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CHAPTER 1
INTRODUCTION

Maize (Zea mays L) is one of the most flexible emerging crops having wider
adaptability under diverse agro-climatic conditions. Universally, maize is known as queen of
cereals as it has the highest genetic yield capability among the cereals. The crop was
introduced to Europe in the sixteenth century, from where it spread to Africa and Asia. It is
now one of the most extensively grown crops around the world in both temperate and tropical
regions. Maize, which is the only food cereal crop that can be grown in different seasons
requires moderate climate for growth. It grows well in loamy soils but surplus or poor rains
adversely affect yields as well as quality (Ranum 2014). There are six major varieties
commercially grown speciality maize for human consumption including flint, floury, dent,

pop, waxy and sweet corn (Suleiman et al 2013).

Maize has the highest production among all the cereal crops throughout the world.
United States is the largest originator and the end user of corn in the world. It is estimated that
the universal production of corn is around 980 million metric tons every year out of which
40% production comes from United States. The area under the crop worldwide is estimated to
be 817 million hectares and the yield is estimated as 717 million metric tonnes (FAO 2009).
India ranks among the world’s 10 highest maize producing countries and produces about 23
million metric tonnes of maize from 9.4 million hectares area (FICCI 2015). In Punjab, the
maize production was about 6.1 lakh metric tonnes under the crop area of about 1.65 lakh

hectares (Agriculture database 2019).

Maize grains have a highly nutritive value and contain vitamin K (0.0005 mpg),
vitamin E (0.11 mg), vitamin C (0.12 mg), vitamin B1 or thiamine (0.42 mg), vitamin B2 or
riboflavin (0.10 mg), vitamin B3 or niacin (1.9 mg), vitamin B5 or pantothenic acid (1.036
mg), vitamin B6 or pyridoxine (0.071 mg), potassium (286 mg), folic acid (0.054 mg),
magnesium (139 mg) (Shah et al 2015) and are rich in starch, protein, fibre, fat, sugar and
minerals. The nutritional content of maize can vary due to the variety, location and the
practice followed for its production. For PMH 1 variety, the protein content varies from 6-11
gm, carbohydrate 70-80 gm and crude fat 2-5 gm per 100 gm. (Rafiq et al 2010). Virtually
every part of maize has economic value and grains are used as food for human beings,
fermented to produce a wide range of food and beverages, fed to livestock and industrial uses
in the production of starch, oil, sugar, cellulose and ethanol. Leaves stalk and tassels can be
fed to livestock either as green manure in the form of fodder and dried as stover. The grain
provides number of industrial products such as corn syrup, ethanol and transformation into
plastics and fabrics (Ram and Mishra 2010).



Maize is an eloquent source of food for a large segment of the world's population and
serves as a mechanism for vitamin and mineral insufficiency intervention. There are diverse
industrial procedures which bring ample changes in maize products to satisfy desire and usage
of the consumer. Several outputs of the industrial dry maize milling processes may be
produced provincially at a small extent as well as in the home. The dry milling process is a
less versatile and a less capital intensive process (Sidhu et al 2016 (a); Sidhu et al 2016 (b)).
The quality of flour can be improved by slightly reducing the speed of grinding or by
decreasing the throughput, or else, the flour is less homogeneous and warmer. The speed of
milling considerably affects the quality and storability of flour. The corn grits, meal and flour

have an extended shelf life and they can be conveyed and traded very easily (Gwirtz 2014).

Reduced product stability, mainly due to fat content, results in the need for persistent
processing of maize at the household or at small-scale industry level. The maize flour is
baked into roti or chapatti. Excellent dough with good elastic properties can be made from
maize flour of dehulled grains. Maize is also processed into semolina (sooji) and it also serves
as the replacement of wheat semolina in various food preparations. The grain may be dried
up, ground to flour and cooked into porridge. It can also be consumed in roasted form or in

boiled form on the cob itself.

Maize flour is frequently used in various pharmaceutical and food formulations all
over the world. It is used either in their pure form or in the form of their blends with other
seed flours such as groundnut and soy bean (Akupapunam and Darbe 1994; Akubor et al
2000). Its industrial and food application significantly depends on functional characteristics.
Functional properties such as water absorption, oil absorption, gelation, foaming and
emulsifying capacities are the intrinsic physicochemical properties which illustrate the
structural behaviour of the food systems. The investigations about the functional properties of
seed flours provide an advanced knowledge for their use in the preparation of different
pharmaceutical and food products. Any change in these properties during processing,
transport and storage may significantly influence the nutritional and consumptional
importance of the food materials. The factors which affect the functional properties of food
materials during storage and processing should be optimized to improve the functional

characterization of the food materials.

