
ORIGINAL ARTICLE

Development of high protein, high fiber smoothie as a grab-and-go
breakfast option using response surface methodology

Dipakkumar Mehta1 • M. H. Sathish Kumar2 • Latha Sabikhi3

Revised: 8 August 2017 / Accepted: 28 August 2017 / Published online: 11 September 2017

� Association of Food Scientists & Technologists (India) 2017

Abstract The current work aimed to formulate smoothie

by optimizing varying levels of soy protein isolate

(1.5–2.5% w/w), sucralose (150–190 ppm) and pectin

(0.3–0.5% w/w) along with milk, legume (chickpea),

vegetable (carrot), fruit (mango), honey and trisodium

citrate by response surface methodology on the basis of

sensory (color and appearance, flavor, consistency, sweet-

ness and overall acceptability) and physical (expressible

serum and viscosity) responses. Soy protein isolate and

pectin levels influenced color and appearance, flavor,

consistency and overall acceptability significantly. Soy

protein isolate and pectin showed a positive correlation

with viscosity of smoothie with reduced expressible serum.

Smoothie was optimized with 1.8% (w/w) soy protein

isolate, 166.8 ppm sucralose, and 0.5% (w/w) pectin with

acceptable quality. One serving (325 ml) of optimized

smoothie provides approximately 23% protein, 27% diet-

ary fiber of the recommended daily values and provides

approximately 74 kcal per 100 ml of smoothie, which

renders smoothie as a high protein, high fiber, grab-and-go

breakfast option.

Keywords Smoothie � Grab-and-go breakfast � High

protein � High fiber

Introduction

Breakfast, usually the first meal of the day, plays a vital

role in our diet. It should include the essential nutrients in

adequate amount for people of all ages. A healthy breakfast

should derive from three major food groups viz., milk,

fruits and grains and it should provide the sufficient amount

of protein, fiber, vitamins and micronutrients (USDA Food

and Nutrition Service 2013) with minimal sugar and fat

especially from processed foods (National Institute of

Nutrition 2011). On the other hand, skipping breakfast has

become a common habit in the recent era, the possible

reasons quoted behind it, being not hungry, no time, no one

to prepare food, on a diet to lose weight and food not

available (Singleton and Rhoads 1982). A previous study

(Smith et al. 2010) demonstrated that skipping breakfast

during childhood and adulthood cause significant changes

in anthropometric measurements viz., higher body mass

index, larger weight and circumferences, and also poorer

cardiometabolic profiles than those who have breakfast at

both stages of life. Skipping breakfast is an indication of a

negative sign for health, such as development of disordered

eating behavior, which may lead to several health conse-

quences (Neumark-Sztainer et al. 2008).

The concept of a grab-and-go, healthy breakfast option

would be the possible remedy of such concerns, but its

success comes from its careful formulation. In the prepa-

ration of a cost-effective, acceptable, shelf-stable and

nutritious formula, the selection of ingredients and their

level of addition play an important role in formulation. Soy

protein is an excellent source for protein enrichment in

product formulations, owing to its low cost and the

excellent nutritional profile, but the major drawback is its

undesirable flavors and taste. Such undesirable flavors like

beany and green flavors possibly result from lipoxygenase
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activity or auto-oxidation of oils from crushed soybean,

which may interact with soy protein (Rackis et al. 1979;

Ashraf and Snyder 1981). Use of such soy protein for

enriching the formulation may release such off-flavors that

adversely affect the consumer acceptability of the final

product. Sucralose is used as a sugar replacer in a variety of

food products to cut extra perks of calories from carbo-

hydrate. It is exceptionally stable at low pH and high

temperature (Knight 1994). However, the main disadvan-

tage of sucralose is its bitter after-taste beyond a certain

level of addition (Hanger et al. 1996). The application of

pectin in protein-rich acidic beverages is widely popular, as

it provides an excellent stability to the product, in addition

to its contribution to consistency (Doesburg and de Vos

1959).

