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A B S T R A C T   

The jackfruit seed has excellent nutritional food value which can help to produce healthy and 
nutritious food products. In this study, wheat flour was partially replaced by jackfruit seed flour 
(JSF) for the formulation of waffle ice cream cones. The amount of wheat flour added in the batter 
on the basis of amount of added JSF. The JSF was added after optimization using response surface 
methodology in a batter formulation for waffle ice cream cones. The waffle ice cream cone was 
made from 100% wheat flour, was considered as control, and used to compare JSF supplemented 
waffle ice cream cones. Substitution of wheat flour with JSF has affected the nutritional and 
sensorial attributes of waffle ice cream cone. In regard to its protein content, ice cream perme-
ability hardness, crispness, and overall acceptability. The protein content was increased (14.55%) 
after the addition of jackfruit seed flour up to 80% from control. The cone was supplemented with 
60% of JSF resulted to the higher values of crispiness and overall acceptability as compared to 
other waffle ice cream cones. As the JSF have high value in water/oil absorption capacities, 
therefore it could be utilized into other value-added food products as whole or partial replace-
ment of wheat flour.   

1. Introduction 

Jackfruit (Artocarpous heterophyllous) belongs to family Moraceae, (native of Western Ghats of India) and it is considered as a 
world’s largest fruit. Commonly jackfruit is grown in Asian and other countries including India [1]. It is a composite type of fruit and 
the whole fruit is composed of inner rind, rachis, flesh (yellow, golden or white), and seed (up to 500 in single fruit) [2]. Seeds show 
about 10–15% of total fruit weight and considered as rich source of carbohydrate (mainly starch) and protein [3]. Nutritional 
composition showed that jackfruit seed contains moisture 21.10–71.92%; fibre 1.56–3.96%; ash 2.12–0.89%; protein 10.09–18.12%; 
fat 4.29% and carbohydrate content 7.89% [4,5,6]. Jacalin, is the main protein present in jackfruit seed which is useful in the boosting 
up the immune system of human body [7]. Jackfruit seed contains other secondary metabolites like saponins, phytonutrients, lignins, 
isoflavone, that is helpful in preventing cancer, hypertension, aging, ulcer, and many more due to antioxidant behaviors [8]. It is 
believed that jackfruit seeds itself have no industrial applications so far and being discarded or steamed or dried or sometimes used in 
local dishes at household level as snacks and curry [3,9]. By nature, seeds are recalcitrant, and germinate rapidly as fruit reaching to 
the maturity. Therefore, seeds have a very short shelf life because of their high carbohydrate (specially starch, 60–80%, on dry basis) 
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and protein content which could be used as culturing by the microorganism [3,10]. Consequently, seeds cannot be stored fresh not 
more than one week and get spoiled which increases the post-harvest loss [7]. Therefore, they needed processing to increase their 
storability and usage and milling is one of them. The flour from milling of jackfruit seeds has great potential and used as an alternative 
to or as value addition in various food. According to Ref. [11] the jackfruit seeds flour could be act as an alternative to wheat flour for 
the development of bread, chapatti, pancake cake, buttered biscuit, and noodles. Praveenasri et al. [12] studied for incorporation of 
jackfruit seeds flour in the extruded products like snacks, noodles, vada, and vermicelli. Low gluten bread was made after the sub-
stitution of wheat flour with 5, 10 and 20% levels of jackfruit seeds flour by Ref. [3]. Similarly, Butool and Butool and Meethal et al. 
[13,14] also replaced wheat flour with various proportions (10–30%) of jackfruit seeds flour in bread cookies and snack bar 
respectively. 

A cone or bowl shaped waffled textured wafer made from refined wheat flour known as ice cream cone which facilitate the holding 
of ice cream without an actual bowl. The first ice cream cone/wafer was developed by Italo Marchiony in 1896 [15,16]. There are two 
basic type of ice cream cone are available based on their making process. First is the rolled cone, which is a waffle baked in a pan and 
rolled in cone shape just after baking it. The other type of cone is a molded one where, the batter is poured in a various shaped 
mold/preferably cone shaped mold and being baked till crisp texture [17]. Some other variations of ice-cream cones are also available 
which include wafer, waffle cone, sugar cone, pretzel and chocolate-coated cones. 

