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1  |  INTRODUC TION

The growing trend in the consumption of fast food in most cases 
does meet the consumer demand regarding taste but lacks proper 
nutrition and the trend is also rendering most of the parts of food 
commodities useless. So, in this regard, the need of the hour for food 
scientists is the development of fortified foods that follow the zero 
waste theory without compromising the consumer acceptability and 
nutritional profile (Huey et al., 2021). Nanotechnology, in this regard, 
serves both purposes. In the last few years, zero waste theory is 
a challenging strategy for researchers to recycle waste resources 
into alternative useful forms (Pietzsch et al., 2017; Song et al., 2015). 

Production of the huge amounts of low-valued food by-products 
and food waste from fish and meat items is becoming a matter of 
concern for food and environmental scientists around the globe 
(Lucarini et al., 2020). Similarly, we too would have to take care of 
our own types of food waste and strategies to tackle them.

Fishing is important to many people in developing countries. The 
estimated demand for consuming fish might be approximately 9.8 bil-
lion tons by 2050 (Searchinger et al., 2019). A tremendous increase in 
fish consumption endorses high biological protein value and a superior 
source of omega-3 fatty acids. Rohu (Labeo rohita) is a common fresh-
water fish in Pakistan with high consumer preference thus ranking 
10th in terms of aquaculture species (Baset, 2020; Mehar et al., 2022). 
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Abstract
This study aimed to develop nano-sized-biogenic hydroxyapatite (HAp) from fishbone; 
followed by calcination at 850°C. The core part of the research “ultra-sonication” was 
done following different levels of operating variables. Characterization of resulted 
HAp was done using different techniques. FTIR spectra confirmed PO4

3− peak at 
1031.77 cm−1. As per the findings of atomic absorption spectroscopy (AAS) and parti-
cle size distribution (PSD), 128.04 ± 0.19 ppm calcium and 50–400 nm particle size were 
determined. Scanning transmission electron microscopy (STEM) confirmed agglomer-
ated crystal lattice, whereas in XRD 2θ crystalline behavior was noted at 300 a.u. Laser-
induced breakdown spectroscopy (LIBS) derived Ca/P-Ratio was 1.69. HAp was further 
used to develop nano-sized-biogenic HAp fortified refined wheat flour tortillas with four 
formulations at 0%, 0.2%, 0.4%, and 0.6% levels. Tortilla was characterized for moisture 
(%) and spread ratio lied within 6.20 ± 0.05 to 8.15 ± 0.83 and 5.95 ± 0.08 to 5.80 ± 0.03, 
respectively. Best average acceptance was seen in a formulation named NBio-FB1 (0.2) 
which could thus prove a better choice for end-users regarding the potential to eradi-
cate calcium deficiency. Moreover, PCA underlined 74.82% total variance.
Novelty impact statement: The ultrasonic processing method was practiced to re-
duce the particle size of HAp obtained from the discarded fish bone. With Ca/P ratio 
of nano-sized-biogenic HAp was determined by LIBS. Moreover, fortification of tortil-
las with nano-sized-biogenic HAp powders developed from fishbone may play a role 
to improve bone health.
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An estimated figure of around 18 to 30 million tons of waste with 
no financial value was recorded annually from the fish processing in-
dustry (Mukkanti & Tembhurkar, 2021). During fish processing, more 
than half of the fish mass has been produced as leftovers, including 
frames, and trimmings (containing bone, and skin) (Idowu et al., 2020). 
Fishbone is one of the underutilized parts and considered a waste that 
could be given its due value, especially regarding calcium and phos-
phorous components. In this regard, nanotechnology is the state-
of-the-art technology that could serve the purpose of making such 
components worth adding to different kinds of food products without 
compromising their acceptability (Widyastuti & Evawati, 2019). The 
aforementioned minerals are important because of their important 
roles in the human body. Calcium deficiency could be the indicator of 
poor bone health that could result in the development of osteopenia 
and thus osteoporosis (Harmain et al., 2019). Bio-mimic substitute of 
calcium like Hydroxyapatites (HAp) from large animals is being exten-
sively used in most parts of the world in the food industry (Chaiarwut 
et al., 2020). But there is a need to opt for sources according to each 
community suiting their pattern of consumption.

HAp may be synthesized from calcium-phosphorus-based in-
organic precursors or natural biogenic resources. However, HAp 
synthesized from both resources is bioactive and is given equal con-
sideration for in-vitro and in-vivo biomedical applications. Based on 
various preliminary research studies, extraction of HAp from fish 
bone biogenic sources were reported. Kongsri et al.  (2013); Panda 
et al.  (2014) extracted HAp from fish scales. Furthermore, Biazar 
et al. (2020); Hasan et al. (2020); Latif et al. (2020); Surya et al. (2021) 
used distinct varieties of fish bones to extract HAp using different 
methods. The routes most commonly used for the synthesis of 
HAp are sol–gel, precipitation, co-precipitation, and hydrothermal 
(Malla et al., 2020). Malla et al.  (2020) confirmed the formation of 
HAp extracted from ostrich bone; followed by alkaline and thermal 
treatment methods at 650°C in a muffle furnace for consecutive 6 h. 
Ur Rehman et al. (2021) used caprine bones to extract HAp by hy-
drothermal method. In addition, as the most stable and used form 
of calcium phosphate, HAp has a non-toxic and non-inflammatory 
effect (Jiang et al., 2022).

Furthermore, HAp was characterized using various spectroscopy 
techniques such as scanning electron microscopy (SEM) and laser-
induced breakdown spectroscopy (LIBs) that elucidate the elemental 
mapping of biological substances. Several studies reported the Ca/P 
ratio of HAp by SEM EDX lay within the range of 1.5 to 2.13 (Akram 
et al., 2014; Pu'ad et al., 2019). From the findings of preliminary liter-
ature, only minimal data was found to calculate the Ca:P ratio of HAp 
by LIBS (Mazalan et al., 2018). Herein, the current study followed the 
protocol of Ca:P ratio by LIBS.

