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Effects of Polyphosphates on Vacuum, pH of Canned Foods and
Blackening of Internal Metal Surface of Can

Hiromitsu Osada and Yukako Kutsuki

Polyphosphates are often used for enhancing the quality of canned foods. In this study, the
effects of polyphosphates on vacuum, pH of canned foods and blackening {black spot) of
internal metal surface of can were investigated.

Polyphosphates of five different pH were added from 0.25 to 1.0% into 1.0% solution of
commercial scallop’s extract and the mixture was put in a Tuna No.2 can coated with lacquer
containing zinc oxide. After seaming, the canned foods were heated at 110°C in a retort for
80 minutes and cooled, then the canned foods were stored at 37°C for 12 months.

With an addition of more than 0.75% polyphosphate of pH 7.07 or more, blackening
occurred on internal metal surface of the can, particularly on can body, and lacquer film
lifted off from the body and the ends of the can during storage, but no changes in vacuum or
pH were recognized in any of canned foods.

Therefore, in the production of canned foods, particularly canned scallop or baby clam,
polyphosphate of pH 7.07 or less should be used.

Key words: polyphosphate, vacuum, pH, internal metal surface, blackening (black spot),
lacquer lifting.
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Table 1. Composition of free amino acids in used scallop’s extract.

Amino acid Content Amino acid Content
(mg/100 g) (mg/100 g)

Lvs 297 Ala 1089
His 186 Cys Trace
Arg 957 Val 296
Tau 1303 Met 124
Asp 520 ILe 135
Thr 185 Leu 330
Ser 238 Tyr 84
Glu 4352 Phe 325
Pro 875 Total 14450
Gly 3154

Table 2. Composition of polyphosphates.

Polyphosphate pH Compaosition
A 6.53 Sodium polyphosphate 29 %, sodium metaphosphate 55 %,
sodium pyrophosphate 3 %. sodium phosphate, Monobasic 13 %.
B .07 Sodium polyphosphate 4 %, potassium pyrophosphate 2 %,

sodium metaphosphate 58 %, potassium metaphosphate 14 %,
sodium pyrophosphate 2 %, sodium phosphate, Dibasic 20 %.

C 7.67 Sodium polyphosphate 30 %, potassium pyrophosphate 3. %,
sodium metaphosphate 37 %, potassium metaphosphate 30 %.
D 8.20 Sodium polyphosphate 60 %, potassium pyrophosphate 2 %,

sodinm metaphosphate 22 %, potassium metaphosphate 14 %,
sodium pyrophosphate 2 %.
E 9.68 Sodium polyphesphate 50 %, sodium pyrophosphate 50 %.
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Table 3. Effect of polyphosphate “A” (pH 6.53) on vacuum,
pH of canned foods and blackening of internal metal
surface of can.

(immediately after production)

Concentration Vacuum " Extent of blackening™' Metals dissolved (ppm}

(%) (cmbly) P B S5 TE BE: Fe Sn
0 31 6.09 0 0 0 0 T T3
0.23 30 6.02 0 0 0 0 T T
0.5 31 5.99 0 0 0 0 T T
0.75 32 5.97 0 0 0 0 T T
1.0 32 5.96 0 0 Q 0 T T
(after storage for 3 months at 37°C}
Concentration Vacuum u Extent of blackening
(%) (emig T B Ss TE BE
0 32 2.77 0.5 1 0 0
0.25 335 5.79 0.5 1 0 0
0.5 34 3.79 0 1 O 0
0.75 33 5.77 0 1 ] 0
1.0 32 5.97 1 1 0 0
{after storage for 6 months at 37°C)
Concentration Vacuum H Extent of blackening
(%) (emHg) P B SS TE BE
0 32 5.79 1 1 0 0.5
0.25 34 5.79 i 0 0.5
0.5 34 5.79 i D 1] 0.3
0.75 32 5.77 1 1.5 0 0.5
1.0 30 5.77 1 .5 0 0.5
{after storage for 12 months at 37°C)
Concentration Vacuum H Extent of blackening Metals dissolved {ppm)
(%) (embg) © B 5SS TE BE Fe Sn
0 30 5.77 1 1 0 0 T T
0.25 34 5.78 1 1 0 0 T T
0.5 34 5.79 i 1 0 0.5 T T
0.75 34 5.80 1 1.5 0 0.5 0.2 T
1.0 32 5.78 1 1.5 0 Q 0.3 T
N=5
"1: Black spot.
*2B: Body. SS: Side seam. TE: Top end. BE: Bottom end.

