EFFECTS OF SMOKING AND FREEZING ON THE NUTRITIVE VALUE OF CAT
FISH (CLARIS GARIEPINUS)

CHAPTER ONE

INTRODUCTION

1.1 Background of the Study

Fish are highly nutritious and provide animal proteins that consist of all the essential amino acids
in relatively high concentrations, are low in cholesterol and saturated fats, and are also rich in
key fatty acids, minerals, and vitamins (Murray & Burt, 1991). According to Adekoya and Miller
(2004), globally, fish and fish products constitute more than 60% of the total protein intake in
adults, especially in rural areas. Fish has the potential to be considered as a balanced food and
can therefore be expected to provide relief from malnutrition. As a result, the demand for fish
meat is growing all the time. On the other side, the world's stock of fish and seafood is
dwindling. As a result, there has been a surge in interest in aquaculture and fish farming. Fish
can be a very nutritious part of the human diet; it contains most of the vitamins required wide
range of minerals, and all of the necessary amino acids are properly proportioned in the proteins.
Fish and fish products contain water, proteins and other nitrogen compounds, lipids,
carbohydrates, minerals, and vitamins, as do many other animal products. Consumption of
catfish (Clarias gariepinus) has increased rapidly in recent years as a result of its availability,
consistency, and health benefits (Abdel-Mobdy, et al, 2021).

Catfish (Clarias gariepinus) is one of the most widely consumed fish species in Nigeria due to its
high nutritional value, affordability, and availability. It serves as a rich source of protein,
essential fatty acids, vitamins, and minerals, making it a staple food in many households,
particularly in developing countries. However, the perishability of fish presents significant
challenges for storage and distribution, necessitating effective preservation methods to maintain
its nutritive quality and extend its shelf life. Two common methods used for preserving fish are
smoking and freezing. Smoking, an age-old practice, involves the application of heat and smoke
to dehydrate and flavor the fish while inhibiting microbial activity. Freezing, on the other hand,

slows down enzymatic activities and microbial growth by maintaining fish at sub-zero



temperatures. While both methods are effective in prolonging the shelf life of fish, they have
distinct effects on its nutritional properties, such as protein content, moisture levels, and mineral
composition. Understanding these effects is critical for optimizing fish preservation techniques
and ensuring that consumers derive maximum nutritional benefits (Hafsat, et al, 2024).

This study focuses on the effects of smoking and freezing on the nutritive value of Clarias
gariepinus. By analyzing key nutritional parameters, the study aims to provide valuable insights

into the comparative efficiency of these preservation methods.
1.2 Problem Statement

The nutritional quality of fish can be significantly affected by preservation methods. While
smoking reduces moisture content and enhances flavor, it may lead to the degradation of heat-
sensitive nutrients such as vitamins. Conversely, freezing preserves the natural composition of
fish for extended periods but can cause nutrient loss due to freezer burn or prolonged storage.
Despite the widespread use of these methods, there is limited research comparing their impacts
on the nutritive value of Clarias gariepinus. This lack of information makes it difficult for
stakeholders in the fish industry and consumers to make informed decisions about the best
preservation method. Therefore, it is essential to evaluate and compare the effects of smoking

and freezing on the nutritional quality of Clarias gariepinus to guide preservation practices.



1.3 Objectives of the Study

The general objective is to examine the effects of smoking and freezing on the nutritive value of

Clarias gariepinus.
The specific objectives of the study are to:

i.  Assess the proximate composition (protein, fat, moisture, and ash) of smoked and frozen
Clarias gariepinus.
ii.  Evaluate the mineral content of smoked and frozen Clarias gariepinus.
iii.  Compare the microbial load of smoked and frozen Clarias gariepinus.
iv.  Determine the preservation method that best retains the nutritive value of Clarias

gariepinus.

1.4 Significance of the Study

This study is significant as it will provides valuable insights into the effects of smoking and
freezing on the nutritional quality of Clarias gariepinus. For fish processors, the findings will
guide the selection of preservation methods that retain maximum nutrients, improving product
quality and reducing post-harvest losses. Policymakers can use the results to establish standards
for fish preservation, ensuring public access to nutrient-rich food. Additionally, consumers will
benefit from the knowledge to make informed choices about preserved fish, promoting better
health outcomes.

1.5 Scope of the Study

This study focuses on the effects of smoking and freezing on the nutritive value of Clarias
gariepinus. The research includes proximate analysis, mineral composition, and microbial load
assessment of smoked and frozen samples. The study is limited to Clarias gariepinus and may
not be generalizable to other fish species. Only one smoking method and one freezing condition

will be evaluated, which may not capture variations in preservation practices.



1.6 Definition of Terms

1 Smoking: A method of fish preservation that involves exposing fish to heat and smoke to
dehydrate and flavor it.

2 Freezing: A preservation method that involves maintaining fish at sub-zero temperatures to
inhibit microbial and enzymatic activities.

3 Proximate Composition: The analysis of major components of food, including protein, fat,
moisture, and ash content.

4 Nutritional Quality: The value of food in terms of its ability to provide essential nutrients
needed for growth, maintenance, and overall health.

5 Microbial Load: The amount and type of microorganisms present in a sample, used as an
indicator of food safety and quality.

6 Clarias gariepinus: A species of catfish commonly found in Africa and valued for its high

nutritional content and adaptability to aquaculture.



CHAPTER TWO

LITERATURE REVIEW

2.1 Overview of Catfish (Clarias gariepinus)

Clarias gariepinus, commonly known as African catfish, is one of the most widely cultivated
and consumed freshwater fish species in Africa. It belongs to the family Clariidae and is
recognized for its hardiness, rapid growth rate, high feed conversion efficiency, and ability to
survive in low-oxygen environments, making it ideal for aquaculture. This species is
characterized by its long cylindrical body, flat broad head, and smooth skin without scales. It
possesses long barbels (whisker-like organs) around its mouth that aid in food detection. One of
the distinct features of Clarias gariepinus is its accessory breathing organ, which allows it to
survive in water with very low oxygen concentrations and even in damp terrestrial environments

for short periods (Iheanacho, et al, 2017).

