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Abstract /1
The study aims to systematically develop and evaluate a Ready-To-Use
(RTU) cutlet mix fortified with fish powder at various substitution levels.
The developed cutlet mix were exposed to quality evaluation in terms Article History
of proximate composition, mineral profile, storage stability, and sensory iece";egf gi ?eceg’é’gé 2025
performances. Evidence of substantial improvement in nutritional quality coepted: une

s . . . . Keywords
of the product with increasing proportion of fish powder were obtained Cutlet Mix:
by significant elevations in protein (9.78 + 0.10 to 27.08 + 0.70 g/100 g) Fish Powder:
and fat content (0.56 + 0.05 - 4.36 £ 0.21 g/100 g), alongside a marked Nutritional
reduction in carbohydrate content (85.38 + 0.14 to 56.78 + 0.60 g/100 Enhancement;
g). Total ash and minerals, particularly calcium (34.41 + 0.46 to 476.42 + ;reoats;rl%_c&e
0.14 mg/100 g), phosphorus (75.52+4.91 - 277.14+9.70 mg/100g), and '
iron (0.51+0.15 - 3.04+0.17 mg/100g), showed significant increments,
underscoring the micronutrient-enhancing potential of the formulation.
Although sensory acceptability exhibited a gradual decline during storage,
the fortified mixes retained acceptable organoleptic attributes throughout
the evaluated period. Overall, incorporation of fish powder substantially
enhances the nutritional density of RTU cutlet mixes, positioning the
product as a promising protein- and mineral-rich alternative. Ensuring
optimal packaging and controlled storage conditions remains critical for
preserving quality and consumer acceptability.
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EPA Eicosapentaenoic Acid

FAC Fat Absorption Capacity
FFA Free Fatty Acids

NS Not Significant

PUFA Polyunsaturated Fatty Acids
PV Peroxide Value

RTU Ready-To-Use

TPC Total Plate Count

WAC Water Absorption Capacity

Introduction

Adequate nutrition is crucial for growth, development,
immune response, and metabolic homeostasis,
influencing both individual well-being and public
health outcomes." However, global nutritional security
is challenged by population growth, climate change,
depletion of natural resources, and increasing
consumer demand. This requires innovative
approaches to food production and consumption.
With passing time, India has undergone significant
dietary transitions owing to economic growth,
industrialization, and urbanization. Traditionally
focussed cereals, pulses, legumes, fruits, and
vegetables-based diets have progressively been
replaced by highly processed and convenience
foods.? Concurrently, meal consumption patterns
have shifted toward frequent snacking rather than
structured meals.® The growing need for food items
that are ready to cook and consume is driven by
urban lifestyle changes, dual-income households,
and the need for time-efficient meal solutions.*
However, most commercial snack products lack
essential nutrients and are often poor sources of
high-quality proteins, vitamins, and minerals.5

To address these deficiencies, the development of
protein-rich snack formulations has become a focus
area. Fish-based foods present a viable solution,
particularly in regions where fish is a dietary staple.
Fish is a nutrient-dense food, providing high biological
value protein, essential-amino-acids (EAA), long-
chain omega-3 polyunsaturated fatty acids (PUFAs),
and critical micronutrients.® Traditional fish-based
snacks in South and Southeast Asia are prepared by
gelatinizing starch in dough containing fish, followed
by steaming, cooling, slicing, drying, and packaging.”
Such products have potential to provide substantial
nutritional benefits and have economic significance.®
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The incorporation of fish protein into food products
have considerable implications for addressing
protein-energy malnutrition (PEM) which is a
significant public health issue in countries like India.
Compared to plant-derived proteins, animal-based
proteins, particularly fish, exhibit high biological
value protein with superior digestibility and amino
acid profiles. Fish proteins consist of approximately
15-20% high-quality protein which play critical
roles in cellular repair, enzymatic activity, and tissue
development.® They are also a rich source of sulphur-
containing amino acids like methionine and cysteine
which are crucial for synthesis of protein and other
metabolic processes.'® Omega-3 fatty acids such as
eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) derived from fish, have also documented
protective effect against several cardiovascular,
neuroprotective, and anti-inflammatory diseases."
The American Heart Association recommends a
minimum intake of 200 mg/day of PUFAs which
is achievable through dietary fish consumption or
fortification.?

