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Abstract
This study intended to explore the possibility of utilizing maize and different varieties of quality protein maize (QPM) for the 
enrichment of pasta. The blends (10, 20 and 30%) were prepared and assessed for their functional properties. The cooking 
quality, antioxidative properties, color values and in vitro digestibility were extensively assessed. Also, the effect of enrich-
ment on the morphological attributes as well as on the secondary protein structure were analyzed. Enrichment improved the 
water absorption capacity (145.35 g/100–142.58 g/100 g) and swelling power (6.26–6.59 g/g) of the blends. The enriched 
pasta had significantly (p < 0.05) higher protein and crude fibre content, total phenolic content and flavonoids and remark-
ably better antioxidant activity (24.16–29.57%) than control. In vitro protein digestibility of QPM enriched pasta was found 
significantly (p < 0.05) higher (80.12%) than the maize (72.34%) and control pasta (71.91%). However, with the increase 
in the enrichment levels, an increase in the cooking time and gruel loss (5.78 to 8.4% for HQPM 1 and 6.85 to 9.12% for 
HQPM 1708) was observed. The acceptability index of pasta enriched with 20% HQPM1 flour was found the highest (96.99). 
Scanning electron microscopy and Fourier transform infrared spectroscopy confirmed the presence of higher protein and 
phenolic groups in QPM enriched pasta. Thus, QPM enrichment in a versatile food like pasta can be an excellent source of 
high-quality and cost-efficient protein along with several antioxidative properties.
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Introduction

Maize is the third important cereal crop utilized as a staple 
food across the world after wheat and rice. India is one of 
the top maize-producing countries with an annual produc-
tion of about 1147 million metric tonnes during the year 
2020 (FAOSTAT 2020). Maize is an excellent source of 
starch, folic acid, pro-vitamin A, bioactive compounds, 
essential oils, valuable proteins and dietary fibres. Maize, 
being an inexpensive gluten-free cereal is highly preferred 
for the development of food products for celiac patients. 
Conventional maize contains approximately 7–13% protein 
(dry matter basis) but the protein quality is inferior as it 
lacks essential amino acids like tryptophan and lysine [1]. 

Lysine content in normal maize protein is quite low than that 
recommended by FAO (12 mg/kg/day). These amino acid 
inadequacies have been addressed through the development 
of nutritionally superior hybrid maize variety by researchers 
of the International Maize and Wheat Improvement Center 
(CIMMYT). The newly developed maize variety is known 
as quality protein maize (QPM) and had properties similar 
to maize in terms of organoleptic properties with the added 
advantage of higher tryptophan 0.33–0.54 g/100 g lysine 
which is 46% higher than normal maize and better yield 
[2, 3].

QPM has two times better essential amino acid profile 
in comparison with conventional maize and not only the 
quantity but the bioavailability is also comparable to casein 
protein [3]. Lysine accounts 1.3–4.4% of total endosperm 
protein in the case of traditional maize while 3.3–4% in 
QPM. Even though QPM and maize have equal content of 
niacin, the lower amount of leucine in QPM aids in liberat-
ing more tryptophan for the biosynthesis of niacin [4]. Also, 
it has a better tryptophan level (0.08%) than maize and the 
amalgamation of these essential amino acids permit the body 
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to produce a total protein that reduces instances of protein-
energy malnutrition in infants and children [5].

In today’s dynamic lifestyle, we require food products that 
are instant, versatile and ready-to-cook/eat/drink and pasta 
is one of those products which has gained popularity in the 
past two decades because of its versatility, nutritive value, 
low cost, ease of preparation, longer shelf-life and palat-
ability [6]. Pasta is generally prepared from durum wheat 
semolina which is rich in complex carbohydrates, protein, 
fat and vitamin. But it lacks essential fatty acids and amino 
acids, vitamins, dietary fiber iron, vitamins, threonine [7] 
lysine, minerals and antioxidative properties [8]. It was 
reported that the phenolic content of maize and QPM lies 
within the range of 1.04–3.02 mg GAE/g and 0.64–2.76 mg 
GAE/g respectively. Similarly, a higher flavonoid content 
was reported in QPM (2.957/100 g naringin equivalents) 
than the normal maize (1.5205/100 g naringin equivalents) 
[9]. A significantly (p < 0.05) higher protein digestibility and 
lower starch digestibility was reported for opaque 2 maize in 
comparison to normal maize [10, 11]. In the past few years, 
the prospect of enrichment of pasta to contribute towards 
the recommended nutrient intake per day has triggered up. 
Both World Health Organization (WHO) as well as Food 
Agriculture Organization (FAO) have recommended pasta as 
one of the most effective enrichment media for various nutri-
ents such as minerals, lipids, proteins, vitamins, etc. [12]. 
Therefore, there is a need to improve its nutritional quality 
and thus, to match the increasing demand for raw materials 
for pasta products, maize can be excellent alternative raw 
material and utilization of QPM in form of flour may help 
to combat protein and essential amino acid deficiencies [13].

In developing countries, due to unhealthy diet patterns 
and lack of quality proteins in the diet composition, severe 
protein energy malnutrition (PEM) has become one of the 
major problems in countries like India, where 20% of the 
children are suffering from PEM [14]. Thus, the appropriate 
use of widely available and low-cost protein sources for the 
purpose of fortification have turned out to be a significant 
(p < 0.05) field of study in the present scenario [15]. There-
fore, present study aimed to develop QPM supplemented 
pasta and study the effect of enrichment/supplementation on 
physical, nutritional, techno-functional and bioactive profile 
on it based on the morphological attributes and multivariate 
analysis.

