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ABSTRACT

The effects of osmotic dehydration (OD), fish &) and smoking temperature (ST) on the chemigalitées of
smoked catfish were investigated. Two sizes o frasfish' the small (200-450 g) and big (800-I0@Pwere osmotic
dehydrated using sodium chloride (20 "brix and B%ixX at 40 °C for 6 hours). Then smoke dried ataf@ 150 °C with
sawdust - fuelled smoking kiln fitted, w ith anatemperature sensor. The control samples (fresh) Sabples and the
osmotic dehydrated smoked dried samples (ODSD) walgected to proximate analysis (moisture ash ginotfat,
carbohydrate)' oxidative tests (free fatty acid gede value, thiobarbituric acid (TBA), pH) and mial analysis using
standard methods The result indicated significafiecence (P< 0.05) occurred in the moisture pratand fat contents of
ODSD samples when compared with OD (control) sasapléne dual processing effect had a positive effétit an
increasing value in protein fat and significant vetion in moisture content compare with the contiidie small sample
has 25.11, 46.59, 0.45 and. 14.69, 4.56, 73.11%/fotein fat and moisture content at 150 °C wit®#@0@D and control
respectivelys while at the same temperature witho2Be big sample and control has 25.28, 36.50, Gu2® 16.94 5.58
71.58% for protein fat and moisture respectivellp @sulted to a decrease in pH from 7.20 in consainple to a range
of 6.70-6.90 while ST further had the pH decreased.30-6.50 and 6.5-6.70 for small and big sizespectively.
The ODSD samples were within the acceptable lim@&.® to 7.0. The OD samples gave a lower FFA v@lu24- 0.45)
while on the ODSD samples FFA (20% 150 °C) giv86%. and {20% 70 °C) gives 10.00% increased withréase in
drying time. The peroxide v alue also increaseddaying temperature increases with value rangingnir6.74 to 16.28
mEg/kg and 7.60 to 20.78 mEqg/kg for the 150 °C lsamal 70 °C big respectively. The treatment yieldahples, ith high
concentrations of potassium calcium and heavy mei@d and Cr) were within tolerable limite the minelements
(Ni, Mn and Cu) were also in traced amount in &k tsamples studied. Based on the study it was fthatdsmall size
Clarias gariepinus pretreated with 20% osmotic diagion solution and smoked dried at 150 °C gawehifst proximate

oxidative and minerals result and was thereforeoremended.
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INTRODUCTION

Clariasgariepinusis considered to be one of the most importantitedatfish species for aquaculture, easy to
culture in Nigeria and with great economic interastl many other areas [1]. Foreign exchange eanpatgntial is
attained through export of processes (smoked @&Hsimps) fish and fishery by- products to inteior@al markets.
Fisheries guarantee direct and indirect employroppbrtunities, with up to 1.6 million artisanalfesmen in the primary
sector and some 200,000 workers employed in thacdfure subsector [2].Fish, which is one of thedfdtems people
consume contains protein and other nutrients sacfitamin D and selenium and a specific type afdéapecially omega-3
fatty acids among other nutrients. Omega-3 fattgt &cof public health significance because it ties potential to reduce
the risk of developing heart disease and other caégiroblems [3]. Therefore, regular consumptiorcatfish has great
potential to protect against some of the non-coniaalnte diseases, which is becoming common evenpgmioung adult
Nigerians [4].

The large water percentage constituent of fish matkeusceptible to bacterial attack causing speil&poilage
occurs as a result of the action of enzymes (asig)lyand bacteria present in the fish and also etz mxidation of the fat
which causes rancidity. At the high temperaturess/alent in tropical countries like Nigeria, bacdr@nd enzymes are
enhanced. The high ambient temperature in thedroguise rapid growth of spoilage which is respdaditr about 50%
wastage of the total catches worldwide [5]. Anraatied 40% of total fish landing in Nigeria is lest post-harvest losses
[6]. It was estimated that 20 to 50% of the fisldarced in the remote costal centers and many &bpauntries perish
before they reach consumers due to poor handlirggepvation and processing practices adopted manal fishermen,
fish farmers and fisheries entrepreneurs [6]. lditawh, significant quality is lost through the abse of adequate
technology and expertise to prevent losses in napical countries [7]. Fresh fish contains up @%@of water. It is a

highly perishable material and having a short gferie [8].