Maize flour commonly known as ‘Atta’ in Indian subcontinent is a product obtained
by grinding. Generally whole maize flour is used to make ‘chapatti’, an Indian flatbread.
Whole grain flours are prepared by a variety of techniques and with different particle size.
About one third of the maize production is imbibed in the form of flat breads which are
consumed basically in the northern states of India. Chapatti is substantially a flat piece of

dough, round in shape, which is properly cooked or baked. Chapatti is the staple diet of a



large segment of people residing in Indian subcontinent. Maize flat bread along with ‘sarson
ka saag’ is a well liked and most common winter dish in Punjab. Maize flat breads are
generally prepared with hands. This process is highly time consuming and requires a lot of
practical expertise owing to lower gluten content and lower binding properties. There is an
increasing demands for ready to eat and easy to carry foods due to rise in working urban
class. Thus, a need arises for mechanized preparation of maize flat breads for marketing in

unit packs.

There is limited documented knowledge available for the mechanized preparation of
maize flour based flat breads using the ‘Roti maker machine’. This machine is basically used
for preparing wheat flour flatbread at the domestic and industrial level, but not for maize flour
flatbreads. This study focuses on preparation of maize flour based flat breads with the help of
roti maker in order to meet the current market needs and to reduce the time consuming and
laborious process of manual flat bread preparation. Objectives related to this study were as

follows:

(i) To study the effect of different process parameters on the quality of maize flour based

flat bread using existing ‘Roti Maker Machine’.
(i) To optimize the process parameters for preparation of maize flour based flat bread.

(iii) To evaluate the effect of packaging material on the quality of flat bread during storage.



CHAPTER 11
REVIEW OF LITERATURE

The relevant research work carried out so far on present investigation entitled
“Optimization of process parameters for mechanised preparation of maize flour based

flatbread”, has been reviewed as under:
2.1 Flour Processing and Quality assessment of blends

Mojisola and Lateef (2005) examined the useful properties of three different flours
and two interfusions of maize meal and soybean flour in the ratios of 9:1 and 8:2 (maize:
soybean). The properties that were examined constituted the amylase content, bulk density,
swelling ability, water absorption capability and viscoelastic properties. The impact of
different flour samples was evaluated on sour maize bread by baking bread samples with
different flours with the help of mixed starter culture of lactobacillus planter. Each sample
differed notably in their functional properties. Remarkable positive correlations existed
among the functional properties of the flours. The maize meal and the soy flour blends did not
differentiate significantly from each other in functional properties apart from the amylase

content.

Mestres et al (2009) presented a study that aimed to propose a comprehensive
appropriate technological package for small-scale processing of maize flour, which meets
consumer demand for quality and achieves extended shelf life. One traditional soft cultivar
was processed by the conventional method (direct grinding with disc mill)and was compared
with flours obtained under various degerming and grinding intensities; two types of grinder
(disc mill and hammer mill, already present on the market) were tested in parallel. Consumer
satisfaction scores were registered for the different products after increasing storage duration
(0 to 6 months). It was shown that combining degerming and hammer milling produce high
quality flour from hard grains, which can be stored up to 6 months without significant
deterioration. In parallel, physicochemical and rheological characterizations showed that the
main reaction occurring during storage is lipid degradation, which slightly increased fat

acidity, hence decreasing taste and elasticity acceptability of the paste.

Hadnadev and Torbica (2011) stated the aptness of alternative crops like rice, corn,
soya and buckwheat for the production of quality bread. Their rheological properties were
examined and were compared with the properties of the wheat flour, which served as a
yardstick. According to the results obtained, flours from different raw materials presented
profiles which greatly varied from wheat flour profile. Samples of rice and buckwheat flour
exhibited almost a similar rheological behavior as that of wheat flour. However, there is no

tested material which mimics the wheat flour dough properties, thus concluding that their



mixtures would exhibit the optimal rheological properties. Although it was quiet a
challenging task to mimic wheat flour’s unique bread making properties but it was possible
to create products having almost a similar rheological behavior as that of wheat flour dough
with improved functional properties.

