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Abstract 
Locally known as “Katli” in Kalimpong and commonly known as Chocolate Mahseer, Neolissochilus 
hexagonolepis has been introduced into the aquaculture system in the region. A ray of hope for the 
species as several of the larger species have suffered severe declines, and are now considered threatened. 
The culture is not only important for the region but also can be marketed to the regions where the fish is 
considered as a delicacy. Fresh fish samples were randomly harvested from the farms in Kalimpong 
district, West Bengal India during the year 2016-2017, frozen at -40OC±2OC for 6 hrs, packed in a LDPE 
laminated film bag of 15X20 cm dimension and stored at -18±1OC. Subsequently, samples were 
randomly drawn once in 30 days and its yield, quality and microbial load were studied for a period of 180 
days. A significant change (p<0.05) in TPC during freezing and frozen storage was seen, increasing from 
an initial value of 3.26 ± 0.11 log cfu/g to a final value of 3.75± 0.12 log cfu/g. Figures crossed the 
suggested limit of cook loss of 30% on 180 days reaching a final value of 31.34 ± 1.41%. A significant 
change in the drip loss and texture parameters was also seen except for cohesiveness, springiness and 
resilience during the period. 
 
Keywords: Chocolate Mahseer, freezing, yield, texture, TPC 

 
Introduction 
Fish has been playing an essential role in addressing the nutritional and livelihood security of 
people in developing countries. In developed countries, it provides 13% of animal protein 
intake [1]. The main sources of energy reserves in fish are protein and lipid. The relative 
contributions of lipids content and amino acids to energy production in fish depends on a 
number of factors such as the species involved, environmental conditions, stage of maturity of 
the gonads, nutritional state, and age [2]. 
Mahseer is the common name used for the genera Tor, Neolissochilus, and Naziritor in the 
family Cyprinidae [3]. Neolissochilus hexagonolepis (Family-Cyprinidae) is locally known as 
“Katli” in Kalimpong and it is commonly known as Chocolate Mahseer. The fish intake is 
increasing every day in the Kalimpong regions, which are either fulfilled by the fishes coming 
from Andhra Pradesh or from Kolkata. Thus the demand for the local fresh fish is always high 
which is unfortunately not met in the region due to various setbacks. One ray of light for the 
demand of the local fish related matter is that the fish “Katli” has been introduced into the 
aquaculture system in the region. The culture is not only important for the region but also can 
be marketed to the regions where the fish is considered as a delicacy. 
The present work has been designed to generate information on the changes in textural 
changes and cooking attributes and microbiological composition of the raw muscle of a fish 
(Neolissochilus hexagonolepis) available in the ponds in the Kalimpong region of the 
Darjeeling Himalayas, stored in frozen conditions (-18±10C). This study has immense 
importance to satisfy consumer’s query relating to and how long fish muscle can be stored 
without any deterioration in the domestic refrigerator and their safety for the betterment of the 
public health. 
 
Materials and Methods 
Sample Collection: Fresh fish samples were randomly harvested from the farms in 
Kalimpong district, West Bengal India during the year 2016-2017. 

http://www.entomoljournal.com/
https://doi.org/10.22271/j.ento.2020.v8.i6ab.8124


Journal of Entomology and Zoology Studies http://www.entomoljournal.com 
 

~ 2048 ~ 

After weighing the fishes were gutted and engilled. The fishes 

were then kept in cold ice boxes and transported to the 

laboratory of Fish Processing Technology, Faculty of Fishery 

Sciences, WBUAFS, Kolkata. On arrival at the laboratory the 

fishes were washed with ice cold potable water, deiced, 

frozen at -40OC±2OC for 6 hrs, packed in a LDPE laminated 

film bag of 15X20 cm dimension and stored at -18±1OC [4]. 

Subsequently, samples were randomly drawn once in 30 days, 

i.e., D0, D30, D60, D90, D120, D150, D180, and the changes 

during frozen storage were evaluated. All the values obtained 

are a mean of triplicates. 

 

Total plate count: Total Plate Count (TPC) was determined 

according to standard American Public Health Association 

method [5]. Physiological saline was prepared and 10g sample 

was mixed into it. Nutrient agar was used to make the media. 

Serial dilution process was done and pour plate technique was 

followed. Plates were incubated at 37 °C for 24 hrs.  

