ocess;,
s ng
&

()

%

Journal of Food
Processing & Technology

2

&

K 4

g S

‘a O
&

ISSN: 2157-7110

Kumari and Sangeetha, J Food Process Technol 2017, 8:4
DOI: 10.4172/2157-7110.1000667

Effect of Processing and Drying Methods on the Nutritional Characteristic of

the Multi-cereals and Legume Flour

Kumari PV and Sangeetha N2
"IICPT, Thanjavur, Tamilnadu, India

2Department of Food Science and Technology, Pondicherry University, Puducherry, India

Abstract

Cereals and legumes of today are more nutritious and healthful than ever before. Cereals and legumes processing is one
of the oldest and the most essential part of all food technologies. Besides, it forms a large and indispensable component of the
food production chain. The cereals and legume processing industry is as diverse as its range of products. Drying and dewatering
plays an important role in food manufacturing and food processing activities worldwide often one of the last operations in the
food processing. In this study three sets of ingredients were chosen they subject to different treatment and drying conditions.
The results found that significant difference was observed in the nutritional composition of different treatment and different drying
conditions. The developed composite mix has possessed to have good nutritional properties and it possess o have good health
benefits. This mix can be used for further product development.
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Introduction

The consumer demand for nutritious cereal-based food products
with minimal artificial additives has been met with increased research
and development from the food industry. Nutritional quality is
eventually important in considering processed flour as a food
ingredient and its successful performance depends principally on
functional characteristics imparted to the final products. The versatility
of processed flour as a base for many food products emphasizes the
need for a better understanding of its functional characteristics and
nutritional characteristics of the processed flour [1]. Composite flours
containing cereal and legumes have proven practical uses in many
parts of the world to improve the nutritional and functional properties
of flour. Basically, composite flour technology refers to the process of
mixing wheat flour with cereals or legumes to make use of indigenous
raw materials to produce high quality food products in an economical
way. Being nutridense, these formulations could form sustainable
strategy for combating malnutrition [2]. One of the chief challenges of
nutritionists is to diminish human sufferings due to nutritional stress as
Indian population suffers from food and nutritional insecurity. Hence
the present study was carried out with object to study the nutrition
characteristics of the multi cereal and legume mix subjected to different
drying methods.

Materials and Methods
Selection of raw materials

The whole cereals and legumes with immense nutritional
potentiality were selected for the formulation of processed multi-cereals
and legume flour. The good quality raw materials were purchased
from the wholesale shop in bulk quantity to maintain uniform quality
throughout the processing. The selected raw materials are listed in
Table 1.

Steps involved in the formulation of processed multi-cereals
and legume flour from 3 sets of raw materials

The selected raw materials were washed to remove the unwanted
dust particles. The listed sets (Table 1) were weighed and soaked in
water for a period of 12 h, after which the excess water was drained and
each set was divided in two groups. Group A was allowed to sprout for

Set 1 Set 2 Set 3 Quantity
(Cereals) (Legumes) (Cereals and Legumes) (%)
Parboiled rice Dry peas Parboiled rice 20
(Oryza punctata) (Pisum sativum) (Oryza punctata)
Kodo millet Kodo millet
(Paspalum ( CSZ (:”grigq.an) (Paspalum 10
scrobiculatum) Y Y scrobiculatum)
Sorghum Rajma Sorghum 10
(Sorghum bicolor) | (Phaseolus vulgaris) (Sorghum bicolor)
Foxtail millet Horse gram Foxtail millet
e (Macrotyloma P 10
(Setaria italica) . (Setaria italica)
uniflorum)
Oats Green gram Green gram 10
(Avena sativa) (Vigna radiata) (Vigna radiata)
Maize Bengal gram Bengal gram 10
(Zea mays) (Cicer arietinum) (Cicer arietinum)
Barley Black gram Black gram 10
(Hordeum vulgare) (Vigna mungo) (Vigna mungo)
Wheat Cow pea Cow pea 10
(Triticum aestivum) | (Vigna unguiculata) (Vigna unguiculata)
Bajra
(Pennisetum (esf’cy,-izeﬁzx) (Gsf°cy,-228naq§x) 10
glaucum) 4 4

