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Abstract
The present study was designed to utilize tomato pomace powder (TPP) 
as a functional food ingredient in finger millet-based gluten-free pasta 
for nutritional quality enhancement and consumer acceptability of the 
pasta, as well as better technological utilization of food industry waste. 
The finger millet flour (FMF) was replaced by 0 to 20 % with TPP for pasta 
making. Results showed that the viscosity of the blends for pasta making 
decreased significantly (p<0.05) as the content of TPP progressed from 
0 to 20%. The minimum cooking time of pasta decreased while gruel 
solid loss increased as the level of TPP in the blends increased. The 
color of the uncooked pasta was higher than the cooked pasta in terms 
of L* values. Hardness of pasta decreased from 70.81 to 53.49 N, while 
cohesiveness, gumminess, and chewiness of pasta increased up to 
10% level of TPP supplementation, followed by a decrease.  Pasta with 
15% TPP was highly acceptable among the sensory panelists with an 
overall acceptability score of 8.15 in comparison to control pasta (7.40). 
Supplementation of TPP significantly enhances the nutrition (protein, 
dietary fiber, minerals, fatty acids, and amino acids) and bioactive 
potential (lycopene) of pasta. This study shows that tomato pomace 
has good potential for utilization in high-value-added products of finger 
millet-based gluten-free pasta. The bioactive-rich by-product of the 
tomato processing industry (reported to have high lycopene content- 42.2 
mg/100g and dietary fibre-67.6%)can be effectively utilized for achieving 
the sustainability targets and ensuring more returns to the producers.
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Introduction
The world's second most important vegetable, after 
the potato, is the tomato (Solanum lycopersicum), 
and in 2021, India's production was 21.18 million 
metric tons.1 It is relished in the fresh form, as well 
as converted into a variety of value-added products 
like sauce, puree, juice, paste, etc. The processing of 
tomatoes results in the generation of 2-5% of tomato 
pomace of the initial weight of processed tomatoes, 
which consists of skin and pulp (61.5%) and seeds 
(38.5%).2 This by-product is rich in minerals, 
complex carbohydrates, and oils.3 Being rich in these 
components as well as having excessive moisture, it 
is extremely vulnerable to microbial contamination. 
It requires immediate intervention for its complete 
utilization, which otherwise is used for feed purposes 
or as landfill, resulting in environmental pollution 
and the squandering of valuable resources. This 
by-product has been utilized for the development 
of functional food, which was reported by earlier 
researchers.4,5

The most consumed cereal in the world is wheat, 
which contains gluten composed of gliadin and 
glutenin. It has become a major concern for certain 
population segments due to its adverse health 
conditions such as celiac disease, wheat allergy, 
and non-celiac gluten sensitivity, so it is important 
to find its alternative. Because there is currently no 
cure for gluten sensitivity, the only alternative for 
all this demographic is to follow a gluten-free diet.6 

Millets are climate-resilient crops with high nutritive 
value, but are underutilized, and it is necessary to 
increase their consumption in our daily diets.7 Finger 
millet (Eleusine coracana L.) is India's most popular 
tiny millet, accounting for 85% of all millet grown in 
the country. Its nutritional profile is superior to that 
of regularly consumed staple foods, rice, and maize; 
it is a great source of calcium and has a much more 
regulated protein profile. Being a gluten-free crop, it 
should be explored for the production of convenient 
foods, which will help promote its consumption and 
also cater to the needs of people with conditions like 
celiac disease and wheat allergy.8

 
Pasta is a very popular choice of food due to 
shifting food habits, experimentative palates, robust 
marketing, and popularity of international cuisines, 
ease of availability, preparation, low cost, and 
storage stability.9 Due to these factors, its market 
is anticipated to reach a value of US$25.7billionby 

2027. The utilization of high functional components 
for pasta value addition is becoming a widespread 
technique for delivering vital nutrients and other 
biologically active compounds that are typically 
lacking in food products.10 Moreover, the wide 
availability of different types of colored pasta other 
than durum pasta has contributed to the consumer 
acceptance of such diverse products.11 A variety of 
pasta is available in the market, but the gluten-free 
variants are few, especially the one made from finger 
millet grain, which is a robust crop and nutritionally 
sound. With the availability of potential healthy 
and gluten free ingredients, the present work was 
undertaken with the aim to maximize utilization of 
tomato pomace to achieve sustainable development 
goals as well as to promote and increase the 
consumption of millets in daily diet and to develop 
gluten free pasta with optimal utilization of tomato 
pomace to achieve sustainable goals, and to study 
the acceptability, quality parameters and nutritional 
status of the developed pasta.

Material and Methods
Preparation of Raw Material and Blends
Tomato pomace (variety Punjab Ratta) was received 
from the FIBIC, Punjab Agricultural University, 
Ludhiana, with no unpleasant odour or taste. It was 
subsequently processed in a tray dryer at 50°C 
for 48 hours before being processed in a grinder 
(InalsaInox 1000 model) and mesh sieved using 
a 40mm sieve to obtain a fine tomato pomace 
powder (TPP). TPP was sealed in polypropylene 
pouches and kept in a refrigerator at 4±1°C until 
needed. Finger millet (IC0475677), obtained from 
Plant Breeding and Genetics Department of Punjab 
Agricultural University, Ludhiana was washed 
cleaned, dried (60±2°C for 6 h) and milled using a 
Laboratory Mill 3303 (Perten Instruments) to obtain 
finger millet flour (FMF), sieved through a 40 mm 
sieve, packed in poly bags and stored at 4 ±2°C until 
used. FMF was replaced with TPP at 5, 10, 15 and 
20% level along with 3% Xanthan gum as binder and 
1% salt as flavouring agent and blended thoroughly 
to obtain mixes for the preparation of pasta. 100% 
FMF serve as control.

