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Effective utilization of the fishery waste to produce value-added products has emerged as a priority area for the  
global seafood industry development. Tuna (Euthynnus affinis) red meat proteins which are generally discarded as waste  
in canning industry was hydrolysed using papain enzyme (0.5% w/w), and applied as antioxidant in dressed sardine during  
ice storage. Tuna protein hydrolysate (TPH) comprised of about 89.9 ± 0.6% protein, 1.35 ± 0.15% moisture, 2.71 ± 0.06%  
fat and 4.03 ± 0.02% ash. A proportional increase in the degree of hydrolysis of tuna protein with time was observed  
from 14.96% at 15 minutes reaching 22.98% at 45 minutes of hydrolysis. DPPH scavenging activity and reducing  
power improved with hydrolysis and was found to be 56.82 ± 0.74 % for 2 mg/ml protein and 0.614 ± 0.009 for 10 mg/ml 
protein, respectively at 45 minutes of hydrolysis. Sardine samples got darkened with storage period as indicated by decreased 
L* values. Similarly a reduction in hardness value was observed in ice stored sardine samples, more prominent in control 
compared to treated samples. TBA studies indicated that dip treatment in 0.5% TPH solution significantly reduced (p < 0.05) 
the oxidation in ice stored dressed sardine compared to control revealing the application of protein hydrolysate as a natural 
antioxidant in foods.  
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Introduction 
Proteins are important in food processing and 

product development, as they are accountable for 
various functional properties that influence consumer 
acceptability. Fish contains high quality proteins with a 
well-balanced amino acid profile and fish by-product 
contains the same valuable protein as the fish muscles1. 
Recovery and modification of these by-product 
proteins and using these as functional ingredients in 
food systems is a very exciting and potential option2,3 
and application of enzyme technology is very 
promising in this regard1. Better utilization of fish 
proteins can be done by concentrating it by hydrolysis 
and this improves the digestibility, maintains a high 
essential amino acid content and also generates many 
improved functions for food, bioactive properties, 
pharmaceutical applications etc1,4,5. Fish hydrolysate, in 
its simplest form, is the fish proteins that are broken 
down into peptides and this degradation is carried out 
either chemically (using acids or bases) or biologically 
(using enzymes). Tuna canning generates as much as 
70% solid wastes of which tuna red muscle accounts 

for about 12%6 which can be effectively utilized for the 
production of tuna protein hydrolysates (TPH). Use of 
natural antioxidants are gaining more importance in 
recent times to prevent lipid peroxidation in the food 
industry7,8. Fish protein hydrolysates have been found 
to retard lipid oxidation and are capable to be used as 
natural antioxidants in foods and biological systems on 
account of the bioactive peptides present in them. 
Sardine, a highly nutritious marine fish on account of 
its richness in poly unsaturated fatty acids especially 
omega-3 fatty acids has numerous health benefits. On 
the contrary, presence of these highly unstable fatty 
acids results in problems such as fat oxidation making 
these fishes rancid thus affecting the keeping quality. 
Use of natural antioxidants such as protein hydrolysates 
can get control of this problem. Hence a study was 
conducted with the aim of utilizing the proteins present 
in tuna red meat by enzyme hydrolysis, its 
characterization and application as a natural antioxidant 
in dressed sardine during ice storage. 
 

Materials and methods 
Raw materials and chemicals 

Fresh Tuna fish (Euthynnus affinis) was procured 
from the local fish landing center at Cochin, India. 
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Tuna red meat was separated from the white meat 
manually for preparing protein hydrolysate. Papain 
Enzyme (Sigma-Aldrich) was used for hydrolyzing 
the tuna red meat protein. Fresh sardine samples, 
procured from the fish landing center, at Kalamukku, 
Vypin, Cochin, were dressed and used for assessing 
the antioxidative property of tuna protein hydrolysate 
(TPH). All chemicals used for the study were 
analytical grade.  
 

