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ABSTRACT 

 
A rapid quantitative stained hide powder assay was studied as a possible replacement for 

the gelatin film test, used to detect bacterial enzymes within hide juice of delayed cured 

hides. The ability of the method was investigated by employing different kinds of 

substrates and enzymes. Substrates from dogchew and rawhide were hydrolyzed by 

Proleather FG-F, Protex 6L and Alcalase enzyme under optimum conditions. 

Reproducibility of the dogchew substrate was higher but hydrolysis efficiency was less 

than for the rawhide substrate. To improve reproducibility and hydrolysis efficiency, a 

stable, neutralized stained hide powder was produced and served as a substrate for 

calibration. Analytical figures of merit are described. The relations between the 

efficiency of hydrolysis and enzyme concentration or enzyme activity were linear. The 

effect of salt shifted the calibration toward lower hydrolysis efficiency. The slopes did 

not change. The method could detect the Proleather FG-F enzyme concentration as low as 

0.01 µg/ml or enzyme activity of 1.01x10-3 LVU/ml without salt and 0.05 µg/ml or 

enzyme activity of 5.05x10-3  LVU/ml with salt.  
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CHAPTER I 

INTRODUCTION 

 
Hides and skins are the raw material of the leather industry. The majority of hides 

and skins are collected from the slaughterhouse after removal from the animal’s body and 

normally preserved with salt for further leather processing. However, if this preservation 

is insufficient, the deleterious effects of enzymes present can hydrolyze and decompose 

them. The enzymes of concern may be either derived from the hides and skins themselves 

or released by bacteria invading the hides after flaying. This leads to the inferior quality 

of the leather product. Testing of hides and skins is required to determine whether they 

undergo deterioration by enzyme activity. 

The deterioration of hides and skins can be detected by histological examination 

of a hide section or by chemical tests used to measure the amount of certain hide-

decomposition products that are produced. These methods require skilled technicians and 

relatively lengthy procedures that make them unsuitable for routine examination. In 1963, 

a gelatin film test for enzyme activity was developed by Schmitt and Deasy.1,2 The test 

determines the enzyme activity present in hides and skins by its effect on the gelatin layer 

of photographic film. It is considered as a quick test for enzyme activity but it cannot be 

applied for quantitative analysis. For this reason, hide powder based assays have been 

studied as a quantitative analysis option. Hide powder is a collagen based material similar 

to hides and skins component; therefore, it is adequate for the detection of enzymes 

which are active on hides and skins. The method is derived from the possibility of 

coupling a dye to insoluble hide powder. The enzymes hydrolyze the hide powder and 

release the dye-bound peptides into a soluble form.3 A colorimetric assay of enzyme 

activity is thus possible. Azocoll and hide powder azure were developed based on this 

principal.4,5 In our approach, Coomassie was used as the dye bound to the hide powder. 

The effects of Coomassie staining, enzyme activity and hide powder substrates on 

hydrolysis were studied.  The optimum hydrolysis conditions were determined. Stained 

hide powder was standardized by neutralization and freeze-drying to be more stable. 

Using the new stained hide powder, analytical figures of merit are presented under the 
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optimum pH, temperature and time. The method presented here is very promising for 

both qualitative and quantitative analysis. 

 

1.1 An Overview of Hides and Skins 

 
The term “hide” is used for the outer covering of animals with a body surface of more 

than 1 square meter and a respective thickness of at least several millimeters. The term 

“skin” is used for the outer covering of smaller animals. The source of hides and skins are 

primarily from buffalo, cows, oxen, sheep, goats, pigs and horses. Hides and skins 

comprise from 7 to 10% of an animal body weight and are marketed by the packer at 

about the same price as the meat on a weight basis. Skins of other animals like reptiles, 

fish, frogs, amphibians and birds are of much less commercial importance.6  

The natural structure of animal hides and skins is very important in the ultimate 

leather. The structure and various constituents of skin are shown in Figure 1.1.7 Skin 

primarily contains three layers: grain, corium and flesh. These layers contain several 

appendages like hair shaft and root, epidermis, sweat glands, sebaceous gland, etc. The 

corium layer or skin proper is the most important layer because it consists of a network of 

collagen fibers. These fibers are very intimately woven and joined together. In the grain 

layer, these fibers become very thin and tightly woven and so interlaced that there are no 

loose ends on the surface beneath the epidermis. Thus, when the epidermis is carefully 

removed, a smooth layer is revealed, which gives the characteristic grain surface of 

leather. The fibers are coarser and stronger towards the center of the corium, and the 

predominant angle at which they are woven, angle of weave, can indicate the properties 

of the resultant leather. The corium is generally the strongest part of the skin. The flesh 

side of the corium is next to the “meat”. In this layer, the fibers have a more horizontal 

angle of weave and fatty tissue may also be present.7 
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Figure 1.1: The cross-sectional structure of skin  
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1.2 Composition of Hides and Skins 

 
Fresh hides and skins consist of water, proteins, fatty materials, some mineral 

salts and other substances (pigment, etc.). Among these, proteins are the most important 

components. The composition of a freshly flayed hide is given in Figure 1.2. 
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Figure 1.2: Composition of hides and skins 

 

Approximately 80% of the dry matter of the hide and skin is made up of proteins 

such as structural (fibrous) and non-structural (globular) proteins.8 The corium consists of 

an interwoven network of fiber bundles of collagen. This structural protein is thus one of 

the most important proteins, both from the standpoint of quantity and due to its reaction 

with tanning agent, which is the basis of leather industry. Other structural proteins 

present in the skin are the keratins of the epidermal system and the elastin of the elastic 

fibers and blood vessels. These proteins are present in small amounts. In contrast to the 
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structural proteins, the non-structural proteins are usually intimately involved in the vital 

processes of the tissue. In keeping with the requirements of their functions, they are 

generally soluble in water or dilute salt solutions, in which the structural proteins are 

essentially insoluble. Representatives of the non-structural proteins present in skin are 

albumins, globulins, and other less well-defined proteins.7 

 

 

1.3 Collagen Chemistry in Hides and Skins 

 
1.3.1 Collagen Fibrous Structure 

There are at least 22 different types of collagen. Among these, type I collagen is 

the most dominant with respect to hide mass. The hide also contains the fiber- forming 

collagen types II, III and V. Type V, however ubiquitously distributed, is present in small 

amounts compared to type I, II and III. Therefore, type V is considered to be a “minor 

collagen”. Minor collagens tend to be associated with one or more of the other main 

collagens in the fiber network. For example, the association of the minor collagens – type 

IX and XI with collagen type II in cartilage.9 

 

1.3.2 Tropocollagen and Fibril Formation 

The fundamental unit of collagen structure is referred to as tropocollagen  (Figure 

1.3) and is understood to be a triple helix with overall dimensions of 15×3000 (Å). Each 

of which is a left-handed helix. The helices, are twisted together into a right-handed 

coiled coil, also known as a triple helix. Each of the three helices has a typical collagen 

amino acid pattern. The pattern is the repeating sequence Gly-X-Y, where X and Y are 

variables but not completely random. Collagen is abstractly a polypeptide with Gly at 

every third position and a high content of imino acids such as proline and 

hydroxylproline in the X and Y positions. Each polypeptide chain or helix of 

tropocollagen has approximately 1052 amino acid residues, of which the Gly-X-Y triplet 

appears 338 times.  
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Figure 1.3: Tropocollagen 10 

Most proteins do not contain a high percentage of any one amino acid but 

collagen contains 33% glycine, 21% proline and hydroxyproline, and 11% alanine. The 

reason is apparently that bulky side chain groups cannot fit on the inside of the triple 

helix.  Proline and hydroxyproline, being rigid and cyclic amino acids, limit the rotation 

of the polypeptide backbone and thus contribute to the stability of the triple helix. 

Hydroxyproline has an additional role in stabilizing the triple helix of collagen by 

hydrogen bonding between the hydroxyl group and water.  

The assembly of collagen molecules into fibrils is an entropy-driven process 

which is driven by the loss of solvent molecules from the surface of the protein molecules 

and results in assemblies that have a circular cross-section. This structure minimizes the 

surface area / volume ratio of the final assembly.  

