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Abstract 

 This study aimed to produce a functional beverage with 

acceptable quality and low energy. Milkshakes were prepared 

using ice cream with 14% sugar (control), then ice cream was 

partially replaced by adding unripe banana (green) and white 

sweet potato at 15%, 20% and 25%. The prepared beverages 

were stored for 21 days and analyzed for chemical, physical and 

sensory evaluation, energy properties, color and foam stability. 

The results showed that the total soluble solids of the milkshake 

decreased with the addition of unripe banana but increased with 

the increase of white potato from 15 to 25% in the milkshake. 

Similarly, ash, fiber, carbohydrates, acidity and viscosity also 

increased with the increase of the percentage of unripe banana 

and white potato. While the pH of the unripe banana and white 

potato milkshake decreased with the increase of the percentage of 

unripe banana and white potato in the milkshake. The control 

sample outperformed the experimental beverages in foam 

volume. The highest energy value was in the control sample, 

while the lowest energy value was for the beverages containing 

25% unripe banana. The white potato beverages with 20% 

addition had the highest overall acceptability score, followed by 

the unripe banana beverages with 25% addition. The control 

sample outperformed the experimental beverages in color 

brightness L*. The white potato beverages were more stable than 

the unripe banana beverages. 

 

Keywords: functional cold beverages, milkshake, unripe banana, 

sweet potato  
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INTRODUCTION 

Milk-based beverages contain several 

components in addition to the basic components 

with beneficial physiological functions, such as 

peptides, oligosaccharides, vitamins, and 

minerals. These components can be used as 

functional ingredients for the development of 

functional food products with certain health 

benefits (Ozer and Kirmaci, 2010). Functional 

beverages provide specific health benefits in 

addition to one or all of the functions listed 

above (Playne et al., 2003). Functionality of 

these beverages is due to the fortification of 

some bioactive or functional ingredients. The 

global functional beverages market size is 

estimated at USD 158.05 billion in 2024 and is 

expected to reach around USD 296.67 billion by 

2034, expanding at a CAGR of 6.50% from 

2024 to 2034 (Precedence Research Report, 

2024). Milkshakes are delicious cold milk-based 

beverages, typically made by combining milk, 

ice cream, and sugar and then quickly blending 

the product in a blender to make it pourable 

(Patil et al., 2019). Flavoring is added from 

syrup and raw fruit, but some milkshakes get 

their flavor from flavored ice cream alone. They 

are usually sweetened with chocolate syrup, 

strawberry syrup, malt syrup, sugar syrup, etc. 

They may also contain lots of fruit and 

additional flavors. Milkshakes are very high in 

fat and sugar, so they tend to be higher in 

calories than other beverages (Gilbert et al., 

2018). Nowadays, consumer trends are 

orientated to functional food and/or the 

reformulation of typical products to increase 

nutritional value. The focus on health has 

become a powerful engine today even for luxury 

food products such as cold beverages can be 

developed to meet consumer demand (Oraman, 

2019). As a result, health-conscious individuals 

are modifying their dietary habits and eating less 

fat. Consumer acceptance of any food product 

depends primarily on taste —the most important 

sensory attribute. Although consumers want 

foods that contain minimal or no fat or calories, 

they also want foods to taste good. The 

development of low-fat foods with the same 

desirable attributes as the corresponding full-fat 

counterparts has created a clear challenge for 

food manufacturers.  Fats have functional 

properties that influence the processing and 

eating characteristics of food, and these 

functions must be taken into account when 

reducing fat in a product (Hamilton et al., 2000; 

Bimbo et al., 2017; Cammarelle et al., 2024). 

Fats in food products can be replaced by 

reformulating with selected ingredients that 

provide some fat-like properties (Sandrou and 

Arvanitoyannis, 2000).  High fat intake is 

associated with an increased risk of some types 

of cancer, and saturated fat intake is associated 

with elevated blood cholesterol and coronary 

heart disease (Kraus et al., 2001). Consumption 

of a high-fat diet has also been identified as a 

risk factor for excessive energy intake, positive 

energy balance, and the development of obesity. 

Current dietary guidelines recommend limiting 

total fat intake to less than 30% of calories and 

saturated fats to less than 10% of total energy 

intake for the population as a whole. The 

American Heart Association (AHA) 

recommends that people with elevated LDL 

cholesterol or cardiovascular disease limit 

saturated fats to less than 7% of calories. To 

achieve a healthier diet, current dietary 

guidelines recommend increasing the intake of 

fruits and vegetables and modifying the type and 

amount of fat consumed (Wylie-Rosett, 2002). 

Current health trend in beverage making 

involves development of low sugar, low fat, 

modified fat composition, modified protein 

composition, and fortified beverages (Paquin, 

2009).   Fruits and vegetables are an essential 

part of the human diet. They are particularly rich 

sources of dietary fiber, vitamins and various 

phytochemicals. Numerous studies have shown 

that they play a vital role in promoting health 

and preventing certain chronic diseases, such as 

hypertension, cancer, coronary heart disease, 

stroke, etc. (Mirmiran et al., 2014). In addition, 

they provide a lot of sensory sensations, as fruits 

and vegetables are rich in colorful and delicious 

compounds. Bananas and sweet potatoes are 

plants with balanced nutritional value, which 

have many benefits for maintaining the health of 

the body, such as maintaining the digestive 

system, preventing high blood cholesterol, and 

fighting diabetes. Several previous studies have 

reported the use of banana and sweet potato as 
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functional food and medicinal properties 

(Safrida et al., 2022). Banana is one of the oldest 

crops cultivated by humans and remains a staple 

food crop for millions of people in the tropical 

world. It belongs to the genus Musa of the 

family Musaceae within the order Scitamineae 

(Venkataramana et al., 2015). Bananas are the 

second highest fruit production after citrus fruits, 

accounting for about 16% of global fruit 

production (FAO, 2021). Despite being high in 

calories, which come primarily from 

carbohydrates and dietary fiber, bananas are low 

in protein and fat. Vitamins C, A, B1, B2, and 

B6, as well as minerals such as magnesium, 

phosphorus, calcium, and iron can also be found 

in bananas. Banana consumption may be 

associated with a reduced risk of gastrointestinal 

diseases, regulation of carbohydrate metabolism, 

and weight control (Falcomer et al., 2019). 

