


Development and Analysis of mix fruit based smoothie
Abstract 
Experiments to prepare smoothie from different fruit juices were conducted at Sparsh Himalaya University, Dehradun.  The Physicochemical analysis of smoothies which were given antimicrobial treatment and  stored at refrigerated conditions was carried out. The different smoothie blends produced were optimised on basis of colour and appearance. The optimised smoothie composition was B2 with score of 7. The results obtained in this study suggest that the treatment of fruit smoothies with green tea extract (5.0 gram/lit) and citric acid (5.0 gram/lit) will lead to obtaining a stable product of great nutritional quality. The value of the density for control blend was the highest for 14th day for green tea extract treatment and value of clarity was highest for 14th day for green tea extract treatment for first blend. The value of colour for control blend, citric acid treatment and 19th day was highest and for browning index it was highest for first blend, citric acid treatment and 19th day. The value of transmittance was highest for optimized blend, citric acid treatment and 5th day.  
Keywords: Fruit juice, smoothie, colour, antimicrobial treatment and sensory quality.
1. Introduction 
One of the food industries with the quickest rates of growth worldwide is the consumption of mixed beverages (juices, smoothies) prepared from fruits and vegetables (F&V) (Grand View Research, 2018; Morales-de la Pena Welti-chanes, & Martn-belloso, 2016). The main factors contributing to their success are, in fact, consumer awareness of healthier food options, the fact that mixed beverages combine nutrients and bioactive compounds from different F&V with substantial health benefits (Nunes et al., 2016; Formica-Oliveira et al., 2017), their enticing sensory qualities, and the fact that they are ready to drink (Bevilacqua et al., 2018).

Smoothies are an excellent and practical way to regularly replace fresh fruits and vegetables (Rodriguez-Verastegui et al. 2015). Usually made from frozen or fresh fruits or vegetables, these are non-alcoholic liquid refreshment drinks. They are often served with crushed ice and are mixed together without straining. In addition, yoghurt, milk, ice cream, tea, lemonade, spices, and sauces can be added to smoothies. They have more concentrated consistency than a slushie, according to Castillejo et al. (2015). Smoothies have mostly been marketed as a healthy beverage option for fitness enthusiasts who want to maintain a healthy lifestyle. Because there is a greater chance of microbial growth, smoothies that are not thermally processed are kept in storage for a shorter period of time. Natural colour and total phenols are more likely to deteriorate with extended storage times (Cano-Lamadrid et al. 2018).
Developed in the 1990s, smoothies are currently one of the beverage industry's fastest-growing divisions (Mordor Intelligence, 2017). Organic ingredients are increasingly being consumed in the form of smoothies. At least one dish of fruit should be included. The easiest way to increase consumer consumption and eating interest is to prepare fruits and vegetables in a variety of ways (Bates and Price, 2015). Even though squeezing will usually discard a mash that contains fiber but retains its nutritional value, smoothies are usually made by blending whole foods that are cultivated from the ground, which preserves fiber (Clemens et al. 2015).
There are three categories for smoothies: fruit-only, fruit-and-dairy, and functional. Functional smoothies, which usually include probiotics, are a relatively new product on the market. Fruit and vegetable consumption is rising more quickly than in the past. This is because consumers want more nutrient-dense, less processed meals (Banigo et al. 2015; Zlabur et al. 2017).
According to food merchandisers, the popularity of smoothies has recently increased, with item growth increasing 2.39 times between 2002 and 2007 (Lal, 2007). The two most important components of a fast-paced lifestyle are comfort and fitness food qualities. Nutritional changes are the most common treatment for human wellbeing development (Williams et al., 2005; Sabbe et al., 2009; Verbeke et al., 2009). 84% of regular smoothie drinkers view smoothies as healthy, while 62% of infrequent smoothie drinkers view them as decadent drinks (McCartney et al. 2019). 
Egbuta and Chima (2022)  investigated the manufacture of mixed fruit juices from pineapple, watermelon, and pawpaw fruits. To obtain the juice of pineapple, watermelon, and pawpaw, the ripe fruits—pineapple, watermelon, and pawpaw—were cleaned, manually peeled, deseeded, sliced, pressed, and sieved. The prepared juices were placed in airtight plastic cans and pasteurized for 15 seconds at 85°C. In the following ratios, the pineapple, watermelon, and pawpaw juices were blended: 100:0:0; 0:100:0; 0:100:0; 20:20:60:20; 33.33:33.33:33.33; 60:20:20; and 40:30:30%. Using accepted practices, the juice samples' physicochemical and sensory properties were assessed.  The sensory evaluation revealed a color rating of 6.33 to 7.22, a flavor rating of 6.11 to 7.78, a taste rating of 6.44 to 7.78, and a general acceptability value of 6.89 to 8.00. In terms of overall acceptability, sample 100% PIN received the highest rating (8.00). All of the juice samples, meanwhile, received widespread approval. The range of values for titrable acidity (0.60 - 1.21%), total soluble solids (8.10 - 15.55%), total sugar (7.22 - 9.51%), pH (4.05 - 5.30), and vitamin C (4.80-17.00 mg/100g) was revealed by the physicochemical data. In general, the juice samples met the legal requirements and were deemed acceptable. The study demonstrated that pineapple, watermelon, and a blend of pineapple, pawpaw, and watermelon may be used to create fruit juice with favorable physicochemical and sensory properties. Both industrial and home uses for the prepared fruit juices are possible.
Picouet et al (2016) compared  how two stabilization treatments—mild heating (MH; 80 °C for 7 minutes) and high-pressure processing (HPP; 350 MPa for 5 minutes)—affect a variety of quality parameters in multi-fruit smoothies both right after treatment and over the course of 21 days of refrigeration. Immediately following treatment, HPP smoothies resembled the fresh product more than MH-treated ones in terms of physico-chemical and instrumental color. Even though HPP smoothies had a lower browning index and a viscosity more akin to the untreated product, the color of MH smoothies remained more consistent during storage. Furthermore, compared to MH, HPP offered smoothies with superior nutritional value and sensory qualities. Smoothies made with HPP generally resembled the untreated result more. Nevertheless, HPP smoothies retained some residual enzyme activity, which is probably going to shorten this multi-fruit smoothie's shelf life.
A large portion of tropical fruits produced in India, one of the world's top growers, are wasted because of inadequate processing facilities and a lack of knowledge regarding preservation techniques. As a result, an effort was made to use antimicrobial treatments to preserve the fruit pulps and juices in the form of smoothies in PET bottles. Combining different fruit pulps and juices improves the nutritional condition of the population  in addition to maximizing the use of fruit pulps and juices.