*3T: Trace,
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Table 4. Effect of polyphosphate “B” (pH 7.07) on vacuum,
pH of cdnned foods and blackening of internal metal

surface of can.

{immediately after. production}

Concentration  Vacuum H Extent of blackening”’ Metals dissolved {ppm)
{%) (cmHg) ° B SS TE BE"® Fe Sn
0 31 6,09 0 0 o 0 T ™3
0.25 33 6:31 0 0 0 0 T T
0.5 31 6.33 (] 0 0 0 T T
0.75 36 6.29 0 0 0 0 T T
1.0 35 6.31 1] 0 0 0 T T

{after storage for 3 months at 37°C)

Concentration Vacuum H Extent of blackening
(%) (emHg) P B _SS TE BE
0 33 5.77 0.5 { 0 0
0.25 35 6.04 0.5 1 0 0
0.5 31 610 05 | 0 0
0.75 33 6.16 0.5 1 0 0
1.0 32 6.16 0.5 i )] 0

(after storage for 6 -months at 37°C)

Concentration  Vacuum H Extent of blackening
(%) {emHg) P B SS TE BE
0 33 5.77 0.5 1 0 0.5
0.25 33 5.98 1 0.5 0 0.5
0.5 36 6.02 1 1 0 0
0.75 37 6.06 1 1 0 0
1.0 36 6.06 1 1 0.5 0

{afier storage for 12 months at 37°C)

Concentration Vacuum H Extent of blackening Metals dissolved {ppm}

(%) (cmHg) P B SS TE BE Fe Sn

0 3 5.77 1 1.5 0 0 1.3 T
0.25 33 6.03 1 15 0 0 0.7 T
.5 33 6.09 1 1.5 0 0 0.5 T
0.75 30 6.09 1% 1 0.5 0.5 0.5 T
i.0 37 6.11 1 1 0.5 0.5 0.7 T
N=5

*1: Black spot

*2B: Bady. S5S: Side seam. TE: Tep end. BE: Bottom end.
*3T: Trace.

*3: Lacquer lifting (Lacquer peeling).
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Table 5. Effect of polyphosphate "C” {pH 7.67) on vacuum,
pH of canned foods and blackening of internal metal

surface of can.

(immediately after production)

Concentration Vacuum u Extent of blackening" ! Metals dissolved (ppm)
(%) (emtig) F B S5 TE BE®  Fe Sn
0 31 6.09 ¢ 0 0 0 T T*?
0.25 33 6.16 0 0 0 0 T T
0.5 36 6.22 0 0 0 0 T T
0.75 36 6.27 0 0 0 0 T T
1.0 34 6.29 0 L] 0 0 T T

{after storage for 3 months a1 37°C)

Concentration Vacuum q Extent of blackening
(%) (emHg) P B SS TE BE
0O 30 5.77 0.5 1 0 0
0.25 36 6.01 0.5 1 0 0
0.5 37 6.04 0.5 1 0 0
0.75 37 6.13 0.5 | 0 0
1.0 38 6.17 0.5 1 0 0

{after storage for 6 months at 37°C)

Concentration Vacuum H Extent of blackening
(%) (emblg)  F B 55 TE BE
0 33 9.77 0.5 1 0 0
0.25 35 5.98 0.5 l 0 0.5
0.5 36 5.96 0.5 I 0 0.5
0.75 37 6.01 0.5 | 0 0
1.0 34 6.05 0.5 I 0 0.5

{after storage for 12 months at 37°C)

Concentration Vacuum H Extent of blackening Metals dissolved (ppm)
(%) (emHg) ° B SS _TE BE Fe Sn
0 30 5.77 1 1.5 0 0 1.3 T
0.25 36 6.00 | 1.5 1] 0 0.8 T
0.5 37 6.02 1 1.5 0 0.5 0.9 T
0.75 35 6.07 1* 1.5 0.5 0.5 0.9 T
1.0 36 6.08 1°! 1.3 1** j 1.0 T
N=5
*1: Black spot.

