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Abstract 

Background: Fish fryer adapted reusing of frying oil to minimize cost and health problems are reported on reusing 
of frying oil. This study was aimed to determine Chemical and sensory properties of deep fried Nile tilapia fish 
(oreochromis niloticus) as influenced by repeated use of palm oil.Method: Preliminary survey was conducted as 
baseline for the experiment. Data were collected for cooperative unions who work in fish market or informally 
known as (Gudumale Park, Fikir hayik and Tikur wuha). The experiment was designed and conducted using data 
collected from unions and proximate composition, Minerals (Ca, P, Fe and Zn) and sensory acceptability were 
analyzed. SPSS for windows version 20 and SAS for windows version 9 were used for analysis.Result: 

Preliminary survey showed fried fish consumption and repeatedly using of palm oil for frying is accustomed 
practice around the lake. Proximate composition indicates as frying cycle increases ash and crude fat were 
increased while protein and moisture were decreased. However, total carbohydrate was not significantly different. 
As frying cycle increases Ca, P, Fe and Zn were decreased. In case of sensory properties color and appearance of 
fried fish from cycle 1 to cycle 3 had better preference. However, the rest cycle had lower color and appearance 
acceptability. Similarly, odor of fried fish from cycle 1 to cycle 4 had better preference as compared to cycle 5 and 
cycle 6.Conclusion: Thus it can be concluded that repeatedly using of palm oil has effect on proximate 
composition, Minerals (Ca, P, Fe and Zn) and sensory acceptability deep frying of Nile tilapia fish due to 
deteriorated frying palm oil has drawn in to frying fish as the moisture is evaporated and this could be harmful to 
human health. Therefore frequent replacing of oil could be better. 
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Introduction 

Fish has essential nutrient for healthy body building (Chukwu and Mohammed, 2009). The total exploitable fish 
potential in Ethiopia is about 51, 500 tons per annum (Kebede et al., 2017). There are many lakes found in Ethiopia 
as potential source of fish and of this Lake Tana, Koka, Ziway, Langano, Hawassa, Abaya and Chamo are 
commonly known (Vijverberg et al., 2012). Lake Hawassa is one of the Rift Valley Lake of Ethiopia and it 
is used greatly for tourism attraction and supplies fish for local communities (Alemu et al., 2017). The lake has 
important role in the lives of many people and the lake being used as a source of commercial value and three 
locally processed fish are available around the lake fried fish, fish fillet and fish soup.  

From those locally processed fish fried fish is the most liked and consumed products by the people and it has 
high commercial value as compared to other processed fish. Currently fried food consumption is become popular 
and good economical source worldwide (Al-Saghir et al., 2004). Two commonly type of frying is applied which 
is shallow and deep frying and this could change the chemical and nutritional composition of frying food (Echarte 
et al., 2001; Moradi et al., 2011). Repeatedly using of oil during frying is become commonly adapted and this 
practice commonly adapted around the Lake side Hawassa in the fried fish buisness. Due to fish can easily be 
affected during processing and when the oil used many times the chemical and sensory properties of fried fish will 
be affected. Benedito et al., 2007) stated that reusing the oil during frying for long time brought a change in 
physicochemical properties of the oil (increased in oil viscosity, oxidation) and oil uptake in fried potato.  

The uptake of oil by the fried potato is due to the formation of porous structure when moisture evaporated 
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and result the oil to be drawn to the food (Rossi et al., 2009). Thus it is important to study the chemical and sensory 
properties instability of fried fish as the oil is used repeatedly. Therefore, the aim of this study was to study the 
proximate composition, Mineral content and sensory acceptability of deep fried Nile tilapia fish as the palm oil is 
repeatedly used based on survey as baseline for the experiment.  
 
