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Abstract Calcium enriched herbal ice cream was devel-
oped using calcium gluconate (CG) as calcium source,
Bacopa monniera whole plant extract (BME) is an herb
containing saponins. Ice cream was prepared by incorpo-
rating CG and BME together. Preliminarily the range of
CG and BME levels were fixed as 50-250 mg/100 mL and
10-50 mg/100 mL. of ice cream mix respectively.
Response surface methodology (RSM) was used to opti-
mize the levels of two ingredients (CG and BME). Central
Composite Rotatable Design using two variables and five
responses comprising of sensory attributes was used for
computation of optimized solution. All the responses fitted
well into quadratic equation with R? > 0.60. The optimum
levels of CG and BME are 217.34 mg/100 mL and 10 mg/
100 mL for preparation of experimental ice cream. RSM
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recommended with 87% acceptability for the optimum
levels of CG and BME. Product is prepared with optimized
solution and subjected to sensory evaluation.

Keywords Calcium gluconate - Bacopa monniera extract -
RSM - CCRD - Optimum levels - Sensory analysis

Abbreviations

CG Calcium gluconate

BM Bacopa monniera

BME  Bacopa monniera whole plant extract
RSM Response surface methodology
CCRD Central composite rotary design

SNF Solid non fat

Introduction

In recent years, the people of all age groups are focusing on
foods rich in neutraceuticles and functional properties. Ice
cream is a frozen dairy food made by freezing pasteurized
mix composed of milk fat, solid non fat (SNF), sugar,
flavourings and stabilizer/emulsifier when agitated to
incorporate air and to ensure uniformity in consistency. It is
a good source of food energy having fat content three to
four times and protein content of 12—16% more than that of
milk (Marshall and Goff 2003). It is an enviable food for
children and those who need weight gain, as it is a complete
food with wholly digestible constituents (Marshall and Goff
2003). In India, annual turnover of ice cream industry was
estimated to worth of 2000 crores of which 800 crores was
shared by branded market (Kumar et al. 2013). Ice-cream
production in India during 2014-2015 was 179,000 tonnes/
annum and expected to increase 337,000/tonnes by 2020
(Anon 2015).The per capita consumption of ice cream is
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estimated to be 300 mL/annum in India compared to 22 L
in USA or the world average of 2.3 L/annum (Anon 2015).
With improving cold chain infrastructure in country cou-
pled with increasing disposable income and changing life-
style ice cream industry has great potential for growth.
Calcium, an important mineral component of human diet is
available chiefly in milk, milk products, seafood, legumes and
some vegetables. The major issues during fortification of
calcium in liquid milk products are solubility, dissolution
characteristics and stability of ingredients in solution (Ger-
stner 2003). Organic calcium salts such as CG, calcium lac-
tate and calcium lactate gluconate exhibits high solubility
with calcium content 9-13% (Flynn and Cashman 1999). As
solubility is directly related to bioavailability, organic cal-
cium salts exhibits higher bioavailability than inorganic cal-
cium salts. Inorganic calcium salts like calcium chloride,
calcium carbonate and calcium phosphate displays moderate
solubility but their use is restricted due to its bitter and salty
taste (Reddy et al. 1999). Calcium from dairy products is
easily absorbed by intestine due to favourable effect of casein
on calcium absorption by inhibiting calcium precipitation by
phosphate in intestinal lumen through the action of phos-
phopeptides coming from enzymatic hydrolysis of casein
(Kaushik et al. 2015). Due to the above fact calcium from
dairy products has higher bioavailability than calcium in
vegetables or cereals and further can be fortified with calcium
salts in order to meet required daily intake or to reduce cal-
cium deficiency diseases such as osteoporosis, osteomalacia,
hypertension, colon cancer and obesity (Gerstner 2003).
Flame Atomic Absorption Spectrometry (FAAS), Graphite
Furnace Atomic Absorption Spectrometry (GF AAS), and
Inductively Coupled Plasma Optical Emission Spectrometry
(ICP OES) are the main techniques used for the determination
of trace element contents in food analysis laboratories.
Bacopa monniera (BM) or Brahmi is an ayurvedic
medicinal plant, clinically used for memory enhancing and
as nerve tonic in Indian traditional medicine (Chopra et al.
1969). The activities of BM are believed to be associated
with the polar fraction, mainly containing saponins as a
complex mixture of bacosides (Bacoside-A and B), Baco-
paside-I and Bacopaside-II (Rastogi et al. 1994). Effect of
BME on human subjects had shown reduction in memory
loss of newly gained information (Roodenrys et al. 2002) and
improves cognitive performance in humans (Pase et al.
2011). Morgan and Stevens (2010) conducted a clinical trial
in people above 55 years to assess the performance of BME
(300 mg/day) as a memory enhancer for 12 weeks and
reported that it aids in memory improvement for aged people.
In the human body tissues, the concentration of calcium ions
(Ca®™) outside cells is normally about 10,000-fold higher
than the concentration inside cells. Embedded in the mem-
brane of some cells are calcium channels. When these cells
receive a certain signal, the channels open, letting calcium

