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Effects of pH, Volatile Compounds, Free Sulfur-Containing
Amino Acids on Blackening Formation of Internal Metal
Surface of Various Kinds of Cans With C-Enamel
and Epoxy Pheneolic Coating Packed with Tuna

Ikuko TakkucHI and Yukako KuTsukl Hiromitsu QOSapa

Effects of pH, volatile basic nitrogen (VBN), volatile sulfur-containing compounds
(VSC) and free sulfur-containing amino acids (FSAA) on blackening formation of internal
metal surface of can packed with tuna were investigated.

Effects of kinds of can and coating on the blackening formation were also investi-
gated.

The kinds of can, coating and additive used were as follows :

Cans and coatings : Tin plate soldered can, epoxy phenolic coating (A can), tin plate soldered
can, C-enamel (B can), tin plate welded can, epoxy phenolic coating (C can), tin free steel DR
can, epoxy phenolic coating (D can) and tin free steel cemented can, epoxy phenolic coating
(E can).

Additives : Soy bean oil, 2% brine and commercial seasonings.

Canned tuna was stored at room temperature and 37°C for 12 months.

Amounts of VBN, VSC and FSAA were determined using vacuum -distilling method, gas
chromatography and instrumental analysis of amino acid, respectively,

pH value and hydrogen sulfide content of canned tuna in oil or in brine packed in A and
B cans were considerably high, and the blackening of the internal surface of those cans was
remarkably formed during storage. In the case of canned tuna in oil or in brine packed in D
can, the blackening was slightly formed after storage at 37°C for 12 months. No blackening
was formed in C and E cans.

Degree of the blackening of internal metal surface of canned tuna was considerably
affected by pH value and hydrogen sulfide content and kinds of can. However, effects of
VBN, methylmercaptan, dimethyl sulfide and FSAA and kinds of coating on the blackening
formation were not obvious.
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Table 1. Relation between pH and blackening formation of internal

surface of can packed with tuna

(Storage at room temperature, months)
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pH Degree of blackening
0 1 3 6 12 0 1 3 6 12
A-1 6.31 6.28 6.26 6.13 6.28 - +  +  ++
2] 628 633 616 604 620 - & x + ++
3 5.95 5.96 5.86 5.85 5.88 - - - = =
B-1 6.27 6.8 6.20 6.17 6.20 - - - = =
2 6.15 6.25 6.18 6.13 6.20 - - - x -
3 5,91 5.79 6.18 5.86 5.87 - - - = =
C-1 6.28 6.27 6.30 6.22 6.30 - - - - =
2] 612 610 6.16 6.10 6.35 - - - = =
3] 594 59 600 597 594 - - - - =
D-1 6.11 6.21 6. 16 6. 30 6.30 - - - - -
2 6.24 6. 36 6. 25 6. 19 6.18 - - - - =
3| 600 600 58 59 584 - = = = =
E-1 6.44 6.54 6.36 6.32 6.32 - - - - =
2 6.35 6. 39 6. 27 6.23 6.29 - - - - =
3 6.05 6.01 5 95 5.97 6.04 - - - = -
A-1:Canned tuna with oil, tin plate soldered, lacquered
2 : Boiled canned tuna, tin plate soldered, lacquered
3 : Seasoned canned tuna, tin plate soldered, lacquered
B-1:Canned tuna with o¢il, tin plate soldered, C-enamelled
2 : Boiled canned tuna, tin plate soldered, C -enamelled
3 : Seasoned canned tuna, tin plate soldered, C -enamelled
C-1:Canned tuna with oil, tin plate welded, lacquered
2 : Boiled canned tuna, tin plate welded, lacquered
3 : Seasoned canned tuna, tin plate welded, lacquered
D-1:Canned tuna with oil, tin free steel DR, lacquered
2 : Boiled canned tuna, tin free steel DR, lacquered
3 : Seasoned canned tuna, tin {ree steel DR, lacquered
E-1:Canned tuna with oil, tin free steel cemented, lacquered
2 : Boiled canned tuna, tin free steel cemented, lacquered
3 : Seasoned canned tuna, tin free steel cemented, lacquered
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{continued) (Storage at 37 °C, months)

pH Degree of blackening
0 1 3 6 12 0 1 3 6 12

A-1 6.31 6.24 6.20 6.16 6. 31 - 4+ 4+ +t+ A+t
2| 6.28 6.16 6.16 6.12 6.22 - 4+ 4+ ++ T
3 5.95 5.94 5. 84 5. 69 571 - - - - —

B-1 6.27 6.14 6. 156 6. 21 6. 20 - £ - = ++(B.S)
2 6.15 6.23 6. 16 6.12 6.17 - + - =+ +
3 5.901 6.02 5.99 5.7 5.72 - - - % -