Preparation of tuna protein hydrolysate 
Procured tuna were layered between ice and 

brought to the laboratory. Red meat was separated 
from white meat manually and minced thoroughly 
using an electric grinder. The mince was mixed  
with water (1:1) (w/v) and subjected to 100 C for  
30 minutes to achieve complete inactivation of 
endogenous enzymes present in the substrate. Further, 
the temperature was lowered and maintained at 55 C 
and pH 6.5, (optimum temperature and pH of the 
enzyme, respectively) and the sample was hydrolysed 
using papain @ 0.5 % (w/w) for 45 minutes. An 
enzyme substrate ratio of 0.5% (w/w) was used for 
hydrolysis, as it is an optimized ratio for good 
functional and bioactive properties9,10.Aliquots were 
drawn at regular intervals (15, 30 and 45 minutes) to 
determine the degree of hydrolysis as well as 
antioxidative property. On completion of hydrolysis, 
the solution was immediately heated to 90 C for  
20 minutes to arrest the hydrolytic process. The 
hydrolysate was then course filtered followed by 
centrifugation @ 8000g at 10 C for 20 minutes and 
the obtained supernatant was dried using spray drier 
(Basic Technology Private Limited, Kolkata, India) to 
get hydrolysate powder which was further stored in an 
air tight glass container. 
 

Determination of proximate composition and pH 
Proximate composition of tuna red meat and tuna 

protein hydrolysate (TPH) were estimated11. Total 
nitrogen and crude protein contents were estimated by 
Micro kjeldahl method. About five gram sample was 
blended with 45 ml distilled water and pH of the 
homogenate was measured using a pH meter 
(Cyberscan 510, Eutech Instruments, Singapore). 
 

Degree of hydrolysis and yield 
Degree of hydrolysis was estimated and computed12: 

DH % = 
ଵ	%	େ	ୱ୭୪୳ୠ୪ୣ	୧୲୰୭ୣ୬	୧୬	ୱୟ୫୮୪ୣ୭୲ୟ୪	୧୲୰୭ୣ୬	୧୬	୲୦ୣ	ୗୟ୫୮୪ୣ  × 100 

Yield of TPH was calculated from the ratio of the 
amount of spray-dried hydrolysate powder to the 
amount of red meat used for hydrolysis. 

Yield % = 
୵ୣ୧୦୲	୭	୲୦ୣ	ୱ୮୰ୟ୷	ୢ୰୧ୣୢ	୦୷ୢ୰୭୪୷ୱୟ୲ୣ	()୵ୣ୧୦୲	୭	୲୳୬ୟ	୰ୣୢ	୫ୣୟ୲	୳ୱୣୢ	୭୰	୦୷ୢ୰୭୪୷ୱ୧ୱ × 100 

 
Colour 

The colour of TPH powder was evaluated using 
Hunter Lab colorimeter (MiniScan XE Plus Hunter 
Associates Lab inc., Reston, Virginia, USA) to produce 
numeric results indicative of the color of the sample by 
measuring L* (the degree of lightness: black (0) to 
white (100)), a* (degree of redness (+)/greenness (-)) 
and b* (the degree of yellowness (+) or blueness (-)). 
 
Determination of functional properties 
Fat absorption capacity (FAC) 

FAC was determined13 with slight modifications 
wherein about one gram TPH was taken in a pre-
weighed centrifuge tube and thoroughly mixed with  
5 ml sunflower oil. Further it was centrifuged @ 3000g 
for 30 minutes at 25 C (Heraeus® Multifuge™ X1R, 
Thermofisher Scientific, Germany). The supernatant 
was drained off at 45 angle immediately and the 
centrifuge tube weighed again. 

FAC % = 
ଷିଶଵ × 100 

W1 = Wt of dry sample alone, W2 = Wt of tube + dry 
sample and W3 = Wt of tube + Sediment. 
 

Foaming properties 
Foaming capacity and stability of the protein 

hydrolysate were determined with slight 
modifications14. Twenty milliliters of 0.5% sample 
solution were homogenized at a speed of 11,000 rpm, 
using a homogenizer (IKA® T18™ basic, Germany) 
to incorporate the air for 2 min at room temperature. 
The whipped sample was immediately transferred into 
a 25 ml cylinder and the total volume was recorded. 
The foaming capacity was calculated according to the 
following equation: 

FC % = 
ଶିଵଵ × 100 

where V2 is the volume after whipping (ml) and V1 is 
the volume before whipping (ml). The whipped 
sample was allowed to stand at room temperature for 
3 min and the volume of whipped sample was then 
recorded. Foam stability was calculated as follows: 

FS % = 
ଶିଵଵ × 100 

where V2 is the volume after standing (ml) and V1 is 
the volume before whipping (ml).  
 

