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Abstract

Project Code: MRG5080295

Project Title: Characterization of farmed giant catfish compositions and post harvest

changes during storage

Investigator: Asst. Prof. Dr. Saroat Rawdkuen
E-mail Address: saroat@mfu.ac.th

Project Period: 2 July 2007 — 1 July 2009
Abstract: *

Giant catfish has been successfully farmed in artificial pounds in Chiang Rai Province and it
has become an economically important cultured freshwater fish in Thailand. The fish farmers hope to
export them in the near future to Asian and European countries. However, no information regarding
the basic information about the composition, the properties of meat cuts and also the changes after
harvested in biochemical and physical properties has been reported. Thus, this study aims to full fill
the leakage information about famed giant catfish in term of food raw material for human
consumption, ‘

Proximate composition, chemical and physical properties of dorsal, ventral and iateral line
cuts of- farmed giant catfish (Pangasianodon gigas) were determined. Protein, fat and ash content of
the different cuts averaged 16.88, 4.45 and 1.24 ¢/100 g, respectively. Dorsal contains higher
protein concentrations (19 g/100 g) than other two parts (p<0.05). Ventral showed the highest
hydroxyproline content (0.83 mg/g). Differences in lipid composition and fatty acid profiles were
found among different cuts with highest phospholipids in the dorsal and highest triglyceride in both
ventral and lateral line (p<0.05). All the meat cuts contained high saturated fatty acid, followed by
mono- and polyunsaturated fatty acid. High muscle hardness and toughness was found in the dorsai
than that in the ventral {p>0.05). The highest content of myoglobin and total pigment in lateral line
resulted in the highest redness index (a*/b*). Three major nitrogenous compositions classified based
on solubility in giant catfish muscle were myofibrillar, sarcoplasmic and alkaline sofuble proteins.

According to high protein and fat content for the fish, biochemical and physical changes on
protein, lipid and related compounds (from dorsal and ventral cuts) were investigated during
refrigerated storage (at 4°C) for 14 days. At day 14, Cab-ATPase activity markedly decreased when
compared to its value at day 1 (>90%), while a small decrease was observed for surface
hydropheobicity and reactive sulfhydryls content. Total volatile basic nitrogen and trichloroacetic-
soluble peptide content gradually increased when the storage period was extended. The myosin

heavy chain decreased slightly on SDS-PAGE for both meat cuts with increased storage time.
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Expressible drip and cooking loss were highest during the first day of storage and slightly decreased
with storage time. Instrumental hardness was significantly higher in the ventral compared to the
dorsal muscle, while the toughness was the highest at the second day of storage. The muscle
bundles with scanning electron microscopy were less attached, resulting in the observed hig gaps
over increasing storage time.

Lipid deterioration, lipolysis, and lipid oxidation in both dorsal and ventral muscles increased
as storage time increased. A progressive formation of primary lipid oxidation products monitored by
the increase in conjugated dienes (CD) was observed (p< 0.05) and the increase in thiobarhituric
reactive substances (TBARS) was noticeable throughout the storage (p<0.05). The pH of the
 muscles tended to increase as storage time continued (p<0.05). A gradual increase in free fatty acid
(FFA) formation was found within the first 10 days of refrigerated storage (p<0.05). Refrigerated
storage also resulted in changes in redness index of both cuts. These changes were coincidental
with the changes in metmyoglobin content. Resulis indicated that chan.ges of proteins, lipid and
related compounds in the cuts have detrimental effects on the quality attributes of farmed giant

catfish muscles during refrigerated storage, particularly physical and biochemical properties.

Keywords: giant catfish, refrigerated storage, chemical compositions, post harvest changes, fish

muscle
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Biochemical and Physicochemical Changes of Farmed Giant Catfish Muscle
during Refrigerated Storage

Rawdkuen, S.l*, Chaijan, M.?, Phatcharat, s> Benjakul, S.?

! Food Technology Program, School of Agro-Industry, Mae Fah Luang University, Chiang Rai, 57100 Thailand
’Department of Food Technology, Walailak University, Nakhonsithammarat, 80160 Thailand
*Departmentof Food Technology, Prince of Songkla University, Songkhla, 901 {2 Thailand

Abstract

After death of fish, several bioshemical changes are triggered, resulted in the deterioration of
muscle which causes the loss of quality. Low temperature storage is one of the primary
preservation methods to delay the deteriorative processes. The objectives of this study were to
determine the quality changes of farmed giant catfish muscle during storage. The flesh was
excised into dorsal and ventral and cut into pieces, packaged in polyethylene bags, and stored at
4°C for 14 days. During storage, the pieces of fish were randomly taken at days 0, 2, 4,7, 10,
and 14 for biochemical and physicochemical analysis. No changes in Ca®*-ATPase activity with
a gradual decrease in hydrophobicity and reactive sulfhydryl content in both dorsal and ventral
was found during the first 10 days of storage. A slight increase in TVB-N and TCA-soluble
peptide content with a concomitant decrease in expressible water and cooking loss was observed
throughout the storage period. Shear force and toughness of both muscles was highest at day 2 of
storage and then decreased up to 14 days. Fresh fish had the well organized structure of
myofibrils. After 7 days of storage, the myofibrils were less attached as indicated by the
noticeable gaping between bundles,

Keywords: biochemical, changes, giant catfish muscle, physicochemical, refrigerated storage
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Effect of Frozen Storage on the Quality of Farmed Giant Catfish Fillets

Saroat Rawdkuen'* Sudsawat Kietpreecha® Nattanun Hisaranusorn’
Kittipong Wongud2 and Natthawut Thitipramote3

'Food Technology Program, School of Agro-Industry, Mae Fah Luang University,
Muang, Chiang Rai 57100, Thailand
“Scientific and Technological Instruments Center, Mae Fah Luang University,
Muang, Chiang Rai 57 {00, Thailand .
School of Cosmetic Science, Mae Fah Luang University, Muang,
Chiang Rai 57100, Thailand

ABSTACT

IFrozen storage is a widely used procedure to preserve foods. However, deterioration
of these foods is easy to take place. Protein denaturation. lipid oxidation and also some
microbiological spoilage are drawbacks associated with storage, which cause the guality
changes of the products. So, the effects of frozen storage on the quality of farmed giant
catfish muscles were investigated. Flesh cut of farmed giant catfish (Pangasianodon gigas)
obtained from Jarun farm in Chiang Rai, Thailand was prepared. Fillets were stored at -18°C
for 0 to 90 days. During frozen storage, the fillet was taken for measurements of physical
(texture, colour, drip loss, and SEM), chemical (TCA-soluble peptides, SDS-PAGE, TBARS,
and conjugated diene) and microbiological qualities (Total viable count: TVC, yeast, and
mold). There was no significant effect of frozen storage on the hardness and toughness, drip
loss and cooking loss (P>0.05). However, changes of colour attributes (L* a* and b*) were
observed (P<0.05). Loosen of myofibril structure in the samples were markedly observed
with increased storage time. TCA-soluble peptides content increased continuously with a
coincidental increase in the myefibrillar proteins (myosin heavy chain and actin) degradation.
TBARS and conjugated diene increased as the storage time increased (P<0.05). The
microbial counts increased from the initial value of 50 to 375 CFU/g sample, ND to 160
CFU/g sample, and ND to 45 CFU/g sample for TVC, yeast, and mold, respectively. As the
results, some quality attributes of the fillets significantly affected as frozen storage time

continued.

Keywords: frozen storage, giant catfish, quality changes, fish fillet, deterioration
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Discoloration and Lipid Deterioration of
Farmed Giant Catfish (Pangasianodon gigas)
Muscle during Refrigerated Storage

S. RAWDKUEN, A. JONGJAREONRAK, S. BENJAKUL, AND M. CHANAN

ABSTRACT Discoloration and hprd di enoratlon of farmed glant catfish (Pang 1siarn
d refrigerated storage were mvestlgated Lipi | deterioration;, lipolysis, and lipid oxidation in both dorsal and ventral -
_muscles increased as storage time mcrefsed progresswe formation of primary lipid oxidation products monitofed
by the increase in conjugated dienes (CD) observed (P < 0. 05} and the increase in. thiobarbmmc reactive sub-
stances {TBARS), an index of secondary lipid oxidation products, was noticeable throughout the storage (P < 0.05).
The pH of both dorsal and ventral muscles énded to increase as storage time continued (P < 0.05}. A gradual in-
crease in free fatty acid (FFA) formation was found w:thm the first10 d of refngerated storage (P < (l 05], suggesting -
hydrolysis induced by lipases and phospholipases. However, a sharp decrease in FEA cantent was observed at the
end of storage. Refrigerated storage also resulted in changes in redness index of both dorsal and ventral muscles.
These changes were coincidental with the changeq in metmyoglobin content. Therefore, the discoloration and lipid

- changes in giant catfish muscle during refrigerated storage depended on the muscle type and mlght be related to the
- difference in composition between dorsal and ventral muscles. T
- Keywords: discoloration, farmed glant catﬁsh lipid ox;danon, hpolysm, muscle, refngeraled storage