C-1| 628 6.18 624 6.18 6.23 - - = = +(B.S)
2] 612 62 63 627 620 - - - - +(B.S)
3|59 58 59 58 579 - - - = -

D-1 6.11 6.14 6.13 6. 10 6.17 - - - - -

2 | 6.24 6.28 643 617 6.27 - - - = -
3 6. 00 5.82 5.78 5.76 5.68 - - - = —

E-1 6.44 6.36 6.36 6.3 6.37 - - - - -
2163 62 633 620 628 - - - - -

3] 605 58 59 58 580 - - - = -

B.S : Black spots

Table 2. Relation between VBN content and blackening formation
of internal surface of can packed with tuna
(Storage at room temperature, months)

VBN (mg/100g ) Degree of blackening

0 1 3 6 12 0 1 3 6 12

A-1 41. 4 40.7 43.6 46.3 48.4 - = 4+ 4+ ++

2 38.6 41.5 43.6 41.7 48.4 - ++ = + 4+

3 | 45.8 49.9 51.9 53.3 59.1 - - = - =
B-1 41.4 40.1 43.6 46.3 47.8 - - - - -
2 42.8  40.1 42.1 49.1 52.1 - - - x =

3 | 52,1 52.7 56.1 51.5 59.1 - - - - =
Cc-1 43.7 42.9 4.9 46.3 50.7 - - - - =
2 | 4.4 42,9 421 42.1 46. 4 - - - - =
3 | 40.8 52.2 5.8  54.7 56.3 - - - - =
D-1 40.9 41.5 44,9 401 54.9 - - = - -
2 | 41.4 41.5 44.9  46.3  49.3 - - - - -

3 49.8 5.3 53.3 56.1 54.9 - - - - =
E-1 44.2 44.1 46.3 4.7  46.4 - - - - -
2 | 4.4  40.1 43.6  46.3  42.2 - - - - =

3 ) 512 52.5 51.9 53.3 87.7 - - - - =

VBN : Volatile Basic Nitrogen
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(continued) (Storage at 37°C, months)
VBN (mg/100g) Degree of blackening
0 1 3 6 12 0 1 3 6 12
A-1 41.4 42.9  49.1 586. 1 60. 5 - 4+ ++ ++ 4
2 38.6 45.2 47.7 51.9 63.3 - + ++ 4+ e+
3 49. 8 53.3 54.7 57.5 66. 1 - - - = -
B-1 | 41.4 443 46.3 561 59.1 - £ - = ++(B.9)
2 42.8 41.5 48.1 50.5 61.9 - +*+ - = +
3 52.1 54.2 57.17 60.3 71.8 - - - % -
C-1 43.7 43.8 49,1 51.9 63.3 - - - = +B.S)
2 | 41.4 42.9 4.9 53.3 60.5 - - - = +(B.9
3 49. 8 52.7 53.3 63.1 61.9 - - - - -
D=1 40.9 44.3 47.7 51.9 63.3 - - - = -
2 41. 4 45. 7 50.5 53.3 63.9 - - - - -
3 1498 533 547 60.3 661 - - - - -
E-1 4.2 44.3 49. 1 56.1 63.3 - - - - -
2 11.4 42.9 4.9 51.9 60. 5 - - - = -
3 | 51.2 522 533 57.5 63.3 - - - = -
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Table 3. Relation between hydrogen sulfide content and blackening
formation of internal surface of can packed with tuna
(Storage at room temperature, months)