Bareh et al (2011) aimed on substituting a part of gelatinized corn flour (GCF) with
Triticale flour (TF) and both of them in Tortilla bread, as an attempt to solve the problem
shortage in wheat production. Chemical, rheological, Diffraction Scanning Colorimeter
(DSC), Starch crystalline, functional compounds of GCF, TF and their mixtures by FT-IR,
colour parameters, stalling, baking quality and sensory properties of Tortilla bread were
evaluated. The incorporation of TF and GCF into Tortilla bread improved protein, fat, fibre,
ash, total carbohydrate and minerals (Mg, Ca, P, K, Na, Cu and Fe). Blending TF with GCF
gave lower rheological parameters, and lightness of bread was reduced. Sensory properties of
aroma, rollability, firmness and dryness were not significantly affected, but a significant
difference was observed in taste, colour and overall acceptability at different replacement
levels. The results also, showed that amide | fragments were assigned to absorption bands in
the region of 1642-1653 cm™ and bands of carboxyl group of protein were exhibited at the
region of 3407-3426 cm™ Triticale and corn flour were characterized with specific
fingerprints at 1242 cm™ (N-H in plane, C=N stretching), 1016-1020 per cm (C-C stretching
of carbohydrate) and 849-861 cm™ (C-C stretching of pyranose ring, C-O-H and O-C-H
deformation) and C=0 stretching of ester at 1742-1743 per cm respectively. Generally, TF
supplementation with GCF (50:50 percentage) not significantly affected the technological

quality of tortilla bread and improved its nutritional values.

Saleh and Brennan (2012) studied the relationships between bread making quality,
kernel properties (physical and chemical) and dough rheology were investigated using flours
from six genotypes of Syrian wheat lines, comprising both commercially grown cultivars and
advanced breeding lines. Grain samples were evaluated for virtuousness, test weight, 1000-
kernel weight and then milled and tested for protein content, ash, and water content. Dough
rheology of the samples was studied by the determination of the mixing time, stability,
weakness, resistance and the extensibility of the dough. Loaf baking quality was evaluated by
the measurement of the specific weight, resilience and firmness in addition to the sensory
analysis. A comparative study between the six Syrian wheat genotypes and two English flour
samples was conducted. Significant differences were observed among Syrian genotypes in
virtuousness (69.3 %-95.0 %), 1000-kernel weight (35.2-46.9 g) and the test weight (82.2—
88.0 kg/hL). All samples exhibited high falling numbers (346 to 417 s for the Syrian samples
and 285 and 305 s for the English flours). A significant positive correlation was exhibited

between the protein content of the flour and its absorption of water (r = 0.84), as well as with



the virtuousness of the kernel (r = 0.54). Protein content was also correlated with dough
stability (r = 0.86), extensibility (r = 0.8), and negatively correlated with dough weakness (r =
—0.69).

Aziah et al (2012) studied dough mixing and thermal properties including the pasting
profiles of various commercial wheat flour (WF)-banana pseudo stem flour (BP)-hydrocolloid
blends were determined using a farinograph, differential scanning calorimetry (DSC) and a
rapid visco analyser (RVA). The prepared blends were WF, WF substituted with 10% BP (10
BP) and 10 BP with added 0.8% wi/w (flour weight basis) xanthan gum (XG) or sodium
carboxymethylcellulose (CMC) (10 BPX and 10 BPC, respectively). The dough of 10BP and
the dough containing XG or CMC reduced stability and breakdown time compared with the
WF dough. All dough containing BP demonstrated greater water absorption and mixing
tolerance index values than the WF dough. The substitution of 10% BP into WF and the
addition of hydrocolloids did not significantly affect the conclusion temperature (Tc) of the
mixture, but did increased the onset temperature (To), peak temperature (Tp) and decreased
the gelatinisation enthalpy change (AHg) of the blends. Samples of 10 BP, 10 BPX and 10
BPC significantly decreased (p<0.05) the breakdown, final viscosity and setback of the
mixtures. These are vital characteristics to understand prior to the development of new
formulation for low-calorie, wheat-based products.

Ozola et al (2012) presented a study that said celiac disease is an immune-mediated
disease, triggered in genetically susceptible individuals by ingested gluten from wheat, rye,
barley and other closely related cereal grains. The only effective treatment is a strict gluten
free diet for life. Latvian producers do not offer gluten-free products. In this research, use of
extruded maize flour was tested for substituting rice, maize or buckwheat flour in gluten-free
bread formulations at different ratios. In addition, the influence of extruded maize flour on the
quality parameters of gluten-free bread was investigated. The aim of research was to study the
influence of extruded maize flour on gluten-free bread quality. Addition of extruded maize
flour affect gluten-free bread crumb colour, structure of crumb, weight loss and dry off bread.

