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ABSTRACT
Sweet basil seeds (Ocimum basilicum) are a rich source of dietary fiber.
Considering the importance of dietary fiber on human health and the rising
market demand for functional beverages, an attempt was made to develop
fruit-flavoured beverages with basil seeds suspension. Different
hydrocolloids like carrageenan, xanthan gum, gelatin and gum arabic were
used at 0.02, 0.3, 1 and 2% w/v, respectively, to understand the stability of
dispersed sweet basil seeds in fruit-flavoured beverages. The developed
beverage samples were analyzed for colour (L*, a*, b*), zeta potential (Z),
viscosity and relevant organoleptic qualities. Results showed that beverage
composition with xanthan gum had Z value of -34.1 mV and viscosity of
232.6 cP, provided better stability for the dispersion of basil seeds. The
hydrocolloids gelatin and xanthan gum showed a slight variation in colour
values. Beverages containing 0.3% w/v xanthan gum were found to be the
best formulation for the production of fruit-flavoured beverages with
uniformly suspended basil seeds.

Introduction
The global market for beverages is huge. However,
increased consumption of soft drinks can lead to
weight gain, obesity, diabetes and other healthrelated diseases. This necessitates development of
beverages that can also offer health benefits.
Functional drinks are a major subsector of the
beverage market, gaining popularity due to their
high nutritional and health benefits, which include
drinks fortified with vitamins, minerals and
nutraceuticals. The “foods and food components
that provide a health benefit beyond basic nutrition”
are called functional foods (Serafini et al., 2012).
Among the available range of functional foods,
beverages are preferred due to easy incorporation of
desirable nutrients and improved shelf-life, with
better sensory properties (Sanguansri and
*
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Augustin, 2009; Wootton-Beard and Ryan, 2011;
Kausar et al., 2012). Most of these drinks are
developed with specific health benefits or
therapeutic value; including cardio protective and
anticancer properties. They maintain intestinal
microbiota, improve digestion and boost immunity
(Tenge and Geiger, 2001). Higher consumption of
fast food, carbonated beverages and lower intake of
dietary fiber leads to negative health effects
(NHMRC, 2006). At the moment, there is a rising
demand for beverages with functional and sensory
properties. Increased health concern of consumers
demands fortification of foods with dietary fiber.
Dietary fibers assist in controlling cholesterol levels
in the body, diabetes, reducing weight, and also in
preventing cardiovascular diseases, diverticulitis,
varicose veins and colon cancer (Shahidi and
Ambigaipalan, 2016). It is also a potent source
of prebiotics that selectively modulates host
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microbiota and improves host health (Fallourd
and Viscione, 2009). Generally, dietary fiber is
classified as soluble and insoluble portions. While
soluble fibers are mostly used in beverage
fortification, incorporation of insoluble fibers in
beverage and maintaining its dispensability is more
difficult (Shahidi and Ambigaipalan, 2016).
Sweet basil seeds (Ocimum basilicum) have been
used in ayurvedic medicines to improve blood
circulation, anti-inflammatory, blood sugar control
and also to improve immunity (Afifah and Gan,
2016). Basil seeds contain 10.0±0.46% protein, 33.0
± 0.61% fat, and 43.9 ± 0.22% carbohydrates (Nazir
et al, 2017). Due to their excellent nutritional
properties and health benefits, they are used in
Asian beverages and desserts like falooda (Azoma
and Sakamoto 2003; Bucktowar et al., 2016). While
basil seeds usage was limited due to the lack of
popularity, in recent days these seeds gained
attention and have been used in many ways due to
the excellent health benefits they offer (Bucktowar
et al., 2016). Moreover, very few studies have
reported the incorporation of basil seeds in
beverages (Behbahani and Abbasi 2017;
