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ABSTRACT 

 

This study was conducted to determine the effects on the quality of 

cashew nut cookies substituted with Nile tilapia bone powder (NTBP), at 

various levels. Cookies had aw, hardness and their spread ratio varied 

significantly. Color parameters showed significant changes after enhancement 

with NTBP. The L*, b*, and whiteness values decreased but the a* value 

increased. Results showed that the addition of NTBP significantly increased 

the moisture, protein, fiber and ash content of the samples, while the 

carbohydrate content decreased. Additionally, a drastic increase in calcium 

content was observed in the substituted cashew nut cookies, when compared 

with wheat cookie samples used as a control. The cashew nut cookies 

substituting NTBP up to 20% had the highest scores of sensory properties. 

These results suggested that the NTBP substitution level at 20% was the 

suitable level which having acceptable physicochemical and organoleptic 

qualities while further increasing high calcium richness.  
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INTRODUCTION 

 

Nile tilapia (Oreochromis niloticus) bone is a waste or by-product of 

processed tilapia meat, such as in the production of frozen fish fillets, fish floss, 

fish sausage and crispy snacks. Fish bone is, usually, not utilized for anything, 

but rather: is discarded as a polluting form of food waste. If weighed, it works out 

as about 10–15% of the total by-product of food production. In order to prepare 

the Nile tilapia bone powder utilized as edible ingredient, the alkaline solution 

procedure is frequently used due to uncomplicated, inexpensive, and effective 

method (Nemati et al., 2017). According to (Prapasuwannakul, 2019) (Hemung, 

2013) the properties of Nile tilapia bone powder obtained from the alkaline 

treatment are a yellowish white color and water-insoluble. The composition of 

Nile tilapia bone is 40.8% protein, 25.3% total lipids, 18.3% ash and 14.2% 

moisture, as well as minerals (2,715.9 mg calcium, 1,132.7 mg phosphorus and 

1.3 mg iron) (Prapasuwannakul, 2019). As such, fish bone is a potentially 

valuable resource, due to the fact it is a good source of minerals, especially: 

sodium, phosphorus and calcium (Hemung, 2013). It should be noted that 

calcium is a necessary mineral for building up healthy bones and teeth, and it is 

also important for the function of both the heart and muscles.  

Therefore, the application of calcium fortification in food products, which 

increases their nutritional values, is a significant issue. There have been several 

studies published about the utilization of fish bone powder as a natural source of 

calcium and as a supplementary food ingredient. Some studies have reported the 

benefits of applying calcium to food products to fortify their nutritional qualities 

Benjakul and Karnjanapratum (2018), found that adding tuna bone bio–calcium 

powder to whole wheat crackers could improve their calcium and phosphorus 

concentration levels. They concluded that the optimum amount of tuna bone bio–

calcium powder they could introduce to crackers, without causing negative 

effects on their texture, color or organoleptic properties, was 30%. Asikin et al. 

(2019), utilized knife fish bone powder as a calcium source in their kerupuk snack 

products, and reported that the addition of knife fish bone powder increased levels 

of calcium and phosphorus content. With regards to the application of Nile tilapia 

bone as a calcium source in food products, several studies have been produced by 

various researchers. Prapasuwannakul (2019), evaluated the nutritional properties 

and quality levels of fish crackers with different concentrations, with a 

substitution of tilapia bone powder instead of tapioca flour, which ranged from 

between 0–25% in the fish snacks. They reported that the fish crackers prepared 

using tilapia bone powder had an increased calcium content and that a formulation 

of 15% fish bone powder was found to be the better amount. Hemung and Sriuttha 

(2014), studied the effects of tilapia bone calcium on the quality of tilapia 

sausages, and concluded that the textural properties and sensory satisfaction 

levels for the fish sausages could be improved through the addition of extracted 
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calcium fish bone. Abdel-Moemin (2015) developed flaxseed and cinnamon 

cookies using cooked Nile tilapia bones, and revealed that the fortification of the 

cookies with fish bone made them richer in terms of nutritive components, 

namely: fatty acids and essential minerals (Ca, P, and Fe). Besides the nutritional 

impact, the effect of fish bone addition as an ingredient on the quality of food 

product has also been considered. Yin et al. (2014) demonstrated that the 

improvement of the gelling properties of Alaska pollock surimi could be achieved 

by adding nano-scaled Pacific whiting bone. In addition, Hemung et al. (2018) 

applied Silver carp (Hypophthalmichthys molitrix) bones as natural calcium 

source to enhance the textural properties (hardness and gumminess) of the fish 

emulsion sausage. Furthermore, (Nawaz et al., 2019) reported that the addition of 