rush into the cell. Calcium channel blockers prevent or
reduce the opening of these channels and thereby reduce
blood pressure in patients with hypertension (Michaluk
et al. 1998). Bacoside A possesses calcium channel inhibi-
tory activity which has been found to potentiate opioid
analgesia and delay tolerance onset without increasing res-
piratory depression (Dar and Channa, 1999). Herbs like B.-
monniera can be incorporated into ice cream for value
addition and health benefits. Without saponins, the amount
of calcium absorbed ranges from 5.8% in 15 min to 18% in
100 min. On addition of saponins the amount of calcium
absorbtion increased 13% in 15 min and 36.5% in 100 min
(Singh and Muthukumarappan 2008). High Performance
Liquid Chromatography (HPLC) (Dowell et al. 2015) and
methods based on UV detection have been developed for the
determination of bacosides in BME (Shrikumar et al. 2004).
Response Surface Methodology (RSM) is a useful tool for
optimizing the sensory quality of foods. Following appro-
priate statistical design i.e., Central Composite Rotat-
able Design (CCRD), the experimental data relate the
variation in the consumer’s response to variations in selected
factors (Arcia et al. 2011). If the proposed model is adequate,
asrevealed by the diagnostic checking provided by analysis of
variance (ANOVA), the 3-D plots can be usefully employed
to study the response surface and to locate the optimum values
(Deepak et al. 2000). RSM was successfully used to identify
the best combination of ingredients in newly developed
products with health-promoting characteristics (Villegas et al.
2010). The main advantage of RSM is the reduced number of
experimental runs needed to provide sufficient information
for statistically acceptable results (Kim et al. 2002). Sheba
(2015) endorsed the relevance of RSM in predicting the
consumer acceptability of newly developed products.
Although ice cream is rich in calories, it is poor in natural
antioxidants and polyphenolic compounds. BM is one of the
natural sources of neutraceutical and functional compounds
mainly bacosides which aids in memory enhancing. Over the
past years, economic burden of osteoporosis is increasing and
the clinical implications of calcium deficiency are being
better recognized. With increase in calcium level in ice cream
mix it increases the viscosity of ice cream mix and lowers the
overrun (Murari 2007). A reconsideration of dietary calcium
intake through calcium fortified foods is needed. In the pre-
sent study process is developed for manufacture of experi-
mental ice cream incorporating CG and BME. The objective
of this study was to optimize the levels of CG and BME and to
evaluate acceptability of the product by using RSM.

Materials and methods

Extraction of saponins from BM whole plant was done
using soxhlet extraction as follows.
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CG of food grade was procured (Nice chemicals pvt.ltd,
India). The level of these two additional ingredients (CG
and BME) in the product was optimized by CCRD. The
experimental ice cream was developed with ingredients of
cream, skim milk, sugar, stabilizer/emulsifier plus CG and
BME. The five responses or sensory characteristics (colour,
flavour, body and texture, melting property and overall
acceptability) of the product were analysed.

