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Abstract 

Background:  Lysine is one of the essential amino acids required in the human diet. However, it is easily lost when 
fish is subjected to different processing methods which may compromise the human dietary requirements.

Methods:  We determined changes in lysine content of four fresh water fish species, namely Bagrus docmak, Rastrine-
obola argentea, Brycinus nurse and Distichodus niloticus. The fish were obtained from lakes Victoria, Kyoga, Edward and 
Albert in Uganda. Lysine was determined before (baseline) and after processing the four fish species using artisanal 
methods, namely sun-drying, salting, smoking and deep-frying.

Results:  The baseline lysine content varied significantly among fish species (6.1–17.6%). Lysine content of B. docmak 
from L. Victoria and Rastrineobola argentea from L. Kyoga reduced significantly by 43.2 and 55%, respectively, when 
deep-fried. Smoking also significantly reduced lysine content in R. argentea by 50%. Distichodus niloticus occurs in 
only L. Albert, and its lysine content decreased with processing method by 49.5% in deep-fried and 7.3% in sun-dried. 
Processing method did not significantly change lysine content of Brycinus nurse.

Conclusion:  Generally, the nutritional quality with regard to lysine content of four fish species was not significantly 
affected by three artisanal processing methods: drying, salting and smoking. However, deep-frying significantly 
reduced lysine content in three species which has a bearing on public health. In this regard, awareness creation 
among processors and consumers about deep-fried fish products would alleviate the nutritional insecurity attributed 
to deep-frying. In addition, modification of the existing artisanal processing methods is necessary to avert a possible 
predisposition to lysine deficiency.
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Background
Lysine is one of the eleven essential amino acids required 
in human diet albeit in small amounts for various physi-
ochemical functions [29]. According to Larsen et al. [25], 
the composition and profile of essential amino acids 
determines the biological value of proteineous food. 
Lysine occurs in larger amounts among fishes than in 
terrestrial meats [30]. The lysine content of a standard 
protein recommended by FAO/WHO [16] is 5.8/100  g 
protein which underscores its importance in the human 

diet. Net protein utilization in diets is greatly affected 
by the content of the limiting amino acid. For instance, 
lysine in cereal grains is a limiting amino acid and yet 
cereals are major staple foods in developing econo-
mies like Uganda [21]. As such, cereals have to be sup-
plemented with lysine-rich protein sources in order to 
optimize the utilization of dietary protein [49]. Carbohy-
drates contribute 78.6% to dietary energy consumption 
of Ugandan households compared to 9.7% for protein, 
and this is indicative of protein-deficient diets [48]. Sup-
plementation of their carbohydrate-based diets with fish 
would inevitably mitigate some of these nutritional defi-
ciencies associated with lack or inadequate consumption 
of proteineous foods [42].
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Reduced dietary supply of lysine is associated with sev-
eral health-related illnesses. Papes et  al. [37] reported 
mental and physical handicap because of its important 
role in the synthesis of glutamate, a significant neuro-
transmitter in the central nervous system of mammals. 
Civitelli et al. [13] cited age-related bone loss, while other 
studies [12, 46] reported reduced protein turnover and 
induced changes in its metabolism and [43] reported 
increased stress-induced anxiety. Frequent consump-
tion of fish therefore may alleviate some of these health-
related dietary problems. However, the methods used to 
process or preserve fish for prolonged shelf-life storage 
may undermine the desired health attributes of the fish-
based diets among consumers [6].

Uganda is richly endowed with water resources that 
include lakes, rivers dams and swamps which consti-
tutes approximately 20% of total land surface area. The 
five major lakes Victoria, Kyoga, Albert, Edward, George 
and other water bodies provide conducive habitats for 
approximately 300 fish species, comprising of haplochro-
mines (90%) and large pelagic fishes (10%). The major fish 
species of commercial importance that are exploited for 
export and domestic consumption include Lates niloticus 
(Nile perch), Oreochromis niloticus (Nile tilapia), the cat 
fishes Bagrus docmak and Clarias gariepinus, while the 
small pelagic fishes “sardine-like” include Rastrineobola 
argentea (Mukene), Neobola bredoi (Muziri) and Bry-
cinus nurse (Ragoogi) [14]. The nutritional profile and 
composition of fish is determined by its feeding habits 
and food items ingested [54]. B. docmak is largely pisciv-
orous [7], i.e. they feed on insects, crustaceans, molluscs 
and fish [9], while R. argentea and B. nurse are zooplank-
tivorous [50]. D. niloticus is omnivorous [23]. Regardless 
of the habitat, fish maintain their feeding habits although 
with the current climatic variability [24], some fish spe-
cies have tended to have dietary shifts [31]. Owing to 
their feeding habits, fish protein has a higher biological 
value than other proteineous food sources.

