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Abstract
The study was carried out to evaluate the viability, physicochemical analysis and sensory analysis using fuzzy logic of synbiotic 

litchi juice drink containing probiotic L. casei 359 microencapsulated by spray drying using whey protein concentrate powder 
(WPCP) as wall material along with prebiotics inulin, gum acacia and oligofructose. The viable cell counts showed promising 
results for WPCP in combination with inulin, although, the cell count was higher than 106 cfu/ml for all the juice drink samples. 
The microcapsules showed similar morphologies with partially collapsed spherical shape with concavities but no surface fissures. 
There was reduction in pH for the sample containing gum acacia as prebiotic. Rheological properties showed a non-Newtonian 
behaviour and Herschel-Buckley model was fitted best. Fuzzy analysis showed higher acceptance for the sample containing inulin 
as prebiotic based on the parameters of color, taste, aroma and mouthfeel.
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can provide a high number of cells above the benefit level in fruit 
juices, the sensory characteristics of the product may not be acceptable 
by the consumers [13]. Direct addition of probiotics in the product is 
one method to produce probiotic fruit juice. The survival of probiotics 
during storage is important. Information is required to validate the 
benefits of probiotics in the product. Krasaekoopt et al. [14] reported 
that the survival of probiotic bacteria, L. casei 01 and L. acidophilus 
TISTR 450, in commercial fruit juices during low temperature storage 
was higher than free cells by approximately 4 logs. To enhance survival 
of probiotics in fruit juices, microencapsulation of cultures is considered 
an important technique. The viabilities of microencapsulated probiotic 
bacteria among various types of fruit juices were not significantly 
different. Moreover, there were no changes in acidity of fruit juices 
during storage. 

Litchi as a common fruit has been widely planted in Southeast 
Asia. Because of its attractive colour, unique flavour and delicious 
taste, litchi has been widely accepted by consumers. Due to the climatic 
requirements, it is grown mainly in China and India, both cumulatively 
contributing to about 90% of world litchi production. Because of its 
high moisture content and soft texture its shelf life is very short and thus 
is processed for juice production commercially. As there is increased 
trend in the shifting of simple food towards functional foods [15], it 
has motivated the food industries to develop new foods with functional 
properties. In the current research an attempt was carried out to study 
the feasibility of developing synbiotic litchi juice with whey protein 
concentrate as potential wall material for encapsulation of probiotic 
Lactobacillus casei 359, along with prebiotic materials including gum 
acacia, inulin and oligofructose.

Keywords: Whey protein concentrate; Prebiotics; Probiotics; L. casei; 
Inulin

Introduction
Development new functional foods containing probiotics has 

gained much attention during the past two decades. Probiotics are 
defined as live and active bacteria food supplements, the consumption 
of which in adequate amounts demonstrates better health benefits on 
the host over foods without probiotics [1]. Different health benefits 
are attributed to probiotics such as alleviation of lactose intolerance, 
treatment of different forms of diarrhoea, reduction in number and 
metabolic activity of gut pathogens, antioxidative potential [2,3], In 
food, it has generally been recommended that probiotic bacteria must 
be present at a minimum level of 106 CFU/g of food products [4] or 
107 CFU/g at point of delivery [5]. Dairy products such as yoghurt and 
fermented milk are considered suitable carriers of probiotics. However, 
with growing concerns over lactose intolerance and cholesterol level 
in milk, there is increasing trends for application of probiotics in non-
dairy products as well over the years [6-8]. Among many food products, 
fruit juices have been suggested to serve as good medium for probiotics 
[9]. Besides, fruit juices have the advantages of being vastly acceptable 
for consumption worldwide. 

