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ABSTRACT

Maize and rice are the highest consumed cereals in the world. Pigmented and non-
pigmented maize can be utilized like rice if its complete properties are known. There
are some pigmented and non-pigmented maize and rice varieties available in
Bangladesh for human consumption. The present research was conducted to evaluate
and compare physico-functional and nutritional properties of colored maize and rice.
Maize such as-yellow maize, red maize, white maize, purple maize, mixed colored
maize, deep red maize; and rice such as red rice was used for investigation. Study
revealed that white maize was the brightest grain among the samples with its highest
L* value while purple maize, deep red maize and red rice showed the lowest L*
value. The lowest bulk density (0.565 + 0.005 g/mL) and % change (15.05 £ 0.31%)
in sedimentation was recorded for purple maize flour but white maize flour showed
the highest change in sedimentation value (35.43 + 0.59%). All most all samples were
comparable for proximate composition. Red maize and purple maize contained the
highest amount of ash (2.27 £ 0.059% and 2.27 + 0.05% respectively) while mixed
maize contained the lowest amount of ash (1.22 £ 0.09%). Mixed maize contained the
highest crude fibre (4.17 + 0.049%) which was comparable to red rice on the other
hand white maize had the lowest crude fibre (3.31 + 0.06%). Purple maize along with
mixed maize and deep red maize had the highest carbohydrate content (72 to 73%)
whereas local mixed maize and deep red maize had the lowest protein content (6%).
Red maize had the highest protein content which was comparable to yellow maize,
and the lowest carbohydrate content (65.76 + 0.57%) which was comparable to white
maize and red rice. Red rice performed better than the other samples for oil content
(6.19%). In case of Mg and S content, all most all samples showed similarity; and the
purple maize, mixed maize and deep red maize were promising for Ca content. White
maize had the highest amount of Zn (19.79 £ 0.1 mg/100 g) while it had the lowest
amount of Ca (140.16 + 10.8 mg/100 g), and Mn (0.51 + 0.05 mg/100 g). Yellow
maize showed the highest amount of Fe (4.99 + 0.37 mg/100 g); and the lowest Cu
content (0.14 £ 0.02 mg/100 g) which was similar to mixed maize (0.13 + 0.01
mg/100 g). The red rice was poor in Zn (4.02 = 0.13 mg/100 g) and Fe (0.61 + 0.14
mg/100 g) content. Overall, whole grain maize and rice samples were comparable
from the physico-functional and nutritional properties. Therefore, whole grain
pigmented and non-pigmented maize can be utilized like rice as rich source of
nutrition as regularly consumed cereals to combat nutritional deficiency.
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Chapter I

INTRODUCTION

Maize or corn (Zea mays L.) and rice (Oryza sativa) belong to Poaceae family and
considered as the world’s most consumed cereals. Maize was domesticated in Central
America (Mexico) that originated approximately 7000 years. It is one of the most
adaptable crops having wider adaptability. Maize grows well from 10-30 °C, on a fine
sandy-loam to a heavy clay-loam soil with a soil pH from 5.0-8.5. Maize cultivation
requires 500 mm to 5000 mm of rainfall (CYMMIT report 1998). The kernels are
consumed as food or feed and utilized in food and chemical industries (Ranum et al.,

2014). Figure 1 (a) shows the different parts of a maize plant.

Figure 1 (a). Maize plant (https://www.netmeds.com)



Figure 1 (b). Rice plant (https://www.science.org)

Rice is the most important cereal crop and the major staple food for almost 33
countries including Asia and the Pacific, Latin America and the Caribbean, North
Africa and Sub-Saharan Africa regions but not in Antarctica. Rice cultivation is one
of the oldest form of intensive agriculture and practiced from 7,000 years ago. Among
two cultivars, a principal cultigen, Oryza sativa was domesticated in the Indochinese
region. Rice can grow in the land up to 3000 m from sea level (Bambaradeniya et al.,
2004). Figure 1 (b) shows the different parts of a rice plant.

A completely grown maize kernel has endosperm, germ, pericarp and tip. Figure 2
(@) shows the structure of a maize kernel. Maize may be classified according to kernel
type such as dent, flint, flour, sweet, pop, Indian, and pod corn. Maize can be
classified as sugary and starchy based on sweetness or the presence of sugar; waxy
and non-waxy; and dent (floury) and flint. These divisions are based on the quality,
quantity and pattern of endosperm composition in the kernel and are not indicative of
natural relationships. Maize is also classified as pigmented and non-pigmented

(white). Pigmented maize usually has different pericarp colors such as yellow, orange,
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red, pink, purple, blue, black etc. (Gwitz et al., 2014; Runam et al., 2014). Dent, flint,
sweet and pop corns are widely used as food in home and industry. Usually different
maize has different usages in different parts of the world. White maize is preferred
Africa and Central America while yellow maize is preferred in United States.
Different colored maize is also used in preparation of traditional foods.

Rice can come in different shapes, pericarp colors and size which are genetically
regulated (Shao et al., 2011). Generally brown rice is the whole grain rice with intact
bran layer or pericarp, the seed coat and nucellus, the germ or embryo, and the
endosperm. Figure 2 (b) shows the structure of a whole grain rice kernel. Rice is
consumed in various forms other than staple food in all over the world. Rice starch,
rice bran, rice bran oil, flaked rice, puffed rice, parched rice, rice broken, etc. are the
major usage of rice around the world (Chaudhari et al., 2018). Rice is an excellent
source of carbohydrate, protein, and has low fat, low salt and no cholesterol
(Chaudhari et al., 2018).

Now a days colored cereals such as maize and rice are point of interest for modern
food industries due to pigments which has bioactivity or antioxidant activity (Gwitz et

al., 2014; Mohanlal, et al., 2013; Runam et al., 2014) .
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Figure 2 (a). Structure of maize seed kernel (https://www.researchgate.net)
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Figure 2 (b). Structure of rice seed kernel (https://www.researchgate.net)

It was estimated that, in 2019, the total production of maize was 3 million MT and the
total production of rice was more than 54 million MT (FAOSTAT, 2019). Rice is the
staple food for 90% of Asians. China is the top rice producer and Bangladesh is 4th in
the world ranking (FAOSTAT, 2019). Therefore, Bangladesh has no deficiency in
rice production. However, From the agro edaphic point of view, maize also can be
grown well in Bangladesh. According to BBS (2020), in 2018-19, maize production
in Bangladesh increased by 18% and the area of production increased by 14%
compared to the year 2016-17.

Maize has food, feed, and industrial uses. Maize is used as a major component of feed
all over the world Various maize products can be obtained from dry and wet milling.
Maize grits, meal, fine meal, flour, corn starch, corn syrup are some of forms of maize
utilized as food day (Gwirtz et al., 2014; Ranum et al., 2014).

