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Abstract
The use of ionic liquids (ILs) for collagen extraction should be
premised of not destroying the triple helix structure of collagen.
Herein, the effects of pretreatments by two imidazolium based
ILs with different anions, 1-ethyl-methylimidazolium
dicyanamide ([EMIM][N(CN)2]) and 1-ethyl-methylimidazolium
tetrafluoroborate ([EMIM][BF4]), on the extraction of collagen
from calf skins were studied. The dependences of ILs
pretreatments on ILs species and concentrations (30%, 50%, and
70% (w/w)) were examined, in terms of the fiber morphology of
skins as well as the extraction rate, structural integrity, thermal
stability, and aggregation behaviors of collagens. The results of
histological analysis and scanning electron microscopy showed
that the skin fibers were effectively loosened by the ILs
pretreatments. The extraction rate of collagen was improved as
the increase of ILs concentration and polarity with the highest
value of 28.79%. Moreover, sodium dodecyl sulphatepolyacrylamide gel electrophoresis and Fourier transform
infrared spectroscopy confirmed that the structural integrity of
collagen was maintained after ILs pretreatments, although the
thermal stability of collagen was determined to be slightly
decreased by ultra-sensitive differential scanning calorimeter.
Finally, pyrene f luorescence analysis and atomic force
microscope indicated that the aggregation behavior of collagen
was weakened when increasing the ILs concentration and
polarity. The green ILs pretreatment of calf skins might be used
as an effective approach for the extraction of bioactive collagen
with improved yield and purity.

Introduction
Collagen, a major structural protein of animal, is mainly
distributed in connective tissues such as skin, tendon, and bone.1
Its triple helix conformation contributed by two α1 chains and
one α2 chain provides it with properties including exceptional
biocompatibility, outstanding biodegradability, and weak