The flattened and circular tortilla with a thickness of about 
2–6 mm and 160–300 mm in diameter is a traditional food that is 
exclusively consumed by the population. According to statistical 
data, the annual per capita consumption of tortillas was recorded as 
7.4 million tons (Valderrama-Bravo et al., 2018). Sensory attributes 
analysis is also noteworthy in the tortilla industry that significantly 
affects the quality of tortillas (Valderrama-Bravo et al., 2020).

The current research has, therefore, taken into account the prepa-
ration and characterization of nano-sized-biogenic HAp using fish 
bones of the most abundantly consumed fish in our country named 
Rohu (Labeo rohita). HAp fortified tortillas were also developed as 
a final bioactive food commodity and were physically characterized 
and sensory evaluated. Tortilla one of the iconic foods, highly valued 
by consumers is an excellent vehicle for fortification. Globalization 
has resulted in an increasing demand for tortillas (Subiria-Cueto 
et al., 2019). It is, therefore, interesting to make calcium-fortified tor-
tillas to help nourish those whose bone health is at risk.

2  |  MATERIAL AND METHOD

2.1  |  Procurement and preparation of fish-bone 
hydroxyapatite (HAp)

The bones of Rohu fish were collected from restaurants in different 
localities around Rawalpindi and Islamabad, Pakistan. The collected 
sample was cleaned and alkalinized to free from residual particles 
and the process was followed by drying, grinding, and sieving with 
mesh (95 μm). The calcination of the resultant powder was done at 
850°C in a muffle furnace (Dentsply Ceramco; Neycraft JFF-2000). 
The annealed powder was further used to prepare nano-sized-
biogenic fish bone hydroxyapatite (HAp) slurry in 0.1 g/ml distilled 
water with continuous magnetic stirring involving the process of 
ultra-sonication. Cole Parmer's Sonicator, (Power 220–230 VAC 
50/60 HZ Cat No. C2-04711-45 S/N. 535,529 Y, USA) was used for 
sonication. The time of 20 min, frequency of 20 kHz, amplitude of 
20%, and probe temperature of around 45°C were opted. The re-
sulted slurry was dried after placing overnight to settle down for the 
removal of surfactant. Further analysis of dried slurry was carried 
out accordingly.

2.2  |  Characterization of nano-sized-biogenic fish 
bone HAp

The annealed and ultra-sonicated nano-sized-biogenic HAp was 
characterized using different machine analyses and techniques in-
cluding particle size distribution (PSD), Fourier transform infrared 
spectroscopy (FTIR), and laser-induced breakdown spectroscopy 
(LIBS), Scanning transmission electron microscopy (STEM) and X ray-
diffraction (XRD). The calcium content of nano-sized-biogenic HAp 
was determined by atomic absorption spectroscopy (AAS).

2.2.1  |  Fourier transform infrared spectroscopy

The FTIR spectra of nano-sized-biogenic fish bone HAp were ob-
tained using the KBr method and recorded on the Bruker instrument. 
The powdered sample was palletized with KBr (1:10), pressed, and re-
corded in a region of 4000–400 cm−1 with optimum resolution (4 cm−1).
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2.2.2  |  Particle size distribution

The measured amount of nano-sized-biogenic fish bone HAp speci-
men (1 mg) was suspended in 0.02% water to determine particle size 
distribution (PSD) using Malvern Instrument (Zetasizer Ltd, Spectris) 
followed by 1 h as post suspension time.

2.2.3  |  Atomic absorption spectroscopy

The calcium content of nano-sized-biogenic fish bone HAp was as-
sessed using the atomic absorption spectroscopy (AAS) technique 
following the method, described by Uddin et al.  (2016). The speci-
men (0.1 g) was digested in 20 ml of HCl and HNO3 (1:3) solution. All 
measurements were performed in triplicate.

2.2.4  |  Laser induced breakdown spectroscopy

Laser-induced breakdown spectroscopy (LIBs) is a tool that illustrates 
the elemental mapping of biomaterials. The experiment of LIBS was 
carried out using a Q-Switched Nd:YAG laser (Quantal-Brilliant) 
beam, having a wavelength of 1064 nm, frequency of 10 Hz, a pulse 
width of 10 ns, and pulse energy of 40 mJ, coupled with a spectrom-
eter. The spectral lines of the interface were processed with associ-
ated software (Ava Soft).

2.2.5  |  Scanning transmission electron microscopy

Scanning Transmission Electron Microscopy (STEM) is a useful tool 
to explore the surface morphology and size of nano material (Rojas-
Molina et al.,  2020). Scanning Transmission Electron Microscopy 
(STEM) was operated on Nova-Nano-SEM at 10  kV to investigate 

the morphological and chemical nature of crystallinity of the tested 
specimen at a nano level. The tested specimen was spread onto Cu 
stab and images were obtained using an electron beam probe.

2.3  |  X-ray diffraction

XRD spectra were used to determine the sample crystalline nature 
using a monochromatic CuKa (Carleton) radiation source at 0.02°, 
40 mA current, and 40 kV voltage. The spectra were recorded at 2θ.

2.4  |  Preparation of calcium-based tortilla

Non-fortified refined wheat flour tortillas (control) were prepared ac-
cording to the method described by Topete-Betancourt et al. (2020) 
with some modifications. The standardized formulation was as fol-
lows; a measured amount of 100 g of refined wheat flour, salt (5 g), 
and butter (5  g) were mixed and kneaded with distilled water to 
reach 45% of the moisture of total weight. The varied amounts of 
HAp (nano-sized-biogenic HAp) used for fortification were in the 
range of 0.2%, 0.4%, and 0.6%, whereas formulation not contain-
ing HAp served as control. The HAp weight, cutting down the same 
amount of all-purpose flour from the specified formulation, has been 
shown in Figure 1. Tortilla dough was prepared by adding all the dry 
weighed ingredients in a sanitized bowl, hand mixed, kneaded, and 
set for 15 min to rise. Triplicate tortillas samples were prepared from 
each concentration. All the ingredients were properly mixed and 
blended. The dough was proportioned into a 35 g ball each, pressed 
with a rolling pin, and then heated tortilla on a nonstick hot griddle 
(preheated to 221.1°C) by turning over each side for 30 s. Pressing 
of tortillas tends to remove air pockets. The prepared nano-sized-
biogenic HAp fortified calcium tortillas were then cooled down to 
room temperature, packed, and stored for snack time.

