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Abstract—In Kenya, marine catfish (Galeichthys feliceps) and ribbonfish (Trichurus lepturus) 
are both under- utilized species from the prawn fishery where they occur as by-catch or discards. 
They represent a potentially valuable source of protein mince. The current study assessed the 
feasibility of increasing the value of this by-catch by testing its suitability to the production of 
snack foods which was prepared with locally available flour from rice, wheat and maize. The 
ratio of fish mince to flour, the carbohydrate component, was tested in the snack foods at rations 
of 2.5:1; 2:1 and 1:1. An untrained taste panel using a hedonic scale of 1 to 9 tested preference. 
Protein content, fat, moisture, amino acid and fatty acid composition are reported and both indicate 
the nutritional suitability of the selected fish. The overall order for preference was ribbonfish with 
rice then ribbonfish with wheat, catfish with rice, ribbonfish with maize and catfish with wheat. 
Rice was preferred for value addition and ribbonfish was the preferred fish in the formulations. 

Introduction

The production of fish in Kenya was estimated 
to be 180,000 tonnes in the last decade.  Coastal 
fisheries accounted for about 10,000 tonnes per 
year while 350 tonnes per year was realized from 
the prawn fishery. Wastage in terms of by-catch, 
fish discards, and low value and or under-utilized 
fish from the prawn trawl fishery was estimated to 
be 1,800 tonnes per annum (KMFRI- Ungwana 
Bay report, 2002). This by-catch is a significant 
portion of the fishery resource that is not currently 
utilized for human consumption due to the lack 
of technology, handling, or process methods 
to transform the fish into stable and acceptable 
products. In addition, such fish are not utilized, or 
available for human consumption because they are 
either small, bony, devoid of taste, un-economical 
to process, and may not be landed by trawlers due 
to storage limitations. There exists an opportunity 
of incorporating local staple cereals, like maize 

flour in the fish mince protein isolate and making 
dried products. Worldwide, several value-added 
mince fish products have been developed (Bello& 
Piggot, 1980; Yu, 1991; Akamine et al, 1993; 
Destura and Haard, 1999, Mathews et al, 2003) 
and continue to be developed. In Kenya, value 
added Nile perch products have been developed 
but they require refrigeration (Ogunja, 1996). There 
are no fish products that are shelf stable, easily 
stored and available to lower income households. 
Many school children depend on snack foods for 
their meals. Snack foods like fried cassava, though 
popular with students and children, do not normally 
contain adequate protein content. Malnutrition is an 
important contributor to child and infant mortalities. 
Accordingly, there is a growing need of, with 
emphasis being placed on processing and utilizing 
protein rich foods. Fish by-catch species offers a 
good source to meet this demand, as it is a relatively 
cheap source of protein. Low value fish or by-catch 
mixed with staple cereals could offer one source 
of utilizable protein presented in a different form 
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of appearance, shape or taste, as snacks, porridge, 
crackers or other light foods. 
	 In this study, two fish species Catfish (Galeichthys 
feliceps) and Ribbonfish (Trichiurus lepturus) were 
selected for use in developing value-added, shelf-
stable products. They are usually landed by prawn 
trawlers in the Ungwana bay area in the North 
coast of Kenya (KMFRI- Ungwana Bay report, 
2002). Muraleedharan and Gopakumar (1997) and 
Muraleedharan et al, (1996) developed some value-
added mince products from them. Carbohydrate-
rich grain products contribute a large portion to 
human diets. Maize, millet, wheat, rice are the more 
common ones among others. They are milled via a 
process that removes the bran and the germ. While 
this gives the grains a finer texture and improved 
shelf life, it also removes dietary fiber, iron and 
many B-vitamins. Importantly, grain flour does not 
contain enough protein to sustain individual health 
needs. In Kenya for example, where 50 % of the 
population lives on less than one dollar a day, the 
principal diet of many is only the carbohydrate-
rich grain products as they are unable to afford any 
portion of animal protein. 
	 Meanwhile, from the marine fishery of Kenya, 
a substantial amount of fish is lost from shrimp 
trawlers as by-catch, fish of low value, or other 
discards. The combination of milled grains and by-
catch fish protein offer a potential alternative to the 
protein-limited and low-nutrition products currently 
common among the poorer sectors of many coastal 
communities. The emphasis in this study is on the 
overall nutritional composition of the fish and the 
acceptability of the product being developed. 