Hussain et al (2013) studied the functional properties such as water holding capacity
(WHC), oil holding capacity (OHC), least gelation capacity (LGC), emulsifying activity (EA)
and foaming capacity (FC) of full fat and defatted maize flour using response-surface
methodology. A positive significant linear effect (p>0.05) of concentration of maize flour in
the blend on WHC, OHC and EA and a negative linear effect on LGC and FC was observed.
Drying temperature had a positive significant linear effect while the quadratic and interaction
effects of both variables were found to be non-significant in each case. The optimum
conditions of maize concentration in blend (g/100g blend) and drying temperature (°C)
generated from the statistical model for different functional properties were: WHC; 75 and
125, OHC; 25 and 75, LGC and FC; 75 and 75 and EA; 75 and 125 respectively.



Sumbo and Victor (2014) objected this study to determine the chemical composition;
functional properties and amino acids profile of Quality Protein Maize (QPM) and compared
with Common Maize (CM). The maize grains and maize meal were assessed for physical
properties, proximate composition, mineral, functional properties and amino acid profile
using standard methods. The results showed that the proximate composition of QPM 9.72%
(protein), 4.85% (fat), 1.50% (ash) and 73.98% (carbohydrate) were within the same range for
CM. There was no significant difference (p > 0.05) in the proximate composition of the two
varieties of maize. The amino acid profile of the QPM was significantly higher (p < 0.05)
than CM in terms of lysine (2.64 ¢/100g), isoleucine (2.74 g/100g), phenylalanine (4.20
9/100g). The functional properties of QPM in terms of bulk density, water and oil absorption
capacities showed no significantly difference (p>0.05) from CM. However, the final viscosity
of QPM (267.75 RVU) was significantly lower (p<0.05) than 458.08 RVU of the CM. QPM
can be integrated into the family diet and especially in the weaning food formulation for
infant where protein energy malnutrition is a serious problem, due to the higher level of the

essential amino acids in the available protein of quality protein maize.

Amir et al (2014) examined to investigate the chemical and rheological properties of
composite flours prepared by using whole wheat flour (Triticum aestivum), whole maize flour
(Zea mays) and whole sorghum flour (Sorghum bicolor). Seven blends were prepared by
homogenously mixing maize and sorghum flours with wheat flour in the percentage
proportions: 0:100, 10:90, 20:80, 30:70, 15:15:70 (MF: WWF, SF: WWF and MF: SF: WWF)
and later used to make cookies. Chemical, rheological properties of the composite flours and
sensory characteristics of cookies made from the above combinations were determined. The
results of the proximate composition showed that the T3 possesses highest percentage of
protein (14.80%), crude fibre (3.19%) and ash (1.79%) while T6 contain maximum value of
moisture (10.10%), crude fat (2.268%) and TO showed maximum NFE (72.09%). Farinogram
properties such as dough water absorption, dough development time (DDT), departure time
and stability decreased as the amount of substituted sorghum and maize increased whereas
arrival time increased. Statistical results revealed that the addition of sorghum, maize and a
combination of these whole flours have highly significant effect (p<0.01) on the sensory

characteristics of cookies.

Offia and Blessing (2014) studied that walnut (Juglansregia) seeds are edible rich
source of several essential nutrients, which can be processed into flour for several purposes.
Composite flour blends (wheat/walnut flour) in the ratio of 100:0, 90:10, 80:20, 70:30, and
50:50 were produced and analysed for proximate composition, functional properties and
pasting properties using standard techniques. Proximate composition results indicated
increased level of protein and fat (12.17% - 25.70% and 2.40% - 37.57%) respectively while



carbohydrate decreased (63% - 19.4%) with increasing level of substitution with walnut flour.
Functional analysis result indicated a decreasing level of bulk density and water absorption
capacity (0.78% - 0.52% and 5.17% - 4.03%) respectively while swelling capacity increased
(2.00% - 7.53%) with increasing level of walnut flour substitution. Pasting properties data
indicated a decreasing level of pasting viscosity (92.69 - 42.30), trough (59.19 - 39.60) RVU,
breakdown (33.55 - 2.92) RVU, final viscosity (252.09 - 95.51) RVU, setback (192.85 -
55.93) RVU with increasing level of walnut flour substitution. Results showed that
supplementing wheat flour with walnut flour considerably improved the protein and fat
content of the flour; hence, they can find useful application for making of pastries like cakes

and other snacks.