The socio-economic, cultural norms, market disposi-
tion and sensory attributes desired by consumers dictate 
the form of processing applied to fish. Some fish spe-
cies are consumed in fresh form, while others are either 
smoked, salted, sun-dried or fried. Smoking, in particu-
lar, is widely used as a fish preservation method in Africa 
largely due to its affordability and preferred sensory 
attributes such as taste [3, 32]. Ward [51] reported that 
up to 70% of the total fish catch in several communities in 
the third world is smoked. Most processing methods rely 
on lowering water activity to preserve fish. Consequently, 
some methods such as salting may lower the levels of 
amino acids due to salting out. On as is basis, dehydrated 
fish products have higher protein content than fresh 
[19, 20, 39]. Heat denatures and aggregates protein and 

exposes hydrophobic sites which foster new interactions 
that lead to a more dense protein structure [45]. On the 
other hand, traditional fish smoking method exposes 
fish to 120  °C [15] and these elevated temperatures are 
known to reduce availability of lysine [10] because of its 
high sensitivity to intense heat [2]. The mechanism of 
lysine reduction entails reaction of formaldehyde from 
the smoke component more so, formaldehyde from 
smoke reacts with the s-NH group of lysine to form a 
complex that indirectly reduces lysine content by making 
it unavailable [11]. Currently, information and awareness 
on the effects of processing methods on the nutritional 
quality of fish species in Uganda are scanty and limited, 
respectively. The purpose of this study therefore was to 
determine the magnitude of lysine loss attributed to arti-
sanal fish processing and preservation methods.

Methods
The selection criteria of fish species and preservation 
methods were based on market significance of species 
and popularity/affordability respectively. The choice 
of water body was dependent on availability of the fish 
species selected. Semutundu (Bagrus docmak) is pre-
dominantly found in lakes Edward and Victoria, while 
Wachone (Distichodus niloticus) and Ragoogi (Brycinus 
Nurse) are only found in L. Albert. Mukene (Rastrine-
obola argentea) is plenty in lakes Kyoga and Victoria.

Freshly caught and gutted B. docmak (20 pieces) 
was purchased at Katwe landing site (0°08′35.3″S, 
29°52′33.0″E) on L. Edward and similar quantities were 
purchased from Wanseko landing site (2°10′40.0″N, 
31°22′50.0″E) on L. Albert, from a makeshift market 
at the Owen Falls Dam (0°26′37.7″N, 33°11′04.0″E) on 
River Nile, Jinja and Moone landing site (1°28′30.8″N, 
32°31′51.4″E) on L. Kyoga. Freshly caught and gutted D. 
niloticus (20 pieces) was purchased from Wanseko land-
ing site and B. nurse (10  kg) was purchased at Bugoigo 
and Walukuba landing sites on L. Albert. Freshly caught 
R. argentea (10 kg) was purchased from Kiyindi landing 
site on L. Victoria, and same quantities from Kakooge 
landing site on L. Kyoga.

Purchased fish samples from respective lakes were 
transported in insulated fish boxes to the Food Bio-
sciences and Agribusiness Program laboratories, 
Kawanda, for processing into smoked, salted, sun-dried 
and fried products using improved artisanal methods. 
The large pelagic fish were scaled, beheaded, filleted and 
then apportioned into 300-g portions.

Preparation for smoking involved washing under run-
ning water for 2  min and then drip-drying on a small 
meshed rack elevated 2  m above the ground for 1  h at 
ambient temperature (28 °C). This was followed by smok-
ing using a Chorkor kiln monitored at 60–80  °C. The 
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temperature was monitored using a thermocouple, ETI 
Therma 22 model. Mango wood (Mangifera indica) was 
used for smoking because it is the commonly used fuel 
wood in Uganda. The smoking process took 8  h before 
cooling on stainless steel tray for 1  h at room tempera-
ture. Samples were then coded and packaged in alu-
minium foil before storage in laboratory freezer, Model 
Electrolux made in Sweden at −10  °C pending lysine 
analysis.