The current study was aimed at developing a high pro-

tein, high fiber, grab-and-go breakfast option as smoothie

by optimizing critical ingredients like soy protein isolate,

sucralose and pectin using response surface methodology

(RSM) along with milk, legume (chickpea), fruit (mango),

vegetable (carrot) and honey, based on their impact on

selected sensory and physical attributes of the product.

Materials and methods

Materials

Cow milk (Experimental Dairy, National Dairy Research

Institute, Haryana, India) was used as a base material in a

formulation of smoothie which contained fat and total

solids ranging from 3.5 to 4.5% and 12 to 14%, respec-

tively. Black chickpeas (Cicer arietinum L., local variety,

93.09 ± 0.5% total solids, 63.03 ± 0.79% total carbohy-

drates, 3.30 ± 0.21% fat, 24.66 ± 0.53% protein and

3.1 ± 0.07% ash), mango pulp (Totapuri variety, Golden

Crown Ltd., 13.7% carbohydrate, 0.39% protein and 0.14%

fat) and honey (Dabur Pvt., Ltd., 80% total solids) were

procured from the local market of Haryana, India. Clean

black chickpeas were soaked in water (1:2) for 12 h, ger-

minated for 48 h at 25 �C, dried at 60 �C for 12 h, their

rootlets removed, and the chickpeas milled to produce

chickpea flour. The flour was sieved through 52 mesh size,

packaged, and stored in refrigerator for further use. Carrot

juice concentrate (70.8� Brix) and soy protein isolate (SPI,

90% protein, 0.5% fat, 1% crude fiber, 4.5% ash and 7%

moisture) were procured from Cargill Inc., Delhi, India and

Sonic Biochem, Madhya Pradesh, India, respectively.

Sucralose and trisodium citrate were purchased from Hi-

Media Chemicals, Maharashtra, India, and pectin (high

methoxy), from CP Kelco, Division of M/s JM Huber Pvt.

Ltd., Mumbai, India.

Manufacture of smoothie

Smoothie was formulated using a variety of key ingredients

such as cow milk (30% w/w), chickpea (3% w/w), mango

pulp (15% w/w), carrot juice (3% w/w), honey (3% w/w),

and tri-sodium citrate (0.05% w/w) along with SPI,

sucralose and pectin (as per suggested levels from RSM

design expert) using a hand blender (Rico HBCJ-02 Hand

Blender, Mumbai, India) with a mincer blade at a highest

speed (2000 rpm) for 15 min. Soy protein and sucralose

contributed excellent nutritional profile and enhanced

functionality to the product. Preliminary studies demon-

strated that ingredients such as SPI, sucralose and pectin

have a significant impact on product stability and accept-

ability. Based on their results, the product was prepared

using 1.5–2.5% (w/w), 150–190 ppm and 0.3–0.5% (w/w)

of SPI, sucralose and pectin, respectively. Figure 1 illus-

trates the process flow diagram for the development of

smoothie. After homogenization, smoothie was filled into

glass bottles, crown corked and heat treated on an LPG

stove in a steel kettle (20 L capacity) containing water,

followed by immediate cooling.

Design of experiment

Selected ranges of SPI, sucralose, and pectin (1.5–2.5%

(w/w), 150–190 ppm and 0.3–0.5% (w/w) respectively)

were fitted in RSM with three factors second-order central

composite rotatable design (CCRD) using Design Expert-

8.0.7.1 software (Stat-Ease Inc., Minneapolis, USA) for

their level optimization in smoothie preparation. The

experimental design generated twenty different combina-

tions of selected ingredients shown in Table 1. Smoothie

was formulated according to the generated combinations

and analysed for sensory and physical responses to opti-

mize the level of selected ingredients. The actual level of

three factors (A, B, C) and the axial distance (-a, ?a)

make the design rotatable. The response function (Y) was

assumed to relate sensory responses (color and appear-

ance, flavor, consistency, sweetness, and overall accept-

ability) and physical responses (expressible serum and

viscosity).

