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Abstract : We examined four ways for collagen extraction from bovine skin tissue at different ages.
From fetus and new born bovine skins, 50% collagen was extracted by 0.5 M acetic acid treatment.
From the 3-month and 18-month old bovine, collagen was able to be extracted by pepsin or proctase
digestion. Collagen was hardly extractable from 8-years old skin, unless alkaline extraction was
applied. Such different profiles of extractability may reflect change of collagen crosslinks during
aging. Acid labile, reducible crosslinks were found in fetus and new born bovine skin. Pyridinoline
was detected in the bovine skin, elder than 3 month, and other crosslink, pentosidine, was exclusively
detected in the 8 years-old bovine skin. We could not find any difference in amino acid compositions
and denaturation temperature among the collagen specimens prepared from differently aged bovine
tissues. However, the features of fibril formation were characteristically different from each other.
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Fig.1. Extractability of boving skin collagens from

fetus, new born (NB), 3-months old (3m), 18-months
old (18 m) and 8 years-old (8 y) animal.

Solid column, 0.05 M Acetic acid extraction at 4°C ; gray
column, pepsin (0.29) in 0.5M acetic acid solution at
4°C; hatched column, proctase (0.29%) in 0.1 M tartarate
buffer (pH 2.8) at 20°C; open column, 3% NaOH (w/v)-
1.9% monomethylamine (v/v) solution at 20°C. The
content of skin collagen or extracted collagen was esti-
mated by comparing hydroxyproline content after hydro-
lysis of samples.
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Fig. 2. SDS-PAGE of bovine skin collagen from fetus, new born,
3 months-old, 18-months old and 8 years-old animal.

Extracted collagen was analyzed by SDS-PAGE (5% gel). (A),0.05 M
Acetic acid; (B), pepsin; (C), proctase; (D), 3% NaOH (w/v)-1.9%
monometylamine (v/v). Extraction condition was the same as in Fig. 1.
Lane 1, fetus ; lane 2, new born ; lane 3, 3 months old ; lane 4, 18 months
old; lane 5, 8 years old.
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Fig. 3. Time course for collagen extraction.

(A), 0.05M Acetic acid; (B), pepsin; (C), proctase;
(D), 3% NaOH (w/v)-1.9% monomethylamine (v/v).
Extraction condition was the same as in Fig. 1. At indicat-
ed time, the aliquot of extraction mixture was centrifuged,
and the supernatant was measured for collagen content.
Symbols: (O), new born; (1), 18 months old; (A), 8
years old.
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Table 1 Pyridinoline and pentsidine contents of
different aged bovine skins

pyridinoline pentosidine
(mmol/mol collagen)
Fetus *n.d. *n.d.
New born *n.d. *n.d.
3 months-old 4.86 *n.d.
18 months-old 6.52 0.14
8 years-old 25.72 6.85

*n.d., not detected
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Fig.4. Fibril formation (37°C) of differently aged
bovine skin collagens.

A. Turbidity curve. Symbols: (O), fetus; ([]), new born
(NB) ; (A), 3 months-old (3m) ; (@), 18 months-old (18
m) ; (A), 8 years-old (8 y). B. Amount of collagen incor-
porated into fibril.
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