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Abstract
Oxidative stress has been implicated in the progression of a number of degenerative diseases, therefore,
bioactive compounds such as polyphenols, anthocyanins and carotenoids have attracted the attention of
food researchers and food manufactures due to their health-promoting and disease-preventing effects.
This study was undertaken to develop anthocyanins rich pasta by using purple wheat (100%) and to
compare its physical, functional and nutritional composition with yellow-brownish wheat (100%) pasta.
Uncooked pasta was analysed for bulk density, water absorption and cooking time. Pasta seasoned with
vegetables was analysed for sensory parameter using 9 point hedonic scale. Cooked pasta was dried to
stabilize moisture and analysed for proximate composition, sugars, total and available (in vitro) calcium,
iron and zinc, in vitro digestibility of protein and starch, phytic acid, total lysine, DPPH radical scavenging
activity, total phenolic content (TPC), total flavonoid content (TFC) and total anthocyanin content
(TAC). Independent t-test was used to differentiate the mean scores of physical and nutritional parameters.
Bulk density (kg/l) and cooking time (min) of purple wheat pasta were observed as 0.53 kg/l and 8.1 min,
respectively. Results of antioxidants indicated that pasta prepared with purple wheat had 64.93 mg TE per
100 g of DPPH radical scavenging, 125.63 mg GAE/100 g of TPC, 65.97 mg RE per 100 g of TFC and
4.32 mg C3GE/100 g of TAC. Pasta prepared with corresponding author: Dr. Varsha Rani, DES, Home
Science Deptt. of Foods and Nutrition, KVK Faridabad,  CCSHAU, Hisar-125004 Haryana, India;
varshadangi@hau.ac.in; 8396074989 purple wheat also had significantly higher total lysine (4.21 g/
16gN), in vitro digestibility of starch (42.10 %) and protein (79.02 %) and in vitro availability of calcium
(51.59 %), iron  (22.69 %) and zinc (38.50 %) than pasta prepared with yellow-brownish wheat.
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1. Introduction

Oxidative stress has been implicated in the progression of a number
of degenerative diseases such as diabetes, rheumatoid arthritis,
osteoporosis, cancer, cystic fibrosis, Alzheimer’s disease (AD),
Parkinson’s disease (PD), and amyotrophic lateral sclerosis (ALS).
These diseases are characterized by extensive oxidative damage to
lipids, proteins, and DNA (Arts and Hollman, 2005; Uttara et al.,
2009; Patel et al., 2013). In recent years, importance of bioactive
compounds such as dietary fiber, polyphenols, antocyanins,
saponins and carotenoids, their natural food sources and processing
techniques to enhance their level naturally have attracted attention
of food researchers and food manufactures due to their health-
promoting and disease-preventing effects (Havrlentov et al., 2014;
Agarwal et al., 2020; Rai et al., 2020; Mounika and Hymavathi,
2021; Kulla et al., 2021). Purple wheat bran contains high
antioxidant capacity determined by  3 assay, i.e., ABTS, DPPH and
ORAC with 74, 94, and 100 per cent inhibition of free radical ion as

supported by in vitro research evidences (Gamel et al., 2020). Purple
wheat possesses anti-ageing properties and reported that
anthocyanin extract from purple wheat extends the life span of
wild type and mev-1 (hn1) mutant worms by 9.2 to 10.5 per cent
as these worms were found to be sensitive to oxidative stress
reported in vivo study (Chen et al., 2013).

Wheat (Triticum aestivum L.) among cereals is at the heart of people
in northern India and contributes over 60 per cent of daily diet.
Wheat bran is high in dietary fibre, minerals, antioxidants and
phytochemicals that protect against a number of chronic diseases
linked to oxidative stress (Nidhi et al., 2021). The most often
consumed wheat (T. aestivum) is tawny in colour and has a low
quantity of anthocyanin, however, biofortified purple wheat has
high mineral and anthocyanin pigment, and therefore high antioxidant
profile and has attracted the attention of researchers and the food
industry during recent years (Syter et al., 2018; Calderaro et al.,
2019). In addition to high minerals and anthocyanins, lysine the
limiting amino acid in white, golden and red lines of wheat is also
found in purple wheat. Triticum durum (purple tetraploid wheat)
was originally harvested in Abyssinia (Ethiopia) in 1870 and then
reintroduced to Europe. Since its genotype has great potential to
produce human health friendly cultivars, demand has risen
substantially. Purple wheat became popular owing to its extremely
high anthocyanins content (Lia et al., 2017; Grausgruber et al.,
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2018). The presence of anthocyanins such as cyanidin-3-glucoside
and peonidin-3-glucoside, which have strong antioxidant and  anti-
inflammatory properties, contribute to purple colour of wheat grain.

