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Abstract
The suitability of a superheated steam dryer for drying sardines was investigated. Proximate 

composition (moisture, crude protein, crude fat, ash, and crude fibre; minerals-calcium, zinc, 

iron) for fresh, oven dried (OD) at 100 °C, oven dried (OD) at 120 °C and superheated steam 

dried (SSD) sardines at 120 °C was evaluated and the results reported on a dry matter basis. 

There were significant differences (p<0.05) in moisture, crude fat, and ash content among fresh 

and dried samples, but not for crude protein or crude fibre. The crude protein % content of 

fresh, OD at 100 °C, OD at 120 °C, and SSD, was 78.17, 78.40, 75.77, and 76.05 and crude fibre % was 

0.59, 0.12, 0.02, and 0.13, respectively. The SSD sardines had the highest fat content (11.8 %) and 

the fresh sardines had the lowest (8.1 %). There was a significant difference in calcium content 

(p<0.05) but not for zinc and iron content. Overall, SSD retained the nutrients of sardines well. 
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Introduction
Sardines are among a group of small pelagic fish 
namely including Herrings, Anchovies, and Sardines 
(HAS) (Kripa et al., 2019). In Tanzania sardines are har-
vested from marine waters of the Indian Ocean in the 
five regions of Tanga, Pwani, Dar es Salaam, Lindi, and 
Mtwara. However, Zanzibar, Pemba, and Mafia Island 
are the major producing areas (Sekadende et al., 2020). 
Marine sardines make up about 1/3 million tons of the 
annual catch, according to the official statistics (SWI-
OFP, 2012). Small pelagic fish, particularly sardines, 
contain a significant amount of polyunsaturated fatty 
acids (PUFAs) of the omega-3 series in the form of 
docosahexaenoic acid (DHA) and eicosapentaenoic 
acid (EPA) responsible for the development and func-
tioning of the brain and retina (Njinkoue et al., 2016). 
These PUFAs play a crucial role in the prevention of 
atherosclerosis, heart attack, depression, stroke, diabe-
tes, obesity, premature aging, hypertension, and can-
cer in humans and improve visual power and memory 
(Stephen et al., 2010). In addition, PUFAs are essential 
for normal growth, development, and reproduction in 

all vertebrates, including fish and humans, and must 
be supplied through diet. Small pelagic fish contain 
all the elements of a healthy and nutritionally optimal 
food source for humans and are an important con-
tributor to the food and nutritional security of many 
poor, low-income households in developing countries 
(Isaacs, 2016). Moreover, fish protein is of high biolog-
ical value due to the presence of essential amino acids 
in the right proportions (Hoffman and Falvo, 2004). 
Lysine, methionine, and cysteine are important essen-
tial amino acids that can significantly raise the value of 
cereal-based diets, which are poor in these essential 
amino acids (Kasozi et al., 2014).

Fish is a highly demanded and nutritious food prod-
uct as detailed in the previous section, yet perisha-
bility remains the biggest challenge for its preserva-
tion (Tavares et al., 2021). Since fish are not normally 
eaten raw, processing and preservation measures 
are employed in preparing them for consumption 
(Okpanachi et al., 2018). Sun drying, salting, and boil-
ing followed by sun drying, smoking, and chilling are 
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methods used by processors to extend the shelf life of 
fish and fishery products. These traditional preserva-
tion techniques have some drawbacks like exposing 
the product to rain, foreign matter like dust, micro-
organisms like bacteria and fungi, birds, and rodents. 
In addition, existing conventional hot air drying is an 
energy-intensive technique that consumes around 
15–25 % of national industrial energy in most devel-
oping countries; Tanzania being an example (Sehra-
wat et al., 2016). Using air as a drying medium leads 
to oxidation and combustion reactions which pollute 
the environment by releasing undesirable compo-
nents, and its operation needs continuous improve-
ments to reduce energy consumption and preserve 
quality (Sehrawat et al., 2016). It also often results in 
loss of nutrients, colour degradation and non-uni-
form product quality (Sehrawat and Nema, 2018). 
Recent studies have also shown that traditional pro-
cessing methods can cause a loss of nutrient availa-
bility in processed fish (Ayinsa and Maalekuu, 2013; 
Sehrawat et al., 2016). 