antigenicity.1-3 As an important biomacromolecule, collagen has
been widely applied in the fields of food, cosmetics,
pharmaceutics, and biomedicine. 2-11 Until now, collagen is
mainly extracted from the connective tissues of land-based
mammals (e.g. calf skin), which are common raw materials in
leather industry. Such animal tissues are always tightly weaved
and thereby are hard to be directly used to extract collagen.
Generally speaking, some pretreatments prior to collagen
extraction are necessary to loosen the fiber contexture of
connective tissues and to remove non-collagenous impurities
from the tissues, 6-8 just like the liming operation in leather
manufacture.12-13 Due to appropriate pretreatments, both the
purity and extraction yield of collagen could be improved to a
great extent.6-8 However, any pretreatments should be on the
premise of not destroying the triple helix structure of collagen.
Ionic liquids (ILs), composed of bulky organic cations and minor
inorganic (or organic) anions, are classified as green solvents for
their negligible vapor pressure, non-flammability, low toxicity,
and outstanding solvation ability.9-30 The physicochemical
properties of ILs including viscosity, polarity, hydrophobicity,
melting point, and hydrogen-bonding capability are highly
dependent on the species of cations and anions.10,14 Thus, the
structure and properties of ILs can be finely and effectively
tailored for a variety of applications (e.g., biotechnology and
organic synthesis), 22,28 especially for the dissolution and
extraction of biomacromolecules such as cellulose,29 chitosan,30
and collagen.9,10,15-20 Although the influences of many different
types of ILs on collagen have been extensively investigated,9-13,15-26
little information is available concerning the use of ILs for the
pretreatment of connective tissues before collagen extraction.
Some investigations applied ILs to directly dissolve collagen
fibers (white hide powder) at high temperatures (even ≥ 100°C),
whereas inevitably leading to the thermal denaturation and
degradation of collagen.15-20 Others first extracted acid-soluble
collagen molecules and then explored the interactions between
collagen and ILs, rather than focusing on the extraction of
collagen.21-26 Furthermore, it should be emphasized that both the
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ion species and concentration of ILs have great impacts on the
structural stability of collagen.11-14,20-26 For instance, the
differences in composition of imidazolium-based ILs endowed
by varying anions namely dicyanamide, hydrogen sulfate,
dimethyl phosphate, acetate, sulfate and dihydrogen phosphate,
had brought about the different destabilizing effects on the triple
helical structure of collagen;22 a remarkable decreasing trend in
denaturation temperature of rat tail tendon collagen fibers was
observed with the increase of ILs concentration from 0.1% to
10% (w/v).11 Therefore, it will be of importance and significance
to study how the ILs pretreatments would affect the fiber
contexture of connective tissues and the structure and properties
of collagen, as well as to clarify how the extraction of collagen
could be tuned by the ILs parameters.
In fact, two 1-butyl-3-methylimidazolium ([BMIM]) based ILs
with different anions ([BF4]- and Cl-) have been verified to show
excellent efficacies of fiber opening towards goat skins.11-13 Mehta
et al.11 reported that the goat skin treated by 0.5% (g/g wt of skin)
[BMIM]Cl displayed more pores with larger pore radii compared
to the native skin. Jayakumar et al.13 proposed the use of [BMIM]
Cl as an eco-friendly approach to replace conventional liming in
leather manufacture. Alla et al.12 demonstrated that [BMIM]
[BF4] could be used for an integrated depilation and fiber
opening in leather processing. However, the current knowledge
of ILs pretreatments for animal skins are limited to leather
making. In contrast, we hypothesized that the use of ILs as a
pretreatment agent to loosen collagen fibers in skins and to
remove inter-fibrous non-collagenous components from the skin
would be beneficial to the extraction of collagen. Herein, two
types of 1-ethyl-methylimidazolium ([EMIM]) based ILs
containing different anions, [EMIM] dicyanamide ([EMIM]
[N(CN)2]) and [EMIM] tetrafluoroborate ([EMIM][BF4]), the
ions of which exhibited good biocompatibility,9,12,27 were used for
the pretreatments of calf skins before collagen extraction. The
effects of ILs pretreatments on fiber opening and morphology
were studied by histological analysis and scanning electron
microscope (SEM), and the extraction rate of collagen was
compared under different conditions. The structural
characteristics of calf skin collagen were examined by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDSPAGE) and Fourier transform infrared spectroscopy (FTIR),
while the thermal stability of collagen was evaluated by ultrasensitive differential scanning calorimeter (DSC). Moreover, the