Hajmohammadi et al., 2016).
Incorporation of dietary fibers into food products
remains a challenge due to their negative effects on
sensory qualities (Cui and Roberts, 2009).
Beverages are the most suitable products to enrich
dietary fibers, considering the potential of hydration
of dietary fibers before ingestion (Dikeman and
Fahey, 2006). Considering the potential health
benefits of basil seeds, dispersion of basil seeds into
beverages will be an ideal choice for dietary fiber
supplementation. Hence, the objectives of this
study were to develop fruit flavoured functional
beverage infused with dietary fiber-rich basil seeds
and to study the effects of different hydrocolloids on
the dispersion stability of basil seeds and their
organoleptic properties.
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Material and methods
Materials
Basil seeds were purchased from a local market in
Thanjavur, India. Xanthan gum (E415) and
carrageenan (E407) were procured from Himedia,
Mumbai, India; Gum Arabic (E414) was procured
from Sigma Aldrich and gelatin was purchased from
the local market. Lemon yellow (E102) and pineapple
flavours of synthetic grade were purchased from Bush
brand.
Preparation of beverage
Basil seeds were cleaned to remove impurities and
0.34% (w/v) of seeds were soaked in water for 20
minutes. After hydration, excess water was drained
using a perforated material and the seeds were
separated. Hydrocolloids at varied concentrations; like
gum arabic (0.5 to 5% w/v), carrageenan (0.01 to 0.5%
w/v), gelatin (0.5 to 2% w/v) and xanthan gum (0.1 to
0.5% w/v) were used considering mouth feel
characteristics (Saha and Bhattacharya, 2010;
Genovese and Lozano, 2001). Gum arabic and
carrageenan above 0.2% and 0.02% w/v
concentration, respectively, gave bitter taste to the
beverage. Gelatin and xanthan gum form a soft gel
consistency when added above 1% and 0.3% w/v
concentrations, respectively. Based on preliminary
studies and literature, optimal concentration for each
hydrocolloid were fixed at 2%, 0.02%, 1% and 0.3%
w/v for gum arabic (GA), carrageenan (CRG), gelatin
(Ge) and xanthan gum (XG), respectively. Hydrated
basil seeds were mixed in beverage containing lemon
yellow (E102) and pineapple flavours; total soluble
solids were maintained at 12 °Brix. Beverages were
pasteurized at 80 °C for 5 minutes and representative
samples were used for further analysis.
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Fig. 1. Basil seed fruit-flavored beverage with different hydrocolloids. C-Control; GA- Gum Arabic; CRG- Carragennan; GeGelatin; XG- Xanthan gum
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CIE Colour values (L*, a*, b*)
CIE colour values (L*, a*, b*) of basil seed
incorporated fruit-flavored beverage were analyzed
using Hunter colour lab model D25 optical sensor
(Hunter Associates Laboratory, Reston, VA);
beverage without hydrocolloids was considered to be
the control sample. The device was calibrated using
black and white tiles prior to measurement. The
sample was placed in sample holding cup and covered
with a cover cup. In colour values, L* values indicate
the level of lightness, ranging from 0 (black) to +100
(white); a* value ranges from -100 (greenness) to
+100 redness and b* values ranges from -100
(blueness) to +100 (yellowness). The colour
difference ΔE was calculated using L*, a* and b*
values (Wibowo et al., 2015).

were in the age group between 22 to 30 years, with
equal proportion of male and female candidates. Water
was kept on the table for panelists to clean the palate
between samples. Colour, flavour, mouth feel, flow,
even dispersion of basil seeds and overall acceptability
of the basil seed infused fruit-flavored beverage with
different hydrocolloids were evaluated using 5 points
hedonic scale. Panelist gave their ranking from 1 to 5,
representing unacceptable, relatively acceptable,
good, very good, and excellent respectively (Abbasi
and Mohammadi, 2013).
Statistical analysis
All the experiments were carried out in triplicate. Data
was analyzed statistically to determine standard
deviations and significance.

