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Abstract
Pumpkin, a nutrient rich vegetable with approximately 27 million tonnes production globally generates high amount of pumpkin waste.
The need of the hour is the utilization of vegetable waste in sustainable way. Production of value added product is the possible solution
for this problem. As fruit and vegetables have proved to be promising carriers for probiotics. Hence, in this work, research studies have
been carried out on the effective utilization of pumpkin by developing non-dairy probiotic beverage. The extracted pumpkin juice was
fermented by Lactobacillus fermentum NCDC 141 and microencapsulation of probiotic microorganisms was done by spray drying. Growth
conditions of fermenting microorganism were optimized in MRS medium and pumpkin juice. Desirable viable cell count i.e more than 106

was observed with 10% inoculum size after 15 hr incubation time. Signi�cant different was seen between properties of fermented and non-
fermented pumpkin juice. Optimization of spray drying conditions to obtain maximum viable cells and DPPH scavenging activity and
minimum moisture content and hygroscopicity was done by response surface methodology (RSM). Optimal conditions to get desirable
characteristics were observed at 20% maltodextrin concentration and 140°C inlet air temperature. Fermented microencapsulated pumpkin
powder showed 62.36% DPPH scavenging activity, 7.985 log CFU/ml viable cells, 2.413% moisture content and 16.324% hygroscopicity at
optimized conditions. High encapsulation e�ciency (89.00 ± 0.91%), water solubility index (87.59 ± 0.89%) and antioxidant activity (64.36 
± 1.28%) was seen for fermented powder. Further, scanning electron microscopy images showed adequate encapsulation of probiotic
pumpkin juice with smooth and nearly spherical structure.

1. Introduction
Fruits and vegetables processing has gained popularity in recent years to prevent the wastages of fruits and vegetables. Globally, the
production of fruits and vegetable is about 675 million metric tons annually and out of which 42% wastage is produced [1]. Pumpkin is
one of the nutrient rich vegetables with good source of valuable nutrients. β- carotene, dietary �ber, vitamins (C, E and B6), minerals, and
small amount of fat are the major nutrients present in pumpkin. Other than this, pumpkin is well known for its carotenoids present in the
form of β-carotene, α-carotene, lutein, α- and β- cryptoxanthin, antheraxanthin and few other xanthophylls [2]. Owing to the presence of
multifarious bioactive components, pumpkin is considered to be used for several health bene�ts including antidiabetic, antioxidant,
anticarcinogenic, and anti-in�ammatory [3]. It has also been reported to use as a therapeutic agent for the treatment of disorders such
cestodiasis, schistosomiasis, and ascariasis. Regardless of all these bene�ts, a large portion of this crop is wasted every year which not
only cause the economic burden but also leads to a serious threat to the environment by producing toxic gases (methane) during the
breakdown of organic matter. So, by processing this crop, conventional approach to deal with pumpkin by land�lling can be changed. It
would not only mitigate the pollution problem but also add to the bioeconomy (by a direct use or after further processing in biore�neries)
[4].

The utilization of pumpkin for juice preparation and its fermentation with lactic acid bacteria (LAB) helps in value addition and increase in
nutritional value of pumpkin. Pumpkin has been found to be a suitable substrate carrier for Lactobacillus fermentum due to its natural
composition of prebiotics and pH [5]. Sreenivas and Lele, [6] used the probiotic for fermentation of pumpkin slurry and reported a
remarkable total short chain fatty acid production indicating the considerable presence of prebiotics in pumpkin. Additionally, processing
of pumpkin juice by heat treatment degrades the bioactive compounds present in pumpkin juice nevertheless, fermentation with LAB
signi�cantly increases their amount and activity [7]. Moreover, in recent years, the inclination of consumers towards non-dairy probiotic
beverage has been observed due to the various health problems associated with the dairy products. Hence, fermented probiotic pumpkin
juice is of great interest in the development of probiotic products with non-dairy sources.

However, short shelf-life and requirement of controlled storage has made its market limited. Therefore, drying has been opt to make a non-
perishable, convenient and easy to store food. Among different drying methods, spray drying is a commonly used technique for droplet- to-
particle transition and microencapsulation of food ingredients owing to its simplicity and cost effectiveness. Powder developed by Spray-
drying has been reported to possess desirable powder characteristics such as lower values for moisture content, water activity (aw),
hygroscopicity and dissolution time however, higher values for bulk density (ρb), glass transition temperature (Tg) and bioactive retention
[8]. Powder characteristics depend upon the microstructure of the microcapsules developed during drying. Spray drying has been reported
for drying of various fruit juices such as watermelon, tamarind, mango, blueberry and pomegranate with different carrier agents and in
different concentrations.

