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quality of dried sardine (Sardinella longiceps) 

during storage 
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Abstract 
Changes in biochemical, microbiological and sensory attributes of dried sardine (Sardinella longiceps) 

during storage in air pack (AP), vacuum pack (VP) and active pack (oxygen scavenger) (OSP) were 

investigated. For this purpose, total volatile basic nitrogen (TVB-N), trimethylamine nitrogen (TMA-N), 

TBA values (TBA), free fatty acids value (FFA) and peroxide value (PV), sensory attributes and micro-

biological analyses were carried monthly during storage. Dried fish packed with oxygen scavenger 

(active packaging) was found to be the best in terms of biochemical, microbiological, sensory score and 

long shelf life compared to others. Instrumental analysis by colour reader (L*-value, a*-value, b*-value), 

textural analysis (shear force) also complimented the findings based on microbiological, biochemical and 

sensory analyses. Therefore, oxygen-absorbing packaging may be used to pack dried sardine. Sardine as 

long as 180 days without indicating sign of spoilage observation in quality. 
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Introduction 

Fresh fish is highly perishable and various preservation techniques such as chilling, freezing, 

drying, salting and smoking are commonly used to extend its shelf life. Drying is the most 

affordable traditional fish preservation methods that are commonly used in many developing 

countries [1]. The preservative effect of salting and drying is mainly due to the decrease in 

water activity, which turn prevents the growth of many spoilage organisms is prevented. 

Dried fish has been relished as food all along the coastal states of India and there is a tradition 

to consume it during special functions, especially among the lower strata of the society. It is 

widely consumed in the interior parts of India since availability and transport of fresh fish is 

poor. Dry fish processing is a common practice of the Gujarat coastal region and about 20% of 

the catch is being processed regularly for domestic and overseas consumption. Totally, 11 

export units and 350 domestic dry fish units are involved in processing of dry fish in Gujarat 

state. About 5000 MT of dry fish per season is regularly exported from India, which accounts 

for about 80% of total exports from Gujarat [2]. Dried fish products have low water content and 

a low water activity, so the main problems during handling and storage are water adsorption 

by the product surface in contact with the surroundings, and insect infestation. However the 

maintanence of quality of dried fish is a serious problem during transportation, storage and 

distribution in the market. It calls for improvement in packaging of dried fish for long term 

without compromising the quality. Several packaging methods to improve the quality of dried 

fish has been tried for maintenance of quality during storage. So, that its value does not 

decrease during marketing. Active packaging and vacuum packaging are a new concept of 

food packaging, developed in response to changes in current consumption and market trends 

and is designed to improve processed sea food product quality safety and shelf life. Vacuum 

packaging represents a static form of hypobaric storage which is widely used in the food 

industry due to its effectiveness in reducing oxidative reactions in the product at relatively low 

costs [3]. Oxygen absorbing systems provide an alternative to vacuum and gas flushing 

technologies as a means of improving product quality and shelf life. The oil sardine, 

Sardinella longiceps forms one of the major single species fisheries contributing along the 

Indian coasts. The oil sardine became the second highest contributor in the marine fish landing 

rankings during 2016 with 2.45 lakh tons [4]. Salt-dried sardine is largely consumed as well. 

Dried sardine contains a good source of protein and other nutritive value.
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Materials and Methods 

Fresh sardine (Sardinella longiceps) measuring 18.53 ± 1.02 

cm in length & weighing 15.39 ± 0.89 g caught by trawl net 

along the coast off Veraval, India (Lat- 20°55’12”N and long-

70°20’24”E) were used for the study. Immediately after 

harvest, fishes were washed in fresh water and iced in the 

ratio of 1:1 (fish: ice) and transported to the fish curing yard 

of Veraval for processing. The whole fish was washed in 

chilled water prior to processing. Descaling process was 

carried out manually and fishes were further washed with 

chilled water before drying. Plastic bags (O2 transmission: 46 

cc /m2 / atmosphere / 24hrs /room temperature 28-32°C; 

vapour permeability: 2.09 g/m2/24 hrs) with poly propylene 

(PP) and polyester layered (300 gauge) were used for packing 

the dried fishes. Dried fish packed in different packaging viz. 

air packaging (AP), Vacuum pouch packaging (VP) and 

pouch packaging with iron based O2 scavenger (50 CC - Pack 

Fresh, USA) (O2 scavenger packaging) (OSP). All dried 

products sample with different treatments were stored at room 

temperature. Samples from each were drawn randomly at 

regular intervals of 30 days for biochemical, microbiological 

and sensory quality analysis for 180 days. 

