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Abstract

The effects of mulberry-leaf powder Tofu(MPT) on anthropometric measurements, including bone mineral density(BMD)
in the right carpus, biochemical bone turnover markers, serum levels of lipids and macrominerals, were investigated in
30 smoking male adults who lived in Choongnam were given MPT(100 g/day) for 4 weeks. The average ages, number of
smoked cigarettes and packyear were 22.38 years, 15.12/day and 3.54 years, respectively. The nutrient contents per 100
g MPT were 86.10 kcal energy, 8.98 g protein, 0.53 mg fiber, 211.33 mg Ca and 1.59 g fat. Anthropometric measurements,
including dietary intake using the 24-hours recall method, carpal BMD using DEXA, serum levels of protein, albumin and
glucose, lipid profiles (cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol) with Al(atherosclerosis index), HTR,
CRF, LHR, some biomarkers of BMD(serum alkaline phosphatase activity, osteocalcin, urinary DPD), and serum macromi-
nerals(Ca, Ca/P ratio, Mg) and Pb were analyzed before and after consumption of MPT. After MPT consumption, dietary
intakes of plant protein, total Ca and plant Ca increased significantly, but there were no significant differences in anthro-

pometric measurements, BMD with bone metabolism markers, serum levels of protein, albumin or glucose, lipid profiles
with AI, HTR, LHR and CRF.

Key words : Mulberry-leaf powder Tofu#(MPT), bone mineral density(BMD), bone turnover marker, smoking, serum
lipid profile, serum Ca and Pb.
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Fig. 1. 0%(left) and 2%(right) Mulberry-leaf powder Tofi.
86.71 kcal(energy), 8.98 g(protein), 0.53 g(fiber),

1.59 g(fat) and 211.33 mg(Ca)/100 g 2% MPT.

84.10 kcal(energy), 8.40 g(protein), 0.20 g(fiber),

3.50 g(fat) and 159.00 mg(Ca)y/100 g 0% MPT.
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2d 2 439 78 Z olsfsta $olg 307 (Table 1)
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AZAZ A& Z3% F Inbody 3.0(Bio-electrical Im-
pedance Fatness Analyzer, Biospace Co, Seoul, Korea)S ©]
8-3td A2 FR](Body Mass Index: BMI), H|=]uHg, A)x)
W 2 AALE & a9
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E3 AAS] BE BUE 24T £ YUk olF ouix] HA}
A 4% 2% 7|(dual energy X-ray absorption: DEXA)7} 7}
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3 ZASE 8F, EE, A SolvkOoms e of 1993).



17(1): 1~10 (2007) Wol Hup =w 3
Table 1. Anthropometric parameters of the subjects ) (n=30)
Variables Pre-treatment Post-treatment(2 weeks)  Post-treatment(4 weeks) Signiﬁcancez)
Age(yrs) 22.38+ 3.55" - - -
Height(cm) 173.46+ 631 - - -
Smoking history(packyear)’ 3.54+ 223 - - -
Number of cigarettes/day 15.12+ 0.11 - ' - -
Weight(kg) 79.56+13.07 79.55+13.67 77.23+11.54"2 NS.
BMI(kg/m’)” 26.40+ 3.57 26.27+ 3.68 : 25.90+ 3.58™ NS.
Body fat(%) 23.92+ 4.42 23.90+ 5.99 23.73+ 4.08" NS.
LBM(kg)” 58.57+ 6.49 60.22+ 7.93 60.50+ 8.09™ NS.
WHR(%)” 0.87+ 0.04 0.87+ 0.05 0.87+ 0.03" NS.

" Mean+Standard Deviation.

% Values with different superscripts within the column are significantly different at ¢=0.05 by Duncan's multiple range test.
NS : Not significant. *

¥ Packyear=Smoking years on the basis of 1 pack of cigarettes per day.

K Body Mass Index.

% Lean Body Mass.

