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Abstract— A composite flour cookies were prepared by partially replacing (0-30%) refined wheat flour with Cycas flour (cycas 

circinalis. L). Response Surface Methodology (RSM) was used to optimize the flour composition as well as the baking conditions 

(temperature and time). The incorporation of cycas flour has significantly affected the physical, chemical and sensorial properties of 

the cookies. The cookies prepared with composite flour had significantly higher (P≤0.05) amount of protein, fat, fiber and ash. The 

physical analysis revealed that thickness and spread ratio decreased with increase in addition of cycas flour. The hardness values of 

cookies made from Cycas flour and control found to be 1.01 N and 4.77 N respectively. The Total Plate Count (TPC) of the cookies 

was ranged from 2.1 × 102  to 2.6 × 105 cfu/g were within the prescribed limit during the storage period of 6 months. The parameters 

like texture and color (hue) values of cookies with control and cycas were varied from 4.77 N to 3.82 N & 1.01 N to 0.90 N, 1.10 to 

1.15 & 1.19 to 1.22 respectively. The analysis of various Physico-chemical and sensorial attributes showed that the cookies were 

well accepted and the parameters were within the acceptable limit.  

 

            Index Terms— Cycas circinalis. L flour, Composite cookies, Response Surface Methodology, Physico-chemical analysis 
 

——————————      —————————— 

1 INTRODUCTION                                                                     

Cycad belongs to the family of CYCADACEAE of the gymno-
sperms. The Cycads have been reported to present in different 
parts of world from Mesozoic era, hence they are called living 
fossils [1]. Queen sago (Cycas circinalis. L) plant is having me-
dicinal, economic and nutritional importance in the areas 
where they are indigenous. Cycad stems and seeds are known 
to be used for high blood pressure, headaches, congestion, and 
rheumatism and bone pain. Cycads are known to provide both 
as a stable and emergency food due to the presence of high 
amount of starch. Increased the consumption of cycas 
circinalis L seed, there has been a little development of novel 
processed foods in which cycas seeds is a major component. In 
the food processing industry, the Baking industry is consid-
ered as one of the major segment in India.  

 

A wide variety of bakery products are available in the super-
market, and it becomes an important part of a diet in day to 
day life. This includes unsweetened goods like bread, buns, 
muffins and bagels, sweet goods such as pancakes, dough-
nuts, and cookies, and filled goods include fruit and meat pies, 
pastries, sandwiches, cream cakes and pizza [2]. 

Baking product are gaining popularity because of their availa-
bility, nature of ready to eat, good nutritional quality and 
availability of the product in affordable cost. Among the bak-
ery products, cookies are most significantly accepted by all the 
levels of society [3].  Cookies are most familiar among all the 
groups especially in children’s because of their variety in taste, 
crispiness and digestibility. Cookies have long shelf life and 
free from microbial spoilage due to its low moisture content. 
Basically cookies are prepared from the refined wheat flour. 
Researcher reported that industrial production of sorghum 
flour incorporated cookies would require the understanding 
of the function of raw ingredients to manipulate the quality of 
the final product [4]. With this as a background cycas flour 
had incorporated into the cookies to enhance the quality. 

Nowadays, Response Surface Methodology (RSM) are widely 
used for the optimization of the product in food industry. RSM 
is considered as an experimental design for the compilation of 
statistical and mathematical techniques. The usage of RSM 
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helps in the development of product and to optimize the in-
gredients better for the required response [5]. The use of RSM 
in the optimization of composite flour as well as the baking 
conditions like temperature and time can generate a lot of 
samples for consumer’s evaluation in a short period of time, 
and thus the laboratory level tests are more efficient. Accord-
ing to this as a background the study was framed to develop a 
product with partial replacement of refined wheat flour with 
varying levels cycas flour (Cycas circinalis. L) on Physico-
chemical and sensory attributes of cookies. 

2 Procedure for Paper Submission 

2. MATERIALS AND METHODS  

Queen sago (Cycas circinalis. L) is an under-exploited legume. 
It is mainly shown in tropics and subtropical areas, mostly 
grown in under dry-land agriculture. It is an important source 
of carbohydrate. Cycas circinalis are seasonal seeds, this were 
obtained from Nilambur area, Kerala, during the months of 
July and August. The collected seeds were subjected to re-
move the seed pod and then soaked in 1:4 v/w boiled water 
for 72 hours and consisting within 24 hours change the water 
for the removal of the toxic content present in the seed. The 
samples were dried in a tray drier at 60±65°C during 12 hours 
until the final moisture attained 8.50%. Following that the 
seed were subjected for milling into fine flour with a sieve size 
of 100µm. The obtained flour were finally stored  in  the re-
frigerator  at  4ºC  in  separate  air-tight  containers  for  fur-
ther  quality  analysis and formulation of cookies. 