Grass carp (Ctenopharyngodon idella) bone induced the diminished fried snacks 

quality attributes, such as color, expansion, and water holding capacity but 

improved hardness. Although some studies estimating the physicochemical and 

nutritional properties of fish bone powder enriched food product are available. 

However, investigations on the quality of bakery-based food product by addition 

of fish bone are rarely reported. 

Cashew nut cookies are confectionary products, which have quite a slow 

deterioration rate, which is due to their low moisture content.  Owing to their 

convenience as an easily acquired and eaten snack, crispness, and unique flavor, 

they are an enjoyable dessert or snack eaten by consumers worldwide, 

particularly during the Chinese New Year.  They are commonly made from a 

mixture of the following major ingredients:  wheat flour, butter, sugar as well as 

other minor ingredients. A cashew nut half is pressed into each cookie as a special 

characteristic of cashew nut cookies.  To increase their nutritive content, the 

cookies are prepared using fortified valuable ingredients, including:  dried 

guduchi (Tinospora cordifolia) leaf powder cookies (Sharma et al., 2013), barley 

flour cookies (Gupta et al., 2011) and baobab (Adansonia digitata L.) pulp flour 

cookies (Mounjouenpou et al., 2018). With this in mind, work was undertaken to 

develop healthy cookies that are fortified with Nile tilapia bone powder as a 

natural source of calcium.  In addition, the aim was to estimate the 

physicochemical, microbiological properties and sensory satisfaction levels of 

cookies substituted with Nile tilapia bone powder at different levels. 

 

MATERIALS AND METHODS 

 

Materials 

Nile tilapia (Tilapia nilotica) bone was obtained from a community 

enterprise in Phayao, Thailand. The ingredients for making cashew nut cookies, 

including wheat flour, butter, icing sugar, cashew nuts, palm oil, baking soda, salt 

and egg yolk, were purchased from a local supermarket in Phayao, Thailand. The 
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chemicals used were of analytical grade (Union Science Co., Ltd., Chiang Mai, 

Thailand). 

 

Preparation of Nile tilapia bone powder (NTBP) 

The Nile tilapia bone powder (NTBP) was subjected to the alkaline 

treatment procedure, according to the method of Asikin et al. (2019). Briefly: the 

Nile tilapia bone was boiled in hot water at 100 °C for 30 min; to remove any 

non-collagenous protein, bones were then rinsed in tap water and then soaked in 

a 0.8% NaOH solution for 2 hrs, with the ratio of fish bone and alkaline solution 

at 1:2 (w/w); subsequently, the bleached bones were washed with running water 

until there was no further residue; after washing, samples were boiled again at 

100 °C for 1 hr, this step was done at least in duplicate and then bones were rinsed 

and drained; the washed bones were then hot air dried at 100 °C for 30 minutes 

and ground down into powder; to obtain a fine powder, it was then sieved using 

a sieve of aperture size 250 m; after sieving, the obtained powder was vacuum 

packed and kept at room temperature. 

 

Preparation of cashew nut cookies 

The wheat flour was mixed with other ingredients for the cookie dough 

formulation, as follows: 47% wheat flour, 23% butter, 18% icing sugar, 7.5% 

cashew nut powder, 3% palm oil, 1% baking soda and 0.5% salt. The cashew nut 

cookies were prepared with the addition of NTBP, as a replacement of wheat 

flour, at the following concentration levels: 0%, 10%, 20%, 30% and 40%. The 

cookies without any NTBP were used as control samples. The cookie dough was 

sheeted with a 0.75 cm thickness and then shaped using stainless steel ring molds. 

