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Application of acidic protease in the pickling
to simplify the pelt bating process
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Abstract: Traditionally, universally used pelt bating technologies rely on the application of trypsin, neutral and
alkaline microbial proteases but suffer from complicated operation, limited bating efficiency and unsatisfac-

tory leather performance. Therefore, devising a new pelt bating approach to achieve high bating efficiency and
excellent leather performance has always been wished for by the leather industry. To pursue this goal, years of
persistent research work enabled us to develop a novel approach for pelt bating by means of acidic proteases in
pickling process. Initially, basic enzymatic characteristics and bating effectiveness of several typical acidic pro-
teases in pelt pickling medium were investigated; then, the bating effectiveness through the quantitative charac-
terization of protease activity of the optimal acidic protease was compared with that of the conventional bating
enzyme. The results indicated that all of the selected acidic proteases had good salt-tolerance and exhibited
optimum activity at pH 3.0-4.0. The novel pickling-bating method based on microbial origin acidic protease L80A
led to an outstanding performance on pelt bating at the dosage of 150 U/mL of collagenolytic activity. The bating
effectiveness of acidic protease L80A was comparable to and even better than that of trypsin BEM due to its mod-
erate proteolytic ability. Moreover, the deep and even penetration of acidic protease in the pelt permitted it to
produce soft, organoleptically stable and overall better quality crust leather than that of the conventional trypsin
bating method. Additionally, pelt bating was performed along with the pickling process without extra inactiva-
tion and washing operation, making the bating operation more efficient, economical, and environment friendly.
Results had made us to conclude that this cutting-edge acidic proteases based pickling-bating method could be

the first step/ way forward to replace the decades-old traditional pelt bating technology.
Keywords: Bating, Trypsin, Pickling, Acidic protease, Collagenolytic activity

1 Introduction

Bating is one of the most important procedures executed
on delimed pelts with the help of enzyme preparations
for removing unwanted components and ancillary open-
ing up protein structures [1-5]. Enzymatic bating helps
to improve the performance of leather, i.e. uniformity,
feeling, softness, pliability, elasticity, etc., because it fur-
ther opens up the fiber structure of the pelt and thus
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makes the penetration of tanning materials into the pelt
more expedient [6, 7]. Therefore, enzymatic bating is an
important step in the leather manufacturing process and
cannot be substituted by any mechanical and chemical
procedure.

In the conventional bating process, pelt bating is car-
ried out in a deliming solution with the help of enzyme
preparations at 30~37 °C and pH 7.0-8.5 [8, 9]. A mixture
of protease and ammonium salt is commonly used in pelt
bating process to achieve the maximum proteolysis activ-
ity of bating enzymes and buffering effect [2]. However,
the discharge of ammonia nitrogen in water may results
in eutrophication of aquatic ecosystems. After bating, it is
necessary to wash the pelts for the removal of unwanted
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components. Afterwards, the pelts are chrome-tanned
through a standard pickling-tanning-basification pro-
cedure, which is the most widely used tanning method
in leather manufacturing. Pickling is a process in which
delimed pelt (pH is in the range of 7.0-8.5) is acidified
in a salt solution with the application of formic acid and
sulfuric acid to adjust the end pH of the float at 2.8-3.0
and modify the reactivity of the carboxyl groups in col-
lagen fibers [2, 10]. Chrome tanning is carried out with
an offer of 6-8% of chrome powder to give the pelt high
hydrothermal stability, mechanical properties, bacterial
resistance and organoleptic properties [2, 11]. Therefore,
the conventional bating-washing pickling-chrome tan-
ning process is very complicated, ends up with limited
production capacity and a lot of pollution.

In addition, trypsin, a serine protease, is taken as the
best enzyme for pelt bating. Trypsin is an endo-protease
with high hydrolysis specificity. It preferentially hydro-
lyses peptide bonds adjacent to arginine and lysine resi-
dues [12, 13] and this makes its proteolytic ability more
moderate and safer than that of other proteases. How-
ever, commercial production of trypsin mainly depends
on its extraction from bovine pancreatic tissue, which has
many disadvantages, such as purity, poor batch stability,
unpleasant odor, potential cross-infection, availability
of raw material, and damage to mammal immunogenic-
ity, etc. [14, 15]. The aforementioned disadvantages of
trypsin in conventional bating technology restrict its
widespread application in the leather manufacturing
industry. Although some alternative methods have been
proposed to resolve the problems, however, to the best
of our knowledge, these approaches have failed to pro-
vide the solution so far. For example, microbial neutral
and alkaline proteases have particularly been reported
to constitute an advisable class of enzymes with promis-
ing industrial applications in pelt bating process [16—20].
However, the complexity and low hydrolysis specificity
of microbial proteases demand extra care in pelt bating
operations to avoid excessive damage to the grain layer
and the dermal matrix. However, insufficient opening
up of fiber structure and hardened fibers will result in
poor-quality wet blue leather production [21, 22]. For
the rectification of these problems, another enzymatic
bating operation is required on the post-tanning stage,
namely wet blue bating. However, wet blue bating opera-
tion not only takes a longer time but also needs a larger
dosage of enzyme to hit the spot of the finished leather,
and thus restricts the production efficiency and increases
the production cost [23-25]. Therefore, new develop-
ments in the pelt bating field must have to be taken into
consideration.

As mentioned above, the end pH of pickle float is main-
tained in the range of 2.8—3.0. Therefore, pickle float pH
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enables acidic proteases to express their best proteolysis
rate as their own optimum pH fall in the range of 3.0-4.0
[12, 26]. Our previous research proved that the protease
activity to chrome-tanned protein fiber has been signifi-
cantly reduced compared to the untanned substrate, and
well-tanned protein fibers exhibited high protease-resist-
ance ability as well [24]. Similarly, the inactivation of the
proteolytic activity of acidic proteases has been achieved
by chrome powder (tanning agent) indicating its ability
to be used as a quenching agent for the pickling-bating
process. All of these characteristics indicate that pick-
ling, pelt bating and chrome tanning can be achieved in a
one-bath process without extra inactivation and washing
operations.