Pasting Properties of Blends
The FMF and TPP blends' pasting characteristics 
were measured using a Rapid ViscoAnalyzer 
(Newport Scientific, Warrie Wood, Australia) after a 
programmed heating and cooling cycle of the short 
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temperature profile (profile 1) (13 min), as described 
by Rehalet al.12

Preparation of Pasta
The pasta blends were hydrated with water  
(30-33%) in the mixing chamber of the pasta extruder 
(le monferrina Masoero, Italy) to adequately moisten 
the granules as per the requirement of each blend 
which is constituted of 300 g. The sample was 
extruded through a configurable rigatoni shaped 
die (No. 82) having a 1.5-millimeter crumpled 
aperture and chopped to a length of 3-3.5 cm, by 
regulating the rotating blade speed. The obtained 
pasta was dried (45-50°C for 8 h) in tray drier 
(Naarang Scientifics, New Delhi, India) and packed 
in polypropylene (PP) after completely cooled down 
bags and stored at 4°C for further assessment.

Cooking Quality of Pasta
The cooking quality of pasta was studied using the 
standard methods of AACC (2000) as described in 
detail by Surasani et al.,13 The minimum cooking 
time is the time required to completely gelatinize 
the starch and to completely disappear the white 
centre core of pasta, which shows the completion of 
starch gelatinization. Water absorption is determined 
by estimating the change in weight during cooking 
and accounted as the per cent water absorption. The 
difference in volume, before and after cooking of the 
pasta is used to determine the volume expansion. 
Gruel solid loss is calculated by the drying of water 
used for pasta cooking.

Color Characteristics
Color Flex metre (Hunter Lab Color Flex, Hunter 
Associates Inc., USA) which employsEasyMatch 
QC software was used to determine the colour 
characteristics of raw and cooked pasta samples 
(L*, a*, b*).14 The L*, a*, and b* measurements 
were obtained, and the hue angle and chroma were 
computed.

Textural Attributes
The TA-XT plus textural analyzer (Stable Micro 
Systems, UK) with an inbuilt Exponent Software was 
being used to examine the firmness, springiness, 
cohesiveness, gumminess, chewiness, and 
resilience qualities of cooked pasta, while only the 
firmness of uncooked pasta. The compression test 
was conducted as previously described by Singh 
et al.,15 by slicing the specimen with a sharp edge 

blade to a length of 10 mm at a rate of 1 mm s1, 
with a trigger force of 10.0g and pre and post-test 
speeds of 2 mm s−1.

Sensory Evaluation
A panel of 75 experts from the Department of Food 
Science and Technology, Department of Processing 
and Food Engineering, Punjab Agricultural University, 
Ludhiana, India, in the age group of 22-56 years 
assessed the sensory quality of the cooked pasta 
samples. The panelists were briefed well about the 
product beforehand, and after receiving approval, 
participants were asked to assess and grade the 
pasta sample on a 9-point hedonic scale that ranges 
from strongly liked (9) to extremely disliked (1) for 
attributes such as appearance, color, flavor, taste, 
texture and overall acceptability.

Proximate Composition
Using AOAC (2000) standard protocols, the 
proximate composition of the pasta was calculated 
for moisture, protein (981.10), fat (948.22), fibre 
(991.43), and ash (942.05).16

Antioxidant and Bioactive Properties
Method of Rehal et al.,12 was followed to evaluate 
the antioxidant activity of pasta using DPPH 
(2,2-diphenyl-1-picrylhydrazyl). Total phenolics were 
determined using Kataria et al.,17 approach. The 
phenolic content of pasta samples was determined 
using a methanolic extract made with acidified 
methanol, and the results were represented as mg 
gallic acid equivalents. The lycopene was extracted 
and measured using the procedures described by 
Ranganna18 and Rodriguez-Amaya and Kimura.19

Mineral Content
Macro and micro minerals of pasta (control and 15% 
TPP) were estimated using plasma atomic emission 
spectrometry (Thermo Scientific) as per procedure 
described by Kaur et al.,20 in which the digestion of 
the samples was performed with a di-acid mixture 
before its volume makeup with deionized water 
which was finally filtered and used for estimation.

Fatty Acid Composition
By using a gas liquid chromatograph (model 7820A 
series, Agilent Technologies, Palo Alto, CA, USA) 
fitted with a flame ionisation detector and a CP-Sil 
88 (25 m x 0.25 mm x 0.20 mm) FAME column, 
the samples' fatty acid profile was examined by 
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converting fatty acids into methyl/ethyl esters and 
comparing with a set of standard esters. The ovens, 
detectors, and injectors were all kept at temperatures 
of 210, 240, and 230 degrees Celsius, respectively. A 
10:1 split rate was used to inject 22 µl of analyte. The 
proportion of overall fatty acids is used to express 
individual fatty acids.21

Amino Acid Composition
Amino acid profiling of pasta samples was done 
as per the methodology of Abdul Manan et al.,22 
using HPLC, by hydrolysing the proteins with 6 M 
HCL containing 0.1% phenol at 110oC for 24 hours. 
Tryptophan was determined by a hydrolysis process, 
while methionine was evaluated via pre-hydrolysis 
with performic acid oxidation prior to HPLC analysis. 
Amino acids were measured in g per 100 g.

