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Abstract The present study investigated the effect of

processing on the nutritional, functional, organoleptic and

rheological properties of millet and sprouted legumes

beverage flavored with jaggery (B1) and buttermilk (B2)

for its processing suitability. The millets, sprouted

legumes, flavoured with jaggery (B1); and buttermilk and

salt (B2), used influenced the suspension stability, nutri-

tional, sensory quality and rheology of beverages. Millets

imparted minerals and starch while sprouted legumes

improved solubility and extractability of nutrients and also

increased the levels of anti-oxidants and flavonoids. But-

termilk improved the stability, increased contents of pro-

teins and minerals and imparted a light colour to the

beverage. Jaggery was responsible for caramelized colour

and flavor, improved consistency, psuedoplasticity and

better organoleptic acceptability. The nutritional quality of

B2 was higher in terms of iron (1.8 mg/100 g) and calcium

(75 mg/100 g) with 90% antioxidant activity. Highest L*

values were obtained for B2 indicating lighter color,

whereas B1 was darker with lower L* values. Organoleptic

evaluation showed higher acceptability (7.6) of B1 as

compared to B2. Results of flow behavior indicated

pseudo-plastic nature of beverages. Significant increase in

viscosity was also observed with the increase in tempera-

ture (10, 25 and 45 �C) of the beverages. The flow curves

of B1 produced the best fit applying the Power law model

and for B2, Casson model was the best fit. Results of this

study could be used in improvement of the process for

making millet-based beverage, design of packaging system

and also to predict the flow behavior of beverages during

storage.

Keywords Beverages � Rheology � Model fitting �
Nutritional quality � Organoleptic evaluation

Introduction

In recent years, beverages with functional properties have

become popular for those who want specific health benefits

from their foods. The utilization of processed products

using sorghum and finger-millets are now important

because they contain resistant starch (Wadikar et al. 2007)

proteins, minerals, vitamins and phytochemicals. Green-

gram (Vigna radiata) and soybeans are excellent sources of

protein, dietary fibre, vitamins and minerals. Sprouting

increases protein and dietary fiber; reduces tannin and

phytic acid and increases mineral bioavailability (Agrahar-

Murugkar and Jha 2010) and are therefore incorporated in

mixes to enhance nutrient content of diets. Coconut powder

called a ‘‘functional food’’ because of its several health

benefits like lowering bad cholesterol, keeping digestive

tract healthy and maintaining blood sugar levels is rich in

fiber, protein, and calcium (Ramaswamy 2014). Jaggery, a

traditional sweetener made by concentrating sugarcane

juice, is totally natural and serves as rich source of minerals

especially iron. Buttermilk is an excellent source of min-

erals, vitamins, enzymes, and protein (Conway et al. 2014)

with therapeutic potential (Conway et al. 2013) and has

applications in a variety of foods such as drinks, nutritious

bakery products, confectionaries etc. (Fuller et al. 2013).

It would be very interesting to study how factors like

functionality of ingredients like millets, sprouted legumes,

coconut, buttermilk, jaggery etc.; processing conditions;
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and interactions between colloidal ingredients (Cano-Ruiz

and Richter 1998) influence the qualitative properties of

beverages that are planned in the study.

Knowledge of rheology is essential to develop a bev-

erage with an optimum consistency for a good mouth-feel.

Beverages contain emulsions and dispersions, making

product stability during storage an important factor in its

commercial development and rheology contributes

immensely in this area. Design of flow systems, product

development, and mechanization of the beverage produc-

tion process (Bhattacharya et al. 1999) use rheological

properties like flowability. Flow behavior of a beverage is

an important attribute in rheology which influences con-

sumer preferences and determines the processing and

quality control of fluid foods (Sopade and Kiaka 2001).

Thus rheological properties lead to a refinement of process

parameters for beverage development.

Use of ingredients like millets, sprouted legumes, but-

termilk, coconut, jaggery etc. to develop a beverage; pro-

cessing the ingredients to extract maximum nutritional,

functional and organoleptic quality while maintaining sta-

bility is a challenge, which has been taken up in this study.

Keeping in mind the above challenges a study was

planned with the objectives following objectives, (1) to

investigate effect of ingredients and its processing on the

suspension stability, nutritional, functional, organoleptic

and rheological properties of beverages, (2) to analyze the

shear behavior of beverages in terms of parameters defined

by standard rheological models, and (3) to investigate the

processing suitability and quality of a millet based bever-

age enriched with sprouted legumes and flavored with

jaggery (sweet) and buttermilk (salty).