For the first time, we are using jackfruit seed flour which comprises jacalin that considered as immunity booster and other com-
ponents like dietary fibre, carbohydrate, minerals, B-complex vitamins and bioactive components, which is essential for human health. 
As jackfruit seeds are rich in resistant starches, which controls blood sugar and keeps the gut healthy. These properties make it far more 
better for the replacement of wheat flour. Definitely, the proposed jackfruit seed flour ice-cream waffle cone will be more health 
beneficiary as compared to wheat flour, which will reduce the nutrition deficiency. Therefore, we have focused on development of 
waffle cone for ice-cream using jackfruit seed flour to replace wheat flour to get more nutritious cone (protein rich-low gluten) along 
with minimizing the postharvest loss. 

2. Materials and methods 

2.1. Plant material 

Jackfruits (Artocarpus heterophyllus Lam.) were collected from an orchard in Khusroobagh (under the Department of Horticulture 
and Food Processing, Uttar Pradesh Government) Prayagraj, India from May to July 2017 during 10–12 weeks after anthesis. Seeds 
from cultivars Hadiyava were selected for the present study. Fruits were cut and opened for collection of seeds. 

2.2. Flour preparation 

Jackfruit seed flour (JSF) was prepared by slight variation the method described by Ref. [18]. Seeds were isolated from ripe fruit 
and washed and cleaned and the upper white layer was removed manually. Seeds were then lye peeled (2.5% NaOH and 2.5% citric 
acid solution), washed with distilled water to remove the traces of chemicals. After washing seeds were cut into slices, and dried in 
oven at 45 ◦C for <13% moisture content. Dried seeds were ground using a laboratory grinder and sieved using a 300 mesh size sieve to 
obtain flour which was stored in airtight containers for further applications. While wheat flour was purchased from local market of 
Allahabad and sieved using a 300 mesh size sieve to get even flour. 

Table 1 
Experimental ranges and levels of independent variables used in RSM in terms of actual and coded factors.  

Run JSF (g) X1 Water content 
(mL) X2 

Measured Responses 

Protein (%) Hardness (N) Crispiness (Force drops/mm) Ice-cream Permeability (min) OAA*** 
Actual A* Actual B** 

C^ 100.00 (WF) – 250.00 – 8.06 8.13 0.51 31.47 8.01 
1 60.00 0 250.00 0 11.47 15.71 1.98 39.31 7.81 
2 40.00 − 1 300.00 +1 9.49 13.41 2.26 30.21 6.81 
3 31.72 -α 250.00 0 10.39 17.42 2.02 39.66 7.31 
4 80.00 +1 200.00 − 1 12.2 10.47 1.91 45.21 5.91 
5 60.00 0 250.00 0 11.01 20.27 2.41 39.31 7.00 
6 60.00 0 179.29 - α 11.47 16.34 1.95 46.80 5.01 
7 60.00 0 250.00 0 11.46 15.77 2.22 40.20 7.11 
8 60.00 0 250.00 0 11.96 16.08 2.05 39.66 7.51 
9 80.00 +1 300.00 +1 12.31 8.28 0.92 39.5 8.50 
10 40.00 − 1 200.00 − 1 10.32 21.66 2.30 41.22 6.90 
11 60.00 0 320.71 +α 11.07 15.65 1.63 30.60 7.61 
12 60.00 0 250.00 0 11.68 15.83 2.04 35.50 7.52 
13 88.28 +α 250.00 0 14.55 10.34 1.81 42.45 6.20 

*Coded value of JSF, **Coded value of Water content C^ = Control, OAA*** = Overall acceptability. 
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2.3. Formulation of waffle ice cream cone 