Though, pasta is known as a truly Italian dish in European flavor,
however, it has crossed borders and traveled around the globe. It is
quite easy and nippy to cook, nutritionally exceptional, and loved
by the children and teenagers. Good textures and culinary qualities
of pasta are highly influenced by number of factors such as protein
content, gluten strength, starch gelatinization and protein network
formation and interactions of last two in presence of water. Milling
performance of semolina with optimum degree of refinement, its
ability to contribute better appearance, high breakage resistance,
and cooking tolerance are the other important properties of durum
wheat that influence pasta quality. Biofortified purple wheat can
serve this purpose to a great extent. Higher antioxidant activity,
iron, zinc and lysine can be the additional nutritional benefits to the
consumers.

Being a natural store of pigments and phytochemicals, purple wheat
grains could be used to provide commercial food products a desirable
colour and durability. According to the findings of Mazzaracchio et
al. (2012), there is a significant connection between the structure of
anthocyanins and the structure of gluten molecules, which plays an
essential role in the adsorption of pigments by gluten or its
component. Recent research indicated that purple wheat was found
to have anti-inflammatory properties (Sharma et al., 2018), elevate
serum antioxidant status and suppress lipid peroxidation in rats
(Jansakova et al., 2016), amplify life span in Caenorhabditis elegans
(Chen et al., 2013), lower total cholesterol, triglyceride, and free
fatty acid levels in serum in type 2 diabetic human patients (Liu et
al., 2018), and improve glucose or insulin resistance in mice (Sharma
et al., 2020). Additionally, anthocyanins are capable of binding
heavy metals (zinc, iron, and copper) and prevent against
cardiovascular disease, cancer, rheumatoid arthritis and neurological
illness (Fang et al., 2002; Lutsey et al., 2007; Janeckova et al.,
2014). Ordinary tawny wheat can thus be replaced by purple wheat
products to the daily diet as a novel nutritious and therapeutic
meal.

Curing with diet has always been a sustainable approach and is
very much in demand these days due to the increased awareness of
consumers. Incorporating anthocyanins and phenolics into staple
meals is one method for ensuring sufficient absorption (Ficco et al.,
2016; Angelino et al., 2017). Because of the rising demand for novel
products and the aesthetic attractiveness of naturally colored food,
“colored” bread and pasta have been introduced to the market. The
majority of the goods on the market are made using whole grains as
the source of anthocyanins. Pasta was developed using a high
quantity of bran fraction (up to 15 % (w/w)) with increased fibre
and polyphenol content which was much greater than that of
products made from the similar whole grains (Zanoletti et al., 2017).
Keeping these facts in view, this research was undertaken to develop
anthocyanins rich pasta using biofortified purple wheat and to
evaluate pasta for physical, sensory and nutritional parameters.

2. Materials and Methods

2.1 Procurement of material

Purple wheat (NABIMG-10) seed was procured from the Punjab-
based National Agri-Food Biotechnology Institute (NABI), whereas

yellow brownish wheat and other materials needed for product
preparation and packaging were purchased in one lot from the local
market, Hisar. Broken seeds, dust, and other foreign elements were
removed from the grain sample and cleaned.

2.2 Development of pasta

Spiral shape pasta was developed using semi automatic single screw
La Parmigiana extruder. The flour was mixed and sieved then
introduced it in the extruder. Predetermined amount of water was
added to it.  Flour was mixed with water for 5 min.  Pasta was made
under pressure using dye, which were taken on trays for drying.
The pasta was dried in hot air oven at 50°C temperature for 4 h
(Figure 1).

