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Studies on Prevention of Headspace Corrosion of Canned Fruits— ][

Prevention of headspace corrosion of canned mandarin oranges
by seaming with “Steam-frow™ method.

Yoshitomo Iwamoto. Daizo Mori and Yuuko Matsushita

For the poupose of preventing headspace corrosion of canned mandarin oranges, the
“steam-flow” method was examined by using a modified 5 M-type vacuum seamer with
steam flow devices attached at the turret side and/or turret-guide side.

It was found that remarkable effects was attained on prevention of surface corrosion
as well as corrosion of the inner walls of cans when the steam jet is applied only from
the turret guide side. Steam pressure of about 0.15kg/cm?® was decided to be suitable
after various investigations to prevent depression of cans which sometimes takes place
when the steam pressure is too high and to prevent uneveness of the amount of occluded
air.

For the application of the “steam-flow™ method in mandarin orange canneries, filling

about 315g of net content for a No. 5 can with about 9 mm of headspace is reccomen-

ded for a remarcable prevention of headspace and inner wall corrosions.
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Table 1 Canning of mandarin oranges by “steam-flow” method (when seaming, steam was jetted
from the guid and turret sides).

Mark Condition of seaming

i Seamed by an O-type vacuum seamer under 40cmHg of chamber vacuum (Control)

2 Steam jet (0.3kg/cm® was applied when seaming from the guide and turret sides of

modified 5M-type vacuum seamer.

Table 2 Canning of mandarin oranges by “steam-flow” method (when seaming, steam was jetted
from only the guide side of modified 5M-type vacuum seamer).

Mark Condition of seaming
1 When seaming steam jett was applied from only the guide side (steam pressuer 0.5kg
fem?)
o When seaming steam ijett was applied from only the guide side (sieam pressuer 0.15kg
/em?)
3 When seaming steam jett was applied from only the guide side (steam pressuer 0.05kg
/em?)

Table 3 Manufacturing of canned mandarin oranges by “steam-flow” method in canning plant
when seaming, steam was jetted from only the guide side.

Mark Condition of seaming
1 When seaming steam jett was applied from only the guide side of modified 5M-type
vacuum seamer (steam pressure 0.1Zkg/cm?)
2 When seaming steam jett was applied from only the guide side of modified 5M-type
vacuum seamer (steam pressure 0.3kg/em?)
3 Seamed by a 5M-type vacuum seamer under 30cmHg of chamber vacuum (Control)
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Table 4 Analysis of canned mandarin oranges stored at room temperature.

Phot. 1 Standard of degree of headspace corrosion
Mark Degree of headspace corrosion
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Metals dissolved Degree of
Storage Mark | Net Vac. Heec- pH headspace
peri weight space Fe Sn eirrsathn
(8) (emHg) | (mm) (ppm) (ppm)
|
3 mimllic il 317 8 9.0 3.6 2.5 87 3
I 2 317 36 8.8 3.6 1.5 37 0.5
e X 316 5 8.7 3.6 1.9 93 3.5
2 316 33 8.7 3.6 1.5 39 0.5
P—— 1 316 6 9.0 3.6 2.2 104 3
2 315 39 8.5 3.6 1.6 55 %
g bl 36 | 8 9.3 3.6 2.4 | 109 3
315 40 9.0 3.6 1.7 58 1
e 1 316 1 9.0 3.6 2.4 123 3
2 315 38 9.0 3.6 2.0 70 1
36 months 1 317 7 9.0 3.6 2.3 150 3
2 317 36 9.0 3.6 2.3 87 0.5
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Table 5 Analysis of gasses in headspace of canned mandarin oranges stored at room temperature.

Storage it | Net Gasses (mé#/can) Degree of
eriod Mark weight Tniial | Initia] | Neadspace
P (2) Total CO- H: O Na O» Air corrosion
L month 1 } 314 | 198 | 035 | 008 ] o 193 | 5.2 | 24.3 4
2 817 4.1 0.2 | o.01 0 3.9 1.0 4.9 0.5
3 months 1| 316 | 185] 06| 007 0] 178 | 48 | 226 4
2 315 5.0 0.4 | 0.03 0 4.6 1.2 5.8 0.5
6 months 1 317 | 18.2 0.6 | 0.13 0 | 17.4 4.7 | 221 3
2 317 5.6 0.4 | 0.08 0 5.1 1.4 6.5 1
12 months 1 318 | 17.0 0.6 | 0.12 0 | 6.2 4.4 | 20.6 3
2 317 5.5 0.4 | 0.09 0 5.0 1.3 6.3 0.5
24 months 1 316 | 17.6 0.8 | 0.30 0 | 16.5 4.5 | 21.0 3
2 316 5.5 0.6 | 0.33 0 4.6 1.3 5.9 0.5
36 months 1 317 | 19.0 0.9 | 1.14 0 | 17.0 4.6 | 21.6 3
316 6.6 0.6 | 0.50 0 5.5 1.5 7.0 0.5

Table 6 Analysis of canned mandarin oranges stored at 37°C.

