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AR - 73 BORERICHT 20%

#11.08 g/kg/ H D72 AT  EENURRE O 2 F N IZ KT 3 3ES) (400 keal/H) 510
Non-exercise period Exercise period
Subjects
FN TD DN UN NB IN FN TD DN UN NB
L 181.9 15.5 98.3 7.6 150. 6 8.1 181.0 15.5 98. 3 17.6 149. 3 -1.4
M 177.2 19.4 96.0 3.5 124. 8 29.5 177. 8 16.1 97.9 9.7 123.5 28.5
N 181.9 12.6 99.9 10. 3 145.9 13.1 180.0 17.5 97.2 18.4 134.0 10.0
0} 179.0 16. 8 97.6 8.2 147.9 6.1 179.2 17.8 97.0 9.8 145.5 6.1
P 177.7 20.7 95.3 8.4 152.0 -3.4 178.3 24.0 93.5 9.5 136.8 8.0
Q 180. 5 17.7 97.1 5.6 142. 2 15.0 179.2 16.8 97.6 7.4 135.6 19.5
Mean 179.7 17.1 97.4 7.3 143.9 11.4 179. 3 18.0 96.9 2.1 137.5" 11.8
SD 2.0 2.9 1.6 2.4 10.0 11.0 1.2 3.1 1.7 4.7 9.1 10.6
(p<0. 05 vs non-exercise period)
- Tz AL E = 1,08 g/kg/H
|liL¥jFL-\ &l-% IOV F— IR ¢ 42. 8~43. 8 keal/kg/H
3 days 10 days 10 days M FE R PRI R ¢ 12. 4 mgN/kg/ H

SEEIREE © 65% VO,max

EENC X BT AV F =R ¢ 400 keal/H

U IN, HHES CFN, s

20 —

18

—_ —_
B (o]

-
\S]

URINARY NITROGEN (g/day)
® S

[e)]

STD, EOWILE : DN, #E %% ¢

UN, JRH%EZ © NB, SR M

| . | . |

|
4

6 8 10

DAYS OF EXPERIMENTAL DIET
2 M7 A E A o R E 0 2L
(J Nutr; 108, 97 (1978) #&%%)

RIS LB e D & D 72 AT UL, /7
AMEL BV EREEFRTE D,
W72 bid, 7AW ERENE, BISBEITEAET B

WZHEH L7z, B 27 A CEBIUREI#EIG L

THY, 72 A EABEIS AL LT 72 WIKEE
(Zz A CEEML NV RAER L 9ERH) T, 72AEL

B2 HEE CE DIRIE T I/ ML (indicator amino
acid oxidation: IAAO) HEZEHWA I LIZX D, WEWNZL
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72 AE S EEPURE T O 72 A CERBESRE OHEE 2
caTzo AT CHOEREZ BHEWZ2ENE LY 4
WG IZZAL S 2RI, 204 % W AEK
i CTo7 A E CEAHRE 2 B3 2 I, A7 <
EBTHMZEST S (M3). 2%, —#ko7zAF<
HAHISE L, € OROREN %72 A CEBIEFOR
WERMLTWDZ E2EIRY 5. BEMIC TR
ATCHEZERL TV B, BN TER SRS 72A
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AR - 73 BORERICHT 20%

Ef-AlFEE

BNINO T — U 3R 5
BNmNOT—UEN NS

Phe Lys Thr Phe

Lys

BNIN O T — LB\ 1~ BR

Thr Phe Lys Thr

I mELE7z/B [ AT 5-AKE

M5 $EEET I BRRALEO A

VY UnE—HIRT I VBERETSHE, BRTEZAECELIYBHELAT IV BO®N
BHRVIRE (K72 AECE) T, AETREZAECHEICLER) Y v EP RS vwo
T, ZAFKHARRIETL, ofoHE7 I VBEISMESN, ZORETHIIITL
CO, L LTHEHEN S, L L, BRI RELZAFICHEICLELZED L) Yot sh s
(B2 AECE) &, AR KCEZEND EAR T 2LES VDT, BET I BEHkOIT
& COy DHEMRIE— L B B

S 1O, HEtt &

|
[ | [ | [

0.2 0.4 0.6 0.8 1.0 1.2 1.4
FzAIFKEEIRZ (g/keBW/R)
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V. A EREARICH(T S IAAO FEDF &

72 AE S EARHIEFE IS BT 5 TAAO EDOFI IR D 3
ONEZBND,

B, ML= =B AE - LA T,
FIFINID ) DBED ML —Y—% 5 2 TH ME %
W2 ETHD, HET I BOBREIZ—EIRNT
WHDOT, MBI AECEI D QT I JBEOITZH B
e DZALAVNS v, $8EET I 2R & LCTld, C-Phe 2%
KOEWHETHH SN TE T, 5%, HehT3I ]
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(13C¢0,'2C0,kt)

FESRCO,
POC -
POCone
L TS AL
(KFEFHASH)
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*HEG TR EEZLND,
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V. 79 MIHT2IAA0 EICK B -AIFS BREH
EREDRAIE"