Within the framework of these criteria, the present
work aimed to develop an efficient and eco-friendly one-
bath pickling-bating-chrome tanning leather manufac-
turing technique by using acidic proteases in the pickling
process. Firstly, the characteristics and bating effective-
ness of several typical acidic proteases in pelt pickling
medium were investigated comprehensively; then, the
bating effectiveness of the novel pickling-bating method
was compared with that of the conventional trypsin bat-
ing method by optimizing the process parameter. We
believe that we have developed an innovative pelt bating
method for the leather industry by using acidic proteases
which will not only reduce the operation cost but also
improve the quality of the finished product.

2 Materials and methods

2.1 Materials

All proteases (Table 1) and wet-salted cattle hides were
purchased from the market. Hydroxyproline (Hypro)
and Desmosine (Des) standards were obtained from
MembraPure GmbH (Germany). Collagen fiber powder
was prepared by our laboratory from the reticular layer
of delimed bovine hide according to the conventional
leather processing technology [24, 27]. Elastin fiber pow-
der was also prepared by our laboratory through a hot
alkaline process extracted from fresh cattle ligamentum
nuchae [28, 29]. The chemicals used for analytical tech-
niques were of analytical grade, and other chemicals used
for leather processing were of commercial grade.

2.2 Assay of proteolytic activity on casein substrate

Caseinolytic activity was determined according to the
modified Folin method at certain conditions [30, 31].
The proteolysis was performed by incubating 1 mL
of properly diluted enzyme solution with 1 mL of 1%
(m/v) casein substrate in Britton-Robinson buffer (B-R
buffer, 0.1 mol/L) at 25 °C for 10 min, precisely. Then,
the reaction was quenched by adding 2 mL of trichloro-
acetic acid (0.4 mol/L) and allowed to be centrifuged at
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Table 1 The selected proteases
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Proteases Characterization Company

537 Acidic bacteria protease Kunming Qactive Bio-Science Co. Ltd., China
AKT Acidic bacteria protease Kunming Qactive Bio-Science Co. Ltd., China
TP Acidic bacteria protease Denykem Co. Ltd.,, UK

L80A Acidic bacteria protease Longda Bio-Products Co. Ltd., China

BEM Bovine trypsin Dowell Science and Technology Inc.,, China

3500 r/min for 10 min. Finally, 1 mL of the supernatant
was transferred into a 15 mL test tube and reacted with
5 mL of Na,COj solution (0.4 mol/L) and 1 mL of Folin-
Phenol reagent at 40 C for 20 min. After the reaction,
the absorbance of the reaction mixture was measured
at 680 nm to determine the amount of tyrosine released
during the proteolysis. Unless otherwise indicated, all
experiments were conducted in triplicate at least, and
results were expressed as the average value of the repli-
cate determinations. One unit of caseinolytic activity is
defined as the amount of enzyme capable of digesting the
casein substrate to produce 1 pg of tyrosine in 1 min at
certain conditions.

2.3 Assay of proteolytic activity on collagen fiber substrate
Collagenolytic activity was determined according to the
established method by our laboratory [27]. Delimed col-
lagen fiber from the reticular layer of delimed cattle hides
was prepared according to conventional leather pro-
cessing technology and chosen to be the substrate. The
amount of Hypro in the digested liquor was tested to
appraise the performance of proteases hydrolyzing colla-
gen fiber. In detail, 300 £ 1 mg of collagen fiber was accu-
rately weighed in a 50 mL test tube, followed by adding
9 mL of B-R buffer (contain 80 g/L of sodium chloride)
and stirred in an incubator for 10 min at 25 °C with 200 r/
min. Then, 1 mL of enzyme solution (diluted to a certain
concentration by the same B-R buffer) was added and
stirred for another 30 min at 25 C with 200 r/min, pre-
cisely. Finally, the reaction liquor was filtered with a qual-
itative filter paper, and the concentration of Hypro in the
digested liquor was tested according to the modified col-
orimetric method [32]. One unit of collagenolytic activity
is defined as the amount of enzyme capable of digesting
the collagen fiber substrate to produce 1 pg of Hypro in
1 min at certain conditions.

2.4 Effect of salt concentration on the collagenolytic
activity of acidic proteases

As mentioned above, pickling is an important step of

standard chrome tanning procedure in which the delimed

pelt is acidified in a salt solution with a combination of

formic and sulfuric acid to satisfy the chrome tanning
conditions. In the conventional chrome tanning process,
the pickle float must contain at least 60 g/L of sodium
chloride (approximately 1 mol/L of NaCl) to protect
the collagen fiber from acid swelling, which would have
a serious negative influence on the organoleptic and
physical properties of the finished leather. Usually, high
concentration of salt may have a negative effect on the
proteolytic ability of enzymes [33]. Therefore, the influ-
ence of salt on the collagenolytic activity of enzymes
needs to be addressed critically. Hence, the salt-tolerant
of the selected acidic proteases was studied at pH 3.5,
25 °C, and 50 g/L to 120 g/L of NaCl concentration. The
relative activity was calculated based on the activity at
50 g/L of NaCl concentration.

The collagenolytic activity was determined by the
above-mentioned procedure. A certain amount of salt
(sodium chloride) was added into the B-R buffer to
make sure that the concentration of NaCl in the proteo-
lytic reaction liquor should be in the range of 50 g/L to
120 g/L.