After that, egg yolk was lightly spread on top of the cookies, half a cashew nut 

was placed on top of them, and they were coated with egg yolk again. The circle-

shaped cookies were baked at 160 °C for 15 minutes in an electric oven and they 

were then left at room temperature for cooling. To remove excess moisture from 

the products, the cookies were dried out using a hot air oven at 100 °C for 30 

minutes, and then cooled again. Finally, they were placed in airtight containers 

for further analysis. 

 

Assessment of cashew nut cookie properties 

Physical characteristics. The color of the cookies was measured using a 

colorimeter (Hunter Lab, Color Quest XE, USA) in CIELAB system: L* 

(lightness), a* (redness) and b* (yellowness) values were reported from five 

replications. Additionally, the whiteness index (WI) was obtained from the 

following equation (Gooch, 2011):  

 

𝑊𝐼 = 100 − [(100 − 𝐿∗)2 + 𝑎∗2 + 𝑏∗2]
0.5

  (1) 
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The water activity (aw), of the cookies was examined using a water activity 

meter (AquaLab 4 TE, Decagon Devices Inc., Pullman, WA, USA). The spread 

ratio (SR), of samples was evaluated with a Vernier caliper, by laying down and 

stacking three cookies on top of each other before and after baking. The spread 

ratio of the cookies was calculated by dividing the values of the diameter by the 

thickness, as shown in the following equation (Sharma et al., 2013): 

 

𝑆𝑅 =
𝐷𝑎−𝐷𝑏

𝑇𝑎−𝑇𝑏
      (2) 

 

where Da and Db are the diameter value (mm) of three cookies laid down 

after and before baking; Ta and Tb are the thickness value (mm) of three cookies 

stacked on top of each other before and after baking. 

 

The texture properties of the cashew nut cookies were determined using a 

Texture Analyzer (TA–XT Plus, Stable Micro Systems Ltd., Surrey, UK) with a 

3-point bending rig at a speed of 2 mm/s, with a distance of 15 mm to make 

contact with the cookies with a 50 kg load cell. The peak value of the fracture 

force (maximum), at the point when the cookies would break into two major 

pieces, and distance at break was recorded as hardness (N), and fracturability 

(mm), respectively. Five measurements were done for each treatment. 

Chemical properties. The proximate analysis of the cashew nut cookies 

was done using the method of AOAC (2012). In addition, calcium content for the 

selected proper cookies without the adverse effect on sensory quality and control 

samples was estimated according to AOAC (2012). For each sample, finely 

ground cookies (1.0 g) were digested with 20 mL of sulfuric and nitric acid (1:3), 

then heated on a hot plate until dense white fumes appeared and solution became 

translucent. Sample was adjusted to a final volume of 25 mL by deionized water 

and the extract was subsequently filtered through Whatman No. 1 paper. Calcium 

level was determined using an atomic absorption spectrophotometer (AAS) 

(Avanta PM, GBC Scientific Equipment Pty Ltd, Australia) equipped with 

deuterium lamp. Calcium compound was atomized in an air-acetylene flame and 

absorbance was then measured at 422.7 nm with a 0.2 nm slit width. Each sample 

was investigated in triplicate and calcium content was expressed as mg g−1. 

Sensory evaluation. The cashew nut cookies were coded with 3-digit 

numbers and served to 30 untrained panelists. The judges were asked to score the 

cookie samples for appearance, color, flavor, taste, texture, and their overall 

liking of them. The scoring was based on a 9-point hedonic scale, where 1 

represented extreme dislike and 9 the opposite extreme.  
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Statistical analysis 

The results were expressed as the mean ± standard deviation. The data was 

subjected to ANOVA using IBM SPSS Statistic 22.0 software and the Duncan's 

new multiple range test to find out the significant differences of mean values 

between treatments at level P < 0.05. 

RESULTS 

Physical characteristics of cashew nut cookies substituted with Nile tilapia 

bone powder 

The characteristics of NTBP in this work were observed. The overall 

appearance of the obtained NTBP was of creamy-colored powder and slightly 

grittiness particles. Also, there was no fishy odor in the sample, which might be 

helpful for its application in several food products as a source of calcium. In Table 

1, results obtained for the color measurements of the NTBP are displayed. The 

lightness (L*), redness (a*), yellowness (b*) and whiteness values of the NTBP 

were 91.88, 0.51, 11.26 and 86.11, respectively. Furthermore, the NTBP was 

found to a dried powder with very low a
w 

(0.316).

