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HIGHLIGHTS  

 The fibrillar BLG-Mumijo-nHA complex was synthesized in detail. 

 UV-Visible, fluorescence emission, and CD spectroscopy as well as -potential value 

confirmed the formation of a complex. 

 The complex could be a good candidate for tissue engineering. 

 

ABSTRACT 
 

Keywords:  
Beta-lactoglobulin 

Bone fractures 

Fibrillar protein 

Mumijo 

Nano-sized hydroxyapatite 

 

 

 

 
       Negar Khiabani: 
https://orcid.org/0009-0002-0978-2953 
 

       Azadeh Hekmat: 
https://orcid.org/0000-0003-0123-1575 
 

*Corresponding Author: 
Email: hekmat@ut.ac.ir (A. Hekmat) 

 

Mumijo is a traditional drug that has been used in traditional medicine for a 

long time and its aqueous extract is used for the treatment of osteoporosis and 

bone fractures. Besides, in modern medicine, nano-sized hydroxyapatite (nHA) 

has achieved immense attention for bone integration and regeneration of bony 

defects treatment. Since the frequency of accidental bone disorders and damage 

is growing worldwide, the need for artificial bone implants is increasing. Thus, 

in this study, the fibrillar beta-lactoglobulin (BLG)-Mumijo-nHA complex was 

synthesized and characterized by UV–Visible, fluorescence, Fourier transform 

infrared, circular dichroism spectroscopy, scanning electron microscopy, and 

zeta potential analysis. The results showed that the fibrillar BLG-Mumijo-nHA 

complex was formed. The results also confirmed that the complex had a 

negative surface charge and was moderately stable. Cell viability assays 

indicated that fibrillar BLG-Mumijo-nHA complex induced bone marrow-

derived mesenchymal stem cell growth at higher concentrations. Although 

further experiments are warranted to draw firm conclusions, it could be 

proposed that the fibrillar BLG-Mumijo-nHA complex could be a good 

candidate for the treatment of osteoporosis and bone fractures.  

Cite this article as:  Khiabani, N., Hekmat, A. and A. Banaei, (2023). Synthesis and characterization of the 

amyloid beta-lactoglobulin-Mumijo-nanohydroxyapatite complex: A new composite for 

bone regeneration. Trends Pept. Protein Sci., 8: e4. 

 

 

Introduction  

Postnatal bone inherits the ability to renovate in 

response to injury or mechanical stimuli. However, any  
 

 

failure in this process leads to limiting the self-healing 

ability of the bone (Bhattacharjee et al., 2017). 

Consequently, it is urged to develop non-toxic and  
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cost-effective treatments centered on tissue engineering 

and regenerative medicine. Natural bone is a nano-fibril 

complex that contains an orderly deposition of 

hydroxyapatite mineral crystals formed within a 

collagen matrix. Hydroxyapatite is one of the most 

common apatites utilized as bioceramics in tissue 

engineering and regenerative medicine (Saxena et al., 

2021). The term nanopharmaceuticals, a fundamental 

part of nanomedicine, includes the application of 

nanomaterials as therapeutic agents as well as the 

delivery of drugs (Hekmat et al., 2022). More recently, 

the nano-sized hydroxyapatite (nHA), has achieved 

immense attention for bone integration and regeneration 

of bony defects treatment. Although hydroxyapatite is a 

material with good bioactivity and biocompatibility, 

however, this material has poor mechanical properties 

(Saber-Samandari et al., 2016). To solve this 

disadvantage, several degradable natural polymers as 

flexible reinforcing agents have been combined with 

nHA to improve its mechanical properties, such as fibrin 

and fibrinogen (Noori et al., 2017; Meimandi-Parizi et 

al., 2018), collagen (Arpornmaeklong et al., 2023), silk 

(Bhattacharjee et al., 2017; Zhao et al., 2022), and 

gelatin (Meimandi-Parizi et al., 2018; Sadeghinia et al., 

2019).  