In Tanzania, particularly at Mafia Island, small pelagic 
fish processing is carried out by boiling in sea water 
mixed with salt using firewood as a source of energy 
before sun drying on racks or the ground (Fig. 1). This 
technology is not ideal because it has the potential 
to significantly lower the quality of the final product 
(dust, sand, flies). Additionally, the majority of small 
pelagic fish that are boiled fragment in the process 
of boiling. They also lose the silvery colour and once 
dried they are very difficult to chew due to shrinkage 

as a result of salting. During the rainy season, the pro-
cess ceases as there is no alternative drying method, 
especially at Mafia Island. 

Fortunately, there are some solutions available. Tech-
nologies such as heat pump drying, and superheated 
steam drying (SSD) have been proven to reduce nutri-
ent loss and extend the shelf life of dried products. 
SSD is an affordable way of drying foods/fish using 
steam to dry the foods/fish. The benefits of SSD in 
food drying include minimizing energy consumption 
(Alfy et al., 2016), reducing lipid oxidation, and pre-
serving food nutrient substances, colour, and texture 
(Idrus and Yang, 2012). 

The present study aimed to investigate the suitability of 
the application of a superheated steam dryer for dry-
ing sardines through the determination of proximate 
composition (moisture, protein, fat, ash, and crude 
fibre) and mineral content (calcium, iron, and zinc).

Materials and methods
Study location 
This study was carried out on Mafia Island (Fig. 2) at 
Kilindoni Village (landing site). The Island is one of 
the six districts of the Pwani region with a coverage 
area of 972 km² of which 407 km2 is dry land while 565 
km2 is covered by water (Kweka, 2017). 

Collection of raw material 
Fresh sardines for this study were bought from the 
local fishermen in Mafia Island and hygienically 

Figure 1. Traditional small pelagic processing technique practiced by indigenous people on Mafia Island. From left to right: boiling process; boiled 

sardines ready for drying; fresh sardines under shade.
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packed in a cool box containing flaked ice and then 
transported to the Department of Food Science and 
Technology Laboratory, College of Agriculture and 
Food Technology, University of Dar es Salaam for 
analysis. On arrival at the laboratory, the sardines 
were divided into two portions with the first por-
tion subjected to proximate analysis before drying.  

The remaining portion was divided into three for 
Oven Drying at 100 °C, Oven Drying at 120 °C, and 
SSD at 120 °C. 

Superheated steam drying 
Figure 3 represents a schematic diagramme of the 
superheated steam dryer and associated units. The 
dryer consists of a boiler, an air exchange pipe, and 

a drying chamber. The drying chamber is a stainless 
steel vessel with two partitions equipped with perfo-
rated stainless steel trays for holding food products 
during drying. It is 1.5 m × 1.5 m with the capacity of 
holding 24 trays of 60 × 30 cm. After preparing the 
dryer for operation, the boiler is started by heating the 
air exchange pipes and at the same time generating 

steam. The fresh sardines are spread on trays in the air 
chamber for drainage purposes for 30 min at 50 °C air 
temperature and a flow rate of 4 l/min. The drained 
sardines are shifted to the steam chamber only once 
the boiler pressure is about 7 bars. Water is boiled 
under atmospheric pressure conditions to a temper-
ature of 100 °C, using liquefied petroleum gas as a 
source of energy. The generated steam is then further 

Figure 2. Map of Tanzania showing the location of the sampling site on Mafia Island 

(Shape file source: National Bureau of Statistics –Tanzania).
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heated at a pressure of 7 bars in the drying chamber.  
The sardines are first moistened by steam exposure 
owing to condensation, but when the temperature 
rises to 120 °C, the water in the sardines is evaporated.  
The water condenses on the drying chamber walls and 
is collected at the steam trap as condensate. The sar-
dines are dried for one hour in the drying chamber 
before being shifted to the hot air chamber for sur-
face water removal. In the chamber, the sardines are 
exposed to heated air for an hour. Sardines are then 
moved to a conditioning room where they are kept 
for four hours before packaging for further analysis.

Oven drying
Sardine samples were dried in an oven at two different 
temperatures and times (100 ºC for 90 min and 120 ºC 
for 60 min). Once the sardines were dried, the pack-
aging procedures were followed (Fig. 4a and b) and 
stored in the refrigerator at 4 ºC for further analysis.