Metals Dissolved Degree of
ggﬁgﬁe Mark %\\::it ght Vae.  iHeadspace] pH Te 5o headspace
(&) | (cmHg) | (mm) | (ppm) | (ppm) | €OrFOSton
7 days 1 315 9 9.3 ’ 3.6 2.3 64 3
2 314 40 9.0 | 3.6. 1.3 30 0.5
15 days 1 316 10 9.7 3.6 2.6 87 3
2 315 40 9.2 3.6 1.2 42 0.5
1 month 1 316 7 9.0 3.6 3.3 93 3
2 315 38 8.8 3.6 1.6 46 0.5
3 months 1 315 1 9.0 3.6 3.5 114 3.5
2 316 | 30 8.7 3.6 1.7 68 0.5
6 months 1 315 2 9.2 3.6 4.9 219 4
2 314 34 9.0 3.6 2.4 126 1
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Table 7 Analysis of gasses in headspace of canned mandarin oranges stored at 37°C.

Gasses (mé/can) Degree of
Storage Mark Net > headspace
period weight [t 1 | co. H, | O N Initial | Initial | °° P on
(g) ota 2 ] i o iNg N Ajr Q S1
7 days 1 314 18.7 0.5 0.06 0 18.1 4.9 23.0 3
2 316 4.3 0.3 0.01 0 4.0 1.1 5.1 0.5
15 days 1 317 16.9 0.5 0.08 0 16.3 4.4 20.7 3
2 316 5.0 0.3 0.04 0 4.7 1.3 6.0 0.5
1 month 1 316 17.6 0.7 0.22 0 16.6 4.5 21.1 3
2 316 4.8 0.4 0.12 0 4.3 1.2 5.5 0.5
N 1 315 20.4 1.2 1.08 0 18.2 4.9 23.1 3.5
3 months
2 316 6.4 0.7 0.47 0 5.2 1.4 6.6 0.5
6 months 1 316 21.9 1.4 1.93 0 18.6 5.0 23.6 -
2 316 5.5 0.8 0.82 0 3.9 1.1 5.0 -
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Table 8 Analysis of canned mandarin oranges stored at room temperature.

« 3 _ Metals dissolved Degree of
Somge | vark | Nt | vee | Hed | gy | e | RS
(g) (cmHg) | (mm) (ppm) | (ppm)
1 315 45 9.0 3.6 1.6 21 0.5
1 month 2 315 40 9.0 3.6 1.7 28 1
3 315 24 9.0 3.6 1.7 43 1
1 314 48 9.5 3.6 1.3 24 0.5
3 months 2 316 35 9.3 3.6 1.5 47 1
3 315 28 9.5 3.6 1.9 53 1
1 315 44 9.3 3.6 2.2 32 0.5
6 months 2 316 39 8.8 3.6 1.8 54 0.5
3 315 30 9.3 3.6 1.9 64 1
1 314 45 9.3 3.6 2.1 61 0.5
12 months 2 315 41 9.0 3.6 2.1 67 0.5
3 316 30 9.2 3.6 1 87 1
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Table 9 Analysis of gasses in headspace of canned mandarin oranges stored at room temperature.