Methods 

Preliminary survey 

Sampling site was visited before conducting the experiment to facilitate the experimental work. open ended type 
of questions with face to face interview based data collection was conducted to assess fish processing, frying and 
fried fish consumption practices at Hawassa lake side. The data was collected from the cooperative fisher men 
who works in fish frying landing site called fish market or informally known as (Gudumale Park, Fiker hayik and 
Tikur wuha).  All the unions were used in the survey. Specifically, the collected information includes; educational 
background, experience in the fish frying business, their knowledge and attitudes toward reusing frying oil and 
also fish frying related data:  like (i) type of fish they mostly caught and fry (ii) the trend of frying (iii) kind of 
frying (iv) type of oil they are using for frying (v) frequency of oil reusing and (vi) fried fish market. Additionally 
time taken and temperature were measured from all union involved in fish frying market. 
Sample collection and preparation 

Sampling operation was carried out during dry season. Tilapia fish species (n=24) weighing around 150 g was 
collected from (Gudumale Park) fish purchasing and distributing site. The fish was immediately dissected in the 
field and it was cleaned, descaled and eviscerated manually using sterile plastic knife (Njinkoue et al., 2016). The 
edible part (flesh and skin) was transferred in plastic bags and was kept in ice box at temperature 4°C with a 
fish/ice ratio of 1:2 and then transported to the laboratory. 
Frying method  

The preliminary survey indicated that mostly practiced frying temperature and time was 170ºC and 10 min. Thus, 
fish samples (weighing 110 g) in this study were deep fried in palm oil at 170ºC for 10 min for each frying cycles 
(frying cycle 1-6). All fried fishes were drained for 15 seconds to remove excess oil. The samples were prepared 
according to (Weber et al., 2008). After removing the central vertebra back bone, the fried fishes were oven dried 
at 60ºC for 72hr then transferred into desiccators and cooled for 30 min. dried fishes were grounded to 0.3 mm 
size mill and the powder was stored in desiccators for analysis. Samples were homogenized by passing them twice 
through a mincer with 4 mm holes and mixed thoroughly. Uniformity of the homogenate was ensured by further 
mixing. The resultant homogenate was packed into several small convenient sterile containers and stored at 0°C 
until analysis. The experiment was conducted in duplicate for proximate composition and sensory properties. 
Determination of Proximate composition 

The proximate composition of deep fried fish with recycled oil was determined according to (AOAC, 1998). The 
moisture content was determined using official method 934.01; ash content was determined using official method 
923.03, crude fat content was determined using official method of 920.39; crude protein was determined using 
official method of 981.10 and total carbohydrate was determined by difference method. 
Determination of Mineral 

Iron and Zinc were determined by Flame atomic absorption spectrophotometers (AAS) according to modified 
AOAC (1998) using official method of 985.35. Ca was determined by EDTA Titrimetric Method according to 
modified AOAC (1998) using official method of 985.35. Modified AOAC 923.03 method was used for ashing. 
Total phosphorus (TP) was determined by Photometric Method according to AOAC (2000) using official method 
of 965.17. 
Sensory acceptability evaluation of fried fish 

Totally 20 Panelists were randomly selected and requested to evaluate the fried fish. The sensory attributes are 
color, flavor, odor, appearance and over all acceptability. The fried fishes were placed in a pan coded with random 
numbers and kept for a minimum of 30 min for ensuring uniform temperature (room temperature) in all fried fish, 
then water for rinsing and fried fishes were presented to the panelists for analyzing sensorial property. Each cycle 
were assessed in triplicate by the panelist with five-point hedonic scales. The panelists were asked to evaluate their 
preference and to score from 1= dislike very much, 2= dislike, 3=neither like nor dislike, 4= like and 5= like very 
much. 
Data analyses 

Frying of fish was performed twice for all samples and closely agreeing replicates were obtained. The proximate 
composition and sensory acceptability analyses on both replicates were repeated at least twice. The data for 
preliminary survey were analyzed using SPSS statistic 21 and the data for proximate composition, minerals and 
sensory property were analyzed using SAS version 9 with one-way ANOVA. The means were separated using 
Tukey's HSD test at p<0.05.  
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Result and Discussion 