In order to curb fish spoilage, increase shelf ¢ifel add value to products, various preservatiohnigues are
employed including Chilling, Freezing, canning,tisa, drying and smoking. In Nigeria, the most affable and widely
used method of preservation is smoking [9]. Smolohdish from smouldering wood for its preservatidates back to
civilization [10]. It is also noted that apart frogiving the product a desirable taste and odouokémg provides a longer
shelf life through its anti-bacterial and oxidatieéfect, lowering of pH, imparting desirable colation as well as

accelerating the drying process and acting as antstto spoilage agents [11], [12].
Osmotic Dehydration (OD)

OD is one of most important complementary treatraemd food preservation technique in the processing
dehydrated foods, since it presents some beneiifs 8s reducing the damage of heat to the flawalor cinhibiting the
browning of enzymes and decrease the energy cti3}s[14]. Osmotic dehydration as a pre-treatmennany processor
improves nutritional, sensorial and functional pudjes of the food without changing its integrilyis often applied as a

pre-processing step before foods are subjectagttioer processing techniques such as air dryirfgeering [15], [16].
Smoking Temperature and Kiln

Olayemiet al.,[17] reported on proximate composition of smoketigia using a developed kiln shows drying of

fish to safe moisture content which can make itatle for export and a positive significant infleenof drying in the
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proximate compositions of catfish making it nutmitally suitable for all. Abicet al.,[18] stated that the quality of dried
product is greatly affected by drying conditionsgher temperature applied leads to several irréverdiological or
chemical reactions as well as structural, physioal mechanical modification such as inactivatiobaxfteria and enzymes

changes of shape and texture, loss of nutrientaeorda.
Justification and Objectives

As cheap as smoking is compare with other methédisto storage which are not widely used becauskwf
level of technological development and erratic powepply yet great losses are still encounterednduprocessing,

storage, transportation and marketing.

Therefore this study is considering certain proogsparameters which will yield a better quality @hoked
catfish which includes pre-treating two sizes & ample with sodium chloride and using a smokihgat two different
temperatures. The main objective is to determimeetfect(s) of temperature and osmotic dehydratiorthe chemical

properties of different sizes of smoked catfish.

MATERIALS AND METHODS

Sample Preparation

A total of fifty piece ofClarias gariepinuswith two different sizes( 250 - 400 g (small) arf@081000 g (big)
were purchased from Royal Pond in Ondo State Nigend were kept in fiber glass prior the time afightering. The fish
were gutted, washed thoroughly with water to remglirae and blood, thereafter bent into horse-sthapes, dressed and

then weights were taken.
Osmotic Solution
Salt solution (Nacl) (28brix and 25°brix) was prepared for the osmosis dehydration.

The fresh weight of the samples was determinedgusi@ctronic balance, the ratio of solute to sroatfish was

7:1w/w, while that of big catfish was 4:1w/w.
Sample Treatment

The samples with its salt solution inside baking peere placed inside the constant water batfAG)A triplicate

from each sizes were treated differently with ssfisition for a period of six hours. The samplesenemoved from each
solution at an interval of 1hour and was immediataised in flowing water and placed on tissue paperemove the

surface moisture to eliminate excess solution ftieensurface before weighing.

The samples were further smoked dried in smokitmgusing sawdust at 7« and 150C until a constant drying

time was obtained.

Osmotic Dehydration Characteristics

Water Loss

Water loss is the quantity of water lost by foodig osmotic dehydration. The water loss (WL) ifirkd as the

net weight loss of the catfish on initial weighsisaand can be estimated as, [19].
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WWo-(TW-ws)

Water loss, % WL (wb) = ——— 100g /HO/g Initial wt of sample

Solid Gain

The solids from the osmotic solution get addedhéogamples during osmotic dehydration. The losgatér from
the sample takes place in osmotic dehydration cpresgly it increases the solid content. The so#ithgs the net uptake
of solids by the catfish on initial weight basiglasomputed using following expression [19].

WE-Wwso
Solid gain, % SG (wb) =

S wormsos 100g g solids/100g initial wt. of sample

Proximate Analysis

Moisture content, crude proteins, Crude fat, Ashendetermined using methods of [20]. The oxidafik@perties
which include the peroxide value (PV) measured dlgeqquivalent per kg of sample, thiobarbituric d¢irBA) using UV-
Vis spectrophotometer (model UV-5300, jenway, JapdBA was expressed as milligram malonaldehydeoddznce
measured at 532 mm per kg of fish sample, Freg Paiid (FFA) expressed as % and pH using the stahdf[21] and
Minerals were determined using AAS Aanalyst 40(Pleykin Elemer.