Fish is also an excellent source of fat-soluble
vitamins and essential trace elements, including
zinc, iron, and selenium.'® Despite its high nutritional
value, a significant proportion of global fish
production remains underutilized. In India the annual
fish production reached 10.80 million tonnes in
2016, but out of the total production approximately
40% of the catch, primarily small indigenous fish
species (SIF), remains unutilized or wasted.™
This underutilization was contributed by lack of
adequate preservation and storage techniques.®
SIF, rich in protein, calcium, and omega-3 fatty acids,
represent an untapped resource for value-added
food development. These SIF provide an accessible
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and affordable protein source particularly in rural
communities.®

Fish wastage is predominantly due to microbial
degradation, lipid oxidation, and autolytic enzymatic
activity.'”” Processing of fish into a shelf-stable
powder can be effective in mitigating post-harvest
losses. Fish powder, derived from underutilized or
excess fish could serve as a sustainable ingredient
for fortification in Ready-To-Use food products,
thus including starch-based snack formulations.®
Prior studies have successfully incorporated fish
powder into starch-based product, thus yielding
protein-enriched snacks with higher consumer
acceptability.’®?° The global market for fish protein
ingredients is expanding gradually with increased
demand for functional foods, including ready-to-eat
and fortified meal solutions.?' Despite of numerous
research being conducted in the arena of fish-based
snacks, there is limited study relating to utilization
of small indigenous fish as a whole. Considering
these factors, the present study aims to develop
and evaluate a Ready-To-Use fish cutlet mix by
incorporating fish powder derived from underutilized
SIF species. This formulation is intended to address
food and nutrition security through sustainable
resource utilization. Fish powder-based formulations
thus offer the potential to bridge nutritional gaps in
snack products, thereby aligning with global efforts
toward food security and optimal nutrition.
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Materials and Methods

Fish Powder Development

Three kilogrammes of fresh small bony fish (Puntius
sophore, Amblypharyngodon mola, and Labeo bata
in a 2:2:1 ratio) were obtained from Raha, Nagaon,
Assam, and transported to the Fish Processing
Laboratory, Department of Fish Processing and
Technology, College of Fisheries, Raha, in an
insulated box containing a 1:1 ratio of gel ice to fish,
maintaining a temperature of 0—4°C. The fish were
washed thrice with chilled potable water (4 + 1°C),
descaled, gutted, rewashed, blanched (1:1 fish to
water ratio) at 100°C for 5 minutes, minced, dried in
a cabinet dryer at 55°C for 8 hours, and milled into
fine flour (100 g per 2 minutes), which was stored
in airtight HDPE containers.

Preparation of Ready-To-Use Fish Cutlet Mix

A Ready-To-Use fish incorporated cutlet mix was
formulated using the developed fish powder and
rice flour as primary ingredients, with potato flour,
dehydrated carrot, dehydrated beans, and spices
incorporated for enhanced nutrition and sensory
appeal (Table 1). Potato flour was made using the
technique of Lingling et al. with required changes
to suit the current experimental conditions.??
Dehydrated carrot was prepared according to Gupta
and Shukla, and beans were processed using the
method of Kuna et al.%24

Table 1: Proportions of ingredients used for development of RTU fish cutlet mix

Treatment Rice flour (g) Potato flour (g) Fish powder (g) Dried carrot (g) Dried beans (g)
Control 40 50 0 5 5
T4 30 50 10 5 5
T2 20 50 20 5 5
Ts 10 50 30 5 5

Nutritional Compositions

Moisture contents, protein, lipid, and ash contents of
the produced RTU fish cutlet mix were determined
using AOAC method.? Total carbohydrates were
calculated by difference method, and energy values
were computed using the formula of James.?62”
Iron (Fe), calcium (Ca), and phosphorus (P)
contents were analyzed using an atomic absorption
spectrophotometer.