FEBEOTAELHERBE L THEAL Y ENET VT v
v, TAAO HEIC X B 72 AIE S BESR B IO\ T,
FBREOAECEBIZE D ENPE SN L P2 RBE L
720 T M, MNETVT U RFEBREL L THW LA
LEDETRTOERIZONT, FEERFT2AREE DL L,
20% 7 EA yEEFEHBHEBIE Lz, EEBH, v M,
6 iR ¥ A v e bR (4.3, 8.6, 12.9, 17.2,
21.5, 25.8% H A VL), F72ld, 6BREDNET VT
YEROGUERE (7.2, 10.8, 14.4, 18.0, 21.6, 25.2%
INETVTF V) D) B—2%09: 007518 : 00F T 3
BRI &1 4 HBHC L 72 1 M O#MIEIET Y o1 H
BARO1/8ETOL Lz, BC ERWEHSZ3MHED
KA 15 0 00 (NaH"CO,, 0. 88 mg/kg BW; NaHCO,,
7.92 mg/kg BW; ®C-Phe, 3.3 mg/kg BW; Phe, 29.7
mg/kg BW) (ZBI#AL, 16:00, 17:00, 18:00 (**C-Phe,
6.0 mg/kg BW; Phe, 54.0 mg/kg BW) F CHil) 7z,
BC BB 5472725125 v & F ¥ Y N—I12A
720 15 : 0042519 : 00F T304 T & 12, F v Y8 —H
DEREIFZ A T & U THRIRIUN v 7 IZERICL,
FAVI IR (POCone s KIFFE RS 2L
I PCO, B2 WISE L 72,

TAESHEEN 6B AL v EZERRELT D
FEE n=8) LIEINT VERERELTIER (n=
8) ZhZEh 6o IAAO #:i, EMiH X2 H Rk &

L, 2HEBEPINICET Lz, EREOMBKAE £ 21TRL
720

IAAO EIZBWTIE, BAAESEEDP S5z AE
CERICAFNRZZASETY, afifio CPhe &
“CPhe »EB L [1-2C] Fuv > (PCTyr) of%
—EBIRZ EPLETH D, TOL IS AR
ZEM LB, Mk mAEh o PC-Phe 2213 Tk <,
BCTyr & PCTyr 0t b —EThHhH I L 2MEATH &
DPUIECH D, 4.3%h¥A v AE1T.2% N EA v % E
WLU7-HDS v +oli% Phe & Tyr 2 #£ 3120 L
720 NEA VEDIAELELNVEL 3% HH17.2% 12
ZALSETh, 14 °C-Phe & C-Phe i EEDEIE L s
—ETHoTe F72, MU PCTyr & PCTy o HEI4
LREL—ETHolze X512, PCTy 133 5 *CTyr
DE41E, “C-Phe 1283 5 PCPhe O#IG X ) b/ S
{, ZdZtlix, Phe 75 Tyr ~oOLHIITHEL T
WZERRIBL TS, F72, BB L OWERER; o b ik
T3 BRICOWTHIE Lok B, It E RBkC A ¥4 v
HEDOLAELELV NV EL 3% D 517, 2% 2L ST
b, 1% C-Phe & “C-Phe i DEI4 L & & ONILE
BCTyr & PCTy g o#a LS —ETho 72 (%
3)e

72 AE AR, 18 1 300 PCO, B A IR
Wl (2 BeRsiBaess) W X 0 bt L, BBt 27
ANE EABIUR S 2 ISR PCO, AYR/MiE & 72
M e LCRI L7z RFETIE, 7 v MZBWTIAAO
BICXY, AL U ELZAESERE LD XL

#£2 FEBEOMK

Casein diet

Wheat gluten diet

Frotein 4.3% 8.6% 12.9% 17.2% 21.5% 25.8% 7.2% 10.8% 14.4% 18.0% 21.6% 25.2%
g/kg diet g/kg diet
Casein 50 100 150 200 250 300 - - - - - -
Wheat gluten - - - - - - 100 150 200 250 300 350
Cornstarch 557 523 490 457 423 390 527 498 470 440 411 383
Sucrose 278 262 245 228 212 195 265 250 235 221 206 190
Rapeseed oil 35 35 35 35 35 35 31 27 22 18 14 9
Soy bean oil 15 15 15 15 15 15 12 10 8 6 4 3
Vitamins 10 10 10 10 10 10 10 10 10 10 10 10
Minerals 35 35 35 35 35 35 35 35 35 35 35 35
Cellulose 20 20 20 20 20 20 20 20 20 20 20 20
L-Phenylalanine 11 9 7 5 2 - 9 7 5 3 1 -
L Tyrosine 13 10 8 5 3 - 13 11 10 9 8 6
Energy (kJ/g) 15.4 15.4 15.5 15.5 15.5 15.6 15.5 15.5 15.5 15.5 15.6 15.6

HEA VDI AT EE#1386.2% (Nx6.38), NETIVT D AEL HERIZT2.0% (NX5.70) Thb, BTz

7T U, ATOAEET 13,500 mg/kg diet & L7z 72751, 25.2%/NET VT U OBEIZIE, 14, 350 mg/kg diet & L7zo
F72, gFhoFa Y UERIE, ETORFT 15 000 mg/kg diet & L7z,
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AR - 73 BORERICHT 20%