The recipe used was according to waffle ice cream cone, 100 g wheat flour, 40 g maize starch, 28 g powdered sugar, 5 mL oil, 20 g 
soya lecithin, 4 g sodium bicarbonate, 1 g salt, 40 g milk powder, and 250 mL water. The wheat flour in the waffle ice cream cone 
recipe was replaced with JSF and other ingredients were remained as such. All the ingredients were weighed and then butter (5.0 g) 
and water were added, and mixing was done using a hand mixer until all ingredients were mixed properly at room temperature and 
well baked cone was achieved using a cone maker at 200 ◦C [15]. Value addition of cone was done with JSF and amount of jackfruit 
seed was added by using response surface methodology (RSM) given in Table 1. Cultivar Hadiyava was selected for the partial 
replacement of wheat flour from waffle ice cream cone due to its high nutritional values as compared to other starches. 

2.3.1. Experimental design 
Response surface methodology was employed to determine the optimal combination of seed flour replacement for the development 

of waffle ice cream cone. The independent variables that were optimized are: JSF (X1; 40–80 g), and water content (X2; 200–300 mL). 
The amount of these 2 independent variables were taken after laboratory trial basis. The effect of all two independent variables X1 
(amount of seed flour), and X2 (amount of water added to form a mix), on protein content, crispness, ice cream permeability, hardness, 
and overall acceptability (OAA) (dependent variable) were investigated using central composite rotatable design. A total of 20 ex-
periments were performed and 5 points repeated at central point. The data were analyzed using Design-Expert software (7.0.0 version) 
and generalized second degree polynomial using the method of least squares.  

Y = β0 + β1x1 + β2x2 + β11x1
2 + β22x2

2 + β12x1x2 C                                                                                                                       (1) 

The coefficients of the polynomial models were constant term depicted as β0; linear terms as β1, and β2; quadratic terms as β11, and 
β22; and interactive term as β 12 (Eq. (1)). The predicted values were analyzed for coefficient of determination (R2), standard error (SE), 
lack of fit, F-value. Response surface was used to determine the interaction between two independent variables on responses. Different 
constraints were set for independent and dependent variables along with their relative importance. A desirability function was used for 
the optimization of the fitted polynomials. The optimal condition was tested and compared by performing the experiments at predicted 
values of variables [19]. 

2.4. Proximate composition of the flours 

The jackfruit seed and wheat flour were analyzed for moisture, crude fiber, protein, fat, and ash content using methods given in 
Association of Official Analytical Chemists [20]. Protein content of waffle ice cream cone was determined using of the Association of 
Official Analytical Chemists [20]. 

2.5. Texture analysis 

2.5.1. Determination of mechanical hardness 
The texture properties of the waffle ice cream cone prepared with different concentration of seed flour was measured by force in 

compression using a Texture Analyzer (TA-XT2 texture analyzer) with 50 mm diameter cylinder aluminium probe. The load cell was 
50 kg and the crosshead speed was 10 mm/min The peak force which is required to compress waffle ice cream cone was recorded in 
Newton’s (N). Texture measurements were performed in triplicates and average values were reported. A special wedge piece was 
fabricated that could hold the cone perpendicular to the tool. Cones were placed onto the wedge and the tool allowed touching the cone 
for the test to be carried out. Results were automatically read off from an attached computer [21]. 

2.5.2. Determination of crispness 
By applying a force on the edible cone with the Texture analyzer with 11.3 mm diameter ball as a probe, micro-fractures occur until 

the wafer can no longer be crushed. Each time a micro-fracture occurs, a force drop is noted. The number of forces drop per mm and the 
magnitude of the force drops were calculated and expressed as the crispness of the cone. Force drops greater or equal to 2 N in 
magnitude were considered for the analysis [21]. 

2.6. Icecream permeability 

Ice cream permeability of waffle cone was measured method given by Ref. [21] as the time taken for ice cream to permeate through 
cone. The ice cream cones were set on the racks and soft ice cream was added. After that the time taken for the ice cream to permeate to 
the outside of the cone was recorded (min) and recorded ice cream permeability. 

