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Abstract: African catfish (Clarias gariepinus) is very popular with fish farmers and consumers, and commands a very
high commercial value in Nigeria markets. The fresh fish sample collected from the fish farmer was smoked in a smoking
kiln using sawdust, rice bran and melon husk while electric oven was used as the control. In the study proximate, mineral
and amino acid compositions of the smoked fish samples were evaluated using standard analytical techniques. The crude
protein content of the smoked fish samples ranged from 15.18% in sawdust heat treatment to 63.23% in electric oven heat
source with CV% of 10.68 while crude fat range values were 9.47 — 16.44% (CV% = 18.80). The most highly concen-
trated mineral was sodium (7.00 — 9.95 mg/100g sample) and strictly followed by magnesium (5.45 — 7.45 mg/100g sam-
ple). Lead and cadmium were not at the detectable range of AAS. The total essential amino acid (TEAA) with histidine in
the smoked fish samples ranged from 40.25 g/100g crude protein in rice bran to 70.09 g/100g protein in sawdust heat
sources while lysine had the highest concentrations (7.02 — 7.78 g/100g protein). The calculated isoelectric point (pl) and
predicted protein efficiency ratio (P-PER) were (4.99 — 6.91) and (2.30 — 2.52), respectively while first limiting amino
acid (LAA) was isoleucine for electric oven and sawdust heat sources, and valine for melon husk and rice bran smoking.
The number of essential amino acids where supplementation may be required in the smoked fish samples using four dif-
ferent heat sources was three each. Generally, all the fish samples were found to be good sources of essential minerals and

amino acids.
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INTRODUCTION

Fish has an important role in food security and poverty
alleviation in both rural and urban areas of Nigeria, but only
little is known about the nutritional value of the fishes that
are normally utilized either fresh or preserve dried, salted or
smoked. However, fish is an extremely perishable commod-
ity, spoiling soon after death, due to enzymatic and microbial
actions. Some factors responsible for this include the prevail-
ing high temperatures in Nigeria and the facilities for proc-
essing, storing and distributing the fish caught are frequently
inadequate or non—essential in most cases. There is therefore
enormous waste through spoilage of both fresh and dried fish
[1, 2]. Fish is smoked until cooked in order to obtain a prod-
uct with extended shelf-life, since alternative preservation
methods such as refrigeration are absent in remote fishing
villages where most fish processing takes place. Hot smok-
ing is the traditional methods of fish smoking in the
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tropics. Hot smoking entails the application of much more
heat, through the burning of large quantity of fuel-wood [3].
The products from hot smoking are tastier and have longer
shelf lives [4, 5]. Smoking preserves fish by drying, cooking
and depositing natural wood-smoke chemicals like tars,
phenols and aldehydes all of which have powerful bacteri-
cidal action and prevent the growth of other microorganisms
on the flesh of the fish [6]. The smoke determines the colour
which is one of the qualities that attracts consumers. The
colour of smoked fish is relatively not independent on the
method as well as the type of wood or agricultural waste
used in smoking the fish. The colour ranges from black, dark
brown, golden brown or light brown to dirty white [3]. Al-
though preservation methods for fish and products are often
used in order to make the fish safer and to prolong its shelf—
life, the determination of some proximate parameters such as
moisture, ash, lipid and protein contents are necessary so as
to ascertain that they meet the requirements of food regula-
tions and commercial specifications [7-9].

African catfish (Clarias gariepinus) of the family
Claricdae, is generally considered to be one of the most im-
portant tropical catfish species for aquaculture. It has an al-
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most Pan-African distribution, ranging from the Nile to
West Africa and from Algeria to Southern Africa, up to the
Mediterranean coast including Asian Minor. It is a slow-
moving omnivorous predatory fish, which feeds on a variety
of food items from microscopic zooplankton to fish half its
length or 10% of its own body weight [10]. African catfish is
of very high demand in the middle belt and north east of Ni-
geria on account of their tasty flesh [7, 11]. The species are
very popular with fish farmers and consumers, and they
command a very high commercial value in Nigeria markets
[12, 13].