The color parameters of the cashew nut cookies substituted with NTBP, at 

different ratios, are listed in Table 1. The tendency of the lightness (L*) and 

yellowness (b*) values decreased when the NTBP level was increased. The 

lowest L* and b* values were observed in the cookies that contained 40% NTBP 

(P0.5). Whereas, the redness (a*) value slightly increased as more NTBP was 

added, and was found to be its highest level at 40% NTBP (P0.5). Besides, the 

whiteness index of the cashew nut cookies slightly decreased significantly 

(P0.5) as NTBP concentration increased. The whiteness of the cookies 

contained NTBP at various levels was observed in the range 65.52 to 68.17 (Table 

1). Additionally, the cookies substituted with 40% NTBP were found to have the 

lowest levels of whiteness index. 

Table 1. Color, water activity, and spread ratio of cashew nut cookies 

substituted with different NTBP levels. 

Samples 
Color parameter 

a
w

Spread 

ratio L* a* b* WI 

NTBP 91.88 ± 0.21 0.51 ± 0.04 11.26 ± 0.09 86.11 ± 0.15 0.316 ± 0.00 – 

0% NTBP 79.57 ± 0.71a 3.68 ± 0.46b 24.12 ± 0.43a 68.17 ± 0.68a 0.134 ± 0.01c 3.38 ± 0.07d 

10% NTBP 78.93 ± 0.76ab 3.71 ± 0.47b 24.24 ± 0.36a 67.66 ± 0.47ab 0.166 ± 0.01b 3.60 ± 0.03c 

20% NTBP 78.14 ± 0.57b 3.61 ± 0.33b 24.00 ± 0.38a 67.33 ± 0.22b 0.173 ± 0.02b 3.70 ± 0.13bc 

30% NTBP 78.43 ± 0.64b 3.86 ± 0.25b 24.52 ± 0.31a 67.11 ± 0.55b 0.192 ± 0.01b 3.78 ± 0.06b 

40% NTBP 74.98 ± 0.38c 4.65 ± 0.32a 23.26 ± 0.52b 65.52 ± 0.54c 0.254 ± 0.01a 4.15 ± 0.06a 

Note: In each column, different letters represent significant differences (P ≤ 0.05). 
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Additionally, the results of this study have shown that there was a 

significant difference (P≤0.05) between each of the samples in terms of the aw 

and spread ratio (Table 1). The aw level of the cookies ranged from 0.134 to 0.254. 

The results revealed an increasing trend where by the aw increased as the 

substitution level of NTBP powder was increased. The spread ratio ranged from 

3.38 to 4.1. It was observed to be at its highest value in cashew nut cookies when 

they were made from 40% NTBP, this can be seen below in Figure 1, which 

shows how the appearance of the cashew nut cookies, replaced with various 

amounts of NTBP, changed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Appearance of cashew nut cookies substituted with NTBP, (a) control; 

(b) 10% NTBP; (c) 20% NTBP; (d) 30% NTBP; and (e) 40% NTBP. 

 

The acceptable characteristics of the cookies was measured in terms of hard 

or brittle properties (Cheng and Bhat, 2016). Data about the texture of the cookies 

showed a significant change in the hardness and fracturability values, as 

displayed in Figure 2. All of the cashew nut cookies that contained NTBP had a 

higher level of hardness than the control samples (P≤0.05). The hardness value 

of cookies ranged from 16.69 to 25.84 N. The results showed that NTBP 

10% NTBP 20% NTBP 

30% NTBP 40% NTBP 

Control 

(a) (b) (c) 

(d) (e) 
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decreased the fracturability of cookies from 1.15 mm to 0.74 mm, and the lowest 

level of fracturability was noticed in cookies composed of 40% NTBP (P≤0.05).  

 

 
 

Figure 2. Hardness and fracturability of cashew nut cookies substituted with 

different NTBP levels. 

