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Abstract: Acid soluble collagen (ASC) was extracted from Silver Carp fish skin. Collagen was

dissolved  in  acetic  acid  at  varying  concentrations  and its  rheological  properties  were  studied.

Steady shear flow properties of collagen solutions at  concentrations of 5 and 10 mg/mL were

characterized  using  rheometry  at  20  C.  Collagen  solutions  were  irradiated  with  UV  light

(wavelength 254 nm) for up to 2 h and rheological properties were measured. All the collagen

solutions showed a shear-thinning flow behavior. A constant viscosity region was observed after 1

h of UV irradiation, which showed that collagen molecules were fully denatured. A short treatment

with  collagen solution  by  UV (ultraviolet)  light  led  to  an  increase  in  viscosity;  however,  the

denaturation  temperature  of  UV-irradiated  collagen  decreased.  Depending  on  the  time  of  UV

treatment,  collagen extracted from Silver Carp fish skin may undergo physical  crosslinking or

photodegradation.  Physically  crosslinked  collagen  may  find  applications  in  functional  food,

cosmetic, biomedical, and pharmaceutical industries.

Keywords: collagen; fish skin; Silver Carp; rheology; UV irradiation

1. Introduction

Collagen  is  a  widely  used  material  in  the  cosmetics,  biomedicine,  and  food  industries.
However, native collagen is sensitive to high temperatures and UV treatment. UV irradiation of
collagen  molecules  leads  to  several  photochemical  reactions  [1–11].  Under  UV  irradiation  of
collagen, conformational changes were observed in collagen extracted from rat tail tendon [3–8].
The UV treatment of the collagen materials may influence the mechanical properties of the final
collagen products [8–10]. Although there are some interesting studies regarding collagen alterations
by UV irradiation, the molecular mechanisms behind the influence of UV light on collagen are still
unknown. It has been shown that aromatic amino acids play the main role in the absorption of UV
light by collagen molecules [11]. After absorption of UV light, a photochemical process in collagen
may  occur.  It  should  be  emphasized  that  the  photochemical  behavior  of  collagen  may  di  er
depending  on  the  collagen  origin  and  type,  because  the  content  of  aromatic  amino  acids
(phenylalanine and tyrosine) in the biopolymer chain may be di erent [12]. The whole collagen
family encompasses 29 genetically distinct collagen types. The major ones involve type I (found in
skin, tendon, and bone tissues), type II (cartilage), and type III (skin and vasculature) collagen [13–
15].  In  food  and  cosmetic  applications,  type  I  collagen  is  prevalently  used.  In  food,  mainly
denatured collagen known as gelatin finds its use because it is much cheaper than native collagen
[16].

Collagen has been traditionally isolated from land-based animal skins, e.g., cow and pig skin.
For  scientific  research,  mainly  rat  tail  tendon  collagen  is  employed  because  its  denaturation
temperature is around 40 C [6]. Non-denatured collagen finds applications in cosmetics, biomedical,
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and pharmaceutical industries [12,16]. Denatured collagen, however, known as gelatin, is used not
only in food but also in pharmaceutical and biomedical products [17].

As it was said before, collagen can be obtained from several animal tissues. Bovine collagen

has been widely applied; however, its employment is burdened with the risk of bovine spongiform

encephalopathy (BSE) and transmissible spongiform encephalopathy (TSE) development. Scientists

are looking for safer alternatives, resources di erent from mammalian tissues—for example, collagen

extracted from marine sources (fish skin and scales, marine sponges, or jellyfish umbrella). In the

case of cosmetic creams containing collagen obtained from the marine sponge and those containing

mammalian collagen, when comparing their impact on skin, it can be noticed that their e ects on the

skin  pH,  moisture,  and  sebum  are  comparable.  This  means  that  in  cosmetic  preparations,

mammalian collagen can be successfully replaced with marine sponge collagen. The potential of

marine  collagen was  discovered  approximately  70  years  ago  and,  from this  time,  research  has

contributed to learning about the structural and physicochemical features of many marine origin

collagens. However, it is worth mentioning that collagen properties may vary depending on the fish

species.  Fish  collagen  is  commonly  applied  in  food  production  and  can  replace  mammalian

collagen;  however,  its  low denaturation  temperature  is  usually  its  main  disadvantage.  The  low

denaturation  temperature  of  fish  collagen  is  a  result  of  the  significantly  lower  content  of

hydroxyproline in the polypeptide chain of fish collagen than in the chain of mammalian collagen.

