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Abstract

Bating pelt with protease is an important process, which removes unwanted non-collagenous proteins from the
pelt and moderately disperse hide collagen network. However, the grain surface, may be excessively hydrolyzed
during bating due to the longer retention time of protease in the grain than in the middle layer caused by the low
mass transfer rate of protease in pelt. Here, the effects of protease dosage, common auxiliaries and molecular
weight of protease on protease transfer during bating were investigated so that we can find the key points to
avoid excessive collagen damage, particularly in the grain. Observably, increasing protease dosage led to faster
protease transfer and softer leather, but along with more considerable grain damage. Using penetrating agent JFC
(fatty alcohol-polyoxyethylene ether) and ammonium sulfate enhanced protease transfer and simultaneously
alleviated collagen damage due to the decrease in interfacial tension and electrostatic attraction between protease
and pelt, respectively. Additionally, proteases with lower molecular weight transferred faster in pelt, which suggests
that a potential strategy to solve the conflict between the mass transfer and the reaction of protease in pelt might
be to produce/employ smaller bating proteases.
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1 Introduction
Enzymes play a critical role in many biological and
chemical processes due to their high efficiency and spe-
cificity as biocatalysts [1, 2]. Protease is a most widely
used enzyme in biomedical field [3, 4], food industry [5],
detergent industry [6, 7], leather industry [8], etc. The
leather industry converts cattle hide, sheepskin or pig-
skin into artistic garment, shoe, glove, furniture and
automotive upholstery leathers [9, 10]. To produce soft
and supple leather without loose grain, it is essential to
fully remove unwanted non-collagenous proteins (such
as albumin, globulin, elastin, proteoglycan, etc.) from the
raw hide or skin (collagen network) [11], while the
damage to collagen should be as little as possible. This
purpose is usually achieved by “bating” pelt (unhaired
hide/skin) with protease [12–14]. The use of commercial
proteases like trypsin has already a century-old history
in bating process [15]. However, until now, it has been
prone to cause excessive damage to hide collagen,

particularly the collagen in the grain, and thus decides
the leather quality. This is because most proteases have
the reaction/relative specificity rather than the struc-
tural/absolute specificity. They are specific for splitting
peptide bonds of proteins rather than cleaving proteins.
For example, trypsin is able to cleave the array of pro-
teins including unwanted proteins in pelt and hide colla-
gen into smaller peptide fragments, although it is
specific for the sequences ...K\... or ...R\... (‘\’ = cleavage
site) [16]. So it is very difficult for proteases to avoid
hydrolyzing hide collagen during bating process. More-
over, the proteases with high efficiency of proteolysis
transfer slow in pelt due to the thickness and the porous
feature of the pelt [17, 18], so they stay longer on the
pelt surfaces such as the grain and flesh surfaces than in
the middle layer and result in more hydrolysis of colla-
gen on the grain surface, which may damage the natural
pattern of the grain surface and the aesthetic property of
leather (see Fig. 1).
To reduce or eliminate the risk of excessive proteolysis

of collagen during bating for obtaining high-quality
leather, researchers have been committed to screen the
protease that only hydrolyze non-collagenous proteins
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without cleaving collagen [19–22]. But in fact it is not
easy to find this kind of highly specific protease. Since
proteases transfer slow and react fast in pelt, the prote-
olysis of pelt during bating is mainly controlled by prote-
ase transfer rate in pelt. Undoubtedly, enhancement of
the mass transfer rate of protease in pelt would reduce
difference between its reaction time in the surface layers
(grain and flesh layers) and that in the middle layer,
which is an effective solution to excessive collagen pro-
teolysis in the surface layers [23]. However, few studies
have focused on enhancement of the protease transfer rate
in pelt due to the lack of method for accurately locating
protease in pelt. Recently, a useful method for visualizing
and quantifying protease in pelt has been developed based
on the fluorescent tracer technique [24, 25]. This method
makes it possible to investigate the factors influencing
protease transfer rate during bating process.
Tanners usually rationalize the bating process by