Figure 1: Pasta prepared using yellow brownish wheat (left)
and purple wheat (right).

2.3 Physical characteristics of pasta

Bulk density was measured using methodology given by Vetrimani
and Rahim (1994). Pieces of pasta approximately 1 cm in length
were placed in a graded cylinder. The bottom of the cylinder was
gently pressed on a laboratory bench until there was no further
sample volume reduction. The bulk density of a sample was
determined by dividing its weight by its volume (kg/l). Water
absorption of pasta was determined using Padalino et al. (2013).
Ten grams sample of equal-size strands was cooked for the best
cooking duration. Cooked sample was reweighed and difference
was calculated. Cooking time of pasta was determined using AACC
(2010) method. A ten-gram sample was added to 200 ml of boiling
water and maintained at a rolling boil. Starting at 4 min, sample was
taken in every 30 seconds and pressed between two glass sheets.
At the point there was no visible core of the product, the cooking
time was calculated.

2.4 Sensory analysis

Pasta was boiled in water with a pinch of salt and a tea spoon of oil.
It was boiled for 5 min or till soft.Water was strained and kept
aside. Oil was heated in a pan, added chopped onion and fried
slightly. Chopped capsicum, cabbage were added to it and cooked
till soft. Salt tomato sauce, chilli sauce, soy sauce and vinegar were
added and stirred properly. Boiled pasta was mixed to vegetable
mixture and cooked for 2-3 min and subjected to sensory evaluation
while hot. Cooked pasta was evaluated in terms of color, taste,
aroma, appearance, texture and overall acceptability using 9 point
hedonic rating scale by a panel of 30 semi-trained judges. Rating of
pasta was expressed on a 9 to 1 point rating scale as liked extremely,
liked very much, liked moderately, liked slightly, neither liked nor
disliked, disliked slightly, disliked moderately, disliked very much
and disliked extremely, respectively. An overall acceptability score
of 6 or above was considered acceptable and further evaluated for
nutritional parameters.
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2.5 Nutritional analysis

The association of official analytical chemists (AOAC, 2010)
methods were used to determine the moisture, carbohydrate, fats,
protein, and ash in cooked and dried pasta samples. The micro-
Kjeldhal apparatus was used to determine the nitrogen concentration
of the samples. To convert it to crude protein, the nitrogen value
was multiplied by 6.25. The moisture and ash contents of pasta
were measured using weight difference method, while crude fat was
determined using the Socs Plus apparatus using petroleum ether as
the solvent, crude fiber was analyzed as acid and alkali resistant.

Samples for total sugars and starch were extracted using 80 per cent
ethanol by employing the methodology of Cerning and Guilhot
(1973) and the contents were estimated using the methods of Yemm
and Willis (1954). Reducing sugar was determined according the
methods of Somogyi (1945) and non-reducing sugar was calculated
as a difference of total soluble sugar and reducing sugar.

The acid digested (HNO3:HClO4; 5:1 v/v) samples were estimated
for total calcium, iron and zinc by atomic absorption
spectrophotometer 240 FS (Australia) using the method earlier
mentioned by John et al. (2020). In vitro available calcium and zinc
were extracted as per method of Kim and Zemel (1986) and sample
for in vitro available iron was extracted as per the methodology of
Rao and Prabhavathi (1978) earlier described by John et al. (2020).

In vitro protein digestibility (%) was estimated using modified
enzymatic method explained by Mertz et al. (1983) and in vitro
starch digestibility (mg maltose released per g of starch) was assessed
as per the method given by Singh et al. (1982). Total lysine (g/16
gN) was estimated by the method of Balsubramanian and Sadasivam
(1987). Phytic acid (mg/100 g) content was analyzed by using the
method of Davies and Reid (1979).

2.6 Antioxidant profile

Total anthocyanins content (TAC) was analysed in a type U-1100
spectrophotometer by following the methodology of Abdel-Aal
and Hucl (1999), the acidified MeOH extract was filled in 1 cm thick
cavities and measured at 535 nm. An empty microcuvette was used
to set the reading to zero, followed by a cuvette containing just
acidified MeOH. Using the calibration curve, the findings were
determined and reported as mg cyanidin-3-glucoside equivalents
per kg dry matter (ppm). The extinction coefficient was used to
compute the total anthocyanin concentrations.