Collagen extracted from Silver Carp skin has attracted much attention in recent years due to its

relatively high denaturation temperature in comparison to collagen from other fish species [18].

Although there are some papers regarding the properties of collagen from Silver Carp, to our best

knowledge, the influence of UV irradiation on the rheological properties of such kinds of collagen

has not been studied yet. Rheological properties of collagen are essential in several applications. In

the case of cosmetic and food applications, its rheological behavior at di erent temperature values is

essential to design a proper formulation and check its applicability under several conditions. Based

on rheological study, one can design a product with properties which can be tailored to the desired

use—for example, for tissue engineering purposes. Collagen gels can be used for studying cell–

matrix mechanical interactions as well as developing tissue equivalents, the rheological properties of

which  are  very  important  [19].  UV  irradiation  can  be  used  as  a  sterilizing  agent  for  several

biomaterials,  so  it  is  very  important  to  study the  influence  of  UV light  on  collagen gels.  The

rheological  behavior  of  several  collagen  solutions  depends  on  the  collagen  concentration  and

temperature [20–22].

The concentrated solutions of synthetic and natural  polymers are characterized by complex
viscoelastic properties. Almost all these fluids show non-Newtonian behavior. For them, apparent

.
shear viscosity (  a) changes with shear rate ( ). If the apparent shear viscosity decreases with an
increase in the shear rate, the fluid is shear-thinning, i.e., exhibits pseudo-plastic behavior—typical
of many polymers [23–25]. The opposite trend, which occurs rarely,  is  named shear thickening
(dilatant fluid). The shear stress curve obtained as a function of shear rate (so-called flow curve) at
various temperature values allows calculation of the rheological parameters from di erent equations
(e.g., Ostwald de Waele model, Cross model, Carreau model, and others) and recognition of the
type  of  polymer  flow  behavior  [24–26].  The  knowledge  of  rheological  properties  of  polymer
solutions or fluids allows us to evaluate their  final  properties and enables the arrangement and
optimization of the processing conditions.

The aim of this work was to study the rheological behavior of collagen obtained from Silver
Carp  skin before  and after  di  erent  times of  UV irradiation.  Knowledge  about  the  rheological
behavior of UV-treated collagen can be essential in the preparation of cosmetics and food products
based on collagen from Silver Carp skin. Moreover, the possibility of sterilization of collagen gels



for biomedical applications using UV treatment can be predicted. The UV-irradiated collagen gels
can be further used for the preparation of wound healing materials.

2. Materials and Methods

2.1. Raw Materials and Collagen Preparation

Collagen was purchased from WellU sp. z.o.o, Gdynia, Poland. It was obtained by collagen
isolation  from Silver  Carp  skin.  The  skin  fragments  were  removed manually  and washed with
chilled tap water to get rid of the adhering tissues. In the next stage, the material was disinfected
with 3% hydrogen peroxide water solution, residues of which were further rinsed o . The purified
skin was placed in a lactic acid solution and left for 3 days to extract the collagenous proteins. The
thus obtained solution was pressed through the material, which allowed for collagen separation. The
samples were then placed in polyethylene bags and stored at 25 C until use.

The collagen solution was dialyzed against  distilled water for 2 days and then lyophilized.
After lyophilization, collagen gels were prepared in diluted 0.1 M acetic acid at the concentrations
of 5 and 10 mg/mL. For prepared collagen gels, the rheological properties were measured. In the
next step, collagen solutions were irradiated with UV light for di erent time intervals and again the
rheological properties were measured.

2.2. Measurement of Rheological Properties

For the study of rheological properties, the solutions of collagen at the concentrations of 5 and
10 mg/mL were prepared. A rheological investigation was carried out on the prepared samples by
means of a rotational viscometer, Bohlin Visco 88 (Malvern Panalytical, Malvern, UK), equipped
with a heating system and a solvent trap kit. Steady-state viscosity curves were evaluated at di erent
temperature values, i.e., 15–33 C (samples were thermally equilibrated for 300 s), at a shear rate 19–
250 s 1 range using a concentric cylinder. In order to evaluate the time dependence of the apparent
shear  viscosity,  i.e.,  to  observe  whether  thixotropy  takes  place,  the  flow  measurements  were
performed in two steps: at increasing shear rates (from the minimum to the maximum shear rate
value—upward curve) and their return to the maximum value at decreasing shear rates (downward
curve). Additionally, the time-dependent viscosity for the collagen solution at two di erent, constant,
and imposed shear rates, i.e., 90 and 250 s 1 at 16.5 and 25 C, were determined.

