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Fig 1. Space Shuttle and International Space Station.
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Fig. 3. Photographs of eating space foods in space.

Table 1. The microorganism limits in space foods

Food products Microorganisms factor Limits
Total aerobic count < 20,000 CFU/g

Coliform < 10CFU/g
Coagulase positive Stapylococci 0 CFU/g

on-thermostabilized Salmonella 0 CFU/25¢

Yeasts and molds < 50 CFU/g

Escherichia coli 0 CFU/10g

Bacillus cereus < 10CFU/g

Commercial sterile products Sporogenic 1in.esophi]ic bacill < 10 P
(thermostabilized and irradiated) Mesophilic anarobes 0 CEUPe
Yeasts, Fungi(in terms with pH<4.2) 0 CFU/2g
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Fig. 4. Gamma-irradiated space foods (steak, barbecue, and ham)
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Optimally fermented Kimchi
(pH: about 4.5, acidity : about 0.3%)

!
Adding the additives
(Kimchi flavor: 0.2%, Oleoresin paprika: 0.2%,
Vitamin C: 0.3%, Calcium lactate: 10ppm)

|

Nitrogen gas (Vacuum) packaging

'
Heating at 60°C for 30min
l
Quick freezing at -70C
!

Gamma irradiation under frozen temperature
(in dry ice packaging)

Fig. 5. Manufacturing processes of space Kimchi.
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Table 2. Viable cell count” of space Kimchi during the storage at 35C

Storage day 0 kGy 15 kGy 20 kGy 25 kGy
0 2.3x10° ND" ND ND
5 9.6x10° ND ND ND
10 8.2x10’ 3.0x10° ND ND
20 2.3x10° 6.0x10° ND ND
30 - 1.6x10’ 9.0x10° ND ND
60 2.0x10° 4.0x10° ND ND
90 12x10° 9.6x10* ND ND

YTotal viable cells : plate count agar (Difco Lab., St. Louis, US) incubated at 35°C, 48 hr
ND : not detectable at detection limit less than 107

SAM JlE 018 =8 HIX

$FepEe $e7k N He FehaAe
2) 28] glo) ohx) 29pjElg} g myd
n%* %ol HEg Ausidc 939 95
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3w 7hg 2 s o 9o FFHE 29
2= 0CANE Bdo] 535S A48 Zolch T, 7004 @719 4418 338
oz FFap) 4 s 4A SIS Sehieh RN £33 AT B
g Lsted 87 Hx 93 FFE Aol

=
'63 ro]

o

Fig. 6. Korean space foods to be supplied for the first Korean astronaut.
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Table 3. Effects of irradiation on the growth of aerobic microbes and spores in the space Ramen

(CEU/g)
Irradiation dose (kGy) Total aerobic microbes Bacterial spores Fungi and yeast
0 7.6x10° 2.0x10" ND"
1 1.9x10° 1.0x10' ND
2 1.4x10° ND ND
3 8.0x10" ND ND
4 7.0x10" ND ND
5 5.0x10' ND ND
6 4.0x10' ND ND
7 3.4x10' ND ND
8 2.0x10" ND ND
9 1.0x10' ND ND
10 ND ND ND

UND: Not detectable at detection limit less than 10'

Table 4. Viable cell count of total aerobic bacteria and bacterial spores on the irradiated space
Saengshik bar

(Log CFU/g)
Irradiation dose (kGy) Total aerobic microbes” Bacterial spor&sa
13 2.0x10° ND"
15 7.0x10" ND
17 1.0x10" ND
20 ND ND

“ND: Not detected within the detection limit less than 10'

PTotal viable cells: plate count agar (Difco Lab., St. Louis, USA) incubated at 35C, 48 hr

“Bacteria spores: plate count agar (Difco Lab., St. Louis, USA) incubated at 35°C, 48 hr after heat
treatment (98°C, 10 min),

O 2FAFY A

77k el 3 71A fr39) $F4Fo] 27E Aotk AA, X FAA 349714 oF 180
4 A=Y B=APAto] 28 EE SHFEFFHY 34 Folnt. o] AEHME A1A}
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