2.1 Preparation of cookies  

The cookies were prepared based on method reported by 
Hussain et al. (2006)[3] with slight modifications. Cookies 
were prepared by partial replacing of 0-30% refined wheat 
flour with Cycas flour. All the ingredients like refined 
wheat flour, cycas flour, sugar, baking powder, egg were 
used in different proportion. Initially all the mixtures 
blended and kneaded with hand by the addition of butter 
for change the texture of cookies. The prepared dough was 
molded and shaped into cookies and baked. Baking was 
carried out with electric oven at the baking condition of 
time (10 min) and temperature (150°C). Once the baking is 
finished the baked cookies were allowed to cool for 30 min 
and stored in a high density polythene (HDPE) and stored 
at ambient temperature.  

2.2 Experimental design  
The RSM is an effective tool to optimizing several experi-
ments. It is used to developing, improving and optimizing the 
product. Optimization of composite flour as well as baking 

conditions (temperature and time) was carried out. Design 
expert, Trial version 8.0, State Ease Inc., Minneapolis, IN statis-
tical software were used for the generation of response surface 
plot and optimization of process variables. A five –level-two-
factor experimental design was adopted. The experiments 
were conducted according to Central Composite Rotatable 
Design (CCRD) within a chosen range. The design includes 20 
experiments with replication at the centre point. This study to 
decided the effects of two independent variables [temperature 
(X1; 170-190°C), time (X2; 15-25 min), cycas flour (X3; 0-30 %)] 
at four levels on the dependent variables [texture (Y1), color 
(Y2), taste (Y3), overall acceptability (Y4)]. 20% substitution of 
cycas flour were selected and further analysis were carried 
out. 

 

2.3 Sensory evaluation of cookies 

The sensory evaluation of the composite cookies was conduct-
ed with 45 semi-panel members [6]. To assess the organoleptic 
properties of the formulated composite cookies were carried 
out using a 9 pointer hedonic scale. The mean of sensory score 
for attributes viz. color and appearance, flavor, texture and 
grain, crispiness, taste and overall acceptability were recorded. 

 

2.4 Physico-chemical Analysis of cookies 

The cookies were analyzed for ash, moisture, fat, carbohy-
drate, fiber and protein using the standard [7] method. Physi-
cal properties like Diameter (D), Thickness (T) and spread ra-
tio (D/T) of the cookies were calculated as per the [8] method. 
Color value (L*, a* and b*) and from the a* and b* the hue val-
ue of the cookies were determined using the hunter lab calo-
rimeter. The instrument was calibrated using q standard black 
and white plate. Breaking strength (hardness value) of the 
composite cookies were measured using HDP/BS blade of tex-
ture analyzer (TA) TA-HD Plus, Stable Micro systems, Survey, 
UK. 

Hue = tan-¹(b/a)……………… (1) 

 

2.5 Shelf life study 

The prepared cookies were packed in HDPE and stored at 
ambient temperature for the period of six months and consec-
utive 30 days the Total Plate Count (TPA), color (hue) value 
and Texture was analyzed. 

 

2.6 Statistical analysis 

All the analysis was done using triplicate samples. 
The data obtained was analyzed statistically to determine the 
statistical significance of treatments. Statistical analysis was 
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performed using RSM software, design – expert 8 (stat Ease 
Inc, USA). The data on experimental results were subjected to 
Analysis of Variance (ANOVA). The data on physico-chemical 
analysis were subjected to Analysis of Variance (ANOVA) with 
the help of statistical package SPSS (20 version) to compare the 
means and to determine the most acceptable treatment 
(p≤0.05). The experimental data were evaluated by multiple 
regressions using response surface methodology at significant 
levels (p < 0.01, p < 0.05 and p < 0.1) 

3. Result and discussion 

3.1 Model description 
In this study, RSM was used to optimize the flour, as well as 
the baking conditions like time and temperature of the baked 
product. Multiple regression analysis were adopted to mod-
eled the data. p < 0.01, p < 0.05 and p < 0.1are the significant 
levels used to interpret the data’s. The experimental data were 
evaluated using response were selected for the model con-
struction. The goodness-outfit of the models was evaluated 
using the adjusted r2, approximate r2 for prediction values 
based on PRESS statistic and analysis of the residual plots.  