Introduction

hilling is a mcans to preserve fish before processing or con-

sumpiion. The growth of microorganisms and chemical reac-
tions are slowed when fish is stored at low temperature (Benjakul
and others 1997; Pacheco-Aguilar and others 2000). However, lipid
deterioration easily takes place and limits the shelf life of fish dur-
ing storage (McDonald and Hultin 1987; Cho and others 1989}. Both
lipolysis and lipid oxidation in fish muscle are associated with qual-
ity deterioration {Pacheco-Aguilar and others 2000). Hydrolysis, in-
duced by lipases and phospholipases, produces free fatty acids that
undergo further oxidation to produce low-molecular-weight com-
pounds that are responsible for the rancid off-flavor and taste of
fish and fish products {Toyomizu and others 1981). The lipid com-
ponents of postmortem fish muscle tissue are prone to oxidation
because fatty acids of fish lipids are much more unsaturated than
those of mammals and birds (Foegeding and others 1996). The ba-
sic mechanisms of lipid oxidation can be characterized by 3 dis-
tinctive steps: initiation, propagation, and termination reactions
(Nawar 1996; Undeland 2001). This phenomenon can beinfluenced
by both intrinsic and extrinsic factors such as the fatty acid com-
position, the concentration of prooxidants, endogencus ferrous
iron, myoglobin, enzymes, pH, temperature, ionic strength, and
oxygen consumption reaction (Undeland 2001; Andreo and oth-
ers 2003). Metmyoglobin formation can induce the discoloration
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of fish muscle (Haard 1992). This reaction is positively correlated
with lipid oxidation (Chan and others 1997, Lee and others 2003).
Chaijan and others (2005) reported that the release of nonheme
iron from myoglobin in sardine and mackerel during iced storage
might be associated with the induced oxidation process in the mus-
cle.

The giant catfish (Pangasianodon gigas) is the world’s targest
scale-less freshwater fish. This species can reach about 3 m in
length and can weigh more than 300 kg (Roberts and Vidthayanon
1991). The giant catfish is an endemnic species of the main chan-
nel and tributaries of the Mekong River of Thailand, Laos, Cambo-
dia, and Vietnamn (Jondeung and others 2007). Nowadays, the giant
catfish is successfully bred in captivity, and has shown one of the
most rapid growth rates of any freshwater fish in Thailand (Roberts
and Vidthayanon 1991). The majority of cultured giant catfish is
sold raw for cooking in restaurants. After harvesting and being sold,
fish are normally refrigerated at 4 "C to keep the quality. Roberts
{2001) reported that product quality of farmed fish depends on a
wide range of factors, including the nature of the fish steck, slaugh-
ter techniques, and methods of storage, processing, and transport.
However, no information regarding the changes in lipid and discol-
oration in muscle of giant catfish cultured in Thailand during refrig-
erated storage has been reported. Thus, this study aimed to investi-
gate the changes of lipid components, lipolysis and lipid oxidation
and discoloration in dorsal and ventral muscle of farmed giant cat-
fish ( Pangasianodon gigas) meat during extended storage at 4 -C.

Materials and Methods

Chemicals

Palmitic acid, cupric acetate, and pyridine were purchased
from Sigma (St. Louis, Mo., U.S.A.). Trichloroacetic acid, anhy-
drous sodium sulfate, and isooctane were obtained from Merck
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{Darmstad?, Germany). Chloroform was purchased from BDH
(Poole, U.X.}. 2-Thiobarbituric acid and 1,1,3,3-tetramethoxy-
propane were procured from Fluka (Buchs, Switzerland). All chem-
icals were of analytical grade.

Sample preparation

Giant catfish {age 5 y with an average weight of 25 to 30 kg; n
= 5) were obtained from a farm in Phan, Chiang Rai, and trans-
ported alive te the Feod Technology Laboratory, Mae Fah Luang
Univ,, Chiang Rai, Thailand. Upon arrival, fish were exsanguinated
and filleted. The fillets were packaged in polyethylene bags, kept on
ice with a meat/ice ratio of 1:2 {w/w), and transported to the Dept.
of Food Technology, Prince of Songkla Univ., Hat Yai, Songkhla
within 24 b. The fish samples were manually excised into dorsal and
ventral muscles and cut into 0.5 kg pieces, pagkaged in polyethy-
lene bags individually, and stored at 4 *C for 14 d. During storage,
3 pieces of fish were randomly taken at days 0, 2, 4,7, 10, and 14 for
analyses. The flesh was chopped to uniformity and used for analy-
ses. The muscles were kept on ice during preparation and analysis.

pH determination
The pH of fish muscle was measured as described by Benjakul

and others (1997). Fish muscle was homogehized using an KA -

Labortechnik homogenizer (Selangor, Malaysia) with 10 volumes of
deionized water (w/v), and the pH was measured using a pH meter
{Cyberscan 500, Singapore).

Determination of redness index

Colorimetric values of the mince were obtained in triplicate by
using a pertable Hunterlab Miniscan/EX instrument (10~ standard
observers, illuminant D65, Hunter Assoc. Laboratory; Va., U.S.A.).
The instrument was calibrated to a white and black standard. The
wistimulus L+ (lightness), ¢* (redness/greenness), and b* (yellow-
ness/blueness) measurement mode was used as it relates to the hu-
man eye response to color. The redness index (a"/b*) of fish mince
was calculated as described by Chen and others (1997).

Measurement of metmyoglobin content

The analysis of metmyoglobin formation was performed rela-
tively as described by Lee and others (1999). A chopped fillet sam-
ple (2 g} was weighed into a 50-mL pelypropylene centrifuge tube
and 20 mL of cold 40 mM phosphate buffer, pH 6.8, was added. The
mixture was homogenized with an IKA Labortechnik homaogenizer
(Selangor, Malaysia) at 13500 rpm for 10 s. The homogenate was
centrifuged at 3000 x g for 30 min at 4 “C, using a Sorvall RC 26
Plus (Sorvall, Norwalk, Conn., U.5.A)). The supernatant was filtered
with Whatman nr 1 filter paper. The supernatant was subjected 10
absorbance measurement at 630 and 525 nm using a 40 mM phos-
phate buffer, pH 6.8 as blank. The ratio of Agsp 10 Asps was calculated
according to Hansen and Sereika (1969). A high Agso/Aszs ratio in-
dicates a high relative proportion of metmyoglobin.

Measurement of thiobarbituric acid reactive
substances (TBARS)

TBARS assay was performed as described by Buege and Aust
(1978). Ground sample (0.5 g} was homogenized with 2.5 mL of a
solution containing 0.375% thiobarbituric acid, 15% trichloroacetic
acid, and 0.25 N 11Cl, using an IKA Labortechnik homogenizer.
The mixture was heated in a boiling water bath {95 10 100 ©
for 10 min to develop a pink color, cooled with running tap wa-
ter, and centrifuged at 3600 x g at 25 "C for 26 min using a RC-
5B plus centrifuge (Sorvail). The absorbance of the supernatant
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was measured at 532 nm. A standard curve was prepared using
1.1,3,3-tetramethoxypropane at concentrations ranging from 0 to
10 ppm. TBARS was calculated and expressed as mg malonalde-
hyde/kg sample.

Lipid extraction

Lipid was extracted by the Bligh and Dyer (1959} method.
Sample (25 g} was homogenized with 200 ml of a chloro-
form:methanol:distilled water mixture (50:100:50) at a speed of
9500 rpm for 2 min at 4 - C using an IKA Labortechnik homogenizer.
The homogenate was treated with 50 mi of chloreferm and homog-
enized at 9500 rpm for  min. Then, 25 mL of distilled water were
added and homogenized again for 30 s. The homogenate was cen-
trifuged at 1000 x gat4 Cfor 15 min usinga RC-5B plus centrifuge
tServall), and transferred into a separating flask. The chleroform
phase was drained off into the 125 mL Erlenmeyer flask containing
about 2 to 5 g of anhydrous sodium sulfate, shaken very well, and
decanted into a round-bottom flask through a Whatman nr 4 filter
paper. The solvent was evaporated at 25 “C using an EYELA rotary
evaporator N-100 (Tokyo, Japan), and the residual solvent was re-
moved by flushing nitrogen,

Measurement of conjugated diene (CIN

CD was measured according to the method of Frankel and
Huang (1996). Oil sample (0.1 g) was dissolved in 5.0 mL of isooc-
tane and the absorbance was measured at 234 nm using a UV-1601
spectrophotometer (Shimadzu, Japan).