Sidhu et al (a) (2016) undertook this work to evaluate the effect of milling speed on
the quality and shelf life of maize flour. Maize flour was prepared using low speed mini flour
mill at 75 and 115 rpm and the results were compared with the flour prepared by commercial
flour mill on the basis of recovery, rise in temperature, time taken, particle size distribution
and changes in different quality parameters during storage. It was observed that the recovery
of flour was highest (95.26%) at 75 rpm speed although the time taken was more i.e. 27.27
minutes, but the rise in temperature during milling was very less (12.24 °C) as compared to
commercial mill the temperature rose up to 31.12 °C. The maize flour prepared at low speed
was light yellow in color as compared to higher rpm which was dark yellow. The maize flour
prepared at 75 rpm can be stored in low density polyethylene LDPE packaging material for
two months without change in quality parameters. It was observed that the moisture content,
protein content, fat content, alcoholic acidity and carbohydrates was significantly affected by
storage time, packaging material and milling speed at P<0.05.

Sidhu et al (b) (2016) assessed the effect of milling speeds on shelf-life and
proximate composition of pearl millet flour. Pearl millet flour was prepared using low speed
m flour mill at 75 and 115 rpm and the results were compared with the flour prepared using
commercial flour mill. The performance of flour mill was evaluated on the basis of recovery,
rise in temperature, time taken, particle size distribution and different quality parameters. The
whole pearl millet flour was packed in high density polyethylene (HDPE), lower density
polyethylene (LDPE), plastic jars and stored for 50 days at ambient conditions. The recovery
of flour was higher (95.26%) at 75 rpm speed than at 115 rpm although the time taken was
more i.e. 25 min. but the rise temperature during milling was very less (13.45 °C) as
compared to the commercial mill where the temperature rose up to 36.5 °C. The moisture
content and FFA increased significantly (P<0.05), whereas the protein, fat and ash content

decreased significantly (P<0.05) with increase in storage time.



Shakpo and Osundahunsi (2016) studied the production of nutritious low cost
complementary foods in developing countries. The objective of this study was to examine the
complementary effect of cowpea on some quality attributes of maize flour. Flour blends were
produced from maize and cowpea flours in the following ratios of maize: cowpea; 90:10,
80:20, 70:30 and 100% maize as control. Physicochemical (proximate, mineral and functional
properties) and microbiological analyses were carried out on the flour blends. The proximate
result showed that the protein content ranged from 8.85 to 10.52%, total ash, 1.55 to 1.93%;
fat content, 10.50 to 11.96%; moisture content, 5.05 to 5.77% and fibre content, 9.88 to
14.43%. The blend with 30% cowpea substitution gave the highest value. It was observed that
fat content was not affected by cowpea substitution. Mineral determination showed that
potassium, sodium, zinc, and iron contents increased with cowpea substitution in the blends,
with 30% cowpea substitution having the highest values. Calcium contents were 3.34, 3.36,
3.39 mg/kg for 10%, 20% and 30% cowpea substitution respectively, whereas calcium was
not detected in 100% maize. Functional properties evaluated showed that bulk density ranged
from 0.72 to 0.81 g/ml, swelling index, 0.66 to 1.03 ml/g, least gelation, 2.10 to 6.11%,
foaming, 7.67 to 15.36%, water absorption, 2.41 to 3.23%, oil absorption 1.24 to 1.45%,
emulsion capacity, 8.76 to 37.15% and emulsion stability 7.43 to 14.13%. Microbiological
evaluation for the flour blends showed that total viable count ranged from 3.80 to 4.7 x 103
Cfu/ml, while yeast and mould count ranged from 2.2 to 3.17 x 10° Sfu/ml for blends. The
overall result showed that 20% cowpea substitution is the most adequate percentage to
produce an acceptable and nutritious flour blend from maize and cowpea which can be useful

for pastries and confectioneries.