Banana (Musa acuminata) is a good source of 

carbohydrates, minerals such as potassium, and 

vitamins.  It contains many important vitamins 

(groups A, C, E, K, and B), is rich in fiber, and 

contains many minerals (magnesium, 

phosphorus, calcium, and potassium). It has also 

been reported to relieve constipation due to its 

fiber content and prevent anemia by stimulating 

hemoglobin production due to its iron content 

(Olaniran et al., 2024).  Unripe bananas (Green 

bananas), tasteless and odorless, appear as an 

option that can be used as thickeners, improving 

the nutritional value and taking on the flavor and 

aroma of foods prepared with them (Oi et al., 

2012). They can be used in the preparation of 

products with low fat and sugar content (Freitas 

and Tavares, 2005). Sweet potato (Ipomoea 

batatas L.) is another important economic crop 

in many countries. It is the seventh most 

important food crop in the world after wheat, 

rice, maize, potatoes, barley and cassava (FAO, 

2016). Sweet potatoes have high nutritional 

value and sensory diversity in terms of taste, 

texture, and flesh color (white, cream, yellow, 

orange, and purple). Depending on the flesh 

color, sweet potatoes contain high levels of beta-

carotene, anthocyanins, phenolics, dietary fiber, 

vitamins, minerals, and other bioactive 

compounds (van Jaarsveld et al., 2005; Low et 

al., 2007; Hotz et al., 2012). Sweet potato puree 

has been used as an ingredient in a variety of 

processed food products, including baby foods, 

casseroles, desserts, pies, cakes, ice cream, 

breads, pancakes, and soups. It has also been 

used in fruit/vegetable-based beverages. Sweet 

potato contains high levels of carbohydrates (the 

major carbohydrate components is starch), beta-

carotene, vitamins (A, B6, C and E) and 

minerals (potassium, phosphorus, manganese, 

and zinc) which have several health benefits. It 

contains also, powerful antioxidants, fiber and 

pectin. Sweet potatoes are rich in carbohydrates 

and poor in protein. So, potatoes are the most 

efficient fuel for energy production (Zakir et al., 

2008). White sweet potatoes are related to 

orange sweet potatoes, but with some notable 

differences, especially in texture and taste. 

Orange sweet potatoes have more moisture, 

orange-flesh and are very sweet, but white sweet 

potatoes are drier, have white-flesh and a mild 

nutty flavor (Ellong et al., 2014). Although the 

flesh of the white sweet potato resembles the 

color of another familiar white-fleshed sweet 

potato: the brown potato, the white sweet potato 

instead belongs to the morning glory family. 

Cooked white sweet potatoes are drier than 

orange sweet potatoes but still creamy with a 

hint of butter mixed in. They have a mild flavor 

and a dry, crumbly texture, are less starchy than 

brown potatoes but not as sweet as their orange 

counterparts (Dako et al., 2016). White sweet 

potatoes contain only 6 micrograms of beta-

carotene compared to orange sweet potatoes 

which contain over 8,500 micrograms (Damtew 

et al., 2024). Surprisingly, although bananas and 

potatoes belong to different families, their 

energy, fiber, and potassium content are 

remarkably similar (Slavin and Lloyd, 2012). On 

the other hand, inclusion of hydrocolloids in 

beverage formulation is desirable from stability 

and viscosity point of view. Hydrocolloids are 

stabilizing polymers from plant (e.g., guar gum) 

or microbial sources (e.g., xanthan gum) 

(Mudgil et al., 2014). These hydrocolloids are 

also known as thickeners because of its high 

viscosity in aqueous systems (Mudgil et al., 

2012; Barak and Mudgil, 2014). Hydrocolloids 

reduce sedimentation and or creaming upon 

storage in milk-based functional beverages 

(Mudgil and Barak, 2019). Therefore, the 

present study aimed to develop a functional, 
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low-calorie milkshake with acceptable quality 

and long-term stability based on unripe banana 

or white-fleshed sweet potato as a fat replacer. 

Fresh fruits or vegetables such as bananas or 

sweet potatoes can be added for extra flavor to 

create milkshakes with different flavors. 

MATERIALS AND METHODS 

 1. Materials: 

1.1. Milk:  
Whole buffalo milk used in this study 

was obtained from the Animal Production Farm, 

Faculty of Agriculture, Sohag University, Egypt. 

1.2. Fruit and vegetables: 

Unripe bananas and white fleshed sweet 

potatoes were purchased from the local market, 

Sohag, Egypt. 

1.3. Ingredients: 

Cane sugar, vanilla and stabilizer 

(gelatin) were purchased from the local market 

in Sohag Governorate, Egypt. 

1.4. Guar gum:  

Guar gum was supplied by Premcem 

Gums Pvt. Ltd, India 

1.5. Xanthan gum:  

Xanthan Gum was supplied by 

Foodchem International Corporation, China. 