The fibril formation of collagen is shown in Figure 1.4. Procollagen consists of a 

300 nm long triple-helical domain flanked by a trimeric globular C-propeptide domain 

and a trimeric N-propeptide domain. Procollagen is secreted from cells and is converted 

into collagen by the removal of the N- and C-propeptides by procollagen N-proteinase 

and procollagen C-proteinase respectively. The collagen generated in the reaction 

spontaneously self-assembles into fibrils. The fibrils are stabilized by covalent cross-

linking, which is initiated by oxidative deamination of specific lysine and hydroxylysine 

residues by lysyl oxidase.11 

 

. 
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Figure 1.4: Collagen fibril formation 11 

 

1.3.3 Collagen Cleavage 

The native collagen triple helix cannot be cleaved by proteases, but can be 

cleaved by collagenases. The collagenase enzymes are specific for their collagen types 

and they attack at specific places on the collagen structure. For example, mammalian 

collagenase, the “classical” interstitial collagenase, cleaves native collagen type I at the 

Gly-Leu or at the Gly-Ile between positions 771 and 813. After this cleavage, the helix 

loses its integrity and becomes susceptible to being cleaved by other proteases. The 

proteases without collagenolytic specificity can decompose collagen after it has been 

denatured and the triple helix has been destroyed. It is known that native collagen, 

however, can be attacked at the nonhelical structures in the N- and C- terminal regions by 

proteolytic enzymes such as trypsin, chymotrypsin, elastase, pepsin and many others at 

room temperature. The helical part of collagen has been found to stay intact.9         
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1.4 Temporary Preservation of Hides and Skins 
 

1.4.1 Rationale 
Raw hides and skins decay rapidly if they remain moist and warm. For this 

reason, they are preserved and disinfected prior to shipment to the tannery. This process 

is called “curing”. Curing is used to protect the hides and skins against attack by bacteria 

or conditions that result in their degradation. The rationale involves altering one of the 

conditions required for the metabolism of microorganisms because of the fact that most 

of the microorganisms require optimal conditions for their survival. Temperature, water 

content, oxygen and nutrient levels are some of the important parameters governing the 

survival of microorganisms. Nutrients of the hides and skins are difficult to alter. Thus, 

most of the common methods of curing alter either the temperature or water content of 

the hides or skins.  

 

1.4.2 Common Methods 

Most of the common methods of curing involve reducing the water content of 

hides and skins. These methods include drying, brining, wet salting and dry salting. 

These methods are generally inexpensive and do not require heavy chemical treatment. 

They are prevalent in most of the developing countries. Some of the other common 

methods alter the temperature at which the skin is stored. These include chilling and 

freezing. These methods are expensive compared to salting or drying and are applied in 

most of the developed countries. 

Drying 

Curing by drying is suitable in regions where hot and dry climatic conditions 

prevail. Drying consists of stretching the hides and skins on frames or spreading them on 

the ground under the sun. This method is only used for skins and furs that are relatively 

thin materials and which can be easily re-hydrated. The hides and skins are generally in 

very poor condition after using this method because inevitably putrefaction begins before 

all of the moisture can be removed. Drying requires about one day, depending on the 
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humidity. Once dried, insects can severely damage these hides and skins, thus they must 

be further protected with insecticides. 

Salting 

Since the middle of 19th century, when large amounts of salt could be transported 

by rail, hides and skins have been preferably preserved by salt curing for longer storage 

time. Green or wet salting is the term applied to the practice of curing wherein solid salt 

is spread over the flesh side of the freshly flayed hides and skins, using approximately 

one half pound of salt per pound of hide. The natural diffusion process of salt is 

proceeded into the hides and skins and “curing” them. If these green salted skins are dried 

under the sun for further preservation, then it is called dry salting. In the brining method, 

a saturated salt solution is used instead of solid salt. The hides and skins are placed in 

large vats containing an adequate amount of saturated brine to cover the submerged 

hides. Once the hides or skins absorb salt and exchanged for water, the salted hides or 

skins are piled one over another and stored.12 

 

1.4.3 Temperature Effect 

It has been observed, in systematic experiments, the relationship between the 

possible storage time and the temperature. The data are shown in Table 1.1. 

 

Table 1.1: Relation between storage temperature and time 

Temperature (°C) Possible storage time (hour) 

29-32 16 

20 or a bit lower 24 

15 48-72 

5-10  Over a week 

 

The chilling method was successfully achieved in Europe several years ago. As hides are 

removed on the kill floor, they are weighed, marked and sorted. From there, they are put 

in collection and transportation boxes with the flesh side up and covered by shredded ice, 
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about 5 kg per hide. This is sufficient to lower the temperature of the hides down to about 

20°C. That temperature can be held in non-refrigerated trucks for over 10 hours even on 

hot summer days. The hides in the boxes then have to be hung piecewise in a refrigerated 

room at 5°C. Under these conditions, they can be held for one week and remain 

undamaged. If the temperature goes higher or longer time lapses, damage occurring to the 

grain is very likely. Additionally, dipping or spraying with chilled fresh water also can be 

used. The relationship between the storage time and the temperature is true only if the 

chilling to a certain level is done instantly right after flaying.12 

Anaerobic condition 

The exclusion of air creates a less critical anaerobic environment that prolongs the 

storage time of hides and skins. The hides and skins are wrapped in plastic bags or kept 

under water to prevent exposure to air. 12 

Sterilization 

Many attempts have been made to develop sterilization techniques for short time 

preservation of hides and skins. These include spraying the flesh side with bactericides, 

application of mixed solutions of bactericides with limited amounts of salt, and radiation 

with electron beams or X-rays. Each of these techniques is successful under certain 

conditions but not all can be applied for practical use due to the higher expense.12 

 

1.5 Delay in Curing or Insufficient Curing  

 
Common methods of curing such as salting are simple and prevalent; nevertheless 

a number of costly mistakes can be made due to the improper application of these 

methods. 

 

1.5.1 Time Constraint 

Salting in a pile from the flesh side requires a certain period of time to ensure that 

the salt concentration throughout the cross section of the hides reaches an equal level of 

saturation and that the surplus saturated salt solution has completely drained away from 

the hides. Cooper13 indicated that salt saturation in a salt pack is not achieved until more 

 10



than 48 hours have elapsed. The speed of salt penetration is also important because 

salting is a time consuming process. If the delay in curing is over 10 hours (even shorter 

time in the heat of summer), the salted hides can be highly contaminated with bacteria. 

Indeed, the initial stage is the most critical. Even after 10 hours, the concentration of salt 

within the hides may not have reached more than 10% and thus, is insufficient to inhibit 

collagen breakdown by bacterial enzymatic hydrolysis. 

 

1.5.2 Salt Concentration Constraint 

A sufficient amount of salt should be applied to achieve saturation of the moisture 

in the hides. This is most important for fresh hides that are being cured in brine. It is 

necessary to keep the brine solution in the raceway at near saturation levels of salt 

particularly toward the end of curing. Hides containing less than 12% salt on a dry basis 

are not properly cured. Hides containing 12% to 20% salt may or may not be subject to 

bacterial attack. Regarding the relationship between salt concentration and bacterial 

growth, Cooper12 has shown that the growth of collagenolytic bacteria increases 

exponentially to ten times the original bacterial count, in 10 hours in the presence of 

about 3% salt.  

Many patents and proposals have been made to add chemical compounds to salt 

to improve salting or substitute for the use of salt. Indeed the great load of used salt is 

difficult to discharge in the tannery. Most of these suggested proposals require the use of 

small amounts of salt in combination with a bactericide. Problems with this approach 

include water loss over the long periods of time and the requirement for effective 

chemical penetration. Finally, the preservation effect is usually restricted to only several 

weeks.12 
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1.6 Currently Available Methods to Test the Efficiency of Curing 

 

1.6.1 Salt Concentration 

1.6.1.1 Ash-moisture ratio 

A common test to determine whether salt curing has been done properly is 

measuring the salt content and water content expressed in the ash-moisture ratio. This 

method covers the estimation of brine saturation and moisture content. The ash-moisture 

ratio should be 30.14 

 

1.6.1.2 Specific gravity 

Another method to test the efficacy of salt curing is to find the specific density of 

the hide liquor. This test has limitations because sometimes it is not possible to squeeze 

out a sufficient amount of liquor to measure the specific gravity. The specific gravity 

should not be greater than 1.25 g/cm3. 15 

 

1.6.1.3 Chlorides - as NaCl 

Another method is to measure the total percentage of sodium chloride in the cured 

hides. The sample is dispersed and the salt concentration is measured with a Dicromat 

Salt Analyzer that measures the solution conductivity. As a consequence, samples must 

only be cured with sodium chloride and no other electrolytes should be added. Silver 

nitrate titration of chlorides can be used in place of the Dicromat Salt Analyzer, if 

precautions are taken to prevent complexation of the silver nitrate.14 

 

1.6.2 Bacterial Enumeration 

The bacterial enumeration method was introduced to determine approximate 

viable microbial population in foods. This procedure is based on the assumption that each 

microbial cell in a sample will form a visible separate colony when mixed with agar or 

another solid media and is permitted to grow. This can be extended to detect bacteria 

from the pressed juice of cured hides. However, since microorganisms often represent a 
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number of populations with many different growth requirements, some organisms may 

not be able to grow under conditions employed in the colony count method. 

