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DEVELOPMENT OF NUTRIENT ENRICHED FLOUR BLEND FROM OATS, CHIA
SEEDS AND SPINACH
Agsa Nadeem?®, Anosh?, Anusha Sajjad®, Syeda Sani e Zahra*, Anoosha Ramzan®, Farwa Rani®

ABSTRACT:
Background: Diet and nutrition play an important role in general health, highlighting the importance

for incorporating nutrient dense foods in diet. Particularly those made from plant-based ingredients;
offer a promising approach to improving public health. Oats, chia seeds, and spinach powder are rich
in essential nutrients such as fibre, protein, healthy fats, vitamins, and minerals, which can contribute
to better overall health.

Materials and Methods: In this interventional study flour blend from oats, chia seeds, and spinach
powder was developed along with its nutritional profile and sensory attributes evaluation. Two
formulations were prepared utilizing locally sourced ingredients, Group O utilized (4:1:1) and
experimental Group 1 utilized (5:2:2) of oats, chia seeds and spinach powder respectively. Proximate
analysis and Sensory evaluation of both flours in the form of tortilla wraps was conducted and data
was analysed in SPSS using independent sample t test at 95% level of confidence.

Results: Group 1 has higher crude protein, crude fiber, fat, ash, contains lower amount of
carbohydrates and moisture compared to Group O flour. Mineral analysis revealed that Group 1 flour
is enriched in iron, potassium, contains moderate amount of magnesium and phosphorus but least
amount of calcium whereas statistical analysis shows that there is no significant difference in sensory
attributes such as colour, texture, taste, appearance and general acceptability (p>0.05) between both
flours. Group 1 flour exhibited enhanced nutritional properties, making it suitable for individuals
with specific dietary needs such as high protein or Fiber intake, and lower carbohydrate requirements.
Conclusion: Group 1 has higher crude protein, crude fiber, fat, ash, but contains lower amount of
carbohydrates and moisture compared to Group 0.
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INTRODUCTION nutrition and health is bilateral, nutrient

Diet and nutrition are important for maintaining
optimal body function and general health of
populations. Total quantity of foods consumed
by individuals is referred as diet whereas the
process of utilizing food for the growth,
metabolism, repair and maintenance of tissue is
called nutrition. The association between diet,
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deficiency can affect overall health status and
vice versa.* According to data by Institute for
Health Metrics and Evaluation presented that
poor diet contributed to 10.6% of all deaths in
2021.% highlighting the urgent need for
incorporating nutrient dense foods in our diet.
The quality of the energy we obtain is directly
influenced by the nutritional value of our diet,
which should ideally include a variety of
wholesome and nutrient rich foods. Among the
healthy dietary options available, a particularly
nutritious choice is a flour that has been
enriched through the blending of oats, chia
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seeds, and spinach. This nutrient enriched flour
represents a sophisticated approach to health-
conscious eating, combining the benefits of
three powerful ingredients. By incorporating
this blended flour into one’s diet, this offers
versatile and nutrient-dense ingredient that
supports a balanced and healthful lifestyle.
Whether used in baking, cooking or as a base
for various dishes, this flour not only adds
nutritional value but also aligns with
contemporary dietary trends that emphasize
whole plant-based foods including fresh fruits
and vegetables, legumes, seeds, nuts are
healthier alternatives to fulfil nutritional
demand in comparison to animal-based
ingredients such as fatty and processed meats*
Oats have unique proteins called globulins,
unlike other cereals that have prolamins. They
contain the most fat among cereals being lower
in quantity of saturated fats and higher in
essential unsaturated fats, which can lessen the
risk of heart diseases. Oats are abundant in
soluble fiber mainly B glucan which is very
favourable for health. B-glucan helps lowering
blood cholesterol and glucose absorption, thus
favourable for prevention of cardiovascular
diseases, dyslipidaemia, hypertension,
inflammation, and type 2 diabetes. Moreover,
antioxidants are present in abundant quantity in
oats.* Oats food with B-glucan have been also
affirmed by the European Food and Safety
Authority and the US FDA for helping to lower
cholesterol and lessen the risk of cardiovascular
diseases. Besides B-glucan oats also contain
favourable compounds one of these are,
avenanthramides (AVAS), is an antioxidant that
intercepts impairment to LDL cholesterol.
AVA-enriched oats extracts, chiefly when
combined with vitamin C, can also lessen LDL
oxidation. AVAs have distinct health
advantages including reducing inflammation,
preventing cell growth and protecting from
cancer.®> Chia seeds carry many nutrients and
used more often because they have many health
advantages and are enriched in protein, fiber
and omega 3 fatty acids. In contrast to other
cereals, chia seeds are enriched with protein
and are gluten free, making them applicable for
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people with celiac disease. They also carry
essential amino acids and provide a substantial
quantity of dietary fiber, contributing to daily
fiber needs. Chia seeds have variety of health
benefits, including supporting heart health,
aiding brain development during pregnancy,
and helping manage diabetes.® Furthermore, by
lowering triglycerides and blood pressure, the
addition of omega 3 fatty acids from chia seeds
promotes cardiovascular health.’