Materials and Methods

Sample handling and preparation 
for nutritional (proximate value) 
analysis

The fish Galeichthys feliceps (catfish) and Trichurus 
lepturus (ribbonfish) were purchased from Southern 
Engineering Company Ltd Mombasa  in March 
and June 2003 where they are normally kept 
in refrigerated containers at –18 0C. They were 
transferred to the freezer in KMFRI, 10 km away 
and stored at –20 0C. 

	 The  f i sh  were  then  thawed,  g raded 
organoleptically for appearance, odour, colour, 
shape of eyes, gills and resilience of skin, according 
to Shewan et al, (1953) and Warm et al (1998).  
Most fish were graded and found to be of grade 
2 of freshness. They were then skinned, filleted, 
minced, using a manual meat mincer, packed in ¼ 
kg seal-lock bags and returned to the freezer. Some 
were packed in an ice box with ice and airlifted to 
the University of Surrey UK overnight, stored in a 
chest freezer for 24 hours and later transferred to 
a freezer at –80 ºC until analysis. Prior to analysis 
the mince was thawed in a refrigerator overnight 
at 4 0C.
	 The Kjeldahl method was used for protein 
analysis, the Bligh and Dyer method (1959) for 
fat analysis, and moisture and ash determination 
according to AOAC methods (1990). The fatty 
acid profile (expressed as Fatty Acid Methyl Esters 
(FAME) was determined according to Schmarr et 
al (1996) using a Varian Gas chromatograph 3400 
GC with column (Omega wax TM fused silica 
capillary column) 30m * 32mm and i.d. 0.25  µm 
film thickness (SUPELCCO, Poole, UK). Amino 
acids were measured according to Bidlingmeyer 
et al (1984) while the organoleptic assessment was 
conducted according to descriptions in Shewan et 
al (1953)   and Warm et al (1998).

Preparation of protein isolate

Whole fish specimens of T. lepturus and G. feliceps 
were filleted, skinned and minced. Oil was removed 
from the mince by washing with sodium hydrogen 
carbonate at the ratio of 5 kg fish mince to 20 liters 
of water with 100 g sodium hydrogen carbonate 
(0.5 %). The mixture was mixed vigorously in a 
plastic basin and then left to stand. Upon settling, 
the upper, floating layer of fat was gently removed. 
Before subsequent rounds of washing, the mince 
was strained and squeezed in a cheese cloth to drain 
as much liquid as possible. The whole process of 
washing the mince was repeated three times and 
at each stage, the fat content of the mince was 
determined. The strained flesh was transferred to a 
solar tent dryer and spread on the black polythene 
covering the rack, and left to dry for 3-4 days. The 
temperature of air in the solar dryer was monitored 
and was around 50° C on average, on a hot day. The 
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dried isolate was then ground in a blender to fine 
powder, transferred to seal-lock bags and kept in 
a shelf in the laboratory at ambient temperatures 
for later use. 

Formulation /Preparation of snack food 
(“kmfri fish cracker”)

The formulation used for the snack food was fish 
protein isolate to flour ratio of 2.5:1; 2:1 and 1:1. 
Three types of flour used were made from rice, 
maize and wheat bought from the supermarkets in 
Mombasa. The method used was based on Siaw et 
al (1985) with some modifications. 
	 The rest of the ingredients were coriander, 
fish masala, monosodium glutamate, garlic, salt, 
sugar and water. The fish-flour mixture and the 
other ingredients were mixed using a KENWOOD 
kitchen mixer until a homogenous mixture was 
obtained. The dough like mixture was then 
stuffed manually in small polythene casings used 
commonly by ice cube vendors to sell ice. 
	 The stuffed rolls were then boiled in water 
for 90 minutes to gelatinize starch under ordinary 
pressure. After cooking, the rolls were immersed 
in iced water over-night to reduce cook loss and to 
facilitate separation of casings.
	 They were then sliced manually into about 5 mm 
thick sizes, dried in an oven at an initial temperature 
of 45 °C to prevent case hardening and to a final 
temperature of 70 °C to reduce the moisture content. 
The samples were then fried in hot oil at 200 ºC then 
left to cool. 

