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Abstract

Cookies are baked goods that typically comprise the three main elements sugar, lipids and
wheat flour alongside the additional minute components including eggs, milk, salt, and
leavening agents. Gluten, a wheat protein found in wheat flour, contributes to the
extensibility and elasticity of dough. For an individual with a celiac disease, the
consumption of gluten should be avoided. In addition to those with celiac disease, those
who observe religious fasts abstain from wheat and wheat-derived items. Religious
fasting, often described as a fasting regimen carried out for spiritual or religious reasons,
Is a dietary pattern characterized by varying degrees of calorie restriction and abstention
from particular foods. In order to make gluten-free cookies for fasting, water chestnut
flour, foxnuts, and peanuts were combined with cardamom and clove as flavoring agent.
The experimental planning and analysis were performed using the Response Surface
Methodology. Two independent variables, specifically the foxnut powder and chestnut
flour were selected and the Central Composite Design was applied. Altogether, thirteen
experimental formulations were used for producing cookies. Along with sensory
evaluation, the cookies’ moisture, ash, fat, and protein contents were examined. For
general acceptance, 25-30 semi-trained panelists were chosen to conduct the sensory
analysis based on a numerical scoring test. The sample (S12; 60% chestnut and 5% foxnut
flour) had the greatest overall acceptance score. The chemical components of S12, namely
moisture, ash, fat, and protein, were 3.84%, 3.51%, 18.52%, and 6.92%, respectively.
Compared to the control sample, this sample was preferred.

Keywords: Cookie formulation, Gluten free, Response Surface Methodology, Sensory

evaluation.

1. Introduction

The water chestnut refers to the plant that is found in water bodies including lakes, ponds,
and rivers. This hydrophyte is considered as a dependable food source for the flood prone
areas due to its starch producing nature. It is abundant in nutrients and minerals.* According
to Ismail et al., water chestnut provides abundant fat, amino acids, sugar, minerals, water- and
fat-soluble vitamins, fibers, and antioxidants like flavonoids and phenols. It is known for its

antidiabetic, anti-inflammatory, suppressing pain and bactericidal properties.®* It is widely

used in bakery and sweets products.*
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Foxnut, also known as "makhana” in India, is a popped gorgon nut (Euryale ferox) kernel.
Due to its gluten-free nature, it may be used effectively in food products that can be
consumed while fasting and in the production of gluten-free products.® Carbohydrates,
protein, and fat are fox nut's main components, ranging between 55-80%, 10-15%, and 0.2-
0.7%, respectively. It is rich in phosphorus, potassium, magnesium, calcium, and sodium.®’
The protein in foxnut seed has a unique amino acid composition high in essential amino acids
(leucine, isoleucine, methionine, and lysine). As a non-cereal cuisine, makhana is a perfect
staple sustenance for devotees during their holy fast.® The edible seeds of a legume are called
"peanuts” or "groundnuts” in several regions of the world. Protein, oil, and fibers are
abundant in peanuts.®!* Consumers have shown a considerable interest in snack food
products because of their taste and convenience.

Cookies are typically enjoyed as a snack item and are the ideal delivery system for dietary
supplements. They are the major segment of the confections and bakery which potentially
contributes to environment through the utilization of major byproducts including clarified
butter residues and whey.*2® With non-wheat flours including buckwheat, cassava, quinoa,
etc., gluten free cookies have been prepared previously by several researchers using different
raw materials like quinoa flour, rice flour, coconut flour, sweet potato flour, and cassava-
based composite flour.'®*7 There is a need to create gluten-free cookies employing
ingredients with functional properties to cater to those with gluten sensitivity while also
providing extra health advantages.’® Gluten content, which enables air cell expansion and
provides stiffness after baking, enables it to carry out these duties.!® Patients with celiac
disease, however, must cut out gluten from their diets. Gil et al. report that 26 to 49% of
children who come to tertiary care facilities in India with chronic diarrhea are later found to
have celiac disease.?° As per Mohta et al. studies the instances of celiac disease are dependent
on the people’s consumption patterns of wheat (gluten), which were higher in northern
(1.23%) and lower in the southern (0.10%) Indian region.?! Gliadin can rapidly and
transiently boosts the porosity of the epithelial cells of the intestine. Although the mucosa of
the small intestine is thick, it is coiled up into many folds and finger-like projections known
as villi. Due to the small intestine's injured mucosa's decreased ability to absorb nutrients
from food, nutritional deficiencies develop.??