2. Methods: 

2.1. Preparation of banana pulp:  

The bananas were washed thoroughly 

with clean water and the outer layer or peel was 

separated with the help of a knife. The banana 

pulp was prepared by crushing the peeled fruits 

and kept for pasteurization at 95°C for 15 

minutes and packed in jars at stored at -20°C 

until use. 

2.2. Preparation of sweet potatoes puree:   

White-fleshed sweet potatoes were 

washed with tap water before roasting in a gas 

oven at 180°C for 45-60 min. The roasted 

ingredients were individually peeled by hand, 

mixed well using a kitchen machine and stored 

at -20°C until use. 

2.3. Milkshake preparation:  
Milkshakes were prepared as described 

by Kashid et al. (2007) with slight modification. 

First, whole buffalo milk was separated into 

cream and skimmed milk by centrifugation at 

40°C. The required amount of separated cream 

calculated using Pearson’s square method was 

used to prepare a regular ice cream mix (12% 

fat, 14% sugar). Next, pasteurized unripe banana 

pulp and white-fleshed sweet potato puree were 

added to the ice cream in the proportions of 

85/15, 80/20 and 75/25 (w/w). Then, a mixture 

of guar gum and xanthan gum in a ratio of 1:1 

was added to the mix at 0.3%. It was then 

thoroughly mixed in a laboratory blender. Seven 

milkshake formulations were prepared. Three 

formulations were made using unripe banana 

and three formulations using white-fleshed 

sweet potato. A control sample was made 

without adding any fruits or vegetables. Each 

formula was repeated three times. All 

milkshakes were filled into glass bottles and 

stored at refrigerator temperature (5-8°C) for 21 

days for analysis. The detailed formulation of 

the milkshake is shown in Table 1. 

Table 1: Formulation of milkshake made with 

unripe bananas and white-fleshed sweet potatoes 

as fat replacers 

Formulas  
Ingredients (%) 

IC UBA WF-SP 

Control* 

MS (UBA 15%) 

MS (UBA 20%) 

MS (UBA 25%) 

MS (WFSP 15%) 

MS (WFSP 20%) 

MS (WFSP 25%) 

100 

85 

80 

75 

85 

80 

75 

- 

15 

20 

25 

-- 

-- 

-- 

- 

- 

- 

- 

15 

20 

25 
Control*: A milkshake sample made with ice cream 

without any added fruits or vegetables 

MS: milkshake; IC: ice cream; URB: unripe bananas; WF-

SP: white-fleshed sweet potatoes 
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3. Analytical methods: 

3.1. Chemical composition: 

Milkshake formulations were analyzed 

in triplicate for total solids, protein, and fat by 

drying oven method, Macro-Kildal method, and 

Gerber's method, respectively. Ash content was 

analyzed in a muffle furnace at 550°C. T.S and 

total carbohydrates were calculated by the 

differences. The fat content of fruits and 

vegetables used was estimated using the Soxhlet 

method. Crude fibers were determined according 

to the AOAC (2000) method. 

3.2. Physicochemical properties: 

Color evaluation was performed at 

25±2°C in triplicate using a Hunter Lab Color 

Quest XE colorimeter (Color Tec PCM Color 

Meter Tec NJ. USA) in reflectance mode and is 

expressed as L (brightness), a (redness) and b 

(yellowness) values. Four measurements were 

performed, and the results were averaged. The 

apparent viscosity was measured at 25 ± 1°C 

using a Brookfield digital viscometer (model 

MFDV-IS; Brookfield Engineering Laboratory, 

Middleboro, USA). The viscometer was 

operated at 30 rpm (spindle No. 1). Each result 

in triplicate was recorded in cP after 30s 

rotation. Titratable acidity was calculated as 

percentage of lactic acid by titration with 0.1N 

NaOH with added phenolphthalein indicator. 

The pH-values were measured using a digital 

pH-meter with a glass electrode of Testo 230 

(Testo Ltd., Lenzkirch, Germany). The TSS was 

determined as °Brix at an ambient temperature 

(20 ± 1°C) using a digital Abbe Refractometer 

(HI96801 Refractometer). 

3.3. Foaming properties: 

Foaming capacity of each sample was 

determined under the ambient conditions (25 ± 

1°C). 50 mL of sample was transferred in to a 

beaker and mixed at 3,000 rpm for 2 min, 30°C, 

the foaming capacity (FC) were determined by 

using following equation: 

Foam capacity % = (Vf – Vi) × 100 / Vi 

Vf = final foam volume 

Vi = initial foam volume 

The foaming stability was determined by 

transferring the sample to a graduated cylinder. 

Where; Vf is the volume of foam after mixing, 

Vi is the initial liquid volume, and Vr is the 

volume of liquid retained in the foam after 30 

minutes. The effect on the stability of the foam 

properties was observed using the following 

formula: 

Foaming stability % = Vr x 100 / Vi 

3.4. The energy values: 

Total energy values (kcal/g) were 

estimated according to Goff and Hartel (2013) 4 

kcal/g for carbohydrates and proteins and 9 

kcal/g for fats. 

Total energy value = fat kcal + carbohydrates 

kcal + protein kcal 

3.5. Sensory evaluation: 

Milk shake samples were judged after 1, 

7, 14 and 21 days of storage at (5 ± 1°C) by 10 

panelists from Dairy Science Department, 

Faculty of Agriculture, Sohag University. 

Samples were evaluated for appearance, color, 

flavor, texture, taste, and overall acceptability. 

Sensory evaluation was done using 9 point 

hedonic scale (Sakhale et al., 2012). 

3.6. Storage stability: 

To estimate the long-term stability of 

beverages without phase separation, 500 ml of 

the beverage was taken and placed in a sealed 

bottle, then stored in the refrigerator and 

monitored daily. 

