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Inoculated Pack Test of Low-acid Beverages
with Bacterial Spores

Yoshiaki [kegami, Mari Kasetani, Sumie Koike and Takako Goto

Fourteen kinds of low-acid canned beverages including oolong tea. black tea and coffee
were inoculated with the spores of B.cereus, B.subtilis. B.licheniformis, B.polymyxa, B.
coagulans. B.stearothermophilus, C.sporogenes, C.thermosaccharolyticunt and C. thermaceticum,
and incubated for 90 days at optimum temperature. Spoilage of the cans was evaluated with
appreciable decrease of pH value and detection of bacteria in the contents and with swelling
of the cans.

It was found that no growth of the bacteria occured in the canned oolong tea having a pH
below 6 and the canned black tea without milk at pH approximately 5. B.lichemiformis,
however. could grow in the commercial canned oolong tea at pH appoximately 6.

All strains used as inoculum could grow in the canned coffee with milk and black tea with
milk. The growth of B.coagulans and C.thermosaccharolyticion was found in the canned
coffee without milk at pH approximately 5. Furthermore. all strains except C.thermaceticum
could grow in these canned coffee having a pH above 6.

Key words: low-acid beverage, oolong tea, coffee, black tea, spore, inoculation, canned food,
milk, sucrose fatty acid ester.
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BacillusIB DA (3 B.ceveus (BCe-1). B.subtilis (F03025), B.licheniformis (BL-1), B.polymyxa
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Table 1. Canned beverages used for inoculated pack test.

Sample No. Products
Oolong tea (Brix 0.3)

—

2 Oolong tea (Brix 0.3)

3 Oolong tea (Brix 0.3, vitamin C and NaHCOQj;)
1 Colfee

5 Coffee with suger

6 Coffee with suger and milk

7 Coffee with suger, milk and suger ester

8 Black tea

9 Black tea with suger

10 Black tea with suger and mitk

11 Oolong tea (commercial canned beverage)
12 Black coffee (commereial canned beverage)
13 Milk coffee {commercial canned beverage)
14 Milk tea (tommercial ecanned beverage)
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Table 2. Relation of storage days and swollen spoilage of canned coffee.

Numbers of swollen cans

Sample No. Inoculated bacteria days
3 10 20 30 60 90
B. polymyza 30 30 30 30 30 30
B. coagulans "3 3 3 3
a B. stearothermophilus 3
C. sporogenes 1 27 28 28 28
C. thermosaccharolyticum 30 30 30 30 30 30
C. thermaceticum i 1
Control {at 35°C) 1
B. cereus 7 2
B. polymyxa 30 30 30 30 30
7 B. coagulans 4 4
C. sporogenes 30 30 30
C. thermosaccharolylicum 9 9 9 10 20
C. thermaceticum 4
12 B. polymyze 30 30 30 30 30
B. cereus 10
B. polymyzxa 30 30 30 30 30
13 B. stearothermophilus 1
C. sporogenes 1 3 30
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—
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C. thermosaccharolyticum 14 1: 27
C. thermacelicum 12
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Table 3. Relation of storage davs and swollen spoilage of canned milk tea.

Numbers ‘of swollen cans

Sample No. Inoculated bacteria days

3 10 20 30 60 50

B. subtilis 1
B.lichenifermis 30 30

B. polymxza 30 30

10 B. stearothermophilus 1
C. sporogenes 2 30 30 30

C. thermosaccharolyticum 29 30 30 30 30

C.the rmacelicum 2

B. polymyxa 30 30 30 30 30

14 B. coagulans 10 10 10
C. sporogenes 1 1 i
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Table 4. pH values and spoilage rates of canned oolong tea (Brix 0.3).

Normal cans

Inoculated bacteria pH Number Spoilage
rates
Mean Range of cans
Control (at 35°C) 5.61 5.52-5.70 13 0%
Control (at 35°C) 5.32 3.27-5.37 15 0
B. cereus 5.55 5.46-5.58 30 0
B. subiilis 5.54 5.52-5.37 30 0
B. licheniformis 5,53 5.50-5.38 30 0
B. polvmyxa 5.52 5.48-5.55 30 0
B. coagulans 5.48 5.45-5.52 30 0
B: stearothermophilus 5.18 5.17-5.20 30 0
C. sporogenes 5.14 5.41-5.50 30 0
C. thermosaccharolylicur.n 5,12 5.11-5.16 30 0
C. thermaceticum 5.09 5.06-5.17 30 0

pH values of products before incubation were 5.90 and 5.95
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Table 5. pH values and spoilage rates of canned oolong tea (Brix 0.5).