Milk contains a large amount of calcium and is one 

of the main sources of dietary calcium. Beta-

lactoglobulin (BLG) is the main protein in cattle and 

other ruminant milk, with high nutritional value, an 

isoelectric point of ~ 5.13, and a molecular weight of 

18.3 kDa. This globular protein has a -barrel structure 

consisting of eight antiparallel -sheets (Mohammad-

Beigi et al., 2023). BLG is a mixture of monomer and 

dimer forms. BLG keeps its dimeric form over a wide 

pH range from pH 3 to pH 8, as long as a temperature 

over 20 °C and a moderate ionic strength (<100 mM). 

Nevertheless, at below pH 3 and ionic strength of <10 

mM BLG is mainly monomeric (Mercadante et al., 

2012). BLG could be transferred to long fibrillary 

amyloid aggregates by utilizing high temperature (~90 

°C) at ~pH 2 and low ionic strength during an 

incubation time of several hours. Amyloid fibrils from 

BLG display invaluable functional features owing to 

their stiffness and high aspect ratio along with their 

collective ordering characteristics. Thus, amyloid fibrils 

have gradually been applied as new materials (Wei et 

al., 2017; Bolisetty et al., 2019; Cao et al., 2019). It has 

been shown that -casein and BLG have antioxidant 

activity and could prevent skeletal muscle loss (Kim et 

al., 2019). Douglas et. al. proved that whey protein 

especially BLG can behave as an enhancer of osteogenic 

differentiation and cell proliferation (Douglas et al., 

2018). Jang et. al. also demonstrated after the treatment 

of rats with a high dose of whey protein, calcium levels 

diminished meaningfully, whereas insulin-like growth 

factor-1 level, alkaline phosphatase level, growth plate 

height, as well as tibia length incremented considerably, 

i.e., whey protein has stimulant effects on bone growth 

and bone differentiation (Jang et al., 2021). Hence, the 

enrichment of biomaterials for bone regeneration with 

BLG seems a promising approach. 

Mumijo (common names: Silajita, Shilajit, Gujarati 

or Marathi (in Hindi), Silajatu (in Bengali), Rock juice 

(in Tibet), Asphalt (in English), Moomiaii or Mumnaei 

(in Persian), Mumie (in German), μούμια (in Greek), 

Conqueror of mountains (in Sanskrit), Hajarul-Musa or 

Araq-al-jibal (in Arabic), Bragshun, mineral wax, jew’s 

pitch, and mineral pitch) is a pale-brown to blackish-

brown resin formed through long-term humification of 

numerous plant types, mostly bryophytes, present in the 

vicinity of shilajit-exuding rocks (Mishra et al., 2019; 

Ding et al., 2020; Kloskowski et al., 2021). This natural 

substance has been utilized for over 4000 years in 

traditional medicine. Regularly, Mumijo has been 

found as crusts in rock cracks or interstices in the 

Himalayas mountain, and mountainous areas in 

southern Kazakhstan, Nepal, Iran, Norway, Tibet, 

Bhutan, China, Caucasus, Pakistan, and Afghanistan. 

Mumijo is utilized as a remedy for injuries, 

dislocations, and bone fractures, skin diseases, as well 

as for the treatment of osteoporosis. Furthermore, 

Mumijo has been employed as a treatment for nervous 

diseases, digestive disorders, diabetes, chronic 

bronchitis, eczema, anemia, and tuberculosis (Mishra 

et al., 2019). Mumijo is soluble in water, and ~30-50% 

of its ingredients are moved into the liquid phase. 