Consequently, the counts are, at best, an estimate and should not be reported as 

absolute.14,16-17 

 

1.6.3 Gelatin Film Test 

The gelatin film test depends on the action of proteolytic enzymes in the juice 

pressed from the hide onto the gelatin of photographic film. The enzymes may be either 

derived from the hide itself or enzymes released by bacteria invading the hides after 

flaying. A delay in curing allows bacteria to grow and the enzymes produced are able to 

hydrolyze the gelatin layer from the photographic film. A freshly flayed hide and a well-

cured hide have enzymes; however, their concentrations are too low to give a positive 

test. A few drops are squeezed from the hide, adjusted to pH 7.0 with dilute hydrochloric 

acid or sodium hydroxide and placed on a piece of film that has been wetted with distilled 

water. After an incubation period of 1hour at 35-39°C, the film is washed. If the gelatin is 

removed, the test indicates the hides had a delay in cure and the leather could show 

bacterial damage. 

Grading of filmstrips is done on a rating scale of 0-3: 1-2, 18-19 

The gelatin film is intact 

0- The upper layer of gelatin film is removed where it was in contact with the hide 

juice. The film is hazy in this area when the film is held against the light. 

1- Both upper and lower layers are partially removed where the film was in contact 

with the hide juice. Hazy and clear areas appear when the film is held against the light. 

2- The gelatin film is completely removed where it was contact with the hide juice. 

The whole area of the film is clear when the film is held against the light. The rating of 1 

is an indication that some damage to the hides has occurred. A rating of 2 and 3 indicates 

that greater damage to the hides has occurred. 

This method is simple and rapid but qualitative only. Seeking a quantitative test is 

a challenge. Fortunately, there are hide powder assays that quantitatively evaluate 
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enzyme activity from hide powder medium. This can be applied to the evaluation of 

enzyme activity from hide juices. The hydrolysis principal is similar to that of gelatin 

film test. The difference is that the gelatin film is gelatin based whereas the hide powder 

assay is hide powder based. 

 

1.7 Hide Powder Based Assay 

 
The use of hide powder coupled with an azo dye to give a reddish purple 

substrate, which can be used as an indicator to detect proteolytic digestion was reported 

by Todd.20 The procedure to prepare the azo-dye collagen so called “Azocoll” was 

described by Oakley et al in 1946.4 This method, which involved the use of colorimeter, 

can also be used to determine the substrate specificity for collagenase from Clostridium 

welchii by Bidwell et al..21 They found significant variations in the amount of dye 

released with different batches of Azocoll. Most of their determinations were carried out 

with one batch of Azocoll. When a new batch was used they determined its 

characteristics with a collagenase preparation to which the value had already been 

determined with the previous batch. Regarding the study of Kono 22, the specific 

activities of the enzymes against heat-denatured collagen, as determined by Biuret 

method, were similar to those versus Azocoll. MacLennan et al reported that Azocoll is 

not a specific substrate for collagenases.23 Other proteolytic enzymes, which have little or 

no action on collagen, will attack it. On the other hand, the use of fresh unaltered 

collagen, such as from rat tail or cattle Achilles tendon, is a true indicator of collagenase 

activity. 

A suitable hide powder assay was developed for the evaluation of the proteolytic 

enzymes by Rinderknecht et al.5 It is based on an insoluble substrate derived from hide 

powder labeled covalently with Remazol brilliant blue (C22H16N2Na2O11S3). This 

substrate is called Hide Powder Azure. All six proteases tested: trypsin, chromotrypsin, 

elastase, collagenase, fibrinolysin and pepsin could be determined at concentrations of 

50-100 ng/ml. Trypsin, fibrinolysin and elastase can still be estimated at concentrations 

as low as 1-2 ng/ml in the assay mixture. In contrast to other insoluble substrates (blood 
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filbrin, elastin substrate and etc.), this substrate is not affected by the presence of 

albumin.  

Cultures of Actinobacillus actinomycetemcomitans strains CU1000 and CU1060 

have been used to stimulate primary foreskin fibroblasts in order to find collagenase-like 

proteinase activity using a hide powder assay for a background test.24 The ability of 

Vibrio vulnificus to produce collagenase exoenzyme has been tested using Hide Powder 

Azure method.25 It has been shown that a hemorrhagic proteinase from timber rattlesnake 

venom has little activity towards most protein substrates, but totally solubilized Hide 

Powder Azure as well as undyed cow hide powder, indicateing weak collagenase 

activity.26 Tsuruoka et al has shown that Alicyclobacillus sendaiensis strain NTAP-1 

produces serine-carboxyl proteinase with its highest activity towards collagen but little 

activity to albumin, casein, keratin azure and elastin.27 Orozco et al studied the 

proteolytic activity of Entamoeba histolytica using Hide Powder Azure, while its 

collagenolytic acitivty was studied using type I collagen films.28 A series of papers show 

the use of Hide Powder Azure assay procedure for detecting matrix proteases or 

metalloproteases.29-33  

An extracelluar protease from Pseudomonas cepacia, which has the characteristics 

of a metalloprotease, was able to cleave gelatin, hide powder and collagen.34 Activity of 

another extracellular protease from Vibrio harveyi has been determined by Hide Powder 

Azure assay.35 Activity of exoproteases secreted from marine bacteria has been 

determined using Hide Powder Azure method as well.36,37 Dyed hide powder was also 

used as a substrate for human pancreatic elastase.38 A vast number of papers have been 

published on the use of Hide Powder Azure for determining the activity of various 

proteases.39-48   

Additionally, there have been many studies on the use of the hide powder assay in 

leather processing. In the study by Mozersky and Bailey,49 commercial Hide Powder 

Azure and Azocoll were used for proteolytic activity of the bating process. Both were 

found to be suitable substrates. Better results were achieved with smaller particle size 

material. The work by Cantera et al. 50 again confirmed the adequacy of Hide Powder 
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Azure as a substrate for the assessment of proteolytic activity in enzymatic preparation in 

the bating process. Their work allows the assessments to be performed closer to the real 

conditions due to its collagen-based complex matrix. It was reported that a pure 

collagennase solution, evaluated with casein as substrate showed no activity; however, 

the enzyme produced severe damage on a delimed sheep skin sample.51 This clearly 

shows that the correlation between testing data and the effect upon the hide components 

is adequate. Consequently, it can be useful for the detection of enzymatic contamination 

in cured hides – a native collagen-based matrix. Due to this possibility, the hide powder 

based assay is studied as an alternative method for the detection of cured hide 

deterioration in this research. The basic outline of the proposed research is shown in 

Figure 1.5. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Improvement of stained hide powder Commercial hide powder is used 
Neutralization and freeze-drying of stained hide powder 

Effect of staining on hide powder 
hydrolysis  
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Enzyme concentration: 0, 0.02, 0.2, and 5 mg/ml 
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Incubation time: 10, 20, 30, 40, 50 and 60 min 
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(Enzyme activity kept constant)

Effect of salt 
Calibration without salt and with salt 

Proleather 
Protex 6L 
Alcalase  

Dogchew and rawhide substrates  

Analytical figures of merit 

Proposed Method: Stained hide 
powder assay 

Figure 1.5: Outline of proposed research 
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CHAPTER II 

COOMASSIE – HIDE POWER ABSORBANCE 

 
In this work, a Commassie-bound hide powder is studied as rapid quantitative 

assay for bacterial protease activity. A brief mechanism of protease process is described. 

 

2.1 Binding of Coomassie Blue Dye to Protein 

 
The Coomassie blue dye aids in the detection of most proteins. The dye is 

believed to bind to proteins via electrostatic attraction of the dye’s sulfonic acid group. 

Congdon et al.53 showed that under the conditions of the normal protein assay, only 

arginine and lysine residues are active in binding to the dye. Binding to aromatic amino 

acid side chains is not indicated. However, it would seem possible that a strong binding 

site might require the “physical juxtaposition” of an aromatic with a basic side chain.  

Hide powder collagen does not highly contain aromatic residues. Thus, the binding of 

Coomassie to hide powder probably is weakened relative to other proteins containing 

more aromatic residues. The dye may be easily released under a certain condition. 

 

2.2 Protease of Dye-Bound Hide Powder  

 
Hide powder is a collagen-based material that can be used as a substrate for 

protease. Hide powder is dyed with Coomassie to produce stained hide powder. The 

stained hide powder is, then, hydrolyzed by protease enzymes, which disintegrates the 

dye-hide powder complex and releases dye-bound peptides into solution. These peptides 

are soluble in water and make the solution present the color of the dye. The excess 

stained hide powder substrate is centrifuged off. The colored supernatant liquid is 

collected. The more dye-bound peptides are released, the more active the enzymes are 

and consequently the darker the supernatant is. Thus, the bacterial protease activity can 

be colormetrically assessed by absorbance measurement of the supernatant liquid from 

the stained hide powder hydrolysate mixture. 
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2.3 Coomassie Blue R350 

 
Coomassie blue R350 (Phastgel Blue R, Pharmacia Biotech) was available in our 

laboratory and was used as the staining reagent in this work. The spectrum in the 

wavelength range from 300 to 700 nm is shown in Figure 2.1.  We see a large absorption 

peak from 500 to 640 nm, and the λmax is at 550 nm. 