Fourier Transform Infrared Spectroscopy (FTIR)
The FTIR spectra of TPP, control pasta and pasta 
with TPP (15%) was at wavelengths ranging 
between 500 and 4,000 cm−1 and analysed using a 
Fourier transform infrared (FTIR) spectrophotometer 
(Thermo Nicolet 6700 FTIR).6

Statistical Analysis
Results representmean (n=3) and standard, and 
data obtained weresubjected to one-way analysis 
of variance (ANOVA), and Tukey’s Posthoc test 
(p<0.05) was used to compare meansusing SPSS 
(18.0, SPSS Inc., USA).

Results 
Nutritional Profile of the Raw Material of Gluten-
Free Pasta
Table 1 tabulates the nutritional parameters of the 
major raw materials of gluten-free pasta i.e. finger 
Millet flour (FMP) and tomato pomace powder (TPP). 
The fat (8.52%), protein (14.95%), ash (4.27%), 
and crude fiber (39.45%) were higher in TPP as 
compared to FMF. The total flavonoids were also 
reported to be higher in TPP (557.4 mg/100 g), 
whereas the total phenolic content was more in FMP 
(320.0 mg/100 g).  TPP also contained 42.2 mg/100 
g lycopene and exhibited a lower energy value of 
243.9 kcals/100 g than FMF. The TPP also contained 
appreciable amounts of dietary fibre.

Table 1: Proximate, Phytochemical and Antioxidant Composition of Finger 
Millet Flour and Tomato Pomace Powder

Parameters 	 Finger Millet Powder	 Tomato Pomace Powder

Moisture (%) 	 8.56±0.21	 5.96±0.03
Fat (%) 	 1.86±0.05	 8.52±0.18
Protein (%) 	 8.10±0.21	 14.95±0.31
Ash (%) 	 2.47±0.06	 4.27±0.11
Crude fibre (%) 	 3.61±0.72	 39.45±0.65
Total carbohydrates (%) 	 75.4±1.97	 26.85±1.32
Dietary fiber (%) 	 9.47±0.25	 67.6±0.36
Total flavonoids (mg /100 g) 	 218.0±4.4	 557.4±7.9
Total phenolic content (mg GAE/100 g) 	 320.0±7.8	 179.7±3.4
Lycopene (mg/ 100 g) 	 -	 42.2±0.84
DPPH radical scavenging activity (%) 	 74.0±1.8	 52.4±0.72
Energy(kcal/100g) 	 350.7±8.21	 243.9±7.46

Values are mean ± SD, n = 3

Pasting Properties of the Blends
The water of hydration required to extrude the gluten-
free pasta in the pasta extruder was found to be 30 
per cent for the control pasta (with no amount of 
TPP), which showed a subsequent increase to 33.5 
per cent in the case of pasta with 20 per cent TPP. 

Addition of TPP in finger millet has a significant 
(p<0.05) influence on pasting properties of pasta 
blends (Fig. 1). The incorporation of TPP results 
in a substantial reduction in the peak, hold, final, 
and breakdown viscosity of various pasta blends in 
comparison to the finger millet blend.  FMF showed 



147REHAL et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(1) 143-158 (2026)

a peak viscosity of 3260cP, hold viscosity of 2870cP, 
final viscosity of 3448cP and setback viscosity of 
578 cP, which showed reduction in peak viscosity  
(3045 to 2693 cP), hold viscosity (2656 to 2130 

cP), final viscosity (3140 to 26188 cP) and setback 
viscosity (488 to 469 cP) as level of TPP addition in 
the blends increased from 5 to 20%. 

Fig.1: Pasting properties of tomato pomace powder and finger millet flour blends

Cooking Quality
The cooking quality of pasta is a dominant feature 
that ascertains its consumer acceptability. Data 
presented in Table 2 details the cooking properties 
of the finger millet-based TPP enriched gluten-
free pasta. The pasta without TPP exhibited the 
maximum cooking time of 7:00 minutes, while the 
increasing concentration of TPP from 5 to 20 % 
resulted in a reduction in the minimum cooking 
time to 5.30 min.  Addition of TPP at a 5-20% level 

resulted in a significant increase in cooked weight of 
the pasta samples, in comparison to control pasta. 
The water absorption of the control sample was 
159.12 % which showed an initial surge to 184.15% 
in 5% TPP pasta, which reduced with successive 
increments in the TPP to 166.78% in 20 % TPP 
pasta. Gruel solid loss showed an increase with the 
increasing level of TPP (5-20%) in the gluten-free 
pasta from 7.85 % to 12.52 %. 

Table 2: Effect of Tomato Pomace Powder on Cooking Attributes 
of Finger Millet based Gluten-free Pasta

Sample	 Minimum Cooking	 Cooked Weight	 Volume Expa	 Water Absor	 Gruel Solid 
	 time (min)	 (g/100 g)	 -nsion (ml/g)	 -ption (%)	 Loss (%)