Physical Attributes

The physical parameters such as water absorption
capacity (WAC), fat absorption capacity (FAC) and
colour values of the produced RTU fish cutlet mix
were determined. WAC and FAC of samples were
analysed by the method of Sosulski et al. ?® The
instrumental surface color (CIE L*a*b*) of produced
RTU fish cutlet mix was measured using a Hunter
Lab Mini Scan XE Plus Color Meter (llluminant D65,
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2.5 cm diameter aperture, 10° standard observer;
Hunter Associate Laboratory, Inc., Reston, VA).
Calibration was done applying conventional black
and white tiles prior to the color measurement. CIE
L* a* b* values were used to determine saturation
index/ chroma [(a?+ b?)"?] and hue angle [tan"
'(b*/a*)]. Sample hue was assessed after placing the
samples in front of the smallest aperture.?®

Sensory Evaluation

Consumer acceptability was assessed in the
Sensory Evaluation Laboratory, Department of
Food Science and Nutrition, Assam Agricultural
University, Jorhat. With the use of RTU-fish cutlet
mix, cutlets were prepared by shallow frying at 180
+ 5°C. The prepared cutlet was evaluated by 15
semi-trained panellists for its appearance, taste,
texture, crispness, flavor, and color. Samples were
coded with alpha-numerals and served randomly to
eliminate bias. Acceptability was graded on a 9-point
hedonic scale with one being disliked extremely and
nine being liked extremely.

Shelf-Life Analyses

Storage stability of the RTU fish cutlet mix kept in
HDPE airtight containers under room temperature
was evaluated over 3 months at 30-day intervals.
Shelf-life attributes in terms of moisture change,
change in free fatty acids (FFA), peroxide value (PV),
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and total plate count (TPC) was assessed across
storage. Moisture change was determined using the
oven drying method?, FFA and PV were determined
as per the AOAC method, and TPC across storage
was evaluated following [SO.%0:3

Statistical Analysis

The results obtained in the present investigation
are presented as mean * standard deviation, and
all quality analyses were carried out in triplicate.
Excel and SPSS were used to analyse the data. To
find significant changes between formulations at p <
0.05, a one-way analysis of variance (ANOVA) and
Duncan's multiple range test were used.

Results

Selection of Basic Ingredients

The developed snacks were formulated using rice
and fish powder, considering their local availability
and nutritional benefits. Rice is a staple food of
Assam and a rich source of carbohydrates. While fish
offers vital nutrients like protein, omega-3 fatty acids,
and essential micronutrients.® The synergy between
rice and fish enhances the nutritional profile, making
the combination ideal for balanced diets. Additional
ingredients such as potato flour, dehydrated carrot
and dehydrated beans were incorporated in various
proportions (Table 1).

Table 2: Mean sensory scores for evaluation of cutlet prepared from RTU fish cutlet mix

Treatment Appearance Taste Texture Odour Colour Overall

Acceptability
Control 8.08+0.67¢ 7.00+1.532  7.58+0.992 7.66+1.072  8.33+0.49¢ 7.3340.98°2
T4 7.50+0.80bc 7.25+1.28%  7.58+0.792 7.25+0.872  7.58+0.79b 7.17+0.712
T 7.17+0.72% 7.33£1.232  7.83+0.80° 7.08+0.90°  7.1640.57% 7.3310.782
Ts 6.58+0.792 7.58+1.08%  7.75+0.862 6.50+0.21>  6.75+0.622 7.75+0.87°
CD 0.62 NS NS 0.44 0.52 NS

Values are mean £ S.D
NS= not significant

Values with different superscript indicates significant difference (p<0.05)

Control= 40% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 0%
T1= 30% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 10%
T2=20% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 20%

Ts =10% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 30%
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Sensory Evaluation of RTU Fish Cutlet Mix

Sensory characteristics of the developed RTU rice—
fish cutlet mix is displayed in Table 2. The addition
of fish powder changed the mix's appearance,
giving it a deeper hue and a progressively lower
attractiveness score. With an appearance score
of 7.50+0.80, T, was the highest, followed by T,
(7.17£0.72) and T, (6.58+0.79). Taste scores rose
as fish powder levels increased, ranging from
7.00£1.53 in the control to 7.58+1.08 in T,. These
results are consistent with those of Islam et al. who
found comparable improvements up to 55% fish
powder inclusion.® As fish powder levels increased,
texture also improved; T2 scored the highest at
7.83+0.83, whereas T, and the control scored
7.58 (£0.99 and +0.79, respectively). Odour did
not vary significantly (P>0.05), with scores ranging
from 7.66+1.07 in the control to 7.00£1.00 in T,.
Colour scores decreased significantly (P<0.05) with
higher fish powder levels, as indicated by scores
of 7.08x1.16 (control), 7.58+0.79 (T,), 7.16x0.57
(T,), and 6.75+0.62 (Ts). Overall acceptability was
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highest for T3 (7.75+0.87), followed by the control
(7.33£0.98) and T, (7.33+0.78), with the preference
for T, mainly due to enhanced taste and texture.