2.7. Sensory analysis 

The sensory properties of the developed product samples were evaluated by 9-point hedonic method described by Ref. [22]. A 
semi-trained panel of 20 judges selected from amongst the researchers and teaching staff members of the Centre of Food Technology, 
University of Allahabad, U.P. India. The consent was obtained from all participants before the sensory analysis. The sensory analysis 
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was approved by the Food and Development committee (members of 7 panellists), University of Allahabad, U.P. India. A sensory score 
sheet specially designed for waffle ice cream cones overall acceptability (OAA) was given to each judge. A structured 9-point hedonic 
scale ranging from ‘like extremely’ rated 9 points, to ‘dislike extremely’ rated 1 point was used to arithmetically explain the sensory 
attributes of the waffle ice cream cones (Supplementary material 1). During the test, participants were presented five samples with one 
sample serving as a “Control”. Panellists received only one sample at a time to reduce the likelihood of inter-sample comparison. 
Samples were encoded in a random three-digit number, and each sample was portioned to a uniform mass of 20 ± 1 g. 

2.8. Statistical analysis 

The experiments were performed in triplicate and the mean value was used for statistical analysis. The data of analysis was 
analyzed using one way analysis of variance (ANOVA) by statistical software SPSS.16 for finding elements causing difference between 
the samples. For optimization design Design-Expert version 7.0.0 Stat-Ease, USA was applied. 

3. Results and discussion 

3.1. Proximate composition of flours 

The wheat flour and JSF contained 11.27 and 6.82% moisture, 11.27 and 15.69% protein, 1.33 and 0.66% fat, 0.71 and 2.85% ash 
and 1.85 and 3.04% crude fiber. 

3.2. Optimization of JSF and water content for the development of waffle ice cream cones 

The aim of the study was to develop waffle ice cream cones (Fig. 1) using JSF with the help of response surface methodology (RSM). 
Table 1 showed the actual and coded value of independent variable used for the experimental design along with experimental 
combination and effect of the two selected independent variables i.e., JSF and water content on the dependent variables like protein 
content, hardness, crispiness, ice cream permeability and overall acceptability. The response variables were fitted with the quadratic 
models. The second order polynomial equation was used to model the efficient correlation between the process variables (independent 
variables) and the responses (dependent variables). Table 2 showed the regression coefficient which represents the relationship be-
tween the responses and the process variables. It is important to analyse the significance of the data which is done by analysis of 
variance (ANOVA). The model for all the responses was found to be fit as the coefficient of determination (R2) varied between 75.50 
and 98.97% and the lack of fit was found to be non-significant for all five responses (Table 3). The observed data showed comparability 
with the second order regression model supporting the high value of R2 and confirmed normal distribution of all errors. The adjusted 
coefficient of determination (adjusted R2) was also high ranging between 58.01 and 98.24% showed that the developed model was 
significant. The predicted R2 is the measure of amount of variation in new data explained by the model. The sufficient variability of the 
model is explained by the linear term, square term, and interaction term. The three-dimensional surface representation was plotted to 
study the interaction among two process factors and to predict the combined effects of factors i.e., JSF (X1) and water content (X2) on 
the responses of the cones. 

Fig. 1. Waffle ice cream cone.  
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3.3. Response surface methodology 

The effect of jackfruit seed flour, and amount of water on hardness, crispness, protein, ice-cream permeability and overall 
acceptability (OAA) of waffle ice cream cone is shown in Table 3. 

3.3.1. Effect of independent variables on protein content of waffle ice cream cones 
In food products, the proteins act as emulsifying agents, foaming agents, gelling agents etc. The regression coefficients for second- 

order polynomial equation represent the relationship between the process variables and responses (Table 2). It shows that the linear, 
square and interaction effects of independent variables on the responses. The magnitude of p-value implies that the linear terms i.e., 
JSF (X1) and water content (X2); and the square term of seed flour (X2

2) have significant effect (p < 0.05) on the protein content of waffle 
ice cream cone. This clearly indicated that the increase in the protein content was basically due to the increase in the amount of seed 
flour and this increase of protein content was desirable. Which was expected, since JSF has over higher proteins than WF. As WF is 
deficient in amino acids like lysine, threonine, and methionine. Jackfruit seed flour has high amount of and at the same time jackfruit 
seed flour has enough concentration of these amino acids. Therefore, addition of JSF in WF help to complete all the essential amino 

Table 2 
Regression coefficients for second-order polynomial equation representing the relationship between the responses and process variables.   

