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ABSTRACT

EFFECTS OF CHITOSAN COATING ON MOISTURE LOSS, MICROBIAL
GROWTH AND LIPID OXIDATION KINETICS OF MINCED ANCHOVY
MEAT DURING STORAGE

Fish is commonly consumed raw, and also used in the food industry to produce fish oil,
fish flour, frozen fish, canned fish and fish ball. Different techniques have been used to
prevent loss of quality that may occur in sea food during storage. One of these
techniques is coating food with edible films. Kinetics of lipid oxidation, and the effects
of coating on quality loss in foods have been extensively studied in the literature.
However, there are only a few studies on the protective effects of edible coating on the
lipid oxidation kinetics of minced fish meat. In this study, the effects of chitosan coating
on oxidation kinetics, microbial load, and moisture content of anchovy minced meat,
stored at different temperatures, 20 °C, 4 °C, -1 °C and -18 °C, were studied. Spread plate
technique was used to analyze the total viable count. Thiobarbituric acid and
malondialdehyde complex was determined by using UV-visible spectrophotometer to
measure lipid oxidation. Logistic equation simulated lipid oxidation in the fish samples.
Numerical values of the model parameters were used to analyze the effect of coating on
lipid oxidation in the samples. The k values obtained from the slopes of the logistic
equation were used in the Arrhenius equation to analyze the temperature dependence of
the reaction rate. Chitosan coating decreased the rate of propagation stage of lipid
oxidation in all samples compared to the corresponding uncoated samples. The coating
process decreased the maximum malondialdehyde value (Cmax) in the samples compared
to the uncoated samples, stored at the same temperature. The rate of malondialdehyde
formation was found to be depended on the storage temperature and followed Arrhenius
equation in all samples. Chitosan coating decreased the percent moisture loss and the

rate of moisture loss for all storage temperatures.
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OZET

HAMSI BALIGI KIYMASINDA KiTOSAN KAPLAMANIN NEM KAYBI,
MIKROBIYAL BUYUME VE LiPiT OKSIDASYON KIiNETiGi UZERINDEKI
ETKILERI

Balik, gida endiistrisinde ham madde olarak balik yagi, balik unu, dondurulmus balik ve
konsenserve balik gibi farkli gida {iriinlerinde yaygin bir sekilde tiiketilmektedir.
Depolama sirasinda meydana gelebilecek kalite kayiplarin1 6nlemek amaciyla, birgok
teknik gelistirilmistir. Bu tekniklerden birisi de yenilebilir film kaplama teknigidir. Lipit
oksidasyon kinetigi, kaplamanin gidadaki kalite kayib1 lizerindeki etkisi yaygin olarak
literatiirde goriilmektedir. Ancak balik kiymasma wuygulanan kaplamanin lipit
oksidasyon kinetigindeki koruyucu etkisi hakkindaki ¢aligmalar azdir. Bu ¢alismada,
farkli sicaklilarda, 20 °C, 4 °C, -1 °C ve -18 °C, depolanan hamsi kiymasinda kitosan
kaplamanin, oksidasyon kinetigi, mikrobiyal yiikleri ve nem miktarlarindaki etkileri
caligtlmigtir.  Toplam canli saymmini analiz etmek i¢in yayma plaka teknigi
kullanilmigtir. Lipit oksidasyonu 6lgmek igin, Tiyobarbitiirik asit ve malondialdehit
kompleksi UV-goriiniir spektofotometre kullanilarak tayin edilmistir. Lojistik denklem,
balik 6rneklerinde meydana gelen lipit oksidasyona simiile edilmistir. Orneklerde,
kaplamanin lipid oksidasyona etkisi, model parametrelerinin sayisal degerleri
kullanilarak analiz edilmistir. Lojistik denklemin egiminden elde edilen bu k degerleri,
Arrhenius denkleminde kullanilarak, reaksiyon hizinin sicakliga bagli olup olmadigi
incellenmistir. Tiim Orneklerde kitosan kaplama, lipid oksidasyondaki yayilma
basamagindaki hizini, kaplanmamis Orneklere kiyasla diisiirmiistiir. Tiim orneklerde
kaplama islemi, maksimum malonaldehit degerini (Cmax), kaplanmamis oOrneklere
kiyasla diisiirmiistiir. Malonaldehit olugma hizi, tiim numunelerde depolama sicakligina
bagli oldugu Arrhenius denklemine gore agiklanmistir. Kitosan kaplama tiim depolama

sicakliklarinda nem yiizdesini ve nem kaybi1 hizin1 dlistirmiistiir.
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1. INTRODUCTION

Today, seafood is at the top of the list of foods that are preferred the most in many
countries due to its cost-efficiency and rich nutrient content. According to the statistics
of Turkish Statistics Institute, in 2015 total seafood production was 397.731 tonnes,
farmed seafood production was 240.334 tonnes and fresh water farmed seafood
production was 34.176 tonnes [1]. Total average fish consumption is 24 kg in the
European Union and 7.6 kg in Turkey [2]. In the developed countries fresh fish
consumption constitutes 5 %, frozen fish constitutes 42 %, smoked fish constitutes 15%

and canned fish consumption constitute 5 % of the total fish consumption [3].

Fish is highly rich in two types of polyunsaturated fatty acid (PUFA) which are not
produced in the body and therefore need to be obtained from food: EPA
(Eicosapentaenoic acid) and DHA (Docosahexaenoic acid). EPA and DHA are known
as polyunsaturated fatty acids that contain essential omega-3 fatty acids.
Polyunsaturated fatty acids, essential amino acids, minerals and vitamins in seafood

makes it a valuable food in a healthy and balanced diet [4].

In the industry, commonly, fish is cleaned right after it is caught, then packaged in air
tight packages and stored for further process. Smoking, salting, drying, canned and
frozen storage methods are used commonly to extend the shelf life today. When these
methods are not applied properly, very serious adverse changes occur in the chemical,
biological and sensory profile of fish [5]. Shelf life of fish is around 3 days when stored
in a refrigerator (+5 °C). Storage time in a freezer (-18 °C) is 3 months for small fish
such as European anchovy, sardine, and 5-6 months for gilthead bream and bluefish [6].
Oxidation of fatty acids and associated discoloration, off odours and off-flavours,
undesirable microbial growth, loss of moisture and associate changes in texture are the
most common adverse changes. These changes cause both economic and nutrient losses
[7]. Studies have demonstrated that the oxidation rate of fatty acids depends on the
oxygen concentration in the environment, the food's surface area in contact with
oxygen, types and amounts of fatty acids in the food, temperature and humidity of the
environment and to light and metals [8].



Edible coatings have been used in some food such as fruits, meat and meat products to
prolong their shelf lives and demonstrated to be effective in delaying certain biological
and chemical reactions leading to spoilage [9]. Studies have observed that edible film
coatings reduce fatty acid oxidation by creating an oxygen barrier in fish rich in
essential unsaturated fats, reduce loss of moisture by creating a barrier, and show an

antimicrobial effect and prolong shelf life [10].

This study aims to study the effects of chitosan coating on the kinetics of lipid
oxidation, and also loss of moisture, and microbial growth in minced anchovy fish

stored at different temperatures.



2. LITERATURE REVIEW

2.1. FISH CONSUMPTION AND NUTRIENT COMPOSITION

Seafood production increased by 25.1 % and reached to 672.241 tonnes in Turkey in
2015 as shown in Figure 2.1. Sea fish constitutes 51.4 % , other seafood constitutes 7.7
%, fresh water fish constitutes 5.1 % and farmed fish constitutes 35.8 % of the

production [1].