Total phenolic content (TPC) was measured spectrophotometrically
using the Folin-Ciocalteu reagent as described by Singleton (1999).
Acidified MeOH extract (0.1 ml) was added to the reaction mixture,
which was then oxidised using 0.5 ml Folin-Ciocalteu reagent (1:10
Folin-Ciocalteu:water) and 0.8 ml 7.5 per cent Na2CO3. Instead of
extract, 0.1 ml water was used to prepare the blank. The combination
was heated in a water bath at 50°C for 5 min and then cooled to
room temperature before being measured using a type U-1100
spectrophotometer at 760 nm.

Total flavonoids content was estimated using aluminium chloride
colorimetric technique explained by Zhishen et al. (1999). From
various sample aliquots, a final amount of 5 ml was prepared using
distilled water. Then, in test tubes, added 0.5 ml of 5% NaNO2 and,
after 5 min, added 0.6 ml of 10% AlCl3 and mixed again. After 6
min, 2 ml of 1N NaOH was added and stirred. With the addition of
2.1 ml distilled water, a volume of 10 ml was made. Pink colour
absorption was measured at 510 nm.

The DPPH radical scavenging activity was measured using
methodology given by Brand-Williams et al. (1995). Different known
sample aliquots were collected using methanol, and the volume was
built up to 1 ml. It was then filled with 3 ml of DPPH reagent and
properly mixed before being incubated at 370°C for 20 min.
Absorbance of oxidised solution was read against methanol as a
blank at 517 nm.

2.7 Statistical analysis

The data obtained was statistically analyzed in terms of mean,
standard deviation and independent t-test was used to compare the
means of various parameters of pasta developed using light yellow-
brownish wheat and purple wheat.

3. Results

It was observed that yellow-brownish wheat flour-based pasta had
a bulk density of 0.58 kg/l and a cooking time of 8.3 min whereas
purple wheat-based pasta had a bulk density of 0.53 kg/l and a
cooking time of 8.1 min. Purple wheat-based pasta had a water
absorption capacity of 2.69 g/g, whereas yellow-brownish wheat
flour-based pasta had a capacity of 2.34 g/g. The water absorption
capacity of purple wheat-based pasta was significantly higher
(p<0.01) than yellow-brownish wheat flour-based pasta (Table 1)
and as a result had less cooking time.

Table 1: Physical characteristics of anthocyanins rich pasta

Physical characteristics Yellow-brownish wheat Purple wheat t-value

Bulk density (kg/l) 0.58 ± 0.01 0.53 ± 0.02 3.10*

Water absorption (g/g) 2.34 ± 0.07 2.69 ± 0.04 15.0 4**

Cooking time (min)   8.3 ± 0.25   8.1 ± 0.25 1.96NS

NS= non- significant (there was no difference between variables).
*=significant difference at 5% level of significance.
**=significant difference at 1% level of significance.

Purple wheat flour-based pasta was adjudged as liked very much
by obtaining the mean score of 8.66 for overall acceptability. Results
indicated that purple wheat-based pasta attained higher scores for
aroma, texture, taste, and overall acceptability whereas yellow-
brownish wheat flour-based pasta attained higher scores for colour
and appearance (Table 2).

The moisture, crude protein, ash, fat, and crude fibre content of
purple wheat flour pasta was 11.34, 13.19, 2.98, 2.99, and 5.17 per
cent, respectively whereas the contents of same were 12.26, 11.16,
2.35, 1.85, and 3.76 per cent, respectively in pasta made from
yellow-brownish wheat. Pasta prepared with purple wheat flour
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had significantly (p<0.05) higher amounts of crude protein, ash and
crude fiber than the pasta prepared with yellow-brownish wheat
flour (Table 3). Total soluble sugar, reducing sugar and non- reducing
sugar contents in pasta prepared from yellow-brownish wheat flour
were observed as 4.72, 1.47 and 3.25 per cent, respectively.