Commonly, Mumijo is composed of organic (60-80%) 

and inorganic (20-40%) compounds and trace elements 

(P, Mo, Mn, Mg, Zn, Cu, Ca, Fe) (Mishra et al., 2019; 

Aiello et al., 2011). Additionally, Mumijo is a rich 

source of exogenous amino acids (for instance 

threonine, leucine, and methionine), endogenous amino 

acids (such as aspartic acid, tyrosine, arginine, glycine, 

proline, and histidine), fatty acids, and vitamins B1 and 

B12 (Cesur et al., 2019). More recently, researchers 

demonstrated the effective role of Mumijo in the 

treatment of osteoporosis and bone fractures (Abbasi et 

al., 2019; Cesur et al., 2019; Pingali et al., 2022). 
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Based upon the abovementioned properties of nHA 

and Mumijo, we hypothesized that administration of 

these substances with fibrillar BLG could utilize in the 

treatment of bone fractures. It should be noted that this 

is the first attempt to introduce the fibrillar BLG-

Mumijo-nHA complex for bone regeneration in detail 

using multiple spectroscopic instruments and scanning 

electron microscopy (SEM). Furthermore, the impacts of 

the fibrillar BLG-Mumijo-nHA complex on the growth 

and viability of bone marrow-derived mesenchymal 

stem cells (rBMMSCs) were investigated. 

Materials and Methods 

Bovine BLG (Lyophilized powder; from bovine; ≥90% 

purity) and MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-

diphenyl tetrazolium bromide) were purchased from 

Sigma Aldrich Co., USA. The stock solution of BLG 

was prepared by dissolving 1 mg of BLG in 1 mL Tris 

buffer (pH 7.4, 0.1 M). Nano-hydroxyapatite (White 

powder; Ca10(PO4)6(OH)2; needle-shaped; average particle 

size ~30 nm; density 3.1 g/cm3) was acquired from SPIC 

Petroblend Co., Iran. Mumijo (Ayurveda Shilajit Resin; 

semi-liquid form) was obtained from Vedapure Natural Pvt 

Ltd., India. Tris(hydroxymethyl)aminomethane (Tris-

base), Tris(hydroxymethyl)aminomethane hydrochloride 

(Tris-HCl), and a 0.22 μm syringe filter were purchased 

from Merck Co, USA. The cell culture medium (low 

glucose DMEM), fetal bovine serum (FBS), Trypsin-

EDTA, penicillin, and streptomycin were supplied by 

Gibco Co., USA. 

BLG fibrillation 

The fibrillar BLG solution was prepared as described by 

Keppler et al. (Keppler et al, 2019). The solution of BLG, 

adjusted to pH 2 (Tris-HCl, 0.1 M), was sealed with a 

magnetic stir-bar in heat-durable glass containers 

consuming plastic screw-caps and placed in a 343 K oil 

bath for 230 min. To avoid localized heating effects, the 

solution was stirred via a magnetic stir plate, located 

underneath the oil bath. After filtration, the exact 

concentration of fibrillar BLG was determined by the UV 

spectrum of BLG utilizing a molecular absorption 

coefficient of ε278 nm=17,600 M−1 cm−1 (Dufour et al., 1992). 

Fibrillar BLG-Mumijo-nHA complex preparation 

At first, 20 gr Mumijo was dissolved in 100 ml of 

deionized water; stirred well on a hot plate for 15 min, 

and centrifuged (500×g, 10 min, RT) to precipitate 

insoluble inorganic components. The supernatant was 

filtered through a 0.22 μm syringe filter. Then the stock 

solution of nHA was prepared by dissolving 10 mg of 

nHA in 2 mL Tris buffer (4.9 mM). For preparing the 

fibrillar BLG-Mumijo-nHA complex, the solutions of 

nHA and Mumijo were mixed at a ratio of 1:1. Then the 

solution was stirred via a magnetic stir-plate. The 

mixture solution was then added to the fibrillar BLG 

solution and stirred for 10 min. 

X‐ ray diffraction investigation 

The nHA powder was utilized to take X‐ ray diffraction 

(XRD). The XRD pattern was obtained using Cu Kα 

radiation of a wavelength of 0.154 nm by the XRD 

(Seifert 3003 T/T, Seifert, Germany). By employing 

equation 1 (Scherrer equation), the crystal size (D) of 

nHA was calculated (Saini et al., 2017). In this equation, 

θ, λ, and β are the scattering angle in radians, the 

wavelength of the X-rays in nanometer (nm), t, and the 

peak full width of the diffraction peak profile at half-

maximum height (in radians), respectively. 
 