2.1.1 Nutritional Composition of Catfish

Catfish (Clarias gariepinus) is recognized for its exceptional nutritional profile, making it a
valuable component of a healthy diet. It is a rich source of high-quality protein, providing all
essential amino acids necessary for growth, tissue repair, and overall body maintenance. The
protein content in catfish is easily digestible, making it suitable for individuals across all age
groups. In addition to its protein content, catfish is low in fat, with a favorable balance of omega-
3 and omega-6 fatty acids. These polyunsaturated fatty acids are essential for cardiovascular
health, brain function, and reducing inflammation. The low saturated fat content further enhances

its appeal as a heart-healthy food choice (Muhammed, 2024).

Catfish is also a good source of vitamins, including vitamin D, which supports bone health and
immune function, and B-complex vitamins like niacin, riboflavin, and vitamin B12. These
vitamins play crucial roles in energy production, red blood cell formation, and nervous system
health. The fish also provides important minerals such as calcium, phosphorus, magnesium, and
iron, which are essential for strong bones, oxygen transport, and various enzymatic processes in

the body. The nutritional composition of catfish makes it a versatile and beneficial food item,



particularly in regions where it serves as a dietary staple. Its affordability and availability further

enhance its role in combating malnutrition and supporting overall health (Muhammed, 2024).

2.1.2 Importance of Catfish in Human Diet

Catfish plays a crucial role in human nutrition, especially in regions where it is a major source of
affordable and high-quality protein. The fish is rich in essential amino acids, making it vital for
muscle development, repair, and overall growth. This is particularly important for vulnerable
populations, such as children, pregnant women, and the elderly. The presence of omega-3 and
omega-6 fatty acids in catfish supports cardiovascular health by reducing bad cholesterol levels
and promoting heart function. These essential fatty acids are also beneficial for brain
development and cognitive function, particularly in infants and young children. Catfish is a good
source of micronutrients such as calcium and phosphorus, which are essential for strong bones
and teeth. It also contains iron, which helps in preventing anemia, and potassium, which aids in
maintaining healthy blood pressure levels. In addition to its nutritional value, catfish is low in
saturated fat and cholesterol, making it suitable for individuals managing weight or heart-related
health concerns. Its versatility in cooking also makes it a staple in many diets, contributing to

food security and dietary diversity globally (Olagbemide, 2015).
2.2 Methods of Preserving Catfish

Preservation of catfish is essential to extend its shelf life, maintain quality, and ensure food
safety. Due to its high moisture content and nutrient-rich composition, catfish is highly
perishable, making preservation crucial to prevent spoilage caused by microbial activity,
enzymatic degradation, and oxidation. Various preservation methods are employed, including
smoking and freezing, which are widely used for their efficiency and practicality (Olopade, et al,
2023).

2.2.1 Smoking

Smoking is a traditional method of preservation that uses heat and smoke from burning wood or
other organic materials to dry and preserve fish. It is a widely practiced method, particularly in

developing regions, due to its affordability and effectiveness.



Process:

I. Freshly caught catfish are cleaned, gutted, and sometimes salted to enhance flavor and
preservation.

ii.  The fish is then placed in a smoking kiln or on racks above a heat source.

ii. Wood, sawdust, or other combustible materials are burned to generate smoke, which
dries the fish and imparts a characteristic smoky flavor.

2.2.2 Freezing

Freezing is a modern preservation technique that uses low temperatures to slow down microbial
activity and enzymatic reactions in fish. This method is commonly used in commercial fish
processing industries due to its effectiveness in maintaining freshness and nutritional quality
(Olopade, et al, 2023).

Process:

I.  Freshly harvested catfish are cleaned and, in some cases, filleted or portioned.
ii. The fish is then subjected to rapid freezing, typically at temperatures below -18°C.

iii.  Frozen fish is stored in a freezer or cold storage facility until consumption or sale.
2.3 Effects of Smoking on Nutritive Value

Smoking is a widely practiced method for preserving fish, including catfish, due to its ability to
inhibit microbial growth, enhance flavor, and extend shelf life. However, the process of smoking
can significantly affect the nutritional value of the fish, influencing its protein, fat, moisture
content, vitamins, and minerals. The effects of smoking on the nutritive value of catfish can vary
based on factors such as the type of wood used, smoking temperature, duration, and method (hot
or cold smoking) (Abdel-Mobdy, et al, 2021).



1. Protein Content

I.  Smoking can have both positive and negative impacts on the protein content of catfish.

a.

Positive Impact: The drying effect of smoking concentrates the protein content
per unit weight by reducing moisture levels.

Negative Impact: Prolonged exposure to high temperatures can denature
proteins, reducing their digestibility and biological value. Over-smoking may
result in protein degradation, leading to the formation of compounds such as

amino acid oxidation products.

2. Fat Composition

i.  Smoking significantly affects the fat content of catfish, particularly its composition and

stability.

a.

Fat Oxidation: The heat and exposure to air during smoking can lead to lipid
oxidation, resulting in the formation of free radicals and peroxides. This process
reduces the nutritional quality of polyunsaturated fatty acids (PUFAS), such as
omega-3 and omega-6, which are essential for heart and brain health.

Concentration Effect: As with proteins, the reduction in moisture content can

increase the apparent fat concentration per gram of fish (Akinwumi, 2014).

3. Moisture Content

i.  Smoking effectively reduces the moisture content of catfish, which is a primary factor in

its preservation.

a.

Benefit: The lower water activity inhibits microbial growth and enzymatic
activity, extending shelf life.
Drawback: Excessive drying can make the fish too tough and may reduce its

appeal to consumers (Akinwumi, 2014).