P0 (0%TPP)	 7.00±0.05a	 25.91±0.23d	 1.130±0.04d	 159.12±1.01d	 7.85±0.32e

P1(5%TPP)	 6.30±0.03b	 28.42±0.33a	 1.771±0.05a	 184.15±1.02a	 9.14±0.21d

P2(10%TPP)	 5.55±0.04c	 27.55±0.34b	 1.516±0.02b	 175.55±0.97b	 10.34±0.34c

P3(15%TPP)	 5.45±0.02c	 26.79±0.27c	 1.258±0.03c	 167.95±0.77c	 11.27±0.27b

P4(20%TPP)	 5.30±0.04d	 26.68±0.21c	 1.106±0.04d	 166.78±0.68c	 12.52±0.28a

Values are mean ± SD, n = 10; values within a column with different superscripts are significantly different 
(p ≤ 0.05)
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Color Characteristics
Color is one of the main impacting factors when 
it comes to determining the overall quality of the 
product because it influences consumer acceptability 
of the product, which has an impact on the product's 
market value.13,15 The type and quality of the 
materials used to make pasta products are indicated 
by the product's color. The color characteristics of 
uncooked and cooked pasta samples are depicted 

in Table 3 and shown in Figure 2. It is observed that 
the raw pasta had the higher L* value, ranging from 
44.96 to 62.18 whereas the cooked pasta showed 
the L* values of 40.97 to 38.30 for the samples with 
0 to 20 % TPP. The a* values of raw pasta reveal that 
the enrichment of TPP helped in increasing the a* 
values at all levels of supplementation as compared 
to the control. A corresponding pattern was also seen 
for b* value of raw pasta. 

Table 3: Effect of Tomato Pomace Powder on color characteristics 
of Finger Millet-based Gluten-free Pasta

Sample	 L*	 a*	 b*	 Hue	 Chroma

Uncooked

P0 (0%TPP)	 44.96±0.75c	 2.29±0.04b	 2.84±0.346b	 50.69±2.88b	 3.66±0.29b

P1(5%TPP)	 55.92±0.69ab	 3.66±0.45a	 8.63±1.860a	 65.96±2.63a	 9.39±1.88a

P2(10%TPP)	 55.64±3.45ab	 3.83±0.36a	 9.58±1.406a	 67.59±2.71a	 10.34±1.37a

P3(15%TPP)	 54.10±4.89b	 3.43±0.26a	 10.58±1.287a	 71.62±2.45a	 11.14±1.23a

P4(20%TPP)	 62.18±2.08a	 3.21±0.55ab	 8.69±1.28a	 69.80±1.24a	 9.27±1.33a

Cooked 

P0 (0%TPP)	 40.97±0.78a	 5.12±0.53a	 3.77±0.892b	 35.20±3.91b	 6.39±0.95b

P1(5%TPP)	 38.99±0.66a	 5.37±0.57a	 4.86±0.783ab	 41.63±2.42ab	 7.26±0.92a

P2(10%TPP)	 39.80±0.29a	 6.49±0.57a	 6.59±1.153a	 45.80±2.36a	 9.27±1.22a

P3(15%TPP)	 39.93±1.04a	 6.09±0.68a	 7.2±1.310a	 49.02±2.47a	 9.44±1.43a

P4(20%TPP)	 38.30±1.14b	 4.67±0.216b	 2.79±0.415b	 30.43±2.816b	 5.54±0.39b

Values are mean ± SD, n = 10; values within a column with different superscripts are significantly 
different (p ≤ 0.05)

Fig.2: Texture hardness of uncooked tomato 
pomace powder supplemented finger millet-

based gluten-free pasta

Texture Analysis
It is imperative to know about the hardness value of 
the raw pasta for designing the packaging material 
for storage and transportation but there hasn't been 
much research mentioned on the effect of replacing 
wheat flour or employing gluten-free flours on the 
texture of the raw pasta samples. The information 
about the hardness of the raw pasta is given under 
Figure 2, which shows that with the increasing 
supplementation with TPP in the pasta, hardness 
values decreased progressively from 2009g in the 
control sample to 972g in the sample having 20% 
TPP. 
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Improved hardness and toughness are two 
characteristics of high-quality pasta products, and 
texture is a key factor in consumer acceptance 
of cookedpasta.15 Texture attributes of the TPP-
enriched FMF-based cooked pasta are shown in 
Table 4. It was observed that the hardness of the 
pasta samples decreases from the control 70.8 g 
to 64.4 9 g with 5 % addition of TPP, and as the 

enrichment level enhanced, the addition of TPP 
causes an initial increase in the cohesiveness of 
pasta, but beyond 10 % enrichment with pomace, 
there was a decrease in the values. Springiness, 
cohesiveness, gumminess, chewiness, and 
resilience show the maximum values at the 10% 
substitution levels of the TPP in the gluten-free pasta.

Table 4: Effect of Tomato Pomace Powder on Textural characteristics 
of Finger Millet based Gluten-free cooked Pasta

Sample	 Hardness (g)	 Springiness	 Cohesiveness	 Gumminess	 Chewiness	 Resilience

P0(0%TPP)	 70.81±3.31a	 0.50±0.08a	 0.22±0.02b	 19.67±0.81b	 7.83±1.01ab	 0.079±0.001e

P1(5%TPP)	 64.49±3.03ab	 0.37±0.05a	 0.27±0.02b	 17.29±0.76c	 6.47±0.98b	 0.126±0.002c

P2 (10%TPP)	 58.53±3.21bc	 0.41±0.04a	 0.39±0.03a	 23.26±0.65a	 9.52±0.99a	 0.196±0.002a

P3 (15%TPP)	 54.62±2.87c	 0.39±0.04a	 0.34±0.03a	 18.64±0.55bc	 7.38±1.11ab	 0.147±0.001b

P4 (20%TPP)	 53.49±2.66c	 0.39±0.03a	 0.26±0.03b	 14.09±0.54d	 5.516±1.03b	 0.119±0.001d

Values are mean ± SD, n = 3; values within a column with different superscripts are significantly different 
(p ≤ 0.05)

Sensory Properties
The results for the sensory evaluation of finger 
millet-based gluten-free pasta are given in Table 5, 
which reveals that the increase in supplementation 
of TPP from 0 to 20 % in the pasta influences its 

sensory scores. It was observed that appearance 
scores did not differ significantly up to 10% TPP 
addition, however it was significantly higher for 15% 
TPP pasta, which further decreased at 20% level of 
TPP addition.