Y ¼ b0 þ b1A þ b2B þ b3C þ b11A2 þ b22B2 þ b33C2

þ b12AB þ b13AC þ b23BC þ E

The regression coefficients were represented as b0

(constant term), b1, b2 and b3 (linear terms), b11, b22 and

b33 (quadratic terms), b12, b13 and b23 (interactive terms)

and E (random error).

The significant terms of the model were found by

analysis of variance (ANOVA) for each response

(Table 2) with 1 and 5% levels of confidence. The

accuracy and precision of the model were determined

3860 J Food Sci Technol (November 2017) 54(12):3859–3866

123



using F-value, coefficient of regression (R2), and coef-

ficient of variation (CV) (Montgomery and Myers 1995).

All analyses were performed in triplicate and evaluated

for all responses. The predicted values generated by

RSM design were then compared with actual values

using t test (Table 3).

Fig. 1 Process flow diagram

for the manufacture of smoothie

Table 1 Experimental design run and corresponding responses of breakfast smoothie

Run Variables* Sensory responses Physical responses

SPI (%w/

w) A (a)

Sucralose

(ppm) B (b)

C:pectin

(%w/w) C

(c)

Color and

appearance

Flavor Consistency Sweetness Overall

acceptability

Expressible

serum (mL/

50 mL)

Viscosity

(Pa.s)

1 2 (0) 170 (0) 0.4 (0) 7.90 6.60 7.20 7.15 7.34 13.15 0.544

2 1.5 (-1) 190 (1) 0.5 (1) 8.23 6.90 6.53 7.15 7.04 15.40 0.479

3 2.5 (1) 150 (-1) 0.5 (1) 7.79 6.18 7.20 7.03 7.06 12.10 0.728

4 2 (0) 170 (0) 0.4 (0) 7.98 7.03 6.80 7.50 7.59 13.30 0.498

5 1.5 (-1) 190 (1) 0.3 (-1) 8.50 6.50 6.40 7.13 6.96 16.55 0.398

6 2.5 (1) 190 (1) 0.5 (1) 7.50 5.93 7.15 6.98 7.18 12.35 0.688

7 2 (0) 203.64 (?a) 0.4 (0) 7.95 6.50 6.90 7.00 7.11 14.20 0.528

8 1.5 (-1) 150 (-1) 0.5 (1) 8.18 6.95 6.80 7.00 7.12 15.00 0.466

9 1.5 (-1) 150 (-1) 0.3 (-1) 8.22 6.78 6.13 6.85 6.94 16.25 0.421

10 2 (0) 170 (0) 0.57 (?a) 7.85 6.68 7.05 7.38 7.33 12.65 0.595

11 1.16 (-a) 170 (0) 0.4 (0) 8.20 7.00 6.33 7.00 6.89 13.50 0.357

12 2.84 (?a) 170 (0) 0.4 (0) 7.68 5.86 6.95 6.75 6.52 14.80 0.619

13 2 (0) 170 (0) 0.4 (0) 8.05 6.58 7.15 7.28 7.61 13.90 0.568

14 2.5 (1) 150 (-1) 0.3 (-1) 7.85 6.10 6.51 7.06 6.89 18.45 0.459

15 2 (0) 170 (0) 0.23 (-a) 8.10 6.78 6.95 7.20 7.16 20.65 0.498

16 2 (0) 170 (0) 0.4 (0) 7.95 6.38 7.05 7.43 7.45 12.95 0.536

17 2 (0) 170 (0) 0.4 (0) 8.03 6.43 7.30 7.10 7.24 13.40 0.551

18 2 (0) 136.36 (-a) 0.4 (0) 8.05 6.48 7.03 6.70 7.19 13.65 0.508

19 2 (0) 170 (0) 0.4 (0) 8.10 6.50 7.20 7.43 7.29 13.80 0.538

20 2.5 (1) 190 (1) 0.3 (-1) 7.90 7.10 6.95 7.13 7.13 18.35 0.472

* A,B,C: actual values, a,b,c: coded values, a: axial distance from the centre point
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Chemical analysis of smoothie

The formulated smoothie was analysed for total solids,

total carbohydrate, protein, fat and ash as per AOAC

methods (AOAC 2000). The total dietary fiber content

was analysed using the Megazyme total dietary fiber

assay kit.