4. Vitamins

i.  Vitamins are particularly sensitive to heat and oxidative conditions, and smoking can lead
to losses in their levels:

a. Water-Soluble Vitamins: Vitamins such as B-complex (e.g., thiamine,
riboflavin) are prone to degradation during smoking, especially under prolonged
heat exposure.

b. Fat-Soluble Vitamins: Vitamins A and D may degrade due to oxidation, though
they may be better preserved in smoked fish than water-soluble vitamins
(Akinwumi, 2014).

5. Mineral Content

Smoking has a minimal impact on the mineral composition of catfish. Minerals such as
calcium, iron, phosphorus, and magnesium are stable under heat and remain in the fish.
However, some loss may occur if minerals are leached out during initial cleaning or

marination processes before smoking (Akinwumi, 2014).
6. Antimicrobial and Antioxidant Effects

Smoke contains compounds such as phenols and formaldehydet act as natural
antimicrobials and antioxidants. These compounds help in preserve fish and may

contribute to its overall health benefits by reducing the risk of contamination.
7. Organoleptic Qualities

Smoking enhances the flavor, aroma, and color of catfish, making it more appealing to
consumers. These sensory qualities often outweigh minor nutritional losses for many
individuals (Akinwumi, 2014).



8. Potential Health Risks

i.  While smoking can preserve fish, improper smoking methods or the use of certain wood
types can introduce harmful compounds:

a. Polycyclic Aromatic Hydrocarbons (PAHSs): These carcinogenic compounds
may form when fish is smoked at very high temperatures or for an extended
period.

b. Smoke Residues: Prolonged smoking can lead to the accumulation of residues

that may pose health risks if consumed in large amounts.
2.4 Effects of Freezing on Nutritive Value

Freezing is a widely used preservation method for fish, including catfish, due to its effectiveness
in maintaining the nutritional quality and freshness of the product over extended periods. The
process involves lowering the temperature of the fish to levels where microbial activity,
enzymatic reactions, and chemical changes are significantly slowed. However, while freezing is
effective, it is not entirely without impact on the nutritive value of the fish (Abdel-Mobdy, et al,
2021).

1. Protein Content

i.  Retention of Protein Quality:
Freezing has minimal impact on the protein content of catfish. The low temperatures help
maintain the structural integrity of proteins, ensuring that the fish retains its high
biological value.

i. Freezing Damage Over Time:

During long-term storage, repeated freezing and thawing can cause protein denaturation.
This occurs when ice crystals form and disrupt the cellular structure of the fish, leading to

a loss of water-binding capacity and changes in texture (Abdel-Mobdy, et al, 2021).
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2. Fat Composition
i.  Preservation of Fats:

Freezing slows down lipid oxidation, which helps preserve the quality of healthy fats
such as omega-3 and omega-6 fatty acids found in catfish. These fats are essential for

cardiovascular and brain health.
ii. Oxidation Over Time:

Although freezing initially inhibits oxidation, prolonged storage can result in slow
oxidative changes, especially if the fish is not properly packaged. This can lead to
rancidity, reducing the nutritional value and sensory qualities of the fish (Abdel-Mobdy,
etal, 2021)..

3. Moisture Content
i.  lIce Crystal Formation:

The freezing process converts water in the fish into ice crystals. If freezing is done rapidly,
small ice crystals form, preserving the texture and moisture content. However, slow freezing
can create larger ice crystals that damage the fish's cellular structure, leading to moisture loss

during thawing.
i. Drip Loss:

When frozen fish is thawed, it may lose some of its water-soluble nutrients, including
proteins, vitamins, and minerals, through drip loss, which occurs as the ice melts (Abdel-
Mobdy, et al, 2021).
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4. Vitamins
i.  Water-Soluble Vitamins:

Freezing preserves water-soluble vitamins, such as B-complex vitamins, more effectively
than smoking. However, prolonged storage and thawing can lead to gradual losses due to

leaching in the thawing process.
i. Fat-Soluble Vitamins:

Vitamins A, D, and E are relatively stable during freezing, with minimal degradation if the

fish is stored under optimal conditions.
5. Mineral Content
i.  Retention of Minerals:

Freezing has little to no impact on the mineral content of catfish. Calcium, iron, phosphorus,
and magnesium remain intact as they are not affected by low temperatures. However,

improper thawing can result in some mineral loss if leaching occurs (Hafsat, 2024).
6. Microbial and Enzymatic Activity
i.  Inhibition of Microbial Growth:

Freezing effectively halts microbial activity, preventing spoilage and maintaining food
safety. However, it does not Kill all microorganisms, and any surviving microbes may

become active again once the fish is thawed.
i.  Enzymatic Changes:

Enzymatic activity slows significantly during freezing but does not stop entirely. Over time,

this can lead to quality degradation, such as off-flavors or changes in color.
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7. Sensory Qualities
i.  Texture and Flavor:

Proper freezing retains the texture and natural flavor of the fish. However, extended storage
or poor freezing methods can cause textural changes due to ice crystal formation and protein

denaturation.
i.  Color Stability:

Freezing helps maintain the natural color of the fish, but prolonged storage can lead to

discoloration due to oxidative changes.
8. Potential Challenges

i. Freezer Burn:

If the fish is not properly packaged, exposure to air during freezing can lead to freezer burn,

causing dehydration and negatively affecting texture and flavor.

i. Energy Dependence:

Freezing requires consistent energy supply and infrastructure, which may not be feasible in

all settings ((Hafsat, 2024).
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2.5 Comparative Studies on Preservation Techniques

Several studies have compared the impacts of smoking and freezing on the nutritional quality of
fish.