 

2.4 Spectrum 

 
The absorbance peak of Coomassie-bound peptide solution is slightly shifted 

compared to that of the original Coomassie solution as shown in Figure 2.1. There is a 7 

nm red shift, which may be due to the change in polarity because of the presence of 

Coomassie-bound peptides. 

 

 

Coomassie-bound peptide solution 

Coomassie blue solution 

 

Figure 2.1: Spectrum of staining solution and hydrolysis solution 
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CHAPTER III 

EFFECT OF STAINING ON HIDE POWDER HYDROLYSIS 

 

Hide powder was treated as stained, unstained and hydrated hide powder. They 

were tested with varying enzyme concentrations. The effect of staining was revealed 

from the comparison among the three kinds of hide powder. 

 

3.1 Material 

 
Rawhide was dried and ground into hide powder by a grinding machine (Fritsch) 

with a 5 mm Gilson sieve. It was treated into stained, unstained and hydrated hide 

powder with the following procedure. 

 

3.1.1 Stained Hide Powder 
The staining process of hide powder includes fixation, staining and washing steps, 

as presented in Figure 3.1. This process follows the traditional staining process used for 

electrophoresis.54 

 

3.1.1.1 Fixation 

3g of hide powder were soaked in 30 ml of 20% aqueous trichloroacetic acid, 

tumbled for 30 minutes, sonicated for 5 minutes and filtered. The whole process was 

repeated twice. 

 

3.1.1.2 Staining 

Stock Phastgel Blue R staining solution: 1 tablet of Phastgel Blue R was dissolved 

in 80 ml of distilled water and stirred for 5 to 10 minutes. 120 ml of methanol was added. 

The mixture was stirred until all of the dye was dissolved, and then filtered to collect 2% 

staining solution. 0.1% Phastgel Blue R staining solution was made by mixing 1 part of 

the stock solution with 1 part of 20% acetic acid in distilled water. The fixed hide powder 

was soaked in 0.1% Phastgel Blue R staining solution, sonicated for 5 minutes, tumbled 
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for 25 minutes. This sonication and tumbling step was repeated twice. Then the staining 

solution was drained off to collect the stained hide powder 

 

3.1.1.3 Washing 

Finally, the fixed and stained hide powder was washed in 30 ml of destaining 

solution (30% methanol and 10% acetic acid in distilled water (3:1:6)), sonicated for 5 

minutes and tumbled for 25 minutes, and then filtered. The whole washing process was 

repeated twice. Finally, the stained hide powder was placed in a syringe, which was 

clogged with cotton to retain the hide powder in the syringe and allow liquid to pass 

through, and flushed with 50 ml of destaining solution. 

 

3.1.2 Unstained hide powder 

Hide powder was treated with the same process as that of stained hide powder. 
However, the 0.1 % staining solution was replaced by the destaining solution. 
 

3.1.3 Hydrated Hide Powder  

Hide powder was hydrated by soaking in a pH 10 buffer and tumbling for 30 
minutes. 

 
3.1.4 Proleather Enzyme  

Proleather FG-F enzyme (Amano Enzyme Inc., Nagoya, Japan), a dry free-flowing 

powder was used. This is an alkaline protease, especially effective at pH 9.0 to 10.0. It is 

very stable in a wide pH range (6.0 to 10.0), stable to heat and has excellent water 

solubility. The protease activity is higher than10,000 u/g at pH 10 by Amano’s test 

method. The enzymatic properties are showed in Figure 3.2.58 
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Figure 3.2: Proleather FG-F enzyme properties 

 

At pH higher than 10, simple alkaline hydrolysis may, apart and distinct from 

proteolysis. Although Proleather FG-F enzyme has enhanced activity at 60oC as shown in 

plot 2 of Figure 3.2, there would be a significant decrease in thermal stability of the 

enzyme at that temperature as shown in plot 4. It is also known that hide powder collagen 

tends to shrink and denature at 60oC. Hence, the experimental conditions for the present 

study were chosen as shown in Table 3.1: 

 

Table 3.1: Experiment conditions for Proleather FG-F enzyme 

 Parameter Value 

pH 10 

Temperature (oC) 50 

Time (minute) 30 
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3.2 Procedures 

 
The experiment was done in duplicate for stained hide powder (Figure 3.3a) and 

for unstained and hydrated hide powder (Figure 3.3b). 

Proleather FG-F enzyme was solubilized in a pH 10 buffer with the 

concentrations of 0, 0.02, 0.2, 2 and 5 mg/ml.  

One hundred mg of fully hydrated stained hide powder was placed in a 1.5 ml 

microtube. 1 ml of enzyme solution at different concentrations was added. The mixture of 

stained hide powder and enzyme solution was agitated by a vortex mixer. The tubes were 

incubated at 50oC for 30 minutes in Pierce dry-block heater and then centrifuged at 5,000 

rpm for 5 minutes. The supernatant liquid was collected for total protein estimation by 

bicinchoninic acid (BCA) protein assay and an absorbance measurement by 

spectrophotometer (Spectronic 20D, Milton Roy) at a wavelength of 520 nm.  

The experiment was repeated with the same procedure for unstained and hydrated 

hide powder. The supernatant liquid was decanted and total protein was estimated only 

by BCA protein assay.55  
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Figure 3.3: Hide powder hydrolysis measurement (a) for stained hide powder (b) for 

unstained and hydrated hide powder 
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Selected hide powder samples were partially digested by the Proleather FG-F 

enzyme. The dye-bound peptides were released into the solution. In Figure 3.4, the 

relationships between the hydrolyzed protein concentration and enzyme concentration are 

presented. We see that the hydrolysis curves of unstained and hydrated hide powder are 

almost the same but very different from that of stained hide powder. This indicates that 

the staining process influences the hydrolysis reaction.  

The hydrolyzed protein concentration of unstained hide powder was observed 

with a slight increase compared to that of hydrated hide powder. This may be due to the 

different treatments of these two substrates. The unstained hide powder was treated 

similarly to the stained hide powder so that it became more accessible for the enzyme 

than the hydrated hide powder. This results in the higher hydrolyzed protein 

concentration.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Hydrolyzed protein estimation by BCA protein assay 

 25



 

The highest hydrolysis efficiency level of unstained and hydrated hide powder 

was at the enzyme concentration of 0.2 g/l while that of stained hide powder was at an 

enzyme concentration of 2 g/l. This again confirms the dye effect on hide powder 

hydrolysis. The bound Coomassie may hinder the enzyme from catalyzing the hydrolysis 

process. It is probably easier for the enzyme to access protein of the unstained and 

hydrated hide powder materials even at low enzyme concentration. Hydrolysis of the 

Coomassie-hide powder complex requires a higher concentration of enzyme to reach the 

highest hydrolysis efficiency level. There was another interesting phenomenon in that 

increased enzyme concentration resulted in decreased protein concentration. The slope 

was steeper for the unstained and hydrated hide powder than that of the stained hide 

powder.  This possibly occurred due to the hydrolysis of hide powder into small 

fragments at higher enzyme concentration, which cannot be detected by the BCA assay. 

It is more likely that this could happen for the unstained and the hydrated hide powder 

more than it could for the stained hide powder because Coomassie binding reduces the 

possibility of the hide powder hydrolysis into small fragments. The BCA assay reaction 

mechanism is shown in Figure 3.5. Smith et al.54 theorized that the cupric ion (Cu2+) 

might react with the peptide bonds of proteins (long-chain polypeptides), producing a 

tetradentate-cuprous ion (Cu+) complex in the alkaline medium. The peptide must have at 

least three peptide bonds. The cuprous ion complex then reacts with BCA (2 molecules 

per Cu+ ion) to form an intense purple color that can be measured at 562 nm. It is more 

difficult for the Cu+ ions to form a tetradentate complex with the opposite pairs of 

peptide-bonded nitrogens if the peptide fragments are small (less than three peptide 

bonds). It is impossible, therefore, to detect amino acids. 
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Figure 3.5: BCA protein assay reaction 

 

Figure 3.6 shows absorbance vs. enzyme concentration for stained hide powder at 

520 nm. Here, the absorbance represents the concentration of the Coomassie-bound 

peptides hydrolyzed into the supernatant. The curve is similar to the hydrolyzed protein 

release curve in Figure 3.4. It seems the two curves become flatter above the enzyme 

concentration of 2 mg/ml.  
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Figure 3.6: Absorbance measurement for stained hide powder 

 

The duplicate data are shown in Figure 3.7. Two of the absorbance values (0.744 

and 0.740, Table 2B - Appendix) out of 4 values at enzyme concentrations of 2 and 5 

mg/ml in Figure 3.7b were almost identical. Meanwhile, the trend in hydrolyzed protein 

concentration from 2 to 5 mg/ml slightly decreases in Figure 3.7a. This difference in 

duplicate results is minor and probably within experiment error. It shows that even 

though the hide powder was hydrolyzed into small fragments (less than 3 peptide bonds), 

the hydrolyzed proteins still could be detected due to the dye release in the solution. 