Table 1: Raw materials selected for processing and product development.

a period of 24 h and the group B was not sprouted. The processed raw
materials were subjected to drying methods namely sun drying (SD
for 12 h), forced convection tray drying (FCTD at 60°C for 8 h) and
fluidized bed drying (FBD at 60°C for 6 h). All the dried raw materials
were milled in stone miller to obtain fine flour. The process involved
in the formulation of multi-cereal and legume flour from 3 sets of raw
materials is shown in Figure 1.

*Corresponding author: Kumari PV, IICPT, Thanjavur, Tamilnadu, India, Tel:
04362-228155; E-mail: Vasanthi.phd@gmail.com

Received March 10, 2017; Accepted March 29, 2017; Published April 05, 2017

Citation: Kumari PV, Sangeetha N (2017) Effect of Processing and Drying
Methods on the Nutritional Characteristic of the Multi-cereals and Legume Flour. J
Food Process Technol 8: 667. doi: 10.4172/2157-7110.1000667

Copyright: © 2017 Kumari PV, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

J Food Process Technol, an open access journal
ISSN: 2157-7110

Volume 8 + Issue 4 + 1000667



Citation: Kumari PV, Sangeetha N (2017) Effect of Processing and Drying Methods on the Nutritional Characteristic of the Multi-cereals and Legume
Flour. J Food Process Technol 8: 667. doi: 10.4172/2157-7110.1000667

Chemical composition

The chemical composition of the cereal and legume mix namely
carbohydrate [3] proteins [4] fats [5] energy [6] moisture [7] and ash
were carried out using standard procedure. Carbohydrate by anthrone
method, protein by the kjeldhal method with (NX6.25), fat by soxlet
method with automated soxpluse, energy using boam calorimeter,
moisture determined by hot air oven method and ash using muffle
furnance.

Results and Discussion

Carbohydrate (g/100 g) content of the multi-cereals and
legume flour

Carbohydrates are the macronutrient which plays a major role
in human diets, comprising 40% to 75% of energy intake. Their most
important nutritional property is digestibility in the small intestine. In
terms of their physiological or nutritional role, they are often classified
as available and unavailable carbohydrates (Table 2). The carbohydrate
content of the multi-cereals and legume flour were found to be in
the range of 46.66 g/100 g to 67.33 g/100 g in the non-sprouted sets
subjected to sun drying, where as in the sprouted sets subjected to sun
drying was found to be in the range of 36 g/100 g to 2 g/100 g. In the case
of fluidized bed drying, the carbohydrate content of the non- sprouted
sets was found to be in the range of 43.66 g/100 g to 65.33 g/100 g and 34
g/100 g to 51.66 g/100 g in the sprouted samples of all the three sets. As

Selected raw materials
(Set 1, Set 2, Set 3)

A

Group A Group B
Sprouted Non sprouted
~ > 4

~ /"

Subjected to drying methods
1. Sun drying (SD) 2. Forced convection tray drying (FCTD) 3. Fluidized bed drying (FBD)

Milled separately

[ Evaluation of quality characteristics of milled flour obtained from different drying methods ]

Figure 1: Processed involved in the formulation of processed multicereals and
legume flour from 3 sets of raw materials.