Proximate composition analysis
Proximate composition (moisture, protein, fat, ash, 
and crude fibre) was carried out on the samples of 
fresh, oven dried (OD) at 100 °C for 90 min, OD at 120 
°C for 60 min, and SSD at 120 °C for 60 min. 

Determination of moisture content 
Approximately 2 g of each sample was weighed in 
preconditioned Petri plates that were pre-heated in 
an oven set at 105 °C for 2 h and cooled in a desicca-
tor for 2 h. The samples were dried in a hot air oven 

(Model Memmert 854) at 105 °C overnight until con-
stant weight was attained. The moisture content was 
calculated as a percentage loss in weight using Eq. (1).

Moisture content  (%) =  x 100 (1)
W2 – W3

W2 – W1

Where W1 = weight of the weighing dish (g), 
 W2 = weight of the moist dish and sample 

before drying (g), and 
 W3= weight of the dish and sample after 

drying (g).

Determination of protein content
An aliquot of 2 g of each sample was placed into a 
labeled Kjeldahl tube followed by adding Kjeltec cat-
alyst [3 selenium oxide (2 g) tablets] and 20 ml of 
concentrated sulfuric acid (98 %). The tubes and the 
contents were inserted in the digestion unit (Foss 
TecatorTM Digester) and digested completely (until 
white fumes and blackish mass were absent) for 2 h at 
400 °C. The digests were cooled to 29 ± 2 °C and then 
distilled for 5 min using an auto-distillation unit (Foss 
KjeltecTM 8200) that had been rinsed and calibrated 
using the following setup: 80 ml of dilution volume 
(deionized water); 90 ml of sodium hydroxide (alkali 
solution 40%); and 3 ml of mixed indicator (70 ml 
of 0.1 g methyl red and 100 ml of 0.1 g bromocresol 
green dissolved in 100 ml methanol). The distillate 
was collected in the flasks. In addition, it was titrated 
with 0.104 M hydrochloric acid solution. The protein 

Figure 3. A schematic diagramme of a superheated steam dryer and associated units.
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content in the sample was calculated and expressed on 
a dry basis, according to Eq. (2).

Crude protein (%) =  x 100 (2)
((T– B) x M x 14.007 x 6.25 x MCF)

W

Where  T = volume of the standard hydrochloric acid 
used in sample titrations (mL), 
B = volume of the standard hydrochloric acid used in 
blank titrations (ml), 
M = molarity of the acid used in the titrations (mol/L), 
W = mass of the sample used in grams (g), 
MCF = the moisture correction factor [100/ (100 − % 
moisture content)], 
6.25 = factor used to convert percent N to percent 
crude protein, and 
14.007 = molecular weight for N (g/mol).

Determination of crude fat
The fat content of samples was determined using the 
Soxhlet system (Foss SoxtecTM 2043, Hilleroed, Den-
mark). Aluminum cups were pre-heated in an oven set 
at 105 ± 2 °C for 2 h, and thereafter cooled in a desic-
cator for 30 min. Each aluminum cup was filled with 
30 ml of petroleum ether and placed under an adapter 
holding thimble loaded with 2 g of the sample. Each 
thimble was submerged in boiled petroleum ether for 
20 min to extract fat. Fat remaining in the samples was 
rinsed out by reflux using boiling petroleum ether for 
45 min. Excess petroleum ether was recovered by evap-
oration from each cup into the condenser unit of the 
Soxhlet system for 10 min. The fat extract was dried in 
a hot air oven set at 105 °C for 30 min. The fat content 
was expressed on a dry matter basis, as shown in Eq. (3).

Fat content (%) =  x 100 (3)
W3 – W1

W2

Where W1= weight of the aluminum cup (g), 
 W2= weight of the sample (g), and 
 W3= weight of the aluminum cup plus dried 

fat (g)

Determination of ash content
About 2 grams of each sample was weighed into pre-
conditioned porcelain crucibles that were pre-heated 
in an oven set at 105 ± 2 °C for 2 h and cooled in a des-
iccator for 2 h. The samples were placed in a temper-
ature-controlled muffle furnace (Nabertherm GmbH, 
Lilienthal, Germany) and incinerated at 550 °C for 5 h. 
The crucibles were transferred to a desiccator, cooled 
to 29 ± 2 °C, and reweighed. The ash content of the 
samples was calculated on a dry matter basis using 
equation (4).