Emulsifying properties 
10 ml of vegetable oil and 30 ml of 1% protein 

solution were mixed and homogenized using a 
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homogenizer (IKA® T18™ basic, Germany) at a 
speed of 20,000 rpm for 1 min. An aliquot of  
the emulsion (50 µl) was pipetted from the bottom  
of the container at 0 and 10 min after homogenization 
and mixed with 5 ml of 0.1% sodium dodecyl 
sulphate (SDS) solution. The absorbance of  
the diluted solution was measured at 500 nm using  
a spectrophotometer (SPECTRONIC Genesys 5, 
USA). The absorbance measured immediately  
(A0) and 10 min (A10) after emulsion formation  
was used to calculate the emulsifying activity index 
(EAI) and the emulsion stability index (ESI) as 
follows15: 

Emulsifying Activity Index (EAI) = 
ଶ	୶	ଶ.ଷଷ	×	బ.ଶହ	×	୵୲	୭	୮୰୭୲ୣ୧୬ 

Emulsion Stability Index (ESI) = 
భబ	×	∆୲∆  ∆t =Time and ∆A =A0– A10 

 
Determination of antioxidative activity 
DPPH (2,2-Diphenyl-1-picryhydrazyl)radical scavenging activity 

Protein hydrolysate was dissolved in distilled water 
to obtain a concentration of 2 mg protein/ml. To  
1.5 ml of sample solutions, 1.5 ml of 0.1mM DPPH 
was added and mixed vigorously. After incubating for 
30 min, the absorbance of the resulting solution was 
measured at 517 nm using a spectrophotometer 
(SPECTRONIC Genesys 5, USA)16. The control was 
conducted in the same manner, except that distilled 
water was used instead of sample. In similar manner, 
DPPH radical scavenging activity of 0.1mM Ascorbic 
acid was also evaluated. DPPH radical scavenging 
activity was calculated according to the following 
equation: 
DPPH radical-scavenging activity = 1- 

ୠୱ୭୰ୠୟ୬ୡୣ	୭	ୗୟ୫୮୪ୣୠୱ୭୰ୠୟ୬ୡୣ	୭	େ୭୬୲୰୭୪ 
× 100 
 
Reducing power 

The sample solution (0.5 ml, 10 mg protein/ml) 
was mixed with 2.5 ml of 0.2 M phosphate buffer  
(pH 6.6) and 2.5 ml of 1% potassium ferricyanide. 
The mixture was incubated at 50 oC for 20 min.  
An aliquot (2.5 ml) of 10% trichoroacetic acid  
was added to the mixture, followed by centrifugation 
at 3000 rpm (Heraeus® Multifuge™ X1R, 
Thermofisher Scientific, Germany) for 10 min. The 
upper layer of solution (2.5 ml) was mixed with  
2.5 ml of distilled water and 2.5 ml of 0.1% ferric 
chloride and the absorbance was read at 700 nm. 
Increased absorbance of the reaction mixture indicates 
increasing reducing power17. 

Preparation and quality evaluation of FPH treated sardine  

Fresh sardine was dressed by beheading and 
gutting and further washed and divided into four lots. 
The first lot, considered as control (Sample A) was 
dipped in chilled water for 10 minutes, and others 
(Sample B, C and D) were dipped in 0.1 % FPH,  
0.5 % FPH and 0.5 % ascorbic acid, respectively for 
10 minutes. After draining-off, each samples were 
packed in labelled polythene bags, and kept layered 
between flake ice in insulated box and stored in chill 
room. Samples were drawn periodically for quality 
assessments viz., Biochemical (pH, TBA18, PV19), 
physical (colour (Hunter Lab Colorimeter, Miniscan® 
XE Plus Hunter Associates Lab Inc., Reston, Virginia, 
USA) and texture (Lloyd Instruments Ltd, Hampshire, 
UK)), microbiological20 and sensory analysis21 by six 
trained panellists using a 9-point hedonic scale, 
throughout the study. 
 