Assessment of consumption, frying and marketing of fish at Hawassa Lake Side 

The study considered totally 18 unions from three site of Lake Hawassa (Gudumale Park, Tikur wuha and Fikir 
Hayik) who are involved in fish frying business. The preliminary assessments result showed 72.2% of the fryers 
were from primary education level (Table 1). It also indicated that 83.3% of fish fryer in the union had working 
experience of 1 year and above. The study indicated 66.7% of the union purchases (≥ 60 fishes) per day and 33.3% 
of the union purchased 40 fishes per day. The result showed 83.4% of the unions fry fish after 5 min of purchasing 
and/or fishing so as to heat the oil before frying. Around 83.3% of the unions had ice room for storage of raw 
fishes. Fried fish was the most commonly processed fish at Hawassa Lake Side and all unions serve the fried fish 
to customer. About 88.9% of the unions were not well informed about food safety related to fish. Only 12% of 
fish fryer in the union access food safety information from media, health worker, family, and friends.  

The most commonly catched, purchased, fried and consumed fish at Hawassa Lake Side was Nile tilapia 
(Koroso) and this species was used by all unions. The maximum frying time and amount of oil used by most unions 
(77.8% respondents) were 10 min and 5 liters respectively. The result showed, all the union (100%) uses palm oil 
for fish frying. The maximum frying cycle used by most unions (66.7% respondent) were six cycles and from total 
union about 83.3% of the union purge last used oil after six cycles, while the rest 16.7% of the union uses the oil 
for firing purpose. After frying all union put fried fishes in open air by hanging on a wood to collect the oil leaks 
from fried fishes and the maximum duration of storing fried fishes before serving to customer in most union (66.7% 
respondents) were 30 min. 
Proximate composition of raw and deep fried fish with recycled palm oil 

Proximate compositions of raw and fried fish were presented (Table 4.2). Moisture content of fried fishes varied 
considerably from 7.84 to 6.92%. Fried fishes from different cycles (C1, C2, C3, C4, C5 and C6) had lower (p<0.05) 
moisture level compared to un-fried fish (CR). However, fried fishes from C4, C5 and C6 had similar (p≥0.05) 
moisture level compared to reference (CL-commercial fried fish). Fried fishes from C1, C2, and C3 had higher (p 
< 0.05) moisture level compared to commercial fried fish. Regarding to the effect of frying cycles, C3, C4, C5 and 
C6 had lower (p < 0.05) moisture compared C1 and C2 (lower cycles). This showed that increasing the frying 
cycle decreased moisture level of fried fish. The lower in moisture of fried fishes might be due to increased frying 
cycle causing moisture of fish to evaporate and move out from core of fish to crust and frying oil could be drawn 
in to frying fish (Mellema, 2003). The study is consistent with Gokoglu et al., (2004) who reported low level of 
moisture in rainbow trout fish fried at different frying temperature.  

Ash content of fried fish varied from 6.87 to 7.94%. Fried fishes from different cycles (C2, C3, C4, C5 and 
C6) had higher (p<0.05) ash content compared to un-fried fish (CR), but C1 had similar (p≥0.05) ash content 
compared to un-fried fish (CR). However, fried fishes from C3, C4, C5 and C6 had similar (p≥0.05) ash content 
compared to reference (CL-commercial fried fish). Fried fishes from C1 and C2 had lower (p<0.05) ash content 
compared to (CL-commercial fried fish). Concerning effect of frying cycles, C3, C4, C5 and C6 had higher (p<0.05) 
ash content compared C1 and C2 (short time frying cycle). This showed that ash content was increased as frying 
cycle increases. The higher ash content of fried fish might be due to the lower in moisture content and uptake of 
oil during frying. This study agree with Steiner-Asiedu et al. (1991) who reported that higher ash content in fried 
sardine fish. 