Normal cans

Spoilage
[noculated bacteria pH Number rates
Mean Range of cans

Control (at 35°C) 5.20 5.12-5.23 15 0%
Control (at 35°C) 1,94 1.93-14.98 15 0
B. cereus 5.17 5.18-5.20 30 0
B. subtilis 5.12 5.08-53.16 30 0
B. licheniformis 5.03 5.00-5.09 30 0
B. polymyxa 5.01 4.96-5.07 30 0
B. coagulans 4.98 4.94-5.03 30 0
B. stearothermophilus 1.70 4.66—4.82 30 0
C. sporegenes 4.98 4.93-5.03 30 0
C. thermosaccharolyticum 1.63 4.62-4.68 30 0
C. thermaceticum 1.63 4.62-4.67 30 0

pH values of products before incubation were 5.530 and 5.52

Table 6. pH values and spoilage rates of canned oolong tea (Brix 0.3.
with vitamin C and NaHCOQ;).

Normal cans

Inoculated bacteria pH Number Spoilage
rates
\Mean Range of cans
Control (a1 35°C) 5.89 5.85-5.91 15 0%
Control {(at 35°C) 5.80 5.73-6.02 15 0
B. cereus 5.85 5.81-5.88 30 0
B. subiilis 3.81 5.75-5.82 30 0
B. licheniformis 2.81 5.79-3.83 30 0
B. polymyxa 5.83 5.80-5.85 30 0
B. coagulans 5.84 5.80-5.87 30 0
B. stearothermophilus 3.64 5.60-5.67 30 0
C. sporogenes 5.83 5.77-5.86 30 0
C. thermosaccharolyticum 5.61 5.57-5.63 30 0
C. thermaceticum 5.60 5.57-5.63 30 0

pH values of products before incubation were 6.02 and 6.05
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Table 7. pH values and spoilage rates of canned coffee.

Normal cans Flat sour cans .
Inoculated bacteria pH Number pHl Number SI{“‘tlﬂge
Mean Range of cans Mean Range of cans rates
Control (at 35°C) 4,79 $.77-4.79 15 02
Control {at 35°C) 4.69 4.68-1.72 15 0
B. cereus 178 4.77-4.79 29 4.17 I 3
B, subtilis 4,77 4.76-1.79 30 0
B. licheniformis 1.76 $.75-4.77 30 0
B. pol ymyxa 4,76 175477 30 0
B. coagulans 1,22 4.18-4.30 30 100
B. stearothermophilus +.65 4.54-4.68 30 0
C. sporegenes 4.75 4.74—-4.76 29 1.33 1 3
C. thermosaccharolyticum 4.34 4,32-4.35 30 100
C. thermaceiicum 4.64 4.63-4.65 30 . 0
pH values of products before incubation were 5.02 and 5.05
Table 8. pH values and spoilage rates of canned coffee with suger.
Normal cans Flat sour cans Soail
Inoculated bacteria pH Number pH Number I::: 8¢
Mean Range of cans Mean Range of cans s
Control (at 35°C) 4.87 4.84-4.92 15 03t
Control {at 35°C) 1.81 1.97-4.86 15 0
B. cereus 4,82 4.80—1,82 30 ]
B. subtilis +4.80 4.78-4.81 28 4,18 4.13-4.22 2 7
B. licheniformis 4.79 4.78-4.81 29 3.92 1 3
B. polymyxa 4.79 4.78-4.80 30 0
B. coagulans 4.31 4.24-4.34 30 104
B. stearothermophilus 1.68 1.66-4.70 30 0
C. sporogenes 4,78 4,78—4,80 30 0
C. thermosaccharolyiicum 4.66 4.65—4.67 12 4.39 4.37-4.40 18 60
C. thermacelicum 4.66 4.64-4.67 30 0

pH values of products before incubation were 5.00 and 5.00
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Table 9. pH values and spoilage rates of canned coffee with suger and milk.

Normal cans Swollen cans Flat sour cans

Inoculated bacteria pH Number pH Number oH Number. Spoilage
Mein Range of cans Mean Range of cans Alean Range of cans Tates

Control (ar 35°C) 6.91 6.89-6.92 10 5.34 4.87-5.70 5 33=
Control (at 53°C) 6.48 6.16-6.51 12 3.61 5.10-6.12 3 20
B. cereus 5,00 4.97-5.10 30 100
B. subtilis 6.91 6.88-6.94 10 5,27 4.05-6.73 20 67
B. licheniformis 5.23 4.33-5.36 30 100
B. pelymyxa 5.46 35.41-5.50 30 100
B. coagulans 3.10 4.90-5.30 3 4.39 4.23—4.49 27 100
B. stearothermophilus 6.42 6.34-6.47 14 5.2 5.42-5.65 3 4.64  4.37-6.02 13 53
C. sporogenes 3.27 4.88-5.34 28 4.47 4.45-1.48 2 100
C. thermosaccharolyticum 5.87 4.80-6.10 30 100
C. thermaceticum 4.62 1 4.96 4.53-5.01 29 100

pH values of products before incubation were 7.37 and 7.40
Table 10. pH values and spoilage rates of canned coffee with suger, milk and suger ester.
Normal cans Swollen cans Flat sour eans

] - — - Spoilage

Inoculated bacteria 7 pH Number pH Number pH Number rates
Mean Range of cans Mean Range of cans  Mean Range of cans