 Peroxide value (PV) was also determined as per standard 

methods [5]. Total volatile based nitrogen (TVBN) was 

determined by the Conway micro diffusion method [6]. Free 

fatty acid (FFA) was determined by improved titrimetric 

method [7]. pH was estimated as per standard methods [8] and 

TBA (Thiobarbituric Acid) [9]. The microbiological 

characteristics of sardine sample was carried out according to 

standard method of TPC (Total plate count) and TFC (Total 

fungal count) [10]. Organoleptic evaluation was carried out by 

9 point Hedonic scale [11].  

 

 
 

Fig 1: Changes in pH of the dried sardine (Sardinella longiceps) 

during storage. 

 

 
 

Fig 2: Changes in moisture (%) content of the dried sardine 

(Sardinella longiceps) during storage. 

 
 

Fig 3: Changes in TMA-N (mg/100g) of the dried sardine 

(Sardinella longiceps) during storage. 

 

 
 

Fig 4: Changes in TVB-N (mg/100g) of the dried sardine (Sardinella 

longiceps) during storage. 

 

 
 

Fig 5: Changes in PV (meq/kg) of the dried sardine (Sardinella 

longiceps) during storage. 

 

 
 

Fig 6: Changes in FFA (% of oleic acid) of the dried sardine 

(Sardinella longiceps) during storage. 
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Fig 7: Changes in TBA (mg malonaldehyde/kg) of the dried sardine 

(Sardinella longiceps) during storage. 

 

 
 

Fig 8: Changes in Total plate count (log cfu/g) of the dried sardine 

(Sardinella longiceps) during storage. 

 

 
 

Fig 9: Changes in Total fungal count (log cfu/g) of the dried sardine 

(Sardinella longiceps) during storage. 

 

 
 

Fig 10: Changes in Appearance score of the dried sardine 

(Sardinella longiceps) during storage. 

 
 

Fig 11: Changes in Odour score of the dried sardine (Sardinella 

longiceps) during storage. 

 

 
 

Fig 12: Changes in Overall acceptability score of the dried sardine 

(Sardinella longiceps) during storage. 

 

 
 

Fig 13: Changes in L*-value of the dried sardine (Sardinella 

longiceps) during storage. 

 

 
 

Fig 14: Changes in a*-value of the dried sardine (Sardinella 

longiceps) during storage. 
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Fig 15: Changes in b*-value of the dried sardine (Sardinella 

longiceps) during storage. 

 

 
 

Fig 16: Changes in shear force (Kgf) of the dried sardine (Sardinella 

longiceps) during storage. 

 

Results and Discussion 

Dried fish having pH in the range of 6.0-6.9 are considered to 

be of very good quality [12]. Highest values of pH at the end of 

storage days were observed in air pouch packed sun dried 

sample revealing 7.70 for sardine in Figure 1. pH value of 

dried fishes increased in the time interval due to increase of 

basic compounds, indicating the loss of quality in fishes. This 

result is in agree [13], who revealed that there was increase in 

pH values of marketed sardine during storage. Moisture 

content is an important factor affecting the ultimate quality 

and storage life of salt dried fish [14]. It is the major of the total 

amount of chemically unbound water in sample [15]. Mean 

value of moisture content increased steadily with increasing 

storage period in dried sardine storage samples in Figure 2. 

Increase in moisture content of salt cured fish during storage 

was observed by researchers [16] and attributed this to 

absorption of water by complex compounds formed by salt 

and proteins in the fish tissue. Food Standard Safety Authority 

of India [17] had specified not less than 16% as the moisture 

level for dry salted fish. Salting and drying are the interrelated 

to reduce the moisture sufficiently the decreasing the moisture 

due to osmotic migration of salt into and water outer the fish 
[18]. 