To our knowledge, no studies has been performed on spray drying of fermented pumpkin juice containing probiotics. Thus, the goal of the
study is to evaluate, the effect of fermentation on quality characteristics of pumpkin juice and optimizing spray drying conditions for its
encapsulation using maltodextrin as carrier agent. The optimized technology can be simply adapted by industries for production of
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functional fermented pumpkin probiotic powder, thus helping in get rid of pumpkin waste and enriching the commercial perspective of
pumpkin juice that may aid in improving the economic status of farmers.

2. Materials And Methods
2.1 Preparation of raw material

Pumpkin hybrid variety Bheema was purchased from local market of Jalandhar city, India. The seed and peel were physically removed.
After cleaning, peeling, and grating, the juice was extracted using mixer grinder. The extracted �ltered juice was �tered and pasteurized in a
water bath at 85°C for 10 min. After that, cooling of the juice was done at room temperature. E�cacy of pasteurization process was
checked as per the method given by Sharma et al., [9].

2.2 Microorganisms and Media

MRS medium (M369) was employed as the culture medium and was procured from Hi-media, India. Medium was prepared as per the
instructions given by manufacturer. Steam sterilization was done with the autoclave at 15 psi and a period of 15 min before its usage. In
order to accelerate the growth of probiotic strains 0.3 g sterilized L-cysteine was added to the medium. Lactobacillus fermentum NCDC
141 was procured from NDRI (National Dairy Research Institute), India.

2.3 Growth pro�le of probiotic strain in MRS medium

Growth pro�le of the probiotic strain was determined using the MRS-cysteine medium with static fermentation procedure as suggested by
Sharma et al., [9]. 

2.4 Pumpkin juice fermentation

Seed culture for pumpkin juice fermentation was prepared by suspending the bacterial cells (2.94 ×1010 CFU/ml) in sterilized pumpkin
juice [10]. For the optimization of inoculum size, different concentrations (5, 10, and 15 %) of seed culture were inoculated in the pumpkin
juice and fermentation was carried out at 37°C for 15 h. During fermentation, samples were aseptically withdrawn at every 3 h interval
during the 15 h period.  These samples were analysed for cell viability, changes in pH, and TSS. 

2.5 Physicochemical analysis 

The pumpkin juice was analyzed for its physicochemical characteristics before and after fermentation. 

2.5.1 pH, Viscosity and TSS

pH was determined by the digital pH meter (Orion 2 Star pH Benchtop). Brook�eld instrument (model DV-1 Pro viscometer, USA) was used
to measure the viscosity of the fermented juice. Total soluble solid (TSS) was quanti�ed by digital refractometer (Kruss optronic,
Germany). 

2.5.2 Titratable acidity, ascorbic acid and total sugar

Titratable acidity (TA), ascorbic acid content and total sugar content were determined by using the lane and Eynon method [11].

2.5.3 Total phenolic content and total Flavonoid content

The total phenolic content was determined by the Folin–Ciocalteau colorimetric method as described by Amjad et al., [12] whereas total
�avonoid content was determined by aluminium chloride colorimetric assay procedure, as described by John et al., [13]. 

2.5.4 DPPH scavenging activity

The antioxidant activity of the extract was determined on the basis of radical scavenging potential as performed by Sharma et al., [10].  

2.6 Microencapsulation of probiotic pumpkin juice by spray drying 

Pumpkin juice was fermented with probiotic strain Lactobacillus fermentum for 15 hr at 37°C and then exposed to microencapsulation.
Following probiotic fermentation, the juice was then subjected to microencapsulation by spray drying as conducted by Paim et al., [14],
with few modi�cations. A laboratory scale spray dryer (LabPlant SD-06) was used for spray drying. The nozzle diameter was 0.5 mm and
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main spray chamber was of 500 mm × 215 mm. Prior to the spray drying, fermented pumpkin juice was mixed with different concentration
of maltodextrin. Drying was performed with drying air speed of 4.8 m/s and compressor air pressure of 0.25 MPa. The feed �ow rate used
was 0.3 L/h, and the inlet temperature was varied. Afterwards, the obtained pumpkin powder at optimized condition was stored in small
glass jars with screw caps for further evaluation. 

2.7 Optimization of spray drying conditions

Optimization of conditions for spray drying of fermented pumpkin powder were carried out by using RSM (Response surface
methodology). Central composite design (CCD) was used to demonstrate the effect of factors. Maltodextrin concentration (10-20%) and
inlet air temperature (140-160°C) were used as independent factors and their effect on moisture content, DPPH scavenging activity,
hygroscopicity and viable cells were checked. The parameters and responses were selected on the basis of literature available and low and
high values were decided on the basis of preliminary studies. 

2.8 Characterization of spray dried probiotic pumpkin powder

2.8.1 Moisture content 

The moisture content (%) of the powder was calculated as per the standard oven dry method as given by Saikia et al., [15].

2.8.2 Hygroscopicity 

Hygroscopicity of dried pumpkin powder was determined as proposed by Paim et al., [14]. 