The objective of the present study was to assess the effi-
ciency of traditional smoking methods using different heat
sources, such as sawdust, melon husk and rice bran and elec-
tric oven (control), for changing the chemical composition of
African catfish (Clarias gariepinus) with a view to providing
preliminary information towards effective utilization of Afri-
can catfish in various food applications in Africa.

MATERIALS AND METHODS
Sample Collection and Treatment

Fresh sample (8 kg) of African catfish (Clarias garie-
pinus) was purchased from a fish farmer by a river site in
Akwanga town of Nasarawa State, Nigeria in April, 2012.
The sample was brought into the laboratory and divided into
four equal portions about 2 kg each. The first portion was
dried in an electric oven at about 60°C for 24 h using it as
control while the other three portions were smoked in a
smoking kiln using sawdust, melon husk and rice bran at
different times, respectively. The dried samples were
blended separately into fine powder using Kenwood food
blender. The powdered portion was put in a plastic container
and kept in a refrigerator at about 4°C prior to use.

Proximate Analyses

The moisture, ash, crude fat, crude protein (N x 6.25),
crude fibre and carbohydrate (by difference) were deter-
mined in accordance with AOAC methods [14]. All proxi-
mate analyses of the fish sample flours were carried out in
triplicate and reported in percent [15]. All chemicals were of
Analar grade.

Mineral Analysis

The minerals were analysed from solutions obtained by
first dry—ashing the fish samples at 550°C and dissolving the
ash in distilled deionized water in flasks [16]. All the metals
(except Na and K) were determined by using atomic absorp-
tion spectrophotometer (Perkin—Elmer Model 403, Norwalk
CT). Sodium and potassium were determined using a flame
photometer (Corning, UK Model 405), while NaCl and KCI
were used to prepare the standards [15]. Phosporus was de-
termined by vanadomolybdate colourimetric method [17].

Amino Acid Analysis

The amino acids in the fish samples were analysed by ion
exchange chromatography (IEC) [18] using the Technicon
Sequential Multisample (TSM) Amino Acid Analyzer
(Technicon Instruments Corporation, New York). The period
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of analysis was 76 min for each sample. The gas flow rate
was 0.50 mL min™* at 60°C with reproducibility consistent
within £3%. The net height of each peak produced by the
chart recorder of the TSM (each representing an amino acid)
was measured and calculated. The amino acid values re-
ported were the averages of two determinations [16]. Nor-
leucine was the internal standard. Tryptophan was not de-
termined.

Determination of Quality Parameters

Determination of isoelectric point (pl): The predicted
isoelectric point was evaluated as follows [19].

n=1
plm= Z pliXi
i=1

Where plm is the isoelectric point of the mixture of amino
acids, pl; is the isoelectric point of the i amino acids in the
mixture and X; is the mass or mole fraction of the amino
acids in the mixture.

Determination of Amino Acid Scores

Amino acid scores were determined based on whole
hen’s egg [20]. In this method, essential amino acids were
scored, Met + Cys and Phe + Tyr were taken as a unit while
amino acid score (AAS) was calculated using the following
formula [21].

Determination of the Predicted Protein Efficiency Ratio

The predicted protein efficiency ratio (P-PER) of differ-
ently processed samples was calculated from their amino
acid composition based on the following equation [22]:

P-PER = - 0.468 + 0.454 (Leu) — 0.105 (Tyr)

Calculations and Statistical Analyses

Sodium/potassium  (Na/K) and calcium/phosphorus
(Ca/P) ratios were calculated for the samples [23]. The fatty
acid values were obtained by multiplying crude fat value of
each sample with a factor of 0.8 (i.e. crude fat x 0.8 = corre-
sponding to fatty acids value) [24]. The energy values were
calculated by adding up the carbohydrate x 17 kJ, crude pro-
tein x 17 kJ and crude fat x 37 kJ for each of the samples
[25]. Standard deviations were calculated using MS Excel
Spread sheet from the three determinations done on each
sample for the proximate composition and it was used as the
measure of dispersion.