In marine fish, TMA which is formed from trim ethylamine 

oxide (TMAO) as a result of bacterial enzyme activity, is the 

main component responsible for an unpleasant ‘‘fishy’’ odour 
[19]. The acceptable of TMA value is 50 mg% for dried fish for 

human consumption [20]. In present study a relatively high 

TMA-N value was found in the air packed sardine sample 

(AP) as compare to vacuum packed (VP) and oxygen 

scavenger (OSP) in Figure 3. The acceptable of TMA value is 

50 mg% for dried fish for human consumption [20]. In case of 

dried fish, spoilage is considered when TVBN content is 100-

200mg% on dry weight basis [21]. Similarly, the value for 

fresh fish remains 35-40 mgN/100 g [22]. If 100-200 mg% is 

taken as acceptable in dried fishes, the experimental dried fish 

samples found to be fit for human consumption. Initial TVB-

N value of all dried sardine (Sardinella longiceps) was 48.13 

± 0.70 (mg/100g). At the end of storage period TVB-N value 

were found to be 145.25 ± 0.81, 105.75 ± 0.81 and 97.13 ± 

2.39 (mg/100g) in AP, VP and OSP respectively (mean ± SD) 

(Figure 4). In case of dried fish, spoilage is considered when 

TVBN content is 100-200 mg% on dry weight basis [21]. 

Oxygen scavenger packaging was found more effective 

followed by vacuum packaging and air packaging. 

Peroxide value (PV) is used to express the oxidative state of 

lipid-containing foods. It measures the first stage of oxidative 

rancidity [23]. Author has suggested that the acceptable level of 

PV is 20 to 40 millimoles of oxygen/kg of fish fat [24]. Similar 

higher PV have been reported in dried fishes by several 

studies [25]. In this study the changes in PV value in all 

samples of dried sardine showed significant (p<0.05) but 

limited increasing trends during storage period (Figure 5). 

Increase in peroxide value may be attributed to the oxidation 

of highly unsaturated fatty acids in fish lipids by the catalytic 

activity of common salt [26], iron impurities that are probably 

present in the crude salt, proxidant action of moisture and 

auto oxidation by atmospheric oxygen [27]. Lowest PV value 

in oxygen scavenger packed fish sample as compared to other 

shows the antioxidant effect, thus indicating strong 

antioxidant effect with vacuum and removal of oxygen by 

active packaging. 

FFA acid progressively increased throughout storage period 

in all samples (Figure 6) but relatively low in OSP. Author 

reported that FFA is a measure of hydrolytic rancidity, the 

extent of lipid hydrolysis by lipase action and that fish oil 

containing high levels of polyunsaturated fatty acids, is very 

susceptible to oxidative deterioration at varying velocities, 

strongly depending on the storage conditions and fatty acid 

profile [28]. Author suggested that high level of FFA is an 

indication of microbial spoilage activity [29]. Most fat acidity 

begins to be visible to the palate when the FFA value 

calculates as oleic acid is about 0.5 to 1.5% [30]. Increase in 

FFA values of dried fishes with storage period may be due to 

hydrolysis of fats along with increase in microbial load as also 

reflected in PV and TBA values. The TBA was employed for 

measuring of advanced oxidative rancidity of the product. 

TBA index is a widely used indicator for the assessment of 

degree of lipid oxidation, which measures malonaldehyde 

content [31]. TBA values increased throughout the storage 

periods in Figure 7. The acceptable limit is from 7-8 mg of 

malonaldehyde/kg [32]. Fish containing high content of high 

unsaturated fatty acids such as sardine and mackerel is rapidly 

oxidized in the presence of oxygen and natural light [33]. 

Microorganisms play an important role in the spoilage of fish 
[34]. However, samples packed with oxygen scavenger showed 

the lowest rate of bacterial growth compare with other packed 

samples (Figure 8). The result thus indicates that 

microbiological growths were restricted by oxygen removal 

and extended the shelf life of sample. Active packed and 

vacuum samples showed the longest shelf life (180 days) as 

compared to other samples. The limit of TPC in salted and 

dried products is 1x105 cfu/g [17]. The absence of total fungal 

count was observed in treatment OSP (oxygen scavenger 

packed) & VP (vacuum packed) and 3.31 ± 0.01 log cfug-1 

found in AP (air packed) at the end of 180 days storage period 

(Figure 9). Other workers have also reported the presence of 

fungi in dried fish at 2-4 log cfug-1 concentration [35]. 

Variation in appearance of dried sardine (Sardinella 
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longiceps) exhibited a decreasing trend during the storage in 

Figure 10. The reactions for appearance was not known, it 

could be assumed that excessive microbial and enzymatic 

proteolysis of the tissue causing tissue disintegration [36]. 