Processing Sets SD FBD FCTD
methods
Set 1 67.33+2.08 65.33+1.52 64.66+2.51
NS Set 2 46.66 + 1.52  43.66 +1.52 41.66 +2.08
Set 3 52.66 £2.51  51.66 £ 1.52 | 48.66 + 1.52
Set 1 52.00+2.00 51.66+1.52 52.66+ 1.52
SP Set 2 36.00 £ 1.00  34.00+2.00 34.00+2.00
Set 3 50.00 £ 1.00  45.66 +2.08 44.00 + 1.00
Drying methods
p-value P;?:;]s;;gg P <0.05*
Sets

All values are means of triplicate determinations + Standard Deviation (S.D)

NS: Non-Sprouted; SP: Sprouted: SD: Sun Drying; FBD: Fluidized Bed Drying;
FCTD: Forced Convection Tray Drying; Set 1: Cereals; Set 2: Legumes; Set 3:
Cereals and Legumes

*Significantly different (p < 0.05) by ANOVA

Table 2: Carbohydrate (g/100 g) content of the multi-cereals and legume flour.

Page 2 of 5
Processing Sets sD FBD FCTD
methods
Set 1 11.56+0.32| 9.70+0.10 10.26 +0.20
NS Set 2 28.50 +1.04 | 28.83+0.15 28.56 + 0.67
Set 3 13.96 £ 0.05| 14.88 £ 0.06 = 12.50 + 0.40
Set 1 1240+ 0.10| 10.86 £0.15 11.80+0.10
SP Set 2 30.83+0.77 | 26.80 +0.30 31.00 + 1.00
Set 3 1258 £ 0.50| 15.61+0.12 12.60 +0.43
Drying methods
p—value Prr:;:;sosc:r;g P <0.05*
Sets

All values are means of triplicate determinations + Standard Deviation (S.D)

NS: Non-Sprouted; SP: Sprouted: SD: Sun Drying; FBD: Fluidized Bed Drying;
FCTD: Forced Convection Tray Drying; Set 1: Cereals; Set 2: Legumes; Set 3:
Cereals and Legumes

*Significantly different (p < 0.05) by ANOVA

Table 3: Protein (g/100 g) content of the multi-cereals and legume flour.

far as the forced convection tray drying is concerned, the carbohydrate
content of non-sprouted and sprouted sets was in the range of 41.66
g/100 g to 64.66 g/100 g and 34 g/100 g to 52.66 g/100 g respectively.
The sprouted samples of all the three sets showed a significant decrease
in the carbohydrate content when compared to samples which was not
allowed for sprouting. The set 1 which constitute the cereals resulted in
increased carbohydrate content. The concentration of carbohydrate in
the samples exposed to different drying methods was almost similar and
slightly higher in sun dried sample which was found to be statistically
significant (p < 0.05). Vidal-Valverde et al. [8] explained that during
germination, carbohydrate was used as source of energy for embryonic
growth which could explain the changes of carbohydrate content after
germination. The findings of the carbohydrate content of the multi-
cereals and legume flour was in par with results of Khetarpaul and
Goyal [9] who reported that during germination, mobilization and
hydrolysis of seed polysaccharides takes place. Polysaccharides can
promote hydrolysis by fermenting microbes which possess both alpha
and beta amylases [10]. A sharp decrease in total and reducing sugar at
48 hrs may be due to microbial utilization.