As the literature regarding smoothie based on plums, litchi and green grapes is little, therefore research was conducted  with the following objectives:
1. To prepare and optimise  mixed fruit smoothie composition. 
2. To perform the physicochemical analysis of smoothies at refrigerated conditions. 
2. Materials and Methods
The present study on “ Development  and Analysis of Mix fruit based smoothie” was carried out in the Sparsh Himalaya University, Dehradun. This paper deals with experimental techniques and methodologies relating to analytical, sensory and statistical aspects. 


2.1 Materials 
2.1.1  Equipment
Electric Mixer, Juicer, Blender, Weighing balance, spectrophotomter, digital auto colorimeter. 
2.1.2 Chemical 
The chemicals used during the present investigation were  food grade  green tea extract and citric acid. 
2.1.3  Glass wares
 All the glass wares were washed properly with detergent solution and also dehydrated in hot oven for 2 hours before use. The types of equipment used during the study are given below 
Conical flasks, measuring cylinders, beakers, funnel. PET bottles, cotton.  
2.1.4 Raw material 
 Litchi, plums, orange juice, green grapes and apple juice were used for preparation of smoothie in different blends. All raw materials were purchased from local market of Dehradun.
2.2  Preparation of smoothie 
The smoothie was prepared from different juices of Litchi, plums, orange , green grapes and apple in different blend ratios. 
Table 1: Different ratio blends of fruit smoothies 
	Sr. No. 
	Fruits smoothie 
	B0 (%)
	B1 (%)
	B2 (%)
	B3 (%)

