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Quality evaluation of novel cookies prepared by supplementing with fresh 
turmeric flower (Curcuma longa L.) extracts as a value added functional 

ingredient

Abstract

Turmeric flowers, which have rich traditional culinary values, were used to produce novel 
formulated cookies. Aqueous extracts of fresh turmeric flowers (5, 10, 15 and 20%) were 
used as an added ingredient in cookies (with 0% as a control or those cookies without flower 
extracts). Results revealed significant differences in the proximate composition within all the 
formulated cookies. Cookies prepared with higher extraction levels of turmeric flowers (20%) 
exhibited lower antioxidant activity (% inhibition of DPPH radical). This can be attributed to 
the degradation of heat sensitive antioxidant compounds owing to the baking process. With 
regard to colour value, overall only ‘a*’ value (redness) was found to significantly vary among 
all the formulated cookies. Texture analysis results showed cookies with higher level of turmeric 
flower extracts to require least compression force. Further, results of sensory quality evaluation 
revealed control cookies to gain highest score for overall acceptability (5.70), followed by 10% 
(5.13) and 5% (5.07). As the consumers (panellists) are more familiar with the taste of normal 
cookies (control batch), this might have hindered them to accept novel cookies prepared using 
turmeric flower extracts. Overall, all the formulated cookies were found to be devoid of any 
microbial contamination. Results generated from this study is envisaged to not only popularize 
turmeric flowers as an value added functional food ingredient in cookies or other bakery based 
products, but is also expected to provide a valuable market for formulating healthy cookies 
using other flower extracts. 

Introduction

Cookies are well appreciated bakery based 
products that have been devoured owing to their low-
cost, but with rich nutritional qualities. Cookies can 
be a reliable, ready-to-eat and an easily accessible 
source of instant energy. Besides, majority of 
the cookies marketed have an extended shelf-life 
compared to some of the other popular bakery based 
products. This is mainly due their low moisture or 
water activity levels. The basic ingredient of cookies 
usually comprises of a flour base, sugar and fat (as 
the 3 main ingredients) (Sudha et al., 2007; Pareyt 
and Delcour, 2008; Mamat et al., 2010; Kweon et 
al., 2014). Supplementing cookies with functional 
ingredients is an ongoing trend, especially in the 
foods industries. Cookies which are augmented 
with natural plant extracts can impart rich health 
benefits and can have high potential to be tapped in 
local and international markets. In the present study, 
we attempted to use turmeric flower as an added 

functional ingredient, with an aim to enhance the 
overall qualities of the cookies. 

Turmeric plants (Curucma longa; family 
Zingiberaceae) are cultivated for its rhizome in 
majority of the tropical regions, to be used as 
a flavouring agent. Turmeric rhizome has been 
proved to possess rich therapeutic potential and are 
traditionally (routinely) used in Indian cuisine as well 
as in other Asian foods as a spice (flavouring agent), 
as a natural preservative, as well as for imparting 
colour to the food. The taste of turmeric is described 
as peppery and imprecisely bitter (Balakrishnan, 
2007). Turmeric plants inflorescence is a spike 
(funnel shaped), which is covered with green to white 
coloured bracts, bearing yellow coloured flowers (5 to 
5.5 cm long) without any production of fruits (Jaggi, 
2012). Turmeric flowers are reported to be a rich 
source of essential oils, comprising mainly p-cymen-
8-ol (26%) (Neettiyath et al., 2002). In Malaysia, 
traditionally turmeric flowers or flower buds are 
consumed as ‘ulam’ (a raw vegetable salad) or are 
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cooked with rice to impart a special flavour (aroma). 
Owing to the presence of natural aromatic floral oil 
(which can possess antioxidant and antimicrobial 
activities) as well as reported traditional uses, we 
tried to explore for turmeric flowers in this study.  
Several research studies have been reported on the 
prospective culinary and therapeutic uses of turmeric 
rhizome (Anonymous, 2001; Thomas-Eapen et al., 
2009; Schaffer et al., 2011; Prafulla et al., 2013; 
Devassy et al., 2015). However, probable use of 
turmeric flowers as a value added food ingredient in 
bakery based products such as those of cookies, still 
remains unexplored. 