Maize is a rich source of energy, digestible carbohydrate, moderate protein, minerals
and other phytonutrients. Energy and nutrition in maize is comparable with other two
major cereals- wheat and rice. Brown rice contained 77.24 g/100 g of carbohydrate,
7.94 g/ 100 g protein, 2.29 ¢/100 g fat, 3.5 ¢g/100 g dietary fibre. Apart from

carbohydrate and protein, brown rice is rich in minerals and vitamins due to the



presence of bran layer and germ. However, brown rice has less consumer
acceptability probably due to its longer cooking time, shorter storage period
undesirable texture and longer chew ability than polished rice (Upadhyay et al., 2018;
USDA 2019). Generally polished rice, which contained only endosperm, is the most
consumed form all over the world. Rice can be classified based on starch properties
(Lee et al., 2012; Shafie et al., 2016). Based on pericarp color maize can be different
types such as white rice, pink rice, red rice, black rice, etc. (Tensaout et al., 2009).
Brown rice is consumed less as regular meal but has medicinal value and use in
therapeutic medicine and functional food development (Chaudhari et al., 2018;
Mohanlal et al., 2013; Upadhyay et al., 2018).

A comparative table of proximate composition of whole grain maize, wheat and rice
(brown rice) is given in the Table 1.

Table 1. The chemical composition and comparative value of maize, wheat and

brown rice per 100 g

Composition Maize Wheat Brown Rice
Protein (g) 111 121 6.4

Fat (g) 3.6 1.7 2.29
Minerals (g) 1.5 2.7 0.7
Calcium (mg) 10.0 48.0 9.0
Phosphorus (mg) 348.0 355.0 143.0
Iron (mgQ) 2.0 115 4.0
Moisture (g) 14.9 12.2 13.3

** USDA (2019-2020)
Physical and functional characteristics such as pericarp color, sedimentation value of

grains might influence the commercial market value of the grain itself or the end
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product. Chemical composition as well as physical and functional properties might be
influenced by several factors. Genetically these properties might be different from
grain to grain. Agronomical practices also have influence on quality parameters of
crops (Gwirtz et al., 2014).

In Bangladesh, rice is staple food but primary use of maize is as feed and later as
food. Limited use of maize as flour, grits, semolina, corn on cob (roasted), corn
starch, syrup etc. are reported in Bangladesh. There is lack of sufficient data on
specific utilization and quantity of maize as food in Bangladesh. However, there was
annual demand for green cob about 800 tons of grain equivalent, 200 tons as popcorn,
and 24 to 30 thousand tons as starch and considerable possibilities of maize as human
food export (Ali et al., 2008; Tetens et al., 1998).

Several hybrid and composite maize varieties are released by BARI to meet the
current requirement of maize. Moreover, non-government organizations and agro-
industries are promoting maize in Bangladesh to meet the current demand (BARI
Annual report 2019-2020). There are some indigenous maize varieties which are
pigmented or non-pigmented grown by local farmers used to prepare local meals.
Limited researches have focused on nutritional composition and comparison of
nutritional status of pigmented and non-pigmented whole grain maize and rice which
are consumed by Bangladeshi population. Furthermore, detailed information on
physicochemical, functional and nutritional composition might increase utilization of
whole grain maize and rice in different food preparation. Such study might also bring
out the wellness of consumption of whole grain maize and rice. Therefore, the present
research aims to investigate physicochemical, functional and nutritional composition
of some pigmented and non-pigmented maize and rice grown in Bangladesh. In order

to fulfill the above mentioned aims the following objectives have been undertaken:



To analyze the physical and functional properties for the comparison study of
pigmented and non-pigmented whole grain maize and brown rice.

To analyze the nutritional composition of whole grain maize and brown rice to
focus their wellness.

To analyze macro and micro nutrients for the comparison study of whole grain

maize and brown rice.



Chapter Il

REVIEW OF LITERATURE

The endosperm, germ, pericarp and tip cap are four primary structures in a maize
kernel which consist 83%, 11%, 5%, and 1% of the maize kernel respectively. The
endosperm is starchy surrounded by a protein matrix. The germ or embryo of the
maize kernel contains 33.3% fat, enzymes and other nutrients such as vitamin B
complex and vitamin E. The pericarp is a semipermeable barrier surrounding the
endosperm and germ but not the tip cap. Pericarp contains 8.8% crude fiber, minerals
and different pigmented compounds which have antioxidant activity. The tip cap is
the structure through which kernel is attached with the cob. It helps to pass all
moisture and nutrients during development and kernel dry down (Gwirtz et al., 2014;

Hu et al., 2011; Rui et al., 2017; Zhu et al., 2018).

Maize (Zea mays L.) is used as a source of carbohydrate consumed by many people in
addition it has many other use. Maize is staple food for many people all over the
world. Maize is considered as the staple food in The African region where the
consumption ranges from 52 to 328 g/person/day where maize is considered as
important/staple food source. In Americas the highest consumption was 267
g/person/day in Mexico but in Western Pacific Region maize consumption was not
more than 50 g/person/day (Ranum et al., 2014). Maize is consumed in whole form or
its milled fractions. Some of the maize products are consumed globally are presented

in the Table 2.



Table 2. Various maize products consumed globally (Gwirtz et al., 2014)

Food Item Types Example
Flat, unleavened, | Tortilla, arepa
unfermented
Bread
Fermented and/or leavened | Pancakes, cornbread, hoe
cake, blintzes
Fermented, unfermented Atole, ogi, kenkei, ugali,
Porridges ugi, edo, pap, maizena,

posho, asidah

Streamed products

Tamales, couscous, rice-
like products, Chinese

breads, dumplings, chengu

Alcoholic Koda, chichi, kafir beer,
maize beer
Beverage
Nonalcoholic Mahewu, magou, chichi
dulce
Empanadas, chips,
Snacks tostadas, popped corn,
fritters




Evaluation of its physical, functional and chemical properties is required to confine its
use as food or food ingredients. Grain color, bulk density and sedimentation value of

maize flour are some of properties important for food preparation.

Amador-Rodriguez et al., (2019) determined nutrient composition of four different
pigmented creole or native maize. The Negritas community white grain (NG) was
collected from Zacatecas, Mexico; white grain from the Ahualulco community (SG)
from San Luis Potosi, Mexico, and another two grains from San José de Gracia,
Aguascalientes, Mexico,were white corn grain (WG), and a blue corn grain (BG).
Seeds were stored at 4 °C. The color of the raw and processed grain was determined
in the study. The instrumental color analysis was carried out in a MiniScan XE
colorimeter. The CIELab system was used to determine the values of L*, a* and b*
where L* indicated lightness, a* indicated green-red tonality and b* indicated blue-
yellow tonality. They found that the value of L* ranged from 62.34 + 0.05 to 88.17 +
0.32, the value of a* ranged from 0.05 £ 0.06 to 3.13 + 0.02 and the value of b*

ranged from -1.64 £ 0.05 to 10.06 + 0.20 for four different pigmented maize samples.

Edema et al., (2005) reported bulk density 0.46 and 0.47 for quality protein maize
flour and commercial maize flour respectively, while it increased to 0.55 when mixed
to soy flour. Percentage change in sedimentation value represents gelatinization of
starch. Sedimentation value of yellow maize flour was 15.0 £ 0.08 mL reported by

Nutan and Saroj (2015).

Upadhyay and Karn (2018) analyzed about nutritional composition and health
benefits of brown rice. They reported in their study that the moisture, protein,

carbohydrate, dietary fibre, Ca, Fe, Mg, P, K and Zn contents were 10.37 g. 7.94 g,
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77.24 g, 3.5 g, 23 mg, 1.47 mg, 143 mg, 333 mg, 223 mg and 2.02 mg respectively

per 100 g.