	1
	Litchi
	0
	10
	20
	15

	2
	Plums 
	9
	15
	7
	12

	3
	Orange Juice 
	50
	25
	35
	30

	4
	Green Grapes 
	5
	10
	5
	8

	5
	Apple juice 
	36
	40
	33
	35

	
	Total in (gms)
	100
	100
	100
	100
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[bookmark: _Hlk140240330] Fig. 1 Different smoothie blends with green tea extract treatment on 25th day.
[image: ]
         Fig 2   Different smoothie blends with citric acid  treatment on 25th day.
2.3 Physico-chemical Analysis
2.3.1 Colour 
The Colour was measured using Digital Auto Colorimeter.   
2.3.2 Density 
The density was measured using weight difference method . It is expressed as mass per unit volume. i.e. gm/ml.                                              
2.3.3  Clarity 
Clarity was determined by measuring the absorbance at 660 nm using a UV-VIS spectrophotometer.  Distilled water was used as a reference.
2.3.4  Browning Index 
The absorbance of smoothie  samples under storage was measured at 420 nm using UV–visible spectrophotometer after centrifugation for 5 min.
2.3.5 Transmittance 
The transmittance of smoothie  samples under storage was measured using equation:
% T = Antilog (2-Absorbance)                          
2.4 Sensory Analysis 
The colour and appearance parameter of sensory analysis was used for optimising the smoothie from different blends. 
2.5 Statistical Analysis 
Analysis of data generated during the present investigation was carried out using Data Analysis tool of MS EXCEL 2017 using one way ANOVA. Statistical Significance was set at p≤0.05.
2.6 Process Flowchart 
Procurement of Ingredient fruits/ Raw material from local market

Pre-Cooling

Selection and Classification


Washing and Disinfecting

Drying , peeling, chopping and extraction of juice


Weighting 


Mixing for 1 minute

Concentrated Antimicrobial solutions dosing

Packaging

Agitation 

Storage at 4 to 6oC
                                                    (Nieva et al, 2022)
          Fig 3: Flowchart for production of smoothie with natural antimicrobials 
3. Results and discussion 
The experiments were carried out to produce different blends of mix fruit based smoothies in the department of Food Technology in Sparsh Himalaya  University. Four different blends of five different juices in varying proportions  were used in the study. The different blends employed were subjected to green tea extract and citric acid treatment and were stored at refrigeration temperature for different time period. The experimental results in detail are discussed under following sub-heads:
[bookmark: _Hlk140657061]         3.1 Optimisation of different smoothie blends 
         3.2 Effect of different days on analysed responses of different smoothie blends
               stored at refrigerated conditions 
3.1 Optimisation of different smoothie blends 
           The different smoothie blends produced were optimised on basis of colour and appearance. The smoothie blend with lesser amount of plum juice and more amount of litchi juice had the higher sensory score (7)  as compared to rest of the three blends B0(6), B1(6) and B3(5). The optimised smoothie composition was B2..
Table:2 Optimised Smoothie Composition 
	Sr. No. 
	Fruits smoothie 
	B2 (%)

	1
	Litchi
	20

	2
	Plums 
	7

	3
	Orange Juice 
	35

	4
	Green Grapes 
	5

	5
	Apple juice 
	33

	
	Total in (gms)
	100




3.2 Effect of different days on analysed responses of different smoothie blends
      stored at refrigerated conditions 
3.2.1 Density 
 From the Figures, it is clear that  different smoothie blends manufactured had the density in the range of 1.01 to 1.03 gm/ml for the 5th day,  in the range of 1.03 to 1.09 gm/ml for the 14th day, in the range of 1.03 to 1.07 gm/ml for the 19th day and in the range of 1.02 to 1.05 gm/ml for the 25th day. 

[bookmark: _Hlk140671410]  Fig 4  Density of smoothie for different treatments on 5th day.

  Fig 5    Density of smoothie for different treatments on 14th day.


           Fig 6  Density of smoothie for different treatments on 19th day.

         Fig 7  Density of smoothie for different treatments on 25th day.
3.2.2 Clarity 
From the Figures, it is clear that  different smoothie blends manufactured had the density in the range of 1.16 to 2.28 for the 5th day,  in the range of 2.37 to 3.00 for the 14th day, in the range of 2.31 to 2.73  for the 19th day and in the range of 1.61 to 2.16  for the 25th day. 

 Fig 8  Clarity of smoothie for different treatments on 5th day.


Fig 9   Clarity of smoothie for different treatments on 14th day.

     Fig 10 Clarity of smoothie for different treatments on 19th day.

 Fig 11    Clarity  of smoothie for different treatments on 25th day.
3.2.3 Colour 
Colour is an important quality attribute of fresh and processed food products that determines the first impression and influences consumers choices , perceptions and purchase behaviour. (Kidon and Uwineza, 2022). From the Figures, it is clear that  different smoothie blends manufactured had the colour in the range of 1.15 to 1.40 for the 5th day,  in the range of 0.85 to 0.89 for the 14th day, in the range of 0 to 1.40 for the 19th day and in the range of 0.26 to 0.96 for the 25th day.


     Fig 12  Colour of smoothie for different treatments on 5th day.

           Fig 13 Colour  of smoothie for different treatments on 14th  day.



       Fig 14  Colour of smoothie for different treatments on 19th  day.