F I G U R E  1 Development of tortilla with 
nano-sized-biogenic HAp of fish bone.
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2.5  |  Physical analysis of HAp fortified tortilla

2.5.1  | Moisture (%)

The moisture content of freshly prepared tortillas was determined 
by drying the tortillas for 24 h at a temperature (25 ± 2°C). The mois-
ture content (%) was calculated as follows

2.5.2  |  Spread ratio

The spread ratio of the tested specimen was measured with its thick-
ness (mm) and diameter (cm) using Vernier caliper (Mitutoyo, Japan) 
and manual perpendicular measurements, respectively as prescribed 
by (Winstone, 2010) with some modifications. The formula to meas-
ure the spread ratio is as follows

2.6  |  Sensory evaluation and consumer 
acceptance test

Forty trained sensory panelists (male = 23, female = 17) with mean 
age (30.23 ± 0.13 years) took part in sensorial test aspects of calcium-
fortified tortillas. The sensory panelists signed consent forms and in-
dicated food allergies to the ingredients used in the calcium-fortified 
tortillas before participation. All panelists were food scientists and 
well-trained. Though having expertise in assessing the taste of dif-
ferent commodities including cereals, meat, vegetables, fruits, etc., 
all panelists practiced for 6–7 h to train their palate on a daily basis 
so that they can easily distinguish all the sensory variables of tor-
tilla. Each sensory panelist followed a hedonic scale ranking; (9) 
like extremely to slightly, (5) neither like nor dislike, and (1) dislike 
extremely to slightly, to evaluate each tortilla for its appearance, 
taste, aftertaste, mouthfeel, and overall acceptability (Nilsson, 2018; 
Subiria-Cueto et al., 2019). During the test session, the participants 
used distilled water to clean their palates before testing the next 
sample as described by Heymann and Lawless (2013).

A consumer acceptance test was also done on choosing 25 con-
sumers to evaluate their liking and disliking of tortilla consumption. 
They scored each sample on considering the hedonic scale. Fresh 
water was also provided to them to rinse their palate before testing 
each sample.

2.7  |  Statistical analysis

Descriptive analysis including mean and standard deviation was sub-
jected to measure the responses of all triplicate samples for sensory 
attributes and physical characteristics of experimental tortillas using 

statistical software Minitab version 20.3. Tukey's test was performed 
to determine statistically significant differences among samples. 
Meanwhile, an inferential statistic test was applied to assess the dif-
ferences among variables by one-way ANOVA with probability < 0.05. 
For PCA analysis, biplot, scree, score, and loading plots were deter-
mined. Graphs were designed on OriginLab (version 19) software.

3  |  RESULTS AND DISCUSSION

3.1  |  Characterization of nano-sized-biogenic HAp

3.1.1  |  Fourier transform infrared spectroscopy

The FTIR spectra (4000–400 cm−1) of nano-sized-biogenic and un-
heated (raw) fish-bone HAp, have been presented in Figure 2. The 
prominent absorption peaks of calcined HAp have suggested the 
presence of organic group (C-H) at 2929.46 cm−1 and 2857.14 cm−1 
which was not seen in nano-sized-biogenic HAp. The recorded peak 
at 3282.16 cm−1 indicated the existence of the O-H group in heat 
unheated HAp. Similarly, the 1741.47 cm−1 absorption peak was the 
indication of the organic amide group (C-N) in unheated HAp. Peaks 
at 1031.77 cm−1, 690.43 cm−1 and 659.39 cm−1 were of great impor-
tance which justified the presence of inorganic phosphate functional 
group in nano-sized-biogenic HAp. Whereas similar peaks were re-
corded at 1031.29 cm−1, 876.37 cm−1, and 692.14 cm−1 in unheated 
HAp. In favor of the previous scientific literature, reported by Nawaz 
et al. (2020), the findings indicated the presence of phosphate group 
(PO4

3-) at 565 cm−1, 605 cm−1, 875 cm−1, and 1030 cm−1 were in close 
agreement with the findings of the current study.

3.1.2  |  Particle size distribution

Particle size distribution (PSD) of nano-sized-biogenic HAp of fish 
bone was determined by Zetasizer Ver 7.11 standard (Malvern 

Moisture (%) =

(InitialWeight − Dried weight)

InitialWeight
× 100

Spread Ratio =

Tortilla diameter (cm)

Tortilla Thickness (mm)

F I G U R E  2 FTIR Spectra of raw and nano-sized-biogenic HAp.
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Instrument Ltd., Grovewood, Worcestershire, UK) and distribution 
spectra have been shown in Figure 3. The tested specimen was dis-
persed in water, having a refractive index (RI) of 1.33 and viscosity of 
1.736 cP. The particle size of nano-sized-biogenic HAp of fish bone 
was observed at conspicuous peaks of 58.8 nm and 342 nm with a 
PDI value of 0.407 when compared to the raw form of HAp at 459 nm 
and 5560 nm with a PDI value of 0.443. The mono-homogeneity 
level was linked with a polydispersity index (PDI) that expressed the  
excellent stability of particles. Nawaz et al. (2020), determined the 
release and retention of reduced-size inorganic calcium owing to  
the breakage of the bond in fish bone. Moreover, ultra-sonicated 
treatment is the novelty of the current study to reduce the particle 
size. Furthermore, Jiang et al.  (2020) determined nano-scaled fish 
bone with a particle size of 150 nm.