 

Textural Analysis: Texture analysis of fish flesh was 

performed at ambient temperature with TA-XT plus texture 

analyzer (Stable Micro System, Surrey, UK) and a 50 kg load 

cell. The attributes evaluated was hardness, springiness, 

cohesiveness, chewiness, gumminess and resilience. Gel 

preparation for the analysis was carried out with minor 

modifications [6]. Gels were equilibrated at room temperature 

(250C-270C) before analysis. Gels were cut in cylinders of 18 

mm diameter x 18 mm length and were compressed vertically 

in two consecutive cycles of 50% compression, 5 seconds 

apart using a flat plunger (SMS-P/75) and a heavy-duty 

platform [7].  

 

Determination of drip loss: Drip loss of frozen whole meat 

was determined according to Bigelow and Lee with 

modifications [8]. Frozen fillets sample were put on plastic 

pallets with small sized holes and thawed at 40C. Thawed 

fillets were removed from the pallet, left to drip on the plastic 

film on the top of pallet, and the drip was left on the plastic 

film. 

 

  
 

Determination of cooking loss: Cooking yield was 

determined according to Bigelow and Lee with modifications 
[8]. Each sample was placed on a grid and cooked at 95-1000C 

for 15 min in a pre heated conventional steam oven. After 

cooking, samples were cooled down at room temperature for 

8 min, and then reweighed. The cooking yield was calculated 

as follows: 

 

 
 

Cooking loss (%) = 100-cooking yield (%) 

 

Statistical Analysis: All of the data were checked for normal 

distributions with normality plots prior to one-way analysis of 

variance (ANOVA), to determine significant differences 

among means at α = 0.05 level, using statistical tools of 

Microsoft excel and R software. 

 

Results and Discussion 

Total plate count: A significant change (p<0.05) in TPC 

during freezing and frozen storage was seen, increasing from 

an initial value of 3.26 ± 0.11 log cfu/g to a final value of 

3.75±0.12 log cfu/g (Table 1). There was a decrease in TPC 

after 30 days of frozen storage followed by a gradual increase 

up to 120 days of frozen storage reaching a value of 

3.90±0.19 log cfu/g. This may be due to a sudden cold shock 

resulting initial decrease in population, followed by growth of 

psychrophiles. Again a sudden decrease was recorded after 

120 days of storage which may be due to the depletion of 

nutrients. Similar results were obtained in silver carp 

(Hypophthalmichthys molitrix) frozen storage study wherein 

the counts increased from 9.50 x 103 to 1.10 x 104 cfu/g 

during 180 days [9]. A decrease in TPC after 120 days in this 

study fairly relates to the findings of Magnusson and 

Martinsdottir [10], who suggested that with increasing storage 

time in the freezer, the reductions in bacterial numbers were 

greater. In another study of frozen raw muscles of Wallago 

attu, the values for TPC increased from 3.44 lof cfu/g to 8.55 

lof cfu/g on 30th day of frozen storage [11]. On the contrary a 

decrease in TPC was seen during a period of 90 days from 

2.57 × 106 to 8.2 × 105cfu/g in Nile Tilapia [12]. The 

values of TPC in the present study is at least 2.25 log cycles 

less than the limit of acceptability (<6 log cfu/g) [13] 

suggesting it to be fit for human consumption till 180 days. 

 

Textural analysis: Santana reported that gelation properties 

are responsible for foods, texture, particularly its breaking 

pattern [14]. Springiness, gumminess, chewiness, fracture 

force, cohesiveness are also important in terms of texture 

profile parameters [15]. The values of hardness exhibited a 

significant degree (p<0.05) of lowering from an initial value 

of 2607.56 ± 343.92g to 1608.81 ± 424.10g over a period of 

180 days (Figure 1). During storage in ice, some myofibrillar 

protein degrades and fish muscle generally becomes softer [16]. 

It has also been reported that the reduction in textural 

properties is attributed to the weakening of connective tissue 

and the Z-lines completely extinguishes after storage [17]. As 

in the present study, similar lowering in hardness figures was 

reported for whole ungutted and gutted catfish with 

significantly lower (p < 0.05) in whole ungutted catfish than 

that in gutted [18]. 