 

Chemical properties of cashew nut cookies substituted with Nile tilapia bone 

powder 

The composition of cashew nut cookies containing with NTBP at different 

ratios is shown in Table 2. The major components of the NTBP was: carbohydrate 

(86.37%) and protein (10.55%), while moisture (0.83%), fat (1.87%), crude fiber 

(0.009%) and ash (0.39%) were the common minor components (Table 2). 

Moisture content, protein, fat, fiber and ash displayed an increasing trend, along 

with the increasing levels of TPBP. All results showed that there was a significant 

difference (P≤0.05) between substituted cookies and unsubstituted cookies. 

Except with regards to fat content, which was not significantly changed. On the 

other hand, a reverse trend was found for carbohydrate nutrients. A decrease in 

carbohydrate values was noticed as NTBP levels increased in the cookies 

(P≤0.05). Moreover, the moisture content of the cashew nut cookies substituted 

with NTBP ranged from 1.40% to 2.90%. The highest moisture content level was 

found in the cookies made of 40% TFPB (P≤0.05).  
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Table 2. Proximate composition of cashew nut cookies substituted with different 

NTBP levels. 

 

Samples 
Compositions (g/100) 

Moisture Protein Fat Fiber Ash Carbohydrate 

NTBP 0.83 ± 0.01 10.55 ± 0.47   1.87 ± 0.11 0.009 ± 0.00   0.39 ± 0.14 86.37 ± 0.53 

0% NTBP 1.40 ± 0.15d  8.22 ± 0.12c 26.79 ± 0.06a   0.13 ± 0.02c   2.49 ± 0.09c 60.35 ± 0.20a 

10% NTBP 1.60 ± 0.05c  9.08 ± 0.05b 26.81 ± 0.72a   0.13 ± 0.01c   5.63 ± 2.27b 56.77 ± 1.78b 

20% NTBP 2.57 ± 0.07b  9.15 ± 0.03ab 27.21 ± 0.33a   0.14 ± 0.01c   6.76 ± 0.16b 54.57 ± 0.28c 

30% NTBP  2.72 ± 0.05b  9.20 ± 0.03ab 27.40 ± 0.43a      0.18 ± 0.01b 11.96 ± 0.05a 48.73 ± 0.42d 

40% NTBP  2.90 ± 0.04a  9.24 ± 0.08a 27.57 ± 0.58a   0.20 ± 0.01a 12.91 ± 0.08a 47.17 ± 0.57d 

Note: In each column, different letters represent significant differences (P ≤ 0.05). 

 

From Table 2 it can be seen that the protein content of the cookies ranged 

from 8.22–9.27%. Fat content ranges from between 26.79–27.57%, but the results 

are not significantly different (P>0.05). The average amount of crude fiber in the 

cookies ranged from 0.13 to 0.20%. The ash content of the cashew nut cookies 

ranged from 2.49 to 12.91%, and it was at its highest level with cookies 

containing 40% NTBP. The higher ash content of the substituted cookies 

indicates that the cashew nut cookies had a higher mineral content than the control 

wheat cookies and could be used as alternative mineral source in several food 

products. The carbohydrate content of the samples ranged between 47.17 and 

60.35%. Cookie samples with 40% NTBP had the lowest carbohydrate content 

(47.17%), while the samples without NTBP had the highest value (60.35%).  

The calcium content of tilapia fishbone, from different sources, is shown 

in Figure 3a. As previously works, the amount of calcium in the Nile tilapia bone 

powder was within a range of 29–250 mg/g (Abdel-Moemin, 2015, 

Prapasuwannakul, 2019, Techochatchawal et al., 2009), which is in agreement 

with the results of present study. The calcium content in Nile tilapia bone powder 

in this study was found to be at 181.42 mg/g. Additionally, the effect of NTBP 

on the calcium content of cashew nut cookies is shown in Figure 3b. Interestingly, 

the calcium content of enriched cookies was significantly more than wheat 

cookies. The lowest calcium content (0.2 mg/g), was found in the control cookies. 