Camelo-Méndez et al., (2017) determined proximate composition of Mexican blue
maize flour and commercial white maize flour. The reported moisture, protein, lipid,
and ash content was 9.8 £ 0.1, 9.1 £ 0.0, 5.2 £ 0.0, and 1.1 + 0.0 g/100 g respectively
in blue corn, while they were 7.0 + 0.2, 8.4 £ 0.1, 4.7 £ 0.0, and 1.3 £ 0.0 ¢g/100 g

respectively in white maize flour.

Yankah et al., (2020) reported in their research about the comparative study of the
nutritional composition of local brown rice. Their findings showed that the percentage
of fat, protein, carbohydrate, moisture and ash were 4.67 + 0.01, 4.28 £ 0.19, 77.94 +
0.32,12.31 £ 0.14 and 0.79 £ 0.00 respectively. They also found that the composition
of Fe, Zn and Ca were 0.00 = OE-7 mg/100 g, 12.15 + 0.21 mg/100 g and 16.60 £+ 0.16

mg/100 g respectively.

Ikya et al., (2013) analyzed maize to prepare maize based products. They reported
8.92% crude protein, 4.85% fat, 1.92% fibre, 0.99% ash, 84.31% carbohydrate in the

maize flour used for product.

Chaudhari et al., (2018) reported about medicinal properties of rice. They found that
the moisture, protein, fat, carbohydrate, fibre, ash, Fe and Zn contents were 14 %, 7.3

g,229,71.19,4.09, 1.4 g, 3mg% and 2 mg% respectively.

Edema et al., (2005) analyzed commercially available maize flour and quality protein
maize flour for proximate composition. The moisture content ranged from 7.15% to
6.9%, fat content from 4.09% to 4.80%, crude protein 8.96% to 11.76%, crude fibre
1.48% to 1.09%, ash content 1.33% to 1.02%, and carbohydrate from 77.06% to

74.43% in commercial maize flour and quality protein maize flour respectively.
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Ramirez-Jiménez et al., (2018) reported the changes on the proximate composition in
maize flour after different processing. Corn was harvested from Mexico in 2016 to
investigate the changes. Grains were prepared manually, cleaned from dust and
debris, stored in polyethylene containers at 4 °C. Authors reported proximate
composition in raw corn and processed instant corn flours. In the raw corn, the
content of protein, fat, ash and carbohydrates 7.97 + 0.08 %, 4.30 + 0.18 %,

1.13+0.01% 86.4+0.42% respectively.

Amador-Rodriguez et al., (2019) determined moisture content in maize while worked
with four creole or native maize varieties. The varieties were Negritas community
white grain (NG) collected from Zacatecas, Mexico; white grain of the Ahualulco
community (SG) collected from San Luis Potosi, Mexico, and another two grains: a
white corn grain (WG), and a blue corn grain (BG) were collected from San José de
Gracia, Aguascalientes, Mexico. Grains were harvested in October 2017 and stored at
20 °C and 50% average relative humidity in polyethylene bags. They have determined
moisture content in 4 corn samples. Moisture content in corn ranged from 8.68 + 0.76
to 16.54 + 0.59%. The lowest moisture content was observed in NG (8.68) and the

highest moisture content was observed in WG (16.54%).

CYMMT report (1998) showed the chemical composition and comparative nutritive
value of maize. It found that the maize variety contained protein 11.1%, fat 3.6%,
minerals 1.5%, carbohydrate 66.2%, calcium 0.010%, phosphorus 3.48%, iron 0.02%

and moisture 14.9%.

Bressani et al., (2004) explored the effect of processing conditions on Calcium, Iron,
and Zinc Contents of Lime-Cooked Maize. A semi hard white corn hybrid HB-83

which was commonly used by farmers of the tropical lowlands of Guatemala for
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making tortillas was used in the study. The collected sample was stored at 6 °C until
used. They reported calcium, zinc and iron content in the raw maize before the sample
was processed. They found that calcium, zinc and iron content was 8.4 £ 0.07%, 2.24
+ 0.05% and 2.65 £ 0.23% in the raw sample respectively. They observed changes in

the content of minerals in the sample processed at different conditions.

Gallego-Castillo et al., (2021) have studied retention of minerals and protein in
different processed maize obtained from Latin America. Among five white maize
breeding experimental varieties (hybrids), the three were high kernel-zinc bio fortified
varieties (ZBM), the two were non-bio fortified varieties (non-ZBM) and one
commercial maize used as control. In non-ZBM varieties, in raw kernel, the content of
Fe, Zn, and Ca content was 19.07 + 3.59 pg/g DW, 23.91 + 3.81 pg/g DW and 59.60
+ 28.44 pg/g DW respectively. In ZBM varieties, in raw kernel, the content of Fe, Zn,
and Ca was 17.10 + 0.95 DW pg/g, 33.02 + 1.39 DW ug/g, and 56.61 = 5.40 ug/g
DW respectively. In non-QPM varieties, in raw maize kernel, the protein content was
9.57 = 0.25% and for QPM varieties, it was 9.09 + 0.56%. However, the tryptophan
and lysine content in QPM maize was higher than non-QPM varieties. Suri et al.,
(2016); Gwirtz et al., (2013) and other researcher have cited U.S. department of
agriculture nutrient database several times for nutrients content in maize. According
to USDA, whole grain yellow flour contained 7 mg, 0.23 mg, 2.38 mg, 93.0 mg, 0.46
mg, 272 mg, 315.0 mg, 5.0 mg, 1.73 mg of Ca, Cu, Fe, Mg, Mn, P, K, Na, and Zn
respectively. In whole grain white flour, Ca, Cu, Fe, Mg, Mn, P, K, Na, Zn content
was 7 mg, 0.23 mg, 2.38 mg, 93.0 mg, 0.46 mg, 272 mg, 315.0 mg, 5.0 mg, and 1.73
mg respectively. In whole grain blue flour, Ca, Cu, Fe, Mg, Mn, P, K, Na, and Zn
content was 5 mg, 0.154 mg, 1.74 mg, 110.0 mg, 0.54 mg, 263 mg, 381.0 mg, 5.0 mg,

and 2.24 mg respectively.
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Chapter 111

MATERIALS AND METHODS

3.1. Sample collection and description of sample:

Pigmented and non-pigmented whole maize samples and one red whole rice were
used in the present study. Non pigmented or white maize, SAU Red maize and Purple
maize were the kind donation from Department of Genetics and Plant Breeding, Sher-
e-Bangla Agricultural University. The pericarp color was white, red and purple of the
white maize, SAU Red maize and Purple maize respectively. The endosperm color of
the kernels of all maize was white. The BARI Hybrid Maize-9 was collected from
Bangladesh Agricultural Research Institute (BARI) which had yellow pericarp and
endosperm. Among maize samples, Deep Red maize and Multi colored kernel maize
were indigenous varieties, collected from Chattogram division. Pericarp color of deep
red maize kernel was identified as deep red to black. The pericarp color of multi
colored maize kernel varied from yellow to deep red. Endosperms of the both samples
were white. Whole grain red rice was collected from Jessore. Image of samples are

shown in Figure-3
3.2. Sample preparation and storage:

Maize kernels were removed from cob, sundried and cleaned. Rice was cleaned and
dried. Samples were pulverized to flour with a grinder (Miyako, model no: YT-
4677A-S). Flours of all samples were stored in airtight condition and refrigerated at

—20 °C till analysis.
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Figure 3. Whole grain maize and rice sample (a)Yellow maize, b) White maize, c)

Red maize, d) Purple maize, e) Mixed colored maize, f) Deep colored maize and

g) Red Rice)
3.3. Materials

i.  Atomic absorption spectrophotometer
ii. Beaker
iii.  Burette

iv.  Cotton
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Vi.