Preliminary trials for selecting minimum
and maximum levels of two ingredients

The minimum and maximum levels of acceptability should
be known to perform RSM for optimization. CG was added
at the rate of 0 (T1), 50 (T2), 100 (T3), 150 (T4), 200 (T5),
250 (T6), 300 (T7) mg per 100 mL of mix. The aged ice
cream mix was frozen, packed and hardened. The chosen
sensory parameters as responses for optimization of levels
of two ingredients were analysed. The levels of ingredients
were selected based on sensory scores of five responses by
panel comprising of five experienced judges and the scores
obtained for each of the attributes was analyzed using
Friedman’s test and post hoc analysis was done by Wil-
coxon Signed Rank Test. Same was followed for BME
added at the rate of 0 (T1), 10 (T2), 20 (T3), 30 (T4), 40
(T5), 50 (T6), 60 (T7) mg per 100 mL ice cream mix.
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Experimental design

The RSM (Design expert® software version 9.0.4.1) was
used to design the experiment based on CCRD for the opti-
mization of different levels of two factors (CG and BME) in
the formulation of experimental ice cream. Thirteen sets of
experiments were obtained by presenting minimum and
maximum levels to RSM which consisted of eight factorial
points, six axial points and six replicates of the central point.
The optimization of the level of factors was carried out based
on the sensory characteristics as mentioned above.

Optimization of levels of factors in experimental ice
cream by RSM

Based on preliminary trials, two factors with their ranges
were selected for the optimization. The coded and actual
values of two factors at five levels in the CCRD was
obtained. The centre point experiment was repeated six
times to calculate reproducibility of the method. A second
order mathematical model was fitted to all response data.

k k =1k
Y =fo+ Z BiXi + Z BiX? + Z Z BiXiX;
i=1 i=1

i=0 j=i+1

where By, Bi, Bii, Bij, are regression coefficients X; and X;
are independent variables in coded form, k is the number of
independent variables and Y is the response.

Optimization procedure and verification of results

Optimization of the two factors and multiple responses was
carried out using numerical optimization technique. The
desired goals for each factor and responses were given based
on data obtained from sensory analysis of thirteen sets of
combinations and responses were recorded (Table 1). From
that data minimum and maximum levels of two factors and
scores of responses were taken. After fixing the desired goals,
eleven sets of solutions (final combination of two ingredients)
generated by RSM was taken. The solution having highest
desirability was chosen for preparation of product. Verifica-
tion of results was done by replicating prepared product to five
times. It was subjected to sensory analysis and scores were
noted. The scores given initially for generating final solutions
(predicted value) and the scores obtained after sensory anal-
ysis of five replicated samples (observed value) were taken.

Diagnostic check of the quadratic model

The sensory responses obtained as a result of proposed
experimental design were subjected to regression analysis
in order to assess the effect of levels of two ingredients.
Multiple linear regression analysis was used for each of the
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response variables to fit the model. The linear, quadratic
and interaction effects were calculated for each model.

Product preparation

Calcium added to milk reacts with soluble phosphate and
results in precipitation of colloidal calcium phosphate, an
increase in ionized calcium, a decrease in the concentration of
soluble phosphate and finally decreases pH. The pH is restored
back to the original value (6.3) with the addition of 10% (w/v)
solution of sodium hydrogen phosphate (Na2HPO4). BME
has impact of its strong flavour on addition to ice cream mix.
Vanilla No. 1 (Bush Boake Alien (India) Ltd, Chennai) was
used in this study to mask the flavour of BME.

(~ Skim milk (0.5% fat, 8.7% SNF) )
+

Cream (40% fat, 5.4% SNF) )

Pasteurization (80° C/25 sec)

L

Cooling (60°C)

L

Addition of dry ingredients (CG 217.34
mg/100mL, BM E10 mg/100mL, Sugar
15%, Stabilizer/Emulsifier 0.5%)

o

pH adjustment with 10 % (W/V)
sodium dihydrogen phosphate

O

Homogenization (13.8 MPa and
3.45 MPa)

o

Ageing (4°C/24 h)

o

Vanilla flavour (2.5mL/Kg mix)

O

Batch freezing (-4°C/7 min)

O

Filling and packing

o

Hardening (-24°C/6 h)

o

Storage (-15°C)

\

Acceptability of ice cream

Sensory attributes play a major role in determining the
acceptability of a food product as well as ultimate purchase
decision of consumers. Freshly prepared experimental and
control ice cream was evaluated for its sensory character-
istics by triangle test. Two batches of experimental ice
cream (A and B) with same compositions and control ice
cream (C) was prepared. Samples were given to sensory
panel consisting of five judges and scores were taken based
on 9-point Hedonic scale (Amerine and Pangborn 1965).