Fruit juices are appreciated for their refreshing flavour therapeutic 
value sand exotic appearance. Their therapeutic properties have been 
attributed to the presence of various phytochemicals and bioactive 
compounds as well as dietary nutrients viz. vitamins, fiber, minerals, 
etc. [10]. Fruit juices or drinks based on fruit juices can be an important 
carrier of probiotics providing functional properties of probiotics 
along with nutritional attributes they possess. Suomalainen et al. [11] 
suggested that mixing whey in orange juice improved the survival ability 
of L. rhamnosus E800 and Lc705 in the gastrointestinal tract. No adverse 
effects on intestinal function were observed during consumption of 
whey-based orange juice supplement with probiotics. Yoon et al. [12] 
reported the production of tomato juice containing probiotic using 
probiotication process. This process allowed probiotic bacteria to grow 
in fruit juices. They reported that fermented tomato juice might serve 
as a probiotic beverage for vegetarians or consumers allergic to dairy 
products. Fermentation of tomato juice using L. acidophilus LA 39 at 
30°C for 72 hours provided the products containing higher than 106 

cfu ml−1 after storage for 4 weeks at 4°C. Although the probiotication 
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Materials and Method
Materials

L. casei 359 culture was procured from National Dairy Research 
Institute (NDRI), Karnal, India. Ripened litchi (L. chinensis var Shahi) 
was procured from local wholesale market Azadpur, Delhi (India). 
Whey protein concentrate powder (WPCP) was purchased from 
Mahaan Proteins Ltd. India, gum acacia, inulin and oligofructose were 
procured from Himedia Laboratories Pvt. Ltd. Mumbai, India.

Preparation of litchi juice

The fruits were washed with clean water, peeled and destoned by 
hand. Juice was extracted from the pulp using table top juice extractor 
(Bajaj FX-10 Food Processor). The juice was then passed through muslin 
cloth for filtration. The juice was immediately placed into sterilized 
bottles, pasteurized, cooled and stored at 4°C till further treatment.

Experimental plan

Preparation of microencapsulated probiotic powder: L. casei 359 
culture was activated by reconstituting in Lactobacillus MRS (deMan, 
Rogosa and Sharpe medium, Himedia) broth for 24 hours in an 
incubator shaker (G24, New Brunswick Scientific, NJ, USA) at 110 rpm 
and 37°C. 10 mL of the activated culture was transferred into 1 L MRS 
broth for further growth overnight till it reached a cell concentration of 
approximately 108-109 cells/ml. The culture suspension was centrifuged 
(3-18 KS Sigma, Germany) at 8000 rpm for 10 min at 4°C. The 
supernatant was decanted and the residue obtained in each was used as 
probiotic culture in four different treatments, as described below:

T1: Probiotic culture obtained as discussed above was mixed with 
100 g WPCP in one litre distilled water.

T2: Probiotic culture was mixed with 100 g WPCP and 20 g inulin 
(as prebiotic) in one litre distilled water.

T3: Probiotic culture was mixed with 100 g WPCP and 20 g gum 
acacia (as prebiotic) in one litre distilled water.

T4: Probiotic culture was mixed with 100 g WPCP and 20 g 
oligofructose (as prebiotic) in one litre distilled water.

All the samples were homogenized using ultra homogenizer (IKA 
T 18 D, Germany) at 10000 rpm for 15 min followed by incubation at 
37°C for 2 h. The mixture was then spray dried (18 SMST, India) for 
microencapsulation at inlet temperature 165°C and outlet temperature 
75°C. The powders obtained were stored at 4°C till further use.

Probiotic litchi juice drink production: Probiotic Litchi juice 
drink was prepared by mixing juice with distilled water, sugar and 
microencapsulated probiotic powder in the ratio of 20:60:10:10 by 
weight respectively. A control was run in parallel containing juice, 
distilled water, sugar and WPCP at 20:60:10:10 by weight respectively. 
All the samples were analysed immediately after their production 
for initial microbial populations according to the methodology as 
described in section. 

Scanning electron microscopy of probiotic powder

The morphological properties of microencapsulated powder were 
observed by scanning electron microscopy. The samples were placed 
on an adhesive tape attached to a circular aluminium specimen stub 
and coated with a thin layer of gold. The samples were photographed at 
an accelerating potential of 10 kV using scanning electron microscope 
(JEOL JSM-7500, JEOL Ltd, Tokyo Japan).