As per the reports cookie sector would be 44.01 billion USD by 2025, with CAGR of 5.3%,
where Asian Pacific is projected to have the most spontaneous growth (6.8%). The main
factors contributing to this growth include urbanization, modern way of living and elevated

incomes. Chestnut and foxnut flour play a critical role in delivering the nutritional benefits to
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the cookie. However, the scarcity of literature that delves into these flours' effects on sensory
quality and consumer acceptability pushed the need for this study. The objective of this study
was to assess the impact of chestnut and foxnut flour composition upon physical, nutritional,
and sensory properties of gluten-free cookie. The study utilized the Response Surface
Methodology to choose the optimal blend of these flours to develop cookies with better

consumer acceptability.

2. Materials and Methods

2.1. Material

Foxnut (Tulsi Brand), water chestnut flour (Bansal Ji Spices), groundnut, sugar (Good
Life refined sugar), cardamom, clove, and baking powder (Ajanta) were procured from
Agra, Uttar Pradesh, India’s market. Sodium bicarbonate (Qualigens Fine Chemicals)
was obtained from the Department of Food Technology at Raja Balwant Singh
Engineering Technical Campus, Bichpuri, Agra, India. The xanthan gum (Sattvic Foods)

was purchased online from Amazon.

2.2. Preparation of foxnut powder

The black spots on the foxnuts were first removed, and then the foxnuts were broken into
small pieces and dried in a tray dryer at a temperature of 80°C for 30 min to attain 6%
moisture content. Following it, the foxnuts were cooled and ground to produce foxnut

powder.

2.3. Preparation of groundnut paste
The groundnuts were cracked open, and the red skin was removed. Then, the groundnuts

were ground to paste by adding approximately 25 mL of Millipore water (18.4 MQ.cm)

2.4. Preparation of cookies

Cookie samples were prepared using the creamery method and the following ingredients:
0.2% of baking soda, 0.3% of baking powder, 25% of sugar and 0.5% of Xanthan gum.®
Based on the preliminary experiments, the amounts of xanthan gum, sodium bicarbonate,
and baking powder were raised to 5%, 1%, and 2%, respectively. The peanut paste
(35%) and sugar were combined in a dish and creamed. The sifting was done for the dry
materials, such as the foxnut powder and water chestnut flour. Then, the prepared cream
was combined with the major components (water chestnut and foxnut flour) and minor

elements (leavening and binding agents) to create a smooth dough. The prepared dough
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134  was given a rest for 30 min, then sheeted to a thickness of 7 mm, and a round cookie
135  cutter with a 5 cm diameter was used to cut it. Following it, the cookies were cooked in
136  the oven at three different steps: i) the bottom plate was heated to 100°C and the top plate
137  to 80 °C for 15 min; ii) the bottom plate was heated to 80°C and the top plate to 120°C for
138 10 min; iii) the bottom and top plate temperatures were set to 70°C for 7 min. The
139  cookies were baked, cooled to room temperature, and then stored in a moisture-proof
140  container. Based on the amount of chestnut and foxnut utilized, a total of 13 cookies
141  combination were produced (as per the response surface methodology design) and all the
142 13 combinations were cooked in the above-mentioned three different conditions (Table
143 1)).

144  2.5. Chemical analysis of raw material and cookies

145  For the evaluation of moisture, protein, ash, and fat content of the samples official
146  AOAC methods were followed.?® Moisture and ash was assessed using a gravimetric
147  method while for protein and fat content standard Kjeldahl and Mojonnier methods were

148  followed, respectively.