Materials and methods

Preparation of beverages

Raw materials

Sorghum (Jowar), finger-millet (Ragi), whole green-gram,

whole soybean, dairy whitener (Banaskantha Dist. Co-op-

erative Milk Producers’ Union Ltd., India), buttermilk

(Sanchi- Madhya Pradesh Cooperative Dairy Federation,

Bhopal, India), cumin seeds, salt, desiccated coconut and

jaggery were procured from the local markets in Bhopal,

India.

Pre-preparation of legumes flour

Soybean and green-gram were cleaned thoroughly and

made free from dust, dirt, stubbles and foreign matter. For

sprouting, cleaned seeds were surface sterilized with 0.1%

(w/v) potassium permanganate solution, followed by

soaking in distilled water for 4 h at room temperature (RT).

The seeds were germinated in a programmable environ-

mental test chamber (Remi Laboratory instruments, India)

at 25 �C, 90% RH for 48–72 h for soybean (Agrahar-

Murugkar and Jha 2009) and 24–48 h for green-gram

(Agrahar-Murugkar et al. 2015). After sprouting, the seeds

were dried in an oven overnight at 60 �C and then cooled to

RT and powdered using analytical mill (Cole Parmar,

Vernon, IL, USA) at high speed (10,590 G). Flours were

then sieved through mesh of size 300 microns.

Beverages processing

The base ingredients for the beverages included sorghum

and finger-millet (5.8% each), sprouted soy flour (1.1%),

sprouted green-gram flour (0.7%), dairy whitener (1.6%)

and desiccated coconut (1.8%). In addition, Beverage 1

(B1), contained jaggery (8.3%) and water (75%) while

Beverage 2 (B2), contained butter-milk (67%), cumin and

black salt (1% each) and water (15%).

Sorghum and finger-millets were cleaned, washed and

soaked separately in water in the ratio of 1:2 (seeds to

water) for 2 h at 30 �C. After soaking, excess water was

drained and millets were coarsely wet-milled in a mixer

(Spar mixer, Model SP-800A-C Spar food machinery Mfg.

Co. Ltd., Taiwan, R.O.C) for 2 min at medium speed (2nd

position) using the serrated blade followed by the addition

of water (80 �C) and mixing for 2 min at medium speed.

After wet milling of the millets, sprouted soybean flour,

green-gram flour and desiccated coconut were added and

mixed well into slurry. The slurry was then put into the

grinding cum blanching unit of Soymilk preparation unit

(fabricated at Central Institute of Agricultural Engineering,

Bhopal, India). Water was then added (1:2; solids to water)

in the unit and a pressure of 1 kg/cm2 (15 psi) was gen-

erated by infusing culinary steam at a pressure of 1–3 kg/

cm2 (15 to 54 psi). Grinding cum blanching was carried out

for 12 min at 80 �C. After the pressure from unit was

released, the slurry was filtered with a muslin cloth and

beverages were extracted. In case of B1, jaggery and milk

powder were dissolved into the beverage and the final

volume was made up with 75% water. In case of B2,

buttermilk, cumin powder and salt was added and the final

volume was made up with 15% water. The beverages were

homogenized in colloidal mill and then stored in sterilized

in bottles until further analysis.

Suspension stability

Suspension stability was determined according to a pro-

cedure modified from a method described by Priepke et al.

(1980) by measuring the top to bottom ratios of total solids
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in beverages stored undisturbed in a 20 ml bottle for 5 days

at 4 �C. For this portions (3 ml) were carefully withdrawn

with a 5 ml syringe from the centre of the upper 1/3 of the

bottle and from the lower 1/3 of the bottle. Samples from

each 3 ml portion were analysed for total solids content

using a 105 �C drying method.

Proximate analysis and phenolic, flavonoid content

and anti-oxidant activity

The moisture, fat, protein, minerals, calcium, phosphorus

and iron content of the beverages were estimated by stan-

dard methods of AOAC (2005).

For functional components, 0.5 g of moisture free

sample was extracted in 6 ml 80% methanol overnight in

centrifuge tubes. The samples were centrifuged at

10,000 rpm at 2 �C for 20 min. The supernatant was col-

lected and used for analysis of functional components.

Phenolics were quantified by the Folin–Ciocalteu

method of Singleton and Rossi (1965) as described by

Siwela et al. (2010). Flavonoid content was determined

using aluminium-chloride colorimetric method as descri-

bed by Kiranmai et al. (2011). A standard calibration plot

was generated using quercetin (10–50 lg/ml). Flavonoids

were expressed as Quercetin equivalents (QE) mg/100 g

sample. Stable 1, 1-diphenyl-2-picryl hydrazyl radical

(DPPH) was used for determination of free radical-scav-

enging activity (RSA) of the samples (Lee et al. 2003).

