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Abstract
Demand for healthier food products is increasing all over the world, and cereal food industry has attempted to enhance

the nutritional content of products by the addition of protein and lipid-rich ingredients. Incorporation of fish proteins
rich in amino acids, specially lysine and methionine, through partial substitution of semolina flour is expected to improve
the nutritional value of pasta. The present study is focused on the effect of such incorporations on the physical properties
like texture profile, colour, cooking properties, water absorption and swelling index. Surimi powder (SP) prepared from
tilapia (Oreochromis mossambicus) was used for the study. Four replacement levels were tested T5 (5%), T10 (10%), T15
(15%) and T20 (20%) together with a control pasta, T0 (100% semolina flour). The results demonstrated an increase in
cooking yield (158.18±0.82% in T5 to 175.31±3.31% in T20) and cooking loss (3.98±0.12% in T5 to 5.26±0.17% in T20) and
all pasta samples were in the acceptable range (8 g/100 g) for cooking loss. The addition of SP resulted in significantly (p<0.05)
decreased swelling index and water absorption, with an increase in hardness from 73.13±34.11 g (T5) to 128.21±8.88 g (T20).
Instrumental colour parameters indicated that T10 to T20 had better yellowness than T0 and T5. Thus, pasta can be
fortified using surimi powder, characterized with increased hardness and fracturability. The fortification levels above 5%
i.e., treatment T10 to T20 will be preferred more due to better yellowness.
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Highlights
 Pasta was fortified with tilapia surimi powder through partial replacement of semolina flour.
 Four replacement levels were tested T5 (5%), T10 (10%), T15 (15%) and T20 (20%).
 Significantly higher yellowness (b*) was observed at fortification levels higher than T5.
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INTRODUCTION
Pasta is a popular food item among

consumers largely due to its  nutritional
properties, ease of preparation and cheap price
(Foschia et al., 2015). Pasta is prepared from
wheat or semolina flour which in turn is known
to be low in amino acids lysine and methionine
(Gobbetti and Ganzle, 2013). Therefore, it
becomes necessary to fortify pasta with proteins
from sources rich in essential amino acids
(Nogueira and Steel, 2018). Fish is an excellent
source of protein and can be used for
fortification of pasta (Kris-Etherton et al. ,
2002). Fish is generally incorporated in
different value-added products in the form of
mince and surimi. Surimi is the concentrated

myofibrillar protein extracted by washing fish
mince and added with cryoprotectants (Santana
et al., 2012). Surimi is frozen and stored in
frozen storage till further application, which
involves high costs related to storage and
distribution (Parvathy and George, 2014). This
drawback of surimi can be offset by converting
surimi to a dried form called surimi powder.
Surimi powder is ideal for the development of
food products (Park and Lin, 2005) and may
be a good raw material for fortification of pasta.
In the present study, the effect of incorporation
of tilapia (Oreochromis mossambicus) surimi
powder through partial replacement of
semolina flour on the physical properties of
pasta like texture profile, colour, cooking



properties, water absorption and swelling index
were studied.

MATERIALS AND METHODS
Preparation of dry surimi powder: Fresh
tilapia fish (Oreochromis mossambicus) were
purchased from Garia fish market, Kolkata by
simple random sampling. The fishes were
transferred to the laboratory within an hour in
iced condition and processed immediately.
Surimi was prepared following the procedure
described by Rawdkuen et al. (2009). The fish
mince was washed in cold water (4ºC) using a
mince/washing medium ratio of 1:3 (w/v). The
mixture was stirred continuously for 10 minutes
in a cold room maintaining a temperature of
4oC. It is then filtered through four layers of
cheese-cloth and dewatered by using a
hydraulic press. The steps were repeated thrice,
and in the third washing step, 0.5% NaCl
solution was added, with mince to NaCl solution
ratio of 1:3 (w/v). Finally, the meat was
dewatered by pressing to a final moisture
content of 79% and mixed with sucrose (4%),
sorbitol (4%) and sodium tripolyphosphate
(0.3%) in a silent cutter. Surimi was frozen as
blocks at -40±1oC and stored at -18±1oC.

