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Abstract: Regenerative life support system is a key issue to make a long term manned space mission. In
particular, food is the most important subject to study on. In order to support crew activity productive, supply
of delicious balanced space food is a must item. However, it is thought that the surplus crops are done,
occasionally. Therefore, technology to store up the surplus crops is necessary. To prepare for a food shortage,
we were aimed at regarding ratios of cotton vs. silk thread as carbohydrates vs. protein.

Key Words; Space Agriculture, Space Food, Silkworm, Cotton

H A5
FHAT = a VRRICAY | A5 ITH SR
Z HIE U CFHM CREIMEICR T Dk~ 7R

WRFIER TN L > L LTnb, OB, 74 7%
W= P AT DIREEEL 0D, FriC TRFE] 1
HUZZBME 2 7= 3720721 TidZe <, TREMICS
FEAREIC bR R B 2 MERF 72 ) 2 L ITRAL D,
IHIT TBWLE] ZRkODHZ T, HIZARY N
HLRFEHMCTOAEIFIZ NEF-sLTHLXLE] 5%
DSk, KA B R EE A E A R
LEZOND, FEFHEMRMTERLEOaI2=0—
ayY— Ul bih, EttROFEEHRLT LN
BWLDDHL=N—P L A= T — R& BT B3
WD, SHICABRITTHEMIRYHES 5720

BT S D FUR TS L7258 OIER & LT

/NRD A= 2 TOREHITIED KD Hivd,
SR

T ZCANIFRIT R &R 5 2 & T FHIR
1T EDREFEDOMEFRHEEDN G TE 237 2D
EFHEORE L, SOLIIAFSREORMAT L/
MR e E OfEIE 2 2 MRER T AR PE & JEAR
E LT BRITHOREZITO) 22 M E Lz,

Jilk

TIVETH A P L CE AR (XK KE,
EoFWnh, HH) X UUH, BEXIV IR
FAMFEDTZDD KV a 7 A @z, & OK
BHEEWHEDN BT L % v > P (RN EE) |
a7 ) (BERIEE) . hE VL) (FURTE),
B= (BURIEEIRTIN) ZMZTMRSL AL
Tize ED 55 3FEIEDOURNL % FEIC HZE RS &
IHZ vyX o7 e —2—%HfCTHEE L, BiERbR
1107,

PBRFT I RERE RN 10 4 (B4 4. &tk 6 4,
RS 30.4+14.6 %) &AW,

BRNE Tek) T T T&) TR 1Y 11
HEEE ] TRA] 1220 T 10 AR TREERAS
B, SOICABOBMETTASEZ,
INHLORFEERNERC, SERE BT,
RH &%, £O% 15 R T 2 REE o i
ZRPE LT,

A A IHIE— 0 — 20 FELLU T T L7zt ., BA I
STELE, THOREHHA L,
TARNIZT T ADLEA SO KE
fHas 2 FIH Lz,

This document is provided by JAXA.



RYa DIZHARESYH A ADEFDOELNPNE D%
FIF L7,

X v P ATHIRD X ¥ > Y3k & Z A A F
H L7,

BB EE B X DT, WA Atz s
NRIBERREE L TEXRERE LTI ITHIAL,
A T OIEDHERITARE LTHER L, = 0%
ELTHA LD TEiiR 2T A EOH E LT
FOREHC T 2 it 2 did L, RARICASHE L
THWD AR ZMEH Likb o e RITRARIEm & L
THIHAFRETH 20 E it Lz,

IHIZZ U RIE L RE KRB 2 T
TAE B EIEE L LTOMA Kb E LTo
KR ORES 2 72,

(EES

BRAZIZT R VBBA 2T —IZBWTaeToT I/ ®
25100 R, # 87 B IRE IR (P
F: CH) ONZ AR TNT, MbEEO LA
DNIZKVWEGLELE > TUW,

FR & ARRSRDOEERIT 40 1 60 TH D L HRHEAIC
BEHIEZ GBI RENT  ADN T RFITE
BT DHEBARETH L EN N7,

EE

FEARE (XK, KE, &2F0h, HF) ITE,
RBHR, FYavzinzsdl L CKEEEDBHESCE
ZIVBI2, EXIVDBRRE LI, NTUADRE
WIS AMERI S Tz, FEZEHEE TH 7 v v
JHEATH LT, FHMANTHITA 2R A S
2 DFENHR T, XEZERHBIZ L - T, MHETD 20
ARIORIFNAIRE L 72 oz, ZOFIIRFIREOA
Il I VAN