Statistical analysis 

All experiments were done in triplicate. The data 
were subjected to analysis of variance (ANOVA) and 
the differences between means were evaluated by 
Duncan’s multiple range test. SPSS statistic 
programme (SPSS 16.0 for Windows, SPSS Inc., 
Chicago, IL,) was used for data analysis. 
 
Results and Discussion 
Proximate composition 

Tuna contain high amounts of protein of around 
27% and is rich in essential amino acids and thus can 
be considered as an ideal protein source. In the 
present study, tuna red meat which was used as the 
raw material for the preparation of TPH contained 
28.25 ± 0.45% protein. Earlier studies revealed that 
the protein content of most tuna species ranged 
between 15 – 30% and reports indicated a protein 
content of 26.92 ± 0.27 % in yellow fin tuna dark 
muscle22. TPH comprised of about 89.9 ± 0.6% 
protein, 1.35 ± 0.15% moisture, 2.71± 0.06% fat and 
4.03 ± 0.02% ash. Many researchers have reported 
that the protein content of fish protein hydrolysates 
ranged from 60% to 90% of total composition23,24 and 
that the high protein content was due to solubilization 
of proteins during hydrolysis and removal of insoluble 
solid matter by centrifugation. The lipid content 
reduction in fish protein hydrolysates was most likely 
due to the removal of lipids along with insoluble 
protein fractions during centrifugation1. Similarly the 
low moisture content was on account of the spray 
drying adopted for the final product. 
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Degree of hydrolysis (DH) and Yield 
DH is most commonly used to describe the extent 

of hydrolysis of food proteins. During the hydrolytic 
process, it was observed that DH increased with time 
from 14.96 % at 15 minutes of hydrolysis to 18.56 % 
and 22.98 % at 30 minutes and 45 minutes of 
hydrolysis, respectively. Similar findings were 
observed in herring and its by-products where DH 
increased steadily with hydrolysis time3 and higher 
the DH, lower was the average length of peptide 
chain1. An optimum DH was achieved with a 
hydrolysis temperature of 50 C at 135 minute in catla 
fish visceral protein25.  

In the present study, the yield of spray dried TPH 
was only about 4.03% which may be on account of 
lose in spray drying operation. Yields of fish protein 
hydrolysates from different enzymes were dependent 
on DH %. The yield of FPH from striped cat fish 
frame meat increased from 7.03±0.83% to 
9.85±0.25% with increase in enzyme concentration26. 
Reports indicated yields ranging from 3.6-5.5% from 
raw minced herring fillets and defatted herring 
hydrolysed by alcalase12. 
 
Colour 

Colour has been shown to influence the overall 
acceptability of new food products27, including new 
protein ingredients in food formulations and is 
affected by various factors like raw materials used, 
hydrolytic conditions, drying methods adopted etc. 
TPH exhibited a creamy-yellowish colour. Analysis 
of colour using the colourimeter (Hunter Lab 
Colorimeter, Miniscan® XE Plus, Virginia, USA) 
indicated an L*, a*, b* value of 90.97 ± 0.05, -0.83 ± 
0.01, and 16.14 ± 0.01, respectively. A light yellowish 
colour with an L*, a*, b* value of 95.38 ± 0.10, -1.30 
± 0.01 and 14.54 ± 0.02, respectively was reported for 
acid fungal protease hydrolysed salmon fish waste 
protein28. 
 
Functional properties 
Fat absorption capacity 

Fat absorption capacity (FAC) of proteins 
correlates with surface hydrophobicity1. The ability of 
protein hydrolysates to absorb oil is an important 
functionality that influences the taste of the food 
product29. The FAC of the hydrolysate sample observed 
was 2.24 ± 0.12 g oil/g protein. An FAC of 5g oil/g 
protein was observed in cod by-product hydrolysate30 
whereas hydrolysate from the blue whiting processing 
by-products gave an FAC of 3g oil/g protein31. The FAC 
of red salmon protein hydrolysates increased during 

hydrolyzation within a certain time range whereas it 
dropped on further hydrolyzation32. 
 