Rheological behavior of the collagen solutions was analyzed with the well-known Ostwald de
Waele  model  (Equation  (1))  and  Cross  equation  (Equation  (2))  to  determine  the  relationship
between the apparent shear viscosity and the shear rate [24–26].

Ostwald de Waele model:
.n

and  =
.n 1

(1)= k . = k

.
where is  shear stress (Pa),  is  shear rate (1/s),  is shear viscosity (Pa s),  n and k are rheological
parameters  known  as  non-Newtonian  index  (dimensionless)  and  consistency  index  (Pa  s n),
respectively. The value of n < 1 indicates the shear-thinning e ect, and the value of n > 1 implies the
shear-thickening behavior. If n is unity (n = 1), then k is identical to and Equation (1) takes the form
of Newton’s law.

Cross model:
0 1

(2)=  1 .m
1 +

where 0 and 1 are zero-shear viscosity and infinite viscosity (Pa s), respectively, is the characteristic
relaxation time (s), and m is a dimensionless constant corresponding to the fluid.

The temperature dependence of the apparent shear viscosity ( a) was determined with the
Arrhenius equation [25,27]:

a = A0 exp(Ea/RT) (3)
where A0 is a pre-exponential parameter and Ea is the viscous flow activation energy.



2.3. UV Irradiation of Collagen Solution

Collagen solutions (the concentrations of 5 and 10 mg/mL) were irradiated using a UV lamp,
ULTRAVIOL NBV 15, which emitted mainly UVC with 254 nm wavelength. Collagen solutions
were irradiated at a distance of 5 cm from the UV lamp.
3. Results

3.Results
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3.2. The Ostwald de Waele and Cross Models

The experimental data of the collagen solutions used in this study were fitted with the Ostwald
de Waele model (Equation (1)) and Cross model (Equation (2)), with R2 values ranging from 0.963
to  0.999  and  from  0.994  to  1.00,  respectively.  The  corresponding  rheological  parameters  and
regression coe cients (R2) are presented in Table 1. Noteworthy is the fact that all the n values from
the Ostwald de Waele model were less than 1, indicating deviation from Newtonian behavior (shear-
thinning  behavior).  An  increase  in  the  collagen  solution  concentration  to  10  mg/mL causes  a
pronounced decrease in the n value from 0.39 to 0.26 at 18 C. Such low n values may suggest the
high association degree and collagen molecule entanglement in the solution. For all the collagen
solutions, the temperature rise by 15 C only slightly influences the n parameter (e.g., n increases
from 0.39 to 0.43 in the collagen solution at the concentration of 5 mg/mL). The consistency index
(k)  values  increase  with  an  increase  in  the  collagen  solution  concentration  but  insignificantly
decrease as the temperature increases from 15 to 25 C. As shown in Equation (1), the k parameter
value  presents  a  direct  relationship  with  viscosity;  it  can  be  used  to  represent  the  viscosity
characteristics of fluids under certain conditions. Therefore, the k results are as expected because the
temperature will normally lower the viscosity of fluids. However, viscosity will increase together
with a rise in concentration.

Table 1. The rheological parameters from the Ostwald de Waele model and Cross model 

for collagen solution as function of concentration and temperature.

T( C)

Ostwald de Waele Model Cross Model

n k (Pasn) R2
0 (Pas) 1 (Pas) (s) m R2

collagen c = 5 mg/mL

15 0.39 3.18 0.999 0.673 0.0443 0.0185 1.13 0.999
18 0.39 3.00 0.999 0.657 0.0420 0.0225 1.09 0.999
20 0.39 2.88 0.999 0.582 0.0446 0.0148 1.15 0.999
25 0.41 2.52 0.999 0.538 0.0410 0.0175 1.12 0.998
30 0.43 1.76 0.999 0.362 0.0382 0.00980 1.21 0.998
31 0.48 0.87 0.999 0.184 0.0331 0.00292 1.43 0.997

collagen c = 10 mg/mL

16 0.25 19.1 0.998 3.079 0.126 0.0225 1.18 0.998
18 0.26 17.5 0.998 3.272 0.286 0.761 0.38 1.00
20 0.27 16.5 0.999 2.742 0.263 0.0101 1.41 0.998
25 0.26 16.3 0.999 2.867 0.101 0.0286