R OBAFIIARBEOHBZEZTHENEZD
A, BEREDOMERIEIEE B 2 5 & MBEEA EA3 0 1z<
<V EEMM E I WRF CHREPHERF S LD F
WEFE LW, A EIONFSE T E 2 JE L7,
FERE LT, AEIER L7z, mopE i L3
<<, FHEBLELTHEL WD EEZ LN,

NG ADBNT-RFLAFRT D010, 7/
AT =3 100 # B2 COWAHAHENEETHDLNA

[ElDOBRNITETEOEEZWIZ L TN D, SHIT
P:F:C Bl L Sh oo ¥ —HiZa LT P
=15~20% : F=20~30% : C=50~70% D #i[H T I =
Fo T, ZNHDZ EMnb, SEIER LR
FERHMAEEE LTERT 2Lk T, @ED
MERFEEED G D & B 2 D,

FFREIE M, BESLHAEO I ANA—L LTHIMT
& DRSO L 2 AR TR L R
Lk o e B CHOREE S LTHAT 2EN R
L7 bIE, AN b LiveWEkEHai (IrBRER
DEACIZ K DMAES DO AMER L) 122 29 h3 ]
REL 722, BRRZITT 5720 D A — A TIHIRE
WD, BEITAHL L DO OMEER & L TR
LT, EHBITL o TERNIE A2 FN RS 72
HIE. EMOMFERES /D, TmAELLE L IFE
L LTOMER E RIS & L TORMRD BV,
BMARTH-oTH, NT2AORN-AFEHET
LENEKRD, S HITHAICL > TEIAREGEOF~
TIIRARACE Z DFNRHR D To D, FHMNIL
ARETHLIFENEELNE HBZZTNDH, SHDOF
HARDOREFHRFIZE O ANLDXETh D,

SHBITIEBITHERAM S TH D I =KL FH T
T D70, FH TORIE TRE IR A L& H
WEBZERE S THY v X v V&G bhbE T
Y ADRBWFHEOIERZITVZU,

5| 3Tk
1) Jenkins DJA, et.al. (1981) Glycemic index of foods: a

physiological basis for carb ohydrate exchange. Am
J Clin. Nutr. 24, 362-36
2) Lake J, Sotheeswaran S, Aalbersberg W, Sreekumar

KP. The glycemic index (GI) of five commonly
consumed foods of the South Pacific. Pac Health
Dialog. 11(1):47-54. (2004).

3) Ciok J, Dolna A. Carbohydrates and mental
performance—the role of glycemic index of food

preducts. Plo Merkur Lekarski. 20(117): 367-70.
(2006).

4) Ministry of Health, Labour and Welfare, Japan
2005 Dietary Reference Intake for Japanese

This document is provided by JAXA.



Dai-Ichi Shuppan, Tokyo (2005).

5) Katayama, N., Yamashita, M., Wada, H.,
Mituhashi, J., Space Agriculture Task Force.
Entomophagy as Part of a Space Diet for
Habitation On Mars. JS7S21(2), 27-38 (2005).
6) T. Yoshimura et al. Trace elements in termites
by PIXE analysis, Nuclear instruments and
Methods in Physics Research B 189 : 450 —
453(2002).

7) S. Ttakura et al. Nutritonal value of Two

Substrranean Termite Species, Coptotermes

formosanus Shiraki and Reticulitermes speratus

Sensuality examination (top points is 10)