Vii.

viil.

Xi.

Xii.

Xiil.

Xiv.

XV.

XVI.

XVil.

XViil.

XiX.

XX.

XXI.

XXili.

XXiil.

XXIV.

XXV.

XXVI.

3.4

Desiccator
Filter paper
Forceps

Grease

Heat proof hand gloves
Kjeldahl apparatus and flasks

Magnetic stirrer with hot plate

Measuring cylinder
Moisture dish
Muffle Furnace
Oven

Petroleum ether
Pipette

Reagent bottle
Round bottom flask
Silica Crucible
Soxhlet apparatus
Spatula

Test tubes

UV/Vis spectrophotometer

Volumetric flask

Weighing machine

. Chemicals

Acetic acid (CH3COOH)

Acetone ((CH5),CO)
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iii.  Barium chloride (BaCl..2H20)
iv.  Boric acid (H3BOs3)
v.  Bromo-cresol green (C21H14BrsOsS)
vi.  Copper sulphate (CuSOa)
vii.  Ethyl alcohol (C2HsOH)
viii.  Ferrous ammonium sulphate ((NH,),Fe(SO,),-6H,0)
iX.  Hydrochloric acid (HCI)
X.  lanthanum oxide (La20s3)
xi.  Litmus paper
xii.  Methyl red (C1sH15N303)
xiii.  Nitric acid (HNO3)
xiv.  Perchloric acid (HCIO4)
xv.  Petroleum ether (b.p. 60-80° C)
xvi.  Polyvinyl pyrolidone (PVP Kso)
xvii.  Potassium persulphate (K2S20s)
xviii.  Potassium sulphate (K2SOa)
xix.  Potassium thiocyanate (KSCN)
xX.  Selenium dioxide (SeO>)
xxi.  Sodium hydroxide (NaOH)

xxii.  Sulphuric acid (H2SO4)

3.5. Color Test:

A hunter lab scan XE model (M/S Hunter associate laboratory Inc., Reston-V.A.,
USA) was employed for determining the color value of samples with a view angle of
2°. The value was determined by the hunter system L, a, b values. The ‘L’ indicates
brightness or whiteness, positive ‘a’ value indicates redness while a negative value
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indicates greenness of the sample. The positive ‘b’ value indicates yellowness and

negative ‘b’ indicates blueness.

3.6. Determination of moisture content

Moisture content in samples was determined following the method by AACC (2000).
Dried and cleaned moisture cup were taken and weighed the empty moisture cup
(W1). Then sample was taken (2 g) in the moisture cup and weighed for total weight
(W2). The sample was kept in the oven at 130 °C for 2 hours. After heating, the
samples were cooled to room temperature in desiccator and weighed after at least 30
min (W3). The final moisture content of sample was determined following the

equation given below.

. _ (W2 —w3)
MDIS‘I:HI"E(%] = m #* 100

3.7. Determination of bulk density

Bulk density of maize flour was determined following the method described by
Earlier, Edema et al., (2005). A known weight of sample (2 g) was taken to a 20 mL
measuring cylinder and the volume of sample was recorded in mL. The bulk density

was measured by using the following formula.

Weight in g

Bulk density =

Volume in mL

18



Figure 4. Determination of bulk density

3.8. Sedimentation Test

Sedimentation value was determined according to Ali & Bhattacharya, (1976). Finely
grind grain flour (2 g) was taken in a 20 mL glass stoppered measuring cylinder,
tapped 3 times and the initial volume occupied by the flour was noted down. Then
distilled water was added up to 10 mL mark. The measuring cylinder was capped and
the slurry mixed further by invasion and the cylinders were left undisturbed for 4
hours. Final volume of the sample was recorded and percentage change in the volume

was calculated following the formula given below.

(Final volume — initial volume)
Change (%) = X 100

initial Volume
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Figure 5. Determination of sedimentation test

3.9. Determination of fat

Fat was extracted by petroleum ether (b.p. 60-80° C) employing a Soxhlet apparatus
according to AOAC (2000). Fat was estimated as crude ether extract of the dry
material. The dried sample (2 g) was weighed accurately into a thimble and plugged
with cotton. The thimble was placed in a Soxhlet apparatus and extracted with
petroleum ether (b. p 60-80 °C) for 16 hours. The ether extract was collected into a
pre weighed round bottom flask. The excess ether was removed by evaporation and
the flask was dried with residue at 80 °C to 100 °C, cooled in a desiccator and

weighed. Fat content in sample was estimated following the equation given below.

Fat contain (% Wt of ether extract % 100
at contain =
(%) Wt of the sample
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Figure 6. Fat extraction by Soxhlet apparatus

3.10. Determination of ash content

Ash content was determined according to AOAC (2000). To determine the ash
content of samples, cleaned crucibles were heated in muffle furnace at 600 °C for 1
hour. After heating it was transferred into a desiccator, cooled them to room
temperature and their weight was recorded (W1). About 2 g of sample was taken into
the pre-weighed crucible and the final weight of the sample and crucible was recorded
(W2). The sample was burned in a muffle furnace at 600 °C till it turned to ash
completely. The crucible was transferred into the desiccator and cooled them to room
temperature and the final weight of the crucible and ash was recorded (W3). It was
done immediately to prevent moisture absorption. The ash content of sample was

calculated following the equation given below.
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Weight of the sample taken = W2 — W1

Weight of the ash obtained = W3 — W2

% Ash — Weight of the ash % 100
B Weight of the sample taken
W3 —W2
= g > 100
(W2 —Ww1i)

Figure 7. Determination of ash content
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3.11. Determination of nitrogen

Protein content was determined from the total nitrogen (N x 6.25) using the micro

Kjeldahl method (AOAC 2000).

A) Preparation of reagents:

1) Preparation of 2% boric acid:

Twenty gram of boric acid was taken to a small beaker. Few drops of ethyl alcohol
were added just to dissolve the powder. It was transferred to a 1L volumetric flask and
750 mL distilled water was added to it. Another 220 mL of ethyl alcohol and 10 mL
of mixed indicator were added to it. The pH of the solution was adjusted to near

neutral by adding diluted N/10 NaOH solution.

ii) Preparation of mixed indicator:

In a 100 mL volumetric flask, 0.66 g of methyl red and 0.33 g of bromo-cresol green
were taken. About 80 mL of ethanol was added to it and mixed well. After completely

dissolve, the final volume was made up to 100 mL with ethanol.

iii) Preparation of digestion mixture:

In a beaker, 46 g of potassium sulphate (K2SOs4), 3.5 g of copper sulphate and 0.5 g of
selenium dioxide were taken and mixed well. It was used as a digestion mixture for

the analysis.

iv) Preparation of 40% NaOH:

In a beaker 40 g of NaOH was weighed accurately and 100 mL of distilled water was
added slowly to it. It was stirred continuously to dissolve NaOH properly. The

solution was transferred in a reagent bottle.
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V) Preparation of N/70 HCL acid solution

B) Digestion of sample:

About 0.5 — 1 g of weighed sample was transferred to a long neck kjeldal flask
carefully. A small amount of digestion mixture (0.2 g — 0.4 g) was added to the flask.
After that 20 mL of conc. H2SO4 was taken in each flask. Then the samples were kept
on a gas burner for digestion until the solution became clear. The complete digestion
was transferred into a 100 mL volumetric flask. The final volume was made up to 100

mL with distilled water.