RESULTS AND DISCUSSION

The result of proximate composition of smoked Clarias
gariepinus is shown in Table 1. The protein content
(68.18%) of the fish sample smoked with melon husk was
the highest while the sample smoked using sawdust was the
lowest (51.18%). However, the range from 51.18 to 68.18%
in this report is in agreement with the reported work on cat-
fish [26]. The protein content of 57.03% obtained by using
rice bran heat treatment agrees with the 56.9% reported for
Tilapia quineensis [27]. The fat content for the sample
smoked with sawdust is highly comparable with 13.55%



Smoking Methods and Their Effects on Nutritional Value of African Catfish The Open Nutraceuticals Journal, 2013, Volume 6 107

Table 1. Proximate Composition (%)? of Clarias gariepinus Smoked with Different Sources of Heat
Heat Treatments
Parameter Mean SD CV%
Electric Oven Sawdust Melon Husk Rice Bran
Protein 63.23+0.01 51.18+0.08 68.18+0.06 57.03+0.10 59.91 6.40 10.68
Fat 13.55+0.02 13.31+0.30 9.47+0.07 16.44+0.04 13.19 2.48 18.80
Crude fibre 7.160.04 15.63+0.04 11.68+0.08 11.48+0.03 11.49 3.00 26.12
Moisture 3.57+0.03 4.46+0.13 3.77+0.06 3.18+0.12 3.75 0.46 12.27
Ash 5.14+0.04 3.18+0.02 3.37+0.05 4.18+0.05 3.97 0.77 19.40
PCarbohydrate 2.54+0.03 2.46+0.16 1.26+0.05 2.11+0.09 2.09 0.51 24.40
°Fatty acid 10.84 10.65 7.58 13.15 4222 31.73 75.15
“Energy (kJ/100g) 1619.44 1404.35 1530.87 1613.66 1542.08 86.90 5.64

3Each value represents the mean + standard deviation of triplicate determinations; Carbohydrate percent calculated as the (100 — total other components);
“Calculated fatty acids (0.8 x crude fat); “Calculated metabolisable energy (kJ/100g) (protein x 17 + fat x 37 + carbohydrate x 17);

SD = Standard deviation; CV = Coefficient of variation.

obtained for electric oven smoking however, it is lower than
the reported values of 19.80% to 23.90% for smoked Clarias
gariepinus from Lagos State University (Nigeria) fish pond
and Badagry market, respectively [28]. The crude fibre con-
tent of 7.16% obtained for fish sample smoked with an elec-
tric oven is less than the values obtained for sawdust, rice
bran and melon husk heat treatments, and the range from
7.16% to 15.63% reported in this work are higher than the
values presented in catfish [26]. The fish sample smoked
with sawdust had the highest moisture content of 4.46% in
this report. However, the 3.57% value for smoked sample in
an electric oven is in close agreement with the sample values
for melon husk and rice bran heat treatments. The range be-
tween 3.18% and 4.46% is lower than those reported in raw
and dried catfish by some authors [26]. The moisture content
of 4.46% for the fish sample smoked using sawdust com-
pares favourably with 4.55% for Caesalpinia pulcherrima
[29]. The ash content of 5.14% obtained using electric oven
smoking in this report was the highest while the sample
smoked with sawdust had the lowest ash content. The calcu-
lated metabolizable energy which ranged between 1404.35
kJ/100g in sawdust heat treatment to 1619.44 kJ/100g in
electric oven drying showed that Clarias gariepinus is fa-
vourably comparable to Tilapia quineensis [27] in terms of
its energy value. The calculated fatty acid values ranged be-
tween 7.58% in melon husk heat treatment to 13.15% in rice
bran heat treatment. Crude fibre recorded the highest value
of CV% (26.12). The carbohydrate content (2.46%) of the
sample smoked with sawdust was the highest. The ranged
values of 1.26% to 2.54% are lower than that for some plants
food [30].