Measurement of free fatty acid (FT'A)

FFA content was determined according to the method of Lowry
and Tinsley (1976). The lipid sample {0.1 g) was treated with 5 mL
of isooctane and swirled vigorously to dissolve the sample. The
mixture was then treated with 1 mil of 5% (w/v} cupric acetate-
pyridine reagent, prepared by dissolving reagent-grade cupric ac-
etate, filtering, and adjusting the pH to 6.0 to 6.2 using pyridine.
The mixture was shaken vigorously for 90 s using a Vortex-Genie2
mixer (Bohemia, N.Y,, US.A)) and allowed to stand for 10 to 20 s.
The upper layer was subjected to absorbance measurement at 715
nm, using a UV-1601 spectrophotometer (Shimadzu). A standard
curve was prepared using palmitic acid in isooctane at concentra-
tions ranging from 0 to 50 xmol/5 mL. FFA content was expressed
as g FFA/100 g lipid. -

Statistical analysis

Data were subjected to analysis of variance (ANOVA}, Compar-
ison of means was carried out by Duncan’s multiple range test
(P < 0.05; Steel and Torrie 1980). Statistical analysis was performed
using SPSS 10.0 for Windows (SPSS Inc,, Chicago, [II., U.S.A)),

Results and Discussion

Changes in pH

Changes in pH of dorsal and ventral muscles of giant catfish dur-
ing refrigerated storage for 14 d are shown in Figure 1. The initial pH
value of dorsa) and ventral muscle was 6.33 and 6.35, respectively.
The ultimate pH value of fish muscle is around 6.2 to 6.6 (Foegeding
and others 1996). Huss (1988) suggested that the initial postmortem
pH of fish varies with species, catching ground, and season. Chai-
jan and others (2004) reported that the postmortem pHs of sardine
(Sardinella gibbosa) and mackerel (Rastrelliger kanaguria) mus-
cle were approximately 6.53 to 6.58 and 6.24 to 6.27, respectively.
In addition, the postmoriem pH vaiue of hvbrid catfish (Clarias
macrocephalus x Clarias gariepinus} was 6.40 {Chomnawang and
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others 2007). The results showed fluctuation in pH for both dor-
sal and ventral muscles. The pH of ventral muscle increased up
to day 4 of refrigerated storage, continuously decreased up to day
10, and gradually increased until the end of storage period (day 14)
P < 0.05}. The decline in pH is influenced by the glycolytic activity
and the hydrolysis of ATP (Foegeding and others 1996). After death,
the anaerobic glycolysis continues to regenerale some ATP with the
end product, lactate, accumulating. ATP can be further hydrolyzed
and produced hydrogen atoms (Foegeding and others 1996). On the
other hand, the increase in pH was postulated to be due to an in-
crease in volatile bases produced by either endogenous or micro-
bial enzymes. Benjakul and others {2002} reported that the decom-
position of nitrogenous compounds caused an increase in pH in
fish flesh. For the dorsal muscle, the pH decreased after 2 d of stor-
age and reached the highest value at day 4. Thereafter, it decreased
up to day 10 and tended to increase until the efid of storage pe-
riod (day 14). The differences in pH changes between the 2 mus-
cle types were probably due to the differences in glycogen contents
and buffering capacity of muscle. Foegeding and others (1996} re-
ported that somne amino acids and dipeptides such as serine and
carnosine, respectively, function as buffering agents in the muscle
cell. The storage glycogen was presumably greater in dorsal mus-
cle when compared 1o ventral muscle as shown by the decreasc in
pH of dorsal muscle after 2 d of storage. Glycolysis might still oc-
cur at that time and generate the lactic acid and other protons and
hence cause the decrease in pH. Furthermore, the activity of en-
zymes converting glycogen into lactic acid might be different be-
rween 2 muscles. Lactic acid, generated in anoxic conditions from
glycogen, is the principal factor in lowering the posimortem pil
in the fish muscles {Sikorski and others 1990). The increase in pH
at day 4 of storage might contribute to the slowdown of glycoly-
sis caused by the depletion of glycogen and by the generation of
volatile bases such as ammonia and trimethylamine in the muscle.
‘Thereafter, the gradual decrease in pH until day 10 was observed.
This was prebably due to the greater rate of ATP degradation, which
contributed to the decrease in pH. At the end of storage, the degra-
dation of muscle proteins with the growth of some microorganisms
might produce the volatile bases 1o a greaier extent. As a conse-
guence, the content of alkaline compounds was higher than that
of protons generated by ATP hydrolysis, the increase in pH was ob-
served.

Changes in CD
The formation of primary lipid oxidation products as well as
the formation of €I} of giant catfish oil extracted from both dor-
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Figure 1 —-Changes in pH of dorsal and ventral musciles
of giant catfish during refrigerated storage. Bars indicate
standard deviations from triplicate determinations.

sal and ventral muscles during refrigerated storage up to 14 d is
shown in Figure 2. In general, after peroxides are formed, the non-
conjugated double bonds (C=C-C-C=C) that are present in natu-
ral unsaturated lipids are converted to conjugated double bonds
{C=C-C=C) (Gunstone and Norris 1983). This is accompanied by
increased UY absorption at 234 nm (Zuta and others 2007). The in-
crease in absorbance at 234 nm is an indicator of autooxidatien and
is reported to increase with uptake ol oxygen and formation of per-
oxides during the early stages of oxidation (Weber and others 2008).
The changes in CD of dorsal and ventral muscles occurred in the
same manner (Figure 2). The maximum value of CD in both dorsal
and ventral muscles was found at day 14 of storage (P < 0.05). For
dorsal muscle, the CD sharply decreased at the first 2 d of storage
and gradually increased throughout the storage period (£ < 0.05).
For ventral muscle, it decreased in the first 4 d of storage and con-
tinuously increased until the end of storage time. The formation
and decomposition rates of CD participated in the changes in CD
value (Chaijan and others 2006). If these rates are equal, no changes
in CD are observed (Chaijan and others 20086). The decrease in CB
in the 1st period was probably due to the higher rate of decompo-
sition of primary lipid oxidation producis to yield the secondary
products. The increase in CD in the later stage might coniribute
to the excessive oxidation of ipid. The rate of CD fermation tovid
be greater than the decomposition rate, leading 1o increase in CD
accumulated in the lipid fraction. Perez-Alonso and others (2003)
reported no changes in CD in dorsal muscle of Atlantic pomiret
within the first 9 d of chilled storage, followed by a gradual increase
up to 19 d of storage. For sardine (S. gibbosa) muscle, no diffcrence
in €D was found within the first 12 d of iced storage and a slight in-
crease in CD was observed at the end of storage (day 15) {Chaijan
and others 2006).

Changes in TBARS

TBARS has been used to measure the concentration of relatively
polar secondary reaction preducts, especially aldehydes (Nawar
1996). The TBARS value of both dorsal and ventral muscles of gi-
ant catfish during refrigerated storage tended to increase through-
out the storage (P < 0.05; Figure 3). The initial value of TBARS
of dorsal and ventral muscles was 0.61 and 0.75 mg/kg meat, re-
spectively, suggesting that lipid oxidation occurred during post-
mortemn handling to some extent. The TBARS value increased from
day 0 to day 7, gradually decreased at day 10, and increased at
the crd of storage (day 14). The increase in TBARS indicated
the formation of secondary lipid oxidaiion producis, especially
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Figure 2—Changes in conjugated dienes {OD 234 nm) of
dorsal and ventral muscles of giant catfish during refrig-
erated storage. Bars indicate standard deviations from
triplicate determinations.
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aldehydes (Kolakowska 2002). Hydroperoxides break down in sev-
eral steps, vielding a wide variety of decomposition products, in-
cluding aldehydes {Nawar 1996). The oxidation of lipid in both dor-
sal and ventral muscles occurred progressively at the first 7 d. The
decrease in TBARS at day 10 was probably due to the decomposi-
tion of aldehydes or the interaction of aldehydes with muscle pro-
teins. Esterbauer and others {1991) reported that lipid oxidation
generates a wide range of secondary aldehyde products, including
n-alkanals, trans-2-alkenals, 4-hydroxy-trans-2-alkenals, and mal-
onaldehyde. Secondary products from lipid oxidation, especially
aldehydes, can induce myofibriltar proteins crosslinking, resulting
in structural and functional changes in these proteins (Li and King
1999; Tironi and others 2002}. However, it is most likely that lipid
oxidation: took place at a higher rate at the end of the storage pe-
riod. The marked increase in TBARS was probably due to the de-
struction of hydroperoxides into the secondary &xidation products,
especially aldehydes, in the later stages of lipid oxidation. This was
probably due to the greater degradation of muscle proteins, which
released prooxidants as well as the nonheme iron from the exces-
sively degraded muscles with increasing storage time. Chaijan and
others (2005} reported that the nonheme iron content in sardine
and mackerel muscle tended to increase throughout iced storage
for 15 d. In accordance with Decker and Hultin (199¢}, the soluble
hemin concentration in mackerel muscle increased within 13 d of
iced storage. The increase in prooxidants with the disappearance
of the natural antioxidants at the end of storage period caused the
oxidation to the higher extent when compared to the decomposi-
tion rate of oxidation products. Hence, the increase in TBARS was
observed. This phenomenon occurred in both dorsal and ventral
muscles and resulted in the deterioration and unacceptability of
the giant catfish mcat.