2.8.3 Viable cells

Viable cell count in spray dried fermented powder was checked as per the method suggested by Vivek et al., [16]. MRS agar medium was
used to check the viability of cells.

2.8.4 Process yield (%)

Process yield (%) was determined by as described by Santos Monteiro et al., [17] by using formula

2.8.5 Encapsulation e�ciency

Encapsulation e�ciency were calculated by the given equation [17]

where No is the number of cells in the feed solution (cell mL−1), and N is the number of cells in the powder, both measured by calculating
CFU/ml.

2.8.6 Solubility and water absorption index

Solubility of dried pumpkin powder and water absorption capacity were determined using the method given by Franco et al., [18]. 

2.8.7 Density, Cohesiveness and �owability of spray dried powder

Bulk density and tapped density was calculated by as per the method given by Saikia et al., [15]. The cohesiveness and �owability property
of the powder samples was calculated by Hausner’s ratio and Carr index: 
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2.8.8 Morphology of dried pumpkin juice powder

The surface morphology of dried pumpkin juice powder was observed under SEM (Hitachi Se 300H-Tokyo, Japan). With the help of
double-sided adhesive tape, samples were mounted on aluminium stubs and coated with a thin layer of gold-palladium. At an accelerating
voltage of 15KV, samples were analyzed under the microscope. 

Statistical analysis

The results were statistically analyzed by calculating the mean and standard deviation (SD) and presented as the mean±SD of three
determinations. Analysis of variance (ANOVA) was conducted using SPSS statistics version 16.0.

3. Results And Discussion
Growth pro�le of Lactobacillus fermentum in MRS medium

Growth pro�le of Lactobacillus fermentum NCDC 141 (Fig. 1) indicates the commencement of the exponential phase at the 6th hr of
incubation with a continuity till the 8th hr. Afterwards, the growth of probiotic bacteria showed a linear increase from the 10th hour to the
14th hour but from the 18th hour, a decrease was observed. More precisely, the absorbance doubled from 0.259 at the 6th hour to 0.579 at
the 8th hour. In accordance with the McFarland scale, at 12-h interval absorbance (0.648) was observed to be indicating the cell density of
around 9.00 log CFU/ml. Therefore, 12 h fermentation time has been considered as the optimum fermentation time and was continued for
further studies. A similar trend was reported by Nguyen et al., 2019 for the fermentation of pineapple juice using Lactobacillus acidophilus
La5 strain, with the addition of raftiline, an oligosaccharide as prebiotic. A cell count of 3.35×109 CFU/ml was recorded at the starting of
the fermentation, but after 8 h, the cell count had increased to 5.46×109 CFU/ml, and after 24 h of fermentation, the count had reportedly
dropped to 3.99×109 CFU/ml. This cell count inclination is attributable to the nutrients available in the matrix of the fermented juice. At the
initial stages of fermentation, they are available for the growth and metabolism of the inoculated probiotics but in successive stages, they
get diminished with a consequential decrease in the viability count of the fermenting probiotics.

Optimization of Inoculum size

Pumpkin juice was inoculated with the starter culture suspension of Lactobacillus fermentum NCDC 141 (5, 10, and 15%) and monitored
for growth to the required population of viable cells to meet the speci�cation of a probiotic food (106–107 CFU/ml per serving) [19]. In the
present study, 15-h fermentation (Fig. 2) was considered in order to obtain the desired properties of probiotic product. Desirable properties
as per the probiotic product such as viable count and pH (4.0– 4.5) were obtained with 10% inoculum size with 15 h fermentation time
(Fig. 2), whereas in 5 and 15% inoculum sizes the viable count and pH were not as per the desired ratio required for probiotic product [20].
Therefore, 10% inoculum size with 15 h fermentation was used for further studies.

Inoculum size and fermentation time are conditions fully known to remarkably affect the viability of probiotics and their eventual
population in substrates. Furthermore, especially in food processing, inoculum sizes have been found to related to the sensory attributes
of �nal products produced which would in�uence their consumer’s perception and ultimate marketability. The target output for probiotic
food processing is for an optimal population of probiotics in the �nal product. Wardani et al., [21] investigated the effect of varying
inoculum sizes (1, 3, 5, and 10%) on the fermentation e�ciency of Lactobacillus plantarum Dad 13 for the production of organic acids in
milk. The study showed that with increasing inoculum size, the time taken for acid production decreased remarkably. Contrastingly, studies
have shown that in excess, probiotics could impart undesirable characteristics to food products. Chen et al., [22] studied the individual
effects of the inoculum size of L. casei and L. acidophilus on the sensory characteristics, viable count, acidity, and pH of fermented goat
milk. Inoculum sizes of 1,3,5,7, and 9 % respectively were used for both Lactobacillus species individually and samples were withdrawn for
analyses at 1.5, 3.0, 4.5 and 6.0 h respectively. For both bacteria, 7 % inoculum size was found to be superlative with regards to the
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desirable attributes examined. The sensory evaluation involving taste, smell, color, and comprehensive evaluation showed that the 7 %
inoculum size was most preferred. At the optimal inoculum size and fermentation time of 4.5 h, a total viable count of 2.20×109 cfu/mL
and 1.69×109 cfu/mL were reported to for L. casei and L. acidophilus, respectively. In the same order, total acidity and pH for both
probiotics were reported as 4.48, 91°T and 4.38, 96°T respectively.