Table 5: Effect of Tomato Pomace Powder on sensory scores characteristics of 
Finger Millet based Gluten-free cooked Pasta

	 Appearance 	 Colour 	 Texture 	 Taste 	 Overall Acceptability 

P0 (0%TPP) 	 7.5±0.21a 	 7.0±0.17c 	 7.85±0.15b 	 7.25±0.24d 	 7.40±0.23d

P1(5%TPP) 	 7.6±0.19a 	 7.53±0.22b 	 7.9±0.14b 	 7.54±0.12c 	 7.64±0.21c 
P2(10%TPP) 	 7.75±0.22a 	 7.58±0.15a 	 8.25±0.28a 	 7.9±0.11b 	 7.87±0.15b 
P3(15%TPP) 	 7.92±0.18a 	 8.0±0.12a	 8.44±0.20a 	 8.23±0.10a 	 8.15±0.12a 
P4(20%TPP) 	 7.33±0.75a 	 7.05±0.16+ 	 7.5±0.19c 	 7.0±0.15e 	 7.22±0.13d 

Values are mean ± SD, n = 10; values within a column with different superscripts are significantly different 
(p ≤ 0.05)

Nutritional Profile of Gluten-free Pasta
The proximate and phytochemical composition 
of the gluten free pasta enriched with TPP (15%) 
and the control pasta is presented in Figure 3. 
The results reveal that the enrichment with TPP 
by 15% in the pasta base material increases the 

fat content from 1.62% to 2.66%, protein by 6.13% 
to 8.32%, ash from 2.01 to 2.47% and crude fibre 
from 3.49% to 8.65% in the supplemented pasta 
while the carbohydrate (80.65%) and the energy 
content(361.70kcal) were found to be significantly 
higher in the control samples. The enriched pasta 
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also showed a noteworthy increment in the dietary 
fibre (17.66%), antioxidant activity (72.7%) and total 
phenolic content (311.2 mg GAE/ 100g). 

The profile of mineral, fatty acid, and amino acid 
of the gluten-free pasta enriched with the TPP and 
their comparison with the control sample are listed 
in Table 6. The results reveal that the addition of  

15 % of TPP in finger millet-based pasta results in a 
significant increase in the mineral content, fatty acid, 
and amino acid profile of the resultant pasta. The 
TPP contains a significant amount of Calcium (76.4 
mg/100g), phosphorus (219.7 mg/100g), magnesium 
(126.7mg/100g), potassium (1011.5 mg/100g), and 
its addition in the formulation helps in incrementing 
the amount of these constituents in the pasta.

Fig. 3: Nutritional and Functional composition of Finger Millet based 
Gluten-free Pasta Enriched with Tomato Pomace Powder

Table 6: Mineral content, Fatty Acid and Amino acid composition of Finger Millet 
based Gluten-free Pasta Enriched with Tomato Pomace Powder

Parameters	 Control pasta (0% TPP) 	 TPP supplemented pasta(15% TPP)

Minerals

Calcium (mg/100 g)	 270.2±3.0b	 283.9±2.11a

Phosphorous (mg/100 g)	 289.3±2.6b	 391.6±2.90a

Magnesium (mg/100 g)	 115.9±1.1b	 136.6±1.42a

Sodium (mg/100 g)	 37.1±0.79b	 58.7±0.76a

Potassium (mg/100 g)	 250.7±2.2b	 269.3±2.42a

Iron (mg/100 g)	 3.57±0.06b	 4.03±0.03a

Zinc (mg/100 g)	 2.50±0.02b	 2.98±0.02a

Fatty Acid

Oleic Acid (18:1 n-9) (%)	 47.2±0.81b	 51.3±0.87a

Linoleic Acid (18:2 n-6) (%)	 22.0±0.31b	 30.4±0.41a

Linolenic Acid (18:3 n-3) (%)	 2.20±0.02b	 2.32±0.03a

Palmitic Acid (16:0) (%)	 22.9±0.32b	 24.7±0.37a

Stearic Acid (18:0) (%)	 5.23±0.09b	 7.04±0.11a

ω 6/ω 3	 10:1	 13.10: 1
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Amino acids

Valine (%)	 5.9±0.16b	 7.7±0.19a

Leucine (%)	 6.9±0.19b	 9.03±0.26a

Isoleucine (%)	 3.5±0.07b	 4.3±0.09a

Threonine (%)	 3.6±0.06b	 3.9±0.08a

Methionine (%)	 3.2±0.05a	 3.3±0.07a

Lysine (%)	 3.3±0.04b	 4.7±0.10a

Phenylalanine (%)	 3.8±0.06b	 4.5±0.10a

Histidine (%)	 2.4±0.03b	 4.4±0.09a

Tryptophan (%)	 2.8±0.03b	 3.1±0.04a

Values are mean ± SD, n = 3; values within a row with different superscripts are significantly different 
(p ≤ 0.05)

Fig. 4: FTIR spectra of (a) finger millet flour, (b) tomato pomace powder, (c) tomato pomace 
powder supplemented finger millet based gluten free pasta (uncooked), (d)tomato pomace 

powder supplemented finger millet based gluten free pasta (cooked)

FTIR Spectra 
FTIR spectroscopy is a tool to decipher the functional 
groups present in food material on the basis of the 
patterns of vibrations generated. The Fig. 4a and 
4b show the spectra of FMF and TPP, respectively, 

while 4c and 4d show the FTIR Spectra of the raw 
and the cooked pasta, respectively. It can be seen 
that no functional group has significantly changed 
as a result of cooking. The secondary structure of 
the protein is connected with the peaks for amide 
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I (C=O stretching) and amide II (N-H bending and 
C-N stretching) at 1538, 1648, and 1744 cm-1 in raw 
pasta, and 1568, 1643, and 1745 cm-1 in cooked 
pasta. 