*2B: Body. SS: Side seam. TE: Top end. BE: Bottom end.
*3T: Trace.

®4: Lacquér lifting (Lacquer peeling).
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Table 6. Effect of polyphosphate “D"” (pH 8.20) on vacuum.
pH of canned foods and blackening of internal metal

surface of can,

(immediately after production)

Concentration Vacuum H Extent of blackening®! Metals -dissolved (ppm)
(%) (emHp) P B SS TE BE'® _ Fe Sn
0 at 6.09 0 0 0 0 T T3
0.25 34 6.49 - 0 0 0 Q T T
0.5 36 6.58 1] 0 1] ] T T
0.75 37 6.64 0 (1} 0 0 T T
1.0 38 6.68 0 0 0 0 T T
{after storage for.3 months at 37°C)
Concentration Vacuum H Extent of blackening
(%) (emig) P B SS TE BE
0 30 5.77 0.5 i 0 0
0.25 36 6.26 0.5 1 0 0
0.5 37 6.45 0.5 1 0 0
0.75 37 6.45 0.5 1 0 0
1.0 38 6.55 1 1 0 0
{after storage for 6 months at 37°C)
Concentration Vacuum H Extent of blackening
(%) (emHg) P B SS TE BE
0 33 5.77 1 1 0 0.5
0.25 35 6.26 1 1 0 0.5
0.5 35 6.35 1 1 0 0
0.75 36 6.39 1 1 0 0
1.0 38 6.34 1 1 1] 0
(after storage for 12 months at 37°C)
Concentration Vacuum H Extent of blackening Metals dissolved (ppm)
(%) (cmHg) P B SS TE BE Fe Sn
0 30 5.77 1 1 0 0 1.3 T
0.25 38 6.32 1 1 0 0 0.6 T
0.5 36 6.41 1* 1 0 0.5 0.6 T
0.75 35 6.44 2*4 0.5 2 0.6 T
1.0 37 6.49 2*t 1 1* 2 0.9 T
N=5

*1: Black spot.

*2B: Body. SS: Side seam. TE: Top end. BE: Bottom end.
*3T: Trace.

*4: Lacquer lifting (Lacquer peeling).
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Table 7. Effect of polyphosphate “E” (pH 9.68) on vacuum,
pH of canned foods and blackening of internal metal

surface of can.

{immediately after production)

Concentration Vacuum H Extent of biackening®? Metals dissoived {ppm)
(%) (embg) ° B S5 TE BE" Fe Sn
0 3 6.098 0 0 [} 0 T T3
0.25 34 7.98 0 0 1] 0 0.8 T
0.5 38 7.66 0 0 0 0 0.8 T
0.75 38 7.8 0 0 0 0 T T
37 7.66 0 0 0 0 0.7 T

(after storage for 3 months at 37°C)

Concentration Vacuum H Extent of- blackening
(%) tembg  ° B sS TE BE
0 30 2.77 0.5 1 0 ¢
0.25 38 6.93 0.5 0.5 0 1]
0.5 35 7.25 0.5 0.5 0.5 0
075 31 7.39 0.5 0.5 0 0
1.0 35 7.51 1 1 0 0

{after storage for 6 months at 37°C)

Concentration Vacuum H Extent of blackening
(%) (cmilg P B S5 TE BE
0 33 5.77 1 | 0 ¢.5
0.25 35 6.89 1 I 0 [
0.3 34 7.18 1 0.5 0.5 0
0.75 37 7.35 1 0.5 0.5 0
i.0 35 7.42 1 0.5 0 0

(after storage for 12 months at 37°C)

Concentration Vacuum H Exitent of blackening Metals dissolved {ppm)
(%) {emHy) P B S5 TE BE Fe Sn
0 30 5.77 1 1 0 0 1.3 T
0.25 34 6.86 2% 0.5 0 1 0.6 T
0.5 34 7.13 2! 0.5 1 1 1.2 T
0.75 30 7.29 2! 0.5 1 1*F 1.0 T
1.0 34 7.44 2% 1 1** 1" 0.8 0.75

N=3

*1: Black spot.

*2B: Body. SS: Side seam. TE: Top end, BE: Bottom end.
*3T: Trace.

°4: Lacquer lifting (Lacquer peeling).
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