Changes in FFA

Hydrolysis of glycerol-fatty acid esters is one important change
that occurs in fish muscle lipids posimortem with the release of
FFAs. This is catalyzed by lipases and phospholipases (Pacheco-
Aguilar and others 2000). Changes in FFA content of giant catfish oil
extracted from fresh and aged dorsal and ventral muscles are shown
in Figure 4. The free fasty acid content of both dorsal and ventral
muscles tended to increase up to day 10 of refrigerated storage and
decreased until the end of storage period (P < 0.05). The greater
hydrolysis of triglyceride and/or phospholipids occurred in dor-
sal musclegwhen compared to ventral muscle. It can be postulated
that the activity of lipases and phospholipases in dorsal muscle was
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greater than that in ventral muscle. However, extracellular lipase,
produced by certain microorganisms such as Pseudomonas fragi,
also contributed to the lipolytic breakdown of fish lipids (Nayak and
others 2003). The decrease in FFA found at day 14 might be related
to the increased lipid oxidation as shown by the increased TBARS
{Figure 3). The released FFA especially unsaturated fatty acid might
be further oxidized and caused the decrease in FFA content. Fur-
thermore, the decrease in FFA content could be attributabtle to the
growth of some microorganisms that can use the FFA as an energy
source,

Metmyoglobin formation

Changes in metmyoglobin content of giant catfish dorsal and
veniral muscles during refrigerated storage are presented in
Figure 5. Metmyoglebin content in ventral muscle gradually de-
creased up to 10 d and increased at the end of storage (P < 0.05).
The decrease in metmyogfobin content can be classified into 2
mechanisms, reduction and oxidatien. The enzyme metmyoglobin
reductase and some reducing agents such as NAD* or FAD* re-
maining in the muscle might be activated during this storage pe-
riod, resulting in decreased metmnyglobin content. It has been
known that metmyoglobin reductase is a component of red blood
cells and can be found in falimuscle (Al-Shaibani and others 1977).
In muscle tissue, reducing substances like NADY or FAD* are en-
dogenously produced, and they are respensible for the constant re-
duction of the brown-gray metmyoglobin or the purple myoglobin
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Figure 4 — Changes in free fatty acid contents of dorsal
and ventral muscles of giant catfish during refrigerated
storage. Bars indicate standard deviations from triplicate
determinations.
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Figure 3—Changes in TBARS values of dorsal and ven-
tral muscles of giant catfish during refrigerated storage.
Bars indicate standard deviations from triplicate deter-
minations.
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Figure 5~ Changes in metmyoglobin content {A.;./A ) of
dorsal and ventral muscles of giant catfish during refrig-
erated storage. Bars indicate standard deviations from
triplicate determinations.
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{(Eder 1996). The metmyoglobin reducing capacity in postrigor
muscle depended upon the availability of substrate, cofactors (for
example, pyridine nucleotide) and associated enzymic activities
(for example, dehydrogenase) (Giddings 1974). The generation
of cytosolic NADH was essential for metmyoglobin reduction
{Watts and others 1966). However, certain microorganisms, espe-
cially psychrophilic bacteria, might grow on the samples and pos-
sibly reduced metmyoglobin to some extent. Faustman and oth-
ers (1950) reported that in the presence of high levels of bacterial
contamination such as fluorescent pseudomonas, meat may dis-
play red color, which appeared to coincide with an increase in pH
(Figure 1). On the other hand, some metmyoglobin can be further
oxidized to yiel the perferrylmyoglobin and/or ferrylmyoglobin.
Hence, the decrease in metmyoglobin was also found. The reac-
lion hetween hydrogen peroxide, a potential by-product of myo-
globin oxidation, and metmyoglobin resulted iif the formation of
a red pigment, ferrylmyoglobin (Baron and Andersen 2002). Davies
{1990, 1991) reported that interaction between metmyoglobin and
hydrogen peroxide is a complex mechanism, resulting in the gen-
eration of 2 distinct hypervalent myoglobin species, perferrylmyo-
globin ("MbFe(IV) = O) and ferrylmyoglobin (MbFe(1V} = (). These
hypervalent myoglobin specics served as prooxidants in lipid ox-
idation (Baron and Andersen 2002).-This result was in agreement
with the increase in TBARS (Figure 3}, which was used as an index
of oxidation. Metmyoglebin in ventral muscle increased at day 14.
This was probably due to the inactivation of metmyoglobin reduc-
tase and the degradation of reducing substances in muscle. Then,
the myoglobin underwent oxidation to a greater extent. The inac-
tivation of enzymes, which maintain the reduced state of hemo-
proteins, was akso presumed to increase the formation of metmyo-
globin (Benjakul and Bauer 2001).

For dorsal muscle, the metmyoglobin decreased up to day 4
of storage and tended to increase throughout the storage period
{P < 0.05; Figure 5). The difference in changes in metmyoglobin
content between the 2 muscle types is possibly due to the difference
in muscle composition. Dorsal muscle might contain lower met-
myoglobin reductase and other reducting agents when compared
to ventral muscle. Al-Shaibani and others (1977} reported that met-
myoglobin reductase is localized in both red blood cells and mus-
cle. Since some blood is retained in the muscle, especially ventral
muscie, residual activity of this enzyme could be present and re-
sulted in the retardation of celor deterioration. Distribution and
localization of myoglobin in both muscles might also be different,
leading to the different susceptibility of myoglobin to oxidation.
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Figure 6 —Changes in redness index of dorsal and ven-
tral muscles of giant catfish during refrigerated storage.
Bars indicate standard deviations from triplicate deter-
minations.

Changes in redness index

Changes in tedness index {a1b*) of giant catfish dorsal and
ventral muscles during refrigerated storage occurred in a differ-
ent manner (Figure 6). This ratioc was used as an index of appar-
ent change in redness (Chen and others 1997) and used to evalu-
ate the discoloration in tuna meat during storage (Lee and others
2003). The redness index of ventral muscle decreased at the first 2
d of storage and tended to increase throughout the storage period
(P < 0.05). The increased redness index or a red shift was co-
incidental with the decrease in metmyoglobin content in ventral
muscle {Figure 5). For the dorsal muscle, redness index increased
up to day 4 and continuously decreased until the end of storage
(P < 0.05). This result was also in accordance with the formation of
metmyoglobin (Figure 5). The difference in color changes in dorsal
and ventral muscle might be due to the difference in composition
between these 2 muscles.

Conclusions

iant catfish lipids were susceptible to hydrolysis and oxidation

during refrigerated storage. Primary lipid exidation preducts,
conjugated dienes, were generated and underwent some changes
to yield secondary oxidation products, especially aldehydes. Anin-
crease in lipolysis as evidenced by frec fatty acid formation was ob-
served throughout the storage peried. Those lipid changes showed
a detrimental effect on giant catfish meat quality and might be as-
sociated with the discoloration of muscle. The resulis could possi-
bly be used for the appropriate postharvest management of cold-
stored giant catfish meat for human consumption and the possibil-
ity of utilizing giant catfish meat for value-added products.
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(BME) were purchased from Sigma Chemical Ce. (St Louis, MO, USA).
Sodium dodecy] sulphate (SDS), N. N, N'. N'- tetramethy! ethylene
diamine (TEMED) and Coomassie Blue R-250 were procured from
Bio-Rad Laboratories {(Hercules, CA, USA). Sodium chloride, Sodium
dithionite, Trichloroacetic acid (TCA)} and Tris (hydroxymethyl)-
aminomethane were obtained from Merck {Damstadt, Germany).

2.1.2. Fish preparation

Giant catfish (age ~5 years with an average weight of 25-30 kg)
was obtained from Charun farm in Phan Bistrict, Chiang Rai prov-
ince, placed in plastic box and transported to the food technology
laboratery, Mae Fah Luang University. Upon the arrival, fish were
exsanguinated ancl filleted. The fillets were placed in ice at a meat/f
ice ratio of 1:3 (w/w) and transported to the Department of Food
Technology, Prince of Songkla University, Hat ¥ai within 8 h. The
fillets were kept on ice during preparation for analysis and until
subjected to analysis.

2.2. Proximate compositions and chemtical property analyses

2.2.1. Proximate compositions

Three part of fish muscles (dorsaly ventral and lateral line; Tig. 1)
were subjected to analyse for moisture, ash, fat and protein
contents according to the method of AOAC (2000). The values (from
3 replications) were expressed as g/100 g sample (wet weight
basis). Crude protein (N = 6,25) was determined according to the
Kjeldahl method, Moisture content was determined by oven drying
at 105+ 2°C to constant weight and ash by heating in a muffle
furnrace at 550°C to constant weight. Crude fat content was
determined by the Soxhlet extraction system.

2.2.2. pH determination

The pH of fish muscle was measured after the fish muscte was
homogenised using an IKA Labortechnik homogeniser (Selangor,
Malaysta) with 10 volumes of deiontsed water (w/v). The pH of the
prepared sample was measured using a pH meter (Cyberscan 500,
Singapore).

2.2.3. Hydroxyproline content

The hydroxyproline content of muscle was analysed according
to the method of Bergiman and Loxley {1963} with a slight modifica-
tion. The sample was hydrolysed with 6 mol/L HCl in a screw cap
tube at 110°C for 24 h in an oil bath (model B-490, BUCH]I, Flawil,

B Dorsal

Lateral line

Fig. 1. Diagram showing the dorsal, ventral and lateral line regions from where the
meat was excised for study.

Switzerland). The hydrolysed sample was clarified with activated
carbon and Rltered through Whatman No. 4 filter paper. The filtrate
was then neutralised with 10 mol/L NaOH to obtain a pH of 6.0-6.5.
The neutralised sample (0.1 mL} was transferred into a test tube and
isopropanol (0.2 mL) was added and mixed well; 0.1 mL of oxidant
solution (mixture of 7 g/100 mL chiororamine Tand 0.1 molfLacetate’
citrate buffer, pH 6, at a ratio of 1:4 {v{v)) was added and mixed
thoroughly. A 1.3 mLof Ehrlich's reagent solution (mixture of solution
A; 2 g of p-dimethylamino-benzaldehyde in 3 mL of 60 mE/100 mL
perchloric acid) and iscpropanal &t a ratio of 3:13 (v/v) were added
and mixed. The mixture was heated at 60 *C for 25 min inawater bath
(Memmert, Schwabach, Germany) and then cooled for 2-3 min using
running water. The solution was diluted to 5 mL with isopropanol.
Absorbance of the mixture was measured at the wavelength of
558 nm. Hydroxyprotine standard solution, with concentration
ranging from 0 to 60 ppm, was alse included. Hydroxyproline content
was calculated and expressed as mg/g of sample.

