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(1) Creatine LL~:: creatinine l~tJtlfl&il'W,hUlJii creatine LL~~ creatinine L;J'WGi1'W 

• I ' " ~" ..,z ~ 1 ....., " . . I.J ~I .••~ 
u)~flf)Uf)tJ~1m~fl'Wf)tJ LlJf)'Wl'WlJ ~)Ufl11lJ)f)'W creatme ~~L u~tJ'WLu'W creatmme u)lJlru

'" 
creatinine ~dl~,r'WL;J'Wtlfl.f)1f11~tJ~)'lflumu'VI.f)il~1:tl ii,mlT creatinine ijmlJlruL~lJ,r'WfimlJ

~ . '" 
LL~~~)1lJ1If)'1 creatine Ll~~ creatinine ~'1f1'1hhtl~tJ'WLLtl~'1 5~l1Gi1'W creatine/creatinine ~'1 

~ml1lJl1,rLL~~'11.Jl'WlJ ~1'W fl)::U1'Wm)111f111lJ-rf)'W1m~ (Gennaro and Abrigo, 1991) 

(2) Whey proteins ~ru~lJu&i~~lAq:l''l.If)'1 whey proteins Af)'Y1'W'Y11'W~f)fl)~LL~1a.i'Y1'W 
~f)fl11lJff)'W Jl'WlJ~~1'Wfl)~u1'Wm)111mllJ-rf)'WLL~fl~1'1n'W~~ijmlJlru whey proteins ~LL~fl 
~l'1n'W 

l'~fltl)~~'1 A"llf)'1 m)1~tJ fI~'1dA f) vr~'W115m)~)1~1lfl)1~'If~l'VIlJl~~myjf)l,r'VIlmlJlru
• 

'WlJ~'11'W'WlJVn~L~f)11.)~Ll~~'WlJ~L~f)~lmf 
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'U'YIfi 2 

2.1 	 f1l1flth~ln. 

J1l.1lJ~'U;fff)':Il1n'Vh{lJlAl.IlJll.1L1J~~'nrr~l.IATt.I~lJ 
l.IlJt:J'I LLa::m'll.llJ t:J'I;fff)':Il1nm'l ~'l'l'V-.I~l.IA11l.1n 'l'l L 'Yl'V-.IlJ'\11l.1A'l

• 
nl'lt:J ~lJl.IlJ t:J'I'\1~f)'\11'1l.1lJt:J'I1l.1l.1lJ~~tl::i'UmlJ1ru11])Jl.I1'\11~ 3.2 % l~tI ~'l1':1l1~ ~'UJ 

LA~f)'I Milko-Scan 133B (Foss, Denmark) 

Pasteurization 1inl'lell.ll.llJ1l.1 water bath ~ 63°'lj' l.I1l.1 30 l.I1~• 
Sterilization 'U'l'l':lll.llJll.1 flask tJ~':Iln LLa1:;)'I autoclave ~ 121°'lj' A11lJ~l.I 15 

tlf)l.I~l9if)~1'l1'1;f1 ~'Idl9i'f)'Iell.ll.llJ~ 60°'lj' l.I1l.1 30 l.I1~rif)l.I:;)'I111L7i'lLA~f)'I autoclave
• 

2.2 liiiLfl'il~'" creatine U(1~ creatinine "hl1l,u3J 

1LA'l1::11'\11mlJ1ru creatine LLa:: creatinine l~tllmfi1Jf)'I Gennaro LLa:: Abrigo 

(1990) 111~1mh'l.J1l.1lJ 50 aJaai!l~'lli1.l.I'\1af)~'Yl~af)'I centrifuge ~ 4,000 rpm 4°'lj' l.I1l.1 

30 l.I1~ LLa1:;)'Il9lmbl.l1Jf)'I11J:JJl.I~l.I'Ul.If)f)n tJLtl~'\11'1l.1lJ~~ O. 5 aJa~~~'l L~f)':Il1'1~1t1'\r1 
(HPLC grade) A'l'U 10 aJa~~~'l mf)'I~ll.1 membrane filter ~ii pore size 0.2 JlI11 L~f) 
':Il1'1anAf'l (1:100) ~1t1 HPLC water LLa1:;)'I1LA'l1::l1VnmlJ1ru~1t11fi HPLC 

