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Abstract 

Background Collagen extracted from fish body parts is a promising biological material. It has an important role 
in many pharmaceutical, medical applications and tissue engineering such as corneal regeneration and stromal 
replacement. The present work investigates a new trend to extract collagen from the fish cornea, as a prospected 
substituent of human corneal collagen by characterizing some biochemical and optical properties of the fish corneal 
collagen.

Results Examination of the corneal tissue of Nile tilapia; Oreochromis niloticus was conducted using electron micros‑
copy, Fourier transform infrared (FTIR) spectroscopy, UV–visible spectrophotometry, optical properties, and thermal 
properties. The fish were divided into 10 groups each of which consisted of 5 fish. 2 groups of fish were exam‑
ined for each technique. Results indicated that the corneal layers of O. niloticus are thin at the center and thicker 
at the periphery with the stroma consisting of a triple helical structure collagen type I. The fish cornea showed very 
weak transmission at the UV regions (190 nm) and maximum transmission at the visible regions. The values of trans‑
mission (T), reflected light (R) and scattered light (S) were 2.685 mw, 100 ×  10−3 mw at 45° and 40 ×  10−3 mw, respec‑
tively. Consequently, the percentage of absorbed light is 21.76%. The denaturation temperature of the fish corneal 
stroma is 22.27 °C.

Conclusions The method for obtaining fish collagen affects the specific properties of collagen and consequently its 
further uses as a potential biomedical substituent for mammalian collagen. Specification of the fish species and tissue 
type is crucial in identifying the quality as well as the physical and functional properties of the extracted collagen.
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Background
The link between aquaculture production and fish waste 
is direct. This problem represents a worldwide environ-
mental challenge. Recycling fish waste and obtaining 
valuable biomaterials is an environmentally accepted 

solution for this problem. Several authors stressed the 
importance of isolating and converting collagen from 
fish waste into marketable products, as well as the posi-
tive influence of this process on the environment [1, 2]. 
Compensatory corneal tissues represent another added 
value that could be achieved from recycling fish colla-
genous byproducts. Human corneal damage and cor-
neal diseases represent the main causes of vision loss [3]. 
Human corneal transplantation is a vision rehabilitation 
procedure, used when the corneal clarity is negatively 
affected. Regardless of the used technique, the scarcity of 
a donor for corneal tissue is the greatest limiting factor in 
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developing countries, while globally this problem results 
in approximately 10 million untreated patients [4, 5].

Recently, corneal tissue could be obtained from sev-
eral animal species [6]. However, when selecting an ani-
mal species for conducting a human corneal xenograft, 
the biochemical composition, and structural differences 
of corneal proteins between humans and other animal 
species must be considered to minimize the immune 
response and improve xenotransplantation outcomes [7]. 
Although several authors discussed the extraction of col-
lagen from fish skin, scales, and bone, as far as known, no 
previous research has investigated the extraction of col-
lagen from fish cornea.

Studies investigating the histological and biochemical 
structure of vertebrate corneas have identified several 
regions that constitute the corneal tissue [8, 9]. The outer 
peripheral non-keratinized epithelium is supported by 
a thin dense membrane called the basement membrane 
and followed by Bowman’s layer which is a thin dense 
acellular sheath in between the basement membrane and 
the anterior stroma of the cornea. The corneal stromal 
layers are collagenous, soft, and flexible. Stroma provides 
the thickness of the cornea. Differences in shape and 
structure between vertebrate corneas are related to the 
differences in stromal thickness and nature of the base-
ment membrane. Beneath the stroma lies the Descemet’s 
membrane, which is a dense and thick layer that supports 
a single layer of endothelial cells. The endothelial layer 
constitutes the innermost layer of the cornea.

The cornea is a transparent avascular tissue that has 
refractive power. Light passes through the cornea to the 
lens then reaches the retina inside the eyeball [10]. The 
cornea also protects the internal constituents of the eye-
ball. Consequently, clarity, tensile strength and proper 
shape are the main features of the corneal tissue. Fish 
have a wide range of corneal phenotypes depending on 
their habitats. Differences in biochemical and structural 
properties of vertebrate collagen fibers are the main rea-
sons for the presence of different collagen types [11, 12].