In this study, we intended to produce cookies by 
utilizing turmeric flower extracts (aqueous extracts at 
concentrations level of 5%, 10%, 15% and 20% with 
0% serving as control). The cookies were evaluated 
for their overall qualities (such as the composition, 
texture, colour, sensory attributes and microbial 
load). Results generated from this study is envisaged 
to not only  popularize turmeric flowers as an value 
added functional food ingredient in cookies or other 
bakery based products, but is also expected to provide 
a valuable market for formulating healthy cookies 
using other flower extracts. 

Materials and Methods

Materials
Fresh, handpicked turmeric flowers (Curcuma 

longa L.) were bought from a local market vendor 
in Ipoh region of Malaysia, and were used to prepare 
formulated cookies. Flowers were initially screened 
to ensure they are free from any physical, insect or 
microbial damages. Ingredients such as the wheat 
flour, brown sugar, margarine, milk powder, oats, 
baking powder, soda bicarbonate and salt for the 
preparation of cookies were of high food quality 
grade (purchased from Tesco Extra Supermarket, 
Penang, Malaysia).

Turmeric flower extracts and preparation of cookies 
After fetching to the processing laboratory 

(at Food Technology Division, Universiti Sains 
Malaysia), the flowers were surface washed carefully 
with running tap water to remove all the adherent 
soil particles (if any) and unwanted dust particles. 
The flower petals were cautiously removed using a 
stainless steel sterilized scissors and knife. 

Followed by this, fresh turmeric flower extracts 
were prepared at different concentration levels of 5, 
10, 15 and 20% by blending them with potable water in 
a kitchen blender (Panasonic, MX 898M, Malaysia). 
The total amount of flower extracts added into the 

cookies formulation was calculated based on the 
weight of flour (wheat) and further substituted with 
adequate portion of water. A control set of cookies 
formulation was maintained without any addition of 
flower extracts. All the cookies were prepared based 
on the standard method proposed by AACC, 10- 3.01 
(AACC, 2000) with slight modifications. In Figure 
1 the flow chart highlighting the process of cookies 
preparations is depicted.

Proximate composition
The cookies were analyzed for proximate 

composition based on the standard method available 
(AOAC, 2000). Samples were analyzed for moisture 
(by using IR- moisture analyser, pre-heated/calibrated 
for 10-15 min.; Denver Instrument IR-30), crude fat 
(Soxhlet extraction method), protein (micro-Kjeldahl 
Method) and ash contents. The water activity in the 
samples was determined by using water activity 
meter. The amount of carbohydrate and energy values 
of the cookies was determined based on calculations.

The carbohydrate content was determined using 
the following equation:

% Carbohydrate = 100 -  % (moisture + crude fat 
+ crude protein + ash)

The amount of energy in a single cookie (~ 6-7 g) 
was determined by using the following equation:  

E = (P x 4) + (C x 4) + (F x 9),

Wherein, E = energy content (kcal/ 100g), P = % 
protein content, C = % carbohydrate content; F = % fat 
content (for each gram of protein and carbohydrate, 
energy obtained is 4 kcal whereas each gram of fat is 
9 kcal of energy) (FAO, 2003).

All the above analysis was performed in triplicates 
and results were expressed on dry weight basis.

Analysis of antioxidant activity
Freshly prepared cookie samples (1 g) were 

mixed with 100 ml ethanol (96% v/v) in a conical 
flask (250 ml, and wrapped with aluminium foil 
to avoid light exposure), followed by overnight 
agitation of the mixture in an orbital shaker incubator 
(Infors, Model S III 927) (15-16 h, 150 rpm and 
27oC). Further, after the time period, the extracts 
were filtered using Whatman No. 1 filter paper to 
obtain a clear solution, which was used as a working 
sample. The antioxidant activity in the cookies were 
determined by using 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) free radical scavenging assay method (De 
Ancos et al., 2002). Results obtained was calculated 
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and were expressed as % inhibition of DPPH by 
using the following formula

% inhibition of DPPH = Abs control – Abs sample 
extract ÷   Abs control × 100

Colour measurement
Colour analysis of the cookies was determined 

by using a Minolta Spectrophotometer CM 3500-
d (Osaka, Japan) with a medium target masks. The 
colorimeter was pre-calibrated with zero calibration 
box (CM-A124) followed by white calibration plate 
(CM-A120). The values of lightness L*, redness a* 
and yellowness b* were recorded for each of the 
formulations.