Ash content  (%) =  x 100 (4)
W3 – W1

W2 – W1

Where W1 = weight of the crucible (g),
 W2 = weight of the crucible and sample 

before incineration (g), and
 W3 = weight of the crucible and sample 

after incineration (g).

Determination of crude fibre
Fibre content was determined following Foss Fibertec 
system instructions. Fibre crucibles were first pre-
heated in an oven set at 105 °C for 2 h and then filled 
with 2 g of sample and weighed. The fibre crucibles 
containing the samples were then fixed underneath 
glassier columns (Foss FibertecTM 1020). Then, 100 
ml of hot H2SO4 (1.25 %) was added to the glassier col-
umns to hydrolyze organic substances (e.g., protein, 
carbohydrate) with occasional auto-heating for 30 
min. Resultant residues were washed with hot deion-
ized water followed by adding hot NaOH (1.25 %) to 
affect the saponification of fat in the sample over 30 
min. The sample residues were further washed with 
hot water and then dried for 2 h in a hot air oven at 130 
°C. The crucibles containing the dried sample residues 
were ignited in a muffle furnace at 550 °C for 5 h and 
weighed again after cooling following incineration. 
The crude fibre content of samples (dry matter basis) 
was then calculated using Eq. (5).

Crude fibre content  (%) =  x 100 (5)
W3 – W2

W1

Where  W1= weight of the sample cup (g), 
 W2= weight of the sample after drying (g), 

and 
 W3= weight of the sample after incinera-

tion (g).

Determination of calcium, zinc, and iron
Half a gram (0.5 g) of each sample was digested with 
10 ml nitric acid and 5 ml hydrogen peroxide at 200 
°C for 90 min for complete digestion. After cooling to 
room temperature, the digest was filtered and made 
up to 100 ml with distilled water and analyzed for Ca, 
Zn, and Fe using an Inductively Coupled Plasma Opti-
cal Emission Spectrometer (ICP-OES) (iCAP 6300 
England). The concentration of each mineral was 
expressed in parts per million (ppm).

Statistical analysis
Minitab Statistical software version 17 was used for 
analysis in which all data were reported as means + 
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standard deviation of duplicate determinations. One-
way ANOVA was used to compare means of collected 
data and the significant difference between means was 
determined by Turkeys test. Differences were consid-
ered to be significant when p<0.05. 

Results and discussion
Proximate composition
The proximate composition of the raw and dried sar-
dines with different methods is presented in Table 1. 
Fresh fish is highly perishable and also cannot be con-
sumed without cooking. Therefore, subjecting foods, 
especially meat and fish, to cooking makes them 
edible and enhances their digestibility. Fish is thus a 
product that needs proper handling and processing 
to preserve nutrients and its functional components 
that promote good health (Sulieman and Mustafa, 
2012). However, the nutritional composition of fish is 
affected by processing temperature and time (Abraha 
et al., 2018). Drying is a common practice for meat, 
fish, and other animal protein, as it preserves the qual-
ity of the product for an extended time, with mini-
mum deterioration and insignificant changes in the 
product (Aberoumand and Karimi reza abad, 2015).

Moisture content 
It is well understood that moisture content occupies 
the largest part of the fish body. In this study, mois-
ture content of fresh samples was 72.61%, compared 
to 17.22%, 9.82%, and 9.45% for the SSD at 120 °C for 60 
minutes, OD at 100 °C for 90 minutes and OD at 120 
°C for 60 minutes, respectively. There was a signifi-
cant difference (p<0.05) in the moisture content of the 
fresh and SSD sardines (p<0.05), however, there was 
no significant difference (p>0.05) between the oven-
dried samples. The moisture content of the fresh sam-
ple is similar to that reported by Feng et al. (2012) who 
found that most fish contain 60 % to 80 % moisture 
content. According to Sheeba et al. (2021), two species 
of sardines (S. fimbriata and S. longiceps) had a mois-
ture content of 69.8 and 78.2 %, respectively. It was 
also previously reported by Bagthasingh et al. (2016) 

that the value of the moisture content of sardine (Sar-
dinella gibbosa) ranged from 70.79-78.16 %. In the pres-
ent study, the highest moisture content was recorded 
in the fresh sardine sample (72.61%) and the lowest in 
the oven-dried sardine samples. The lowest moisture 
content in OD sardine samples is due to the high pro-
cessing temperature applied which facilitated heat 
transfer. It is well understood that the drying process 
results in a significant decrease in moisture content 
while increasing other nutrients (protein, ash, lipids) 
(García-Arias et al., 2003), as observed in this study. 
Among the dried sardine samples, SSD sardines had 
the highest moisture content (17.22%) because super-
heated steam retains more moisture than other pro-
cessing methods. Similarly, Yu et al. (2017) reported 
the lowest moisture loss (46.84%) in superheated steam 
oven-cooked fillet when compared to convection oven 
cooking (50.13%).