Average annual fish consumption is around 7 kg in Turkey. When compared with the
EU countries, despite being in the 7" position in fish production, Turkey is at the

bottom for consumption [11].

More than 80 % of marine products are used for human food in our country. Remaining
part is used for fish flour, fish oil and other purposes. This consumption has the values
of 75 % fresh fish, 4 % frozen fish and 2 % processed fish [12].

Uretim (Ton)
o

[ 10031
131766
35351
[ 7aa2s
B 241754

Figure 2.1. Production of seafood in Turkey in 2015



Fish meat is a perfect food in for its nutrient values. It contains all essential amino acids
(leucin, lysine, valine, methionine, phenylalanine, threonine, tryptophane, histidine,

arginine) required for the protection and growth of body tissues [13].

Fish meat is also rich in fat soluble vitamins, A, D and E; and thiamine (B1), riboflavin
(B2), pyridoxine (B6), niacin (B3) and cobalamin (B12), vitamin B group which are

soluble in water [14] .

Fish and other seafoods have distinctive importance in healthy diet model for their rich

mineral content, such as iodine, selenium, phosphorus, magnesium and zinc [15].

Another major nutrition component of seafood is fat. Fat content of fish meat vary
greatly; for the same fish species not only depending on the fish species but also on the
seasonal conditions, feeding characteristics, salt percentage in the water. Fish that have
a fat content less than 2 % are generally classified as not oily and fish that have a fat

content higher than 5 % are classified as oily fish [16].
Average composition of fish was shown in Table 2.1 [17].

Table 2.1. Average composition of fish

Component Minumum (%) Average Range (%) Maximum (%)
Protein 6,0 16-21 28
Fat 0,1 0,2-25 67
Carbohydrate - <05 -
Ash 0,4 1,2-15 1,5
Water 28,0 66-81 96

A large portion of the fat in the fish meat is found in the form of triglyceride which is an

ester derived from glycerol and three fatty acids as shown in Figure 2.2 [18].
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Figure 2.2. Formation of triglycerides

Fatty acid classification is primarily done based on the number of bond between the
carbon atoms in long hydrocarbon chain. A saturated fatty acid is type of fatty acid
which the fatty acids have single bonds in the carbon chain. An unsaturated fatty acid is
type of fatty acid which the fatty acids have one or more double bonds in the carbon
chain. A monounsaturated fatty acid (MUFA) has just one double bond, a
polyunsaturated fatty acid (PUFA) has two or more double bonds in the carbon chain.as
shown in Figure 2.3 [19].
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Figure 2.3. Chemical structure of saturated and unsaturated fatty acids



Unsaturated fatty acids are found in nature are omega-9, omega-6 and omega-3 and they
are called oleic, linoleic and linolenic, respectively as shown in Table 2.2 [20]. Two
very important fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), are found in all seafood [21].

Saturated fatty acids (SFA) and monounsaturated omega-9 fatty acids are able to be
synthesized in human body. Therefore, it is not compulsory to take these fatty acids
from external food sources. Polyunsaturated fatty acids (PUFA) including more than
one double bonds are categorized as two subgroups omega -3 and omega-6 and both
fatty acids must be taken externally because they cannot be synthesized in human body.
These fatty acids are accepted as “essential” and their consumption by foods has great

importance for healthy nutrition [22].

Table 2.2. Unsaturated fatty acids and numerical formulas

Fatty acid poleculdy Structure Formula
Formula
Oleic acid =
omecas) | CuMO; CH,.(CH,),.CH=CH(CH,) .COOH
Linoleic 1 ¢ 1 o CH,.(CH,), CH=CH.CH, CH=CH.(CH.) .COOH

(Omega 6) 18' 322

Linolenic B ~ _
(Omega 3) C,H,,0, |CH,.CH,.CH=CH.CH,.CH=CH.CH,.CH=CH.(CH,),.COOH

Fatty acids and their saturation levels in various seafood are listed in Table 2.3 [23].



Table 2.3. Fatty acid amount in some seafood

Type Fat SFA |MUFA |PUFA EPA DHA Cholesterol
(9/100g) (g/100g) (g/100g) (9/100g) |(9/100g) (g/100g) (mg)
European 4.8 1.3 1.2 1.6 0.5 0.9 -
anchovy
Herring 9.0 2.0 3.7 2.1 0.7 0.9 60
Mackerel | 13.0 2.5 5.9 3.2 1.0 1.2 53
Tuna 6.6 1.7 2.2 2.0 0.4 1.2 38
Carp 5.6 1.1 2.3 1.3 0.2 0.1 67
Codfish 0.7 0.1 0.1 0.3 0.1 0.2 43
Hake 1.6 0.3 0.3 0.6 0.2 0.2 -
Halibut 2.3 0.3 0.8 0.7 0.1 0.3 32
Sole Fish 1.2 0.3 0.4 0.2 Tr 0.1 50
King 10.4 2.5 4.5 2.1 0.8 0.6 -
Salmon
Pink 3.4 0.6 0.6 1.4 0.4 0.6 -
Salmon
Rainbow 3.4 0.6 1.0 1.2 0.1 0.4 57
trout

2.1.1. European Anchovy

Anchovy (Engraulis) generally lives in all tropical and subtropical waters and together

form dense schools close to the shore [24].

The anchovy species which are widely caught are Engraulis anchoita (Argentine
anchovy), Engraulis australis (Australian anchovy), Engraulis capencis (South African
Anchovy), Engraulis encrasicolus (European anchovy, the species in Turkey),
Engraulis eurystole (silver anchovy), Engraulis japonicus (Japanese anchovy),

Engraulis mordax (Californian anchovy), Engraulis ringes (Peruvian anchovy) [25].



E. engrasicolus is known as European anchovy in the world as shown in Figure 2.4
[26]. Engraulis encrasicolus is pelagic fish that belongs to the Clupeiformes team and
Engraulidae family of the Actinopterygii class. This species is widely distributed from
Eastern Atlantic shores stretching to West Africa and throughout Mediterranean, Black
Sea, Marmara Sea and the Azak Sea. It is widely distributed in all the seas surrounding
Turkey [27].

Figure 2.4. Image of Engraulis encrasicolus

European anchovy is a natural food source caught with purse seining especially in the

Black Sea in winter months.

In terms of volumes caught, anchovy (Engraulis encrasicolus) is the number one fish
species in Turkey and makes more than 50 % of sea fish harvest. Anchovy makes
almost 30 % of Turkey's seafood production with 179.615 tonnes and a major portion,
around 76.190 tonnes of this amount are used as a by-product in fish flour and oil
factories [28]. Anchovies caught are consumed fresh in Turkey and processed in many
processing plants throughout Turkey using various techniques and then introduced both

to the local and international markets [29].

2.2. LIPID OXIDATION MECHANISM

Lipid oxidation is defined as reactions of free radicals and oxidative degradation of
unsaturated fatty acids. Main form of oxidation is autoxidation which results in
generation of hydroperoxides. Lipid oxidation is a chain reaction that occurs in three
stages; initiation, propagation and termination [30]. Figure 2.5 shows the basic steps of
lipid oxidation. Where RH is a fatty acid, R is a alkyl radical, RO: is a peroxide radical,

RO2H is a hydroperoxide, RO2R is a oxidation product as shown in Figure 2.5 [31].



Initiation (occurrence of free radicals): RH —> R+H

Propagation (formation of hydroperoxides): R+ 0, =——> RO

RO+ RH ——> ROH+R

Termination (the formation non-radical products): R+ R =——> RR
R+RO;, ©——> RO;R

RO, + RO, ——>RO0O:R + O

Figure 2.5. Lipid oxidation mechanism

At the initiation stage of the reaction, unsaturated fatty acid, which is bonded to carbon
atom (adjacent to dual bond) and contains unstable hydrogen atom, breaks into free

radicals by removing hydrogen atom with effect of oxygen, light, heat and heavy metal.