2.5 Bating pickling pelt with typical proteases

Wet-salted cattle hides from Chinese suppliers were
chosen as raw material for this study. All samples from
soaking until deliming were processed according to
the conventional leather manufacturing technology,
such as soaking, fleshing, sulfide liming-unhairing,
splitting and deliming. A whole grain-layer limed cat-
tle hide with a thickness of 3.0-3.2 mm after splitting
was divided into pieces adjacently and symmetrically,
and distributed to different pickling-bating groups for
comparison and evaluation of the bating effects. The
delimed pelt was pickled, bated, and chrome tanned
with the following procedures: 50% of water (based on
the weight of limed hides, the same below) and 8% of
NaCl running for 10 min at 25 ‘C; 0.5% of formic acid
(HCOOH) running for 30 min; 0.5-0.7% of sulfuric
acid (H,SO,) running for 120 min (pH was maintained
at 3.5+0.1 and if required, additional H,SO, was also
supplemented). Then, samples were treated with differ-
ent acidic proteases with a certain dosage of proteolytic
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activity at 25 ‘C, pH 3.5+ 0.1, and running for 180 min.
Finally, 0.2-0.4% of H,SO, was added into each drum
after maintaining the final pickling pH of about
2.8£0.1, drums were left overnight. After pickling
overnight, the concentration of soluble protein (SP)
and Hypro in the reaction liquors was tested according
to the steps described in the following concentration
measuring method section. The opening up of collagen
fibers and elastin fibers residues were observed with an
optical microscope after staining by aldehyde-fuchsin
method [34] and Weigert—-Van Gieson method [35],
respectively.

After overnight pickling, 6.5% of chrome powder was
added to each drum and running for 240 min at 25 °C to
ensure that chrome may completely penetrate the inner
layer of the pelt. Then, the pH was basified to around
4.0£0.1 with NaHCO; solution carefully. Then a certain
amount of hot water (60 ‘C) was added to achieve 200%
total water offer of limed hide weight. After 120 min of
running at 40 ‘C, the drums were allowed to stay over-
night. On the next day early morning, the pH of tanning
liquors was adjusted to 4.0£0.1 once again. The chro-
mium content in spent liquors and wet blue was deter-
mined. The shrinkage temperature (T) and grain pattern
of the wet blue from the adjacent and symmetrical parts
of the same hide were determined and observed, respec-
tively. Then, wet blue samples were neutralized, retanned,
fatliquored, squeeze-spread, toggle-dried and milled as
per the same standard post-tanning procedures. The
softness and main physical properties of the crust leath-
ers from the adjacent and symmetrical parts were evalu-
ated. The organoleptic properties of these crust leathers
were evaluated by 10 skilled professional tanners.

2.6 Comparison of the bating effectiveness of acidic
protease L80A and trypsin BEM

A whole grain-layer limed cattle hide with a thickness of
3.0-3.2 mm after splitting was divided into two pieces
adjacently and symmetrically. A piece of the delimed
pelt was pickled, bated with 150 U/mL of acidic protease
L80A, and chrome tanned according to the procedure
Sect. 2.5. Another piece from delimed pelt was trypsin
bated, pickled, and chrome tanned as the following pro-
cedures: 50% of water (based on the weight of limed
hides, the same below) and 1.0% of commercial trypsin
BEM running for 60 min at pH 8.5 and 33 “C; and washed
with 200% water for two times. Then, the pelts were
pickled and chrome tanned with the above-mentioned
pickling-chrome tanning procedure except for acidic bat-
ing operation. Then, wet blue samples were neutralized,
retanned, fatliquored, squeeze-spread, toggle-dried and
milled as per the same standard post-tanning procedures.
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2.7 Determination of soluble protein (SP) concentration
in bating liquor

After the end of pickling, the concentration of SP
was determined according to the modified Lowry
method [36]. First, the reaction liquors were filtered
with a qualitative filter paper and diluted into a cer-
tain concentration with ultrapure water. Then, 1 mL
of the filtrate was mixed with 5 mL of Folin-phenol
reagent-A at room temperature for 10 min. Next,
0.5 mL of Folin-phenol reagent-B was added and incu-
bated at 30 ‘C for 30 min. Finally, the absorbance of
the mixture was measured at 660 nm to determine the
amount of SP.

2.8 Determination of hydroxyproline concentration

in bating liquor
After the end of pickling, the concentration of Hypro
was determined according to the modified colorimet-
ric method [32]. First, the reaction liquors were fil-
tered with a qualitative filter paper, and 2 mL of the
filtrate was mixed with 2 mL of hydrochloric acid
(12 mol/L) in a 10 mL COD digestion tube (HACH,
America). The mixture was hydrolyzed in a COD
digestion reactor (571-1, INESA Co., Ltd., China) at
120°C for 4 h. A colored soluble product was obtained
based on the reaction of Hypro with p-dimethyl-
aminobenzaldehyde. The absorbance of the colored
mixture was measured at 560 nm to determine the
amount of Hypro.

2.9 Determination of chromium content in spent tanning
liquors and wet blue
The spent tanning liquors were filtered with a qualita-
tive filter paper, and 2 mL of the filtrate was digested
with the mixture of hydrogen peroxide and nitric acid
at 120 °C for 120 min in a 10 mL COD digestion tube
(HACH, America). Then, the digested liquor was
cooled to room temperature, appropriately diluted
with ultrapure water, and the concentration of chro-
mium was determined by Inductively Coupled Plasma
Emission Spectrometer method (AES-ICP, 2100DV,
Perkin Elmer Inc., America). The chromium concen-
tration of the spent tanning liquors was calculated.
Wet blue samples were taken out from the adja-
cent and symmetrical parts of the same hide and
freeze-dried. Then, 1001 mg of the dried wet blue
was digested with the mixture of hydrogen peroxide
and nitric acid as the above-mentioned method. The
digestion solutions were appropriately diluted and the
concentration of chromium was detected with AES-
ICP method. The chromium content in the wet blue
was calculated.
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2.10 Histological analysis of collagen and elastin fiber
Samples of 1 cm? were cut from the adjacent and sym-
metrical parts of the corresponding bated pelt and fixed
in a neutral formaldehyde solution (10%, v/v) for 24 h
[35, 37]. Sections of 20 pm and 12 pm thicknesses were
obtained using CM1950 freezing microtome (Leica,
Germany) and stained by the aldehyde-fuchsin stain-
ing method and Weigert-Van Gieson staining method,
respectively. The residues of elastin fiber and the open-
ing up of collagen fiber were observed with an optical
microscope (Nexcope NE900, Ningbo Yongxin Optics
Co. Ltd., China).