4. Statistical analysis: 

The entire experiment was repeated 

twice. All physical and chemical analyses were 

performed three times for each independent 

batch. SAS (2016) version 9.4 (SAS Institute 

Inc., Cary, NC) was used to perform the 

statistical analysis of all data using the ANOVA 

mixed procedure (proc mixed). Treatments were 

considered significantly different if p ≤ 0.05. 

 

RESULTS AND DISCUSSION 
 

1. Approximate analysis of selected fruits and 

vegetables: 

UBA and WFSP were the second major 

ingredient used in the preparation of milkshake 

formulations and had a significant impact on the 

taste, flavor and color of the final product. 



Journal of Sohag Agriscience (JSAS)                                                                        https://jsasj.journals.ekb.eg 

 

 
Proximate analysis of UBA pulp and WFSP 

puree was performed to estimate total solids, fat, 

protein, ash, dietary fiber and carbohydrate 

content. The results obtained from the proximate 

analysis of unripe bananas and white-fleshed 

sweet potatoes are shown in Table 2.  

Table 2: Approximate composition of unripe 

bananas and white fleshed sweet potatoes used 

Constituents* UBA 
WF-

SP 

T.S 

Fat 

Protein 

Ash 

Fiber 

Carbohydrates 

31.55
b

 

0.19
a

 

1.15
b

 

0.95
b

 

2.90
b

 

27.91
b

 

51.11
a

 

0.22
a

 

2.15
a

 

1.16
a

 

3.50
a

 

47.58
a

 
*Mean of three replicates 

UBA: Unripe Banana 

WF-SP: White Fleshed-Sweet Potato 

The results obtained from the analysis of 

UBA were consistent with those of Egbebi and 

Bademosi (2012) and the results from the 

analysis of WFSP were also consistent with 

those of Rose and Vasanthakaalam (2011) and 

Hazo and Yirgalem (2021). 

2. Chemical composition of milkshake 

formulations: 

Table 3 shows the chemical composition 

of milkshake formulations made with UBA and 

WFSP. Total solids increased significantly (p ≤ 

0.05) with the addition of WFSP, and decreased 

with the addition of UBA, and this increase or 

decrease was proportional to the level of 

addition. This may be due to the higher total 

solids content of WFSP compared to UBA. The 

total solids content of the experimental 

beverages ranged from 34.22% to 40.09% 

compared to 37.17% in the control sample. The 

addition of UBA and WFSP significantly 

decreased (p ≤ 0.05) the fat content of the 

beverages. This may be due to the fact that the 

fat content of UBA and WFSP is very low. The 

fat content of the experimental beverages ranged 

from 9.1% to about 10.4%, while the control 

sample had the highest fat content (12.2%) as it 

was prepared without replacing the milk fat. 

There were slight differences in protein content 

in all experimental beverages studied compared 

to the control sample. This may be due to the 

fact that the protein content of UBA and WFSP 

is low. The results also showed a higher ash 

content in the experimental beverages compared 

to the control sample, ranging between 0.86 and 

1.11% compared to 0.80% in the control. 
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Table 3: Chemical composition of low-calorie milkshake formulations made with unripe bananas and 

white potatoes as fat replacers during storage at 4 ± 1°C for 21 days 

Formulas 

Storage 

period 

(days) 

 Chemical composition (%) 

T.S Fat Protein Ash Fiber Carb 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

1 

37.17
d
 

36.32
e
 

35.08
f
 

34.22
g
 

38.43
c
 

39.08
b
 

40.09
a
 

12.20
a
 

10.40
b
 

9.80
d
 

9.20
f
 

10.20
c
 

9.60
e
 

9.10
f
 

3.97
a
 

3.67
b
 

3.58
c
 

3.47
e
 

3.51
d
 

3.36
f
 

3.22
g
 

0.80
g

 

0.86
f

 

0.89
d

 

0.90
c

 

0.87
e

 

1.00
b

 

1.11
a

 

0.00 

0.41
f

 

0.54
d

 

0.68
b

 

0.50
e

 

0.66
c

 

0.83
a

 

20.21
g

 

21.38
d
 

20.82
e

 

20.65
f

 

23.86
c

 

25.12
b

 

26.01
a

 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

7 

37.22
d
 

36.32
e
 

35.09
f
 

34.24
g
 

38.48
c
 

39.10
b
 

40.11
a
 

12.30
a
 

10.40
b
 

9.80
d
 

9.40
f
 

10.30
c
 

9.60
e
 

9.10
f
 

3.96
a
 

3.67
b
 

3.58
c
 

3.47
e
 

3.52
d
 

3.36
f
 

3.26
g
 

0.79
g

 

0.86
f

 

0.89
d

 

0.90
c

 

0.87
e

 

1.00
b

 

1.01
a

 

0.00 

0.41
f

 

0.54
d

 

0.68
b

 

0.50
e

 

0.66
c

 

0.83
a

 

2 0.22
g

 

21.40
d

 

20.83
e

 

20.47
f

 

23.80
c

 

25.14
b

 

26.77
a

 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

14 

37.25
d
 

36.35
e
 

35.10
f
 

34.26
g
 

38.49
c
 

39.12
b
 

40.14
a
 

12.50
a
 

10.70
b
 

9.70
d
 

9.20
f
 

10.20
c
 

9.60
e
 

9.10
f
 

3.96
a
 

3.67
b
 

3.58
c
 

3.47
e
 

3.52
d
 

3.37
f
 

3.23
g
 

0.79
g

 

0.85
f

 

0.89
d

 

0.90
c

 

0.87
e

 