2.24. Myoglobin content

The myoglobin content was determined by direct spectropho-
tometric measurement, as described by Chaijan, Bengakul, Vises-
sanguan, and Faustman {2004). A chopped sample of flesh (2 g) was
weighed into a 50-mL polypropylene centrifuge tube and 20 mL of
cold 40 mmol/L phosphate buffer, pH 6.8 were added. The mixture
was homogenised at 13,500 rpm for 10 s, followed by centrifuging
at 3000 x g for 30 min at 4 °C, using a RC-5B plus centrifuge (Sor-
vall, Norwalk, CT, USA). The supernatant was filtered with What-
man No. 1 filter paper. The supernatant (2.5 mL) was treated with
0.2mL of 1g/{100ml scdium dithionite (Merck, Damstadt,
Germany) to reduce the myoglobin, The absorbance was read at
555 nm using a UV-1601 spectrephotometer (Shimadzu, fapan).
Myoglobin content was calculated from the millimolar extinction
coefficient of 7.6 and a malecular weight of 16,110. The myoglobin
content was expressed as mg/g sample,

2.2.5. Total pigment

The total pigment content was determined according to the
method of Chaijan et al. {2004). Flesh (2 g) was mixed with 9 mbL of
acid acetone (90 mL/100 ml acetone, 8 mL{100 ml. dejonised water
and 2 mL/100 mL HCl). The mixture was macerated with a glass rod
and allowed to stand for 1 h at room temperature. The extract was
filtered with a Whatman No. 42 filter paper, and the absorbance
was read at 640 nm against an acid acetone blank. The total
pigments were calculated as hematin using the following formula:

Total pigment content{mg/kg)} = Agqg x 680.

2.3. Lipid determination

2.3.1. Lipid extraction

Lipid was extracted by the method of Bligh and Dyer {1959).
Sample (25g) was homogenised with 200mL of a chlor-
oform:methanol:distilled water mixture (53:100:50) at the speed
of 500 rpm for 2 min at 4 °C using an [KA Labortechnik homoge-
niser {Selangor, Malaysia). The homogenate was treated with 50 mL
of chloroform and homogenised at 9500 rpm for 1 min. Then,
25 mL of distilled water were added and homogenised again for 30
s. The homogenate was centrifuged at 4026 x g at 4 °C for 15 min
using a RC-5B plus centnifuge (Sorvall, Neorwalk, CT. USA), and
transferred into a separating flask. The chloroform phase was
drained off into a 125-mL Ertenmeyer flask containing about 2-5 g
of anhydrous sodium sulfate, shaken very well, and decanted into
a round-bottom flask through a Whatman No. 4 filter paper. The
solvent was evaporated at 25 °C, using an EYELA rotary evaporator
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N-100 (Tokyo, Japan), and the residual solvent was removed by
flushing with nitrogen.

2.3.2. Lipid composition

Lipid classes were determined using a thinlayer chromatography/
flame ionisation detection analyser {JATROSCAN-TLC/FID Analyser,
JATRON Laboratories, Inc.. Tokyo, Japan). One pl of lipid sample
(0.25 mg/mL) was spotted onto the scanned quartz rod (silica powder
coated Chrmatored-S iil, JATRON Laboratories, Inc, Tokyo, Japan}and
separated using a mixture of benzene:chioroferm:acetic acid
(50:20:0.7) for 35 min. The developed sample was dried in an oven at
105 °C for 5 min and immediately scanned with the TLC-FID analyser
with a scanning speed of 30 s/scan. The analytical conditions were:
Ha, flow rate of 160 mL/min; air, flow rate of 2000 mL/min. Retention
times of lipid standards were used to identify chronfatographic peaks
of the samnples. Each lipid was calculated, based on peak area ratio and
expressed as mg lipid/kg meat.

2.3.3. Fatty acid profile

Fatty acid profile was determined as fatty acid methyl esters
(FAMEs). The FAMEs were prepared according to the method of
AOAC {2000). The prepared methyl ester was injected to the gas
chrematography {Shimadzu, Kyoto, Japan) equipped with the flame
ionisation detector (FID) at a split ratio of 1:20. A fused silica
capillary column (3¢ m = 0.25 mm), ceated with bonded polyglycol
liquid phase, was used, The analytical conditions were: injection
port temperature of 250 “C and detector temperature of 270 °C. The
oven was programmed from 170 °C to 225 °C at a rate of 1 °C/min
(no initial or final hold). Retention times of FAME standards were
used to identify chromategraphic peaks of the samples. Fatty acid
content was calculated, based on the peak area ratio and expressed
as g fatty acid{100 g oil.

2.4. Physical attributes

241, Textural analyses

Texture was analysed by a texture analyser, model TA-XT2 (SMS5,
Stable Micro Systems; Surrey, England), equipped with a Warner-
Bratzler blade (60° knife edge blade) according to the method of
Espe et al, (2004). The cylindricallongitudinal muscle samples of the
filet were cut out with a borer of 11 mm in diameter. The blade was
pressed down at a constant speed of 2 numyfs through the sample,
cutting the muscle fiber transversely. Maximum shear force (N) and
work needed to cut the sample {area under the curve during
shearing: Ns) were recorded from six measurements for each cut.

24.2. Colour

Fitlet colour was measured with a pertable Hunterlab instru-
ment {10° standard observers, illuminant D65, Hunter Associates
Laboratory; Virginia, USA) according to the method of Chaijan et al.
(2004). The instrurnent was calibrated to a white and black stan-
dard. The tristimutus [*, a* and b* measurement mode were used.
L* represents Jightness {L* =0, black; and L* =100, white), + a°
represents the intensity in red and + b* represents the intensity in
vellow. Colour was measured at six locations on each fitlet, and the
mean value of the six measurements was used. The redness index
{a*{b*) of meat was calculated.

2.5 Muscle protein fractionation

Non-protein nitrogenous constituents, sarcoplasmic protein,
myofibrillar protein, atkali-soluble protein and stromal proteins in

different cuts were fractionated according to the method of.

Hashimote, Watabe, Kono. and Shiro {1979). Nitrogen content in
each fraction was measured by the Kjeldah! method (AOAC, 2000).

Protein patterns of different fractions were determined using
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), with 10 mL{/100 mL running gel and 4 mL{100 mL stacking
gel, as described by Laemmdi {(1970).

2.6. Statistical analysis

Data were subjected to analysis of variance (ANOVA). Compar-
ison of means was carried cut by Duncan’s multiple range tests
{p < 0.05). Statistical analysis was performed using 5P55 10.0 for
wWindows (5PSS Inc., Chicago, 1L, USA).

3. Results and discussion
3.1. Proximate composition

Proximate composition of farm raised giant catfish muscle is
presented in Table 1. Different parts of muscle exhibited the different
compositions. Water was the major constutuent in all parts of
muscle. The highest value was found in ventral portion {81.67 g/
100 g). Protein, fat and ash content were found in the ranges of
14-19, 0,54-8.60 and, 1.11-1.47 g/100 g, respectively in these three
parts. When comparing the meat cuts, dorsal muscle can be classi-
fied into a lean meat because it showed the highest content of
protein{~19 g/100 g) and the lowest content of fat { ~ 0.54 g{100 g).
Meat from lateral line possesses 2.04 and 15.93-fold fat content
when compared to those from ventral and dorsal, respectively.

Wide wvariation in meoisture content between species was
observed in raw [reshwater fish, ranging from 65 to 80g/100 g
(Puwastien et al, 1999). Crude protein content in fish flesh varies
depending on the species, the nutritional condition, the type of fish,
the state of nutrition, and the productive cycle of animal as well as
the parts of the organism (Sikorski et al, 1990). Puwastien et al.
{1999} also reported that the protein content ranged from 17 to
20 g/100 g for raw freshwater fish. Chaijan et al. {2004) found that
dark muscle of mackere! and sardine contained the lower pratein
content, compared with the ordinary and whole muscies. Gener-
ally, the lipid content of cultuired fish muscle is higher than that of
witd fish which may be caused by lack of exercise, overfeeding and
high energy diets (Rodrguez et al,, 2004). Nakamura, Ando, Seoka,
Kawasaki, and Tsukamasa (2006) reported that the lipid content of
dorsal was significantly lower than that of the ventral part. They
also reported that the lipid content in the wild type of Pacific
bluefin tuna was lower than that of the cultured. Dark muscles
generally contain abour 2-5 times more lipids than the ordinary
muscle (Sikorski et al, 1990), Ash content in the ranges of 0.6-1.8 g/
106 g was reported from cultured and wild Pacific bluefin tuna and

Table 1
Proximate composition. hydroxyproline content, pigment centent and pH of farmed
giant catfish from different cuts.

Composition Meat cur*
Dorsal Ventral Lateral line

Moisture® 78.88 £ 0.17 b** 81.67+000¢ 7551 +09%a
Protein® 19.00+0.03 ¢ 1436+ 0.03 a 1727+ 044 b
Far® 05420142 421 +£026 b 860+014¢
Ash? 147+ 012 b 1713+ 003 a 1.11£015a
Hydroxyprotine® 0.73+001a 083+001 075:001b
Myoglobin content © 3470042 355+024b 783+ 007 ¢
Total pigment® 273+0.00a 613001 b 17032003 ¢
pH 6.33+000b 635+ 001 ¢ 6.26 r 001 a

*Values are given as mean + 5.0 from triplicate determinations.