Foaming properties 

Foaming properties are the physicochemical 
characteristics of proteins to form and stabilise 
foams33. The foaming capacity and foaming stability 
at 3 minutes for 0.5% TPH solution was observed to 
be 20.30 ± 1.08% and 10.67 ± 2.31%, respectively 
(Table 1). Good foaming properties was reported for 
capelin protein hydrolysates at low DH (12%)13. An 
increase in foaming ability from 23.33% to 70% was 
noticed33 when concentration of round scad protein 
hydrolysate increased from 0.1 to 3% and that was 
reported to be due to the formation of stiffer foams34. 
 

Emulsifying properties 
Protein hydrolysates are good emulsifiers due to 

their improved amphiphilic nature, as they expose 
more hydrophilic and hydrophobic groups that enable 
orientation at the oil–water interface for more 
effective adsorption35. Higher amount of larger 
molecular weight peptides or more hydrophobic 
peptides contribute to the stability of the emulsion and 
excessive hydrolysis result in loss of emulsifying 
properties. Emulsifying Activity Index (EAI) is a 
function of oil volume fraction, protein concentration 
and the type of equipment used to produce 
emulsion15. In the present study, EAI of TPH was 
found to be 6.8 m2/g and Emulsion Stability Index 
(ESI) was 40 minutes. Protein hydrolysates should 
consist of at least 20 amino acids to possess good 
emulsifying capacity and studies indicated EAI values 
of 37, 24 and 13 m2/g for 0.1%, 0.5% and 1% round 
scad protein hydrolysate, respectively1. 

Table 1 — Functional and Antioxidative properties of tuna protein 
hydrolysate 

Properties Values 

Fat Absorption Capacity 2.24 ± 0.12 g oil/g 
sample 

Foaming Capacity 
Foaming Stability at 3 min. 

20.30 ± 1.08% 
10.67 ± 2.31% 

EAI 
ESI 

6.8 m2/g 
40 minutes 

DPPH radical-scavenging activity at 15 
min. 
30 min. 
45 min. 

50.64 ± 0.57% 
54.85 ± 0.33% 
56.82 ± 0.74 % 

Reducing power at 15 min. 
30 min. 
45 min. 

0.492 ± 0.005 
0.569 ± 0.006 
0.614 ± 0.009 
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Antioxidative activities 
DPPH (2, 2-Diphenyl-1-picryhydrazyl) radical-scavenging 
activity 

This assay evaluates the free radical scavenging 
capacity of the sample and TPH (2mg/ml) exhibited a 
DPPH scavenging activity of about 50.64 ± 0.57%  
at 15 minutes of hydrolysis which increased to  
56.82 ± 0.74 % at 45 minutes of hydrolysis (Table 1). 
The DPPH scavenging activity of 0.1 mM ascorbic 
acid was observed to be 60.62 ± 1.72%. A DPPH 
radical-scavenging activity of 59.9% was observed for 
round scad protein hydrolysate33. Antioxidative 
activity of protein hydrolysates depends on the 
proteases36 and hydrolysis conditions employed36,37. 
During hydrolysis, a wide variety of smaller peptides 
and free amino acids are generated, depending on 
enzyme specificity and these free amino acids and 
small peptides affect the antioxidative activity16. 
 

Reducing power 
Reducing power is a measure of the iron-reducing 

capacity and samples with higher reducing power have 
better abilities to donate electron and free radicals to 
form stable substances, thereby interrupting the free 
radical chain reactions38. Reducing power of TPH  
(10 mg/ml) was 0.492 ± 0.005, 0.569 ± 0.006 and 
0.614 ± 0.009 at 15, 30 and 45 minutes, respectively 
(Table 1). Factors like degree of hydrolysis, nature of 
substrate and type of enzyme influences the reducing 
power of hydrolysate35. 
 