Statistical Analysis

All measurements were carried out in triplicatesl anbjected to tests. Data on the physical, protanaad
oxidative analysis of the fresh, osmoses dried (@) osmotic dehydrated smoked dried (ODSD) fistevaaalyzed with
one-way analysis of variance (ANOVA) where mean sigmificantly different (P<0.05), the Duncan mplé range test
(DMRT) was used to separate the means. StatigtézzMage for Social Science (SPSS version 17.0used

RESULTS AND DISCUSSIONS

Table 1: Proximate Composition of Different SizesfoSmoked Catfish using Different Osmotic Solution

Treatment Ash Fat Moisture Protein Carbohydrate
20% OD Small| 12.67+1.2%| 10.16+3.34 | 61.34+5.61 | 10.78+1.08| 5.05+2.86"
20% OD Big | 10.91+7.48| 4.47+1.81 | 66.20+2.58 | 9.22+2.52 9.20+1.6%
25%0D Small| 16.00+2.60 5.88+1.96 | 63.45+2.27 | 11.31+1.08| 3.35+2.0%"
25% OD Big | 11.84+1.79| 3.91+1.93 | 62.19+0.33 | 16.67+2.56| 5.10+5.5%
Control Small | 2.47+1.31 | 4.56+1.35 | 73.11+3.40 | 14.69+0.98 | 5.17+3.2§"
Control Big 6.75+2.7% | 5.58+0.62 | 71.58+1.47 | 16.94+2.38| 1.95+0.96

Means in the same column and with homogenous sujggrare not significantly different (p>0.05); Alalues

are expressed as MeanzSD

Effect of Osmotic Dehydration on the Proximate Compsition of Different Sizes of Smoked Catfish

The Osmotic dehydration treatment impact on notral improvement could be noticed through influeatévo
solutions on the proximate value of fresh catfifhe tablel shows that the ash contents of the Vasied slightly
difference. The OD treatment for both sizes wahdrign value than that of control. This finding egd with the work of
Oettereret al, [22] who showed that increase in ash contentdistly related to the presence of salt in sardiruscle.

The small size sample had a higher fat content titvatvig sample and control.

NAAS Rating: 2.73- Articles can be sent to editor @ mpactjournals.us




| Effects of Processing Parameters on the Chemical Qualities of Smoked Catfish 59 |

It is seen that the OD causes moisture contentctiesiu The control has the highest moisture contéritl.58

73.11% for big and small size respectively but wisPo O.D the big sample was reduced to 62.19% w20 OD
brought the small sample to 61.34%.

Also there is reduction in protein value form cohtbig with value of (16.94) to 16.67 and 9.22 w&8% and
20% O.D, likewise same trend is observed in thetrobrsmall from (14.69) to 11.31 and 10.78 with 25 20%
respectively. This is in agreement with Ezeama dddh [23] which showed that there was a significaettuction in

crude protein from 69.56% for the unfermented t®6% for the fermented 15%w/w salted samples.
The Carbohydrate big treatment increased whilesthall treatments decrease.

Table 2 Proximate Composition of Different Sizes c8moked Catfish with Different Osmotic Dehydrationand

Temperature

Treatment Ash Fat Moisture Protein Carbohydrate
20% 150 Small 25.87+1.76| 46.59+1.95| 0.45+0.28 | 25.11+4.26 | 1.98+1.08
20% 150 Big | 17.25+1.04| 28.33+1.28 | 8.97+0.2%1 | 27.26+0.26 | 18.19+2.29
20% 70 Small| 24.67+1.06] 33.17+0.28 | 14.06+0.61 | 18.77+2.98 | 9.33+2.18
20% 70 Big | 14.81+1.35| 36.50+0.50 | 18.80+1.42| 26.66+1.85| 3.24+1.40
25% 150 Small 24.67+2.67| 28.00+0.50 | 1.26+0.23 | 30.01+0.61 | 16.05+1.96
25% 150 Big | 29.30+0.28| 36.50+1.32 | 6.26+0.1 | 25.28+1.37 | 2.65+0.30
25% 70 Small| 24.26+1.61] 37.50+3.04 | 16.80+0.38 | 17.27+0.92 | 4.17+2.91
25% 70 Big | 27.77+1.03] 26.83+0.28 | 21.16+0.92| 23.42+2.97 | 2.19+2.08
Control Small | 2.47+1.31 | 4.56+1.3% | 73.11+3.40 | 14.69+0.98 5.17+3.28
Control Big 6.75+2.73 | 5.58+0.62 | 71.58+1.47 | 16.94+2.38" | 1.95+0.96

Means in the same column and with homogenous sujggrare not significantly different (p>0.05); Alalues

are expressed as MeantSD

Effect of Osmotic Dehydration and Temperature on tle Proximate Composition of Different Sizes of Smoke
Catfish

Smoking of fish and/or meat products is one ofrtftest ancient processing technologies. It has baecehturies
used for preservation, and is still widely usedtfis purpose among several communities in thel thiorld where up to
70% of the catch is smoked for preservation [24je Table 2 shows that the quality parameters medsgenerally
increases as the drying temperature increasesagtheontent of ODSD samples increases with drymg tanging from
14.81 to 29.30% and 24.26 to 25.87% for big andllsszanple respectively. The increase could belnited to the
presence of high salt content which is in agreemétht sun- dried salting and sun-dried salt plusneric Fish [25] where
ash content was found to be 22.80%, and 22.41 %esh-processed respectively. Similar levels &f @antent in salted

fish were noticed by several workers [26].