Texture analysis
Texture properties (hardness and fracturability 

values) of all the cookies were determined by using a 
TA-XT Plus Texture Analyser (Stable Micro System 
Ltd., Surrey, England). The hardness was measured 
by employing a cylindrical probe P/2 fitted with a 
5 kg cell load. The TA settings comprised of: Test 
mode, Compression; Pre-test speed, 1.00 mm/s; 
Test speed, 0.50 mm/s; Post-test speed, 10.0 mm/s; 
Distance, 5.00 mm; Trigger force, auto, 5 g. The 

cookies samples to be analysed were placed on a 
heavy duty platform (HDP/90) with a holed plate. 
On attaining the requisite trigger force, the force was 
increased steadily until the cookies broke into pieces. 
The initial significant peak force obtained from the 
resulting curve was considered as the ‘initial fracture 
force’ and the absolute peak force obtained was 
considered as ‘hardness’ of cookies. 

Sensory quality evaluation
Freshly prepared cookies were evaluated for 

sensory quality attributes by employing 30 semi-
trained panellists (consisting of students and staff 
of Food Technology Department, Universiti Sains 
Malaysia). The parameters evaluated included: odour, 
colour, flavour, crispiness, appearance and overall 
acceptability, which were all assessed by applying 
a 7 point hedonic scale: (1 = dislike extremely; 4 
= neither like nor dislike; 7 = like extremely). The 
cookies were coded with a 3-digit random numbering 
and presented to the panellists on a plate. All the other 
essential pre-requisite standard parameters required 
to perform sensory analysis under a laboratory 
conditions were implemented

Microbiological analysis
Microbiological analysis included determining 

the total plate counts (TPC) of aerobic bacteria as 
well as those of total fungi and yeast (TYMC counts) 
in both a control and supplemented cookies. Standard 
methods were adopted for doing the analysis 
(Bacteriological Analytical Manual, BAM method, 
2011; Bhat et al., 2011).

Statistical analysis
Results attained in this study are expressed as 

mean ± standard deviation of  3 independent replicates. 
Followed by this, we performed one-way analysis 
of variance (ANOVA) and Duncan’s multiple range 
tests (SPSS software program, Version 16.0, SPSS 
Inc., Chicago, IL, USA).  The level of significance 
was deliberated at p ≤ 0.05.

Results and Discussions

Proximate composition
The results obtained for proximate composition 

of cookies incorporated with different concentration 
levels of turmeric flower extracts (5%, 10%, 15% and 
20%) is depicted in Table 1. Significant differences 
in the moisture content were recorded in all the 
formulated cookies compared to control batch of 
cookies (p < 0.05). The incorporation of turmeric 
flower extracts into cookies showed an increasing trend 