1.00
b

 

1.11
a

 

0.00 

0.41
f

 

0.54
d

 

0.68
b

 

0.50
e

 

0.66
c

 

0.83
a

 

20.00
g

 

21.13
d

 

20.94
e

 

20.69
f

 

23.91
c

 

25.16
b

 

26.70
a

 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

21 

37.27
d
 

36.35
e
 

35.11
f
 

34.28
g
 

38.51
c
 

39.15
b
 

40.17
a
 

12.50
a
 

10.70
b
 

9.70
d
 

9.40
f
 

10.20
c
 

9.60
e
 

9.20
f
 

3.96
a
 

3.68
b
 

3.59
c
 

3.48
e
 

3.53
d
 

3.38
f
 

3.25
g
 

0.79
g

 

0.85
f

 

0.89
d

 

0.90
c

 

0.87
e

 

1.00
b

 

1.11
a

 

0.00 

0.41
f

 

0.54
d

 

0.68
b

 

0.50
e

 

0.66
c

 

0.83
a

 

20.02
g

 

21.12
d

 

20.94
e

 

20.50
f

 

23.92
c

 

25.18
b

 

26.61
a

 
Control*: milk shake formula made with ice cream without added any fruits or vegetables  

MS: milk shake; IC: Ice cream; URB: Unripe banana; WFSP: White-fleshed sweet potatoes  

Values are means of three replicates 

Values with different superscript letters within the same column are significantly different (p ≤ 0.05). 

 

The addition of UBA and WFSP to 

milkshake formulations significantly increased 

the carbohydrate content of the beverages (P ≤ 

0.05). The increase in carbohydrates is likely 

related to the high fiber, starch, and resistant 

starch content of both UBA and WFSP. The 

total carbohydrate content of the WFSP 

beverages was significantly higher (P ≤ 0.05) 

than that of the control sample or UBA 

beverages, ranging from 23.86 to 26.01% 

compared to 20.21% in the control sample. The 

fiber content also increased significantly (P ≤ 

0.05) with the addition of both UBA and WFSP, 

and this increase was proportional to the level of 

addition of each. The fiber content of the 

experimental beverages ranged from 0.41 to 

0.83% and was significantly higher (P ≤ 0.05) 

than the control sample, which was found to be 

completely devoid of fiber as shown in Table 3.   
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3. Physicochemical properties of milkshake 

formulations: 

The physicochemical properties of the 

milkshake formulations made with UBA and 

WFSP are shown in Table 4. 

3.1. Colour parameters of milkshake 

formulations: 

The results in Table 4 also showed 

significant differences (P ≤ 0.05) between the 

experimental beverages and the control sample 

in terms of the color parameters, as the control 

sample outperformed the experimental 

beverages in color degree (L*) and obtained 

(40.51). The L-value of the experimental 

beverages ranged from 33.84 to 40.17, and was 

higher in beverages made from WFSP than those 

made from UBA. It has been reported that milk-

fruit beverages with the highest lightness value 

contain milk as a main ingredient and have low 

fruit content (Fernandez‐Vazquez et al., 2017). 

In this sense, this may explain the low brightness 

values in our experimental beverages. The 

results showed that a* values of the 

experimental beverages were superior to the 

control sample, which had a lower value of 8.13, 

while a* values of the experimental beverages 

ranged between 8.40 and 8.98. The a* values of 

the experimental beverages increased with 

increasing levels of UBA and WFSP addition, 

and this was particularly evident in the UBA 

beverages. The b* values showed that the 

beverages containing UBA were superior to the 

WFSP beverages as well as the control sample, 

and the b* values increased with increasing 

addition rate. The highest value of b* was found 

in the milkshake sample containing 25% UBA, 

which was 28.21, while the lowest value was 

found in the control sample, which was 15.54. 

The larger the b+ value, the more yellowing, 

while the smaller or even negative value (b-) 

showed green (Vargas and Lopez, 2003). 

Table 4: Physicochemical properties of low-calorie milkshake formulations made with unripe bananas and 

white sweet potatoes as fat replacers 

Formulas 

Physicochemical properties 

Colour parameters TSS 

(°Brix) 

Apparent viscosity 

(cP) 

pH- 

value 

T.A 

(%) L* a  *  b* 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

40.51
a

 

63.63
e
 

61.56
f
 

66.36
g
 

40.17
b

 

39.53
c

 

37.79
d

 

8.13
g

 

8.64
d

 

3..8
b
 

3..3
a
 

8.40
f

 

8.60
e

 

8.67
c

 

15.54
g

 

83.83
c
 

81.53
b
 

83.85
a
 

16.40
f

 

17.29
e

 

17.74
d

 

20.64
b
 

18.59
e
 

17.23
f
 

16.02
g
 

18.94
d
 

19.95
c
 

21.22
a
 

40
g
 

50
f
 

54
e
 

58
d
 

64
c
 

68
b
 

71
a
 

6.59
a

 

6.25
c

 

6.22
c

 

6.20
c

 

6.59
a

 

6.49
b

 

6.46
b
 

0.53
g
 

0.81
e
 

0.83
c
 

0.86
a
 

0.19
f
 

0.82
d
 

0.24
b

 
Control*: milk shake formula made with ice cream without added any fruits or vegetables  

MS: milk shake; IC: Ice cream; URB: Unripe banana; WFSP: White-fleshed sweet potatoes  

Values are means of three replicates 

Values with different superscript letters within the same column are significantly different (p ≤ 0.05). 