Physical Properties of RTU Fish Cutlet Mix

The physical properties of the RTU rice—fish cutlet
mix were influenced by the incorporation of fish
powder. Water absorption capacity (WAC) declined
significantly, from 181.67+2.89 ml/100 g in the control
to 111.00+1.73 ml/100 g in Ts, indicating reduced
water-holding ability with increased fish powder.
This observation is in agreement with the results of
Vijaykrishnaraj et al. who reported a similar decline
in WAC with fish powder addition.3* Fat absorption
capacity (FAC) also decreased from 105.33+5.03
ml/100 g in the control to 92.33+2.52 ml/100 g in
T,, in accordance with findings by Netto et al. in
fish powder—based snacks.*® Colour measurements
showed a reduction in L* values (68.36 to 45.60),
indicating darkening, with decreasing b* values and
increasing a* values due to the natural pigmentation
of the fish powder.

Table 3: Physical characteristics of developed RTU fish cutlet mix

Treatment WAC (ml/100g) FAC (ml/100g) L* a* b* Hue Chroma
Control 181.67+2.89d 105.3315.03p 68.36¢ -0.63° 23.65° 91.50° 23.66°
T 149.33+1.15¢ 103.33+3.05P 55.92¢ 1.74° 18.65%® 84.67° 18.73%®
T2 143.334£2.89p 102.0045.29p 50.46° 3.56° 15.382 77.002 15.79°
Ts 111.00+1.732 92.33+2.522 45.06° 3.912 13.85° 74.232 14.39°

Values are mean + S.D; NS= not significant; Values with different superscript indicate significant difference
(p<0.05)

Control= 40% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 0%

T+= 30% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 10%

T2= 20% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 20%

T3z =10% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 30%

In the Hunter Colour Lab Lightness or darkness is indicated by L* (0 = black, 100 = white). The hue on the
green-to-red axis is indicated by a*. (Green is represented by a negative value, and red by a positive value).On
the blue-to-yellow axis, b* represents the hue (negative value = blueness, positive value = yellowness).Hue
angle (H°) is the angle in the 360° colour wheel (H® =tan—-1b*/a*); C* is the hue's intensity [c* = a*2 = b*?)"2].

Nutritional Composition of RTU fish cutlet mix

The proximate composition of the RTU rice—fish cutlet
mix is shown in Table 4. Moisture content decreased
from 6.80+0.05% in the control to 5.98+0.06% in
T,, similar to the observations of Bishnoi et al. in
chicken meat-based idli mix.*¢ Protein content
increased markedly from 9.78+0.10 g/100 g in the

control to 27.08+0.70 g/100 g in T,, consistent with
earlier reports indicating enhanced protein levels in
fish powder—incorporated products.®® Fat content
increased from 0.56+0.05 g/100 g to 4.36+0.21 g/100
g, which agrees with the findings of Abraha et al. in
fish powder—enriched biscuits.*” Carbohydrate levels
decreased significantly (P<0.05) from 85.38+0.14
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9/100 g in the control to 56.78+0.60 g/100 g in T,,
aligning with the results reported by Patimah et al.
in fish flour—based biscuits.* Ash contentincreased
from 3.10+0.01 g/100 g to 10.60+0.17 g/100 g which
is attributed to the higher mineral content of fish
powder.

The mineral content of the developed rice fish
cutlet mix increased significantly with the addition
of fish powder (Table 4). Calcium content rose from
34.41+0.46 mg/100g in the control to 476.42+0.14

mg/100g in the highest fish powder level (P<0.05),
aligning with Rathnakumar and Pancharaja’s
findings.® Phosphorus content also increased from
75.52+4.91 mg/100g in the control to 277.14+9.70
mg/100g in the highest fish powder mix, similar to
previous studies by Devi et al.”® Iron content followed
the same trend, rising from 0.51+0.15 mg/100g in
the control to 3.04+0.17 mg/100g at the highest fish
powder incorporation level, confirming the findings
of Devi et al.™®

Table 4: Nutritional composition of developed RTU fish cutlet mix per 100 gas per day matter basis