Zeta potential

Results and discussion

In order to measure the zeta potential (Z) of the
beverage samples, seeds were separated from samples
and the solution was loaded in cuvettes; Z was then
determined using a zetasizer (Zetasizer Ver. 7.11,
Serial Number: MAL1054413, Malvern Instruments
Ltd) (Genovese and Lozano, 2001).

Effect of hydrocolloids on CIE Colour (L*, a*, b* and
ΔE)

Viscosity measurement
Brookfield prime digital Viscometer (Model DV-I)
was used to measure the viscosity at room
temperature. For viscosity measurement 2 spindles
(S61 and S62) were used, depending on the viscosity
of the beverage at spindle speed of 100 rpm (Mutlu et
al., 1999).
Organoleptic evaluation
Organoleptic evaluation was conducted using 5 points
hedonic scale rating. Samples (100 mL) were
presented to 10 semi-trained panelists. All panelists

Effect of different hydrocolloids concentration on
CIE colour (L*, a*, b*) values of basil seed
incorporated
fruit-flavoured
beverage
is
summarized in Table 1. There was no significant
difference in brightness (L*) values when compared
to control samples (C), except for beverages
containing Ge. Other indices like redness to
greenness (a*) of all beverage samples were almost
similar. Yellowness to blueness (b*) of the all
beverage samples were almost similar except for
beverage containing hydrocolloid XG. The colour
properties of hydrocolloids XG and Ge and possible
interaction of hydrocolloids with sugar show
significant colour difference in the developed
beverage when compared to the control sample (de
Almeida Lins et al., 2014; Sharma et al., 2006).

Table 1. Effect of hydrocolloids on colour indices of basil seed fruit-flavoured beverage
CIE Colour values
Sample

Colour difference( ΔE)

L*

a*

b*

C

23.13±0.81

-4.65±0.32

12.33±0.11

-

GA

22.58±0.65

-5.58±0.34

14.72±0.47

2.50±0.60

CRG

22.42±1.19

-4.90±0.50

14.59±0.39

2.52±0.59

Ge

12.18±0.87

-4.10±0.19

13.16±0.58

11.01±0.63

XG

22.03±0.47

-4.26±0.29

26.61±0.51

14.45±0.45

Values are means ± standard deviation (n=3); C-control; GA- Gum Arabic; CRG- carrageenan; Ge- gelatin; XGxanthan gum
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Effect of hydrocolloids on Zeta potential

Effect of hydrocolloids on viscosity

The magnitude of the charge existing on colloidal
particles decides the stability of the solution (Morrison
and Ross, 2002; Hajmohammadi et al., 2016). When
particles have large Zeta potential (Z) value, generally
above the + 30 mV, particles repel each other and
maintain the stability of the solution. When the Z value
is between + 30 mV, particles agglomerate due to less
potential difference between particles and dissolution
medium. The developed beverages with different
hydrocolloids show Z value from -6.24 to -34.1 mV
which shows the effect of hydrocolloids on the zeta
potential of the beverage. As seen in Fig. 2, the absolute
Z amount of the beverage, without hydrocolloid and with
hydrocolloid GA, CRG, Ge and XG gives the values -12,
-11.1, -16.9, -6.24 and -34.1 mV respectively. High Zeta
value of XG maintains the dispersibility of basil seeds.
Except for XG, all the other hydrocolloids at selected
concentration showed less zeta value and became
unstable. Similar stability results were obtained in other
fruit juices with XG as hydrocolloid (Genovese and
Lozano, 2001; Mirhosseini and Tan, 2010).

A gel network is formed through entwining and crosslinking of the polymer chain present in hydrocolloids
to form a three-dimensional network. This network
formation depends on inter chain linking property of
the hydrocolloids used (Djabourov, 1991; Burey et al.,
2008). The high viscosity and ability to form gel-like
structure of hydrocolloids help in the even dispersion
of seeds. Based on the viscometer readings (Fig. 3),
beverages with hydrocollids GA, CRG, Ge and XG
showviscosity of 7.32 ± 0.15, 6.76 ± 0.51, 5.98 ± 0.22
and 232.36 ± 0.55 cP, respectively. Except XG all the
other hydrocolloids shows similar vicosity as that of
cotrol sample with out hydrocolloids, 5.88 ± 0.6 cP.
XG absorbes water quickly and produce viscous and
stable solution with pseudo plastic behavior
(Niknezhad et al., 2016). Due to this property XG
gives good mouth feel, fluidity and adhesion when
added to beverages (Sanderson, 1981; Katzbauer,
1998).

