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Abstract: The effect of aqueous solution of citric acid (CA) on the lipid stability of the
European catfish (Silurus glanis) fillets during frozen storage (up to 6 months) was
investigated. Rancidity development was measured by several biochemical indices (free
fatty acids, peroxides and TBA) and complemented by the measurement of expressible
moisture and sensory evaluation (flesh odor, consistency and flesh appearance). The CA
treatment led to some lower free fatty acids (6.43% oleic acid in total lipid at month 6),
peroxides (7.98meq oxygen/kg lipids, at month 6) and secondary compounds formation
(2.16mg malondialdehyde/kg fish sample). Lower peroxide, thiobarbituric acid-reactive
substance (TBA), free fatty acids (during 0, 3 and 6 months frozen storage), and expressible
moisture (month 6) values were obtained from CA-treated fish fillets than the untreated
(blank control) ones (P<0.05).
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Introduction

Lipid oxidation is one of the most important factors responsible for quality
deterioration of fish during frozen storage due to its detrimental effects on color,
flavor, texture, and nutritional value (Hettiarachy er al., 1996; Serdaroglu &
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Felekoglu, 2005). The lipid fraction is therefore, the subjects of a great deal of
attention since PUFAs are highly prone to oxidation (Perez-Alonso et al., 2003).
Reactions between the by-products derived from lipid oxidation and proteins cause
undesirable changes of food properties including protein denaturation, loss of
protein solubility, alteration of texture and functional properties of protein and
destruction of nutrient components (Serdaroglu & Felekoglu, 2005). Addition of
synthetic antioxidants such as butylated hydroxyanisole (BHA), butylated hydroxy
toluene (BHT), and tertiary butylated hydroquinone (TBHQ) can control lipid
oxidation in foods (Hettiarachchy e al., 1996). Recent efforts have been focused
on the replacement of synthetic antioxidants by natural ones. Reports have shown
that synthetic antioxidants may act as mutagenic and carcinogenic agents, while
natural ones may provide nutritional and therapeutic effects (Aubourg, 2000).
Natural antioxidants have been successfully employed with filleted fish (Aubourg,
2000; Saeed & Howell, 2002). In this work, acetic acid is selected as a natural
antioxidant for being easily and cheaply available.

Large European catfish (wels or sheatfish), Silurus glanis, is distributed in the
Caspian Sea and some other inland water basins in Iran (Abdoli, 1999). This species
is selected for having a high fat content (6-8%), white and boneless flesh, which
render it a fishery product of export value. Little information is available concerning
quality changes undergone by this fish species as a result of storage or processing
(Fauconneau & Laroche, 1996; Benjakul & Bauer, 2001).

This study was conducted to determine the effect of citric acid on the lipid
stability of catfish fillets during frozen storage by means of a soaking in citric acid
solution as the most practical pretreatment.

Materials and methods
Catfish (S. glanis) of 63cm and 1400g average length and weight, respectively,
were collected in March 2006 from Anzali wetland (24 individuals). The ratio
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between male and female of samples was 5:1. The fish were carefully gutted,
dressed, and filleted by hand (room temperature ~20-22°C), divided in two groups
and kept on ice. Individuals of the first group were left untreated (blank control),
directly packaged in polyethylene bags and immediately frozen at -40°C. The other
group was immersed in 0.5% CA aqueous solution (water temperature ~15°C). The
fillets were removed after 5 min, packaged in polyethylene bags and frozen at -40°C.
After 12 h at -40°C all fillets were moved to a -18°C freezer. Sampling was undertaken
after 1, 3 and 6 months of frozen storage at -18°C and on the starting material (raw
values). For each treatment, three different fish fillet were considered for each time and
three samples were taken of each fillet and studied separately. The procedure was
followed regardless of sex and stage of maturity.

The water content was determined by calculation of weight difference of the
homogenized muscle (1-2g) before and after 24 h drying at 105°C; the results were
expressed as g of water/100g muscle (Perez-Alonso et al., 2003). Total lipid was
determined according to Cunniff (1998). Quantity results were calculated as g
lipid/100g wet muscle.

A piece of flesh (Icmxlcm) was weighed (A), placed between 2 pieces of
weighed Whatman No. 42 filter paper, and put on a pyrex watch glass. Initial load
of 500g was applied on the top of the sample for 5 min, followed with another
500g loading for an additional 20 min. After pressing with the loads samples were
weighed (B). The drip under pressure was determined as (A)-(B) and calculated
against sample weight (A) as a percentage (Suvanich et al., 2000).

