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=ABSTRACT =

The effect of changing dietary protein sources (meat vs. textured soy protein; TSP) on serum
cholesterol and triglyceride concentration and on urinary creatinine and 3-methylhistidine (3-MeHis)
excretion was studied in eight healthy women. All subjects were put on the control diet, meat di-
et, and TSP diet for 3 days in each diet regimen and had 4-day adaptation period between the
regimens. The 24 -hour urine was collected on the third day of each diet period and fasting blood

was sampled on the morning of the fourth day.

Serum cholesterol and triglyceride concentrations increased significantly after the meat diet
when compared with the control diet, but decreased significantly after the TSP 'diet, Urinary ex-
aretion of creafinine and 3-methylhistidine decreased significantly after the TSP diet when compa-

red with the meat diet.
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o iy BEES #1464, Bt ERES BN
g 7399 M cholesterol E = B o v, HMHHE
EHES B 2 & MiF cholesterol /RS Ho
5 gl ok #iE = g B, ke o2 B BRI A
Terpstra®® 53+ Huff ) 5-.0. soy protein = [ chol-
esterol B FE) .9 5] tow  [fifE cholesterol #&
BEZ W&y wolx (hypocholesterolemic) ¢ 3] 1E%#
2 #:#53 o} 2 (normocholesterolemic) R = 8k
£ Frh
=3 ARS o = ¢ WRS 4l cardiova
scular disease o o 4 JE-ZEI REEhY BHt &E
Beo| E3hi= positive T HERFERST dvtn @ AN
=90® Sacks®™ L FHEH LSS L TR B
Eo FFEAREHEES A 93 miF cholesterol - o
Botot @k ok =3 Btk EAE o4l soy-
bean protein % IE% A%’ 3} hypercholesterolemia 9} &
H™~0 o 7| {6484 [7F cholesterol RS B A
WAEIg et #ES .o, Raavi™ D5 EH A
7] soy protein diet 2 f##5 4] i {5 cholesterol I¥E+ A
o) #Mbst Slgivhn MRS S 3y o Okon™ ™ %
& L-amino acid mixture & ARl Al #t#54] non-esse-
ntial nitrogen 2| ¥z HAS FRDF ol 2 4LS Mt
¥ cholesterol o B2 vIal=, #3] glutamic
add £ non-essential nitrogen o] oz HHPE 4
i cholesterol BES Y& vta HiEsl9l th
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ADAPTATION
MEAT DIET

olo| & W A= B EAE BHES 29 3¢
oo AR BYLS Asla Rl B EY KRES Ko
2 Byt EAaE HHE EaeEE BRI R
o) M} cholesterol 3} triglyceride ¢ B pE 9@ Rep o) ar-
eatinine 3+ 3.methylhigtidine o] RS HIE H#siSch

meEME L Hx
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A HRE 21mEy 25%atxe Ape 2 BE
Y HKRERE s EHRpon slo, 1982W 5 F 14
B3Y 6783 B7tx BEs o, % WISt
AR EHL Arsisa, FEAS L £ES st
%% stgov, e ks v (1),

2 AEFEX YL BEH

X PR ﬁ‘éﬂ B #2281 d vety gtk
& HHEEEL YA EE HRS control diet S
skl o, —r‘ﬂ A BE B Sl £ meat dietE AWl
A FEIE PR3 &= Textured Soy Protein (TSP ) diet
2 B vl £ AfAd = 4B B RS
59lom ool control dietE FWsIPw, AT
EES Absbetgl 0w R AlY EIES SRS Sl th
£ diet 9 3 HA H¥& doll & creatine 3 3-methylhisti-
dine o HE-E A4 24K RE A o= 4 B
A 5= ola AEA i cholesterol 3} triglyceri-

ADAPTATION
TSP DIET
ADAPTATION

(Days)

20

% : 24 hr. urine collection for determination of urinary creatinine and 3-methylhistidine.
+ : Fasting blood sample for determination of serum cholesterol and triglyceride.