Fig. 2. Zeta analysis of basil seed fruit-flavoured beverage; C-control; GA-Gum Arabic; CRG-carrageenan; Ge-gelatin; XGxanthan gum
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Fig. 3. Effect of hydrocolloids on the viscosity of basil seed fruit-flavoured beverage (C-control; GA- Gum Arabic; CRGCarrageenan; Ge-Gelatin; XG-Xanthan gum)

Table 2. Organoleptic evaluation of basil seed fruit-flavoured beverage
Sensory property (Score out of 5)
Sample
Colour

Flavour

Mouth feel

Flow

Dispersion of
seeds

Overall
acceptability

C

4.8±0.42

3.9±0.31

4±0.94

4.2±0.42

1.1±0.31

3.2±0.81

GA

4.8±0.42

3.3±0.48

3.6±0.84

4.1±0.31

1.2±0.42

3.4±0.51

CRG

4.7±0.48

3.4±0.51

3.2±0.63

4.0±0.47

1.1±0.31

3.25±0.66

Ge

4.5±0.52

3.8±0.42

3.9±0.56

4.0±0.47

1.2±0.42

3.48±0.63

XG

4.2±0.42

3.8±0.63

3.2±0.78

3.2±0.82

4.8±0.42

3.84±0.78

Values are means±standard deviation (n=10). Score value indicates: 1-unacceptable; 2-relatively acceptable; 3-good; 4-very good; and
5-excellent. C-control; GA-Gum Arabic; CRG-carrageenan; Ge-gelatin; XG-xanthan gum

Effect of hydrocolloids on organoleptic qualities
The organoleptic evaluation of basil seed incorporated
fruit-flavoured beverage are listed in Table 2. It can be
observed that only XG hydrocolloid has higher mean
scores, while all the other hydrocolloids have
significantly lower value. Though significant colour
difference was observed in hunter colour Lab (as listed
in Table 1), the panelists were not able to distinguish
any significant difference in colour among beverages.
Higher viscosity of beverage with XG hydrocolloid,
which reduced the mouth acceptability compared to
the control sample, was observed by panelists. The
viscosity increased by XG offered even dispersion of
basil seeds in the fruit flavored beverage. No other
hydrocolloids studied were able to maintain even
dispersion of basil seeds. Based on overall acceptance
parameters including even dispensability of seeds,

beverage containing XG achieved the highest
acceptance score.

Conclusion
Functional beverages are nutrient rich beverages with
potent health benefits. Hydrocolloids are long chain
hydrophilic polysaccharides and some proteins, with
large number of hydroxyl groups. Hydroxyl groups on
hydrocolloids increase affinity for binding water and
help in producing dispersion. Dispersed hydrocolloids
absorb water and swell which in turn increases the
viscosity of liquid phase and produces colloidal
suspension. The increased viscosity helps in
dispersion of solid particles and maintains even
dispersion. In this study, different hydrocolloids (gum
arabic, carrageenan, gelatin, and xanthan gum) were
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used to evenly disperse the health-promoting dietary
fiber rich basil seeds in fruit flavoured beverages.
Though these hydrocolloids have gel forming and
stabilizing properties, some failed to give even
dispersion at fixed concentrations. This may be due to
lower concentrations used to obtain better mouthfeel
during preliminary studies. Among these, xanthan
gum at concentration of 0.3% w/v was able to maintain
even dispersibility of basil seeds through its increased
viscosity and stabilizing action. The functional
beverage developed in this study has good
organoleptic property and consumer acceptance with
health-promoting basil seeds suspended in it.