Protein content
The protein content for the fresh and dried sardine 
samples is presented on a % dry matter basis (Table 
2). Protein forms the largest quantity of dry matter 
in fish (Bagthasingh et al., 2016). The protein con-
tent of the studied sardine samples ranged from 
75.77 to 78.40 %, and there was no significant differ-
ence between them. The protein content of the fresh 
sardine sample was 78.17 %. The present study is in 
agreement to Owaga et al. (2010) who reported high 
protein content in the fresh fish sample (74.4 % dry 
weight basis) and the lowest in the retail market (62.5 
% dry weight basis). According to Wisuthiphaet et al. 
(2015), the protein content of the fresh sample was 
72.1 %. Daramola et al. (2007) also reported the pro-
tein content in five fish species ranging from 54.71 to 
72.78 %. The highest value of protein was observed 
in OD at 100 °C, 78.40 %, followed by SSD, 76.05 %, 
and then OD at 120 °C, 75.77 %. It was reported by 
Immaculate et al. (2012) and Aberoumand (2020) that 
the increase of protein was due to the dehydration of 
water molecules present between the proteins caus-
ing aggregation of protein and therefore resulting 

Table 1. Proximate composition (% dry matter basis) of both fresh and dried sardine samples.

Sample Moisture Protein Fat Ash Fibre

FRESH 72.61±0.030a 78.17±1.100a 8.10±0.019d 11.99±0.062b 0.59±0.828a

OD 100 °C 9.82±0.816c 78.40±0.027a 10.63±0.022c 10.24±0.017c 0.12±0.011a

OD 120 °C 9.45±0.381c 75.77±1.064a 11.38±0.001b 12.48±0.041ab 0.015±0.021a

SSD 120 °C 17.22±0.072b 76.05±1.994a 11.81±0.001a 13.60±0.406a 0.13±0.177a

Results expressed as mean (n=3) ± standard error of the mean; samples with different superscript letters across the column indicates statistical 

difference according to Turkey’s Honest Significance difference test (p<0.05).
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in the increase in protein content of dried fish. The 
lowest protein content in OD at 120 °C might be due 
to denaturation as a result of the high processing 
temperature. However, there was no significant dif-
ferences (p<0.05) between the three drying methods. 
The study of Steiner-Asiedu et al. (1991) reported the 
protein content of flat sardine (g/100 g dry matter 
basis) in fresh, cooked, fried, and smoked samples 
as 84.1, 82.0, 56.7, and 84.7, respectively. Flowra et 
al. (2012) reported the protein content of sun-dried 
fishes ranging from 60 to 80 %. Sablani et al. (2001) 
reported the highest protein content of 71 % dry mat-
ter basis in freezer-dried sardines and the lowest was 
50-65 % dry matter basis in traditionally dried sar-
dines. Sultana et al. (2011) reported the protein con-
tent of the dried SIS fish ranged from 52.66 to 72.45 %.  
According to Ayinsa and Maalekuu (2013), different 
fish processing presents different effects on the nutri-
tional quality of the final product. According to Sul-
tana et al. (2011), good quality dried fish can provide 
52-73 % of human protein requirements, suggesting 
that eating 100 g of dried fish in a day provides the 
required protein for the body.

Fat content
The fat content of the fresh and dried sardine sam-
ples varied significantly (p<0.05) with the highest 
value found in SSD (11.81 %) and the lowest in the fresh 
sample (8.10 %). It has been reported that fat content 
is inversely proportional to moisture content (Palani 
kumar et al., 2014) and this was similarly observed in 
this study. This could be the reason for low-fat con-
tent (8.10 %) in the fresh sample compared to the dried 
samples.