The fat percentage are higher in value than thahefcontrol, which is in line with report of Oilthat smoking
results in concentration of nutrients like proteird fat [27],[28],[29].

ODSD has dual effects such as the lowering of thtemactivity (aw) level and a specific inhibitogffect on the
growth of some species of microorganisms throughNR+ ion. So the two steps are interrelated togedhe moisture

sufficiently. The decrease in moisture is due tmatic migration of salt into and water out of thghf [30], [31].
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Decrease in moisture led to increase in salt coted consequently extend shelf life of the prosl(i8g],[33].In
present experiment, moisture content of the smalklly found to be 73.11 was reduced to 0.45 V@96, 150°C while
the big sample was reduced from 71.58 to 6.26 ®&ho, 150°C. It was observed that generally higher tempeeatur
favours lower moisture content, while as per oscndéhydration the 20% OD and 25% OD are preferfslemall and

big sample respectively.

The results also showed that crude protein incoeadth increase in temperature. The ODSD has recefin the
big sample as all were not significant different@®5) though higher than the initial value of tlenirol, while for the
small sample the treatment 25%T&Dyields the highest protein of 30.01% compare Withcontrol value of 14.69%.

The significant increase in protein levels (P <5).i dried catfish, when compared with the ravh fisuggested
that protein nitrogen was not lost during dryindnisTis also in accordance with the findings of [2B9] and [30].
Smoking enhances fish flavor, increases utilizatimiluces waste, prolongs the shelf life of fiskl arcreases protein

availability [34], [35]. Smoking gradually increasthe carbohydrate content of the sample.

Table 3: Oxidative Properties of Different Sizes oEmoked Catfish with Different Osmotic Solution

Treatment PH FFA TBA Peroxide
20% OD Small| 6.80+0.60 0.24+0.03 | 0.19+0.0% | 14.98+1.86°
20% OD Big | 6.80+0.00| 0.39+0.06" | 0.46+0.12 | 12.37+2.19
25% OD Small| 6.90+0.60 0.34+0.08" | 0.11+0.0% | 11.51+2.38"
25% OD Big | 6.70+0.00] 0.45+0.1% | 0.56+0.09 | 20.33+1.04
Control Small | 7.20+0.00| 1.92+0.06 | 0.10+0.08 | 12.93+0.59
Control Big | 7.20+0.00| 3.23+0.18 | 0.18+0.08 | 17.76+0.25°

Means in the same column and with homogenous sujggrare not significantly different (p>0.05); Alalues

are expressed as MeantSD
Effect of Osmotic Dehydration on the Oxidative Progrties of Different Sizes of Catfish

The pH value is a reliable indicator of the degvééreshness or spoilage. The pH in fresh condifiesh water
fish flesh is almost neutral as reported by [36]tHe post-mortem period, decomposition of nitragencompounds leads
to an increase in pH in the fish flesh [37]. Ther&ase in pH indicates the loss of quality. Thevahie of fresh Catfish
was 7.20 for both big and small. The pre-treatnweitit salt addition causes a decrease in pH valeetduncrease of

acidic compound; 25% OD favoured the big sampldenfiorr the small 20% OD.

The FFA in the control ranges between 1.92 and #23mall and big respectively which are signifitg
different from the sample treatment. A great reiucin value of FFA was observed in the treatmehictv is due to the

salt addition.

The TBA for all the samples were generally low. &kie osmotic concentration has effect on the sasnpith
increasing value due to lipid oxidation and hydsidy It can be observed that 25% OD had the highesixide value
This is because while salt, through lowering ofewaictivity can inhibit or delay microbial growth@spoilage, it can also

promote lipid oxidation, which causes off-flavouargcidity).
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Table 4: Oxidative Properties of Different Sizes oEmoked Catfish with Osmotic Solution and at Diffeent

Temperatures
Treatment PH FFA TBA Peroxide
20% 150 Small 6.50+0.60 2.36+0.08° | 0.08+0.03 | 6.76+0.04
20% 150 Big | 6.70+0.00] 6.02+1.26 | 0.20+0.08 | 11.30+1.66
20% 70 Small| 6.40+0.00 3.10+0.28 | 0.09+0.03 | 10.65+2.0%
20% 70 Big | 6.60+0.00| 10.00+0.43| 0.10+0.0f | 7.60+2.74"
25% 150 Smal] 6.50+0.60 2.61+0.38" | 0.35+0.0% | 16.28+0.6&
25% 150 Big | 6.40+0.00] 3.27+0.7% | 0.10+0.09 | 18.67+3.2F
25% 70 Small| 6.30+0.00 2.65+0.15" | 0.41+0.04 | 11.15+1.6%°
25% 70 Big | 6.50+0.00| 4.64+0.96 | 0.10+0.06 | 20.78+3.44
Control Small | 7.20+0.00| 1.92+0.08 | 0.10+0.08 | 12.93+0.5¢
Control Big | 7.20+0.00| 3.23+0.13 | 0.18+0.03 | 17.76+0.25'