Development of odour in stored dried sardine (Sardinella 

longiceps) are shown in Figure 11. The result showed 

characteristic natural odour in initial period of storage but it 

was lost during the storage (Figure 11). The oxidation of 

lipids in fish muscle usually develops off-flavor and off-odor 

that ultimately affect the storage time [37]. The sensory 

characteristics of fish are clearly visible to the consumer and 

are essential for consumer satisfaction [38]. Overall quality is a 

critical factor in determining the acceptability of dried fish 

products. The reduction in the sensory qualities with increase 

in the storage period of processed fish could be attributed to 

higher activities of the spoilage agents. Similar trend was 

observed in dried fish under storage [39]. Oxygen scavenger 

packed dried sardine was comparatively better than air packed 

and vacuum packed samples (Figure 12). Active packaging of 

sardine maintaining certain quality is obvious. 

Colour is the important physical characteristics of fish 

products and directly related to the acceptability of food 

products. The color of any product can be represented in 

terms of tristimulus L *, a *, b *, or by a combination of them, 

depending on the nature of the pigment present in the 

foodstuff [40]. Therefore decrease in L value indicates a 

decrease in whiteness. ‘L’-value of dried sardine showed 

decreasing trend during the storage (Figure 13). Authors 

reported decrease in brightness (L*) (p < 0.05) during storage 

in the samples of dehydrated chub mackerel (Scomber 

japonicus) stored at 25 and 35°C [41]. Authors observed that 

the deterioration of colour of herring fillets could be related to 

the changes in proximate composition of the fish muscle [42]. 

The maximum value for a* is +127 indicating redness. The 

changes in ‘a’-value in dried sardine showed decreasing 

trends toward redness with the increasing storage periods 

(Figure 14). This may be attributed to oxidation and 

denaturation of myoglobin [43]. The maximum value for b* is 

+127 indicating yellowness. Yellow color is associated with 

lipid oxidation in muscle foods such as fish [40]. ‘b’-value of 

dried sardine showed increasing trend during the storage 

(Figure 15). The interaction effect of different packaging style 

and storage period (days) were found to be significant. The 

Warner-Bratzler apparatus is widely known as a device for 

tenderness measurement of livestock meat [44]. Dried fish meat 

has a heterogeneous structure. That is, the surface became 

harder than its inside as the moisture evaporation proceeded 
[45]. Decrease in shear force during the storage period (Figure 

16) may be due to proteolysis or weakening of connective 

tissue and also increasing moisture content in dried fish 

during storage period. 

 

Conclusion  

The results from the present study suggests that traditi onally 

dried sardine (Sardinella longiceps) performed well in terms 

of quality and safety as stored products when packed with 

oxygen scavenger (active packaging). It was observed that the 

active packaging using oxygen scavenger in the packaging of 

dried fish, may assure an effective packaging for dried fish, 

quality for long term storage. Quality losses due to fatty 

oxidation in fatty fish are important for a traditional salted 

dried fish product. While the preferred vacuum packaging for 

fatty dried fish requires equipment, active packaging by 

oxygen scavenger, appears to be the most effective and 

convenient to packaging of dried fish products sensitive to 

fatty oxidation, as well as other deteriorative changes 

detrimental to quality during long term storage and 

transportation. When comparing types of packaging, it was 

concluded that the active package, which is a new approach, 

is the best option to vacuum packaging and air packaging in 

terms of quality. 

 

Acknowledgement  

The authors are thankful to Junagadh Agricultural University, 

Junagadh for providing all the facilities to carryout research 

work 

 

 References 

1. Akintola SL, Brown A, Bakare A, Osowo OD, Omolala 

B. Effects of hot smoking and sun drying processes on 

nutritional composition of giant tiger shrimp (Penaeus 

monodon, Fabricius, 1798). Polish Journal of Food and 

Nutrition Sciences. 2013; 63(4): 227-237.  

2. Sivaraman GK, Visnuvinayagam S, Jha AK, Remya S, 

Renuka V, Ajeesh K et al. Molecular Divergence and 

Identification of Aspergillus Species in dry fish of 

Gujarat, India. Proceedings of the National Academy of 

Sciences, India Section B: Biological Sciences. DOI 

10.1007/s40011-016-0779-y. 2016. 2.  

3. Gopal TKS, Joseph J, Balachandran KK. Development 

of fish products employing hurdle technology. In: 

Preservation of Food by Hurdle Technology, Gopal 

TKS, Joseph J and Balachandran KK. (Eds.). DFRL, 

Mysore, 1999, 93-103. 