Thus, the absorbance measurement of released dye alone can be considered more 

accurate and simpler than the BCA protein method for the estimation of hydrolyzed 

proteins from stained hide powder. 
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Figure 3.7: Data shown in duplicate for hydrolyzed protein estimation from stained hide 

powder with different enzyme concentration – (a) by BCA protein assay (b) by 

absorbance measurement 

 

3.4 Conclusions and Further Work Recommendations 

 
Coomassie staining influences the bacterial enzyme hydrolysis, which is also 

dependent upon enzyme concentrations. Maximum hydrolysis was observed at 0.2 mg/ml 

for the hydrated and the unstained hide powder and at 2 mg/ml for the stained hide 

powder. It is likely more difficult for the enzyme to access the stained hide powder than 

with the other two – unstained and hydrated hide powder. As result, the hydrolysis 

efficiency is reduced and the method sensitivity may also be reduced. The following 

work aimed at optimizing the analytical reaction conditions such as temperature and time 

in order to get the possible highest efficiency of hide powder hydrolysis.  

Besides the BCA protein assay method, absorbance measurements were used to 

evaluate the protein hydrolysis of the stained hide powder. It was considered more 

suitable for the stained hide powder than the BCA protein assay method. Thus, further 

hydrolysis experiments were carried out based on the dye release absorbance 

measurements only.  
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CHAPTER IV 

OPTIMIZATION OF EXPERIMENTAL CONDITIONS 

 

The experimental conditions were optimized due to the properties of the enzyme 

and stained hide powder substrate. Three parameters were taken into account: enzyme 

concentration, temperature and time. 

 

4.1 Enzyme Concentration  

 
Based on the data from Chapter 3, although the optimum enzyme concentration 

for the stained hide powder was 2 mg/ml, the concentration of 0.2 mg/ml was chosen for 

further research (using the Proleather FG-F). Enzyme is also protein and it can interfere 

and contribute to the total protein content in the solution. The concentration of 2 mg/ml 

was quite high compared to the hydrolyzed protein concentration from hide powder. It is 

highly possible to interfere the hydrolyzed protein measurement. 

The BCA protein assay was made with the solution of enzyme concentrations of 

0.02, 0.2, 2 and 5 mg/ml respectively.  There was no response from the BCA protein 

assay with solutions of enzyme concentrations below 0.2 mg/ml. Therefore, the 0.2 

mg/ml enzyme concentration level was selected for better detection and to avoid any 

possible interference.  

 

4.2 Temperature 

 
To increase the hydrolysis efficiency even at the lower enzyme concentrations, 

other parameters were optimized. They are temperature and time. However, at 

temperatures below 40oC, there was no dye released when stained hide powder was 

treated with enzyme for 30 minutes. At temperatures above 60oC, there is a dramatic drop 

of enzyme activity (Figure 3.2). Additionally, hide powder also becomes distorted at 

some point as evidenced by tiny nodules being formed. This is the onset of shrinkage. 

These nodules grow into lumps, which form a gelatigenous node. Zones in the 
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neighborhood of these nuclei are gradually acted on as the nodules grow. They coalesce 

and shrinkage takes places.56, 57 Thus, 50oC and 0.2 mg/ml enzyme concentration were 

chosen as experimental conditions for further experimental work. 

 

4.3 Time 

 
Stained hide powder was tested with different time intervals during hydrolysis 

using the Proleather FG-F enzyme. The optimum enzyme concentration and temperature 

were applied to find out the optimum time for the absorbance measurement of stained 

hide powder hydrolysis. 

 

4.3.1 Procedures 

Portion of 100 mg stained hide powder was placed in the 1.5 ml microtube. 

Twelve such tubes were prepared. 1 ml of enzyme solution (0.2 mg/ml) was added in 

each tube. The tubes were incubated at 50oC for 60 minutes. Two tubes were taken out 

for the absorbance measurement after every 10 minutes. 50 µl of HCl (37%) was added 

to destroy the enzyme activity. The hydrolyzed protein was measured by absorbance at 

520 nm using a colorimeter (Spectronic 20D, Milton Roy). 

 

4.4 Results and Discussions 
 

Figure 4.1 presents the variation of absorbance of supernatant from incubation 

mixture with time. It is seen that the absorbance rapidly increased for the duration 

between 20 to 40 minutes and then remained almost stable. There was no more 

significant dye released after 40 minutes. An incubation time of 40 minutes was 

considered to be optimum for stained hide powder hydrolysis. 
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Figure 4.1: Absorbance at different time intervals 

 

4.5 Conclusions 

 
The optimum conditions (including enzyme concentration, temperature and time) 

for the stained hide powder hydrolysis with Proleather FG-F enzyme were 0.2 mg/ml, 

50oC and 40 minutes, respectively. Besides the effect of staining, the effect of different 

enzyme species and of different hide powder substrates was also examined. An 

investigation of these two effects was carried out under optimum conditions and is 

presented in the next chapter.  
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CHAPTER V 

EFFECT OF ENZYMES AND HIDE POWDER SUBSTRATES 

 
In this chapter, the effect of enzymes and hide powder substrates were studied to 

select an optimum hide powder substrate and obtain optimum analytical performance. In 

order to mimic the practical environment as from hide juice, proteases from different 

preparations were tested. Hide powder substrates derived from dogchew and rawhides 

were chosen as substrates for this study. Hydrolysis efficiency and reproducibility were 

analyzed as a function of different hide powder substrates.  

 

5.1 Material 

5.1.1 Enzymes  

Three enzymes were procured from different companies. They are all of the serine 

protease type and belonged to the Bacillus genus. 

Proleather FG-F (Amano Enzyme Inc.)58 is manufactured by unique fermentation 

process using a selected strain of  Bacillus subtilis. The enzyme as arecovered, purified 

final product is in a solid powder state. The pH and temperature range, at which the 

enzyme has maximum activity, were mentioned in section 1.4 of Chapter 3. 

Protex 6L (Genencor)59 is a bacterial alkaline protease derived from a selected 

strain of Bacillus licheniformis. Here, the final product enzyme is in a liquid state. The 

pH range for maximum activity is approximately 7.0 to 10.0 with an optimum 

performance at pH 9.5. The temperature range for best activity is from 25 to 70oC with an 

optimum performance at 60oC. 

Alcalase (Novozymes)60 is produced by submerged fermentation of a selected 

strain of Bacillus licheniformis. This product enzyme is also in a liquid state. The pH 

range for the maximum activity is approximately 7.0 to 10.0. The optimum temperature 

range is from 30 to 70oC with an optimum performance at 60oC. 

The common conditions for experiment are shown in Table 5.1. The pH and 

temperature were based on properties of the enzymes. The time duration was based on 

the time optimization study in section 3 of Chapter 4. 
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Table 5.1: Experimentalconditions 

Parameter Value 

pH 10 

Temperature (oC) 50 

Time (minute) 40 

 

5.1.2 Substrates 

Stained hide powder was made from dogchew and rawhide. Both were from the 

flesh layer of bovine hide. The dogchew was probably prepared by drying the limed-

delimed flesh layer of a hide. The rawhide was prepared by stretching and drying the 

flesh layer probably without undergoing any further treatments, such as liming-deliming, 

bating and fat removal. After being dried, the rawhide becomes a hard and glue-like 

material, which cements together all the corium fibres and makes the skin hard and 

horny.  The staining procedure followed was as described in section 1.1 of Chapter 3. 

 

5.2 Procedure 

 
5.2.1 Enzyme Activity 

The Proleather FG-F enzyme concentration was 0.2 mg/ml. Activities of the three 

enzymes are given in Table 5.2, as measured by Lolein-Volhard method.59 Protex and 

Alcalase were diluted 15000 times and 13000 times, respectively, to reach the lower 

activity of the Proleather FG-F, at 0.2 mg/ml. Dilutions were made with the pH 10 buffer. 
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Table 5.2: Enzyme activity 

Enzyme Activity 

(LVU/ml) 

Dilution factor Activity after dilution 

(LVU/ml) 

Proleather (0.2 mg/ml) 20.2 0 20.2 

Protex 6L 29.0×104 15000 19.4 

Alcalase 26.4×104 13000 20.3 

 

 

5.2.2 Effect of Enzymes and Hide Powder Substrates 

Portion of 100 mg totally hydrated stained hide powder was placed in separate 1.5 

ml microtubes. Ten tubes were prepared for each stained hide powder substrate made 

from dogchew and rawhide. One ml of enzyme solution was added with the alteration of 

different enzymes – Proleather, Protex, and Alcalase. The enzyme activity was kept 

constant as mentioned in Table 5.2.  