Hardness (N) Crispness (force drops/mm) Protein (%) Ice-cream Permeability (min) Overall Acceptability 

Coefficient p value Coefficient p value Coefficient p value Coefficient P value Coefficient P value 

Variables 16.73 0.0253 2.14 0.0420 11.52 0.0028 38.80 0.0032 7.38 0.0150 
X1 − 3.29 0.0046 − 0.26 0.0225 1.32 0.0002 2.15 0.0235 − 0.11 0.5566 
X2 − 1.43 0.1196 − 0.19 0.0697 − 0.16 0.4132 − 4.95 0.0003 0.77 0.0032 
X1

2 − 1.80 0.0760 − 0.12 0.2615 0.28 0.2012 0.92 0.2888 − 0.19 0.3476 
X2

2 − 0.74 0.4202 − 0.18 0.1014 − 0.32 0.1498 − 0.26 0.7561 − 0.41 0.0652 
X1 X2 1.51 0.2250 0.24 0.0918 0.23 0.3983 1.32 0.2498 0.67 0.0311  

Table 3 
Analysis of variance (ANOVA) data for the responses.  

Source of variations Df Hardness (N) Crispness (Force 
drops/mm) 

Protein (%) Ice-cream Permeability 
(min) 

OAA 

Mean square F Mean square F Mean square F Mean Square F Mean Square F 

Regression 5 27.28 5.26 0.26 4.28 15.87 11.63 49.46 11.09 1.60 6.43 
Linear 2 102.97 19.86 0.80 13.07 14.21 52.03 233.41 52.35 4.865 19.60 
Square 2 26.25 5.06 0.322 5.04 1.25 4.61 6.34 1.42 1.43 5.78 
Interaction 1 9.18 1.77 0.24 3.81 0.22 0.81 7.02 1.58 1.80 7.24 
Lack of Fit 3 6.85 1.74 0.10 3.35 0.48 3.92 5.70 1.62 0.44 4.12 
Pure error 4 3.93  0.031  0.12  3.53  0.11  
Total 12 176.46  1.753  32.15  305.46  10.245  
R2 (%)  79.01  75.36  89.25  88.79  82.12  
R2 (Adj) (%)  64.01  57.75  81.57  80.79  69.34   

Fig. 2. Response surfaces plot showing effect of JSF (g) and water content (mL) on protein content of cone.  
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acids required by the body [23]. The highest protein content was found in the experiment no. 6 where JSF (X1) was 88.28 g and water 
content (X2) were 250.00. The magnitude of coefficients (β) values showed that the linear term of variables had positive effect on the 
protein content. 

The seed flour has positive effect (β2 = 11.52) and water content has negative effect (β1 = − 0.16). The interaction term (β12 = 0.23) 
as well as the square term (β1

2 = 0.28) also showed positive effect on the protein content while another square term (β2
2 = − 0.32) 

showed a negative effect. The response surface quadratic model showed F-value of 11.63 and the model is significant at p < 0.05 
(Table 3). The “Lack of Fit F-value” of 3.92 indicated that the Lack of Fit is not significant in relation to the pure error. The model is 
significant as lack of fit is non-significant. The coefficient of determination (R2) is 0.8925, which showed that 89.25% of the variation 
was explained by the model. The adjusted R2 was 0.8157 which indicates that 81.57% of the variation as explained by the model. The 
multiple regression equation (Eq. (2)) of the model was obtained for the protein content (in terms of actual factors) is as follows:  

Protein = +6.37888–0.076455X1 + 0.04679X2 + 2.35000E− 004X1*X2 + 6.98750E− 004X1
2 − 1.28200E− 004 X2

2                                  (2) 

The regression equation was graphically represented by the 3D response plot (Fig. 2) in which the curve lines represent the line of 
the responses and the effect of two factors on the responses can be visualized at one time. The plot showed that an increase in the 
jackfruit seed flour cause enhancement in the protein content. The protein content of the seed flour is high, and it is shown by the 
contour line that as the seed flour increase the appreciable increase of protein content was found in cones. 

