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Time-Dependent Change of Plasma Amino Acid Concentration
after Ingestion of Blend of Whey and Casein Proteins

Yuya KAKUTANI*, Hitomi NAKANO**, Hideto KOIZUMI** and Naomi OMI* **-***

Summary

The velocity of absorption of dietary amino acids varies according to the type of
dietary protein. Recently, blends of whey and casein protein products have been
commercially appeared sports nutrition fields. However, change of plasma amino acid
concentration after ingestion of blend of whey and casein protein is unclear. We
hypothesized that the ingestion of an equal blend of whey and casein protein would
maintain long time the plasma amino acids concentration than that of only whey protein.

To examine the digestion rate of blends of two proteins, we characterized time-
dependent change of plasma amino acid concentration after ingestion of it.

This study consisted of three trials by double blind cross over fashion. The subjects
were eight healthy people. The subjects ingested one of the 20g proteins: a whey only, a
casein only, or an equal blend of whey and casein, respectively.

Plasma total amino acids (TAA) indicated a significant increase at 30 min after
ingestion of protein and maintained up to 60 min. At 120 min after ingestion of protein,
plasma TAA also indicated a significant decrease from 90min, and returned to the base
line at 240 min. There was no significant variability of plasma amino acid concentration
by types of protein on plasma TAA. As an ingestion of protein blends, area under the
curve of plasma urea in male was significant lower compared with the whey protein
ingestion. These findings might indicate that ingestion of blend protein probably resulted
in promote postprandial protein deposition by inhibition of protein breakdown.
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E£E 70 M 2% Fig. LLORY. RBEBIGIE
L UNBEL£304 - 454 - 6043 - 12043 - 24055 - 420
SoFt7E, EEERE D &5ml ORIME 1T 72
LB, PEEFE LT~y b) AR ERL
7z,

ERFHOSRIIEEARL L, 00T TIZAK
ZThbHol, HEREBIUL, HEERKT I T,
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Table 1 Total, essential, branch chain and glycogenic
amino acid content of protein

(mg%) Whey Casein 1:1 Blend
Ala 4.8 2.8 3.8
Arg 1.9 34 2.7
Asp 11.0 6.6 8.8
Cys 26 0.3 1.5
Glu 16.8 20.3 18.6
Gly 1.6 1.7 1.7
His 1.7 2.8 2.2
Ile 6.2 4.7 5.4
Leu 10.0 8.5 9.3
Lys 9.2 - 74 8.3
Met 1.9 26 2.3
Phe 29 47 38
Pro 59 10.1 8.0
Ser 46 5.1 49
Thr 7.1 4.0 5.5
Tyr 29 5.2 4.0
Val 55 6.0 5.8
TAA 96.6 96.3 96.5
EAA 45.7 43.2 444

BCAA 24.8 22.0 23.4
GAA 49.6 53.5 51.6

TAA =total amino acid, EAA = esse-ntial amino acid, BCAA =
branched-chain amino acid, GAA = glycogenic amino acid

Protein

r T 1 I LI LI |
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Blood T T 1 1 1

Sample

Fig. 1 Experimental protocol.

8 healthy non- exercisers (3 males and 5
females) were given 20g protein, whey,
casein or blend, after approximately 12h
fasting. Blood samples were collected 7
times at 0, 30, 45, 60, 120, 240 and 420min
and analyzed the blood amino level in
plasma.

C. 7 3/ BRoHr

RIMIZARY) v % &F L-EEZRILE %2 AW,
1 B OFIMIZD &5ml % FRadiRA» S8IM L 72 %
m%4 <z, BRI L 3000rpm - 4C T15% &
LEAT, MRz 5— AV AH ) FIVERZIK
1 % (5-Sulfosalicylic Acid Dihydrate, Wako Pure
Chemical Industries, Ltd.) Z HWTER L 723 %
VAR FOOVERER L MER 11 OFE& TR
L, 1570irE )%k @GEETIRHRELL. F
&, 3000rpm - 4C T15% ME L L L& A8 % 58
%, 3mol/L LiOH V& % /il 2 pH2~3IZ % L 7.
7 3, pH @ il %€ 13 pH 3 BR # (ADVANTEC test
paper grade UNIV, Toyo Roshi Kaisha, Ltd.) (2 T
fTo7:. ®HEIZ, 045um @7 4 V% — (Millex-Lh,
Millipore Corporation.) TABL, S#raste L7z
T X BT KEM R ERE G vy — 0T
MAICEEL 7 3/ BESHTL S HT (JLC-500/V2
Amino Acid Analyzer, JEOL, Ltd.) (2 TiTo 7.
Table VWZRTI7HEO T I /BxHEL 72 £
7o, BT I/EBOBRBEEMAL KBTI /R
(TAA), 7R 7 3/ F (EAA), WIS 7 I/ BR
(BCAA) BXUHEEMT I /B (GAA) oIk
BrxZhFnko:, ALEOBRETIVIIVE
LT ARG F MK INENRETNT VY I
VB, TANTEUECED. KoT, SAY IV
ETNY IVEE TANRTFLETANGFURE
XA+ sILIZTELRDT, FRhENT LY IV
fe, 7ANNSEFUERICED. T FEEOFEIC
TREFELHEL .
HATHOEBRENCB T AMIH T I/ BRIBEDE
ML BEEERAETLE, &7 3 BROBEHGIR
B ERIEBOEXY B L. RE AUC OFE L,
HERABE£1205 ORMAA T £ THEKELZOT
& o8y BAERRI2000 H & L7z