Results and discussion

Preliminary trials for selecting minimum
and maximum levels of two ingredients (CG
and BME)

From the results (Table 2) in case of CG, it can be inferred
that T7 (300 mg/100 mL mix) significantly differs from T1
(CG zero mg/100 mL mix). No significant difference (p >
0.05) was found among T4 (150 mg/100 mL), T5 (200 mg/
100 mL) and T6 (250 mg/100 mL) when they compared to
T1, while T2 (50 mg/100 mL), T3 (100 mg/100 mL) had
significantly lower scores when compared with T1 due to
presence of lower CG which has potential to impart
sweeter taste as it is organic in nature. Average mean
scores increased from T2 to T6 after which got reduced due
to the fact that increase in CG increased the overall
acceptability by means of flavour, taste, melting point and
body and texture but after 250 mg/100 mL and increased
the viscosity of product drastically which effected the
overall acceptability. Pinto (2006) also noted that calcium
imparts smooth texture to the product thereby resulting in
enhanced glossiness of the ice cream. As the objective was
to select minimum and maximum levels of CG, levels were
selected as T2 (50 mg/100 mL) and T6 (250 mg/100 mL)
because T1 had shown lower available calcium content,
while T7 had shown increased viscosity and coagulation
effect on ice cream mix. Singh and Muthukumarappan
(2008) has reported that there is no difference in the control
yoghurt and CG enriched fruit yogurt up to 260 mg/
100 mL when compared to four different characteristics
viz., flavour, body and texture, appearance and overall
acceptability. In case of BME (Table 3) it can be inferred
that T7 (60 mg/100 mL mix) significantly differ from T1
(Zero mg/100 mL mix). But, no significant difference (p >
0.05) was found among T3 (20 mg/100 mL), T4 (30 mg/
100 mL), TS (40 mg/100 mL) and T6 (50 mg/100 mL)
when compared to T1. T2 (10 mg/100 mL) had signifi-
cantly lower scores when compared with T1 as BME
contains phenolics which imparted bitter taste to and light
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Table 1 Central composite design matrix for two ingredients (CG and BME)

Standard Factor 1 Factor 2 Response 1 Response 2 Response 3 Response 4 Response 5
order A:BME B:CG Colour Flavour Body and Melting Overall
(mg/100 mL) (mg/100 mL) texture property acceptability

1 30 140.29 8.3 8.3 7.4 7.8 7.8

2 58.28 140.29 7.3 7.5 7.6 7.2 7.5

3 1.71 140.29 8.3 8.5 8.1 8.3 8.5

4 30 140.29 7.1 7.8 7.1 7.5 7.3

5 30 140.29 7.1 7.9 7.5 7.4 7.2

6 10 224.55 8.5 8.7 8.7 8.4 8.7

7 50 224.55 6.5 7.0 6.5 6.3 6.5

8 30 140.29 7.1 7.5 7.2 7.0 7.0

9 50 56.03 6.7 6.2 6.5 6.4 6.3

10 30 259.45 6.8 6.4 6.2 6.6 6.4

11 30 21.12 6.3 6.3 6.3 6.5 6.3

12 10 56.03 6.6 6.6 6.3 6.5 6.4

13 30 140.29 7.1 6.8 6.5 6.6 6.6

Table 2 Effect of addition of CG on the sensory scores of ice cream

Treatments Parameter
Colour Flavour Body and texture Melting property Overall property