adjusting protease dosage, using protease and auxiliaries
together or choosing proteases from various microor-
ganisms [20–22] to meet the requirement of bating per-
formance. These are undertaken mostly by tanners’
experience and lack of scientific guidance. Hence, a true
understanding of how to obtain more efficient bating
performance is theoretically and practically significant.
In this study, effects of protease dosage, bating auxiliar-
ies and molecular weight of protease on both protease
transfer rate and collagen damage were investigated. The
bating auxiliaries chosen herein were the most widely
used ones such as penetrant JFC (fatty alcohol-
polyoxyethylene ether [26]) and ammonium sulfate [14].
The distribution of protease in bated pelt was observed
using the fluorescent tracer technique to analyze the
protease transfer rate. The surface appearance of the
bated pelt and the concentration of hydroxyproline in
bating effluent were tested to evaluate the damage extent
of collagen. The concentration of protein in bating efflu-
ent and the softness of crust leather were measured to
assess the bating performance. Additionally, the factors
affecting protease transfer rate in pelt were discussed

from the viewpoints of concentration gradient, inter-
facial tension, electrostatic interaction and steric hin-
drance. The results obtained would be enlightening for
enhancement of protease transfer rate and reduction in
collagen damage during bating.

2 Materials and methods
2.1 Materials
Delimed pelts (2.4 mm in thickness) were prepared by
treating cow hides with conventional procedures, as
shown in Additional file 1: Table S1, and used for bating
trials. Trypsin from bovine pancreas (biological reagent,
23 kDa, proteolytic activity 250,000 U/g at 30 °C and pH
8.5) and bovine serum albumin (BSA, molecular biology
grade, 66 kDa) were purchased from Shanghai Aladdin
Biochemical Technology Co., Ltd. Albumin from
chicken egg white (molecular biology grade, 44 kDa),
fluorescein isothiocyanate isomer I (FITC, ≥90%
(HPLC)), Sephadex G-25 (fine) were purchased from
Sigma-Aldrich Co. LLC. Commercial penetrating agent
JFC was purchased from Jiangsu Haian Petrochemical
Plant (China). Ammonium sulfate (AS, analytical grade)
was purchased from Chengdu Jinshan Chemical Reagent
Co., Ltd. (China). All the chemicals used for leather pro-
cessing were of commercial grade, and the chemicals
used for analyses were of analytical grade.

2.2 Effect of protease dosage on bating performance
Three pieces of delimed pelts were bated with different
dosages of proteases and 100% water (based on weight
of delimed pelt) at 30 °C for 60 min. The proteases used
herein were 0.10% FITC-trypsin (fluorescent labeled
trypsin prepared according to the method described in
our previous study [23, 27], which retained 72% of rela-
tive proteolytic activity and had similar molecular weight
to trypsin (Additional file 1: Table S2 and Figure S4)),
0.25% FITC-trypsin, and 0.50% protease mixture (0.25%
FITC-trypsin + 0.25% trypsin), respectively. It should be
noted that, to obviously and easily detect the changes in
mass transfer of protease in pelt and bating performance

Fig. 1 Schematic diagram of protease transfer rate in pelt during bating. Higher concentration and longer retention time of protease in the
surface layer than in the middle layer are prone to cause a dramatic damage to the natural pattern of the pelt surface
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with increasing protease dosage, the proteolytic activity
of trypsin was much higher than those of commercial
bating agents because the pelts used for the bating trials
were no more than 200 g, and the used small-scale lab
drum had much weaker mechanical action than the in-
dustrial drum used in large-scale leather manufacture.
Moreover, the FITC-trypsin dosage was in the range of
0.10%–0.25% since the fluorescence intensity emitted
under this dosage was suitable for observation of trypsin
in pelt using fluorescence microscope.
After bating for 30min and 60min, the pelts were sam-

pled and cut into vertical sections of 20 μm thickness on a
freezing microtome (CM1950, Leica, Germany). The sec-
tions were observed using an inverted fluorescence micro-
scope (Ti-U, Nikon, Japan) to locate FITC-trypsin in the
pelts, and then the fluorescence micrographs were proc-
essed by Image J software to semi-quantify the relative
content and the penetration rate of FITC-trypsin in the
pelts. Specifically, a curve of brightness of each position
occurred by FITC-trypsin vs. the distance between each
position and grain surface was first drawn. The relative
content of FITC-trypsin of each position and the penetra-
tion rate of FITC-trypsin in pelt were then calculated by
Formulas (1) and (2), respectively:

%relative content ¼ brightness of each position
maximum brightness in pelt

x100

ð1Þ

%penetration rate ¼ thickness of pelt with brightness
total pelt thickness

x100

ð2Þ

Additionally, the surface morphology of the pelt
samples was observed with scanning electron micro-
scope (SEM, Phenom Pro, Phenom, China), and the
effluent samples were collected for determination of
the concentrations of total protein and hydroxyproline
as reported in the documents [28, 29]. The determined
concentration of total protein means that the sum of
non-collagenous protein concentration, collagen con-
centration and trypsin concentration. The hydroxypro-
line concentration is usually used to evaluate the
concentration of collagen (hydrolyzed from pelts) be-
cause hydroxyproline is a main amino acid component
in collagen rather than in other proteins. Furthermore,
the difference between the concentration of total pro-
tein and that of hydroxyproline can show the removal
of non-collagenous protein to some extent.
Furthermore, after bating for 60 min, the bated three

pelts were pickled, chrome-tanned, shaved, rewetted,
neutralized, retanned, dyed, fatliquored and dried in
vacuum according to the processes described in
Additional file 1: Table S3. As a result, the crust leathers

were obtained. After conditioning at 20 °C and 65% rela-
tive humidity for 48 h, the softness of the crust leathers
was analyzed using a softness tester (GT-303, Gotech,
Taiwan) [30].

2.3 Effect of auxiliaries on bating performance of
protease
2.3.1 Analysis of bating performance of trypsin in the
presence of auxiliaries
To investigate the effects of common bating auxiliaries
such as penetrant and ammonium salt on the mass
transfer rate of protease in pelt, one piece of delimed
pelt was bated with 0.1% FITC-trypsin and 100% water
(based on weight of delimed pelt) at 30 °C for 60 min as
the control group, and another two pieces of delimed
pelts were bated in the same conditions except addition
of 0.5% JFC and 1.0% AS, respectively. After bating for
30 min and 60min, the pelt samples and the effluent
samples were collected for observation of the FITC-
trypsin in pelt and the surface appearance of pelt, and
determination of the concentrations of total protein and
hydroxyproline in effluent, respectively.
Moreover, after bating for 60 min, the three bated pelts

were treated as described in Section 2.2 to obtain crust
leathers, and the softness of crust leathers was also
measured.

2.3.2 Analysis of properties of trypsin in the presence of
auxiliaries
To assay the effects of JFC and AS on the proteolytic ac-
tivity of trypsin, a trypsin solution (0.1 mg/mL, pH 8.5),
a solution (pH 8.5) containing 0.1 mg/mL trypsin and
0.5 mg/mL JFC and a solution (pH 8.5) containing 0.1
mg/mL trypsin and 1.0 mg/mL AS were prepared, re-
spectively. The proteolysis was performed by mixing 1
mL of the enzyme solution with 1 mL of 2% (w/v) casein
solution (pH 8.5) at 30 °C for 10 min and then stopped
by adding 2 mL of 0.4 mol/L trichloroacetic acid. Subse-
quently, the amount of tyrosine in the mixture was
measured with Folin-Ciocalteu reagent by the method
described in the literature [31]. One unit of proteolytic
activity was defined as the amount of protease that
releases 1 μg tyrosine per minute.
Moreover, the interfacial tension of a trypsin solu-