The mineral composition in mg/100g of Clarias garie-
pinus is presented in Table 2. The most abundant mineral in
the smoked fish samples was sodium which ranged between
7.00 to 9.95 mg/100g sample. This is followed by magne-
sium with range values of 5.45 to 7.45 mg/100g while the
least concentrated mineral was chromium (0.15 to 0.45
mg/100g). It is interesting to note that harmful lead and cad-
mium were not at the detectable range of AAS in all the

smoked fish samples. Lead even at low concentration is
known to be toxic and has no known function in biochemical
process [31]. Arenic and chromium were not also detected in
the fish samples smoked with melon husk and sawdust, re-
spectively. The values in mg/100g sample of other essential
minerals in the smoked fish samples were; potassium ranged
between 5.15 to 6.50 mg/100g sample, phosphorus (4.10 to
5.55 mg/100g), manganese (2.45 to 4.55 mg/100g) and cal-
cium (1.15 to 3.30 mg/100g). Calcium in junction with
phosphorus, magnesium, vitamin A, C and D, chlorine and
protein are all involved in bone formation [32]. Calcium is
also important in blood clotting, muscles contraction and in
certain enzymes in metabolic processes [33]. Magnesium is
an important activator of many enzymes system and main-
tains the electrical potential in nerves [33]. Phosphorus as-
sists calcium in many body reactions, although it has inde-
pendent functions. Modern diets that are rich in animal pro-
teins and phosphorus may promote the loss of calcium in the
urine [34]. This has led to the concept of the calcium to
phosphorus ratio. If the calcium to phosphorus ratio is low
(low calcium, high phosphorus intake) more than the normal
amount of calcium may be lost in the urine thereby decreas-
ing the calcium level in bones. Food is considered “good” if
the Ca/P ratio is above 1 and “poor” if the ratio is less than
0.5, while the Ca/P ratio above 2 helps to increase the ab-
sorption of cadmium in the small intestine. The result of
Ca/P ratio in the smoked fish samples of present study was
greater than 0.5 i.e. 0.52 to 0.66. The sodium to potassium
ratio of less than 1 is recommended for the prevention of
high blood pressure [23]. However, the smoked samples of
Clarias gariepinus in the current study may not be able to
prevent high blood pressure because the value for Na/K ratio
is greater than 1. Coefficient of variation percent (CV%)
levels of all the minerals were also relatively close with the
highest value found in chromium (56.0) while the lowest
found in calcium to phosphorus ratio (8.62). In order to pre-
vent a disease known as hypomagnesaemia, the milliequiva-
lent of [K/(Ca + Mg)] in food sample must be less than 2.2
[35]. The range values from 0.55 to 0.82 in all the fish sam-
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Table 2.  Mineral Composition (mg/100g) of Clarias gariepinus Smoked with Different Sources of Heat
Heat Treatments
Mineral Mean SD CV%
Electric Oven Sawdust Melon Husk Rice Bran

Na 7.15 8.35 7.00 9.95 8.11 1.8 14.55

K 5.15 6.50 6.25 6.45 5.84 0.55 9.42
Mg 6.10 7.45 5.45 6.15 6.29 0.73 11.61
Fe 1.75 3.20 0.60 2.15 1.93 0.93 48.19
Zn 1.30 1.20 2.05 1.45 1.50 0.33 22.00
Cu 0.54 0.56 0.51 0.78 0.60 0.11 18.33

Pb ND ND ND ND ND ND ND
As 0.10 0.45 ND 0.35 0.30 0.15 50.00
Cr 0.15 ND 0.45 0.15 0.25 0.14 56.00

Cd ND ND ND ND ND ND ND
Mn 4,55 2.80 245 3.80 3.40 0.83 24.41
Ca 3.30 2.45 2.15 3.05 2.74 0.46 16.79
P 5.55 4.45 4.10 4.65 4.69 0.54 1151
Na/K 1.39 1.28 1.12 1.83 141 0.26 18.44
Ca/P 0.59 0.55 0.52 0.66 0.58 0.05 8.62
[K/(Ca + Mg)] 0.55 0.66 0.82 0.59 0.66 0.10 15.15

Na/K = Sodium to potassium ratio; [K/(Ca + Mg)] = Potassium to sum of calcium to magnesium; ND = Not detected; SD = Standard deviation; CV = Coeffi-

cient of variation.

ples are less than 2.2 therefore they may not lead to hypo-
magnesaemia.

