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Abstract

The present investigation was undertaken to develop Burma black rice Based Instant Beverage Mix
(BBIBM)using Burma black rice (Oryza sativa L. indica), lentil (Lens culinaris), sweet potato (Ipomoea
batatas) and mulberry (Morus nigra) flour, and evaluated its chemical and functional properties.
Developed Burma black rice based instant beverage mix had a moisture content of 10.25g/100gat par
with the permissible limit recommended by Food Safety and Standards Regulations, 2011,the crude
protein content of 14.34+0.08g/100gm, crude fat content of 3.10£0.2 g/100gm, crude fibre content of
11.34+0.22 g/100gm, total mineral content of 2.43+0.02 g/100gm, total carbohydrate content of
58.54+1.33 ¢g/100gm and energy value of 319.42 +0.9kcal at par with commercially available health
drink powder (569/100g of carbohydrate and 335kcal of energy). It has good functional properties with
water holding capacity of 63+2.3%water/100g,bulk density of 0.67+0.07g/cmd tapped density of
0.81+0.01g/cm®flowabilityof 17.28+1.2% at par with Carr’s compressibility index (16-20%),
cohesiveness of 1.2+0.1 at par with Husnar ratio (1.19 to 1.25), dispersibility of 62.71+1.82%,
Hygroscopicity of 66.46+1.42%, viscosity of 5.75+0.46¢P and wettability of 55.00+ 2.83 sec. The
developed Burma black rice based instant beverage mixis rich in nutrient and had excellent functional
characteristics indicating a quality product for consumer acceptability.

Keywords: Instant beverage mix, chemical composition, functional property, evaluation

Introduction

Beverages are the most active functional food category because of their convenience and
possibility to meet consumer demands for a search of new novel foods. Plant based food
products experienced an increased interest (Hever et al. 2017) 2% due to their specific health
benefits properties as they are packed with a wide array of nutrients, including vitamins,
antioxidants, fibres, minerals and amino acids which are capable of combating and preventing
a wide spectrum of non-communicable diseases such as diabetes, cardiovascular disorder,
cancer, hepatic disorder and its complications (McMacken et al. 2017) 3. Apart from being
an extremely rich source of nutrients, plant based foods are comparatively cheaper than animal
based foods and need to be incorporated into the daily diet to see their complete potential as
functional foods (Tuso et al. 2013) [®°1. Ready to serve and ready to eat foods that use blends of
cereal, pulse, vegetable and fruit in new product development, increases the nutrients, as well
as the market value of the product. There are limited reports on the use of black rice for the
development of instant beverages. The present study was planned to use indigenous plant
based food ingredients including Burma black rice (Oryza sativa L. indica), lentil (Lens
culinaris), sweet potato (Ipomoea batatas) and mulberry (Morusnigra) to produce Burma
black rice Based Instant Beverage Mix (BBIBM) rich in nutrient and functional value.

Methodology

Sample Procurement: Sample of black rice (Oryza sativa L.), lentil (Lens culinaris), sweet
potato (pale yellow flesh) (Ipomoea batatas) and black mulberry (Morusnigra) were procured
from the local market of Jorhat, Assam, India.

Processing of raw ingredients for development of cereal based instant beverage mix
(CBIBM)

Black rice (Oryza sativa L.) was processed to black rice flour following the method by
Sutinium et al. (2008) ¥4, germinated lentil was processed according to Hernandez-Aguilar et
al. (2019) 28 with little modification. Sweet potato flour was obtained by the method outlined
by Julianti et al., (2017) B8 and mulberry flour was obtained by the method outlined by Ali et
al. (2016) 1.
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Processing of Burma black rice flour