aggregation behavior of collagen was explored by fluorescence
with a pyrene probe and atomic force microscope (AFM). The
aim of this study was to give a greener pretreatment method to
extract collagen with improved purity and yield.
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Experimental
Materials
Calf skin was obtained from a local slaughterhouse in Chengdu,
Sichuan province, China. First, the skin was unhaired and limed
according to conventional leather processing operations, and
then the limed skin was delimed and neutralized in a process
described by Zhang et al. 31 The resultant dermis was cut into
small pieces (5 mm × 5 mm) and referred to as natural skin (NS).
The ionic liquids (ILs), 1-ethyl-methylimidazolium dicyanamide
([EMIM][N(CN)2], E t (30) = 51.7 kcal/mol) and 1-ethylmethylimidazolium tetrafluoroborate ([EMIM][BF4], Et(30) =
53.7 kcal/mol) were purchased from Lanzhou Institute of
Chemical Physics (Chinese Academy of Sciences, Lanzhou,
China) with high purification (≥99%). [EMIM][N(CN)2] and
[EMIM][BF4] were dissolved in deionized water at concentrations
of 30%, 50%, and 70% (w/w), respectively. Pepsin was purchased
from Sigma-Aldrich (MO, USA). All reagents used here were of
analytical grade.
Ionic Liquids Pretreatment on NS
The ILs ([EMIM][N(CN)2] and [EMIM][BF 4]) at different
concentrations were used to pretreat NS with the ILs/skin ratio
of 10:1 (w/w) at 4°C with gentle stirring for 24 hours. Afterwards,
the precipitate collected by refrigerated centrifugation (4°C,
9000g) was washed five times by distilled water. Moreover,
ultrasound was used to further remove the residual ionic liquids
for three times with a power of 50 W. All the ILs pretreated skins
were named as IPS. Specifically, the skins pretreated by [EMIM]
[N(CN)2] at concentrations of 30%, 50%, and 70% (w/w) were
referred to as APS30, APS50, and APS70, respectively, while
those pretreated by [EMIM][BF4] were correspondingly referred
to as BPS30, BPS50, and BPS70, respectively.
Histological Analysis
Histological analysis was performed to determine the dispersion
extent of collagen fibers in IPS, according to the method of Li et
al6 with some modifications. The IPS specimens were soaked in
10% (w/v) formalin solution for 24 h and then cut into
15-μm-thick sections in transverse direction using a microtome
(Jung Frigocut 2800 N, Leica Inc., Heidelberg, Germany). The
specimens were stained with hematoxylin-eosin (H&E), followed
by mounting in a neutral resin for observation with a light
microscope (BH-2, Olympus, Tokyo, Japan).
SEM
To investigate the effect of ILs pretreatment on the fiber structure
of IPS, the morphology of IPS and NS were examined by a
scanning electron microscope (ProX, Phenom, Netherlands) at
an accelerating voltage of 15kV. Sequential treatments of the skin
samples were performed according to Yunoki et al32 with slight
modifications. Brief ly, 2% (v/v) glutaraldehyde in 12 mM
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phosphate buffered solution (PBS, pH~7.4) was used to
immobilize skin samples for 30 min at 25°C. Then the samples
were rinsed five times using deionized water, followed by
successive dehydrating in a series of ethanol concentrations (30,
50, 70, 80, 90, 95, 99.5, and 100%, v/v). All samples were dried at
25°C before SEM measurements.
Extraction of Collagen
Collagen was extracted from NS and IPS by the method of Zhang
et al 31 with some modifications. First, the calf skins were
dissolved in 0.5 M acetic acid containing 3% (w/w) pepsin with a
sample/solution ratio of 1:40 (w/v) and collagens were extracted
at 4°C for 48 h. Then the supernatants were collected by
refrigerated centrifugation for 10 min at 9000g and 4°C, using a
high speed refrigerated centrifuge (Kubota Corporation, Osaka,
Japan). After centrifugation, NaCl was added into the
supernatants to reach a final concentration of 0.7 M to salt-out
collagen as precipitates. Subsequently, the precipitates were
re-dissolved in 10 volumes of 0.5 M acetic acid. The resultant
collagen solutions were continuously dialyzed against 20
volumes of 0.05 M acetic acid for three days with the change of
dialyzing solution every half a day. The dialysates were
lyophilized by a freeze-dryer (FreeZone 6 L, Labconco Co.,
Kansas, USA) at -50°C for three days and the freeze-dried
collagens were stored in a desiccator. The collagen extracted
from NS was referred to as natural collagen (NC), while that
extracted from IPS was referred to as ILs pretreated collagen
(IPC). Specifically, the collagen extracted from APS30, APS50,
and APS70 were referred to as APC30, APC50, and APC70,
respectively, while those extracted from BPS30, BPS50, and
BPS70 were referred to as BPC30, BPC50, and BPC70,
respectively.
Extraction Rate of Collagen
The extraction rate (%, w/w) of collagen was calculated on dry
weight basis as following:
Extraction rate (%) = (W2 / W1) × 100