RSA of the sample was determined as follows:

%RSA ¼ Acontrol � Asample

Acontrol

� �
� 100

where, A control = Absorbance of control at 517 nm and A

sample = Absorbance of sample at 517 nm.

Color analysis of beverages

Beverages were measured for colour using lab scan XE

spectro colorimeter (model no LX16244, Hunter Associate

Laboratory Virginia, USA) in terms of CIE ‘L’ (lightness)

‘a’ (redness and greenness) and ‘b’ (yellowness and blue-

ness), following the method of McGuire (1992). Before the

test, the instrument was calibrated with standard black and

white tiles. Samples from each batch were placed in a glass

sample cup of 5.8 cm internal diameter and color coordi-

nates were measured. An average of 10 readings was

reported for each sample.

Organoleptic evaluation

A 9-point hedonic scale was used to determine the sensory

acceptability of the beverages for taste, texture, flavor,

color, appearance and OAA. Thirty panelists from staff and

students of Central Institute of Agricultural Engineering,

Bhopal, India who were non-smokers and did not consume

alcohol evaluated the sensory attributes of the beverage.

Both the samples were served in a bowl, in random order.

The sensory evaluation took place in a sensory laboratory

with individual booths. Each booth was provided with an

incandescent light, a small basin and a tap to rinse the

mouth between tastings. The attributes evaluated were

colour, appearance, mouth feel, taste, flavor and overall

acceptability. For each sample, panellists scored their lik-

ing of these characteristics using the nine point Hedonic

scale. Average of 30 scores for each parameter is reported.

The scores represented 1 = dislike extremely, 2 = dislike

very much, 3 = dislike moderately, 4 = dislike slightly,

5 = neither like nor dislike, 6 = like slightly, 7 = like

moderately, 8 = like very much and 9 = like extremely.

Rheological properties of beverages

Steady shear properties were obtained at selected temper-

atures of 10, 25 and 45 �C using a parallel-plate rheometer

(Anton Paar, Germany: Physica MCR 51). Beverages were

prepared just before the experiments. The gap between the

plates was 1 mm. Shear rate, which was increased linearly

from 0.798 to 150 s-1, was applied to the sample for 5 min

(Yolacaner et al. 2008). Temperature was controlled by a

circulating water-bath. Throughout the tests, shear rate-

shear stress and shear rate-apparent viscosity data were

collected. Data were fitted to Casson Eq. (1), Herschel–

Bulkley model Eq. (2) and Power law rheological models

Eq. (3):

r0:5 ¼ K0c þ KcðcÞ0:5 ð1Þ

Casson yield stress (r0c) and Casson plastic viscosity

(gca) was determined as square of intercept (K0c) and slope

(Kc) respectively (Rao 2014).

s ¼ s0 þ K � c n ð2Þ

where r is shear stress (Pa) and c is shear rate (s-1). s 0 is

yield stress calculated from Casson Model (Eq. 1), KH is

consistency index (Pa sn) and n H is flow behaviour index

of the model (Rao 2014).

This non-linear model, with appropriate values of s0, K

and n, the model can be converted to power law model

[Eq. (3)] or simple linear model.

s ¼ K � c n ð3Þ

where s (Pa) is shear stress, K (Pa s) is consistency coef-

ficient, c is shear rate (s_1) and n is the dimensionless flow

behaviour index.
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Statistical analysis

The experiments were carried out in triplicate and results

are presented as mean values with standard deviations.

Different mean values were analyzed by one way analysis

of variance (ANOVA) using SPSS16. A probability level

of p\ 0.05 was considered to be significant for all sta-

tistical procedures.

Results and discussion

Suspension stability

Stability of particles in the beverage in terms of suspension

stability is shown in Table 1. Both the beverages showed

stability as determined by top to bottom ratios of total

solids of approximately 1.00. B2 showed a significantly

(p\ 0.5) higher suspension stability of 0.98 as compared

to B1. This could be attributed to the presence of butter-

milk which contains higher amount of protein and phos-

pholipids with hydrophilic protein–lipid complexes like

milk-fat globule membrane surrounding the fat globules in

buttermilk. This stabilizes them against coalescence mak-

ing them effective surface active agents resulting in good

emulsifying properties.