9 Waist Hip Ratio.

Days
Variables

112 (3141516 (7 |8 |9 |10[11]|12(13|14[15|16|17]|18{19(2021|22,23|24(25126|27|28|29
Anthropometric measurements” * *
MPT consumption” O O O O P o OO P O S O O O O O O P PO O O O T O O £
Blood sampling” * i * *
Urine sampling® * » *
Bone Mineral Density assessment” |* * *

Fig. 2. Experimental Design.
Y Height, Weigh, BMI, Body fat, and WHR were analyzed by Inbody 3.0. before and after MPT administration for 4 weeks.
? MPT(Fig. 1.) were administered for 4 weeks to university male students.
¥ Blood sampling were done 3 times for biochemical assessments.
9 Urine sampling.

*) Bone Mineral Density assessment.
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°9JE °4°1 12%173 AN F AAE 10 mLE
T A7 R AR A A 25 AF T A
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T4 A7 ~70TAM BE sl

AEdYe] YA EDTAZ A3 Ak 7] +33)
o] ~70Te] WE Hast] £4dl AHgssint
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3] alkaline phosphatase #-4J(Tiets NW 1995)2 =74 &
Al2F AMP((Bayer Co Ltd, Berlin, Germany)E Al-8-3}<] AD-
VIA 1650(Bayer Co Ltd, Berlin, Germany) 2.2 410 nmojA]
B35 8 =45t A osteocalcin(Tiets NW 1995)2 A
712 3#}shgtsgel Electrochemiluninescene(ECLA)S ©]-&3]
o ZA5l9tr. s DPD(deoxypyridinoline) Hid ZH(Tiets
NW 1995)-2 competitive immunoassay W3 22 Pyriliks-D kit
(Meter Biosystems, MA, USA)E Al&3lo] 23 & A
Z AgolEd F£A2 BA s

= LR,
thild &EKTiets NW 1995)8 =% -4 kit(Bayer
Co Ltd, Berlin, Germany)Z A}-8-3}<d ADVIA 1650(Bayer Co.
Ltd, Berlin, Germany)©. & 540 nmol|l 4] &3 =& 24319}
A IR FHeHTiets NW 1995)& 278 kit(Bayer Co
Ltd, Berlin, Germany)Z A8} ADVIA 1650(Bayer Co Ltd,
Berlin, Germany) 2.2 596 nmo|A EF=E Z43} vk
HH(Tiets NW 1995)2 =7-& kit(Bayer Co Ltd, Berlin,
Germany)E A}835la] ADVIA 1650(Bayer Co Ltd, Berlin,
Germany) 2 340 nmoj|lA] FF =8 %3]

4) && x[&
g3 F4 A,
cholesterol(Tiets NW 1995)2 A3} 8kAl 51 Al 7] (Selectra 11,
Vital scientific NV, Armsterdam, Holland)E A}-&3lgch 1
2|51 A lipase activity(Tiets NW 1995)F =& 8- kit(Ran-
dox Co Ltd, MA, USA)Z A}-&-3la] ADVIA 1650(Bayer Co

Ltd, Berlin, Germany) 2.2 273} t}

gl Lipase Activity X

% 2| A&, HDL-cholesterol 2 LDL-

5) MEA XE ME

koA &AL AHT A A5l FHASA]
—r(atherogemc index: Al), A1%9) & X (cardiac risk factor:
CRF), HTR(high density lipoprotein cholesterol and total cho-
lesterol ratio), LHR(low density lipoprotein cholesterol ratio)

& olghgt 2e Ao ojala] AESATHKIm e al 2004).
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Al = (Total cholesterol — HDL-cholesterol) / HDL-cholesterol
LHR = LDL-cholesterol / HDL-cholesterol

HTR = HDL-cholesterol / Total cholesterol

CRF = Total cholesterol / HDL-cholesterol

6) && Ca, Calp Ratio, Mg & Pb &

= | mLE 33t microwave digestion system(Ethos Touc
Control, Milestone, Bergamo, Italy)2. 2 E3}sle] AL 7+
E = ICP spectrometer(Atomscan advantage axial sequential
plasma spectrometer, Thermo Jarrell Ash Co, Franklin, MA,
USA)(Choi MY 2004)5 0|83} t}& !}-7]7;4‘ o 23
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99 29E BAS A A AL T Bk A
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475 2E 28 SAS(Statistical Analysis System, ver
8.01) packageZ ©) SE}O% PHE+ET AAE T B
B Al T A W A 27 T A9 45 FR e
p<0.05 $54)4] ANOVA % Duncan's multiple range test=
Fo14 olE BSR4 W 47 39 2908 &
A" A7 X student's r-test2 IS HS3IATh