At the propagation stage of the reaction, after sufficient free radicals are formed, the
chain reaction starts with the reaction of R with oxygen. As a result peroxide radicals
(ROy) are formed. These peroxide radicals react with hydrogen atoms of a-methylenic
groups of fatty acid molecules that were not in reaction to generate hydroperoxides
RO-H and new free radicals R. New free radicals reacts with oxygen and the reaction

cycle repeats itself.

At the termination stage, two free radicals react and termination occurs. At this stage,
oxidation products such as aldehydes, ketons, alcohols, acids, and hydrocarbons which

causes off flavour and odour in the product are generated [32].
Lipid oxidation is affected from some factors. These factors are explained as below:

Fatty acid chemical structure; lipid oxidation rate mainly depends on the fatty acid
distribution in lipid. As the number of double bonds in a fatty acids increases, induction
time for lipid oxidation decreases and the oxidation rate increases. Fats that contain high
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amount of PUFA are much more prone to oxidation [31]. Oxygen; oxygen contentration
is important for oxidation reactions. The oxidation becomes faster when the active
oxygen contentration is very much. The effect of oxygen concentration on oxidation
rate is also affected by other factors such as temperature, surface area [33]. Energy and
temperature; oxidative reactions of lipids start by the action of an energy source such as
heat, light or ionizing radiation. Heat accelerates oxidation. Generally, an increase of 15
°C in temperature doubles the oxidation rate. High temperature converts food molecules
into free radicals and increases further breakdown of hydroperoxides into secondary
oxidation products [34]. Moisture; lipid oxidation rate is strongly depended on water
activity. Water forms hydrogen bonds with hydroperoxides. High water activity
accelerates oxidation. Surface area; Oxidation rate gets higher by the increase in surface
area of lipid that is in contact with air. Enzyme; Lipoxygenase and peroxidase catalyses
lipid oxidation [35]. Metals; Most foods contain sufficient amount of heavy metals to
catalyze lipid oxidation. Important metals such as iron, copper, cobalt, manganese and
nickel act as lipid oxidation catalysts in foods. Antioxidants; Antioxidants are classified

as products which slow or delay reaction during lipid oxidation in food systems [36].

2.3. LIPID OXIDATION KINETICS

Many chemical reactions occur in foods. Some of these chemical reactions are needed
to obtain the compounds that provide the flavour, texture and nutritive values and some
reactions cause the spoilage of the foods or the undesired subtances. If the activation
energy is high enough, the chemical reactions are formed by the collisions of the
molecules that cause the breaking down or the formation of the chemical bonds.
Chemical kinetics deals with the rates of the chemical reactions and provides the the

correlations for the mathematical modeling and the mechanisms [37].

The kinetic model of lipid oxidation in foods by Ozilgen and Ozilgen simulated the lipid
oxidation in food systems using the logistic equation. Nearly complete correlation was
achieved between the logistic model and literatural data of seventeeth sets. These
literatural data contains egg yolk, restructured beef and pork nuggets, cooked pork meat,

iced gutted dogfish, frozen mackerel fillets and ground raw poultry meat. A basic
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method was generated to evaluate the model parameter values. The changes in the

values were also related to variable pre-treatment and storage conditions [38].

Sergio Gomez had an experimental design to produce a kinetic model for the
autoxidation reaction of triacylglycerols in olive oil stored in dark environment at a
temperature range between 25-75 °C. Then, a pseudo first order reaction was obtained
when secondary oxidation products were formed. The rate constant belonging to
secondary oxidation products with temperature was produced as fitted to Arrhenius

equation [39].

In an other study, the kinetic modeling of lipid oxidation was investigated for soybean
oil with addition of mono-olein, stearic acid and iron by A. Colakoglu. The addition of
mono-olein, stearic or iron into soybean oil increased the lipid oxidation rate during the
storage. Peroxide decomposition became higher due to iron. Lipid oxidation in soybean
oil was determined as first order reaction and the addition of mono-olein, stearic acid
and iron did not influence the lipid oxidation reaction kinetics [40].

The kinetics of the alteration on freshness of grass carp for various temperature values
during storage was studied to analyze the quality change in cold chain circulation by L.
Zhan et al. . The kinetical modeling of sensorial evaluation, total aerobic counts, k-
value, total volatile basic nitrogen and TBA versus storage duration and temperature
were performed depending on Arrhenius equation. The higher regression coefficient
meant acceptable first order reaction and Arrhenius modeling to predict the quality

variation of grass carp [41].

A study to verify the model applications was performed by using the sausage samples
by F. Wenjiao et al. . The change in thiobarbituric acid reactive substances were
followed for the samples for the storage temperatures of 5, 15, 25, 30 and 35 °C, while
the control temperatures were specified as 10 °C and 20 °C. The use of these predictive
models was verified by the obtainment of first order kinetic model fitting of TBARS
data at constant temperature. A first order kinetic modeling corresponded the TBARS

data at constant temperature with equation B = Boe*®![42].

As another article studied the lipid oxidation kinetics of ozone-processed shrimp during

iced storage using peroxide value measurements by G. Bono et al. . In iced storage of
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shrimp samples, the lipid oxidation equations were not affect to oxidizing substrate

concentration rate values [43].

The formation of hydroperoxides was also studied by fitting lipid oxidation data of
microencapsulated and bulk chia oil stored at water activity values of 0.105 — 0.765 and
temperatures of 25, 35 and 40 °C by L. Escalona et al. . Zero, first and second order

reaction models were obtained in the study [44].

A project comprising the study of peroxide value, lipid oxidation and shelf life for
pistachio powder was carried out by H. Tavakolipour et al. . Storage temperatures were
15, 25, 35, and 40 °Cand relative humidities were 11, 33, 73 and 87 %. The lipid

oxidation kinetics were found out to be first order reaction [45].

2.4. LIPID OXIDATION IN SEAFOOD

Fish products are susceptive to lipid oxidation due to their high unsaturated lipid

concentration [46].

In one of the studies, 0.06 % rosemary extract, tocoferol and propyl gallate as
antioxidant were added to Australian red crayfish (Cherax quadricarinatus.Then,
crayfish was frozen and stored at -20 °C. The chemical changes were investigated at 1%,
3" and 6™ months of storage by freezing. TBARS of antioxidant added groups were
found to be higher with respect to control group [47].

The investigation of quality variations in anchovy patties stored at of 4°C was studied
by P. Yerlikaya et al. [48]. An increase in total volatile basic nitrogen and thiobarbutiric
acid contents, and a decrease in, acidity and sensory scores were observed during the
storage. The peroxide value of anchovy patties significantly increased until the fifth day
of storage then decreased on 5" and 6" days of storage [48].

In another study, dead nettle (Urtica diocia) containing natural antioxidant was added
on steelhead (Oncorhynchus mykiss) fillets by O. Hisar et al. [49]. Three different
concentration of dead nettle extract (0.4 %, 0.8 % and 1.61 %) and propyl gallate were
used as study groups. Total antioxidant activity, TBARS, TVB and pH values were
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followed during storage. It was stated that dead nettle extracts increased the shelf life of

steelhead fillets stored aerobically and decreased lipid oxidation [49].

A Rodriguez et al. studied coho salmon (Oncorhynchus kisutch) was stored for 9
months at -18 °C with high technology uniting vacuum and polyphenolic rich film.
Lipid hydrolysis, lipid oxidation and antioxidant content variation in salmon muscles
[50]. It was observed that free fatty acid formation was not affected by packaging
conditions. Furthermore, vacuum packaging conditions partially influenced the
inhibition of primary and secondary lipid oxidation development [50].

