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Abstract

Canned salmon processing has considerable amounts of salmon skin leftover. Salmon
skin contain a rich of protein and oil content. Since the nitrogen containing compounds
are easily to breakdown and unsaturated fatty acids in skin that are susceptible to
oxidized during handling and storage, the fishy odors occurred could limit the skin
utilization. The use of sodium acetate (SA), sodium bicarbonate (SB) and sodium
chloride (SC) at 0.5 % 1.0% and 1.5% (w/v) on fishy odor reduction in salmon skin was
investigated. The determination of trimethylamine (TMA), total volatile base nitrogen
(TVB-N) and thiobarbituric acid (TBA) were used to monitor the degradation of
nitrogenous compounds and oxidized lipids in the salmon skin, and reduction of fishy
odors was confirmed by sensory scoring test. A decrease of TVB-N and TBA values in
salmon skin occurred after washing with those salt solutions. The lowest of TVB-N and
TBA values in salmon skin was obtained after washing with SC solutions. In addition,
washing salmon skin with 1 % (w/v) of SC solution received the lowest scores for the
fishy odor, while the control (washing with water) received significantly higher scores
for fishy odor. Therefore, SC solution may have a potential to improve quality by

reduction the fishy odors in salmon skin, which could be utilized for further product.
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Introduction

The production and export of seafood products in Thailand had increased with the
expecting growth of 15.4% by the year 2012 (Bank of Thailand 2012). For the canning

industry, tuna and salmon are major raw material imported from around the world.
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Generally, tuna and salmon byproduct from processing account for 40% of raw material,
it consisted of head, skin, bones, fin and viscera. Salmon skin can be further utilize as
raw material for collagen, gelatin and fish oil production. Salmon skin has high protein
30-35 % on dry weight basis (Xinrong ef al. 2010) and a rich source of omega-3
polyunsaturated fatty acids (PUFAs), mainly eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) (Ackman 1990; Sargent ef al. 2001). However, the high
content of polyunsaturated lipids in salmon skin (Alberta and Benjamin 2009) is cause
of lipid oxidation that generally contributes to the development of especially fishy odors
(Magsood and Benjakul 2011). Primary products of oxidation (lipid hydroperoxides) are
break down to secondary lipid oxidation compounds such as alcohol, aldehydes, ketone
and furan (Huss 1995; Ashton et al. 2002) that are normally reported as thiobarbituric
acid (TBA) value. This value is not fit for human consumption if it higher than 8 mg/kg
oil sample (Huss 1988). Moreover, spoilage in fish produced by microbial degradation
and processing, which total volatile base nitrogen (TVB-N) content is used to evaluate
the quality of fish and seafood (Li 2004). This value is a result of endogenous (raw
material enzyme) and exogenous (microbial enzyme) enzyme functions. The fish or fish
products containing TVB-N more than 30 mg/100 g sample are generally classified as
unfit for human food (Ozogul and Ozogul 2000).

Sodium salt such as sodium acetate (SA), sodium bicarbonate (SB) and sodium chloride
(SC) are used in food processing. SA containing flavor improving property, have been
proposed for prolonging the shelf life of fish muscle (Zhuang et al. 1996). SB is
commonly used in Chinese cuisine (Hsieh et al. 1980) and has been used for masking of
typical aromas in meat from terrestrial farmed animals (Sindelar et al. 2003). SC has
been traditionally used in curing processes. SC acts as preservative and modifies water
holding capacity of the proteins. One of the functions of SC in meat products is to
improve the quality and texture (Sofos 1986). Due to the fishy odor in salmon skins
derived from lipid oxidation and protein and/or non-protein nitrogen, washing with
various salt solutions may reduce this problem. The objectives of this study were to
reduce fishy odor in salmon skin by washing with sodium acetate, sodium bicarbonate

and sodium chloride solutions.
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Methodology

Materials and preparation

Salmon skins were obtained from skin removing step during salmon processing of
canning factory in Songkhla, Thailand. The residual meat was removed manually and
cleaned salmon skin was washed with tap water. The skin was cut into small pieces (4.0
x 7.0 cm?), placed in polyethylene bag and stored at -20°C for 3 months. The salt
solutions that used in this experiment were sodium acetate, sodium bicarbonate and
sodium chloride and obtained from Lab-Scan (Bangkok, Thailand). Salt solutions were
prepared by dissolve each salt at 0.5, 1.0 and 1.5% (w/v) in tap water. All chemicals

used were analytical grade.