(1)

where W1 is the dry weight of calf skin and W2 is the weight of
the lyophilized collagen. All samples were measured in triplicate.
SDS-PAGE
The electrophoretic patterns of collagens were determined by
SDS-PAGE according to the method of Laemmli et al 33 with
some modifications, involving a 7.5% resolving gel and a 4%
stacking gel. Each collagen sample was mixed with 0.5 M TrisHCl buffer (pH 6.8) solution containing 25% glycerol, 2% SDS,
10% β-mercaptoethanol, and 0.01% bromophenol blue to reach a
final collagen concentration of 1 mg/mL. Then the mixed
solutions were boiled for 5 min at 100°C. Each boiled sample (15
μL) was injected into the stacking gel and the electrophoresis was
performed using a Mini-PROTEAN 3 Cell (Bio-Rad
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Laboratories, Hercules, CA, USA) under a current of 12 mA. The
obtained gels were stained for 45 min in the presence of 0.25%
Coomassie Brilliant Blue R-250 solution and then destained with
a mixed solvent containing 5% methanol and 7.5% acetic acid
until the bands were clear.
FTIR
All collagen samples were equilibrated in a desiccator for 3 days
at 25°C before measurements. Then approximately 3 mg of each
collagen sample was homogeneously triturated with 300 mg
potassium bromide (KBr) and the mixtures were made into disks
under a pressure of 20 MPa. The FTIR spectra were recorded by
a Nicolet iS10 spectrometer (Thermo Fisher Scientific, Waltham,
MA, USA) at the wavenumbers ranging from 4000 to 500 cm-1
with a resolution of 2 cm-1 at 25°C.
Thermal Analysis
The thermal stability of collagen was measured by using a
VP-DSC microcalorimeter (Microcal, Northampton, USA) over
the temperature range of 25-60°C at a constant heating rate of
90°C/h. Collagen solution (0.5 mg/mL) samples and the reference
(0.5 M acetic acid) were degassed sufficiently after injecting into
the cells. All measurements were performed in triplicate. Based
on the VP-DSC data, the plots of molar excess heat capacity
Cp (cal/°C) versus temperature were made.
Fluorescence Measurements
Fluorescence measurements of collagen solutions containing
pyrene were performed at 25°C using a Hitachi F-7000
f luorescence spectrophotometer (Hitachi, Tokyo, Japan)
according to the method of Nakashima et al 34 with slight
modifications. In brief, pyrene, a hydrophobic probe, was
dissolved in methanol to reach a final concentration of 400 μM.
Then 50 μL of the stock solution was transferred to a brown glass
volumetric f lask and mildly evaporated in the presence of
nitrogen gas stream. After mixing with collagen solutions, the
collagen-pyrene mixed samples were fully homogenized with the
aid of ultrasound (120 W) using an ultrasonic equipment (KQ
3200B, Kunshan Instrument, China). Subsequently, the solution
samples were stored in darkness at 4°C for 24 h before
measurements. The fluorescence spectra for each sample were
collected in triplicate by excitation at 343 nm and emission at
360-460 nm. All measurements were performed with a scanning
rating of 60 nm/min and the slits for excitation and emission
were both fixed at 2.5 nm.
AFM
Collagen samples (0.5 mg/mL) were diluted to 25 μg/mL with 0.5
M acetic acid by gentle stirring, followed by equilibrating at 4°C
overnight. A droplet of each collagen sample (15 μL) was
immediately spread on freshly cleaved mica plates and dried at
25°C for 48 h. The surface morphology of the dried collagen
samples was observed in the soft tapping mode by using AFM

Ionic Liquids Pretreatment
(Shimadzu SPM 9600, Kyoto, Japan), which was equipped with a
pinpoint (Tap150 AI-G, Budget Sensors, Sofia, Bulgaria). The
AFM measurements were performed with a scanning rate of 1
Hz and at least three different spots were checked for each
sample to ensure the reproducibility.
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opened fibrous structure of ILs pretreated skins should be
beneficial for the penetration of acetic acid and pepsin into the
skin matrix during collagen extraction, leading to an increased
yield of collagen. Therefore, the ILs pretreatment could be
applied as an effective and green approach to improve the
extraction rate of collagen. Compared with the EDTA