0.9

cos
D



 
                                       (Eq.1) 

 

Ultraviolet-visible (UV-Vis) investigation 

The UV–Vis spectra of 0.24 µM solution of BLG in pH 

7.4 (native BLG), 0.24 µM solution of fibrillar BLG, 4.9 

mM nHA, 0.2 g/mL Mumijo, and fibrillar BLG-

Mumijo-nHA complex were recorded at 310 K in the 

range of 200-400 nm. All experiments were run and 

verified by the Varian Cary 100 Bio UV-Visible 

Spectrophotometer (Agilent Technologies, USA) in a 1 

cm quartz cell. 

Steady-state fluorescence investigation 

Steady-state fluorescence emission spectra of 0.24 µM 

solution of native BLG, 0.24 µM solution of fibrillar 

BLG, 4.9 mM nHA, 0.2 g/mL Mumijo, and fibrillar BLG-

Mumijo-nHA complex were explored at 310 K by the 

Varian Cary Eclipse Fluorescence Spectrophotometer 

(Agilent Technologies, USA). The thickness of the quartz 

cuvettes in all experiments was 1 cm and the width of the 

slits for excitation and emission were 10 nm and 10 nm, 

respectively. The fluorescence intensity spectrum for each 
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sample was achieved by a fluorescence cuvette with a 1 

cm path length. The excitation and emission wavelengths 

were 280 nm and 334 nm, respectively. For inner filter 

effect correction caused thru the excitation and emission 

signals attenuation produced from the quencher 

absorption, equation 2 was applied (Hekmat et al., 2020). 

 

2/)(
10. emex AbAb

obscorr FF



                 (Eq.2) 

 

In equation 2, Fcorr, Fobs, Abex, and Abem are the 

corrected intensities, the observed fluorescence 

intensities, the mixture absorption at excitation, and the 

mixture absorption at emission wavelengths, respectively. 

Circular dichroism (CD) investigation 

The far-UV CD spectra of 0.24 µM solution of native 

BLG, 0.24 µM solution of fibrillar BLG, 4.9 mM nHA, 

0.2 g/mL Mumijo, and fibrillar BLG-Mumijo-nHA 

complex were recorded from 190 to 260 nm at 310 K 

by the AVIV 215 Circular Dichroism Spectrometer 

(Aviv Biomedicals Inc., USA). The experiments were 

done in a quartz cell (0.1 cm path length). The 

resolution was 0.2 nm and the speed of scanning was 

20 nm min-1. By subtracting the proper baseline, each CD 

spectrum was corrected. The CD spectra deconvolution 

software (CDNN, version 2.1) was utilized to deconvolute 

all CD-spectra. 

Fourier transform infrared (FTIR) investigation 

FTIR spectra of 0.24 µM solution of native BLG, 0.24 

µM solution of fibrillar BLG, 4.9 mM nHA, 0.2 g/mL 

Mumijo, and fibrillar BLG-Mumijo-nHA complex in the 

range of 400-4000 cm-1 were acquired by the NEXUS 

870 FTIR spectrometer (Thermo Nicolet; the Thermo 

Fisher Scientific, USA).  

Scanning electron microscope (SEM) investigation 

The surface morphology of native BLG, 0.24 µM 

solution of fibrillar BLG, 4.9 mM nHA, 0.2 g/mL 

Mumijo, and fibrillar BLG-Mumijo-nHA complex were 

analyzed by the Zeiss DSM 960A scanning electron 

microscope (Carl Zeiss, Germany).  

Zeta potential investigation 

Zeta potential experiments were performed at SZ-100V2 

Zeta-Potential (HORIBA, Ltd., Japan). Results from five 

experiments were averaged. Before measuring, all 

samples were filtered via 0.20 µm nylon filters.  