tion (1.0 mg/mL) and a solution containing 1.0 mg/
mL trypsin and 5.0 mg/mL JFC was measured using a
contact angle goniometer (DSA30, Krüss, Germany).
The zeta potentials of a trypsin solution (1.0 mg/mL)
and a solution containing 1.0 mg/mL trypsin and 10.0
mg/mL AS at pH 8.5 were determined using a zeta
potential & particle size analyzer (Nano Brook Omni,
Brookhaven, USA).
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2.4 Effect of molecular weight of protease on its transfer
rate during bating
To investigate the effect of molecular weight of protease
on its mass transfer rate in pelt, three protease or prote-
ase models, trypsin (23 kDa), albumin (44 kDa) and BSA
(66 kDa), were employed to treat three pieces of delimed
pelts, respectively. This is because trypsin, albumin and
BSA can be easily FITC-labeled and purified. In particu-
lar, it is difficult to accurately assess the effect of mo-
lecular weight of protease on its mass transfer in pelt as
well as the bating performance by using proteases of dif-
ferent molecular weights due to their different hydrolysis
of protein substrates including non-collagenous proteins
and collagen.
The effective diameters of trypsin, albumin and BSA in

aqueous solution were determined by zeta-potential &
particle size analyzer (see Additional file 1: Figure S1).
The fluorescent labeled protease or models, FITC-
trypsin, FITC-albumin and FITC-BSA, were prepared as
described in our previous study [23, 24, 27], and they all
had high purity (Additional file 1: Figure S2), high fluor-
escence intensity (Additional file 1: Figure S3) and mo-
lecular weight similar to trypsin, albumin and BSA,
respectively (Additional file 1: Table S2 and Figure S4).
Additionally, the delimed pelt was treated with 0.5%

protease or model (including 50% FITC-labeled protease

or model, w/w) and 100% water (based on weight of
delimed pelt) at 30 °C for 90 min. After treating for 30
min, 60 min and 90min, the bated pelts were sampled to
observe the distributions of the FITC-protease or FITC-
protease model in pelt.

3 Results and discussion
3.1 The effect of protease dosage on bating performance
The concentration gradient is an important factor that
affects the mass transfer rate of protease in pelt. The in-
crease in protease dosage will undoubtedly enhance the
protease transfer in pelt, viz., shorten the time for prote-
ase transfer from the grain or flesh layers to the middle
layer. But protease could lead to excessive hydrolysis of
hide proteins including non-collagenous proteins and
collagen if its dosage is too much. Until now, the rela-
tion among protease dosage, protease transfer rate and
bating performance remains theoretically unclear. In this
section, the effect of protease dosage on the protease
transfer rate during bating was investigated by observing
the distribution of protease in bated pelts after bating
with various dosages of trypsin, and that on the damage
to pelt was evaluated by analyzing the surface morph-
ology of bated pelts and the concentration of hydroxy-
proline in bating effluents. Additionally, the effect of
protease dosage on the bating performance was assessed

Fig. 2 (a) Fluorescence micrographs of vertical sections (bar = 500 μm) and SEM micrographs of pelt surfaces (bar = 200 μm) from the pelts bated
with different dosages of trypsin and FITC-trypsin mixture for 30 min and 60 min; (b) relative contents and (c) penetration rates of FITC-trypsin in
the pelts bated for 30 min (b1, c1) and 60min (b2, c2) obtained by analysis of (a) using Image J software
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by measuring the concentration of total protein in bating
effluents and the softness of crust leathers after chrome-
tanning and post-tanning the bated pelts with conven-
tional procedures.
From Figs. 2a, b and c, it can be seen that the penetra-

tion depth, relative content and penetration rate of
FITC-trypsin in pelt increase with increasing dosage of
trypsin. However, increasing trypsin dosage by 5-fold
(from 0.10% to 0.50%) only resulted in a less than 2-fold
increase in its penetration rate after bating for 30 min
(Fig. 2c1). Moreover, even if bating with 0.50% trypsin
for 60 min, the penetration rate of FITC-trypsin in pelt
was still below 85% (Fig. 2c2). Unfortunately, a dramatic
damage to the natural pattern of pelt surface resulted
from increasing dosage of trypsin (Fig. 2a). In particular,
the natural pattern on the grain surface almost disap-
peared when using 0.5% trypsin, meaning that the bated
pelt suffered serious damage.
As shown in Fig. 3a, the total protein concentration in

