7).

Taste:

In terms of taste, only rice with woevi stew
was slightly liked. All the foods were rated high with
a mean score above 7.4; especially banku with
anchovies okro stew was liked very much. Turkey’s
post test showed that the taste of the foods were liked
very much and were not significantly different (p
<0.05) from each other (Table 7).

Overall Acceptability:

For overall acceptability, the school children
rated all the foods on the positive side of the hedonic
scale (Table 7). All the foods were accepted by the
children especially banku with anchovies okro stew
(8.4). According to the analysis of variance, Tukey’s
test, the foods were not significantly different (p <0.
05) from each other.

Table 2. Means (+SD) and significance' for consumer acceptance testing of underutilized fish and tuna frames

incorporated in food samples.

Sensory Attributes’

Food Sample Appearance Color Aroma Texture Mouthfeel Taste Overall
Acceptability
izc‘z with woevi 751030 70+2.5 7.0+2.3 0.0+£0.0 6.7+22 6.8+23 69+22
- a ab ab ab
Jollofvylth 76+1.6° 76+ 1.7° 73+£1.6 0.0+0.0 7.4+£13 7514 7.5+1.2
anchovies
. abed ab be ab
Banku with tuna f. 79416 70+£1.9° 75+1.7 0.0+£0.0 73+1.6 75+1.6 75+14
okro stew
. . n bed + n bed + n abcde
Jollof with flying g. 791 1.6™ 794+ 1.6° 79+£13 0.0+0.0 7.5+€1.3 Z';bm 7.8+1.1
. bed bedef ' bede
Apraprgnsa with 7911 70 78416 78+1.8 0.0+0.0 79+19 7'713:; 78+1.7
anchovies 1.8
Aprapransa with 8.0+ 17 Japigh 5% 1.6™4  0.0£0.0 75+£1.6™ 75+1.8° 75+£1.8"
woevi ’ : : :
. abed b bedef ab be
Aprapransa with Q1415 774 1.4% 7.6+1.5 74+14 78+1.3 74+1.5 77+13
tuna f.

. . cd b bedef bede
Rice with tuna 3.2 4+ 0.9% 32408 8.1£1.0 7.1+£1.6 8.0+1.0 8.0b:Ctd 84+1.1
frames stew 1.2
Rice with 62413 75+15 7.6+1.6™ 78+1.7° 7.6+ 1.3%% 7.7+ 7.7 +£1.1%%
anchovies ’ ’ ab ) 1.5%¢
Banku and flying g. ¢, gure 77412 75+1.7%  0.0+0.0 7.9 £ 1,10 8.1+ 7.9+ 1.0%%
okro stew ’ : ab ) 0.9%¢
Aprapransa with 3408 83+ 83+£0.6¢  82+0.8° 8.2+ 0.8% 83+0.6% 82+0.7°
flying gournard ’ ’ 0.7°% )

Banku and woevi 4409 82+ 8.1£0.9  0.0£0.0 8.2+ 1.0° 82089 82+0.8

okro stew ’ : 0.9°%f

Jollof with woevi ¢ & o cbe 8.5+ 82+09  0.0+0.0 7.5+1.1% 8.1+ 8.0+ 0.6%%

stew o 0.7 \ 1.2

Jollof with tuna f. be 8.6+ 8307  0.0+0.0 7.9 % 0.9 79+ 8.2+0.6°
8.6+0.6 0 61131‘ 0 8bcd

Banku with 834 82+08%  0.0+0.0 83+0.7" 83+0.7Y 84+0.6°

anchovies okro 8.6+0.5™ O‘Sdef

stew : ‘

Rice with flyingg. ¢ o, o % 83+ 82+1.1%  0.0£0.0 8.3 +0.9 7.7 £ 8.4+0.9%

stew oo 0.9% 1.3

"values in the same column with different superscripts are significantly different at p<0.05.
*sensory attributes were evaluated on a 9-point hedonic scale as follows: 1-dislike extremely — 9 like extremely
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4.0 Conclusion and Recommendation

This study shows the potential of using low
cost, but highly nutritious fisheries resources found
locally in improving the nutrition of children. The
combination of low cost, high nutritional value,
simple technology and acceptability among children
testing the products is unique. Characterisation of the
fish species showed that the selected fish are of high
nutritional significance in either human food
supplements or formulations, as it has high protein
content, As for all the tested fish products, the high
nutritional content of Woevi was notable; although
generally regarded as fish for the poor, it was well
accepted in the tested diets for the consumer
acceptability study. The other products tested were
also of high nutritional value and could contribute
significantly in the fight against malnutrition. The
high level of acceptance among the children, who ate
and evaluated the different products, showed that the
products tested were not only highly nutritious, but
also highly accepted by schoolchildren The product
based on Tuna Frames was highly accepted, and could
also open up the possibility of using this highly
nutritious ingredient as a supplement in traditional
foods, since Tuna Frames is available in high
quantities and at low cost.

The study revealed the potential use of fish
powder to increase protein and other nutrients in local
foods. The fish powders could be used in the School
Feeding Programme currently being implemented by
the government of Ghana as well as in homes.
Supplementation trial with the fish powders is
recommended to evaluate the health and nutritional
benefits.

5.0 References

1. AOAC, 1990. Official Methods of Analysis (15
edn.). Association of Official Analytical
Chemists, Washington, DC.

2. Badii F, P Odote, J Kazungu, L Abbey, R
Kandando, BShamasundar, C S Cheow& N K
Howell 2007. Composition and Nutritional
analysis of underutilized fish species Africa and
Asia. J Food Biochemistry.