Ay 8 og

B A7 gigzte] B 39 A2 247 22.384), B
AA 17346 cm(Table 1)1 32} tiggos 74 o}gau}
Sung & Bae(2005)2] A7 A3}, HF FAE 3 oA o
e AS, Dol ot ko] S FE A2E
vehgd) mebd 2 doMe B 99 3503, HT
EA2 15.12 7199 30-S 4K Sung & Bae 2005)0.2 ¥
AR Ayl FRE 430 AFAND F AS, LA
(BMI: Body Mass Index), A|A|% & &2]¢} o] &4 ¥
$(WHR) 5 £33 43 59349 Aol7t idrh
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A 52 S35 228 9 2 (osteocalcin) S SUhEZ 3
Al A STHEEE dodle AM e el thitk
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-carboxy glutamic acid(GLA)E 33} 7] u]F9l bone
GLA protein(BGP)2} 1= ScHCharles et al 1985).
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2 AT b 1}91 FFA AF T F = g AFH
Z(The Korean Nutrition Society 2005)l] that 415 ¥] &2
Table 37} 2ok B 9= A ¥ &2 A7 +7 A
2 (1,708.80 keal: EER®] 91.53%)%} 412] 2(1,739.17 keal:
EER®] 89.93%)2 FAFeE ool e, & A9 tidAtet
Bl 2AGETF 23914, 3.1439] F9A AE, 11.8749/d
FATFL 2= a} Aol)o) Sung & Bae(2005)9] 2,184.9
keal%h FAV 3] 0l 2IT) B T e 413
Ae Gk A2 7132 110 %P on] 43 T 118% 53
2 ngou #9449 Aol ATk & BF 4H%l o)
g Bk, oA, 2 A3 7] W] 2(CPF ratio)> A3
A63.27 - 1330 : 23.43)7 A2 F(62.90 : 14.65 : 22.45)2
Sung & Bae(2005)2] A AIN57.2 : 13.7 : 26.4)8} H| I A
1:].7&1/] A gL v g gl ) =) uke) AdE v) & 1:1]%

& ot B W WAFE 2 B A} T

YA B frelAsh gRlott HEA Bl ga e 4
A ¥ Ao SR p<0.05). B 2ol AhL 4
Hake A2 A 10,09 golA] 42 T 1047 go 2 fA1G 5
oo, Sung & Bae(2005)2] 6.60 gol] Rl = &
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Table 2. BMD and bone metabolism markers of the subjects (n=30)
Variables Pre-treatment Post-treatment(4 weeks) Signiﬁcancez) Normal range3)
BMD(g/em’)” Ultradis 0.43+ 0.06" 0.46+ 0.06™? NS. 0.36~0.49
Distal 0.55+ 0.05 0.55+ 0.04™ NS. 0.41~0.55
Average BMD(g/cm’) 0.49+ 0.03 0.51+ 0.02" NS. 0.385~0.520
Alkaline phosphatase(IU/L) 90.00+16.60 87.50+11.45™ NS. 39~117
Osteocalcin(ng/dL) 29.45+ 0.14 27.24+ 7.24% NS. 11~43
DPD(RU)(nM/mM Cre)” 6.25+ 2.73 5.54+ 1,64 NS. 25~65

Y Mean+Standard deviation.
2 Significance as determined by student r-test.
NS : Not significant, * p<0.05.
%) Normal range by SMSI(Seoul Medical Science Institute).
“ BMD : Bone Mineral Density.
 DPD : Deoxypyridinolin.
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Table 3. Mean daily energy and nutrient intakes of the subjects (n=30)

' % of DRIs” o »