149  2.6. Physical Analysis of Cookies
150  2.6.1. Weight

151  Sample’s weights were assessed using a calibrated balance where values were taken

152  spontaneously post tempering.?*
153 2.6.2. Diameter

154  For diameter evaluation value for four cookies (kept edge to edge) were taken by using a
155  measuring scale. Samples were pivoted perpendicularly for another set of reading. Both the

156  values were averaged to determine the mean diameter.?
157 2.6.3. Thickness

158  The cookies’ thickness was evaluated using a vernier caliper (0.01 mm precision). Six
159  cookies were stacked randomly, and their height was measured. The average thickness of
160  each individual cookie was calculated.?*

161  2.7. Sensory Analysis
162  Sensory analysis for appearance, flavour, chewability, and overall acceptability was

163  analysed using the numerical scoring test. Numerical scoring was performed: excellent:
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164  9-10, good: 6-8, fair: 4-5, and poor: 1-3. Every panelist was asked to evaluate the

165  sample on a 10-point scale.

166  2.8. Experimental Design and Analysis

167  To develop the design Response Surface Methodology (RSM) was applied (Design

168  expert version 13, Stat-Ease 360). A three-factor design at five levels was adopted.

169  Thirteen experiments were conducted as per the experimental design and the independent

170  variables were water chestnut flour and foxnut powder. The dependent variables include

171  sensory parameters; appearance, flavour, chewability. Statistical significance (at 5%

172 level) of every factor upon the response was evaluated using ANOVA. All the

173 experiments were conducted in triplicate and values were reported as mean + std

174  deviation.

175 3. Results and Discussion
176

177 3.1. Chemical composition of raw materials

178  The moisture, ash, fat, and protein content of water chestnut flour, foxnut, and groundnut

179  were subjected to analysis, with the results presented in Table 2. Notably, groundnut

180  exhibited the highest protein content (22.70 + 0.73%) among the three flours, followed by
181  foxnut (9.70 £ 0.71%) and WCF (6.01 £ 0.89%). The findings align with the protein content

182  reported by Pawar and Singh for foxnut flour.?> Our Water chestnut flour’s protein content

183  values surpassed those reported by Shafi et al. (4.18%) but were lower than Ahmed et al.

184  analysis (8.4%).2%2" The low protein content of the flour (6.01+ 0.89%) was likely due to the

185  presence of non-protein constituents such as crude fiber, reducing and non-reducing sugars,

186  and starch.

187  The fat content was also significantly elevated in groundnut (43.20 £ 0.86%) compared to
188  foxnut (0.50 + 0.06%) and Water chestnut (0.81 + 0.09%). Therefore, ground nut presents

189  promising potential to produce high-nutrition cookies and may serve as a natural emulsifier.

190  Shafi et al. and Bala et al. reported a fat content of approximately 0.52% for Water chestnut

191  flour.?6? While foxnut flour by has around 0.4% fat.®® Foxnut had the highest moisture

192  content (12.80 £ 0.91%), while both Water chestnut and groundnut exhibited similar moisture

193  levels (5.71 + 0.37%). Regarding ash content, water chestnut flour had the highest value

194  (1.82 £ 0.61%), followed by groundnut (1.72 + 0.20%) and foxnut (0.62 £+ 0.02%).

https://doi.org/10.26434/chemrxiv-2023-zzprm ORCID: https://orcid.org/0000-0001-7184-193X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-zzprm
https://orcid.org/0000-0001-7184-193X
https://creativecommons.org/licenses/by-nc-nd/4.0/

195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
220
221
222

223

224
225
226

3.2. Physical properties of cookies (weight, diameter, and thickness)

The weight of the cookies was in the range of 12.14 and 14.76 g (Table 3). Notably, the
cookie sample S9 emerged as the heaviest and most voluminous, however S2 weigh
lowest (12.14 g). The augmentation in weight can be attributed to the elevated
incorporation of foxnut powder in the sample. Jana et al. and Shafi et al. analysis
demonstrated that foxnut flour has higher bulk density than chestnut flour.?62° Therefore,
the substantial addition of foxnut flour exerts a pronounced influence on bulk density,
consequently contributing to the increased weight of the cookies. Bulk density plays a
pivotal role in assessing packaging requirements for any product, offering the
opportunity for compact packaging by accommodating higher weight within a
constant.3®3! volume Furthermore, this observation can be linked to the elevated
moisture content and the moisture and oil absorption capacity inherent to foxnut powder.
Similar observations were reported in the studies of Kumar et al., where the substitution
of popped makhana (foxnut) flour for wheat flour resulted in an increased weight of
cookies.*> However, in the studies conducted by Shafi et al., the increased weight was
ascribed to chestnut flour, which possessed a higher bulk density in comparison to wheat