Preparation for salting involved washing under running 
water for 2 min and then drip-drying on a small meshed 
rack elevated 2  m above the ground for 1  h at ambient 
temperature (28  °C). Salting was done using the ratio 
of 1 g salt to 120 g fish and finally spread out in the sun 
to dry at ambient temperatures (28  °C) for 2  days. The 
resultant salted and dried samples were sealed in poly-
thene tubing (30  micron thickness) and kept at room 
temperature.

Sun-drying involved washing before drying on small 
meshed rack elevated 2  m above the ground for 3  days 
at approximately 28 °C. Dried products were then sealed 
in polythene tubing (30 microns thick) and kept at room 
temperature.

Deep-frying involved washing then drip-drying for 1 h 
prior to deep-frying in a locally fabricated mild steel shal-
low pan containing vegetable oil—Golden fry vegetable 
oil (fractionated palm oil, fully refined and fortified with 
vitamin A) made by Bidco (U) Ltd. The oil was heated to 
180  °C using gas cooker (Model IGNIS made in Brazil). 
The frying time was 15 min for all fish species. The excess 
oil was allowed to drain off the deep-fried samples on a 
stainless steel mesh tray for 1 h before packaging in alu-
minium foil and coding. Samples were then stored in a 
freezer at −10 °C overnight (12 h).

All samples were then taken to Makerere Univer-
sity (MUK), Department of Chemistry laboratories, for 
lysine analysis. Using a blender, each sample was ground 
separately into powder/paste, labelled appropriately 
and stored under frozen conditions till ready for lysine 
analyses.

Amino acid analysis
The Kjedahl method [8] was used to determine total 
protein. A method similar to Szczêsna [40] and Stener-
son [44] was used for sample preparation and amino 
acid analysis. Fish samples (1  g) were treated with per 
formic acid before being hydrolysed in 25  ml of 0.1  M 
HCL in a sealed tube at 110  °C for 24  h. A 50-μL ali-
quot of the hydrolysate containing a mix of amino acids 
was dried under a vacuum evaporator at 40  °C. 100 μL 
of the silylation reagent N-tert-butyldimethylsilyl-N-me-
thyl trifluoroacetamide (MTBSTFA), followed by 100 
μL of acetonitrile, was added. The mixture was heated 

at 100 °C for 4 h. The sample was then neutralized with 
sodium bicarbonate and subjected to GC–MS analysis on 
a 20 m × 0.18 mm I.D. × 0.18 μm SLB(tm)-5 ms capillary 
column. Amino acids were identified by comparing chro-
matograms and spectral data of amino acid standards 
with those of the sample solution.

Lysine content was expressed as g/100  g protein (%). 
Lysine content of the fresh samples prior to processing 
was the baseline content of the respective fish species.

Statistical analysis
Data were analysed using SAS statistical software (ver-
sion 9.3, 2011; SAS Institute Inc., Cary, NC, USA). Dif-
ferences between lysine content means were determined 
by one-way ANOVA (Duncan’s multiple range test) with 
level of significance p < 0.05.

Results
It was observed that lysine content varied with fish spe-
cies, water body and processing method. The lysine 
content varied according to fish species and water body 
(Fig. 1). Of the species investigated, B. nurse caught from 
L. Albert had the highest baseline lysine content (17.6%), 
whereas B. docmak from L. Edward and R. argentea from 
Victoria had the lowest (6.1%).

The influence of water body or habitat on lysine con-
tent has been vividly illustrated by B. docmak which 
occurs in the four lakes of Uganda. Lake Victoria B. doc-
mak had the highest baseline lysine content (11.1%) com-
pared to Edward 6.1% with the lowest. The lysine content 
in unprocessed samples from L. Edward and L. Albert 
was not significantly different (Fig. 2).

Effect of processing/preservation methods on lysine
The processing method applied to preserve fish affected 
lysine content differently. An example is explicitly shown 
by D. niloticus which occurs in L. Albert only (Fig. 3).

Fig. 1  Mean lysine content variation among fish species (unpro-
cessed) and water bodies
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Essentially, all preservation methods caused a decline 
in the lysine content and the magnitude of loss varied 
with the method. The deep-frying method caused a lysine 
loss of 49.5%; smoking 28.4%; salting 20.7%; and sun-dry-
ing only 7.3%. The effect trend of decrease or increase in 
lysine in all fish species from the four lakes subjected to 
the four processing methods is shown in Fig. 4.

