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ABSTRACT

Manuscript describes producing keratin hydrolysate from sheep wool through two-stage
technology whose principle consists in first having wool processed in an alkaline environment during
the first stage, and then effecting hydrolysis in the second stage through the action of proteolytic
enzyme. Experiments were planned in accordance with factor schemes of 23 types in which factors
under study were influence of first stage hydrolysis duration (6-24 hours), duration of hydrolysis second
stage (6-24 hours) and quantity of added proteolytic enzyme (1-5 %) on quantity of decomposed wool.
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INTRODUCTION

Meat and leather processing industries
produce sizeable quantities of keratin wastes, their
further utilisation is quite small at present and is
mostly limited to produce energy (incinerating).
Sheep wool unsuitable for processing in the textile
industry belongs to most important keratin wastes.
The most typical indicator of proteins of keratin
group is high content of amino acids cystine,
cysteine and methionine. Total content of sulphur
in keratin ranges from 2 to 5 % (related to dry
matter). High content of sulphurous amino acids is
a consequence of disulphide bonds content; for this
reason keratins are water-insoluble, resist action of
diluted acids, alkalis and enzymes .

Due to its non-reactive character and
strong resilience, keratin can be processed only with

great difficulty; for this reason it has to be partly
hydrolysed. Many different procedures and methods
can be applied to obtain keratin hydrolysates.
Breakdown of keratins by means of hydroxides has
been known quite long; alkalis applied most are
NaOH, KOH and Ca(OH), * ¢. Gousterova et al
decomposed wool in a solution of KOH and NaOH
and heated the obtained mixture by microwave
technique 7. Abouheif et al broke down wool and
feathers by employing a 3 % solution of boiling
NaOH &.

Acid hydrolysis of keratin was performed
by Kurbanoglu et al; keratin was hydrolysed in 3M
H,SO, for 24 hours at 70 °C °. A reducing method
to decompose keratin by means of 2-
mercaptoethanol in an environment of urea was
described by Schrooyen °. Breakdown methods
described above are often used to prepare keratin
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hydrolysates; nevertheless, they have a number of
disadvantages — employment of chemicals in high
concentrations or quite drastic breakdown
conditions. Lately, breakdown of keratin has rather
utilised enzymes (mostly produced by keratinolytic
bacteria) but current proteinases may also be
employed ''. Evangelou et al broke down wool in an
environment of NaHCO, (pH = 8.1) with addition of
proteinase for 7-14 days at 50 °C, and the mixture
was stirred every 12 hours 2. Breakdown of wool
and feathers employing keratinolytic bacteria was
described by Hood and Healy 3. Degreased and
dried wool was placed in fermenting tub, a bacterial
culture was added and the mix in fermenting tub
was kept for prescribed time at 28 °C. A similar
approach was also described by Grazziotin et al
who decomposed keratin from feathers using Vibrio
bacteria at 30 °C %5,

Keratin hydrolysates, owing to their high
protein content (up to 80 %), may be used as a
supplement for cattle feed 6. In the cosmetics
industry, keratin hydrolysates are applied as
additions to shampoos and other preparations for
hair and fingernails as well as to creams. Keratin
fragments bind to damaged hair structures better
and aid regeneration " '8, Keratin hydrolysates may
be similarly used in medicine for producing
preparations to aid healing of wounds °.
Hydrolysates of keratin can be applied as carriers
for aromatic substances and other food additives
or as protective films and coatings for foodstuffs.
They may also be used to treat fibres and wood 2°.

The objectives of this contribution

1. Processing sheep wool by combined 2-stage
alkaline-enzymatic hydrolysis into keratin
hydrolysate.

2. Investigating influence of technological

conditions (duration of first and 2™ hydrolysis

stage and addition of enzyme) on efficiency

of sheep wool decomposition.

Proposing optimum conditions for hydrolysis.

4. Characterising basic properties of selected
keratin hydrolysates. Employed enzyme was
currently available proteinase Esperase 6.0
T (supplied by Novozymes, Denmark).
Favourable efficiency of this enzyme was
confirmed already earlier with hydrolysis of
waste collagen raw materials 2'.