Fig. 1. Diet schedule.
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Table 1. Description of subjects

Number of subjects 8

Age ( years) 2L441.7*
Body weight (kg) 49.6-+4.1
Body height (cm) 159.7 4+ 4.6

Hb. /Het. (gm % / %) 14.7+0.7 /42,7 +3.6

* : Mean +S.E.M.

deiefr FES A4 15 529 FRME Hmste ok
& B R Ml B2 U Ak & &
e 1 A 180Kz 4 e BBz mRAYoM,
control diet &= MEIA & BiEEol Wiol ¥ g
BEaBEGAA Byl Wyt EaEo) 1:29 K
2 HEE 903, meat diet = western diet 9} JE{stA
BRI, M 100g e BEEdol A Bivks
¥ BBl 4 :19 kT BWKR= 3w, TSP diett 2
100g B E ol A Byttt o MM BSEe) 1: 4
o K= BRAYT Byl BEES BRez: 4
% AAns 2 ALE AAQ Hurle G, L
S0t 2 EASY oM, WhHE BLEY BFoz:
S TSP 23 1:39 W= Basel 24 %,
blender = 7& ¥ FEstgom, 29 T3 FLH
Fag o, @EpEmas S5+ 7 32 @AM
=3 B BEES HMe USDA Agriculture
Handbook 4% ¢ g o=, WEY EHY #&
Be RRAHERL fAs gk TSP diet &) menu

Table 2, Compositions of diets

o} i %F 3o e Ytk

3. 9 FE

FMmR M S5pg+ =4 heparin FHlo, Rl
%H MAaE BEL cyanmethemoglobin $%) o fks} o
BiEsisl onl, FARMERAIE microhematocrit ¥
o &3} ol FEsHA ok

3o 10 pe o BRI F ol A BB 8, Jm skl
mi§ & o] 20°Co| & #, Wil A
cholesterol & McDougal'™” 59| Jjik ¢ 2 4] spectroflu-
orometer £ s g o v, tiglyceride & Fletcher™
o Fixe WY Nei®™ 59 Jiko 2 Spectropho-
ometer & st 5 vk

3 RS 248H- RE 2 — 3429 toluene &
winste W°C = {(FF % %, creatinine 2 Jaffe'®”
o] JiEo = spectrophotometer & i fis}gl a1, 3-methyl
histidine & Radha*" %5-¢) Jjgk o = spectrophotometer
2 s e & datat TGS BEREE T
ov, Student -T test & /st #EsHA th

w xR

1. [ & cholesterol

FEHGES & A% MiF cholesterol RE =
F 4o 3326 Jeht Yok & @bl cholester-
ol 4 8¢ control diet & 595 mg, meat diet & 750mg,
TSP diet= 40mg o))t} i cholesterol B+ meat
diet(217.5mg %) A1 o 7} ¥gtow , control diet(200.1

Protein

Diet Total calories gm /day iat da Carbohy/d;:he
Kcal /day Animal Plant gm/ day gm/ cay

Control 1802 +42 % 23 £0.9 47 +1.6 50 +1.9 268 +7.0
(16 +0.9) - (25 +0.6) (59 +1.3)

Meat 1806 +37 80 +3.5 20 +0.7 90 +1.8 149 +4.9
(22 +0.6) (45 £1.1) (33 +0,9)

TSP 1804 +25 2040.6 80 +2.2 36 +2.9 270 +6.7
(22 +0.3) (18 +0.2) (60 +0.8)

{ ) : Percentage of total calories.
* :Mean+S.E.M

x 9F9 PR o] 2000Keal (20 49 ) o] 1} 2000 Keal o 342 o+ Fo) 4 Hshr ol A 4AHEAA 8

2ol v 2 1800Kcal 2 2335192
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Table 3. Example of 1800 Kcal daily menu with textured soy protein(TSP)