Materials and methods

Raw materials

Maize (PMH1) with protein content (9.73%), ash (1.02%), 
crude fat (1.30%), crude fiber (1.21%), carbohydrate 

(72.71%) and QPM (HQPM1 with protein content (11.46%), 
ash (2.30%), crude fat (4.02%), crude fiber (1.95%), carbo-
hydrate (62.21%) with and HQPM1708 with protein con-
tent (10.70%), ash (1.78%), crude fat (4.24%), crude fiber 
(1.44%), carbohydrate (67.72%) were procured from the 
Indian Institute of Maize Research, Punjab Agricultural 
University, Ludhiana, Punjab, India. Semolina with protein 
content (10.70%), ash (1.78%), crude fat (4.24%), crude 
fiber (1.44%), carbohydrate (67.72%) was purchased from 
the local store, Ludhiana, Punjab.

Milling and preparation of blends

The grains were dried in Hot Air Cabinet Tray Drier at 45 
℃ for 6–7 h till it reaches optimum moisture content (6%) 
and milled using Domestic Mill (Perten Company, setting 
1). The three compositions with 10%, 20% and 30% for each 
variety of maize and QPM were prepared. The blends were 
then passed through a sieve (mesh size 20.0 or 840 μm) 
thrice to ensure proper mixing and uniform particle size.

Pasta preparation

Half kilogram of each blend was mixed with the calculated 
amount of water (35%)-based on hydration capacity of the 
blends followed by thorough mixing at 10–15 min in the 
mixing chamber of the pasta extruder (La Monferrrina, 
Masoero Arturo and C.S.N.C., Italy). Hydrated blends were 
extruded at 37–40 °C temperature through the spiral-shaped 
die (No. 469) to produce pasta. The rotatory cutter speed was 
adjusted to obtain a uniform pasta length of 2.5 cm [14]. 
The pasta was dried in an oven drier (Naarang Scientifics, 
New Delhi, India) at 50–55 °C for 4 to 5 h. The dried pasta 
samples were packed in low density polyethylene (LDPE) 
pouches and stored at 4 ℃ for subsequent analysis.

Functional properties of the maize and QPM 
enriched blends

Water absorption capacity and water solubility index

Sample (2.0 g) was taken in a pre-weighed centrifuge tube, 
added with 20 mL distilled water. The contents in the tube 
were mixed properly and incubated for 30 min with shak-
ing after every 5 min interval followed by centrifugation at 
3000×g for 15 min. The supernatant was transferred to a pre-
weighed petri dish and dried in a hot air oven at 100 ± 5 °C 
for 5 h [16]. The weight of the sediment gel and dry solids 
was observed. Water absorption capacity (WAC) and water 
solubility index (WSI) were calculated by using the follow-
ing equations.
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Oil absorption capacity

Oil absorption capacity (OAC) of samples was deter-
mined by the procedure suggested by [14]. Take 10.0 mL 
of refined vegetable oil mixed with 1.0 g of sample in 
the pre-weighed 50.0 mL centrifuge tubes. It was then 
incubated for 30 min with shaking after every 5 min fol-
lowed by centrifugation at 3000×g for 15 min. The OAC 
of blends was calculated by using the following formula.

Swelling power (SP)

Weighed sample (1.0  g) was taken in a pre-weighed 
50.0  mL centrifuge tube, to this 20  mL of distilled 
water was added and heated in the water bath (Labquest, 
Borosil, Model no. WBC012) for 30 min at 85 ℃. It was 
then centrifuged for 15 min at 3000×g. Weight of swol-
len pellet after removal of supernatant was taken and 
expressed in g/g of the sample taken [17].

Nutritional composition of pasta

Moisture, ash, crude protein, crude fat and crude fibre 
were estimated using the standard method [10] Carbohy-
drate (g/100 g) and energy content of the samples were 
calculated using the formula below:

WAC =
Weight of the gel pellet after removal of supernatant − weight of sample (g)

Weight of the sample (g)
× 100

WSI =
Weight of dry solids (g)

Weight of the sample (g)
× 100

OAC =
Weight of the gel obtained after removal of supernatant − weight of sample (g)

Weight of the sample (g)
× 100

SP =
Weight of swollen sediments (g)

Weight of the sample(g)

Carbohydrate (%) = 100 − (Moisture + Fat

+Protein + Fiber + Ash)

Energy(Kcal∕100 g) =({4 × Carbohydrate}

+{9 × Crude fat}

+{4 × Crude protein})

Bioactive constituents and antioxidant activity

Extraction of samples was done by using the method 
described by Dini et al. [18]. Weighed sample (1.0 g) was 
mixed with 20.0 mL of acidified (0.1%) aqueous methanol 
(80% v/v). It was further refluxed twice for 2 h each. The 
extract was collected and volume makeup was done to 
50.0 mL using acidified methanol.

Total phenolic content (TPC)

The TPC was estimated by the colorimetric method using Gal-
lic acid as standard [19], using 0.5 mL sample extract, 0.5 mL 
of aqueous methanol and 5.0 mL of freshly diluted (1:10) 

Folin–Ciocalteu reagent (FC) reagent. Further, 4 mL saturated 
sodium bicarbonate (7.5%) was added and incubated for 2 h at 
37 °C and the absorption was read at 765 nm. The results were 
expressed in terms of mg of gallic acid equivalents (GAE)/g 
of the dried sample weight.

Total flavonoid content (TFC)

Total flavonoid content was calculated corresponding to mg 
of quercetin equivalent/100 g using the colorimetric method 
[20]. 0.5 mL of methanolic extract, 0.15 mL  NaNO2 (5% aque-
ous solution) and 2.0 mL of distilled water were mixed. After 
5 min, 0.15 mL  AlCl3 (10% aqueous solution) was added to 
it and incubated for 6 min. Finally, 1.0 mL of NaOH solution 
(1 M) and 1.2 mL of distilled water were added and the absorb-
ance was read at 510 nm.

DPPH radical scavenging activity

Antioxidant activity was expressed in terms of DPPH 
(1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity. It 
involves a colorimetric reduction reaction between methanolic 
extracts and DPPH dye solution. Methanolic extract (0.1 mL) 
and 3.9 mL of freshly prepared DPPH dye solution (0.1 mM) 
were added followed by incubation in dark for 45 min and 
absorbance was recorded at 515 nm at 0 min [21]. The results 
were calculated using the following equation [22]:

DPPHRSA(%) = 1 −
AbsT

Abso
× 100,
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where  AbsT is the absorbance of the sample after 30 min, 
 Abso is the absorbance of control at 0 min.