sorsge [ygan| e Guses (mtfoar) | pegree o
period w(eég)h Ul Total CO; H. (o Nz 11(1)1:1:11 gli;txal corrosion
1 316 2.5 0.2 0.01 0 2.2 0.6 2.8 0.5
1 month 2 316 7.2 0.5 0.01 0 6.7 1.8 8.5 1
3 315 9.1 0.5 0.02 0 8.5 2.2 10.7 1
1 315 3.1 0.4 0.03 0 2.7 0.7 3.4 0.5
3 months 2 316 3.3 0.4 0.04 0 2.9 0.8 3.7 0.5
3 317 8.3 0.5 0.02 0 7.8 2.1 9.9 1
1 314 3.4 0.4 0.05 0 2.8 0.8 3.6 0.5
6 months 2 316 4.7 0.5 0.03 0 4.2 1.1 5.3 0.5
3 316 8.7 0.7 0.05 0 7.9 2.1 10,0 1
1 315 4.2 0.5 0.30 0 3.4 Q0.9 4.3 0.5
12 months 2 315 5.9 0.6 | 0.29 0 4.9 1.3 5.2 0.5
3 315 9.7 0.7 0.36 0 8.6 2.3 10.9 1
Table 10 Analysis of canned mandarin oranges stored at 37°C.
Metals dissolved Degree of
Storage A Net
period Mark weight Vac. |Headspace pH Te Sn Esﬁi’i}i)gﬁe
g) (emHg) | (mm) (ppm) | (ppm)
1 316 47 9.3 3.6 1.8 15 0
7 days 2 316 43 9.3 3.6 1.7 22 0.5
3 316 27 9.5 3.6 1.8 44 1
1 315 A7 8.8 3.6 1.5 25 0]
15 days 2 316 41 8.8 3.6 1.8 27 0
3 315 30 9.5 3.6 1.7 39 1
1 314 41 9.0 3.6 1.7 34 0.5
1 month 2 315 39 9.3 3.6 1.9 38 0.5
3 315 34 9.0 3.6 2.1 57 1
1 314 45 9.5 3.6 1.8 64 0.5
3 months 2 316 40 9.2 3.6 2.0 75 0.5
3 3i5 32 9.3 3.6 2.0 85 1
1 315 38 8.8 3.6 2.3 129 —
6 months 2 315 34 9.0 3.6 2.6 145 —_
3 316 27 9.0 3.6 2.1 176 —
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Table 11 Analysis of gasses in headspace of canned mandarin oranges stored at 37°C,

. Gasses (mé/can) Degree of

g Mark | 5 Tnitial | Initial | Neadspace
p ( gg) Total CO; H, (02 No 0, Air corrosion

1 315 2.6 0.2 0.02 Tr 2.3 0.6 2.9 0.5
7 days 2 313 4.7 0.4 0.02 Tr 4.1 1.1 5.2 0.5

3 315 9.1 0.6 0.02 0.1 8.3 2.2 10.5 0.5

1 315 3.8 0.4 0.06 Tr 3.3 0.9 4.2 0.5
15 days 2 316 5.6 0.5 0.05 Tr 4.9 1.3 6.2 0.5

3 315 9.7 0.7 0.05 Tr 8.9 2.4 11.3 1

1 314 3.1 0.4 0.17 0 2.4 0.6 3.0 0.5
1 month 2 316 6.1 0.7 0.19 0 5.1 1.3 6.4 0.5

3 315 7.1 0.7 0.11 0 6.1 1.6 7.7 1

1 315 3.5 0.5 0.36 0 2.5 0.7 3.2 0.5
3 months 2 316 5.7 0.9 0.65 0 4.2 1.1 5.3 0.5

3 316 9.6 1.1 0.29 0 8.2 2.2 10.4 1

1 315 3.9 0.9 0.56 0 2.4 0.7 3.1 0.5
6 months 2 316 6.8 1.1 1.11 0 4.5 1.2 5.7 1

3 316 8.3 1.2 0.63 0 6.4 1.7 8.1 1

M3 iZZEBRUC 37°C FFED R XiEH
ROERZLERLI. o= "Steam-flow" method (steam pressure 0.5 kg/cm?)
H1ERBCHABRENES L, RE i : b ;
BHEO¥LVWE, 74dbd. AF—2HE — I stored at room temperature
BHOEIHOR XTEHENEH .

200; -=-=stored at 37°C
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& 37°C 15 B TR R UREEN & 100l s
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ZORR, A FiiroDsRF —L
7o-EZT-7EATS, 2 —vy b
cHA FEOEEPOAF—L 70 —% - 5 ; .
T-NEELEBURBIIHARESELTRY Storage period {month)
SHTHRERAREILICBFLHRHED Fig. 3 Tin dissolving in canned mandarin oranges
oz, i, HAELEER, RERAED packed with “steam-flow” method.
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Table 12 Analysis of canned mandarin oranges stored at room temperature.

?gﬁiﬁe Mark i\vf:it ght Vac. |Headspece] pH M;;als dlssolg:d E::.lgc;.:;agi
(8) | (cmHg) | (mm) (ppm) | (ppm) [ °OMOSTOR
1 317 32 8.2 3.4 4.1 22 0.5
1 month 2 317 33 8.6 3.4 3.8 26 0.5
3 N7 20 8.3 3.4 5.3 48 1.5
1 n7 36 7.9 3.4 4.0 34 0.5
3 months 2 318 33 7.6 3.4 3.6 32 0.5
3 319 15 7.8 3.4 5.7 53 1
1 317 34 8.6 3.4 4.8 63 0.5
6 months 2 318 30 7.7 3.4 4.1 o4 0.5
3 319 13 7.7 3.4 6.0 73 1.5
1 321 23 7.9 3.4 4.6 79 0.5
12 months 2 319 B3 7.6 3.4 4.1 66 0.5
3 320 17 8.1 3.4 5.8 95 1.5

¥

Table 13 Analysis of gasses in headspace of canned mandarin oranges stored at room temperature.