T1 8.54 4+ 0.22% 8.44 £ 0.16* 8.50 & 0.10% 8.42 4 0.15% 8.36 & 0.09*
T2 6.40 & 0.18° 6.60 + 0.24° 6.38 £ 0.27™ 6.20 + 0.12° 6.60 & 0.10°
T3 7.34 £ 0.26™ 7.30 £ 0.12%° 7.38 £ 0.22° 7.34 + 0.14% 7.38 £ 0.22°¢
T4 7.40 + 0.35% 7.32 + 0.25% 7.40 + 0.18% 7.46 + 0.24% 7.48 £ 0.25%
T5 7.96 + 0.06™ 8.12 & 0.10° 7.94 + 0.15° 7.98 + 0.18% 7.96 + 0.11*°
T6 8.44 + 0.19° 8.60 & 0.06 8.64 + 0.06* 8.62 & 0.04° 8.66 & 0.05
T7 6.48 +0.21° 6.28 + 0.13% 6.12 + 0.13° 6.36 + 0.12° 6.46 + 0.27"
Chi square value 22.75%: 27.03% 27.56%: 26.55% 26.25%

Figures are mean =+ standard error of sensory scores by five judges in three replications

““Figures in a row bearing different superscript differ significantly (p < 0.01)

**Significant at 1% level (p < 0.01)

green colour to product. Average mean scores decreased
from T2 to T6 because increase in BME concentration had
significantly reduced overall acceptability, affected the
sweetness of the product because of the increased per-
ceived bitterness and astringency owing to the presence of
phenolics in the extract. Phenolics have been known to
mask the sweetness or increase the threshold for sweetness.
T7 had imparted dark greenish colour to product and taste
was unacceptable. As the objective was to select minimum
and maximum levels of BME addition in ice cream, the
levels were selected as 10 mg/100 m L and 50 mg/100 mL

@ Springer

respectively. Similar findings reported by Russo and Bor-
relli (2005) that Increasing the BME adversely affected the
flavour of the product because of the presence of phenolics,
which are bitter in taste and thereby decrease the overall
acceptability.

Diagnostic check of quadratic model
The regression analysis of the responses produced the

quadratic models for each response. The coefficient of
determination (R?) ranged from 59 to 68%. The model
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Table 3 Effect of different levels of B. monniera on sensory scores of ice cream

Treatments Parameter
Colour Flavour Body and texture Melting property Overall property

T1 8.54 4+ 0.22% 8.68 & 0.09° 8.40 & 0.10™ 8.52 4 0.15° 8.66 & 0.09°
T2 7.50 £ 0.11° 7.36 + 0.16° 7.44 + 0.12% 7.38 + 0.12° 7.38 + 0.11°
T3 7.40 £ 0.07* 7.24 + 0.09% 7.48 + 0.08™ 7.52 + 0.08* 7.32 £ 0.07*°
T4 7.56 + 0.05% 7.18 £ 0.07*¢ 7.42 + 0.08% 7.34 + 0.16* 7.22 £ 0.16*
T5 7.58 &+ 0.10™ 7.10 + 0.07° 7.34 + 0.08° 7.26 + 0.09% 7.25 £ 0.11%¢
T6 7.28 £ 0.03° 7.14 £ 0.05 7.22 + 0.05° 7.16 + 0.05* 7.18 £ 0.07°
T7 6.58 + 0.25° 6.50 + 0.04" 6.48 £ 0.14° 6.56 + 0.05° 6.40 + 0.09*
Chi square value 24,04 28.27%* 27.53% 25.26%* 26.19%

Figures are mean =+ standard error of sensory scores by five judges in three replications

““Figures in a row bearing different superscript differ significantly (p < 0.01)

**Significant at 1% level (p < 0.01)

F-value of the fitted quadratic model for all the responses
was found to be significant. Regression models developed
from the experimental data had shown significant differ-
ence with the observed p-values. The sufficient accuracy
for predicting all response variables of experimental ice
cream prepared from any combinations of variables within
the range evaluated was indicated by non significant lack of
test and confirms the obtained quadratic model fitted the
data strongly. Adequate Precision Value (APV) for a well
fitted model always should be higher than 4. This measure
also completes for the obtained mode with APV values
ranging from 7.2 to 9.17. All these results firmly recom-
mended that the model could be used to cruise the design.