The advantages of marine collagen draw attention to its 
use instead of mammalian collagen in the manufacture of 
medical dressings such as sponges and wound-treatment 
membranes. Marine collagen is fat-free, shows weak 
antigenicity, compatible with mammalian collagen and 
is easily absorbed by the human body [13, 14]. Marine 
collagen is used as a biomaterial for ophthalmic medical 
devices due to its low toxicity and low antigenicity [15, 
16]. The low melting point, difficulties of extraction and 
low mechanical strength are the main disadvantages that 
restrict the use of marine collagen as an alternative to 
mammalian collagen [17–20].

The present study aims to investigate utilization of 
collagen obtained from the cornea of Nile tilapia fish; 

Oreochromis niloticus as a potential alternative to mam-
malian corneal collagen by examining its biochemical 
and optical properties.

Methods
Experimental fish
A total of 50 healthy specimens of unisex Nile tilapia O. 
niloticus, with an average body weight of 250.0 ± 10.0  g, 
an average body length of 20.0 ± 1.0  cm and an aver-
age corneal diameter of 12.0 ± 1.0  mm were used. Fish 
were transferred to the laboratory in well-aerated 150 L 
fiberglass tanks to avoid fish hyperactivity, physical inju-
ries, and stress. Upon arrival, the fish were immersed in 
5.0  g/L NaCl sterile solution, followed by 1.0%  KMnO4 
sterile solution to eliminate any possibility of the presence 
of ectoparasites. Fish were screened for any pathological 
symptoms and acclimatized under laboratory conditions 
for 2  weeks in a fiberglass tank (1.0   m3) supplied with 
de-chlorinated tap water under natural photoperiod and 
temperature. Renewal of 50% of water was done every 
week. Ammonia and ammonium concentrations were 
checked twice a week. Fish were fed twice daily on a con-
ventional fish diet (30% crude protein) at a rate of 3% of 
the body weight. Water temperature, pH, alkalinity, total 
hardness and dissolved oxygen were measured daily and 
maintained at normal conditions during the whole study 
period. A total of 5 healthy fish were considered as a sin-
gle group to conduct duplicate group treatments for each 
of the following techniques.

Collagen purification
Fish were anaesthetized with MS-222 (50 ppm), and then 
the whole cornea was examined using a slit lamp. After 
that, the eyes were enucleated and the corneas were iso-
lated for scanning electron microscopy (SEM), UV–vis-
ible spectrophotometry and optical properties. Corneal 
epithelium, endothelium and basement membrane were 
removed by scratching and lamellae were collected and 
processed for the Fourier transform infrared (FTIR) 
spectroscopy and thermal properties investigations.

Scanning electron microscopy (SEM)
The morphological structure of the fish cornea and its 
quality in terms of collagen layers’ smoothness and reg-
ularity was observed under SEM. Samples were dehy-
drated in ascending concentrations of ethyl alcohol, 
dried, examined and photographed at different angles 
using a VEGA3 TESCAN electron microscope at acceler-
ating voltages of 5 or 10 kV.

Fourier transform infrared (FTIR) spectroscopy
For the identification of collagen type, FTIR spectra 
were recorded (Thermo Scientific FTIR, model Nicolet 
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5s Madison, WI, USA). The equipment consists of an 
ATR ID3 accessory for germanium crystal reflection. The 
spectral resolution was 4  cm−1. 64 scans were obtained in 
the range of 400–4000  cm−1. Fresh corneal lamellae were 
cut manually into small pieces and stored in phosphate-
buffered saline (PBS) solution. The C=O,  NH2 and C–N 
groups were tested for absorption of amid I, II and III 
bands, respectively.

UV–visible spectrophotometry
The UV–visible absorption-transmittance spectrum of 
the O. niloticus corneal tissue samples were quantified 
using UV–visible spectrophotometry (Thermo Scientific, 
Genesys 10S UV–Vis, USA). The absorbance was quan-
tified at different lengths in the scope of 180–1000  nm 
(5  nm intervals). The spectrophotometer was set up so 
the cornea and microscope cover glass could be placed 
perpendicular to the estimating beam. The cover glass 
was placed on the cuvette holder. The transmission per-
centage indicator was chosen. First, the base spectrum 
of the microscope cover glass was measured. Second, the 
corneal sample was placed on the cover glass with the 
epithelium directed downward. By placing the samples in 
this orientation, the estimated light beam of the spectro-
photometer entered the cornea from the epithelial side, 
that is, from the identical direction as the cornea in situ. 
The cover glass and the cornea were replaced. Their 
position was adjusted so that the rectangular estimating 
beam was in the center of the cornea. After adjustments 
were made, the cornea samples were scanned.