4
1.13 0.998

30 0.22 7.45 0.963 0.629 0.070
7.69  10

1.80 0.994

Moreover, both 0 and 1 values increase simultaneously with the collagen concentration. The 0

value is directly related to the number of interactions between the polymer macromolecules and the
solvent [28,29]. Thus, the increase in the 0 values together with an increase in the collagen solution
concentration confirm that the development of a temporary network or the number of entanglements
of  collagen  molecules  in  the  solution  increased.  With  the  increased  temperature,  the  0 values
decreased, especially at temperatures ranging from 25 to 31 C. This can be explained by the increase
in the molecules’ mobility and the interactions between those which were partly destroyed.

3.3. The E ect of Temperature and the Viscous Flow Activation Energy



The e ect of temperature on the apparent viscosity of collagen solutions was investigated. It can
be observed that  temperature  showed a  weak e  ect  on the apparent  viscosity,  which decreased
slightly with an increasing temperature range from 15 to 28 C, as it has been shown in Figure 3. The
increase in temperature from 30 to 32 C caused a large reduction of the apparent viscosity value.
Thus, the results show that collagen molecules are fully denatured at 32 C.

As can be observed, the values of viscous flow activation energy decrease with an increasing shear
rate and collagen concentration. This behavior can be explained by the entanglement formation in
the  polymer  solution.  At  a  higher  shear  rate  ( ≥ 90.9  s−1),  the  entanglement  density  between
collagen molecules was independent of shear rate. The Ea value is practically constant in this range.
Moreover,
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the  calculated  Ea values  indicated  that  the  collagen  solution  exhibited  the  low  sensitivity  of
viscosity to temperature changes in the range of 15–28 °C.

Figure 3. Apparent shear viscosity versus temperature for 10/ mg/mL collagen solution at 
three Figure 3. Apparent shear viscosity versus temperature for 10 mg mL collagen 
solution at three di erent
sheardifferentrates.shear rates.

The value of the Tableviscous2. 
Eflowavalueactivationforcollagenenergysolutionreflectsatdifferentthesensitivityshearrates.  of 
polymer solutions

towards te mperature. For the collagen solution, Ea values were determined using Equ ation (3) at

di erent shearc(mg/mL)rates(in the temperature−12

Ea (kJ/mol)
C)2

range
−1

between
2

15 
and−1 28

and are− 
1tabulated2

in Table 
2.

0 s R 43.3 s R 90.9 s R 110 s R
As can be observed, the values of viscous flow activation energy decrease with an increasing shear 

17.1 0.914 13.9 0.975 11.4 0.975 10.9 0.979
10rate and collagen concentration. This behavior can be explained by the entanglement formation inthe19.5  0.657 10. .3 0.943 9.3 0.944 8.7 0.940

polymer solution. At a higher shear rate ( 90.9 s 1), the entanglement density between collagen
molecules was independent of shear rate. The Ea value is practically constant in this range. 
Moreover,
3.4. The Effect of UV Irradiation on the Collagen Solution
the calculated Ea values indicated that the collagen solution exhibited the low sensitivity of viscosity
to temperature changes in the range of 15–28 C.

Figure 4 shows viscosity curves for the collagen solution before and after various times of UV



irradiation. It can be seen that after a short time of U irradiation, an increase in viscosity is observed.
Table 2. E  value for collagen solution at di erent shear rates.