References
Abbasi, S., Mohammadi, S. (2013): Stabilization of milkorange juice mixture using Persian gum: Efficiency
and mechanism. Food Biosci. 2, 53-60.
https://doi.org/10.1016/j.fbio.2013.04.002
Afifah, B.S.S.N.H., Gan, C.Y. (2016): Antioxidative and
Amylase Inhibitor Peptides from Basil Seeds. Int. J.
Pept.
Res.
Ther.
22(1),
3-10.
https://doi.org/10.1007/s10989-015-9477-5
de Almeida Lins, A.C., de Barros Cavalcanti, D. T.,
Azoubel, P.M., de Alemida Mélo, E., Sucupira Maciel,
M-I. (2014): Effect of hydrocolloids on the
physicochemical characteristics of yellow mombin
structured fruit. Food Sci. Technol. (Campinas) 34(3):
456-463,
July-Sept.
2014.
http://dx.doi.org/10.1590/1678-457x.6348
Azoma, J., Sakamoto, M. (2003): Cellulosic hydrocolloid
system present in seed of plants. Trends in
Glycoscience and Glycotechnology, 15(81), 1-14.
https://doi.org/10.4052/tigg.15.1
Behbahani, M.S., Abbasi, S. (2017): Stabilization of
flixweed seeds (Descurainia sophia L.) drink: Persian
refreshing
drink. Food
Biosci. 18,
22-27.
https://doi.org/10.1016/j.fbio.2017.03.001
Bucktowar, K., Bucktowar, M., Bholoa, L.D. (2016): A
Review on Sweet Basil Seeds: Ocimum basilicum.
World J. Pharm. Pharm. Sci. 5(12), 554-567.
https://doi.org/10.20959/wjpps201612-8205
Burey, P., Bhandari, B. R., Howes, T., Gidley, M. J. (2008):
Hydrocolloid
Gel
Particles:
Formation,
Characterization, and Application. Crit. Rev. Food Sci.
Nutr.
48(5),
361–377.
https://doi.org/10.1080/10408390701347801.
Cui, S.W., Roberts, K.T. (2009): Dietary fiber: Fulfilling
the promise of added value formulations. In Modern
biopolymer science. S. Kasapis, I. T. Norton, & J. B.
Ubbink (eds.), San Diego: Elsevier, pp. 399-448.
Dikeman, C., Fahey, G.C. (2006): Viscosity as related to
dietary fiber: A review. Crit. Rev. Food Sci. Nutr. 46,
649-663.
https://doi.org/10.1080/10408390500511862
Djabourov, M. (1991): Gelation–A Review. Polym. Int.
25(3),
135–143.
https://doi.org/10.1002/pi.4990250302