Crude fat content of fried fish varied from 29.06 to 34.66%. Fried fish from different cycles (C1, C2, C3, C4, 
C5 and C6) had higher (p<0.05) crude fat compared to un-fried fish (CR). However, fried fishes from C4, C5 and 
C6 had similar (p≥0.05) crude fat compared to reference (CL-commercial fried fish). Fried fishes from C1, C2 and 
C3 had lower (p<0.05) crude fat compared to (CL-commercial fried fish). With regard to effects of frying cycles, 
C3, C4, C5 and C6 had higher (p<0.05) crude fat compared C1 and C2 (short frying cycles). This showed 
increasing the frying cycle increased the crude fat of fried fish. The higher in crude fat might be due to frying oil 
is stayed longer and drawn in to fish after moisture is lost by evaporation during frying (Ghidurus, 2010). This 
study is consistent with (Aberoumand, 2014) who reported the lowering of moisture results fat to be drawn in to 
frying fish. 

Crude protein of fried fish varied from 49.15 to 44.3%. Fried fish from different cycles (C1, C2, C3, C4, C5 
and C6) had lower (p<0.05) crude protein compared to un-fried fish (CR). However, fried fishes from C4, C5 and 
C6 had similar (p≥0.05) crude protein compared to reference (CL-commercial fried fish). Fried fishes from C1, 
C2 and C3 had higher (p<0.05) crude protein compared to (CL-commercial fried fish). From frying cycle’s aspect, 
C4, C5 and C6 had lower (p<0.05) crude protein compared to C1, C2 and C3 (short frying cycles). This showed 
increasing the frying cycle decreased the crude protein of fried fish. The lower in crude protein for fish fried in 
higher cycles might be due to destruction of some amino acid and formation of aldehydes, epoxides, 
hydroxyketones, and dicarboxylic compounds when lipid is oxidized during deep frying and reaction with the 
amines of amino acids of proteins in fried foods (Choe and Min, 2007). The finding of this study is consistent with 
the study of (Henry, 1998; Oluwaniyi et al., 2010) who reported that protein content of marine fish was decreased 
during deep frying with palm oil. Garcia-Arias et al., (2003a) also reported that the water losses during frying 
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resulted low protein content in fried fish as compared to raw fish. 
Total carbohydrate of fried fish varied considerable from 7.07 to 6.50%. The carbohydrate level of all fried 

fish were comparable (p>0.05). Significance difference was not observed on total carbohydrate of raw fish, fish 
fried from cycle C1 to cycle C6 and CL- commercial fried fish, this might be due carbohydrate is obtained by 
difference method and it is minor component of fish. 
Selected mineral content of raw and deep fried fish with recycled palm oil 

Calcium content of fried fish varied considerably from 1.93 to 1.25%. Fried fishes from (C3, C4, C5 and C6) had 
lower (p<0.05) calcium content compared to un-fried fish (CR). However, fried fishes from (C1 and C2) had 
similar (p≥0.05) calcium content compared to un-fried fish (CR). Furthermore, fried fishes from C4, C5 and C6 
had similar (p≥0.05) calcium content compared to reference (CL-commercial fried fish). Fried fishes from C1, C2 
and C3 had higher (p<0.05) calcium content compared to reference (CL-commercial fried fish). Concerning to 
frying cycles effect, C3, C4, C5 and C6 had lower (p<0.05) calcium content compared to C1 and C2 (lower frying 
cycles). This showed that increasing the frying cycle decreased calcium content of fried fish. The change in calcium 
content might be due to alteration of fatty acid composition. (Lukaski et al., 1982) reported that fatty acid alteration 
has slight effect on calcium and iron content rainbow trout fish. The finding of this study is consistent with 
(Pokorny, 1999; Gokoglu et al., 2004).  