A similar trend was observed in case of gumminess values 

with a gradual change (p<0.05) in values from 1406.05 ± 

49.22 to 851.89 ± 166.35 (Figure 2). Changes in cohesiveness 

(Figure 3) was however insignificant (p>0.05) reaching a 

final value of 0.54 ± 0.05. Cohesiveness slightly decreased 

from an initial value of 0.289 to 0.223 and 0.221 in whole and 

gutted sutchi catfish on 22nd and 26th days of storage 

indicating that there was not much change in the internal 

bonding of fish muscle during storage [18]. A significant 

(p<0.05) lowering of chewiness values was observed over 

180 days with an initial value of 1240.71 ± 17.67 reaching 
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702.82 ± 123.91 (Figure 4). A decrease in chewiness indicates 

that the fish muscle becomes soft during storage. Springiness 

(Figure 5), which indicates the elasticity of muscle that can be 

stretched and returns to its original length, exhibited non-

significant (p>0.05) changes from 0.88 ± 0.04 to 0.83 ± 0.06. 

Springiness is the elastic or recovering property of the fish 

muscle during compression. A decreasing trend was observed 

for springiness values in whole as well as gutted fish over the 

storage period which is similar to the present finding [18]. 

Resilience (Figure 6) changed from 0.20 ± 0.03 to 0.19 ± 0.03 

over a period of 180 days (p>0.05). The changes in various 

parameters of texture profile analysis may be due to the fact 

that some myofibrillar proteins degrade during frozen storage 
[15]. 

 

Cooking loss: Cooking can decrease the moisture content so 

as to adversely affect consumer acceptance. Therefore, the 

study of the effect of cooking on the frozen product is 

important which is most often measured in terms of cook loss 

or cooking yield. In fact estimation of cooking loss or 

otherwise cooking yield is very significant in determining the 

extent of protein denaturation and reduction in the water 

holding capacity of the fish muscle under frozen storage. In 

the present study, the cooking loss increased steadily 

(p<0.05) over the entire period of storage from an initial 

value of 21.60 ± 1.40% reaching a final value of 31.34 ± 

1.41% (Table 2). This indicates that increased degradation of 

the muscle with storage time had negative effects on water-

holding properties of the muscle during heating [19]. In another 

study where changes in frozen common carp fillets were 

investigated, the cooking loss of -20°C samples showed a 

tendency to rise in the first 4 months and decline during 5-6 

months of storage [20]. In the mince meat of oil sardine 

(Sardinella longiceps) cook loss increased by about 30% of 

the initial value during 150 days of frozen storage (-20±1°C) 

and significantly increased during the early period of storage 
[21]. The fishes studied crossed the suggested limit of cook loss 

of 30% [22] on 180 days of storage concluding that the shelf 

life of the whole gutted Chocolate Mahseer under frozen 

storage (-18± 10C) is 180 days.  

 

Drip loss: In the present study, the drip loss increased 

steadily (p<0.05) over the entire period of frozen storage of 

180 days at -18±1OC from an initial value of 4.97±0.92% 

reaching a final value of 16.00 ± 0.23% (Figure 7). The 

results are in accordance with Gang (2014), who stated that 

the drip loss in fillets has a positive correlation with storage 

time (p<0.01) [23]. The fish stored at -20, °C, had a gradual 

increase in its drip loss along the entire storage period, in case 

of frozen fillets of common carp [20]. A similar results was 

observed when frozen storage study of salmon was 

investigated [24]. The above results suggests that the drip loss 

during the thawing process increased with an increase in the 

storage time. Upon thawing, there is a loss of fluid from the 

flesh of any fish product, which is explained by the 

denaturation of protein during the freezing process, which 

causes the protein to lose its water-binding capacity. Again 

during frozen storage, partial degradation and breakdown of 

the muscle by bacteria and enzymes are also reported [25]. 

 
Table 1: Total Plate Count of Chocolate Mahseer flesh stored under 

frozen storage (-18 ± 10C) 
 

Days TPC (log cfu/g) 

0 3.26 ± 0.11 

30 3.13 ± 0.09 

60 3.61 ± 0.01 

90 3.78 ± 0.16 

120 3.90 ± 0.19 

150 3.72 ± 0.02 

180 3.75 ± 0.12 

*Results are mean of three determinations (n=3) with s.d. 

# Values of TPC vary significantly (p<0.05) between the days 

 
Table 2: Cook loss in Chocolate Mahseer flesh stored under frozen 

storage (-18 ± 10C) 
 

Days Cook Loss (%) 

0 21.60 ± 1.40 

30 24.77 ± 3.36 

60 26.17 ± 3.73 

90 27.62 ± 1.42 

120 28.61 ± 1.01 

150 29.49 ± 0.86 

180 31.34 ± 1.41 

* Results are mean of three (n=3) determinations with SD. 