Food item Grams Protein Carbo- Fat Kcalo- Choles-
: Animal Plant hydrate ries terol
gm mg
Breakfast
Bread 70 — 6. 09 35.35 2.24 189.00
Egg white 60 6. 54 — 0.48 trance 30.60
Cabbage 30 — 0.39 1.62 0.06 7.20
Salad Cucumbers 50 — 0.45 1.70 0.05 7.50
Mayonnaise 5 0.06 — 0.11 4.00 35.90 3.57
Whole milk 180 6. 30 — 8.82 6.66 118.80 19.80
Total 12. 90 6. 93 48.08 13.01 389.00 23.37
Lunch
Rice 80 — 5. 36 64,32 0.32 290.40
Textured soy 30 - 15. 45 9.00 0.27 96,00
TSP patties Flour 15 — 1.58 11.42 0.15 54.60
Sugar 5 — - 4.98 — 19.25
Corn oil 2 — — — 2.00 17.68
Tofu Tofu 150 — 11. 70 3.60 6.30 108.00
Soy sauce 5 - 0.28 0.48 0.07 3.40
Total - 34,37 93. 80 9.11 589.33
Dinner
Rice 100 - 6.7 80. 40 0.40 363.00
Textured soy 35 - 18.03 10. 50 0.32 112.00
TSP patties Flour 15 — 1.58 11. 42 0.15 54,60
Sugar 5 - - 4,98 - 19.25
Com dil 3 - - — 3.00 26.52
Tofu Tofu 150 - 11.70 3.60 6.30 108.00
Soy sauce 5 - 0.28 0.48 0.07 3.40
Fruit Tomatoes 100 — 1.10 4.70 0.20 22.00
Whole milk 180 6.30 - 8.82 6.66 118.80 23.37
Total 6. 30 39, 39 124. 90 17.10 827.80 19.80
Grand Totals 19. 20 80. 69 266. 78 39.22 1805.90 43.17
Percentage of Total calories P 22.13% C58.324 F19.559%
mg%) Bk 8.5%7 Ehnsl A o Mithhez FHE trol diet v} 11% 7t BA= P o™, HitWe 2 FE

#79 £2Z Jehd fek (P (005).ubwd, TSP diet(178. gl ER-Z bEh gl o, meat diet o} KB AN E B
2mg%) 418 Mm¥F cholesterol # Ex 713 %oke = con- 314 WA 9 e (PC001)
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Table 4. Changes of serum cholesterol and triglyceride and urinary excretion of creatinine and
3 methylhistidine after meat diet and TSP diet

Control Meat diet TSP diet
Serum cholesterol 200.1 + 14 217.5 + 16 178.2 +15.3FF
(mg/100 ml) .
Serum triglyceride 165.7 + 36.9 213.7 + 33.1 137.1 £32.6+
(mg/100ml)
Urinary creatinine 1.28 + 0.16 1.48 +0.27 1.17 + 0. 30"
(gm/24 hrs)
Urinary 3-methylhistidine 279.3 +60.9 329.7 + 43,4 263.1 +53.5F
(mol/24hrs.)
Utsinary 3- MeHis/creatinine 217.8 +37.8 227.2 +44.1 235.7 +75.3
(mol/gm)
#: Significance compared to contol{P < 0.05)
%k : Significance compared to control (P ¢ 0.01)
+: Significance compared to meat diet (P (0.05)
++: Significance compared to meat diet (P < 0.01)
B r
200 p— 200 p—-

{mg/100ml)
g

(mg /100ml)
<3

)y

A

CONTROL  MEAT TSP 0 CONTROL  MEAT
DIET DIET DIET DIET DIET DIET
Fig. 2. Serum cholesterol concentration. Fig. 3. Serum triglyceride concentration.