In vitro nutrient digestibility

In vitro starch digestibility

In vitro starch digestibility of both raw and cooked pasta 
samples was assessed enzymatically by estimating the 
amount of free maltose formed after starch digestion [23]. 
A finely ground sample (100 mg) was added with 100 mg 
of pancreatic-α-amylase. Further, 20.0  mL phosphate 
buffer (pH 6.9) was added and incubated at 37 °C for 2 h. 
Digested filtrate (1.0 mL) and dinitro salicylic acid (2.0 mL) 
was added to inhibit the reaction. The test tubes were kept 
for 5 min in a boiling water bath followed by cooling. The 
volume was made up to 50.0 mL and the absorbance cor-
responding to mg of maltose present was taken at 540 nm.

In vitro protein digestibility

In vitro protein digestibility of pasta samples were deter-
mined as per the two‐step protein hydrolysis method [24]. 
Finely (500.0 mg) ground pasta sample was mixed with 
pepsin solution prepared in 0.1 N HCl (pH 1.9) and incu-
bated for 2 h at 37 °C in the water bath. The solution was 
neutralized using 0.2 N NaOH. To maintain the aseptic envi-

ronment, 0.25 mL of toluene was added. For the second 
stage enzymatic proteolysis, the pancreatin solution (pH 8) 
was added to the solution and incubated again under simi-
lar conditions. At the end of protein digestion, the samples 
were centrifuged for 15 min at 1693×g. The supernatant 
was removed and sediments were dried for further nitrogen 
estimation of the samples using the Macrokjedahl method. 
The digestibility was calculated using below equation:

Cooking quality of pasta

Minimum cooking time (MCT), volume expansion, water 
absorption and percent gruel solid loss were determined as 

Protein digestibility (%) =
Initial protein content − Residual protein content

Initial protein content
× 100

per the method described by Sharma et al. [10]. The MCT 
was the time required for the complete disappearance of the 
raw white core, thereby indicating complete gelatinization of 
starch. 10.0 g samples were cooked in 100 mL boiling dis-
tilled water and MCT was determined by withdrawing pasta 
intermittently and pressing them between the glass slides 
to observe the extent of gelatinization. Volume expansion 
(mL/g) of pasta was determined by using the water displace-
ment method before and after cooking the samples. 10.0 g 
sample was submerged in 200.0 mL distilled water contained 
in a 250.0 mL measuring cylinder. The initial volume of 
the product was noted. The sample was then cooked in dis-
tilled water (100.0 mL) for optimum cooking time, rinsed 
and excess water was removed. It was again submerged 
in 200.0 mL of water and the increase in the volume was 
recorded and expressed as mL/g.

Water absorption was estimated by calculating the 
increase in weight during cooking. Pasta (10.0  g) was 
cooked in 100 mL deionized water for MCT. The pasta was 
withdrawn and excess water from the cooked pasta was 
removed using blotting paper and the final weight of the 
cooked pasta was recorded, and the percent water absorp-
tion was obtained. The left-over cooking water was used to 
determine the gruel solid loss. The aliquot (10 mL) was col-
lected in a pre-weighed petri dish and dried at 105 °C until 
no difference in the weight of petri plates was found. Water 
absorption and gruel solid loss were estimated by using the 
following formula.

Colour analysis

Hunter Lab Colorimeter (Color Flex EZ Hunter Associates 
Inc., USA) was used to perform the color analysis of the 
QPM pasta. The reflectance values and color parameters 
were recorded by measuring L*, a*, and b* values [14] 
where + L*, − L* denotes whiteness and blackness respec-
tively. The values for + a*, − a*, + b*, and − b* represents 

redness, greenness, yellowness, and blueness respectively. 
The value of ΔE will be calculated using the following 
equation.

Water absorption (%) =
(Weight of cooked pasta − Weight of raw pasta)

Weight of the raw pasta (g)
× 100

Gruel solid loss(%) =
(Weight of dry solids × volume of cookingwater)

Aliquot taken × Weight of raw sample
× 100
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Texture analysis

The pasta (10 g) was cooked in 100 mL of deionized water 
for optimum cooking time. The firmness of the pasta was 
determined using the Texture Analyzer (Model: TA-XT plus, 
Stable Micro Systems, USA). The analysis was conducted 
in shear mode using knife blade probe (75 mm) moving at a 
speed of 1 mm/s and cutting the sample (2 g) to 10 mm dis-
tance. Trigger force used was 10.0 g with pre-test and post-
test speeds fixed at 2.0 mm/s and 10.0 mm/s, respectively 
and 50 kg load cell was used. The maximum force required 
to cut the pasta was taken as firmness from the force–time 
graph [25].

Sensory evaluation

Sensory evaluation of the cooked pasta was done by 20 
semi-trained panelists in the Department of Food Science 
and Technology, PAU, Ludhiana, Punjab, India. Cooked 
pasta samples were analyzed by a semi-trained panel of 
judges on a 9-point hedonic scale for different sensory attrib-
utes viz texture/mouthfeel, appearance, flavor, and overall 
acceptability [10].

Scanning electron microscopy (SEM)

The microstructure morphology of raw and steamed pasta 
was studied using the scanning electron microscopy. A hold-
ing pan was employed to hold the dried pasta samples and 
were sputter-coated with gold with the help of a vacuum 
evaporator for about 2 min. Gold-coated pasta sample was 
then shifted into microscope stage to examine the samples at 
9.75 ×  10−5 Pa vacuum and an accelerating voltage of about 
15 kV [26]. The higher the atomic number, the brighter the 
macromolecule appears in the image.