For preparation of surimi powder, frozen
blocks of surimi were thawed for 4 hours, cut
into pieces and placed on aluminum trays in a
conventional hot air oven at 60±5ºC
temperature until the moisture content was
below 15% (Huda et al., 2012). The dried surimi
was milled to powder with a blender and sieved
through a 30 mm screen mesh packed in
airtight zip lock packs and stored at 4ºC for
further use.

Fortification of pasta with surimi powder:
Different percentages of surimi powder (SP),
i.e., 0% (T0); 5% (T5); 10% (T10); 15% (T15)
and 20% (T20) were used during the preparation
of pasta by partial replacement of semolina
flour. Different levels of semolina flour and
surimi powder were taken in the plastic basin
of the pasta maker machine. For each batch of
pasta, 500 g of dry ingredients and 170 mL of

water (room temperature) were added. Mixing
was carried out for 20 min, and then the
machine was switched to extrusion mode. The
long strands of uniform thickness (3.5 mm)
were collected after cold extrusion on a plastic
food tray and cut into lengths of 10-12 mm
(Desai et al., 2018). The un-dried pasta samples
were kept in zip lock bags and stored at ambient
temperature (24°C) for further study.

Texture profile analysis of fortified pasta:
The textural properties of undried pasta were
determined using a TA-XT plus texture analyser
(Stable Micro System, Surrey, UK) equipped
with a 5 kg load cell and compression plate
(P/75, 75 mm Ø). Texture analyser settings used
were: Mode: Texture Profile Analysis 2 (return
to start); Pre-Test Speed: 3 mm/s; Test Speed: 1
mm/s; Post-Test Speed: 10 mm/s; distance: 50%
in compression mode; Time: 1 s; Data
acquisition rate: 200 pps. From the TPA curve,
hardness, cohesiveness, springiness,
gumminess, chewiness, and resilience were
obtained as suggested by Jalgaonkar et al.
(2018).

Instrumental colour parameter of fortified
pasta: The colour of the undried pasta samples
(L*, a*, and b*) was measured by using a
Model Spectro-guide 45/0 gloss (maker: BYK
Gardner, Gerestried, Germany).

Physical characteristics of fortified pasta: The
cooking time is the minimum time necessary
to gelatinize the starch. Undried pasta strands
(20 g) were cut into equal lengths of 40 mm
and cooked in 300 mL of boiling water. During
cooking, the optimal cooking time (OCT) was
evaluated by taking a sample strand of pasta
every 30 seconds. The time of disappearance
of the core of pasta was observed by squeezing
it between two transparent glass sides and
recorded as described in the AACC approved
method 66-50 AACC (2000). The time at which
the core completely disappeared was taken as
the optimal cooking time (Jalgaonkar et al.,
2018).
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The cooking yield was determined as
described by Aleson-Carbonell et al. (2005).
The pasta was weighed before and after
cooking. Cooking yield is calculated as follows:
Cooking Yield (%) = (Weight of pasta after
cooking/weight of pasta before cooking) x100.

For determination of cooking loss (%), 10 g
of pasta was placed into 300 mL of boiling
distilled water in a 500 mL beaker. After
cooking for respective OCT, the samples were
taken from the beaker and weighed for cooking
yield. The residue was determined by weighing
the solid materials in cooking water after drying
in an oven at 130°C overnight to a constant
weight. Results were recorded as follows:
Cooking loss (%) = Weight of residues in
cooking water/Weight of uncooked sample x
100 (Olfat et al., 1993).

The swelling index (SI) of cooked pasta
(g water/g dry pasta) was determined by adopting
the procedure of Cleary and Brennan (2006).
Pasta (10 g) was weighed after cooking and dried
at 105°C to a constant weight. The swelling index
was expressed as SI = (Wc – Wd)/ Wd, where
Wc is the weight of cooked pasta (g), and Wd is
the weight of pasta after drying (g).

Ten gram of pasta was cooked in 300 mL of
boiling water at an optimal cooking time for
estimation of water absorption index (Foschia
et al., 2014). The water absorption index (WAI,
g/100 g) was estimated as WAI = (Wc -Wr)/Wr
× 100, where Wc is the weight of cooked pasta
(g), and Wr is the weight of uncooked pasta (g).

Statistical analysis: All the data were checked
for normal distribution with normality plots prior
to analysis of variance (ANOVA) to determine

significant differences among means at  = 0.05
level, using the statistical tool of R software
(Version 2.14.1). Tukey HSD was done to
determine significant differences between
treatments.