       Fig 15  Colour of smoothie for different treatments on 25th  day.
3.2.4 Browning index 
From the Figures, it is clear that  different smoothie blends manufactured had the browning index  in the range of 0.27 to 0.57 for the 5th day, in the range of 0.96 to 1.17 for the 19th day and in the range of 0.28  to 1.09 for the 25th day. 

Fig 16  Browning index of smoothie for different treatments on 5th day.

Fig 17  Browning index of smoothie for different treatments on 19th day.

  Fig 18  Browning index of smoothie for different treatments on 25th day.
3.2.5 Transmittance 
From the Figures, it is clear that  different smoothie blends manufactured had the transmittance in the range of 26.91 to 53.70 %  for the 5th day, in the range of 6.8 to 11% for the 19th day and in the range of 8.2 to 52.8 % for the 25th day. 


 Fig 19  Transmittance  of smoothie for different treatments on 5th day.


  Fig 20 Transmittance  of smoothie for different treatments on 19th day.

    Fig 21   Transmittance of smoothie for different treatments on 25th day.
[bookmark: _Hlk185849183]The single factor ANOVA was applied on two treatments and the result of the  density was non significant for 5th, 14th, 19th and 25th day at 5% level of significance. The result for clarity was significant for 5th,14th and 19th day and non significant for 25th day at 5% level of significance. The result for colour  was significant for 5th day and non significant for 14th, 19th and 25th day at 5% level of significance. The result for browning index was insignificant for 5th, 19th and 25th day at 5% level of significance. The result for transmittance was insignificant for 5th, 19th and 25th day at 5% level of significance.
Table 3: Effect of different days on analysed responses
	Sr. No. 
	Different days  
	Density in (gm/ml)
	Clarity
	Colour 

	[bookmark: _Hlk191553587]1.
	5th day 
	1.021
	1.65a
	1.28a

	2.
	14th day 
	1.046
	2.65b
	0.885

	3. 
	19th day 
	1.046
	2.46c
	0.57

	4.
	25th day 
	1.041
	1.89
	0.635

	
	CD at 5% level of significance
	NS
	0.46
	0.074


[bookmark: _Hlk191562325][bookmark: _Hlk191633587]Mean values bearing at least one common superscript are statistically similar(P<0.05), (Values indicated are mean values of 8 replications with four blends and two treatments, NS = Non-significant)
Table 4 :  Effect of different days on analysed responses
	Sr. No. 
	
	Transmittance 
	Browning Index

	1.
	5th day 
	36.92
	1.76

	2.
	19th day 
	8.46
	1.07

	3.
	25th day 
	35.22
	0.51

	
	CD at 5% level of significance
	NS
	NS


Mean values bearing at least one common superscript are statistically similar(P<0.05), (Values indicated are mean values of 8 replications with four blends and two treatments, NS = Non-significant)
Summary and Conclusion
Experiments to prepare smoothie from different fruit juices were conducted at Sparsh Himalaya University. Physicochemical analysis of smoothies which were  given antimicrobial treatment  and stored at refrigerated conditions was carried out. Following are the conclusions drawn from experimental data: 
1. The different smoothie blends produced were optimised on basis of colour and appearance. The optimised smoothie composition was B2 with score of 7. 
2. The results obtained in this study suggest that the treatment of fruit smoothies with green tea extract (5.0 gram/lit) and citric acid (5.0 gram/lit) will lead to obtaining a stable product of great nutritional quality. 
3. The value of the density for control blend was the highest for 14th day for green tea extract treatment and value of clarity was highest for 14th day for green tea extract treatment for first blend. 
4. The value of colour for control blend, citric acid treatment and 19th day was highest and for browning index it was highest for first blend, citric acid treatment and 19th day. 
5. The value of transmittance was highest for optimized blend, citric acid treatment and 5th day. 
6. [bookmark: _Hlk180402183][bookmark: _Hlk183680988]However, more research is needed to incorporate sugar into product and check the nutritional requirements. 
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Density of smoothie at
 different blends (gm/ml)

T1 and 5th day 	B0	B1	B2	B3 	1.01875	1.0237499999999999	1.0287500000000001	1.01875	 T2 and 5th day 	B0	B1	B2	B3 	1.0225	1.03125	1.0225	1.01125	



Density of smoothie at 
different blends (gm/ml)  

T1 and 14th day 	B0	B1	B2	B3 	1.0862499999999999	1.0362499999999999	1.03125	1.0462499999999999	 T2 and 14th day 	B0	B1	B2	B3 	1.04	1.0337499999999999	1.0525	1.0387500000000001	