T

D. fEaHLHE

ETOT— 7 T FHEEERZETRLL.
FEEB X UEERSENEOE LHOZEDEIZ
A TVt RER B

M7 3 ) BREEOHER~OLHBREDZE TN
SO 5 AEHE D —JCALE (Protein X Time) 77
BT, BREOZEOREIIINIGOE AR E
DOZIEEE (Sex X Time) 7 #oir & v/, F72,
FNEFNOFHIZTCHEE LR ENEHD RO b N2
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&, F&IEE & L T Bonferroni ? /5% % B T Hfl
FHROBEE T 7.

B#E THEIFE (AUC) 2B T A &REBEDFEIIN
D& b —TRESWRAN % BHREREL LT
Bonferroni D iEx VTS ERE 1T-72. BL
MOZEDKEIIMIY > T Ot REER FHV:.

% T O # &H AL # (X IBM SPSS Statistics Ver.20

ME - MRFE - BREER

TR VIS L Twvo 7z, REBITIZI2050%
DB RGBS DD, FRLURRIEHE S ~
Y EBICE R RS TH o7 (Fig 2 B; Fig. 2
C).

M GAA AR EENKRI0T THEICLEAL,
6077 £ TEDOMELHER L 72, BIEI20512IZET
LB EDBFEEZTIE LY, ST /BT

(IBM) #HWTITV, HEKEIGERES %FKH 20075 K& B % Tl -7z, A+ 4 LB
& L7 TlE, 1205 IR I1Z4205 F TRESIIET L, BE

BEWTIRI200FTEAI A BEREEAHLZERT
I. #8 Hotehs, FNDREIERL,IZED L2405 B L
SHAUEDT -5 BLY, TRIVF— F8y e ZATEIHIOLAVIZETRY, LI
B, RE, RAKMHOZERES Table 21278 L 72 YA CEREFEUCHEB L2, 4200% TR A

Br LB L TR, FIRES L ORETH
ELrEEr, BREVEREIBVWCAELRBEYRL
7z

T I BOBIE 25 DOELE % Fig. 212K L
7z, I TAA I EHEBREEREZI0S TEEICER L
(p<0.001), 604 F CZDOMHEE MR L 2. ERE
12050 WA LIEINAET L 0FZZIEL 20, 240
SEBTERNEOLANVIZEFTRTL., 28, I
HTAABEIZBNT, 3Oo0RITHTEE B
A SNREH, o7 (Fig. 2 A).

M BCAA B X U EAA I3, KT A BRI TIIE
BIEIA30S THEIZER L (p<0.001) , 605 F
THEREL7:. —F, ¥4 CEBRUIBITA, M
BCAAB XU EAAD LRI R T A LB L TEE
REEER L. REBITIERZNZNOME % H#
BL, 600 TRARIAIZEIDEVVETH-72. #0
%, &L A BECIHIBII2055 23R T LB &
DEEEITEL LY, 2405 FEBEETO L XLz
KFL7Z oL, #E1 EBITIE, 4205%F

B EFEFEOL NV ETRT L7 (Fig. 2 D).
FrA, ¥4y, BREBIIZBIT A M TAA
D AUC I £ & 1, 383.5%16.4, 366.0+15.3,
365.5+18.0 min'mmol/ml T, AEEIZL L2 EER
BIR SN o7, FEEES, mMhE7 3 BRI
BUWILHBARICI2FELZEV AL 2o
7.