F3 I, K BEEGO 7oV TS v BLXONF O Y Uk

Phenylalanine Tyrosine
Diet 13C-Phe 12C.Phe Total BCTyr 2CTyr Total
Plasma (nmol/mL)
4. 3% casein 13.2 = 2.9 47.2 = 4.3 60.4 = 7.0 7.5 2.0 113.0 = 29.4 120.6 = 30.7
17. 2% casein 12.1 = 2.5 50.8 = 10.0 62.9 = 11.8 8.5 = 1.4 119.8 = 15.2 128.3 = 16.2
Liver (nmol/g)
4. 3% casein 10.6 = 0.4 40.9 £ 5.1 51.5 + 4.9 7.4+ 1.3 99.4 £ 32.0 106.9 = 33.2
17. 2% casein 10.4 = 2.1 43.1 £ 10.5 53.6 = 12.3 8.8 £ 2.8 92.5 £ 7.5 101.4 = 9.2
Gastrocnemius muscle (nmol/g)
4. 3% casein 13.0 £ 1.7 46.6 £ 4.5 59.6 = 5.7 8.4 0.8 91.9 £ 8.7 100.3 = 8.5
17. 2% casein 11.6 £ 1.9 48.2 £ 2.5 59.8 =+ 3.6 7.0 £ 1.1 84.7 £ 5.8 91.7 £ 5.0

SEiti = SE (4. 3% casein, n—5; 17. 2% casein, n=5). & CHD 7 — ¥ 124. 3% casein # £ 17. 2% casein # & OIZ Student’s t-test 2

THEREZRD Lo 7,

13 4
= 12 - o casein
m
=11 O wheat gluten
o
< 10
2
Q
(%) 9' 0
3 87
£
g 7 o @ T
o ] ?
[0

6
3 (8]

5 4

0 5 10 15 20 25 30 35

Proteinintake (g/kg BW/day)
8 A B EREOH N
XA n=8) LAEITNVT v E n=8) D7z A EHIGE R ZLS 87
OIS, PCOy A B DAL % P39 Ml + BEMEAR 25 ToRk L 720 B A v Bl
ML, y=10.73-0.35x &£ y=6.17 TH Y, /NE7 VT EOMRGEHRIE,
y=18.87—0.66x & y=6.92 TH -7z, I, #EA E2913.1g/kg BW/H,
INEZ VT VA 18.1 g/kg BW/HTH - 72,

BACH R E1E 13. 1 g¢/kg BW/day (ZHIM 35 LHEE S
iz (K8)s

NEE" T AECEIRE L7z TAAO TlE, 72AEKHE
AHZERRIE 18.1 g/kg BW/day &S, HEAL ~
EIAECEBE LKL D EWETH 572, 72AE
CHLERIRED AT CERNTKRL, HEDA
ECHBITE L ol vy R, Tx OIGICE
L, TAAO 72 AE S HO ISR T2 2 L 25T
ErLEZ LN
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V. EMIHTS IAA0 EICK DAL ERBE
L KRR

1 HOMERLERE, AR T7 I BROw@Y) 2 EE
LARWENT VA, FNUC a-T I /8RR L 5%
WRTY I JHBEMBT LI L 2T LOTH D, 2007
412 Humayun &' 1%, 1AAO #:% HVCHRAD 72 A
CHELBEEZTTFMEL TS, HB5IE 5 ERABED
Te AE L ERE, 0.93g/kg BW/ HTHo 7o Fx
b, TAAO #:2 HWCTHRABEABYED 72 A < HACHTE
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R AFHN L7z ZOKH, 0.91 g¢/kg BW/H L% L
72 (F—FIERIER) . $72, 1AAO HEEHWT, BAL
PECI1E 0.91 g/kg/H'®, <13 1.3 g/kg/HT &
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Dietary Requirements of Protein and Amino Acids

Yasuhiro Kido

Laboratory of Nutrition Science, Division of Applied Life Science, Graduate School of Life
and Environmental Sciences, Kyoto Prefectural University

ABSTRACT

Even when energy intake is adequate, the classic protein deficiency disease kwashiorkor increases suscep-
tibility to infection. The protein requirement defines the requirement in terms of the needs to maintain the
physical structure and body functions, i.e. metabolic demands, and the dietary protein requirement will sat-
isfy those demands. Protein requirement is generally determined by nitrogen balance studies, but various
limitations are associated with this method. The indicator amino acid oxidation (IAAO) method, with a
theoretical foundation quite different from that of the nitrogen balance method, was developed as an alter-
native for studies in animals and humans. We employed the IAAO technique to evaluate dietary protein
requirements and protein quality in rats and healthy men. The results indicated that the IJAAO method is
effective for evaluating the dietary protein requirements for people of all ages and for postoperative patients
or those with injuries or infections, all of who represent a wide range of metabolic demand. This method

could also be used to evaluate protein quality.
Jpn. J. Nutr. Diet., 69 (6) 285~293 (2011)
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