3.1.3  |  Atomic absorption spectroscopy

The calcium content in the nano-sized-biogenic HAp sample of fish 
bone was confirmed by atomic absorption spectroscopy (AAS). 
The findings of the current study indicated that calcium content 
was 128.04 ± 0.19 ppm. The findings of the current study were af-
firmed by Florentina et al.  (2018); who estimated calcium content 
that ranged from 6.76 to 7.78 ppm in seawater shrimp by Atomic 
Absorption Spectroscopy.

3.1.4  |  Laser-induced breakdown spectroscopy

The spectra of LIBS for the nano-sized-biogenic HAp of fish bone 
have been depicted in Figure  4. Several characteristics emission 
lines determined by Calcium-I have been recorded on 348.76 nm, 
370.60 nm, 373.69 nm, 409.85 nm, 428.93 nm, 442.54 nm, 452.69 nm, 
458.14 nm, 458.58 nm, 487.81 nm, 504.16 nm, 518.88 nm, 558.87 nm, 
585.74 nm, 610.27 nm, 612.22 nm, and 616.24 nm as described in 

Table 1 and Figure 4. Calcium-II emission lines have been recorded 
as 210.32 nm, 211.27 nm, 220.87 nm, 315.88 nm, and 317.93 nm. The 
emission lines for P were observed at 213.61 nm and 214.91 nm. The 
emission lines of spectra are identified by matching the wavelengths 
with NIST atomic absorption database (https://www.nist.gov/pml/
atomi​c-spect​ra-database) and published scientific literature (Tariq 
et al., 2017). The emission lines of LIBS spectra and intensities of Ca 
and P species have been shown in Table 1.

The basic principle of elemental concentration refers to the inten-
sity of spectral emission lines in tested HAp. The best possible match 
for the Ca/P ratio was recorded on the Ca emission line at 585.74 
(12,592.91 a.u.) and with the P emission line at 214.91(7451 a.u.). 
The Ca/P ratio in the current study was 1.69, which was higher than 
the reference value, that is, 1.67 (Ebrahimi & Sipaut,  2022; Tariq 
et al., 2018).

3.1.5  |  X-ray diffraction

The X-ray diffraction (XRD) technique is applicable to elucidate the 
crystalline nature of biomaterials. Figure 5 expresses the crystalline 
nature and phase composition of resulted nano-sized-biogenic HAp 
of fish bone by XRD pattern at 2θ = 10° to 70°. Phase analysis was 
done using ICCD standard HAp 00–009-0432. The hexagonal nano-
crystalline nature of extracted nano-sized-biogenic HAp peaks was 
observed at 2θ values of 31.74°, 32.88°, and 33.85° corresponding 
to 256, 185, and 300 plane phases. The deviated peaks from the 
standard may be due to the presence of other ions (Mg+, Na+, K+). 
Maximum intensity may lead to a higher degree of crystalline lattice 
in the composition of HAp. From the literature, it was ensured that 
the calcination process also enhanced the crystallinity and substi-
tuted the Ca, PO4

3− with CO3
2− (Bano et al., 2019). In this regard, the 

affirming literature was presented by Hammood et al.  (2019) who 
highlighted major defined peaks planes at 112, 211, and 300 at 2θ 
near 31.8°, 32.2°, and 32.9° in fish bone powder.

F I G U R E  3 Particle size distribution of nano-sized-biogenic HAp 
in comparison with the raw form.

F I G U R E  4 LIBS spectra of nano-sized-biogenic HAp.

https://www.nist.gov/pml/atomic-spectra-database
https://www.nist.gov/pml/atomic-spectra-database
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3.1.6  |  Scanning transmission electron microscopy

A significant difference in structural morphology and crystal lattice 
images of nano-sized-biogenic HAp of fish bone has been confirmed 
by STEM at the nano level with different magnifications as shown in 
Figure 6. The particle size and surface of nano-sized-biogenic HAp 
powder micrograph at magnification 5000× (10  μm) and 10,000× 
(5  μm) showed a continuous layer of HAp with rough, porous, 
and crystalline agglomerated pattern (Figure 6a,b). At 25,000×, it 
seems that branched-chain biomaterial of about 2 μm size has been 
formed (Figure 6c). When biomaterial was observed at 50,000× and 
100,000×, it seemed that HAp was composed of small granules with 
a smooth surface having almost uniform sizes ranging from 500 nm 
to 1 μm (Figure 6d,e). Similarly, the morphological examination con-
firms particle structure as smooth branched chain globules which is a 
good indication of the development of nano-sized and agglomerated 
crystal lattice patterns. High temperature plays a significant role in 
the formation of circular crystals; a similar trend was observed in 
heat-treated nano-sized-biogenic HAp. Rafeek et al. (2018) reported 
a similar morphological behavior pattern of calcium phosphate ce-
ramics powder with grain sizes up to 200–250 nm.

3.2  |  Physical properties of nano-sized-biogenic 
HAp-fortified tortillas

The physical properties of tortillas prepared from nano-sized-
biogenic HAp of fish bone are presented in Table 2. Thickness (mm), 
diameter (cm), spread ratio, and weight (g) of the non-fortified and 

TA B L E  1 Emission lines of LIBS spectra and intensities of Ca and 
P species in nano-sized-biogenic HAp of fish bone

Emission 
lines Wavelength (nm)

Ca-I 348.76, 370.60, 373.69, 409.85, 428.93, 442.54, 
452.69, 458.14, 458.58, 487.81, 504.16, 518.88, 
558.87, 585.74, 610.27, 612.22, 616.24

Ca-II 210.32, 211.27, 220.87, 315.88, 317.93

P-I 213.61, 214.91

Ca/P Ratio 1.69

F I G U R E  5 XRD pattern of nano-sized-biogenic HAp.

F I G U R E  6 Scanning transmission electron microscopy (STEM) of nano-sized-biogenic HAp with different magnification (a) 5000× with 
10 μm; (b) 10,000× with 5 μm; (c) 25,000× with 2 μm; (d) 50,000× with 1 μm; (e) 100,000× with 500 nm.
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nano-sized-biogenic HAp fortified tortillas were significantly differ-
ent from each other (p ≤ 0.05). The weight of the tortilla increased as 
more nano-sized-biogenic HAp was added to the formulation. The 
initial weight ranged from 35.82 ± 0.38 to 46.18 ± 0.25 g whereas the 
dried weight from 32.90 ± 0.11 to 42.53 ± 0.95 g (Table 2). The mois-
ture (%) ranged from 6.20 ± 0.05 to 8.15 ± 0.83.