Figure 1.  Flow chart showing preparation method 
employed for cookies
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in the moisture compared to control. Earlier, Manley 
(2000) have indicated that moisture levels in cookies 
should range between 2.5-3.0%.  However, in this 
study a higher moisture content was recorded, which 
can be attributed to higher water binding capacity of 
the ingredients used (wheat flour, oats, brown sugar, 
margarine, milk powder) for cookies formulation. 
Besides, as water was used as an extraction solvent to 
obtain turmeric flower extracts, this might have had 
an influence on the overall moisture content of the 
prepared cookies. Based on our results, it was clear 
that a positive correlation occurs between turmeric 
flower extracts and the elevated moisture levels in 
cookies. It is a well-accepted fact that cookies tend 
to differ from other bakery based products (such as 
bread, cake, and others) mainly based on the low 
moisture levels. Moisture levels less than 5-6 % in 
cookies can be valuable for long term storage and 
extend the shelf life, as well as to minimize the risks 
of microbial contamination. Apart from the moisture 
content, incorporation of turmeric flower extracts 
into cookies resulted in an increased water activity 
levels, which can be attributed to active interactions 
that can occur between aqueous extracts of flowers 
and the dough. In addition, it needs to be reminisced 
that water molecules tends to  strongly bound to food 
particles in a dry food such as that of the cookies, thus 
rendering it to be capable of  enhancing the bound 
water contents, leading to detection of enhanced 
water activity levels. Infact low water activity level 
(aw < 0.6) in cookies can be advantageous with 
regard to retarding the proliferation of a spoilage 
microorganisms during storage (Smith et al., 2004).

With regard to the crude protein content, 
though a reduction was recorded between control 
and formulated samples, they were statistically 

insignificant (P>0.05). This indicates that turmeric 
flowers might have negligible amounts of protein, as 
well as the baking process might have reduced the 
non-heat stable proteins too. Regarding crude fat, 
except for cookies supplemented with 5% turmeric 
flower extract, all other samples showed significant 
increase compared to cookies. Fat content in cookies 
is a vital basic component, and if reduced can play 
a significant role in altering the flavour, appearance 
and texture (Rankin, 2000; Maache-Rezzoug et al., 
1998). However, excessive amounts of fat might 
not be considered healthier. So also, excessive fat 
levels can lead to oxidation process in the cookies, 
especially during extended storage. However, we 
envisage that rancidity problems can be minimized 
by addition of synthetic or natural antioxidant rich 
compounds such as that of turmeric flowers, which 
can be explored in future studies. 

The ash content, an indication of mineral 
composition in a food, showed non-significant 
increase in the formulated cookies compared to 
control. The increase in ash in cookies supplemented 
with turmeric extracts can be attributed to the 
additional minerals that might have naturally existed 
in the turmeric flowers. Regarding the carbohydrates, 
significant decrease was recorded in cookies 
supplemented with turmeric flowers (> 10%), 
compared to control cookies. Results on the energy 
level for the cookies are stated in calorie per 100 g 
serving. Our results showed only two formulations 
of cookies (10% and 15%) to exhibit significant 
differences when compared to the control cookies. 

Antioxidant activity measured as percent inhibition 
of DPPH. activity

Supplementing a bakery based food product 

Table 1. Proximate composition and percentage inhibition of DPPH. radical in cookies 
prepared by supplementing with different concentrations levels of fresh turmeric flower 

extracts (on dry weight basis; mean n= 3± standard deviation)

TF = Turmeric flower extract; Mean values within the same column with the same superscript letter were not significantly 
different (p>0.05)
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with natural plant based antioxidant compound can 
be considered safe from the consumer point of view. 
Besides, addition of natural antioxidant compounds 
can enhance the shelf-life by reducing microbial 
contamination and rancidity. Antioxidants assay by 
employing 1,1-Diphenyl-2-picryl hydrazyl (DPPH) 
method is the most popular and routinely employed 
method to determine radical scavenging activities in 
a given material. This method is derived based on the 
reduction of stable DPPH free radical, and measured 
spectrophotometrically at 517 nm. 

In this study, percentage inhibition of DPPH 
radical in fresh turmeric flower extract (aqueous) was 
recorded to be 23.08 % (± 0.01). In turmeric, various 
types of antioxidant rich polyphenolic compounds 
(terpenoids, curcuminoids, etc) have been identified 
which can impart higher radical scavenging activities 
(Li et al., 2011; Lekshmi et al., 2011). In addition 
turmeric flower is reported to contain essential oil of 
approximately 0.3% (Jaggi, 2012), which can play a 
significant role, even at threshold levels.