Chhabra and Kaur (2018) studied that with passage of time, the demand of gluten free
cereals has inclined. Although the maize chapatti is traditional product but their preparation
challenges has been overlooked till yet. The maize cultivars i.e PMH1, JL3459 and Buland
were milled in atta chakki and their particle size <60, <70 and <80 pum obtained by passing
the flour through mesh sieves Bl, B2, B3 respectively, and their influence on the
composition, pasting properties of flour along with preparation technology and quality of
maize chapatti was evaluated. ANOVA indicated that chemical composition in terms of
protein, fat, ash, reducing sugar, amylose, beta carotene, neutral detergent fiber and acid
detergent fiber was differed insignificantly among the various fractions. Pasting data revealed
that finest fraction of maize cultivars had highest pasting and final viscosity. The finest
fraction of maize cultivar had better preparation ease in regard to dough handling and

rollability.



2.2 Quality assessment of flat bread

Gocmen (2009) stated that the most significant property of flat breads that differ from
other loaves is that they have lower specific volumes. In this research paper, a short summary
of the main ingredients used in the flat bread manufacture, manufacturing steps of flat bread,
some of the flat breads produced globally and the production methods of most common
Turkish flat breads are stated

Gurushree (2010) studied the portable and manually operated chapatti press cum
vermicelli extruder. This device was designed and manufactured for the manufacture of
chapatti and vermicelli. Sensory evaluation for pressed and rolled chapattis showed that
quality of chapatties was not skeptically affected as a result of mechanical pressing. The
difference in time for making chapattis by manual rolling and machine pressing was 17
seconds per chapatti and it was analytically significant. Combined machine produced more
number of chapattis as compared to manual sheeting. There was an observed difference in the

thickness and diameter of the two.

Parimala and Sudha (2013) reviewed the traditional flat breads of India like chapatti,
poori, tandoori roti, parantha, naan, bhatura, kulcha etc. This review delved over the
advancements and enhancement brought about in the storage and large scale production of a
few of these breads because of their growing demands in domestic as well as in global
markets. This review also indicated the prospects and wide scope available for technological

advancements for traditional flat breads.

Yousif (2013) examined the sensory and physical properties of gluten free balady flat
bread constituting rice flour, corn and potato starch blends with different levels of
hydrocolloids. Conclusions showed that hydrocolloids clearly improved the weight and
roundness of gluten free balady flat bread. Bread formulations of four different samples
showed lower moisture content after storing them at room temperature for 72 hours with
higher moisture retention ability. All the balady flat bread samples were sensory acceptable as
they had recorded higher scores in quality characteristics. Samples of bread formulations had

lower hardness and remained soft during 72 hours of storage conditions.

Mancebo et al (2014) investigated hydrocolloids have as an alternative to gluten for
making good quality products for coeliac patients. This study investigated the interactions
between hydroxyl propylmethylcellulose (HPMC) (2-4 ¢/100 g of flour), psyllium (0—4
9/100 g of flour) and water level (90-110 g/100 g of flour) in gluten-free breadmaking.
Psyllium incorporation reduced the pasting temperature and compliance values, and
increased elastic (G") and viscous (G") moduli values. In contrast, HPMC addition had no

important effects on pasting properties and compliance values, but also increased G" and G”
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values. Psyllium inclusion reduced bread specific volume and increased bread hardness,
while there were hardly differences in the bread specific volume and hardness between the
percentages of HPMC studied. In addition, when the dough hydration level was increased,
there was a decrease in the influence of hydrocolloids on dough rheology and specific

volume and hardness of breads.

Tadesse and Nigusse (2015) reviewed the nutritional, microbial and sensory qualities
of flat bread prepared from blends of maize flour and orange fleshed sweet potato flour. Flat
breads were prepared with different ratios of maize and orange fleshed sweet potatoes. The
proximate analysis of flour and flat bread was performed. The total bacteria and mold count
was done and the sensory acceptability of flat bread was carried out. Based on the results of
proximate analysis, the orange fleshed sweet potatoes based flat bread samples were found to
be rich in beta carotene and fulfilled 61.63-86% of nutritional and dietary allowance of pre-
school children. The total coliform, mold content and the yeast count of the orange fleshed

sweet potato incorporated flat breads showed microbiological and sensory acceptability.

Pahwa (2015) reviewed the supplementation of several hydrocolloids having non
identical chemical structure and diverse emergence to the flat bread making process.
Hydrocolloids have a number of water soluble polysaccharides which provide a range of
functional properties to make them suitable for this application. They give a proper texture,
moisture control, overall product quality and stability, cost reduction and facilitate processing
of flat breads. Hydrocolloids were used for reducing the staling and improving the quality of
the fresh product.

