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Abbreviations
DDMF  Debittered moringaseed flour
SEM  Scanning electron microscope
IVPD  In vitro protein digestibility
EAA  Essential amino acids
NEAA  Non-essential amino acids

Introduction

Moringa oleifera is a vital food commodity with enormous 
attention as the ‘natural nutrition of the tropics’ (D’souza 
and Kulakarni 1993). The leaves, flowers, fruit and, imma-
ture pods, seeds of this tree are highly nutritious vegetable, 
particularly in India, Pakistan, the Philippines, Hawaii, and 
many parts of Africa (Anwar and Bhanger 2003). Seeds of 
the Moringa oleifera plant are the most nutritious and valu-
able botanical and herbal remedies and nutritional supple-
ments for industrial and agricultural purposes. Dry seeds 
of moringa usually contain 18–25% of protein, nearly dou-
ble the contents of cereals (Abdulkarim et al. 2005) which 
can be increased upto 50% on defatting (Abiodun et al. 
2012). The seeds offer concentrated nutrients, including 
proteins with balanced amino acids and a wide range of 
vitamins and minerals, making them an outstanding sup-
plement for stressed and hurried individuals and a reliable 
source of nutrition for malnourished population worldwide. 
Gopalakrishnan et al. (2016) reported that the major vitamin 
and mineral composition of fresh Moringa oleifera seeds 
are calcium (45 mg/100 g), magnesium (635 mg/100 g), 
phosphorus (75 mg/100 g), thiamin (0.05 mg/100 g), ribo-
flavin (0.06 mg/100 g), niacin (0.2 mg/100 g) and vitamin 
E (751 mg/100 g). Although slightly bitter and astringent, 
moringa seeds are used for food seasoning or eaten as 
roasted nuts (Al-Kahtani and Abou-Arab 1993).

Abstract In the present study, debittered Moringa Oleif-
era seed flour (DDMF) rich in protein, vitamins, minerals 
and balanced amino acid and fatty acid profile was used 
to develop functional cookies. DDMF was incorporated at 
25, 50, 75 and 100% levels and studied their effect on flour 
rheological, physicochemical, micro-structural, sensory and 
nutritional properties of cookies. The results revealed that 
the addition of an increasing amount of DDMF from 0 to 
100% increased water absorption (59.5–77%) by farinograph 
study; cookie dough hardness (89.2–284.7 N); decreased 
pasting temperature (60.2–30.1 °C) and peak viscosity 
(696–9 BU) by amylograph study. SEM studies of cook-
ies indicated that, in control cookies, starch granules are 
completely gelatinized and enmeshed in the gluten protein 
matrix, whereas, in 50% DDMF incorporated cookies, par-
tially gelatinized starch granules are seen embedded in a 
weak protein matrix. Sensory evaluation showed that incor-
porating DDMF, up to 50% of cookies had clean mouthfeel 
without any residue formation and were highly acceptable; 
however, beyond that limit, they became brittle. The addition 
of 50% DDMF increased cookies’ in-vitro protein digestibil-
ity, mineral contents, and fatty acids content. Thus, the nutri-
tional quality of cookies concerning quantity and quality of 
protein and fat could be enhanced by incorporating DDMF.

Keywords Moringa seed flour · Rheology · Cookies · 
Fatty acid profile · Amino acid profile

 * C. Radha 
 radha@cftri.res.in
1 Protein Chemistry and Technology, Mysore, India
2 Flour Milling, Baking and Confectionery Technology 

Department, CSIR-Central Food Technological Research 
Institute, Mysore 570020, India

http://orcid.org/0000-0003-0854-1322
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-022-05555-5&domain=pdf


4732 J Food Sci Technol (December 2022) 59(12):4731–4739

1 3

Enrichment of food products with functional components 
from plant sources has been used regularly to enhance the 
pro-health properties. Consumer preference for functional 
products from plant sources are also increasing. Due to their 
widespread consumption in communities, bakery products 
are considered as the best medium for functional ingredient 
supplements (Kumar et al. 2015). Cookies hold an essential 
place among bakery products as snack items due to their 
taste, crisp texture, and eating convenience (Kent and Evers 
1994). High protein cookies are attractive for target areas, 
such as low-income groups, child-feeding programs, and dis-
aster relief operations (Claughton and Pearce 1989).