After 15 min of UV irradiation viscosity increased almost three times. This may suggest that UV
irradiation causes the crosslinking of collagen molecules. In general, after absorbing a photon, the

(mg/mL)
Ea (kJ/mol)

electronically excited molecule either undergoes a photochemical process, such as fragmentation,
0 s 1 R2 43.3 s 1 R2 90.9 s 1 R2 110 s 1 R2

rearrangement, or photoaddition, or it will lose its energy via one of several photophysical ways

17.1 0.914 13.9 0.975 11.4 0.975 10.9 0.979(fluorescence, phosphorescence, internal conversion). It seems that short action of UV leads to10 19.5 0.657 10.3 0.943 9.3 0.944 8.7 0.940
photoaddition which is manifested by an increase in viscosity. After 30 min of UV treatment, the
viscosity of the irradiated collagen solution is still higher than that for collagen without irradiation.
3.4. The E ect of UV Irradiation on the Collagen Solution
After one hour of irradiation, the collagen solution lost its viscous properties. This suggests that

after  one Figurehourof4UVshowsirradviation,scositycollagcurvesn

formoleculesthecollaregenfullysolutiondenaturedbefore. Prolongandaftedr variousUVtreatmentimes

off  UVcollagenirradiationsolution.Itleadscan  beto

sethenbrethakingtafterofahydrogenshorttimebondsofU

andirradiation,frgmentatanincreaseonofmacromoleculesinviscosityis.

observedWhencollag.Aftenr 15solutionminof 
UVisirradiatedirradiationforviscosity2handincreaslongedr almostthan2 th,reecollagentimes. 
Thisdenmayturedsuggestandthatno

UVcrosslinkirradiationngreactioncausesappeathecrosslinking.Thisclearlyof collagensuggests 
thatmoleculesirradiation.Ingeneral,formoreafterthanabstworbinghoursamayphoton,lead

theonlyelectronicallytothedegradationexcited moleculeofcollagenitherchains,undergoeswithouta 
photochemicalanyinfluence process,onrheologicalsuchaspfropertiesagmentation,.The

rearrangement,viscosityofthecorllagenphotoaddsolutition,withor ait

concentrationwillloseitsenergyof10mg/mLviaoneis

higherofseveralthanphotophysicalthatforthecollagenways  (fluorescence,solutionwith

aphosphoconcentrationescence,of5internalmg/mL  . conversion)However,the.

ItrheologicalseemsthatbehaviorshortactionafterUVof irradiationUVleadstois

photoadditionsimilarirradiatedwhich  iscollagenmanifesolutiontedby

anwithincreaseconcentratiinviscositynof. 5Aftermg/mL30minAfterof 15UVmintreatment,ofUV

theirradiation,viscosityviscosityoftheirradiatedincreasedcollagenalmostsolutionthreetimes,isstillfrom

higheraroundthan 1tha.7tofor5.3collagenPas. without irradiation. After one hour of irradiation, the

collagen solution lost its viscous properties. 

collagen solution with a concentration of 5 mg/mL. However, the rheological behavior after UV irradiation is

similar  to irradiated collagen solution with  a concentration of 5 mg/mL After 15 min of  UV irradiation,

viscosity increased almost three times, from around 1.7 to 5.3 Pas.
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Table 3 presents the alteration of a rheological parameter after UV irradiation of the collagen

solutionTable.The3presentsvalue  ofthen alterremainedtion  ofat  a

similarlyrheologicallowparameterlevelafterafterUV

UVirradiationirradiationtothoseofthebeforecollagenUV
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treatmentthevalues andof
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time of exposure to UV treatment.
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Table 3. The rheological parameters from Ostwald de Waele model and Cross model for collagen

solution after 15 min of UV irradiation versus 
temperature.

Cross Model

T( C)

Ostwald de Waele
Model

Ostwald de Waele Model Cross Model
2

T (°C)
n

k 
(Pas n ) R2

0 (Pas) 1 (Pas) (s) m R
n k (Pasn) R2 η 0 (Pas)

η∞ 
(Pas) λ (s) m R2

collagen c = 10 mg/mL

20 0.27 58.5
collagen c = 10 mg/mL

0.2205 0.84 1.000.998 22.04 0.0605
20 0.27 58.5 0.998 22.04 0.0605 0.2205 0.84 1.00

25 0.23 61.0 0.997 17.17 0.2083 0.1031 0.99 0.999
25 0.23 61.0 0.997 17.17 0.2083 0.1031 3 0.99 0.999