KREAFIRL TW5D, ¥ 287 BEREZ1205
FIZBWT, BHORE AUC IHREEBRART A
BB L CHEEICERMEER L (Fig. 3).
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S Y N B o = N ST N 5 S b R A 1))
R, Bhby R ERORSEREZIZBIT A0
7R BRIREORRELIE, FhEho BB

Table 2 Body composition and dietary intake.

unit Male (n=23) Female (n=5) Total
Age y 227 = 03 232 = 09 230 = 05
Height cm 169 = 2.1 162 + 2.7 1646 = 22
Weight kg 65.7 = 3.9 574 + 32 60.5 = 2.8
% body fat % 148 = 0.7 286 + 1.3* 234 = 2.7
Fat mass kg 9.7 = 0.9 16,5 = 1.6* 140 = 1.6
Fat-free mass kg 56.0 = 3.2 409 = 1.7* 465 = 3.1
Energy intake kcal-d™! 1895 = 123 1667 = 129 1753 = 9
Protein intake gd™! 642 £ 33 533 + 53 574 = 39
Fat intake gd™! 64.1 = 3.6 578 = 7.6 60.2 = 4.8
Carbohydrate intake gd™! 2425 = 243 2268 = 124 2327 = 11.2
Values are means * SE. * =Significantly different between male and female (p<0.05).
J— 4 PR
NI | -El ectronic Library Service



Japan Soci ety of Exercise and Sports Physi ol ogy

RIA, HEA4 Y, BLUOFOSRRAWERGOM P T I /) BEEESILE K Y vy HENEOMF T 3 /B

B
600 *
" 225 ',.t*** P
500 1 1N\ T TN
Y T
_ 400 \ 1751} \ PxT
E ‘\ [ Y \
= 300 1 \ % ,‘ \
3 \ 2125 | 4 \X
E 2004 N £ N
< 100 1 S g S
s Q
0 < o S
o 25 o
100 1 tessmcmenasS =
-200 - -25
0 60 120 180 240 300 360 420 0 60 120 180 240 300 360 420
Time (min) Time (min)
C w0 Dzso
P
’: % T ™\ T
350 4§ N\ K* PxT
[ PxT
— PN 180
E H \S E
3 250 ,’ N >°
€ H AN € g0 )
£ "\ £ (min)
§ 150 N P
ul = o —
-20 ~
50 By N
\\ \\
— N
50 120
0 60 120 180 240 300 360 420 0 60 120 180 240 300 360 420
Time {min) Time (min)
""" Whey ——Casein ~—1:1 Blend |

Fig. 2 Delta value change in total (A), brach chain (B), essential (C) and
glycogenic (D) amino acid.
Data are means. Error bars have been omitted for clarity. t=
Significantly different between 1:1 blend and casein (p<0.05). ***=
Significantly different between whey and casein (* p<0.05, ** p<0.01).
P=Significantly protein effect, T=Significantly time effect, PXT=
Significantly interaction between protein and time. TAA=total amino
acid, EAA=essential amino acid. BCAA=branched-chain amino acid,

GAA=glycogenic amino acid

DIFIZHEAHERT LI EPHLNE R0 T 305 F CICAMIC LR L, BRI TIZET L
REEABER O M TAA % EEMICEEL 2 & 7z (Fig. 2 A). ZoZ e»b, RHPZEEFRIZ20g D
A, FURIERIZEBEVIEALNT, ERE Sy BREBRLIBE, § v/ BREOEWIZ
300 1 8 Whey Lo T TAA ORIVEEIIRELSEDLRWVWEE R