L~f)l.I1"lJ (conditions) mi~1'\1-r'U1LA'l1::11 creatine LLa:: creatinine 

Column Spherisorb ODS-2 (5 JlI11) 

1Jl.I1~ 0.4 x 25.0 'lj'lJ 

Mobile phase 0.005 M Octylamine ortho-phosphate 

Flow rate 1 aJa~~~'l /l.I1~ 

Detector uv-Vis spectrophotometer wavelength 230 nm 

2.3 m'iLGl~tJ3Jf1l1rlth~L~rlflfl'Ml~(1"l.1rl~fl113J~rluGirlflGlTI,hu creatine/creatinine 

tl::i'UmlJ1ru11J:JJl.I1'UJ1'UlJ~'U1Vll~ 3.2% ~1t1J1 LLa::'UlJt:J'I1'UJ1tl::i'U'mmru11J:JJ'U 

1'U1Vll~ 3.2% L-d'UL~mnl.l 

t:J ~lJJ1'UlJ~ L~jtl lJ':Il1n'UlJ t:J'I n'U.J1'UlJ~'U ~1 tI tl~ 'l1 ~h'U~'I;f 
... 

1 'UlJt:J'I 0 aJa~~~'l 111'UlJ~'U 200 aJa~~~'l (0% 'UlJt:J'I) 
., 

2 l.IlJt:J'I 50 aJa~~~'l '\ll'UlJ~'U 150 aJa~~~'l (25% 'UlJt:J'I) 

3 'UlJt:J'I 1 00 aJa~~~'l J1l.1lJ~'U 1 00 aJa~~~'l (50% 'UlJt:J'I) 

4 'UlJt:J'I 150 aJa~~~'l J1'UlJ~'U 50 aJa~~~'l (75% 'UlJt:J'I) 

http:11J:JJl.I1
http:11])Jl.I1
http:l'l'V-.I~l.IA11l.1n
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., 

5 UlJf..J'I 200 jJa~~~~ 'W1UlJ&'1U 0 jJa~~~~ (100% UlJf..J'I) 


lLthJ1UlJf..JalJ~ L~~tJlJ1~lL~a::5~~lrllull1uallJrllu 
..J .J 	 1" \IIttlU'VI 1 lJf..J1UmllJ~elU 

rllU~ 2 ~UUlJ1u water bath ~ 63°'lf U1U 30 Ull1 (pasteurization) 
..J.J , .J ° "" \II.. .J OJ.I"
ttlU'VI 3 elUUlJ'VI 60 'If U1U 30 Ul'V1 lLal~l'I autoclave 'VI 121°'lf mllJ~U 15 uelU~• ., 

~el~l~l'1'ill 

lLml::",vmnlJ1U1 creatine LLa:: creatiillne 1uJ1UlJf..JalJ~'IallJrllu 

2.4 	 Electrophoretic pattern "lJiN whey proteins 

Afl'Mllw::vmnlJ1U1 whey proteins 1U~leltil'1UlJl~tJ1m5"lJel'l Hillier (1976) lLa~ 

Ng-Kwai and Krocker (1984) 

'l1-ru pH "lJel'l,11UlJh1ll11nu 4.6 ~ltJ 1 N HCI mel'l caseins 'WlrllU fittrate 1a~'I;j 
whey proteins lJl1lA~1~'" l~tJlJl heat ~ 100°'lf U1U 5 Ull1 LLal centrifuge ~ 5,500 x g 

U1U 1 Ull1 tJL'l1~ 10 ,ullJl run uu SDS-PAGE 'W-rellJnUal~lJl~~~lU a-Iacalbumin LLa~ 

p-lactoglobulin 1~tJ1i' voltage l'yi1nu 200 V/SO MA run U1U 45 UT~ lLal~'I stain gel 

~ltJ coomassie blue UellJl;lnU coomassie blue heat 100 al'1~ltJ de stain solution (10% 

methanol, 10% glacial acetic acid) ehUmllJL,]lJ-llU"llel'l a-lacalbumin lLa:: P­
lactoglobulin bands 1U~leltil'1UlJl~tJ1i'lA~el'l densitometer (CS-9801PC Dual 

Wavelength Flying Spot Scanning Densitometer, Shimadzu, Japan) 