Protein (g/100 g) content of multi-cereals and legume flour

Cereal grains and legumes are a valuable source of food proteins.
In comparison to cereal grains, the seeds of legumes are rich in
good quality protein, providing man with a highly nutritious food
resource. Similarly, in the present study, the protein content in both
the processing methods adopted was found to be considerably (p <
0.05) high especially in set 2 comprising of legumes. The increase in
the protein content is due to presence of whole legumes. The protein
content of the sets subjected to sprouting and non-sprouting which are
exposed to sun drying was in the range of 12.40 g/100 g to 30.83 g/100
g and 11.56 g/100 g to 28.50 g/100 g respectively. In the case of non-
sprouted and sprouted sets dried using fluidized bed drying the protein
content was found to be in the range of 14.88 g/100 g to 28.83 g/100 g
and 10.86 g/100 g to 26.80 g/100 g respectively (Table 3). As far as the
protein content of non-sprouted and sprouted samples in all the three
sets exposed to forced convection tray drying are concerned, the values
were in the range of 10.26 g/100 g to 28.56 g/100 g and 11.80 g/100
g to 31.00 g/100 g respectively. Grain legumes enhance the protein
content of cereal-based diets and may improve the nutritional status
as well. Cereal proteins are deficient in certain essential amino acids,
particularly lysine [11]. On the other hand, legumes have been reported
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to contain adequate amounts of lysine, but are deficient in S-containing
amino acids (methionine, cystine and cysteine) [12]. Chavan and
Kadam [13] stated that complex qualitative changes are reported
to occur during soaking and sprouting of seeds. The conversion of
storage proteins of cereal grains into albumins and globulins during
sprouting may improve the quality of cereal proteins. Many studies
have shown an increase in the content of the amino acid lysine upon
sprouting. Increase in proteolytic activity during sprouting is desirable
for nutritional improvement of cereals because it leads to hydrolysis
of prolamins and the liberation of amino acids such as glutamine and
proline which are converted to limiting amino acids such as lysine.

Fat (g/100 g) content of multi-cereal and legume flour

Generally, cereals and legumes are low in fat. The fat composition
was notably (p < 0.05) less in all the sprouted samples, since the fat
was used as source of energy during germination. The fat content in
the non-sprouted and sprouted samples of all the three sets subjected
to different drying methods was found to be in range of 3.36 g/100 g
to 3.50 g/100 g and 1.16 g/100 g to 2.76 g/100 g in the non-sprouted
and sprouted sets subjected to sun drying; 1.63 g/100 g to 3.43 g/100
g and 0.90 g/100 g to 2.66 g/100 g in the non-sprouted and sprouted
sets subjected to fluidized bed drying; 1.90-3.10 g/100 g and 1.10 g/100
g to 2.40 g/100 g in the non-sprouted and sprouted sets subjected to
forced convection tray drying respectively (Table 4). On germination,
there existed a significant (p < 0.05) decrease of fat content in three sets

Processing Sets sD FBD FCTD
methods
Set 1 266+0.15 1.63+0.20 1.90+0.10
NS Set 2 3.50+0.20 3.43+0.25  3.10+0.10
Set 3 3.36+0.30 3.40+0.20 2.86+0.15
Set 1 1.16+0.15 0.90+0.10 | 1.10+£0.10
SP Set 2 250+0.20 2.16+0.15  2.40+0.30
Set 3 276+0.15 2.66+0.25 1.53+0.25
Drying methods
p—-value Processing methods P <0.05*

Sets

All values are means of triplicate determinations + Standard Deviation (S.D)

NS: Non-Sprouted; SP: Sprouted: SD: Sun Drying; FBD: Fluidized Bed Drying;
FCTD: Forced Convection Tray Drying; Set 1: Cereals; Set 2: Legumes; Set 3:
Cereals and Legumes

*Significantly different (p < 0.05) by ANOVA

Table 4: Fat (g/100 g) content of the multicereals and legume flour.

Processing methods Sets SD FBD FCTD

Set 1 1.16+0.15 1.46 £0.25 1.66 + 0.15

NS Set 2 2.94 +£0.032.52+0.02 3.33 £0.03
Set 3 1.91+0.01 1.92+0.022.02+0.03
Set 1 0.90+£0.10 | 1.40+0.10 1.00 £ 0.10

SP Set 2 2.93+0.032.51+0.01 3.06 +0.06
Set 3 1.64+0.02 1.51+0.02 1.73+0.02

Drying methods
p-value Processing P<0.05*

Sets

All values are means of triplicate determinations + Standard Deviation (S.D)

NS: Non-Sprouted; SP: Sprouted: SD: Sun Drying; FBD: Fluidized Bed Drying;
FCTD: Forced Convection Tray Drying; Set 1: Cereals; Set 2: Legumes; Set 3:
Cereals and Legumes

*Significantly different (p < 0.05) by ANOVA

Table 5: Ash (g/100 g) content of the multicereals and legume flour.