Quality changes of sardine during ice storage 
Colour 

Analysis of colour of sardine samples during ice 
storage indicated that the intensity of colour 
(lightness) reduced significantly (p < 0.05) during 
storage (Table 2) but the difference was not 
prominent between the samples. It could be inferred 
that with storage period, the fish got darkened. The a* 
(redness) and b* (yellowness) values also decreased 
significantly (p < 0.05) during storage and significant 
difference (p < 0.05) between the samples were also 
observed. The rate of decrease in a* was more for 
Sample A (control) indicating more oxidation. The 
loss of redness in mahi-mahi red muscle due to 
oxidation was measured by the decrease in a* value39 
and a decrease in b* values during refrigerated 
storage of shrimp waste protein hydrolysate treated 
croaker fish fillet were observed40.  
 

Texture profile analysis (TPA) 
Texture is the sensory interpretation and expression 

of the structure or interior construction of products 

linked to their response to stress and haptic 
attributes41. Compared to sensory evaluation, textural 
measurements by instrumental methods are better and 
more precise as they reduce the variations during 
measurements arising from human factors42. 
The sardine samples were instrumentally analysed 
mainly for three basic parameters viz., hardness, 
chewiness, and springiness which decreased 
significantly (p < 0.05) for all samples during storage 
(Table 2). The decrease in hardness was more for 
sample A compared to treated samples and the rate of 
decrease was more significant initially for all samples 
during storage. Variations in chewiness were also 
proportional to changes in hardness. This is in 
agreement with data on texture changes of raw 
cultured and wild sea bream stored in ice up to  
23 days measured by compression using a flat-ended 
cylinder43. The textural parameters of the dorsal part 
of seabream fillet were measured and it was observed 
that except springiness, all parameters decreased 
significantly (p < 0.05) within five days of post-
mortem storage44. Reports suggest that a decrease in 
fish hardness during storage is on account of 
proteolysis caused by endogenous and microbial 
enzymes45. 
 

pH 
pH values can be used as measurements for quality 

deterioration and shelf life prediction in fishes. 
Normally fresh fishes indicate a neutral pH in the 
range of 6.5-7.5. The pH value of sardine samples 
showed a slight increasing trend (6.2-6.5) without any 
significant difference (p > 0.05) between the samples 
throughout the storage period. An increase in pH 
reflects the production of alkaline bacterial 
metabolites in fish during storage46. A decrease in pH 
from 6.7 to 6.2 for both control and FPH treated 
mahi-mahi red muscles samples were observed 
towards the end of 87 h storage time39 followed by an 
increasing trend which may be on account of the 
lactate formed from glycolysis during the initial 
period of fish storage. 
 

TBA and peroxide value  

Fatty fish are particularly vulnerable to lipid 
oxidation which can create severe quality problems 
such as unpleasant (rancid) taste and smell, and also it 
may produce alterations in texture, colour, and 
nutritional value, even on storage at subzero 
temperatures. Maximum level of TBA value 
indicating the quality of the fish frozen, chilled or ice 
stored is 5 mg of malonaldehyde/kg47. On 5th day, the 
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control sample TBA increased upto 5.14 mg/kg 
malonaldehyde whereas samples B, C and D reached 
the acceptability limit on 7th, 9th and 11th day 
respectively (Figure 1).TBA increase was significant 
(p < 0.05) during storage and there was a significant 
reduction in the extent of TBA increase in treated 
samples compared to control. TBA values of pink 
salmon fillets glazed with hydrolysed Pollock skin 
were significantly (p >0.05) lower than non glazed 
fillets48. Dey and Dora (2014) also reported that 
shrimp waste protein hydrolysate solution dip 
effectively arrested oxidation of fat in croaker 
muscle40. The recommended value of peroxide for 
fresh fin fish is 10-20 meq kg-1 of oil and the value 
beyond this would result in the fish smelling and 
tasting rancid49. The peroxide value, an indication of 

oxidative rancidity was found to increase significantly 
(p < 0.05) during storage for all the sardine sample 
lots (Figure 2). Similar to TBA studies, the rate of 
increase in PV was more in Sample A (control) 
compared to treated ones. Sample C and D showed a 
lower and similar trend of increase in PV. Mahi mahi 
samples treated with whole hydrolysate and <10 kDa 
fractionate showed a significantly low PV value of  
20 µ mol/kg of muscle at 88 h storage39,50. 
 