3.2 Color 

Result showed that the ratio of color value is 26.750 indicates 
an adequate signal. This model can be used to navigate the 
design space. The regression equation for the response func-
tion in the Actual level of these variables is: 

Y1=1311.87+0.0001X1+0.0001X2+0.0007X3 

 

 

 

 

 

 

 

 

 

 

 

3.3 Texture 

Ratio of this study had 4.580 indicates an adequate signal. This 
model can be used to navigate the design space. The regres-
sion equation for the response function in the Actual level of 
these variables is: 

Y1=6.423 +0.8922X1+0.1711X2+0.6994X 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4 Taste 

All empirical models should be tested by doing confirmation 
runs. "Adeq Precision" measures the signal to noise ratio. A 
ratio greater than 4 is desirable. Denoted Ratio of 11.605 indi-
cates an adequate signal. This model can be used to navigate 
the design space. The regression equation for the response 
function in the Actual level of these variables is:  

Y1=15.35+0.9251X1+0.0024X2+0.1295X3 

 

 

 

 

 

 

 

 ` 

 

 

 

3.5 Overall acceptability 

The ratio of 4.929 indicates an adequate signal. This model can 
be used to navigate the design space. The regression equation 
for the response function in the Actual level of these variables 
is: 

          Y1=3.65 +0.2529X1+0.8055X2+0.0.1016X3 
 
 

Figure a: Color of composite cookies 

                          Figure b: Texture of composite cookies 

                Figure c: Taste of composite cookies 
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The result was analyzed using ANOVA showed. The linear 
term temperature (A), inter active term time (AB) as well as 
the quadratic term is (B2) were showed to be significant model 
terms (P<0.05).It is evident from the table that model and lack 
of fit was significant Figure a, b, c and d represents the Re-
sponse surface for the effect of time and temperature percent-
age on color, texture, taste and over all acceptability of the 
composite cookies respectively. 

 

3.6 Physico-chemical Analysis of cookies 

The Physico-chemical properties of the control cookies and the 
cookies prepared from the composite flour with the help of 
RSM were denoted in table 1. The moisture, carbohydrate, 
protein, ash, fiber and fat content of the cookies were 3.83%, 
70.18, 10.54%, 0.63%, 0.86% and 23.06% and 3.50%, 65.42%, 
14.78%, 0.83%, 1.23% and 24.86% respectively. The moisture 
content of the control and composite cookies  ranged from 
3.83% to 3.50%. This value is acceptable according to research-
er [9], they reveals that in the baked cookies the acceptable 
range for moisture is usually below 5%. It reveals that the 
cookies had slow down the growth of microorganisms and 
enhance the shelf life. It was observed that the amount of ash, 
fat, fiber and protein was significantly higher in composite 
cookies while compared to the control cookies. The incorpora-
tion of cycas flour with the refined wheat flour will enhance 
the nutritive composition of the product. These observation 
are comparable and in agreement with regard to the 
supplementation of cookies with mungbean flour [10]. 

The physical parameters of composite cookies prepared by 
replacement of refined wheat flour with 0-30% of cycas flour 
are discussed below. 

 

Table 1: Physico chemical properties of the control and com-
posite cookies 

  Physico chemical 
properties 

Control  
Composite cook-

ies 
  Moisture (%) 3.83±0.28  3.50±0.34 
  Carbohydrates 
(%) 

70.18±0.20  65.42±0.52 

  Protein (%) 10.54±0.40  14.78±0.18 
  Ash (%) 0.63±0.57  0.80±0.03 
  Crude fiber (%) 0.86±0.11  1.23±0.23 
  Fat (%) 23.06±0.24  24.86±0.46 
  Thickness (mm) 9.83±0.26  10.67±0.34 
  Diameter (mm) 56.17±0.80  56.43±0.35 
  Spread ratio (D/T) 5.71±0.21  5.28±0.29 
  Color (L*) 67.13±2.66  64.58±2.36 
            (a*) 15.90±0.29  13.26±0.69 
            (b*) 31.94±1.44  33.19±1.09 
            Hue 1.16±0.29  1.19±0.44 
  Hardness (N) 4.77±0.18  1.01±0.54 

VALUES ARE MEAN ± STANDARD DEVIATION; EACH OBSERVATIONS IS 

THE MEAN OF THREE DETERMINATIONS 

The spread ratio of the cookies was varied from control to 
composite cookies. The spread value was greater 5.71 for the 
control cookies than the composite cookies (5.28). The spread 
ratio was decreased significantly and the thickness was signif-
icantly increased with the marginal increase of cycas flour. 
Lower spread ratio of composite cookies implies better rising 
ability of the product [11]. The diameter of the control cookies 
and composite cookies were 56.17 and 56.43mm respectively. 
These desirable changes of physical parameters may be due to 
the higher fiber content in the flour [12].  