Black rice was Sorted, cleaned, washed in tap water, drained
using Rice draining Colander, soaked in tap water (Black rice:
tap water = 1:3 w/w) for 30 min., Rinsing with distilled water
for 2 times and removing excess water, then steamed for 50
min by portioning into a cup and adding water (Raw black
rice: water = 1:1.5 w/w) using stainless steel perforated
colander, then spread it on blotting paper and allow it to be
cool at room temperature for 45 min, then spread it on still
based Hot air oven tray with a thickness of 1x5 cm. and dried
for 8 hours at 60°C using Hot air oven, allow to cool at room
temperature for 12 hours, dry milling (250um particle size) in
a hammer mill and blended with a mechanical ribbon blender
to obtain a homogeneous mixer. Then flour was sieved
through 150 mess size to get fine flour. The flour was then
packaged in high density polyethylene (HDPE) virgin airtight
containers for future use (Sutinium et al., 2008) 1,

Processing of germinated lentil flour

Lentil seed was washed using tap water and then soaked
inside a glass bottle with distilled water (1:2 w/w)for 24 hours
and covered with a cotton cloth. After this hydration and
imbibition process, the seeds were washed again and the
excess water was left to drain from the seeds for 10 min using
a perforated colander. Next, the seed was allowed to
germinate in muslin cloth, washing them with purified water
every 24 h for 5 days, then steamed for 20 min by Portioning
into a cup and adding water (lentil:water = 1:1.5 (w/w) using
stainless still perforated colander, then spread it on blotting
paper and allow it to be cool at room temperature for 45 min.,
then spread it on still based Hot air oven tray with
a thickness of 1x5 cm. and dried for 72 hours at 40°C using
hot air oven, allow to cool at room temperature for 12 hours,
sprout removed by hand abrasion, peeled removed and ground
(250um particle size) using paddy de-husking machine and
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sieve through 150 mess size to get fine flour. Flour was
packed in HDPE virgin airtight container and stored at room
temperature for further analysis (Hernandez-Aguilar et al.
(2019) 281,

Processing of Sweet potato flour

Yellow flashed sweet potato were peeled, washed and dab in
a muslin cloth to remove water, then uniform slicing
(10x10x5) using stainless steel potato slicer using stainless
still, spread in a tray and was oven-dried at 60 C for 10 h and
after which it was ground into flour using mixture grinder.
The flours were screened through a 100 mesh sieve to get fine
flour. Flour was packed in HDPE virgin airtight container and
stored at room temperature for further analysis (Julianti,
2017) [361,

Processing of mulberry flour

Fresh ripe black mulberry was sorted, pulped and cabinetdried
at 55°C for 30 hours and after which it was ground into
powder using a mixture grinder. The powder was screened
through a 100 mesh sieve to get fine flour and flour were
packed in HDPE virgin airtight container and stored at room
temperature for further analysis (Ali et al., 2016) B1,

Formulation of Burma black rice Based Instant Beverage
Mix (BBIBM)

The formulation ofinstant beverage mix was done using the
method outlined by Sengev et al. (2010) 8. For the present
study black rice flour (Oryza sativa L. indica), germinated
lentil flour (Lens culinaris), sweet potato flour(lpomoea
batatas) and black mulberry powder(Morusnigra) of varying
proportion were blended to obtain Five test sample namely
TS1,TS2, TS3,TS4 and TS5 for each formulation as shown in
Table 1.

Table 1: Formulation of Burma black rice based instant beverage mix (BBIBM).

Formulation of Burma black rice Based Instant Beverage Mix (BBIBM)
Blend Black rice flour Germinated lentil flour Sweet potato flour Black Mulberry powder
(Oryza sativa L. indica) (Lens culinaris) (Ipomoea batatas) (Morusnigra)
TS1 35.00 21.66 21.66 21.66
TS2 40.00 20.00 20.00 20.00
TS3 50.00 16.66 16.66 16.66
TS4 55.00 15.00 15.00 15.00
TS5 60.00 13.33 13.33 13.33

Table 2: Chemical composition of developed Burma black rice Based Instant Beverage Mix (BBIBM)