Fourier transform infrared spectroscopy (FTIR)

The infrared spectra of the pasta samples were studied 
with FTIR spectrophotometer (Thermo Scientific, Nico-
let 67,000). Samples were finely ground and placed into 
the FTIR sample holder and the spectrum was noted in 
600–4000  cm−1 wavenumber ranges using ATR crystal. The 
peaks and bands were compared with the standard tables, 
denoting molecular similarities and differences.

ΔE =
√

Δa2 + Δb2 + Δc2 Statistical analysis

All the analysis were conducted in triplicate unless stated 
differently. The data obtained from aforesaid experiments 
were subjected to statistical analysis using Statistical Pack-
age for Social Science (SPSS) software (Version 22.0, IBM 
Corporation, New York) to determine the statistical signifi-
cance between the treatments. One-way analysis of variance 
(ANOVA) was performed and Tukey’s posthoc test was 
conducted to compare the means. The p value smaller than 
0.05 was considered to be significant. Principal component 
analysis (PCA) and dendrogram were utilized to conduct 
multivariate analysis and validate the differences and rela-
tionship between various techno-functional and physico-
chemical properties.

Results and discussion

Functional properties of raw materials, maize 
and QPM enriched blends

Water absorption capacity

The capacity of the flour to hold water, known as water 
absorption capacity (WAC) is primarily affected by starch 
and fiber content along with the strength of the network 
formed by protein moieties present in the sample [26]. 
WAC for control pasta was about 115.13 g/100 g which 
increased from 120.25 to 134.15  g/100  g, 139.78 to 
145.35 g/100 g and 128.84 to 142.58 g/100 g on enrich-
ment with PMH 1, HQPM 1 and HQPM 1708 respectively. 
Values for WAC increased significantly (p < 0.05) with an 
increase in enrichment levels of maize/QPM flour from 
10 to 30% as presented in Table 1. Thus, high WAC of 
the enriched blends may be ascribed to better availability 
of polar amino acids and water-binding polysaccharides 
in the protein chain, constituting the QPM protein that 
acts as the primary regions for hydrophilic bonding. QPM 
had higher polar amino acids, globulins and albumins 
compared to the normal variety [27] imparting high WAC 
making it quite suitable for bakery and dough-based food 
items. The increase of the albumins and globulins of the 
QPM is associated with the higher germ proportion in the 
kernel and the lower synthesis of zein protein.

Water Solubility Index

Water Solubility Index (WSI) is a measure of the soluble 
components in a food system and mainly relates to the 
carbohydrate composition and their interactions in the 
food. WSI for control pasta was found to be 3.62 g/100 g. 
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A significant (p < 0.05) difference in the water solubility 
index of control pasta and maize/QPM pasta was obtained 
(Table. 1). With an increase in the level of incorporation 
from 10 to 30%, WSI increased for all three varieties as 
denoted in Table 1. Higher values for HQPM 1 pasta and 
HQPM 1708 pasta in comparison to PMH 1 can be attrib-
uted to the leaching of higher soluble protein fractions 
present in QPM varieties. Similar results were obtained 
by Gupta et al. [26] and Ocheme et al. [28] where a high 
concentration of soluble protein led to high WSI. High 
WSI also depicted the ease of digestion in maize-based 
complementary foods prepared for infants [13, 29].

Oil absorption capacity

Oil absorption capacity (OAC) is an index representing 
the capacity to entrap and hold oil in the capillaries of 
the food particles. Moreover, it enhances the flavor pro-
file and mouthfeel of the product [10]. Control pasta 
had significantly (p < 0.05) high oil absorption capac-
ity (120.51 g/100 g) compared to maize enriched blends 
prepared from either variety of maize. It was observed 
that OAC declined with an increase in the incorporation 
levels of maize/QPM flour ranging between 116.23 to 
112.23 g/100 g for PMH 1, 113.25 to 109.54 g/100 g for 
HQPM 1 and 113.88 to 108.9 g/100 g for HQPM 1708 
as depicted in the Table. 1. Ikujenlola [30] reported the 
QPM had OAC of about 106%. The lower value of OAC 
for QPM incorporated blends can be attributed to the pres-
ence of polar side chains contributed by high albumin and 
globulin in the protein structure of QPM varieties. Similar 
results were obtained where the presence of polar side 
chains reduced the OAC in the pasta samples [14].

Swelling power

The SP of pasta signifies the amount of water absorbed by 
the proteins and starch during moist cooking to be utilized 
for protein hydration and starch gelatinization [31]. It deter-
mines whether the pasta is elastic and firm due to the devel-
opment of a strong protein network or soft and sticky as a 
result of excess starch swelling when cooked. SP increased 
significantly (p < 0.05) with an increase in enrichment level 
of maize/QPM flour (6.10 to 6.31 g/g for PMH 1, 6.26 to 
6.59 g/g for HQPM 1 and 6.10 to 6.26 g/g for HQPM 1708 
flour, respectively) as denoted in Table. 1. Similar increase 
in SP on supplementation of pasta with sweet potato starch 
and panga protein isolate was reported by Kolaric [32] and 
Singh et al. [33]. Starch with large granules swells rapidly 
when heated in water and water molecules are bonded to 
the free hydroxyl groups of amylose and amylopectin by 
hydrogen bonds. In addition, the difference in the SP of the Ta
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three varieties may be due to variable fat content, the low fat 
content may have an increasing effect on the SP [34].

Compositional analysis

The nutritional composition of QPM enriched pasta is 
depicted in Table. 2. The protein content of QPM enriched 
pasta was enhanced from 9.9 to 10.33% for HQPM 1 and 
9.82 to 10.13% for HQPM 1708) which were higher than 
the maize pasta (9.75 to 9.86%). The values were slightly 
higher than the values reported by Ikujenlola [30], where 
the protein content of QPM pasta was found to be 9.46%. 
The higher ash content of QPM enriched pasta compared 
to control pasta can be attributed to the higher amount of 
minerals present in QPM. Also, the amount of calcium 
(85.61 mg/100 g), potassium (79.24 mg/100 g) and zinc 
(14.45 mg/100 g) were found considerably higher in the 
QPM than the maize [35]. With an increase in percent 
of maize/QPM flour from 10 to 30%, crude fibre content 
increased. A similar increase was reported, where the crude 
fibre content varied from 0.88 to 1% in QPM-based cakes 
with an increase in the level of QPM incorporation from 40 
to 80% [36]. A decline in the carbohydrate content followed 
by an increase in energy content on QPM enrichment may 
be attributed to the higher fat content in maize and QPM 
than semolina.