4. CMFRI. Marine Fish Landings in India Technical 

Report, CMFRI, Kochi, 2016. 

5. Jacobs MB. The Chemical Analysis of Foods and Food 

Products, New York Krieger Publishing Co. Inc, 1958, 

393-394. 

6. Beatty SA, Gibbons NE. The measurement of spoilage 

in fish. Journal of the Biological Board of Canada. 1937; 

3:77-91. 

7. Takagi T, Hayashi K, Itabashi Y. Toxic effect of free 

unsaturated fatty acid in mouse assay of diarluric shell 

fish toxin by intraperitonal injection. Bulletin of the 

Japanese Society for the Science of Fish. 1984; 

50(8):1413-1418. 

8. Suzuki T, Fish. Krill protein. In: Processing Technology. 

Applied Sci. Pub. Ltd., London, 1981. 

9. Heath RL, Packer L. Photoperoxidation in isolated 

chloroplast I. Kinetics and Stoichiometry of fatty acid 

peroxidation. Archives of Biochemistry and Biophysics. 

1968; 251:567-576. 

10. AOAC. Official Methods of Analysis of the Association 

of Official Analytical Chemists (AOAC) International 

18th edition, 2006. 

11. Peryam DR and Pilgrim FJ. Hedonic scale method of 

measuring food preferences, Food Technol. 1957; 

11(9):9. 

12. FAO. The prevention of losses in cured fish, Fisheries 

Technical Paper 219, FAO Rome, Italy, 1981, 87. 

13. Mannar, Farag MA. Estimation of formatting biogenic 

amines concentration in fresh and processed sardine fish 

products during different storage conditions. World 

Journal of Fish and Marine Science. 2013; 5(6):628-636. 

14. Antony KP, Govindan TK. Packaging and storage study 

of dried lizard fish. Journal of Fishery Technology. 

1983; 20(2):35-41. 



Journal of Entomology and Zoology Studies 
 

~ 771 ~ 

15. Gopakumar. Textbook of Fish Processing Technology. 

Published by Mr. Arvinda Chakravarty, Director 

(DIPA), Indian Council of Agricultural Research. New 

Delhi, 2002, 159-165. 

16. Prasad MM, Gunda S. Reduction of halophilic bacterial 

load in solar salt by sun drying, Journal of Aquatic Food 

Product Technology. 2007; 16(3):43-53. 

17. FSSAI. Food Standard Safety Authority of India, Annual 

report (2012-2015), 2014, 12. 

18. Itou K, Akahane Y. Changes in proximate composition 

and extractive components of rice-bran-fermented 

mackerel Heshiko during processing. Nippon Suisan 

Gakkaishi. 2000; 66:1051-1058. 

19. Shakila RJ, Vijayalakshmi K, Jeyasekaran G. Changes in 

histamine and volatile amines in six commercially 

important species of fish of the Thoothukkudi coast of 

Tamil Nadu, India stored at ambient temperature. Food 

Chemistry. 2003; 82:347-35210. 

20. Spineli J, Dassow JA. Fish proteins: their modification 

and potential uses in the food industry. In: Chemistry 

and Biochemistry of Marine Food Products. Martin RE, 

Flick G J and Ward DR (Eds.). Westport, Conn.: AVI 

Publishing Company, 1982, 13. 

21. Connell JJ. Methods of dressing and selecting for 

quality. In: Control of Fish Quality. Fishing News 

(Books) Ltd. England, 1980, 107-135. 

22. Connell JJ. Control of Fish quality. 4th Edition. Fishing 

News Books, Farnham. England, 1995. 

23. Balachandran KK. Post-Harvest Technology of Fish and 

Fish Products. Daya Publishing House, Delhi, 2001, 77-

79. 

24. Pearson D. Assessment of meat freshness in quality 

control employing chemical techniques. Journal of 

the Science of Food and Agriculture. 1970; 19:357-363. 

25. Nath KD, Majumdar RK. Quality evaluation of solar tent 

dried Puntius sophore and Mystus gulio of north east 

India. Fishing Technology. 2013; 50:146-153. 

26. Amano K. Influence of fermentation on the nutritive 

value of fish with special reference to fermented fish 

products of South East Asia. In: Fish in Nutrition. Heen 

E and Kreuzer R. (Eds.) Fishing News Books Ltd., 

London, 1962, 180. 