Lipid hydrolysis was determined according free fatty acid (FFA) assessment.
FFA content was determined by adding 25ml of neutralized 96% alcohol (with a
few drop of 0.1 N NaOH and adding of phenolphthalein) to 25ml of chloroform
extract and it was titrated by 0.1 N NaOH until pink color. Results were expressed
as % oleic acid in total lipid (Egan et al., 1997).

Peroxide value (PV) was expressed as meq oxygen/kg lipids. 25ml of
chloroform extract was mixed with 37ml of glacial acetic acid and 1ml of freshly
prepared saturated potassium iodide solution. 30ml of water was added after 1 min
and then titrated with 0.01 N sodium thiosulphate (starch as indicator) (Egan et al.,
1997).
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The thiobarbituric acid index (TBA) was determined by macerating 10g of
sample with 50ml of water (2 min) and washed with 47.5ml of water, also 2ml of 4
M hydrochloric acid was added. The mixture was heated until 50ml of its distillate
collected at 10 min from the boiling time. 5ml of distillate and Sml of TBA reagent
were pipetted in a glass stoppered tube and heated for 35 min, then cooled in water
for 10 min and the absorbency (D) was measured at 538nm with spectrophotometer
(HACH, DR/2000, USA). TBA (mg malondialdehyde/kg fish sample) = 7.8 D.
(Egan et al., 1997).

Sensory analyses were conducted by a taste panel according of five to seven
experienced judges, according to the guidelines presented in Table 1 (Stodolnik et al.,
2005). Four categories were ranked: highest quality (A), good quality (B), fair quality
(C) and rejectable quality (D). For each time of experiments three fillets of each
treatment thawed and assessed by individual members of taste panel. Scores among
panelists were averaged.

Sensory assessment of fillets included the following parameters: flesh appearance,
odor, and color. Scores were given: A=4,B=3,C=2and D=1.

Data from the different quality measurement were subjected to the one-way
ANOVA method to assess significant differences (P<0.05) and comparison of
mean was performed using a least-squares difference (LSD) method.

Results

Water content in the catfish white muscle ranged between 80.9-82.7% in CA
treatment, and 83.5-80.77% in control samples, which showed significant changes
in months 0 and 3 between two treatments. Lipid content ranged between 4.1-2.5%
in CA treatment, and 3.59-2.2% in control treatment, that there was significant
change between samples, in month 1.

Amounts of expressible moisture increased with the storage period (Fig. 1).
Comparison between two treatments showed that percentages of expressible
moisture were significant at months 1 and 6 and was lower in treated fillets at
month 6 (41.73%).

Actual mean values of lipid hydrolysis increased (P<0.05) in both kinds of
samples during frozen storage, as FFA (Fig. 2). The citric acid treatment led to
lower value along the whole storage except at month 1; however, differences were
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significant (P<0.05) at months 1, 3 and 6. This increase indicates that hydrolytic
activity of lipid constituents was occurring over time. Comparison among
treatments showed significant differences (P<0.05) at 1, 3 months.

Primary lipid oxidation was followed by the PV. Its assessment in both
treatments showed that it had a tendency to increase with time, which was
especially sharp at the end of the experiments (month 6), (Fig. 3). Significant
differences were obtained between untreated and treated fillets at month 6.

Formation of secondary oxidation products followed the gradual increase in
both kinds of treatment with storage time (Fig. 4). There were significant
differences at months 0, 1 and 6; inhibitory effect of citric acid (P<0.05) was
detected at 0 and 6. At the end of storage period (month 6), the lowest TBA was
observed in samples that were treated with citric acid.

In sensory assessment different attributes were analysed (Table 1). Treated
samples provided a better quality score on flesh odor at month 6. Between all the
scores, only flesh odor of treated samples had significant difference (P<0.05) at
month 6 (Figs. 5, 6, 7).