Bioactive composition

The bioactive composition of the pasta samples has been 
denoted in Table. 2. The phenolic compounds possess anti-
oxidative properties and help to prevent cardiovascular dis-
eases and degenerative disorders like atherosclerosis, obesity 
and blood pressure [19]. Control pasta had total phenol con-
tent about 1.42 mg GAE/g. Total phenol content increased 
significantly (p < 0.05) (1.65 to 1.75 mg Gallic Acid Equiva-
lents (GAE) /100 g) with an increase in the incorporation 
of PMH 1. Similar results were obtained for HQPM 1 and 
HQPM 1708 based blends where the concentration of total 
phenols increased from 1.84 to 1.98 mg GAE/100 g for 
HQPM 1 and 1.32 to 1.57 mg GAE/100 g HQPM 1708 pasta. 
Similarly, high free phenolic compounds (13.1–19.8 mg 
GAE/100 g) in tortillas prepared from extruded pigmented 
Mexican maize flour were obtained [37]. QPM tortilla had 
0.96 mg GAE/g extractable polyphenols and 5.70 mg GAE/g 
hydrolysable polyphenols [38].

Significant (p < 0.05) differences (p < 0.05) in the flavo-
noid content of control as maize/QPM enriched blends were 
found. With an increase in the concentration of maize/QPM 
flour, an increasing trend in the TFC was obtained. Flavo-
noid content ranging between 20.76 to 29.73 mg querce-
tin/100 g for PMH 1, 18.79 to 27.81 mg quercetin/100 g for 

HQPM 1 and 22.19 to 34.12 mg quercetin/100 g for HQPM 
1708 with 10 to 30% enrichment levels was observed.

A significant (p < 0.05) difference in the total antioxidant 
activity of control and maize and QPM enriched blends was 
observed. Antioxidant activity of maize and QPM enriched 
blends was found higher than the control. Control pasta had 
an antioxidant activity of about 23.32%. Antioxidant activ-
ity for PMH 1, HQPM 1 and HQPM 1708 pasta with 10 to 
30% enrichment level ranged from 26.55 to 29.57%, 25.07 
to 27.06% and 24.16 to 25.98% respectively. Also, the anti-
oxidant activity of protein fractions and hydrolysates from 
QPM kernels was found quite higher than maize [27]. A 
similar trend had been observed, where the incorporation 
of blue maize flour led to improvement in the antioxidant 
activity of spaghetti [39].

In vitro nutrient digestibility

In vitro starch digestibility

A declining trend in starch digestibility was observed when 
the concentration of maize/QPM flour was increased from 
10 to 30% (for both cooked and raw samples) however, the 
cooked samples had higher starch digestibility than the raw 
samples as denoted in Table 2. This decline may be attrib-
uted to the higher protein and fiber content of QPM and 
maize varieties respectively. Starch digestion was found 
negatively correlated with the protein content of the product 
since it reduces the availability of substrate for enzymatic 
reaction due to the development of barriers around starch 
granules [10, 40]. Dietary fibers are known to decrease the 
transit time of food in the GIT. Thus, the starch granules are 
available for enzymatic action for an only a short duration 
[41, 42]. In vitro digestibility of cooked samples was found 
significantly (p < 0.05) higher than their raw counterparts. In 
raw samples, the crystalline nature of the starch, shields the 
glycosidic bonds from the enzymatic action. It was observed 
that rapidly digestible starch and slowly digestible starch of 
cooked yellow maize flour was 56.66% and 11.7% respec-
tively [39].

When cooked, gelatinization occurs and exposes the 
(1 → 4)-glycosidic linkages for digestion and therefore, 
improves the digestibility. A similar increase in starch 
digestibility on the cooking of maize was reported by [43].

In vitro protein digestibility

The physicochemical nature of proteins is highly influenced 
by differences in their association behavior and structural 
composition. Many new peptide and covalent bonds are 
formed due to cross-linkage occurring between protein 
molecules and other molecules during pasta development.
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A significant (p < 0.05) difference in the in vitro protein 
digestibility of control and maize/QPM enriched pasta was 
observed from Table 2. An increase in the protein digestibil-
ity of enriched pasta was observed when the concentration 
of QPM flour was increased from 10 to 30%. Similar results 
were reported where in vitro protein digestibility increased 
drastically when wheat flour was replaced by QPM flour. 
However, no significant (p < 0.05) difference between con-
trol and PMH 1 enriched pasta was observed [44]. This may 
be attributed to very high content of flavonoids and dietary 
fibers in PMH 1 variety. Dietary fibres reduce the transit 
time of food, limiting the access of the enzymatic action in 
the intestine. The protein digestibility declined profoundly 
in the presence of flavonoids due to their ability to bind 
at active sites of the enzyme, inhibiting protease activity. 
Similar trend of reduced protein digestibility with phenol-
flavonoids content had been reported [10]. The inhibitory 
action of phenolic acids and flavonoids on calorie-rich food 
components like carbohydrates and lipid may be beneficial 
to human health; however, quality of protein is influenced 
by their limited amino acid utilization [45]. Also, cooked 
samples had higher protein digestibility in comparison to 
uncooked counterparts. The results were found in line with 
Duodo et al. [43] where cooking treatment improved the 
protein digestibility. Also, the breakdown of starch structure 
allowed the pepsin better access to the protein bodies in the 
cooked maize. This might be due to protein denaturation, 
which may increase the exposure of sites susceptible to pro-
teolytic activity.