 

3.2. Total soluble solids of milkshake (Brix): 

The TSS (°Brix) values of the 

experimental beverages ranged from 16.02 to 

21.22% compared to 20.64% in the control 

sample. Compared to the control sample, the 

TSS values of the experimental milkshake 

decreased with the addition of UBA and 

increased with the addition of WFSP. This 

decrease or increase was proportional to the 

percentage of UBA and WFSP added (Table 4).  

3.3. Apparent viscosity: 

Viscosity is a measure of the resistance 

to flow of a beverage. The viscosity property is 

directly related to sensory properties such as 

mouthfeel and consistency. Too low viscosity 

gives a watery feel to the beverage, and too high 

viscosity reduces the fluid behavior of the 

beverage. Hence, the viscosity is required at a 

certain optimum value, which enhances the 

sensory quality of the beverage. The optimum 
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viscosity value is also associated with high 

phase stability during storage of the beverage. 

Some hydrocolloids used in beverage processing 

are responsible for the viscosity property of 

beverages. The results in Table 4 also showed 

that the viscosity values of the experimental 

beverages were significantly higher (P ≤ 0.05) 

than the control sample, especially in the WFSP 

beverages compared to their UBA counterparts. 

The higher viscosity values can be attributed to 

the ability of WFSP to promote the gel network 

in the serum, thus increasing the viscosity. The 

viscosity values of the experimental beverages 

ranged between 50 and 71 cP, with the highest 

viscosity value (71 cP) found in a milkshake 

containing 25% WFSP, while the control sample 

had the lowest viscosity value (40 cP).  

3.4. The pH and Acidity: 

The pH and acidity of beverages are of 

great importance during processing and storage 

(Mudgil et al., 2016). The pH of the beverage is 

directly related to the molecular and structural 

stability of other ingredients used in the 

beverage formulation. Low pH and high acidity 

make casein and whey insoluble, causing 

sedimentation defects in beverages. These are 

very important to control in the fermented type 

of functional dairy beverages. The pH of the 

beverage also plays an important role in the 

solubility and dispersion of ingredients in the 

beverage. Low solubility and dispersibility is 

directly associated with phase stability of 

beverages during storage (Mudgil and Barak, 

2019). From the results in Table 4, it can be 

noted that there is a significant increase (P ≤ 

0.05) in the titratable acidity of beverages made 

from UBA and WFSP at all addition ratios 

compared to the control sample. Titratable 

acidity of the experimental beverages ranged 

from 0.19 to 0.24% compared to 0.16% in the 

control sample, while the pH values of the 

experimental beverages ranged from 6.20 to 6.59 

compared to 6.59 in the control sample.  

4. Foaming properties of milkshake 

formulations:  

Foaming properties are typically divided 

into foaming capacity (FC) and foaming stability 

(FS), which are mainly affected by physical and 

chemical properties. FC is defined as the ability 

of protein to incorporate air when whipped and 

is measured by volume (%), while FS 

corresponds to the ability to stabilize the foam 

(volume) over time (usually limited to 30 

minutes). In general, the molecular properties 

required for a good FC may differ from those 

required for a suitable FS. In fact, FC is mainly 

controlled by the diffusion coefficients of 

soluble proteins toward the air-water interface, 

possible conformational changes, and interface 

rearrangements. On the other hand, foam 

stabilization mostly depends on the formation of 

a thick, cohesive viscoelastic film encompassing 

each gas bubble (Bessada et al., 2019). 

Table 5: Foaming properties of milkshake formulations made with unripe bananas and white potatoes 

Formulas 

Foaming properties 

Foam volume 

(ml) 

Foaming capacity 

(%) 

Foaming stability 

(min) 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

22
a
 

19
b
 

15
c
 

11
d
 

10
e
 

8
f
 

6
g
 

29.33
a
 

25.33
b
 

20.00
c
 

14.66
d
 

13.33
e
 

10.66
f
 

08.00
g
 

13:30
a
 

12:22
b
 

11:35
c
 

10:30
d
 

09:50
e
 

07:30
f
 

06:49
g
 

Control*: milk shake formula made with ice cream without added any fruits or vegetables  

MS: milk shake; IC: Ice cream; URB: Unripe banana; WFSP: White-fleshed sweet potatoes  

Values are means of three replicates 

Values with different superscript letters within the same column are significantly different (p ≤ 0.05). 

 



Journal of Sohag Agriscience (JSAS)                                                                        https://jsasj.journals.ekb.eg 

 

 
The results in Table 5 showed 

significant differences (P ≤ 0.05) in the foam 

volume of the experimental beverages added 

with different proportions of UBA and WFSP, 

and the control sample superior to the 

experimental beverages in foam volume, which 

reached 22 ml. UBA beverages outperformed 

WFSP beverages in terms of foam volume, 

which ranged from 11 ml to 19 ml and from 6 

ml to 10 ml, respectively. Ho et al. (2024) found 

that increasing the solids concentration in 

reconstituted skimmed milk powder emulsions 

from 1.5 to 15% (i.e. 0.5–5% protein) did not 

affect the foaming properties, although lactose, 

viscosity, and surface tension increased, while 

air bubble size was slightly reduced. The results 

showed that the control sample outperformed the 

experimental beverages in terms of foam 

capacity, which reached 29.33%, and decreased 

with increasing addition percentage of both 

UBA and WFSP. UBA beverages were superior 

to WFSP beverages in their ability to form foam. 

The results also showed that the control sample 

outperformed the experimental beverages in 

foam stability, which reached 13:30 min. UBA 

beverages were superior to WFSP beverages in 

their ability to stabilize. The foaming time for 

UBA beverages ranged from 10:30 min to 12:22 

min, while the foaming time for WFSP 

beverages ranged from 6:49 min to 9:50 min. 