* DCasein 5%, Boirie et al. DL TIX, FIT AL
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Henderson et al. DIFFETld, THIZHHEL D%
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7z (Fig. 2 B; Fig. 2 C; Fig. 2 D). BE#&HWBEL L
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BIE42057ETOAUCIZBWTHBEIZL 265
EEAONL o7 REFFETIE, EIE4205 &
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DIFT IV BEFEOEI;MFEINLEZ LN
. LiL&ds, #1¥ 41 2RRED BCAA - EAA
BEEIIRIA LB LA (Table 1), A%
T, &7074 VOREBREIRFEILTH LD, £
NENOT I VBRI ELRLZ Ehs, BRLT
WEET I/VBRODED Y vy ODREEDENC L 5
TEZ>TVWAELD, TOTF—FD&ENHIE, kL
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ER/INY
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A% TE -7 (Fig. 2 D). #HERE IZERAH
DHBREZ BIZI2BEMOMEET, MEMET LT
WAL ENTFHEND, 2070, %< D GAA D
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v, ERREALHNRT, AL A TIOEMIEET
Hol:DE, RITADGAA EBNF L ol 728
ThH»H. $£72, KFFRIIME ¥ 37 2B L 7%
WIEREGRIT 2 5 % 20 72D T, HBEOEELE
DERCZENTELRDo7. BREOEELI) KL
729, BEERTEELVD, FERRTORER
EBFEATS L IZBI, ST o 7-BRIC 23T
TIANF— 2T LI LR THEDEE LT
DERVIARE P LETH .
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HRHIIRELEEETRIZL TS, RIIGEE A
CEBIZMAPT I VEBREENERT A LICED ¥
YN HOBALYTLHET L L SR TWBEY, 2% b,
RIAIMFT I RIBEYEZHIED, ¥ o8
HEMEMBFICEBRILOTTEL TV D, —HT, #¥
A28 N BEEANORBIE AL AT TIE AR
WETH, BRIEIERA S 2 L SN TWwaY,
botd, HEA L EMBRTIIRIEE ORI
HAoNBVEVSRELH LY. Lo L, RTA
EDRBIZE ST, By vV EAEEDDL L Vo
SRRV I NTWAY EREE kA LhEA
VRGBS, RIAIZBCAABLIUO VY I
ZIRMUZOERE LRIGEMO FL—= > 712
L LRIEEEDEMABEIIE > 122 LD
ENTWBY X512, R EALUHETN
BAFXFLINIENDPKESY V87 BEE HEL
T, VYRS YV AEBHROBT I /) BHMB LU
TN EEMPEEER L EFRE SR TW
29 KEFFETIE, T3/ BAIBLEINsBRETE
BN, 7IVEBLOBEL SNbMbhREICS
W, R ABEE B L CRABIUTIZ KB
ZHIRR LTV 51205 F T AUC 29K B IR % 7R
L7z (p<0.05) (Fig. 3). LA T, ¥ 30 &
BeRELENTLZ L TENFNEMICERT 2
BREHBLT, ¥ BBIGROT I ) BELT
EPHZOoNTwAEEEZLND, LML, SO
RICIBBESA SN, THETIHBAEBIUC L % M
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B, BEOERZHO,IZTLILIETE 20

T A = PRI BWTEN ST+ —T A
R RET L0, FNFNOAR—VIZH#E LT
HERHN L EETLILENSHL. TOHBEEA
LB N AR T I BRRED
KELEEBYRIFTIEDVRDPo>TWBY, 512,
T I BEEEST TR CHERIID A Y — R B
Dy N ERECEBEYEZLERTHL L EN
TWaY, F72, PL—zo v IREBODHLEELRE
HIZ1I0BBO P L - S eiThbe b2 A, b
L —o v FHRISHRIA & 287 \ZRIR O # - BCAA
PIRELZRY VI RBRATVZEIZL LT, K
WOBWHEAL > 80 FRELIZF) ¥ 7 28K
ATV EDHEVDEEIZEML L) HEND
B0 KL, WIRORLRD 5 L EDERER
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RENTERS, HEOMIMELZLTAY — M
Lo THRATHHEVWEL, EROKE, &30
BEREOMA 7 3/ BigEIIFERAENE HR
BROBICAELREIALN 72000, BE
WBWT7 3 /BB L2 HIH 3 2 T ReEA R S
72 Ferl, kA L hEA L OFEREEIUIH
Lo oy BEROFELE L THERH I OERS
FYEGTAY - MIR L TIRETESLEERS.
AWz TIE, &7 EOEK - HEOFME +
FIATo TR VDT, & o287 EREIIHT T 257
MBS A TIE R, T2, 7 28 BB
BOIMA7 3 ) BREEICIEENIEET LI EE R
SNATD, HEFEZEETHIEVLETHS. L
ML, BEEZEETHZOICIE, AFFROMSRE
B3 %, KHSKEY V TVEPEBO TL R
NSO ENKEDIREL LTHITONE. &
%, FAETEZBHCCREENEOT I/ RiRE
DREEEALHE; & v 787 BRI G 2 5 B OGS
R TINVEERRL L BRHNOBNTEIT) LN
KdOLNA.

LD LAah o RKFFEOERIE, KM hEA»
DREGENHERE IO A2MFT I/ BIEBEORK
LS. T I/ BRIBREIRS ¥/
ERBIRECHETLZ L0, AIEERIE
PFTYA DY BRI T AHIIHzoT
ERLTFT—ITHrEEZLNS.
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