3.3 Effect of fermentation on physicochemical analysis

The microbial fermentation was performed on the optimized conditions (Inoculum size (10%) and fermentation time (15h) for best results.
The effect of fermentation on properties of pumpkin juice was shown in Table 1.  Initial pH and temperature of fermentation medium has
is closely related to the microbial growth and metabolism. The signi�cant decrease in pH (6.90-4.01) was observed after fermentation. The
possible reason for decreased pH might be due to conversion of sugars to organic acids such as lactic and acetic acid during fermentation
(Dimitrovski et al., 2021). Similar results were reported by Sharma et al., [9] and yang et al., [24]. 

Viscosity was found to increase from 1.69 ± 0.04 to 1.82 ± 0.03 mPa/s after fermentation of pumpkin juice. These results are in consistent
with Zhao et al., 2015 in which pumpkin juice was fermented by the basidiomycetous fungus Ganoderma lucidum and viscosity changes
from 1.72 ± 0.09 to 1.95 ± 0.06 mPa/s after 4 day of fermentation. Fermentation has been reported to increase the viscosity of pumpkin
juice due to protein denaturation by synthesis of organic acids [25]. Though other dissolved solids and additives can spur increases in
viscosity, decrease in pH due to fermentation acidity would affect protein con�guration and cause changes in the viscosity pro�le. On
another note, pumpkin polysaccharides have been studied to be responsible for its viscosity whether in terms of steady-state �ow/
apparent viscosity or the intrinsic viscosity which corresponds to the hydrodynamic volume and which determines the extensional
viscosity and polymer drag reduction [26]. Pumpkin fermentation has been reported to possibly initiate the syntheses of
exopolysaccharides by the fermenting probiotics.

Total soluble solids content of pumpkin juice was found to decrease from 6.8 ± 0.15 to 5.4 ± 0.09 °Brix. This variation in TSS can be
related with the expected alteration in sugar content due to metabolism by fermenting probiotics in contrast to the addition of more sugary
ingredients which would cause an increase in the TSS value of the juice. Though TSS is commonly used for quality evaluation, the
decrease in sugar content as expressed by the TSS study indicates the suitability of fermented pumpkin juice over the unfermented
preparation for patients having hyperglycaemia or related metabolic syndrome diseases [27].

The total phenolic content of the pumpkin juice before and after fermentation was expressed as mg gallic acid equivalent per 100 ml
sample. Phenolic content of pumpkin juice was found to increase from 47.86 ± 0.90 to 53.74 ± 0.88 mg GAE/100 ml during 15 hr of
fermentation. . Fermented pumpkin juice was found to possess higher total �avonoid content than unfermented sample. Total �avonoid
value changes from 7.81 ± 0.05 to 10.14 ± 0.55 mg QE/100 ml. This is in agreement with the studied reported by Mauro et al., 2016 in
which blueberry and carrot juice blend was fermented with Lactobacillus reuteri LR92 and , increase in phenolic content was observed
from 112.27 to 120.98 mg GAE/100 ml during 28 days of fermentation. Koh et al., [28] also reported increase in total phenolic content and
�avonoid content in fermented pumpkin juice with Lactobacillus mali K8. The higher phenolic content might be due to release of bound
phenolics due to ferementation. Naturally, phenolic compounds are bounded with sugar which reduces their availability to organism.
During fermentation, enzymes from the fermenting organism hydrolyse complexes of phenolics into soluble-free phenols and other
simpler and biologically more active ones that are readily absorbed [29]. Such hydrolyses are usually initiated by hydrolytic enzymes
secreted by the fermenting probiotics, and their adaptability and syntheses potentials strongly enhance the degradation and
depolymerization of complex molecules into simpler phytochemicals. The relatively higher phenolic and �avonoid concentrations in the
fermented preparations could also be due to the deglycosylation of glycosylated phenolics in the fresh juice which causes a release of
insoluble bounded or soluble conjugated phenolics and simpler �avonols from the cellular matrices of the pumpkin during the
fermentation process [30].