Nutrient BBIBM (per 100 g of dry weight basis) [Horlicks (per 100 g of dry weight basis)
Moisture (g) 10.25+0.25 -
Crude Protein (g) 14.34+0.08 33
Crude Fat (g) 3.10+0.2 1
Crude Fibre (g) 11.34+0.22 -
Ash content (g) 2.43+0.02 -
Total Carbohydrate content (g) 58.54+1.33 56
Energy (Kcal) 319.42+0.9 365

3 replicate of each values are expressed in mean + SD (Standard deviation)
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Table 3: Functional properties of developed Burma black rice Based
Instant Beverage Mix (BBIBM)

Parameters Value
Water holding capacity (%) 63+2.3
Bulk density(g/cm?) 0.67+0.07
Tapped density(g/cm®) 0.81+0.01
Flow property (%) 17.28+1.2
Cohesiveness (HR value+) 1.240.1
Dispersiability (%) 62.71+1.82
Hygroscopicity (%) 66.46+1.42
Viscosity (cP) 5.75+0.46
Wettability (Sec.) 55.00+ 2.83

3 replicate of each values are expressed in mean + SD (Standard
deviation)

Organoleptic evaluation of formulated Burma black rice
Based Instant Beverage Mix (BBIBM).

For each test sample 30gm of instant beverage mix was mixed
in 200ml of soya milk and were subjected to organoleptic
evaluation.

The sensory evaluation of the developed Burma black rice
Based Instant Beverage Mix (BBIBM)was performed using
the method of lwe, M.O., (2002) 3. The scoring was based
on a 9- point hedonic scale ranging from 9 (extremely like) to
1 (extremely dislike) and 5 (neither like nor dislike). It was
done by a panel of the 2lsemi-trained person of the
department of food science and nutrition, Assam agricultural
university, Jorhat.

Determination of Chemical composition

The chemical composition (i.e., moisture, protein, fat, fibre,
ash) of the formulated instant beverage mixes was estimated
according to the standard analytical methods (AOAC, 2000).
The carbohydrate content was determined by the calculated
difference method and energy value was determined by
multiplying the proportion of protein, fat and carbohydrate by
their respective physiological energy values and taking the
sum of the products (Farzana et al., 2015) 24,

Determination of functional properties

Water absorption capacity

Water absorption capacity of the flours was determined using
the method outlined by Sosulski et al. (1976) %, Ten
milliliter of distilled water was added to 1.0g of the sample in
a tube and allowed to stand at ambient temperature (30+£2°C)
for 30 min, then centrifuged for 30 min at 3,000 rpm or
2000xg. Water absorption was examined as percent water
bound per gram flour.

Loose and packed bulk densities

Loose and packed bulk densities were determined according
to the method of Akpapunam et al., (1981). Ten grams of the
prepared samples were weighed into a measuring cylinder
(100 ml) and the loose volume was noted for loose bulk
density and then tapped for packed bulk density. Bulk density
was expressed as mass per volume of the sample.

Wettability

Wettability was evaluated according to the method described
by NIRO (1978) 1 with slight modifications. 100 ml of
distilled water at 25°C were poured into a 400 ml beaker
(diameter 70mm). A glass funnel (height 100 mm, lower
diameter 40 mm, upper diameter 90 mm) was placed and
maintained on the upper edge of the beaker. A test tube was
placed within the funnel to block the lower opening of the
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funnel. 3g powder is placed around the test tube; while the
timer is started, the tube is simultaneously elevated. Finally,
the time is recorded when the powder is completely wet
(visually assessed that all powder particles have diffused into
the water).