Optical properties (transmission, reflection, scattering 
and absorption)
A laser-based bench-top optical system was used. A 
650  nm red laser was applied to detect the percent-
age of transmission (T), reflection (R) of light at 45° and 
scattering (S) of incident light on fish cornea at incident 
light intensity (Po) of 3.61  mw. Where, T% = T/Po × 100, 
R% = R/Po × 100 and S% = S/Po × 100. The absorption per-
centage (A%) is calculated as 100-(T% + S% + R%). Fresh 
fish eyeballs were obtained, and the cornea was cut along 
with a part of the eyeball to maintain the tensile strength 
of the cornea. It was cleaned of pigments and then tested.

Thermal properties (denaturation temperature)
The thermal properties were determined using a differ-
ential scanning calorimetry thermogram method (DSC-
60 detector). The stromal sample (weight 2.070 mg) was 
sealed in an Aluminum seal cell and was subjected to the 
test in a nitrogen gas atmosphere on a scale from − 50 to 
50 °C and a temperature rate of 10 °C/min.

Results
Figure 1A shows that the cornea is thin at the center and 
thicker at the periphery. The collagen fibers were amal-
gamated during the processing of the corneal tissue for 
SEM imaging (Fig.  1B). Figure  1C shows the junction 
between epithelium and stroma. Figure  1D shows the 
multiple patterns of the configuration of the collagen fib-
ers at the central sections as well as the anterior and pos-
terior parts of the stroma. The FTIR spectroscopy results 
(Fig. 2) showed a clear sharp peak at 3285.85   cm−1. The 
source of the signal is the N–H stretch coupled with a 
hydrogen bond indicating the presence of amide A. The 
extremely small peak at 2900  cm−1 may refer to amide B. 
The peak at 1633.41  cm−1 was related to amide I. Amide 
II was measured at 1553.09   cm−1. Amide III was meas-
ured at 1233   cm−1. The present findings confirm the 
presence of a triple helical structure characteristic of col-
lagen type I. Figure  3 shows little transmittance of UV 
in the C region ranging from 100 to 280 nm. A 650 nm 
red laser beam was used to determine the optical prop-
erties of the cornea. The detected results showed that 
transmission (T), reflected light (R) and scattered light (S) 
were 2.685 mw, 100 ×  10−3 mw at 45° and 40 ×  10−3 mw, 
respectively. The T, R and S percentages were 74.37%, 
2.77% and 1.1%, respectively. Consequently, the absorbed 
light (A) percentage is 21.76%. Results of the present 
study illustrated that the denaturation temperature of O. 
niloticus corneal stroma was 22.27 °C (Fig. 4).

Discussion
The present study highlights the biochemical and optical 
properties of Nile tilapia; O. niloticus corneal tissue. The 
principal objective of the assessment of the fish cornea by 
SEM is to observe the quality (rough or smooth), thick-
ness and to estimate the presence of burrs, curls, or tissue 
bridges in the stroma region. The cornea of freshwater 
teleost has one continuous stroma that consists of colla-
gen fibers arranged in bundles with the keratocytes dis-
tributed in between [9, 21]. The stroma of fish and human 
corneas have thin collagen fibers that together appear to 
indicate an overall parallel collagen direction. The human 
cornea consists of collagen fibers of different types with 
unique stacked spacing and arrangement which is an 
important factor affecting corneal transparency [22].