Several reports are available on the utilization of Moringa 
oleifera in nutritious bakery products such as moringa leaves 
cookies (Dachana et al. 2010; Mouminah 2015), moringa 
seed powder incorporated bread, cookies (Bolarinwa et al. 
2017; Ogunsina et al. 2011), bread with germinated moringa 
seed flour along with tiger nut flour (Chinma et al. 2014) etc. 
No systematic study reported on the utilization of debittered 
Moringa oleifera seed flour (DDMF) to replace wheat flour 
in the processing of cookies. Therefore, the present work 
was planned with the main objective of improving the nutri-
tional characteristics of cookies with particular reference to 
the quality of protein and fat. DDMF was used to replace 
wheat flour at different levels in cookie processing and deter-
mined its effect on rheological characteristics of wheat flour, 
dough texture, physico-sensory, nutritional quality, and fatty 
acid profile compared with wheat flour cookies.

Materials and methods

Materials

Commercially available wheat flour, sugar, and Marvo brand 
shortening (Hindustan Lever Ltd., Mumbai, India) used for 
the studies were procured from the local market, Mysore, 
India.

Processing of debittered, moringa seed flour (DDMF)

Moringa (M. oleifera Lam.) seed was purchased in bulk from 
the local Mysore market, India, and processed as Ogunsina 
et al. (2011) described. The dried flour was coarsely pul-
verized in a blender, passed through a sieve size 500µ and 
stored in polythene bags.

Preparation of blends

Blends were prepared using a combination of wheat flour 
and DDMF in the ratios of 100/0, 75/25, 50/50, 25/75 and 
0/100 W/W.

Chemical characteristics of flours

The characteristics such as moisture, ash, protein, dry glu-
ten, fat, Hagberg’s falling number, and sedimentation value 
(Zeleny’s) were determined according to AACC (2000) 
methods. Total dietary fibre content was analyzed accord-
ing to AOAC (2000) method, carbohydrate (Dubois et al. 
1951), fatty acid, amino acid (Bidlingmeyer et al. 1984) and 
mineral profile (AOAC 2000) were analyzed.

Rheological characteristics

The rheological characteristics flour such as farinograph and 
amylograph were analyzed as per AACC (2000) methods.

Cookie‑making characteristics

Cookies from blends containing 0, 25, 50, 75, and 100% 
DDMF were prepared using the following formulation: 
wheat flour and DDMF blend—100 g, sugar powder—60 g, 
shortening (Marvo)—50  g, and water according to the 
requirement. The cookie dough was sheeted to a thickness 
of 1.0 cm and cut using a circular cutter of 4 cm diameter. 
Cookies were baked at 200°C for 10 min, cooled and evalu-
ated for physico-sensory characteristics.

Texture profile analysis of cookie dough

Texture profile analysis of cookie dough was carried out as 
per the methods of Kumar and Sudha (2021) at room tem-
perature using a LR-5 K Texture Analyzer (Lloyds Instru-
ments Ltd, Hampshire, England) with a 5 kg load cell. The 
cookie dough sample size of 40 mm diameter and 10 mm 
thickness were compressed using an aluminium disc probe 
(circular) of 80 mm diameter, with a compression distance 
of 50% of cookie dough and a 50 mm/min crosshead speed. 
The hardness, springiness, and cohesiveness behavior of 
cookie dough was analyzed using Nexygen Version 4.0 
Software (LR-5 K).