Foam is a colloidal dispersion phenomenon in 

which small air bubbles are dispersed in a 

constant water phase. The foaming capacity and 

its stability are of high importance in various 

foods and beverages (Vianna-Filho et al., 2013). 

The foam-based food products are widely 

consumed and hydrocolloids are a key ingredient 

of their formulation for their stabilization. The 

polysaccharide-based hydrocolloids contain 

active surface properties and can act as 

emulsifying and foaming factors (Dickinson, 

2010). The general foam stabilizers are 

thickening agents such as gums, starch, pectin, 

and gelatin. Such agents function by increasing 

the viscosity of the constant phase or forming a 

three-dimensional mesh that interrupts the 

constituent's motion in the foam (Dachmann et 

al., 2018). Hydrocolloids exhibited similar 

behavior and caused an improvement in foam 

stability through an increase in viscosity owing 

to their high water-binding capacity and the 

thickening feature. Guar gum and xanthan gum, 

which are well known as stabilizer for such 

beverage, are added for a long shelf life without 

causing undesirable coagulation and reducing 

the volume of foam (Eghbaljoo et al., 2022). 

Dairy foam is a very essential ingredient in 

whipped cream, ice cream, and milk-based 

beverages such as cappuccinos, chocolate milk 

drinks, and milkshakes (Huppertz, 2010). The 

foaming and stability of milk depend on its 

composition and are influenced by the physical 

and chemical properties of whey protein (Khezri 

et al., 2017). The foam in milk plays a 

significant role in the sensory properties of 

popular beverages such as cappuccino and 

milkshakes. A study by Hatakeyama et al. 

(2019) evaluated the sensory properties of 

foamed milk. These authors described that 

foamed milk with small bubble size produced 

high sensory scores for ―smoothness,‖ 

―smoothness,‖ and ―elasticity,‖ and low scores 

for ―meltability.‖ Likewise, polysaccharides also 

play an important role in the stabilization of 

foam by increasing the viscosity of the solution, 

thereby creating improved foam characteristics. 

Combinations of proteins, polysaccharides, and 

sweeteners have also been used in one study for 

investigating the foaming behavior of the 

suspension.  It was reported that the combination 

of such a system affects the physical properties 

of the suspension and the foaming nature (Neves 

et al., 2018; Deotale et al., 2020). 

5. Energy values of milkshake formulations:  

Since one of the objectives of this study 

was to produce low-calorie beverages, it was 

important to estimate the energy values of the 

different experimental beverages. Table 6 shows 

the reduction in fat content and energy values of 

milkshake formulations made from UBA and 

WFSP. The different experimental beverages 

showed significant differences in fat reduction 

rates. The percentage of fat reduction in the 

experimental beverages ranged from 14.75% to 

25.40%, with the highest percentage of fat 

reduction being 25.40% in the milkshake 

containing 25% WFSP. 
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Table 6: Energy values for milkshake formulations made with unripe bananas and white potatoes  

 

Formulas  

 

Fat and energy reductions 

Fat 

(%) 

Fat 

 reduction 

(%) 

Energy values 

(kcal/g) 

Energy 

reduction 

 (%) 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

12.2 

10.4 

09.8 

09.2 

10.2 

09.6 

09.1 

- 

14.75 

19.67 

24.59 

16.39 

21.31 

25.40 

206.52 

193.78 

185.79 

179.29 

201.26 

200.32 

198.81 

- 

6.29 

10.04 

13.19 

2.55 

3.0 

3.73 
Control*: milk shake formula made with ice cream without added any fruits or vegetables  

MS: milk shake; IC: Ice cream; URB: Unripe banana; WFSP: White-fleshed sweet potatoes  

 

The energy values (kcal/g) of the 

different beverages showed significant 

differences. The highest energy value was found 

in the control sample (206.52 kcal/g), while the 

lowest was found in the milkshake containing 

25% UBA (179.29 kcal/g). Milkshakes made 

with WFSP resulted in energy reductions in the 

range of only 2.55–3.73%, while the energy 

reductions in UBA formulations ranged from 

6.29–13.19%. The results revealed that partial 

replacement of sucrose and milk fat with UBA 

or WFSP resulted in a significant reduction in 

the calorie content of milkshakes. Alizadeh et al. 

(2014) produced fruit-based milkshakes using 

different fruit (banana, apple, and kiwi) 

concentrates. Different proportions of stevia and 

sucrose were used as sweeteners. The 

researchers suggested that it is possible to 

replace sugar with intense natural sweeteners 

such as stevia to produce fruit-based milkshakes 

with lower caloric values. 

 

6. Sensory properties of milkshake 

formulations: 

 Table 7 shows the sensory 

characteristics of milkshake formulas made from 

UBA and WFSP during storage. The results of 

the fresh samples showed that the beverages 

made with UBA or WFSP were superior in 

flavor, scoring higher than the control sample. 

The results also showed that the WFSP 

beverages outperformed the UBA beverages in 

terms of flavour scores, scoring higher. The 20% 

WFSP formulation received the highest scores 

for body and texture, followed by the 25% UBA 

formulation, while the control sample received 

the lowest scores. The control sample was 

superior to the experimental beverages in terms 

of colour, followed by the WFSP beverages, 

while the UBA beverages had the lowest colour 

scores. In terms of overall acceptability, 

beverages containing UBA and WFSP received 

higher scores than the control sample. The 

beverage containing 20% WFSP received the 

highest overall acceptability scores, followed by 

the beverage containing 25% UBA.  
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Table 7: Sensory properties of low-calorie milkshake formulations made with unripe bananas and white 

potatoes as fat replacers during storage at 4 ± 1°C for 21 days 

Formulations 

Storage 

period 

(days) 

Sensory attributes 

Flavor 

(9) 

Body & 

Texture 

(9) 

Color & 

Appearance 

(9) 

Overall 

acceptance 

(9) 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

1 3.83 

3.61 

3.66 

3.36 

3..1 

8.97 

8.98 

3.61 

3.11 

3.31 

3.3. 