Parameter Control T1 T2 Ta CD
Moisture (g) 6.80+0.052 6.67+0.182 6.35+0.05P 5.98+0.06P 0.19
Dry Matter (%) 93.20+0.052 93.33+0.68° 93.65+0.052 94.02+0.062 NS
Energy (Kcal) 385.67+1.362  391.17+9.71°2 383.57+1.132 374.68+5.55P 10.82
Crude Protein (g) 9.78+0.102 16.48+0.16b 22.07+0.46¢ 27.08+0.70d 0.82
Crude Fat (g) 0.56+0.052 2.76+0.25b 3.64+0.21¢ 4.36+0.21d 0.37
Carbohydrates (g)  85.38+0.142 75.10+0.36p 65.63+0.53¢ 56.78+0.60d 0.85
Crude Fibre (g) 0.88+0.46° 0.86+0.07° 0.84+0.04° 0.84+0.032 NS
Total Ash (g) 3.10+0.012 4.66+0.20p 8.01+0.01¢ 10.60+0.17d 0.25
Calcium (mg) 34.41+0.46° 150.55+0.07° 310.32+0.34¢ 476.42+0.14¢ 0.85
Phosphorus (mg) 75.52+4.912 172.18+8.52° 213.85+8.87¢ 277.14+9.70¢ 23.39
Iron (mg) 0.51+0.152 1.90+0.09° 2.56+0.47¢ 3.04+0.17¢ 0.75

Values are mean + S.D; NS= not significant; Values with different superscript indicate significant difference

(p<0.05)

Control= 40% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 0%
T1= 30% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 10%
T2=20% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 20%
Ts =10% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 30%

Shelf-life Analysis

Across a storage period of 60 days, a substantial
change (p<0.05) in the quality features of the
created RTU fish cutlet mix was noted. Observation
of sensory characteristics (Table 5) across the
storage period indicates a progressive decline in
all sensory attributes as storage days increased,
though the extent of deterioration differed among
treatments. Appearance scores decreased markedly,
especially in formulations having higher fish powder
incorporation (T2 and Ts). This reflects surface
dullness and changes in colour characteristics
associated with oxidative processes. Taste and
flavour also declined notably across storage, with
Ts showing the greatest reduction. This could

likely be due to accelerated lipid oxidation and the
formation of off-flavours at higher level of fish powder
inclusion. Texture, however, remained relatively
stable throughout storage across all formulations,
with statistically non-significant variations. This
suggests a minimal structural changes during
storage. Odour scores declined moderately, with
fish-based mixes exhibiting higher susceptibility
than the control. Thus, highlighting the oxidative
sensitivity of fish-derived ingredients. Colour scores
followed a similar decreasing trend, with more
pronounced losses observed at higher incorporation
of fish powder. Correspondingly, overall acceptability
also decreased steadily during storage, although
formulations with moderate fish powder content
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(particularly Ts) maintained comparatively better
sensory quality than those with higher inclusion
levels. Overall, the results demonstrate that
sensory qualities are adversely affected by storage

duration. The formulations containing lower to
moderate levels of fish powder show enhanced
stability and sustained acceptability over-time.

Table 5: Mean sensory score of developed RTU fish cutlet mix across storage

Treatment Storage Appearance Taste Texture Odour Flavour Colour Overall
Days Acceptability

Control Othday 8.08£0.67  7.00+1.53 7.58+0.99 7.66+1.07 7.50+0.90 8.33+0.49 7.33+0.98
30thday 7.70+0.48 6.90+1.10 7.50+1.08 7.50+0.71 7.40+0.10 7.70+0.48 6.70+0.48
60th day 7.10+5.70  6.50+0.71 7.30+0.82 7.30+0.82 7.20+1.03 7.40+0.70 6.60+0.52

CD at 0.05 0.499 NS NS NS NS 0.505 NS

T4 Othday  7.50+0.80 7.25+1.28 7.58+0.79 7.25+0.87 7.25+0.86 7.58+0.79 7.17+0.71
30thday 6.50+0.52 6.70+1.16 7.20+0.63 7.00+0.82 7.10+0.99 7.30+0.95 7.10+0.74
60th day 6.00£0.67  6.60+1.17 7.00+0.67 6.70+0.95 6.70+1.06 7.00+1.15 6.80+0.63