Control (at 35°C) 6.81 6.77-6.85 13 b.dd 1 2.09 1 134%
Control {(at 55°C) 6.48 6.45-6.51 14 5.76 1 T
B. cereus 5,36 5.33-5.39 2 5.36 4.02-5.50 28 100
B. subiilis 6.74 6.70-6.77 30 0
B. licheniformis 5.16 3.73-5.30 30 100
B. polxmyra 5.46 5.44-5.49 30 100
B. coagulans 4.59 4.26-5.40 4 4.42 14.26-4.53 26 100
B. stearolhermaphilus 6.43 6.38-6.47 18 4.69 4.53-5.92 12 40
C. sporogenes 5.74 5.12-6.12 30 100
C. thermosiccharolyticum  6.44  6,40—6.47 7 5.20 4.40-3.75 20 6.07 5.95-6.18 3 77
C. thermaceticum 6.44 6.42-6.47 26 5.6¢ 5.35-5.74 4 13

pH values of products before incubdtion were 7.00 and 7.15



Table 12. pH values and spoilage rates of canned black tea with suger.

Normal cans

Inoculated bacteria pH Number Spoilage
rates
Mean Range of cans
Control (at 35°C) 4.96 4,95-4.97 15 0%
Control {at 55°C) 4.80 4.79-4.91 15 ¢
B.cereus 4,98 4.97—-4.99 30 0
B. subhilis 4.97 4.96-1.98 30 0
B. licheniformis 4.97 4.97-4.97 30 0
B. polymyzxa 4.97 4.96—.98 30 0
B. coagulans 4.97 4.96-4.98 30 0
B. stearothermophilus 4,75 4.73~4.76 30 0
C. sporogenes 4.96 4. 95-4.97 30 0
C. thermosaccharolyticum 4.70 4.68-4.72 30 ¢
C. thermaceticum 1.68 4.66—4.69 30 0
pH values of products before incubation were 5.00 and 5.00
Table 11. pH values and spoilage rates of canned black tea.
Normal cans .
Inoculated bacteria pH Number Spmt]age
Mean Range of cans rates
Control {at 35°C) 5.08 5.06-5.10 15 0%
Control (at 55°C) 4.97 4.95-4.99 15 0
B. cereus 5.04 5.03-5.06 30 0
B. subtilis 5.02 5.01-5.04 30 0
B.licheniformis 5.01 5.01-5.02 30 ¢
B. poiymyxa 5.01 5.01-5.02 30 0
B. coagulans 5.01 5.01-5.02 30 0
B. stearothermophilus 4.86 4.85-4.91 30 0
C. sporogenes 5.00 4.98-5.02 30 0
C. thermasaccharolyticum 1.81 4.79-4.82 30 0
C. thermaceticum 4.81 4.80-4.83 30 0

pH values of products before incubation were 5.13 and 5.12

Table 13. pH values and spoilage rates of canned black tea with suger and milk,
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Narmal cans

Swollen cans

Flat sour cans

Inoculated bacteria pH Number pH Number pH Number Spoilage
Mean Range of cans Mean Range of cans \ean Range of cans rates

Control {at 35°C) 7.23 7.50-7.58 1.4 5.92 1 %
Control {at 5357C) 6.83 6.82-6.90 15 1]
B. cereus 4.81 4.76-1.90 30 100
B. subiilis 7.1 7.42-7.61 23 5.19 1 4,76 4.74-4.77 6 23
B. licheniformis 3.21 1.98-3.36 30 100
B, polymyza 4.38 4.98-5.51 30 100
B. coagulans 440 4.20-4.48 30 100
B. stearothermophilus 6.73 6.68—6.78 7 5.40 1 4,42 3.11-485 22 77
C. sporogenes 3.27 5.04-5.45 30 100
C. thermosaccharolylicum 5.24 4.45-6.10 30 100
C. thermaceticum 5.49 5.49-5.49 2 5.24 4.98-5.51 28 100

pH values of products before incubation were 7.97 and 8.05
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Table 14. pH values and spoilage rates of commercial canned colong tea.