Physical and sensory characteristics of cookies

The diameter (mm) and thickness (mm) of cookies were 
measured and the spread ratio was calculated by dividing 
the values of diameter by thickness. The breaking strength 
of cookie is one of the critical parameter in the evaluation 
of cookies, as it mimics the customer holding the cookies 
in hand and breaking by bending were measured using the 
texture analyzer (Model TA—HDi, Stable Micro System, 
Surrey, UK). The force required for breaking the cookie 
with a three-point bending rig was measured. The peak 
force (g) needed to break a single cookie was recorded, and 
the average value of two triplicates was reported (Kumar 
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et al. 2016). Sensory evaluation of cookies was carried 
out by a panel consisting of 30 members (15 male and 
15 female), including scientists, technical staff, research 
scholars, and project assistants who have previous experi-
ence in sensory evaluation of cookies were formed, and 
they were further trained in four sessions involving 2 h 
of training in each session. The cookies were evaluated 
for surface colour, surface character, texture, mouthfeel, 
and overall quality score on a 9-point hedonic scale as 
per Kumar and Sharma (2018) method. Five samples of 
cookies in two replicates were presented in random order.

Statistical analysis

The statistical significance of the data was analyzed 
using Duncan’s new multiple range test with different 
experimental groups appropriate to the fully randomized 
design with four replicates each, as Steel and Torrie 
(1960) explained. The significant level was established at 
P ≤ 0.05.

Results and discussion

Quality characteristics of wheat flour

The wheat flour used for this study contained 9.83% 
moisture, 0.53% fat, 9.30% protein, 45.38% carbohydrate, 
0.54% ash, 2.82% dietary fiber, 9.17% dry gluten, 799 s 
falling number, 19.5 mL Zeleny’s sedimentation value 
(Table 1). The above results indicate that the flour used 
for the study is medium strong flour. The DDMF used for 
the study contained 2.77% moisture, 14.13% fat, 48.45% 

protein, 24.08% carbohydrate, 6.74% ash, and 35.10% 
dietary fiber.

Farinograph characteristics

The effect of incorporation of DDMF on the farinograph 
characteristics of wheat flour is reported in Table 2. The 
increasing amount of DDMF in the blend from 0 to 100% 
increased the farinograph water absorption from 59.5 to 
77.0%. This increase in the water absorption capacity of 
the flour is mainly due to the increase in protein concentra-
tion with the addition of DDMF, which is known to have 
more affinity for water. The dough development time, i.e. 
time necessary to reach 500 BU consistencies, was 3.1 min 
for control, 8.5 min (25% DDMF), 9.6 min (50% DDMF), 
11.4 min. (75% DDMF), and 12.7 min (100% DDMF), 
respectively. The dough stability value representing the 
strength of the dough increased up to 50% DDMF level, and 
at higher levels of 75 and 100%, the stability decreased sig-
nificantly. Similar observations of increased water absorp-
tion and dough development time and a decrease in dough 
stability with the addition of dried moringa leaf powder were 
reported by Dachana et al. (2010). An increase in the dough 
development time values were due to delayed development 
of gluten or slower hydration property of moringa seed pro-
tein. The mixing tolerance index values, which are inversely 
proportional to the strength of the dough, increased from 46 
to 77 BU from control flour to 100% DDMF, thus indicating 
a decrease in the strength of the dough. Similar results of 
decreasing dough strength have been reported by McWatters 
(1978) with the addition of protein-rich flours from defatted 
peanut, soybean and field pea.

Amylograph characteristics

With an increase in the level of DDMF addition, the past-
ing temperature increased upto 75%, i.e. 60.2 (for control) 
to 89.1 (for 75%) and then decreased to 30.1 °C (Table 2). 
Peak viscosity indicating starch’s granule’s ability to 
swell freely before their physical breakdown significantly 
reduced from 696 to 9 BU with an increase in DDMF from 
0 to 100%. Hot paste viscosity representing the stability 
of the already broken starch granules at the cooking tem-
perature decreased with DDMF. The cold paste viscosity, 
when compared with control (470 BU), decreased with 
25% DDMF (316 BU), 50% DDMF (269 BU), 75% DDMF 
(25BU) and 100% DDMF (7 BU). From the above results, 
it can be attributed that the mixture of starch, protein, fat 
and dietary fiber present in moringa seed flour increased 
the pasting temperature of starch, and decreased the vis-
cosity during heating, cooking, and cooling. A decrease 
in peak viscosity, break down and setback, when chickpea 
flour was added to wheat flour, was reported by Gomez 