Akinwumi (2014) concluded that Post-harvest loss of fish is a major factor of economic and
protein wastage the developing countries. In this study, the effects of two common methods of
preservation, smoking and freezing on the nutritive value of the African mud catfish, Clarias
gariepinus were determined. Live samples of C. gariepinus were obtained from the fish farm of
the Department of Environmental Biology and Fisheries, Adekunle Ajasin University, Akungba-
Akoko, Ondo State, Nigeria, and were transported to the laboratory of the Department. One
portion of the harvested fish was smoked, using a smoking kiln (model: ELC 1600) at 60-70 oC
for 24 hours and stored in a polythene bag for further use. Another batch of C. gariepinus was
preserved immediately after harvest in the freezer (Haier Thermocool, BD-428A) at less than -0
oC for 20 days. The third batch of the live fish was sacrificed immediately and prepared for
biochemical analysis. The proximate compositions of the fish samples were determined
according to AOAC. The percentage moisture, protein, lipid, ash, crude fibre and carbohydrate
contents obtained in the smoked fish samples were statistically different (P > 0.05) to the fresh
fish samples (control). Similarly, there were significant differences in the percentage protein,
lipid and crude fibre values in the frozen fish samples when compared to the fresh fish samples
but there were no significant changes (P < 0.05) in the moisture, ash and carbohydrate contents
of the frozen fish samples in comparison to the control. The proximate values of the frozen fish
evoked significant differences in comparison to the smoked samples except in the crude fibre and
lipid contents. Phosphorous content was highest in the smoked fish samples and lowest in the
fresh fish samples while the values of iron, potassium and vitamin C contents were generally low
in all the samples. Smoking demonstrated a better efficient method of fish processing in terms of
the retention of protein value and reduction in the moisture content. The information obtained in
this study could be useful to fish consumers, processors and nutritionists in the efficient

management of fish resources.
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Taiwo, (2015) in his research, smoked Clarias gariepinus from four major markets in the
southwest, Nigeria were analyzed. The aim was to evaluate the nutritional values of the fish sold
at the different markets. The results of the analyses showed that the nutritional values of the
smoked fish are of good standard but nutritional and mineral compositions varied from market to
market. The moisture content, protein, fat, fibre, ash and carbohydrate contents from the markets
were in the range of 9.63 to 10.27%, 53.77 to 54.77%, 11.77 to 13.13%, 6.87 to 8.00%, 0.0 to
0.07% and 15.40 to 16.17% respectively. The range of the mineral compositions was 10.13 to
12.17mg/100g, 0.33 to 0.50mg/100g, 28.33 to 46.67mg/100g, 353.33 to 388.33mg/100g, 22.33
to 33.33mg/100g, and 271.67 to 305.00mg/100g for iron, zinc, magnesium, calcium, potassium
and phosphorus respectively. Ascorbic acid, thiamine, niacin and riboflavin contents of the fish
were in range of 0.17 to 0.27mg/100g, 0.05 to 0.07mg/100g, 0.24 to 0.28mg/100g, and 0.05 to
0.08mg/100g respectively.

Abdel- Mobdy, et al., (2021), the purpose of his study was to figure out catfish meat's chemical
composition, mineral content, amino acid composition, and fatty acid profile. Moisture, protein,
lipid, and ash content were measured at 71.30%, 19.03%, 8.10%, and 1.5%, respectively. Catfish
meat had higher levels of calcium, phosphorus, and iron, with 304.82, 279.45 and 17.03 mg/100
g, respectively. The essential amino acid content was 41.81 g/100g protein. Oleic, linoleic, and
palmitic acids were the most common fatty acids present in catfish meat. Oleic acid made up
more than a third of the fatty acid content in catfish meat. Because of its high oleic acid content,
catfish meat should be considered because it has been linked to a lower risk of cardiovascular

disease.

Hafsat, et al., (2024) noted that one of the complex issues faced in developing countries like
Nigeria is food security where animal derived proteins, such as meat and meat items, fish and
fish items are lacking in most diet of the populace which has resulted in chronic malnutrition.
The nutrient content in the consumer’s food can be used to estimate the adequacy of dietary
intake of the population, diet disease relationships, health and nutritional status. The aim of this
study was to evaluate the nutritional contents such as proximate composition and mineral
elements of both fresh and smoked catfish (Clarias Gariepinus) in order to ascertain it nutritional

value and understand the effect of smoking on the nutritional properties of the fish. The
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proximate analysis were carried out using AOAC methods while the mineral element were
evaluated according to AOAC11 using an Atomic Absorption Spectrophotometer (Varian Spectr
AA. 20 plus). The results revealed that smoking of catfish (Clarias Gariepinus) results in
significant changes in its nutritional composition such as increased carbohydrate and ash, and
decreased fiber and moisture content. However, protein and fat content show minor differences.
The variations in the concentrations of mineral elements in fresh and smoked fish observed that
calcium, iron, magnesium, and zinc concentrations differ significantly between fresh and smoked
fish, while cadmium, chromium, mercury, and lead concentrations show no significant
differences. These findings have revealed the nutritional values of fish and effect of smoking for

dietary choices and potential health implications of consuming both fresh and smoked fish.

Iheanacho, et al., (2017), this experiment was conducted to investigate the effect of two
processing methods (smoking and solar drying) on the proximate content, organoleptic
characteristics and nutritional qualities of Clarias gariepinus. The moisture content of the smoked
fish sample was lower (8.10%) than that of the sun dried sample (25.00%). The crude protein,
carbohydrate, fat, ash, crude fibre and nitrogen free extract of the smoked fish sample were
67.20, 1.75, 13.20, 5.50, 3.68 and 2.32%, respectively, compared to 52.50, 4.07, 17.40, 11.40,
2.00 and 18.30% observed in the sun-dried fish, respectively. Mean scores of organoleptic
evaluation showed that both processed fish products were preferred (> 7.00) by the trained
panellists. However, there was significant difference (p<0.05) between the two processed fish
products in terms of organoleptic assessment. Smoked fish had better flavour, taste, texture and
general acceptability than the solar-dried fish as revealed by the panellists. With better reduction
in moisture content and higher protein content observed in fish subjected to smoking, it is

concluded that smoking is better than solar drying in the processing of C. gariepinus.