27. Wheaton FW, Lawson TB. Processing Aquatic Food 

Products. John Wiley & sons, New York, 1985. 

28. Boran G, Karacam H, Boran B. Changes in quality of 

fish oils to storage temperature and time. Food 

Chemistry. 2006; 98:693-698. 

29. Huss HH. Fresh fish quantity and quality changes. FAO 

Fisheries series no.29. FAO Danish, Int. Dev. Agency 

Rome, 1988, 27. 

30. Pearson D. The Chemical Analysis of Foods, the edition, 

Churchill Livingston, Edinburgh London and New York, 

1976, 387-497. 

31. Nishimoto J, Suwetja IK, Miki H. Estimation of keeping 

freshness period and practical storage life of mackerel 

muscle during storage at low temperatures. Memoirs of 

Faculty of Fisheries Kagoshima University. 1985; 34:89-

96. 

32. Cadun A, Cakli S, Kisla D. A study of marination of 

pink shrimp (Parapenaeus longirotris, Lucas, 1846) and 

its shelf–life, Food Chemistry. 2005; 90:53-59. 

33. Venugopal V, Ghadi SV, Ghosh SK, Alur MD, Doke 

SN, Lewis NF. Stability of radurized Indian mackerel 

(Rastrelliger kanagurta) as a function of temperature. 

Journal of Food Protection. 1982; 45:360-362. 

34. Cann DC. Bacteriology of shellfish with reference to 

international trade. In: Prod. Conf. Handl. Proc. Mark. 

Trop. Fish. Tropical Products Institute, 1977, 377-394. 

35. Roksana H, Hossain HA, Kamruzzaman P, Zahid H, 

Mahfuza I, Afifa K et al. Microbiological quality 

improvement of dried fish by gamma irradiation and 

assessment of food value upon irradiation with respect to 

biochemical aspect. International Journal of Applied 

Biology and Pharmaceutical Technology. 2013; 3(2):1-

5. 

36. Khuntia BK, Srikar LN, Srinivasa BR, Reddy VS. 

Keeping quality of wet salted and dry salted Mackerel 

(Rastrelliger kanagurta). In: The Second Indian 

Fisheries Forum Proceedings. Varghese TJ, Keshavnath 

P, Radhakrishnan KV and Lokeshwar RR (Eds.). Asian 

Fisheries Society, Indian Brach, Mangalore, India, 1990, 

277-280. 

37. Ramanathan L, Das NP. Studies on the control of lipid 

oxidation in ground fish by some polyphenolic natural 

products. Journal of Agricultural and Food Chemistry. 

1992; 40:17-21. 

38. Reineccius G. Off flavours in foods. Critical 

Reviews in Food Science and Nutrition. 1990; 29:381-

402. 

39. Olatunde KA, Bamgbose O, Arowolo TA, George FOA. 

Bada BS. Quality and shelf-life assessment of variously 

processed catfish and tilapia stored at ambient 

temperature. British Journal of Applied Science & 

Technology. 2013; 3(3):440-451. 

40. Corzo O, Bracho N and Marjal J. Colour change kinetics 

of sardine sheets during vacuum pulse osmotic 

dehydration. Journal of Food Engineering. 2006; 

75(1):21-26. 

41. Checmarev G, Casales MR, Yeannes MI. Kinetics of 

color change of osmotic ally dehydrated chub mackerel 

(Scomber japonicus) during storage at different 

temperatures. Food Science and Technology. Campinas. 

2017; 37(1):119-123. 

42. Hamre K, Lie O, Sandnes K. Seasonal development of 

nutrient composition, lipid oxidation and colour of fillets 

from Norwegian spring-spawing herring (Clupea 

harengus L.). Food Chemistry. 2003; 82:441-446. 

43. Chaijan M, Benjakul S, Visessanguan W, Faustman C. 

Characterization of myoglobin from sardine (Sardinella 

gibbosa) dark muscle. Food Chemistry. 2007; 100:156-

164. 

44. Voisey PW, Hansen H. A shear apparatus for meat 

tenderness evaluation, Food Technology. 1967; 21:355-

360. 

45. Iseya Z, Sugiura S, Saeki H. Procedure for mechanical 

assessment of textural change in dried fish meat. 

Fisheries Science. 1996; 62(5):772-775.  