Density of smoothie at 
different blends (gm/ml)

T1 and 19th day 	B0	B1	B2	B3 	1.07	1.05	1.07	1.03	 T2 and 19th day 	B0	B1	B2	B3 	1.04	1.04125	1.0425	1.03125	



Density of smoothie
at different blends (gm/ml) 

T1 and 25th day 	B0	B1	B2	B3 	1.0475000000000001	1.05	1.04	1.04	 T2 and 25th day 	B0	B1	B2	B3 	1.0362499999999999	1.0225	1.0425	1.0475000000000001	



Clarity of smoothie at 
different blends  

T1 and 5th day 	B0	B1	B2	B3 	1.5329999999999999	1.7869999999999999	2.0354999999999999	2.2839999999999998	 T2 and 5th day 	B0	B1	B2	B3 	1.323	1.159	1.61	1.472	



Clarity of smoothie at 
different blends 

T1 and 14th day 	B0	B1	B2	B3 	2.77	3	2.875	2.7959999999999998	 T2 and 14th day 	B0	B1	B2	B3 	2.371	2.448	2.3929999999999998	2.5990000000000002	



clarity of smoothie at 
 different blends 

T1 and 19th day 	B0	B1	B2	B3 	2.4710000000000001	2.5950000000000002	2.504	2.7269999999999999	 T2 and 19th day 	B0	B1	B2	B3 	2.3140000000000001	2.371	2.3239999999999998	2.4300000000000002	



Clarity of smoothie at 
different blends 

T1 and 25th day 	B0	B1	B2	B3 	1.613	2.1040000000000001	1.772	2.16	 T2 and 25th day 	B0	B1	B2	B3 	1.657	1.976	1.9079999999999999	1.9630000000000001	



colour of different blends 

T1 and 5th day 	B0	B1	B2	B3 	1.2218	1.2218	1.2218	1.1549	 T2 and 5th day 	B0	B1	B2	B3 	1.3978999999999999	1.4	1.4	1.3010299999999999	



Colour of different blends 

T1 and 14th day 	B0	B1	B2	B3 	0.88605	0.89	0.89	0.8538	 T2 and 14th day 	B0	B1	B2	B3 	0.89	0.89	0.89	0.89	



Colour of different blends 

T1 and 19th day 	B0	B1	B2	B3 	0.58499999999999996	0.63819999999999999	0	8.5999999999999993E-2	 T2 and 19th day 	B0	B1	B2	B3 	1.3978999999999999	0.88605	0.74472000000000005	0.21460000000000001	



Colour of different blends 

T1 and 25th day 	B0	B1	B2	B3 	0.95799999999999996	0.42020000000000002	0.88600000000000001	0.52280000000000004	 T2 and 25th day 	B0	B1	B2	B3 	0.72119999999999995	0.56859999999999999	0.2596	0.74472000000000005	



browning index for different blends 

T1 and 5th day 	B0	B1	B2	B3 	0.49099999999999999	0.51300000000000001	0.38600000000000001	0.57199999999999995	 T2 and 5th day 	B0	B1	B2	B3 	0.438	0.39800000000000002	0.26900000000000002	0.45500000000000002	



Browning index for different blends

T1 and 19th day 	B0	B1	B2	B3 	1.1479999999999999	1.0757000000000001	1.1020000000000001	1.0705	 T2 and 19th day 	B0	B1	B2	B3 	1.0315000000000001	1.1674	1.0604	0.95860000000000001	



Browning index for 
different blends

T1 and 25th day 	B0	B1	B2	B3 	0.43290000000000001	1.0860000000000001	0.73040000000000005	0.308	 T2 and 25th day 	B0	B1	B2	B3 	0.27729999999999999	0.38719999999999999	0.47489999999999999	0.38090000000000002	



Transmittance
of different blends  

T1 and 5th day 	B0	B1	B2	B3 	32.35	30.9	40.729999999999997	26.91	 T2 and 5th day 	B0	B1	B2	B3 	36.299999999999997	39.81	53.7	34.67	



Transmittance of 
different blends 

T1 and 19th day 	B0	B1	B2	B3 	7.1	8.4	7.9	8.5	 T2 and 19th day 	B0	B1	B2	B3 	9.3000000000000007	6.8	8.6999999999999993	11	



Transmittance of 
different blends

T1 and 25th day 	B0	B1	B2	B3 	36.9	8.1999999999999993	18.600000000000001	49.2	 T2 and 25th day 	B0	B1	B2	B3 	52.8	41	33.5	41.6	
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