The final equation obtained by RSM in terms of actual
factors for predicting the effect of different variables on
overall acceptability of experimental ice cream as follows:

Overall Acceptability = 7.19 — 0.02 x BM + 0.09
x calcium — 0.06 x BM xcalcium 4 0.09 x BM?
—0.03 x calcium (adjusted R? = 0.65)

The coefficient of determination (R?) of 0.65 with adequate
precision of 8.39 strongly recommends the use of this
response viz. overall acceptability to navigate the design.
The response values of overall acceptability for the
experimental ice cream were observed in range from 6.3 to
8.7. The partial coefficients of overall acceptability in
terms of linear order, second order and interaction of both
the two independent parameters are also given in the
regression analysis data. BME had significant effect
(p < 0.05) on the overall acceptability of the experimental
ice cream in linear terms. The effect of CG on overall
acceptability profile was not significant (p > 0.05) in linear
terms and the effect of interaction of these variables was
found to be non significant effect (p > 0.05). At quadratic

level BME had no significant effect (p > 0.05) and CG had
significant (p < 0.05) effect on overall acceptability.

Representation of the interaction among the two dif-
ferent variables and their effect on overall acceptability of
the experimental ice cream are depicted in three dimen-
sional surface plots (Fig. 1). From Fig. 1, when inoculation
rate of BME was kept constant (10 mg/100 mL) the
addition of CG showed improved overall acceptability to a
level of (224.55 mg/100 mL) and beyond that level
reduction of scores was observed. Addition of BME by
keeping CG constant (224.55 mg/100 mL) followed
reduction in overall acceptability. In general, the addition
of BME and CG significantly increased the overall
acceptability of the experimental ice cream. Increase in
addition of CG levels by keeping level of BME constant
(10 mg/100 mL) has found to improved the overall
acceptability. This could be because of the ability of CG to
improve the sensory characters mainly imparts sweetness
to product. The similar effect of calcium addition in dairy
foods earlier also reported by Singh and Muthukumarappan
(2008) that calcium shown no affect on organoleptic
properties in the study of calcium fortified yoghurt and had
more overall acceptability to control sample. The interac-
tive effect of BME and CG was found to have no effect on
overall acceptability.

Verification of the optimum formulations
It was observed that the values were no significant different
(p > 0.05) from the predicted values with respect to all

attributes. The sensory scores have got in line with pre-
dicted scores given by RSM (Table 4).
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Design-Expert® Software

Factor Coding: Actual

RS (overall acceptabilty)

o Design points above predicted value

® Design points below predicted value
87

Fig. 1 a Response surface plot
and b contour plot related to
overall acceptability score as
influenced by level of two
factors

6.3

X1 =A: brahmi
X2 = B: calcium

Design-Expert® Software
Factor Coding: Actual

R5 (overall acceptability)
e Design Points

I8.7

X1 = A: brahmi
X2 = B: calcium

6.3

Acceptability of calcium enriched herbal ice cream

Phytates and oxalates are the anti-nutrients normally pre-
sent in all plant materials. Oxalates has affinity to bind
calcium and forms calcium oxalates stones and they are
rich in rhubarb, spinach, beetroot, parsley, okra, soya beans
and many soya products, yams, wheat bran, nuts, peanut
butter, sesame seeds, black pepper, chocolate, chocolate
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R5 (overall acceptability)

B: calcium (ppm)

(a) Response surface plot

R5 (overall acceptability)

224.55 ,
I | T

Prediction 8.3929

182.42

I
\\

140.29

98.16

56.03

40

20 30 50

A: brahmi (mg)

(b) Contour plot related to overall acceptability score as
influenced by level of two factors

10

drinks and tea. Phytates also exhibit a high affinity toward
important for human body micro- and macroelements but
they are considerably low in herbal plants. Normally BME
contains phytates and oxalates in the range of 41-48 and
1-3 mg/100 g (Filipiak-Szok et al. 2016). Experimental ice
cream is having total bacoside content 0.36 mg/100 ml in
which Bacoside A is 0.19 mg/100 ml and Bacopaside II is
0.17 mg/100 ml. In this study 10 mg of BME is added to
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Table 4 Verification of the predicted value