: Gasses (mé/can) Degree of

Stor_‘aﬁe Mark ge!: ht Initial | Imitial headspace
perio (e é.g)l Total CO: Ha Q2 Na O» Air corrosion

1 318 4.5 0.6 0.06 0 3.9 1.1 5.0 0.5
1 month 2 316 3.2 0.4 0.06 0 2.7 0.7 3.4 0.5

3 317 10.8 0.7 0.08 ] 10.0 2.7 12.7 1.5

1 319 3.8 0.5 0.09 0 3.2 0.9 4.1 0.5
3 months 2 319 3.3 0.4 0.10 0 2.8 0.8 3.6 0.5

3 320 10.1 0.8 0.11 0 9.2 2.5 11.7 1.5

I 321 5.0 0.7 0.22 0 4.1 1.1 5.2 0.5
6 months 2 318 4.3 0.5 0.20 0 3.5 1.0 4.5 0.5

3 320 10.1 0.8 0.22 0 9.1 2.4 11.5 1.5

1 317 5.6 0.5 0.42 0 4.5 1.2 5.7 0.5
12 months 2 319 3.7 0.5 0.42 0 2.7 0.7 3.4 0.5

3 321 9.8 0.7 0.48 0 8.3 2.3 10.6 1
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HABZEIZXF —LF 0.12kg/em? ©=—7 15 0.9~1.2mf, A F — 4 0.3kg/em* D=7 —
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3—3—2) 37°C [FEOMTEE R

ZMIZ6 N ABEICO—HOR, AARUVEKGHEDOHMTRHEERL .

WERR., ~v F2R—2x, pH RUREELRBERBOBASLABRTH /.. AXBEHER
6 7 HETRF— 4 0.12kg/cm? ©~— 27 15 154ppm. X F — 4 0.3kg/cm? D= — 7 2 53
131ppm cHHED~— 7 3D 180ppm &k H AL, SEHES~— 27 1 H36.4ppm, =—7 2 455.9
ppm &=—43® 7.7ppm KDL, FHARELIHEI T, F/h. BEEER3IATA#Z
TREEFBOEBEALIERTH s7cM6 AHEIITIPPRETLL. UL, AF—L72—-%T-
7c7—2 1RE7—7 27T 20emHg YU LOHRZEFEZFREL T/,

FEISIZ6 A AHETTO~NY FAR—IFTZADOHTERER L.

Table 14 Analysis of canned mandarin oranges stored at 37°C.

gteﬁiﬁe Mark g:it ght Vac, [Headspace pH Nﬁ:a]s dl&so;fd ]l'?:agé:;a:é
(g) ! (mmHg)! (mm) (ppm) | (ppm) | ©Orrosion
1 321 27 7.3 3.5 3.9 45 0.5
1 month 2 318 35 7.4 3.5 3.6 41 0.5
3 321 17 7.6 3.5 4.6 65 1
L 318 23 8.1 3.5 4.9 98 0.5
3 months 2 319 28 7.8 3.5 4.3 79 0.5
3 318 14 8.4 3.5 5.9 116 1.5
1 319 21 7.6 3.5 6.4 154 1
6 months 2 319 23 7.5 3.5 5.9 131 0.5
3 320 9 7.8 3.5 7.7 180 2

Table 15 Analysis of gasses in headspace of canned mandarin oranges stored at 37°C.

Gasses (m§/can) Degree of
Storage Net
. Mark N — ———| headspace
period \V(éég)ht Total | CO. H, 0» Na Inglqal Kli;tml corrosion
1 319 6.7 0.6 0.29 0 5.8 1.6 7.4 0.5
1 months 2 318 3.2 0.4 0.19 0 2.6 0.7 3.3 0.5
3 321 9.5 0.7 0.19 0 8.5 2.3 10.8 1
1 316 6.0 1.0 0.62 0 4.4 1.2 5.6 0.5
3 months 2 319 3.6 0.6 0.40 0 2.5 0.7 3.2 0.5
3 320 10.9 1.2 0.55 0 9.2 2.5 11.7 1.5
1 319 11.6 1.3 1.79 0 8.5 2.3 10.8 1
6 months 2 321 4.3 0.7 0.88 o 2.7 0.7 3.4 N
3 320 12.5 1.4 1.74 o 9.3 2.5 11.8 1.5
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Fig. 5 Iron dissolving of canned mandarin
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