Al-Bandak et al. studied the addition of Majorana syriaca as a natural antioxidant source
to minced tuna fish (Thunnus albacares); then investigated antimicrobial and
antioxidant anti-oxidative effect by storing at 0 °C. Peroxide and TBARS analyses were
carried out to observe oxidation changes. It was reported that lipid oxidation was

inhibited by the increase of extract concentration [51].

I. Aydin et al. studied the effects of temperature and time of freezing on lipid oxidation
in anchovy at during frozen storage. The fish were stored at different temperatures; -20
°C, -40 °C, -80 °C. Peroxide value and thiobarbutiric acid values were significantly
affected by temperature. Low freezing temperature resulted in low oxidation level.
During the storage, oxidation value increased. The best freezing temperature in terms of

delaying of lipid oxidation was found to be -80 °C [52].

2.5. EDIBLE COATINGS

Edible films are one of the most sought out packaging materials because they are cheap,
they require simple production technologies and made of natural components, they have
varied functionalities and they are biodegradable [53]. They mainly control carbon
dioxide, moisture and lipid migration and improve mechanical properties of the food
system, protects food from external factors, prevents quality deterioration, reduce the
loss of flavour and odour, preserve vitamins and ions that stop browning reactions,
pigments, antioxidants, antimicrobial agents in the product to improve the quality and
shelf life [54].
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Edible films and coatings are made of non-synthetic natural sources, coated on the
surface of a food or applied between layers of food components to prevent quality loss

in food and increase its shelf life [55].
There are mainly three types of coating in edible films.

1. Lipid-based coatings (include animal fat and vegetable oils, cross linked triglycerides

and wax).

2. Polysaccharide based coatings (include starch, cellulose, gums, chitin/chitosan and

similar materials).

3. Protein based coatings (corn zein, wheat gluten, soya protein, keratin, collagen,

gelatin, casein and whey protein) [56].

Dipping, spraying, foaming, and enrobing techniques are used to apply edible coatings.
A coating technique that does not harm the product should be chosen [57]. Therefore,
the non-use of abundant coating material, homogeneous distribution of coating material

on product and drying must be performed carefully [58] .

2.6. CHITIN AND CHITOSAN

Chitin and chitosan are the most common polysaccharide based biopolymers after
cellulose. Chitin is the main component of shellfish such as crabs and shrimps, and
found in the bones of insects and cell walls of fungus. Chitosan is a modified and
natural carbohydrate polymer obtained through partial deacetylation of chitin [59].

Chemical structure of chitin and chitosan were given in Figure 2.6 [60].
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Figure 2.6. Chemical structure of chitin (a) and chitosan (b)

Chitosan is a white colour, odourless, tasteless semi-transparent particles or powder and
resistant to digestive enzymes. On the other hand, it is degraded by some bacteria. It is
insoluble in water, and soluble in acidic solutions (<6.0 pH). Organic acids such as
acetic, formic, lactic are used to dissolve chitosan. Dissolution with inorganic acids is
limited (dissolved in 1% hydrochloric acid, does not dissolve with sulfuric and
phosphoric acid). Chitosan solutions are destabilized at pH 7.0 and over. Similarly,
storage at room temperature for an extended period of time can have a negative effect

on the stability of solutions [61].

Chitosan is very sensitive to environmental conditions, so it is sugessted to store in
closed containers at low temperatures (2—8 °C). Exposure to high temperatures ( above
40 °C) was found to cause a significant loss of moisture (dehydration of chitosan
powder) [62].

2.6.1. Use of Edible Coatings On Seafood

Although fish and other seafood are rich in nutrients, their shelf lives are quite short
when compared to red meat and poultry products. New preservation techniques and

applications are developed every day in order to maintain their shelf lives and quality
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properties. One of these techniques is edible films which are widely used on other
foodstuff [63].

S. Dursun et al. stated that when red meat, poultry meat and fish slices are placed in
plastic packages, leaking liquid makes the product unattractive for potential buyers [64].
Edible coatings hold the liquid inside, prevent leakage, improve product presentation

and therefore no absorbent pads are required in packages.

A. Gennadios et al. stated that volatile flavour loss and development of off-odours in red
meat, poultry meat and seafood can be limited with edible coatings [65]. Coating
applied on fish, poultry meat and red meat can reduce oil absorption during frying and

improve their nutrient.

Chitosan based films and coatings are commonly used in marine products. Jeon et al.

stated that chitosan based coatings decreased the lipid oxidation and moisture loss [66].

Sathivel reported that chitosan-based film coated salmon fish minimized lipid oxidation
and dropping loss [67]. Coatings with 1 % and 2 % chitosan solution were effective in
reducing about 50 % relative moisture loss compared with the uncoated fillets.

Lopez-Caballero et al. studied on coating of gadoid fish with edible film [68]. They
used three groups: non-chitosan coated control group, powder chitosan added group and
chitosan-gelatin coated group. It was stated that powder chitosan addition into minced
meat did not affect the bacterial growth. Sensory properties of chitosan-gelatin coating
were fine and then the coatings retarded the food spoilage in minced meat by decreasing
total volatile basic nitrogen and number of Gram (-) bacteria.

W. Fan et al. stated that the effect of chitosan coating on shelf life and quality of carp
was studied [69]. The fish samples were coated with 2 % chitosan and stored at -3 °C for
30 days. It was stated that quality properties were preserved and shelf life was

increased.

Alak et al. explained that chitosan based films increased the shelf life of bonito fish
(Sarda sarda) due to antimicrobial effect [70]. The chitosan may absorb the necessary
nutrients for bacteria. Also, chitosan may interact with negative charge of cell

membrane by increasing membrane permeability.
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In another study, V. Charmanara et al. stated that fish fillets were coated with chitosan
and stored at 2 °C for 3 weeks and at -20 °C for 3 months [71]. TBARS values
decreased, total bacteria count was inhibited and total lipid and omega-3 fatty acid

amounts were increased and dropping losses were decreased.
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3. MATERIALS AND METHODS

3.1. MATERIALS

Ten kg of fresh anchovy (Engraulis encrasicholus) were purchased from the izmit fish
market hall in Kocaeli. The fish was boxed with crushed ice and brought to the
laboratory (Figure 3.1). Fishbones were removed, fish head, tail and viscera were
seperated and cleaned. Then, fileto of fish were passed through a meat grinder. Minced
fish meat was put on 1 cm depth stainless steel trays uniformly. Chitosan was smeared
onto some of minced fish meat samples and caoted samples were dried for 3 days at 4
°C. Uncoated samples were specified as control group. Trays were covered with layers
of plastic wrap and aluminium foil. Samples were stored at 4 °C, -1 °C, -18 °C and room

temperature, respectively.

Figure 3.1.Fish filetos in boxed with crushed ice

3.2. REAGANTS

Chitosan, TEP (1.1.3 Tetrahoxypropane), hexane, ethanol, hydrochloric asit (HCI),
thiobarbituric acid (TBA), trichloroacetic acid (TCA), butylated hydroxytoluene (BHT),
acetic acid, sulfuric acid (H2SO.) were purchased Sigma-Aldrich. Methyl red,
bromocresol green, boric acid, sodium hydroxide (NaOH), Kjedahl tablet, Plate Count
Agar, saline solution, crystal violet, lugol and safranine were purchased from Merck.

Blood Agar / Eosin Methylene Blue Agar was purchased from Salubris.
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3.3. METHODS
3.3.1. Chitosan Solution and Coating

2 % (w/v) of chitosan was prepared in 1000 mL of 1 % (v/v) acetic acid solution.
Chitosan was gradually added to acetic acid, and stirred with magnetic stirrer at room
temperature until completely dissolved (2.5 h) [72].