According to Sablani et al. (2001), sardines processed 
in the freeze dryer had a 10 % crude fat content. In the 
present study, the values of crude fat in the sardines 
are lower than those reported by Owaga et al. (2010) in 
the fresh sample (14.8 %) and the market sample (13.9 
%). According to Shija et al. (2019), different cooking 
processes could lead to biochemical changes which 

include oxidation during heating. Moreover, the 
fat content may be reduced with the evaporation of 
moisture and increase during heat treatment (Immac-
ulate et al., 2012). It has been previously reported that 
cooking releases bound lipids as free lipids making 
them easier to extract (García-Arias et al., 2003; Yu et 
al., 2017). However, this is dependent on the method 
of cooking used. One advantage of using superheated 
steam for food drying is that the procedure has little 
impact on the fat content of sardines. The crude fat 
content of the sardine samples was 11.81 %, 11.38 % and 
10.63 % for SSD at 120 °C, OD at 120 °C and OD at 100 °C,  
respectively. 

Superheated steam drying normally operates under 
anoxic conditions which means oxidation and com-
bustion reactions are prevented. Sutikno et al. (2019) 
reported that the superheated steam system was bet-
ter than traditional cooking methods in reducing lipid 
oxidation and preserving food nutrient substances, 
colour, and texture. In contrast, fish processed in the 
oven presented low-fat content (32.99 %) compared to 
frying (37.33 %) (García-Arias et al., 2003). According to 
the level of fat content fish can be grouped into four: 
lean fish (<2 %); low fat (2-4 %); medium fat (4-8 %); and 
high fat (>8 %) (Ackman, 1990). In the present study, 
sardines are grouped as medium-fat fish with 8.10 % 
fat content (fresh sardines). Bagthasingh et al. (2016) 
reported that the fat content of sardine (Sardinella gib-
bosa) varied from 1.25 % to 6.77 %. Sheeba et al. (2021) 
reported the fat content of Sardinella fimbriata and 
Sardinella longiceps as 2.7 % and 22.9 %. The variation in 
lipids has been explained by Bagthasingh et al. (2016) 
who reported that variation is due to season, temper-
ature, feed intake, age, sex, and size. 

Ash content
There was a significant difference (p<0.05) between 
the ash values. The ash content of the fresh, OD at 
100 °C, OD at 120 °C, and SSD at 120 °C were 11.99 %, 
12.48 %, 10.24 %, and 13.60 %, respectively. The study 
by Sablani et al. (2001) reported an ash content of 15 % 

Table 2. Mineral content (% dry weight basis) of fresh and dried sardine samples.

Sample Ca Zn Fe

FRESH 24.94±0.947b 0.24±0.025a 0.11±0.025a

OD 100 °C 30.35±0.269a 0.42±0.024a 0.00±0.000b

OD 120 °C 13.67±0.147c 0.29±0.019a 0.00±0.000b

SSD 120 °C 25.24±0.177b 0.36±0.042a 0.02±0.000b

Results expressed as mean (n=3) ± standard error of the mean; samples with different superscript letters across the column indicates statistical 

difference according to Turkey’s Honest Significance difference test (p<0.05).
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in freeze-dried sardines. It is well known that ash con-
tent increases as the moisture content decreases. This 
was true for all samples except the SSD sardine sam-
ple which despite the highest moisture content (17.22 
%), presented the highest ash content of 13.60 %. This 
study is in contrast with Yu et al. (2017) who reported 
an ash content of 1.22% in superheated steam oven 
cooked fillet which was significantly lower (p<0.05) 
than that found in convection oven cooked fillet (1.43 
%). However, all the fresh and dried sardine samples 
in this study presented high ash content. According 
to Steiner-Asiedu et al. (1991), the higher ash content 
(13.1 %) in the fresh sardine samples is due to the pres-
ence of bones. The total ash content in the fresh sar-
dine (10.3 % dry weight basis) was significantly lower 
(p<0.05) than the values in the sun-dried market sam-
ples (13.5 % dry weight basis) (Owaga et al., 2010). In 
addition, marine fish show higher values of ash con-
tent due to the different content of seawater (García-
Arias et al., 2003) which includes mineral salts and 
other contaminants. According to Islam et al. (2013), 
the ash content of the dried fish ranged from 29.34-
34.49 % on a dry matter basis and associated this with 
sand and dirt contamination. The ash content of the 
five dried fish species reported by Flowra et al. (2012) 
ranged between 11.21 and 28.15 %. 