Shemwal et al (2016) aimed this study to produce complementary food that will meet
the nutritional requirement of infants, aged persons, youths, children by addition of nutrient
rich flax seed. Efforts were made to prepare rice roti fortified with flax seed flour along with
other ingredients. Rice roti fortified with flaxseed at different concentration (0-20%) was
subjected for sensory evaluation by a panel of semi trained judges and found that
incorporation of flaxseed (10%) was optimum to get well accepted rice roti Standardized flax
seed roti was analyzed for its proximate composition standardized. Sorbic acid was used to
enhance the shelf-life of roti. Initially and a regular interval of time samples were analysed for
proximate composition, physico-chemical parameters, microbiological and sensory
evaluation. It was found that rotis preserved using Sorbic acid remained microbiologically
stable even after 1 month of storage studies as compared to roti prepared without using Sorbic
acid which get spoiled due to the development of mold growth after 8 days of storage. During
storage, there was a slight increase in peroxide value, free fatty acid value, thiobarbituric acid

value. There was no significant increase in hardness during storage.
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Eshak (2016) aimed of this study to evaluate the effect of two different concentrations
of banana peels BP (5% and 10%) as a partial replacement for wheat flour on
physicochemical and sensory properties of Egyptian balady flat bread. The peel powder (0.50
mm size) from banana was prepared from their dried peel. The bread was prepared by
replacing 5% and 10% of wheat flour with a banana peel. The bread prepared was designated
as B1 and B2 respectively. They were tested for moisture, ash, protein, fat, crude fibre as per
the standard methods. The physicochemical and sensory parameters of these two test bread
were compared with controlled bread 100% wheat flour designated as BO. Results showed
that BP flour owed 11.20% crude fibre, which is higher than the wheat flour 1.21%. In
addition, BP flour has high potassium, calcium, sodium, iron and manganese compared with
wheat flour. The protein and fibre content of B2 and B1 bread were higher (12.52% and
11.79% protein and 2.18% and 1.97% fibre) as compared to the control bread (10.79 proteins
and 1.42% fibre). B1 and B2 had the highest K, Na, Ca, Fe, Mg and Zn content compared
with controlled bread. The water holding capacity (WHC) and oil holding capacity (OHC) of
bread with BP flour were higher as compared to the bread control. The bread prepared by
replacing 5% and 10% of BP (B2) is found to be sensorially acceptable. Our results showed
that the nutritionally and sensory accepted bread can be prepared by replacing at most 10% of

flour.

Shah et al (2017) developed maize flat bread supplemented with asparagus bean
flour (ABF). Preliminary study was conducted for maximum supplementation of ABF on the
basis of sensory attributes and it was found that 15% ABF can be supplemented. Further, a
composite flour containing 85% maize flour (MF) and 15% ABF was used for the
preparation of flat bread. The effect of baking temperature (200 to 235 °C) and baking time
[time 1 (surface 1) and time 2 (surface 2)] (70 to 120 sec) on product responses such as
sensory characteristics (overall colour, appearance, flavour, taste, mouth feel, overall
acceptability), texture (shear value) and moisture content were studied. Results indicated that
baking temperature and baking time had significant (p < 0.05) positive effect on sensory
characteristics and shear value, while significant (p < 0.05) negative effect on moisture
content. Numerical optimization resulted in baking temperature 225 °C, baking time 1 (120

sec) for surface 1 and time 2 (116 sec) for surface 2 to develop a flat bread with best quality.
2.3 Packaging and Storage

Rao et al (1986) studied the tearing resistance tester and Warner Bratzler shear press
to evaluate, objectively, the quality changes in chapatti during storage. Tearing strength,
indicative of development of brittleness, decreased markedly from 72.5 to 31.0 g and only

slightly during three days’ storage when chapatti was packed in polyethylene pouches and in
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waxed paper, respectively. Warner Bratzler shear value served as an index of texture and
decreased by 21 and 46% for chapattis packed in waxed paper and polyethylene pouches,
respectively. A simple pliability tester was devised to measure chapatti pliability. When
chapattis were packed in waxed paper, pliability decreased from 2.3 to 1.2 cm, but increased
from 2.1 to 4.4 cm when packed in polyethylene pouches. Although no significant difference
was observed in salt-soluble proteins and ether extractives during storage, starch was