Results and Discussion
Effect of ILs on Calf Skin
Figure 1 shows the histological analysis images of IPS (Figure
1B~G) pretreated with different ILs parameters, in comparison
with NS (Figure 1A) displaying the normal fiber structure of calf
skin. Because of the ILs pretreatments, the collagen fibers in IPS
tended to be looser and far more sparsely distributed. This could
be likely due to the disrupting of intermolecular hydrogen bonds
and ionic bonds in collagen tissues, not only by the bulky
[EMIM]+ that have the capability to donate proton, but also by
the minor proton-accepting anions including [N(CN)2]- and
[BF4]-. Note that several imidazolium based ILs such as [EMIM]
Cl, [BMIM]Cl, and [BMIM][BF 4] were reported to exhibit
excellent efficacy of fiber opening towards goat skins.11-13
Compared with the histological appearance of limed bovine
splits pretreated by EDTA and HCl reported in Li et al,6 much
larger spacing among adjacent fiber bundles could be observed
in IPS, indicating the great fiber opening efficacy of ILs. As the
increase of ILs concentration, the pretreated tissues seem to be
much looser (see Figure 1B~D or Figure 1E~G). Moreover, at the
same concentration of ILs, BPS (e.g. BPS30, Figure 1E) shows a
greater extent of fiber opening than APS (e.g. APS30, Figure 1B),
possibly owing to the higher polarity of [EMIM]BF4 than that of
[EMIM]N(CN)2. Such differences in fiber opening phenomena
might be attributed to the lyotropic action and reorientation of
the hydration network of collagen induced by ILs with different
polarity.11,14 SEM was performed to further investigate the fiber
morphology of NS and IPS at a higher magnification of 3000×.
As shown in Figure 2, the skin tissues after pretreatments by ILs
clearly exhibit looser fibers compared to NS. On the whole, the
effects of ILs types and concentrations on the morphology of
collagen fibers were in good agreement with the aforementioned
histological analysis.
Extraction Rate Analysis
The yields of collagens extracted under different conditions are
shown in Figure 3. Due to the more opening fibrous structure
induced by ILs pretreatments, the extraction rates of IPC are
higher than those of NC by 3.84% ~ 9.42% (see Figure 3).
Moreover, as the increase of ILs concentration, the extraction
rate of collagen became much higher. For instance, the extraction
rates of APC30 and APC70 increased accordingly from 23.21%
to 28.79%. Furthermore, the extraction rates of BPC were slightly
higher than those of APC, conforming to the dispersion trend of
collagen fibers induced by ILs with different polarity. The

Figure 1. Effect of ionic liquids pretreatment on histological appearance of
calf skin. Histological appearances of NS and IPS (APS and BPS) treated by
heamatoxylin-eosin staining at a magnification of 20×. (A) NS, (B) APS30,
(C) APS50, (D) APS70, (E) BPS30, (F) BPS50, and (G) BPS70.

Figure 2. SEM images of NS and IPS (APS and BPS) at a magnification
of 3000×. (A) NS, (B) APS30, (C) APS50, (D) APS70, (E) BPS30, (F)
BPS50, and (G) BPS70.