Sensory evaluation

Sensory responses of smoothie were evaluated by a trained

sensory expert panel of ten members using a 9-point

hedonic scale (1-4 - disliked extremely-disliked slightly, 5-

neither liked nor disliked and 6-9 - liked slightly-liked

extremely) for color and appearance, flavor, consistency,

sweetness and overall acceptability of the product (Stone

et al. 2008).

Viscosity

Viscosity of smoothie was measured using a rheometer

(MCR 52, Anton-Paar Inc., VA, USA) fitted with CP75

probe, a cone and plate type geometry. Approximately one

gram of the sample was taken and determined for viscosity

(Pa.s) at 15 s-1 for 60 s at 4 �C.

Expressible serum

Expressible serum was measured by centrifugation method

adopted by Khurana (2006) after slight modifications. Fifty

Table 2 Regression coefficients and ANOVA of fitted quadratic model for sensory and physical responses

Factors Sensory responses Physical responses

Color and

appearance

Flavor Consistency Sweetness Overall

acceptability

Expressible serum (mL/

50 mL)

Viscosity

(Pa.s)

Intercept 8.02 6.80 7.07 7.33 7.39 13.15 0.544

A:SPI -0.217** -0.274** 0.219** -0.026ns -0.031ns 0.017ns 74.954**

B:sucralose -0.006ns 0.033ns 0.013ns 0.070ns 0.012ns 0.130ns -0.246ns

C:pectin -0.087** -0.050ns 0.136* 0.021ns 0.056ns -2.065** 56.685**

AB -0.071* 0.135ns 0.049ns -0.051ns 0.053ns -0.069ns -2.125ns

AC -0.019ns -0.208* 0.011ns -0.044ns -0.005ns -1.244** 44.875**

BC -0.071* -0.128ns -0.129ns -0.031ns -0.027ns 0.056ns -2.125ns

A2 -0.011ns -0.054ns -0.199** -0.144ns -0.246** 0.377* -18.578ns

B2 0.010ns -0.033ns -0.084ns -0.153** -0.089* 0.297ns -7.971ns

C2 0.001ns 0.052ns -0.072ns 0.003ns -0.056ns 1.261** 2.105ns

R2 0.91 0.75 0.82 0.80 0.84 0.96 0.92

% CV 3.12 4.28 2.93 2.57 3.68 4.86 6.54

Lack of fit 2.08ns 1.20ns 1.39ns 0.34ns 0.63ns 4.79ns 3.31ns

Model

F value

11.45** 3.34* 5.23** 4.39* 5.80** 26.69** 13.60**

* Significant at 5% level (P\ 0.05); ** Significant at 1% level (P\ 0.01); ns non-significant (P[ 0.05)

Table 3 Predicted and actual

values of sensory and physical

responses of optimized

smoothie

Responses Predicted valuesa Actual valuesb,ns

Color and appearance 8.02 8.00

Flavor 6.80 7.02

Consistency 7.07 7.11

Sweetness 7.33 7.28

Overall acceptability 7.39 7.35

Expressible serum (mL/50 mL) 13.15 14.06

Viscosity (Pa.s) 0.544 0.554

ns no significant differences between predicted and actual values (P[ 0.05)
a Predicted values suggested by Design Expert 8.0.7.1 software
b Actual values of optimized product
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ml of smoothie was centrifuged (Hermle Labnet Z 382K

centrifuge, Labnet International Inc., NJ, USA) in 50 mL

graduated tubes at 2000 rpm for 10 min at 4 �C. The

obtained volume of serum was measured, and the result

expressed as mL/50 mL of smoothie.