Phosphorus content of fried fishes varied from 2.00 to 1.15%. Fried fish from (C4, C5 and C6) had lower 
(p<0.05) phosphorus content compared to un-fried fish (CR). However, fried fishes from (C1, C2 and C3) had 
similar (p≥0.05) phosphorus content compared to un-fried fish (CR). Furthermore, fried fishes from C4, C5 and 
C6 had similar (p≥0.05) phosphorus content compared to reference (CL-commercial fried fish). Fried fishes from 
C1, C2 and C3 had higher (p<0.05) phosphorus content compared to reference (CL-commercial fried fish). 
Concerning to effect of frying cycles, C5 and C6 had lower (p<0.05) phosphorus content compared C1, C2 and 
C3 and fried fish from C4 is intermediate. This showed that increasing the frying cycle decreased the phosphorus 
content of fried fish. The change in phosphorus content might be due to metal content is expressed in dry weight 
base. This study is in line with (Steiner-Asiedu et al., 1991; Ghidurus et al., 2010; Asghari et al., 2013).  

Iron content of fried fishes varied considerably from 19.65 to 18.01 mg/Kg. Fried fishes from (C4, C5 and 
C6) had lower (p<0.05) iron content compared to un-fried fish (CR). However, fried fishes from (C1, C2 and C3) 
had similar (p≥0.05) iron content compared to un-fried fish (CR). Furthermore, fried fishes from C4, C5 and C6 
had similar (p≥0.05) iron content compared to reference (CL-commercial fried fish). Fried fish from C1, C2 and 
C3 had higher (p<0.05) iron content compared to reference (CL-commercial fried fish). Regarding frying cycles 
effect, C4, C5 and C6 had lower (p<0.05) iron content compared to fried from C1 and C2 (lower cycles). Fried 
fish from C3 is an intermediate between C1, C2 and C4, C5. This showed that increasing the frying cycle decreased 
iron content of fried fish. The lower iron content might be due to alteration of fatty acid composition (Ersoy and 
Özeren, 2009). The finding of this study is consistent with (Ackurt, 1991; Gokoglu et al., 2004). 

Zinc content of fried fish varied from 38.40 to 31.14 mg/Kg. Fried fish from different cycles (C1, C2, C3, C4, 
C5 and C6) had similar (p≥0.05) zinc content compared to un-fried fish (CR) and reference (CL-commercial fried 
fish). However, un-fried fish and commercial fried fish are significantly different (p<0.05). Regarding to effects 
of frying cycles, C1, C2, C3, C4, C5 and C6 had similar (p<0.05) zinc content. This showed that increasing the 
frying cycle has no significant effect on zinc content. This study is consistent with (Gall, 1983; Pokorny, 1999) 
who reported that frying has little or no effect on mineral content of fried chicken. Generally; loss of mineral might 
be due to the leaching of mineral into frying medium or the increase in cell separation fried fish during deep frying. 
Ghidurus et al., (2010) reported that minerals would be soluble in trace amount in frying oil during deep frying. 
Consumer oriented sensory evaluation 

The color of fried fish varied from 3.32 to 2.80. Fried fishes from different cycle (C3, C4, C5 and C6) had similar 
(p≥0.05) color acceptability with each other and they had lower (p<0.05) color acceptability compared to fried fish 
from frying cycle (C1). Fried fish from frying cycle (C2) had similar (p≥0.05) color acceptability compared to 
fried fishes from frying cycles (C1 and C3). However, fried fish from frying cycle (C2) had higher (p<0.05) color 
acceptability compared to fried fishes from frying cycle (C4, C5 and C6). This showed that color acceptability was 
decreased as the frying cycle increase. The lower color acceptability might be due to darkness of oil as pigment 
(nonvolatile decomposition products [NVDPs] is developed  and thermal decomposition of fatty acids, which later 
diffuse in the oil and affect color of palm oil and frying fish. Furthermore, the lower color acceptability might also 
be due to formation of trace carotenoid during deep frying of oil and accelerate in reduction of lightness value (L-
value) in oil (Nor et al., 2008). The finding of this study was in agreement with. 