2.5 ailGimU1.'l.Hll'~i~bA";il~lf 

1 LA ~1~'" f..J a"lJ el'l mllJ-relU~el5~ ~1 rllU creatinel creatiillne "llel'lJ1UlJ f..JalJl~tJ1'li 

Student's t test lla~Lla~'ImllJlL~fl~l'1eltil'1;jlrm~lAqJ~ p < 0.05 



3.1 fll':fhA'il~,"'HlmIJ1W creatine Uil~ creatinine lu~1rlfh\)ulJ 

fl11An1HVIl recovery ~l'Yl-rU creatine ua~ creatinine hnlTu:IJl~tJ standard 

addition method 'WUil~h 93.40 Lla~ 94.50 % L9l1:IJ~1~U (L9l111-:J~ 1) ~-:JLla~-:J1lfLi1'Ui115 
.m.ualm1f:11LA11~'" creatine Lla~ creatinine mh-:Jih.h~~'YIij.fl1'W 

HPLC chromatogram 1IfNal1mL9l1~1'U creatine ua~ creatinine ua~-:J retention 

time ~'lh:::lJlru 4.1 Lla:: 5.3 'Ul-tim:IJal~U (~U~ 1) ~l'Yl-rU HPLC chromatogram ~fl-:J 
'U:lJa~Lla~'U:lJt:NLla~-:J1'U1'\J 2 Lla:: 3 retention time ~fl-:J creatine Lla~ creatinine 1'U'U:IJ~-:J 

'U .­
afl-:J"lfij~l"htlu 4.1 Lla:: 5.4 'Ul-tili'UL&imtlUal1:IJ1L9l1~1'U11-:Jafl-:J"lfij~ 

m:IJlru creatine ua:: creatinine 1'UJ1'U:IJ&1U~lflYh~:IJ~1-:J 1Lla~-:J1'UL9l1'i1-:J~ 2 

m:IJlru creatine ~'WUijAl1::'Ylil-:J 494 - 619 nmol!L mmru creatinine ijAl 53 - 87 

nmol!L elL9l11ri1'U creatine/creatinine ijAlmh~'Ylil-:J 7.22 - 9.25 
'U 

3.2 f..Ia'tlEl\)A11IJiElu~ElriUl'ilri1u creatine/creatinine 

fl1::U1'Ufl11 pasteurization Lla~ sterilization ".h1 lfelL9l11ri1'U creatine/creatinine 

~fl-:JJ1'U:IJ~ij'U:lJt:Nt:Ja:IJ~-:J 5 elL9l11ri1'U a~a-:Jmh'lij,:rtJ~lAty Ll~hjijt:Ja~flelL9l11ri1'U~'1mh1 
'lJfl-:JJ1'U:IJ~ij'U:lJt:J-:Jt:Ja:IJ~1tJA11:IJli:IJi'U~1~ 1tl'U ~-:JLla~-:J1'UL9l111-:J~ 3 

3.3 Electrophoretic pattern 'tiEl\) whey proteins 

~u~ 4 Lla~-:J electrophoretic pattern ~fl-:J whey proteins 1'U,hu:IJ&1u~-:J~~11rul 
LQ'Wl:: oc-lactalbumin Lla:: oc-lactoglobulin ~lflfl111LA11::"''Yllm:IJlru'lJfl-:J whey proteins 

~'1afl-:J"lfij~1~tJfl11eiTu electrophoresis gel ~1tJ densitometer 'Wum:IJlru whey proteins 

'" 1 .J~-:J ua~-:J 'UL9l111-:J'YI 4 



6 

.J 
~l';il~'Yl 1 Recovery 'lIB~ creatine LL~~ creatinine 1-wl?l1mh~'WlJ (n = 3) 

J 
mmw'Yl 

J
m)J1W'Yl~';i1~'WU % recovery 

L&ilJ 

Creatine 

0.060 0.052 ±0.002 86.67 

0.300 0.257 ±0.008 85.67 

0.600 0.561 ±0.004 93.50 

l.200 1.225 ± 0.007 102.08 

l.500 l.486 ± 0.016 99.07 
.J

% recovery LU~tJ 93.40 ±7.29 

Creatine 

0.062 0.059 ±0.006 95.16 

0.312 0.260 ± 0.011 83.33 

0.624 0.597 ±0.028 95.67 

l.248 l.248 ±0.024 100.00 

l.560 1.534 ± 0.004 98.33 
.J

% recovery LuatJ 94.50 ±6.55 
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mAbs 