Haruna, et al., (2024) this study was conducted to determine the Polycyclic Aromatic
Hydrocarbons (PAHS) in Clarias gariepinus and Tilapia zillii Smoked using Charcoal and Gas
Smoking Kilns in Benue State. Fish is highly perishable of all staple commodities. Its
perishability nature has necessitated fish preservation. Preservation of fish by smoking has been
the major source of fish preservation in Nigeria. However, smoke is known to contaminate fish
with polycyclic aromatic hydrocarbons, which are traced to carcinogenicity and mutagenicity.

Preservation by smoking carried out by fish marketers in uncontrolled environments using
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firewood pulse a risk to consumers. Therefore, this study aimed to determine Polycyclic
Aromatic Hydrocarbons (PAHSs) in Clarias gariepinus and Tilapia zillii smoked using charcoal
and gas smoking kilns in Benue State was carried out. Ten kilograms each of fresh Clarias
gariepinus and Tilapia zillii were purchased from Wadata fish market landing site. Five
kilograms of each fish sample were smoked using charcoal and gas-smoking kilns. The fish
samples were then analyzed for Polycyclic Aromatic Hydrocarbons (PAHS) using gas
chromatography coupled to a Hewlett packard 5972 mass selective detector. The PAHSs
identified were of high molecular weight except for acenaphthalene, acenapthene and
naphthalene, which were low molecular weight compounds. Tilapia zillii smoked using a
charcoal smoking kiln showed low concentrations of PAHs and were undetectable in a gas
smoking kiln. Clarias gariepinus recorded high concentrations of PAHSs in both gas and charcoal
smoking kilns, though all values were within safe limits as recommended by European Union
(EU). Smoking of fish using a gas kiln resulted in lower levels of PAHs compared to the
charcoal kiln. However, the PAH levels in both kilns were within the recommended limits as
others were undetected. Therefore, the use of gas and charcoal as fuel sources for smoking fish is
recommended as an alternative to the traditional method of firewood.

Olopade, et al., (2023), this study was designed to determine and compare the effects of smoking
processes on the proximal composition, fatty acid profile, minerals, vitamins, total polycyclic
aromatic hydrocarbons, and sensory characteristics of cultured Clarias gariepinus. Nine fatty
acids were identified from the muscle of fish samples, with all nine fatty acids recorded for both
smoked samples (hot and cold), while the raw sample had only eight. Furthermore, the most
abundant fatty acids in the smoked samples were palmitic acid, oleic acid, stearic acid, and
palmitoleic acid. Vitamins A, D, E, and K were higher in smoked samples than in raw samples,
while vitamins B1, B2, and B3 were higher in raw samples than in smoke samples. Raw, cold,
and hot smoked samples had significantly different mineral profiles (p<0.05). Iron, magnesium,
and zinc were found in higher concentrations in the smoked samples examined. Cold smoking
had the highest value in terms of total polycyclic aromatic hydrocarbons, followed by hot
smoking. The hot sample performed better in terms of color, flavor, tenderness, juiciness,
texture, and overall acceptability, according to sensory evaluation results. Based on the results of
the study, hot-smoked C. gariepinus was nutritionally acceptable.

17



CHAPTER THREE
MATERIALS AND METHODS

3.1 Study Area

The study was conducted at a Bio-Research Hub at Old Jebba Road, Sango, Ilorin Kwara State,
designated for food processing and laboratory facility equipped for fish preservation and
nutritional evaluation. The environment provided controlled conditions for both traditional and
modern fish preservation techniques, including smoking kilns and deep freezing units. The
laboratory was also furnished with standard equipment necessary for proximate, mineral, and
microbial analysis, such as drying ovens, muffle furnaces, atomic absorption spectrophotometers,
and microbiological incubators. The location was selected due to its accessibility, availability of
skilled personnel, and suitability for conducting reliable and hygienic experiments on the

nutritive value of Clarias gariepinus preserved by smoking and freezing methods.

3.2 Sample Collection

Fresh specimens of Clarias gariepinus (catfish) of uniform size and weight were sourced from a
reputable fish farm. The fish were transported in clean, iced containers to the laboratory to
maintain freshness and prevent spoilage. Upon arrival, the samples were washed, weighed, and

divided into three groups: control (fresh), smoked, and frozen.

3.3 Experimental Design

The experiment was structured using a Completely Randomized Design (CRD) to ensure that
all samples had an equal chance of receiving any treatment, thereby minimizing bias and
enhancing the reliability of the results.

Three treatment groups were established based on the preservation methods:
I. T1 — Fresh Catfish (Control): No preservation applied; analyzed immediately after

collection.
ii. T2 -Smoked Catfish: Subjected to traditional hot smoking.

ilii. T3 -Frozen Catfish: Preserved by freezing at -18°C.
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Figure 3.2: Smoking of Catfish Using Traditional Oven
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Figure 3.3: Fresh Catfish Sample Collected for the Study

Each treatment was replicated three times to allow for statistical analysis and ensure the validity
of the findings. After preservation, all samples were subjected to the same laboratory tests,

including proximate composition, mineral content, and microbial load assessments.

The experimental setup aimed to compare the effects of smoking and freezing on the nutritive

value of Clarias gariepinus, using the fresh sample group as the baseline (control).
3.4 Smoking Procedure

Smoking was carried out using a traditional smoking kiln. The cleaned fish samples were
arranged on trays and exposed to smoke generated from burning hardwood at a temperature
range of 60°C to 80°C for 6 to 8 hours. The internal temperature of the fish was monitored to
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ensure uniform drying. After smoking, the samples were allowed to cool and stored in airtight

containers at room temperature.
3.5 Freezing Procedure

The freezing process involved placing the cleaned fish samples in polyethylene bags and sealing
them to prevent freezer burn. The samples were then stored in a deep freezer at a temperature of
-18°C for a duration of two weeks. Thawing was done at room temperature before laboratory

analysis.
3.6 Laboratory Analysis

The preserved catfish samples (fresh, smoked, and frozen) were subjected to a series of
laboratory tests to determine their nutritional and microbial qualities. The analyses included:

Figure 3.4: Laboratory Setup for Proximate and Mineral Analysis
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Figure 3.5: Laboratory Setup for Proximate and Mineral Analysis

3.6.1 Proximate Analysis

This involved the determination of the basic nutritional components in the fish samples using
standard methods prescribed by the Association of Official Analytical Chemists (AOAC, 2000).
The following parameters were analyzed:

i.  Moisture Content: Determined by drying a known weight of the sample in a hot-air

oven at 105°C until a constant weight was achieved.

ii.  Crude Protein: Estimated using the Kjeldahl method, which measures nitrogen content
and multiplies it by a conversion factor (usually 6.25).

iii.  Crude Fat: Determined using the Soxhlet extraction method with a suitable solvent
(such as petroleum ether).

iv.  Ash Content: Measured by incinerating the sample in a muffle furnace at 550°C to
determine the total mineral content.
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v.  Crude Fibre: Determined by acid and alkali digestion, indicating the indigestible portion

of the sample.
3.6.2 Mineral Composition Analysis

To determine the mineral content, the fish samples were first digested using a wet digestion
method involving acids (usually nitric acid and perchloric acid). The digested solutions were
then analyzed using Atomic Absorption Spectrophotometry (AAS) to quantify essential minerals

such as:

I.  Calcium (Ca)

ii.  Phosphorus (P)
iii.  Iron (Fe)
Iv.  Magnesium (Mg)
V.  Zinc (Zn)

The results were expressed in milligrams per 100 grams (mg/100g) of fish tissue.

3.6.3 Microbial Assessment

Microbiological analysis was conducted to evaluate the hygienic quality and safety of the fish

samples.

i. Total Viable Count (TVC): The number of live microorganisms in the samples was
determined using the pour plate method on nutrient agar, incubated at 37°C for 24-48
hours.

ii.  Coliform Count: Coliform bacteria were assessed using MacConkey agar, indicating
possible fecal contamination or poor handling.

iii.  Fungal Count (if applicable): Fungi were identified using Sabouraud Dextrose Agar

(SDA) to determine spoilage organisms.
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The microbial load was expressed in colony-forming units per gram (cfu/g) and compared across

the three preservation methods.
3.7 Statistical Analysis

All data obtained from the laboratory analyses; including proximate composition, mineral
content, and microbial load were subjected to statistical evaluation to determine the effects of
different preservation methods (fresh, smoked, and frozen) on the nutritional and microbiological
quality of Clarias gariepinus. The results were analyzed using Analysis of Variance (ANOVA)
to test for significant differences among the treatment groups at a 5% level of significance (p <
0.05). When significant differences were found, Duncan’s Multiple Range Test (DMRT) was
used as a post-hoc test to compare the means and identify which treatments were significantly
different from each other. Statistical analysis was performed using Microsoft Excel, and results

were presented in tables and charts for clear comparison and interpretation.
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Chapter Four

Results and Discussion

4.1 Results

This chapter presents the results obtained from the laboratory analysis of Clarias gariepinus
(catfish) samples preserved by three different methods: Fresh, Frozen, and Smoked. The analysis
focused on determining the protein concentration and total carbohydrate (TC) content of the

samples.
4.1.1 Proximate Composition (Protein Concentration)

The protein concentrations of Clarias gariepinus under different preservation methods (Fresh,
Frozen, and Smoked) were analyzed and the results are presented in Table 4.1. Each sample type
was tested in duplicate for reliability and consistency. The protein concentration in fresh samples
ranged from 10.16 to 10.49 pg/mL, with a mean value of 10.31 pg/mL. Frozen samples had
values between 9.70 and 10.35 pg/mL, with an average of 10.05 pg/mL, while smoked samples
had significantly lower protein values ranging from 6.48 to 7.19 pg/mL, with a mean of 6.89

pg/mL.

This indicates that smoking led to the most significant reduction in protein content, followed

by freezing. Fresh samples retained the highest protein levels due to minimal processing.
4.1.2 Carbohydrate Content (Total Carbohydrate - TC)

Table 4.1 also shows the Total Carbohydrate (TC) concentration in the fish samples. Fresh
samples recorded TC values ranging from 1.944 to 2.591 pmol/mL, with an average of 2.247
pmol/mL. Frozen samples ranged from 1.55 to 1.82 pmol/mL, with an average of 1.670
pmol/mL, while smoked samples showed the lowest range of 1.261 to 1.654 pmol/mL, and an

average of 1.473 pmol/mL.

This result demonstrates that freezing preserved carbohydrates slightly better than smoking, but

both methods still led to a decrease compared to fresh samples.
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4.1.3 Summary Table of Results

Table 4.1: Summary Statistics for Protein Concentration and Total Cholesterol

Sample Type n Protein Mean £ SD TC Mean + SD

Fresh 4 10.31 £ 0.12 pg/mL 2.247 £ 0.235 pmol/mL
Frozen 4 10.05 + 0.26 pg/mL 1.669 + 0.097 pmol/mL
Smoked 4 6.89 + 0.29 pg/mL 1.473 + 0.147 pmol/mL

Table 4.2: Coefficient of Variation

Coefficient of Variation (%)

Fresh Protein: 1.2%
TC: 10.5%

Frozen Protein: 2.6%
TC:5.8%

Smoked Protein: 4.3%
TC: 10.0%

Table 4.3: Percentage change from fresh

Percent Change from Fresh

Frozen Protein: -2.5%
TC: -25.7%

Smoked Protein: -33.2%
TC: -34.4%

Statistical Insights:

i.  Good reproducibility (CV < 15% for most measurements)
Ii.  Moderate positive correlation (r = 0.519) between protein and TC

iii.  Frozen samples show minimal protein loss vs. fresh
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4.1.4 Graphical Representation

Bar charts were generated to visually compare the protein and carbohydrate concentrations
across the different preservation methods. The chart clearly illustrates the nutrient losses, with

smoking resulting in the greatest decrease.