Page 3 of 5
Processing methods Sets SD FBD FCTD
Set 1 303+2.51 295+3.05 292+2.51
NS Set 2 334+251  312+2.08 325+2.00
Set 3 311£2.00 287 +2.51 293 +3.60
Set 1 283+ 1.52 | 291+2.08 273+1.52
SP Set 2 306 +3.05 304 £3.60 295+ 2.51
Set 3 294 +£3.51 270+1.52 271+1.00
Drying methods
p-value P;?gtis:c;gg P <0.05*
Sets

All values are means of triplicate determinations + Standard Deviation (S.D)

NS: Non-Sprouted; SP: Sprouted: SD: Sun Drying; FBD: Fluidized Bed Drying;
FCTD: Forced Convection Tray Drying; Set 1: Cereals; Set 2: Legumes; Set 3:
Cereals and Legumes

*Significantly different (p < 0.05) by ANOVA

Table 6: Energy (Kcal/100 g) value of the multi-cereals and legume flour.

subjected to different drying methods, which could be due to total solid
loss during soaking prior to germination [14] or use of fat as an energy
source in sprouting process. The results are comparable with findings
of Vanderstoep [15] for germinated green gram and lentil.

Ash (g/100 g) content of multi-cereals and legume flour

Ash is the inorganic residue remaining after the water and organic
matter have been removed by heating in the presence of oxidizing
agents, which provides a measure of the total amount of minerals
within a food. The ash content of all the sets subjected to different
drying methods did not vary much. The sprouted sets possess to have
a slight decrease in the ash content which reflects on the concentration
of minerals (Table 5). Increased ash content was observed among
non-sprouted samples of all the three sets subjected to different
drying techniques when compared to the sprouted sets exposed to
different drying techniques. Leaching out of solid matter during
pre-germination soaking process could be the reason for significant
reduction of mineral matter on germination. The results are in par with
the findings of Okrah [16] who found that ash content of germinated
sorghum was decreased which varied from 0.28% to 1.70%. While,
Mubarak [17] reported that germination and cooking processes caused
significant decreases in ash content. Alemu [18] observed that sorghum
ash content was significantly decreased after fermentation.

Energy (Kcal/100 g) value of multi-cereals and legume flour

Calories are a measure of energy and are commonly used to
describe the energy content of foods. The energy values (Kcal) represent
the presence of complex mixture of carbohydrates, protein and fat. In
the present study, there was no considerable difference (p>0.05) in the
energy levels of set 1, set 2 and set 3. However, the energy level was
significantly decreased in the sprouted samples when compared to the
non-sprouted samples. Total metabolizable energy content was higher
during sprouting resulted in decreased energy value after sprouting.
In the present study, the energy value was found to be in the range of
303-311 Kcal/100 g in the non-sprouted sets subjected to sun drying
whereas after sprouting the energy value was found to in the range of
283-306 Kcal/100 g. The non-sprouted sets subjected to fluidized bed
drying was in the range of 287-312 Kcal/100 g and the energy value was
found to be in the range 270-304 Kcal/100 g in the sprouted sets. The
energy value of all the three sets which was not allowed for sprouting
and subjected to forced convection tray drying was in the range of 292-
325 Kcal/100 g where as in the sprouted sets the energy value was in the
range of 271-295 Kcal/100 g (Table 6).
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Processing methods Sets SD FBD FCTD
Set 1 3.20+0.10 | 3.03+0.15 | 3.26 £ 0.15
NS Set 2 3.26+£0.15  2.73+0.15 | 3.30 £ 0.10
Set 3 3.36 £0.15 | 3.06 £ 0.20 | 3.03 £ 0.15
Set 1 3.70+0.20  4.20+0.10 | 4.03 £0.15
SP Set 2 3.70+0.10 | 3.36 £ 0.15 4.03+0.15
Set 3 423+0.15 3.86+0.15 3.63+0.15
Drying methods
Processin "
p—value methodsg P <0.05
Sets

All values are means of triplicate determinations + Standard Deviation (S.D)

NS: Non-Sprouted; SP: Sprouted: SD: Sun Drying; FBD: Fluidized Bed Drying;
FCTD: Forced Convection Tray Drying; Set 1: Cereals; Set 2: Legumes; Set 3:
Cereals and Legumes

*Significantly different (p < 0.05) by ANOVA

Table 7: Crude fiber (g/100 g) content of the multicereals and legume flour.