Another four tubes were prepared for the controls under simple alkaline 

conditions. Each of two tubes contained stained hide powder made from dogchew and 

rawhide, respectively. One ml of pH 10 buffer was added in each tube. 

The stained hide powder plus solution was agitated by a vortex mixer. The tubes 

were then incubated at 50oC for 40 minutes, and then centrifuged. The supernatant liquid 

was collected for absorbance measurement using colorimeter (Spectronic 20D, Milton 

Roy) at 520 nm. The experiment is illustrated in Figure 5.1. 
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Figure 5.1: Effect of enzymes and hide powder substrates 

 

5.3 Results and Discussions 

 
The use of enzymes from different preparations resulted in the different 

performance of the stained hide powder substrates, as shown in Figure 5.2. Each of 10 

replicate samples is plotted against released dye absorbance for each of the three enzymes 

tested. The means and standard deviations for each data series are labeled, as shown. 
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Figure 5.2: Hydrolysis reproducibility by enzyme – substrate combination 

 

Table 5.3 shows the means and confidence limits for the two substrates, three 

enzymes and control. It is clear from table 5.3 that the confident limits of the dogchew 

substrate are smaller than that of the rawhide substrate. That means its reproducibility is 

better.  For Proleather FG-F enzyme, the mean absorbance value from the rawhide 

substrate was significantly higher than that from the dogchew substrate. This indicates 

that the hydrolysis efficiency was higher for the rawhide substrate than the dogchew 

substrate. For Protex 6L enzyme, there was no significant difference in the mean 

absorbance values of the two substrates. For Alcalase enzyme, the mean absorbance 
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value from the rawhide substrate was only slightly higher than that from the dogchew 

substrate. The reason may be that Proleather FG-F enzyme is produced from Bacillus 

subtilis while Protex 6L and Alcalase enzymes are produced from Bacillus licheniformis. 

Proleather FG-F enzyme may be more selective for the rawhide substrate. This can also 

be explained by the properties of the substrates. The dogchew was treated as limed-

delimed, bated and fat removed. These treatments make the dogchew structure more 

stable; therefore it is more difficult for specific enzyme like Proleather FG-F enzyme to 

access.  

For the control, the mean absorbance value from the dogchew substrate is higher 

than that from the rawhide substrate. This was due to the facile release of Coomassie 

under alkaline conditions. For the dogchew substrate, the hide substance was neutralized 

to around pH 7 after liming and deliming treatment; while for the rawhide substrate, the 

pH of the hide substance is around pH 6. Neutralization of dogchew hide substance 

probably weakened the static attraction between Coomassie and hide powder. The 

alkaline pH could also lead to easier alkaline hydrolysis of the dogchew substrate than the 

rawhide substrate.  

 

Table 5.3: Mean and confidence limit of the absorbance measurement 

 Dogchew Rawhide 

 
MEAN 

Confidence 

limit 
MEAN 

Confidence 

limit 

Proleather FG-F 0.0575 0.04 1.29 0.0875 

Protex 6L 0.345 0.0245 0.346 0.0943 

Alcalase 0.275 0.0536 0.656 0.164 

Control 0.885 - 0.319 - 
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5.4 Conclusions  

 
Hydrolysis efficiency and reproducibility seem to be oppositely related for the 

two substrates. Enzymes from different preparations have different behaviors toward the 

substrates. The dogchew substrate seems to have better reproducibility but the efficiency 

is low, especially for Proleather FG-F enzyme. The rawhide substrate seems to provide 

better hydrolysis efficiency but lower reproducibility. There are many enzymes from hide 

juice and they can be produced from several kinds of bacteria. This is the reason that 

enzymes from different preparations were chosen to investigate the applicability of the 

method. Additionally, hide juices also contain salt from the curing process. Salt may also 

affect the hydrolysis. It can inhibit the enzyme activity and lower the hydrolysis 

efficiency. In order to achieve both reproducibility and hydrolysis efficiency, the stained 

hide powder was modified and studied for analytical figures of merit and salt effect in the 

next chapter. 
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CHAPTER VI 

ANALYTICAL FIGURES OF MERIT AND SALT EFFECT 

 
The properties of stained hide powder are the most important factors of the 

method. As mentioned in chapter 5, the dogchew substrate was more reproducible but 

less efficient. Thus, the stained hide powder was improved to achieve a better result. 

Using this improved substrate, the calibration was carried out under the influence of salt. 

 

6.1 The Improvement of Stained Hide Powder 

 
Hide powder from rawhide and dogchew were from the flesh layer of hides, 

which is not uniform. In this layer, the fibers have a relatively horizontal angle of weave 

and fatty tissue may be present. Hide powder from corium layer could be a better choice 

because it is more unique and fatty tissue is not present. 

Fully hydrated stained hide powder contains various amount of water. The pH is 

quite low (approximately pH 3) because of the trichloroacetic acid. This made the stained 

hide powder very sticky. It was therefore inconvenient to manipulate and refrigeration 

was required. Method reproducibility using this material, therefore, was low. Different 

batch gave different results where the confidence limits in one batch were large. 

Consequently, the stained hide powder should be neutralized and dried up.  

Commercial hide powder from the corium layer was used instead of dogchew or 

rawhide. It was finer and had undergone some treatments similar to those of dogchew. 

These properties are advantageous for the reproducibility of substrate. After staining, the 

stained hide powder was neutralized and then freeze-dried to remove water. The resulting 

stained hide powder was not sticky and could be stored at room temperature. 
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6.2 Calibration 

 
A calibration curve was established in the range of enzyme concentrations from 0 

to1 µg/ml. The Proleather FG-F and improved stained hide powder were used. 

 

6.2.1 Procedures 

Portion of 5 mg stained hide powder was placed in 1.5 ml microtube. Eighteen 

tubes were prepared. The enzyme concentrations varied as 0, 0.01, 0.1, 0.3, 0.5, 0.7, 1 

and 10 µg/ml. One ml of enzyme solution from each enzyme concentration was added. 

One ml of the buffer of pH 10 was added as the control for alkaline hydrolysis. The 

experiment was done in duplicate. The hide powder solution was mixed. The tubes were 

incubated at 50 oC for 40 minutes, and then centrifuged. The supernatant was collected 

and the absorbance was measured at 550 nm using a colorimeter. The experiment is 

illustrated in Figure 6.1. 

 

  

Centrifugation Mixing Incubation

Stained hide powder 

Supernatant liquid was collected for 
absorbance measurement at 550 nm  

Enzyme solution: 0.01, 0.1, 0.3, 0.5, 0.7, 1 and 10 µg/ml 
Buffer of pH 10  

 

 

 

 

 

 

 

 

 

 

Figure 6.1: Calibration 
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6.2.2 Results and Discussions6.2.2 Results and Discussions 

At 10 µg/ml enzyme concentration, 5 mg of stained hide powder was completely 

digested. The calibration curve was thus made in the range from 0 to 1 µg/ml enzyme 

concentration. A linear relationship between absorbance and enzyme concentration was 

revealed as shown in Figure 6.2. 
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Figure 6.2: Relationship between absorbance and enzyme concentration 
 
 

The enzyme concentration obtained in µg enzyme per ml supernatant can be 

converted to enzyme activity units as shown in Figure 6.3. The unit of activity is defined 

as LVU/ml by Lolein-Volhard method.60 
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Figure 6.3: Relationship between absorbance and enzyme activity  

 

The method could detect Proleather FG-F enzyme concentration as low as 0.01 µg /ml or 

enzyme activity of 1.01x10-3 LVU/ml.  

 

6.3 Effect of Salt 

 
Hides are normally cured with saturated salt solution or brine (section 4.2-

Chapter1). So, hide juices obviously contain salt that may affect enzyme activity and 

hydrolysis as well. An investigation of salt effect on alkaline and enzyme hydrolysis was 

carried out.  

 

6.3.1 Procedures 

Portion of 5 mg stained hide powder was placed in each of 14 microtubes.   

To test the effect of salt on alkaline hydrolysis a saturated salt solution (0.36 g/ml) was 

made with pH 10 buffer. One ml of saturated salt solution was added to each of 2 

separate tubes. One ml of pH 10 buffer was added to each of 2 separate tubes. 