2.11 Scanning electron microscopy (SEM) analysis

The wet blue leathers from each bating group were
taken out in the adjacently and symmetrically parts of
the same hide and freeze-dried. Samples were coated
with gold using an SBC-12 Sputter Coater (KYKY Co.,
Ltd., China) and introduced into the specimen chamber
of a Phenom Pro Desktop Scanning Electron Micro-
scope (Phenom World Inc., Netherland). The micro-
graphs of the grain layer were obtained by operating the
microscope at a higher voltage.

2.12 Test of softness and physical properties of crust
leather

Dried crust leather samples from each enzyme bat-
ing group were taken out from the adjacent and sym-
metrical parts of the same leather for testing softness
and physical properties. Samples were conditioned as
per the IUP method (IUP 2, 2000). The softness of the
crust leather was determined with a Leather Softness
Tester (GT-303, Gotech Testing Machines Inc., China).
The physical properties such as tensile strength, elonga-
tion at break, tear strength and bursting strength were
examined as per the standard procedures (Luo et al.
2012; IUP 6, 2000; IUP 8, 2000; IUP 9, 2000).

3 Results

3.1 Proteolytic characteristics of typical acidic proteases
3.1.1 Salt-tolerance of acidic proteases

The results in Fig. 1 illustrate that the collagenolytic
activity of these acidic proteases was slight decreased
with the increase of NaCl concentration from 50 to
120 g/L. The relative collagenolytic activity of these
proteases remained 90% even the concentration of
NaCl was augmented to 120 g/L, indicating their adapt-
ability for the pickling-bating conditions as the con-
ventional pickling operation almost always contains
60-100 g/L of NaCl
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Fig. 1 Influence of NaCl concentration on the collagenolytic activity
of acidic proteases (pH 3.5, 25 °C)

3.1.2 Effect of pH on caseinolytic and collagenolytic
activities of acidic proteases
To further analyze the characteristics of acidic pro-
teases in pickling-bating conditions, the effect of pH
on the caseinolytic and collagenolytic activities was
investigated through Folin and Collagen-fiber-substrate
methods, respectively. The optimum working pH val-
ues of these proteases were studied in the range of 2.0—
5.0 at 25 C, and the real reaction pH of the proteases
towards collagen fiber was tested after the B-R buffer
was mixed with the collagen fiber substrate, simultane-
ously. The results in Fig. 2 shows that the effect of pH on
the proteolytic activities determined by different meth-
ods was found to be significantly different. Figure 2a
indicate that all of these proteases exhibited the maxi-
mum caseinolytic activity at pH 3.5. Figure 2b indicate
that protease 537 and AKT revealed the optimum col-
lagenolytic activity at pH 3.5, whereas, the optimum pH
for protease L80A and TP was found to be in the range
of 3.0—4.0. Hence, pH 3.5 was chosen as the optimal pH
for the following pickling-bating condition.
Considering the optimal pickling-bating applica-
tion conditions at pH 3.5 and 25 °C, Table 2 shows that
among all the proteases, the highest relative activity was
produced by protease L80A while the minimum was
by protease 537. Further, all of these acidic proteases
exhibited much higher activity to casein substrate
than that of collagen fiber substrate. The collagenolytic
activity to 1 unit of caseinolytic activity (H/F) was 0.06
U for proteases AKT and L80A. The H/F value for pro-
tease TP was 0.05. However, the observed H/F value for
protease 537 was 0.23 U, significantly higher than other
acidic proteases.
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Fig. 2 a Effect of pH on the caseinolytic activity of acidic proteases (25 °C). b Effect of pH on the collagenolytic activity of acidic proteases (25 C,

Table 2 Enzymatic characteristics of acidic proteases (25 °C, pH

35)

Commercial Caseinolytic Collagenolytic H/F
proteases activity (F, U/g) activity (H, U/g)

537 9967 2282 0.23
AKT 222,049 14,080 0.06
TP 337,956 17,313 0.05
L80A 745,459 41,435 0.06

3.2 Comparison bating effectiveness of different acidic
proteases in pickling process
3.2.1 Bating effectiveness of pickling pelts with same
caseinolytic activity concentration

The bating effectiveness of the above-mentioned acidic
proteases was compared at the same pickling condition
to select the appropriate pickling-bating enzyme. Four
different acidic proteases were chosen for bating pick-
ling pelts with the same dosages of caseinolytic activity

concentration (cF), 2236 U/mL reaction liquor, based
on the previous results. Table 3 shows that the observed
concentration of collagenolytic activity (cH) in the bating
liquor for protease AKT, TP and L80A was approximately
127 U/mL. However, it was significantly higher (512 U/
mL) for protease 537.

After bating and overnight stay, the concentration of
SP and Hypro in the pickling-bating liquors was meas-
ured. The results in Table 3 indicate that approximately
1087 pg/mL and 127 pg/mL SP and Hypro were present
in the bating liquors with the application of AKT, TP,
and L80A. However, this amount was significantly higher
(550 pg/mL) when protease 537 was applied. Further-
more, with the same caseinolytic activity concentration,
the content of SP hydrolyzed by 1 unit of caseinolytic
activity (SP/F) was found to be 0.50540.081 pg for all
the acidic proteases; the content of Hypro hydrolyzed by
1 unit of collagenolytic activity (Hypro/H) was approxi-
mately 1.030+0.123 pg.