RESULTS
Texture profile analysis of fortified pasta

Texture profile parameters of pasta were
assessed based on hardness, springiness,
fracturabili ty, cohesiveness, gumminess,
chewiness and resilience (Table 1). The values
of hardness exhibited a significant degree
(p<0.05) of increase from 58.70±16.67 g in T0
to 128.21±8.88 g in T20. In the present study,
the fracturability was found to be significantly
higher (p<0.05) (133.62±10.24 g) in T20
sample as compared to T0 (60.24±16.92 g). The
springiness value for the control as well as the
fortified pasta were not significantly different
at p<0.05, with values ranging from 0.95±0.04
in T15 to 0.98±0.02 in T5.

Similar to springiness, no significant
variations were observed for cohesiveness
among the samples. Cohesiveness can be used
to indicate the adhesion within the sample
(Yang et al., 2018), which is highest in the
control sample T0 (0.90±0.02) and lowest value
in sample T15 (0.75±0.11). In control samples,
the gumminess was recorded as 53.16±15.92,
which is significantly lower (p<0.05) than the
gumminess value of sample T20 (100.79±8.76).
A similar trend was observed for chewiness
values ranging from 52.20±16.06 (T0) to
97.24±7.95 (T20). There were no significant
variations (p>0.05) in resilience among the
fortified pasta samples studied.

Table 1. Texture profile analysis of raw pasta at different fortification levels

Treatment Hardness (g) Fracturability(g) Springiness Cohesiveness Gumminess Chewiness Resilience

T0 58.70±16.67a 60.24±16.92a 0.98±0.01a 0.90±0.02a 53.16±15.92a 52.20±16.06a 0.60±0.06a

T5 73.13±34.11a 74.68±35.11a 0.98±0.02a 0.82±0.05a 59.98±28.02a 58.62±27.35a 0.56±0.09a

T10 88.64±25.98b 92.47±26.77b 0.97±0.01a 0.79±0.04a 70.77±22.84b 68.71±22.36b 0.48±0.04a

T15 98.80±31.57b 73.34±48.11a 0.95±0.04a 0.75±0.11a 74.77±26.82b 71.37±27.23b 0.45±0.03a

T20 128.21±8.88c 133.62±10.24c 0.97±0.02a 0.79±0.03a 100.79±8.76c 97.24±7.95c 0.50±0.01a

*Results are mean of five determinations (n=5) with s.d.; #Values of mean with different superscripts within the same
column vary significantly (p<0.05) between the treatments
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Instrumental colour parameter evaluation of
fortified pasta

The L* value of the control sample (T0) was
recorded as 79.62±1.34, which increased to
81.76±1.52 in sample T5 upon addition of 5%
surimi powder (Table 2). Further fortification
with surimi powder resulted in a decrease in
L* value for samples T10, T15, and T20
suggesting decrease in lightness. The results
indicate a significant (p<0.05) lowering in
lightness in sample T20 as compared to other
treatments. No significant difference (p>0.05)
in redness values (a*) was observed among the
samples. The yellowness of raw pasta samples
was detected to increase with the increase in
fortification of pasta with surimi powder.
Significantly higher (p<0.05) yellowness (b*)
was noticed in samples T10 to T20 as compared
to T0 sample, although no significant variations
(p>0.05) was observed among T5 and T0.

Cooking properties of raw pasta at different
fortification levels
Water absorption index (WAI): The water
absorption index gradually decreased from
68.24±0.99% in sample T0 to 52.21±1.32% in
sample T20 (Table 3). The results revealed that

Table 2. Color characteristics of raw pasta at different fortification levels
Treatment        L*        a*        b*

T0 79.62±1.34a 1.39±0.22a 10.86±0.35a

T5 81.76±1.52a 0.89±0.04a 11.17±0.57a

T10 77.65±2.41a 1.51±0.52a 13.00±1.34b

T15 77.64±1.35a 1.46±0.18a 13.86±0.23b

T20 74.41±1.75b 1.27±0.17a 13.14±0.26b

*Results are mean of five determinations (n=5) with s.d.; ##Values of mean with different
superscripts within the same column vary significantly (p<0.05) between the treatments

the water absorption index of fortified pasta
samples varied significantly (p<0.05) except
between T15 and T20.