3.3.2. Effect of independent variables on hardness of waffle ice cream cone 
Hardness is an important factor in bakery products and is strongly related with the consumer’s perception of bakery products 

freshness. The product hardness is a crucial texture attributes of bakery and confectionary food products. The effect of JSF (X1) and 
water content (X2) on the hardness of waffle ice cream cones is presented in Fig. 3. The hardness of the samples ranged from 8.28 to 
21.66 N (Table 1) depends on the amount of independent factors is utilized for the cone development. The hardness, as predicted by the 
regression model (Table 2), was significantly (p < 0.05) affected by the linear term is JSF (X1) and water content (X2) and quadratic 
square terms of them. The coefficients of the first-order term in the equation with these coded variables depicts that the hardness of the 
cone increased with increased amount of seed flour and when less quantity of water added in the mix. Water content in combination 
with other variable could have aggravated an increase in the cone hardness probably due to the moisture loss and thickening of the mix 
[24,25]. The final equation (Eq. (3)) in terms of actual factors is given below:  

Hardness = +21.81887–4.34145E− 003 + 0.028385X2 + 1.51500E− 003X1*X2 − 4.49156E− 003X1
2 − 2.95650E− 004X2

2                        (3) 

The magnitude of β coefficients showed that linear term of JSF has the maximum negative effect (β = − 3.29) as compared to water 
content (β = − 1.43) on the cone hardness strength (Table 2). Similar trends are also shown by response surface plot (Fig. 3). As seed 
flour increased hardness increased and as water content increases the hardness decreased. This may be due to the presence of sugar 
compounds other than sucrose. There could be one more explanation for increased hardness of cones with high amount of flour is their 
starch content. As starches from jackfruit seed has high retrograded starch which makes them hard to brake. Hardness is also corelated 
to tannins and phytonutrients of the flour [26]. Akesowan [27] also reported similar findings in sucralose-erythritol mixture based 
chiffon cake. Similar results were reported by Ref. [28] in the sweet potato peel flour cone. 

3.3.3. Effect of independent variables on crispness of waffle ice cream cone 
According to Ref. [29]; in the consumer enjoyment of foods, the perception of crispness is equal in importance to freshness. The 

effect of JSF (X1) and water content (X2) on the crispness of waffle ice cream cones is presented in Fig. 4. The crispness of the samples 

Fig. 3. Response surfaces plot showing effect of JSF (g) and water content (mL) on hardness of Waffle ice cream cone.  
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ranged from 0.92 to 2.41 force drops/mm dependent on the quantity of independent factor is used for the cone preparation (Table 1). 
The crispness, as predicted by the regression model (Table 2), was significantly (p < 0.05) affected by the linear term is JSF (X1) and 
water content (X2) and quadratic square terms of them. Table 3 showed that the response surface quadratic model showed F-value of 
4.28 and the model is significant at p < 0.05. The “Lack of Fit F-value” of 3.35 indicated that the Lack of Fit is not significant in relation 
to the pure error. The model is significant as lack of fit is non-significant. The R2 is 0.7536, which indicates that 75.36% of the variation 
was explained by the model. The adjusted R2 of 0.5775 which indicates that 57.75% of the variation was explained by the model. The 
coefficients of the first-order term in the equation with independent variables which depicts that increment in the crispness value of the 
cone with the quantity of jackfruit seed flour as well as water content. Jackfruit seed flour has more fiber and protein than wheat flour; 
therefore, liquid is necessary to get a good mix for cone, and the cone prepared from high-absorption end to be hard and ultimately 
crispier [30]. This statement was supported by Ref. [31] that crispness is reliant to gelatinization of starch during baking which finally 
depend on the water availability during baking, so along with flour increment water should be higher for crispness. The final equation 
(Eq. (4)) in terms of actual factors is given below:  