Further, the highest calcium content in cashew nut cookies was observed at 20% 

NTBP, with a value of 19.02 mg/g (P≤0.05). It was pointed out that cookies 

subtitled with NTBP at 20% had the increase in calcium level by 95–fold 

compared to the control ones. 
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Figure 3. Calcium content of (a) Nile tilapia bone from various sources and (b) 

the control cashew nut cookie and cookie substituted with 20% NTBP. 

 

Sensory evaluation of cashew nut cookies substituted with Nile tilapia bone 

powder 

The average scores for sensory attributes, in terms of appearance, color, 

flavor, taste, texture, and overall liking for cashew nut cookies enriched with 

NTBP, at different levels, is depicted in Table 3. 
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Table 3. Sensory characteristics of cashew nut cookies substituted with different 

NTBP levels. 

Samples 

Sensory characteristics 

Appearance Color Flavor Taste Texture 
Overall 

liking 

0% NTBP 7.2  1.26a 7.0  1.22a 7.0  1.02a 7.1  1.31a 7.1  1.10a 7.4  0.99a 

10% NTBP 7.4  1.30a 7.0  1.16a 6.9  1.17a 7.3  1.11a 7.0  1.03a 7.4  0.82a 

20% NTBP 7.3  1.26a 7.1  1.08a 6.7  1.21a 6.7  1.29ab 6.7  1.44ab  7.0  1.22ab 

30% NTBP 7.4
 
 1.16a 7.3  1.21a 6.7  1.23a 6.3  1.37b 6.0  1.59b 6.7  1.39b 

40% NTBP 7.3  1.12a 7.1  1.06a 6.5  1.01a 6.3  1.32b 6.2  1.38b 6.5  1.11b 

Note: In each column, different letters represent significant differences (P ≤ 0.05). 

 

The sensory evaluation revealed no significant change (P>0.05) in the 

following attributes: appearance, color, and flavor in the cookies. Whereas, there 

were significantly different results with regards to the sensory scores of taste, 

texture, and overall liking between the control and substituted samples (P≤0.05). 

This relates to the hard and brittle texture of cookies made using NTBP at the 

higher levels (Figure 2). Moreover, the lower score in taste, texture and overall 

liking was found with cookies enriched with NTBP at levels of 30–40%. When 

compared with the cookies without NTBP, a substitution level of NTBP at 20% 

produced no significantly different reaction from participants with regards to all 

favorable attributes. Based on the above results, the panelists indicated that 

cashew nut cookies substituting 20% NTBP were the most acceptable. 

 

DISCUSSION 

 

The NTBP used in this study was creamy-colored, while the wheat flour 

was white in color; as a result the lightness of cookies decreased when NTBP 

powder was added. In addition, the NTBP powder was rich in carbohydrate 

(86.37%) and protein (10.55%) content; these are the components that can be 

generated as a non-enzymatic browning reaction, such as with the Maillard 

reaction and caramelization of cookies during the baking process. Consequently, 

the lightness of the cookies was adversely affected by the protein content, and 

they developed a darker color as a result of the Maillard reaction (Chevallier et 

al., 2000). Therefore, a reduction in the brightness, yellowness, and whiteness as 

well as an increase in redness of the cookies, with the addition of the highest level 

of NTBP, was obviously seen. From the results gathered, it has been indicated 

that the color of the cashew nut cookies was slightly affected by increased levels 

of NTBP. With regard to the effect of calcium content on color of cookies, as the 

substitution of NTBP was increased, the L* values and whiteness of samples 

declined gradually. The changes in the color of the sample are mainly due to the 

typical NTBP, giving a light yellowish white powder. It was in correspondence 
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with the Nile Tilapia bone powder (Hemung, 2013, Prapasuwannakul, 2019) and 

Silver carp bone (Yin et al., 2015). As mentioned above, fish bone has a high 

calcium compound, which exhibit difficult to dissolve in water. Thus, the effect 

of calcium content on color can be attributed to the fact that the NTBP particles 

do not allow light to pass through sample (Yin et al., 2014). Subsequently, the 

obtained cookies with higher NTBP level showed more darker color. Similar 

finding has been reported by Yin et al. (2014) demonstrated that the addition of 

micro- and nano-scale fish bone resulted in a decreasing in the L* value and 

whiteness of surimi gel. Li et al. (2018) also reported that both lightness and 

whiteness values of rabbit meat batter gels were decreased as the amount of rabbit 

bone increased. 