Cooking yield (CY) and cooking loss (CL):
The cooking yield of raw pasta samples was
detected to increase with the increase in
fortification of pasta with surimi powder (Table
3). Significantly higher (p<0.05) cooking yield
(CY) was noticed in samples T5 to T20 as
compared to the T0 sample,  although no
significant variations (p>0.05) was observed
between T5 - T10 and T20 - T15. The values
varied from 158.18±0.82% in T5 to
175.31±3.31% in T20 (Table 3).

The cooking loss was significantly higher
(p<0.05) in samples T10 to T20 as compared
to T0 and T5 samples. The values varied from
3.98±0.12% in T5 to 5.26±0.17% in T20,
suggesting that all samples were within the limit
of acceptability of 8% for cooking loss.

Optimal cooking time (OCT): The control
sample T0 had an OCT of 9.05±0.04 minutes
(Table 3) which is significantly higher (p<0.05)
than the samples (T10 and T15) fortified with
tilapia surimi powder. Among the treated

Table 3. Cooking properties of raw pasta at different fortification levels
Treatment WAI Cooking yield Optimal cooking Cooking Swelling

(%) (%) time(min) loss (%) Index
T0 68.24±0.99a 151.81±1.19a 9.05±0.04a 4.02±0.24a 2.34±0.11a

T5 64.23±1.00b 158.18±0.82b 8.88±0.10a 3.98±0.10a 2.02±0.04b

T10 58.34±0.78c 165.65±2.35b 7.86±0.11b 4.34±0.11b 1.92±0.03b

T15 54.23±1.09d 170.39±1.39c 8.30±0.14b 4.76±0.42b 1.81±0.13b

T20 52.21±1.32d 175.31±3.31c 8.89±0.12a 5.26±0.17c 1.78±0.10b

*Results are mean of five determinations (n=5) with s.d.; #Values of mean within the same column vary significantly
(p<0.05) between the treatments
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samples lowest OCT was observed in T10
(7.86±0.11 minutes), and OCT increased
significantly (p<0.05) thereafter with an increase
in surimi powder incorporation in pasta.

Swelling index (SI): From Table 3, it is evident
that the swelling index gradually decreased from
2.34±0.11 in sample T0 to 1.78±0.10 in sample
T20. The results also revealed that the swelling
index of fortified pasta samples varied
significantly (p<0.05) between control (T0) with
samples fortified with tilapia surimi powder.

DISCUSSION
Fortification refers to the addition of single

or multiple components to enhance the
biological activity of the fortified food product
(Lorusso et al., 2017). Fish is an important
protein source, and the incorporation of fish
protein in the form of surimi powder in pasta is
expected to achieve protein fortification as well
as diversification of pasta. The fish species
chosen for preparation of surimi powder was
O. mossambicus. This is due to year-round
availability and low price of the fish. The
average length and weight of tilapia purchased
from the market were 17.5±0.18 cm and
350.52±5.60 g, respectively. The total quantity
of surimi powder produced was 156 g which
was 2.34% of the whole tilapia processed
during the study. This surimi powder was later
used for fortification of pasta by replacing
semolina flour at 5% (T5), 10% (T10), 15%
(T15) and 20% (T20) levels.

Effect of different levels of incorporation of
surimi powder: Fish protein powder (FPP) has
a strong interaction with other proteins and
possesses a high gelation ability. Due to this, it
has been used in the food industry as a binder,
dispersing agent and emulsifier in preparing
herring roe, fillet blocks, and restructured
products from beef, pork and chicken (Pires
et al., 2012). In texture profile analysis, the
response of a sample to a compressive or tensile
force is measured by means of time. Hardness
refers to the force required for a sample to reach
a certain degree of deformation (Yang et al.,

