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Abstract

The leather industry generates a large amount of hazardous leather waste of various types every year. Among them, shaving
scrap is difficult to recycle because it contains chromium ions. Many studies in recent years have shown that shaving scraps
can be processed into various types of valuable products, such as adsorbent, filler, and poultry feed. In this study, collagen
peptides were extracted from shaving scraps and structurally modified to be developed as new materials with improved phys-
icochemical properties. First, the chromium ions contained in the shaving scraps were removed using a sodium hydroxide
solution, and purified through concentration and low-temperature crystallization. The purified collagen peptide was used to
prepare the powder using a spray dryer. The extracted collagen peptides were structurally modified by introducing double
bonds by reacting with methacrylic anhydride (MAA), and the product was confirmed by 'H NMR spectroscopy. Next, a
copolymer was prepared by redox polymerization of the modified collagen peptide (MCP) and 2-ethylhexyl acrylate (2-EHA).
The structure of the copolymer was qualitatively confirmed by FT-IR. In conclusion, this study confirmed that collagen pep-
tides can be extracted from shaving scrap and converted into new eco-friendly materials through certain treatments.
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Table 1. Basic Components of Shaving Scrap

Components Contents (Wt%) Method

Crude protein 40~42 Kjeldahl
Moisture 58~60 Karl fischer
Chromium 2.5~3.0 EPA 3050B
Oil 0.5~1.0 KS M 6882
Others(Minerals) 0.4~0.8 SEM-EDS
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1,290, FZ& 80~94%, A% [polydispersity index, PDI (Mw/Mn)]
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Figure 1. Effect of NaOH concentration on hydrolysis reaction. The
shaving scrap was injected 4 times for 2 h to control the reaction
conditions such as the solubility and volume of the mixtures. Reaction
temperature and time were 80 °C and 4 h, respectively. The sample
was stired at the rate of 100 rpm. (see the text for details)
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Figure 2. Effect of reaction temperature on hydrolysis reaction.
Shaving scrap was injected 4 times for 2 h to control the reaction
conditions such as the solubility and volume of the mixtures. 1.0 M
NaOH solution was used and reaction time was 4 h. The sample was
stirred at the rate of 100 rpm. (see the text for details)
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Figure 3. SEM micrograph of collagen peptide powder.

Table 2. Molecular Weight of Collagen Peptide Powder

Types of molecular weight I\/‘I:;f;l:::r
Number average molecular weight(Mn) 677
Weight average molecular weight(Mw) 1,019

Z average molecular weight(Mz) 1,561
Polydispersity index(PDI, Mw/Mn) 1.50

Table 3. Types and Relative Amounts of Amino Acids Present in
Collagen Peptide Powder

Amino acid Amounts(mg/g)
Glycine(C,HsNO,) 183.36
Proline(CsHyNO,) 101.23
Glutamate(CsHoNOy) 79.29
Alanine(C;H/NO,) 64.35
Asparagine(C4HsN,O3) 42.09
Lysine(CsH14N,05) 25.12
Leucine(CsH3NO») 22.16
Phenylalanine(CoH;;NO,) 14.97
Serine(C;H;NO3) 11.13
Isoleucine(CsH13NO») 6.55
Valine(CsH;1NO,) 6.39
Methionine(CsH;;NO,S) 6.02
Histidine(CsHyN;0,) 4.39
Threonine(C4HyNO;) 2.66
Arginine(C¢H4N4O,) 2.61
Tyrosine(CoH;;NO;) 2.00

Mw 1,019, Mn 677, PDI (Mw/Mn) 1.500.% S350 474 &2 &

= AAE Fal 79F FeRl fAete| =5 A2 JISITHTable

2). oh|Al 4715 o] gate] Fehal ol tol 3 ofu] et

?W s A Ax 392l 28] X(Glycine) 183.36 mg/g 2t

ZEZ(Proline) 101.23 mg/gs ¥E33F o8] 7] 7S g1g &= 9]
SItHTable 3).
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Figure 4. Proposed reaction scheme of the double bond introduction
into collagen peptide.
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Figure 5. Effect of thermal stability depending on MAA content on
collagen peptide. After dissolving the collagen peptide in 0.1 M
potassium phosphate buffer solution, MAA was injected several times
periodically for 2 h at 50 °C, followed by 3 h reaction with the
stiming at 500 rpm.
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(OH)E Z+= hydroxyproline, serine 53} HH-5-3}%1 methacrylates 5+
M om Ptk B vl Qlti29-30]. oFAFe] E9)¥
MCP2] Q=g A 23S A8zt dy}zg FE| 200 °ColA] ¢k
8~10%2] FA S yvehstar, bl fefo] =4 vlsto] MCP
o FA FAago] sol Aol E AE g1F & ASH
(Figure 5). =3 MCP2] '"H NMR AFEH © 2 2E] 54~5.7 ppmollA]
ZEH el =M B 4= 1= methacrylate group ] proton peakS-
gelst &= QI ti(Figure 6)[29-31].
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Figure 6. "H NMR spectra of MCP depending on MAA contents on
the collagen peptide.
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Figure 7. Preparation of collagen peptide based copolymer from redox
polymerization.
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Figure 8. Effect of emulsifier contents on particle size and distribution
of collagen peptide-acryl copolymer. Free emulsion(the mixture with
2-EHA, emulsifier and distilled water), initiator and reducing agent
were injected to the MCP for 3 h (MCP/2-EHA ratio: 1/3, intiator
content: 2.4 wt%, reducing agent content: 2.4 wt%, reaction temp.: 50 °C,
reaction time: 3 h, stiming rpm: 100).
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Figure 9. FT-IR spectra of 2-EHA, MCP, and collagen peptide-acryl
copolymer.
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Figure 10. Thermal stability of collagen peptide-acryl copolymer,
MCP, and Collagen peptide powder.
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