2. M3 triglyceride glyceride ¥ f£ = cortrol diet (165.7mg %) ¥ o} s}

FEHRES & REHK ] M tiglycaidel@ B+ A E9ow (P € 0.05). TSP Ao mps triglyceride &
£ 49 23 34 debd Aok M triglyceride BEE EE control diet Mvb:= ko) HEM ZR:
meat diet (213.8mg %) Al el 713 & gto= TSP diet $9la, meat diet o} H#gAllE FEHY £RE Y
(137.1mg%) Al ell 713 ok} meat diet 2] 9} [fi¥ tri- ey 2 (P < 0.01).
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3 . R 9 creatinine

FAEHRGESS] 248 Kbl creatinine B EE
F4 9 2940 Jebd ok 24 B Repol cre
atinine @ TSP diet (1.17gm/24hrs.), control diet
(1.28gm/24hrs), meat diet (1.48gm 24hxs) JEo 7 =
gtom | meat diet 4} = control diet Bv} H9to v &
B £R: 9t TSP diet A = control diet ¥e}
wotow HEMe ERE Uslan, meat diet 9 priga
dlnt HEMY ZRS Jdeldl gk

2.0 —

T

(gm /24hrs.)
5

CONTROL MEAT TSP
DIET DIET DIET

Fig. 4. Urinary excretion of creatinine.

4, R 2 3-methylhistidine

AEBHEY 245 Rehe] 3-methylhistidine 2]
REET F49 29 5o el vk, 24 B- Rep
9] 3-methylhistidine ¢| &%+ meat diet (329.8 pmol
/24hrs.), control diet(279.3 ymol/ 24hys.), TSP diet
(263.1 ymol/24hrs.) Ho 2 whgtow meat diet 4=
control diet ¥ vt ¥ kot HEMA ERE 9o,
TSP diet 4]+ ocontrol diet B o} ¥ gho = FiEpyel =
£l G033, meat diet o FLEGA HEMY ERES Je)
W L EH(P <0.05).

5. Rl 3-methylhistidine o} creatinine f

R 9] 3-methylhistidine/creatinine 2| i  F 4ol
el gtk Rehe 3-methylhistidine/creatinine 2]

Il
c A\

CONTROL MEAT TSP
DIET DIET DIET

Fig. 5. Urinary excretion of 3-methylhistidine.

+ control diet (217.8 ymol/gm ), meat diet { 227.3 xmol
/em), TSP diet (2357 ymol/gm)}Ifie 2 E9go v ¥
AT 2T OHEML 28 ddk

& HE RS BRel 2% 264 A kAl v
e}y itk

% oz

A EEE S control diet = MERA Hx B EO5E
e, 19 70ge EHE} 6%mg 9 cholesterol 2
S gl o™ meat diet = western diet o} HH{ls}
A BRERe™ 14 10 HpHt EHE BOmg
9] cholesterol 2 #%p= ¢l m, TSP diet+= 19 100g 9
et EEE Omg | cholesterol 2 # K= ¢l oh

A Bl 4 meat diet £ BEEA o MmiF cholesterol
BEE 1A Egtos TSP diet 4] & control diet 2}
H#A A = =3 meat diet & H#Al ol = M cholest-
erol RS % 51 %)% (hypocholesterolemic effect) 7}
gcke A& vebdeh o] cholesterol & #H ol FY
E9l7 soy protein & HEinAlA FFEMA 7) #H cholest-
erol RE7L WAE S vHe oHE BEDPEIAE —F
s, Huff' F31 Terpstra®™-52 & ffrhe] soy prot-
ein & B3 ®in4lA = M cholesterol I8 FEE sk 7}
slobe #Ege £8) Atk a8 AR $Hfos
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DIET

ANIMAL
Serum Urinary
'*
CHOLESTEROL CREATININE
* 1
TRIGLYCERIDE

3 -METHYLHISTIDINE

PLANT
Serum Urinary
_'_.f_
‘k *
1 +
CHOLESTEROL CREATININE

¥ v

TRIGLYCERIDE 3-METHYLHISTIDINE

* : Significance compared to control (P <0.05).
** : Significance compared to control (P <0.01).