Means in the same column and with homogenous suqgrare not significantly different (p>0.05); Alialues

are expressed as MeanzSD

Effect of Oxidative Properties of Smoked Catfish wh Different Osmotic Solution Concentrations and

Temperatures

The pH value is a reliable indicator of the degoédreshness or spoilage. The pH in fresh- wateh fiesh is
almost neutral [38]. In this study the ODSD broutyte pH of small sample between 6.30 and 6.50,enfbil big between
6.50 and 6.70.This result is similar to that obfaisun dried salted shoal fish with pH of 6.2@ay (0) and sun-dried salt
+turmeric with 6.30 at day (0).The fish product an¢hin the acceptable limit according to [39] whisay 6.8 to 7.0 is
usually the limit of acceptability.A higher valué lBFA was obtained when OD sample was subjectedi¢mgthen period
of heat compare with when only osmosized dehydraitbd FFA content in a product is an indicationtef quality of the
product [38]. Results suggests that lengthen pasfailtying promotes FFA production. The peroxidéugancreased with
increase drying time with value ranging from 6.8416.28 mEqg/kg and 7.60 to 20.78 mEqg/kg for theydedted smoked
small and big respectively.Since peroxide valugsisd to estimate the degree of rancidity, the produwithin acceptable
limit as values corresponding to incipient spoilage usually in the order of 20-40 mEq/kg of sanjple Furthermore;

the high salt concentration may have decreasesitliility of oxygen thereby retarding fat oxidatio

Table 5: Trace Element of Osmotic Dehydrated and Soke Dried Content of Various Catfish

Treatment CR NI MN CuU CD
20% 150 Small  0.01+0.61 | 0.06+0.03* | 0.07+0.0% | 0.03+0.02°* | 0.02+0.0F"
20% 150 Big | 0.03+0.01 | 0.07+0.0f | 0.08+0.01° | 0.03+0.0%°* | 0.02+0.06™
20% 70 Small| 0.04+0.61 | 0.15+0.01 | 0.11+0.06 | 0.03+0.0%** | 0.03+0.0%
20% 70 Big 0.01+0.05 | 0.06+0.0%° | 0.03+0.0% | 0.02+0.0%* | 0.01+0.06
25% 150 Small 0.02+0.66 | 0.52+0.06° | 0.04+0.0% | 0.02+0.0%"* | 0.01+0.06"
25% 150 Big 0.06+0.01 | 0.12+0.0f | 0.13+0.01 | 0.05+0.0f | 0.02+0.0%™
25% 70 Small| 0.01+0.6b | 0.06+0.0%* | 0.05+0.0% | 0.03+0.0%** | 0.01+0.01
25% 70 Big 0.04+0.01 | 0.52+0.0% | 0.12+0.0f | 0.02+0.0%°* | 0.02+0.0F"
20% OD Small| 0.00+0.60 | 0.01+0.0f | 0.05+0.0% | 0.02+0.0%** | 0.01+0.0%"
20% OD Big | 0.01+0.08° | 0.00+0.06 | 0.01+0.06 | 0.01+0.06 | 0.01+0.06"
25% OD Small| 0.04+0.61 | 0.05+0.0% | 0.16+0.01 | 0.03+0.0f* | 0.02+0.0%™
25% OD Big | 0.05+0.01 | 0.06+0.0% | 0.15+0.01 | 0.04+0.0f | 0.02+0.0F
Control Small | 0.01+0.0% | 0.00+0.06 | 0.02+0.0f | 0.01+0.0f | 0.01+0.06"
Control Big | 0.03+0.01cdé 0.02+0.01a 0.09+0.01d  #01@1f | 0.02+0.01al
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Means in the same column and with homogenous suqgrare not significantly different (p>0.05); Alialues

are expressed as MeanSD

Table 6: Essential Element of Osmotic Dehydrated ahSmoke Dried Content of Various Catfish