Cooking quality

Water absorption

The water absorption percent of pasta can be described 
as the percent increase in its weight on cooking. Control 
pasta had minimum 115.14% water absorption (Table 3). 
The water absorption increased significantly (p < 0.05) with 
increasing incorporation levels of all three maize varieties. 
The results were in full agreement with Shobha et al. [46] 
where the water uptake ratio for QPM and maize-based noo-
dles was significantly (p < 0.05) higher than refined wheat 
noodles. Significantly (p < 0.05) higher values for QPM 
pasta (154.56 to 160.06% for HQPM 1 and 149.41.84 to 
156.12% for HQPM 1708) were observed. This can be cor-
related to higher protein content, presence of polar amino 
acids, gelling ability and water holding capacity of the pro-
teins [47, 48]. QPM has exceptionally higher soluble albu-
min/globulin (rich in essential amino acids) and lower prola-
mines as compared to normal maize [27]. The positive effect 
of albumin protein on water absorption had been reported 
where the addition of albumin protein to rice starch led to 
the formation of the albumin–starch mixture on cooking that 

had higher water adsorption levels than pure starch [49]. 
The results were found in compliance with Surasani et al. 
[14] where water uptake increased with fish protein isolate 
supplementation that is supposed to have a high amount of 
hydrophilic polar amino acids.

Minimum cooking time

Minimum cooking time/optimum cooking time is 
described as the minimum time upto which the sample 
should be cooked so that the no central white core is vis-
ible when the pasta is squeezed between two glass plates. 
Control pasta had a cooking time of 5.20 min. There was 
a significant (p < 0.05) difference in the MCT of control 
as QPM/Maize pasta (Table 3). Higher values for MCT in 
case of HQPM 1 and HQPM 1708 pasta can be attributed 
to high protein content of these varieties. Increase in the 
cooking time of pasta (6.05 to 6.35 min for PMH 1, 6.25 
to 7.05 min for HQPM 1 and 6.12 to 6.45 for HQPM 1708 
pasta) on inclusion of maize/QPM flour at 10 to 30% was 
observed. The results were found in compliance with Kaur 
et al. [50] who reported that protein impedes the swelling 
as well as hydration capacity of starch granules by form-
ing a matrix around them. Also, the high fiber content 
may disrupt of the gluten matrix and create a pathway for 
water to get absorbed by the starch granules easily, hence 
reducing the cooking time. They reported when protein-
rich pasta gets cooked, it becomes firmer and stronger than 
pasta with low protein content.

Volume expansion

From Table 3, it can be concluded that the volume expan-
sion of maize/QPM pasta and control pasta differed sig-
nificantly (p < 0.05). Control pasta had a volume expansion 
of 1.05 mL/g while a significant (p < 0.05) increase in the 
values for QPM pasta on enrichment (1.06 to 1.12 mL/g 
for HQPM 1 and 1.13 to 1.57 mL/g for HQPM 1708) were 
observed. The higher water absorption can be attributed 
to the high WAC that caused higher volume expansion. A 
significant (p < 0.05) correlation (r = 0.96, p ≤ 0.05) was 
found between water absorption and volume expansion of 
pasta [50]. The results were in agreement with the find-
ings of Kaur et al. [47] which demonstrated that the high 
protein content in the pasta resulted in better expansion 
during cooking. A similar phenomenon in the protein-
enriched pasta supplemented with milk, egg protein and 
legumes [9, 51].
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Gruel solid loss

The cooking loss is one of the most important factors to 
determine the quality of pasta and reflects the surface 
characteristics of the noodles/pasta [52]. Significantly 
(p < 0.05) higher gruel loss in maize (PMH 1) incorporated 
pasta compared to control pasta (5.25%) was observed. 
This may be attributed to the higher fibre content in PMH 
1 maize variety that disrupts the gluten network formed 
by semolina. Shobha et al. [46] reported cooking loss in 
control and QPM noodles as 6.3 and 7.76% respectively. 
The gruel solid loss was found more for QPM varieties and 
much more for 30% incorporation levels (Table 3). It may 
be due to the disrupted protein and starch interaction as 
well as dilution of gluten protein on the addition of maize 
flour. The results were in good agreement with the results 
of Kaur et al. [47] and Arora et al. [48]. The values for 
gruel solid loss reported in the present study were found 
well within the range (5.6 to 9.1%) [53].

Color analysis

The L* value declined and a significant (p < 0.05) increase 
in the a* values denoting slight redness in the product was 
observed with an increase in the maize and QPM flour con-
centration from 10 to 30% as denoted in Table 3. Similar 
results were reported where a significant (p < 0.05) decline 
in L* value on the addition of 20% QPM flour (78.3 to 76.9) 
was observed [54]. Also, a drastic increase in b* values was 
observed that may be ascribed to high flavonoids, phenol 
content [55] and beta-carotene concentration in maize and 
QPM flour. Generally, consumers prefer pasta with a bright 
yellow color and the high value of the b* value is a desirable 
trait for pasta color [56]. Enrichment by maize and QPM 
flour improved the color of pasta and at 20 g/100 g enrich-
ment level, HQPM 1 pasta had the most desirable color 
values (L* 53.65, a* 1.36 and b* 10.71). The differences 
in color of pasta (ΔE) denoted that all pasta samples had a 
different color compared to control pasta. The color differ-
ence was more prominent in PMH 1 and HQPM 1 enriched 
pasta that can be explained by the high phenolic, flavonoid 
and carotenoid content in PMH 1 and HQPM 1. Cooking led 
to an increase in the brightness values, a slight reduction in 
yellowness that accompanied by a reduction in the redness 
of pasta. A similar effect of increase in the brightness on 
cooking was reported by Surasani et al. [14].