Crispness = − 5.26329 + 0.082331X1 + 0.046294X2 − 2.42500E− 004X1*X2 − 2.87500E004X1
2 − 7.10000E − 005X2

2                           (4) 

The magnitude of β-coefficients showed a linear term of seed flour has the maximum negative effect (β = − 0.26) as compared to 
water content (β = − 0.19) on the cone crispness (Table 2). Similar trend is also shown by response surface plot (Fig. 4). As seed flour 
and water content increased crispness was maximum at middle concentrations of both X1 and X2. The properties might be due to the 
high composition of fiber in the seed flour. High fiber content increased the texture of the cone to become crispy. Similar results were 
reported by Ref. [28] in the cone prepared using sweet potato. 

Fig. 4. Response surface plots showing interaction effect of variables on crispness of Waffle ice cream cone.  

Fig. 5. Response surface plots showing interaction effect of variables on ice cream permeability of Waffle ice cream cone.  
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3.3.4. Effect of independent variables on ice-cream permeability of Waffle ice cream cone 
Ice cream permeability was measured as the time taken for ice cream to permeate through a given cone. The effect of JSF (X1) and 

water content (X2) on the permeability of icecream cones is presented in Fig. 5. The permeability of the samples depends upon the level 
of independent factor is used for the formulation of cone. The permeability, as predicted by the regression model (Table 2), was 
significantly (p < 0.05) affected by the linear term is JSF (X1) and water content (X2) and quadratic square terms of them. Table 2 
showed that the response surface quadratic model showed F-value of 11.09 and the model is significant at p < 0.05. The “Lack of Fit F- 
value” of 1.62 indicated that the Lack of Fit is not significant in relation to the pure error. The model is significant as lack of fit is non- 
significant. The coefficient of determination (R2) is 0.8879, which indicates that 88.79% of the variation and the adjusted R2 of 0.8079 
which indicates that 80.79% of the variation was explained by the model (Table 3). The results indicated that the ice cream 
permeability increased with the quantity of jackfruit seed flour and decreased water content. The final equation (Eq. (5)) in terms of 
actual factors is given below:  

Ice-cream permeability = +78.78454–0.49925X1 − 0.12685X2 + 1.32500E− 003X1*X2 + 2.29719E− 003X1
2 − 1.03450E− 004X2

2             (5) 

The magnitude of β coefficients demonstrated the linear term of flour of jackfruit seed has the maximum positive effect (β = 2.15) 
and water content has the maximum negative effect (β = − 4.95) on the cone permeability (Table 2). The 3D graphical representation of 
response plot is given in Fig. 5. It can be suggested that the permeability of cone was higher in the cones where less water was used to 
make the dough mix, due to their hardness and high-water retention capacity as compared to other where high amount of water used 
for the formulations. Similar results were reported by Ref. [21] that the permeability was higher at low water content and high 
sorghum flour concentration. 

3.3.5. Effect of independent variables on overall acceptability (OAA) of waffle ice cream cone 
The effects of JSF and water concentration on the overall acceptability of waffle ice cream cone is given in 3D plots (Fig. 6). Sensory 

analysis helps defining the product characteristics which are important with respect to customer acceptance of the product [32]. Test 
on individual parameters depicts that the overall acceptability of the waffle ice cream cone was significantly (p < 0.05) influenced only 
by the linear term of JSF and water concentration and interaction terms (X1

2*X2
2). The results showed that the model is significant, with 

non-significant lack of fit (Table 3). The values of R2 of 0.8212 and adjusted R2 of 0.6934 also showed significance of the model. A lack 
of fit value was 4.12 is found to be insignificant relative to pure error. The independent coded variables indicated that the OAA 
decreased at higher concentration of wheat flour and increased with water amount. The final equation (Eq. (6)) in terms of actual 
factors is given below:  