**Different letters in the same 1ow indicate significant differences (p < 0.05;
* /100 g (wet weight).
® mglg sample.
< mgfkg.
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Summary  Farmed giant catfish (Pangasianodon gigus) muscles (dorsal and ventral sites) were stored in a refrigerator (at
4°C) tor 14 days 1o determine the effect of refrigerated storage on biochemical and physical changes. The
| analyses were carried out at 0. 2.4, 7, 10 and 14 davs of storage. At day 14, Ca” " -ATPase activity markedly
decreased when compared to its value at day 1 (> 90%). while a small decrease was observed for surface
hydrophobicity and reactive sulfhydryls content. Total volatile basic nitrogen and trichloroacetic-soluble
peptide content gradually increased when the storage period was extended. The myosin heavy chain
decreased slightly on SDS-PAGE for both meat cuts with increased storage time. Expressible drip and
cooking loss were highest during the first day of storage and slightly decreased with storage time.
Instrumental hardness was significantly higher in the ventral compared to the dorsal muscle. while the
toughness was the highest at the second day of storage. The muscle bundles with scanning clectron
microscopy were less attached. resulting in the observed big gaps over increasing storage time. Results
indicated that changes of proteins have detrimental eflfects on the quality attributes of farmed giant catfish
muscles during refrigerated storage. particularly physical and biochemical properties.

Keywords  [-armed giant catfish. muscle sites. protein changes. refrigerated storage.

. stored at low temperature, both enzymatic and chemical
Introduction 5 ; 4ty i

reactions are slowed down. Biochemical and physico-

Immediately alter death, several biochemical and enzy-  chemical changes have been widely used as measurable

matic changes are triggered in fish muscle. This is  parameters for determining muscle food spoilage (Ben-

espectally the case it improperly handled. Among post- jakul er al., 1997 Rawdkuen er al., 2008). Myofibrillar

harvest changes, the degradation of fish muscle caused AlPaqe activities, trimethylamine, total volatile bases
by endogenous proteases 1s a primary cause of quality and individual nucleotides have been used to monitor

loss during cold storage or post-harvest handling post-mortem changes during iced or frozen storage.
(Haard. 1994 The fish muscle degradation as well as Autolytic degradation products have also been used as

microbial induced activity cause the loss of nutritive indices for fish proteins deterioration. Texture. water
value. acceptability and protein functionahty. In gen- loss and muscle microstructure can also be used to
cral, the funcuonal properties of fish myotibrillar predict the fish freshness (Torrissen e al., 2000).

proteins are important for determining and predicting The giant cattish (Pangasianodon gigas) is the world’s
the final quality of fishery products (Roura & Crupkin, largest freshwater catfish. It grows to about 3 m
1995). length and to a weight of more than 300 kg. Recently.

The most important factor for increasing shelf life is  giant catfish have been successfully farmed mn artficial
the product temperature, since fish are much more ponds in Chiang Rai Province in the northern part of
perishable than other muscle foods, the temperature is  Thailand. The farmed giant catfish are significantly
even more important. Chilling is a means of preserving  smaller (25-30 kg) than that normally found in natural
fish before processing or consumption. When fish is habitats (> 150 kg). Giant catfish are in high consumer

demand due to their quality attributes such as texture.
=66 5391 6739 colour and nutritive values. 1t has become an cconom-

*Correspondent. FFax:
ically important cultured freshwater fish in Thatland.
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The majority of farmed giant catfish is sold raw for
- cooking in restaurants. The fish farmers hope to export
them in the ncar future. especially to Asian and
European countries. Thus, many fish farmers in Chiang
Rai and the surrounding area have gradually expanded
their production. Proximate compositions and some of
the chemical and physical properties of its fish muscles
have been investigated (Chajan er al., 2010). Measure-
ments of quahity parameters show variations along the
fish fillets from head to tail. The bulk of the muscle
consists of anacrobic white fibres, while the red fibres are
found in a thin strip lving beneath the dateral line. These
muscle fibres vary not only in colour but also in
innervations. blood supply, myoglobin content, fibre
size and abundance of mitochondra (Johnston er al.,
1972). Aursand er al. (1994) reported that fat, pigments
and collagen are distributed differently throughout
salmon fillets. Lipid contents of the ventral ordinary
muscle and muscle of the skin side of wild bluefin tuna
are higher than those of the dorsal ordinary muscie and
muscles of the central part (Fudge et al.. 2001). The
compositional characteristics, especially the protein and
lipid contents. are needed to facihitate the utilisation and
marketing ot farm raised giant catfish products.

No information regarding the changes in biochemical
and physical properties in the giant catfish muscle during
refTigerated storage has yet been reported. This study
aims to investigate the quality changes (biochemical and
physical) of the meat cuts from the dorsal and ventral
parts of farmed giant catfish during storage at 4 °C.

Materials and methods

Chemicals

Bovine serum albumin (BSA) was obtained from Fluka
Chemika-BioChemika (Buchs, Switzerland). L-tyrosine,
25% glutaldehvde, adenosine-tripolyphosphate (ATP),
8-Anilino-1-naphthalenesulfonic acid (ANS), dithio-bis-
nitrobenzoic  acid (DTNB) and B-mercaptoethanol
(BME) were all purchased from Sigma Chemical Co.
(St Louis, MO, USA). Sodium dodecyl sulphate (SDS).
N NN N -tetramethy] ethylene diamine (TEMED) and
Coomassie Blue R-250 were procured from Bio-Rad
Laboratories (Hercules. CA, USA). Urca, ethylene-
diaminetetraacctic acid (EDTA), calcium  chloride.
trichloroacetic  acid (TCA), Trns-maleate and tris
(hydroxymethyvllaminomethane were procured from
Merck (Damstadt. Germany).

Sample preparation and storage

Giant catfish (age of ~5 years with an average weight of
25-30 kg) were obtained from the Charun farm in Phan
District. Chiang Rai. and transported alive to the Food
Technology Luboratory, Mae Fah Luang University,
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Chiang Rai. Thailand. Samples of four farmed giant
catfish were used in two experiments (two fish for each
experiment). Upon arrival. fish were slaughtered by
immersing in a box of ice and then gill cutting. The
internal organs were removed at the same time with
bloodletting from the fish belly. After washing the fish
was then filleted and skinned. The fillets were packaged
in polyethylene bags and then placed in ice with a
meat/ice ratio of 1:3 (w/w) and transported to the
Department of Food Technology. Prince of Songkla
Umversity, Hat Yai within 8 h. The flesh was
manually excised into dorsal and ventral muscles (dark
muscle was discarded) and cut into ~0.5 kg pieces
(~5.0 x 10.0 x 2.5 cm). They were packaged in polyeth-
vlene bags, and stored at 4 °C for 14 days. During
storage, three pieces of cach muscle type (for cach
replication) were randomly taken at days 0, 2. 4. 7. 10,
and 14 for analysis.

Determination of biochemical changes

Narural actomyosin preparation

Natural actomyosin (NAM) was prepared according to
the method described by Benjakul er af. (1997). The
sample (8 g) was homogenised at a speed of 11 000 rpm
for 2 min with a homogenizer (IKA™ Work (Asia) Sdn
Bhd, Selangor, Malaysia) in 80 mL chilled 0.6 M KCI.
pH 7.0 for 4 min. The extract was centrifuged at
9000 x g for 30 min at 0 °C by using a Sorvall Model
RC-B Plus centrifuge (Newtown, CT, USA). Three
volumes of chilled de-ionised water were added to
precipitate the actomyosin. The actomyosin was col-
lected by centrifugation as mentioned above and the
pellet was dissolved in an equal volume of chilled 1.2 m
KCI, pH 7.0 in an iced bath and stirred for 30 min.
Un-dissolved material was removed by centrifugation as
mentioned above.

ATPase activity assay

ATPase activity of NAM was determined according to
the method of Benjakul ef af. (1997). NAM was diluted
to 2.5-4 mg mL™" with 0.6 M KCI, pH 7.0. One millilitre
of the diluted solution was added to 0.6 mL of 0.5 M
Tris-maleate, pH 7.0. About 10 mm CaCl, was then
added o the mixture for the Ca® " -ATPase activity assay
to a total volume of 9.5 mL. To the assay solution,
0.5mL of 20 mM ATP was added to immtate the
reaction. The reaction was conducted for exactly
10 min at 25 °C and terminated by adding 5 mL of
chilled TCA (15%. w/v). The reaction mixture was
centrifuged at 3500 x g for 5 nun and the norganic
phosphate liberated in the supernatant was measured.
Specific activity was cxlpressed as pmol inorganic phos-
phate (Pi) released mg ™' protein min~'. A blank solution
was prepared by adding chilled TCA prior to the
addition of ATP.
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Surtece hyvdrophobiciiy

Surface hydrophobicity was determined as described by
Benjakul er of. {1997). using ANS as a probe. NAM
dissolved in a 10 mam phosphate butfer (pH 6.0 contain-
ing 0.6 M NaCl was diluted 10 0.1%. 0.2%. 0.3%, and
0.5% (w/v) protein, using the same bufler. Twenty
microlitre of § my ANS i 0.1 M phosphate buffer (pH
7.0) were added 1o the diluted protein solution (2 mL).
The fluorescence intensity of ANS-conjugates was mea-
sured using a RF-1301 spectrofluorometer (Shimadzu.
Kvyoto, Japany at an excitation wavelength ol 374 nm
and an emission waveiength of 485 nmy The inital slope
of the plot of fluorescence ntensity versus NAM
concentration was referred 1o as SoANS.