. . .. Average SD
(Kolbe)(Isoptera: Rhinotermitidae), Jap.d. Looks | 73 29
. . Fragrance 8.1 1.9
. Main food Brown rice + 30% barle |ragrar
Enveron. Entomol. Zool. 17(3): 107— 115 (2006). vbarley ™ aste | 80 12
Table 1 Nutritional Evaluation of Model Menu for Space Habitation Totala 8.1 11
Nutrient Unit  Recommendation  Basic Basic Looks 83 18
of adult a day Vegetarian ~ Menu Main dish Hot tast Loach marinade Mﬂce 8.7 1.8
Intake Loach Taste 8.6 2.1
Insect Totala 8.7 1.8
Eneray koal 7000.0 18560 20110 Looks 74 2.4
Protein g 55.0 69.7 96.1
Potassium mg 1800.0 54100 5758.0 Side dish Green vegetables sauté Fr_argratnce ég 5(8)
Calcium me 800.0 9050 22420 aste 3 T
Magnesium mg 310.0 6800  730.0 Totala 1. :
Phosphor mg 1000.0 17930  2621.0 Looks 84 1.1
Iron mg 90 274 341 . . Fragrance 9.3 0.8
Zine me 80 102 137 Soup Spinach miso soup Taste 93 08
Copper mg s 28 e Totala | 86 1
anganese mg . 3 .
Retinol equivalent mg 700.0 7850 803.0 F'-°°ks g'g g‘g
Vitamin D mg 50 0.0 5.0 Dessert | Sweet potato with lemon tast [—asrance - -
Vitamin E mg 90 17 124 Taste 9.6 0.5
Vitamin K mg 70.0 652.0 653.0 Totala 9.3 0.8
Vitamin B1 mg 10 27 28
Vitamin B2 mg 13 0.9 22 ) )
Niacin mg 12.0 261 30.9 I'Hot Loach Marinade |P:F : C racio ( Supper energy = 2205KJ)
Vitamin B6 mg 13 29 30 P F C
Vitamin B12 mg 24 0.0 10.2 1764kJ 1764kJ~2205kJ from 4410kJ to under 6174kJ
Folic acid mg 240.0 7850 804.0 Basics Under 26 g 12g~14g From 66g to under 91kJ
Pantothenic acid mg 6.0 88 96 Intake 18g 15.5¢ 92.5¢
Vitanin C mg 100.0 175.0 176.0 Ratio 0.69 11071 101.65
Cholesterol (upper limit) mg 700.0 0.0 2520
Dietary Fiber g 210 398 40.1
Sodium Salt (upper limit) e 90 5.9 85 IHot Loach Marinade JAmino acid score (Supper)
n-3 Fatty acid (lower fimit) g 24 24 25 o Ul Lew  Lys MetiCys PhetTyr Thr  Trp  Val
n—6 Fatty acid (upper Iimiﬁ g 110 13.1 13.2 Required (mg/gN. 180 410 360 160 390 210 70 220
— - - - — Basics Total ntake (mg) 736 1317 1044 649 1372 691 208 923
Table 2 Ratio of Protein : Fat : Carbohydrate in Model Menu for Space | Intake Intake (mg/gN) 254 454 360 224 473 238 72 319
Amino Acid ReqU(i;e)ment Basi Sugici.ema' Ratio Ratio 141 111 100 140 121 114 103 145
asic asic Menu
Vegitarian Insect
Menu Loach
Protein (under 20% of Energy) 20% 15.0 19.1
Fatty acid (20%-30% of Energy) 20%30% 16.5 164 .
Garbohydrate (50%-70% of Energy) 50%-70% 695 644 Changing of blood sugar level after meal
Table 3 Nutritional Evaluation of Each Insect/100g (NormaD
Nutrient Unit  Silkworm  Fly Termite Termite Bee Locust Escalgo
pwpa ninfu larva
Energy keal 12000 9800 147.67 34273 25000 247.00 8200 200
Protein 3 14.30 340 10.14 1285 16.20 26.30 16.50 = 180
Potassium mg 000 22000 412.20 000 11000 260.00 5.00 i /‘\
Calcium mg 3400 0010 3230 000 1100 2800 400.00 ™ 160
Magnesium mg 000 3480 2570 000 2400 3200 3700 £ / T e
Phosphor mg 000 11600 24800 000 11000 18000 130.00 ~ 140 y == x ~a
Iron mg 0.00 072 3.70 0.00 3.00 4.70 3.90 [ — —X—Blend
Zinc mg 000 065 910 000 17 320 150 3 120 /) Ng— % | |- Barley
Copper mg 000 009 440 000 0.36 0.77 307 — 100 LJ ®: < —A— White rice
Manganese mg 000 054 640 000 0% 121 038 H ¥ \.\. —=— Brown rlce + Barley
Retinol equivalent mg 000 6700 000 000 4200 7500 000 w 80 =e=Brewn rize
Vitamin D mg 0.00 0.00 0.00 0.00 0.00 400 550 w60
Vitamin E mg 0.00 0.00 0.00 000 110 230 0.60 b -]
Vitamin K mg 000 6100 0.00 000 400 100 5.00 o 40
Vitamin B1 mg 000 012 0.00 000 0.17 0.06 0.00 K] 20
Vitamin B2 mg 0.00 009 0.00 000 1.2 1.00 0.00 m
Niacin mg 0.00 156 0.00 000 380 1.70 0.00 0
Vitamin B8 mg 0.00 0.1 0.00 0.00 0.04 0.12 0.00
Vitamin B12 mg 004 035 000 000 010 010 060 0O 15 30 45 60 75 90 105 120
Folic acid mg 000 4700 0.00 000 28.00 5400 1.00 M tTi ( . )
Pantothenic acid mg 000 027 000 000 052 043 000 easurement lime {mins
Vitanin C mg 0.00 000 0.00 000 0.00 0.00 0.00
Cholesterol (upper limit) mg 0.00 1204 0.00 000 55.00 7100  240.00
Dietary Fiber g 0.60 130 16.70 14.12 0.00 000 0.00
Sodium Salt (upper limit) g 0.00 0.00 0.00 0.00 170 480 0.70
n-3 Fatty acid (lower limit) g 000 000 0.00 000 051 024 0.03
n-8 Fatty acid (uEer limit) £ 0.00 000 0.00 000 0.88 008 0.17
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Component Cassava | Sweet potato
( /100g) Root tuberd L eaves| Root tubers| Leaves
Moisture % 62.80 | 74.80 66.10 84.60
Energy KJ 580.00 - 544.40 189.00
Protein % 053 5.10 1.20 4.60
Carbohydrate % 31.83 - 31.50 1.50
Dietary fiber % 140 - 230 6.50
Ash % 084 2.70 1.00 2.00
Camg 20.00 [350.00 40.00 213.00
P mg 46.00 | 56.00 46.00 44.20
Mg mg 30.00 - 25.00 46.90
K mg 302.00 - 470.00 680.00
Fe mg 0.23 1218.00 0.70 6.58
VA mg trace 3.00 0.02 0.83