©
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MATERIAL AND METHODS

Raw sheep wool was supplied from
slaughterhouses in the Czech Republic; first
analyses were performed by standard methods 2>
24, Composition of raw sheep wool was as follows:
dry matter content = 91.6 %,; in dry matter: nitrogen
content = 12.2 %, fat content = 8.2 %, sulphur
content = 2.5 %, ash content = 2.3 %. Raw sheep
wool was first washed several times in a sufficient
excess of warm water; the water was mechanically
squeezed out and wool was dried in a drier for 48
hours at 50 °C. Wool was then degreased by means
of enzyme Lipex 100 T (Novozymes, Denmark)
through the procedure as follows. Wool was mixed
with water in ratio 1:50, pH level was adjusted to
8+0.2 with added NaOH solution (1 % conc.), 1 %
enzyme was added (related to mass of dry wool)
and degreasing proceeded in an incubator for 24
hours at 40+2 °C; during the first 12 hours of
degreasing, the contents were shortly mixed in  1-
hour intervals. After degreasing, the mix was filtered
through a sieve; wool was washed with adequate
water and dried in a hot-air drier to constant mass
at 103+2 °C. Dried wool was finally ground to a
particle size of 1 mm and prior to breakdown
experiments proper was kept in a desiccator (over
dried silica gel) at room temperature.

Apparatus and equipment: knifing mill
Fritsch Pulverisette 19 (Germany), water bath GFL
1003 (Germany), shaft stirrer Heidolph RZR1
(Germany), drier WTB Binder E/B 28 (Germany),
incubator WTC Binder B53 (Germany), electronic
balances KERN 770/GS/GJ (Germany), rotary
vacuum evaporator Laborota 4000 (Germany), pH-
meter WTW pH526 (Germany), mineralization
apparatus Hach Digesdahl (USA), muffle furnace
Nabertherm L 9/S 27 (Germany), Parnas-Wagner
distillation apparatus, Soxhlet extraction apparatus,
PA cloth (pore diameter 150 pm), low-density filter
paper. Chemicals: powdery proteinase Esperase 6.0
T, powdery lipase Lipex 100 T (Novozymes,
Denmark). Ca(OH), and HCI were supplied by IPL,
the Czech Republic.

Processing sheep wool into keratin
hydrolysate utilised 2-stage decomposition which
had been successful in processing of collagen
wastes from the leather industry, and in processing
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of keratin wastes from poultry farms 2527. The principle
of this processing method consists in having keratin
material during the 1%t stage incubated in an
alkaline environment (pH H= 11.5), thus bringing
about its swelling. In the 2™ stage, during which
setting optimum conditions (pH and temperature)
is essential for maximum efficiency of proteolytic
enzyme, easy diffusion of enzyme into the keratin
matrix takes place in swelled keratin material, thus
splitting the —S—S— and —CONH- bonds of
molecules and producing a soluble product
(hydrolysate).

In order to survey the influence of
investigated factors during hydrolysis (mainly
duration, temperature, additions of chemicals) on
assessed quantity (hydrolysis efficiency expressed
as percentage of decomposed starting material),
so-called factor tests are often employed when
detailing work. It was decided in our case to carry
out sheep wool breakdown trials in accordance with
factor schemes of 2% types (3 studied factors on
two levels — minimal and maximal) with 2 center
points. As for investigated factors following
technological conditions of breakdown were
selected:
factor A — hydrolysis 1%t stage time: bottom limit 6
h, upper limit 24 h
factor B — hydrolysis 2™ stage time: bottom limit 6
h, upper limit 24 h
factor C — quantity of added enzyme (related to
mass of dry wool): bottom limit 1 %, upper limit 5
%.

Processing of degreased and dried (103
°C) sheep wool into keratin hydrolysate (also see
scheme in Fig. 1) proceeded in accordance with
the following working procedure. In the first
processing stage, 10 g wool was weighed into an
Erlenmayer flask, 0.75 g Ca(OH), was added and
also 150 mL distilled water pre-heatedto  80+0.5
°C. The flask was placed in a pre-heated water
bath (80+0.5 °C) and the mixture was stirred with
a shaft stirrer for a time corresponding to a quarter
of the overall planned duration of hydrolysis first
stage (factor A). When this time passed, flask was
enclosed and static incubation continued at same
temperature for the remaining 3/4 of hydrolysis first
stage overall duration. On finishing incubation,
contents in flask were cooled to 60+0.5 °C, flask
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was placed in a pre-heated water bath (60+0.5
°C) and pH of the mix was adjusted to 9.0+0.2
with added HCI (5 % solution). Processing of sheep
wool continued in the second stage, planned
quantity of enzyme Esperase was added in
accordance with factor C — 1 % (w/w) enzyme at
bottom limit (corresponding to 0.1 g enzyme) or 5
% enzyme at upper limit (corresponding to 0.5 g
enzyme). The mix was stirred with shaft stirrer at
60+0.5 °C for a time corresponding to a quarter of
the overall planned duration of hydrolysis second
stage (factor B). When this time passed, flask was
enclosed and static incubation continued at same
temperature for the remaining 3/4 of hydrolysis
second stage overall duration. When hydrolysis
finished, keratin hydrolysate was separated from
residual non-decomposed wool fraction by filtering
through PAD cloth (pore diameter 150 pm) folded
twenty-fold. Keratin hydrolysate was then again
filtered through low-density filter paper. Non-
decomposed wool fraction (on PAD cloth and filter
paper) was dried in drier at 103+2 °C to constant
mass and after cooling in desiccator (filled with
dried silica gel) the quantity of non-decomposed
wool was determined by gravimetry. Keratin
hydrolysate (including washing water) was heated
to 85+2 °C and kept there for 10 min, thus
inactivating employed enzyme. Keratin hydrolysate
was then thickened on vacuum evaporator at 60+2
°C to about a half of its volume, then poured on
Teflon desks and dried at 103+2 °C for 12 hours.
Dried thin film of keratin hydrolysate was ground
to powder.