flour.26

The diameter of the cookies displayed a reduction ranging from 56.1 to 49.0 mm for S10 and
S9, respectively (Table 3). Kumar et al. also observedthe decline in the cookie diameter with
the increased substitution of popped makhana flour in the blends.®? This phenomenon may be
attributed to the enhanced water absorption capacity associated with the blend, which in turn
leads to a reduction in the width of the cookie samples. The higher water absorption can be
ascribed to the lower lipid content present in the flour.®®* A similar diminishing trend was
observed in the thickness of the cookie samples, with values ranging from 7.8 to 9.6 mm
(Table 3). S10 sample exhibited the maximum (9.6 mm) thickness, however S11 had the least
(7.8 mm) value. Notably, the thickness of the cookies experienced a significant decline with
an increasing level of substitution with foxnut powder. These findings, however, contradict

those of Kumar et al.*?

3.3. Proximate composition of cookie (moisture, ash, fat, and protein)

The variation in moisture, ash, fat, and protein content of cookies with respect to the
incorporation ratio of water chestnut flour and foxnut powder has been demonstrated in

Table 4. Moisture for the samples were between3.50% and 3.84%, where maximum
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value was obtained for S12 while lowest was in the case of S11.

The findings were in correspondence with Pawar et al. where the moisture content of the
cookies decreased with amaranth and foxnut flour substitution.®* Moisture has been
significantly correlated with the product’s shelf life, where elevated moisture increases
the microbial enumeration hence paces the spoilage.®*The ash content of cookies ranged
from 3.32% to 3.98% where the highest content was in S11 and the lowest was in S10.
The higher ash content is directly correlated to the mineral content of the product. It was
observed that the ash content declined with increased foxnut powder content, which is

attributed to the lowest ash content of the foxnut flour among all the three flours used.

The fat of the samples was between 17.51% and 18.63%. Fat is an essential component
which provides three times the energy needed by the human body as well as it is a carrier
of fat-soluble vitamins.®® Higher fat content can affect the shelf stability of the cookie.
The value highest fat content was observed in S8 (18.63%) while the lowest value was
observed in S11 (17.51%). The findings were in contrary with Kumar et al., where the
foxnut powder addition boosted the fat content of the cookies.®> This might be because
the relative fat content of the foxnut powder might be higher than the other ingredients

used in their cookie formulation.

Protein is another essential component of cookies which assists in the growth of the human
body.*® The increased awareness towards health has elevated the market for high protein food
products. The protein of the samples was between 6.92% and 8.97%. The value of protein
content for fresh sample was highest (8.97%) for S9 and lowest value (6.92%) was observed
for S12. The findings were in correspondence with Kumar et al., that increase in the popped

makhana flour proportion increased the protein content of the cookies.*?

3.4. Sensory characteristics of cookies

The responses obtained at different ratio of chestnut and foxnut for the formulation of
gluten free cookies for fasting purpose are demonstrated in Table 5. The second order
polynomial equations were studied for the responses at different flour ratios. The models
thus developed with coded variables are as follows:

Y Appearance= 125.58 - 4.25A - 0.78B + 0.004AB + 0.04A2 + 0.01B?

Y Flavor=6.61+226.87A+225.19B+0.04AB+160.75A2-159.99B2

Y Chewability= 127.31 - 4.28A - 0.65B + 0.003AB + 0.04A? + 0.01B?
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The coefficients of regressions for all the responses at different input parameters have
been shown in Table 6 and ANOVA results obtained for appearance, flavor and
chewability were demonstrated in Table 7.1, 7.2, and 7.3.Intergated influence of more
than one variable was demonstrated through RSM (figure 1, 2 and 3).