The maximum thickness of the tortillas was seen in the NBio-FB3 
group 2.46 ± 0.03 followed by 2.42 ± 0.01 in the NBio-FB2. From 
findings it was obvious that as the concentration of nano-sized-  
biogenic HAp increased, the thickness of the tortilla raised, and mini-
mum expansion of diameter was observed (Table 2). The spread ratio 
was also kept on declining with increasing thickness and lay within 
the range of 5.95 ± 0.08 to 5.80 ± 0.03. In relation to previous scien-
tific literature reported by Asiyanbi-Hammed and Simsek (2020), the 
findings of the current study are in favor of the reciprocal interrela-
tionship of thickness and diameter.

3.3  |  Sensory evaluation and consumer acceptance

The prepared nano-sized-biogenic HAp fortified tortilla samples 
were labeled as “C, NBio-FB1, NBio-FB2, and NBio-FB3”. Based 
on consumer acceptance and better nutritional quality, three nano-
biogenic calcium-fortified tortilla formulations, that is, NBio-FB1 
(Tortilla with 0.2% nano-sized-biogenic HAp), NBio-FB2 (Tortilla 
with 0.4% nano-sized-biogenic HAp) and NBio-FB3 (Tortilla with 
0.6% nano-sized-biogenic HAp) along with control (C = Tortilla with 
0% nano-sized-biogenic HAp) were selected. On the basis of AAS 
findings, the incorporated amount of pure HAp in different formula-
tions (NBio-FB1, NBio-FB2, and NBio-FB3) of tortillas provided ap-
proximately 20–60% of calcium/serving size (100 mg). Additionally, 
this calcium amount in different formulations was other than the 
amount of calcium available in 100 g of refined wheat flour. These 
findings strongly affirmed that fish bone extracted nano-biogenic 
HAp could be an ingredient to increase calcium content in developed 
products.

The mean values and standard deviation of each formulation 
with sensory attributes have been presented in the table. The 
p-value < .05 depicted that all formulations are significantly dif-
ferent from each other (Table  2). The sensory attributes depicted 
that the formulation NBio-FB1 is close to the control group in all 
aspects of sensory evaluation followed by the NBio-FB2 formula-
tion. In the context of sensory evaluation, it is important to take 
into consideration the taste, aroma, aftertaste, and mouthfeel of the 
finished product. More calcium incorporation increases chalkiness 
and changes the taste of the tortilla through calcium ions (Palacios 
et al., 2021). Overall acceptability was 7.94 ± 0.30, seen in NBio-FB1 
lay close to the control group (8.81 ± 0.17). A similar context was re-
ported by Rodríguez-Noriega et al. (2021) who assessed the sensory 
profile of flour tortillas using a flash profile. The results were in close 
alignment with earlier findings.

The consumer acceptance test was also carried out on 25 par-
ticipants using the 9-point hedonic scale. This scale was divided TA
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into three areas (likeness, neutral, and dislikeness) and presented in 
Figure 7. All the formulations were liked by consumers (p < .02). From 
findings, generally, 63.5% of consumers accepted refined wheat 
flour tortilla (control). Most of the consumers were in favor of the 
likeness of NBio-FB1 as their comments indicated the close resem-
blance of this formulation (56%) with the control group. Most of the 
consumers were unable to distinguish the taste, aroma, aftertaste, 
and mouthfeel between control and nbio-fb1 as compared to other 
formulations (NBio-FB2 and NBio-FB3). The comments of some 

consumers indicated that NBio-FB1 was balanced with all the ingre-
dients added to it whereas the other two formulations were giving 
off flavor after eating. These remarks confirm the findings evalu-
ated by trained panelists regarding sensory attributes, describing 
NBio-FB1 as good in taste (p = .00) and having a good appearance 
(p = .00). However, 33% of consumeres also disliked the NBio-FB1 
formulation but this figure was less than the other two formulations 
NBio-FB2 (49.5%) and NBio-FB3 (52.2%). Furthermore, some con-
sumers gave neutral responses that were recorded as 11–21% in all 
formulations.

3.4  |  Principal component analysis

In the current study, principal component analysis (PCA) was ap-
plied for the evaluation of physical and sensory characteristics to 
assess their relationship with varied concentrations of nano-sized-
biogenic HAp has been shown in Figure 7. The PCA analysis criteria 
were applied to extract the eigenvalues from original data. It was 
of worth-mentioning that the scree plot (Figure 8a) clearly affirmed 
the trend of the graph line of all studied factors. The total variance 
was 74.82% accounting for the first two principal components (PC) 
out of 12-dimensional variables. The first-dimensional component 
(PC1) determined 58.51% variance whereas the second dimensional 

F I G U R E  7 Responses of consumers on acceptance of different 
tortilla formulations.
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F I G U R E  8 PCA plot of evaluation of sensory and physical characteristics of all the fortified formulations of tortilla (a) Scree Plot; (b) Score 
Plot; (c) Loading Plot; (d) Biplot.
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component (PC2) determined 16.31% variation. Figure  8b pre-
sented score plot in which four formulations (Control  =  C, 0.2% 
nano-sized-biogenic HAp  =  NBio-FB1, 0.4% nano-sized-biogenic 
HAp = NBio-FB2 and 0.6% nano-sized-biogenic HAp = NBio-FB3) 
of tortilla and their interaction with each other has been verified. 
The loading plot (Figure 8c) underlined the distribution of all tested 
variables. In the biplot graph (Figure  8d), it was obvious from the 
findings that moisture (%) exhibited a negative but strong relation-
ship with initial and dry weight. Moreover, the findings of diameter 
(cm) and thickness (mm) were reciprocal to each other and central-
ized their interlinking with spread ratio. The attributes of sensory 
evaluation are closely placed showing a strong correlation with each 
other that could be seen in the biplot (Figure 8d). It was also clear 
that NBio-FB1 and NBio-FB2 are strongly linked with each other. 
NBio-FB1 with control showed an association in terms of taste, di-
ameter, aroma, appearance, and spread ratio, whereas NBio-FB2 
was linked with NBio-FB3 in terms of moisture (%) and thickness 
that were sparingly cross-linked. Somewhat similar findings were 
reported by (Semjon et al., 2018); who studied the PCA impact on 
sensory evaluation and instrumental analysis in cheese. Another lit-
erature reported by Rana et al. (2021), emphasized the relationship 
of physical and functional properties for discriminating different cin-
namomum species in averting food fraud by PCA analysis.