Table 3 Amounts of proteases, soluble protein, hydroxyproline in the bating liquor and the softness of crust leather treated by the

same dosage of caseinolytic activity (25°C, pH 3.5)

Proteases Dosage (%) cF"@ (U/mL) cH™ (U/mL) SP™ (ug/mL) Hypro™ (ug/mL) Softness (mm)
537 11219 2236 512 1262 562 6.63
AKT 0.504 2236 142 1133 131 7.32
TP 0331 2236 115 1076 137 8.28
L8OA 0.150 2236 124 1062 150 822
Control 0 0 0 3 12 6.54

*a: cF represents the concentration of caseinolytic activity in the bating liquor

*b: cH represents the concentration of collagenolytic activity in the bating liquor

*c: SP represents the concentration of produced soluble protein in the bating liquor

*d: Hypro represents the concentration of produced hydroxyproline in the bating liquor
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Further, the pickling pelts were chrome tanned,
retanned, fatliquored and dried as per the same stand-
ard procedures. The softness of these crust leather was
tested and the organoleptic properties were evaluated by
10 skilled professional tanners. They unanimously com-
mented that the crust leather treated by protease L80A,
AKT and TP was significantly better than protease 537 in
respect of softness, hand feeling, etc. Table 3 also shows
that protease TP and L80A produced highly soft crust
leather whereas this characteristic was missing in the
protease 537 produced leather.

3.2.2 Bating effectiveness of pickling pelts with same
collagenolytic activity concentration

To compare the bating effectiveness of these acidic pro-
teases, selected proteases were chosen for bating pickling
pelts with the same dosages of collagenolytic activity con-
centration (cH), 150 U/mL reaction liquor. The amounts
of soluble protein and Hydroxyproline in the bating liq-
uor were also measured. Table 4 shows that the concen-
tration of caseinolytic activity (cF) in the bating liquor for
protease AKT, TP and L80A was approximately 2644 U/
mL compared to 655 U/mL for protease 537.

The results in Table 4 shows that with the same concen-
tration of collagenolytic activity, approximately 177 g/
mL of Hypro was produced by all of these acidic pro-
teases. The produced amounts of SP in AKT, TP, L80OA
and 537 bating liquor were approximately 1100 pg/mL
and 655 pg/mL, respectively. Furthermore, the content
of Hypro hydrolyzed by 1 unit of collagenolytic activity
(Hypro/H) was approximately 1.179+0.083 pg; and the
content of SP hydrolyzed by 1 unit of caseinolytic activ-
ity (SP/F) was 0.41740.070 ug for all of these acidic
proteases.

Also, all of these pickling-bating pelts were carried out
with the same standard chrome tanning and post-tan-
ning procedures, and the softness and organoleptic prop-
erties of these crust leathers were evaluated. The results
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in Table 4 indicate that better softness in crust leather
was produced by protease AKT, TP, and L80A as com-
pared to protease 537. Besides, the softness and organo-
leptic properties of the crust leather treated by protease
L80A were better than that of protease AKT and TP. In
contrast, protease 537 failed to induce any improvement
in the overall quality of crust leather rather it produced
stiffer leather as compared to the control.

On the way forward to select an appropriate pickling-
bating enzyme, we had compared the bating effectiveness
of different typical acidic proteases with the same dosage
of caseinolytic and collagenolytic activity, respectively.
These results suggested that the bating effectiveness of
acidic proteases on pickling pelts mainly depends on
the relative activity, namely the purity of active proteins,
especially the collagenolytic activity, i.e. proteases with
high collagenolytic activity and purity can significantly
improve the softness of the crust leather. Furthermore,
acidic protease L80A revealed a better bating effect than
the rest of the acidic proteases at the same dosages and
bating conditions. Hence, acidic protease L80A was cho-
sen as the pickling-bating enzyme for the following study.

3.3 Relationship between collagenolytic activity
and bating effect of pickling pelts

It is obvious that raising the concentration of collageno-
lytic activity is beneficial in the production of soft crust
leather that comes from the further opening-up of col-
lagen fiber. On the other hand, the whole properties of
the final leather, such as the hand feeling, mechanical
properties, grain layer state, largely rely on the proteoly-
sis degree of the structural proteins, namely elastin and
collagen fibers. Our research proved that acidic proteases
almost have no effect on elastin fibers, therefore, the pro-
teolytic activity towards collagen fibers may have large
influences on the bating effectiveness of pickling pelts.
Hence, the relationship between collagenolytic activity
and bating effect of pickling pelts was studied by using

Table 4 Amounts of proteases, soluble protein, hydroxyproline in the bating liquor and the softness of crust leather treated by the

same dosage of collagenolytic activity (25°C, pH 3.5)

Proteases Dosage (%) cF"@ (U/mL) cH™ (U/mL) SP™ (ug/mL) Hypro™ (ug/mL) Softness (mm)
537 3.287 655 150 282 174 6.44
AKT 0.533 2366 150 1047 208 7.80
TP 0433 2928 150 1101 183 7.58
L8OA 0.181 2699 150 1168 191 8.02
Control 0 0 0 6 12 6.46

*a: cF represents the concentration of caseinolytic activity in the bating liquor

*b: cH represents the concentration of collagenolytic activity in the bating liquor

*c: SP represents the concentration of produced soluble protein in the bating liquor

*d: Hypro represents the concentration of produced hydroxyproline in the bating liquor



Zhang et al. J Leather Sci Eng (2021) 3:27

1800 250

1500 «—°
—e— Concentration of SP
—A— Concentration of Hypro _—A

1200

900

600

300

Concentration of SP (ug/mL)

0 50 100 150 200 250
Collagenolytic activity (U/mL)

Fig. 3 Concentration of soluble protein and hydroxyproline in
the bating liquor vs. collagenolytic activity concentration of acidic
protease L80A (25 °C, pH 3.5)
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acidic protease L80A as the selected pickling-bating
enzyme.

The results in Fig. 3 demonstrate that the higher the
collagenolytic activity, the larger would be the concen-
tration of SP and Hypro produced in the reaction lig-
uor. Furthermore, both concentrations of SP and Hypro
increased linearly with the increase of protease L8OA
dosage in the range of 0-150 U/mL. However, the pro-
duced amounts of SP and Hypro remained constant when
the concentration of collagenolytic activity was higher
than 150 U/mL, which were approximately 1500 pg/mL
and 190 pug/mL, respectively.

In addition, the grain layer of the crust leather treated
by different dosages of acidic protease L80A was
observed through SEM. Figure 4 shows evidence that
after being treated with acidic protease L80A, the grain
layer of the crust leathers had no obvious difference
than the control, and the grain layer and hair pores were
clearly visible without any surface damage in the range of
collagenolytic activity concentration 0—250 U/mL.