RESULTS AND DISCUSSION

Survey of factor tests organisation and
results of sheep wool breakdown by two-stage
alkaline-enzymatic hydrolysis when using enzyme
Esperase 6.0 T are presented in Table 1. Quantity
of decomposed wool monitored by 3-factor tests
is described by regression equation as follows: y
= 22.6515 + 0.263819A + 0.441319B +
0.376042C — 0.00365741AB + 0.0529861AC +
0.0504861BC; regression coefficient R = 0.8683.
Telling power of the mentioned regression
equation is also documented in Fig. 2 (comparison
of observed and predicted values of wool
breakdown efficiency in %).
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With a view to surveying the influence of
factors studied in hydrolysis on hydrolysis efficiency
(quantity of decomposed wool), measured data were
processed in statistic program Statgraphics 6.0
(Manugistic Inc, USA, 1992). The processing
resulted in contour graphs (Fig. 3) indicating the
influence of hydrolysis first stage time (factor A, x-
axis) and hydrolysis second stage time (factor B, y-
axis) on quantity of decomposed wool at minimum
(1 %, see Fig. 3a) and maximum (5 %, see Fig. 3b)
quantity of added enzyme (factor C). As is obvious
in graphs, quantity of broken down wool is quite
significantly affected by mutual combinations of
factors A and B. In case 1 % enzyme was added
(Fig. 3a), and factors A and B were at their minimum
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(6 and 6 hours), 28 % wool was decomposed,
whereas at their maximum levels (24 and 24 hours)
that quantity reached as much as 40 % wool. In
case 5 % enzyme was added (Fig. 3b), difference
between minimum and maximum quantities of
decomposed wool was even higher and maximum
breakdown efficiency was about 51 %.

At present, we are concentrating on a more
detailed characterisation of prepared keratin
hydrolysates, in particular on chemical composition
and on determining molecular weight distribution that
are indispensable for practical application. Table 2
shows contents of nitrogen, ash and sulphur with
raw sheep wool and two keratin hydrolysates made

Table 1: Results of sheep wool breakdown
through two-stage alkaline-enzymatic hydrolysis

Run Factors under study Decomposed
factor A: factor B: factor C: sheep wool

hydrolysis 1 hydrolysis 2" added enzyme (%)*
stage time (h) stage time (h) (%)*

1 6 6 1 24.96

2 6 6 5 34.51

3 6 24 1 38.98

4 6 24 5 41.04

5 15 15 3 37.98

6 15 15 3 38.45

7 24 6 1 35.83

8 24 6 5 38.07

9 24 24 1 37.54

10 24 24 5 54.54

* related to mass of dry wool

Table 2: Composition of raw sheep wool
and selected keratin hydrolysates

Parameter* Raw Keratin hydrolysate produced in
sheep accordance with experiment No
wool 1 10
Nitrogen 12.2 10.1 11.0
Ash 2.3 19.9 15.3
Sulphur 25 1.8 3.2

* based on dry matter
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i Grinding (= 1 mm)
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Hydrolysis 1st stage
10 g sheep wool

+0.75 g Ca(OH)2 + 150 mL H20
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w/w = weigh related to mass of dry wool

Fig. 1: Block diagram of two-stage hydrolytic processing of sheep wool into keratin hydrolysate

Fig. 2: Diagnostic plot - comparison of
observed and predicted values of wool
breakdown efficiency in %
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Fig. 3: Influence of hydrolysis first stage time and hydrolysis second stage time
on quantity of decomposed wool; (a) 1 % added enzyme, (b) 5 % added enzyme
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hydrolysate proceeded through two-stage
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