2018). Santana et al.  (2018) reported that
gelation properties are responsible for foods
texture, particularly its  breaking pattern.
Yathavamoorthi et al. (2010) reported that
springiness, gumminess, chewiness, fracture
force, and cohesiveness is also important in
terms of texture profile parameters.  The
hardness of fortified pasta in the present study
was observed to show an increasing pattern
from T0 to T20. Jalgaonkar et al. (2018), while
analysing the effect of incorporation of DSF
(Defatted soy flour) on the hardness of pasta
showed an increase in hardness of pasta from
9.90 N (control) to 14.43 N (5% DSF).
Furthermore, increase in the proportion of DSF
from 5 to 25% resulted in a minor decrease in
hardness from 14.43 to 13.07 N. According to
Krishnan and Prabhasankar (2010), variation
in the hardness of pasta with different
ingredients could be due to variation in gluten
strength due to substitution by non-gluten
ingredients, which has happened in the present
study as well. Fracturability encompasses
crumbliness, crispiness,  crunchiness,  and
brittleness. A material is brittle if it is liable to
fracture when subjected to stress. That is, it has
little tendency to deform (or strain) before
fracture and usually makes a snapping sound.
The fracturability was found to be highest in
the T20 sample. Springiness indicates the rate
at which a deformed material goes back to its
initial form after the deforming force is removed
(Civille and Szczesniak, 1973). There were no
significant variations for springiness and
cohesiveness among the samples. A gradual
increase in gumminess and chewiness was
observed with increase in fortification level of
surimi powder. Gumminess can simulate the
energy required to break the semi-solid sample
into a stable state that can be swallowed (Yang
et al., 2018) while chewiness is the mouth feel
the sensation of laboured mastication due to
sustained, elastic resistance from the product,
defined as the product of hardness ×
cohesiveness × springiness. There were no
significant variations (p>0.05) in gumminess,
chewiness and resilience among the fortified
pasta samples studied.
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Petitot et al. (2010) said that the colour
parameter of pasta is an important factor
responsible for consumer acceptance.
Pongpichaiudom and Songsermpong (2018)
observed that generally, consumers like pasta
with a bright yellow colour. The L* value
increased to 81.76±1.52 in sample T5 upon
addition of 5% surimi powder, and further
fortification with surimi powder resulted in a
decreased lightness. No significant difference
(p>0.05) in redness values (a*) was observed
among the samples. The yellowness of raw pasta
samples was detected to increase with the
increase in fortification of pasta with surimi
powder. Therefore, considering the preference
of consumers with a bright yellow colour, it may
be concluded that the fortification levels above
5% i.e., treatment T10 to T20 will be preferred
more due to better yellowness than T0 and T5.

The ability of pasta to absorb water is
influenced by the composition of raw material
and processing conditions (Marti et al., 2011).
WAI is considered as an important parameter
for pasta. The water absorption index gradually
decreased from T0 to T20. Similar results were
found by Desai et al. (2018) for fortified pasta
with 5–20 g/100 g Salmon fish powder (SFP).
Addition of SFP caused a significant (p<0.05)
decrease in water absorption index compared
with control and water absorption value ranged
from 103.47 g/100 g to 81.62 g/100 g for pasta
containing 5–20 g/100 g SFP, respectively, and
was 105.46 g/100 g for control. Desai et al.
(2018) explained, this was due to the
substitution of semolina flour with salmon
powder in pasta samples, which reduces starch
swelling and pasta water absorption by the
formation of weak protein network through
starch-lipid complex and competing with the
starch for water. Therefore, in the present study,
the highest WAI is for control pasta due to a
higher amount of starch content. In fortified
samples, tilapia surimi powder competed with
starch causing a reduction in starch swelling
and less water absorbed by pasta containing
surimi powder. The results are in agreement with
Bagdi et al. (2016) and Lorusso et al. (2017),
who reported that pasta enriched with aleurone

rich flour (protein 26.67% and fat 4.26%) and
quinoa flour has significantly decreased WAI
compared to wheat only pasta. T5 containing
5% surimi powder was observed to have the
highest WAI among all fortified treatments.

According to Tudorica et al. (2002), optimal
cooking time is the time necessary to obtain
complete gelatinization of starch. Among the
treated samples lowest OCT was observed in
T10. Giuberti et al. (2015) opined that the
optimal cooking time depends primarily on the
rates of water penetration and starch
gelatinization.

The swelling index gradually decreased from
sample T0 to sample T20. Similar results were
found by Desai et al. (2018) that swelling index
decreased significantly (p<0.05) with the
addition of salmon fish powder (SFP) in pasta
samples. He also added that the reduced-
swelling index could be due to the formation
of a protein network and starch-lipid complex
in the pasta enriched with salmon powder
resulting in the limited supply of water for starch
granules for swelling and gelatinization.