Salmon skin washing procedure

Washing processes as according to Kittiphattanabawon (2004) were applied for salmon
skin. Samples were washed with water (control) and 0.5, 1.0 and 1.5 % w/v of each salt
solution for 5 min with the continuous stirring. The ratio of the sample to each solution
was 1:2. Then the sample was rinsed with water for 5 min for 3 times with the
continuous stirring (ratio of the sample to water was 1:2) to remove salt solutions from
salmon skin. The washed samples were brought to scald with water at 50°C for 1
minute. The samples were subjected to determination of volatile compounds (Hasegawa,

1986) and TBA (Egan ef al. 1981) as followings.

Determination of volatile compounds

Trimethylamine (TMA) and Total volatile base nitrogen (TVB-N) contents were
determined using the Conway microdiffusion assay as according to the method of
Hasegawa (1986). Sample (2 g) was extracted with 8 ml of 4% trichloroacetic acid
(TCA). The mixtures were filtered using Whatman filter paper No. 41 then the filtrate
was used for analysis. To determine the TMA content, formaldehyde was added to the
filtrate to fix dimethylamine (DMA) and ammonia present in the sample. TMA and
TVB-N were released after addition of saturated K,CO; and diffused into the boric acid
solution. The titrations of solution were performed and the amount of TMA or TVB- N
was calculated as mg nitrogen/100 g sample.

Determination of thiobarbituric acid value

Thiobarbituric acid (TBA) value was determined as according to the procedure of Egan

et al. (1981). Comminuted fish skin (10 g) was thoroughly homogenized with 50 ml of
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distilled water and 2.5 ml of HCl (4N) along with 6-7 droplets of antifoaming. The
mixture was subjected to the distillation process for 10 minutes. The obtained liquid (5
ml) was added to 4 ml of a solution containing 0.0288 g thiobarbituric acid and 90%
acetic acid. The mixture was heated in a water bath at 100°C for 30 min and then cooled
down to 30°C. The mixture was measured the absorbance at 532 nm and TBA value was
calculated as TBA (mg malonaldehyde/kg sample) = 7.8xD, where D is the absorbance
of the solution against the blank prepared by adding 5 ml of distilled water and 5 ml of
TBA solution.

Sensory evaluation

The fishy odor intensity of each sample was determined by sensory scoring test. This
was conducted by using 30 panelists as according to the method Lovell and Sackley
(1973). The scale used was 1-5 where 1 (extremely light odor), 2 (lightly odor), 3

(moderate odor), 4 (strong odor) and 5 (extremely strong odor).

Statistical analysis

The data obtained from one batches of materials (three replicates) and a completely
randomized design (CRD) was used. For sensory evaluation used randomized complete
block design (RCBD). Data were subjected to analysis of variance (ANOVA).
Comparison of means was carried out by Duncan’s multiple range tests. Significance

was declared at P<0.05 using the statistical software.

Results and Discussion

Change in TMA and TVB-N content

TMA content of salmon skin was undetectable neither before nor after washing
with salt solutions. TVB-N content of salmon skin decreased after washing with all salt
solutions. TVB-N content could reduce from 13.36 mg nitrogen/100 g of salmon skin
down to 4.55 mg nitrogen/100 g of salmon skin by washing with SC solutions. From the
result, it showed that concentration and type of salt solution had affected to reduce of
TVB-N content, which SC could reduce TVB-N content more than SC and SA,
respectively. These results were in accordance with Hari ef al. (2003) that using SC in
shredded tuna washing could improved the physical and chemical properties by

reducing the TMA, TVB-N content. This may due to the dissolved SC increased high
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polarity of water that could show the leaching effect by interact with hydrophilic
volatile base nitrogen as TMA, DMA, TVB-N, ammonia and other amines (Ryuzo et al.
1987; Magnusson and Martinsdttir 1995). The values of total volatile basic nitrogen

(TVB-N) in washed salmon skin were shown in Figure 1.
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Figure 1 TVB-N contents in salmon skin after washing with salt solutions. Bars represent standard
deviation from triplicate determinations. Different letters within the same concentration indicate
significant differences (p<0.05).