Microbiological quality 
The total aerobic mesophilic count has been the 

commonly used microbiological indicators of the 
quality of foods. Fresh fishes contain total bacterial 
count in the range of 103 – 106cfu per gram of sample. 
As recommended by International Commission on 
Microbiological Specification for Food51, the upper 

Table 2 — Changes in texture and colour of dressed sardine during ice storage (A: Control, B: 0.1% TPH treated,  
C: 0.5% TPH treated, D: 0.5% Ascorbic acid treated) (n=3). Different superscripts for same parameter in the  

same column (upper case) and same row (lower case) indicate significant difference (p <0.05) 

Parameters Sample Storage Days 

Texture 0 3 5 7 9 11 15 

 
Hardness1 
(N) 

A 24.70±1.29Ae 21.20±1.49Ad 19.67±1.53Ad 15.92±0.29Bc 15.12±2.05Ab 12.13±0.47Aa 10.47±1.45Aa 

B 24.70±1.29Ae 24.49±1.43Be 18.78±2.46Ad 15.63±0.49Ac 14.71±1.53Ab 12.60±1.76Aa 11.54±0.90Aa 

C 24.70±1.29Af 25.75±1.72Bf 23.89±1.09Be 18.40±0.71Cd 14.65±1.81Ac 13.68±3.30Bb 13.42±1.21Aa 

D 24.70±1.29Ac 26.07±0.21Cd 23.58±3.59Bb 22.67±2.11Db 14.88±0.68Aa 14.63±0.77Ca 14.61±2.47Ba 

 
Springiness 
(mm) 

A 1.26±0.04Af 0.96±0.05Ab 1.07±0.06Bd 1.0±0.03Bc 1.13±0.02Ce 0.95±0.03Ab 0.55±0.05Aa 

B 1.26±0.04Ag 1.06±0.04Cc 1.14±0.06Cf 1.1±0.04Ce 1.03±0.04Ab 1.07±0.08Cd 0.82±0.06Ba 

C 1.26±0.04Ag 1.14±0.06Df 0.97±0.06Ac 0.94±0.01Ab 1.06±0.13Be 1.03±0.10Bd 0.86±0.05Ba 

D 1.26±0.04Ad 0.99±0.03Bb 1.16±0.02Dc 0.98±.10Bb 1.00±0.12Ab 1.00±0.04Bb 0.77±0.05Ba 

 
Chewiness 
(Nmm) 

A 11.13±0.56Ae 8.80±0.72Bd 5.63±0.53Ac 3.68±0.19Ab 2.78±0.36Aa 2.76±0.38Aa 1.84±0.18Aa 

B 11.13±0.56Af 8.26±0.26Ae 7.04±0.06Bd 6.31±0.52Bc 3.98±0.53Bb 2.46±0.61Aa 2.03±0.70Aa 

C 11.13±0.56Ag 9.35±0.50Cf 7.59±1.20Ce 5.88±0.45Bd 3.98±0.08Bc 3.72±0.33Cb 2.38±0.13Aa 

D 11.13±0.56Ae 10.26±0.34Dd 9.73±0.21Dd 8.37±0.44Cc 4.60±1.21Cb 3.14±0.27Ba 3.29±0.40Ba 

Colour         

 
L* 

A 44.69±0.01Ae 44.48±0.55Be 38.51±0.49Bd 32.48±0.06Ac 27.8±0.33Ab 28.24±0.87Bb 25.26±0.24Aa 

B 44.69±0.01Af 40.20±0.08Ae 37.2±0.10Ad 33.98±0.07Bc 28.11±0.96Ab 28.71±0.12Bb 24.39±0.10Aa 

C 44.69±0.01Af 41.16±0.90Ae 36.61±0.08Ad 36.94±0.03Cd 29.78±0.05Bc 26.62±0.04Ab 26.21±0.10Ba 

D 44.69±0.01Af 49.77±2.75Cg 41.74±0.34Ce 34.54±0.09Bd 31.42±0.04Cc 28.94±0.06Bb 25.83±0.09Ba 

 
a* 

A 5.89±0.02Ae 4.28±0.03Ad 3.59±0.02Ac 2.79±0.04Ab 2.12±0.02Aa 2.12±0.04Aa 2.07±0.02Aa 