bating effluents remarkably increased with increasing
dosage of trypsin, which was mainly due to the addition
of more trypsin and the removal of more proteins in-
cluding non-collagenous proteins (such as albumin,
globulin, elastin, proteoglycan, etc.) and collagen from
pelt. Fig. 3b showed an increase in the hydroxyproline
concentration of bating effluents (suggesting hydrolysis
of more collagen) with increasing dosage of trypsin.
Here, because the total protein concentration, the tryp-
sin dosage and the hydroxyproline concentration all in-
creased, it was difficult to determine whether the
concentration of non-collagenous proteins increased.
The data in Fig. 4 indicated that the softness of crust lea-
ther increased with increasing trypsin dosage. This
should be mainly due to the removal of more proteins
from pelt, especially the hydrolysis of more collagen. As
for the limited difference in the leather softness, it
should be because the softness of crust leather was a
comprehensive index affected by bating, tanning and
retanning processes. Higher trypsin dosage led to higher
removal rates of proteins from pelt and contributed to

production of softer leather, but it also probably brought
about higher uptake of tanning and retanning agents, re-
ducing the leather softness.
These results showed that the mass transfer rate of

protease in pelt could be enhanced by using more prote-
ase but accompanied with greater damage to hide colla-
gen and even damaged grain surface as well as loose
grain. The more hydrolysis of hide collagen caused by
increasing protease dosage dominates the unsatisfactory
final bating performance even if the transfer rate of
protease in pelt and the softness of crust leather can be
improved. Thus, enhancement of protease transfer rate
in pelt simply by increasing protease dosage is an im-
practical option because of greater collagen damage.
Therefore, it’s essential to adopt other approaches to
enhance the protease transfer rate in pelt, which would
not increase collagen damage.

3.2 The effect of auxiliaries on bating performance
In bating process, tanners usually use protease together
with some auxiliaries such as penetrant [26] and ammo-
nium salt [14] to improve bating performance. In this
part, the protease transfer rate and the hydrolysis of hide
proteins by using trypsin together with penetrating agent
JFC or ammonium sulfate (AS) were compared with
those by only using trypsin. Moreover, the changes in
interfacial tension of trypsin solution and surface charge
property of trypsin after adding JFC and AS were inves-
tigated, respectively, to explain why these auxiliaries
benefit bating performance and to provide theoretical
guidance for developing effective approach that can both
enhance protease transfer in pelt and reduce damage to
hide collagen.
After bating for 30 min and 60min, the visual distribu-

tion, the relative content and the penetration rate of
FITC-trypsin in pelts were shown in Figs. 5a, b and c, re-
spectively. It was obvious that the penetration depths of
FITC-trypsin in pelts were in the sequence of trypsin
bated pelt < trypsin-JFC bated pelt < trypsin-AS bated
pelt. Specifically, it just took less than 30min for trypsin

Fig. 3 Effects of trypsin dosage on concentrations of total protein (a) and hydroxyproline (b) in bating effluents
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to penetrate the whole pelt when using 0.1% trypsin to-
gether with 1% AS. JFC was not as effective as AS, but
the penetration rate of trypsin in pelt (about 70%) by
using 0.1% trypsin and 0.5% JFC was still much higher
than the control (about 51%) after bating for 30 min.
More interestingly, bating with trypsin and JFC or AS
together kept the integrity of natural pattern on the pelt