Normal cans

Flat sour cans

Inoculated bacteria pH Number pH Number Spoilage
Mean Range of cans Mean Range of cans rates
Control (at 35°C) 6.09 6.05-6.15 15 0%
Control {at 33°C) 5.92 5.88-5.97 15 0
B. cereus 6.06 5.96-6.10 30 ]
B. subtilis 6.05 5.95-6.11 30 0
B_licheniformis 6.24 6.15-6.30. 17 5.97 5.88—6.00 13 43
B. polymyxa 6.03 5.99-6.15 30 0
B. coagulans 6.086 6.03-6.10 30 0
B. stearothermophilus 5.84 5.80-5.90 30 0
C. sporogenes 6.10 6.03-6.18 30 0
C. ihermosaccharolyiicum 5.80 5.75-3.86 30 0
C.thermaceticum 5.74 3.66-5.81 30 0
pH values of products before incubation were 6.12 and 6.20
Table 15. pH values and spoilage rates of commerical black coffee,
Normal cans Swollen cans Fiat sour cans L
- - — Spoilage
lnuculated bacteria pH Number pii Number pH Number o ies
Mean Range of cans  Mean Range of cans Mean Range of cans
Control (at 35°C) 6.77 6.69-6.80 13 04
Control {at 55°C) 6.16 6.11-6.22 13 U
B. cereus 6.40 6.29-6.47 30 1400
B. subtilis £.84 6.80—-6.88 26 6.39 6.28-6.51 1 13
B. licheniformis 3.94 3.93-3.96 30 100
B. poivmyza 581 5.7T8-5.83 30 100
B. coagulans 6.07 6.03-6.14 30 100
B. stearothermophilus 5.99 3.97-6.00 3 5.83 5.68-5.86 27 o0
C. sporogenes 6.23 6.00-6.27 30 100
C. thremosaccherolyticum  6.01  5.99-6.02 b 3.63  3.57-5.66 22 3
C. thermaceticum 5.6  5.92-6.00 30 0
pH values of products before incubation were 6.61 and 6.66
Table 16. pH values and spoilage rates of commercial canned milk coffee,
Normal cans Swollen cans Flat sour cans .
: . — = Spoilage
Inoculated bacteria pH Number pH Number pH Number cates
Mean Range of cans  Mean Range of cans Mean Range of .cans
Control (at 35°C) 6.69 6.69-6.71 15 0%
Control {at 35°C) 6.30 6.28-6.32 15 0
B. cereus 5.05 4.08-3.37 10 5.29 3.97-5.51 20 100
B. subtilis 6.63 6.58-6.65 22 5.34  4.01-5.74 8 27
B. licheriformis 507 4.10-5.23 30 100
B. pelymyxa 5.3% 5.32-=5.36 30 100
B. coagulans 1,23 4.21-4.27 30 100
B. stearothermophilus 6.27 6.26-6.27 2 3.30 1 4,19 4.32-6.186 27 93
C. sporogenés 3,10 L.00=5.59 a0 100
C. thermosaccharolyticum  6.23 1 5.08 4.60-5.44 27 1,200 4.09-4.31 2 97
C. thermacelicum 6.24 6.22-6.27 16 5.41 5.39-5.48 12 5.23 4.42-6.04 2 17

pH values of products before incubation were 6.95 and 7.10



Table 17. pH values and spoilage rates of commercial canned milk tea.

Normal cans

Swollen cans

Flat sour cans

- Spoilage

Inoculated bacteria pH Number pH Number pH Number rates
Mean Range of cans Mean Range of cans DMean Range of cans

Control (at 35°C) 6.20 6.18-6.21 14 4.95 1 7%
Control (at 55°C) 5.96 5.95-5.98 15 0
B. cereus 4.93 4.91-4.95 30 100
B. subtilis 5.43 4.08-6.07 30 100
B. licheniformis 4.95 4.78-5.13 30 100
B. polymyxa 5.18 3.13-5.21 30 100
B. coagulans 5.02 4.55-5.22 10 4.30 4.08-4.42 20 100
B. stearothermophilus 5.90 5.85-5.91 9 4,39 4.01-5.35 21 70
C. sporogenes 4.95 3.93-5.02 30 100
C. thermosaccharolyticum 590 5.88-5.92 26 +4.08 1 4.40 4.32-4.54 3 13
C. thermaceticum 5.91 5.88-5.92 29 4.20 i 3

pH values of products before incubation were 6.35 and 6.40

Table 18. Detection of bacteria from canned oolong tea (Brix 0.3).

. Type of Media

Inoculated bacteria pH spoilage® !  pE-2° 2 mTGC™ 2 SMA®®
- 5.69 N - = - 0. o
Control (at 35°C) 5.70 N - — - - 1, ©
. 5.37 N - = - = 2, 2
Control (at 55°C) 5.33 N - _ - — 3, 0
B 5.57 N + + + - 2, O
. cereus 5.84 N + - + + 3, 1
. 5.52 N - - - - o, ©O
B. subtilis 5.52 N - —_ 2, 0O
. A ) 5.51 N + - + — 0, O
B. licheniformis 5.53 N - - — 1, O
B. polvimvra 5.48 N (+) — (+) (+) 2, 1
- polymyx 5.54 N (+) () (-+) (+) 1, 1
B ! 5.47 N - - - - 0, ©
. coagulans 5.48 N _- - _— = 1, ©
B 5.19 N - - - - o, ©
B. stearothermophilus 5.18 N o _ 0, 2
C. sporogencs 5.50 N (+)(+) (+) () 0, 0
- SpoTog 5.43 N (+) (+) (+) (+) 0, ©
. 5.15 N - - - - ¢, O
C. thermosaccharolyticum 5.16 N _ _ 1, 1
C.ih " 5.10 N - - - - 0, O
. thermaceticum 5.08 N _ —_ _ 1, ©

*! N: Normal
-z

media,
=3

—+: Growth of bacteria was indicated by the turbidity of the

—: no growth, (+): production of gas

Numbers of colonies
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Table 19. Detection of bacteria from canned ocolong tea (Brix 0.5).