In Table 1, the result obtained for percentage 
inhibition of DPPH free radical activity of cookies 
prepared using different concentration of fresh 
turmeric flowers. Our results showed lowering of 
antioxidant activity in cookies correlating to the 
proportion/concentration of turmeric flower extract 
added. This can be attributed to loss of some of the 
antioxidant compounds during baking process of 
cookies. Generally, the antioxidant levels in cookies 
should have coincided with the concentration of the 
added turmeric flower extracts. However, in this study 
we determined antioxidant activities only as percent 
inhibition of DPPH. radical. There might be several 
other heat sensitive antioxidant compounds present 
in the flower extracts that can contribute significantly 

to the total antioxidants activities. Degradation of 
these heat sensitive compounds might have resulted 
in the recorded decreased levels in the percent 
inhibition of DPPH. In this study, cookies were baked 
around 200oC, and the temperature used might have 
resulted in the loss of antioxidant activity. Further, 
the decomposition, volatilization and interaction 
of antioxidant compounds (such as polyphenols or 
tannins) with other components of dough can also 
influence the products antioxidant capacity (Dykes 
and Rooney, 2006; Hamama and Nawar, 1991). 
Hence, further studies are warranted to evaluate other 
antioxidant rich compounds in the turmeric flowers, 
and how these compounds degrade on incorporation 
into bakery based food products requiring baking at 
high temperature. 

However, overall, in this study, still the antioxidant 
activity could be retained in the formulated cookies 
compared to control. Further, higher inhibition 
activity in control cookies can be attributed to the 
presence of wheat flour and oats. Our results were 
well anticipated, as various types of food processing 
methods such as dehydration, blanching, steaming, 
cooking, and other thermal treatments can influence 
the antioxidant activity (Jonsson, 1991; Karrar, 
2014). Further studies can be initiated to evaluate the 
influence of oxidation process in cookies with added 
fat.

Colour measurements
Colour of a food product is the foremost quality 

parameter appraised by a consumer. For measuring 
the colour of cookies, three basic parameters were 

Table 2. Colour measurement for different of formulations 
of cookies (mean n= 3± standard deviation)

TF = Turmeric flower extract; Mean values within the 
same column with the same superscript letter were not 
significantly different (p>0.05)

Table 3. Texture properties (hardness and fracturability 
value) of different formulations of cookies (mean n= 3 ± 

standard deviation)

TF = Turmeric flower extract; Mean values within the same 
column with the same superscript letter were not significantly 
different (p>0.05)
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used, which included: the L*, a* and b* values. The L* 
value corresponds to level of lightness or whiteness, 
a* value specifies redness or greenness and b* 
value indicates yellowness of the sample. In Table 
2, results obtained for colour analysis of cookies 
is provided. It was observed that 5% of turmeric 
flowers incorporated cookies to exhibit highest L* 
value, indicating to have higher lightness. Whereas, 
with regard to a* value, significant reduction was 
observed, which were correlated to the concentration 
of flower extracts added. The 20% level of turmeric 
flower extracts incorporated cookies had the lowest 
a* value among all the samples. However, no 
significant differences were recorded for the b* value 
in the cookies analyzed. Overall, cookies with 20% 
of turmeric flower extracts had the lowest value. The 
observed differences can be attributed to uneven 
exposure of the surface area of cookies to the heat 
applied (in oven) during baking process. In addition, 
colour of cookies can depend on the amount of added 
sugars present in the dough, which can influence 
induction of Maillard reactions during baking 
process. Some of the vital components contributing 
to the colour includes the protein, antioxidants, fat 
content as well as the baking time (Cronin and Preis, 
2000). Earlier, Borrelli et al. (2003) have indicated 
proteins and carbohydrates (glucose) to be the main 
component responsible for browning reactions and 
influencing the organoleptic properties of bakery 
based products. Infact, humidity or moisture present 
in oven atmosphere during initial stages of baking can 
be highly effective with regard to the development of 
colour in cookies (Wade, 1988). 