Organoleptic evaluation

The acceptability of the snack food produced with 
this method was tested by a panel of 10 untrained 
participants using a hedonic scale of 1-9 where a 
score of 9 was “like extremely” and a score of 1, 
“dislike extremely”. A score of 5 was “neither like 
nor dislike”, a score of 6 was “like slightly”, a score 

of seven was “like moderately” and a score of 8 
‘”like very much”. Scores of 4 to 1 were “dislike 
slightly” to “dislike extremely”. The attributes were 
texture, appearance, flavour and taste. 

Data Analysis

Mann-Whitney Tests (SPSS) was used to test 
differences in responses to formulations. All the 
tests were conducted at p <0.05 confidence levels

Results & Discussion

The results of the fish body composition analysis 
reveal a strong similarity between the two fish 
species, other than the higher fat content of 
T. lepturus landed in June (see Table 1). The 
nutritional composition of the two species fell 
within reported values for fish (Huss, 1995) 
meaning that they can be utilized for production of 
other valued fish products. Protein and fat are the 
major nutrients in fish and their levels help define 
the nutritional status of the particular organism. 
The chemical composition of fish varies greatly 
from one individual to another depending on age, 
sex, environment and season with protein levels 
ranging from 16-21 %, lipids 0.1-25 %, ash 0.4-1.5 
%, moisture 60-81 % with extremes of 96 % having 
been reported (Huss, 1995).
	 The diets of both G. feliceps and T. lepturus 
consist of crayfish, small fish, crabs, and cephalopods, 
among others (Portsev, 1978; Taylor, 1986). These 
are high protein prey and could be the reason for the 
high protein content levels found. Lipids in fish vary 
greatly, a variation that is closely related to feed 
intake, migratory, swimming or sexual changes in 
connection with spawning. G. feliceps spawns from 
May to July (Granado – Lorencio, 1997) while T. 
lepturus spawns between February to June when 
feeding intensity increases (Chiou et al 2006)  and 
November – December (Yamada, 1991). The higher 
fat contents observed could be due to preparation 

Table 1. Proximate composition of G. feliceps and T. lepturus caught in March and June 2003

Species	 % Protein	 % Fat	 % Fat	 % Ash	 % Moisture
		  March	 June

G. feliceps	 20.67± 0.04	 0.34± 0.03	 2.06± 0.08	  -	 76.07± 0.03
T. lepturus	 21.75± 0.57	 0.33± 0.07	 6.08± 0.11	 1.54± 0.07	 72.30± 0.00
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for spawning. So far in this study, the identified 
fatty acids in G. feliceps were C20: 3n-6 (cis-8, 11, 
14-Eicostatrienoic acid) as a polyunsaturated fatty 
acid and 16:1 palmitoleic acid. The unsaturated 
fatty acids detected in T. lepturus were 16:1, 18:1, 
18:2, 20:3-Palmitoleic, linoleic and cis-11, 14, 17-
Eicosatrienoic acid.  Over 50 % of fatty acids in the 
muscle of the two fish are composed of C 22 to C37 
(Table2). It is known that the amount of fat varies 
greatly in different parts of fish; also different fish 
in different seasons show an enormous variation in 
fat content (Brandes and Dietrich, 1953; Icekson et 
al., 1998). The levels of existing amino acids in the 

fish muscles in both species were high, indicating 
nutritional suitability (Table 3). 