DPPH assay has been widely used to determine the free radical scavenging activity of various plant extract. The higher change in colour
towards yellow depicts more antioxidant potent of plant extract. DPPH radical scavenging activity of fermented and non-fermented
pumpkin juice was found to be 78±3.2 and 52±1.2. the possible reason was might be due to increase concentration of total phenolics after
fermentation in pumkin juice. Similar trend was observed by Vivek et al., [16] and Mousavi et al., [31] in Sohiong juice (fermented by
Lactobacillus plantarum MTCC 2974) and pomegranate juice (fermentation by Lactobacillus plantarum and Lactobacillus acidophilus)
respectively. During fermentation the sugar moieties attached to these phenolics and anthocyanins gets depleted by bacteria and results in
increased production of aglycones which are having higher radical scavenging effect. Probiotic bacteria can chelate metal ions and
scavenge reactive oxygen species [32]. It has also been reported that probiotic microbiota metabolizing conjugated polyphenols are easily
absorbed in the gut and also their bioavailability was increased [33].
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3.4 Optimization of spray drying conditions

3.4.1 Model �tting

The design matrix for moisture content, hygroscopicity, DPPH scavenging activity and viable cell count was shown in Table 1. The 13
experimental runs were obtained for optimization of pumpkin probiotic drink containing two independent variables. The second order
polynomial equation was used to check the signi�cance and adequacy of model. The model F-value for moisture content, DPPH
scavenging activity, viable cell count and hygroscopicity were 5.18, 96.50, 23.53 and 38.53 respectively indicating that the model was
signi�cant. The p-value of <0.05 for model, linear, interaction and quadratic parameters indicates the signi�cance of model terms. All the
response variables showed non-signi�cant lack of �t which implies that polynomial model adequately �ts all design points. Higher R2,
adjusted R2 and predicted R2 proposed that the quadratic model is statistically signi�cant as well as reliable and precise. The pareto chart
were developed to show the effect of each factor on response variables (Fig. 3). Inlet air temperature was seen as effective linear variables
on moisture content and viable cell count whereas maltodextrin concentration was seen effective against DPPH scavenging activity and
hygroscopicity. Interaction factor was also found to quite effective on all response variables whereas quadratic factors were found to be
least effective.  

3.4.2 Effect of independent variables on response variables 

3.4.2.1 Moisture content

Moisture content refers to the total amount of water (free and bound) in food however, water activity refers to the amount of free water
available for biochemical reactions, hampering the storage life [34]. Moisture present in spray dried sample is the major factor that affects
powder stability. Stickiness and caking are the major drawbacks caused by the presence of water [35].  Fig. 4 a showed that independent
variable has signi�cant effect on moisture content of spray dried pumpkin juice which decreases with increase the process the variables.
Inlet air temperature has more pronounced effect followed by maltodextrin concentration. The highest moisture content (3.02%) was
obtained in run number 9 at 135.5°C inlet air temperature and 15% maltodextrin content (Table 2). This negative effect of maltodextrin
concentration can be related with the moisture absorbing capacity of maltodextrin. Also, with the addition of carrier agent to the feed
before spray drying, the total amount of solid content get increases which leads to decrease in moisture content of the resulting powder
(Lee et al., 2017).  Similar trend was seen by Ferrari et al., [35] and Gong et al, [36] in which they observed the effect of maltodextrin
concentration on drying e�ciency. They reported that 17% maltodextrin improves the drying e�ciency nevertheless, lower maltodextrin
concentration (7%) resulted in a powder with a higher moisture content. The increase in inlet air temperature also decreases the moisture
content (Fig. 3a). This might be attributed to the formation of scorching air during drying, which retained the water vapour contained in the
supplied probiotic drink and further lowered the moisture content. Additionally, moisture content of powder was also affected by the
temperature gradient between the atomized feed and the drying air. A higher temperature gradient increases the heat transfer into the
particles, consequently, production of powder with less moisture content.  

3.4.2.2 Hygroscopicity

Hygroscopicity is de�ned as the ability of a substance to absorb moisture when kept under the relative high humid surroundings. It is one
of the major parameters to determine the shelf-life studies of food products especially powders as absorption of moisture from
surroundings can increase the water activity hence, growth of microorganisms [37]. Product composition and amount of drying aids are
the major contributors to the hygroscopicity of food products. A powder with low hygroscopicity, low moisture content, less degree of
caking and high solubility is considered a good powder [38].

Hygroscopicity values of spray dried pumpkin powder ranged from 18.84 to 24.43 g/100 g dry matter and effect of interaction of
independent variables shown in Fig. 4b. The signi�cant effect of both the variables was seen on hygroscopicity. Maltodextrin
concentration has a signi�cant negative linear effect depicting decrease in hygroscopicity with increase in maltodextrin concentration. The
reason for alleviation in hygroscopicity with increased concentration of maltodextrin is due to low hygroscopicity of maltodextrin which
proves its e�ciency as a carrier agent during spray drying. However, with increased concentration of maltodextrin quality of powder get
compromised owing to dilution of nutrients present in sample [39]. Whereas hygroscopicity increased with increase in inlet temperature.
The higher hygroscopicity of dried probiotic drink is might be due to higher moisture gradient between powder particles and atmosphere.
Another reason is increased linkages between the hydrogen of water molecules and free aldehyde or ketone group of reducing sugars in
amorphous regions [40]. Similar trend was observed by Bringas-Lantigua et al. [41] during the spray drying of honey.