3.3.2. Determination of Protein Content

Protein analysis were done by using Kjeldahl nitrogen method [73]. The fish samples (3
g) were weighed and taken into digestion tube. Two Kjeldahl tablets and 20 mL of
concentrated H2SO4 (98 %) were added into each digestion tube with fish sample, and
blank and were heated for 2-3 h at 450 °C until samples were neon green in colour. The
digestion tubes were cooled to room temperature. The digested samples in digestion
tubes were placed into the distillation unit and 40 % (w/v) NaOH was added. The
samples were distilled until 100 mL of distillate were collected in 100 mL of 4.0 %
(w/v) boric acid for 10 minutes. For preparing 4.0 % (w/v) boric acid, 20 g boric acid
was solved in 250 mL boiling water and was added to 5 mL bromocosol green solution
and 3.5 mL methyl red solution. Distilled of samples were titrated it with 0.1 M HCI
until pH of 4.2 and colour pink [73].

The percentage protein content was calculated as below:
, V1l - V2
% N: Normality HCl X [T] X (14 gN /mol x 100) (3.1)

% Protein = % N X Protein factor (3.2)

Where V1 is volume HCI (mL) for sample, V2 is volume HCI (mL) for blank, W is
weight of sample (g) and protein factor is 6.25 .
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3.3.3. Determination of Lipid Content

Fat analysis were done by soxhlet extraction method [74]. The fish samples (5 g) were
weighed and taken into a cellulose thimble, and the thimble was plugged with cotton-
wool. The thimble were placed in soxhlet extraction chamber, which was placed into a
distillation flask containing 250 mL n- hexane. The extraction was continued for 6 h,
then thimble was cooled for 24 h at room temperature. A residue of solvent was
evaporated at 45 °C. The sample was cooled in desiccator and after, percentages of fat

content was determined according to the weighing difference [74].

The percentage fat content was calculated as below:

x 100 (3.3)

W2 - Wi
oot = (W22 1)

Where W1 is weight of flask (g), W2 is weight of flask and oil (g), M is sample weight
(9).

3.3.4. Determination of The Moisture Content

5 g of minced fish sample was weighed in the Petri dish, with lid. The Petri dish was
left in an oven at 105 °C for 4 h. Then, the samples were removed from the oven, and
transferred into the desiccator. After the samples were cooled, they were weighed. Then,
fish samples were reheated in a oven at 105 °C for %2 h. They were cooled in dessicator
an weighed again. This process was repeated until reading between measurements do

not differ more than 1 mg [75].

The percentage moisture content was calculated as below:

% Moisture = | VL= WD 100 (3.4)

o Moisture = (W1—W0)X :
Where Wo is weight of pan (g), W1 is weight of pan and wet fish sample (g) and W- is
weight of pan and dried fish sample (Q).
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3.3.5. Determination of the Ash Content

Crucibles dried at 100 °C for 2 h before the experiment. 5 g fish sample was placed into
a tared crucible. Three crucibles were ignited at 550 °C for 4 h in a cool muffle furnace.
Then, muffle furnace was turned off and waited to open it until the temperature was
decreased to at least 250 °C. Crucibles were transferred to desiccator until samples are
weighed (AOAC, 920.153) [76].

The percentage ash content was calculated as below:

be Ash B (Weight after ashing (g)- Tare weight of crucible(g) ) « 100 (35)
R (Original sample weight (g) ) '

3.3.6. Microbial Analysis

All samples were cultured and observed microbiological growth. One g of fish sample
was mixed with 10 mL sterilized distilled water into a tube and, were homogenized by
vortex. 100 pL. of homogenized sample was pipetted onto surface of Plate Count Agar
Petri dishes and sample was spread evenly over surface of agar using sterile glass
spreader by spread plate technique to analyze the total viable count. Homogenized
sample was inoculated to Blood Agar / Eosin Methylene Blue Agar Petri dishes for
aerobic bacteria incubated for 2 days at 37 °C. Isolation aerobic microorganizms. Then
all Petri dishes were put in the incubator and put into gas packs to identify anaerobic
bacteria. The indicator was added to gas pack to eliminate the oxygen and anaerobic
conditions were provided [77]. All samples were kept at 37 °C in the incubator for 3
days. After incubation, cfu (colony forming-unit) values were calculated in terms of
logl0 with counting colonies in Petri dishes. Then colonies in Petri dishes were
inoculated to media for identifying microorganisms and applied different
microbiological method for identification.
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3.3.6.1. Gram Staining

Gram staining was performed to identify Gram (+) and Gram (-) microorganizms. Gram
staining is a common method used to differences Gram (+) and Gram (-) bacteria. Gram
(+) bacteria stain violet due to presence of a thick layer of peptidoglycan in their cell
walls. Gram (-) has a thinner bacteria peptidoglycan layer. One drop of saline solution
and microorganism sample were smeared onto the slide. then, the solution was dried on
the slide. Crystal violet stain solution was added on the slide and waited for 1 minute.
The slide was washed with large amount of distilled water. Lugol stain solution was
added on the slide and waited for 1 minute. The slide was washed with large amount of
distilled water. Alcohol was added on the slide and waited for 15-20 seconds. The slide
was washed with distilled water again. The safranine was added on the slide and waited
for 30 seconds. After drying, the slide was observed by microscope. Purple color
microorganisms were identified as Gram (+) and pink color microorganisms were

identified as Gram (-) bacteria.

3.3.6.2. Catalase and Oxidase Test

Catalase test was applied on Gram (+) colonies. Catalase is detected by adding 3 %
H20> into test tube. A sterile wooden stick was used take several colonies of the 18 to
24 hours test organism and immerse in the hydrogen peroxide solution. When catalase is
positive, air bubbles was observed. When catalase is negative, air bubbles was not
observed. [78]. Catalase (+) microorganisms were identified as Staphyloccus species,

catalase (-) microorganisms were Streptococcus species.

Oxidase test was applied on Gram (-) colonies. Strip of filter paper are soaked in 1%
solution of tertramethyl-p-phenylene-diamine dihydrochloride. The strips are freeze
dried and stored in a dark bottle tightly sealed with a screw cap. For use, a strip is
removed, laid in a Petri dish and moistened with distilled water. The colony to be tested
is picked up with a platinum loop and smeared over the moist area. A positive reaction
is indicated by an intense deep-purple hue, appearing within 5-10 seconds, a “delayed
positive” reaction by colouration in 10-60 seconds, and a negative reaction by absence
of colouration or by colouration later than 60 seconds [79]. Oxidase (+) microorganisms

were non-fermentative, oxidase (-) microorganisms were Enterobacteriaceae.
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Then, Biomerieux Vitec 2.0 (France) system was used for species identification. Vitec

2.0 is a system to identify the bacteria according to biochemical properties.

3.3.7. Determination of Lipid Oxidation by UV-Visible spectrophotometer

In this study, UV-Visible Spectrophotometry was used to quantify TBA-MDA complex,
formed as a result of lipid oxidation, in ground fish meat (Figure 3.2) .