surface (see the SEM micrographs of the pelt surfaces in
Fig. 5a), and generated higher total protein concentra-
tion (Fig. 6a) and less hydroxyproline concentration in
bating effluents (Fig. 6b). These results meant that the
addition of JFC and AS in bating process brought about
the removal of more non-collagenous proteins (due to
the same dosage of trypsin) with less collagen damage,
which had obvious advantage compared with the in-
crease in trypsin dosage from 0.1% to 0.5% that caused
more damage to grain surface and hide collagen (Figs. 2a
and 3b). This is mainly because the use of JFC or AS
had a positive influence on the proteolytic activity of
trypsin (Fig. 7a), and thus enhanced the proteolysis of
non-collagenous proteins from the pelt. Meanwhile, the
use of JFC decreased the interfacial tension of trypsin
solution (Fig. 7b) and might increase the solubility and
stability of trypsin in solution, which improved the wet-
tability of trypsin solution and promoted the penetration
of trypsin into pelt [32, 33], so that the transfer rate of
trypsin in pelt was enhanced. As for the use of AS, the
zeta potential data in Fig. 7c indicated that the negative
charges of trypsin were dramatically increased at pH 8.5
(the bating pH) by adding AS because the surface of
trypsin, a amphoteric protein macromolecule [34], could
selectively adsorb SO4

2− of AS (the NH4
+ of AS mainly

existed as NH3·H2O at pH 8.5). This was helpful in

Fig. 5 (a) Fluorescence micrographs of vertical sections (bar = 500 μm) and SEM micrographs of pelt surfaces (bar = 200 μm) from the pelts bated
with FITC-trypsin, a mixture of FITC-trypsin and JFC and a mixture of FITC-trypsin and AS, respectively; (b) relative contents and (c) penetration
rates of FITC-trypsin in the pelts bated for 30 min (b1, c1) and 60 min (b2, c2) obtained by analysis of (a) using Image J software

Fig. 4 Effect of trypsin dosage on softness of crust leather
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reducing the electrostatic attraction between trypsin and
the surface layer of pelt (pI 7.0, with negative charge)
during bating and promoting the penetration of trypsin
in pelt. The faster mass transfer rate of trypsin reduced
the difference between its reaction time in the surface
layers (grain and flesh layers) and that in the middle
layer, so as to largely decrease collagen damage to pelt
surface, especially grain surface.
Moreover, Fig. 8 showed that the crust leathers pre-

pared with the trypsin-JFC bated pelt and the trypsin-AS
bated pelt were not softer than that prepared with the
trypsin bated pelt. There should be two reasons why the
crust leathers bated with trypsin and JFC or AS were not
softer. First of all, less hydrolysis of collagen was ob-
tained by adding JFC or AS in bating (Fig. 6b) and there-
fore prevented leather from becoming empty or lacking
fullness. Second, after bating with trypsin and JFC or AS
together, higher removal rates of unwanted proteins
from pelt (Fig. 6) as well as greater dispersion of hide
collagen network were achieved, bringing about higher
uptake of retanning agents and a better filling effect.
On the whole, compared with increasing protease

dosage, decreasing interfacial tension and electrostatic
attraction between protease and pelt is more effective in
enhancement of protease transfer in pelt and reduction
in excessive damage to collagen.

3.3 The effect of molecular weight of protease on its
mass transfer rate during bating
Tanners and researchers all recognize that the molecular
weight of protease affects its mass transfer rate in pelt
[35]. However, few studies have directly reported the re-
lationship between the molecular weight of protease and
its mass transfer rate during bating because it is too
difficult to accurately locate protease in pelt before. We
chose high purity trypsin (23 kDa, diameter 3.8 nm),
albumin (44 kDa, diameter 5.9 nm) and BSA (66 kDa,
diameter 8.9 nm) as protease models to investigate the
effect of molecular weight of protease on its mass trans-
fer rate in pelt by using fluorescent tracer technique.
After treating pelts with 0.5% trypsin and FITC-trypsin

mixture, 0.5% albumin and FITC-albumin mixture and
0.5% BSA and FITC-BSA mixture separately, the visual
distributions of FITC-trypsin, FITC-albumin and FITC-
BSA (green) in the pelts were obtained, as shown in
Figs. 9a1, a2 and a3, respectively. These fluorescence
micrographs indicated that a lower molecular weight of
protease led to a sharper increase in the penetration
depth of protease with increasing time. After treating for
90 min, the penetration depths of FITC-trypsin, FITC-
albumin and FITC-BSA in the grain layers were 1.39
mm, 0.75 mm and 0.28 mm, respectively, and those in
the flesh layers were 0.54 mm, 0.45 mm and 0.50mm,