3.4.2.3 DPPH scavenging activity
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DPPH scavenging activity is related to the antioxidant potential of food products. Antioxidants are required to scavenge free radicals
generated in the body as these free radicals can cause several fatal diseases such as heart disease, stroke, atherosclerosis, diabetes and
cancer. Table 3 showed that interaction of both the independent variables has signi�cant effect on DPPH scavenging activity of spray
dried probiotic drink. With the increase in maltodextrin concentration the DPPH scavenging activity increased whereas opposite effect was
seen with increase in inlet air temperature (Fig. 4c). The possible reason for the low free radical scavenging activity may be the breakdown
of the structure of phenolics and their degradation because of the exposure to higher temperatures. Similar results were observed in spray
dried amla juice [42] and gac juice powder [43].

3.4.2.4 Viable cell count

For spray dried probiotic pumpkin powder, the viability of probiotic microorganism ranged between 6.328 to 8.342 log CFU/ml. Fig. 4d
showed that maltodextrin concentration was observed to show signi�cant positive effect on viability of probiotic microorganism depicting
increase in viable cells with increase in maltodextrin concentration. Increase in cell viability with increase in maltodextrin concentration
can be related with the formation of protective layer around bacterial cells by carrier agent. These results are in accordance with Arepally
and Goswami [44] where gum arabic was used as carrier agent and it increases the encapsulation e�ciency. On the other hand, inlet air
temperature showed linear negative effect on viable cell count. Behboudi-Jobbehdar et al. [45] reported that the higher heat and
mechanical stresses during spray drying at higher inlet temperature decrease encapsulation e�ciency and probiotic viability. This
decrease in viability due to multiple reasons such as denaturation of cellular material (DNA and RNA), rupture and collapse of cell
membrane due to water removal. These results are similar to the study reported by Anekella and  Orsat [46].

3.4.3 Validation and veri�cation of predicted model

A multi-criteria decision approach i.e. numerical optimization by desirability function was used to optimize the independent variables for
spray dried probiotic pumpkin drink. The independent variables were kept within range and optimized conditions for dried drink were 20%
maltodextrin concentration and 140°C inlet air temperature. The experimental values for response variables at these optimized conditions
were 2.21% (moisture content), 8.18 logCfu/ml (viable cell count), 64.36% (DPPH scavenging activity) and 17.52 g/100g
(Hygroscopicity). As expected, under the optimal conditions, the experimental value and predicted value showed no signi�cant difference
as con�rmed by paired t-test which showed the validity of model and RSM approach is reliable and can be considered acceptable for
predicting future results. 

Characteristics of spray dried probiotic pumpkin juice at optimized conditions

3.5.1 Yield

Product yield is an imperative parameter during the drying process because it is related to the economic return. The main factors for the
low yield are the deposition of the powder on the walls of the dryer and the low e�ciency of the cyclone to collect �ne particles [17]. The
yield of spray dried pumpkin powder at optimized was observed 53.74±1.36% (Table 5). The higher yield of dried powder may be due to
higher maltodextrin concentration which increases the solid content of juice. Maltodextrin also aids in increasing the glass transition
temperature of food ingredients, thereby reducing the powder's stickiness. This is also crucial for enhancing powder yield. Similar results
were reported by Wilkowska et al., [47] in microencapsulation of blueberry juice using HP-β-CD and Maltodextrin as carrier agent and got
43.9% and 43.7% product yield respectively. 

3.5.2 Encapsulation e�ciency

The encapsulation e�ciency of Lactobacillus fermentum in spray dried pumpkin powder was carried out by microbial plate count method.
Under optimized conditions of spray drying, the encapsulation e�ciency of probiotic pumpkin powder was 89.00±0.91% (Table 5). The
higher encapsulation was due to thermos-protective effect on Lactobacillus fermentum during spray drying process. The high
encapsulation e�ciency and viability of bacteria during spray drying might be due to hydrogen bonding interaction of membrane protein
of Lactobacillus fermentum with hydroxyl group of maltodextrin, preventing protein denaturation and maintaining native integrity [48]. The
results are in consistent with probiotic sohiong powder (85.75% (encapsulation e�ciency)) [16] and encapsulation of probiotic
Enterococcus strains where encapsulation e�ciency varied from 79-93% [49].

3.5.3 Water solubility index

Water solubility index (WSI) is an important factor for determining the reconstitution quality of the powder. The quick and complete
reconstitution of spray dried powder is one of the main quality indicator for customers. The water solubility index of probiotic
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pumpkin powder, spray dried at optimized conditions, was 87.59±0.89% (Table 5). Higher WSI might be due to higher maltodextrin
concentration which decreases powder moisture content and increase in powder solubility. Similar results were observed by Lee et al., [50]
and Vivek et al. [16] during the spray drying of mandarin juice and probiotic sohiong juice with WSI values were 90.88-93.42%
(maltodextrin concentration 20-25%) and 92.33% (maltodextrin concentration 12%) respectively.