HoS (pg/mé) Degree of blackening

0 1 3 6 12 0 1 3 g 12

A-1 | 155.5 56.8 57.9 49. 6 6.7 - - + 4+ ++
2 98.6 11.3 5.9 6.9 1.6 - * = +  ++

3 0.9 0.9 1.1 0.6 0.3 - - - - -
B-1 | 101.3 26.3 21.2 12.1 1.6 - - - - -
2 4.2 1.9 1.8 2.0 0.3 - - - = -

3 1.0 0.7 1.2 0.9 0.2 - - - = =
C-1 12935 1222 71.3 49.0 14.7 - - - = =
2 | 134.6 33.2 12.4 11.6 2.1 - - - - =

3 2.6 1.3 0.8 4.4 0.1 - - - - =
D-1 | 133.5 55.5 45.5 31.3 6.0 - - - - =
2 | 114.4 11. 4 8.1 6.6 1.1 - - - - -

3 2.5 0.9 0.7 0.8 2.3 - - - - =
E-1 |3653 1819 113.7 57.2 13.3 - - - - -
2 }202.9 28.9 23.2 13.9 3.0 - - - - -

3 3.5 0.4 0.7 0.6 0.2 - - - - -
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(continued ) (Storage at 37°C, months)
HzS (ug /mg) Degree of blackening
0 1 3 6 12 0 1 3 6 12
A-1 | 155.5 53.7 17.5 66.6  33.8 -+ ++ 4+ A+t
2 98.6 4.1 9.5 6,6 2.4 - 4+ 4+ A+
3 0.9 1.1 0.2 0.7 0.1 - - - = -
B-1 | 101.3 30.3 9.4 21.3 24.9 - + - £ ++(B.S)
2 44. 2 2.2 4.8 3.7 2.3 - = - % +
3 1.0 0.4 0.4 0.4 0.1 - - - % —
C-11| 293.5 73.2 42.0 44.0 51.3 - - - - +(B.S)
2 | 134.6 8.6 19.5 13.7 16.5 - - = = +(B.S)
3 2.6 0.4 0.3 0.5 0.1 - - - - —
D-1 | 133.5 46. 6 27.2 46.6 27.8 - - - - -
2] 114.4 2.8 13.5 6.6 5.1 - - - = —
3 2.5 0.4 0.6 0.5 0.1 - - - = -
E-1]365.3 153.0 69.0 51.9 31.58 - - - - —
21 22.9 10.3 16.7 10.2 10.6 - - = - -
3 3.5 0.4 69.0 0.5 0.1 - - - - -

Table 4. Relation between methylmercaptan content and blackening
formation of internal surface of can packed with tuna
(Storage at room temperature, months)

MeSH (ng/mé) Degree of blackening

0 | 3 6 12 0 1 3 6 12

A-1 4.9 4.7 4.0 5.4 1.9 -  x + o+ ++
2 11.0 4.1 5.6 3.1 1.6 - x + + ++

3 6.7 4.8 6.4 5.2 1.6 - - - — -
B-1 6.7 2.9 3.4 3.6 1.0 - - - = =
2 5.6 3.2 3.6 4.0 1.2 i

3 10.8 6.9 7.3 7.4 1.4 - = - - -
C-1 1.4 5.7 4.4 7.7 2.1 - - - - -
2 9.6 6.5 4.0 517 2.3 - - = - -

3 10.8 5.2 9.7 4.0 1.0 - - - - =
D-1 50 3.7 5.3 6.9 2.1 - - - = =
2 6.0 3.6 4.2 3.1 1.4 - - - — -

3 8.5 8.5 9.1 6.1 0.9 - - - - -
E-1 8.0 3.1 5.8 6.9 2.0 - - - = =
2 9.0 4.7 5.0 5.6 1.7 - - - - -

3 11.4 8.1 6.8 5.4 1.3 - - - - -

MeSH : Methylmercaptan
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(continued) (Storage at 37°C, months)
MeSH (ng/m#) Degree of blackening
0 1 3 6 12 0 1 3 6 12
A-1 4.9 8.1 3.8 5.9 2.0 - + 4+ 4+
2 11.0 4.3 2.8 4.4 0.9 - 4+ 4+ ++ t+t+
3 6.7 35 2.3 3.3 0.3 - - - - —
B-1 6.7 3.5 3.5 4.1 2.0 - + - # ++(B.S)
2 5.6 4.4 3.7 4.2 1.3 - £ - = +
3 10.8 4.0 3.6 2.3 0.5 - - - % -
C-1 7.4 5.7 2.4 6.0 2.8 - - = - ¥(B.9)
2 9.6 5.5 50 5.5 1.6 - - = = HB.9
3 10. 8 3.5 3.3 1.7 0.3 - - - - -
D-1 50 8.0 4.3 5.0 1.9 - - - - -
2 6.0 4.4 4.3 3.1 1.4 - = - = -
3 8.5 4.0 3.4 2.0 0.4 - - = - -
E-i 8.0 5.2 4.4 5.7 3.8 - - = - -
2 9.0 3.9 3.9 2.4 1.6 - - - - -
3 11.4 3.0 4.4 2.3 0.4 - - = - -

Table 5. Relation between dimethy! sulfide content and blackening
formation of internal surface of can packed with tuna
(Storage at room temperature, months)

Me2S (ng/m¢#) Degree of blackening

0 1 3 5 12 0 1 3 6 12

A-1 0.7 0.4 0.9 0.9 0.3 - £ + + ++
2 2.6 1.0 1.5 .1 0.6 - = + + 4+

3 44.5 35.4 54.9 48. 1 30.1 - - - - =
B-1 1.6 0.3 0.5 0.5 0.3 - - - - =
2 1.1 1.0 1.1 2.3 0.5 - - - x+ -