Table 1  Chemical composition of wheat flour and DDMF

ND not determined; Values in the row with the same letter in super-
script are not significantly different at p ≤ 0.05

Parameters WF DDMF

Moisture (%) 9.83 ± 0.08a 2.77 ± 0.11b

Ash (%) 0.54 ± 0.13b 6.74 ± 0.10a

Fat (%) 0.53 ± 0.19b 14.13 ± 0.17a

Protein (%) 9.30 ± 0.12b 48.45 ± 0.20a

Carbohydrate (%) 45.38 ± 0.23a 24.08 ± 0.16b

Dietary fiber (%) 2.82 ± 0.16b 35.10 ± 0.21a

Dry gluten (%) 9.17 ± 0.11 ND
Zeleny’s sedimentation value 

(ml)
19.5 ± 0.20 ND

Falling Number (s) 799.0 ± 0.80 ND
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et al. (2008) and attributed to decreased carbohydrate con-
tent and difference in protein contents which affects the 
viscosity parameters. The breakdown and setback values 
indicating the ease of cooking, and the tendency to retro-
grade decreased from 313 to 0 BU and 226 to 0 BU with 
the addition of DDMF for 0 to 100% DDMF respectively. 
The reduced value for setback and break down shows 
less resistance of starch for thermal treatment, having a 
reduced tendency to retrograde. The effect of incorporation 
of germinated tiger nut flour and Moringa flour to wheat 
flour was studied by Chinma et al. (2014) and reported that 
the rapid viscoanalyzer (RVA) properties of flour samples 
showed low peak viscosity, trough, breakdown, setback, 
final viscosity, and pasting temperature value than 100% 
wheat flour. This can be attributed to amylase activity in 
germinated flour, the difference in the amylose—amylo-
pectin ratio of the starches, and the reduction in the gluten 
content due to the use of gluten-free flours.

Texture profile analysis

The effect of DDMF on the cookie dough texture profile 
analysis is presented in Table 2. Results indicated a signifi-
cant increase in the hardness of dough and a decrease in 
springiness and cohesiveness. The hardness of the control 
cookie dough was 89.2 N, and it was increased to 96.6 N 
with an addition of 50% DDMF. An increase in dough 
hardness could be seen due to an increase in DDMF. The 
springiness value indicates elastic recovery of dough after 
first deformation decreased from 0.29 mm for control to 
0.26, 0.19, 0.02 and 0.01 mm for 25%, 50%, 75% and 100% 
respectively. The cohesiveness of the dough decreased from 
0.06 for control to 0.05, 0.050, 0.04 and 0.02 for 25%, 50%, 
75% and 100% respectively. Kumar et al. (2016) studied the 
protein and dietary fibre-rich four different multigrain mixes 
incorporated wheat flour dough texture profile properties. 
They reported that incorporating multigrain mixes increased 

Table2  Effect of DDMF on the rheological characteristics of flour, dough and physical properties of cookies

Values in the row with the same letter in superscript are not significantly different at p ≤ 0.05.L: Lightness
a Redness
b Blueness

Rheological characteristics DDMF (%)

0 25 50 75 100

Farinograph
Water absorption (%) 59.5 ± 0.1e 64.0 ± 0.1d 66.0 ± 0.2c 69.0 ± 0.3b 77.0 ± 0.3a

Dough development (min) time (min) 3.1 ± 0.1e 8.5 ± 0.1d 9.6 ± 0.2c 11.4 ± 0.3b 12.7 ± 0.2a

Dough Stability (min) 2.8 ± 0.1d 7.2 ± 0.2b 11.2 ± 0.3a 4.7 ± 0.4c 2.2 ± 0.3e

Mixing Tolerance Index
(BU)

46.0 ± 1.0e 52.0 ± 2.0d 60.0 ± 2.0c 65.0 ± 3.0b 77.0 ± 1.0a

Amylograph
Pasting temperature (°C) 60.2 ± 0.1d 63.9 ± 0.1c 64.4 ± 0.2b 89.1 ± 0.1a 30.1 ± 0.1e