The flavor of fried fish varied from 3.36 to 2.89. Fried fishes from different cycle (C3, C4, C5 and C6) had 
similar (p≥0.05) flavor acceptability with each other and they had lower (p<0.05) flavor acceptability compared 
to fried fish from frying cycle (C1). Fried fish from frying cycle (C2) had similar (p≥0.05) flavor acceptability 
compared to fried fishes from frying cycles (C1, C3. C4 and C5), but fried fish from frying cycle (C2) had higher 
(p<0.05) flavor acceptability compared to fried fish from frying cycle (C6). This showed that flavor acceptability 
was decreased as frying cycle increase. The lower flavor acceptability might be due to formation of secondary 
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oxidation product (free fatty acid) and this compound can develop off flavor in palm oil and this off flavor might 
influence frying fish. The study of this finding is in agreement with (Debnath et al., 2012). 

The odor of fried fish varied from 3.30 to 2.86. Fried fishes from different cycles (C4, C5 and C6) had similar 
(p≥0.05) odor acceptability with each other and they had lower (p<0.05) odor acceptability compared to fried 
fishes from frying cycle (C1 and C2). Fried fish from frying cycle (C3) is an intermediate between (C1, C2 and 
C4, C5). This showed that odor acceptability decreased as frying cycle increase. The lower odor acceptability 
might be due to formation of peroxide and free radical compound which later leads to formation of secondary 
oxidation compound (free fatty acid) and this compound could develop off odor in palm oil and might influence 
frying fish. The finding of this study is in line with (Ketaona et al., 2013). 

Fried fish from frying cycles (C3, C4 and C5) had lower (p<0.05) appearance acceptability compared to fried 
fishes from frying cycle (C1 and C2). However, Fried fishes from frying cycle (C3, C4 and C5) had higher (p<0.05) 
appearance acceptability compared to fried fish from frying cycle (C6). This showed that appearance acceptability 
was decreased as frying cycle increase. The lower appearance acceptability might be associated with color and 
darkness of frying oil due to reusing continuously which might also influence the feature of fried products.  

Overall acceptability of fried fish varied from 3.47 to 3.02. Fried fishes from cycle one (C1) had highly 
(p<0.05) accepted compared to C4, C5 and C6. However, it had similar (p>0.05) acceptability with frying cycle 
two (C2) and frying cycle three (C3). This showed that overall acceptability was decreased as frying cycle increase. 
The lower acceptability might be associated with changes occur in oil due to repeated uses and this has influence 
on color, flavor, odor, appearance and generally overall acceptability of fried fish as frying cycle increase. 
According to Debnath et al. (2012) the oil change’s its color and become dark due to repeatedly frying and this 
has influence on acceptability of fried product. 

 
Conclusion 

Repeatedly using of frying oil is common practice to minimize the cost of frying oil. The study showed, reusing 
of frying oil can keeps down crude protein and moisture content of fried fish. However, reusing of frying oil 
enhance ash and crude fat content. Fried fish from short frying cycle is relatively high crude protein and moisture 
content but low ash and crude fat content as compared to fried fish from high frying cycle. Similarly, repeatedly 
used frying oil has impact on minerals (Ca, P, Fe and Zn) and sensory acceptability of deep fried fish. Therefore, 
reusing of frying oil for fish frying is unsafe from health aspect. 
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Table 1: Socio-demographic, processing and safety issue of Fish at Hawassa Lake side 

Socio demography       Fish preparation and 

processing 

 Safety issue  

Total Size 18(100% Total Size 18(100%  N=18 
Educational level of 

fryer 
 Raw fish purchasing per 

day 
 Fish storing room 

(ice room) 

 

Illiterate 1(5.6) 40 6(33.3) Yes 15(83.3) 
Primary school 13(72.2) 60 5(27.8) No 3(16.7) 
Secondary school 3(16.7) Above 60 7(38.9) raw fish Storage 

after purchasing  

 

College and above 1(5.6) storage time before  

frying after purchasing  
 Ice room 15(83.3) 