Processing methods Sets SD FBD FCTD

Set 1 7.83+0.15/6.30+0.26 4.23 £0.20

NS Set 2 9.46 £ 0.25/6.50 + 0.30 | 4.46 + 0.37
Set 3 7.93+0.15/6.13+0.15 4.10 £0.10
Set 1 8.20+0.26/7.00 +0.10 4.70 £ 0.20

SP Set 2 9.53+0.40/6.76 + 0.25 5.03 £ 0.15
Set 3 8.40+0.36/6.63 +0.30 4.96 £ 0.15

Drying methods
p-value P,f:;zsézg P <0.05*

Sets

All values are means of triplicate determinations + Standard Deviation (S.D)

NS: Non-Sprouted; SP: Sprouted: SD: Sun Drying; FBD: Fluidized Bed Drying;
FCTD: Forced Convection Tray Drying; Set 1: Cereals; Set 2: Legumes; Set 3:
Cereals and Legumes
*Significantly different (p < 0.05) by ANOVA

Table 8: Moisture (g/100 g) content of the multicereals and legume flour.

Crude fiber (g/100 g) content of multi-cereals and legume
flour

Measurements of crude fiber are the only index of food fiber
content available at the present time. However, crude fiber values
reflect only a portion of the fiber present in food. Crude fiber has been
reported to recover on the average 20% of the hemicelluloses, 10% to
50% of the lignin and 50% to 80% of the cellulose [19]. In the present
study, significant difference was observed (p < 0.05) between all the sets
which was sprouted and non-sprouted and subjected to three different
types of drying. The results of the present study were in par with Martin
Cabrejas et al. [20], who found that the fibre increased substantially
during germination by about 100% in peas. This increase in fibre was
reported to be mostly due to changes in the polysaccharides found in
the cell wall such as cellulose, glucose and mannose, suggesting that
the changes were due to an increase in the cellular structure of the
plant during germination [20]. The fibre content of set 2 comprising
of legumes was appreciably higher (p < 0.05) than the set 1 and set 2
(Table 7).

Moisture (g/100 g) content of multi-cereals and legume flour

Moistureis the integral part of the cereals and legumes. In the present
study, the moisture content of multi-cereals and legumes exposed to
sun drying was greater when compared to other two drying methods.
However, investigations have shown that low moisture content of
food samples is a desirable phenomenon, since the microbial activity
is reduced [21]. Low moisture content in food samples increased the

storage periods of the food products [22] while high moisture content
in foods encourages microbial growth leading to spoilage of foods
[23]. Moisture content of raw material affects gelatinization process
and lower moisture content indicates better gelatinization process
[24-26] and better gelatinization process results in better swelling of
the extrudate (Table 8). In the present study, significant difference
(p < 0.05) was observed in the moisture content of the sets exposed
to different drying techniques. On comparing the different drying
techniques, sets subjected to forced convection tray drying possessed
less moisture content when compared to other two drying techniques.
The overall observation showed that the sets subjected to sun drying
had higher retention of moisture content which is not acceptable for
the storage of foods for a longer duration of time.

Conclusion

Nutritional quality is eventually important in considering
processed flour as a food ingredient and its successful performance
depends principally on functional characteristics imparted to the final
products. The developed composite mix has possessed to have good
nutritional properties and it possess o have good health benefits. This
mix can be used for further product development.
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