Cells and cell culture 

rBMMSCs were a kind gift from the Department of 

Tissue Engineering and Applied Cell Sciences, Tehran 

University of Medical Sciences (Islam et al., 2022). The 

cells were maintained in low glucose DMEM medium 

supplemented with, penicillin and streptomycin (100 

U/mL) and 10% heat-inactivated FBS, in a 5% CO2 

humidified atmosphere incubator at 37 °C. 

Measurement of cell viability  

rBMMSCs were rinsed in DMEM and incubated with 

various concentrations of fibrillar BLG-Mumijo-nHA 

(5, 10, 20, 30, 40, 50 µL/mL). After 48 h, 25 µl of fresh 

MTT solution (5 mg/mL in PBS) was added to each well 

including fresh and cultured medium, and incubated for 

3 h at 37 °C in a CO2 incubator. Later, the insoluble 

formazan formed was dissolved in 100 µl of DMSO and 

mixed. The OD (optical density) of each well at 570 nm, 

was measured against a reagent blank with an ELISA 

reader (ELx808, BioTek Instruments, Inc., USA). Each 

trial was repeated 3 times. 

Statistical analysis 

Significant alterations were calculated by t-test of 

GraphPad Prism Software (Version 8.4.3, GraphPad 

Software Inc., San Diego, USA). All data were specified 

as the mean ± the standard deviation (SD) and * reveals 

a significant difference. 

Results and Discussion 

Characterization of nHA  

XRD is the most practical technique for the 

characterization of crystalline material. Fig. 1 shows 

diffraction peaks of nHA at 2θ~25.92°, 31.12°, 31.76°, 

32.16°, 32.88°, 39.76°, 46.80°, 49.44°, and 53.19°, 

corresponding to the crystallographic planes of (002), 

(211), (112), (300), (202), (310), (222), (213), and (311) 

of Ca10 (PO4)6(OH)2, respectively (JCPDS No: 01-074-

0565). respectively. By using equation 1, the nHA 

crystal size was estimated to be ~40 nm in the (112) 
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direction. Furthermore, the strong and sharp peaks imply 

that nHA possesses a good crystalline degree.  

 

Figure 1. (A) X-ray diffraction patterns (XRD) of nHA. 
 

UV-Vis absorption measurements 

To offer evidence for the formation of the fibrillar BLG-

Mumijo-nHA complex, UV-Vis spectroscopy 

measurements were carried out. As demonstrated in Fig. 

2, native BLG has two strong absorption bands (λmax): 

~208 nm and ~278 nm. The absorption band at ~208 nm 

is assigned to the 
*n π transition of C O  in the 

BLG backbone, i.e., the λmax at 208 nm indicates the 

BLG framework structure (Zhao et al., 2010; Lu et al., 

2016). The λmax at around 278 nm in the BLG spectrum 

is attributed to the 
*π π transition of aromatic 

residues and is dependent on the micro-environment 

wherein the aromatic residues are located (Lu et al., 

2016). As displayed in Fig. 2, adjustment of BLG at pH 

2 and then incubation at 343 K made an increment in the 

λmax at 278 nm. This enhancement is indeed attributable 

to the disorders in the micro-environment of BLG. 

Furthermore, the absorption spectra revealed that more 

side chains of aromatic residues of BLG were exposed 

to the solvent (Hao et al., 2016). The enhancement in the 

λmax at 208 nm also signifies that the BLG framework 

structure changed. Frequently, by increasing the 

temperature, the hydrogen bonds in the protein are 

weakened; even though the hydrophobic interactions are 

activated and strengthened the aggregation process. It 

was revealed that peptides, and not the intact monomers, 

are the building blocks of the fibrils derived from BLG 

heated at 353 K and pH 2. Hence, BLG has to be 

hydrolyzed first, and then fibril formation can occur 

(Akkermans et al., 2008; Mazaheri et al., 2015). The 

UV-Visible spectrum of Mumijo is shown in Fig. 2. The 

sample did not demonstrate any sharp maxima which 

could be owing to the multi-component nature of 

Mumijo with a number of chromophores that have 

different absorbances (Agarwal et al., 2008). In addition, 

there was no obvious λmax for nHA. Our observation 

correlates with those of Ion et al. (Ion et al., 2018). The 

UV-Visible spectrum of the fibrillar BLG-Mumijo-nHA 

solution displayed a reduction in the max at both 208 

and 278 nm. This phenomenon could be assigned to the 

formation of a complex between fibrillar BLG, Mumijo, 

and nHA.  