Inoculated bacteria pH Type of Media

spoilage®™ ' pE-2*32 mTGC** SMA*?

- 5.22 N — = - = 0. 0

Control (at 35°C )
ntro (a ) 5.22 N — _— —_ _ 1, O
N 4.98 N R - = 0, 0

Control (at 55°C '
ontrol (a ) 4.96 N _ - — 0, O
B. cereus 5.16 N - _ 0. 0
5.16 N - - - - 0, O
B. subtilis 5.12 N - = _ = 0, o0
5.16 N - + - - 0, 0
B, U 2 . . 5.01 N - + - Ov 0
icheniformis 5.01 N - - = 2, 1
4.99 N (-+) — (+) — 2 1

B. polymyxa = '
. 5.03 N (+) — — — 1, O
4.97 N - - - - 1, o

B. ’
coagulans 4.95 N — - = 0, O
. 4.68 N - - - - 0. o

B. st th hil ’
stearothermophilus 4.68 N — _ - = 1, 0
4.93 N (+) () {(+)(+) 1, 0

C. sporoge ’
porogenes 4.97 N () () (D) 1. 0
. 4.68 N - - - = 3, 0
C. thermosaccharolyticum 4.67 N - —_ - 1, ©
. 4.63 N - - - = ¢, O
C. thermaceticum 4.63 N - = + - 0 o

-

*! N: Normal
*2 4+: Growth of bacteria was indicated by the turbidity of the
media, —: no growth, {-+): production of gas

*2 Numbers of colonies

Table 20. Detection of bacteria from canned oolong tea (Brix 0.3. with vitamin C
and NaHCOs),

. Type of Media

Inoculated bacteria pH spoilage™ ! pE-_2° 7 mTGC" 2 SMA®?
- 5.88 N - - -_— - 0, 0O
Control (at 35°C) 5.85 N - - - — 1, 0
. 5.78 N - - - - 0, O
Control {at 55°C) 5.79 N _ — - — 1, ©
B 5.88 N + + + + 2, 0
. cereus 5.84 N 4+ = + + 7. 2
.. 5.80 N + - + - 1, O
B. subtilis 5.81 N - 4+ - — i, ©
. _ . 5.79 N + + + — 5, 1
B. licheniformis 5.80 N T = + - 0o, O
B. polvmvn 5.883 N (+)(+) (£ (+) 10, 19
- Potymy 5.83 N {(+) (+) () () 9, 3
5.81 N + + + — 1, 1
B. coagulans 5.82 N + + - = 2, ©
N 5.64 N - - + - o, ©
B. stearothermophilus 5.67 N _ . 0, 0
c 5.77 N (+) - (+) (0 0, o
. sporogenes 5.81 N (+4) (+) (+) {+) 0, 1]
. 5.62 N - = - - 0o, 0
C. thermosaccharolyticum 5.62 N _ - = 0, ©
. 5.61 N - - _ - 0, 0O
C. thermaceticum 5.60 N - - . _ 1, O

** N: Normal

*2 4. Growth of bacteria was indicated by the turbidity of the
media, —: no growth, (+4): production of gas
*¥ Numbers of colonies



Table 21. Detection of bacteria from canned coffee.
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I lated b . H Type of ‘ Media
noculate acteria P spoilage‘ 1 pE—Z‘ 2 mTGC” 2 SMA®* 3
4.79 N - — - — o, ©O
Control {at 35°C) 4.79 N - = - = 0o, O
4.72 N - = - - 0, O
Control (at 55°C) 4.70 N _ _ - — 0, O
4.77 N + + + + 13, 18
B. cereus 4.17 .S + + + + 14, 20
. 4.79 N - - - - 0, O
B. subtilis 4.78 N _ = - = 1, 0
4.77 N - - + — 0, 0
B.licheniformis 4.77 f\, + - + — 0 0
B. pol 4.76 N (+) (+) (+)(+) =27, 30
- potymyxa 4.77 N {(+) (+) (+)(+) 32, 23
4.18 F.S + + + — 1, O
B. coagulans 4.25 F.S + + - - 2 1
. N - - - 0, O
B. stearothermophilus :gg N . i _ 0, O
c 4.75 N (+) (+) (+)(+) o0, O
- sporogenes 4.75 N (+) (+) (H)(+) o0, ©
C. thermosaccharolyticum :'zg E}S : : _*—_ : g‘ g
3 4.64 N - - - = 0, O
C. thermaceticum 4.64 N _ - 0 0
*! N: Normal, F.S: Flat sour
*2 +4: Growth of bacteria was indicated by the turbidity of the
media, —: no growth, (+4): production of gas
*3 Numbers of colonies
Table 22. Detection of bacteria from canned coffee with suger.
. Type of Media
Inoculated bacteria prH spoilage® ! pE-2° 2 mTGCe 2 SMA® 2
Control (at 35°C) :’gg ,I: - - é' g
- 1 - - - - *
Control (at 55°C) :';; i T — g' 8
B.c s 4.82 N + <+ + + 11, 12
. cereu 4.82 N + + + + 7, ©
Y 4.80 N - - - = 0, ©
B. subtilis 4.13 F.S . . 0. o
. . . 4.79 N - - + + o, ©
B. licheniformis 4.80 N o — 0. ©
4.80 N (+) (+) {(+) () 21, 26
B. polymyza 4.80 N (D) B+ 16, 21
B. coagulans 4.38 F.S + + + + 10%<
i 4.28 F.S + + - - 0, ©
. 4.70 N - - - - o, 0O
B. stearothermophilus 4.69 N . _ 0, ©
C. sporogenes 4.79 N {(+) + (+) (+) o, 0O
: & 4.79 N (+) + (+) (+) 0, ©
) , 4.40 F.S - - - = 0o, ©
C. thermosaccharolyticum 4.67 N _ + - 0, 0
. 4.66 N - — - - o, 0
C. thermaceticum 4.66 N - . 0. 0