Spinach is a readily available green leafy
vegetable being familiar for its enhanced
nutritional benefits. It is enriched with many
essential vitamins and minerals, including iron,
manganese, zinc and magnesium. Spinach
contains low quantity of calories, but higher
quantity of fat, comes antioxidants and anti-
inflammatory properties. Consuming spinach
may lessen risk of certain cancers and improve
health outcomes, for its extended shelf-life
spinach offers dehydrated and processed
powder for easier storage and use.® Chia seeds
and spinach powder have antioxidant
qualities.®*° that can help fight oxidative stress
and lower the chance of developing chronic
illnesses including cancer and heart disease.
Numerous studies focused on individual
applications of these ingredients like use of
spinach powder in ultra-filtered soft cheese
cake,'! gluten free bread with chia seeds,
biscuits were prepared using oats,”® durum
wheat bread was fortified with spinach
powder,'* despite the combined use of these
ingredients has not been explored in existing
literature.

The objective of this study is to analyze the
chemical and sensory properties of a flour
developed from oats, chia seeds and spinach.
The rationale behind this research is to explore
the potential of this flour as a functional food,
by analyzing its nutritional composition
including fiber, protein, fat, carbs, moisture and
minerals, as well as sensory characteristics of
taste, texture, appearance, general acceptability
and color. The study seeks to contribute
valuable insights into the development of plant-
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based, health promoting foods. The findings
will provide a better understanding on how the
combination of these ingredients can improve
the nutritional composition and sensory
attributes of plant-based food products,
contributing to healthier alternatives in food
industry.

MATERIALS AND METHODS

Its interventional study design focused on the
development of flour blends and comparison of
their nutritional composition and sensory
performed under ethical approval from the IRB
(RE = 087-2023 dated 19/05/2023) of
University of Management and Technology.
The study duration was of 5 months (13-11-
2023 to 30-03-2024), during which the
experiment was performed. The eligibility
criteria  for ingredient selection in study
included buying fresh oats, chia seed and
spinach from local market of Lahore. Spinach
was sun dried for three days to conserve its
nutrients and then we grinded oats, chia seeds
and dried spinach separately from each other in
electrical spice grinder to prepare flour of these
ingredients.

A previous study, utilized an oat- chia
composite in a proportion of (4:1) as a filler,
and were added at concentrations of 3 and 5%
in yogurt (200 ml total volume). Thus, instead
of yogurt spinach powder was used in (4:1)
oats-chia seeds composite making two new
samples. Group 0 (4:1:1) of oats, chia seeds,
spinach powder which is standardized and
referred as control, and Group 1 (5:2:2) referred
as experimental group.

Standardized measurement of 1 teaspoon
equivalent to 5 grams was used for
calculating amount of each ingredient in
both flours. For Group 0 (4:1:1),
formulation consisted of 20 g of oat flour,
5¢g chia flour and 5 g spinach powder and
for Group 1 formulation consisted of 259 of
oat flour, 10g chia flour and 10 g spinach
powder. Additionally, scaling factor was
used to calculate the proportion of 100g for
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both flours. For Group 0, the flour consisted of
669 of oat flour, 17 g of chia flour and spinach
powder. Similarly, for Group 1, the flour
comprised 569 of oat flour, 22 g of chia flour
and 22 g of spinach powder.