Treatment CA K NA FE
20% 150 Smal| 407.90+0.1Q 15.20+0.16 | 108.90+0.16 | 1.09+0.0%
20% 150 Big | 431.75+0.01] 94.05+0.01 | 302.50+0.10| 0.18+0.01
20% 70 Small| 611.50+0.1Q 52.05+0.01 | 342.70+0.10 | 0.54+0.1¢°
20% 70 Big | 129.20+0.P0| 45.00+0.00 | 451.80+0.10 | 1.27+0.10
25% 150 Small 297.75+0.61 24.75+0.02 | 205.00+0.06 | 3.53+0.01
25% 150 Big | 452.10+0.10] 33.75+0.01 | 293.20+0.10 | 2.73+0.0%
25% 70 Small| 206.10+0.Yd 71.70+0.16 | 380.60+0.10| 0.46+0.0%
25% 70 Big | 480.95+0.01] 30.65+0.01 | 261.60+0.10| 0.27+0.0%
20% OD Small| 206.65+0.01] 81.50+0.18 | 370.30+0.168 | 0.12+0.0%
20% OD Big | 98.85+0.0°1 | 36.55+0.01 | 272.20+0.16 | 0.14+0.0%
25% OD Small| 495.10+5.38 47.75+0.0% | 383.10+0.10 | 0.29+0.0%
25% OD Big | 617.00+0.00| 36.56+0.01 | 228.60+0.16 | 0.14+0.0%
Control Small | 175.70+0.f0] 54.65+0.01| 18.30+0.106 | 0.60+0.16
Control Big | 491.85+0.01] 36.57+0.0]e 31.20+0.10b 18a0.0la

Means in the same column and with homogenous sujggrare not significantly different (p>0.05); Alalues

are expressed as MeanzSD
Effect of Osmotic Dehyration and Smoking on MineralContent of Catfish

The variations recorded in the concentration ofdtferent nutritional components in the fish exaed could
have been as a result of the rate in which thesgoaoents are available in the water body [40] &edability of the fish to
absorb and convert the essential nutrients fromdibe or the water bodies where they live. Thisigpported by the
findings of [41], [42], [43]. It could be as a rdisof the pre-treatment with salt. Elements (sustCapper, Manganese and
Iron) varied in concentration among the sample istbdMost of these micro elements are equally irgdrin trace
amounts as observed, but they tend to become haxmfiien their concentrations in the tissues excdwdmetabolic
demands [44]. Essentials minerals are importantifal body functions such as acid, base and wadkance; this includes
calcium which is good for growth and maintenancebofes, teeth and muscles [45]. Normal extra @ellahlcium
concentrations are necessary for blood coagulatiod for the integrity, intracellular cement substs [46].
Sodium is an activator of transport ATP-ases imaité and possibly also in plants [47]. There ig disect relationship of
[48].
The heavy elements include Chromium which is sligktgnificant as it ranges from (0.00) in 20% Osbhall to the
highest value of (0.06) 25%, 15G small and 25% O.D big (0.05). Nickel is absenteadntrol small and 20% O.D big
but has the highest value (0.52) in 25%,’Cbig. Cadmium has the lowest value in 25% @Gmall (0.01) and highest
value of (0.03) in 20%, 7€C.

sodium intake with hypertension on human. Iron i1 amportant constituent of hemoglobin

CONCLUSIONS

From this study, Osmotic dehydration and smoking &aositive effect on the proximate, oxidative amderal
component hence can be recommended as presenatiessh catfish. Osmotic dehydration 20% is momeferable than
25% brix though it has a nutritional improvementlbyering the moisture content, free fatty acid @htito a level which

inhibits or delay microbial growth and spoilage lmain promote lipid oxidation which causes off-flavqrancidity).
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The temperature 78 which require a longer period of drying gave kigbxidative values. Conclusively 20% brix,150

°C temperature is ideal for good quality processatist.
REFERENCES

1. Osibona, A. O., Kusemiju, K. and Akande, G. R. §20Broximate composition and fatty acids profilietioe
African Catfish Clarias gariepinus. Journal of lifend Physical Science. Faculty of Science and Taobwy,
Babcock University. acta SATECH 3(1) www.actasatech.

2. Fishery Statistics of Nigeria. Fourth Edition. 199807. 49 p. (with supplement for 2008).

3. Von Schaccky C. (2007). Omega-3 fatty acids andicarascular disease. Curr. Opin. Clin. Metab. CMar.,
10(2): 129-35.

4. Oladapo 0.0., Salako L., Sadig O., Shoyinka K.,dage K., Falase A.O. (2010). A prevalence of cardio
metabolic risk factors among a rural Yoruba Soutbstrn Nigerian Population: A population-based sytv
Cardiovas J. Afr., Jan-Feb., 21(1):26-31.

5. Essuman, K.M (1992). Fermented fish in Africa. Adgton processing, marketing and consumption, FAO,

Fisheries Technical paper No329.8pp.

6. Eyo,A.A.(2001). Fish Processing Technology in thepits, National Institute for Freshwater Fisheries

Research, New Bussa. University of llorin PresgeNa. pp403.