*! N: Normal, F.S: Flat sour

media, —: no growth, (-+): production of gas

*3

Numbers of colonies

—+: Growth of bacteria was indicated by the turbidity

of

the
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Table 23. Detection of bacteria from canned coffee with suger and milk.

. Type of Media

Inoculated bacteria pH spoilage® ! pE_2° 2 onTGC” ® SMA® ®
Control (at 35°C) g'gz gg I __:: ‘_:: i g’ g
. 6.46 N - - - - 0o, O
Control (at 55°C) 5.10 F.S + o+ + 4+ 310,351
B. cereus 4.97 F.S + + + + 12, 21
- 5.00 F.S + -+ =+ 4+ 13, 14
. 6.89 N + + + + 0, 0
B. subtilis 5.77 F.S + + + + 10%* <
B. licheniformis ;'gg f;‘g i j: I ::: 2’ 8
5.45 s (+)(+) (H)(+) 231,218
B. polymyxa 5.44 S (+) (+) (+)(+) 799,808
4.23 F.S + + + - 0, ©

B .
coagulans 4.90 s {(+) (+) (+) (+) 104<
B. stearothermophilus 2:; FNS : : : : g, 8
5.15 S - - - - o, O
C. sporogenes 4.45 F.S + + + + 10%<
C. thermosaccharolyticum i'gg g (:) (:) (;) (:) g- g
C. thermaceticum 4.62 s +)(+) (+) (+) 0, 0
. 5.01 F.S - - + + 0, O

*! N: Normal, F.S: Flat sour, S: Swell

*2 4: Growth of bacteria was indicated by the turbidity of the
media, —: no growth, {(+): production of gas

*3# Numbers of colonies

Table 24. Detection of bacteria from canned coffee with suger, milk and suger

ester.
i T £ Media
Inoculated bacteria be] sp:il:l’:gz‘” pE-2° ¢ mTGC” © SMA" °
- 6.80 N - - - = o, ©
Control (at 357C) 5.44 s (H)(+)  + + 23,13
.51 N - - - = 2, 0
Control (at 55°C) 2 45 N _ - = 0 0
= 5.39 S (+3(+) + + 12, 6
. cereus 5.49 F.S + + + + 4, 1
6. - - - = 0, 0
B. subtilis 6 ;2 [I:]T - - - = 0 o
5. F. + 2, 6
B. licheniformis ; ;2 F g i i — i 0 0
B. pot 5.46 S (+) (+) (+) (+) 56, 67
- poiymyxa 5.45 S (H){H () (+) 10¢<
4.26 [ (+)(+) (+)(+) 849,985
B. coagulans 4.33 F.S + + + + 10%<
. 4.67 F.S + + + <+ 100,125
B. stearothermophilus 6.42 N - = - — 0 0
5.82 S +) () (+}(+) 0, O
C. sporogenes 6.05 S + + + + 0, ©
, 4.75 S (+) (+) (+){+) 0, O
C. thermosaccharolyticum 6.18 F.S (+) () T+ + 0 0
. - = - = 0' 0
C. thermaceticum g :s S - — —_ = 0 0
*1 N: Normal, F.S: Flat sour, S: Swell

-2

-+: Growth of bacteria was indicated by the turbidity of the

media, —: no growth, (+): production of gas

*3 Numbers of colonies
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Table 95. Detection of bacteria from canned black tea.

. Type of Media
Inoculated bacteria pH spoilage® ' pE-2° ¢ mTGC™ 2 SMA® ®
s 5.08 N - — - - 0, O
Control (at 35°C) 5.06 N - — - = o, O
. 4.99 N - - - - 0, 2
Control (at 55°C) 4.99 N - — - - 0, ©
B 5.06 N + + - - 6, 4
. cereus 5.08 N - 4+ [ 1, 2
o 5.04 N - - - - 0, O
B. subtilis 5.02 N —_ - — 0, 1
. . . 5.02 N + + + <+ 8, 3
B. lxchenzfor??us 5.01 N + + + + 4, 3
B : 5.01 N (+)(+) - — o, o
- Polymyxa 5.02 N - = - - 5, 1
5.02 N - + + - i, ©O
B. coagulans 5.02 N + + - - 2, O
. 4.91 N - - - = 0o, O
B. stearothermophilus 4.89 N . + - 0, 0O
C. sporogenes 5.01 N (+)3(+) (+) (+) 0, 0
: & 4.98 N (+) () (+) () 0, o0
R 4.82 N - - - — o, O
C. thermosaccharolyticum 4.82 N . _ 0, O
. 4.82 N - - - — o, O
C. thermaceticum 4.82 N _ _ o, 0

*1 N: Normal
*2 +: Growth of bacteria was indicated by the turbidity of the
media, —: no growth, (+): production of gas

*3 Numbers of colonies

Table 26. Detection of bacteria from canned black tea with suger.