Scaling factor= (Desired weight)/ (Total weight
of ingredient)

The study was conducted at University of
Management and Technology with
standardized methods. The variables in the
study included proximate composition which as
determined in laboratory using (hot air oven for
moisture, Kjeldahl for crude protein, fiber
analyser for crude fiber, muffle furnace for ash,
Soxhlet system for fat) and mineral analysis
(atomic absorption spectrophotometer for iron,
calcium, flame photometry for potassium and
magnesium and  spectrophotometer  for
phosphorus) as well as sensory attributes for
appearance, color, texture, taste and general
acceptability of both flours was determined
using a questionnaire. For investigating the
organoleptic properties, tortilla wraps were
prepared from both flour samples. Sensory
evaluation panel from the Department of
Nutrition and Dietetics of the University of
Management and Technology evaluated the
wraps using standard questionnaire. The
questionnaire was based on a 9-point hedonic
scale with scores ranging from 1 to 9,
designating 1 (least undesirable), 2 (dislike very
much), 3 (dislike moderately), 4 (dislike
slightly), 5 (neither like nor dislike), 6 (like
slightly), 7 (like moderately), 8 (like very
much), 9 (most desirable). Panellist evaluated
both the samples based on these scores for
sensory attributes of color, texture, taste,
appearance and general acceptability of both
samples. The sensory evaluation data for each
was analysed in SPSS wversion 26 using
independent sample t test to compare the
sensory attributes of both samples at 95% level
of confidence. Potential biases were limited by
conducting blinded sensory assessment and
assuring standardized preparation and serving
of the samples.
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RESULTS

Group 1 flour has increased amount of dry
matter 92.17%, crude protein 13.20%, crude
fiber 11.85%, fat 8.0%, ash 6.63% but lower
amount of moisture 7.83%, carbs 60.32% and
energy 365 Kcal compared to Group O dry
matter 63.63%, Crude protein 12.10%, Crude
fiber 4.62%, ash 2.30%, fat 4.25%, moisture
36.37%, Carbs 76.73% and energy 393 Kcal.
(Table-1).

Table 1: Proximate Analysis of Both Flours

Type of test Group 0 Group 1
in percentages (4:1:1) (5:2:2)
%
Dry matter 63.63 92.17
Moisture 36.37 7.83
Crude Protein 12.10 13.20
Crude fiber 4.62 11.85
Fat 4.25 8.0
Ash 2.30 6.63
Carbs 76.73 60.32
Energy 393 365
(Kcal/100g)

Group 1 (5:2:2) flour has increased K (112.0
mg/L), Fe (95.0 mg/L), moderate amount of P
(25.6 mg/L), Mg (15.0 mg/L), and least amount
of Ca (6.79 mg/L). (Table-2).

Table 2: Mineral Analysis of Group 1 Flour

Test Fe Mg Ca P K
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)

95.0 | 15.0 | 6.79 | 256 | 112.0

Independent sample t test group statistics shows
that the mean and standard deviation for
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Proximate analysis of both flours shows that

appearance of flour for Group 0 is 6.87 £ 1.302
& for Group 1is 7.40 + 1.121, color of product
for Group 0 is 6.93 + 1.163 & for Group 1 is
7.00 £ 1.254, texture of product for Group 0 is
6.80 £ 1.373 & for Group 1 is 7.47 + 0.990,
taste of product for Group 0 is 7.67 £ 0.976 &
for Group 1 is 7.73 + 1.223, general
acceptability of product for Group 0 is 7.80 £
1.014 and for Group 1 is 8.00 + 0.845. Since all
the features have (p > 0.05), it means that there
is no significant difference between color,
appearance, taste, texture and acceptability of
both flours. (Table-3).

Table 3: Comparison of Sensory Attributes

Sensory Group0O | Groupl | P

Attributes (4:1:1) (5:2:2) value

Appearance | 6.87 = 7.40 + 0.239
1.302 1.121

Colour 6.93 7.00 £ 0.881
1.163 1.254

Texture 6.80 = 747 0.138
1.373 0.990

Taste 7.67 % 7.73% 0.870
0.976 1.223

General 7.80 £ 8.00 = 0.562

acceptability | 1.014 0.845

DISCUSSION

The results of the current study presented
notable variations in both the nutritional and
sensory analysis of flour blends, Group 0
(4:1:1) and Group 1 (5:2:2)