Figure 3.2. Image of UV-visible spectrophotometer

The extent of lipid peroxidation in foods was measured by using TBA test which is the
most commonly measuring method. The absorption spectrum obtained with oxidized
fatty foods is quite similar to the spectrum obtained when TBA and MDA react. MDA
is three carbon dialdeyde. It has been known longly that unsaturated oil and fats produce
MDA at the last steps of the autoxidation and it is the secondary oxidation product.
Formation of MDA-TBA: complex occurs by a nucleophilic attack comprising carbon-5
of TBA and carbon-1 of MDA, followed by dehydration and similar reaction with a
second molecule of TBA producing a red pigment (Figure 3.3). The intensity of the pink
pigment formed through MDA-TBA condensation displays the extent of lipid
peroxidation. The velocity of the reaction depends on the temperature, pH and
concentration of TBA [80].
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Ultraviolet - visible spectrophotometer is performed by passing light through the
solution and determining the amount of light absorbed by the solution, to quantify the

extend of lipid oxidation [81].

i\* fl T U'— '-H—\;/F

MDA 17-19 NOA-THA

Figure 3.3. Reaction between the MDA and TBA to form the MDA-TBA; pigment

Lipid oxidation was measurement by TBA value with spectrophotometer [82].

For preparing MDA standart curve, 18 uL. TEP was dissolved in 25 mL HCI (0,1 M) to
final stock solution 3,2 mmol/L, and kept for 2 h at room temperature in the dark. Then,
stock solution was diluted with 7,5 % TCA in water to the concentration of 1, 2, 4, 8,
16, 32 umol/L.

MDA was extracted from the fish samples with TCA solution as follows; 3 g fish
sample, 9 mL of the 7,5 % TCA solution, and 50 pL of 7,2 % BHT were added into
graduated cylinder, and were homogenized at homogenizer (16,000 rpm) for 1 min.
Then, the homogenate was centrifuged at 2090 g for 15 min and filtered through a
Whatman No. 4 filter paper.

Then, 1 mL of MDA standard, MDA extract and 7,5 % TCA solution (blank) was taken
into different tubes and 1 mL 0,02 M TBA solution was added in each these tubes The
tubes were heated in a boiling water at 90 °C for 30 min and cooled for 10 min. All the
solutions were diluted to 1:5 ratio. Absorbance of the MDA-TBA complex was
measured at 532 nm on a UV-visible spectrophotometer (Thermo Scientific, evolution
201) [82].
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3.3.8. Mathematical Modelling

The logistic model was used to simulate the lipid oxidation reaction steps occuring in

the samples and stated as:

dc—kc [1
dt )

C ] (3.6)

Cmax

where C is the concentration of total oxidation products, Cmax is the maximum
accessible value of parameter C at the end of lipid oxidation process, k is the reaction

rate constant, and t is time. In initial stages of lipid oxidation, when C << Cpax the term

1-— (ﬁ) of equation 3.6, the logistic equation gets similar to first oder reaction and

. dcC q . . C
it may be assumed as + = KC When C equals to Cmax in termination step, 1 — (Cmax)

becomes zero. Correspondingly, the logistic equation is simplified as % = 0 which

means the process is ended and the reaction is completed [38].

According to logistic equation, in this study, the effect of chitosan coating on the lipid

oxidation kinetics of minced anchovy meat was modeled.

Equation 3.6 was integrated as below;

kt = [m (Cnéax) - 1] +1n [(Txx)] 3.7)

C
Where x = —.
Cmax

TBA data obtained from minced fish samples stored at 20 °C, 4 °C, -1 °C and -18 °C
were modeled as explained above. In (x/(1-x)) values were calculated for each
temperature and In (x/(1-x)) versus time graphs were plotted (Figure A.1- A.8 in
Appendix A).

The slopes were analyzed from the equations obtained from graphics. The slope values
stand for the reaction rate constant. The rate constants of minced fish stored at different

temperatures were compared.
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Arrhenius equation expresses the temperature dependence of reaction rate constants as
below [83] :
Ea

Ink = Ink, — (ﬁ) (3.8)

where K is reaction rate constant, T is temperature (K) and Ea (kJ/mol) is the activation
energy. Ln k versus 1/T values were plotted for coated and uncoated minced fish
samples [83].
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4. RESULTS AND DISCUSSION

4.1. COMPOSITION ANALYSIS

Initial protein, fat, ash contents of minced fish are given in Table 4.1.

Table 4.1 Initial composition of minced fish

Component %
Protein 19,70
Fat 5,20

Ash 1,14
Moisture 77,68

In the literature, compositional contents of protein, fat,and ash in the anchovy from our
country analyzed were 16.60 - 22.10 %, 5.00 - 17.51 %, 0.94 % - 1.72 %, respectively.
[84]. In this study, composition of anchovy were a similar to the literature. These
variations may arise from differences in the species, age, gender, nutrition environment,

reproduction and migration season [85].
4.2. LIPID OXIDATION, MOISTURE LOSS, MICROBIAL ANALYSIS

Lipid oxidation was measured with TBA method. Standard curve is given in Figure 4.1.
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Figure 4.2. Comparison of TBA — MDA complex values of uncoated and coated sample
stored at 20 °C

TBA value is a parameter for measuring secondary products of lipid oxidation [86].
Figure 4.2 shows the changes in TBA values with time in uncoated and coated samples
stored at 20 °C. It was observed that free radicals concentration increased from the first
day of the storage in both samples. Therefore, the coating did not retard the lipid
oxidation in samples stored at 20 °C. According to statistical analysis, there was a
significant difference between uncoated and coated samples at propagation stage (p <
0.001).
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TBA values of minced fish samples stored at 20 °C were used to generate a predictive
model to validate the applicability of kinetic models. Logistic equation simulated lipid
oxidation in those samples (Figure A.1-A.2 in Appendix A). Numerical values of the
model parameters were used to analyze the effect of coating on lipid oxidation in the
samples. Cmax is the maximum accessible value of parameter, C at the end of lipid
oxidation process, k is the reaction rate constant, and t is time. The k values obtained
from the slopes of the logistic equation. When the rate constants were compared for
uncoated and coated minced fish samples stored at 20 °C, uncoated samples have higher
rate constant than coated samples, 0.88 and 0.81, respectively. Chitosan coating
decreased the rate of reaction lipid oxidation. Cmax of uncoated samples was 22.32 on
10" day. Cmax Of coated samples was 21.49 on 10" day. At uncoated and coated
samples, time for Cmax Was not change. Both samples reached Cmax at the same time.

But the chitosan coating reduced the Cmax value.
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Figure 4.3. Comparison of moisture content of uncoated and coated samples at 20°C

The effect of coating on the moisture loss was also analyzed (Figure A.9 — A.10 in
Appendix A). The results for uncoated samples showed that moisture rate constant was
1.0961, for coated samples that moisture rate constant was 1.0906. Chitosan coating

decreased the percent moisture loss and the rate of moisture loss.
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Figure 4.4. Colony counts of uncoated samples stored at 20 °C

Figure 4.4 shows the changes in numbers in total viable count with time in uncoated
samples stored at 20 °C. Initial total bacteria count (TBC) was found as 4.23 log:0Cfu/g
in uncoated samples. On 2" day, TBC changed as 3.65 logioCfu/g. Minimum TBC
value was recorded as 3.14 logioCfu/g on 7"" day during storage. At the end of storage,

TBC might have increased as a result of contamination during analysis.
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Figure 4.5. Colony counts of coated samples stored at 20 °C

Figure 4.5 shows the changes in numbers of total viable count with time in coated
samples stored at 20 °C. Initial TBC was found as 4.23 log10oCfu/g in coated samples.
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Minimum TBC value was recorded as 3.30 logioCfu/g on 5™ day of storage. TBC value

was constant during storage with the effect of chitosan coating.
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Figure 4.6. Comparison of TBA — MDA complex values of uncoated and coated

samples stored at 4 °C

Figure 4.6 shows the changes in TBA values with time in uncoated and coated samples
stored at 4 °C. In uncoated and coated samples, lipid oxidation was terminated on 121"
day. According to statistical analysis, there was a significant difference between

uncoated and coated samples at propagation step (p < 0.001).