Variables Pre-treatment Post-treatment(4 weeks) Significance

Pre-treatment Post-treatment

Energy(kcal) 1708.80+ 185.81" 1739.17+ 77.18"? 89.93(EER)” 91.53(EER) NS.
Total protein(g) 5271+ 8.93 62.09+ 3.71 117.13RD” 137.98(RI) NS.
Plant protein(g) 3139+ 3.81 41.64+ 1.69 *
Animal protein(g) 21.31+ 547 2045+ 2.03 NS.
Carbohydrate(g) 271.06+ 12.97 279.86+ 12.21 NS.
Fat(g) 4597+ 2.88 4126+ 326 NS.
Fiber(g) 1325 0.92 1373+ 2.62 NS.
Total Calcium(mg) 650.58+ 14.38 832.78+104.47 92.94(RI) 118.96(RI) *
Plant Calcium(mg) 30439+ 7.83 450.57+ 74.99 *
Animal Calcium{mg) 346.18+ 7.56 382.20+ 29.79 NS.
Phosporus(mg) 1053.44+ 11.39 933.42+ 5121 ' NS.

D Mean+Standard deviation.

% Significance as determined by student z-test.
NS : Not significant, * p<0.05.

DRI : Dietary Reference Intakes for Korean.
EER : Estimated Energy Requirements.
RI : Recommended Intake.

Folth. BT T AHF MH 7(650.58 mg)ol H]3] A3
(83278 mg) F2] 38 Z7Hp<0.05F B =1, Sung & Bae
(2005)¢] 588.70 mg#} H| 3 A] HH AL AR FE0IU L,
AH FodE o & F2L 2ok AEA 28 AFHS A
2 A(304.39 mg)ol H]3) A3 F(450.57 mg)7t fejHoz
Z7(p<0.05) FQ 1, Sung & Bae(2005)] 280.19 mgel] H]s]
Z oA d3En 2L AP Bvh v Q] e
AF #A(1,053.44 mg)ol| H|g] AH F(933.42 mg) A<
zto) 7} 919121, Sung & Bae(2005)¢] 91 A3 #K1,121.1 mg)
I oula Al AFH AT AR F BT 32 £FE Bt

Al B By B H7 £59 A o) A=A
A, F dan A2 ZE A4S FFeE
(p< 0.05)= A=, ol A EA I, Zg Tao] THI
wol B 7l F89 AF WESE Ygdch

4 ¥ & o, @Rl Y HT £F Wl

29 2L W TR HA B 27 47 59 ¥4 3
e, @Rl @YY $EE Table 45 Tk WA 3 @
97, 989 9 WY SEL A3 A, 49 2% F 49 45
F 2l A9 Aol ggink WIS ATE T 4
4% o) 44 A3} v W PLEE AL Bel GO

2 B} A7)H0 A wa Hrl7) Yasicin Azt

5. 8y X|& Aa HE

Bol Bt 4y} TR (aey, 27w A3 47 A% 39
YA AA $3 H3l= Table 59 A|A1€ upe} 2ok B AF
AAAGEHE HF F9%: 1512709, F99: 3.5 o]2hHe)
A$E F9%o0] 257897} HRX = FRAT R A2 F
2} W99} vlmL Al(Table 5) 543 A"} LDL-cholesterol <
%2 =31, HDL-cholesterol 3 & Holqrh

Fdo] A7l vl & 31 G o2 AFMeGill HC
1998, Mjos OD 1998, Torabi et al 1993)& &3l H¥ upe}
2ol B AR Age] JPEE wola EF A4 4 A
Ao o] g T £ ek A FH2EE T2 A

ol FFE Fe JARA o] Afra(Peller L 1970), T

A (Michichiro et al 1988), A|"4HLee et al 1997) & TH4T
2o] A7t gAYk o] Mfhe e ¥IE F
TA AZ FEAE BN EN 85 £ SHHE
=2 7ZHAAIE 2371 93 E 2 YHKim et ol 2001).
Fdo] A AA FFo VA T AT we tha
Aol e Qo 315 25719 o) g = AES
HDL-cholesterol 5&-& Y11 24 X2 3} LDL-cholesterol-2
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Table 4. Serum levels of total protein, albumin and glucose of the subjects (n=30)

Variables Pre-treatment Post-treatment(2 weeks) Post-treatment(4 weeks) Signiﬁcancez) Normal range”
Total protein(g/dL) 770+ 0297 772+ 026 7.81% 028" NS. 6.5~8.3
Albumin(g/dL) 492+ 0.24 494+ 022 5.00+ 0.20™ NS. 35~53
Glucose(mg/dL) 88.91+29.44 85.00+22.11 82.08+ 21.60™ NS. 70~110

Y Mean+Standard deviation.