Texture analysis

A significant (p < 0.05) decline in the firmness of cooked 
with an increase in enrichment level from 10 to 30% was 
observed. However, pasta with 20% of maize/QPM flour 
retained good firmness. The declined firmness on cooking Ta
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may be due to the loss of continuity of gluten matrix on the 
incorporation of QPM/Maize flour. Similar results of glu-
ten dilution and loss of the functional properties of dough 
and pasta firmness on the addition of chickpea flour were 
reported by Sabanis et al. [57]. Also, freeze-dried berries 
caused around 50% reduction in pasta firmness at 7.5 g/100 g 
supplementation [58]. A similar decline in firmness of pasta 
when added with bean flour and moringa powder [59, 60].

Sensory evaluation

Pasta prepared by incorporation of QPM/Maize flour var-
ied significantly (p < 0.05) based on sensory evaluation as 
denoted in Table 4. Among all the compositions, enrichment 
at the rate of 20% for all the three maize varieties had the 
highest overall acceptability. Additionally, pasta formulated 
by incorporation of flour obtained from HQPM 1 variety at 
20% level was most acceptable with highest acceptability 
index (96.99%), followed by HQPM 1708 (20%) and PMH 
1 (20%). A significant (p < 0.05) difference in the appear-
ance of the product was observed. The light yellow-golden 
hue in PMH 1 and HQPM 1 enriched pasta was profoundly 
visible. With an increase in the concentration of maize/QPM 
flour, a decline in compact texture and density of pasta was 
observed. The texture of HQPM 1 pasta at 20% incorpora-
tion levels was found more acceptable than HQPM 1708 
pasta 20%. The flavor of pasta at all the enrichment lev-
els was highly acceptable. Similar results were found by 
Shobha et al. [46], which denoted higher flavor scores for 
QPM in comparison to maize and control noodles. At levels 
above 20% the overall acceptability of the product declined 
owing to its loose texture, friability and sticky mouthfeel. 
It was reported that the addition of high fibre raw materials 
(cornmeal and brown rice) adversely affects the texture and 
appearance of pasta [61]. HQPM 1 pasta (20%) had an over-
all acceptability score of 8.7, similar to control pasta was 
widely accepted by panelists. A higher overall acceptability 
scores for QPM noodles in comparison to maize noodles 
[46]. Panel analysis was employed for sensory evaluation 
of developed pasta samples targeting the individual param-
eters and construction of multiple factor analysis plots on all 
the descriptors. PCA correlation circles for individual vari-
ables and sensory attributes of pasta prepared with various 
proportions of QPM/Maize and semolina were constructed. 
The descriptors have been mentioned as individual titles and 
a strong agreement between assessors was inferred from 
Fig. 1. Descriptors proximity map (mentioned in supplemen-
tary Table 1) defined sensory data variance with dimensional 
factor F1 (81.36%) and F2 (6.26%), clearly explaining the 
relation between individual descriptors. Also, overall accept-
ability, appearance and texture were found in close proxim-
ity, representing high correlation.

Scanning electron microscopy

SEM showed that the QPM had distinct polyhedral-shaped 
corn starch granules (Fig. 2). Similar irregular-shaped starch 
granules, larger than starch granules of other maize were 
reported in QPM [11]. Flat lens-shaped wheat starch gran-
ules in addition to polyhedral corn starch granules were 
observed. The results were justified by the microstructure 
studies that depicted the angular and polyhedral shape of 
corn starch, yellow and white QPM with an axial diameter 
of about 5–20 μm [34, 62]. Minor cracks and holes in the 
matrix were visible. Similar results were reported by Kim 
et al. [63] in rice-based, protein-enriched noodles due to 
the shrinkage and fluctuation in the surface tension caused 
due to extrusion and subsequent drying [64]. Control pasta 
had a smooth and even surface that may be attributed to 
the development of a continuous gluten network with starch 
granules embedded in it. On the contrary, pasta enriched 
with 20% of maize/QPM has a non-uniform surface and 
loose structure than control, which can be linked with higher 
gruel solid loss during cooking [65]. This might be due to 
the additional protein in QPM that disrupted the continu-
ity of the gluten network resulting in the rough and uneven 
surface of the pasta. Findings denoted by Gupta et al. [26] 
in quinoa protein isolate supplemented pasta and [66] in 
bran enriched pasta have shown similar pieces of evidence 
of gluten disruption.

Fourier transform infrared spectroscopy (FTIR)

Representative spectra of pasta samples over the wave-
length of 4000 to 650  cm−1 have been illustrated in Fig. 3. 
The vibration type as well as the functional groups identi-
fied from the FTIR spectra of the pasta samples are sum-
marized in Table 5. The presence of peaks at 1647.66 to 
1648.7 signifying amide groups (N–H bending) and single 
peaks between 3500 to 3200  cm−1 corresponding to pri-
mary amines (N–H stretching) can be correlated with the 
protein content of pasta. Amide I (N–H bending and C–N 
stretching) and amide II (C=O stretching) bands related to 
peak 1580–1480  cm−1 and 1600–1700  cm−1 can be associ-
ated with the secondary configuration of the protein [67]. 
Medium peaks at 2994.4–2926.3  cm−1 were obtained denot-
ing CH stretching related to the alkane group. Variations in 
peak intensity signify higher phenol content in the maize/
QPM enriched pasta as compared to control pasta. Also, the 
peaks lying in the range 706.4 to 704.1  cm−1 representing 
benzene-derived aromatic rings justify the presence of the 
phenol group. The intensity of these peaks signifying OH 
stretching and benzene group was found higher denoting the 
presence of higher phenols and flavonoids in HQPM 1 and 
PMH1 enriched pasta in comparison to control and HQPM 
1708 enriched pasta. Peaks at 1740.26–1742.10   cm−1 
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Fig. 1  Principal component analysis correlation circles on all the descriptors (appearance, flavor, texture, overall acceptability and acceptability 
index of the sensory evaluation (n = 15)
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signifies C=O stretching that may be related to the pres-
ence of esters/carbonyl groups. The presence of the amine 
group with C–N stretching in the samples can be justified 
by the various peaks at 1218.99–1225.63  cm−1 wavenum-
ber. Various bands and peaks ranging between 1006.8 and 
1003.4  cm−1 denote C=C bending corresponding to the alk-
ene group. Similar results were reported by Awolu et al. [68] 
where peaks at 3396.00, 2926.30, 1651.00 denoting O–H 
stretch, C–H stretch and C=C stretch in native QPM starch 
were obtained.