+ : Significance compared to meat diet (P {0.05).
++: Significance compared to meat diet (P ¢ 0.01).

Fig. 6. Effect of dietary protein on cholesterol, triglyceride, creatinine and 3-methylhistidine in human,

3 ol A hypercholesterolemia B ¥l 7| oy protein
diet & #i5% R, Mm¥F cholesterol 7] FFE 31
Bt @|ED~ ) deow | EH A A soy pro-
tein diet-5 #4454 M¥F cholesterol WpE~} wkx <zt
A oe @™ 2 v Eol My cholesterol B+
obf-al ks 9ol v HED 71 A

Sirtori®® 5-ol| {k3} 4 type I hyperlipoproteinemiag)
BEolA TSP & 44l #& cholesterol | 7} FHE 517
wAs 9o™, 5 LDL cholesterol #is Qo vl
500mg 9] cholesterol -& #4527} x] = 1f #& cholesterol
BE 7 BASdn ®Essch By BRe@ET o
£ #ET fkalw, soy protein diet & FHAl Mol
A 9| cholesterol 3} JETHEES) Wik 7} FRer =) o] 0~48) of
oo} il A FE 4o Aol MRS A= sl st
o EREMo R fFe 29 cholesterol A0 HA s =z
4, Kl Ao Bin=l sterogenesis & #4535 #HiK sl A
X3lm=2, soy protein dietE BEA1 Y ol 4] chol-
eterd JEEE casein dietd TR Lol o Yola @
4= gl ). Kritchevsky " §--& casein diet §t§34] chow

diet ¥t} cholestrol*® 5 5 casein diet 4] ;B8 M
cholesterol & %2 intermediate density lipoproteins (I
DL) 2 @ oty &S A

= 5 @¥F triglyceride & f& &= meat diet 4] o} control
diet 2c} % gt o}, TSP diet Al & meat dig 2} ¥}
wore}, Sirtori®® 5.2 hypercholesterolemia ¢l B ol Al
TSP diet Al ol 7 triglyceride # ¥ £ k7t Yol v,
HEM ZRE ddvtn #Es1g.0m, = § Chait®?
52 soy protein diet M4 o FE sl MmiF triglyceni-
de JfE 7} B gictn HEst Aok MGl 52
triglyceride J& FF=- M5 cholederol ol B o) glo
w, coronary heart disease o} fEly BT Stz 4,
M cholesterol 2 v} o ERslckn &4 G
ueck® 52 KLY REAE MK triglyceridef 5
50~100 % A =2 184 Aekn G5 ch

24-B5R [Repo] creatinine i fE+ mead diet 4o &
control diet R} ¥ gto v, TSP diet 4| ol & control di-
e 2l olm, meat diet o} W Aol = EE A Wb
otenl, o} Bl 4l creatinine o) &8 BEY
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Aoz BEH=IthRoberta®™ 59 REFY BOHE RFEH
3 E8L Kb creatinine BE o} HHRRGRS ActE
W —Fstel. P9 creatinine &} Pk B2 BE
Bl Bl OIS B 1858 creatininefkite
$Elel, =3 FEE el x AHEE A (highcaloric ami:
no acid nutritonal diet) Al%& fif5 creatinine 5}
B el #4 s 9l e,