3.5.4 Water absorptive index (WAI)

WAI de�nes the ability of a sample to rebound with water under limited water conditions. An ideal powder would wet quickly and
thoroughly, and sink rather than �oat [51]. Water absorption index of probiotic pumpkin powder was 1.53±0.06% (Table 5). The low value
of WAI could be due to the high value of WSI. Additionally, the outer layer of maltodextrin modi�es the surface stickiness of dried powder
due to transformation into glassy state. This changes stickiness properties of dried reduces the particle cohesiveness resulting in less
agglomeration and which leads to lowering in water holding capacity of powder [52]. 

3.5.5 Bulk and True density

The bulk density in the food production industry is an important variable for the transport, storage and packaging. Bulk density and tapped
density of probiotic powder obtained at optimal conditions (Inlet air temperature 140oC, maltodextrin concentration 19.201%) was
0.42±0.02 g/cm3 and 0.587±0.05 g/cm3 (Table 5). Maltodextrin concentration and inlet air temperature signi�cantly affect the bulk
density of spray dried powder. Higher inlet air temperature rapidly forms the dried layer over the droplet surface which causes skinning and
casehardening of particles whereas maltodextrin minimizing the stickiness of thermoplastic materials thereby reduces bulk density [53-
54]. The Hausner’s ratio was 1.39±0.03 and Carr index was between 28.44±0.02%. According to the classi�cation of powder cohesiveness
and �owability determined from Hausner’s ratio and Carr index, dried pumpkin powder had medium cohesiveness and average �owability.
These results are in coherence with the research reported by Saikia et al., [15]. In their study, they reported the bulk and tapped density in
the range of 0.259-0.363 g/ml and 0.394-0.569 g/ml for Mandarin, watermelon, pineapple and Carambola dried powder. Also, they also
observed the low cohesiveness in pineapple and Mandarin juice powder and bad �owability in watermelon and carambola powders.

3.6 Morphology of spray dried probiotic pumpkin powder

Fig. 5 showed the morphology of spray dried probiotic pumpkin powder at 20% maltodextrin concentration and 140°C inlet air
temperature. The two magni�cation level (2000X and 4000X) were used to determine the microstructure of dried pumpkin powder.
Scanning microscope images showed the protective effect of maltodextrin on probiotic pumpkin juice. With a nearly spherical form, the
powder particles had a smooth, wrinkled, and folded surface. This is a desired feature of microcapsules since the integrity of the micro
particle surface is critical for improved core retention and decreased water vapour and oxygen permeability. Small spherical particles were
also observed on the surface without any fracture or cracks. On the surface of spherical globule, the encapsulated cells were appeared as
raised mass indicating that adequate encapsulation had occurred. Similar results were reported by Vivek et al., [16] and Bhagwat et al. [49].
Some dents and vacuoles were also appeared on the surface of some particles. This might be due to rapid evaporation of moisture from
dried particles due to higher inlet air temperature resulting in vacuole formation due to low gas permeability of the surrounding skin [55].

4. Conclusion
The whole pumpkin is a reservoir of bioactive components and other nutrients. However, lack of processing and larger production end this
product in land�ll. The effective utilization of this crop can mitigate this problem. Hence, pumpkin based non-dairy probiotic beverage was
developed by fermenting it with Lactobacillus fermentum NCDC 141. Lyophilized culture of Lactobacillus fermentum was revived in MRS
medium till tertiary culture to obtain maximum cell density. Inoculum size (10%) with 15 hr fermentation time was found to show desirable
characteristics in terms of viable cells (8.933 log CFU/ml) and pH (4.01). During fermentation, increase in phenolics, �avonoids and
antioxidant activity was observed. Microencapsulation of probiotic microorganism was done by spray drying. Response surface
methodology was used to optimize the inlet air temperature and concentration of carrier agent. The concentration of the carrier agent and
inlet air temperature had a signi�cant effect on all of the responses (Moisture content, hygroscopicity, DPPH scavenging activity and
viable cells) evaluated. Optimum condition for all the responses were observed at 140oC and 19.201% maltodextrin concentration. Spray
dried powder was observed to show medium cohesiveness and average �owability. On the basis of these results it can be concluded that
probiotic dried powder with maximum functional properties can be obtained by spray drying and these powders can be used as functional
foods.
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Tables
Table 1: Effect of fermentation on properties of juice