Texture analysis
Texture analysis is usually performed to determine 

the hardness and the range of fracturability of cookies 
on application of force. Higher the force required to 
compress a sample, larger will be the hardness value. 
Test results obtained in this study for the formulated 
cookies gave a standard mean area under the curve 
and mean linear distance values (see Table 3).  Result 
revealed significant differences (p<0.05) between the 
hardness value of control cookies and the other cookies 
incorporated with turmeric flower extracts. Cookies 
with highest concentration of turmeric flower extracts 
(20%) were found to have considerably lowest value 
of hardness compared to other cookies. Regarding 
the fracturability of cookies (trigger force of 5 g), 
results indicated a linear distance in the analysis. The 
main function of linear distance is to calculate the 
length of an imaginary line adjoining all the points in 
a selected region.  Higher the linear distance value, 
the effortless will be the sample fractured. Results 
showed significant differences between control 
cookies and all the formulated cookies supplemented 
with turmeric extracts of 10, 15 and 20%. The 
variation observed can be attributed to the structure 
of the cookies as well as ingredients added, which 
might cause large force fluctuations. For examples, 
fiber content in oats might tremendously contribute to 
the increase in water holding capacity in the dough, 
and thus leading to a harder texture in the cookies. 
Besides, addition of the turmeric flower extracts to 
cookies slightly reduced the force required to break 
the cookies, which indicates cookies to have become 
more fragile compared to the control batch. This can 
be probably attributed to the interactions of flower 
extracts with flour components and other ingredients 
which were used during dough preparation. During 
cookie preparations, mixing tends to evenly disperse 
the added ingredients, thus supporting the absorption 

Table 4. Sensory evaluation of different cookies formulations prepared by using turmeric flower 
extracts (mean n= 30 ± standard deviation)

TF = Turmeric flower extract; Mean values within the same column with the same superscript letter were 
not significantly different (p>0.05)
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of water, instead of developing into a factual 
dough structure (Huebner et al., 1999). According 
to Kontogiorgos (2011), spreading out of gluten 
network is shaped between glutenin and gliadin, 
resulting in the hardness of cookies. Higher gluten 
levels can reduce the dough weight, hardness, density 
and stickiness (Pareyt and Delcour, 2008). Moreover, 
ash content in the samples can also significantly 
affect the basic gluten network formation in the 
dough, leading to poor texture.

Hardness value can also be used for analysing 
freshness as well as scrumptiousness of cookies. 
Maintaining the hardness in cookies is a pre-requisite 
to retain the original shape during transport as well 
as distribution until it reaches the consumers intact 
without easily getting broken down. However, 
depending on the ingredients and formulations, the 
chewing properties can differ. Besides, Slade et al. 
(1993) have correlated fracturing to the level of 
collapse during end stages of baking. Post-baking 
process is carried out in the oven, after which cookies 
are cooled. During this phase, starch and proteins 
bind together (solidify), thus rendering cookies 
to be firm and rigid. Also, after the completion of 
cooling, sugars tend to re-crystallize on crust portion 
(Hoseney, 1994), especially during storage, thus 
providing the necessary crispiness texture to cookies. 
Overall, it should be noted that quantity of fat can 
play a vital role in determining the texture and taste 
of the cookies rather than sugar or the flour content 
(Campbell et al., 1994; Sanchez et al., 1995; Maache-
Rezzoug et al., 1998). 

Sensory quality evaluation
Results obtained for sensory quality evaluation is 

presented in Table 4. This analysis was carried out 
to determine the consumers (panellists) acceptability 
for turmeric flower supplemented cookies. In this 
study we used a 7-point hedonic scale (level 1 
extremely dislike until level 7 extremely like), which 
were based on six attributes, including those of:  
colour, appearance, aroma, taste, texture and overall 
acceptability. 

Visual colour represents an important quality 
criterion of cookie, as perceived in the consumers 
mind/eye. In this study, statistical differences were 
recorded between control and formulated cookies 
at 15% and 20% levels. This indicates that the 
panellists/consumers are well acquainted with a wide 
array of different coloured cookies. With regard to 
appearance, results showed significant differences 
between control and cookies incorporated with 
turmeric flower extracts at 15% and 20% levels. This 
indicates that turmeric flowers incorporated cookies 

to have varied appearance compared to control 
cookies, which could be easily detectable by the 
panellists.