. Type of Media

Inoculated bacteria pH spoilage® ' pE_2° 7 mTGC™ 2 SMA*®?

- 4.95 N - - - - 0, ©

Control (at 35°C) 4.96 N _ - - 1, 0
. 4.81 N - - - - 0, O

Control (at 55°C) 4.81 N _ S, 0, o0
B. cereus 4.97 N + - + + 4, 1
: 4.97 N + — + + 4, 1
. 4.97 N + - - - 0, O

B. subtilis 4.97 N — — — 0, O
. . . 4.97 N - - + — 1, 1

B. licheniformis 4.97 N + — + — 1, 1
4.97 N + — - — 0, 1

B. polymyxa 4.97 N - + - = 1, ©
B. coagulans 4.98 N T _ 2, 3
' 4.98 N + + - - 0o, O

. 4.74 N - - - = o, O

B. stearothermophilus 4.74 N — _ 0. 0
4.96 N +)(+) (+) () 0, o

C. sporogenes 4.96 N () (+H) () (+) 0, ©
. 4.72 N - - - - 0, 0

C. thermosaccharolyticum 4.72 N . _ 0, ©
3 4.70 N - - - — 0, ©

C. thermaceticum 4.69 N _ - 0 ISy

*! N: Normal, F.S: Flat sour, S: Swell

*2 4: Growth of bacteria was indicated by the turbidity of the
media, —: no growth, (-+): production of gas

*3* Numbers of colonies
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Table 27. Detection of bacteria from canned black tea with suger and milk.

. Type of Media
I 1 d

noculated bacteria pH spoilage® ! pE_2° ¢ mTGC® ¢ SMA"® ?
e 5.92 F.S + + + + 73, 65

c .
ontrol (at 35°C) - 52 N + -+ + + 0o, O
. 6.90 N - - - - 1.0
Control (at 55°C) 6.86 N _ _ - - 1, 1
4.81 F.S - - - - 1, o

B. *
cCereus 4.82 F-s — — —_— p— 1’ 0
. 7.42 N - — - = 0. ©

B. ;
subtilis 7.47 N - - - — 0, O
. . . 4.78 s - - - - 0, O
B. licheniformis 5. 23 s - - - = 0, O
B. polymsyza 5.51 [ ) (+) (+}{+) 104 <
- > 5.46 S (+) (+) (+) (+) 10° <
B co ulans 4-48 F-S + + + + 10‘<
i 4.98 F.S + + + + 10°<
. 4.29 F.S - = - - o, O
B. stearothermophilus a.11 F.S + + + 4+ 10%<
C. sporogenes 5.29 S (+) - () 0. 9
’ & 5.22 S {(+) — (+) (+) 0. O
. 6.10 S - - - - 0, O
C. thermosaccharolyticum 5.10 S o o o, o
C. thermacetlicum 5.49 2 T T r
5.49 S + + + + 14, 14

*1 N: Normal, F.S: Flat sour, S: Swell

*2 1+ :Growth of bacteria was indicated by the turbidity of the
media, —: no growth, (=+): production of gas

*3 Numbers of colonies
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Table 28. Detection of bacteria from commercial canned oolong tea.