7. Clucas, J.J. (1982). Fish handling, preservatiord gorocessing techniques on microflora of roach (Rsit
rutilus)and whitefish (Coregonus sp.). Turk. J..\atim. Sci.; 28:239-247.

8. Bala, B. K. and Mondol, M. R. A. (2001). Experinambvestigation on solar drying of fish using sotannel
dryer. Drying Technology 19(2). 427-436.

9. Eyo, A.A. (1993). Traditional and Improved fish dmg, preservation and processing Techniques. Pape

presented at National workshop on fish processiatage, marketing and utilization:"4-8" May 1992.

10. Olokor, J. O., Ugoala, C., and Ibitoye, A. (2008judy of weight loss in solar dryer across différecological

zones of Nigeria. Nature Proceedings. Vol. 1038.

11. Eyo, A.A. (2001). Fish Processing Technology in Tmepics. National Institute for Freshwater Fishesi

Research, New Bussa. University of llorin PresgeNa.pp403.

12. Sengor, G.F., Kalafatoglu, H and Gun H. (2004). Tdetermination of Microbial flora, water activitynd
chemical analysis in smoked Mussels (Mytilus gadleimcialis, L.) Turk. J. Vit. Anim. Sci. (28):7937.

13. Alakali, J.S., Ariahu, C.C. and Mkpa,N.N. (2006néics of osmotic dehydration of mango fruit slabsurnal
of Food Processing and Preservation,73:597-607.

14. 14.Torres, J.D., Talens, P. and Escriche, I.A. @0XChiralt Influence of process conditions on nadbal

properties of osmotically dehydrated mango, Jounfdtood Engineering,£240-246.

I mpact Factor(JCC): 3.9074- This article can be downloaded from www.impactjournals.us




[ 64 Famurewa J.A.V, Olopade F & Adgjumo P.O |

15. 15.Lerici, C.R., Pinnavia, G., Rosa, M. D. and Bartci, L. (1985). Osmotic dehydration of fruitflience of
osmotic agents on drying behavior and product dygrocess. J. Food Techn@t. 147-155.

16. 16.Collignan, A. and Raoult-Wack, A.L. (1994). Desiag and salting of cod by immersion in concetgdasalt
and sugar solutions. Lebensmittel-Wissenschaft lirdhnologie27: 259-264.

17. Olayemi, F. F., Adedayo, M.R., Bamishaiye, E. d &wagu, E. F. (2011). Proximate Composition offiSht
(Clarias gariepinus) Smoked in Nigerian Stored Rrotd Research Institute (NSPRI): Developed Kkiln.
International Journal of Fisheries and Aquacultug€s): 96-98.

18. 18. Abid, M. Gibert, R. and Laguerie,C.(1990). Aperimental and theoretical analysis of the meckianéf heat
and mass transfer during drying of corn graingaifiuidized bed. International Chemical EngineeriBg(4):
632- 642.

19. Hawkes, J. and Flink, J.M. (1978). Osmotic concaidn of fruit slices prior to freeze dehydratiah.Food Pro.
Preservation, 2: 265-284.

20. AOAC, (2000). Official Methods of the AssociatidnQifficial Analytical Chemist 15th Ed., AOAC, Adton,
Verginia.

21. Pearson P. (1981). The Chemical Analysis of Foad<@ition, 479.

22. Oetterer, M., Perijo, S.D. and Gallo, C.R. (2008pnitoring the Sardine (Sardinella brasilienses)entation
Process to Obtain Anchovies. J. Sci. Agric., 6&(B):-513.

23. Ezeama, C. F and Udoh, E. J. (2012). The influeidermentation and salting on the

24. bacterial, chemical and sensory characteristiczalffish (Clarias buthupogon) based marinate Nigekfaican
Journal of Food Science, 6(14):381-385, 29.

25. Ward, A. R. (1995). Fish smoking in the tropicseyiew. Tropical Science, 35, 103-112.

26. Effect of Sun-drying on proximate composition aitlgh Shoal fish (C. striatus; Bloch, 1801) IOSR rdal of
Agriculture and Veterinary Science (IOSR-JAVS).uwm 7, Issue 9 Ver. Il (Sep. 2014), PP01-08
www.iosrjournals.org.

27. Kiin-Kabari, D.B., Barimalaa, 1.S., Achinewhu, S.@nd Adeniji, T.A. (2011). Effect of extracts frahmee
indigenous species on the chemical stability ofl&vdried catfish (Clarias lezera) during storagdr.Al. Food
Agric. Nut. Develop. 11(6):5335-5343.

28. Puwastien P, Judprasong k, Kettwan E, Vasanachitt KNakngamanong, Bhattacharjee L (1999). Prox@émat
Composition of Raw and Cooked Thai Freshwater aadré Fish. J. Food Composition Anal., 12: 9-16.