TBA values of minced fish samples stored at 4 °C were used to generate a predictive
model to validate the applicability of kinetic models. Logistic equation simulated lipid
oxidation in those samples (Figure A.3-A.4 in Appendix A). When the rate constants
were compared for uncoated and coated minced fish samples stored at 4 °C, uncoated
samples had higher rate constant than coated samples, 0.62 and 0.60, respectively.
Chitosan coating decreased the rate of reaction lipid oxidation. Cmax Of uncoated
samples was 17.92 on 14" day. Cmax Of coated samples was 17.08 on 14" day. For
uncoated and coated samples, time for Cmax Was not different. Both samples reached

Cmax at the same time. But the chitosan coating reduced the Cmax value.
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Figure 4.7. Comparison of moisture content of uncoated and coated samples stored at
4°C

The effect of coating on the moisture loss was also analyzed (Figure A.11 — A.12 in
Appendix A). The results for uncoated samples showed that moisture rate constant was
0.1788, for coated samples that moisture rate constant was 0.1499. Chitosan coating

decreased the percent moisture loss and the rate of moisture loss.
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Figure 4.8. Colony counts of uncoated samples stored at 4 °C

Figure 4.8 shows the changes in numbers of total viable count with in uncoated samples

stored at 4 °C. Initial total bacteria count (TBC) was found as 4.35 logioCfu/g in
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uncoated samples. On 4™ day, TBC changed as 4 logioCfu/g. Minimum TBC value was
recorded as 3.72 logioCfu/g on 6" day during storage. At the end of storage, TBC might

have increased as a result of contamination during analysis.
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Figure 4.9. Colony counts of coated samples stored at 4 °C

Figure 4.9 shows the changes in numbers of total viable count time in coated samples
stored at 4 °C. Initial TBC was found as 4.26 logioCfu/g in coated samples. Minimum
TBC value was recorded as 3.62 logioCfu/g on 7" day during storage. The effect of
chitosan coating was observed to be decreased from 12" day and increase in TBC value

was observed.
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Figure 4.10. Comparison of TBA — MDA complex values of uncoated and coated

samples stored at -1°C
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Figure 4.10 shows changes in TBA values with time in uncoated and coated samples
stored at -1 °C. During first 10 days, the lipid oxidation occurred in initial stage. After
ten days, the lipid oxidation accelerated, and the propagation stage began. In both
samples, lipid oxidation was determined to begin to stop as from 18" day. According to
statistical analysis, there was a no significant difference between uncoated and coated

samples at propagation stage (p > 0.001).

TBA values of minced fish samples stored at -1 °C were used to generate a predictive
model to validate the applicability of kinetic models. Logistic equation simulated lipid
oxidation in those samples (Figure A.5-A.6 in Appendix A.) When the rate constants
were compared for uncoated and coated minced fish samples stored at -1 °C, uncoated
samples had higher rate constant than coated samples, 0.56 and 0.52, respectively.
Chitosan coating decreased the rate of reaction lipid oxidation. Cmax Of uncoated
samples was 15.69 on 20" day. Cmax Of coated samples was 14.86 on 20" day. At
uncoated and coated samples, time for Cmax was not change. Both samples reached Crmax
at the same time. But the chitosan coating reduced the Cmax value.
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Figure 4.11. Comparison of moisture content of uncoated and coated samples
stored at -1 °C

The effect of coating on the moisture loss was also analyzed (Figure A.13 — A.14 in

Appendix A). The results for uncoated samples showed that moisture rate constant was
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0.0319, for coated samples that moisture rate constant was 0.0367. Chitosan coating did

not decrease the percent moisture loss and the rate of moisture loss.
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Figure 4.12. Colony counts of uncoated samples stored at -1 °C

Figure 4.12 shows the changes in numbers of total viable count with time in uncoated

samples stored at 1 °C. Initial total bacteria count (TBC) was found as 3.95 logioCfu/g in
uncoated samples. On 9" day, TBC changed as 3.64 log1oCfu/g. Minimum TBC value
was recorded as 3.64 logioCfu/g on 9" day during storage. At the end of storage,
expected decrease in TBC was seen due to storage at low temperature effect.
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Figure 4.13. Colony counts of coated samples stored at -1 °C
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Figure 4.13 shows the changes in numbers of total viable count with time in coated
samples stored at 1 °C. Initial TBC was found as 4.04 log10Cfu/g in coated samples.
Minimum TBC value was recorded as 3.92 logioCfu/g on 13" day during storage. The
effect of chitosan coating was observed to be decreased from 19" day and increase in

TBC value was observed.
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Figure 4.14. Comparison of TBA — MDA complex values of uncoated and coated

samples stored at -18 °C

Figure 4.14 shows changes in TBA values with time in uncoated and coated samples
stored at -18 °C. During first 40 days, the lipid oxidation occurred in initial stage. After
40 days, the lipid oxidation accelerated and the propagation stage began. In both
samples, lipid oxidation was determined to begin to stop as from 47" day. According to
statistical analysis, there was a significant difference between uncoated and coated
samples at propagation step (p < 0.001).

TBA values of minced fish samples stored at -18 °C were used to generate a predictive
model to validate the applicability of kinetic models. Logistic equation simulated lipid
oxidation in those samples (Figure A.7-A.8 in Appendix A). When the rate constants
were compared for uncoated and coated minced fish samples stored at -18 °C, uncoated
samples have higher rate constant than coated samples, 0.38 and 0.35, respectively.
Chitosan coating decreased the rate of reaction lipid oxidation. Cmax Of uncoated
samples was 15.96 at 49" day. Cmax Of coated samples was 14.97 at 49" day. At
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uncoated and coated samples, time for Cmax Was not change. Both samples reached Crax

at the same time. But the chitosan coating reduced the Cmax value.
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Figure 4.15. Comparison of moisture content of uncoated and coated samples
stored at 18 °C

The effect of coating on the moisture loss was also analyzed (Figure A.15 — A.16 in
Appendix A). The results for uncoated samples were showed that moisture rate constant
was 0.0155, for coated samples were showed that moisture rate constant was 0.0179.

Chitosan coating non decreased the rate of moisture loss.
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Figure 4.16. Colony counts of uncoated samples stored at -18 °C
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Figure 4.16 shows the changes in numbers of total viable count with time in uncoated
samples stored at 18 °C. Initial total bacteria count (TBC) was found as 4.13 log:10Cfu/g
in uncoated samples. On 10" day, TBC changed as 2.69 logioCfu/g. Minimum TBC
value was recorded as 2.30 logioCfu/g on 42" day during storage. At the end of storage,

an effective decrease in TBC was seen due to storage at low temperature effect.
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Figure 4.17. Colony counts of coated samples stored at -18 °C

Figure 4.17 shows the changes in numbers of total viable with in coated samples stored
at -18 °C. Initial TBC was found as 4.17 logioCfu/g in coated samples. On 10" day,
TBC changed as 2.60 log10Cfu/g. Minimum TBC value was recorded as 2 log10Cfu/g on
46" day during storage. At the end of storage, an effective decrease in TBC was seen

due to storage at low temperature effect.

According to results of lipid oxidation, chitosan coating was not observed to retard the
lipid oxidation when TBA analysis results as an indication of lipid oxidation in fish.
Initial TBA value was found to be 4.185 umol/L in chitosan-coated minced fish meat
and 4.965 pmol/L in uncoated minced fish meat. During storage, TBA value increased
rapidly at high temperatures. TBA value was related to storage time and temperature.

TBA values of minced fish samples stored at 20 °C, 4 °C, -1 °C and -18 °C were used to

generate a predictive model to validate the applicability of kinetic models.
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High regression coefficients shows the validity of the modeling by applying logistic
equation (Table 4.2).