 
Figure 2. The UV-Visible spectra of native BLG solution (1), fibrillar 

BLG (2), Mumijo (3), fibrillar BLG-Mumijo-nHA complex (4), and 

nHA (5) at 310 K.  

 

Steady-state fluorescence measurements 

Fluorescence spectroscopy is one of the most effective 

methods to evaluate the structure and properties of bio-

macromolecules. Therefore, the formation of a complex 

between BLG, Mumijo, and nHA was evaluated using 

the fluorescence method. Earlier studies have 

demonstrated that a BLG monomer contains two 

tryptophan residues (Trp19 and Trp61) and four tyrosine 

residues (Tyr20, Tyr42, Tyr99, and Tyr101), which can 

possess intrinsic fluorescence. It is worth noting that, the 

intrinsic fluorescence property of BLG is almost 

exclusively due to the Trp19 residue because Trp61 is 

partly exposed to an aqueous solvent while Trp19 is 

located in an apolar environment (Pal et al., 2020; Wang 

et al., 2021). As shown in Fig. 3, BLG has a maximum 

intensity (λmax,em) of about 332 nm. However, after 

adjustment of BLG at pH 2 and then incubation at 343 K 

a significant enhancement in the fluorescence emission 

with a slight red shift was observed. This phenomenon 

reflected considerable enhancement of the accessibility 

of the Trp19 moiety of BLG to the solvent (Pal et al., 

2020). However, after the addition of Mumijo and nHA 
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a great reduction in the fluorescence of fibrillar BLG 

was detected. A reduction in fluorescence intensity 

could be attributable to the variation in polarity of 

microenvironments around the Trp moieties in the 

presence of Mumijo and nHA. This phenomenon could 

be assigned to the formation of a complex between 

fibrillar BLG, Mumijo, and nHA. It should be noted that 

Mumijo and nHA had no fluorescence emission (Pal et 

al. 2020).  

 

 
 

Figure 3. The fluorescence emission spectra of native BLG solution 

(1), fibrillar BLG (2), fibrillar BLG-Mumijo-nHA complex (3), 

Mumijo (4), and nHA (5) at 310 K. 
 

Far-UV CD measurements 

CD spectroscopy can determine any alternation in the 

secondary/tertiary structure of biomacromolecules, 

typically proteins. As displayed in Fig. 4, the far-UV CD 

spectrum of BLG was detected via the presence of a 

remarkable negative band at ~217 nm wavelength. 

Consequently, the content of the BLG secondary 

structure was analyzed. BLG consists of 19.90% α-helix, 

52.70% β-sheet, and 27.40% random coil (Table 1). 

Consequently, BLG is primarily a β-structure protein. 

Our observation is coincident with those published by 

Pal et. al. (Pal et al., 2020) and Wang et. al. (Wang et 

al., 2021). Compared with the native BLG, far-UV CD 

studies of BLG subjected to pH 2 and then incubation at 

343 K demonstrated a significant shift of the band 

position. Obviously, the secondary structure of fibrillar 

BLG was changed, i.e., the α-helix content increased 

slightly (20.10%), the contents of the β-sheet decreased 

(45.47%) and at the same time, the content of the 

random coil structure increased (34.60%). nHA had no 

far-UV CD signal in the 195-260 nm spectral region and 

Mumijo displayed noisy CD spectra in this region. After 

the addition of Mumijo and nHA to the fibrillar BLG 

solution, lots of negative bands were observed. The 

disappearance of the exact band near 205 nm, 

demonstrates the formation of a complex between 

fibrillar BLG, Mumijo, and nHA. This observation 

reveals good agreement with fluorescence emission as 

well as UV-Vis absorption data as mentioned above. It 

was confirmed that at pH 2 BLG has a monomeric 

structure and at neutral pH has a dimeric state. In 

strongly acidic conditions, BLG chains are extremely 

positively charged, and they repel each other, while in 

neutral pH conditions, the dimeric state is stabilized thru 

hydrogen bonds between the anti-parallel β-sheet and 

the surface AB loop (Gołębiowski et al., 2020). Thus, it 

could be possible that fibrillar BLG could bind with 

Mumijo by ionic interactions. 