Hygroscopicity

Hygroscopicity was determined by placing 10g of a powder
sample in the desiccator at ambient temperature (25°C).
Saturated sodium chloride solution was kept in the desiccator
to maintain a relative humidity of 73.36% (Bhusari et al.,
2014) M, The weight change of the sample was observed
after a week. All the measurements were analyzed in
triplicates, and the results were expressed in grams of

adsorbed moisture per 100 g of dry solids (Vivek et al. 2020)
e8]

Viscosity

The viscosityof the sample was determined as per the method
given by Hallic and Kelly (1959) 71 by using Visco Basic
Plus Viscometer (Fungillab). The test samples developed
were reconstituted in water at different solid concentrations
(2, 4, 6 and 8 percent), heated for 20 min on a boiling water
bath, cooled to ambient temperature and the viscosity was
measured in ViscoBasic Plus Viscometer with rpm 20, 30 and
60 varying appropriate spindles. The viscosity was measured
in centipoises (cP).

Dispersibility

Dispensability was determined according to the method given
by Shittu and Lawal (2007) B, Dispensability of the test
sample was determined by dissolving approximately 10g of
powder in 100ml of distilled water at 21° C and manually
stirred for 1 min and then left for 30 min to settle down. The
suspended particles before the supernatant were carefully
decanted.

The mass of the supernatant was then determined by
transferring an aliquot of the supernatant into a 50 ml density
bottle. The weight of the dispersed solid was calculated as
double the difference in the mass of the supernatant and an
equal volume (50 ml) of distilled water. All the weight
determinations were done in triplicate using digital scales.

Cohesiveness

The cohesiveness of the powders was calculated in term of the
Hausner ratio (HR), The Hausner ratio is the ratio of tapped
bulk density to the loose bulk density and it relates to gain in
cohesive strength after the compaction (Hausner, 1967) [,
The powders with little gain in bulk density are considered to
be non-cohesive (Hausner ratio < 1.25) (Horn, 2008) B while
a higher value indicates greater cohesion calculated from the
bulk density (Pg) and tapped density (Pt). (Jinapong et al.
2008; Turchiuli et al. 2005) [34 631

Tapped bulk density (Pt)
Loose bulk density (Pt)

Hausner ratio (%) =

The flow property of test samples was evaluated using Carr's
index (Cl) (Arepally and Goswami, 2019) ™. The CI was
calculated using the following expression.

Tapped bulk density (Pt) — Loose bulk density (Pb)

Carr's index(%) =
(%) Tapped bulk density (Pt)

% 100

~933 ™
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Result and Discussion

Organoleptic evaluation of developed Burma black rice
Based Instant Beverage Mix (BBIBM)

The result of sensory evaluation reveals that out of 5 test
sample, Test sample 2 had the highest significant organoleptic
score in term of colour (7), texture (8), flavour (7),
appearance (7) and test (8) in comparison to other test
samples.

Based on its highest organoleptic score the sample was further
analyzed for chemical and functional properties.

Chemical composition of developed Burma black rice
Based Instant Beverage Mix (BBIBM)

Chemical composition

The moisture content of developed BBIBM was
10.25g/100gwhich  were within the permissible limit
recommended by Food Safety and Standards Regulations,
2011. The protein content of developed Burma black
ricebased instant beverage mix was14.34+0.08g/100g,many
research studies showed that the protein content of Burma
black rice based instant beverage mix was within the range
from 13.17g/100g to 17.85g9/100g (Reza et al., (2014) B¢
Oluwole et al. (2012) 2. When compared with the
commercially available health drink powders like horlicks
(339/1009) were significantly lower probably due to the use
of protein powder as commercially available health drink
products. The fat content of BBIBM was 2.99/100g which
was higher than the commercially available health drink
powders (1g/100g). High fat content in developed BBIBM
could be due to the presence of pulse flour in the mix which
contained a high amount of fat (Farzana et al., 2017) 2%, The
crude fibre content of BBIBM was recorded
11.34+0.129/100g. Several researchers observed similar crude
fibrecontent in Burma black rice based instant flour ranged
from 9.87-12.47¢g/100g (Thomas et al. 2013; Issara and
Rawdkuen 2016) B2 Incorporation of germinated lentil flour
in BBIBM might behave enhancing the fibre content (Uppal
and Bains 2012) ¢71. The high fibre content in germinated
flour due to the synthesis of new polysaccharides (Cellulose,
Hemicellulose, Resistant starch)during the germination
process (Benitez et al. 2013) 1%, Ash content of developed
BBIBM was 2.08 g/100g. Which was within the range from
2.039/100g to 2.419/100g as reported by Obilana et al. and
Croitoru et al. in 2018 L 151 for black rice based instant mix.
The total carbohydrate content and energy value of the
BBIBM was 58.59g/100g and 328.14+2.1kcal/100g
respectively. Similarly, Gandhi N. et al. (2018) ™ also
reported 327 kcal/100gm of energy value for Cereal based
Instant Soup Mix incorporated vegetable flour.