4  |  CONCLUSION

This study is found to be successful in the synthesis of nano-sized-
biogenic hydroxyapatite (HAp) sourced from fish bone to formulate 
functional tortillas. The incorporation of HAp enhances the calcium 
level of the product. The resultant HAp powder was also characterized 
using different spectroscopy techniques. Furthermore, the sensory 
attributes of each formulated sample were assessed using a hedonic 
scale. Moreover, PCA determined 74.82% total variance among physi-
cal and sensory attributes of the developed products. Despite these 
outlined attributes, with the addition of more HAp in the product, 
acceptability masks the chalky appearance in color and taste of the 
finished product which is a major concern. Besides having good ac-
ceptability and spread ratio of NBio-FB1 formulation, this developed 
product has lesser moisture (%) comparable to other formulations.

AUTHOR CONTRIBUTIONS
Saba Liaqat: Methodology; Writing - original draft; Investigation; 
Conceptualization; Writing - review & editing; Visualization; 
Software; Formal analysis; Data curation; Validation. Zaheer Ahmed: 
Validation; Visualization; Writing - review & editing; Project ad-
ministration; Supervision; Resources. Qasim Ali: Formal analysis. 
Ali Akbar: Writing - review & editing. Nauman Khalid: Resources; 
Investigation.

ACKNOWLEDG MENTS
This study did not receive any specific grant from funding agencies 
in the public, commercial, or non-profit sectors.

CONFLIC T OF INTERE S T
The authors have declared no conflicts of interest for this article.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author. The data are not publicly avail-
able due to privacy or ethical restrictions.

R E FE R E N C E S
Akram, M., Ahmed, R., Shakir, I., Ibrahim, W. A. W., & Hussain, R. (2014). 

Extracting hydroxyapatite and its precursors from natural re-
sources. Journal of Materials Science, 49(4), 1461–1475.

Asiyanbi-Hammed, T. T., & Simsek, S. (2020). Quality and storage charac-
teristics of hot press tortilla prepared from yam-wheat composite 
flour. Food and Nutrition Sciences, 11(4), 235–254.

Bano, N., Jikan, S. S., Basri, H., Adzila, S., & Zago, D. M. (2019). XRD and 
FTIR study of A&B type carbonated hydroxyapatite extracted from bo-
vine bone. Paper presented at the AIP Conference Proceedings. AIP 
Publishing LLC.

Baset, A. (2020). Fish consumption study at a household level in Dir 
Lower, Khyber Pakhtunkhwa, Pakistan. Research Journal of Food 
Science and Nutrition, 5(4), 98–104.

Biazar, E., Daliri, J. M., Heidari, K. S., Navayee, A. D., Kamalvand, M., 
Sahebalzamani, M., Royanian, F., Shabankhah, M., & Farajpour,  
L. F. (2020). Characterization and biocompatibility of hydroxyapa-
tite nanoparticles extracted from fish bone. Journal of Bioengineering 
Research, 2(2), 10–19.

Chaiarwut, S., Niyompanich, J., Ekabutr, P., Chuysinuan, P., Pavasant, P., 
& Supaphol, P. (2020). Development and characterization of anti-
bacterial hydroxyapatite coated with mangosteen extract for bone 
tissue engineering. Polymer Bulletin, 78(7), 1–17.

Ebrahimi, S., & Sipaut, C. S. (2022). Effect of calcium to phosphate ratio 
on the thermal stability of hydroxyapatite powder. Paper presented at 
the AIP Conference Proceedings. AIP Publishing LLC.

Florentina, I., Gunawan, H. A., & Djamal, N. Z. (2018). Influence of prepa-
ration and isolation methods on the measurement of calcium levels in 
dried freshwater shrimp (Macrobrachium sp.). Paper presented at the 
Journal of Physics: Conference Series. IOP Publishing.

Hammood, A. S., Hassan, S. S., Alkhafagy, M. T., & Jaber, H. L. (2019). Effect 
of calcination temperature on characterization of natural hydroxyap-
atite prepared from carp fish bones. SN Applied Sciences, 1(5), 1–12.

Harmain, R. M., Dali, F., & Husain, R. (2019). Physical analyze and hedonic 
quality of ilabulo crackers skipjack (Katsuwonus pelamis) fortified nano 
calcium bone. Paper presented at the IOP Conference Series: Earth 
and Environmental Science. IOP Publishing.

Hasan, M. R., Yasin, N. S. M., & Mohd, M. S. (2020). Proximate and mor-
phological characteristics of nano hydroxyapatite (Nano HAp) 
extracted from fishbone. Journal of Sustainability Science and 
Management, 15(8), 9–21.

Heymann, H., & Lawless, H. T. (2013). Sensory evaluation of food: Principles 
and practices. Springer Science & Business Media.

Huey, Y. W., Zulkipli, A. S., Tajarudin, H. A., & Salleh, R. M. (2021). 
Physicochemical properties of pre-treated cuttlebone powder 
and its potential as an alternative calcium source. Journal of Food 
Processing and Preservation, 45(10), e15831.

Idowu, A. T., Benjakul, S., Sinthusamran, S., Sae-leaw, T., Suzuki, N., 
Kitani, Y., & Sookchoo, P. (2020). Effect of alkaline treatment on 
characteristics of bio-calcium and hydroxyapatite powders derived 
from salmon bone. Applied Sciences, 10(12), 4141.