C) Distillation:

A volume of 5 mL digested sample was transferred to a distillation flask and 10 mL of
40% NaOH. Five mL of 2% boric acid solution was taken in each 100 mL conical
flask which was placed at the bottom of distillation flask. The tube was dipped into
boric acid solution. The distillate was collected in a 100 mL conical flask containing
boric acid. After collecting 50 mL of distillate, the heater was switched off and the
conical flask was removed from the apparatus. The collected distillate was titrated
against N/70 HCL until the color turned to pink. Nitrogen content in sample was
calculated following the equation given below. Protein was calculated from nitrogen

multiplying by the conversion factor 6.25.

_ (sample reading — blank reading) X Normality of HCL X 0.014 y

% N 100

sample weight

% Protein = %N X conversion factor (6.25)
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Figure 8. Estimation of protein (a): Digestion of sample, b): Distillation of

sample and c): Titration of sample)

3.12. Determination of crude fiber

A) Preparation of reagents:

1) H2SOg4 solution (0.255 N): In a 2 L volumetric flask, about 1L distilled water taken
and 13.2 mL of H,SO4 was added to it. It was mixed well and the final volume was

made up to 2 L using distilled water.

i) NaOH solution (0.313 N):

In a 2 L volumetric flask containing about 1 L distilled water 25 g of NaOH was
added. It was mixed well and the final volume was made up to 2 L with distilled

water.

B) Procedure:

Crude fibre was determined from fat free sample according to the AOAC methods
(2000). About 10 g of fat free dried sample was taken in a 500 mL flask. About 200
mL of H>SO4 was added to flask and placed on a hot plate of a digestion apparatus for
30 minutes with occasional rotation The content of the flask was filtered after
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completing digestion through a linen cloth and washed with boiling water. The
residue was washed with hot water until the washings were free from acid (tested with
Litmus paper). The washed residue was transferred back carefully to the flask by
spatula. After that 200 mL of NaOH was added and boiled for 30 minutes with
occasional rotation in the same digestion chamber. After 30 minutes, the content of
the flask was filtered through the same cloth and washed with boiling water. The
sample was washed until the washings were free from alkali (tested with Litmus
paper). The residue was transferred to a silica crucible and dried at 110 °C to a
constant weight. The crucible containing dried residue was transferred to a muffle
furnace and burned at 600 °C for 20 minutes. The weight of the burned sample was
noted down for calculation. Crude fibre was calculated from the equation given

below.

(weight after dring at 1100C ) — (weight after buring at600aC ) 100
ks

% Crude Fiber =
Yo Crude Fiber weight of sample taken for fat extraction
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Figure 9. Determination of crude fibre
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3.13. Estimation of minerals (Ca, Mg, S, Cu, Fe, Mn, Zn)

Minerals such as-P, K, and S were determined using spectrophotometer; Ca, Mg and
micro minerals such as-Fe and Zn were determined by atomic absorption

spectrophotometer following the procedure described by Hunter (1984).

A) Preparation of reagents

a) Reagents for Ca and Mg determination

i) Preparation of 1% Lanthanum solution:

In a 5 L beaker, 59 g of lanthanum oxide (La203) was taken and about 50 mL of
distilled water was added with it. Slowly and carefully, 250 mL of conc. HCI was
added in it to dissolve the La>Oz. The final volume was made to 5 liters with distilled

water.

b) Reagents for S determination

i) Mixed acid seed solution:

In a one litter flask, 65 mL of conc. HNO3 and 250 mL of glacial acetic acid were
taken and about 500 mL of distilled water was added in it. It was mixed properly.
Then 3 mL of 1000 ppm S standard solution was added and final volume was made

up to a liter with distilled water.

i) Turbidimetric reagent

In a conical flask, 10 g of polyvinyl pyrolidone (PVP K30) was dissolved in 100 mL
of hot water. In a separate conical flask, 150 g of BaCl».2H>O was dissolved in 500
mL of distilled water. Then PVP and barium chloride solutions were mixed and final

volume was made up to 1liter with distilled water.
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c) Preparation of standards

The mixture of standards of Cu, Fe, Mn and Zn were prepared together in water. The
concentration for the elements was 2 ug Cu/mL, 10 pug Fe/mL, 4 ug Mn/mL, and 2 ug
Zn/mL. Concentration of sulpher was 20 pug /mL. Ca and Mg were prepared in the

same solution and the concentration 100 pg Ca/mL, 40 pg Mg/mL respectively.

d) Digestion solution

i) Nitric-perchloric solution: Concentrated perchloric acid (100 mL) was added to 500

mL concentrated HNOs to prepare nitric-perchloric solution.

B) Digestion of sample for determination of Ca, Mg, S, Cu, Fe, Mn, and Zn

Dried plant sample (500 mg) was taken into a 50 mL boiling flask. Five mL of nitric-
perchloric acid solution was added in it. Flask was placed on a hot plate and turned
the temperature to 375 °C. It was allowed to digest for 1 and half hour. The flask was
removed from digestion chamber and allowed to cool. Then 15 mL distilled water was
added to it. The flask was agitated and heated to dissolve the ash and the total content

was filtered for further analysis.

C) Analytical procedure

One mL aliquot was taken from filtrate using a combination diluter-dispenser and 19
mL water was added to it (dilution 1). The other dilutions of sample were also made.
For S determination, 7 mL of dilution 1, and 9 mL of acid seed solution and 4 mL of
turbidimetric solution were mixed together properly. It was allowed to stand for 20
minutes. The data was recorded in turbidimeter or in colorimeter at 535 nm using a
cuvette with 2 cm light path. For Ca and Mg determination, 1 mL aliquot from

dilution 1, and 9 mL of water and 10 mL of 1% lanthanum solution were mixed
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together. It was analyzed following AA procedure. For Cu, Fe, Mn and Zn
determination, the original filtrate was used to analyze the elements following AA

procedure.