The spread ratio of cashew nut cookie was found to be the highest value 

when addition NTBP at 40%. The viscosity of the dough effected the obtained 

spread ratio result from the cookies (Miller et al., 1997). Aziah et al. (2012) 

indicated that a better spread ratio for cookies during baking can be achieved if 

the dough has a minor initial viscosity. Thus, when more NTBP was added to the 

cookie dough the mixture produced lower hydration levels, which having a 

slightly viscosity of the dough and consequently a higher spread rate. Similar 

results have been reported for the production of flaxseed and cinnamon cookies 

(Abdel-Moemin, 2015), amaranth cookies (Chauhan et al., 2016) and legume 

cookies (Aziah et al., 2012). Higher NTBP content increased the hardness of the 

substituted cashew nut cookies. This might have been the effect of adding NTBP, 

which requires greater amounts of water to obtain a better cookie dough, and the 

prepared NTBP typically had a harsh consistency. Therefore, this resulted in the 

hardness of cookies increasing, when compared to the control group. On the other 

hand, the substitution of cookies with NTBP caused a decrease in the 

fracturability of cookies. In addition, the lowest level of fracturability was noticed 

in cookies at 40% NTBP. The results indicated that cashew nut cookies 

substituted with NTBP stay characteristically rigid and brittle. Similar findings 

were reported by Benjakul and Karnjanapratum (2018), who showed that the 

addition of tuna bone bio-calcium powder caused whole wheat crackers to 

develop a harder texture. 

As increasing the NTBP level, the moisture content of cashew nut cookies 

increased, this was probably due to the addition of fish bone powder, which has 

the quality of hygroscopicity, and so absorbs water from the environment. 

Difference in chemical composition, with respect to the replacement of fish bone 

powder, has also been reported for fish crackers (Prapasuwannakul, 2019), whole 

wheat crackers (Benjakul and Karnjanapratum, 2018) and sausage (Hemung and 

Sriuttha, 2014). The cashew nut cookies with 20% NTBP showed drastically 

increased levels of calcium content, because of the higher calcium content of 

NTBP. Similar trends were observed in the tuna bio-calcium fortified crackers 

(Benjakul and Karnjanapratum, 2018) and the fish bone enriched flaxseed and 
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cinnamon cookies (Abdel-Moemin, 2015). Additionally, the cashew nut cookies 

contained NTBP at levels of 30–40% that gave the lowest score of sensorial 

attributes, this result indicated that a negative effect of some desirable 

characteristics, including flavor, taste, and texture of cashew nut cookies was 

obviously noticed with an increase in the NTBP content. Since the characteristic 

of NTBP in the present study is quite a gritty powder (250 m), which is classified 

as coarse particles (>100 m) (Yin et al., 2016). Consequently, the panelists could 

be detected a sandiness‐like mouthfeel in the sample. Thus, this is the reason 

that the cookies at 30–40% NTBP gained a lower organoleptic score. It should be 

noted that decreasing particle size of fish bone resulted in a better the sensory 

qualities of food products (Yin et al., 2014, 2016). A similar observation has been 

documented by Prapasuwannakul (2019), found that the addition of fish bone (at 

level of 0%, 15%, 20%, and 25%) in fish snacks decreased the sensorial 

acceptance of them when compared to the control crackers. 

 

CONCLUSION 

 

The replacement of NTBP in cashew nut cookies has improved their 

nutritional properties. All of the enriched cookies showed higher levels of 

hardness and spread ratio than the control cookies. The color parameters (L∗, a∗, 

b∗, and whiteness) of the cookies were influenced by the NTBP level. In addition, 

the cookies enriched with NTBP generally had a higher moisture, protein, fat, 

crude fiber, and ash composition, when compared to the control wheat cookies. 

In addition, the NTBP substituted cookies were rich in calcium content and also 

received acceptable sensory attribute scores at a 20% substitution level. This 

indicates that it is possible to produce calcium rich cookies by enriching them 

with Nile tilapia bone powder. 
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