3.4.1. Appearance

The maximum score observed for appearance was 7.9 and the minimum score was 2.5
(Table 7.1), with actual, predicted, and adjusted R? values of 0.9177, 0.8996, and 0.9043,
respectively. Both actual and predicted R? values were in agreement with the adjusted
R?. Developed model was significant at P<0.05 hence both the variables (water chestnut
and foxnut content) had significant influence on the appearance of the samples.Figure 1
illustrates the response surfaces detailing the impact of both chestnut and foxnut on the
outcome. Notably, all model terms pertaining to appearance held significant value. With
the progressive increase in foxnut content, a diminishing effect on the cookies' coloration
was observed, imparting a slightly negative aspect to their appearance. The increased
lightness can be attributed to the elevated moisture content found in foxnut flour.3":3
Kumar et al., also observed the decline in Lightness (L*) value as the proportion of
popped makhana flour in the blend of popped makhana and wheat flour increased.3? This
underscores the role of foxnut in influencing the cookies' visual appeal, with a
discernible trend towards lighter coloration accompanying an escalating substitution
level of foxnut flour. The optimal appearance of the cookies was achieved when

incorporating the minimal amount of foxnut (S10).
3.4.2. Flavor

The maximum score observed for flavor was 8.9 and the minimum score was 5.1 (Table
7.2), with actual, predicted, and adjusted R? values of 0.8981, 0.7942, and 0.8225,
respectively. Both actual and predicted R? values were in agreement with the adjusted
R?. Developed model was significant at P<0.05 hence both the variables (water chestnut

and foxnut content) had significant influence on the flavor of the samples.

Response surfaces depicting the influence of chestnut and foxnut on flavor have been
presented in Figure 2. Interesting, all model terms pertaining to flavor also demonstrated
significant relevance. Notably, as the foxnut content ranged from 2.9% to 17.1%, the
flavor of the cookies exhibited improvement, peaking at around 5%, and subsequently

declining as the foxnut content approached 17.1%. The most favorable flavor in the
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cookies was achieved in the case of S12 sample. Pawar et al., observed the increased
mean scores, particularly in terms of taste, that was notably pronounced up to 87-90%
incorporation of amaranth flour and foxnut flour into the composite cookies.®* This
reinforces the significance of foxnut's role in enhancing the overall flavor of baked
goods, mirroring the findings observed in this study.

3.4.3. Chewability

The maximum score observed for flavor was 7.8 and the minimum score was 4.0 (Table
7.3), with actual, predicted, and adjusted R? values of 0.9769, 0.8989, and 0.9603,
respectively. Both actual and predicted R? values were in agreement with the adjusted
R?. Developed model was significant at P<0.05 hence both the variables (water chestnut
and foxnut content) had significant influence on the chewability of the samples.
Response surfaces, illustrating the impact of chestnut and foxnut on the chewability of
the cookies, have been presented in Figure 3. Notably, as the foxnut content increased,
the cookies became progressively more challenging to chew. This trend was
corroborated to the increased hardness of the cookies, with the escalation in the
substitution level of foxnut flour. The optimum chewability of the cookies was achieved
with the lowest incorporation level of foxnut, specifically, (S10). Mishra et al., reported
that the biscuits developed using the Makhana powder had rigid texture as compared to
the biscuits that had potato powder base.’> This might be due to the scarcity of gluten
content in makhana powder which while absorbing water it imparts an elastic texture to
the dough.

Conclusion

The present study demonstrated the feasibility of the generation of gluten-free cookies
(with up to the mark nutritive and sensory attributes) for fasting purposes by complete
replacement of wheat flour by water chestnut and foxnut flour. Replacement of
hydrogenated fat with peanut paste during creaming controlled the excess oiliness in the
baked cookies. It was observed that water chestnut flour could be incorporated up to 60%
level in the cookies without affecting flavor and texture of the cookies. Foxnut powder
could be incorporated up to 5% level as with an increase in the foxnut ratio of the cookie
the hardness of the cookies kept increasing. Peanut paste was incorporated during
creaming with sugar up to 35% without affecting the texture and appearance