. Type of Media
Inoculated bacteria pH spoilage® ! pE-2° * TGO 2 SMA"®
. 6.05 N - - S — 0, o©
Control (at 35°C) 6.05 N _ _ 0. ©
. 5.90 N - — - - 0, O
Control (at 55°C) 5.90 N - = - = 0, ©
B 6.02 N + + + + 20, 24
. cereus 6.02 N + 4+ + + 22, 18
B euptitt 6.03 N + + + + 5, 1
- susliiis 6.03 N - + + + 1, o
) . . 6.27 N + -+ + <+ 6, 10
B. licheniformis 5 88 F.S + + + + 2, 2
B. pol 5.99 N - — + — 0, O
- polymyxa 6.01 N (+) — — + a6, o
6.04 N “+ -+ + 3, O
B. coagulans 6.04 N + + - = o, 0
R 5.90 N - - - - 0o, 0
B. stearothermophilus 5.89 N _ _ 0, ©
C. sporogenes 6.13 N =+ (+) (+3(+) 0o, O
: & 6.09 N () (+) (+) (+) 0, ©
. 5.85 N - = - - 0o, O
C. thermosaccharolyticum 5.84 N _ _ 0, O
. 5.80 N - - _ = 0o, O
C. thermaceticum 5. 78 N - = - 0, 0
*! N: Normal, F.S: Flat sour
*2 4: Growth of bacteria was indicated by the turbidity of the
media, —: no growth, (<+): production of gas
*3 Numbers of colonies
Table 28. Detection of bacteria from commercial canned black coffee.
. Type of Media
Inoculated bacteria pH spoilage®?  pE-2° 2 mTGC® ? SMA®?®
6.76 N - - - - 0o, O
Control (at 35°C) 6.76 N _ —_ = 1, 2
6.18 N - = - — 2, 2
Control (at 55°C) 6.20 N _ - — 3, 0
6.33 F.S + - - = o, 1
B. cereus 6.33 F.S - - = 0, ©
e 6.80 N + + - - 1, ©
B. subtilis 6.34 F.S + + + + 188,180
. R i 5.95 F.S + + + T+ 59, 63
B. licheniformis 5.94 F.S + 4+ + 3 26, 43
B. pol 5.83 s (+) — (+) (+) 2, 1
- poiymyxa 5.82 S (+) (+) (+) (+) 1, 1
B : 6.03 F.S + + - - 1, 1
- coaguians 6.07 F.S + + + + 0, o
hil 5.82 F.S + + + 8, a
B. stearothermophilus 5.85 F.S + + + + 306,459
6.24 F.S (H) () + + o, O
C. sporogenes 6.24 F.S () () + + 0, ©
. 5.65 S {(+) () () i, O
C. thermosaccharolyticum 5.62 s (B (DD 0, ©
., 5.92 N - - + + 0o, O
C. thermaceticum 5.93 N _ = 4+ + 0 o

*) N: Normal, F.S: Flat sour, S: Swell
*2 1. Growth of bacteria was indicated by the turbidity of the
media, —: no growth, (4): production of gas

*3 Numbers of colonies
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Table 30. Detection of bacteria from commercial canned milk coffee.

Inoculated bacteria pH Ty‘pe ofl Media
spoilage pE-2*2 mTGC* 2 SMaA*3
Control (at 35°C) g'gg g - + - ?' g
. h - - - - .
Control {at 55°*°C) 225 I;i - - g' g
. 5.51 F.3 - - + - 2 0
B. ¢ *
erens 5.36 N (+)(+) + + 3, 1
B. subtilis g'gl FNS + o+ + o+ 8' 3
B. licheniformis :'?.17 I;'g I - I - i ’ ?
5.32 s {(+) (+) {(H)(+) 228,192
B. pol 5 -
polymyxa 5.36 s (+) (+) () () 0. 0
B. coagulans :-22 1;02 1- 3: + —_Q- '(];| ;
. 4.33 F.s - - - - 0 0
B. st th ’ >
stearothermophilus 4.35 F.S _ _ 0. ©
5.02 S + + - - 0o, ©
C. 2 0,
sporogenes 5.42 s + 4 - - 0, 0
. 4.31 F.S + + + + 28, 26
C. th ; 28,
ermosceccharolyticum 5.30 s _ - _ 0. 0
, 6.23 N - - - - o, O
C. thermaceticum 5 41 s - _ - - 0, 0O
*1 N: Normal, F.S: Flat sour, S: Swell
"2 +4: Growth of bacteria was indicated by the turbidity of the
media, —: no growth, (+4): production of gas
*3 Numbers of colonies
Table 31. Detection of bacteria from commercial canned milk tea.
. Type of Media
Inoculated bacteria pH spoilage® ! pE-_2° 2 mTGC* 2 SMA® *®
. N - - - = i, o0
Control (at 35°C) g T(S) i\‘ o _ 1 0
5. — — - - 0o, 0
Control {at 55°C) ; gg ‘g . - — 0 0
B 4.95 F.S + + + 4 10%<
. cereus 4.93 .S + + + + 10°<
B. subtili 5.75 F.S + + + + 25, 17
3. sublilis 4.95 F.S + + + 10%<
B. licheni . 5.15 (+) (+) (+)(+) 913,882
. licheniformis 4.88 F.S + + 89, 95
B. pol 5.13 S (-+) () (+) (+) 10°<
- poitymyxa 5.14 s (+) () (+) (+) 104<
B . 5.15 S (+) (+) (+) (+) 10 <
3. coagulans 4.08 F.S + o+ + + 10%<
L 4.10 F.S + -+ + + 10 <
B. stearothermophilus 4.01 F.S + o+ + + 10% <
c 4.92 S (+) (++) (+)(+) 10%<C
. sporogenes 4.54 s + o+ _ _ 0. 0
5. N e — - - o, O
C. thermosaccharolyticum z.gz F.S — — 0, O
S th . 5.91 N - = - — 1, o0
. thermacelicum 4.20 F.S + + + + 614,617

*1 N: Normal, F.S: Flat sour, S: Swell
*2 4: Growth of bacteria was indicated by the turbidity of the
media, —: no growth, {4)}: production of gas

*3 Numbers of colonies
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