Therefore, it may be concluded that pasta
can be fortified using surimi powder prepared
from O. mossambicus, with increasing hardness
and fracturability observed as fortification
increased. The fortification levels above 5%,
i.e., 10% in treatment T10 to 20% in treatment
T20 will be preferred more due to better
yellowness than T0 and T5. WAI was highest
in sample T5 among fortified sample and the
values decreased with increased levels of
fortification. Optimal cooking time was lowest
in sample T10, and the swelling index
decreased in the fortified samples.

Conflict of interest: Authors have no conflict
of interest in this study.

Author’s contribution: AI: Involved in
investigation, data generation,  preparing
original draft; SC: Engaged in
conceptualization, data curation, supervision
and final editing; SN, KCD, PM, AB: Involved
in statistical analyses, methodology, checking
and editing.

167Tilapia surimi powder incorporated pasta



REFERENCES
AACC (2000). Approved methods of the American

Association of Cereal Chemists (10th edn.). St.
Paul, USA

Aleson-Carbonell L, Fernandez-Lopez J, Perez-Alvarez
JA and Kuri V, 2005. Functional and sensory
effects of fibre-rich ingredients on breakfast fresh
sausages manufacture. Food Sci Technol Int, 11(2):
89-97, doi: 10.1177/1082013205052003

Bagdi A, Toth B, Lorincz R, Szendi S, Gere A et al.,
2016. Effect of aleurone-rich flour on composition,
baking, textural, and sensory properties of bread.
Lwt-Food Sci Technol, 65: 762-769, doi: 10.1016/
j.lwt.2015.08.073

Civille GV and Szczesniak AS, 1973. Guidelines to
training a texture profile panel. J Texture
Stud, 4(2): 204-223, doi: 10.1111/j.1745-
4603.1973.tb00665.x

Cleary L and Brennan C, 2006. The influence of a
(1 3) (1 4)-β-D-glucan rich fraction from barley
on the physico-chemical properties and in vitro
reducing sugars release of durum wheat pasta. Int
J Food Sci, 41(8): 910-918, doi: 10.1111/j.1365-
2621.2005.01141.x

Desai A, Brennan MA and Brennan CS, 2018. The
effect of semolina replacement with protein
powder from fish (Pseudophycis bachus) on the
physicochemical characteristics of pasta. Int J Food
Sci, 89(2): 52-57, doi:  10.1016/j.lwt.2017.10.023

Foschia M, Peressini D, Sensidoni A, Brennan MA and
Brennan CS, 2015. How combinations of dietary
fibres can affect physicochemical characteristics
of pasta. Lwt-Food Sci Technol, 61(1): 41-46, doi:
10.1016/j.lwt.2014.11.010

Foschia MM, Peressini D, Sensidoni A, Brennan MA
and Brenna CS, 2014. Mastication or masceration:
does the preparation of sample affect the predictive
in vitro glycaemic response of pasta? Starch,
66(11-12): 1096-1102, doi:  10.1002/
star.201300156

Giuberti G, Gallo A, Cerioli C, Fortunati P and Masoero
F, 2015. Cooking quality and starch digestibility
of gluten free pasta using new bean flour. Food
Chem, 175: 43-49, doi: 10.1016/
j.foodchem.2014.11.127

Gobbetti M and Ganzle M, 2013. Chemistry of Cereal
Grains. Handbook on Sourdough Biotechnology,
doi: 10.1007/978-1-4614-5425-0

Huda N, Abdullah R, Santana P and Yang TA, 2012.
Effects of different cryoprotectants on functional
properties of threadfin bream surimi powder. J Fish

Aquat Sci, 7(3): 215-223, doi: 10.3923/
jfas.2012.215.223

Jalgaonkar K, Jha SK and Mahawar MK, 2018.
Influence of incorporating defatted soy flour,
carrot powder, mango peel powder, and moringa
leaves powder on quality characteristics of wheat
semolina pearl millet pasta. J Food Process Preserv,
42(4): 13575, doi: 10.1111/jfpp.13575

Kris-Etherton PM, Harris WS and Appel LJ, 2002. Fish
consumption, fish oil, omega-3 fatty acids, and
cardiovascular disease. Circulation, 106(21):
2747-2757, doi: 10.1161/01.cir.0000038493.
65177.94