42

Fallourd, M. J., Viscione, L. (2009): Ingredient selection for
stabilization and texture optimization of functional
beverages and the inclusion of dietary fibre. In
Functional and speciality beverage technology,
Paqulin, P. (ed.), Elsevier, pp. 3-38.
Genovese, D. B. Lozano, J. E. (2001): The effect of
hydrocolloids on the stability and viscosity of cloudy
apple
juices.
Food
Hyd.
15,
1-7.
https://doi.org/10.1016/S0268-005X(00)00053-9
Hajmohammadi, A., Pirouzifard, M., Shahedi, M.,
Alizadeh, M. (2016): Enrichment of a fruit-based
beverage in dietary fiber using basil seed: Effect of
Carboxymethyl cellulose and Gum Tragacanth on
stability. LWT-Food Sci. Technol. 74, 84-91.
https://doi.org/10.1016/j.lwt.2016.07.033
Katzbauer, B. (1998): Properties and applications of
xanthan gum. Polym. Degrad. Stab. 59(1-3), 81-84.
https://doi.org/10.1016/S0141-3910(97)00180-8
Kausar H., Saeed S., Ahmad M.M., Salam A. (2012):
Studies on the development and storage stability of
cucumber-melon functional drink. J. Agric. Res, 50(2),
239-248.
Mirhosseini, H., Tan, C. P. (2010): Effect of various
hydrocolloids on physicochemical characteristics of
orange beverage emulsion. J. Food Agric. Environ.
8(2), 308-313. ISSN 1459-0255
Morrison, I.D., Ross, S. (2002): Colloidal dispersions;
suspensions, emulsions and foams. NY, USA: WileyInterscience. ISBN: 978-0-471-17625-1
Mutlu, M., Sarıoǧlu, K., Demir, N., Ercan, M. T., Acar, J.
(1999): The use of commercial pectinase in fruit juice
industry. Part I: viscosimetric determination of
enzyme activity. Journal of Food Engineering, 41(3),
147-150.
https://doi.org/10.1016/S02608774(99)00088-6
Nazir, S., Wani, I. A., Masoodi, F. A. (2017): Extraction
optimization of mucilage from Basil (Ocimum
basilicum L.) seeds using response surface
methodology. J.
Adv.
Res. 8(3),
235-244.
https://doi.org/10.1016/j.jare.2017.01.003
NHMRC (National Health and Medical Research Council),
(2006): Nutrient reference values for Australia and
New Zealand Including recommended dietary intakes.
Canberra: Australian Government Publishing Service.
Niknezhad, S.V., Asadollahi, M.A., Zamani, A., Biria, D.
(2016): Production of xanthan gum by free and
immobilized cells of Xanthomonas campestris and
Xanthomonas pelargonii. Int. J. Biol. Macromol. 82,
751-756. doi: 10.1016/j.ijbiomac.2015.10.065
Sanderson, G.R. (1981): Applications of xanthan
gum. Polym.
Int.
13(2),
71-75.
https://doi.org/10.1002/pi.4980130207
Sanguansri L., Augustin M. A. (2010): Microencapsulation
in functional food product development. In Functional
food product development. Smith J., Charter E., (ed.).
Oxford, UK.: John Wiley & Sons. pp. 3–23.
Serafini M, Stanzione A, Foddai S. (2012): Functional
foods: traditional use and European legislation. Int. J.
Food. Sci. Nutr. 63, 7–9. https://doi.org
10.3109/09637486.2011.637488

Thanushree Prabhuswamy et al., / Influence of different hydrocolloids … / Croat. J. Food Sci. Techol. / (2019) 11(1) 37-43

Shahidi, F., Ambigaipalan, P. (2016): Beverages fortified
with omega-3 fatty acids, dietary fiber, minerals, and
vitamins. In Handbook of Functional Beverages and
Human Health. Shahidi F., Alasalvar C. (ed.) Taylor
and Francis Group LLC, UK, 801-813.
https://doi.org/10.1201/b19490-69
Sharma, B.R., Naresh, L., Dhuldhoya, N.C., Merchant, S.
U., Merchant, U.C. (2006): Xanthan gum-A boon to
food industry. Food Promotion Chronicle 1(5), 27-30.
Tenge, C., Geiger, E. (2001): Alternative Fermented
Beverages - Functional Drinks. Master Brewers
Association of Americas – MBAA Technical Quaterly
38(1), 33-35.

Wibowo, S., Vervoort, L., Tomic, J., Santanina Santiago, J.,
Lemmens, L., Panozzo, A., Grauwet, T., Hendrickx,
M., Van Loey, A. (2015): Colour and carotenoid
changes of pasteurized orange juice during storage.
Food
Chem.
171,
330-340.
https://doi.org/10.1016/j.foodchem.2014.09.007
Wootton-Beard, P.C., Ryan, L. (2011). Improving public
health- The role of antioxidant-rich fruit and vegetable
beverages.
Food
Res.
Int.
44:3135–48.
https://doi.org/10.1016/j.foodres.2011.09.015

43