29. Gokoglu N., Verlikaya P. and Cengiz E. 2004. Effaxft cooking methods on the Proximate compositimh a
mineral contents of Rainbow Trout (OncorhynchusissykFood Chemistry, 84: 19- 22.

30. Tao W. and Linchun M. (2008). Influences of HotBiiying and Microwave Drying on Nutritional and Oabais

Properties of Grass Carp (Ctenopharyngodon idelkidigts. Food Chem., 110(3): 647-653.

NAAS Rating: 2.73- Articles can be sent to editor @ mpactjournals.us




| Effects of Processing Parameters on the Chemical Qualities of Smoked Catfish 65 |

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Horner, W.F.A. (1997). Salting In: Fish Processifigch. Preservation of Fish by Curing (edited by Glsll)
Chapman and Hall Pub., UK, 32-72.

Itou, K. and Akahane, Y. (2000). Changes in prosn@mposition and extractive components of ricanb

fermented mackerel during processing.1051-1058.
Lopez, A. (1987). A complete course in canning Bib@id 111, 12th Ed. The canning Trade Inc. Baitbre USA

Kingley- Ekow, G. (1999). A study of the effectblafidling, processing and storage on the histancim@tent in
salted, fermented Tilapia, in M Phill, Ed. Univédysof Ghana Legon Ghana. Pp 133.

Jallow, A.M. (1995). Contribution of improved chorkoven to artisanal fish smoking in the Gambia.
In:Workshop on seeking improvement in fish Techgyolo West African. IDAF Technical Report. No 66.

Olley, J., Doe, P. E. and Heruwati, E. S. (1988)e Thfluence of drying and smoking on the nutriigproperties

of fish. An Introduction: Overview in fish smokiaigd drying. Elsevier, London

Virta, S.(2009). Bachelor's Thesis, lIsolation anderntification of Rainbow Trout spoiling Microbiota.

Biotechnology and Food Technology, Turku Universitipplied Science. 8pp. (Unpublished)

Shenderyuk, V.I. and Bykowski, P.J. (1989). Sakind Marinating of fish. In: Seafood Resources.riianal

Composition and preservation, Sikorski, Z.E.(EQRPress Inc. Boca Raton, Florida.

Erkan, N., Uretener, G., Alpas, H., Selcuk, A., €zdO., and Buzrul, S. (2011). Effect of high hgtitc
pressure pressure (HHP) treatment on physicochdnpoaperties of horse mackerel (Trachurus trachgrus
Food and Bioprocess Technology, 4, 1322-1329

Clucas I. J. & Ward A. R. (1996). Post harvest dishs development. A guide to handling, presermatio
processing and quality. Chatham Maritime, Kent MB4United Kingdom. pp665.

Yeannes, .M. and M.E. Almandos, 2003. Estimatfdisio proximate composition starting from watentant. J.
Food Comp. Anal., 16: 81-92.

Ricardo, C.M., J.E.P. Cyrino, L. Portz and L.C. o4 2002. Effect of dietary lipid level on nutrital

performance of the surubim, Pseudoplatystoma canscAqua., 209: 209-218

Adewoye, S.0.,0.0. Fawole and J.S. Omotosho, ZD&3centrations of selected elements in some frashwa
fishes in Nigeria. Sci. Focus, 4: 106-108.

Fawole, O.0., Ogundiran, M.A., Ayandiran, T.A.,Qlag, O.F. 2007. Mineral Composition in some s&dct
fresh water fishes in Nigeria. J. Food Safety9:552-

Ako, P.A. and S.O. Salihu, 2004. Studies on sonjer mad trace metals in smoked and over-dried fEApp.

Sci. Environ. Manage., 8: 5-9
Turan, M., S. Kordali, H. Zengin, A. Dursun andS¢zen, 2003. Macro and micro-mineral

Vileg P, Body DR. Lipid content and fatty acid casipon of some New-Zealand fish. NZJ Marine Fresler
Res. 1988: 22:151

I mpact Factor(JCC): 3.9074- This article can be downloaded from www.impactjournals.us




Famurewa J.A.V, Olopade F & Adgjumo P.O |

48.

49.

50.

51.

46. Okaka, J.C. and A.N.O. Okaka, 2001. Food coitiposspoilage and shelf life extension.
Ocjarco Academic Publishers, Enugu, Nig., pp: 54-56

47. Adeyeye, E.l., 2005. Distribution of major edets (Na,K, Ca, Mg) in the various anatomical paofs
Fadama crops in Ekiti State, Nigeria. Bull. Chent.Séthiop., 19: 175-183

48. Dahl, L.K., 1972. Salt and hypertension. AnClih. Nutr., 25: 231-238

NAAS Rating: 2.73- Articles can be sent to editor @ mpactjournals.us