Rheological properties of juice drink

The rheological measurements were carried out using Rheometer 
(Anton Paar MCR 102, Austria) with cylindrical geometry (cup 
diameter: 48 mm, bob diameter: 45 mm). The flow curves at different 
temperatures, 10° and 20°C were obtained in the range of shear rate of 
0.01-100 s-1. The data obtained was fitted with Power Law (Eq. 1) and 
Herschel-Bulkley model (Equation 2). 

τ=K n                                                           (1)

τ=τ0 + K n                                                                            (2)

Where, τ  is shear stress (Pa), τ0 is yield stress (Pa),  shear rate 
(s-1), K is consistency index (Pa.sn) and n is flow behaviour index 
(dimensionless) signifying the extent of deviation from Newtonian 
behaviour. 

Physicochemical properties of probiotic litchi juice drink

The physicochemical properties of the probiotic juice were 
performed according to AOAC, methods. The pH of the samples was 
determined with a digital pH meter (Lab India) at 22 ± 2°C. Total 
soluble solids of the samples were determined by digital Refractrometer 
(Atago rx-7000i) at 20°C. Water activity was measured by digital water 
activity meter (Model-3TE, AQUA labs). Colour of the samples was 
determined by Colorimeter (Hunter Lab D25 LT) on the basis of L*, a* 
and b* values. The equipment was calibrated each time the treatment 
changed using white colour standard tile.

Fourier Transform Infrared (FTIR) spectroscopy of the probiotic 
juice drink was carried out by (Agilent Technologies Cary 630). A few 
drops of each sample were positioned in contact with attenuated total 
reflectance (ATR) plate. The ATR plate was carefully cleaned in situ 
by scrubbing with propanol and dried with soft tissue before filling in 
with the next sample. The plate cleanliness was verified by collecting 
a background spectrum. The spectra were recorded as percentage 
Transmittance within the range of 600-4000 cm−1.

Enumeration of L. casei 359

For enumeration of L. casei 359, serial dilution was performed, and 
1 ml aliquots of each dilution were transferred to sterile MRS agar petri 
plates in triplicates. The plates were incubated under aerobic conditions 
at 37°C for 48 hours.

Evaluation of overall sensory score 

Sensory evaluation of probiotic litchi juice drink: Sensory 
evaluation of probiotic litchi juice drink was done using fuzzy logic 
technique with 11 numbers of judges of the student and Faculty of 
the National Institute of Food Technology Entrepreneurship and 
Management Kundli aged between 23 to 50 years. The panellist was 
instructed to use fuzzy logic scale (1=Not satisfactory, 5=excellent) 
to evaluate the acceptability of sensory attributes such as colour, taste 
aroma and mouth feel. Judges were asked to give their response after 
tasting probiotic litchi juice and give tick mark to each sample as per 
their own feeling.

Fuzzy analysis of sensory data: The major steps involved in 
fuzzy modelling of sensory evaluation data were: (i) calculation of 
overall sensory scores of litchi juice samples in the form of triplets; 
(ii) estimation of membership function on standard fuzzy scale; (iii) 
computation of overall membership function on standard fuzzy scale; 
(iv) estimation of similarity values and ranking of the litchi juice 
samples; and (v) quality attributes ranking of litchi juice samples in 
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general. The responses were analyzed using similarity analysis [16-24]. 
A program was coded in MATLAB for the calculation of all the above-
mentioned steps.

Statistical analysis

Experiments were conducted in triplicates and mean values were 
taken with calculation of standard deviations. The data were subjected 
to one-way analysis of variance (ANOVA) with a significance level 
of 5% and Duncan's test was applied to determine the differences 
between the means using the commercial statistical packages (SPSS, 
Inc, Chicago, IL, USA).