Nutritional and functional component of beverages

The nutritive value of the beverages (Table 1) studied

showed that both beverages were good sources of minerals,

phenolics flavonoids and anti-oxidants compared to the

prevalent beverages available in the market today. Millets

are known to contain good amounts of minerals as has

been observed in our study as well. Thapa and Tamang

(2004) have also reported higher calcium, iron and phos-

phorus content in Kodo ko jaanr, a traditional beverage

prepared from finger-millets. Sprouting of legumes

improves solubility of nutrients and thereby increases its

extractability into the aqueous milieu. Apart from this, the

availability of minerals improves as does the content of

antioxidants, flavonoids and phenolics (Agrahar-Murugkar

et al. 2015). Between the two beverages, B2 contained

significantly (p\ 0.5) higher protein, total minerals, cal-

cium, iron and phosphorus compared to B1. Addition of

buttermilk containing high value milk proteins improved

the protein content (Nunes et al. 2009) of the beverage.

Fermented milk products are excellent sources of essential

minerals particularly, calcium and phosphorus (Gurr

1987), and addition of buttermilk resulted in the higher

mineral content of B2. Results of functional components

revealed significantly (p\ 0.5) higher total flavanoids

(3.0QE mg/100 g) and antioxidant content (90.2% RSA/ T
a
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100 g) in B2 in comparison to B1 (1.2 QE mg/100 g and

83.1% RSA/100 g) respectively. The phenolic content and

antioxidant activity shows strong correlation in many

studies (Agbor et al. 2011). Studies have showed that

buttermilk was effective at producing an antioxidant effect

by acting as a reducing agent to scavenge peroxide and

hydroxyl radical, and sequestering both Fe2? and Fe3?

(Wong and Kitts 2003).

Color analysis

Table 2 shows the color of the beverage samples, expres-

sed in terms of tri-stimulus attributes, L*, a* and b* values.

Lightness value (L*), associated with luminous intensity in

B1 (57.3) was lower than B2 (73.6). The lower L* values

of B1 could be due to added jaggery caramelization in the

product, which is known to provide color and specific

aromas to foods (Pintea 2008). L* value increases with

increase in fat content and in our study as well as by

Phillips et al. (1995). The a* and b* values of beverages

were on the positive side, indicating that the product was

slightly reddish-yellow.

Organoleptic evaluation

Sensory evaluation offers the opportunity to obtain a

complete analysis of the various properties of food as

perceived by human sense. Table 2 shows the mean sen-

sory scores of the beverages. Both of the beverages were

acceptable to the consumers as indicated by the score

above 6 for all the attributes. Use of jaggery and buttermilk

as the differing ingredients in the nutritional beverage- B1

and B2 affected the sensory acceptability as indicated by

the variation in the means sensory scores of beverages.

There was no significant difference (p\ 0.5) in the score

for appearance, mouth-feel and flavour for the beverages

developed. Colour, taste and overall acceptability of the

beverages differed significantly (p\ 0.05). B2, the lighter

coloured beverage received a higher score as compared to

B1 which was a light brown coloured beverage as can be

seen by the lower L* value obtained due to jaggery.

However, the overall acceptability of B1 was 7.6 and B2

was 7.1 indicating higher consumer acceptability of B1

despite being rated lower for colour. This is because of the

higher scores being given to the taste and flavour attributes.

Other studies have also reported higher consumer accep-

tance products with addition of coconut and coconut milk

(Kolapo and Olubamiwa 2012). Comparing the results

from rheological measurements and sensory evaluation, it

was possible to verify that B1, which received higher

acceptability by panellists, was the beverage with higher

consistency index and higher pseudoplasticity, calculated

by power law model, showing correlation between

acceptability and consistency of the product as also

reported by other researchers (Penna et al. 2001).

Rheological properties of beverages

Flow behavior and Viscosity

Apparent viscosity depends upon shear rate and tempera-

ture (Vitali and Rao 1984). Its variation at different shear

rates and temperatures (10, 25 and 45 �C) are shown in

Figs. 1 and 2. According to flow curves, the shear stress

(Pa) increased with an increase in shear rate while apparent

viscosity decreased in both of the beverages, which sug-

gested pseudo-plastic or shear-thinning nature of bever-

ages. Significant increase in viscosity was also observed

with the increase in temperature of the beverages. This

could be due to the combined result of stronger protein

interactions with increase in temperature contributing in

favour of higher viscosity, in opposition to the decrease in

viscosity of water as temperature increased (Kristensen

et al. 1997). The results suggested that B2 had lower vis-

cosity and showed less shear thinning than B1. This might

be correlated with heating which is responsible for break-

ing down starch granules during the cooking process, thus

reducing viscosity without dilution with water while

simultaneously enhancing the energy and nutrient density

(Tizazu et al. 2010) as observed in terms of nutrient content

Table 2 Sensory and colour attributes of beverages

Beverage Hunter CIE colour Sensory analysis

L* a* b* Colour Appearance Mouth feel Taste Flavour Overall

acceptability

B1 57.3b ± 0.10 5.1a ± 0.1 23.5a ± 0.88 7.1b ± 0.57 7.6 ± 0.97 7.7 ± 0.48 7.6a ± 0.70 7.5 ± 0.97 7.6a ± 0.70