Table 5 shows that the softness of the crust leather was
improved with the increase of the dosage of protease

150 U/mL |

Fig. 4 SEM images of grain layer of the crust leathers treated by different dosages of protease L80A (300 x)
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Table 5 Relation of the softness and physical properties of the crust leathers to the collagenolytic activity of protease L80A (25°C, pH

3.5)
Dosage (%) Collagenolytic Softness (mm) Tear strength  Tensile strength Elongationat  Bursting Bursting
activity (U/mL) (N/mm) (N/mm?) break (%) strength (N/mm) height

(mm)

0 0 7.04 34.94 8.76 5836 203.31 10.70

0.060 50 791 37.75 10.74 56.29 21294 1240

0.121 100 8.18 40.79 13.22 5355 214.22 10.59

0.181 150 821 50.79 1342 49.87 229.94 11.59

0.241 200 826 64.97 13.62 53.90 33334 14.01

0.302 250 840 61.58 14.01 58.62 246.25 13.01

L80A, however, the mechanical properties of these
enzyme-treated leathers were higher or comparable
to the control. The tear strength, tensile strength, and
bursting strength were increased with the increase of
the collagenolytic activity in the range of 50-200 U/mL.
However, the tear strength and bursting strength were
significantly decreased when the concentration of colla-
genolytic activity reached up to 250 U/mL. Roundness,
fullness, grain-tightness, grain-smoothness, filling, loose-
ness, and hand feeling, and the overall quality of the fin-
ished leather treated by 150 U/mL of protease L80A were
significantly better than the rest of the leathers.

So far, our work has led us to conclude that a reliable
pickling pelt bating method can be achieved by fulfill-
ing the following experiment conditions: pH, 3.540.1;
temperature, 25 “C; running 180 min; after the addition
of approximately 150 U/mL collagenolytic activity acidic
protease L80A acidic protease; then, the addition of a
certain amount of H,SO, to ensure the final pickling pH
around 2.8 +0.1 and overnight stay at room temperature
followed by chrome tanning operation.

3.4 Comparison of bating effectiveness of the novel
pickling-bating and conventional trypsin bating
method

As mentioned above, acidic proteases can work well in an

acidic medium. They have low proteolysis ability towards

collagen fiber and almost have no effect on elastin fiber.

All of these characteristics make the acidic proteases

favorable candidates to replace the conventional trypsin

bating method. In this study, the bating effectiveness of
the novel pickling-bating system by using acidic protease

L80A was compared with the conventional deliming-

bating system by using a commonly used pelts bating

product, trypsin BEM. As shown in Table 6, the concen-
tration of proteolytic activities, the produced amount
of SP, Hypro and desmosines (Des) in the bating liquors
were measured after bating; the shrinkage temperature
(T,), the chromium content in the effluent and wet blue

Table 6 Amounts of protease and testing results of the effluents
and crust leathers

Test item Acidic Trypsin BEM

protease

L80A
Dosage (%) 0.181 1.000
Caseinolytic activity (U/mL) 2699 17
Collagenolytic activity (U/mL) 150 103
Elastinolytic activity (U/mL) 0 1.0
SP concentration (ug/mL) 1626 2010
Hypro concentration (ug/mL) 152 67
Desmosine concentration (ug/mL) 0 04
Chromium in the effluent liquor (mg/L) 715 727
Chromium in wet blue (%) 245 221
Shrinkage temperature (‘C) 1141 104.2
Softness (mm) 8.83 840
Tear strength (N/mm) 82.63 70.40
Tensile strength (N/mm?) 13.31 9.92
Elongation at break (%) 52.76 4455
Bursting strength (N/mm) 42241 320.34
Bursting height (mm) 15.03 13.96

leathers were measured after chrome tanning; the soft-
ness and main physical properties of the crust leath-
ers from the adjacent and symmetrical parts were also
evaluated.

Table 6 shows that the dosage of protease in the bating
liquors for the acidic bating method and trypsin bating
method was 0.181% and 1.000%, respectively. The colla-
genolytic activity to 1 unit of caseinolytic activity (H/F)
of acidic protease L80A and trypsin BEM was 0.06 U and
6.06 U, respectively. The H/F value of BEM was found
to be 100 times higher than acidic protease L80A. The
content of SP hydrolyzed by 1 unit of caseinolytic activ-
ity of L80OA and BEM enzyme was 0.60 pg and 118.24 ug,
respectively; the content of Hypro hydrolyzed by 1 unit
of collagenolytic activity of L80A and BEM enzyme
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was 1.01 pg and 0.65 ug, respectively. Furthermore, the
elastinolytic activity of the proteases and the produced
amounts of Des were tested according to the reported
methods [31, 38]. Table 6 illustrates that trypsin BEM
had an effect on elastin fiber and produced 0.4 pg/mL of
Des in the bating process, inversely, acidic protease L80OA
had no effect on elastin fiber. Furthermore, the content of
chromium and the shrinkage temperature of the wet blue
treated by protease L80A were found to be a little higher
than that of BEM. Table 6 also shows that the softness
and physical properties of protease L80A treated crust
leather were better than that of BEM.

Furthermore, Fig. 5a shows that many elastin fibers
in the form of branches remained in the grain layer of
protease L80A bated sample. However, most of the elas-
tin fibers were removed by BEM, and the elastin fibers
around hair follicles have barely existed. The SEM images
in Fig. 5¢ indicate that the grain layer of the leather bated
by protease L80A was clearly visible without any surface
damage. Conversely, the gain layer of the leather bated by
BEM had some degree of damage as indicated by the red
arrows, which might be due to the degradation of elas-
tin fibers in the grain layer. Figure 5b shows that protease
L80A opened up more collagen fibers than that of BEM,
making the finished leather softer. On the other hand,
most of the fiber bundles treated by trypsin BEM were
still bonded together. Additionally, all the professional
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tanners unanimously agreed that the whole quality of the
finished leather treated by acidic protease L80A was bet-
ter than that of trypsin BEM in the respect of softness,
organoleptic properties, and physical properties.