A key finding from the sensory evaluation of
tortilla wraps made from both flour mixtures
was the impact of spinach powder on the color
of product. Inclusion of spinach powder in both
Group 0 and Group 1 flour produced green
color, where Group 1 presented a darker green
color than Group O which aligns with the
findings of the study that prepared dried
noodles using different proportions of spinach
powder demonstrated that increasing the
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amount of spinach powder in dough results in a
darker green color.”® Furthermore, the
ingredient ratio in both flours noticeably
affected water holding and retention capacity of
the doughs. Group 0 dough with lower chia
seeds content, exhibited better water retention
and absorption capacity, resulting in dough that
was easy to knead, shape and roll out and
doesn't become excessively sticky. In
comparison, the Group 1 dough with higher
chia seeds content contributed to improved
water retention but became more vulnerable to
sticking, needing more efforts and adjustments
during the kneading process to reach the
intended consistency. The findings align with
the study that prepared chicken meat sausages
using different proportion of chia seeds
presented that increasing chia seeds content
resulted in increased water holding capacity of
chicken meat sausages.’

Proximate analysis manifests that Group 1 flour
has increased amount of crude protein, fiber,
fat, ash, but lower amount of moisture and
carbohydrates compared to Group O flour.
Increased protein content in Group 1 flour may
increase its demand among individuals seeking
to improve their protein intake for exercising
regularly,'® whereas the increased fiber content
can contribute to improved bowel movements
and digestion whereas higher amount of chia
seeds contributed to lower moisture content of
Group 1 flour, **the lower carbohydrate content
of Group 1 flour is suitable for individuals with
diabetes,?® as it provides a source of complex
carbohydrates and higher fat content of Group
1 which contains polyunsaturated and
monounsaturated fatty acids is valuable for
patient with heart disease as it help lowers
cholesterol and is associated with reduced risk
of developing type 2 diabetes melittins and
CVD.% Furthermore, it is also beneficial for
patients with iron deficiency and elevated blood
pressure as it is in enriched in iron and
potassium. Statistical analysis shows that both
flours are equally acceptable based on sensory
attributes of color, general acceptability,
texture, taste and appearance. The current study
strives to prepare a flour blend from plant-based
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local ingredients oats, chia seeds and spinach
powder for promoting the health of community.
Chia seeds are known for higher amounts of
protein and fiber”? and contains abundant
quantity of fatty acids, vitamins, minerals and
dietary fiber? contributing valuable addition to
any food. Spinach carries lower amount of
carbohydrate.?* but abundant quantity of many
minerals comprising calcium, potassium, zinc,
iron, sodium.® Oats contain abundant quantity
of fiber, iron and zinc.?®

While many studies have looked at the
nutritional benefits of oats, chia seeds and
spinach powder individually while modifying
traditional foods, but the outcomes of this study
highlight the importance of combining all three
ingredients to create a nutrient enriched flour.
For instance, one study found that fortifying
traditional wheat flour biscuits with oats flour
enhanced protein, fat, fiber and mineral content
of the biscuits.?” Whereas, spinach powder was
utilized in preparing cookies compared to
wheat flour cookies enhances its nutritional
profile.?® Similarly, chia seeds were used with
corn flour for enhancing nutritional profile of
gluten free products for celiac patients. and
incorporation of chia seeds resulted an increase
in fat, fiber and mineral content compared to
corn flour gluten free product without chia
seeds. %

The limitation of the study is that all ingredients
were purchased from local markets of Lahore.
The nutritional content and quality of
ingredients from different regions or seasons
could affect the consistency of the results.
While the sensory evaluation was conducted
blind, probable biases could have been
introduced due to panellists preferences,
familiarity with ingredients used and subjective
nature of sensory assessments whereas the
evaluation was performed by 15 trained
panellist which could not be a representative of
broader population.

CONCLUSION

The study highlights that the flour created from
the incorporation of oats, chia seeds and
spinach powder can improve nutritional value
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while retaining favourable sensory attributes.
The findings manifest that Group 1 flour offers
more protein, fiber, fat and mineral content in
contrast to Group O flour making it highly
beneficial for individuals who wants to improve
dietary status. The combination of these three
ingredients not only amplify nutritional profile
but also promote nutritional benefits for
individuals with diabetes, cardiovascular
diseases, bowel problems and nutrient
deficiencies.  Furthermore, the outcomes
manifest that these ingredients can be
advantageously combined for promoting the
health of community through locally available
plant-based ingredients to develop healthier
food alternatives.
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