6 

4 

2 

o 

~-----------------------------------------------------------, 

crea tinine/5 .258/1 15798 

1\ 
!creatine/ 4.173 /670 50 

I 
J \I 
I 

o 2 	 6 
min 

.1..1 	 .. &.oj
~u'YI 1 	HPLC chromatogram 'lJf) "Hfl)).J1~)~TW creatine bW~ creatmme 'If'llJ 

retention time tJ)~lJlru 4.1 bL~~ 5.2 tnii 



2 

B 

~bS,-______________________________________________________________________-. 

creat ine /4.1 58 7.492 

15.318 

1 0 15 


o 

o 5 

min 

~tJ~ 2 HPLC chromatogram 'lJ,[N creatine ll~:: creatinine lw'\hW1J~'U ij 
retention time tJ'J::mt:U 4. 1 LL~:: 5.4 'Wll1 
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9 

~bS~______________________________________________________________________-. 

creatine/4 .18 0 


, 
J: 
11 


3 .889 

14 . 538 


!0\""'- --L._~_l\o 

o 5 	 10 15 

min 

~U~ 3 	 HPLC chromatogram liB'! creatine ll~:: creatinine 1'U'UlJ~,! i1 
retention time U'J:::J..J1U1 4.1 lL~:: 5.4 'Ulli 
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-------------------------------------------------------------

-------------------------------------------------------------
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.J 
~ldNl1 2 'lfh-nru creatine bLa~ creatinine luJl'taJ~h..J"lfl"'h{3J~h.:l1 

~1mh~ Creatine Creatinine Creatine + Creatine/ 

(nmollL) (nmollL) Creatinine Creatinine 

1 543 63 606 8.67 
2 494 55 549 8.95 
3 530 58 589 9.08 
4 557 69 627 8.02 
5 576 76 652 7.61 
6 529 66 595 8.03 
7 495 60 555 8.24 
8 495 53 548 9.25 
9 577 80 656 7.22 

10 689 87 776 7.88 
11 573 73 646 7.87 
12 542 62 605 8.69 
13 506 58 564 8.72 
14 551 64 615 8.66 
15 579 67 646 8.67 
16 619 80 700 7.70 



------------------------------------------------------------------------------------

11 

~T':il~~ 3 1fJ~"lIa~A11:lJ-ren.ll1ie)'5~~lriTw creatine/creatinine 1'WJ1'W:lJ 
..J.d cv I'V 

YI:lJ'W:lJIfJ~A11:lJb"lllJ"lI'Wm~ 'l (n = 3) 

creatine/creatUu]ne 

lJ,jrJl'WA11:lJ-ra'W Pasteurization Sterilization 

., 
'\ll'W:lJ~hJ + 0 % 'W:lJIfJ~ 6.58 ± 0.38 5.08 ± 0.31 * 1.71 ±0.43* 

., 
'\ll'W:lJ~hJ + 25 % 'W:lJIfJ~ 6.27 ± 0.45 5.18 ± 0.44* 1.62±0.21* 

., 
'\ll'W:lJ~hJ + 50 % 'W:lJIfJ~ 6.11 ± 0.20 5.14 ± 0.24* 1.79 ±0.16* 

., 
'\ll'W:lJ~hJ + 75 % 'W:lJIfJ~ 6.21 ±0.32 5.24 ± 0.25* l.72 ± 0.28* 

100 % 'W:lJIfJ~ 6.75 ± 0.38 5.26±0.31* 1.75 ± 0.36* 

* 	 bb~ fll1il~~lfl'W lJmJ,j rJl'WA11lJ-ra'W~:ij fl11:lJ b,] :lJ,]'W"lI a~ 'W:lJIfJ~ b&l mn'W 

mh~:ijtTmhAqJ 

http:5.26�0.31
http:1.62�0.21
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,B-Iactoglobulin 

oc-lactalbumin 

~tl~ 4 	 Electrophoretic pattern "I.ltl'l whey proteins. Lane 1-3 1,'(l'~lJl0)~~TU 
,B-Iactoglobulin 15,000, 5,000 lL~~ 500 ng oc-Iactalbumin 5,000, 

., 

3,000 LL~~ 50 ng Lane 4-8 ~1mh'l'\lTUlJ~h.J 
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..J 
m'Jl'1'Y1 4 '\Ph-nw whey proteins 1'Alhw:lJ~tJ 

m:lJ1W Cuglml) 