Change in TBA values

The TBA values of salmon skin after washing with three types of salt solutions were
shown in Figure 2. Salmon skin containing high unsaturated lipids lead to lipid
oxidation (Alberta and Benjamin 2009) however, the result showed that TBA values in
the salmon skin decreased significantly after washing with salt solutions compared to
control. Due to washing process has been reported to be an important process to remove
lipids and undesirable materials such as blood, pigment and odourous substances
(Kristinsson et al. 2005). Decreasing of TBA values of washed sample with SC was the
highest (Figure 2). This may due to the Na' from SC could interact with the polar head
of phospholipid to form a sodium-phospholipid complex in the same fashion as Ca*"
(Hrynets et al. 2011) and leached out with water. The reduced level of phospholipids
may explain the reduction in thiobarbituric acid levels (Kristinsson and Hultin 2004).

Therefore, the samples washed with SC solution were selected for the sensory analysis.
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Figure 2 TBA value in salmon skin after washing salt solutions. Bars represent standard deviation
from triplicate determinations. Different letters within the same concentration indicate significant
differences (p<0.05).

Sensory Analysis

The sensory test of washed salmon skin with SC solution was presented in

Table 1. The sensory panelists detected significant differences in fishy odor of washed
salmon skin with SC and control. Control samples received significantly higher scores
for strong odor to extremely strong odor, while washed salmon skin with 1 % w/v of SC

solution received the lowest scores for light odor to moderate odor.

Table 1 Fishy odor score of washed salmon skin with sodium chloride solutions and control.

Sodium chloride solution (%w/v)
Control 0.5 1.0 1.5
fishy odor score 4.2+0.85° 3.2+1.08" 2.67+0.71° 3.13+1.04°

a-c Mean within a row within the each condition with different letters are significantly difference
(p<0.05).

These results are in accordance with the use of sodium chloride solutions at various
concentrations and activated carbon in the fish skin before gelatin extraction. Kawahara
and Tanihata (2005) shown that the samples washed with 1% w/v of sodium chloride
solution could well reduced fishy odor. In Atlantic cod fillets, treating with a
combination of sodium chloride and sodium bicarbonate could improve flavor, texture

and reduced formation of volatile lipid compounds (Magnus and Turid 2012). This
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research demonstrated that type of salt solutions affected to reduce TVB-N, TBA value

in salmon skin. Therefore, salmon skin may be further utilized as product if washing

with suitable salt solution.

Acknowledgments

This research was conducted under the financial support from the Technology

Development Agency and also the Graduated School, Prince of Songkla University,
Songkhla, Thailand.

References

1.

Ashton IP. 2002. Understanding lipid oxidation in fish. In: Bremner HA, editor.
Safety and quality issues in fish processing. Camdridge UK: Woodhand. p 254-
286.

Ackman RG. 1990. Seafood lipids and fatty acids. Food Rev Int 6(4):617—-646.

. Alberta NA, Benjamin K. 2009. Comparative studies on the yield and quality of

solvent-extracted oil from salmon skin. J Food Eng 92(3):353-358.

Bank of Thailand. 2012. The overall economic and business conditions,
Bangkok. Thailand Available from http://www.bot.or.th/Thai/
EconomicConditions/Thai /South/Business%20Report/BLP_Report50/
BLP_Q255.pdf. Accessed May 27, 2012.

Egan H, Kirk RS, Sawyer R. 1981. Pearson’s Chemical Analysis of Food. 8th
ed. New York: Churchill Livingstone. p 507-546.

Hasegwa H. 1986. Laboratory manual on analytical methods and procedures for
fish and fish products. Marine Fisheries Research Department. SEAFDEC.
Singapore.

Hari P, Sutarjo S, Toni M. 2003. Study on the effect of citric acid and sodium
chloride on shredded tuna (Thunus albacares) meat (Abon Tuna). Indones Food
Nutri Pro 10(1):13-18.

Hsieh YPC, Cornforth DP, Pearson AM, Hooper GR. 1980. Ultrastructural
changes in pre-rigor and post-rigor beef muscle caused by conventional and

microwave cookery. Meat Sci 4(4):299-311.

1* Mae Fah Luang University International Conference 2012


http://www.bot.or.th/Thai/

9. Hrynets Y, Omana DA, Xu Y, Betti M. 2011. Impact of citric acid and calcium
ions on acid solubilization of mechanically separated turkey meat: Effect on
lipid and pigment content. Poultry Sci 90(2):458—466.

10. Huss HH. 1988. Fresh fish quality and quality changes Food and agriculture
organization (FAO) of the United Nations. Rome, Italy 29 p.