Fig. 6 Effects of JFC and AS on concentrations of total protein (a) and hydroxyproline (b) in bating effluents

Fig. 7 (a) Effects of JFC and AS on proteolytic activity of trypsin; (b) effect of JFC on interfacial tension of trypsin solution; (c) effect of AS on zeta
potential of trypsin
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respectively (see Fig. 9b1). The penetration rates of
FITC-trypsin, FITC-albumin and FITC-BSA in the pelts
were about 86%, 50% and 32%, respectively (Fig. 9b2).
This is mainly because their diameters were in the
sequence of trypsin < albumin < BSA, and trypsin with
lower molecular weight and steric hindrance transferred

faster in pelt. These results suggest that employment of
proteases with lower molecular weight is beneficial to
enhancement of protease transfer rate in bating process.
This is accordant with the former researches that the
trypsin from pancreas works better than other proteases
from microorganisms owing to its lower molecular
weight [36, 37] and moderate proteolytic activity [14].
Therefore, to improve the bating performance, besides
screening proteases with high specificity in hydrolyzing
non-collagenous proteins, a possible direction would be
to develop proteases which possess proper proteolytic
activity and have a molecular weight as low as possible.

4 Conclusions
Increasing protease dosage is not a desirable approach
to enhance its mass transfer rate in pelt because it would
cause greater damage to grain surface and hide collagen.
Interfacial tension, surface charge property and molecu-
lar weight of protease are important factors affecting
protease transfer rate in bating process. Decreasing
interfacial tension of protease solution by using proper
surfactants and increasing surface negative charge of
protease can effectively improve the mass transfer rate
of protease in pelt while reducing collagen damage,

Fig. 8 Effect of JFC and AS on softness of crust leather

Fig. 9 (a) Fluorescence micrographs of vertical sections from pelts (bar = 500 μm) treated with the mixture of trypsin and FITC-trypsin (MTRY) (a1),
the mixture of albumin and FITC-albumin (MALB) (a2) and the mixture of BSA and FITC-BSA (MBSA) (a3); (b) relative contents (b1) and penetration
rates (b2) of FITC-trypsin, FITC-albumin and FITC-BSA in the pelts treated for 90min (obtained by analysis of (a) using Image J software)
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which is beneficial to the production of high-quality
leather with intact natural pattern. This research also
implies that the lower molecular weight of proteases is
positively related to their bating performance. Therefore,
the development of low molecular weight proteases with
satisfactory enzyme activity would be a potential
approach to improve bating process.

5 Additional file

Additional file 1: Figure S1. Distributions of particle sizes of trypsin (a),
albumin (b) and BSA (c) in aqueous solutions (1 mg/mL). Figure S2.
Chromatograms of FITC-trypsin (a), FITC-albumin (b) and FITC-BSA (c) on a
Sephadex G-25 gel-filtration column (3.5 cm x 85 cm). The column was eluted
with ultrapure water at a flow rate of 1.0 mL/min, and the absorbance of the
eluate was measured at 495 nm (the absorbance maximum of FITC) using an
ultraviolet-visible spectrophotometer. Figure S3. Fluorescence emission
spectra of FITC, protease/proteins and FITC-labeled protease/proteins obtained
using an excitation wavelength of 495 nm (the excitation maximum of FITC).
Figure S4. SDS-PAGE of protease/proteins and FITC-labeled protease/proteins
with different molecular weights. M = marker; 1 = BSA; 2 = FITC-BSA; 3 =
albumin; 4 = FITC-albumin; 5 = trypsin; 6 = FITC-trypsin. Table S1. Conven-
tional procedures for preparing delimed pelt from salted cow hide. Table S2.
FITC/protein molar ratio (F/P). Table S3. Conventional procedures for
preparing crust leather from bated pelt. (DOCX 2960 kb)
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AS: Ammonium sulfate; BSA: Bovine serum albumin; FITC: Fluorescein
isothiocyanate isomer I; JFC: Commercial penetrating agent (fatty alcohol-
polyoxyethylene ether); SEM: Scanning electron microscope
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