The amino acid composition of smoked Clarias garie-
pinus is presented in Table 3. It is observed that glutamic and
aspartic acids were the most abundant amino acids in all the
smoked fish samples and make up to values which ranged
between 12.87 to 14.24 g/100g crude protein (cp) and 8.93 to
9.71 ¢/100g cp, respectively. Similar observation has been
reported [36, 37]. Lysine which ranged between 7.02 to 7.78
0/100g cp was the most concentrated essential amino acid
followed by leucine with range values of 6.80 g/100g cp in
rice bran heat treatment to 7.32 g/100g cp in electric oven
(control) smoking. Arginine is essential for children growth
and reasonable levels were present in this report. The lysine
contents of the samples are slightly above the 6.3 g/100g
content of the reference egg protein. This signifies that the
fish samples will serve as good sources for fortification of
protein weaning foods. Histidine which ranged between 2.30
9/100g cp for sample smoked using rice bran to 2.71 g/100g
cp for electric oven smoking is a semi essential amino acid
particularly useful for children growth. It is the precursor of
histamine present in small quantities in cells. When allergens
enter the tissues, it is liberated in larger quantities and is re-
sponsible for nettle rash [38]. The values of isoleucine
ranged between 3.55 to 3.80 g/100g cp in the smoked fish
samples. The isoleucine is an essential amino acid for both
old and young. Maple syrup urine disease is an inborn error

of metabolism in which brain damage and early death can be
avoided by a diet low in isoleucine and two other essential
amino acids, leucine and valine. These three EAA were high
in the current report. Methionine (CV%, 2.08) is an essential
amino acid (EAA) with value range of 2.32 to 2.45 g/100g
cp or 3.18 to 3.38 g/100g cp with cystine (Table 4). Methion-
ine is needed for the synthesis of chlorine from lecithin and
other phospholipids in the body. When the diet is low in pro-
tein, for instance in alcoholism and kwashiorkor, insufficient
chlorine may be formed; this may cause accumulation of fat
in the liver. Phenylalanine values ranged between 3.71
0/100g cp for rice bran heat treatment to 31.88 g/100g cp for
sawdust smoking. It is the precursor of some hormones and
the pigment melanin in hair, eyes and tanned skin. Phenylke-
tonuria is the commonest inborn error of metabolism suc-
cessfully treated by diet. The absence of enzymes in the liver
blocks the normal metabolism of phenylalanine and the brain
is irreversibly damaged unless a diet low in phenylalanine is
given in the first few weeks of life [38]. Tyrosine value in
this report ranged from 3.02 to 3.17 g/100g cp. Tyrosine is
the precursor of some hormones (like the thyroid hormones)
and the brown pigment melanine formed in hair, eyes and
tanned skin. It reduces the requirement of phenylalanine.
Permanent deficiency of the enzyme hypertyrosinaemia, a
rare in born error of metabolism can cause liver and kidney
failure unless treated with a synthetic diet low in phenyla-
lanine and tyrosine [38]. The predicted protein efficiency
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Table 3.  Amino Acid Composition (mg/100g Crude Protein) of Clarias gariepinus Smoked with Different Sources of Heat
Heat Treatments
Amino Acid Mean SD CV%
Electric Oven Sawdust Melon Husk Rice Bran