significantly. Further, nutritional assessments unveiled a substantial increase in protein
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323 with the addition of foxnut flour alongside water chestnut flour. Conversely, fat content
324 and moisture content witnessed a significant decrease and ash content elevated as
325 compared to control. Totably, gluten-free cookies outperformed the control in terms of
326  nutritional attributes. Sensory evaluation, encompassing parameters such as appearance,
327  flavor, and chewability, favored the gluten-free samples, with superior scores in terms of
328 appearance and flavor. However, the control sample had a better score for chewability.
329  Sample S12, developed using 60 parts water chestnut flour and 5 parts foxnut powder,
330 garnered the highest overall acceptability score, underscoring its desirability.
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Figure 3. Response surface demonstrating the effect of foxnut and chestnut on

chewability of cookie samples.
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506 Table 1. Formulation of cookies based on the chestnut and foxnut composition (as per
507 the RSM design).

Sample Chestnut flour (%) Foxnut flour (%)
Control 0 0
S1 55 10
S2 47.9 10
S3 55 10
S4 50 15
S5 55 10
S6 50 5
S7 55 10
S8 62.1 10
S9 60 15
S10 55 2.9
Sl 55 17.1
S12 60 5
S13 55 10
508
509
510
511
512
513
514
515
516
517
518
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519  Table 2. Summarization of the chemical attributes of the raw materials used for the

520  cookie preparation.

Components Water chestnut Foxnut (%) Groundnut (%)
flour (%)

Moisture 5.71+0.22° 12.80 +£0.91° 571+0.37°

Ash 1.82 £0.61% 0.62 +0.02° 1.72 £0.20%

Fat 0.81 +£0.09% 0.50 + 0.06 43.20 +0.86°

Protein 6.01 + 0.89° 9.70 £0.71° 22.70 £0.73°

521  Note: Level of significance used was 5%.

522

523  Table 3. Summarization of the physical attributes (weight, diameter, thickness) of various
524  cookie samples generated.

Sample Weight (g) Diameter (mm) Thickness (mm)
Control 11.10+£0.43 50.28 + 0.37 8.37£0.56
S1 13.25+0.21 52.20+£0.20 8.70 £ 0.37
S2 12.14+0.35 51.90£0.20 8.50 £ 0.63
S3 1351+0.25 52.80+0.10 8.70+0.21
S4 13.99+0.23 51.60 £ 0.30 8.00+0.35
S5 13.00 £ 0.41 52.30£0.20 8.90+0.43
S6 13.42 +0.32 53.40+0.10 9.10+£0.15
S7 13.36 £0.27 52.50 £ 0.40 8.80 £ 0.09
S8 14.42 £ 0.51 51.60+0.30 8.25+0.27
S9 14,76 £ 0.31 49.00 £ 0.40 8.20+£0.24
S10 13.17 £ 0.37 56.10 £ 0.40 9.60+0.17
S11 1451 £ 0.63 49.60 + 0.20 7.80 £ 0.07
S12 12.47+£0.41 55.20+0.30 9.50 £ 0.37
S13 13.29 +0.29 52.00£0.30 8.60 £ 0.40
525
526
527
528
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529

530
531

532

533

534
535

Table 4. Summarization of the chemical attributes of the raw materials used for the

cookie preparation.

Cookie samples Moisture (%) Ash (%) Fat (%) Protein (%0)
Control 416 +0.35 1.84 £0.33 26.5+0.25 520+0.17
S1 3.70£0.27 3.72+0.30 17.92 £ 0.67 841+0.23
S2 3.81+£0.29 3.65+0.27 17.83+£0.78 7.50 £0.42
S3 3.67£0.39 3.76 £ 0.07 1792 +0.71 8.50 +0.32
S4 3.61+0.31 3.93+£0.78 17.66 + 0.33 8.83£0.49
S5 3.73+0.41 3.74£0.35 17.95 +0.52 8.45+0.32
S6 3.78 £0.47 3.54 £ 0.46 18.20 £0.11 7.13+£0.24
S7 3.69+0.25 3.73+0.34 17.97 +£0.83 8.39 + 0.64
S8 3.56£0.13 3.87£0.62 18.63+0.21 8.94+0.34
S9 3.52 +£0.06 3.90+£0.31 18.46 + 0.43 8.97 £0.36
S10 3.83+0.09 3.32+0.29 18.28 £ 0.38 7.20£0.58
S11 3.50+0.29 3.98+0.81 1751 +0.13 7.01+0.58
S12 3.84+0.40 3.51+045 18.52 +0.09 6.92 +0.23
S13 3.68 +£0.43 3.72+0.56 18.05 +0.77 8411051

Table 5. Summarization of the sensorial assessment of the developed cookie samples.