Color value of control and composite cookies were also 
showed in table 1. The L* value is represented for the 
lightness of the cookies extended from 0 (black) to 100 
(white). The L* value of the cookies were decreased 
significantly from 67.13 to 64.58 in the case of control and 
composite flour respectively. The a* and b* value 
represents redness (+a) to greenness (-a) and yellowness 
(+b) to blueness (-b) respectively. In the case of control and 
composite cookies, the b* value were decreased and a* 
value were increased significantly. This is attributed due to 
the enhancement in redness and yellowness of the cookies 
during the baking process [13]. The hue values were 
increased with increase in addition of cycas flour. The 
changes in the color value of cookies might be due to the 
caremalization of sugar, which cause the browning effect.  

As texture greatly has an effect on consumer acceptance of 
the product, it is an important factor of comparing the 

 Figure d: Overall acceptability of composite cookies 
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cookies [14]. The cutting force of the control cookies (4.77 
N) indicating more hardness than the composite cookies 
(1.01 N), which would have been the cause attributed by 
the increased protein content of enrichment with cycas 
flour [15].It was also found that the cutting force of cookies 
was negatively correlated with the spread ratio of cookies. 

3.7 Sensory evaluation 

Acceptability of the developed product is mainly depends on 
the Organoleptic properties, which are usually measured in 
terms of appearance, texture and taste [4]. Table 2 indicates the 
sensory attributes of control cookies and composite cookies 
prepared from 20% of cycas flour. It was noticed that compo-
site cookies had highest for sensory attributes like appearance, 
texture, taste, mouth feel, aroma and overall acceptability. 
Scores of sensory attributes showed that there was a signifi-
cantly higher (p<0.05) in cookies prepared from the composite 
flour. Cookies prepared with the incorporation of cycas flour 
(20%) substitution levels produced acceptable cookies as eval-
uated by semi-panel of 45 members. 

Table 2: Sensory evaluation of the control and composite 
cookies 

  Sensory attrib-
utes Control cookies 

Composite cook-
ies 

  Appearance 8.20±0.26 8.50±0.40 
  Color 8.83±0.15 8.13±0.15 
  Sweetness 8.63±0.40 8.60±0.26 
  Texture 7.96±0.15 8.03±0.11 
  Flavor 8.33±0.32 8.20±0.20 
  Taste 8.00±0.43 8.10±0.11 
  Mouth feel 8.20±0.20 8.86±0.15 
  Aroma 7.60±0.40 7.86±0.75 
  Overall accepta-
bility 8.21±0.11 8.29±0.26 
Values are mean ± standard deviation (n=45) 

3.8 Shelf life study 

After completing the Physico-chemical and sensory 
evaluation, the control and composite cookies with 
maximum sensory score were packed in HDPE pouch and 
stored at ambient temperature for six months. HDPE was 
the better packaging material than low density 
polyethylene (LDPE) and polypropylene (PP) 
[16].Consecutive 30 days (one month), the parameters like 
moisture, color, texture and Total Plate Count (TPC) were 
analyzed. Table 3 shows the values for moisture, color (L*, 
a*, b* and hue), texture and TPC. The moisture content and 
texture were remained somewhat same until 90 days (3 
months). After 90 days, the values were gradually 

decreased during the storage period. However no 
undesirable changes in color value. The TPC of the cookies 
were ranged from 2.1 × 102 10 2.6 × 105 cfu/g. it shows that 
the TPC were within the prescribed limit during the 
storage period of 180 days (6 months). This result showed 
that the composite cookies were acceptable till six months.  

Table 3: Shelf life content of the cookies 

 
4. Conclusion 

This study was conducted for finding out the best 
composite cookies which was prepared with the partial 
replacement (0-30%) of cycas flour and refined wheat flour 
with the help of RSM. According to the experimental 
design 20% of cycas flour was selected as final composite 
cookies. The Physico-chemical analysis and organoleptic 
properties were done and the result was compared with 
control cookies. The substitution of 20% of Cycas flour 
would enhance the nutritional as well as physical and 
sensory attributes of the composite cookies. The storage 
study was also carried out for six months. Results denote 
the range of storage study was prescribed limit during the 
storage period.  Partial replacement of cycas flour resulted 
in higher quality of composite cookies, as indicated by 
overall acceptability in the sensory evaluation. 
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