# Values of cook loss gumminess vary significantly (p<0.05) 

between the days. 

 

 
* Results are mean of three (n=3) determinations with SD 

X-axis depicts days and Y-axis depicts Hardness values. 
 

Fig 1: Box plot for hardness value of different months of Chocolate Mahseer flesh stored under frozen storage (-18 ± 10) 
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* Results are mean of three (n=3) determinations with SD. 

X-axis depicts days and Y-axis depicts Gumminess values. 
 

Fig 2: Box plot for gumminess value of different months of Chocolate Mahseer flesh stored under frozen storage (-18 ± 10C) 

 

 
*Results are mean of three (n=3) determinations with SD 

X-axis depicts days and Y-axis depicts Cohesiveness values 
 

Fig 3: Box plot for cohesiveness value of different months of Chocolate Mahseer flesh stored under frozen storage (-18 ± 10C) 

 

 
*Results are mean of three (n=3) determinations with SD. 

X-axis depicts days and Y-axis depicts Chewiness values 
 

Fig 4: Box plot for chewiness value of different months of Chocolate Mahseer flesh stored under frozen storage (-18 ± 10C) 
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* Results are mean of three (n=3) determinations with SD. 
X-axis depicts days and Y-axis depicts Springiness values 

 

Fig 5: Box plot for springiness value of different months of Chocolate Mahseer flesh stored under frozen storage (-18 ± 10C) 

 

 
* Results are mean of three (n=3) determinations with SD. 
X-axis depicts days and Y-axis depicts Resilience values 

 

Fig 6: Box plot for resilience value of different months of Chocolate Mahseer flesh stored under frozen storage (-18 ± 10C) 

 

 
* Results are mean of three (n=3) determinations with SD 
X-axis depicts days and Y-axis depicts Drip Loss values 

 

Fig 7: Box plot for drip loss value of different months of Chocolate Mahseer flesh stored under frozen storage (-18 ± 10C) 

 
Conclusion 
Moreover, the fish is in good condition even after the frozen 
storage period of 180 days at -18±1OC within the limits of 
acceptability except for cooking loss. This renders it fit for 
consumption even after the storage period, which opens a 

window of opportunity for the establishment of cold chain 
and its distribution to other places throughout the country 
where it is considered as a delicacy and thus increasing the 
acceptability of coldwater fishes within the nation. 

 

http://www.entomoljournal.com/


Journal of Entomology and Zoology Studies http://www.entomoljournal.com 
 

~ 2052 ~ 

Acknowledgement 

The authors are highly obliged to Mr. Yohan Lepcha and Mr 

Low Tshering Lepcha for their unparalleled work and 

assistance in the field work during the work period. 

 

References 

1. FAO. Fisheries and Aquaculture Report. No. 889. Cairo, 

FAO 61, 2008. 

2. Mazrouh MM. Effects of freezing storage on the 

biochemical composition in muscles of Saurida 

undosquamis (Richardson, 1848) comparing with 

imported frozen. International Journal of Fisheries and 

Aquatic Studies 2015;3(2):295-9. 

3. Froese, Rainer, Daniel Pauly, eds. Species of Tor in Fish 

Base. Version 2008. 

4. Karki S, Chowdhury S, Nath S, Dora KC. Effect of 

Frozen Storage (-18±1 O C) on Bio-chemical Properties 

and Textural Hardness of Whole Gutted Chocolate 

Mahseer (Neolissochilus hexagonolepis). Journal of 

Agricultural Engineering and Food Technology 

2017;4(1):42-7. 

5. APHA. Standard Methods for the examination of water 

and waste water American Public Health Association 

1998. 

6. Rawdkuen S, Sai-Ut S, Khamsorn S, Chaijan M, 

Benjakul S. Biochemical and gelling properties of tilapia 

surimi and protein recovered using an acid-alkaline 

process. Food Chemistry 2009;112(1):112-9. 

7. Mao L, Wu T. Gelling properties and lipid oxidation of 

kamaboko gels from grass carp (Ctenopharyngodon 

idellus) influenced by chitosan. Journal of Food 

Engineering 2007;82(2):128-34. 

8. Bigelow W, Lee CM. Evaluation of various infused 

cryoprotective ingredients for their freeze–thaw 

stabilizing and texture improving properties in frozen red 

hake muscle. Journal of food science 2007;72(1):C056-

64. 