B2 73.6a ± 0.50 2.3b ± 0.04 11.7b ± 0.08 7.6a ± 0.52 7.8 ± 0.63 7.6 ± 0.52 7.3b ± 0.48 7.4 ± 0.97 7.1b ± 0.57

Values are expressed as mean ± standard deviation (n = 9). Means having different letters as superscripts with in the same column differ

significantly (n = 10) at p\ 0.05

B1 sweet beverage, B2 salty beverage
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of B2 (Table 1). Ingredients like finger-millet, soy flour,

green-gram flour and milk powder might have influenced

the rheological behaviour of the beverages. In polymeric

and colloidal systems, structural changes in the continuous

phase, as well as temperature sensitive interactions in the

dispersed phase may result in increase or decrease of flow

properties with temperature (Ferguson and Kembłowski

1991).

The shear stress (r) versus shear rate (c) data obtained

for both beverages were fitted to Casson, Herschel Bukley

and Power law models for beverages at 10, 25 and 45 �C.

The evaluation of standard error and regression values of

the fits determined the choice of rheological flow model.

Casson (Eq. 1), Herschel Bukley (Eq. 2) and Power laws

(Eq. 3) models are shown in Table 3. The flow curves of

the full shear stress range of B1 produced the best fit

applying the Power law model and for B2 flow curves

Casson model was the best fit (Fig. 2). Most pseudo-plastic

liquid foods like sweetened condensed milk, ice cream etc.

follow the Ostwald de Waelle model commonly known as

Power law model (Janhøj et al. 2008). Flow behavior index

(nH) of beverages ranged from 0.56 to 0.65 which indicated

shear-thinning (pseudo-plastic) behavior, which means that

the apparent viscosity decreases as the shear rate increases.

This might be due to alignment of microstructure with the

flow direction and breaking up of the agglomerated parti-

cles as explained by Singh and Heldman 2009. Consistency

index (KH) is related to the capacity of the sample for

retaining air. B1 at 45 �C had significantly (p\ 0.05)

higher value for consistency index and lowest value for

flow behavior index compared to B1 at 10 and 25 �C
whereas B2 showed no significant differences (p\ 0.05)

between temperature’s for consistency index and flow

behavior index. The estimates of K and n suggested that B2
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Fig. 1 Flow curve showing

shear rate versus shear stress

and viscosity relationship of

a sweet beverage (B1) at 10, 25

and 45 �C, b salty beverage

(B2) at 10, 25 and 45 �C
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was less viscous (lower K values) and showed less shear

thinning (higher n values) than the B1. Kristensen et al.

(1997) also reported lower viscosity and shear thinning

behavior in buttermilk. Both of the beverages were found

to have a slight thixotropic behavior. Fitting best to Casson

model, B2 showed lowest viscosity (0.06) and yield stress

(1.47) at 45 �C and highest viscosity (0.11) and yield stress

(1.93) at 10 �C.

Conclusion

The ingredients in beverage making influenced the sus-

pension stability, nutritional, sensory quality and rheology

of beverages made using millets, sprouted legumes, fla-

voured with jaggery (B1); and buttermilk and salt (B2).

Millets imparted minerals and starch while sprouted

legumes improved solubility and extractability of nutrients

and also increased the levels of anti-oxidants and flavo-

noids. Buttermilk improved the stability, increased con-

tents of proteins and minerals and imparted a light colour to

the beverage. Jaggery was responsible for caramelized

colour and flavor, improved consistency, psuedoplasticity

and better organoleptic acceptability. Shear stress (Pa)

increased with the increase in shear rate while apparent

viscosity decreased in both beverages, which suggested the

pseudo-plastic or shear-thinning nature of beverages. Sig-

nificant increase in viscosity was also observed with the

increase in temperature of the beverages. B2 had the lower

viscosity and showed less shear thinning than B1. The flow

curves of the full shear stress range of B1 produced the best

fit applying the Power law model and for B2 flow curves

Casson model was the best fit.

The study shows that processing suitability is very high

and the quality of a millet based beverage enriched with

sprouted legumes and flavored with jaggery (sweet) and

buttermilk (salty) in terms of nutrition, rheology and sen-

sory acceptability is very good.

Results of this study could be used to improve the

process for making millet-based beverage, design of

packaging system and to predict the flow behavior of

beverages during storage.
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