Deep-frying did not have significant effect on lysine in 
B. nurse but significantly decreased the lysine content of 
L. Albert D. niloticus, L. Kyoga R. argentea and L. Vic-
toria B. docmak (p < 0.05). The decrease in lysine for L. 
Edward and L. Kyoga B. docmak was insignificant. How-
ever, deep-frying resulted in an insignificant increase in 
lysine content of L. Victoria R. argentea and L. Albert 
fishes (B. nurse and B. docmak).

Smoking insignificantly increased lysine content of 
L. Albert and L. Edward B. docmak and L. Victoria R. 
argentea. However, its content decreased in L. Albert 
D. niloticus, L. Victoria and L. Kyoga B. docmak, and L. 
Kyoga R. argentea. Smoked B. nurse retained its lysine 
content as the unprocessed fresh sample. Lysine reten-
tion in smoked B. nurse was similar to its deep-fried ver-
sion. However, these two methods contributed to the 
decrease in lysine in L. Kyoga R. argentea. The decrease 

was not detected in the same species inhabiting L. 
Victoria.

On the other hand, salting decreased the lysine con-
tent of L. Albert D. niloticus, L. Victoria B. docmak and 
L. Kyoga R. argentea. On the contrary, it increased lysine 
content of L. Victoria R. argentea and B. docmak inhab-
iting L. Albert, L. Kyoga and L. Edward. Salting did not 
have significant effect on lysine content of B. nurse.

Although the increase in lysine content of sun-dried L. 
Edward B. docmak was significant, it the was not signifi-
cant in B. docmak occurring in L. Albert and L. Kyoga, B. 
nurse in L. Albert and in L. Victoria R. argentea. Sun-dry-
ing decreased lysine content of L. Albert D. niloticus, L. 
Victoria B. docmak and L. Kyoga R. argentea. Sun-drying 
had the least effect on lysine content. Of the fish species 
peculiar to L. Albert, the small pelagic fish B. nurse had 
significantly higher baseline lysine content and process-
ing did not significantly vary this. Generally, all process-
ing methods reduced lysine content in D. niloticus, but 
deep-frying had a significant reduction of 50%.

Fig. 2  Effect of habitat (lakes) on lysine content in unprocessed fresh 
Bagrus fish species
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Discussion
Amino acids and particularly lysine play a vital role in 
physiochemical functions of the human body [29]. How-
ever, several studies have reported losses due to pro-
cessing methods [10, 11]. Most artisanal fish processing 
methods in Uganda preserve products by dehydration 
and inevitably affect the nutritional quality of the result-
ant products.

Our findings indicated that lysine content changed 
with processing methods. However, it largely complied 
with the recommended FAO/WHO lysine value for a 
standard protein of 5.8/100 g protein for most methods. 
As such, modification may not be required as precaution-
ary measure to ensure the prevailing market and cultural 
demands in Uganda. Nevertheless, in incidences where 
a method led to lysine loss, respective methods may 
have to be modified to maintain nutritional quality. For 
example, deep-frying contributed to the loss of lysine by 
almost 50% in both species: R. argentea and D. niloticus. 
This is a nutritional drawback in the R. argentea fishery 
because the fried products had gained popularity among 
a cross section of consumers although deep-frying is a 
recent development in Uganda.

Due to its effect on lysine, deep-frying should be modi-
fied to achieve the desired balance of sensory and nutri-
tional attributes. Modification may entail change in 
processing conditions from the current 180 °C to proba-
bly less than 60 °C and exposure time of less than 15 min. 
According to [53], losses in amino acid content including 
lysine during frying can be mitigated by limiting the fry-
ing time to about 2 min. However, consumers in Uganda 
prefer well-done and crispy fish products that inevitably 
require at least 15 min, so supplementation of their diets 
with lysine-rich alternative foods may be a more appro-
priate option than limiting frying time [27].

The lysine loss observed in R. argentea, D. niloticus and 
B. docmak is corroborated by other studies. Garcia-arias 
et al. [19] reported that some amino acids such as lysine 
may be lost in heat-processed fish samples due to the 
formation of different Maillard products. Lysine is par-
ticularly susceptible to Maillard reaction owing to a free 
amino group at the epsilon carbon that readily reacts with 
reducing sugars [47]. Similar results were obtained in a 
study on four marine fishes in Nigeria Oluwaniyi et  al. 
[33]. They reported a reduction in total amino acid con-
tent of Clupea harengus, Scomber scombrus, Trachurus 
trachurus and Urophycis tenuis when fried in palm oil. 
Further lysine reduction attributed to the development of 
heterocyclic aromatic amines as a consequence of frying 
was reported by Oz et  al. [35]. The frying enhances the 
formation of a hard surface crust which tends to inter-
fere with amino acid analysis by limiting hydrolysis of fish 
protein [18, 52].