Discussion
Regarding the water for hydration required for 
making the gluten-free pasta, it was observed that 
as TPP level augmented in the formulation, the water 
for hydration also increased simultaneously. This 
might be due to the increased content of fibre and 
hydrocolloid present in the TPP, which requires more 
water for hydration.23 Majzoobi et al.,24 also reported 
an increase in the water of hydration with increasing 
levels of TPP during the making of TPP-enriched flat 
bread. The hydrophilic groups in the hydrocolloids 
enable stronger hydrogen bonding between the 
water molecules, as suggested by Shalini & Laxmi25 

as already evident from the functional and pasting 
properties discussed earlier. Moreover, Hager  
et al.,26 asserted that the needed moisture level is 
high if a composition incorporates additional protein 
or fibre components.

Nutritional Profile of Raw Material of Gluten-Free 
Pasta
It is evident that the TPP, which is a processing 
waste, still retains all the phytochemicals in 
substantial amounts, as also established by 
Kalogerapoulous etal.27 The peels, which are 
discarded in the TPP are a rich source of lycopene, 
which is a very potent antioxidant.28 The FMF has 
appreciable total phenolic content which contributes 
to its high antioxidant activity as suggested by Xiang 
et al.29 The TPP also contains high dietary fibre which 
is an important bioactive compound and is known 
to have satietogenic effects in humans and also 
have curative effect against obesity, cardiovascular 
diseases etc.30 Hence, these raw materials are ideal 
for the making of a popularly consumed product, 
pasta.

Pasting Properties
The reduction in the pasting temperature of the TPP 
containing pasta as compared to the control might 
be due to the dilution of millet starch with TPP, as 
starch gelatinization temperature was hindered by 
protein, fiber and fat content.31 The reduction in the 
pasting temperature of the blends was due to easier 
gelatinization of TPP, as TPP has high fiber content 
(Table 1), it absorbs moisture readily. Furthermore, 

ripe tomato is not a source of starch and many 
previous studies showed that fruit and vegetable 
pomace lack any starch and amylase.32 Also, addition 
of fiber rich and protein rich ingredients whether 
they are grains or their substitution to the base 
material decreases the starch content and thus the 
amylose content as amylose is the main component 
of starch. Paste viscosity denotes the water holding 
capacity of starch granules and evidence of the 
defiance resistance of granules to swelling and shear 
performance.33 Peak viscosity (PV) relates to how 
much starch swells before physically breaking down 
while heating and hold viscosity (HV) is the minimal 
viscosity number that gauges a paste's resistance 
to breaking down while cooling. The increase in fibre 
content along with the rise in TPP level was attributed 
for the decline in PV and HV. Moreover, because 
fibre has a greater capacity for absorbing water, it 
competes with the starch's ability to do the same, 
preventing swelling and bursting. Final viscosity 
(FV) denotes the consistency of the slurry during 
the heating-cooling cycle and also the re-association 
of starch molecules while cooling. The capacity of 
amylose to retrograde during cooling serves as the 
sole determinant of FV.32 Reduced starch content 
and a corresponding rise in TPP level caused the 
FV to drop. TPP has little starch, which lowers the 
entire blend's amylose concentration and results in 
less retrogradation, as seen by the blend's lowest 
FV at 20% TPP content. Studies of Bawa et al.,10 
also reported that the addition of wheatgrass powder 
in pasta blend decreases the FV of the blend, as 
wheatgrass powder lacks any starch and due to 
its non-starchy polysaccharide nature, it reduces 
the amylose concentration in the blends and thus 
samples result in less retrogradation, which was 
also observed in the present study. The capacity of 
flour to create a thick paste after heating and chilling 
it, as well as its resistance to shear stress during 
stirring, is known as setback viscosity (SV). Little 
SV denotes low starch retrogradation and syneresis, 
which increases the blend's durability throughout 
storage.34 According to research by Junejo et al.35  the 
SV decreases when fiber-rich powder is used in lieu 
of foundation flour. Moreover, the modified natural 
confrontations of the starch, protein, lipid, and fibre 
constituents in flour, which would have hampered 
the pasting operation, could be responsible for 
the reduction in viscosity in FMF with TPP blends. 
The addition of pomace powder results in the 
short-term retrogradation tendency of paste due to 
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the interaction of TPP polyphenols and lipids with 
starch molecules, as a result of which space stearic 
hindrance slows tendency of distributed, straight 
detritus reconfiguration and lowers the viscosity.29,36

Cooking Quality
The addition of TPP resulted in a subsequent 
decrease in the cooking time of the pasta, which 
was also recorded by Bustos et al.,37 in pastas 
having oat bran, which showed lower cooking 
time with increasing % of fiber-rich oat bran in the 
samples. A significant increase in cooked weight 
of the pasta samples in comparison to the control 
pasta was observed. Cooking weight is dependent 
on the starch granules and their interaction with 
other components.38 There was an initial increase in 
cooked weight in 5% TPP added pasta from 25.91 
g of control to 28.42 g may have been caused by 
the establishment of a more linked starch and fiber 
network, resulting in an increased water absorption 
capacity and, consequently, cooking weight 
increased. However, as TPP supplementation levels 
increase, the starch content decreases and fiber 
content increases, which causes more leaching 
of the pasta solids in the cooking water, causing 
cooking weight to decrease in the 20 per cent TPP 
pasta.39