Results and discussion

Diagnostic check of mathematical modelling

for the optimization of ingredients

A formulation of smoothie was optimized using CCRD

with three factors (SPI, sucralose and pectin), as shown in

Table 1. The statistical parameters, such as F-value, R2 and

lack of fit test helped to validate the RSM model. The

model is described as adequate and significant when cal-

culated F-value is more than the tabulated F-value at 5%

level of confidence, and when R2 values are more than 0.75

(Henika 1982). It is evident from the results depicted in

Table 2 that for all sensory and physical responses, the

calculated F-value was higher than the table F-value at 5%

level of confidence and the R2 values ranged from 0.75 to

0.96, indicating that the derived models for all dependent

responses are satisfactory. The lack of fit test measures the

fitness of model, which did not result in a significant F-

value indicating that the model is highly accurate for

selected physical and sensory responses within the range

evaluated for smoothie (Table 2). The sign of partial

coefficient explains the effect of variables at linear, quad-

ratic and interaction level (Table 2). CV value (which

describes the relative dispersion of experimental values

from the predicted values of the described model) of more

than 10% indicates a larger variation and inadequacy of the

model (Montgomery and Myers 1995). The current result

shows an accepted CV value for each response ranging

from 2.57 to 6.54% (Table 2), reaffirming the adequacy of

the model. The response surfaces of the effect of variables

on the selected responses during formulation of smoothie

are shown in Fig. 2.
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Fig. 2 Response surface plots for significant interaction terms for flavor, consistency, sweetness and expressible serum of smoothie
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Effect of ingredients on quality of smoothie

Effect on sensory responses

The scores obtained for sensory responses are detailed in

Table 1. The color and appearance and flavor scores of

smoothie ranged from 7.50 to 8.50 and 5.86 to 7.10

respectively. The score for consistency varied from 6.13 to

7.30, while the sweetness and overall acceptability scores

within the ranges from 6.70 to 7.50 and 6.52 to 7.61

respectively.

The color and appearance of smoothie reduced signifi-

cantly (P\ 0.01) with increased level of SPI at linear

level. The same significant (P\ 0.01) negative trend

(Table 2) was observed for pectin too. The light yellow

color with greenish tinge of SPI together with the turbidity

in the pectin solution contributed to the negative impact on

the perception of color. This effect was more prominent at

the highest levels of these ingredients. A similar trend was

observed in formulation of soy-based dessert by Granato

et al. (2010), who mentioned that the addition of soy pro-

tein at higher level with pink guava juice had significant

negative effect on color attributes during formulation.

Kumar and Mishra (2004) also reported the reduction in

color score of mango fortified set yogurt with increased

levels of pectin.

The flavor score reduced significantly (P\ 0.01) with

increased level of SPI at linear level (Fig. 2). The inter-

action effect of SPI and pectin also showed significant

(P\ 0.05) negative effect (Table 2) on flavor score at

linear level. Klein et al. (1995) reported that the potential

rejection factor of SPI as a source of cost-effective protein

is its offensive off-flavor in food applications. Kinney

(2003) attributed the limited growth in demand for soybean

and its products solely to its negative flavor image. The

negative impact of pectin on flavor perception of the pro-

duct was supported by Shukla et al. (1986), who observed

that pectin is responsible for the reduction in flavor score of

yogurt though it helps to develop typical characteristics in

the product.