30 0.13 4.79 0.835 0.358 0.0313 1.38  10 -3 1.78 0.991

30 0.13 4.79 0.835 0.358 0.0313
1.38 × 
10 1.78 0.991

In Figure 5, one can see the influence of UV irradiation on the apparent shear viscosity of the 
In Figure 5, one can see the influence of UV irradiation on the apparent shear viscosity of the

collagen solution. As one can see, the rise in temperature from 25 to 29 C caused a large decrease in
the  collagen solution. As one can see,  the rise in temperature from 25 to 29 °C caused a large
decrease in apparent viscosity. Therefore, the denaturation temperature decreased after 15 min of
UV irradiation  the apparent viscosity. Therefore, the denaturation temperature decreased after 15
min of UV
of the collagen solution. The UV-irradiated collagen molecules are fully denatured at 30 C, whereas
irradiation of the collagen solution. The UV-irradiated collagen molecules are fully denatured at 30



for collagen molecules which had not been treated with UV light, the molecules are fully denatured
at °C, whereas for collagen molecules which had not been treated with UV light, the molecules are
fully 32 C. This suggests that UV irradiation leads to partial cleavage of hydrogen bonds responsible
for denatured at 32 °C. This suggests that UV irradiation leads to partial cleavage of hydrogen bonds
the ternary structure of collagen.
responsible for the ternary structure of collagen.

Table 4 shows that  the activation energy was changed in the viscous flow of the collagen
solution after 15 min of UV irradiation. For the collagen solution before exposure to UV irradiation,
Ea values are significantly lower (Table 2) than after UV irradiation (Table 4). Moreover, the values
of viscous flow activation energy increase with an increasing shear rate in the range between 43.3
and 110 s 1. This fact may suggest that photocrosslinking reactions occur in the collagen solution
and new crosslinks are responsible for the Ea increase. After photocrosslinking reactions, stronger
intermolecular interactions  between collagen molecules  appear and they are  responsible  for the
activation energy increase with an increasing shear rate. Thus, the collagen solution after 15 min of
UV irradiation was more sensitive to temperature changes and the apparent  viscosity decreased
more.  However,  it  should  be  emphasized  that  structural  changes  in  collagen  caused  by  UV
irradiation depend on collagen type, its degree of



In Figure 5, one can see the influence of UV irradiation on the apparent shear viscosity of the 
collagen solution. As one can see, the rise in temperature from 25 to 29 °C caused a large decrease 
in
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the apparent viscosity. Therefore, the denaturation temperature decreased after 15 min of UV 
irradiation of the collagen solution. The UV-irradiated collagen molecules are fully denatured at 30
°C, whereas for collagen molecules which had not been treated with UV light, the molecules are 
fully hydration, and pH conditions [30–32]. The results obtained in this study for collagen from 
Silver Carp denatured at 32 °C. This suggests that UV irradiation leads to partial cleavage of 
hydrogen bonds skin may di er from results obtained for other types of collagen extracted from di 
erent sources. responsible for the ternary structure of collagen.

Figure 5. Apparent shear viscosity versus temperature for 10 mg/mL collagen solution at 

three di erent shear rates after 15 min of UV irradiation.

Table 4. Ea value for collagen solution at di erent shear rates after 15 min of UV irradiation.

c (mg/mL)

Ea (kJ/mol)

0 s 1 R2 43.3 s 1 R2 90.9 s 1 R2 110 s 1 R2

10 49.8 0764. 41.5 0.801 49.1 0.836 54.2 0.859

4. Conclusions

The results showed that the solution of collagen extracted from the Silver Carp fish skin used in
this study is a rheologically stable fluid in which the rheological properties do not change over time.
The rise in temperature from 30 to 32 C caused a large reduction of the apparent viscosity value
showing that collagen molecules are fully denatured at 32 C. UV-treatment of collagen solution
leads to the increase of the viscosity in the beginning, but after prolonged UV-treatment a large
reduction of the apparent viscosity value was observed showing that collagen molecules are fully
denatured after one hour of UV treatment. After 15 min of UV-irradiation of collagen solution the
collagen molecules underwent thermal denaturation at 30 C.

Collagen extracted  from the  Silver  Carp  fish  skin  is  sensitive  to  UV-irradiation  and  may

undergo physical crosslinking and/or photodegradation. The short time of UV-irradiation may lead

to crosslinking of collagen molecules. Collagen extracted from the Silver Carp skin can be used in

cosmetics  and  food,  however,  the  products  should  be  stored  in  a  temperature  lower  than



denaturation temperature of collagen. Sterilization of collagen gels with UV light can be done only

for a very short time, as prolonged UV treatment leads to photochemical destruction of the collagen

molecule.
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