Functional properties of developed Burma black rice
Based Instant Beverage Mix (BBIBM)

Water-holding capacity (%)

Water-holding capacity (WHC) plays an important role in
developing food texture (Haque et al. 2016) 281, improving
the binding of the structure, enhancing flavor retention,
improving mouth feel and reducing moisture loss from the
food materials (Prinyawiwatkul et al. 1997).

Developed Burma black rice based instant beverage mix had
63% of the water holding capacity. Many studies have
reported that the water holding capacity of cereal based flour
mix varying between 53% and 90%water/100g (Berggren et
al. 2017; Park et al. 2017, Niu et al. 2017) [ % 481 WHC of
about 149.1-471.5% are considered criticalfor viscous food
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such as sauces, chocolate mass, soups, starches, cereal mix
(Oyarequa and Adeyeye, 2009) B4 and high viscous is
undesirable for beverage product thus the low water holding
capacity of developed burma black rice based instant
beverage mix is desirable.

Bulk and tapped density

The bulk density of the developed Burma black rice based
instant beverage mix was found to be 0.67+0.07g/
cmd.Several studies have reported that the bulk density of
cereal based flour mix ranged from 0.60-0.88g/cm?®
(Adebowale et al., 2012; Mbaeyi-Nwaoha et al., 2016) > 42,
Anaval bulk density chart also reported 0.68g/cm3 of bulk
density for cereal based mix (ANVAL Bulk Density Chart -
Anval - First in Feeders & Airlocks. This indicates that the
space required for storage is less for the developed cereal
based instant beverage mix. The higher the bulk density, the
less occluded air within the powders and, therefore, less
possibility for product oxidation and reduced storage stability
(Lewis M.J. 1987) (441,

The high bulk density of flour suggests their suitability for use
in food preparations and reducing shipping and packaging
costs and influences other powder properties such as flow
ability and instant characteristics (Bian et al. 2015) [*2,
Tapped density was 0.81g/ cm®. Several study have reported
that the tapped density of cereal based flour ranged from 0.76-
0.84g/ cm® (Barba et al. 2020; Etti et al. 2019 [
Swaminathan’s and Guha, 2018) 62, In product with higher
bulk and tapped density, particles come closer together and
start to fill the voids between them, resulting in better packing
fraction by obtaining lesser volume for packing (Bodhmage,
2006) 23 Bulk and tapped density influenced by
interparticulate interactions which interfere with powder flow.

Flow ability and Cohesiveness

Flow ability of food powder is defined as the ease with which
a material will flow under a specified set of conditions.
Hence, a material with good flow characteristics flows
consistently without assistance (Chinwan et al. 2019) [,
Carr’s compressibility index (CI, %) is a measure of powder
bridge strength and stability. The higher values of Cl and HR
indicated the cohesive nature of the flours with poor flow
ability (Bala et al. 2020) 7],

Developed Burma black rice based instant beverage mix has
high CI value (17.8) and fair flow behaviour. Powder with CI
from 16-20 was classified as fair flowability (Geldert et al.
1984) 241, The flowability of the product directly related to the
moisture content of the product this might accelerates
agglomeration because of the strong interlocking force
associated with the inter-particle liquid bridges that resulted in
stickiness or cakingof the product (Mitra et al. 2017) %1, An
increase in moisture content of the powders resulted in
decreased powder flowability caused by the cohesion between
the powder particles (Jung et al., 2018) 71, Opalinski et al.
(2012) B9 explored the fact that the moisture content is
responsible for increasing or decreasing the mechanical
strength of the powder excellent or poor flowability of the
powder.