Crude fibre
The crude fibre content of the fresh, OD at 100 °C, 
OD at 120 °C, and SSD at 120 °C sardine samples were 
0.59 %, 0.12 %, 0.02 %, and 0.13 %, respectively. There 
was no significant difference (p>0.05) among them. 
According to the literature, the amount of crude fibre 
in fish is very low or sometimes absent (Effiong and 
Fakunle, 2011; Olopade, 2015). The fresh sample had 
the highest crude fibre content (0.59 %) as compared 
to the processed samples, which is consistent with the 
findings of Okpanachi et al. (2018). This is attributed to 
the effect of different cooking methods that affected 
the concentration of proximate composition (Abraha 
et al., 2018). 

Mineral elements 
Minerals represent 0.2–0.3 % of the total intake of all 
nutrients in the human diet and are so important that 
without them, the remaining 99.7 % of food intake 
would be difficult to utilize (Yetunde, 2016). Minerals 
in sardines are stored mainly in the skeleton (Bou-
deroua et al., 2011), therefore, when eaten whole they 
are good sources of these minerals. The results of cal-
cium, zinc, and iron for the present study are shown 
in Table 2. 

Calcium content
The present study noted a significant difference 
(p<0.05) in calcium content between fresh and dried 
sardine samples. The highest value was observed in 
OD at 100 °C (30.35 ppm) and the lowest in OD at 120 
°C (13.67 ppm). The lowest levels of calcium in OD at 
120 °C might be due to leaching as explained by Kirk 
(1984) and also destruction by high processing tem-
peratures. The study by Shija et al. (2019) reported that 
processing methods have little or no effect and some-
times may increase the mineral content. Small pelagic 
fish are a rich source of high bioavailable calcium 
compared to larger fish (Reksten et al., 2020).

Zinc content
There was no significant difference (p>0.05) in zinc 
content between the fresh and dried samples. How-
ever, there was an increasing trend due to processing 
(Table 2). The amount of zinc was highest in OD at 100 
°C (0.42 ppm), then in SSD (0.36 ppm), and lowest in 
OD at 120 °C (0.29 ppm). Zinc plays an important role 
in the promotion of normal growth and development 
and is an element in the enzymes that work with red 
blood cells, which move carbon dioxide gas from tis-
sues to the lungs (Ekweagwu et al., 2008). In malnour-
ished children zinc deficiency contributes to growth 
failure and susceptibility to infections since it is asso-
ciated with complications of childbirth (Ekweagwu et 
al., 2008). 

Iron content
There was a significant variation (p<0.05) in iron con-
tent among the fresh and dried samples. However, 
sardines treated in the oven and SSD did not show 
any significant difference (p>0.05) in iron content. 
The concentration of iron in the present study was 
higher in the fresh sample (0.11 ppm) compared to 
SSD (0.02 ppm). In OD the iron was not detected in 
samples treated under either of the two temperatures. 
This might be due to the leaching of the element 
during processing. Iron is an important component 
for the synthesis of hemoglobin in red blood cells 
(RBCs) which helps to transport oxygen to all parts 
of the body. The deficiency of iron can cause ane-
mia, impaired brain function, and in infants, it causes 
poor learning ability and improper behavior (Mishra, 
2020).

Conclusions 
The suitability of a superheated steam dryer for dry-
ing sardines was studied by investigating the proxi-
mate composition and mineral contents of the dried 
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sardines. The study observed that using a superheated 
steam in drying fish resulted in better preservation 
of nutrients, especially protein and lipids, with lipids 
being highly susceptible to oxidation due to their 
long-chain carbon bonds. In addition, protein con-
stituted a large portion of the fish studied. Although 
all methods were good in the preservation of nutri-
ents in terms of protein, fat, and crude fibre, SSD is 
highly recommended because apart from reducing 
lipid oxidation, it maintains the silvery colour, aroma, 
and texture of the sardines. In addition, little or no 
breakage of SSD sardines was observed. This study 
recommends more testing to be carried out on the 
SSD technique for its efficiency in other food drying 
applications. Moreover, more research is needed on 
the use of other environmentally friendly and cost-ef-
fective energy sources apart from liquefied petroleum 
gas (LPG). Consuming sardines regularly for all age 
groups will reduce the complications of protein-cal-
orie malnutrition which is a problem in Tanzania and 
in developing countries at large. 
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