Results and Discussion 
Powder properties

The probiotic powder was analysed by scanning electron 
microscopy (Figure 1). All the powders displayed a partially collapsed 
spherical shape with concavities. There were no evidences of the surface 
fissures or rupture of the microspheres which confirms good structural 
integrity and suggests low gas (water vapour and oxygen) permeability 
[25]. It also helps to withstand the mechanical forces associated with 
the expansion and ballooning during spray drying [26]. In addition, 
absence of free surface bacteria indicated good encapsulating 
performance of the powders. The microstructural aspects of the spray 
dried products are critically influenced by several parameters such as 
drying rates, composition, viscosity of the drying carrier aliquots and 
the atomisation process [27]. The T4 samples containing oligofructose 
resulted in more aggregated particles which was due to stickiness 
caused by low glass transition temperatures of oilogofructose [26-29].

Probiotic litchi juice drink properties

The colour of the probiotic litchi juice is given in Table 1. The L* 
value changed significantly as the prebiotic was changed. The highest 
value of L* was found as 69.19 in sample T2, containing WPCP and inulin 
followed by T4 containing WPCP and oligofructose having a value of 
59.12. The L* value did not change significantly between control and T3 
(containing WPCP and gum acacia). The minimum L* value was found 
in T1 , containing WPCP only. The increase in the values of lightness 
for T2 and T4 can be attributed to the more lightness in the prebiotics 
(inulin and oligofructose) added. The a* values changed significantly 
within the samples. The highest a* value was found in T3, because of 
the gum acacia. The positive a* values that indicate more redness while 

as its negative values indicated greenness of the synbiotic juice. The 
positive values of b* represent yellowness and was found highest in the 
control sample (7.12) followed by the sample T3. The pH of the juice 
samples varied significantly, presented in Table 1. The lowest pH value 
was found in T3 with a value of 4.97, the decrease in the pH could be 
attributed to the acidic nature of the gum acacia, followed by T2, T1, T4 
and control, in increasing order. The pH increased non-significantly 
(p ≤ 0.05) for the samples T1, T4 and control. The higher values of water 
activity (Table 1) of the juice was found in the range of 0.98 to 0.99 and 
did not change significantly with the treatment.

Total soluble solids of the juice are presented in Table 1. For 
the sample T1, T3, T4 and control, TSS did not change significantly, 
however, for the sample T2 it increased slightly to 21.37 which differed 
from the other samples significantly. The total population of the 
probiotic bacteria was found well in the range as recommended by the 
ICMR, New Delhi for any food to be called as probiotic. The results 
(Table 1) showed that the WPCP in combination with inulin showed 
significantly (p ≤ 0.05) higher values 8.12 log cfu/ml of litchi juice, 
followed by T4 (7.42 log cfu/ml), T3 (7.26 log cfu/ml) and T1 (6.9 log cfu/
ml). The data suggest that inulin had a positive effect on the protection 
of L. casei 359 during the encapsulation process, probably because it 
acted as a thermoprotector for the cells undergoing the drying process 
[25,30]. Lian et al. [30] reported that besides difference in chemical 
characteristics, the encapsulating agents have different physical 
properties. Therefore, it is reasonable to expect that the different 
prebiotics tested in this study may exert different degrees of protective 
effect on the entrapped cells of a test organism when subjected to heat 
inactivation during spray drying and, thus, take survival of L. casei 359 
to a different level. Moreover, according to Ananta et al. [31], since 
the effectiveness of probiotic consumption on human health is related 
to their viability, it is of utmost importance to not only minimize cell 
death during the spray drying process but also to ensure minimal loss 
of viability of the microencapsulated bacteria during storage. This 
study indicates that WPCP with inulin encapsulated microcapsules can 
provide tolerance to probiotic cells. 

The steady state rheology of the symbiotic litchi juice (Table 2) was 
performed at two temperatures 10°C and 20°C. The flow behaviour 
index (n) of all the samples was observed to be less than one (<1) for 
both Power-law model and Herschel-Bulkley model which justified 
shear thinning behaviour the samples. Depending upon the adjacent 
R2 value Herschel-Bulkley model was found to be best fitted model in 
all of samples.