Lack of gluten protein in the pasta may be 
accountable for the increase in gruel solid loss, 
where such characteristics are now dependent on 
the functional properties of the starch to provide the 
structural network in pastas made with gluten-free 
materials.39 Due to the presence of fibre, the starch 
network becomes weaker as TPP levels rise.40 

Additionally, by trapping the starch particles on 
the surface of the gum, the use of xanthan gum in 
the composition decreases the leaching out of the 
pasta material in the water, as reported by Widelska  
et al.,41 in gluten-free pasta developed from maize-
field bean. In the samples under study, the increasing 
concentration of the TPP dilutes the effect of the 
xanthan gum, coupled with the high fiber content 
and low starch content, results in more cooking 
losses. Cooking loss values range from 7-8%, and 
the ideal predicted cooking weight is approximately 
three times higher than the dry weight for spaghetti.42 
Krishnan & Prabhashankar43 also reported a cooking 
loss of 9.2 % for 30% of banana flour supplemented 
pasta, while 30% ragi supplemented pasta exhibited 
a cooking loss of 8.9 %.

Color Characteristics
The increase in lightness value of uncooked pasta 
with increased TPP levels was attributed to presence 
of oil in the TPP which impart lightness to the pasta, 
where as after cooking similar trend was observed in 
which pasta with 20%TPP had higher L* value than 
control pasta, however in comparison to uncooked 
pasta, the cooked pasta samples showed significant 
reduction in the pasta lightness  L* values, which 
might be due to the presence of lycopene pigment 
in the gelatinized matrix, resulting in the darkening 
effect and thus lowering the L* value of cooked pasta 
in comparison to uncooked pasta. Studies of Bawa et 
al.,10 also reported that cooking of pasta significantly 
reduced the L* value of pasta, due to the pigment 
matrix interaction during gelatinization of pasta.

Regarding the cooked pasta samples, their a* values 
were significantly at par with each other up to 15 % 
of TPP, and thereafter, they showed a decrease, 
while the b* values were maximum at 15 % level 
and wereat par with 10 % level of enrichment with 
tomato pomace. Pasqualone et al.,44 also reported 
an increment in a* values on increasing the level of 
lyophilised tomato matrix in the pasta. The addition of 
tomato pomace in the chicken sausages also results 
in more a* and b*values as reported by Yadav et 
al.,45 which is due to the lycopene pigment present 
in tomato pomace (Table 1).5

Texture Analysis
This decrease in the hardness values of the raw 
pasta might be due to the increase in the fibre due 
to the presence of TPP, which interferes with the 
continuous structure of the pasta during the extrusion 
process, resulting in a decrease in the integrity 
of the raw pasta. Bousla et al.,46 also observed a 
reduction in dry gluten-free pasta hardness enriched 
with legume flours. Petitot et al.,47 attributed this to 
the fibrous fractions, which lead to the formation of 
cracks and fissures, resulting in the weakening of 
the pasta structure. Aukkanit et al.,48 also studied 
the texture of uncooked noodles made with added 
pumpkin flour and reported that the breaking tensile 
strength and breaking length of the uncooked 
samples made with increasing concentrations of 
pumpkin flour up to 30% were lower than the control 
samples.

A successive reduction in the hardness of gluten-free 
pasta was observed. Krishnan & Prabhasankar43 
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also reported that as the amount of substitution of 
ragi flour in formulations increased, pasta firmness 
decreased, which might be attributed to interference 
of binding caused by the fiber content of the raw 
materials. Cohesiveness refers to the strength of 
the inbound links that keep the pasta network intact 
and reveals how the sample maintains its shape 
after cooking. When pasta is cooked, carbohydrate 
and protein molecules compete to form a continuous 
network that gives the pasta its texture.49

The initial decrease in gumminess of pasta at 5% 
level of supplementation could be due to disruption 
of starch matrix with fiber content, however when the 
level of TPP was 10%, there may be stable matrix of 
starch and fiber which favor the gumminess of pasta, 
and further increase in the TPP decrease the starch 
content in the pasta up to a level at which it does 
not make a proper gel due to which its gumminess 
decreased. Pasqualone et al.,44 also reported the 
hardness value of cooked durum wheat pasta 
enriched with lyophilized tomato matrix is 21.3 N and 
springiness, cohesiveness, and chewiness of 0.78, 
0.61, and 10.1. Mehta et al.,50 also noted that the 
value of chewiness, cohesiveness, and springiness 
increased when tomato pomace was added to 
bread and muffins. The hydrocolloid structure of 
tomato pomace may prevent the connection of 
starch molecules and lessen starch retrogradation, 
which would delay product firmness and encourage 
springiness and chewiness.50

Sensory Properties
The results showed that pasta with 15% TPP has 
significantly higher scores for color and taste, in 
comparison to other pasta samples. Alqahtani et al.,51 
also observed the lowering of ratings for appearance, 
color, and flavor for TPP-enriched yogurt, which 
was dependent on the concentration of TPP, and 
its increasing concentrations resulted in a lowering 
of scores. A comparable pattern was also seen for 
texture and taste parameters of the finger millet-
based gluten-free pasta. Krishnan & Prabhasankar43 

found that the pasta made by 30 % of substitution 
of both ragi and banana flour scored less (5.9 and 
5.8, respectively) while the pasta in the present study 
showed good scores of 8.15 for 15 % substitution of 
TPP in finger millet flour. Translucency, coloration, 
uniformity, appearance, consistency, and lack of a 
tacky texture are the acceptable sensory qualities in 
relation to appearance and textual characteristics.52 

According to Gaita et al.,53 the pasta samples that 
had grape pomace skins added at levels of 3 and 
6% had better sensory qualities than the control 
sample. The pasta manufactured by replacing 15% 
of the flour with TPP had the highest acceptance, 
showing that this degree of supplementation can be 
used to improve tomato by-product use.