 

 
Figure 4. The far-UV CD spectra of native BLG solution (1), fibrillar 

BLG (2), and fibrillar BLG-Mumijo-nHA complex (3) at 310 K. 

Insert: the far-UV CD spectra of Mumijo and nHA. 

 

Table 1. Content of the secondary structure of BLG, fibrillar BLG, 

and fibrillar BLG-Mumijo-nHA complex at 310 K. 
 

 
-helix (%) -sheet (%) 

Random coil 

(%) 

BLG 19.90 52.70 27.40 

fibrillar BLG 20.10 45.47 34.60 

fibrillar BLG-Mumijo-

nHA complex 
15.63 47.67 36.72 

 

FTIR measurements 

FTIR spectroscopy was utilized to clarify the functional 

groups of the fibrillar BLG-Mumijo-nHA complex. In 

the FT-IR spectrum of BLG (Fig. 5A), the presence of 

the peak at the wavenumbers of 1644.6 and 1527.8 cm-1 

0

200

400

600

800

1000

1200

300 320 340 360 380 400 420

In
te

n
si

ty
 (

a.
u
.)

Wavelength (nm)

(1)

(2)

(3) 

(4) , (5)

-80

-30

20

70

120

195 215 235 255

[
] 

x
 1

0
-3

(d
eg

.c
m

2
.d

m
o

l-1
)

Wavelength (nm)

(1)

(2)

(3)

-40

-20

0

20

40

195 215 235 255

[
] 

x
 1

0
-3

(d
eg

.c
m

2
.d

m
o
l-1

)

Wavelength (nm)

nano-HA

Mumijo

https://creativecommons.org/licenses/by-nc/4.0/legalcode


 Synthesis and characterization of  fibrillar BLG-Mumijo-nHA complex 

7 This open-access article is distributed under the terms of the Creative Commons Attribution Non Commercial 4.0 License (CC BY-NC 4.0). 

is associated with the amid  and amid  of protein, 

respectively. The presence of the peaks at the 

wavenumber between 3300-3500 cm-1 is related to the 

OH group. After adjustment of BLG to pH 2 and then 

incubation at 343 K, peaks at the wavenumbers between 

1600-1700 cm-1 disappeared (Fig. 5B). Furthermore, 

peaks at the wavenumbers between 1500-1600 cm-1 

disappeared. Thus, it seems that fibrillar BLG lost its 

structure. Fig. 4C displays the FTIR spectrum of the 

nHA. The peak at 3785.6 cm–1 corresponds to the 

stretching vibration of OH–1 ion in the nHA lattice. 

The peaks at 3180.4 cm–1 and 3466.3 cm–1 are related 

to the OH–1 ion and absorbed water, respectively. The 

peaks between 1400-1600 cm–1 are attributed to 

carbonates. Peaks at 607 cm–1 and 565.8 cm–1 are 

derived from ν4 bending vibrations of P-O mode. The 

peak at 960.7 cm–1 resulted from the ν1 symmetric P-

O stretching vibrations (Gheisari et al., 2015; 

Mujahid et al., 2015). Fig. 4D reveals the FTIR 

spectrum of Mumijo. The peak at 3405.25 cm-1 is 

related to the free or bonded OH group which is 

related to the presence of phenols, polyphenols, and 

tannins. A peak between 2000-3000 cm-1 is related to 

the stretching vibration of alkanes and asymmetric 

stretching vibrations of the CH group of carbohydrate 

tail in Mumijo. The peak at 1403.99 cm-1 is related to 

bending vibrations of OH in alcohols and carboxylic 

acid. The peak at 1621.17 cm-1 is related to the 

carboxyl-derived NH2 (amide) bond. The peak at 

1051.34 cm-1 is related to the stretching vibrations of 

OH-CH in sugar and polysaccharides (Reddy, 2017; 