Attributes Predicted value  Observed value t-value
Colour 8.30 8.17 £ 0.09 0.19™
Flavour 8.28 8.13 £ 0.1 0.17"
Body and texture 8.08 7.99 + 0.06 0.21™
Melting point 8.24 8.12 £ 0.07 0.17™
Overall acceptability ~ 8.39 8.28 + 0.06 0.12™

Figures are the mean =+ standard error of six replications

ns non-significant (p > 0.05)

100 mL ice cream mix that contributes very low amount of
both phytates and oxalates in the final product. The daily
intake of calcium recommended by Indian council of
medical research (ICMR) for children and adults are 600
and 1000 mg/day. Calcium content in ice cream was esti-
mated by using Atomic Absorption Spectroscopy (Perkin
Elmer, Model-PinAAcle 900H) according to (IS:
12760:2012). CG salt (217 mg) of having 138.3 mg of free
calcium is added to 100 mL ice cream mix. Calcium in
control ice cream was 155 mg/100 g while in experimental
ice cream was 293 mg/100 g. Hence consumption of 100 g
of this ice-cream will meet the 30% RDA of calcium.
Experimental ice creams (A & B) significantly differ from
control sample but there was no significant difference
between experimental samples. The developed experi-
mental ice cream has shown overall acceptability of 8.25
which is good indicative of the higher organoleptic quality
for frozen products. The sensory scores of the experimental
ice cream on a 9 point hedonic scale had shown in Table 5.
From the results, prepared experimental ice cream was
shown significant difference (p < 0.01) in the mean score

and had higher overall acceptability from normal tradi-
tional ice cream. In order to make a good source of calcium
the finished product must ideally contain 10-19% daily
value (DV) or 100-190 mg calcium per serving. Standard
ice-cream contains 80 mg of calcium per serving or per
60 g (Kaushik et al. 2015).Though BME had imparted
bitter taste, CG had imparted sweet taste which improved
the overall acceptability of product. Similar results repor-
ted by Yonis et al. (2013) that CG fortified banana stirred
yogurt shown highest mean values for over all acceptability
at 1% level. The chronic toxicity test was conducted in
accordance with World Health Organization (2000) and
Organisation of Economic Co-operation and Development
(1891) guidelines. According to WHO/OECD guidelines
acceptable daily intake of BME in food supplements is
300 mg/day or 5 mg/kg body weight/day.

Conclusion

RSM has been successfully applied for optimizing CG and
BME at (217.38 mg/100 mL and 10 mg/100 mL) which
shown no affect on overall acceptability of ice cream. The
concentration of CG beyond above mentioned value had
shown coagulation effect due to alterations in salt balance
i.e., calcium and phosphorous ratio mix while BME
imparted a bitter taste due to the presence of phenolics. The
additional calcium fortification was done to meet the 30%
RDA of calcium and reduce the chances of calcium defi-
ciency diseases. In this newly developed product RSM
became a useful tool for optimization of additional
ingredients.

Table 5 Sensory

. . Sensory attributes
characteristics of ice cream

Type of ice cream

Chi square value

samples Control ice cream (C) A B
Colour 7.8 + 0.08° 8.31 + 0.06" 8.25 + 0.04* 9.25%%
Flavour 7.75 + 0.08™ 8.3 + 0.06* 8.2 £+ 0.06™ 9.40%*
Body and texture 7.62 + 0.07° 8.33 +£ 0.07* 8.40 £+ 0.06* 9.38%*
Melting property 7.6 £ 0.06™ 8.48 £+ 0.07* 8.43 £+ 0.06* 9.10%*
Overall acceptability 7.6 £ 0.07% 8.25 £+ 0.06™ 8.28 + 0.07* 10.30%*

Figures are mean + standard error of three replications

ns non-significant (p > 0.05)

**Significant at 1% level (p < 0.01)

2PMean scores with same super script within rows did not differ from each other, A and B—experimental

ice cream
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