Product preference

Regarding preference for the test products, using the 
formulation of ribbonfish to rice and ribbonfish to 
maize at 2.5:1, 2:1 and 1:1, there was a significant 
difference in response between them with more 
participants preferring the ribbonfish to rice at 
all the ratios (Table 4). There was a significantly 
greater preference for ribbon with rice compared 
to ribbonfish- wheat combination at 2.5:1 and 1:1 
respectively. These were indications that rice is 
preferred to both wheat and maize as the binding 
ingredient. There were also differences in response 
between ribbonfish and catfish in the formulations. 
Between ribbonfish and rice and catfish and 

Table 2. Fatty acid Profile for G.feliceps and T. lepturus 
caught in March 2003

Fatty Acid ID	 G. feliceps	 T. lepturus 

C12	 25.628448	 18.23739
C16	 6.5846348	 10.91665
C18	 1.6065544	 16.04829
C22	 17.940609	 9.249557
C23	 7.5408563	 2.479467
C32	 1.5197609	 2.721562
C33	 2.5765088	 12.57311
C35	 11.383698	 12.68791
C34	 13.978307	 7.694595
C36	 6.5323461	 3.099201
C37	 4.7082767	 4.292259

Table 3. Amino Acid Profile of G. feliceps and T. 
lepturus caught in March 2003

Amino acids	 G. feliceps 	 T. lepturus 

asp	 6.91 ± 1.0	 6.5 ± 0.7 
glu	 10.9 ± 1.0	 10.8 ± 0.68
h. pro	 1.23 ± 0.57	 1.99 ± 0.09
ser	 4.49 ± 0.4	 4.96 ± 0.1
gly	 6.73 ± 0.21	 7.25 ± 0.29
his	 0.64 ± 0.28	 0.99 ± 0.32
arg	 7.7 ±0.26	 5.89 ± 0.2
thr	 4.42 ± 0.08	 4.51 ± 0.16
ala	 10.68 ± 0.18	 9.98 ± 2.77
pro	 3.09 ± 1.0	 3.44 ± 0.12
tyr	 4.09 ± 0.93	 4.73 ± 0.15
val	 5.6 ± 0.29	 5.98 ± 0.32
met	 2.5 ± 0.37	 2.41 ± 0.67
cys	 1.14 ± 0.26	 1.16 ± 0.09
I leu	 4.08 ± 0.11	 4.2 ± 0.17
leu	 7.81 ± 0.15	 7.88 ± 0.38
phe	 3.31 ± 0.09	 3.29 ± 0.09
trp	 6.58 ± 0.52	 6.49 ± 0.54
lys	 8.06 ± 0.82	 7.49 ± 0.7

Table 4. Responses of taste panelists to preferences 
for various formulations of Ribbonfish and Catfish 
formulations to wheat, rice and maize (Sig. Difference 
0.000 means value was too low or significance was 
high)

Formula	 Mean Rank	 Sig. Difference 
		  (P<0.05)

Ribbonfish-Rice 2.5:1	 193.71	 0.000 (<<0.05)
Ribbonfish Maize 2.5:1	 147.29	
Ribbonfish-Rice 2:1	 190.76	 0.000 (<<0.05)
Ribbonfish-Maize 2:1	 150.24	
Ribbonfish-Rice 1:1 	 191.22	
0.000 (<<0.05)
Ribbonfish-Maize 1:1	 149.78	
Ribbonfish-Rice 2.5:1	 182.88	
0.018
Ribbonfish- Wheat 2.5:1	 158.12	
Ribbonfish-Rice 1:1	 184.29	
0.009
Ribbonfish- Wheat 1:1	 156.71	
Ribbonfish-Rice 2.5:1	 182.04	 0.027