Smoking also had similar effects on lysine in R. 
argentea like deep-frying although not to the same mag-
nitude of 50% loss. This finding corroborated with several 
other previous studies [2, 4, 11]. Consumption of smoked 
R. argentea in urban centres of Uganda is on the increase, 
and therefore lysine loss will have nutritional conse-
quences unless mitigation measures are put in place. The 
elevated temperatures applied to fish during smoking in 
Uganda have the potential to cause lysine loss because 
according to [4], lysine losses increased with tempera-
ture from 6% at 25 °C to 56% at 40 °C. Considering that 
the smoking temperature in Uganda may exceed 120 °C, 
the likelihood of lysine loss may surpass the 80% mark 
which may be nutritionally deficient for the consumers of 
smoked fish products. The use of liquid smoke [28] may 
be a viable mitigation measure, but its expense and avail-
ability may render it an implausible option. The effect of 
smoking on lysine is not only limited to fish species, but 
it has similar effects in other aquatic resources. When 
tiger shrimp (Penaeus monodon) was hot smoked, lysine 
content reduced substantially due to Maillard reaction 
[5].

Contrary to the previous studies that reported loss of 
lysine as a result of smoking [2, 4, 11], the findings of the 
present study indicated an increase in some species like 
B. docmak, D. niloticus and B. nurse. This may be grati-
fying to consumers of smoked fish products in Uganda 
because B. docmak is always smoked. D. niloticus and 
B. nurse, on the other hand, are rarely smoked. Other 
studies [6, 17] corroborated these findings whereby the 
lysine content of the African mud catfish (C. gariepi-
nus) smoked at 60–70  °C for 24  h increased by at least 
5%. This was attributed to moisture loss that led to con-
centration of the protein after smoke drying. In another 
study on protein quality of fish products under various 
processing treatment, it was reported that smoked prod-
ucts had greater essential amino acid content (7.66–9.7%) 
with lysine and leucine being predominant [49].

Generally, sun-drying did not reduce the lysine con-
tent beyond the FAO/WHO recommended value. Prob-
ably this was due to low ambient drying temperatures of 
28 °C. Essentially, the lysine content in B. nurse seemed to 
be unaffected by any of the processing methods. B. nurse 
has a high fat content ≥ 15% [27]. It is probable that fat 
bound to the protein protected it from degradation and 
thus lysine loss. Traditionally, B. nurse is sun-dried and 
used as protein source for animal feed manufacture in 
Uganda hence its lysine is made available to humans 
through secondary sources like chicken and pork. Sun-
drying significantly increased lysine content of B. doc-
mak (L. Edward); therefore, this provides a nutritionally 
viable alternative processing method for the fisher folk in 
addition to the more commonly used smoking. However, 
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from culinary viewpoint, sun-dried whole B. docmak is 
rarely consumed by the majority of Ugandan fish con-
sumers. The only viable option may be transformation 
into powdered products which has wide application 
among regular fish consumers in Uganda [26].

Apart from processing methods, the lysine content 
varied significantly with fish species. The mean baseline 
lysine content of the four fish species investigated in this 
study met the minimum requirement for a standard pro-
tein in human diet pegged at 5.8 g/100 g [16]. This may 
be attributed to the physiological disposition of the spe-
cies and feed conversion rates [36]. It was similar to two 
other fresh water species Clarius gariepinus and Tilapia 
zillii which were reported as 10.64 and 10.37%, respec-
tively [34]. Abdullahi [1] also reported lysine variation 
in Chrysichthys nigrodigitatus, Barus filamentous and 
Auchenoglanis occidentals. Lysine variation due to spe-
cies is corroborated with other studies [24, 38, 41, 54].

Conclusion
Generally, lysine content varied with fish species before 
and after processing. Deep-frying significantly reduced 
lysine content in three of the four fish species, and there-
fore the artisanal method currently in use should be 
modified or avoided for health reasons and nutritional 
quality. None of the four processing methods affected the 
lysine content of B. nurse for reasons that may require 
further research to decipher. Further studies should also 
be conducted to ascertain appropriate deep-frying tem-
peratures and exposure time for fish. New policies should 
target increasing public health awareness of consumers 
and processors regarding the nutritional quality losses 
associated with deep-frying as a fish processing method 
as well as encouraging supplementation with other 
lysine-rich foods where it is used.
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