Rewerive sualfhvdrily

Tota! sullhydryl content was determined using 5.5-
dithio-bis (2-nitrobenzoic acid) (DTNB), according to
the method modified by Benjakul ¢t «f. (1997). To 1.0 mL
of NAM solution (4.0 mg mL™"), 9 mL of 0.2 m Tris-
HCI buffer. pH 6.8, containing 8 M urea, 2% SDS and
10 mM EDTA . were added. DTNB (04 mL ot 0.1%%) was
added 10 4 mL of the mixture and mcubated at 40 °C
tor 25 min. Absorbance at 412 min was then measured
usmga UV- 16001 spectrophotometer (Shimadzu, Kyoto.
Tapan). A blank was prepared by replacing the sample
with 0.6 M KCL Sulfhydryl content was calculated using

the extinetion coefficient of 13 600 M~ em™,

Total vulatile busic nitrogen content (TVB-N

TVB-N content was determined using the Cenway
micro-diffusion assay as described by Ng (1987a).
A sample {2 2) was added 1o 8 mL of 4% TCA (w/v)
and homogenised at a speed of 11 000 rpm for 2 min.
The homogenate was centrifuged at 3000 x g for 15 min
uging the centrifuge at roem emperature. The superna-
tant oblained was placed in the outer ring of the
Conway apparatus. The inner ring solution (1% boric
acid with bromoecresol green and methyl red indicator)
was then pipetied into the mner ring. To initiate the
reaction. K,C O was nuxed with the sample extract The
Conway unit was closed and incubated m 37 °C for
60 min. The inner ring solution was then utrated with
0.02 N HCluntil the green colour turned to pink.

TVB-N (expressed in mg/100 g sample) = [14 ()
(A-B) (FH100Y])/ M

where & = Normality of utrated hydrochloric acid
solution; A. # — volume of titrated hydrochloric acid
solution in the sample and blank. respectively; V' =
total volume of prepared sample used: A = weight of
sample i g.

Measurement of wdolysis
The autolvtic degradation products were measurcd by
the method described in Morrissey ef af. (1993). Fish
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muscle (3 @) was homogenised in 27 mL of 5% (w/v)
TCA. The homogenale was kept on ice for 60 min and
centrifuged at 5000 % g for 10 nun. The seluble pepude
content 1n the supernatant was measured according o
the Lowry nmethod (Lowry ef af., 1951) using tyrosine as
a standard, and expressed as mmol tyrosine g ' muscle.

Elecirophoresis

SDS-PAGE was carried out according o the method of
Laemmlt (1970). using a 10% running gel and 4%
stacking gel. A muscle sample (3 g) was mixed with
27 mL of 5% (w/v) SDS solution. The mixture was
homogenised at a speed of 11 000 rpm for 2 min and
then incubated m a water bath (85°C) for 1h 1o
dissolve the proteins. It was then centnfuged at 3000 x g
for 5 min to remove undissolved debris, Twenty micro-
gram of the solubilised sample was loaded e the gei
and then subjected to clectrophoresis at a constant
current of 15 mA per gel using Mini Protcan 11 {Bio-

Rad Laboralories. Riclnnond. CA, USA). Afwer sepa-

ration, proteins were fixed and stained for 3 hin 0.125%
Coomassie Brilliant Blue R-250 in 40% mcthano! and
10% glacial acetic acid. Gels were destained with 50%%
methanel (vw/v) and 7.5% {(v/v) acetic acd. followed by
5%, methanol (v/v) and 7 3% (v/v) acetic acid.

Dretermination of physical changes

Expressible orip

The expressible drip was determined according to the
method of Ng (1987b). The fish sample (2 g) was placed
between (wo  filter papers (Whatman paper Nool.
Maidstone. UK) on the top and three filter papers at
the bottom. The samples were then pressed with a
standard weight of 3 kg for 2 min. The sample was
removed from the paper and the pressed sample was
weighed. The expressible drip was calcutated based on
the difference in weight before and after pressing.

Cooking foss

The fish sample (~ 10 g) was steamed for 2 min and then
cooled at room lemperature. The cooked sample was
surface-dried with a filter paper, and reweighed using an
analytical balance (ML204, Mettler-Toledo Interna-
tional lnc., Bangkok, Thailand). Cooking loss was
calculated by the difference in raw weight and vooked
welght

Shear force

The texture was analysed using a TAxT2 texture
analyzer (Stable Micro Systems. Surrey. UK). equipped
with a Warner-Bratzler blade in accordance with the
method of Espe er af. (2004). Seven rectangular shaped
sumples (4 x 2 x 2 cm) were prepared. Each sample was
cul perpendicular o the longnudmal onentaten ot the
muscle fibres. The blade was pressed down al a constant
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speed of 2 mm < ' through the sample. Maximum shear
force (¥) and 1total force (N,) were recorded. They are
the maximum resistance {(toughness or breaking point)
and total forces needed to cut the sample. respectively.

Microsirucinree

Muscle samples were fixed with 2.5% glutaraldehyde in
0.2 m potassium phosphate buffer. pH 7.2 tor 2 h at
room temperature. Fixed specimens were dehydrated in

graded cthanel solutions with serial concentrations of

50%. 70%. 80", 90% and 100% (v/v) and critical point
dried (Balzers mod. CPD 030, Blazers Pracess Systems,
Vaduz. Licchtensiein), using €O, as a transition fhuid.
The prepared samples were mounted on copper speci-
men hoelders. sputter-coated with gold (Balzers moed.
SCD 004) and examined on a JSM 5200 scanning
¢lectron microscope {(JEOL. Lid, Akishima, Japan) with
a magmficaton of 10 000 % at an acceleration vohlage
of 10 kV.

Statistical analysis

Completely randomised design and one-way analysis of

varmiee (axova) were used. The data obtained was
subjected to statistical analysis using the spss program
for windows (S1°SS version FH3LO, SPSS Inc., Chicago, IL.
LSA). Duncan’s muluple-range test was used 1o com-

pare the difference between means. The accepted level of

significance for all comparisons was P < (L0O3. Expern-
ments were conducted in duplicate and the analysis was
run as three o1 seven measurements,

Results and discussion

Biochemical changes of refrigerated giant catfish muscles

ATPase activity

Ca” " -ATPasc activities were monitered in both dorsal
and ventral cuts of farmed giant caifish muscle over
14 days of refyiperated storage (Fig. 1a) The activity is
a measure of the muscle tissue’s ability to hydrolyse
adenosine triphosphate (ATP) i the presence of Ca’’
ions. The myefibrillar ATPase is localed m the myosin
head vegion {Chan ¢f al.. 1995). Thus. it has been used
as an indicator of myosin integrity. From the results, no
significant decrease in Ca?’ -ATPase acuvity of NAM
from farmed giant catfish was obscerved in up to 10 days
ol storage (P (L05). During the 10 days of slorage,
higher Ca® -A'T'Pase activities were found in the dorsal
than in the ventral part. Abrupt decreases in Ca® -
ATPuase activilics were observed when the storage time
was more than 10 days. The results indicated that
myosin underwent some changes 1n native conformation
during refrigerated storage. The loss in Ca’  -ATPase
was possibly due to the proteolysis of the myosin
molecule (Benjakul er of., 2003). Hemung & Yon-
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Figure 1 Changes of Ca”" -ATPase aclivity {a). surlace hyvdropho-
hicity (b) and reactive sullhydryls (¢) of farmed giant catfish meat culs
during 14 days refmigerated storage. Bar indicates standard deviation
from wiplicate deternmnations

gsawatdigul (2003) reported that decreased Ca’’ -
ATPase activity indicates conformational changes of
the myosin head. Morcover. denaturation of myosin wis
possibly caused by the oxidation of SH groups or
disuifide interchanges as well as changes in surfuce
hydrophebicity during iced storage (Benjakul et af.
1997).

Reactive sulfhydryls

The sulfhydryl content of NAM from both meat cuts
decreased during refrigerated storage for up to 14 days
(Fig. Ib). A sharp decrease in sulfhydryl content was
observed in the first week of storage. especially during
the first 4 davs. At week 2, the sulfhydryl contenl was
cssentiaily constant in the dorsal cut. while a marked
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decrease was observed in the ventral part compared to
that found 1 the fresh sample. The differences in
sullhydry! conteat among meai cuts during refrigerated
storage were postulaled to be due to the differences in
susceptibility  of myofibrillar proteins to  sulfhydryl
oxidation. The unfolding of myosin and actin resuled
in an exposure of free SH groups, which subsequently
underwent  disulfide imterchanges (Hemung & Yon-
gsawaldigul, 2005}, The sharp decrease o sulthydryl
content wus coincidental with the decrease in Ca® " -
ATPage. It was presumed that conformatonal changes
of myosin. especially in the head regiog occurred rapidly
in the first 2 3 days and also after 10 days of storage.
Maorcover, Lhe masking of sulfhvdryl groups by protein
apgregates was also presumed Lo fead to the decrease in
free sublthydryl groups. Sulthydryl groups located n the
head portion (SH-1 and SH-2) play an ¢ssential role in
ATPasc acuvity (Kiclley & Bradley, 1956). Further-
more. sulfhvdryl groups locatised in light meromyosin
(SHa) also contributed to oxidation {Sompongse ¢/ af..
19906).