Sex  Immediately  3(16.7) Barrel 3(16.7) 
Male 16(88.88) 5min 3(16.7) Well informed 

about food safety  

 

Female 2(11.11) 10min 9(50.0) Yes  2(11.1) 
Working experience 

in fish market 

 15min 3(16.7) No  16(88.9) 

6 month 3(16.7) Fish 

Preparation(processing)  
 Duration of oil used 

for frying 

 

1 year 8(44.4) Fry  18(100.0) 1 day 11(61.1) 
2 year 5(27.8) Fillet  0(0) 2 day 7(38.9) 
Above 2 year 2(11.1) Type of fish usually fry  Reusing of oil 

during frying 

(cycle)  

 

  Nile tilapia (Koroso) 18(100.0) 5 cycle 6(33.3) 
  cate fish (Ambza) 0(0) 6 cycle 12(66.7) 
  Type of fish usually 

consumed 

 More than 6 cycle  0(0) 

  Nile tilapia (koroso) 18(100.0) Action for Last used 

oil 

 

  Cate fish (Ambaza) 0(0) Purge 15(83.3) 
  Time taken during 

frying  
 Fire  3(16.7) 

  5min 2(11.1) Sell 0(0) 
  10min 14(77.8) Storing fried fish 

before serving 

 

  15min 2(11.1) 5 min 5(27.8) 
  Amount of oil used 

during frying 
 15 min 1(5.6) 

  5 litter 14(77.8) ≥30 min  12(66.7) 
  10 litter 4(22.2) A place for storing 

fried fish 

 

  Above 10 litter 0(0) Open air (outdoor) 18(100.0) 
  Mostly used type of oil 

for frying  
 In door 0(0) 

  Palm 
Frying oil 

18(100%) 
0(0) 
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Proximate composition of raw and deep fried fish with recycled palm oil 

 
Figure 1: Moisture and Ash content of raw and deep fried tilapia fish 

 

 

Figure 2: Crude fat and Crude protein content of raw and deep fried tilapia fish 

 

  

CR C1 C2 C3 C4 C5 C6 CL

Ash (%) 6.62 6.87 7.16 7.56 7.76 7.83 7.81 7.94

Moisture (%) 8.88 7.84 7.49 7.09 6.83 6.81 6.74 6.59
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Minerals content of raw and deep fried fish with recycled palm oil 

 
Figure 3: Calcium and phosphorus content of raw and deep fried Nile tilapia fish 

 

 

Figure 4: Iron and Zinc content of raw and deep fried Nile tilapia fish 
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Figure 5: Deep fried fish with repeatedly used palm oil and Palm oil used for frying 

 

Table 4.5: Sensory acceptability of fried fish 

Frying cycle Color  Flavor  Odor  Appearance Over all 
C1 3.32±0.47a 3.36±0.48a 3.30±0.46a 3.36±0.48a 3.47±0.50a 

C2 3.21±0.41ab 3.15±0.41ab 3.26±0.44a 3.23±0.43ab 3.39±0.49ab 

C3 3.02±0.14bc 3.04±0.29bc 3.13±0.34ab 3.08±0.28c 3.32±0.47ab 

C4 2.93±0.24c 3.00±0.21bc 3.00±0.21bc 2.97±0.14cd 3.13±0.40bc 

C5 2.89±0.31c 2.95±0.29bc 2.97±0.25bc 2.86±0.34cd 3.10±0.43bc 

C6 2.80±0.40c 2.89±0.37cd 2.86±0.40cd 2.78±0.41e 3.02±0.39cd 

Where C1 is fried cycle 1, C2 is fried cycle 2, C3 is fried cycle 3, C4 is fried cycle 4, C5 is fried cycle 5 and C6 is 
fried cycle 6. Values are (mean ± standard deviation). Mean followed by different superscript letter within the 
column indicates significantly different at (P<0.05). 
 
 
 
  