However, the content of starch in the same pasta was found to be
61.42 per cent. The contents of total soluble sugar, reducing sugar
and non- reducing sugar of pasta prepared from purple wheat flour
were found to be significantly higher (p<0.05), whereas the content
of starch was significantly lower (Table 3).

Table 2: Mean scores of organoleptic characteristics of anthocyanins rich pasta

Products                   Mean scores

Pasta Color Appearance Aroma Texture Taste Overall acceptability

Yellow brownish wheat 8.65 ± 0.69 8.69 ± 0.29  8.2 ± 0.76  8.3 ± 0.38 8.4 ± 0.38 8.45 ± 0.5

Purple wheat  8.3 ± 0.64  8.4 ± 0.19 8.79 ± 0.15 8.73 ± 0.22 9.1 ± 0.31  8.66 ± 0.30

t-value 1.29NS 2.90* 1.32NS 3.39* 4.94* 1.28NS

NS= non-significant (there was no difference between variables).
*=significant difference at 5% level of significance.

Table 3: Proximate and carbohydrate composition of anthocyanins rich pasta (%, on dry matter basis)

Parameters Yellow-brownish wheat Purple wheat t-value

Moisture 12.26 ± 0.17 11.34 ± 0.49 6.14*

Crude protein 11.16 ± 1.27 13.19 ± 0.22 4.73*

Ash   2.35 ± 0.03   2.98 ± 0.37 4.07*

Fat   1.85 ± 0.33   2.99 ± 0.05 4.53*

Crude fiber   3.76 ± 0.5   5.17 ± 0.7 5.68 **

Total soluble sugar   4.72 ± 0.8   6.10 ± 0.4 5.40 **

Reducing sugar   1.47 ± 0.24   2.65 ± 0.51 7.37*

Non-reducing sugar   3.25 ± 0.15   4.35 ± 1.18 1.60NS

Starch 61.42 ± 1.2 58.36 ± 0.7 4.34*

NS= non-significant (there was no difference between variables).
*=significant difference at 5% level of significance.
**=significant difference at 1% level of significance.

  Values are mean ± SD of three independent determinations
Table 4: Mineral profile and digestibility of macronutrients of anthocyanins rich pasta (on dry matter basis)

Products Yellow-brownish wheat Purple wheat t-value

Iron (mg/100 g)   4.04 ± 0.58   6.27 ± 2.26 3.31*

Calcium (mg/100 g) 30.22 ± 0.89 51.83 ± 0.96 57.1 8**

Zinc (mg/100 g)   3.56 ± 0.23   4.81 ± 0.47 8.28*

Available iron (mg/100 g)   0.84 ± 0.33   1.40 ± 0.35

    (20.27)    (22.69) 4.01*

Available calcium (mg/100 g) 12.79 ± 0.69 26.93 ± 0.92

    (41.16)   (51.69) 42.5 9**

Available zinc (mg/100 g)   0.86 ± 0.91   1.65 ± 0.94

    (27.72)    (38.50) 4.22*

Protein digestibility % 73.11 ± 1.79 79.02 ± 2.97 5.90 **

Starch digestibility

(mg maltose released/g) 36.74 ± 3.16 42.10 ± 0.21 5.86 **

*=significant difference at 5% level of significance.  **=significant difference at 1% level of significance.
Values are mean ± SD of three independent determinations.
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Table 5: Phytic acid, total lysine and antioxidant profile of anthocyanins rich pasta

Products Yellow-brownish wheat Purple wheat t-value

Phytic acid (mg/100 g) 208.37 ± 1.34 176.16 ± 1.13 31.8 3**

Total lysine (g/16 gN)     2.34 ± 0.38    3.21 ± 0.86 1.89ns

DPPH (mg TE/100 g)   26.01 ± 0.70  64.93 ± 0.99 55.6 0**

TPC (mg GAE/100 g) 101.98   ± 0.78 125.63 ± 0.81 72.8 6**

TFC (mg RE/100 g)   33.54 ± 0.96   65.97 ± 1.04 79.3 7**

TAC (mg C3GE/100 g)     0.39 ± 0.03     4.32 ± 0.36 68.1 9**

**=significant difference at 1% level of significance.
TPC: Total Phenolic Content;  TFC: Total Flavonoid Content; TAC: Total anthocyanin content.
Values are mean ± SD of three independent determinations.