3. Batista, I., Pires, C., Bandarra, N.M. and
Gongalves, A. 2001. Chemical characterization
and preparation of salted minces from bigeye
grunt and longfin bonefish. Journal of Food
Biochemistry. Vol 25 (6), 527 — 540.

4. Bilgin Sengul, Unlusayin Mustafa, Izcl Levent
and Gunlu Ali 2008. The Determination of the
Shelf Life and some Nutritional Components of
Gilthead Seabream (Sparus aurata L, 1758) after
Cold and Hot Smoking. Turk. J. Vet. Anim. Sci.,
32(1): 53

69

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Black Robert. Bulletin of the World Health
Organisation, 81 (2):79

Clucas, J.J. 1985. Fish handling, preservation
and processing in the tropics. Part 1. Report of
the Tropical Products Institute (TPI), No. G144
p- 9.

Cockburn, F. 1997. Proceedings of a Conference
on Food, Children and Health held at The Royal
Society of Medicine. Winpole Street, London.
Da Costa, A. and Stern, J. A. 1956. The calcium
and phosphorus contents of some foreign and
domestic canned sardines. Food Research, 21,
242-249.

Egass, E. and Brackkan, O.R. 1977. The
selenium content in some Norwegian fish
products Fiskeridirektoratets Skrifter, Serie
Ernaering 1, 87-91.

FAO. 1962. Fish in Nutrition.
Agricultural Division, Rome, Italy.
FAO. 1995. Quality and quality changes in fresh
fish, p. 93-117 FAO Fisheries Technical Paper
348.

Friedman. M. 1996. Nutritional value of proteins
from different food sources. A review. J. Agric.
Food Chem. 44, 6-49.

Garrow, J. S. and James, W. P. T. 1993. Human
Nutrition and Dietetics. Churchill, Livingstone,
London.

Gordon, D. T. and Roberts, G. L. 1977. Mineral
and proximate composition of Pacific Coast fish.
J Agric Food Chem 25, 1262-1268.

Gormley, T.R., Walshe, T., Hussey, K. and
Butler. F. 2002. The effects of fluctuating vrs
constant frozen storage temperature regimes on
some quality parameters of selected food
products.  Lebensmittel-Wissenschaft ~ und-
Technologie 35, 190 — 199.

Iwasaki, M. and Harada, R. 1985. Proximate and
amino acid composition of the roe and muscle of
selected marine species. J. Food Sci. 50, 1585-
1587.

Julshamn, K., Haugnes, J. and Utne, F. 1978.
The contents of 14 major and minor elements
(minerals) in Norwegian fish species and fish
products, determined by atomic absorption
spectrophotometry. Fiskeridirektoratets Skrifter,
Serie Ernaering 1, 117-135.

Paetow, A., Schober B. and Papenfuss H. J.
1966. The chemical composition and
organoleptic quality of fish from West African
fishing grounds. Fisherei-Forschung
Wissenschaftliche 4, 99 -101.

Pettifor J.M. (2004). Vitamin D and Health in
the 21st Century: Bone and Beyond. American
Journal of Clinical Nutrition, Vol. 80, No. 6,
1725S-1729S.

Food and



World Rural Observations 2012;4(2)

http://www.sciencepub.net/rural

20.

21.

22.

23.

24.

Podsevalov, V. N. and Perova, L. A. 1975. Fat
content of mackerel and scad flesh in relation to
month of catching. Rybnoe Khozyaistvo 3, 72.
Pozo, R., Perez, V. and Saitua, E. 1992. Total
lipids and omega-3- fatty acids from seven
species of pelagic fish. In Pelagic fish: The
Resource and its exploitation, J. R. Burt, R.
Hardy and K. J. Whittle, (Ed.), p. 142 — 147.
Fishing News Books.

Putro, S. 1990. Setting up a processing line. In:
Infofish international No. 1/90. 44 — 48.

Sidwell, V. D. 1981. Chemical and Nutritional
Composition of Finfishes, Whales, Crustaceans,
Mollusks and their Products. Technical
Memorandum, National Oceanic and
Atmospheric Administration, National Marine
Fisheries Service, US Department of Commerce,
Washington, DC, pp 432.

Talabi, S.O., Fetuga, B.L. and Ologhobo, A.
1980. Utilization of big-eye fish, Brachydeuterus
auritus meal and fish protein concentrate
production: A preliminary evaluation. Advances
in Fishery Science and Tech. pp. 335-338.

6/12/2012

70

25.

26.

27.

28.

29.

Teeny, F. M., Gauglitz, E. J. Jr., Hall, A. S. and
Houle, C. R. (1984). Mineral composition of the
edible muscle tissue of seven species of fish
from the Northeast Pacific. J. Agric. Food Chem.
32, 852-855.

Toppe, J., Albrektsen, S., Hope, B. and Aksnes,
A., 2007. Chemical composition, mineral
content and amino acid and lipid profiles in
bones from various fish species. Comp.
Biochem. Physiol. 146B, 395-401.

Urdahl, N. (1992). By-products from pelagic fish.
In Pelagic fish: The Resource and its
exploitation, J. R. Burt, R. Hardy and K. J.
Whittle, (Ed.) p. 142 — 147. Fishing News
Books.

Unicef and Micronutrient Initiative (2009).
Vitamin and Mineral Deficienccy. A Global
Progress Report.

Windsor, M. and Barlow, S. M. 1981.
Introduction to fishery by-products. Fishing
News Books, Oxford.



	2.0 Materials and Methods
	2.1	Materials
	2.2	Methods

	3.0 Results and Discussion
	Sensory Attributes2
	4.0 Conclusion and Recommendation
	5.0 References