=3 244 Kool 3-methylhistidine o] #pEE
meat diet #) ¢ = control diet ® ¢} &9} ow , TSP diet
4lell = control diet ¥} W9t meat diet o} LA of
= B Gobeh (P (005). o)+ meat diet Ao R
2] 3-methylhistidine o] kifto] BN ot WH
ot —3 gl Tomas™ 52 K= Hitsl 3methylhistidi-
ne B9 10~65 %7 R Yy HE IS ®EY
o7, Omstedt®® 52 RE S BHEHBEI4E, 3methyl-
histidine o] Bt E s wotcha #4591k 3-methylhi-
didine & #53 A HEql adin 3} myosin o] 3R] o}
BEAS A €2 8% 7 RE gkt =, actin3} myo-
sin &} tumnover®] RiE < FIFAS vtn #é= 9.3
methylhistidine/creatinine b= 5l EHE2 28 &
B BT R A A B i BAEY S8
HEA v 2t PES HRYD A 3methylhi-
stidine/creatinine H:*= meat diet ¢} TSP diet 4] )| co-
ntrol dietell u) & 3| A Bmsd o FE
Bl £R = dglch EB#MAE ] stravation Alo) 3-
methylhistidine 2} gEifto) % 212 = g vha He®
= gt o =  protein-energy malnutrition 91 ¢} gleo] & &
3-methylhistidine o] etk o] ¥ 405w EHAS BA
B3 energy 7} RES o] negative nitrogen balance 7}
=™ | 3methylhistidine 2| #Eiho] H ARt H4s
QA o) & starvation A o} B E 3} energy b 415}
A Rz i BAE SRS ooz HE A
EIEe] tumover 7} o] o JEHEN A B A5} o Foletm
W= At 20, x g protein-energy malnutrition
8l el=lo] Eeol A EEABERE RES #ig o E 3-
methylhistidine o} rifto] BFs1x WM™ 5 gl om,
EAH MBE oA EES RES #84 BHe
turnover AL 7 Bindtel w WS Yo, gElez
3-methlhistidine 3} creatinine o} H+ BEaE 8 RE
9] indicator & 4 { Fix] )2,

28 22, K HE AR Bt BaEL B4
A |IA = ER BRES) RES Binsts ub, Y

tEGES Bl OFEN BERET  EEsA
HAh= e Aoz vfo] B okd R Bt BAQ
Bl Wt ZREY BRE L S B ot §
2 e

A WREE 215YY 2 EZAhA S BRY A4
84S HEew RE\HP BEAHE BIE Gttt By
t BERE) S 29 3-89 MmiFe cholesterol B9}
trigly ceride /& 2! 24-IfH]) FRep2] creatinine i & o}
3methylhistidine & EE vl X+ B s B yrh

FEHGEES 2 control diet of meat diet &} textu-
red soy protein(TSP) dit & 4 3 Y4 FHsI g0y,
£ Bfe 394 =& Gl 24- B RS HEGH
i, 494 = okl BF A Himstd S &
Re g el

1) il cholesterol & meat diet 2ol control
diet ¥ o} B 314 HEINEIg o= (P< 005), TSP diet
Aol & control diet ¥t EiEsHAl F st m (P 001)
meat diet 9} HEA| ol = BEF Al H4= 9 oH(P (0.01),

2) IMmiF triglyceride & fE+ meat diet 4] ol control
dit ¥} Hsigod, HEMN £2RE 931 me
@ diet o H#A ol = BEsH s 9 e=HP (001).

3) Rep9) creatinine B+ meat diet 4] o] control
diet ¥ o} 2z} Eingl o HEMQ £RE $igirh
TSP diet Alo] &= control diet ¥} ¢kzl Hid st o
U FERC 2R E 3y meat dieto} HEA =
BE 54 Bids g} (P 005).

4) 9] 3-methylhistidine = meat diet 4| o
control diet ¥ o} oFzk Hingl o v, HEMHL ERE Y
gl Tl TSP diet Aol = control diet R} okzk 45
govt FEMQ R gdsla mea diet o} Hi#s s
= BEsHA ws g (P C00).

5) 3-methylhistidine 7} creatinine 2] = control
diet ¥ v} meat diet 9} TSP diet A} o <Fz} HEhNEEY o,
v, BEMQ ERE ddth
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