3 62.0 46. 3 62.7 60.1 24.8 - - - = =
C-1 1.6 0.6 0.5 (.8 0.2 - - - - -
2 1.7 1.4 0.9 1.2 0.7 - - - - -

3 61.7 46.3 73.2 42.1 21.7 - - - - -
D-1 0.5 0.4 0.7 1.0 0.3 - - - - -
2 1.2 1.1 1.0 0.9 0.3 - - - - -

3 55.2 55.9 88.3 56.9 15.8 - - - - =
E-1 1.4 0.7 1.5 1.6 0.6 - - - - -
2 1.8 1.1 1.2 1.3 0.5 - - - - -

3 51.6 32.8 67.4 45.5 21.6 - - - - -

MezS : Dimethy! sulfide



(continued ) (Storage at 37°C, months)

Mez2S (ng/mé) Degree of blackening
0 1 3 6 12 0 1 3 6 12
A-1 0.7 1.3 0.5 0.8 0.4 - 4+ ++ 4+t
2 2.6 1.6 0.8 1.8 2.1 -+ ++ ++ 4+
3 44.5 36.5 50.7 67.0 24.5 - - = - -
B-1 1.6 0.4 0.7 0.7 0.5 - = - % ++(B.S)
2 1.1 1.7 2.0 1.9 1.6 - £ - £ +
3 62.0 45.1 68.7 56.7 21.2 - - - % -
C-1 1.6 0.6 0.8 0.9 0.6 - = =  — +(B.,S)
2 1.7 1.3 1.7 1.8 0.6 - = = = HB.S
3 61.7 38.4 52. 4 42.6 36.9 - - - - -
D-1 0.5 1.1 0.6 0.9 0.8 - - = - -
2 1.2 1.1 0.9 1.0 1.0 - - - = -
3 55.2 45. 1 65.1 50.9 35,7 - - - - -
E-1 1.4 1.2 1.3 1.7 0.8 - - - = -
2 1.8 0.9 0.9 1.2 0.8 - - - = -
3 51.6 29.0 54.1 53.5 20.2 - - - - -

Table 6. Relation between free sulfur-containing amino acids content
and blackening formation of internal surface of can packed

with tuna (Storage at room temperature, months)

FSAA (mg/100g) Degree of blackening

0 1 3 6 12 0 1 3 6 12

A-1 23.6 34.5 34.9 336 3.8 - + 4+ 4+ ++

2 36.1 35.2 50.2 36.1 42.8 - £ & + ++
3 | 33.8 41.1 43.4 28.6 49.4 - - = - -
B-1 4.7 39.8 46.8 39.5 471 - - - - =
2| 244 434 48.8 33.6 345 - - - £ -
3 | 41.1 4.2 44.7 29.3 38.9 - - - - =
C-1 28.5 28.2 32.6 3.0 38.4 - - - - =
2| 25,4 30.5 307 27.3 3.2 - - - - =
3 | 31.4 33.1 36. 1 28.2 2.7 - - = - =
D-1 45.6 35.4  46.4 40.8 41.0 - - - - =
2 1 27.6 34.4 335 37.3 3.4 - - = - =
3 34.5 38.7 45.8 3.4 39.8 - - - - -
E-1 33.0 365 37.0 33.8 32.0 - - = - =
2| 27.3 29.7 29.3 28.1 34.0 - - - - =
3| 309 34.6 338 30.1 37.6 - - = = -

FSAA : Free sulfur-containing amino acids (tairine, cystine, methionine)
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(continued) (Storage at 37 °C, months)
FSAA (mg/100g) Degree of blackening
0 1 3 6 12 0 1 3 6 12
A-l 23.6 315 38.7 32.4 3.6 - 4+ 4+t A+
2] 3.1 36.4 41.8  36.3 43.6 - 4+ 4+ e+
3 33.8 35.4 39.1 35.3 41.2 - - - % - .
B-1 46.7 40.1 42.8 39.7 56.6 - &£ - = ++(B.S
2 24.4 48.1 60.9 45.0 51.1 - £ - =z +
3| 4.1 431 47.0 323 38.2 - - - % —
C-1 28.5 38.1 3.7 31.9 31.7 - - - - +(B.S
2| 25,4 386 32.6 3.0 29.0 - - - - +(B.S)
3 31.4 35.5 34.7 27.6 23.5 - - - - -
D-1 45.6 42.3 41.6 41. 8 44.6 - - = - -
2 21.6 31.9 41.7 33.5 33.6 - - - - -
3 34.5 39.5 38.9 37.5 31.7 - - - - -
E-1 33.0 34.6 36.2 34.9 35.6 - - - - —
2 21.3 27.1 30.5 27.2 30.6 - - - - -
3 30.9 3.7 34.8 29.0 27.6 - - - - -
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