3.14. Statistical analysis:

Values are presented as mean + standard deviation (SD) of three repetitions of each
experiment and calculated as dry weight basis. Means of components in samples were
compared by one way ANOVA and Tukey’s test at the confidence level of 95% using
IBM SPSS 20 statistical software (IBM Corp. Released 2011. IBM SPSS Statistics for

Windows, Version 20.0. Armonk, NY: IBM Corp).
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Chapter IV

RESULTS AND DISCUSSIONS

4.1. Physico-functional properties

4.1.1. Color parameters

Color of a grain influences acceptance of a grain and food as well. Color study in
terms of Brightness or whiteness (L*), redness (a*), and yellowness (b*) of different
pigmented and non-pigmented maize and rice is shown in the Table 3. Redness of the
samples ranged from 13.16 + 0.67 to 1.37. = 0.47. The highest redness (a*) (13.16 £
0.67) observed in yellow maize (BHM 9) followed by deep red maize, red rice and
mixed maize. The lowest value of redness was observed in purple maize (1.37 +
0.47). Low redness in the SAU red maize might be due to dominance of yellowness in
both sides of kernel while the top of the kernel was red. The value of yellowness was
ranged from 27.92 + 3.3 to 0.52 + 0.22 in grain samples. The highest value of
yellowness was observed in mixed maize which has yellow kernel dominant on the
cob. The second highest b* value was observed for yellow maize and the lowest b*
was recorded for purple maize. Brightness of whiteness of colored grains ranged from
83.25 + 0.47 to 38.62 £ 2.0. The highest lightness was recorded for white maize and
the lowest lightness was in red rice. Among maize the lowest lightness was recorded
for deep red maize, purple maize and SAU red maize. The lowest brightness indicates
deepness of color of the grain. Amador-Rodriguez et al., (2019) reported lightness of
white and blue corn flour. They have reported higher lightness for three white maize
flour (86.15, 88.17 and 80.93) than blue corn flour (62.34). Redness of blue corn was

less than white corn flour and yellowness was higher in white corn flour than blue
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corn flour. Shen et al., (2009) reported lower L*, a*, and b* value for red rice than
white rice. The present findings for L*, a*, and b* were similar to the value reported
by Shen et al., (2009). Pandey et al., (2016) reported 33.18 + 0.04, 11.11 + 0.04, and
8.44 = 0.02 for L*, a*, and b* for a whole grain red rice named Jyothi. The present
findings were similar to the reported value.

Table 3. Color properties of whole grain pigmented and non-pigmented maize

and rice
Sample name a* b* L*
Yellow maize 13.16 + 0.672 27.92 + 3.3 75.27 +1.9%®
Red maize 2.97 +0.21° 17.54 + 1.6° 55.09 + 1.5°
White maize 1.7 £ 0.09° 23.52 + 2b° 83.25 + 0.47°
Purple maize 1.37 £ 0.47° 0.52 £0.22° 50.78 £ 5¢
Mixed maize 79+16° 33.87 £ 5° 7314 + 3P
Deep Red maize 10.3+1° 15.48 + 0.58% 45.6 + 2.9%
Red Rice 9.4+0.2° 11.12 +0.87¢ 38.62 + 2¢

Values are mean £ SD presented as dry weight basis; different alphabets in each
column shows the significant difference (p<0.05). Here, a* = redness, b* =
yellowness and L* = brightness.

4.1.2. Bulk density

Bulk density of grain flour is presented in the Table 2. The bulk density of grain flour
was ranged from 0.565 £ 0.005 g/mL to 0.747 + 0.023 g/mL. There was no significant
difference in bulk density among all grain samples except the purple maize. Purple

maize showed the lowest bulk density (0.565 = 0.005 g/mL). lkujenlola et al., (2014)

reported bulk density 0.73 g/mL for QPM which was similar to present study.
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Compared to the present study, Edema et al., (2005) reported less bulk density (0.46
g/mL and 0.47 g/mL) in maize in their finding. Chen et al., (2015) reported bulk
density of red rice flour with the particle size varied from 156. + 12.43 g/mL to 10.68
+0.89 g/mL. The bulk density of 4 different size particle ranged from 0.624 + 0.021
g/mL to 0.745 = 0.009 g/mL for higher to lower particle sized particles. The present

value of bulk density of red rice flour similar to the reported value.
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b OYellow maize

B Red maize

Bulk density (g/mL)

Yellow Red White Purple Mixed Deep Redrice [Mixed colored
maize maize maize maize colored Red maize
maize maize

Grains

Figure 10. Bulk density (g/mL) of grains flour

4.1.3. Sedimentation value

Sedimentation value of different colored maize and rice flour is shown in the Table 3.
Percentage change in sedimentation value indicates gelatinization of starch. The
sedimentation value of the flours ranged from 15.05 + 0.31 % to 35.43 + 0.59 %.
Among all the grain sample, white maize flour showed the highest sedimentation
value (35.43. = 0.59 %) followed by yellow maize. The purple maize flour showed the
lowest sedimentation value (15.05 £ 0.31 %). Red maize, Mixed colored maize, Deep

Red maize shown the similar sedimentation value.
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sedimentation value in maize and rice obtained in present study was similar to the
sedimentation value (15.0 + 0.08 %) reported by Edema et al., (2005) who have
analyzed commercially available maize flour and quality protein maize flour. Sapna
and Jayadeep (2021) reported sedimentation value of red rice flour, commercial rice
flour and black rice flour ranged from 50.0 + 2.9% to 87.5 + 0.10%. Sedimentation
value of red rice in present study was lower than reported value by Sapna and

Jayadeep (2021).
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0
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maize maize maize maize colored red maize
maize maize
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Figure 11. Change (%) in sedimentation of grains flour
4.2. Nutritional composition
4.2.1. Proximate composition
Heinemann et al., (2005) carried out a comparative study of nutrient composition of
20 commercial brown, parboiled and milled rice from Brazil. Author have reported
12.60 £ 0.54% mean value of moisture content in brown rice which found higher than
the present findings.
Proximate composition of whole grain pigmented and non-pigmented maize and rice
was determined. The values are presented in the Table 4. The ash content in samples

ranged from 1.22 + 0.09% to 2.27 + 0.059%. Among the samples, red maize and
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purple maize contained the highest ash content (2.27 + 0.059% and 2.27 + 0.05%) and
the mixed colored maize contained the lowest ash content (1.22 + 0.09%). There was
no significant different in ash content in yellow maize, white maize, deep red maize,
and red rice. Ash content in the maize samples in present study was similar to the ash
content (1.1 + 0.0% to 1.3 £ 0.0%) in white and blue maize (Camelo-Méndez et al.,
2017), However, Ikya et al., (2013) reported less ash content in maize than present
finding. Heinemann et al., (2005) carried out a comparative study of nutrient
composition of 20 commercial brown, parboiled and milled rice from Brazil. Author
have reported 1.21% mean value of ash content in brown rice which found lower than
the present findings.