B 5.89±0.02Ad 4.48±0.13Bc 4.53±0.03Cc 3.19±0.02Bb 3.01±0.05Ca 3.00±0.01Ca 2.97±0.02Ca 

C 5.89±0.02Ag 4.31±0.03Ae 4.35±0.03Bf 2.80±0.03Ad 2.33±0.02Bc 2.21±0.02Bb 2.16±0.02Ba 

D 5.89±0.02Af 5.29±0.02Ce 4.79±0.02Dd 4.32±0.04Cc 4.27±0.04Dc 4.17±0.03Db 3.55±0.05Da 

 
b* 

A 13.63±0.79Ae 9.90±0.05Bd 7.4±0.02Bc 6.48±0.06Cb 6.40±0.08Ca 6.15±0.03Ca 6.03±0.05Ca 

B 13.63±0.79Ae 9.8±0.03Bd 6.37±0.03Ac 5.86±0.06Bb 5.39±0.04Ba 5.24±0.03Ba 5.11±0.03Ba 

C 13.63±0.79Ae 9.92±0.04Bd 7.8±0.05Bc 7.33±0.03Dc 6.82±0.03Db 6.22±0.03Ca 6.15±0.03Ca 

D 13.63±0.79Ae 8.53±0.05Ad 6.19±0.04Ac 4.95±0.09Ab 4.29±0.02Aa 4.13±0.02Aa 4.04±0.03Aa 
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acceptability limit of total viable bacterial count in 
fresh fish is 7 log10 cfu/g flesh and levels exceeding 
this is regarded as microbially spoiled fish muscle not 
fit for human consumption. All the samples showed a 
significant increase (p < 0.05) in aerobic plate count 
(Figure 3) during storage with no significant 
difference between the samples and none of the lots 
reached the microbial count limit during the storage 
period. 
 
Sensory analysis 

Sensory assessment has always played a key role in 
quality and freshness evaluation in the fish industry. 
They are better at recognizing complexities and are 
more discriminatory than other techniques. Scoring is 
the most commonly used scientific method for 
assessing food freshness. Sensory evaluation of 
different attributes like appearance, odour, flavor, 
colour and texture using a 9-point hedonic scale was 
carried out. For fish samples, a sensory score of 4 is 
regarded as the limit acceptable for human 
consumption52. All the samples showed a significant 

decrease (p < 0.05) in the sensory score during 
storage period and the difference was significant  
(p < 0.05) between the samples also. Sample C and D 
had a better acceptability during storage and all the 
samples reached the sensory acceptability limit on the 
11th day of storage study i.e., it decreased from  
8.65 (initial) to 4.08, 4.25, 4.67 and 5.0 for samples 
A, B, C and D, respectively. The higher sensory 
scores for treated samples during storage may be 
correlated to the oxidative changes where the rate of 
increase of TBA and PV were less compared to 
control lot. Similar results of gradual but declining 
sensory acceptability were observed in control and 
dill extract treated mackerel fillets during refrigerated 
storage53. 
 

Conclusion 
Fish protein hydrolysate is well established for its 

antioxidant properties on account for the bioactive 
peptides they possess. The present study revealed a 
higher antioxidative activity for protein hydrolysate 
derived from tuna red meat. Its application in dressed 
sardine and subsequent ice storage indicated a 
significant reduction in the extent of oxidation in TPH 
treated sardine samples compared to control while 
there were no significant changes between the 
samples with respect to the microbial counts. Hence 
the current work concluded the potential of protein 
hydrolysate as a natural antioxidant dip in reducing 
the oxidation in ice stored dressed sardine.  
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Fig. 3 — Changes in Total plate count of dressed sardine during 
ice storage (A: Control, B: 0.1% TPH treated, C: 0.5% TPH 
treated, D: 0.5% Ascorbic acid treated)  

 

Fig. 1 — Changes in TBA of dressed sardine during ice storage
(A: Control, B: 0.1% TPH treated, C: 0.5% TPH treated, D: 0.5%
Ascorbic acid treated) (n=3) 
 

 

Fig. 2 — Changes in Peroxide value of dressed sardine during ice
storage (A: Control, B: 0.1% TPH treated, C: 0.5% TPH treated,
D: 0.5% Ascorbic acid treated) (n=3) 
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