Table 4.2. Values of model parameters used for the simulation of the lipid oxidation
data obtained at different temperatures for model minced fish.The values are expressed

as mean =+ Standart deviation for three samples (n = 3).

Temperature | Sample |Onset of Crmax Time | k R?
(°0) lipid for |(d?Y)
oxidation Cmax
time (d) (d)
20 Uncoated 1 22.32+0.015 | 10 |0.88 0.9678
Coated 1 21.49+0.017 | 10 |0.81 0.9903
4 Uncoated 3 17.92+0.019 | 14 |0.62 0.9151
Coated 3 17.08+0.012 | 14 |0.60 0.9131
-1 Uncoated 10 15.69+0.016 | 20 |0.56 0.9265
Coated 11 14.86+0.012 | 20 |0.52 0.8829
-18 Uncoated 39 15.96+0.012 | 49 |0.38 0.9048
Coated 39 14.9740.006 | 49 |0.35 0.9109

Table 4.2 shows that the k has the maximum value of 0.88 for uncoated minced fish
samples stored at 20 °C while minimum value of 0.38 was obtained for uncoated minced
fish samples stored at -18 °C. The k has the maximum value of 0.81 for coated minced
fish samples stored at 20 °C while minimum value of 0.35 was obtained for coated
minced fish samples stored at -18 °C. Cmax increased to correlated with the storage time

and temperature as shown in Table 4.2.

When the rate constants were analyzed for uncoated and coated minced fish samples, it
was figured out that temperature was directly proportional to rate constant (k). In all
samples, k values from the logistic equation were observed to increase in higher

temperatures.

The dependence of oxidation rate on temperature was explained with Arrhenius
Kinetics. The slope of regression line was obtained by plotting In k versus
1/Temperature (K') for rate constants calculated for different temperatures (Figure 4.18
and Figure 4.19).
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Figure 4.18. Arrhennius equation for all uncoated samples
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Figure 4.19. Arrhennius equation for all coated samples

The moisture content was observed to be decreasing significantly during the storage at
20 °C, 4 °C, and -1 °C and -18 °C. According to moisture content determination, the
moisture content decreases as the storage temperature increases when the samples kept

at different storage temperatures were compared.

The effect of coating on the moisture loss was also analyzed (Figure A.9 — A.16 in

Appendix A). The maximum moisture loss resulted in uncoated and coated minced fish
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samples stored at 20 °C. Rate of moisture loss in coated samples was lower than

uncoated samples.

The effect of chitosan on moisture loss during storage was observed. Some researchers
stated that although chitosan film was a strong barrier resistant to oxygen, its water

vapour barrier properties were weak [86].

S. Sathivel studied the effects of chitosan and protein based coating of salmon and
freezing on moisture content and lipid oxidation during storage duration. Similar to our
results, the chitosan coating was observed to lower moisture loss in chitosan-coated fish
samples rather than uncoated fish samples [87].

Image of colonies in Petri dishes of uncoated and coated minced fish meat samples after
removal of internal organs stored at different temperatures were given in Figure B.1 -
B.8 in Appendix B.

According to analysis results, Streptococcus pseudoporcinus, Kocuria Kkristinae,
Staphylococcus kloosii, Lactobacillus plantarum bacteria species were identified in
uncoated and coated fish samples in analyses performed with Vitec 2.0 system.
Anaerobic growth was not observed in the samples.

Microbiological studies showed that storage at low temperatures affected the fish
samples positively. Total Viable Count exhibited an increased tendency in uncoated and
coated fish samples at 4 °C, uncoated fish samples stored at 20 °C and coated fish
sampled stored at -1 °C at the end of storage duration. These numbers remained constant
in coated fish samples stored at 20 °C, they showed a decreasing tendency in uncoated
fish samples stored at -1 °C. TBC revealed a significant decrease in uncoated and coated

fish samples stored at -18 °C.

T. Ozbay and D. Ayas searched the effect of coating with 1 % chitosan and 1 % acetic
acid solution on stored sardine fillets. An important decrease in microbial load and
enzymatic oxidation was observed in coated fish in comparision to uncoated fish.

Chitosan applications were recommended for sardine freezing [88].


https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjE3pnN4oPUAhWKWCwKHXB-CD0QFgghMAA&url=http%3A%2F%2Fwww.mikrobiyoloji.org%2FTR%2Fyonlendir.aspx%3FF6E10F8892433CFFAAF6AA849816B2EF5F0C38A962B939A9&usg=AFQjCNHESh9B5WWGx4QZ9bbWMlhK9xFFwA
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5. CONCLUSION

In this study, the effect of chitosan coating on lipid oxidation, moisture loss and
microbial growth of minced fish meat stored at different temperatures was analyzed,
and the storage temperature and durations were optimized in order to increase the shelf
life of fish by performing kinetic modeling. The results show that TBA-MDA complex
of the uncoated and coated fish samples increased during stored at all tempeartures.
Chitosan coating decreased the rate of propagation stage of lipid oxidation in all
samples compared to the corresponding uncoated samples. The TBA-MDA complex
increased to correlated with temperature. Logistic equation simulated lipid oxidation in
all samples. Cmax increased to correlated with the storage time and temperature in all
samples. Chitosan coating decreased lipid oxidation, moisture loss, and microbial
growth for all storage tempeartures.
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APPENDIX A: GRAPHS FOR LOGISTIC EQUATION
MOISTURE LOSS

53

AND

Ln (x/(1-X))

-1,00 -

-2,00

5,00

4,00 -

3,00 -

2,00 -

1,00 -

0,00

Time (Day)

Figure A.1. Logistic equation of uncoated samples stored at 20 °C
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Figure A.2 Logistic equation of coated samples stored at 20 °C
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Figure A.3 Logistic equation of uncoated samples stored at 4 °C
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Figure A.4 Logistic equation of coated samples stored at 4 °C
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Figure A.5 Logistic equation of uncoated samples stored at -1 °C
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Figure A.6 Logistic equation of coated samples stored at -1 °C
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Figure A.7 Logistic equation of uncoated samples stored at -18 °C
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Figure A.8 Logistic equation of coated samples stored at -18 °C
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Figure A.9 Moisture loss of uncoated samples stored at 20 °C
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Figure A.10 Moisture loss of coated samples stored at 20 °C
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Figure A.11 Moisture loss of uncoated samples at 4 °C
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Figure A.12 Moisture loss of coated samples stored at 4 °C
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Figure A.13 Moisture loss of uncoated samples stored at -1 °C
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Figure A.14 Moisture loss of coated samples stored at -1 °C

59



Moisture Loss (%)

Time (Day)

Figure A.15 Moisture loss of uncoated samples stored at -18 °C
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Figure A.16 Moisture loss of coated samples stored at -18 °C
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APPENDIX B: IMAGES OF COLONIES IN PETRI DISHES

Figure B.1 Beginning and finally occured microorganzims of uncoated samples stored
at 20 °C

Figure B.2 Beginning and finally occured microorganzims of uncoated samples stored
at4 °C
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Figure B.3 Beginning and finally occured microorganzims of uncoated samples stored
at-1°C

Figure B.4 Beginning and finally occured microorganzims of uncoated samples stored
at -18 °C

Figure B.5 Beginning and finally occured microorganzims of coated samples stored at
20 °C



Figure B.6 Beginning and finally occured microorganzims of coated samples stored
at4°C

Figure B.7 Beginning and finally occured microorganzims of coated samples stored
at-1°C

Figure B.8 Beginning and finally occured microorganzims of coated samples stored
at-18 °C
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