The fibre content in samples ranged from 3.31 £ 0.06% to 4.17 + 0.049%. Among the
maize sample, mixed colored maize contained the highest fibre content (4.17 +
0.049%) which was similar to its content in red rice. The White maize contained the
lowest fibre content (3.31 = 0.06%). Furthermore, yellow maize, red maize, and
purple maize showed the similar fibre content in them. Ikya et al., (2013) and Edema
et al., (2005) reported less (1.92% and 1.48% to 1.09%) fibre content in maize than

the present finding.
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Table 4. Proximate composition of whole grain pigmented and non-pigmented

maize and rice (%) dry weight basis

Sample name Moisture Ash Crude fibre Carbohydrate Protein Oil
Yellow maize 10.87 +£0.06®®  1.69 +0.009°  3.58 +0.029¢ 67.69 +0.52° 11.77 +0.45%  4.37 +0.09¢
Red maize 10.63+0.36°®  2.27 +0.0592 3.54 £ 0.05° 65.76 £ 0.57°¢ 12.6 £0.52 4.97 +0.12¢
White maize 10.82+0.33®®  1.68 +0.009° 3.31 +0.06¢ 67.18 + 0.44% 11.36 £0.29° 5.63 +0.15ab
Purple maize 1057 £0.22%  2.27 £0.050*  3.55 +0.029¢ 72.38+0.332 7.4 +0.26° 3.9+0.18¢c
Mixed maize 10.31 £ 0.222 1.22+£0.09°  4.17 +0.049? 73.59 +0.092 5.58+0.18Y 4.9+ 0.04abc
Deep Red maize 11.39+0.28%  1.69+0.009> 3.97 +0.097° 72.71 £ 0.242 5.89 +0.23¢ 4.7 +0.16bc
Red Rice 10.08 £0.28°  1.66+0.018° 4.06 £0.056®  66.21+1.16*  11.33+0.24° 6.1+0.9a

Values are mean £ SD presented as dry weight basis; different alphabets in each
column shows the significant difference (p<0.05).

Carbohydrate content in samples ranged from 65.76 + 0.57% to 73.59 + 0.09%. There
was no significant difference observed in carbohydrate content in purple maize, mixed
colored maize, deep red maize. Red maize contained the lowest carbohydrate (65.76 +
0.57%) among samples. Carbohydrate content in rice was comparable with its
content in maize. Carbohydrate content in maize flour in present study was similar to
the carbohydrate content (66.2%) reported by CIMMYT report (1998). However,
Ramirez-Jiménez et al., (2018) and Edema et al., (2005) reported higher carbohydrate
content in maize than present finding.

Protein content in samples ranged from 5.58 + 0.18% to 11.77 = 0.45%. Red maize
contained the highest protein content (11.77 = 0.45%) although no significant
difference observed for yellow and red maize for protein content. The mixed colored
maize and deep red maize contained the lowest protein content (5.58% and 5.89%

respectively), which were local maize sample. Protein content in maize obtained in
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present study was similar to the protein content (5.58 = 0.18% to 11.77 £ 0.45%) in
blue and white maize reported by Camelo-Méndez et al., (2017); Ikya et al., (2013),
Edema et al., (2005), and Ramirez-Jiménez et al., (2018). Heinemann et al., (2005)
carried out a comparative study of nutrient composition of 20 commercial brown,
parboiled and milled rice from Brazil. Author have reported 6.85 + 0.34% mean value
of protein content in brown rice which found lower than the present findings.

The oil content in samples ranged from 3.9 £ 0.18% to 6.1 + 0.9%. Among all the
sample, red rice contained the highest oil content (6.1 £ 0.9%) and white maize, red
maize, and mixed maize had comparable to whole grain rice for oil content. The
purple maize contained the lowest oil content (3.9 + 0.18%). Oil content in samples in
present study was similar to the oil content in maize reported by Ikya et al., (2013);
Edema et al., (2005); and Ramirez-Jiménez et al., (2018). However, CIMMYT
(1998)) reported less oil content in maize than present finding. Heinemann et al.,
(2005) carried out a comparative study of nutrient composition of 20 commercial
brown, parboiled and milled rice from Brazil. Author have reported 2.65% mean
value of crude fat content in analyzed brown rice which found lower than the present
findings. Yankah et al., (2020) reported nutritional composition of local brown rice,
maize (obaatanpa), and millet. Authors reported 12.31 + 0.14% of moisture, 0.79 +
0.00% of ash, 4.67 + 0.01% of fat, 4.28 + 0.19% of protein, and 77.94 + 0.32% of
carbohydrate in brown rice collected from Ghana. The authors reported higher content
of moisture and carbohydrate in brown rice than the present finding and lower ash,

protein and oil content in their analyzed brown rice than the present finding.
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4.2.2. Mineral content in whole grain pigmented and non-pigmented maize and
rice

4.2.2.1. Macro minerals

Macro minerals such as calcium (Ca), magnesium (Mg), and sulphur (S) content was
determined in maize samples and presented in the Table 5. The Ca content of different
colored maize and rice ranged from 140.16 + 10.8 mg/100 g to 317.39 = 16.3 mg/100
g. Among all the samples, purple maize contained the highest Ca content (317.39 %
16.3 mg/100 g) and the white maize contained the lowest Ca content (140.16 + 10.8
mg/100 g). In present study, Ca content in maize found much higher than the value
(5.96 mg/100 g) reported by Gallego-Castillo et al., (2021). The values of Ca content
were 93.65 mg/100 g to 233.0 mg/100 g in 12 maize samples reported by Hossain et
al., (2008). Bressani et al., (2004) reported more Ca content in maize than present
finding.

Table 5. Minerals content (macro) whole grain pigmented and non-pigmented

maize and rice (mg/100 g) dry weight basis

Sample name Ca Mg S
Yellow maize 251.7 + 18.4% 240.48 + 14.3? 82.28 + 23°
Red maize 216.72 + 6.4¢ 245.49 + 17.92 70.99 +13°
White maize 140.16 + 10.8° 230.24 + 7.7° 37.37+13.9°
Purple maize 317.39 + 16.3? 214.81 + 6.8° 55.74 + 18.2%
Mixed maize 294.97 + 11.4% 245.06 + 18.3? 67.03 + 18.2%
Deep Red maize 290.01 + 2.7%¢ 241.43 + 14? 90.39 + 18.5°
Red Rice 272.22 +12.8* 244,07 + 18.22 88.88 + 18.1°

Values are mean + SD presented as dry weight basis; different alphabets in each
column shows the significant difference (p<0.05).
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The Mg content of different colored maize and rice ranged from 214.81 + 6.8 mg/
100g to 245.06 = 18.3 mg/ 100g. There was similarity (p > 0.05) in Mg content in all
the samples. Hossain et al., (2008) reported 646.9 mg/ 100 g to 263.6 mg/100 g of
Mg in 12 maize samples which found much higher than the present findings.

The S content of different colored maize and rice ranged from 37.37 = 13.9 mg/ 100g
to 90.39 + 18.5 mg/ 100g. There was no significant difference among yellow, red,
mixed, deep red maize and red rice sample. However, white maize contained the
lowest S content (37.37+ 13.9 mg/ 100g) which was comparable to the S content in
purple maize. The S content in the samples found within the range of S content (72.87
mg/100 g to 179.5 mg/100 g) reported by Hossain et al., (2008). Heinemann et al.,
(2005) carried out a comparative study of nutrient composition of 20 commercial
brown, parboiled and milled rice from Brazil. Author have reported 16.88 + 0.57
mg/100 g of Mg, and 6.85 + 0.43 mg/100 g of Ca, mean value of five brown rice
which found much lower than the present findings. Yankah et al., (2020) reported
nutritional composition of local brown rice, maize (obaatanpa), and millet. Authors
reported 16.60 + 0.16 mg/100 g of Ca in brown rice collected from Ghana. The
authors reported lower Ca content in their analyzed brown rice than the present
finding.