As Carr’s compressibility, the Index Hausner ratio also
measures the product ability to settle and provide information
about the flow behaviour of the flour samples (Bala et al.
2020) 71,

The ratio of tapped density to bulk density is known as
the Hausner ratio (HR). Hausner ratio (HR) less than 1.18
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indicate good flow, greater than 1.25 indicate poor flow and
value from 1.19 to 1.25 was classified as fair cohesive
(Geldert D. et al. 1984) 24,

Developed Burma black rice based instant beverage mix had
HR value of 1.2+0.1 indicates fair flow property of the
powder. Fair flowability may be due to the higher moisture
content (10.25+0.25 g/100g) of the product (Aulton, 2013) [,
The same observation was made by Chinwan et al. in 2019 4]
indicating that the higher moisture content increases the
Hausner's ratio (HR) and Carr's Index (CI) thereby reducing
the flowability of an instant mix.

Dispersibility

Dispersibility of the product is directly related to flowability.
A product with an HR value of 1.19 to 1.25 indicates better
flowability and higher dispersibility (Ganesan et al. 2008) 251,
The developed Burma black ricebased instant beverage mix
had 63% of Dispersibility which was similar to the
dispersibility value of cereal based formulated mix of 60-65%
(Kulkarni et al. 1991) B, This lead to less lump formulation
and agglomerations of the powder that fall apart in the water.
Good dispersibility enhances the emulsifying and foaming
properties of proteins, which was observed as an important
functional property of flour for instant beverages applications
which significantly affects consumer acceptability (Kinsella et
al. 1979) 1381,

Hygroscopicity

Developed Burma black rice based instant beverage mix had
50% of hygroscopicity. many research studies showed that
hygroscopicity of instant beverage mix was within the range
from 47% to 65% (Tonon et al. 2009; Rodriguez et al.
2005; Mishra et al. 2014) [64 5 41 Many studies have
revealed that a hygroscopicity value of more than 60%
decreases the flowability of instant beverage mixes (Juarez-
enriquez et al.2017; Arigo et al. 2019) [35 51,

Viscosity

Viscosity is responsible for the “mouth feel” parameter such
as texture, consistency of a beverage product (Lee et al. 2018)
[0, Developed cereal based instant beverage mix had
5.75+0.46¢P of viscosity and fulfilled the criteria of viscosity
(not more than 50cP) for beverage production given by the
National Dysphagia Diet (2002) 161,

Wettability

Reconstitution properties in terms of wettability reflect how
long, the particles become wet during the reconstitution
process (Nguyen et al. 2015) ¥,

The wettability of the developed Burma black rice based
instant beverage mix was 55.00 sec. fulfilled the criteria of
wettability (66sec.) for beverage powder given by the
American dairy product institute (1971) [, Several studies
have reported that the wettability ranged from 50.00 to 60.15
secin cereal based blend reflecting the ease of flour dispersing
and fastest dissolution in water (lwe et al. 2007; Dupas et al.
2015; Dhingra et al. 2004) 7. 81 Flour neededa long time
100-120sec. to wet reflecting poor wettability, because of low
specific surface area and particle’s texture/microstructure, and
chemical composition (Nguyen et al. 2015) (47,

Conclusion
It is evident from the investigation that the developed Burma
black rice Based Instant Beverage Mix (BBIBM) had superior
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chemical and functional characteristics. The developed Instant
Beverage Mix was rich in protein, crude fibre, total
carbohydrate and energy value. BBIBM showed excellent
hygroscopicity, dispersibility, reconstitution behaviour and
flow rate indicating quality product for consumer
acceptability.
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