Peak viscosity (BU) 696.0 ± 1.0a 425.0 ± 2.0b 353.0 ± 1.0c 16.0 ± 1.0d 9.0 ± 1.0e

Hot paste viscosity(BU) 664.0 ± 2.0a 385.0 ± 1.0b 329.0 ± 1.0c 12.4 ± 1.0d 6.0 ± 1.0e

Cold paste viscosity(BU) 470.0 ± 2.0a 316.0 ± 2.0b 269.0 ± 1.0c 25.0 ± 1.0d 7.0 ± 2.0e

Setback (BU) 226.0 ± 1.0a 109.0 ± 1.0b 84.0 ± 1.0c 0.0 ± 0.0a 0.0 ± 0.0a

Break down (BU) 313.0 ± 1.0a 248.0 ± 1.0b 95.0 ± 1.0c 0.0 ± 0.0a 0.0 ± 0.0a

Texture profile analysis of cookie dough
Hardness (N) 89.2 ± 1.5e 92.6 ± 2.0d 96.6 ± 2.5c 173.5 ± 1.1b 284.7 ± 0.9a

Springiness (mm) 0.29 ± 0.1a 0.26 ± 0.1a 0.19 ± 0.0c 0.02 ± 0.1d 0.01 ± 0.1d

Cohesiveness 0.06 ± 0.0a 0.05 ± 0.0a 0.05 ± 0.0a 0.04 ± 0.0a 0.02 ± 0.0a

Physical properties of cookies
cookies
Spread Ratio (D/T) 5.5 ± 0.1a 4.8 ± 0.1b 4.4 ± 0.1c 4.1 ± 0.1d 4.1 ± 0.1d

L 79.0 ± 0.4a 61.1 ± 0.4b 51.3 ± 0.1c 46.2 ± 0.3d 42.8 ± 0.1e

a 1.8 ± 0.1d 4.4 ± 0.2c 5.4 ± 0.1b 5.9 ± 0.2a 5.9 ± 0.1a

b 17.3 ± 0.4a 17.1 ± 0.3a 16.2 ± 0.2b 15.5 ± 0.1c 14.7 ± 0.2d

Breaking strength (g force)
(Force, g)

1989.0 ± 1.0e 3765.0 ± 1.2c 3919.0 ± 1.5b 4169.0 ± 1.5a 2202.0 ± 2.0d
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the hardness and decreased the springiness and gumminess 
property of short biscuit dough. The decrease in springiness 
and cohesiveness values might be due to the dilution of glu-
ten protein (Dachana et al. 2010). These results show that 
an increased content of DDMF produced higher gumminess 
and less springy dough.

Physico‑sensory characteristics of cookies

The results presented in Table 2 show that with an increase 
in the level of DDMF from 0 to 100%, the spread ratio 
reduced from 5.5 to 4.1. The decrease in spread ratio could 
be due to dilution and disruption of gluten strands by adding 
DDMF, thereby losing its elastic recovery properties (Kumar 
et al. 2015). The colour analysis of the cookies crust revealed 
that an increasing addition of DDMF flour decreased the 
lightness and increased the redness value. The lightness of 
cookies decreased from 79.0 for control cookies to 42.8for 
100% DDMF cookies. The redness value increased from 
1.8 for control cookies to 4.4, 5.4, 5.9, and 5.9 for 25%, 
50%, 75% and 100% DDMF. The yellowness value of the 
cookie represented by b value decreased with an increase in 

the percentage of DDMF for 100% DDMF cookie. These 
results indicate that the use of DDMF decreased the light-
ness and yellowness and increased the redness of cookies 
due to the presence of brown coloured DDMF apart from 
the Maillard reaction and caramelization process during bak-
ing, as explained by Kumar and Sudha (2021). The break-
ing strength of cookies indicates the force required to break 
increased from 1989 to 4169 g force for 0 to 50% DDMF, 
indicating an increase in the hardness.However, at a higher 
percentage of DDMF incorporation, the hardness value 
decreased to 2202 g force could be due to an increase in 
brittleness.