Table 1: Scale employed for evaluating quality of frozen catfish fillets

Attribute A B C D
(Highest (Good quality) (Fair quality) (Rejectable
quality) quality)

Flesh Odor Sharp seaweed  Weak seaweed  Slightly sourand ~ Sharply sour
and shellfish and shellfish incipient rancidity  and rancid

Consistency Presence or Firm and elastic; Presence of Important shape
partial pressure signs mechanical signs; changes due to
disappearance disappear elasticity notably ~ mechanical
of rigor mortis  immediately and reduced factors
symptoms completely

Flesh Strongly Still hydrated Slightly dry and Yellowish and

Appearance hydrated and and pink; pale; myotomes dry; myotomes

pink; myotomes myotomes adhered in groups totally separated

totally adhered  adhered
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Figure 1: Expressible moisture (%) determination during frozen storage of untreated
and treated catfish fillet
* Bars denote standard deviation of the means.
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Figure 2: FFA determination during frozen storage of untreated and treated catfish
fillet
*Bars denote standard deviation of the means.
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Figure 3: Peroxide value determination during frozen storage of untreated and
treated catfish fillet.
* Bars denote standard deviation of the means.
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Figure 4: TBA determination during frozen storage of untreated and treated
catfish fillet
* Bars denote standard deviation of the means.
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Figure 5: Changes in rancid odor value in frozen catfish fillet at-18°C.
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Figure 6: Changes in rancid consistency value in frozen catfish fillet at-18°C,
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Figure 7: Changes in rancid appearance value in frozen catfish fillet at-18°C.

Discussion

During storage, variations in water and lipid contents were observed. The
variations may be explained as a result of individual fish variations, according to
previous researches on other frozen fish species (Craig et al., 1996; Aubourg et al.,
2004; Stodolnik et al., 2005).

Water-holding capacity of tissues decreased during frozen storage. Decreases in
water-holding capacity lead to increased expressible moisture and protein
denaturation (Suvanich et al., 2000).

The formation of FFAs itself does not lead to nutritional losses. However, its
examination was deemed to be important since it has been proved that the
accumulation of FFAs is to some extent related to lipid oxidation enhancement and
texture deterioration by interaction with proteins (Losada et al., 2004). Further
oxidation produces low molecular weight compounds that are responsible to the

rancid off-flavor and taste of fish and fish products (Pacheco-Aguilar ef al., 2000).
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Our results regarding FFAs formation are in agreement with Aubourg ef al.
(2004), who found significant changes in FFA for mackerel fillets treated with
citric acid (0.05, 0.15 and 0.5%). Effects of using rosemary extract and onion juice
on minced sardine (Sardina pilchardus) also showed that antioxidant treatments
were more effective in decreasing lipid hydrolysis than untreated samples
(Serdaroglu & Felekoglu, 2005).

Hydroperoxides formation occurred during storage in both untreated and treated
samples. Aubourg ef al. (2004) also found that addition of citric acid resulted in a
decrease of PV and TBA in mackerel fillets during frozen storage. Li et al. (1998)
illustrated that lipid hydroperoxides interacted with pigments and other macro-
molecules in fish, causing discoloration and off-flavor.

Tang et al. (2001) studied the effects of tea catechin and a-tocophrol on
rancidity inhibition of raw minced red meat, poultry and fish muscle and found that
antioxidants were more effective on fish. In this study, comparison between both
kind of samples showed increases in TBA formation in all treatments during
storage but untreated samples had most amounts of oxidized lipid.

Sensory evaluations showed that scores decreased with time for the attributes.
These results were similar with previous results on fish species under similar
conditions (Stodolnik et al., 2005; Aubourg et al., 2005).

Stodolnik er al. (2005) studied the effect of flaxseed (Linum usitatissimum)
extract on mackerel. Their results showed that antioxidant treatment caused
improvement of odor and appearance of fish flesh during frozen storage and
extended shelf life of products.

Present results indicate that use of citric acid makes fish muscle less prone to
oxidation and PV and TBA were lower in treated samples. Further research is
enabling to find different kind of antioxidant compounds that are effective and so
that have synergic effects will lead to a greater preservative approach and partial

inhibition of the quality loss.



Iranian Journal of Fisheries Sciences, 7.(2s), 2008 225

Acknowledgements

The authors thank Mr. Santiago Aubourg, of the Instituto de Invetigaciones Marinas
(CSIC), Vigo, Spain, for his guidance, Inland Waters Aquaculture Research Center and
North Fillet Manufacture (Bandar Anzali) for the experimental and technical

assistance.

References

Abdoli, A., 1999. [The inland waters fishes of Iran]. Nature and Wild Life Museum of Iran
Publication, 378P. (in Persian).