The contents of total iron (6.27 mg/100g), zinc (4.81 mg/100g) and
total calcium (51.83 mg/100g) were considerably higher (p<0.05) in
pasta made from purple wheat flour (Table 4). Purple wheat flour
pasta also had significantly (p<0.05) higher levels of per cent in
vitro availability of iron (22.69%), zinc (38.50%) and calcium
(51.69%) than yellow-brownish flour pasta (Table 4). Further,
results indicated that in vitro digestibility of protein and starch of
pasta made with yellow-brownish wheat flour was 73.11 per cent
and 36.74 mg maltose released per gram, respectively. However,
the digestibility of both of protein and starch were significantly
higher (p<0.01) (79.02%; 42.10 mg maltose released per gram) in
pasta prepared using purple wheat flour (Table 4).

Total lysine content in pasta prepared with yellow-brownish wheat
flour was 2.34 g/16gN, whereas the content was slightly higher 3.21
g/16 gN in pasta prepared with purple wheat flour. It was observed
that pasta prepared using purple wheat flour had significantly lower
amount of phytic acid (176.16 mg/100 g) than pasta prepared of
yellow-brownish wheat flour (208.37 mg/100 g) (Table 5). The results
indicated that yellow-brownish wheat flour pasta had 26.01 mg TE
per 100 g of DPPH radical scavenging activity, whereas purple wheat
pasta had almost three times higher content (64.93 mg TE per 100 g)
of DPPH radical scavenging activity. Total phenolic content was also
found significantly higher in purple wheat pasta (125.63 mg GAE/
100 g) than the yellow-brownish wheat pasta (101.98 mg GAE/100
g) (Table 5). Purple wheat pasta had almost two times higher level of
total flavonoid content (65.97 mg RE per 100), than yellow-brownish
wheat pasta which had a total flavonoid content of 33.54 mg RE per
100 g. Furthermore, it was shown that pasta made with purple
wheat flour also had significantly (p<0.01) higher total anthocyanins
content (4.32 mg C3GE/100 g) than pasta made with yellow-brownish
wheat flour (0.39 mg C3GE/100 g) (Table 5).

4. Discussion

This study was conducted to develop anthocyanins rich pasta
with enhanced antioxidants activity and therapeutic properties.
Physical characteristics are potent to predict the quality of final
product. Results indicated that pasta developed using purple wheat
flour had lower bulk density and cooking time (Table 1), whereas
higher water absorption. Low bulk density flour are easy to handle
during packaging and storage and also suitable for production of
pasta as it provide low paste thickness and viscosity during boiling.
The higher water absorption of purple wheat pasta has been
attributed to the higher fiber and protein content of purple wheat.
Further, this was likely to the low thickness (1 mm) and high

surface of the tagliatella-shape, which ensured fast water diffusion
and absorption.  The results of water absorption and cooking time
with respect to purple wheat observed in present are corroborated
with the findings of Ficco et al. (2016), Zanoletti et al. (2016),
Kumari et al. (2020).

In present study, results indicated that purple wheat-based pasta
attained higher scores for aroma, texture, taste, and overall
acceptability (Table 2). A number of volatile compounds and
specially the presence of anthocyanins such as cyanidin-3-glucoside
and peonidin-3-glucoside in purple wheat contribute towards a
distinct, however, acceptable colour and pleasant aroma and taste
to pasta. The higher fat and fiber content of purple wheat might
have contributed towards its better texture and taste. Similar positive
influence of incorporation of colour wheat on sensory parameters
of pasta and other products have been observed by Chen et al.
(2013), Pasqualone et al. (2015), Li et al. (2015), Ficco et al. (2016),
Usenko et al. (2018), Kumari et al. (2020).