To test the effect of salt on enzyme hydrolysis, an enzyme solution was made 

with pH 10 buffer. Enzyme concentration was kept constant at 0.07 µg/ml. The 0.07 

µg/ml enzyme solution was used to make the salted enzyme solution whose salt 
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concentrations varied as 0.02, 0.05, 0.1, 0.18, 0.36 g/ml. 1 ml of enzyme solution at each 

salt concentration was added to each of 2 separate tubes.  

The stained hide powder was mixed in the solution by a vortex mixer. All of the 

tubes were incubated at 50 oC for 40 minutes, and then centrifuged. The supernatant was 

collected and the absorbance was spectrophotometrically measured at 550 nm. 

 

6.3.2 Results and Discussions 

Hydrolysis occurred under alkaline condition at pH 10 as seen in Table 6.1. The 

mean absorbance value is 0.663. This value significantly decreases when salt was added 

up to the saturation point. Salt increases the solution ionic strength and fills up the ionic 

surfaces of the hide powder. The processes may inhibit alkaline hydrolysis and less dye-

bound peptides may be released into the solution. 

 

Table 6.1: Effect of salt on alkaline hydrolysis 
 Absorbance 

 Sample 1 Sample 2 Mean 

pH 10 buffer  0.642 0.684 0.663 

Saturated salt pH 10 buffer 0.021 0.022 0.0215 

 

Absorbance decreases with increasing salt concentration as seen in Figure 6.3. In 

addition to the effect on alkaline hydrolysis, salt can also affect enzyme hydrolysis. Salt 

has a dehydrating effect on water-based materials. Interstitial water is removed by 

salvation. For aquatic solutes, salt has an electrostatic effect allowing ionic moieties more 

freedom of movements, openness and extensibility. For proteins, this causes 

conformational changes that may affect the active sites of enzymes.61 Binding and 

reactivity may change substantially. The relation of absorbance to salt concentration is 

linear as shown in Figure 6.4. 
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Figure 6.4: Relation of absorbance to salt concentration 

 

6.4 Calibration with Salt 

 
Obviously, salt affects hydrolysis. If we consider only calibration without salt, it 

will not adequately represent for the real environment of hide juice. Cured hides will 

produce juice that is less than the saturated salt concentration (0.36g/ml). This fluid can 

be diluted 10 times for measurement; therefore, the salt concentration in the diluted hide 

juice is now significantly less than 0.036 g/ml. Thus, a salt concentration of 0.02 g/ml 

was chosen to imitate the practical environment of diluted hide juice. 

 

6.4.1 Procedures 

Portion of 5 mg stained hide powder was placed in each of 1.5 ml microtubes. 

The salt solution was made from pH 10 buffer. A salt concentration of 0.02 g/ml was kept 

constant. This salt solution was used to make the salted enzyme solution with the enzyme 

concentration varying as 0, 0.01, 0.05, 0.1, 0.3, 0.5, 0.7 and 1 µg/ml. 1 ml of salted 

enzyme solution at each enzyme concentration was added to 2 separate tubes. The stained 

hide powder was mixed in the solution by a vortex mixer. The tubes were incubated at 
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50oC for 40 minutes, and then centrifuged. The supernatant was collected and the 

absorbance was spectrophotometrically measured at 550 nm. 

 

6.4.2 Results and Discussions 

The relationship between hydrolysis (as absorbance measurement) and enzyme 

concentration is shown in Figure 6.5 with and without salt. Both are linear. The 

calibration line under the effect of salt is slightly shifted toward lower absorbance. The 

two lines are nearly parallel. The slopes of the lines are nearly identical. If the salt 

concentration keeps increasing, it is possible that the line keeps shifting down in parallel. 
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Figure 6.5: Effect of salt on relation of absorbance to enzyme concentration  

 

The calculated enzyme concentration obtained in µg enzyme per ml supernatant 

can be converted to enzyme activity units as shown in Figure 6.5. The unit of activity is 

defined as LVU/ml by Lolein-Volhard method.62  
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Figure 6.6:  Effect of salt on relation of absorbance to enzyme activity 
 

The method could detect the Proleather FG-F enzyme concentration as low as 

0.05 µg/ml or enzyme activity of 5.06x10-3 LVU/ml under the effect of salt.  

 

6.5 Conclusions 

 
The improved stained hide powder was more consistent and convenient than the 

previous preparation. The enzyme hydrolysis efficiency was better than that of the 

dogchew substrate. However, the alkaline hydrolysis efficiency (mean absorbance value 

of 0.663 in Table 6.1) is still high compared to that of the rawhide substrate (the mean 

absorbance value of 0.319 in Table 5.3).  

The relationships of absorbance and enzyme concentration (or enzyme activity) 

are linear in both cases, with and without salt. The slope of the calibration line does not 

change under the effect of salt but it is shifted down toward lower absorbance. That 

means the sensitivity of the method remains stable with and without salt. 
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CHAPTER VII 

AN APPLICATION 

 
The stained hide powder assay was applied to detect bacterial enzyme production 

from the brine cured hides as compared with gelatin film and bacterial enumeration 

methods. 

7.1 Material 

 
A bovine hide was cut into 4x4 inch pieces and cured with saturated brine 

solution and palced into sandwich-size plastic bags. Pertrifilm 3M aerobic count plates 

were used for the enumeration of aerobic bacteria. Photographic films (125 PX Kodak) 

were used as gelatin medium for gelatin film test. Nanopure water was sterilized to make 

pH 7.6 buffer. This was used for the dilution of hide juice. 

 

7.2 Procedure 

 
Hide juice from brine cured hide pieces was squeezed into the corner of the 

plastic bags. Volume of 0.5 ml hide juice was taken into a 10 ml glass flask and the 

diluted 10 times to 5 ml solution with the buffer of pH 7.6. 

Portion of 5mg stained hide powder was placed in the 1.5-ml microtubes.1 ml of 

diluted hide juice was added to the microtubes. The tubes were vortexed for mixture, 

incubated at 50 oC for 40 minutes, and then centrifuged. The supernatant was collected 

and the absorbance was measured by colorimeter at 550 nm. Based on the calibration 

described in chapter 6, the enzyme concentrations were calculated. 

One ml of diluted hide juice was spread on the aerobic count plates. The plates 

were incubated at 37 oC for 1 day. The colonies were counted on a desktop light box 

using a magnifier.  

One drop of diluted hide juice solution was placed on the 1.5x2 inch photographic 

films. The films were incubated at 37 oC for 60 minutes, then washed with water and 
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rated as described in section 6.3- chapter 1. The control was tested with 1 drop of the 

buffer of pH 7.6. The tests were repeated on days 3, 7, 14 and 21 after the hide was cured. 

 

7.3 Results and Discussions 

 
The results from then three tests are presented in Figure 7.1. The aerobic colony 

forming units (CFU) were high on days 3 and 7 and dramatically reduced on days 14 and 

21. This can be explained by the death of bacteria during the decomposition of the hides. 

The bacteria were quickly growing for the first 7 days but then the rate of bacterial death 

exceeded the rate of replication for the next 14 days. Therefore, the total population 

began to level off and then decreased.  

Although the bacteria were dying, the enzymes still remained in the hide and 

continued catalyzing hide (protein) hydrolysis. Thus, the enzyme concentrations were not 

significantly different on days 14 and 21 compared to those on days 3 and 7. 

The gelatin film rating (GFR) ranged from 0.5 to 1 over 21 days. Surprisingly, the 

GFR values did not vary much over 21 days. That means the gelatin film test was very 

comparable with stained hide powder assay. The gelatin film was rated without a 

comparison to a control. When the control was taken into account, they could be rated as 

0 for days 3 and 14 and 0.5 for the days 7 and 21 (data not shown). This is a disadvantage 

of the gelatin film test. It is not accurate if we conclude that the hide is not contaminated 

basing on the rating 0 for days 3 and 14. Even though the rating is 0, the results of 

bacterial enumeration and stained hide powder assay were consistently positive. The 

aerobic bacteria and enzyme were still present in the hide juice and the hide continued to 

be decomposed. 

 

 

 

 

 

 

 49



0

100

200

300

400

500

600

700

800

3 7 14 21

Time, days

En
z.