Figure 3. Extraction rates of IPC (APC and BPC) at different ionic
liquid proportions, in comparison with that of NC.
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pretreatment of limed bovine splits reported by Li et al,6 in which
the collagen yield was increased from 4.17% (without
pretreatment) to 10.42% (after pretreatment) with an increment
of 6.25%, the increase of collagen yields induced by ILs
pretreatments of calf skins could reach up to 9.42%, indicating
the high efficiency of ILs pretreatments for collagen extraction.
Structural Integrity of Collagen
The ILs pretreatments of calf skins should be premised on the
preservation of the triple helix structure of collagen. Firstly,
SDS-PAGE was performed to check the subunit composition of
IPC, along with NC as a comparison. As shown in Figure 4, all
collagen samples are composed of two distinct α chains
(α1 and α2) and one β chain (dimers of α chains) as the major
constituents. These SDS-PAGE patterns agreed with those of
type I collagen from limed bovine splits as previously reported,6,31
indicating a molecular mass of 300 kDa similar to that of native
collagen molecules. Furthermore, it should be emphasized that
the appearance of electrophoretic bands lower than 100 kDa is
an unambiguous indication of the damage of collagen structure.8
However, such small components were not detected in this study,
suggesting that no degradation of collagen polypeptide chains
occurred during the ILs pretreatments. Thus, the SDS-PAGE
results confirmed the structural integrity and high purity of calf
skin collagen.
In addition, to further verify the triple helix conformation of
collagen, the secondary structure of NC and IPC was examined
by using FTIR. As shown in Figure 5, all collagen samples exhibit
the presence of five characteristic FTIR peaks including amide
A, B, I, II, and III, which are typical for type I collagen.7 The
amide A bands of 3400 cm-1 are related to the hydrogen-bonded
-NH groups, while the amide B bands reflecting C-H stretching
are found at 2940 cm-1. 35 The amide I bands at 1650 cm-1 are
attributed to C=O stretching vibrations in the polypeptide
backbone, and the amide II bands at 1550 cm-1 are initiated from
N-H bending and C-H stretching. The bands at 1245 cm-1
representing amide III are dominated by the C-H vibrations.36
On the whole, although the FTIR spectra for different collagens
seemed to be similar, there were some differences in the peak
location and intensity, indicating that the ILs pretreatments
might induce slight changes in the secondary structure of
collagen. Nevertheless, the absorption ratios between the amide
III and 1454cm-1 bands for all collagens were nearly 1.0,
unambiguously suggesting that the triple-helical structure of
collagen was preserved.8,37 Overall, the FTIR analysis supported
the structural integrity of collagen, conforming to the above
SDS-PAGE results.
Thermal Stability of Collagen
Figure 6(a) shows the temperature dependence of the specific
heat capacity (Cp) of different calf skin collagens. Except for
BPC70, all other collagen samples displayed two endothermic
JALCA, VOL. 114, 2019

peaks, respectively. The first minor peaks at relatively lower
temperatures were originated from the breaking of hydrogen
bonds among collagen aggregates, while the major peaks at
higher temperatures were attributed to the helix-coil transition
of collagen molecules.4,5 Thus, in this work, the values of the
major peaks (Tm) and the corresponding enthalpy changes (ΔH)
were used to evaluate the thermal stability of collagen, as shown
in Table I. The higher the values of Tm and ΔH, the better the
thermal stability of collagen. According to Table I, the Tm and
ΔH values of IPC are slightly lower than those of NC, respectively.
Moreover, the values of Tm and ΔH showed a tiny downward
trend with the increase of ILs concentration and polarity,
possibly due to the different extent of rupturing of hydrogen
bonds during ILs pretreatments. It should be recognized that the

Figure 4. SDS-PAGE patterns of NC and IPC (APC and BPC). Lane
0: protein molecular weight marker; lanes 1~7: NC, APC30, APC50,
APC70, BPC30, BPC50, and BPC70, respectively.

Figure 5. FTIR spectra of NC and IPC (APC and BPC).
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disappearance of a minor peak for BPC70 compared with other
IPC might have a close relation to the strong polarity of [EMIM]
[BF4] at the concentrations of 70% (w/w) during pretreatment.
It has been well-known that intra-molecular hydrogen bonding
plays an essential role in stabilizing the triple-helix structure of
collagen.1,4,5 During the ILs pretreatment of calf skins, most
ruptured hydrogen bonds should be of inter-molecular nature,
while the intra-molecular hydrogen bonds were only partially
disrupted, as indicated by the slight decrease of Tm (<1°C) from
NC to BPC70. Note that it is the serious destruction of collagen
structure that is always accompanied with a significant decrease
in its thermal denaturation temperature.9,15,20 Therefore, the
intra-molecular triple helix structure of calf skin collagens
extracted in this work remains intact, which was also supported
by the aforementioned SDS-PAGE and FTIR analyses.
Aggregation Behavior of Collagen
The thermal stability of collagen is closely correlated to its
aggregation state in solution,4 so pyrene fluorescence analysis
was performed to explore the aggregation behavior of calf skin
collagens. Pyrene, a sensitive hydrophobic fluorescence probe, is
widely adopted to determine the alterations in polarity of its
surrounding micro-environment.38 Pyrene can incorporate into
the hydrophobic cores formed by the self-aggregation of collagen
molecules in solution, resulting in the changes of fluorescence
intensity.39 Figure 6(b) displays the pyrene fluorescence emission
spectra of different calf skin collagens. As shown in Figure 6(b),
all collagen samples indicate four characteristic emission peaks
at ~374, ~379, ~384, and ~394 nm, respectively, agreeing well

Figure 6. The (a) thermal transition curves and (b) pyrene fluorescence
emission spectra of NC and IPC (APC and BPC).