Catfish-rice 2.5:1	 158.96	
Ribbonfish-Rice 2.5:1	 195.35	 0.000 (<<0.05)
Catfish-wheat 2.5:1	 145.65	
Ribbonfish-Rice 2:1	 194.89	 0.000 (<<0.05)
Catfish-wheat 2:1	 146.11	
Ribbonfish- Rice 1:1	 193.71	
0.000 (<<0.05)
Catfish- Wheat 1:1	 147.29	
Ribbonfish-Wheat 2.5:1	 150.12	 0.000 (<<0.05)
Ribbonfish-Wheat 1 :1 	 190.88	
Ribbonfish-Wheat 2:1	 157.21	 0.001
Ribbonfish-Wheat 1:1	 183.79	
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rice at 2.5:1 there was a significant difference in 
response (p<0.05) with preference being shown 
for the ribbonfish and rice combination. This 
means that ribbonfish is preferred to catfish. This 
was also observed between ribbonfish to rice and 
catfish to wheat at 2.5:1, 2:1 and 1:1 respectively. 
The participants still preferred the ribbonfish 
formulations. There was a significant difference 
in response between ribbonfish to wheat at 2.5:1, 
compared to ribbonfish to wheat at 1:1 with more 
participants preferring the latter formulation. 
There was also a significant difference in response 
between ribbonfish to wheat at 2:1 and 1:1 where 
1:1 ribbonfish to wheat was preferred. It would 
seem that higher amounts of ribbonfish are not 
desirable in wheat combinations.
	 The overall order for preference was ribbonfish 
with rice, then ribbonfish with wheat, catfish with 
rice, ribbonfish and maize and catfish with wheat. 
Rice was preferred for value addition and ribbonfish 
was preferred in the formulations (Table 5). The 
best product had a score of 6.2 overall which was 
in the category of “liked slightly”.

the strength of the dough. If interpretation is based 
on wheat flour-protein interactions then wheat 
flour may not be suitable for making the snack. Yu 
(1991) reported similar results although he used 
six ingredient combinations from two types of fish 
and three types of flour (sago, tapioca and wheat). 
He also reported that wheat was less suitable. 
Maize still yielded a better response than wheat 
combinations although the presence of ribbonfish 
in the maize may not be ignored. 
	 Rice flour is generally ideal for light-texture 
recipes and it could conform to the preferences 
by Kenyans for crunchy light-textured snack 
products, and crispy snacks (Oduor-Odote PM 
pers. obs.). Edible fish have a wide range of 
basic compositions. Fish are either fatty or lean. 
Particularly with oily fish, both the oil itself and 
the compounds absorbed in the oil, often dependent 
on their diet, will influence the flavour of the final 
product. Sometimes even with leaner fish, higher 
in protein and water content, chemicals in their 
diet can penetrate and taint the flesh, affecting 
the flavour and or colour, or even the odour of the 

Table 5 Overall preference per formulation.

Product formula	 Ribbonfish-Rice	 Ribbonfish-wheat	 Catfish-Rice	 Ribbonfish-Maize	 Catfish-Wheat

	 2.5: 1	 6.3±0.13	 5.3 ± 0.22	 5.3±0.22	 4.8±0.23	 4.5±0.24
	 2: 1	 6.3±0.16	 5.5±0.24	 5.5±0.23	 5.0±0.23	 4.7±0.25
	 1:1	 6.0±0.17	 6.0±0.25	 5.3±0.23	 4.8±0.23	 4.5±0.24
	 Overall	 6.2±0.09	 5.6±0.14	 5.4±0.13	 4.9±0.3	 4.6±0.14

	 Several factors could come into play considering 
responses to the formulations. Normally, at least 50 
% or more amylopectin and 5-20 % amylose is 
required for a good quality product (Matz, 1970). 
Wheat starch contains 20-25 % amylose, rice 20 
% amylose and maize about the same amount. The 
compositional requirements are therefore within 
limits (Yu, 1991). Wheat   flour contains up to 15 
% protein, rice 6.5-7 % protein and maize 7-8 %. 
However, wheat flour contains proteins that interact 
with each other during cooking, forming gluten that 
is not available in either rice or maize. The protein 
content of the flour is what is greatly at variance 
and could be causing the differences in preference. 
Gluten is high in wheat and is known to suppress 
expansion during cooking and binds dough during 
preparation. The protein content of dough affects 

fish. Differences are due to compositions of the 
fish, feeding regimes etc. The differences in taste 
between catfish and ribbonfish could be due to any 
of the mentioned reasons among others.

Conclusions

It can be concluded that the nutritional body 
composition of the selected fish, including amino 
acids, is within nutritional ranges required by 
humans. Fat composition exhibited seasonal 
variations in both species of fish, with T. lepturus 
having a wider range of highly unsaturated fatty 
acids than G. feliceps. Rice flour was the preferred 
binding flour in the snack formulations and T. 
lepturus (Ribbonfish) preferred to catfish. 
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