Lysine (Lys)? 7.78 7.40 7.21 7.02 7.35 0.28 3.81
Histidine (His)? 2.71 2.62 2.62 2.30 2.54 0.15 5.91
Arginine (Arg)* 6.39 6.30 5.87 5.78 6.09 0.26 427
Aspartic acid (Asp) 9.68 9.71 8.93 9.30 9.41 0.32 3.40
Threonine (Thr)? 4.69 4.30 4.00 4.28 4.32 0.25 5.79
Serine (Ser) 4.39 4.01 434 4.01 4.19 0.18 4.30
Glutamic acid (Glu) 14.24 13.33 12.87 13.02 13.37 0.53 3.96
Proline (Pro) 4.27 3.66 3.46 3.25 3.66 0.38 10.38
Glycine (Gly) 7.01 6.39 6.29 5.50 6.30 0.54 8.57
Alanine (Ala) 6.23 6.00 5.85 5.89 5.99 0.15 2.50
Cystine (Cys) 0.93 0.93 0.86 0.86 0.90 0.04 4.44
Valine (Val)? 481 4.60 3.99 431 4.43 0.31 7.00
Methionine (Met)? 2.45 242 2.32 2.40 2.40 0.05 2.08
Isoleucine (1le)? 3.80 3.55 3.65 3.65 3.66 0.09 2.46
Leucine (Leu)? 7.32 7.02 7.20 6.80 7.09 0.20 2.82
Tyrosine (Tyr) 3.17 3.02 3.17 3.02 3.10 0.08 2.58
Tryptophan (Try) ND ND ND ND ND ND ND
Phenylalanine (Phe)? 4.05 3.88 4.05 3.71 10.92 12.10 10.81
Isoelectric point (pl) 5.54 6.91 5.12 4.99 5.64 0.76 13.48
P-PER 252 2.40 247 2.30 242 0.08 331

Essential amino acid; pl = Calculated isoelectric point; P-PER = Predicted protein efficiency ratio; ND = Not detected; SD = Standard deviation; CV = Co-

efficient of variation.

ratio (P-PER) ranged between 2.30 — 2.52 g/100g cp. This
result is highly comparable to the 2.33 g/100g cp reported for
Numida meleagis (eyes) [39], 2.62 g/100g cp (liver) and 2.32
9/100g cp (heart) of Cricetomys gambianmus [40] and 2.6
9/100g cp for Clarias lazera [7], but lower in values than
some plants food such as corn ogi (4.06 g/100g cp) [41]. The
calculated isoelectric point (pl) derived from amino acids
would assist in the prediction of the protein isolate of organic
product. The pl values in the present study ranged between
4.99 in rice bran heat treatment to 6.91 sawdust smoking.

Parameters on the quality of protein of the samples are
presented in Table 4. The essential amino acid (with his-
tidine) ranged between 40.25 g/100g cp for heat treatment
using rice bran to 70.00 g/100g cp in sawdust smoking. The
values obtained for rice bran and melon husk smoking are
highly comparable with the value for the electric oven (con-
trol). The essential aromatic amino acid (EArAA) range sug-
gested for infant protein of 6.8 to 11.8 g/100g cp [42] is
slightly above 4.05 g/100g cp reported for electric oven and