Jiang, X., Zhao, Y., Wang, C., Sun, R., & Tang, Y. (2022). Effects of physico-
chemical properties of ions-doped hydroxyapatite on adsorption 
and release performance of doxorubicin as a model anticancer 
drug. Materials Chemistry and Physics, 276, 125440.



10 of 11  |     LIAQAT et al.

Jiang, Y., Zhang, M., Yin, T., Du, H., Xiong, S., Cao, L., & Liu, R. (2020). 
Small-size effect on physicochemical properties of micronized fish 
bone during heating. Journal of Food Processing and Preservation, 
44(5), e14408.

Kongsri, S., Janpradit, K., Buapa, K., Techawongstien, S., & Chanthai, 
S. (2013). Nanocrystalline hydroxyapatite from fish scale waste: 
Preparation, characterization and application for selenium ad-
sorption in aqueous solution. Chemical Engineering Journal, 215, 
522–532.

Latif, A. F. A., Mohd Pu'ad, N. A. S., Ramli, N. A. A., Muhamad, M. S., 
Abdullah, H. Z., Idris, M. I., & Lee, T. C. (2020). Extraction of bio-
logical hydroxyapatite from tuna fish bone for biomedical applica-
tions. Paper presented at the Materials Science Forum. Trans tech 
Publications.

Lucarini, M., Zuorro, A., Di Lena, G., Lavecchia, R., Durazzo, A., Benedetti, 
B., & Lombardi-Boccia, G. (2020). Sustainable management of sec-
ondary raw materials from the marine food-chain: A case-study 
perspective. Sustainability, 12(21), 8997.

Malla, K. P., Regmi, S., Nepal, A., Bhattarai, S., Yadav, R. J., Sakurai, S., & 
Adhikari, R. (2020). Extraction and characterization of novel natural 
hydroxyapatite bioceramic by thermal decomposition of waste os-
trich bone. International Journal of Biomaterials, 2020, 1–10.

Mazalan, E., Chaudhary, K., Haider, Z., Abd Hadi, S. F., & Ali, J. (2018). 
Determination of calcium to phosphate elemental ratio in natural hy-
droxypatite using LIBS. Paper presented at the Journal of Physics: 
Conference Series. IOP Publishing.

Mehar, M., Mekkawy, W., McDougall, C., & Benzie, J. A. (2022). 
Preferences for rohu fish (L. rohita) traits of women and men from 
farming households in Bangladesh and India. Aquaculture, 547, 
737480.

Mukkanti, V. B., & Tembhurkar, A. (2021). Defluoridation of water using 
adsorbent derived from the Labeo rohita (rohu) fish scales waste: 
Optimization, isotherms, kinetics, and thermodynamic study. 
Sustainable Chemistry and Pharmacy, 23, 100520.

Nawaz, A., Li, E., Irshad, S., Hammad, H., Liu, J., Shahbaz, H. M., Ahmed, 
W., & Regenstein, J. M. (2020). Improved effect of autoclave pro-
cessing on size reduction, chemical structure, nutritional, me-
chanical and in vitro digestibility properties of fish bone powder. 
Advanced Powder Technology, 31(6), 2513–2520.

Nilsson, F. (2018). Accelerated shelf life tests of wheat tortillas A study of mi-
crobial and textural deterioration in wheat tortilla. (Master's Thesis). 
Chalmers University of Technology.

Palacios, C., Cormick, G., Hofmeyr, G. J., Garcia-Casal, M. N., Peña-
Rosas, J. P., & Betrán, A. P. (2021). Calcium-fortified foods in public 
health programs: Considerations for implementation. Annals of the 
New York Academy of Sciences, 1485(1), 3–21.

Panda, N. N., Pramanik, K., & Sukla, L. B. (2014). Extraction and charac-
terization of biocompatible hydroxyapatite from fresh water fish 
scales for tissue engineering scaffold. Bioprocess and Biosystems 
Engineering, 37(3), 433–440.

Pietzsch, N., Ribeiro, J. L. D., & de Medeiros, J. F. (2017). Benefits, chal-
lenges and critical factors of success for zero waste: A systematic 
literature review. Waste Management, 67, 324–353.

Pu'ad, N. M., Koshy, P., Abdullah, H., Idris, M., & Lee, T. (2019). Syntheses 
of hydroxyapatite from natural sources. Heliyon, 5(5), e01588.

Rafeek, A., Choi, G., & Evans, L. (2018). Morphological, spectroscopic 
and crystallographic studies of calcium phosphate bioceramic pow-
ders. Journal of the Australian Ceramic Society, 54(1), 161–168.

Rana, P., Liaw, S.-Y., Lee, M.-S., & Sheu, S.-C. (2021). Discrimination of 
four cinnamomum species with physico-functional properties and 
chemometric techniques: Application of PCA and MDA models. 
Food, 10(11), 2871.

Rodríguez-Noriega, S., Buenrostro-Figueroa, J. J., Rebolloso-Padilla, 
O. N., Corona-Flores, J., Camposeco-Montejo, N., Flores-Naveda, 
A., & Ruelas-Chacón, X. (2021). Developing a descriptive sensory 
characterization of flour tortilla applying flash profile. Food, 10(7), 
1473.

Rojas-Molina, I., Mendoza-Avila, M., Cornejo-Villegas, M. D. L. Á., Real-
López, A. D., Rivera-Muñoz, E., Rodríguez-García, M., & Gutiérrez-
Cortez, E. (2020). Physicochemical properties and resistant starch 
content of corn tortilla flours refrigerated at different storage 
times. Foods, 9(4), 469.

Searchinger, T., Waite, R., Hanson, C., Ranganathan, J., Dumas, P., 
Matthews, E., & Klirs, C. (2019). Creating a sustainable food future: A 
menu of solutions to feed nearly 10 billion people by 2050. Final report. 
In WRI. World Resource Institute.