9. Raju CV, Siddaiah D, Reddy, GVS, Bhaskar N, 

Chandrasekhar TC. Keeping quality of silver carp 

(Hypophthalmichthys molitrix) mince during frozen 

storage. Journal of Aquaculture and Biology 

1998;13(1&2):120-124. 

10. Magnússon H, Martlnsdóttlr E. Storage quality of fresh 

and frozen‐thawed fish in ice. Journal of food Science 

1995;60(2):273-8. 

11. Gupta V, Gandotra R, Koul M, Gupta S, Parihar DS. 

Quality evaluation and shelf life assessment of raw and 

value added fish product (fish cutlet) of Wallago attu 

during frozen storage conditions (-12 C). Int J Fish Aquat 

Stud 2015;2:243-7. 

12. Emire SA, Gebremariam MM. Influence of frozen period 

on the proximate composition and microbiological 

quality of Nile tilapia fish (Oreochromis niloticus). 

Journal of Food Processing and Preservation 

2010;34(4):743-57. 

13. ICMSF. Micro-Organisms in Foods. Application of the 

Hazard Analysis Critical Control Point (HACCP) 

Systeme to Ensure Microbiological Safety and Quality. 

Blackwell scientific publications 1998, 4. 

14. Santana P, Huda N, Yang TA. Technology for production 

of surimi powder and potential of applications. 

International Food Research Journal 2012;19(4). 

15. Yathavamoorthi R, Sankar TV, Ravishankar CN. Effect 

of ice storage and washing on the protein constituents and 

textural properties of surimi from Labeo calbasu 

(Hamilton, 1822) 2010. 

16. Verrez-Bagnis V. Post-mortem denaturation of fish 

muscle proteins changes. Methods to determine the 

freshness of fish in research and industry International 

Institute of refrigeration, Paris 1997, 229-37. 

17. Lakshmanan R, Piggott JR, Paterson A. Potential 

applications of high pressure for improvement in salmon 

quality. Trends in Food Science & Technology 

2003;14(9):354-63. 

18. Viji P, Tanuja S, Ninan G, Lalitha KV, Zynudheen AA, 

Binsi PK et al. Biochemical, textural, microbiological 

and sensory attributes of gutted and ungutted sutchi 

catfish (Pangasianodon hypophthalmus) stored in ice. 

Journal of Food Science and Technology 

2015;52(6):3312-21. 

19. Bao HN, Arason S, Þórarinsdóttir KA. Effects of dry ice 

and superchilling on quality and shelf life of Arctic charr 

(Salvelinus alpinus) fillets. International Journal of Food 

Engineering 2007;3(3). 

20. Li D, Qin N, Zhang L, Li Q, Prinyawiwatkul W, Luo Y. 

Degradation of adenosine triphosphate, water loss and 

textural changes in frozen common carp (Cyprinus 

carpio) fillets during storage at different temperatures. 

International Journal of Refrigeration 2019;98:294-301. 

21. Verma JK, Srikar LN, Sudhakara NS, Sarma J. Effects of 

frozen storage on lipid freshness parameters and some 

functional properties of oil sardine (Sardinella longiceps) 

mince. Food Research International 1995;28(1):87-90. 

22. Goncalves AA, Rech BT, Rodrigues PD, Pucci DM. 

Quality evaluation of frozen seafood (Genypterus 

brasiliensis, Prionotus punctatus, Pleoticus muelleri and 

Perna perna) previously treated with phosphates. Pan-

American Journal of Aquatic Sciences 2008;3(3):248-58. 

23. Gang M, Thorarinsdottir KA, Bergsson AB, Jonsson A. 

Changes in the quality and yield of fish fillets due to 

temperature fluctuations during processing. United 

Nations University Fisheries Training Programme, 

Iceland [final project] 2014. 

24. Soares NM, Oliveira MS, Vicente AA. Effects of glazing 

and chitosan-based coating application on frozen salmon 

preservation during six-month storage in industrial 

freezing chambers. LWT-Food Science and Technology 

2015;61(2):524-31. 

25. Margeirsson B, Magnússon H, Sveinsdóttir K, 

Valtýsdóttir KL, Reynisson E, Arason S. The effect of 

different precooling media during processing and cooling 

techniques during packaging of cod (Gadus morhua) 

fillets. Report/Skýrsla Matís 2010, 15-0.  

http://www.entomoljournal.com/