3.18 

3..3 

3.65 

3.33 

3.63 

3.85 

3.15 

3.16 

3.35 

3.16 

7.50 

8.38 

8.83 

3.33 

8.04 

3..8 

8.58 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

7 

 

3.85 

3.68 

3.6. 

3.11 

3.38 

8.95 

8.98 

3.51 

3.88 

3.68 

3.66 

3.56 

3.63 

1..6 

3.58 

3.8. 

3.88 

3.31 

3.58 

3.86 

1.31 

7.89 

7.78 

8.67 

8.00 

8.00 

8.66 

7.78 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

14 3.51 

1..1 

1.11 

1.16 

1.11 

1.33 

1.11 

1..6 

1.1. 

3.61 

3.56 

1.61 

1.16 

1.33 

1..8 

3.85 

1.3. 

1.36 

3.81 

1.31 

1.3. 

7.33 

6.78 

6.89 

6.78 

7.00 

7.78 

7.67 

Control* 

MS (85% IC + 15% UBA) 

MS (80% IC + 20% UBA) 

MS (75% IC + 25% UBA) 

MS (85% IC + 15% WFSP) 

MS (80% IC + 20% WFSP) 

MS (75% IC + 25% WFSP) 

21 3.88 

1.18 

3.86 

3.88 

1.68 

1.18 

1.00 

1.61 

1.33 

3.81 

1.16 

1.88 

1.61 

1.88 

3.61 

1..8 

1.11 

1.61 

1.16 

1.61 

1.63 

7.20 

6.55 

6.77 

7.60 

7.60 

7.71 

7.00 
Control*: milk shake formula made with ice cream without added any fruits or vegetables  

MS: milk shake; IC: Ice cream; URB: Unripe banana; WFSP: White-fleshed sweet potatoes  

 

The results in Table 7 also showed that 

after 7 days of storage, the 20% WFSP beverage 

was superior to all beverages in body & texture 

and color. In terms of overall acceptability, 20% 

UBA and 20% WFSP beverages recorded the 

highest values compared to the control sample 

after 7 days of storage.  Overall acceptance 

showed that beverages containing 25% UBA, 

15% and 20% WFSP had the highest scores at 

the end of the 21-day storage period. In general, 

most of the beverages showed good sensory 

properties at the end of the 21-day storage 

period, despite some slight deterioration in some 

of their sensory properties. 

7. Storage stability (phase separation) of 

milkshake: 

Separation of aqueous phase on the top 

surface of the beverage is known as phase 

separation. It is a defect and not acceptable by 

consumers. This phenomenon is associated with 

storage stability of the beverage (Mudgil et al., 

2016). High storage stability is desirable for 

beverages for acceptability point of view. 
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Storage stability of the beverage is interrupted 

when the ingredients in the beverages interact 

with each other. Hence the selection of 

ingredient for beverage formulation is very 

crucial to preserve the original rectitude of the 

ingredients during storage period. Fig. 1 showed 

that the milkshake formulations containing UBA 

or WFSP showed the longest stability period 

compared to the control sample which had the 

shortest stability period. WFSP milkshakes were 

more stable than UBA milkshakes, with a 

stability period of 15 to 17 days versus 12 to 16 

days. The results also showed that the stability 

period of the beverages increased with the 

increase in the percentage of UBA or WFSP 

addition. This may be due to the presence of 

dietary fiber in fruits and vegetables, which 

gives them firmness and structure, forms a 

matrix, and retains water in them, unlike milk, 

which is devoid of it (Arora et al., 2015). Karki 

et al. (2015) studied the change of sensor 

parameters and the increase in the storage time 

of milk cocktail with banana and wheat bran at 

room temperature. Among the three factors, 

wheat bran showed the maximum effect to 

increase gray cellulose, banana showed a 

relatively low effect, while sugar had a non-

significant effect. 

 
Fig. 1: Stability time of low-calorie milkshake formulations made with unripe bananas and white potatoes 

as fat replacers during storage at 4 ±1°C for 21 days 
Control: milk shake formula made with ice cream without added any fruits or vegetables  

MS: milk shake; IC: Ice cream; URB: Unripe banana; WFSP: White-fleshed sweet potatoes  

 

On the other hand, xanthan gum exhibits 

thickening properties with pseudo-plastic 

behavior due to its branch structure. This 

characteristic enables xanthan gum to be more 

stable in different ranges of temperature, pH and 

upon enzymatic degradation. Morell et al. 

(2014) used native and modified cornstarch, λ-

carrageenan and guar gum to make milk 

cocktails. The structure of milk cocktails 

prepared with λ-carrageenan and guar gum was 

better preserved. 

CONCLUSION 

         The use of unripe bananas and white 

sweet potatoes in the manufacture of low-calorie 

milk shake beverages can improve the properties 

of these products, providing functional products 

with high nutritional value. It clearly affected the 

various chemical and physical properties, and 

also clearly improved the colour and energy 

properties, as it clearly reduced energy, in 

addition to the distinct sensory qualities of the 

final product. It can be concluded that it is 

possible to manufacture unripe banana 

milkshakes and low-calorie white sweet potatoes 

milkshakes with a healthy effect. A good, 

healthy product with excellent nutritional and 

sensory acceptability and a long shelf life can be 

obtained. 
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