In present study, regarding nutritional value of pasta, it was observed
that purple wheat pasta had significantly (p<0.05) higher amounts
of protein (13.19%), ash (2.98%), fat (2.99%), crude fiber (5.17%),
total soluble sugar (6.10 mg/100 g), iron (4.04 mg/100 g), calcium
(30.22 mg/100 g), zinc (3.56 mg/100 g) and lysine (3.21 g/16 gN)
than yellow-brownish wheat pasta. In a previous study, both the
individual amino acid and crude protein retention were found higher
in chapatti prepared with colored wheat than white wheat (Sharma
et al., 2022). The significantly higher content of ash in purple
wheat pasta might be due to the high mineral index of purple wheat.
Ficco et al. (2016) also observed a higher, i.e., 9.8 per cent total
dietary fiber (TDF) content in purple wheat flour than yellow
durum wheat flour, i.e., 8.4 per cent. Dietary fibers are the non-
caloric carbohydrate which are resistant to be hydrolyzed by the
digestive enzymes of human GIT and are considered important as
these act as the substrate to healthy gut microflora, increase transit
time and provide numerous health benefits, such as relieving
constipation, weight reduction, and lowering the risk of diabetes
and heart diseases. Similar positive influence of purple wheat
incorporation on proximate composition of biscuits was observed
by Pasqualone et al. (2015). Results of sugars and starch as observed
in present study are in close proximity of those observed by Abdel-
Aal et al. (2018) and Saini et al. (2021). The increased availability
of minerals and digestibility of protein and starch in purple wheat
pasta might be attributed to its lower phytic acid content (Table 5)
as phytic acid make insoluble complex and hinder the availability
of micro and macro nutrient in food matrix (John et al., 2020; Khare
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et al., 2021). The substantially higher lysine amount in purple
wheat pasta might be due to the high protein content of purple
wheat.

Antioxidant activity (DPPH, TPC and TFC) of purple wheat pasta
was shown to be significantly (p<0.01) higher than in yellow-
brownish wheat pasta. Similar results were observed due to the
presence of many bioactive components in purple wheat, DPPH
radical scavenging activity and TPC content were reported to be
higher in purple wheat-based biscuits than in normal biscuits
(Pasqualone et al., 2015). Purple wheat-based pasta had higher
TPC and TFC levels than regular wheat-based pasta. Similar results
were observed by Yu and Beta (2015), Parizad et al. (2020). Cooking
increased the antioxidant content and activity of final product
significantly as reported by Yu and Beta (2015), Li and Beta (2011),
Pasqualone et al. (2015). However, it was also reported by Li et al.
(2015) that antioxidant activity was shown to be lower in noodles
than in flour which might be attributed to antioxidant loss during
the mixing and kneading process.

Purple wheat-based pasta had higher content of anthocyanins than
yellow-brownish wheat-based pasta. Similar results were observed
by Pasqualone et al. (2015), Ficco et al. (2016), Eliasova et al.
(2020), Sharma et al. (2020), Seo et al. (2021). Grausgruber et al.
(2018) revealed that fractionation can significantly amplify the
concentration of anthocyanins, whereas heat and light can mortify
anthocyanins during drying, processing and storage. Kumari et al.
(2020) further revealed that breakdown product of anthocyanins
after heating has stronger antioxidant activity than the coloured
and glycocylated forms. Anthocyanins are also reported to have
masking and protective effects on proteins and amino acids from
heating and oxidative changes as minimum cooking loss of amino
acid was observed in chapatti prepared using purple wheat (Sharma
et al., 2022).

5. Conclusion

Considering the nutritional and antioxidant profiles of purple wheat,
as well as the sensory and physical characteristics of the developed
product, it is possible to conclude that purple durum wheat can be
successfully used to develop anthocyanins rich nutritious and
appealing pasta with the antioxidant power of large quantity of
blueberries without sacrificing sensory attributes of final product.
Purple wheat pasta had higher levels of protein, dietary fibre,
antioxidant and minerals and also enhanced availability and
digestibility of nutrient. Developed pasta may be beneficial in the
treatment of oxidative stress due to its high antioxidant content and
it will also add diversity due to its unique colour. Further, food
products developed with anthocyanins rich purple wheat may offer
health benefits due to its high antioxidant activity however; further
research should be conducted to analyze its retention and
bioavailability during high pressure high temperature cooking.
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