The positive coefficients (Table 2) of estimates for SPI

and pectin indicate that the consistency of smoothie

increased significantly (P\ 0.01 and P\ 0.05, respec-

tively) with increased level of SPI and pectin at linear level

(Fig. 2). Hettiarachchy and Kalapathy (1998) reported that

SPI has a water binding capacity of approximately 35 g/

100 g and this functional property of SPI resulted in

improving the consistency of smoothie during formulation

by enhancing its mouthfeel. The same effect was observed

in the preparation of chocolate flavored peanut-soy bever-

age by Deshpande et al. (2008), who reported that SPI has a

tendency to bind water during beverage preparation and

hence, the final product had better consistency due to

improved viscosity. Pectin can interact and adsorb on

casein micelles from milk during acidification and coats

them fully at its higher concentration. This phenomenon

prevents the dehydration of casein micelles at high heat

treatment and lowers their aggregation, thereby leading to

the better consistency of product by preventing grittiness

(Maroziene and De Kruif 2000). Glahn (1982) reported that

pectin helps to improve the consistency of acidic beverages

by interaction with milk protein. The same phenomenon

could be expected in case of soy protein via electrostatic

interactions with pectin (Lam et al. 2008) which resulted in

improved consistency of smoothie.

Addition of sucralose showed significant (P\ 0.01)

negative effect (Table 2) on sweetness of smoothie during

formulation at quadratic level. The sweetness score of

smoothie increased initially to a maximum value, followed

by exponential fall in sweetness score with increased level

of sucralose (Fig. 2). After a certain level, the bitter

aftertaste of sucralose might have reduced the sweetness

score, becoming unacceptable to the experts of sensory

panel. Saxena et al. (2015) reported similar results in whey

based watermelon beverage, where beyond an optimum

level, sucralose led to bitterness in the product.

The coefficient of estimate for overall acceptability

model (Table 2) indicates that the overall acceptability of

smoothie was significantly (P\ 0.01 and P\ 0.05; SPI

and sucralose respectively) influenced by SPI and sucralose

on quadratic terms. Klein et al. (1995) and Kinney (2003)

reported that the off-flavor of SPI was the potential reason

to limit its use in food applications. A higher level of SPI

resulted in intense off-flavor in smoothie and hence,

decreased the overall acceptability score in the product.

Saxena et al. (2015) observed that use of sucralose beyond

its optimum level resulted in bitterness in whey based

watermelon beverage. Similarly, a higher level of sucralose

resulted in bitter after-taste leading to a reduced overall

acceptability score of smoothie.

Effect on physical responses

The scores of smoothie for expressible serum and viscosity

ranged from 12.10 to 20.65 mL/50 mL and 0.357 to

0.544 Pa.s (Table 1). Serum separation contributes to an

unsightly appearance leading to low customer acceptance

of the product. A lower value of expressible serum indi-

cates better stability of smoothie. The coefficient of esti-

mate for the expressible serum model (Table 2) shows that

the value of this physical response decreased significantly

(P\ 0.01) with increased level of pectin at linear level

(Fig. 2). The interaction effect of pectin and SPI (Table 2)

on expressible serum during formulation of smoothie also

exhibited a similar significant (P\ 0.01) trend. The basic

mechanism of pectin stabilization of acidified beverage

3864 J Food Sci Technol (November 2017) 54(12):3859–3866

123



involves adsorption of pectin on the surface of acidified

casein micelles from milk by electrostatic interactions that

result in steric-stabilization of casein micelles. The net

negative charge of pectin covered on casein micelles keep

them in suspension by electrostatic repulsion and hence,

prevent their sedimentation during storage by lowering

their aggregation (Glahn 1982; Parker et al. 1994). Pectin

also helps to prevent casein from squeezing out during high

heat treatment and also, to maintain their integrity after

homogenization. According to Syrbe et al. (1998), the

aggregation of casein micelles during storage results in

whey separation. Lucey et al. (1999) also reported that

insufficient amount of pectin in acidic milk gels resulted in

failure to adsorb on casein micelles properly and led to

large aggregates. These large aggregates then undergo

further rearrangement of clumped casein particles, leading

to lower water holding capacity during storage. In case of

SPI, the electrostatic interactions of 7 and 11 s protein

fractions with pectin might have helped to prevent sedi-

mentation and thus, resulted in lower expressible serum

separation in smoothie (Hettiarachchy and Kalapathy 1998;

Lam et al. 2008). Glahn (1982) also supported that pectin

has been widely acceptable as a stabilizer in low pH bev-

erages as a better interaction with protein under acidic

condition and hence, prevent the whey separation during

storage.