Semjon, B., Král, M., Pospiech, M., Reitznerová, A., Maľová, J., Tremlová, 
B., & Dudriková, E. (2018). Application of multiple factor analysis for 
the descriptive sensory evaluation and instrumental measurements 
of bryndza cheese as affected by vacuum packaging. International 
Journal of Food Properties, 21(1), 1508–1522.

Song, Q., Li, J., & Zeng, X. (2015). Minimizing the increasing solid waste 
through zero waste strategy. Journal of Cleaner Production, 104, 
199–210.

Subiria-Cueto, R., Larqué-Saavedra, A., Reyes-Vega, M. L., de la Rosa, L. A.,  
Santana-Contreras, L. E., Gaytán-Martínez, M., Vázquez-Flores,  
A. A., Rodrigo-García, J., Corral-Avitia, A. Y., Núñez-Gastélum, J. A., 
& Martínez-Ruiz, N. R. (2019). Brosimum alicastrum Sw.(Ramón): An 
alternative to improve the nutritional properties and functional po-
tential of the wheat flour tortilla. Foods, 8(12), 613.

Surya, P., Nithin, A., Sundaramanickam, A., & Sathish, M. (2021). Synthesis 
and characterization of nano-hydroxyapatite from Sardinella lon-
giceps fish bone and its effects on human osteoblast bone cells. 
Journal of the Mechanical Behavior of Biomedical Materials, 119, 
104501.

Tariq, U., Haider, Z., Chaudhary, K., Hussain, R., & Ali, J. (2018). Calcium 
to phosphate ratio measurements in calcium phosphates using LIBS. 
Paper presented at the Journal of Physics: Conference Series. IOP 
Publishing.

Tariq, U., Haider, Z., Hussain, R., Tufail, K., & Ali, J. (2017). LIBS analysis 
of hydroxyapatite extracted from bovine bone for Ca/P ratio measure-
ments. Paper presented at the AIP Conference Proceedings. AIP 
Publishing LLC.

Topete-Betancourt, A., Santiago-Ramos, D., & de Dios Figueroa-
Cárdenas, J. (2020). Relaxation tests and textural properties of 
nixtamalized corn masa and their relationships with tortilla texture. 
Food Bioscience, 33, 100500.

Uddin, A. H., Khalid, R. S., Alaama, M., Abdualkader, A. M., Kasmuri, A., 
& Abbas, S. (2016). Comparative study of three digestion meth-
ods for elemental analysis in traditional medicine products using 
atomic absorption spectrometry. Journal of Analytical Science and 
Technology, 7(1), 1–7.

Ur Rehman, M., Qureshi, A., & Baloch, M. M. (2021). Extraction of hy-
droxyapatite from caprine bones and its anti-bacterial study. 
Mehran University Research Journal Of Engineering & Technology, 
40(4), 867–873.

Valderrama-Bravo, C., Villegas, C., Zambrano Zaragoza, M. L., Dominguez 
Hernandez, M. E., Zepeda Bautista, R., & Oaxaca Luna, J. A. (2020). 
Physicochemical characterization of flours and rheological and tex-
tural changes of masa and tortillas obtained from maize fertilized 
with nejayote and ovine manure. International Agrophysics, 34(2), 
241–252.

Valderrama-Bravo, C., Domínguez-Pacheco, F., Hernandez-Aguilar, C., 
Sánchez-Hernández, G., Pérez-Reyes, C., Contreras-Padilla, M., 



    |  11 of 11LIAQAT et al.

Rojas-González, T., & Oaxaca-Luna, A. (2018). Changes in masa and 
tortillas obtained from maize irradiated and nixtamalized with ne-
jayote. International Agrophysics, 32(3), 387–394.

Widyastuti, S., & Evawati, D. (2019). Proximate characteristics of nano cal-
cium in Blood Cockle (Anadara granosa Liin) shell from four different 
locations. Paper presented at the IOP Conference Series: Earth and 
Environmental Science. IOP Publishing.

Winstone, L. M. (2010). Leavening and temperature effects on the physi-
cal and rheological properties of wheat flour tortillas. Oklahoma State 
University.

How to cite this article: Liaqat, S., Ahmed, Z., Ali, Q., Akbar, 
A., & Khalid, N. (2022). Development, characterization, and 
principal component analysis of fish bone-based fortified 
refined wheat flour tortilla and its organoleptic attributes. 
Journal of Food Processing and Preservation, 00, e17051. 
https://doi.org/10.1111/jfpp.17051

View publication stats

https://doi.org/10.1111/jfpp.17051
https://www.researchgate.net/publication/362827455

	Development, characterization, and principal component analysis of fish bone-­based fortified refined wheat flour tortilla and its organoleptic attributes
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHOD
	2.1|Procurement and preparation of fish-­bone hydroxyapatite (HAp)
	2.2|Characterization of nano-­sized-­biogenic fish bone HAp
	2.2.1|Fourier transform infrared spectroscopy
	2.2.2|Particle size distribution
	2.2.3|Atomic absorption spectroscopy
	2.2.4|Laser induced breakdown spectroscopy
	2.2.5|Scanning transmission electron microscopy

	2.3|X-­ray diffraction
	2.4|Preparation of calcium-­based tortilla
	2.5|Physical analysis of HAp fortified tortilla
	2.5.1|Moisture (%)
	2.5.2|Spread ratio

	2.6|Sensory evaluation and consumer acceptance test
	2.7|Statistical analysis

	3|RESULTS AND DISCUSSION
	3.1|Characterization of nano-­sized-­biogenic HAp
	3.1.1|Fourier transform infrared spectroscopy
	3.1.2|Particle size distribution
	3.1.3|Atomic absorption spectroscopy
	3.1.4|Laser-­induced breakdown spectroscopy
	3.1.5|X-­ray diffraction
	3.1.6|Scanning transmission electron microscopy

	3.2|Physical properties of nano-­sized-­biogenic HAp-­fortified tortillas
	3.3|Sensory evaluation and consumer acceptance
	3.4|Principal component analysis

	4|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