Krishnan M and Prabhasankar P, 2010. Effect of
pasting, microstructure, sensory and nutritional
profile of pasta influenced by sprouted finger millet
(Eleucina coracana) and green banana (Musa
paradisiaca) flours. J Texture Stud, 41(6): 825-
841, doi: 10.1111/j.1745-4603.2010.00257.x

Lorusso A, Verni M, Montemurro M, Coda R, Gobbetti
M et al., 2017. Use of fermented quinoa flour for
pasta making and evaluation of the technological
and nutritional features. Lwt-Food Sci Technol,
78: 215-221, doi: 10.1016/j.lwt.2016.12.046

Marti A, Fongaro L, Rossi M, Lucisano M and
Ambrogina Pagani M, 2011. Quality
characteristics of dried pasta enriched with
buckwheat flour. Int J Food Sci, 46(11): 2393-
2400, doi: 10.1111/J.1365-2621.2011.02762.X

Nogueira AC and Steel CJ, 2018. Protein enrichment
of biscuits: A review. Food Rev Int, 34(8): 796-
809, doi: 10.1080/87559129.2018.1441299

Olfat YM, Yaseen AAE and Aziza IA, 1993. Enrichment
of macaroni with cellulose derivative protein
complex from whey and corn steep liquor. Food,
37(6): 544-552, doi: 10.1002/food.19930370605

Park JW and Lin TMJ, 2005. Surimi: Manufacturing
and Evaluation. In Park, J. W. (Ed). Surimi and
Surimi Seafood, 2nd edn, Boca Raton, FL: CRC
Press, pp 33-98

Parvathy U and George S, 2014. Influence of
cryoprotectant levels on storage stability of surimi
from Nemipterus japonicus and quality of surimi-
based products. J Food Sci Technol, 51(5): 982-
987, doi: 10.1007/s13197-011-0590-y

Petitot M, Boyer L, Minier C and Micard V, 2010.
Fortification of pasta with split pea and faba bean
flours: pasta processing and quality evaluation.
Food Res Int, 43(2): 634-641, doi: 10.1016/
j.foodres.2009.07.020

Indian Journal of Animal Health,  June, 2023168



Pires C, Costa S, Batista AP, Nunes MC, Raymundo
A et al., 2012. Properties of protein powder
prepared from Cape hake by-products. J Food
Eng,  108(2):  268-275, doi : 10.1016/
j.jfoodeng.2011.08.020

Pongpichaiudom A and Songsermpong S, 2018.
Evaluation of microstructure and quality
characteristics of microwave-dried instant noodles
enriched with chicken meat, egg yolk, and
seaweed. J Food Meas Charact, 12(1): 22-34, doi:
10.1007/s11694-017-9613-3

Rawdkuen S, Sai-Ut S, Khamsorn S, Chaijan M and
Benjakul S, 2009. Biochemical and gelling
properties of tilapia surimi and protein recovered
using an acid-alkaline process. J Food Chem,
112(1): 112-119, doi:  10.1016/j.foodchem.
2008.05.047

Santana P, Huda N and Yang TA, 2012. Technology
for production of surimi powder and potential of
applications. Int Food Res J, 19(4): 1313-1323

Tudorica CM, Kuri V and Brennan CS, 2002.
Nutritional and physicochemical characteristics
of dietary fiber enriched pasta. J Agric Food Chem,
50(2): 347-356, doi: 10.1021/jf0106953

Yang F, Zhang M, Bhandari B and Liu Y, 2018.
Investigation on lemon juice gel as food material
for 3D printing and optimization of printing
parameters. LWT-Food Sci Technol, 87: 67-76,
doi: 10.1016/j.lwt.2017.08.054

Yathavamoorthi R, Sankar TV and Ravishankar CN,
2010. Effect of ice storage and washing on the
protein constituents and textural properties of
surimi from Labeo calbasu (Hamilton, 1822).
Indian J Fish, 57(4): 85-91

Received- 02.06.2022, Accepted- 16.01.2023, Published- 26.05.2023 (Online), 01.06.2023 (Print)
Section Editor: Prof. S. K. Das, Member, Editorial Board

169Tilapia surimi powder incorporated pasta