The sensory studies indicated that (Fig. 1a, b), the sur-
face colour of cookies became darker as the level of DDMF 
increased, and the sensory score for surface colour decreased 
from 8 to 5.5 for control and 100% DDMF added cookies, 
respectively. The surface character of the control cookie was 
smooth, and it became rough with the increasing addition 
of DDMF due to the coarser particle of DDMF. The texture 
scores decreased from 8.3 for control to 5.7 for 100% DDMF 
cookies. The cookies became harder up to 50% incorpora-
tion; however, beyond that limit, it became brittle. These 

Fig. 1  a Photograph of DDMF 
cookies. b Sensory Analysis 
of DDMF cookies. DDMF: 
Moringa oleifera seed flour; a 
Control; b 25%, c 50%, d 75% 
and e 100% DDMF
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results support the physical characteristics of cookies evalu-
ated by instrumental methods, viz. hunter colour values and 
texture analyzer. Up to 50% level of addition, cookies had 
a clean mouthfeel without any residue formation and were 
highly acceptable. It could be concluded that a maximum of 
50% level of incorporation of DDMF was optimum concern-
ing physical and sensory quality. Earlier, Kumar and Sudha 
(2021) also reported similarly that incorporating multigrain 
mix at 25, 50, 75, and 100% levels, cookies became dark 
coloured, with a rough surface. Breaking strength increased 
up to 50% incorporation of the multigrain mix, and beyond 
that, hardness decreased due to a reduction in gluten content.

Nutritional characteristics of cookies

The cookies’ protein content and fat content increased with 
DDMF and increased from 28.08 to 36.81% and 5.58 to 
27.35%, respectively for control to 50% DDMF cookies. 
Since there is a decrease in carbohydrate content of DDMF 
as compared to wheat flour, the carbohydrate content for the 
50% moringa cookie also decreased to 37.24% compared to 
control, having 40.70%. An increase in dietary fibre content 
from 4.88% to 11.13% for control and 50% DDMF cookie 
was also observed, which might be due to the higher dietary 
fiber content of DDMF. Earlier, Kulthe et al. (2014) have 
also reported increased protein and decreased carbohydrate 
content with an increasing amount of defatted soy flour in 
the cookies. The increase in protein, lipid, and dietary fiber 
content might be due to their appreciably higher content in 
DDMF.

Mineral analysis

The mineral composition of wheat flour, DDMF, control 
cookie, and 50% DDMF cookie is presented in Table 3. 
DDMF is a rich source of minerals, including calcium 
(Ca), magnesium (Mg), iron (Fe), and zinc (Zn). The Ca 
in DDMF, wheat flour, control and 50% DDMF cookie is 

904.5, 32.6, 28.02 and 191.7 mg/100 g, respectively. The Mg 
level was highest in DDMF, followed by 50% DDMF cookie, 
wheat flour, and control cookie. The Fe content of DDMF, 
wheat flour, control, and 50%DDMF cookie is 67.50, 7.55, 
3.03 and 13.65 mg/100 g, respectively. The Zn content was 
found highest in DDMF (16.74 mg/100 g), followed by 
50% DDMF cookie (3.95), wheat flour (1.70), and control 
cookie (1.16), respectively. The 50% DDMF incorporated 
cookie had higher contents of Ca (191.7 mg/100 g), Mg 
(87 mg/100 g), Fe (13.65 mg/100 g) and Zn (3.95 mg/100 g) 
compared to the control cookie. Earlier, Kumar et al. (2019), 
in their study on the influence of whole multigrain premix 
on the nutritional quality of biscuits, also concluded that the 
biscuits supplemented with whole multigrain premix had an 
increase in the content of minerals in comparison to control 
biscuits.