 
Properties Non-fermented juice Fermented juice

pH 6.9±0.09a 4.1±0.07b

Viscosity (mPa/s) 1.69±0.04b 1.82±0.03a

TSS (°Brix) 6.8±0.15a 5.4±0.09b

TPC (mg GAE/100 ml) 47.86±0.90b 53.74±0.88a

TFC (mg QE/100 ml) 7.81±0.05b 10.14±0.55a

DPPH (%) 52±1.5b 78±3.2a

 
Table 2: Summary of design of experiment with responses results against factors

 
RUN Spray drying conditions Responses

Maltodextrin
conc. (%)

Inlet air
temp (°C)

Moisture
content (%)

DPPH scavenging
activity (%)

Viable cell (log
CFU/ml)

Hygroscopicity
(g/100gm)

1 15 150 2.52 62.49 7.432 23.64
2 15 150 2.51 62.32 7.137 23.75
3 20 140 2.17 65.94 8.342 19.24
4 20 160 0.89 59.94 7.217 23.42
5 22.07 150 1.37 63.43 7.827 18.84
6 15 150 2.38 61.56 7.642 22.58
7 15 164.14 0.97 56.49 6.837 24.43
8 10 160 1.85 58.72 7.148 23.72
9 15 135.85 3.02 70.42 7.947 19.79
10 15 150 2.48 63.23 7.516 22.94
11 15 150 2.43 61.54 7.389 21.95
12 7.92 150 2.62 61.98 6.328 25.52
13 10 140 2.93 68.48 6.784 24.26

 
Table 3: Analysis of variance (ANOVA) for quadratic model and lack of fit for Moisture content, DPPH scavenging activity,
Hygroscopicity and viable cells as per CCD
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Source Moisture content DPPH scavenging activity Viable cell Hygroscopicity
F-

value
p-value Sum

of
square

F-
value

p-value Sum
of

square

F-
value

p-value Sum
of

square

F-
value

p-value Sum
of

square
Model 5.18 <0.0001 5.18 96.50 <0.0001 176.14 23.53 0.0003 3.19 38.53 <0.0001 49.95
A 1.56 <0.0001 1.56 1.05 0.3389 0.3845 64.75 <0.0001 1.75 98.27 <0.0001 25.22
B 2.81 <0.0001 2.81 455.63 <0.0001 166.33 25.07 0.0016 0.6791 54.55 0.0002 14.00
AB 0.0196 0.0307 0.0196 15.39 0.0057 5.62 20.46 0.0027 0.5554 30.22 0.0009 7.76
A2 0.3649 <0.0001 0.3649 2.01 0.1991 0.7343 7.27 0.0308 0.1970 1.23 0.3044 0.31
B2 0.5317 <0.0001 0.5317 9.31 0.0185 3.40 0.0324 0.8623 0.0009 9.10 0.0195 2.34
Lack of
fit

0.0051 0.7028 0.0051 2.94 0.1620 1.76 5.00 0.0770 0.1497 1.05 0.4634 0.7899

R-
squared

0.9964 0.9857 0.9438 0.9649

Adjusted
R2

0.9938 0.9755 0.9037 0.9399

Predicted
R2

0.9889 0.9231 0.6663 0.8597

C.V (%) 2.41 0.96 2.23 2.23
 

Table 4: Predicted and experimental value at optimum spray drying conditions
Factor Optimum level

Maltodextrin concentration (%) 20
Inlet air temperature (°C) 140

Response Predicted values Experimental values Variation (%)
Moisture content (%) 2.18 2.21 1.49

Viable cell count (log CFU/ml) 8.43 8.18 3.06
DPPH (%) 66.65 64.36 3.35

Hygroscopicity (g/100gm) 17.89 17.52 2.08

 DPPH:  2,2-diphenylpicrylhydrazyl

 

Table 5: Characteristics of spray dried pumpkin powder at optimized conditions (maltodextrin concentration (20%) and
inlet air temperature (140°C)).

 
S. No. Characteristics Values

1. Yield (%) 53.74±1.36
2. Encapsulation efficiency (%) 89.00±0.91
3. Water solubility index (%) 87.59±0.89
4. Water absorption index (%) 1.53±0.06
5. Bulk density (g/cm3) 0.42±0.02
6. Tapped density (g/cm3) 0.58±0.05
7. Hausner’s ratio 1.39±0.03
8. Carr index 28.44±0.02

Figures
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Figure 1

Growth pro�le of Lactobacillus fermentum NCDC 141 in MRS cysteine medium.

Figure 2

Viable cell count and pH at different inoculum size
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Figure 3

Pareto chart of response variables (A) Moisture content (B) DPPH scavenging activity (C) Viable cell count (D) Hygroscopicity
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Figure 4

Response surface plots of response variables ((A) Moisture content (B) DPPH scavenging activity (C) Viable cell count (D) Hygroscopicity)
of spray dried probiotic pumkin juice powder
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Figure 5

Morphology of spray dried probiotic pumkin juice powder at two magni�cation (A) 2000X (B) 4000X