Transitions between various secondary structure of pro-
tein in the amide I band (1600–1700  cm−1) were observed 
using second derivative Gaussian deconvolution. The fre-
quency range for β-sheet, random coils, α-helix and β-turn 
for were (1600–1640, 1670–1680  cm−1), (1640–1650  cm−1), 
(1650–1660   cm−1) and (1660–1670, 1680–1700   cm−1), 

respectively. The major protein fractions were character-
ized by β-sheet and β-turn that accounted for about 76–91% 
whereas the proportion of β-turns declined on incorporation 
of QPM flour when compared to control. The alpha helix 
structure was quite prominent in the pasta developed from 
normal maize when compared to the QPM varieties. This 
signifies the higher protein digestibility of the QPM based 
pasta in comparison to the maize pasta. Low α-helix pro-
portion has been found strongly related with better protein 
digestibility [69].

Principal component analysis and dendrogram 
cluster analysis

Data variance (85.42%) from multivariate principal 
component analysis (PCA) was expressed with two 

Fig. 2  Scanning electron 
microscopic images of raw 
and cooked pasta at × 2000 
magnification. a, e Raw and 
cooked durum wheat semolina 
pasta respectively; b–d raw 
pasta enriched with 20 g/100 g 
level of PMH 1, HQPM 1, 
HQPM 1708 flour respectively; 
f–h cooked pasta supplemented 
at 20 g/100 g level of PMH 1, 
HQPM 1 and HQPM 1708 flour 
respectively
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dimensional factors, F1 (72.22%) and F2 (13.20%) as 
depicted in PCA plot (Fig.  4a). Active observations 
include different parameters based on which the active var-
iables (different concentrations of QPM) were analyzed. 

Majority of the active observations including control were 
characterized by F1 factor. All the active variables were 
characterized by F1dimensional factor. The observations 
lying opposite to each other showed strong negative cor-
relation whereas the ones in close proximity exhibited a 
positive correlation. All the three varietal pastas were at 
a significant (p < 0.05) distance from each other denot-
ing clear differences in their techno-functional attributes. 
The DPPH-RSA, TFC, TPC were closely linked with the 
PMH1 and HQPM1 based pasta, showing clear resem-
blance with the above mentioned results for bioactive 
profile. Moreover, the decline in starch digestibility with 
increase in phenolic content was clearly justified by dis-
tance between their plots. The TFC and crude fiber lied 
exactly opposite to the in vitro starch and protein digest-
ibility indicating the negative relationship between them.

The dendrogram was utilized for cluster analysis sig-
nifying dissimilarities between tested samples (Fig. 4b). 
The samples were divided into two groups/clusters and 
the cut-off was obtained at 120. The blue cluster included 
majority of the QPM based pasta formulations which pos-
sessed higher protein content and better in vitro digestibil-
ity. whereas the red clusters owned both QPM and PMH1 
maize pasta samples which associated with each other due 
to higher bioactive profile. The control is found to be signifi-
cantly (p < 0.05) associated with the pasta samples contain-
ing lower HQPM1708 concentration. Lastly, the red and blue 

Fig. 3  a FTIR spectra of QPM enriched pasta, b changes in the secondary structure of protein as studied by second derivative and Gaussian 
deconvolution

Table 5  Fourier transform infrared (FTIR) reference table represent-
ing the wave numbers, type of vibrations and corresponding func-
tional groups [67, 68]

Frequency  (cm−1) Vibration type Functional group

3304.69–3318.9 O–H stretching Primary alcohol
Intermolecular bonded

NH stretching Primary amine
2994.32–2926.3 CH stretching Alkane
1740.26–1742.10 C = O stretching Esters

Ketone
Aldehyde

1648.7–1647.66 N–H bending Secondary amine
1368.2–1365.98 O–H bending Phenol
1218.99–1225.63 C–N stretching Amine
1148.5–1147.9 C–O stretching Tertiary alcohol
1078.2 C–O stretching Primary alcohol
1006.8–1003.3 C = C bending Alkene
761.37–760.5 C–H bending 1–2 Di-substituted

Monosubstituted
706.4–704.1 – Benzene Derivative
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clusters were segregated on the basis of cooking quality, 
blue samples showed lower gruel solid loss than the samples 
in red clusters.

Conclusion

Recent years have already indicated a drastic upswing in 
the consumption of minimally processed and enriched cold 
extruded products, indicating the excellent market utility 
of the QPM based pasta developed in this study. The pasta 
enriched with 20% QPM flour was found most desirable. The 
product has higher protein, excellent antioxidative proper-
ties, in vitro digestibility of protein and carbohydrates and a 
great overall acceptance among consumers. The microstruc-
ture characters studied through SEM and FTIR and correla-
tion between several parameters using principal component 
analysis have clearly justified the research findings. Owing 
to the dynamic life style and longing need of the cheaper 
proteins in the world, QPM and its related convenience prod-
ucts including extruded products like QPM pasta came out 
as the one of the most ideal products for the upgrowing food 
processing and valorisation industry.

As concluded from this study, the enrichment of such 
highly consumed pasta using inexpensive protein source like 
QPM can serve as a piece of evidence for further researches 
associated with the non-conventional enrichment sources, 
functional foods and global nutritional security. The study 

reveals the techno-functional behaviour of the QPM as an 
ingredient in the conventional food products. Apart from the 
exploitation of QPM for the pasta development, the findings 
indicate the future potentiality of QPM for other extruded 
food, weaning products and fabricated grains.
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