Fatty acid profile

The percentage of fatty acids in the wheat flour, DDMF, 
control, and 50% DDMF cookie was represented in Fig. 2. 
Wheat flour was rich in linoleic acid followed by oleic acid, 
whereas DDMF flour was found to have oleic followed by 
gonodoic and palmitoleic acid content. The results of the 
fatty acid profile of the control cookie and cookie with 50% 
DDMF showed an increase in the unsaturated fatty acids. 
The control cookies had 28.58 and 4.28%, whereas 50% of 
DDMF cookies had 51.69 and 2.38% oleic and linoleic acid. 
It can be concluded that the incorporation of DDMF sig-
nificantly decreased the saturated fatty acids and increased 
the mono and polyunsaturated fatty acids in 50% DDMF 
cookies. Similarly, Abdulkarim et al. (2005) also determined 
that the major saturated fatty acids in M. oleifera seed oil 
were palmitic, stearic, arachidic, and behenic acids, and the 
essential unsaturated fatty acid is oleic acid (67.9–70.0%), 
with small amounts of palmitoleic, linolenic, linoleic, and 
eicosenoic acids.

Table 3  Mineral Composition 
(mg/100 g) and In-Vitro Protein 
Digestibility (%) of Wheat Flour 
(WF), DDMF, Control cookie 
(C) and 50% DDMF cookie

Values in the row with the same letter in super script within the first and second columns and within the 
third and fourth columns are not significantly different at p ≤ 0.05
IVPD In-vitro protein digestibility

Sample WF DDMF C 50%DDMF Cookie

Mineral(mg/100 g)
Zn 1.70 ± 0.15b 16.74 ± 0.55a 1.16 ± 0.20b 3.95 ± 0.30a

Ca 32.60 ± 0.85b 904.50 ± 4.50a 28.02 ± 0.45b 191.70 ± 0.50a

Fe 7.55 ± 0.45b 67.50 ± 0.65a 3.03 ± 0.10b 13.65 ± 0.35a

Mg 30.15 ± 0.75b 574.02 ± 1.55a 24.95 ± 0.50b 87.00 ± 1.85a

IVPD (%)
pH 6.82 ± 0.25a 6.74 ± 0.30b 6.69 ± 0.05a 6.38 ± 0.25b

%Digestibility 67.00 ± 0.11b 92.35 ± 0.10a 61.35 ± 0.25b 88.96 ± 1.05a
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In‑vitro protein digestibility

According to Table 3, the highest IVPD was found for 
DDMF (92.35%), followed by 88.96% for a cookie with 
50% DDMF, 67% for wheat flour and 61.35% for a control 
cookie. This result indicates that incorporating DDMF at 
a 50% level improved the protein quantity and digestibil-
ity. Earlier, Kumar et al. (2019) also reported the highest 
IVPD of 71.73% for multigrain biscuits containing 40% of 
the multigrain mix compared to 38.13% for control biscuits 
and attributed to an increase in protein content in multigrain 
biscuits.

Amino acid profile

The amino acid composition of DDMF and wheat flour is 
presented in Table 4. DDMF was rich in many of the essen-
tial amino acids (EAA). The most abundant EAA of DDMF 
is leucine (7.58 g/100 g protein). DDMF was also found to 
be rich in a valine (5.63 g/100 g protein) and methionine 
(2.72 g/100 g protein) compared to their content of 4.50 and 
1.31 g/100 g protein, respectively, in wheat flour. The total 
EAA content of DDMF is higher by 6.68 g/100 g protein 
than wheat flour. This observation indicates that the cook-
ies supplemented with 50% DDMF will have higher amino 
acid content than the control cookie. However, lysine and 
cysteine in DDMF and cysteine and methionine in wheat 
flourare the first and second limiting amino acids, respec-
tively. The content of non-essential amino acids (NEAA) 
was higher in wheat flour.

Scanning electron microscopic (SEM) studies

SEM showed the heterogeneous structure from where we can 
distinguish undamaged and damaged starch granular encrust 
in smaller shape structure. The protein and protein aggre-
gates jellified during heating to form flat and aggregate with 
starch. Figure 3 represents the SEM of crumb (cross-section) 

of control and 50% DDMF cookies. Figure 3a is the SEM of 
control cookies wherein gelatinized large and small wheat 
starch granules (LSG and SSG) enmeshed in gluten protein 
can be observed. The structure is more heterogeneous than 
that of the 50% DDMF cookie structure. The protein compo-
nent of the dough has been described as a network covering 
starch granules by Rao et al. (2022). In Fig. 3b, the SEM of 
cookies with 50% DDMF, partially gelatinized small wheat 