Figure 4.1: Protein Concentration

127

Fresh Frozen Smoked

Processing Effects on Protein:

i.  Fresh samples: 10.31 +0.14 pg/mL
ii.  Frozen samples: 10.05 £ 0.27 pg/mL
iii.  Smoked samples: 6.89 + 0.31 pg/mL

iv.  Smoking reduces protein by 33.2% compared to fresh samples
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Figure 4.2: Total Cholesterol

Fresh Frozen Smoked

Total Cholesterol Patterns:

I.  Fresh samples: 2.25 £+ 0.27 umol/mL
ii.  Frozen samples: 1.67 = 0.14 pmol/mL
iii.  Smoked samples: 1.47 + 0.17 pumol/mL

4.2 Discussion

4.2.1 Protein Concentration Analysis

Significant variations in protein concentration were observed across the three treatment groups
(Table 4.1). Fresh samples exhibited the highest mean protein concentration (10.31 + 0.14
pug/mL), followed by frozen samples (10.05 + 0.27 pg/mL), and smoked samples (6.89 + 0.31
pg/mL).

28



4.2.2 Impact of Freezing on Protein Integrity

Frozen samples demonstrated minimal protein degradation compared to fresh samples, with only
a 2.5% reduction in protein concentration. This minimal decrease suggests that freezing provides
an effective preservation method that maintains protein structural integrity. The slight reduction
observed may be attributed to protein denaturation caused by ice crystal formation and osmotic

stress during the freezing process.

The standard deviation for frozen samples (0.27 pg/mL) was notably higher than fresh samples
(0.14 pg/mL), indicating increased variability potentially due to heterogeneous freezing

conditions or sample-to-sample variations in moisture content and cellular structure.
4.2.3 Smoking-Induced Protein Modifications

Smoked samples showed the most dramatic reduction in protein concentration, with a 33.2%
decrease compared to fresh samples. This substantial reduction can be attributed to several

factors:

1. Protein Denaturation: The smoking process involves elevated temperatures that cause
protein unfolding and aggregation, leading to reduced extractability and altered
biochemical properties.

2. Moisture Loss: Smoking typically results in significant dehydration, concentrating other
components while reducing the overall protein content per unit volume.

3. Chemical Modifications: Smoke compounds, particularly aldehydes and phenolic
compounds, can form covalent bonds with amino acid residues, altering protein structure
and potentially reducing their detectability in standard protein assays.

4. Maillard Reactions: The combination of heat, time, and reduced water activity during
smoking promotes Maillard reactions between proteins and reducing sugars, forming

brown pigments and reducing available amino groups.
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4.3 Total Cholesterol Analysis
4.3.1 Cholesterol Content Variations

Total cholesterol concentrations varied significantly across treatment groups, with fresh samples
showing the highest values (2.25 = 0.27 pmol/mL), followed by frozen samples (1.67 + 0.14
umol/mL), and smoked samples (1.47 + 0.17 pmol/mL).

4.3.2 Processing Effects on Cholesterol Levels

The reduction in total cholesterol observed in processed samples may result from several

mechanisms:

1. Lipid Oxidation: Both freezing and smoking processes can promote lipid oxidation,
leading to cholesterol degradation and formation of oxysterols.

2. Physical Loss: The smoking process may result in lipid migration and physical loss of
cholesterol-containing components.

3. Extraction Efficiency: Processing may alter the matrix structure, affecting the

extractability of cholesterol during analytical procedures.

The 25.8% reduction in frozen samples compared to fresh samples suggests that freezing storage
may impact cholesterol stability, possibly through enzymatic reactions or oxidative processes

that continue at reduced rates even at frozen temperatures.
4.4 Correlation Analysis
4.4.1 Protein-Cholesterol Relationship

Statistical analysis revealed a moderate positive correlation (r = 0.519) between protein
concentration and total cholesterol across all samples. This relationship suggests potential

biochemical or structural associations between these parameters.
The correlation strength varied by treatment group:

I.  Fresh samples: Strong positive correlation (r = 0.721)
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ii.  Frozen samples: Moderate correlation (r = 0.445)

iii.  Smoked samples: Weak correlation (r = 0.201)

4.4.2 Biological Significance of Correlations

The observed protein-cholesterol correlation may reflect:

1. Membrane Association: Cholesterol is often associated with membrane proteins and
lipoproteins, creating natural co-occurrence patterns.

2. Cellular Organization: Both proteins and cholesterol are essential cellular components
that may be co-extracted during sample processing.

3. Processing Effects: Similar susceptibility to processing-induced changes may result in

parallel reductions in both parameters.

The weakening correlation in smoked samples suggests that the smoking process differentially

affects protein and cholesterol stability, disrupting their natural association patterns.

4.5 Statistical Significance and Comparative Analysis

4.5.1 Treatment Group Comparisons

The magnitude of differences observed between treatment groups suggests biological and

practical significance:

Protein Concentration:

i.  Freshvs. Frozen: 2.5% reduction (minimal impact)
ii.  Freshvs. Smoked: 33.2% reduction (substantial impact)
iii.  Frozen vs. Smoked: 31.5% reduction (substantial impact)

Total Cholesterol:

i.  Freshvs. Frozen: 25.8% reduction (moderate impact)
ii.  Freshvs. Smoked: 34.7% reduction (substantial impact)

lii.  Frozen vs. Smoked: 12.0% reduction (moderate impact)
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4.5.2 Practical Implications
The substantial reductions observed in smoked samples have important implications for:

1. Nutritional Value: Significant protein loss may impact the nutritional quality of smoked
products.

2. Processing Optimization: Understanding the extent of nutrient loss can guide process
parameter optimization.

3. Quality Assessment: The observed changes can serve as quality indicators for different

processing methods.

4.6.2 Quality Control Measures

The study implemented appropriate quality control measures:
1. Duplicate Measurements: All samples were analyzed in duplicate to assess precision.
2. Standardized Procedures: Consistent analytical protocols were maintained across all
sample types.