Table I

Values of VP-DSC thermodynamic parameters (Tm and ΔH) and pyrene
fluorescence intensity ratio (II/I3) for different collagen solutions.
Collagen Sample

Thermodynamic parameters

Fluorescence intensity ratio

Tm (°C)

ΔH (kJ/mol)

II/I3

NC

41.495 ± 0.053

0.0161 ± 0.0026

1.389 ± 0.014

APC30

41.286 ± 0.026

0.0158 ± 0.0014

1.431 ± 0.008

BPC30

41.124 ± 0.012

0.0142 ± 0.0009

1.445 ± 0.011

APC50

40.903 ± 0.041

0.0140 ± 0.0024

1.480 ± 0.005

BPC50

40.831 ± 0.034

0.0133 ± 0.0035

1.501 ± 0.009

APC70

40.615 ± 0.022

0.0109 ± 0.0011

1.547 ± 0.012

BPC70

40.503 ± 0.017

0.0084 ± 0.0017

1.570 ± 0.007
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of collagen. The triple helix structural integrity of collagen was
maintained, although there was a slight decrease in its thermal
stability. The collagen aggregation became weaker as the increase
of ILs concentration and polarity. The ILs pretreatments are
expected to be used as a greener approach for collagen extraction
and are beneficial for preparing high yield and quality collagen
for biomedical applications.
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Figure 7. AFM images of NC and IPC (APC and BPC). (A) NC, (B)
APC30, (C) APC50, (D) APC70, (E) BPC30, (F) BPC50, and (G) BPC70.

with previous investigations.40 Furthermore, it is well-known
that the fluorescence intensity ratio of the first to the third peak
(I1/I 3) can be used to detect the polarity of the microenvironment surrounding the probe.4 Such a ratio is relatively
higher and lower in a polar and hydrophobic environment,
respectively. As demonstrated in Table I, the I1/I3 values of IPC
are slightly higher than that of NC, and tend to increase as
increasing ILs concentration and polarity, suggesting the
significant impacts of ILs pretreatments on the aggregation state
of collagen. One explanation might be that the inter-molecular
hydrogen bonds of collagen were ruptured to different extents by
ILs pretreatments. For NC with no ILs pretreatment, the
extracted collagen molecules were easier to self-aggregate and
form hydrophobic cores due to the unruptured inter-molecular
hydrogen bonds, resulting in a more hydrophobic microenvironment for pyrene and the lower I1/I3 value. In contrast, for
IPC subjected to the ILs pretreatments, the polarity of pyrene
micro-environment was enhanced and the I1/I3 values became
higher. Overall, the higher the ILs concentration and polarity,
the higher the I1/I 3 values and the weaker the collagen
aggregation.
AFM was used to further determine the changes in aggregation
state and morphology of NC and IPC. As shown in Figure 7A,
NC exhibits a characteristic entangled collagen fibrous network
due to the inherent self-aggregation of collagen molecules.
Moreover, owing to the ILs pretreatments, the collagen fibers in
IPC (Figure 7B~G) display an obvious tendency of sparse
distribution, particularly with the increase of ILs concentration
and polarity. In whole, the weaker aggregated state of IPC was
consistent with the above pyrene fluorescence analysis.

Conclusions
The fiber contexture of calf skins and the structure and
properties of the extracted collagens were highly dependent on
the ILs species and concentration. ILs pretreatments could
loosen the skin fibers and thereby improved the extraction rate
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