11. Huss HH. 1995. Quality and quality changes in fresh fish. Fisheries Technical
Food and Agriculture Organization (FAO). of the United Nations. Rome, Italy
348 p.

12. Kawahara H, Tanihata T. 2005. Method for Producing Fish Gelatin Peptide. US.
Patent. 2005/0124034 A1.

13. Kristinsson HG, Hultin HO. 2004. The effect of acid and alkali unfolding and
subsequent refolding on the pro-oxidative activity of trout hemoglobin. J Agric
Food Chem 52:5482-90.

14. Kristinsson HG, Theodoure AE, Demir N, Ingadottir B. 2005. A comparative
study between acid-and alkali-aided processing and surimi processing for the
recovery of proteins from channel catfish muscle. J Food Sci 70(4) 298-306.

15. Kittiphattanabawon P. 2004. Extraction and characterization of collagen and
gelatin from bigeye snapper (Priacanthus tayenus) skin and bone. (Msc
dissertation). Songkla, Thailand: Prince of Songkla University 41-43 p.

16. Li X., Zeng Z, Zhou J, Gong S, Wang W, Chen Y. 2004. Novel fiber coated with
amide bridged-calix[4] arene used for solid-phase microextraction of aliphatic
amines. J Chromatogr A 1041(1-2):1-9.

17. Lovell RT, Sackley LA. 1973. Absorption by channel catfish of earthy-musty
flavor compound synthesized by cultures of bule-green algae. Trans Amer Fish
Soc 4:169-174.

18. Magsood S, Benjakul S. 2011. Comparative studies on molecular changes and
prooxidative activity of haemoglobin from different fish species as influenced by
pH. Food Chem, 124(3):875-883.

19. Magnusson H, Martinsdottir E. 1995. Storage qualityof fresh and frozen-thawed
fish in ice. J Food Sci 60 (2):273-278.

20. Magnus A, Turid M. 2012. Brines added sodium bicarbonate improve liquid
retention and sensory attributes of lightly salted Atlantic cod. J Food Sci and
Technol 46: 196-202.

1* Mae Fah Luang University International Conference 2012 n



21. Ozogul F, Ozogul Y. 2000. Comparision of methods used for determination of
total volatile basic nitrogen (TVB-N) in Rainbow trout (Oncorhynchus mykiss).
Turkish J Zool 24:113-120.

22. Ryuzo U, Tatsuo K, Toshitaka NI, Kunihiko T, Toshio M .1987. Process of
using a dehydration reagent for washed fish heat. US. Patent 4,749,497.

23. Sargent JR, Bell JG, McGhee F, McEvoy J, Webster JL. 2001. The nutritional
value of fish. In: Kestin, SC, Warriss, PD, editors. Farmed fish quality, Bristol,
UK: Blackwell Science. p 3—12.

24. Scopes RK. 1970. Characterization and study of sarcoplasmic proteins. In The
physiology and biochemistry of muscle as a food, 2nd ed. (EJ Briskey, RG
Cassens, BB Marsh, eds.), Madison, WI: The University of Wisconsin Press. p 471-
492.

25. Sindelar JJ, Prochaska F, Britt J, Smith GL, Miller RK, Templeman R, Osburn
WN. 2003: Strategies to eliminate atypical flavours and aromas in sow loins. I.
Optimization of sodium tripolyphosphate, sodium bicarbonate, and injection
level. Meat Sci 65(4):1211-1222.

26. Sofos JN. 1986. Use of phosphates in low-sodium meat products. Food Technol
40(9): 53-63.

27. Xinrong RY, Zhaofeng Z, Lifang G, Junbo W, Yajun X, Ming Z, Xiaolong, H,
Zhigang L, Yong L. 2010. Marine collagen peptide isolated from Chum salmon
(Oncorhynchus keta) skin facilitates learning and memory in aged
C57BL/6Jmice. Food Chem 118(2):333-340.

28. Zhuang R, Huang YW, Beuchat LR. 1996. Quality changes during refrigerated
storage of packaged shrimp and catfish fillets treated with sodium acetate,

sodium lactate and propyl gallat. J Food Sci 61(13):241-244.

1* Mae Fah Luang University International Conference 2012 n


http://www.google.com/search?tbo=p&tbm=pts&hl=en&q=ininventor:%22Kunihiko+Tomiyasu%22
http://www.google.com/search?tbo=p&tbm=pts&hl=en&q=ininventor:%22Toshio+Matsuda%22