CD at 0.05 0.859 NS NS NS NS NS NS

T2 Othday 7.17+0.72  7.33+1.23 7.83+0.80 7.08+0.90 7.00+0.95 7.16+0.50 7.33+0.78
30thday 6.60+0.63 6.70+1.06 7.60+0.84 6.40+6.99 6.70+0.82 7.10+0.57 6.90+0.57
60th day 5.50+0.52  6.30+1.06 7.10+0.57 6.10+0.74 6.00+1.05 6.40+1.17 6.30+0.76

CD at 0.05 0.683 0.910 NS 0.730 0.864 NS 0.64

Ts Othday 6.20+0.63  7.58+1.08 7.75+0.86 7.00+1.10 7.08+1.16 6.75+0.62 7.75+0.87
30thday 6.10+0.69  7.40+1.07 7.50+0.85 6.60+0.70 7.10+1.29 6.70+0.48 7.20+0.63
60th day 5.47+0.67 5.50+0.85 6.00+0.67 5.80+0.92 6.20+1.03 6.30+0.48 6.60+0.51

CD at 0.05 0.64 0.891 NS 0.833 NS NS 0.70

Values are mean * S.D; NS= not significant; Values with different superscript indicate significant difference (p<0.05)
Control= 40% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 0%

T+= 30% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 10%

T2= 20% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 20%

T3 =10% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 30%

The developed RTU fish cutlet mix's shelf-life
characteristics throughout a 60-day storage period
are depicted in Fig. 1. Fig. 1a shows the total
bacterial load of the designed RTU fish cutlet mix.
Forthe control, T,, T,,and T, formulations, the initial
microbial load of the produced RTU rice-fish flour
mix was 3.30 + 0.20, 3.34 + 0.22, 3.69 + 0.21, and
3.62 + 0.35log CFU/g, respectively. By the sixty-first
day of storage, this had risen to 4.53 + 0.23, 4.76
+ 0.12, 411 £ 0.19, and 5.24 £ 0.09 log CFU/g.
Notwithstanding this rise, the microbial load recorded
on the 30th and 60th days stayed within permissible
bounds of 5 log cfu/g, demonstrating microbiological
safety over a duration of 60 days.>®

Figure 1b illustrates the changes in peroxide value
(PV) of the developed RTU fish cutlet mix during
storage. On 0™ day, the PVs of the Control, T,, T,,
and T, formulations were 3.30, 3.34, 3.69, and 3.62
mEq Oz/kg, respectively. This increased significantly
(p<0.05) to 4.53, 4.76, 4.11, and 5.24 mEq Oz/kg
over the storage period. Although a gradual increase
in PV was observed, all values remained well below
the permissible threshold of 10-20 mEq O2/kg.*°

Figure 1c depicts the changes in moisture content of
the formulated RTU rice—fish flour mix over 60 days
of storage. A gradual increase in moisture content
was observed in all formulations. Specifically, the
moisture content of the Control increased from 6.80
+0.05% to 7.78 + 0.06%, T, from 6.67 + 0.18% to
7.13+0.56%, T,from 6.35+0.05% to 7.37 £ 0.03%,
and T,from 5.98 + 0.06% to 6.79 + 0.04%.

Figure 1d depicts the changes in free fatty acid (FFA)
content of the developed RTU fish cutlet mix during
60 days of storage. FFA levels increased significantly
over the storage period. On day 0, FFA content
ranged from 0.65 + 0.08% to 0.91 + 0.07% across
the formulations. By the 60th day, FFA content had
risen to 1.49 £ 0.08% in Control, 1.70 + 0.10% in
T,,1.73£0.08%inT,, and 1.89 £ 0.07% in T3. The
increase in FFA across all formulations exceeded
acceptable limits, indicating the onset of rancidity.
Ozogul et al. state that when FFA values of oleic
acid reach 0.5-1.5%, fish products usually start to
exhibit obvious acidity. '
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Fig. 1. Change in shelf-life attributes of developed RTU fish cutlet mix across storage.