Hadi et al., 2020; Norouzi et al., 2020). In the FT-IR 

spectrum of the fibrillar BLG-Mumijo-nHA complex 

(Fig. 4E), a peak at 3416 cm-1 which is related to the 

OH groups of the BLG and Mumijo could be 

observed. The peak at t 1418.69 cm–1 is related to the 

bending vibrations of OH in Mumijo. The peak at 

1647.20 cm–1 can be related to the carbonate group of 

nHA. Thus, it seems that a complex between fibrillar 

BLG, Mumijo, and nHA was formed.  

Characterization of fibrillar BLG-Mumijo-nHA complex  

SEM has a unique ability to evaluate the surface 

morphology of materials. Thus, the morphology of the 

fibrillar BLG-Mumijo-nHA complex was investigated 

using SEM. It can be realized from the images revealed 

in Fig. 6A and B that there is a difference in Mumijo 

structure before and after the addition of fibrillar BLG 

and nHA and the surface of Mumijo became rough. The 

image reveals that a layer of the fibrillar BLG-Mumijo-

nHA complex was created. The zeta () potential is a 

particle's surface electrical charge measurement (Ghosh 

et al., 2014). The ζ-potential of the fibrillar BLG-

Mumijo-nHA complex was found to be -12.6 mV. It has 

been reported that -potential values of ±20-30 mV are 

related to moderately stable materials (Bhattacharjee, 

2016). Consequently, it could be concluded that the 

fibrillar BLG-Mumijo-nHA complex is moderately 

stable. 

 
 

Figure 5. The FTIR spectra of native BLG solution (A), fibrillar BLG 

(B), nHA (C), Mumijo (D), and fibrillar BLG-Mumijo-nHA complex 

(E) at 310 K. 

 

Growth rates of rBMMSCs by MTT assay 

Since the cytotoxicity test of a novel material is the first-

level evaluation before biomedical applications, we have 

performed in vitro assays to determine the effects 

exerted by fibrillar BLG-Mumijo-nHA complex on 

rBMMSCs growth. As seen in Fig. 7, the fibrillar BLG-

Mumijo-nHA complex increased the viability of 

rBMMSCs in comparison with the control group at 

higher concentrations (p≤0.05). In other words, the 

fibrillar BLG-Mumijo-nHA complex has a positive 

influence on rBMMSCs growth. Thus, although more 

investigation must be done, the fibrillar BLG-Mumijo-
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nHA complex could be a good candidate for bone 

regeneration. 

 

 
Figure 6. The SEM images of Mumijo (a) and the fibrillar BLG-Mumijo-nHA complex (b). The zeta potential 

measurement of the fibrillar BLG-Mumijo-nHA complex (c). 

 

 
Figure 7. MTT assay of rBMMSCs after treatment with fibrillar BLG-

Mumijo-nHA complex. Values are mean ± standard deviation; * 

indicates P<0.05. 

 

Conclusion 

Numerous recent articles describe state-of-art bone 

regeneration utilizing natural products, nanomaterials, 

and even biopolymers. In this study, we synthesized and 

introduced the fibrillar BLG-Mumijo-nHA complex in 

detail. By utilizing UV-Visible, fluorescence emission, 

and CD spectroscopy the formation of a complex was 

confirmed. Furthermore, the image and -potential value 

of the fibrillar BLG-Mumijo-nHA complex were 

investigated. Furthermore, the complex has a positive 

impact on rBMMSCs growth. Accordingly, although 

further experiments are warranted to draw firm 

conclusions, we can propose that the fibrillar BLG-

Mumijo-nHA complex could be a good candidate for the 

treatment of osteoporosis and bone fractures. 
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