Sample Appearance Flavor Chewability Overall
acceptability
S1 4.2 6.5 55 5.4
S2 6.2 7.9 6 6.7
S3 4.1 6.6 5 5.2
S4 2.7 5.7 4.5 4.3
S5 4 6.8 5.2 5.3
S6 6.4 8.7 1.7 7.6
S7 4.2 6.5 5 5.2
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S8 7.1 6.3 7.5 6.9
S9 3.2 6 4.7 4.6
S10 79 6.5 7.8 74
S11 2.5 5.1 4 3.9
S12 6.5 8.9 7.6 7.8
S13 4 6.5 5.1 5.2
536
537 Table 6. Regression coefficients of different responses for gluten free cookie.
Factor Coefficient
Appearance Flavor Chewability
Intercept 4.00 6.61 5.00
A — chestnut 0.2341 226.87 0.0655
B — foxnut -1.83 225.19 -1.43
AB 0.1000 0.0404 0.0750
A2 1.02 160.75 1.05
B2 0.2938 -159.99 0.3250
R2 0.9177 0.8981 0.9769
Adjusted R? 0.9043 0.8225 0.9603
Predicted R? 0.8996 0.7942 0.8989
Press 22.10 17.39 412
538
539  Table 7. Analysis of variance for the response variable.
540
541  Table 7.1. Appearance
542
Source Sum of DF Mean F-value P-value
squares square
Model 17.13 2 8.56 4.18 0.0480 Significant
A- 0.1908 1 0.1908 1.0931 0.7666
Chestnut
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B- 16.73 1 16.73 8.16 0.0171
Foxnut
AB 1.15 1 1.15 79.22 <0.0001
A2 0.0010 1 0.0010 1.0682 0.8014
B? 0.0000 1 0.0000 1.0031 0.9569
Residual 20.50 10 2.05
Lack of 13.27 5 2.65 1.84 0.2606 Not
Fit significant
Pure 7.23 5 1.45
Error
Total 37.63 12
543
544
545
546
547
548
549
550
551
552
553
554
555  Table 7.2. Flavour
Source Sum of DF Mean F- P-
Squares square value value
Model 19.05 5 3.81 44.78 <0.0001 Significant
A 5.72 1 5.72 67.20 <0.0001
Chestnut
B-Foxnut 5.66 1 5.66 66.50 <0.0001
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AB 0.0016 1 0.0016 0.0186 0.8953
A? 5.78 1 5.78 67.89 <0.0001
B? 5.72 1 5.72 67.26 <0.0001
Residual 7.95 7 1.14
Lack of 2.83 2 141 1.38 0.3337 Not
Fit Significant
Pure Error 5.13 5 1.03
Total 17.54 12
556
557
558
559
560
561
562
563
564
565
566
567
568 Table 7.3. Chewability
569
Source Sum of DF Mean F-value P-value
squares square
Model 18.01 5 3.60 4.28 0.0421 Significant
A- 0.0901 1 0.0901 0.1070 0.7532
Chestnut
B-Foxnut 9.28 1 9.28 11.02 0.0128
AB 0.5375 1 0.5375 0.6380 0.4507
A2 7.38 1 7.38 8.76 0.0211
B2 0.7473 1 0.7473 0.8870 0.3776
Residual 5.90 7 0.8425
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Lack of 0.6053 2 0.3027 0.2860 0.7628 Not
Fit significant
Pure 5.29 5 1.06
Error
Total 23.91 12
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578  Figure 1. Response surface demonstrating the effect of foxnut and chestnut on appearance of
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606  cookie samples.
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