(Values are mean + S.D; NS= not significant; Values with different superscript indicate significant difference
(p<0.05); Control= 40% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 0%;
T1= 30% rice flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 10%; T>= 20% rice
flour, 50% potato flour, 5% dehydrated carrot, 5% beans and fish powder 20%; Tz =10% rice flour, 50%
potato flour, 5% dehydrated carrot, 5% beans and fish powder 30%)

Discussion

Incorporation of fish powder into the RTU fish cutlet
mix significantly enhanced its overall nutritional
profile. This increment was more pronounced in
terms of protein, fat, and minerals. Thus, aligning
with earlier findings on the nutrient density of
fish-based ingredients.®23% This improvement in
quality attributes is largely due to the presence of
high-quality, complete proteins. Incorporation of
which in turn led to enrichment of cereal-based
formulations.*? The increase in fat content was also
observed with higher levels of fish powder, that can

be attributed to the presence of EFA, especially
omega-3 fatty acids such as EPA and DHA. 21843
Moreover, fish powder prepared by utilizing bones,
served as a concentrated source of minerals,
thus elevating the total mineral content of the mix
on increased fish powder concentration.'®*4 The
substantial increase in calcium, phosphorus and
iron levels further demonstrates the value of fish
powder as a mineral-rich supplement.®'® Studies
reports that, 10% of fish powder consumption daily
can be effective in meeting 20% of the daily calcium
requirement for pregnant and lactating women. 4446
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Thus, bearing the potential to be a potent source for
dietary supplementation.*” However, the increased
incorporation of fish powder led to a reduction in
carbohydrate levels, reflecting the displacement of
rice flour, which is consistent with earlier findings in
fish flour—enriched products.'23848

Sensory results indicate that higher fish powder
levels improved taste and texture, attributes that
contributed to the higher overall acceptability of T,.
This might be due to the presence of umami-rich
amino acids and savoury compounds in fish which
results flavour enhancement. Further, presence of
higher protein and fat could also contribute to better
texture and mouthfeel.*®*° However, increased fish
powder levels also reduced appearance and colour
scores due to the natural pigmentation of fish,
causing darker shades in the T, formulation.***" Islam
et al. and other recent studies consistently report
that increasing fish powder levels in food products
improves taste and texture, but can negatively affect
appearance and color.334952

In the study a decrease in WAC was recorded with
increase in fish powder content. Multiple studies show
a significant decrease in WAC as fish powder content
increases. Study carried out by Tiwari ef al. showed
a decrease in WAC from 212.67 to 71.67 ml/100g
as fish powder increased from 0 per cent to 30 per
cent.%2 Higher fish powder level also significantly
lowered WAC in fish powder incorporated Pasta.
This could likely be due to reduction in starch content
and altered protein-starch interactions.’ FAC also
declined with increased fish powder concentration.
In wafers, FAC decreased from 164.00 to 66.00
ml/100g as with increased supplementation with fish
powder.5? This reduction could be attributed to the
higher protein and mineral content of fish powder,
which binds less fat than starch does.5*% This aligns
with the previously reported decline in WAC and
FAC in fish powder incorporated snacks.34* Colour
changes observed in instrumental measurements
confirmed the influence of fish pigmentation on the
developed formulation. A decrease in L* value was
observed with increased supplementation which
could result from presence of natural pigments
such as myoglobin, haemoglobin, and carotenoids
which darken the product and reduce its lightness.
Increased redness and yellowness value observed
in the study could be because of several other
pigments present in fish muscle.35%
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Shelf-life analysis revealed that oxidative changes
such as rise in FFA and peroxide values, were
prominent in samples having higher level of fish
powder. Although microbial loads were within
admissible limits across storage of 60 days, the
oxidative deterioration suggested a reduced shelf
stability for higher fish powder formulations. The
findings indicate that T, and T, provided better
storage stability compared to T, as sensory and
oxidative changes were less pronounced in these
formulations. Products with higher fish powder
levels exhibited more pronounced increases in FFA
and peroxide values during storage. This reflects
accelerated lipid hydrolysis and oxidation. It could
mainly result from high PUFA in fish products which
is highly susceptible oxidation, especially when
exposed to air, light, or suboptimal packaging.
Sensory quality deterioration across storage was
also observed in the present investigation. This
may be due to elevated oxidative markers which
correspond to negative sensory changes, such as
rancid odours and off-flavours which in turn reduced
consumer acceptability.®

Conclusion

The present investigation demonstrates that
incorporation of fish powder into cutlet mix improves
the quality of the developed products in terms of its
protein, fat, and mineral content. It was observed
that fish powder could be successfully incorporated
up to 30 per cent without significantly affecting
its sensory characteristics. Physical properties
indicated changes in water and fat absorption,
affecting product formulation. These findings support
the development of nutritionally enriched, Ready-To-
Use fish cutlet mix as a viable alternative for public
health nutrition and food security.
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