OAA = +1.872822− 0.1159X1 + 0.057767X2 + 6.70000E− 004X1*X2 − 4.75313E− 004X1
2 − 1.65050E− 004X2

2                                     (6) 

The magnitude of β coefficients (Table 2) revealed that the linear term of jackfruit seed flour content has the negative effect (β =
− 0.11) and water content has the maximum positive effect (β = +0.77) on the cone OAA. As jackfruit seed flour has high water 
absorption capacity so it will affect the dough consistency during the preparation of dough mix it can be explained from Table 1. The 
experiments with high seed flour with low liquid for dough mix preparation has minimum overall acceptability. Similar results were 
reported by Ref. [26] that the permeability of the cone was higher at low water content and high sorghum flour concentration. 

3.3.6. Optimization and characterization 
Numerical optimization was done for determining the best possible combination of the independent variables in order to produce 

the product of desired characteristics. The desired goals (maximize or minimize) for each independent variable and the responses were 
set as per requirement and importance (+ to +++++) was given to each factor as shown in Table 4. In order to get optimized result, 
the formulation was done with maximum protein, crispness, permeability, and overall acceptability, while the hardness was set to 
occur in range. This was obtained by targeting the seed flour to 80 g. The optimized combination of independent variables with the 
predicted values of responses was obtained by numerical optimization (Table 5). The optimized predicted responses were validated 
experimentally. The experimental trials were done in triplicate and found to be near to the predicted values within the acceptable limit 
(Table 5). Optimization was done by using a multiple response method called desirability. Results showed that the Waffle ice cream cone 
was only reliant on the interaction terms. The predicted values of the responses under optimum condition are hardness 11.72, crispness 
1.69, protein 13.30, Ice-cream permeability 40.12 and overall acceptability score 7.74, respectively. The computed desirability of JSF 
cone was 0.653. The variables concentration was determined to be optimum by the response surface methodology and was used to 
authenticate it experimentally and they were found to be in close agreement with the predicted values. 

3.3.7. Model validation 
The ratio of JSF and wheat flour for icecream cone was optimized using response surface methodology. A model can be considered 

as an adequate model, if the predicted values are close to the experimental values observed during the validation tests [33]. The paired 
t-test was used to model validation, and the results illustrated that the experimental results were not significantly different (p > 0.05) 
that confirms the validity of the estimated models (Table 5). Similar findings were reported by Ref. [34] for millet–legume blended 
extrudates. 
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4. Conclusion 

Response surface methodology was effectively employed to evaluate and model effects of two levels of two independent variables 
(JSF and water content) on the overall acceptability of product. In the preparation of waffle ice cream cone amount of seed flour and 
water has great effect on the texture and overall acceptability. For the optimization of seed flour and water content used for prepa-
ration waffle ice cream cone response surface methodology was found fitted. It is concluded that the cone was supplemented with 60% 
of JSF resulted to the higher values of crispiness and overall acceptability as compared to other waffle ice cream cones. The model also 
showed that supplementation levels up to 80 g (JSF) can also be done with slightly higher amount of water. Thus, the JSF can be 
utilized to value added products by partial/full replacement of wheat flour. This work recommends jackfruit seed flour as a potential 
substitute for nutritionally enrich with low gluten waffle ice cream cone and also utilization of by-products which reduces the envi-
ronment burden. Further studies may include detailed analysis of nutritional constituents and functional properties of various value- 
added food products from jackfruit seed flour. 
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Constraints Set for the optimization of Waffle ice cream cone from JSF.  

Variables Goal Limits Importance 

JSF is in range 40–80 3 
Water is in range 200–300 3 
Hardness is in range 8.29–21.66 3 
Crispness is in range 0.9–2.41 3 
Protein is in range 9.49–14.55 5 
Ice-Cream permeability Minimize 30.21–46.80 5 
Overall acceptability (OAA) Maximize 1.1–8.5 5  

Table 5 
Predicted and experimental values of responses for Waffle ice cream cone using optimum process parameters.  
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