Fig. 2  Amount of Fatty Acids 
present in Wheat flour (WF); 
Moringa Oleifera seed. Flour 
(DDMF); Control cookie (C) 
and Cookie with 50%DDMF 
(50%). C10:0- Capric acid, 
C12:0- Lauric acid, C14:0- 
Myristic acid, C16:0- Palmitic 
acid, C18:2- Linoleic acid, 
C18:1- Oleic acid, C18:0- 
Stearic acid, C16:1- Palmitoleic 
acid, C20:1- Gonodoic acid, 
C19:0- Nonadecanoic acid

Table 4  Amino acid composition of DDMF and Wheat flour 
(g/100 g protein)

Values in the row with the same letter in superscript are not signifi-
cantly different at p ≤ 0.05. ND not detected

Amino Acid DDMF WF

Histidine 2.69 ± 0.11a 2.08 ± 0.12b

Isoleucine 4.50 ± 0.15a 3.71 ± 0.14b

Leucine 7.58 ± 0.20a 7.37 ± 0.15b

Lysine 2.41 ± 0.14a 2.12 ± 0.15a

Threonine 2.93 ± 0.13b 3.20 ± 0.05a

Tryptophan ND ND
Valine 5.63 ± 0.25a 4.50 ± 0.08b

Methionine 2.72 ± 0.18a 1.31 ± 0.02b

Cysteine 2.43 ± 0.16a 1.02 ± 0.01b

Tyrosine 2.48 ± 0.11a 1.94 ± 0.09b

Phenylalanine 5.51 ± 0.21a 4.95 ± 0.35b

Total EAA 38.88 ± 0.25a 32.2 ± 0.25b

Aspartic acid + aspargine 5.98 ± 0.15a 4.35 ± 0.18b

Serine 3.87 ± 0.14b 4.77 ± 0.25a

Glutamic Acid + glutamine 20.50 ± 0.25b 33.91 ± 0.45a

Proline 6.90 ± 0.15b 11.76 ± 0.33a

Glycine 5.11 ± 0.10a 4.06 ± 0.11b

Alanine 5.28 ± 0.22a 3.68 ± 0.16b

Arginine 13.46 ± 0.26a 5.28 ± 0.18b

Total NEAA 61.1 ± 0.30b 67.81 ± 0.35a

First Limiting AA Lysine Cysteine
Second Limiting AA Cysteine Methionine
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starch granules can be seen entrapped into protein fibrils. 
The cookie with 50% DDMF has partially gelatinized, and 
lesser amount of starch granules embedded into the protein 
matrix as compared to the control cookie, which could be 
due to the replacement of gluten with Moringa proteins or 
because of the granular starch structure has been dominated 
by flat structure due to protein aggregation. Earlier, Indrani 
et al. (2010), in their study on the ultrastructure of bread 
dough using a mixture of multigrain like soya bean, fenu-
greek seeds, flaxseeds, oats and sesame seeds, reported that 
at a 20% level of multigrain addition, the protein matrix was 
disrupted. The microstructure of 50% DDMF incorporated 
cookies also showed disruption in the gluten protein matrix 
due to the replacement of wheat flour with high fiber DDMF. 
This was also indicated in the biscuit texture, as the hardness 
of biscuits increased due to a reduction in the spread ratio 
(McWatters 1978).

Conclusion

Cookies with Moringa seed flour had improved the nutri-
tional, physical, and sensory qualities. They were rich in pro-
tein, ash and dietary fiber; unsaturated fatty acids, essential 
amino acids, and minerals (Ca, Mg and Fe). They had pro-
tein quantity and higher digestibility than the control cookie. 
They had increased farinograph water absorption and dough 
stability, decreased amylograph pasting temperature, and 
peak viscosity. Increased hardness and decreased cohesive-
ness were noticed. The brown colour of the flour adversely 
affected colour quality. Moringa cookies had partially gelati-
nized and lesser amount of starch granules embedded into 
the protein matrix.
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