4 Discussion

Trypsin has been used in leather bating process for
many years to open up protein structure, remove non-
collagenous proteins and inter-fibrillary substances from
delimed pelts for the effective penetration and coalescent
of tanning and post-tanning agents. Trypsin is regarded
as the most appropriate enzyme for pelt bating. High
hydrolysis specificity to protein substances and moderate
proteolytic activity are some of the fundamental charac-
teristics of trypsin. However, the use of trypsin in leather
manufacturing is restricted because of two reasons.
First, commercial product of trypsin mainly depends on
its extraction from bovine pancreatic tissue. This pro-
cess suffers from many disadvantages, such as limited
availability of raw material, contamination of extracted
enzymes with a series of different active enzyme com-
ponents, poor batch stability of industrial products,
unpleasant odor, potential cross-infection and hazards
to mammal immunogenicity, etc. Although, microbial
product of trypsin has been considered as an attractive
alternative approach to mammalian trypsin and received
much attention in recent years [14, 17]. However, the

Fig. 5 a Residual of elastin fiber in grain layer (100 x hor.sec.); b Staining results of collagen fiber (100 x ver.sec.); ¢ SEM images of grain layer (300 x)
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fermentation capacity, low stability, and self-degradation
are some of the major pitfalls of this product. Addition-
ally, most of the commercial products exhibit broad-
spectrum activities to all of the protein components of
pelts, and different batches of commercial products have
significant differences in terms of quality due to the puri-
fication and other variables. These shortcomings make to
believe that the application of microbial trypsin in pelts
bating process may cause an undue and non-selective
damage to the collagen and elastin fibers leading to loose
and damaged grain.

Our team has researched for many years to overcome
the aforementioned shortcomings. Initially, we developed
an accurate method for the quantitative characterization
of protease activity of an enzyme by establishing methods
capable of exactly determining the quantity of desmosine
(a unique constituent of elastin) and hydroxyproline (a
unique constituent of collagen) from reaction liquors.[24,
27, 31, 32]. Then, we thoroughly investigated the activi-
ties of different types of proteases through Folin method,
collagen-fiber-substrate method and elastin-fiber-sub-
strate method, respectively. Our research found that
microbial acidic proteases almost have no effect on elas-
tin fiber and a slight effect on collagen fiber; microbial
neutral proteases have an obvious effect on collagen fiber
and a slight effect on elastin fiber; most of the microbial
alkaline proteases have an obvious effect both on col-
lagen and elastin fibers [24, 31, 39]. Therefore, it can be
speculated that acidic proteases may have more efficacy
in pelts bating process due to their moderate proteolytic
ability and specificity availability than that of microbial
and mammal trypsin.

Generally, in the conventional chrome tanning pro-
cess, the pickle float must at least contain 60 g/L of
NaCl to protect the collagen fiber from acid swelling,
which would have a serious negative influence on the
organoleptic and physical properties of the leather. High
salt concentration has always been used to loosen the
bonding between decorin and collagen, thus rendering
the proteoglycan more susceptible to proteolysis and
removal from the hide [3]. However, high concentration
of salt may have a negative effect on the proteolysis ability
of enzymes. Therefore, the salt-tolerance of the selected
typical acidic proteases must have to be taken into con-
sideration at the very beginning. Figure 1 shows that all
of the selected acidic proteases had good salt-tolerance at
the conditions of pH 3.5, 25 C, 50 g/L to 120 g/L NaCl
concentration, indicating their natural adaptability to the
pickling-bating conditions.

The end pH of pickling is usually adjusted to below 3.0
to ensure the penetration of chromium into the inner
layer of the pelt and the deterrence of chrome overload
on the grain layer. However, proteolysis characteristics
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of enzymes are greatly related to the pH of the reaction
liquid and temperature. The temperature of pickling
process is necessarily maintained at lower than 25 C to
avoid the thermal destruction and microbial degrada-
tion of dermis matrix. Therefore, in our experiments, the
pickling-bating process was carried out at 25 °C to exploit
the maximum utilization of the proteolysis ability of the
selected enzymes. The enzymatic characteristics of these
acidic proteases towards casein and collagen fiber sub-
strates were investigated. The results in Fig. 2 reveal that
the effect of pH on the proteolytic activities determined
by different methods were found to be significantly
diverse. Compared with the general pickling-chrome
tanning operation, pH 3.5 was chosen as the optimal pH
for the pickling-bating process. Subsequently, a certain
amount of H,SO, was also added to meet the needs of
pickling-chrome tanning. Table 2 indicates that all acidic
proteases exhibited relatively higher activity to casein
substrate than collagen fiber substrate. The collagenolytic
activity per unit of caseinolytic activity was found to be
approximately 0.06 U for AKT, TP and L80A enzymes,
and 0.23 U for protease 537. As far as the purity was con-
cerned, protease 537 had the lowest purity among all of
the acidic proteases.

Softness, overall quality and the physical properties of
finished leather are some of the major contemplations of
the leather industry while adopting a new bating enzyme.
Besides, a novel bating method should be easy to imple-
ment without changing routine operations. Our previ-
ous SDS-PAGE and IEF-PAGE research work reported
that all of the selected acidic proteases contain a variety
of protein molecules; the molecular weight (M,) of the
major component was approximately 45 kDa, and the
isoelectric point value (pI) was found to be approximately
4.45-5.10 [21]. These results indicated that the molecu-
lar size and charge interaction between these acidic pro-
teases have no obvious difference. Therefore, proteolytic
activity may have a large influence on bating effectiveness
of the pickling pelts. The bating effectiveness of acidic
proteases has a positive correlation with their collageno-
lytic and caseinolytic activities, and a protease with high
caseinolytic activity and moderate collagenolytic activity
can significantly remove the inter-fibrillary substances in
collagen fiber bundles and improve the softness of crust
leather.