Aubourg, S.P., 2000. Assessment of antioxidant effectiveness on thermally treated marine
lipids by fluorescence detection. European Food Research and Technology, 211:310-315.

Aubourg, S.P., Perez-Alonso, F. and Gallardo, J.M., 2004. Studies on rancidity
inhibition in frozen horse mackerel (Trachurus trachurus) by citric acid and ascorbic
acids. European Journal of Lipid Science and Technology, 106:232-240.

Aubourg, S., Rodriguez, A. and Gallardo, J., 2005. Rancidity development during frozen
storage of mackerel (Scomber scombrus). Effect of catching season and commercial
presentation. European Journal of Lipid Science and Technology, 107:316-323.

Benjakul, S. and Bauer, F. , 2001. Biochemical and physicochemical changes in catfish
(Silurus glanis L.) muscle as influenced by different freeze-thaw cycles. Food
Chemistry, 72:207-217.

Craig, J.A., Bowers, J.A., Wang, X. and Seib, P.A., 1996. Inhibition of lipid oxidation in
meats by inorganic phosphate and ascorbate salts. Journal of Food Science, 61:1062-
1067.

Cunniff, P.A. (Ed.), 1998. Official Methods of Analysis of AOAC International (16" ed.).
Arlington: Association of Official Analytical Chemists.

Egan, H., Kirk, R.S. and Sawyer, R., 1997. Pearson's Chemical Analysis of Foods. gt
Edition. Churchill Livingstone, Edinburgh, Scotland, UK. pp.609-643.



226 Pourashouri et al.  Inhibitory effect of citric acid on rancidity ...

Fauconneau, B. and Laroche, M. , 1996. Characteristics of the flesh and quality of
products of catfish. Aquatic Living Resource, 9:165-179.

Hettiarachchy, N.S., Glenn, K.C., Gnanasambandam, R. and Johnson, M.G., 1996.
Natural antioxidant extracts from Fenugreek (Trigonella foenumgraecum) for ground
beef patties. Journal of Food Science, 61:516-519.

Li, S.J., Seymour, T.A., King, A.J. and Morrissey, M.T., 1998. Color stability and lipid
oxidation of rockfish as affected by antioxidant from shrimp shell waste. Journal of
Food Science, 63:438-441.

Losada, V., Barros-Velazquez, J., Gallardo, J.M. and Aubourg, S.P., 2004. Effect of
advanced chilling methods on lipid damage during sardine (Sardina pilchardus)
storage. European Journal of Lipid Science and Technology, 106:844-850.

Pacheco-Aguilar, R., Lugo-Sanchez, M.E. and Robles-Burgueno, M.R., 2000. Postmortem
biochemical and functional characteristic of Monterey sardine muscle stored at 0C.
Journal of Food Science, 65:40-47.

Perez-Alonso, F., Arias, C. and Aubourg, S.P., 2003. Lipid deterioration during chilled
storage of Atlantic pomfret (Brama brama). European Journal of Lipid Science and
Technology, 105:661-667.

Saeed, S. and Howell, N.K. 2002. Effect of lipid oxidation and frozen iced storage on
muscle proteins of Atlantic mackerel (Scomber scombrus). Journal of Food Science
and Technology, 82:579-586.

Serdaroglu, M. and Felekoglu, E., 2005. Effects of using rosemary extract and onion
juice on oxidative stability of sardine (Sardina pilchardus) mince. Journal of Food
Quality, 28:109-120.

Stodolnik, L., Stawicka, A., Szczepanik, G. and Aubourg, S.P., 2005. Rancidity
inhibition study in frozen whole mackerel (Scomber scombrus) following flaxseed

(Linum usitatissimum) extract treatment. Grasasy Aceites, 56:198-204.



Iranian Journal of Fisheries Sciences, 7(2s), 2008 227

Suvanich, V., Jahncke, M.L. and Marshall, D.L., 2000. Changes in selected chemical
quality characteristics of channel catfish frame mince during chill and frozen storage.
Journal of Food Science, 65:24-29.

Tang, S., Sheehan, D., Buckley, D.J., Morrissey, P.A. and Kerry, J.P., 2001. Antioxidant
activity of added tea catechins on lipid oxidation of raw minced red meat, poultry and fish

muscle. International Journal of Food Science and Technology, 36: 685-692.