melon husk smoking which was the highest value among the
different heat sources. The percentage ratio of EAA (with
histidine) to the total amino acid (TAA) in the samples
ranged between 46.85% in electric oven smoking to 59.83%
in sawdust heat treatment. These values are very favourably
comparable with 39% considered adequate for ideal protein
food for infant, 26% for children and 11% for adults [42].
The EAAITAA (%) for the samples could be favourably
compared with other animal protein sources such as 47.10%
in Clarias lazera [7], 47.5% for Tilapia quineensis [27] and
50% for egg [21]. The percentage of total neutral amino acid
(TNAA) ranged from 56.03 in rice bran smoking to 66.40%
in sawdust heat treatment, indicating that this formed the
bulk of the amino acids. Percentage (%) total acidic amino
acid (TAAA) ranged from 19.67 in sawdust smoking to
26.23 in rice bran heat treatment which are far lower than %
TNAA while the percentage range in total basic amino acid
(TBAA) is 13.93 — 18.02% which made them the third larg-
est group among the samples. However, this is an indication
that the protein is probably acidic in nature [30].
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Table 4. Classification of Amino Acid Composition (mg/100g Crude Protein) of Smoked Clarias gariepinus
Heat Treatments
Amino Acid Electric Sowdust Melon Rice Mean SD CV%
Oven Husk Bran
Total amino acid (TAA) 93.92 117.14 86.58 85.10 95.69 12.83 13.41
Total Non-essential amino acid (TNEAA) 49.92 47.05 45.77 44.85 46.90 191 4.07
% TNAA 53.15 40.17 52.86 52.70 49.72 5.52 11.10
Total essential amino acid (TEAA)
With histidine 44.00 70.09 40.81 40.25 48.79 12.38 25.37
Without histidine 41.29 67.47 38.29 37.95 46.25 12.32 26.64
% TEAA
With histidine 46.85 59.83 47.14 47.30 50.28 5.52 10.98
Without histidine 43.96 57.60 44.22 44.59 47.59 5.78 12.15
Essential aliphatic amino acid (EAAA) 20.62 19.47 18.84 19.04 9.49 0.69 3.54
Essential aromatic amino acid (EArAA) 4.05 3.88 4.05 3.71 10.92 12.10 10.81
Total neutral amino acid (TNAA) 53.12 77.78 49.18 47.68 56.94 12.19 21.41
% TNAA 56.56 66.40 56.80 56.03 58.95 431 7.31
Total acidic amino acid (TAAA) 23.92 23.04 21.80 22.32 22.77 0.80 351
% TAAA 25.47 19.67 25.18 26.23 24.14 2.61 10.81
Total basic amino acid (TBAA) 16.88 16.32 15.60 15.10 15.98 0.68 4.25
% TBAA 17.97 13.93 18.02 17.74 16.92 1.73 10.22
Total sulphur amino acid (TSAA) 3.38 3.35 3.18 3.26 3.29 0.08 243
% Cystine 27.51 27.76 27.04 26.38 27.17 0.53 1.95

SD = Standard deviation; CV = Coefficient of variation.
Table 5.  Amino Acid Composition (mg/100g Crude Protein) of Clarias gariepinus Smoked with Different Sources of Heat

PAAESP (g/100g Electric Oven Sawdust Melon Husk Rice Bran
EAA .

protein) EAAC AAS EAAC AAS EAAC AAS EAAC AAS

lle 4.0 3.80 0.95 3.55 0.89 3.65 0.91 3.65 0.91
Leu 7.0 7.32 1.05 7.02 1.00 7.20 1.03 6.80 0.97
Lys 5.5 7.78 141 7.40 1.35 7.21 131 7.02 1.28
Met + Cys (TSAA) 35 3.38 0.97 3.35 0.96 3.18 0.91 3.26 0.93
Phe + Tyr 6.0 7.22 1.20 34.90 5.82 7.22 1.20 6.73 1.12
Thr 4.0 4.69 1.17 4.30 1.08 4.00 1.00 4.28 1.07

Try 1.0 nd na nd na Nd na nd na
Val 5.0 4.81 0.96 4.60 0.92 3.99 0.80 431 0.86
Total 36.0 39.00 7.71 65.12 12.02 36.45 7.16 36.05 7.14

EAA = Essential amino acid; PAAESP = Provisional amino acid (egg) scoring pattern;
EAAC = Essential amino acid composition (Table 3); AAS = Amino acid scores;

nd = Not determined; SD = Standard deviation; CV = Coefficient of variation;

na = Not applicable; Source = Belschant et al. [43].
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The essential amino acid scores (EAAS) based on the
provisional amino acid scoring pattern [18] are shown in
Table 5. The fish sample smoked with sawdust is favourably
comparable to the electric oven (control) smoking and is
rated high when compared with melon husk and rice bran
heat treatment. However, with exception of Leu in sawdust
smoking; Lys, Phe + Tyr and Thr in sawdust and electric
oven heat treatment, supplementation with essential amino
acids will be required for all the samples such as lle, Met +
Cys (TSAA), Leu in electric oven smoking, Thr and Leu in
melon husk and rice bran heat treatments. Tryptophan was
not determined; it has been reported that the essential amino
acids most often acting in a limiting capacity are Met (and
Cys), Lys and Try [37]. However, the first limiting amino
acid (LAA) for all the smoked fish samples in this study was
lle for electric oven and sawdust heat treatments; Val for
melon husk and rice bran smoking (Table 5). Levels of CV%
ranged from 2.08 in Met to 13.48 in pl (Table 3).
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