B1 mg 005 0.20 0.11 -

B2 mg 004 0.30 0.03 -
VC mg 15.00 {200.00 29.00 70.00

Table 4 Nutritional Evaluation of A Sample menu

Nutrient Unit Recommendation Basic Sample
of adult a day Vegetarian Menu
Intake (Loach
Insect)
Energy keal 2000.0 1856.0 587.0
Protein g 55.0 69.7 213
Potassium mg 1800.0 5410.0 12100
Calcium mg 800.0 905.0 664.0
Magnesiun mg 3100 680.0 169.0
Phosphor mg 1000.0 1793.0 651.0
Iron mg 9.0 27.4 6.4
Zinc mg 8.0 10.2 39
Copper mg 0.8 25 0.6
Manganes: mg 4.0 9.7 2.0
Retinol eq mg 700.0 785.0 273.0
Vitamin D mg 5.0 0.0 20
Vitamin E mg 9.0 11.7 38
Vitamin K mg 70.0 652.0 210.0
Vitamin B mg 1.0 2.7 05
Vitamin B! mg 1.3 0.9 08
Niacin mg 12.0 26.1 7.6
Vitamin Bl mg 1.3 29 0.7
Vitamin B mg 2.4 0.0 3.9
Folic acid mg 2400 785.0 194.0
Pantothen mg 6.0 8.8 29
Vitanin C mg 100.0 175.0 51.0
Cholester« mg 700.0 0.0 95.0
Dietary Fil g 21.0 39.8 109
Sodium Se g 9.0 5.9 2.1
n-3 Fatty g 2.4 2.4 0.6
n—6 Fatty g 11.0 13.1 6.8
Table 5 i ination (Top points is 10)
| menu Average  SD |
Looks 3 2.
Main Food |Brouwn rice Fragrance .1 1.
Taste B
Total .
Looks R
Main dish |Sikworm pupa in Loach ball with lettuce Fragrance R
Taste R
Total .
Looks .
Side dish |Okura and Fermented soybeans with frated radish Fragrance .
Taste .
Total ]
Looks .
Soup Miso soup Fragrance 0.
Taste 0.
Total 1.
Tooks [}
Dessert  |Fried sweset potato seasoned with caramel Fragrance 0.
Taste 0.
Total 0.
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