FTIR spectroscopy of the probiotic litchi juice are presented in 
Figure 2. In all the samples, the appearance of the broad band at around 
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Figure 1: SEM of microencapsulated probiotic powder.

Sample L* a* b* TSS pH aw TPC (log 
(cfu/ml)

T1
45.82 ± 
1.29a

-0.59 ± 
0.09c

4.52 ± 
0.84b

20.71 ± 
0.04a

5.38 ± 
0.24ab

0.99 ± 
0.00a

6.9 ± 
0.51b

T2
69.19 ± 
0.57d

-3.12 ± 
0.41a

1.49 ± 
0.83a

21.37 ± 
0.59b

5.25 ± 
0.04a

0.98 ± 
0.01a

8.12 ± 
0.35b

T3
48.55 ± 
1.85b

0.07 ± 
0.01d

6.60 ± 
1.4c

20.82 ± 
0.02a

4.97 ± 
0.35a

0.99 ± 
0.00a

7.26 ± 
0.66b

T4
59.12 ± 
0.09c

-2.14 ± 
0.02b

0.26 ± 
0.14a

20.75 ± 
0.08a

5.79 ± 
0.00b

0.99 ± 
0.00a

7.42 ± 
0.79b

Control 49.12 ± 
0.85b

-0.13 ± 
0.02d

7.12 ± 
0.75c

20.93 ± 
0.01ab

5.84 ± 
0.11b

0.99 ± 
0.00a <1

Values are Means ± SD, n=3, values with different superscripts in the 
column are significantly (p ≤ 0.05) different

Table 1: Colour parameters, Chemical and microbiological properties of probiotic 
litchi juice drink of the probiotic litchi juice.
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Power law
At 10°C At 20°C

Sample K n R2 K n R2

T1 0.17 0.38 0.89 0.99 0.11 0.68
T2 0.14 0.41 0.84 0.01 0.90 0.95
T3 0.38 0.46 0.74 0.06 0.52 0.86
T4 0.21 0.27 0.86 0.25 0.23 0.48

Control 0.08 0.51 0.84 0.11 0.33 0.64
Herschel–Bulkley model

At 10°C At 20°C
Sample K n Yield stress R2 K n Yield stress R2

T1 0.04 0.71 0.14 0.98 0.38 0.24 0.56 0.70
T2 0.02 0.84 0.14 0.96 0.01 1.02 0.02 0.96
T3 0.22 0.58 0.20 0.75 0.01 0.91 0.09 0.98
T4 0.04 0.66 0.16 0.97 0.08 0.46 0.15 0.50

Control 0.01 1.04 0.11 0.94 0.01 1.04 0.12 0.94

Table 2: Steady state rheology.

T3 T4

Control 

T1

T2

Figure 2: FTIR of synbiotic litchi juice drink.
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“Necessary,” “Important,” “Highly important” and “Extremely 
important” were 0, 0.052, 0.443, 0.789, 0.311 and 0 respectively. The 
highest similarity value, 0.789 was under the “Important” category so, 
the quality attributes of colour was “Important”. Same for other quality 
attributes of litchi juice in general taste, aroma and mouthfeel comes 
under category with similarity value were Highly important (0.701), 
Important (0.689) and Necessary (0.647) respectively. The overall 
ranking of the quality attributes of litchi juice in general is;

Taste (Highly important) >Color (Important)>Aroma 
(Important)>Mouthfeel (Necessary)

Conclusion
It is important that new non-dairy carriers of probiotics be studied 

so that range of such functional foods can be enhanced. A synbiotic 
litchi juice drink was successfully produced by encapsulating the 
probiotic cells of L. casei 359. The survivability results showed that 
probiotic trapped in WPCP + inulin acted as excellent protectant for the 
microorganism. The rheological properties suggest the shear thinning 
behaviour of the juice drink. Sensory scores as analysed by fuzzy logic 
indicated the higher acceptability for sample containing inulin.
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