 C
on

c.
/A

er
ob

ic
 C

FU

0

1

2

3

Bacterial Protease Conc., ng/mL
Aerobic CFU/mL
GFR Value

Enzyme 
concentration

 
Figure 7.1: An application on the brine cured hide 
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7.4 Conclusions 

 
The stained hide powder assay was found to be a better method to detect the 

deterioration of cured hide than the bacterial enumeration and gelatin film test. The 

bacterial enumeration reflects the amount of bacteria and not enzyme concentration, 

meanwhile the hide decomposition relates to the enzyme more than the bacteria. Thus, 

the bacterial enumeration is not really applicable for the test. The gelatin film test was not 

quantitative and it did not work well in some cases as seen on days 3 and 7 but it was 

comparable to the stained hide powder assay. As results, the stained hide powder assay 

can be considered as good method for the purpose of the detection of deterioration in 

cured hides. 
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CHAPTER VIII 

SUMMARY, GENERAL DISCUSSIONS AND RECOMMENDATIONS 

 
8.1 Summary and General Discussions 

 
The stained hide powder assay was used for the measurement of bacterial protease 

activity. The method appears to be a rapid quantitative analysis. Coomasie is a suitable 

dye for this method although the dye-protein binding is noncovalent. Within the range of 

pH from 3 to 12, the Coomassie solution does not change color, i.e. and the peak of the 

spectrum does not shift. When Coomassie-bound peptides were hydrolyzed into the 

solution, the peak of the spectrum shifted only 7 nm, from 552 nm for Coomassie 

solution to 559 nm for Coomassie-bound peptide solution (Table 1 – Appendix). The 

stable color in this assay is important as it allows a wide pH range for which any kinds of 

enzymes are active.  

An optimization of experimental conditions was determined as a factor of the 

enzyme activity and hide powder durability. A pH 10 buffer was used, the incubation 

time was 40 minutes and the incubation temperature was 50 oC. All experiments were 

carried out under these conditions. 

The primary purpose of this research was to investigate the possibility of applying 

the stained hide powder assay for bacterial detection in hide juice. The diversity of the 

hide juice environment is a challenge for the hydrolysis of the hide powder because it 

contains various bacteria and salt. To imitate the practical environment of hide juice, 

enzymes from different preparations were used. All of the enzymes worked on the stained 

hide powder but they behaved differently on different kinds of hide powder substrates, 

dogchew and rawhide substrate. Their properties intimately relate to reproducibility and 

the hydrolysis yield. The dogchew substrate had good reproducibility but the yield was 

low. They were substituted by a modified substrate using commercial hide powder from 

corium layer. It was stabilized by neutralization and freeze-drying. 

Using the new stained hide powder under the optimum condition, the Proleather 

FG-F enzyme could be detected as low as 0.01 µg/ml or 1.01x10-3 LVU/ml without the 
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effect of salt and 0.05 µg/ml or 5.06x10-3 LVU/ml in the presence of salt. Both the 

alkaline and enzyme hydrolysis were affected by salt.  Increasing salt concentration 

decreased the absorbance (efficiency of hydrolysis). The relationship between absorbance 

and enzyme concentration is linear. The presence of salt shifts the calibration line down 

but the slope does not change. This can be applied to find out enzyme concentrations with 

the calibration without salt. That means if the initial hide juice is known as a control and 

the hide juice samples are measured, the enzyme concentrations can be calculated by 

subtracting the control using the calibration without salt. It is not necessary to know the 

salt concentration.  

An application of the method to brine cured hide was carried out in comparison 

with gelatin film test and bacterial enumeration. The stained hide powder assay appeared 

to be compatible with the gelatin film test but it was more accurate and absolutely 

quantitative. 

 

8.2 Recommendations 

 
The method described here is highly quantitative compared to gelatin film test. It 

is not only applied for bacterial detection from hide juice but also potentially as assay for 

enzyme activity. The method is quite sensitive, as shown by the detection of enzyme 

activity at the level of 1.01x10-3 LVU/ml compared to the detection limit of Lohlein-

Volhard method which is 8 LVU/ml in the final diluted solution. The specific enzyme 

activity unit for this can be defined based on the mass of stained hide powder or 

absorbance of Coomassie-bound peptide solution. 

  Additionally, another application study should be carried out for further research. 

The minimum level of enzyme concentration or enzyme activity which hide damage is 

evidence by the resulting leather should be determined.  

There needs to be a definitive correlation between enzyme concentration, gelatin 

film rating and bacterial counts. This will have to wait until a suitable sample set and 

experimental design are obtained. 
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APPENDIX A 

SUPPLEMENTAL TABLES 
 
Table 1: Spectral results for Coomassie Solution and Coomassie-Bound Protein Solution 
(data for Figure 2.1) 
 

Sample Peaks (nm) Absorbance Valleys (nm) Absorbance 
Coomassie 

solution 
552 
309 
376 

1.063 
0.348 
0.057 

441 
367 

- 

0.027 
0.056 

- 
Coomassie-

Bound protein 
solution 

559 
311 
658 

1.973 
1.302 
0.970 

450 
363 
371 

0.632 

0.704 
0.705 

 
 
 Table 2: Effect of Enzyme Concentrations  
A. Hydrolyzed protein estimation by BCA protein assay and absorbance measurement 

(data for figure 3.4 and 3.6) 

Enzyme 
concentration 

(mg/ml) 

Stained hide 
powder 
(mg/ml) 

Stained hide 
powder 

Absorbance 

Unstained hide 
powder 
(mg/ml) 

Hydrated hide 
powder 
(mg/ml) 

0.02 0.2545 0 1.340 0.907 

0.2 0.8375 0.292 1.605 1.5421 

2 1.1764 0.795 1.4039 1.356 

5 1.0264 0.716 1.1039 1.121 

 

B. Data in duplicate for hydrolyzed protein estimation from stained hide powder by BCA 

protein assay and by absorbance measurement (data for figure 3.7) 

Hydrolyzed Protein (mg/ml) Absorbance Enzyme 
concentration 

(mg/ml) 
Sample 1 Sample 2 Sample 1 Sample 2 

0.02 0.251 0.259 0 0 

0.2 0.853 0.823 0.360 0.223 

2 1.176 1.276 0.744 0.845 

5 0.991 1.061 0.692 0.740 
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Table 3: Absorbance at Different Time Intervals (Data for Figure 4.1) 

Absorbance 
Time (minute) 

Sample 1 Sample 2 Average 

10 0.039 0.028 0.034 

20 0.044 0.043 0.044 

30 0.077 0.073 0.075 

40 0.112 0.114 0.113 

50 0.114 0.111 0.113 

60 0.112 0.115 0.114 

 

Table 4: Enzymes – Substrates Selectivity Data (Data for Figure 5.2) 

 Alcalase Protex 6L Proleather FG-F 
 Dogchew Rawhide Dogchew Rawhide Dogchew Rawhide
 0.235 0.821 0.355 0.411 0.1 1.281 
 0.295 0.696 0.355 0.307 0.08 1.421 
 0.185 1.031 0.295 0.445 0 1.361 
 0.265 0.751 0.355 0.441 0.085 1.241 
 0.275 0.881 0.335 0.295 0 1.361 
 0.185 0.716 0.375 0.351 0.03 1.381 
 0.365 0.331 0.275 0.403 0.025 1.121 
 0.345 0.421 0.375 0.02 0.17 1.361 
 0.395 0.451 0.355 0.309 0 1.041 
 0.205 0.457 0.375 0.481 0.085 1.321 
Mean 0.275 0.6556 0.345 0.3463 0.0575 1.289 
Standard deviation 0.075 0.230 0.034 0.132 0.056 0.122 
t(95%) 2.262 2.262 2.262 2.262 2.262 2.262 
Confidence limit 0.054 0.164 0.025 0.094 0.040 0.087 
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Table 5: Response to Enzyme Concentration and Enzyme Activity (Data for Figure 6.2 

and 6.3) 

Enzyme concentration 

(µg/ml) 

Enzyme activity (LVU/ml) Absorbance 

0 0 0 

0.01 1.01 x 10-3 0.019 

0.1 10.1 x 10-3 0.115 

0.3 30.3 x 10-3 0.394 

0. 50.6 x 10-3 0.819 

0.7 70.8 x 10-3 1.139 

1 101 x 10-3 1.484 

 

 

Table 6: Response to Salt Concentration (Data for Figure 6.4) 

Absorbance Salt concentration 

(g/ml) Sample 1 Sample 2 Average 

0.02 0.25 0.266 0.258 

0.05 0.251 0.227 0.239 

0.1 0.182 0.180 0.181 

0.18 0.144 0.127 0.1355 

0.36 0.026 0.028 0.027 
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Table 7: Effect of Salt on Absorbance to Enzyme Concentration and Enzyme Activity 

(Data for Figure 6.5 and 6.6) 

Absorbance  Enzyme concentration 

(µg/ml) 

Enzyme activity 

(LVU/ml) Without salt With salt 

0 0 0 0 

0.01 1.01 x 10-3 0.019 0 

0.05 5.06 x 10-3 - 0.0115 

0.1 10.1 x 10-3 0.115 0.094 

0.3 30.3 x 10-3 0.394 0.332 

0. 50.6 x 10-3 0.819 0.653 

0.7 70.8 x 10-3 1.139 0.978 

1 101 x 10-3 1.484 1.458 
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