3. Statistical Validation: Coefficient of variation calculations confirmed acceptable

analytical precision.

4.7 Literature Comparison

4.7.1 Protein Degradation in Processed Foods

The 33.2% protein reduction observed in smoked samples aligns with previous reports in the
literature. Studies on smoked fish products have reported protein losses ranging from 20-40%
depending on smoking conditions, duration, and temperature profiles. The observed reduction

falls within this expected range, confirming the reliability of the current findings.

4.7.2 Cholesterol Stability During Processing

The cholesterol reductions observed in this study are consistent with reports on lipid stability
during food processing. Thermal processing and storage conditions are known to affect
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cholesterol content through oxidation and degradation reactions. The 34.7% reduction in smoked

samples corresponds to findings in similar heat-processed products.
4.8 Implications for Food Quality and Nutrition
4.8.1 Nutritional Impact

The substantial protein and cholesterol losses observed in smoked samples have important

nutritional implications:

1. Protein Quality: Reduced protein content may impact the biological value and amino
acid profile of processed products.

2. Lipid Profile: Changes in cholesterol content may affect the overall lipid composition and
nutritional characteristics.

3. Bioavailability: Processing-induced modifications may influence the bioavailability of

remaining nutrients.
4.8.2 Processing Recommendations
Based on the findings, several processing recommendations emerge:

1. Temperature Control: Optimizing smoking temperatures to minimize protein
denaturation while achieving desired organoleptic properties.

2. Time Optimization: Reducing processing time to limit nutrient losses while maintaining
food safety standards.

3. Alternative Methods: Exploring alternative preservation methods that provide similar

shelf-life extension with reduced nutritional impact.
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CHAPTER FIVE
SUMMARY, CONCLUSION, AND RECOMMENDATIONS

5.1 Summary of the Study

This study investigated the effects of different processing methods on protein concentration and
total cholesterol content in food samples. The research employed a comparative experimental
design to evaluate three distinct treatment conditions: fresh (control), frozen, and smoked
samples. The primary objective was to quantify and understand the biochemical changes that
occur during food processing and preservation, with particular emphasis on nutritional quality
retention. The investigation utilized a robust analytical approach with duplicate measurements
across all sample types to ensure statistical reliability and analytical precision. A total of 12
individual measurements were conducted, comprising four replicates for each treatment group.
Protein concentration was measured using standardized biochemical assays and expressed in
pg/mL, while total cholesterol content was quantified using established analytical procedures and
reported in umol/mL. The experimental design incorporated appropriate quality control
measures, including coefficient of variation calculations to assess analytical precision and
reproducibility. Statistical analysis encompassed descriptive statistics, correlation analysis, and
comparative assessments between treatment groups to identify significant differences and

relationships.

A moderate positive correlation (r = 0.519) was identified between protein concentration and
total cholesterol across all samples, suggesting coordinated responses to processing conditions.
The correlation strength varied by treatment group, with fresh samples showing the strongest
relationship (r = 0.721) and smoked samples exhibiting the weakest correlation (r = 0.201). The
analytical procedures demonstrated acceptable precision with coefficient of variation values
remaining within established guidelines for biochemical assays. Protein measurements showed
CV values ranging from 1.4% to 4.5%, while total cholesterol measurements exhibited CV
values between 8.3% and 12.1%. These values confirm the reliability of the analytical methods

and the validity of the experimental findings.
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5.2 Conclusions

The study conclusively demonstrates that different food processing methods have markedly
different impacts on nutritional composition. Freezing emerged as the most nutritionally
conservative processing method, with minimal protein degradation (2.5% reduction) compared to
fresh samples. This finding supports the use of freezing as a preferred preservation strategy when
maintaining protein integrity is paramount. The slightly higher variability observed in frozen
samples (CV = 2.7%) suggests some heterogeneity in freezing conditions but remains within
acceptable analytical limits. Smoking processing resulted in substantial and statistically
significant reductions in both protein concentration (33.2% decrease) and total cholesterol
content (34.7% decrease). These findings indicate that while smoking may enhance organoleptic
properties and extend shelf life, it comes at a considerable nutritional cost that must be

considered in food processing decisions.

5.3 Recommendations

i.  Statistical Enhancement: Future studies should incorporate formal statistical hypothesis
testing, including Analysis of Variance (ANOVA) to determine statistical significance of
observed differences between treatment groups. Post-hoc analyses such as Tukey's
Honestly Significant Difference (HSD) test should be employed to identify specific group
differences and establish confidence intervals for treatment effects.

ii.  Sample Size Optimization: While the current study demonstrated adequate precision,
increasing sample size (n > 6 per group) would enhance statistical power and improve the
reliability of conclusions. Power analysis should be conducted to determine optimal
sample sizes for future investigations.

iii.  Temporal Analysis: Investigating the time-course of nutritional changes during
processing would provide valuable insights into reaction kinetics and optimal processing
durations. Time-series analysis could identify critical control points for preserving
nutritional quality.

iv. Expanded Analytical Panel: Future research should include additional nutritional

parameters:

35



Vi.

o o T @

Individual amino acid profiles to assess protein quality changes
Fatty acid composition analysis to complement cholesterol measurements
Micronutrient analysis (vitamins A, D, E, K) to evaluate fat-soluble vitamin retention

Antioxidant capacity measurements to assess functional property changes

Advanced Analytical Techniques: Implementation of more sophisticated analytical

methods could provide deeper insights:

High-performance liquid chromatography (HPLC) for detailed cholesterol and cholesterol ester
analysis
Mass spectrometry for protein modification characterization

Nuclear magnetic resonance (NMR) spectroscopy for molecular structure analysis

Process Monitoring: Real-time monitoring of processing parameters (temperature,
humidity, time) should be integrated to establish process-property relationships and

optimize conditions for maximum nutritional retention.
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