Viscosity imparts better thickening effect, mouthfeel

and stability to the product (Rani et al. 2016). The viscosity

significantly (P\ 0.01) increased (Table 2) with increased

level of SPI and pectin at linear level. Their interaction also

contributed significant (P\ 0.01) positive impact on vis-

cosity of smoothie. The gelling property of pectin and the

water binding ability of SPI could have led to higher vis-

cosity of smoothie, becoming more prominent at increased

level. However, beyond 0.5% level, pectin had a negative

influence on the consistency score (Table 1). Singh and

Singh (2012) observed that stabilizer mixtures containing

pectin increased viscosity of whey based beverages. Glahn

(1982) also reported that the addition of pectin in acid milk

beverage increased the viscosity of the product. Addition of

soy protein concentrate in cassava starch resulted in

increment of viscosity with respect to cassava starch

without added with soy protein concentrate (Chinma et al.

2013).

Composition of optimised smoothie

The optimized smoothie contained 16.69 ± 0.25% total

solids, 11.54 ± 0.31% total carbohydrates, 3.48 ± 0.06%

protein, 1.51 ± 0.17% fat, 0.16 ± 0.01% ash and

2.05 ± 0.11% total dietary fiber. It provides the daily value

of 8.16% of total fat and 18.83% protein (Table 4) as per

Indian RDA guidelines suggested by ICMR (2010). It also

meets the standards prescribed by Food Safety and Stan-

dards Authority of India (FSSAI) -2011 under ‘Proprietary

Food’ category.

Conclusion

The optimized values suggested by RSM design were 1.8%

(w/w) SPI, 166.8 ppm sucralose and 0.5% (w/w) pectin, to

formulate the grab-and-go breakfast smoothie. The calcu-

lated t values for sensory and physical responses were less

than table values (Table 3), indicating that there was no

significant difference between the predicted values sug-

gested by RSM design and actual values of all responses.

The regression analysis of RSM revealed that the interac-

tion between SPI and pectin had significant effect on flavor,

expressible serum, and viscosity of the product. The opti-

mized smoothie provides approximately, 239 kilo calories

(74 kilo calories per 100 ml), 23% protein and 27% dietary

Table 4 Proximate nutritional content and calories of optimized grab-and-go breakfast smoothie

Amount per servinga % Daily valueb Calories per servingc Calories per 100 ml

USFDA* ICMR*

Fat 4.90 ± 0.56 g 7.54 8.16 44.10 13.6

Total carbohydrate 37.51 ± 1.01 g 12.50 8.08 150.04 46.17

Dietary fiber 6.67 ± 0.37 g 26.68 NP – –

Protein 11.30 ± 0.20 g 22.60 18.83 45.20 13.91

Total calories 239.34 73.68

NP Not prescribed

* % daily values are based on 2000 kilo calories diet for USFDA and 2730 kilo calories for Indian RDA
a Average of triplicate analysis (mean ± SE)
b % daily values are calculated as per USFDA and ICMR guidelines
c Calorie was calculated as per fat-9 kcal/g, carbohydrates-4 kcal/g, protein-4 kcal/g
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fiber (Table 4) per serving (325 ml), as described by the

US Food and Drug Administration (USFDA) and 18.83%

protein as per Indian RDA. These specifications meet the

USFDA (2013) guidelines for claiming high protein (10 g/

serving or more than 20% of Daily Value) and high fiber

(5 g/serving or 20% of Daily Value) which renders the

optimized smoothie as a high protein, high fiber, grab-and-

go breakfast option.
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