Nutritional Profile of Gluten-Free Pasta
An increment is seen in fat, protein, ash, and crude 
fibre content of the pasta with 15 % TPP while the 
carbohydrate and the energy content were found 
to be significantly higher in the control samples, 
the reason being that that tomato pomace which 
substituted the finger millet in pasta production 
had higher crude fibre, protein and ash, than finger 
millet.5  Due to the slow digestion and assimilation 
of the carbs in finger millet, there is a postponed 
reception of glucose that, in turn, regulates the 
blood sugar level.54 The recommended allowance of 
dietary fibre is 35-40 g/day for an adult,55 and in case 
of gluten-free pasta enriched with tomato pomace, 
a consumption of 100 g of it can provide 44.15 % of 
this daily recommended dietary fibre intake.

Gaita et al.,53 in their study on the pasta made with 
fortification of grape pomace skins, reported an 
increase in the antioxidant capacity. Krishnan & 
Prabhasankar43 also reported that the pasta obtained 
by supplementation with ragi flour and banana flour 
had high dietary fibre and the highest antioxidant 
activity amongst all formulations. Moreover, it had a 
lycopene content of 5.92 mg/100g, which is a potent 
antioxidant, and the consumption of the enriched 
pasta will help to deliver this benefit to the consumer. 
According to Lupton et al.,56 produced enriched pasta 
can provide the recommended dietary reference 
intake of lycopene, which is 5.7 to 15 mg per day.

The micronutrients like calcium, magnesium, 
phosphorus, and potassium are crucial for the body's 
numerous physiological and metabolic activities, for 
growth and development, and hence the increase 
in this mineral content will help to optimize the body 
functioning. Isik and Topkaya57 also reported an 
increase in mineral contents in crackers made by 
the addition of TPP up to a 12 % level. Krishnan 
& Prabhasankar43 also gave similar findings with 
the substitution of finger millet flour during pasta 
making, which resulted in increased mineral content, 
i.e., calcium, iron, and zinc, much more than that of 



155REHAL et al., Curr. Res. Nutr Food Sci Jour., Vol. 14(1) 143-158 (2026)

the control. The pasta under this study was made 
utilizing finger millet flour as the base material, hence 
exhibiting a good nutritional profile.

The fatty acid content also increased, resulting in 
a ω6/ω3 ratio of 13.10:1 in the enriched sample. 
This is better than what is available in the western 
diets, which amount to 20:1. An established risk 
factor for cancer and coronary heart disease is a 
high ratio of omega-6 to omega-3 polyunsaturated 
fatty acids.58 The lower the ratio, it is better for the 
management of obesity, which this tomato pomace 
enriched pasta provides. Likewise, the amino acids 
also show an increment with the addition of TPP in 
the pasta samples. These important amino acids 
are typically lacking in the pasta made from cereal, 
especially lysine, but this enriched pasta has a 
sufficient amount of lysine (4.7 %) present in it.

FTIR Spectra
The prominent peak at 3240 cm-1 indicates the 
existence of phenolic acids, and it can be connected 
to the -OH asymmetric stretching, that peak at 
2975 cm-1, which denotes the existence of aromatic 
rings and is indicative of the presence of bioactive 
components. The presence of peaksat 2925.7 and 
2927.2 cm-1 in raw and cooked pasta, respectively, is 
due to the presence of asymmetric stretching of CH2 
moiety, primarily because fatty acids are present.10 
The cooked pasta shows additional peaks from 3400 
cm-1 onwards, primarily due to the O-H stretching 
and N-H stretching attributed to the absorbed water. 
The sharp peaks at 1745 and 1747 cm-1 are C=O 
stretching due to esterified lipid content as observed 
by Benitez et al.59

Conclusion
The findings of this study showed that finger millet 
can be a possible raw material for making gluten-
free pasta, and that adding TPP also improves 
the nutritional value of the finished product as the 
protein content increases by 35.7%, dietary fiber by 
147.85%, and ash by 22.8% while the energy in kcal 
decreases by 5.60%. The pasting characteristics 
of combinations and the cooking characteristics of 
pasta are modulated by the addition of TPP. Texture 
attributes of pasta with TPP were modulated by the 
level of supplementation. Supplementation of TPP in 
FMF pasta helps to enhance its color characteristics 
and sensory properties in comparison to control 
pasta. Since pasta is a popular product across all 

generations, and the supplementation process with 
TPP does not alter the making process so this has 
good scalability to meet the needs of the masses. 
Further research can be focused on the utilization 
of tomato pomace in other indigenous products as 
well as the extraction of bioactive components from 
it. According to the study, waste produced during 
the processing of tomatoes can also be successfully 
used as a functional component in the creation of 
unique gluten-free pasta with improved protein, 
dietary fibre, bioactive substances, minerals, fatty 
acids, and amino acid profiles.
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