Surfdace hydrophohicity

The changes in surface hydrophobicity were observed
throughout the storage for up to 14 days (Fig. 1¢). In
weneral. surfuce hydrophobicity of NAM from farmed
gianmt catfish tended to decrease during 14 days of
storage. Compared with the starting materials, at day
4. the surtace hydrophobicity of NAM from the meat
cuts decreased by 14% and 30% for the dorsal and
venlral cuts, respectively. For the dorsal cuts, it was
found that surface hydrophobicity increased for up to
7 days and then decreased up to day 14, The ventral cut,

which had o higher initial surface hydrophobicity
imcreased when stored for up to 10 days with a

subsequent decrease untif day 4. Paredi & Crupkin
{2007 reported that surfuce hydrophobicity of actomy-
osin from pre-spawned flounder hinearty increased up to
day 6 of*storage and thereafter remained unchanged.
Increased surface hydrophobicity and decreased sulfhy-
dryl groups mdicated that denaturation possibly

occurred via hydrophobic interacuon and <hsulfide
formaton. During extended refrigerated storage. the
protems underwent conformational changes. 1 which
the hydrophobic portions were exposed. As a result,
hydrophobic interaction might take place, leading to the
aggregation and loss in solubility. During denaturation,
hydrophebic and hydregen bonds buried inside the
protein molecules become cxposed (Benjakul er of.,
1997y, As a conscquence. conformational chunges in
the coiled or helical sections of the peptide chain oceur
and reform in a manner ditferent trom those i the
native structurce. Thus. retrtgerated  storage directiy
atfected the conlormational changes in proteimn imole-
cules, leading to the loss in functionality.

Total volatile basic nitrogen

TVB-N analyses have been traditionally uscd as quality
indicators in fishertes products stored mn ice. The TVB-N
conlent guantifies u wide range of basic volatle com-
pounds (anunon, octhylionue, dinctliylaimne, trim-
ethylamine. etc.). that can be produced as a result of
microbiclogical acuvity during low lemperature storage
or that can arse {rom the thermal breakdown of
endogenous compounds during processing (Benjakul
ef af.. 1997). In the present study. the amount of TVE-N
in farmed giant cathsh muscles (dorsal and ventral
sitesy mmereased significantly with ume (Table 1), Inital
TVB-N content on day (0 was 6.2 and 7.8 mg TVB-N
100 ¢ sample for ventral and dorsal. respectively.
Chommawang e af. (2007) reported that the TVB-N
content of the hybrid catfish samples on day 0 was in the
range of 15.7-16.9 mg TVB-N 100 g”' and exceeded
30 mg TVB-N 100 g~ flesh after day 9 of storage. The
inittal TVB-N content of 10 mg TVB-N 100 g™ in a
lizardfish sample suggested that it possibly underwent
some deterioration (Benjakul er af, 2003). In this work.
TVB-N increased lincarly with time te a Ainal value of 13
and 14 mg TVB-N 100 ¢ on day 14 for dorsal and
venlral paris, respectively. TVB-N of 25 mg TVB-N
F00 o' wuas suggested to be a limii level for sardines
(Marrakchi er ol 1990)  white a TVB-N value of

Table 1 Changes ol wotal volatile basic
nitrogen wnd TCA-oluble pepuide content ol Dorsat cut

Farmed grant catish meat cuts during
N ) £ Storage TVB-N
relrgeraed store e Tor 14 days

Ventra!l cut

TCA-soiuble peptide  TVB-N TCA-soluble peptide

{days) {mg TVB-N 100 g™’} {(mmol Tyr g sample ') (mg TVB-N 108 g~ *) (mmo! Tyr g sample™ "}

0
2 7.9+ 0.16°
4 7.6+ 0.16"
7 7.8 £ 0,017
0 9.3 + 0.03°
4 12.3 z 0.07

1
1

7.8 £ 0057

0.73 £ 0.03° 6.2 = 0.00° 0.68 £ 0.05°
0.75 = 0.07° 5.1+ 0.27° 0.75 + 0.04™
0.80 = 0.01" 6.5 + 0.00% 0.80 = 0.03°
0.88 £ 0.01° 6.5 = 0.00° 0.92 = 0.23°
1.22 = 0.07° 8.8 + 0.66° 1.33 x 0.08°
1.45 = 0.06" 14.1 « 0.66° 2.13 2 0.10°

Values are given as mean = S0 from triplicate determinatians. Different superscripts in the same
column indicate significant differences (P < 0,05),
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small protem bands cbuined in muscle extracts were a
result of myvosin hydrolysis induced by the activation of
cndogenous enzymes. The actin band sull showed high
band intensity after 14 days of refrizerated storage, This
result 15 consistent with Benjakul er af. (2003) who
reported that MHC wus more prone to proteolytic
degradation thun other muscle proteins, such as AC. TN
and TM. The results of this experiment indicated less
proteolysis for up to 14 days of storage.

Physicochemical changes of refrigerated giant catfish
muscle .

Expressible drip

The expressible drip of refrigerated furmed grant catfish
muscles decreased with storage trme and amounted 1o
mere than 3% after 14 days of storage (Fig. 3a).
Decreases of about 30% of expressible drip were found
during storage of both dorsal and ventral parts com-
pared with day 0. During the long time of refrigeratcd
storage. a fruction of water evaporates and the result
seems Lo be that the water is more poorly retained by the
muscle structure. Dalgaard et al. (1993) reported that
the drip loss of ice chilled vacuum packed cod fillets to

(a) 0 Duorsal W vontral

p a A B
ﬂ |
[(R4 v - —
0 2 4 7 10 14
Storage time (days)
(b) 0 Deasal B Veniral
24
ab uhy b
. A
= - A A
a~
P
B
=
C
— —
4 7 34] I3

Storage Lime (days)

Figure 3 Chunges of expressible moisture 1) and cooking foss (b) of
medn cuts lrom Larmed giunt catfish during 14 days refrigerated
storage Bar indscites standurd deviation from three determinations.
Difterent alphabors in the same musele type indicate sipnificent

dilferences (£ -+ 0.05)
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be 4.7% at the time of sensory rejection (14 days). The
expressible drip was less in the ventral than in the dorsal
parl. High expressible drip in the refrigerated samples
might be due to increased proteolysis, resuliing in a
looser structure and thereby affecting the ubilily (o
retain water. The reason for the difference between
dorsal compared to ventral samples might be that the
arrangement of the muscle composition of both cuts
results in differeat ihilities of the tissues to retain water
(Chaijan et al, 20010, In contrast 1o these results,
Simpson & Haard (1987) found that free drip increased
during storage of Atlantic cod at 0 or -3 °C. and the
increase was largest for partially frozen samples.

Cooking luss

The cooking loss of the dorsal and ventral parts of
farmed giant catfish is shown in Fig. 3b. Cooking loss
slightly increased as the storage time increased up 1o
14 days. The cooking loss was significantly higher in the
dorsal part compared to ventral part of farmed giant
catfish muscles (Fig. Sby. No significant differcnces of
cooking loss was found in the ventral part (P > (0.03).
Inttially, the cooking toss of the dorsal part was ~13%.
The value increased to 7% after 2 weeks of refrigerated
storage. Meanwhile. the cookmg loss tn the veniral part
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hetween samples. This result was possibly caused by the
lack of homogeneity of the sumple.

Large structural differences have been  obscrved
between muturing and post-spawned cod with the latter
having large 2aps between the myefibritlar units (Ofstad
et al.. 1996). The texture of the fish muscle depends on
numerous intrinsic biotogical factors related to ihe
density of the muscle fibres, as well as the fat and
collagen content of the fisl (Sigurgisladottir ez af., 1999;
Olafsdotiir ¢ of.. 2004). Previous research has shown
that fish become less firm with longer chilling periods
(Alasalvar cr al. 2001). The resulls gsuggesied that
denaturation (aggregation and/or hydrolysis) of muscle
proteins during the storage period was negligible with
only & mintmal effect on muscle texture. Texture loss
during the storage of tish samples has been commonly
reported. wlich may be associated with low muscle pH
or due to the involvement of several proteotvtic cnzymes
(Torrssen ef af., 2000).

Microstruciure

Microstructures of both transverse sections (Fig. 5a)
arnd longitudinal sections (Figo 5b) of farmed  gaant
catfish muscles are llustrated in Fig. 5. The starting
muscle (day 0) bad 2 well organised structure of the
muscle bundle. Atlier | week of refrigerated storage, the
muscle bundles were less attached and there was a loss
of muscle interaction. Atier a period of time (day 7-14),
miscle bundics became larger and showed gaps between
them. Both meat cuts showed the same microstructure
patierns durnyg refrigerated storage. Nip & Moy (1988)
reperted that during the refrigerated storage of the fish,
the muscle fibres of the anterior-most sections degraded
aradually. Degradation of muscle tissue started from the
perimysium, endomysium, the Z-line, and the H-zones,
For the lougdudmal sections (Fig. 5b), similar micro-
structures of meat cuts were found. Dense bundle
structures were notieccable in fresh cuts, while loose
bundle structures were found in refrigerated stored meat
CUts.

Conclusions

Greater chunges in both biochemical {ATPase, TVB-N,
and protein hydrolysis) and  technologicai  aspeels
(expressible drip. cooking loss, shear force. and micro-
structure) of farmed giant catfish muscles (dorsal and
ventral sites) were found al day 14 of storage. However,
storage al relrigeration temperature (~4 °C) for 14 days
leads 1o a loss of some quality parameters, which did not
affect the appearance of the sample.
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