4.2.2.2. Micro minerals

Micro minerals such as Cu, Fe, Mn, and Zn were determined and presented the in the
Table 6. The Cu content of different colored maize and rice ranged from 0.13 + 0.011
mg/100 g to 0.28 + 0.02 mg/100 g. Among the samples, red rice contained the highest
Cu content (0.28 + 0.02 mg/100 g) and the yellow maize and mixed colored maize
contained the lowest Cu content. The Cu content in 12 maize ranged from 3.81 mg/

100 g to 0.41 mg/ 100 g as reported by Hossain et al., (2008).

39



Table 6. Minerals content (micro) in whole grain maize and rice (mg/100 g) dry

weight basis
Sample name Cu Fe Mn Zn
Yellow maize 0.14 +0.01¢ 4.99 +0.37° 0.83 + 0.06% 5.64 +0.13°
Red maize 0.26 +0.017® 257 +0.22° 0.90 + 0.04° 18.0 £ 0.23°
White maize ~ 0.24+0.011®  1.39 +0.19° 0.51 +0.05° 19.75 £ 0.12
Purple maize 0.21+0.009°  1.31+0.13° 0.72 +0.03¢ 9.55 +0.2°
Mixed maize 0.13 +0.011¢ 1.60 + 0.14° 1.34 +0.02° 8.62 +0.21¢
Deep Red maize  0.18 + 0.014% 1.36 + 0.04° 1.38 +0.02° 5.14 +0.14°
Red Rice 0.28 + 0.02° 0.61 +0.14¢ 3.41 +£0.03° 4.02 £0.13f

Values are mean £ SD presented as dry weight basis; different alphabets in each
column shows the significant difference (p<0.05).

The Iron content in samples ranged from 0.61 + 0.14 mg/100 g to 4.99 + 0.37 mg/100
g. Among all the samples, yellow maize contained the highest iron content (4.99 +
0.37 mg/100 g) followed by red maize. Whole grain red rice contained the lowest iron
content (0.61 + 0.14 mg/100 g). Fe content in samples in present study found similar
to the Fe content reported by Gallego-Castillo et al., (2021) and Bressani et al.,
(2004). CIMMYT (1998) reported less Fe content in maize than present finding. The
Mn content of samples ranged from 0.51 + 0.05 mg/100 g to 3.418 + 0.03 mg/100 g.

There was significant variation in the samples for Mn content. Among the samples,
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red rice contained the highest Mn content (3.418 + 0.03 mg/100 g) while the white
maize contained the lowest Mn content (0.51 + 0.05 mg/100 g). Mixed colored maize
and Deep Red maize showed the similar Mn content value. The values of Mn found
more or less similar with the value (0.48 mg/100 g) reported by Hossain et al., (2008)
who found that Mn content ranged from 0.55 mg/ 100 g to 1.35 mg/ 100 g in 12 maize
varieties grown in Bangladesh.

The Zn content in samples ranged from 4.02 + 0.13 mg/100 g to 19.75 + 0.1 mg/100
g. Among the samples, white maize contained the highest Zn content (19.75 + 0.1
mg/100 g) followed by red maize. The red rice contained the lowest Zn content (4.02
+ 0.13 mg/100 g). The obtaining values of Zn found more or less similar with the
value (4.6 mg/100 g) reported by Hossain et al., (2008), lken et al., (2002) and
Bressani et al., (2004). Zn content in maize sample was 3.48 mg/100 g to 7.77 mg/100
g respectively as reported by Hossain et al., (2008). Gallego-Castillo et al., (2021)
reported less and Zn content 23.91 pg/g and 33.02 pg/g in regular and zinc bio-
fortified maize respectively.

Heinemann et al., (2005) carried out a comparative study of nutrient composition of
20 commercial brown, parboiled and milled rice from Brazil. Author have reported
1.98 + 0.11 mg/100 g of Zn, 0.57 + 0.35 mg/100 g of Fe, 0.36 + 0.05 mg/100 g of Mn,
and 0.16 £ 0.07 mg/100 g of Cu, mean value of five brown rice. Fe content in red rice
found similar to the Fe content as reported by authors, and the content of Cu, Mn, and
Zn was lower than the present findings. Yankah et al., (2020) reported nutritional
composition of local brown rice, maize (obaatanpa), and millet. Authors reported
12.15 + 0.21% of Zn in brown rice collected from Ghana. The authors reported
absence of Fe in the brown rice and higher Zn content in their analyzed brown rice

than the present finding.
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Chapter V

SUMMARY AND CONCLUSION

Present study was conducted to evaluate physico-functional and nutritional properties
of six pigmented and non-pigmented maize and one pigmented rice available in
Bangladesh. The major parts of the study were carried out in Sher-e-Bangla
Agricultural University and IFST (Institute of Food Science and Technology), BCSIR
(Bangladesh Council of Scientific and Industrial Research, Dhaka).
Physico-functional properties help to understand quality of flour for developing food.
Color study, bulk density and sedimentation value were observed as physico
functional properties. Brightness or whiteness (L*), redness (a*), and yellowness (b*)
as the parameters of color study of different pigmented and non-pigmented maize and
rice. The highest redness (a*) observed in yellow maize (BHM 9) followed by deep
red maize, red rice and mixed maize. The lowest value of redness was observed in
purple maize. The highest value of yellowness was observed in mixed maize. The
second highest b* value was observed for yellow maize and the lowest b* was
recorded for purple maize. The highest lightness was recorded for white maize and the
lowest lightness was in red rice. Among maize the lowest lightness was recorded for
deep red maize, purple maize and SAU red maize. There was no significant difference
in bulk density among all grain samples except the purple maize. White maize flour
showed the highest sedimentation value followed by yellow maize and the purple
maize flour showed the lowest sedimentation value.

Moisture, ash, fibre, carbohydrate, protein and oil content were determined as

proximate composition. Moisture content in all samples was below 12%. Red maize
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and purple maize contained the highest ash and the mixed colored maize contained
the lowest ash. Mixed colored maize contained the highest fibre which was similar to
its content in red rice. The white maize contained the lowest fibre. There was no
significant difference observed in carbohydrate content in purple maize, mixed
colored maize, deep red maize while red maize contained the lowest carbohydrate
among samples. Carbohydrate content in rice was comparable with its content in
maize. Red maize contained the highest protein although no significant difference
observed for yellow and red maize for protein content. The mixed colored maize and
deep red maize contained the lowest protein content respectively. Red rice performed
better for oil content.

Calcium (Ca), magnesium (Mg), and sulphur (S) content was determined in samples.
All most all samples performed equal for Mg and S. Purple maize, mixed maize and
deep red maize performed better for Ca content. White maize had the highest amount
of Zn while it had the lowest amount of Ca, and Mn. Yellow maize showed the
highest amount of Fe and the lowest Cu content which was similar to mixed maize.
Considering all the aforementioned outcomes, it can be concluded that all maize
samples were comparable and have similar nutrient like whole grain rice. However,
Purple maize, mixed maize and deep red maize have less protein but high
carbohydrate content than other sample. The red rice was poor in Zn and Fe content.
Nonetheless whole grain maize and rice are rich in nutrients. Regular consumption of
whole grain pigmented maize and rice might provide health benefits. Further research
might be carried out to understand biochemical properties of other nutrients such as

starch and its digestibility.
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