Sensory qualities based on aroma attributes, 
which is a representative of flavour, showed non-
significant differences in formulated cookies. Overall, 
incorporation of turmeric flower extracts might not 
have had an influence on the aroma characteristics 
of cookies. This is an indication that panellists are 
unable to determine the floral volatile compounds 
in the cookies. However human perception on 
aroma compounds can differ with that instrumental 
analysis. Besides, the volatile compounds in the 
turmeric flower might have also been lost during 
baking process.

Taste, a vital quality marker, is an indication 
of the mouth-feel, sensed by tongue or the mouth 
receptors (de Man, 1999). Cookies supplemented 
with 15% and 20% of turmeric flower extracts were 
found to be significantly different compared to 
control cookies. This result indicates that majority of 
the panelists were not ready to accept the intense taste 
of turmeric flower. From the discussion perceived 
with the panellists, it was clear that turmeric flowers 
tend to produce bitter taste and off-flavour at 
higher concentration levels. Furthermore, panellists 
preferred control batch of cookies, which indicates 
there unpreparedness to explore for novel taste and 
prefer the established way of baked cookies. 

Concerning the texture of cookies (crispiness 
or the hardness) based on sensory qualities; the 
score given by the panellists indicated significant 
differences between control cookies and cookies 
prepared by incorporating 20% of turmeric flower 
extracts. These results were comparable to the 
instrumental texture analysis results. The panellists 
gave higher preference for harder and crispy cookies. 
Finally, regarding the overall acceptability of 
cookies, control cookies gained significantly highest 
score (5.70) followed by cookies made with 10% 
incorporation of turmeric flower extracted (5.13) 
and 5% levels (5.07). As the consumers (panellists) 
are more familiar with the taste of normal cookies 
(control batch), this might have hindered them to 
accept novel cookies prepared using turmeric flower 
extracts. However, once the formulated cookies are 
standardized further with regard to improving the 
tastes, this might gain more acceptability among the 
consumers. 

Microbiological analysis
Stability towards microbial contamination can be 

an important criterion in cookies to for safety reasons 
as well as to extend the shelf life. However, reports 
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available on microbiological qualities of cookies are 
scarce, as cookies contain low amount of moisture 
and water activities. In this study, microbial quality 
was determined based on total plate count (TPC) and 
yeast and mould counts (TYMC). Our results showed 
all the cookies (control and those supplemented with 
turmeric flowers) to be devoid of any contamination. 
These results are on par with the opinion of Pitt 
(1975) and Smith (2004), who have stated that 
cookie or any other bakery products with low 
water activities needs to be devoid of any microbial 
contamination. Apart from low water activity and 
moisture in baked cookies, even if any contamination 
occurs during storage, presence of turmeric flowers 
in supplemented cookies can be expected to play a 
vital role in the preservation process.

Conclusions

In the present study, turmeric flowers were used 
at different formulations as an added functional 
ingredient to prepare novel cookies with enhanced 
flavour/taste and with potential therapeutic value. 
Results generated with regard to composition, 
colour, antioxidant activity, sensory, texture and 
microbiological qualities were encouraging providing 
more insights towards the possibilities to explore 
turmeric flowers as an added ingredient in preparation 
of novel or existing bakery products. From the present 
work, it can be concluded that incorporation of 
turmeric flower extracts into the cookies formulation 
to have enhanced the nutritional value. Besides, 5% 
and 10% levels of incorporation of flower extracts 
can be recommended to be the best formulations, as 
favoured by the sensory panellists. As phytochemicals 
rich turmeric flowers has never been explored as an 
added ingredient in   bakery products development, 
further research studies are warranted to explore the 
retention of health promoting bioactive compounds 
in the formulated products as well as on the oxidative 
stability of the cookies. Further, detailed studies on 
shelf-life extension of the formulated cookies needs 
to be instigated to evaluate the products stability 
during extended storage conditions. 
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