The results in Tables 3 and 4 indicate that the proteoly-
sis degree of collagen fiber and removal of inter-fibrillary
substances by AKT, TP and L80A enzymes were at the
same level. This finding is in line with the results of the
proteolysis characteristics investigation (Table 2). How-
ever, the bating effectiveness of acidic protease 537 was
dissatisfactory even at a large dosage and higher collagen-
olytic activity concentration. It is pertinent to mention
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that industrial proteases always contain active enzyme
protein, inactive protein and other non-protein compo-
nents. The content of active proteins in protease 537 is
lower than that of AKT, TP, and L80A that’s the reason
it is exhibiting the lowest activities per gram of enzymes.
Therefore, with the same concentration of proteolytic
activity, the ratio of inactive protein and other nonprotein
components in protease 537 is significantly higher than
that of AKT, TP and L80A, which may affect the penetra-
tion, distribution and reaction of active enzyme proteins.
The results in Tables 3 and 4 indicate that acidic protease
L80A had better bating efficiency than other acidic pro-
teases at the same dosages and bating conditions.

Although, a protease with high collagenolytic activity
can significantly improve the softness of crust leathers,
excessive proteolysis of collagen structure is harmful to
leather matrix and significantly affects the organolep-
tic and physical properties of the final leather product.
Therefore, the relationship between collagenolytic activ-
ity concentration in the bating liquor, namely the pro-
teolytic degree of collagen fiber, and bating effectiveness
of the pickling pelts should be critically explored. The
results in Fig. 3 shows that the amounts of soluble protein
and hydroxyproline increased linearly with the increase
of caseinolytic and collagenolytic activity concentrations,
and the collagenolytic activity concentration ranging
from 50 to 150 U/mL, amounting to 0.060% to 0.181%
enzyme dosage of limed pelt weight. However, the con-
centration of hydrolysate closely reached up to maxi-
mum volume at the mentioned bating conditions when
the enzyme concentration was higher than 0.181%. Fur-
thermore, Fig. 4 and Table 5 indicate that acidic protease
L80A could considerably improve the softness, organo-
leptic properties and whole quality of the finished leather
without affecting the physical properties in the range of
50-200 U/mL collagenolytic activity.

Finally, to compare the novel pickling-bating method
with the conventional trypsin bating method, acidic pro-
tease L80A and a commonly used pelt bating product
BEM (the main active component is bovine trypsin) were
used, respectively. Table 6 shows that the collagenolytic
activity per unit of caseinolytic activity (H/F) of BEM
(6.06 U) was 100 times higher than that of L80A (0.06
U). The produced amount of soluble protein by BEM
(1626 pg/mL) and L80A (2010 pg/mL) was comparatively
close. However, the produced amount of hydroxypro-
line per unit of collagenolytic activity by BEM (0.65 pg)
was lesser than that of L80A (1.01 pg). The produced
amount of soluble protein per unit of caseinolytic activ-
ity by L80A (0.60 pg) was appreciably lower than that
of BEM (118.24 ug). Furthermore, trypsin BEM had an
obvious effect on elastin fiber than that of acidic pro-
tease L80A, and this enzyme produces 0.4 pg/mL of
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desmosines in the reaction liquor, leading to loosening/
damage the grain layer. Besides, the bating duration time
for BEM (pH 8.5 and 33 “C for 60 min) was notably lower
than that of L80A (180 min at pH 3.5+0.1 and approxi-
mately 10 h at pH 2.8+£0.1), which leads to the smooth,
gentle and even penetration and reaction of protease
L80A. Conversely, BEM proteolysis proteins were mostly
found on the surface of the pelt, such as the grain layer
and flesh side. Therefore, at the given bating conditions,
BEM had a more obvious effect on the grain layer than
that of acidic protease L80A due to which notably more
soluble proteins had been detected, even with lower
caseinolytic and collagenolytic activities of BEM. Table 6
also shows that the acidic protease L80A produced softer
crust leather than that of trypsin BEM. Therefore, it can
be concluded that the novel pickling-bating method by
using acidic protease L80A is a more effective bating
method for pelts.

In addition, Table 6 also displays that the content of
chromium and the shrinkage temperature of the wet blue
treated by acidic protease L80A was a little higher than
that of trypsin BEM. The physical properties of L80A
treated crust leather were better than that of BEM. The
histological and SEM results in Fig. 5 indicate that the
grain layer of the crust leather obtained from protease
L80A bating method was clearly visible without any sur-
face and elastin damage. Oppositely, the grain layer of the
crust leather from BEM bating method had some degree
of damage due to the degradation of elastin fiber in the
grain layer. Furthermore, L80A opened up more collagen
fibers than that of BEM.

There are three obvious advantages of protease L80OA
that make it a favorable candidate for a novel pelt bating
enzyme over the conventional deliming bating method
based on trypsin BEM. First, cheaper and convenient
large scale, stable and high quality/pure microbial acidic
proteases production, conversely, complicatedness in
acquiring the high pure and stable trypsin from animal
sources at a large scale for commercial-scale application;
Second, better bating effectiveness of acidic protease due
to its moderate proteolytic ability and safer bating perfor-
mance; Third, quenching of proteolytic activity of acidic
proteases with the addition of chrome powder enabling
the pelt bating operation to be performed along with
pickling process without extra inactivation and washing
operations.

5 Conclusions

Pelt bating effectiveness of several typical acidic pro-
teases was thoroughly investigated, and a cutting-edge
approach for pelt bating was developed by using acidic
proteases L80A in pickling process. Bating effectiveness
of the developed pickling-bating method was compared
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with that of the conventional trypsin bating method
using trypsin BEM. Taken together, these findings sug-
gest that the bating effectiveness of the newly developed
method was comparable to and even better than that of
the conventional trypsin bating method. Thoroughly,
deep and even penetration of acidic protease L80A in
the pelt and its moderate proteolytic ability enables it
to produce soft, organoleptically stable and overall bet-
ter quality crust leather as compared to the conventional
trypsin bating method. Results made us to conclude that
the developed one-bath pickling-bating-chrome tanning
method has a higher probability to replace the conven-
tional trypsin bating method.

Abbreviations
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