FTIR spectroscopy analysis is used to detect the func-
tional groups that appear to characterize a compound by 
estimating its absorption of infrared radiation over dif-
ferent wavelengths. FTIR spectroscopy is used to assess 
the structure and type of collagen material. In addition, 
it serves to distinguish between methods of collagen 
extraction [23–25]. Similar pattern of FTIR spectroscopy 
results was indicated by Wang et al. [26] who explained 
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the connection with the asymmetric stretching of C–H. 
The peak at 1633.41   cm−1 was related to amide I as a 
sign of the peptide’s secondary structure, and the source 
of the signal is the C=O [27]. Amide II was measured at 
1553.09   cm−1, which is due to the stretching of the car-
bonyl group attached to a carboxyl group. Amide III 
was measured at 1233   cm−1, which was determined by 

combining the C–N stretching and N–H bending modes 
(Fig. 2). The detected triple helical structure agrees with 
results reported by Sun et al. [28] for collagen extracted 
from Nile tilapia; O. niloticus skin. Figure  2 also shows 
that the functional groups found in the triple helix were 
not damaged owing to the method used to obtain col-
lagen directly by removing both the epithelium and 

Fig. 1 Scanning electron microscopic (SEM) micrographs of the fish cornea. A corneal thickness; B amalgamated collagen fibers during processing 
for SEM imaging; C junction between epithelium and stroma; D patterns of the configuration of collagen fibers; CTP, Corneal thickness 
at the periphery; CTC, corneal thickness at the center; ACF, amalgamated collagen fibers; NE, nerve ending; CF, collagen fibers
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endothelium cells. Variations in width and height of the 
corresponding signals in several graphs could be attrib-
uted to the different experimental conditions of each 
study such as different solvents with different concentra-
tions [14].

The wavelength of the UV spectrum ranges from 
100 to 400 nm. The range is divided into three regions: 
C, B and A ranging from 100 to 280 nm, 280–315 nm 
and 315–400  nm, respectively. Figure  3 shows lit-
tle transmittance of UVC. This may be attributed to 
the low thickness of the fish cornea in general. The 

UV absorption of collagen could be attributed to the 
peptide bonds and side chains in the corneal colla-
gen structure. The collagen isolated from tilapia skin 
showed maximum absorbance at 230  nm [27] which 
is consistent with the characteristic absorbance of col-
lagen type I in the present study. Similar findings were 
reported by several authors for collagen extracted from 
different marine species [26–29]. The human cornea 
transmits radiation only at 295  nm and above. The 
transmission of the human cornea is highest in the long 
wavelength area of the visible spectrum from 600 to 

Fig. 2 Fourier transform infrared (FTIR) spectroscopy of the fish corneal stroma

Fig. 3 UV–visible transmission spectrophotometry of the fish cornea
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700 nm. Meanwhile, transmission of O. niloticus cornea 
is highest in the long wavelength region of the visible 
spectrum ranging from 600 to 700 nm and lowest in the 
short wavelength region below 500 nm (Fig. 3).

Huibertus et  al. [30] measured light scattering and 
light transmission in fish scale-derived collagen (FSDC) 
and they concluded that FSDC is proposed as an alterna-
tive for mammalian donor corneal tissue which supports 
the present findings. The refractive index of corneal tis-
sues of human and O. niloticus fish are 1.363 ± 0.011 and 
1.360 ± 0.009, respectively [9].

Regarding the thermal properties, it was noticed that 
one of the most important characteristics of biomateri-
als is their denaturation temperature because it affects 
their thermal stability and consequently their physical 
and mechanical properties [31]. The denaturation tem-
perature is defined as the temperature degree at which 
the deformation of collagen helical structure occurs 
[32]. The denaturation temperature of skin collagen of O. 
niloticus ranged between 25 and 26 °C depending on the 
conducted extraction procedures [33]. Meanwhile it was 
detected at 34.85 °C for collagen extracted from O. niloti-
cus scales [34]. The denaturation temperature of collagen 
depends on both the source tissue and the extraction 
procedures. Freshwater fish collagen generally show 
high thermal stability which could be attributed to its 

high content of proline and hydroxyproline [34–37]. In 
agreement with this finding, Yamamoto et al. [18] docu-
mented a higher denaturation temperature of Nile tilapia; 
O. niloticus collagen in comparison with other marine 
sources.

Conclusions
The present study confirms that the method for obtaining 
fish collagen (extraction, isolation, purification, etc.) may 
affect its specific properties and consequently the further 
uses of collagen as a potential biomedical substituent for 
mammalian collagen. Specification of the fish species 
and tissue type is crucial in identifying the quality of the 
extracted collagen as well as its physical and functional 
properties. Further studies are recommended to evalu-
ate the potential uses of O. niloticus corneal collagen as a 
biological substituent for mammalian collagen.
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Fig. 4 Thermal properties (denaturation temperature) of the fish corneal stroma
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