Sample oc-Iactalbumin ~-lactog1obu1in 

1 1041 8229 

2 1106 6318 

3 1226 6188 

4 1010 8074 

5 1139 7114 

6 1278 8472 

7 1271 6725 

8 1382 6842 

9 1449 7680 

10 1247 7349 



. 

lJ'YIfl 4 

flTH)ihJ'ila~~ 

fll'~~~1"lLml~t1tfh.nru creatine Ll~~ creatinine 1tnhwlJl~tl1m5 HPLC ifl,., 
recovery ~a'llJlflAtl 93 Ll~~ 94 % .yh1"'(;.I~fl1~i~tljj~nllJtlfl@i'tl-m~~LL:Jj'Wthmfl mmt)A 

~ ~ 

creatine, creatinine U~~el~~l ~1'W'Utl'l al~~'1 atl'l1'Wt11'WlJ ~hJlillflYh{lJ@'il'1 '1~.yhfl1~l Lfl ~1~t1 
jj~h1:JjLL~fl@'il'1n'WlJlfltAfl (~1~1'1~ 1) 

m~LJ1'Wfl1~ pasteurization U~~ sterilization .yh1"'elL'l~1~1'W creatine/creatinine 

'Utl'lt11'WlJ~jj'WlJ (;.1'1 (;.I alJtlu ~~~'1 tlul'1jjt1mhAw~'1 5 mllJL-iJlJ-iJ'W LLL'l1:Jjjj(;.l~@'itlt11'WlJ~jj'WlJ
~ y 

(;.1'1 (;.I alJtlUi1t1 fl11lJ l-iJlJ-iJ'W@'il'1 '1 n'W ~'1 Lla~'11"'l'~'WilelL'l~1~1'W~'1flal11:Jja1lJl~ml1lJlhl'W 
~ 

fl1~llfl ~1~t1vnmmru'WlJ(;.I'I1'W'WlJ'W-rtllJ~lJ1i 
caseins l'U'Wlthli'W~jjlJlfl~a~1'WJ1'WlJth~lJlru 80% 'Utl'l1thli'W~'1V1lJ~1'W'WlJ• 

(Swaisgood, 1992) hhli'W~lVlam.h~lJlru 20% ~1lJl"1t1flil whey proteins ~'1,.h~fltlLJi1t1 
1thli'W"lril~@'il'1 '1V1mtl'7fil~ a-lactalbumin U~~ P.lactoglobulin lU'W1thli'W~jjtl~lJlfl~'l~ 
1'W whey (Brew and Grobler, 1992; Hambling et ai., 1992) ~fl"clru~~lA'lJ'Utl'l whey 

proteins Atlfl11lJ1:Jjfl'l~1@'itlmllJ-rtl'WAtlt1fl denature 1~1'WmllJ-rtl'W~1 '1 ~rualJu&ld~'1t1fl 
tJllJl1il'W fl1~L'lTI"llfl ~1~t1fl1~11f'WlJ(;.I'I1'Wfl1~(;.IaL'l'WlJ'W-rtllJ~ lJ1~tl11f electrophoretic 

pattern 'Utl'l a-lactalbumin Ll~~ P.lactoglobulin lrltl'WlJt1flmllJ-rtl'W"~lil1,.,mlJlru'Uel'I 
whey proteins ~'1atl'l~~~'1 

Electrophoretic pattern 'Utl'l whey proteins 1'Wt11'WlJ&iLJ"lflYh{lJ~1'1 '1 lla~'11'W~tl 
~ 4 mlJlt)A'Utl'l a-lactalbumin LL~~ P.lactoglobulin 1'Wt11'WlJ&iLJ"lflYh{lJ~1'1 '1 6 W1~ 
L'l~1"i LfI~l~t1jj fh1:JjLLL'lfl @'il'1n'WlJlfltAfl fl1~vrlilJ'Wli~l LfI'll~"'fl1'l11f'WlJ (;.1'11'W'WlJ'W-rtllJ~lJ~'1 
m'lAfl"cl1 electrophoretic pattern 'Utl'l whey proteins 1'W'WlJ~jj'WlJ(;.I'I(;.IalJi1t1mllJl-iJlJ-iJ'W 
~1'1 '1n'WLl~~~h'Wm::LJ1'Wfl1~ pasteurization LL~:: sterilization i1t1 

mailto:LLL'l1:Jjjj(;.l~@'itlt11'WlJ~jj'WlJ
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