? Values with different superscripts within the column are significantly different at @=0.05 by Duncan's multiple range test.
NS : Not significant.

% Normal range by SMSI(Seoul Medical Science Institute).

Table 5. Serum lipid parameters, A, HTR, LHR and CRF of the subjects (n=30)
Variables Pre-treatment Post-treatment(2 weeks) Post-treatment(4 weeks) Signiﬁcancez) Normal range3)

Total Cholesterol(mg/dL) 182.54+40.93Y 177.18+43.06 178.92+31.19™2 NS. <200
Triglyceride(mg/dL) 142.85+81.50 134.55+69.55 118.75+87.97" NS. <150
HDL-Cholesterol(mg/dL) 46.46+ 8.43 48.09+ 9.52 49.08+13.41™ NS. 42~74
LDL-Cholesterol(mg/dL) 104.77+31.97 99.27+34.47 100.50+25.75™ NS. <130
Lipase activity(U/L) 2877+ 521 27.73+ 3.41 2833+ 3.96™ NS. <60
AlY 2.93+ 0.03 2.68+ 0.02 2.65+ 0.04™ NS. <3.0
LHR? 226+ 0.12 2.09+ 0.20 2.02+ 0.24™ NS. -
HTR? 0.26+ 0.03 0.27+ 0.05 0.27+ 0.04™ NS. -
CRF” 3.93+ 0.02 3.68+ 0.02

3.65+ 0.03% NS. <7.0

Y Mean+tStandard deviation.

? Values with different superscripts within the column are significantly different at ¢=0.05 by Duncan's multiple range test.
NS : Not significant.

® Normal range by SMSI(Seoul Medical Science Institute).

9 Al : Atherogenic index=(Total cholesterol~HDL-cholesterol)/HDL-cholesterol. ‘

® LHR : Low density lipoprotein cholesterol and high density lipoprotein ratio= LDL-cholesterol/HDL-cholesterol.

9 HTR : High density lipoprotein cholesterol and total cholesterol ratio=HDL-cholesterol/total cholesterol.

” CRF : Cardiac risk factor = Total cholesterol / HDL-cholesterol.

& 222 B3¥ 3 9ItiDuthie et al 1993, Brot C 1999,
Duthie et al 1996, Yoon GA 1997). ¥ o+ Az} B9 Eut
A7 72 A A F €4 A 2 A4 Aele
YEPR] 99kA1YE A3 7)2bel vlEeiN e A
HEoh A4¥8 @A ARE AMEE = Al LHR, HTR % CRF
FEE B9 2% AV 57 A4 AF F F93FQ) Aol
o HF 7130l "ojdsE Al LHR, CRFE 24,
HIR &< VM e 2% BAFAUTH

6. 83 g, ZE/Q HE U & =F Hg

g drlele Yaea $& T3 400009 Fe] =4 3}
3 Bdo| ¥dz]o] ItMceGill HC 1998, Mjos OD 1998,
Torabi et al 1993). AA|7} Theke] dol =25 ALY, 1)Zo)

e F oz Ha HY, Al FH=e 28 )%
A, AAA £, A9 AskEtA, FHE vst 59 F
Ezx =22 UeldtiLee & Cho 1991). ¢3 Z& f3]
F&& AARY) A8 A 71R] HelAAiste] ZE BA
3 A7) o] RR 2 Qi) 2 7k H ZEe 3 &4
o YFE F= FEE dF BAHA FF A A2
o, T Zgo| RE5Y A5 F5 F-919 tight junctionS A3}
AA g 48 /M7t Baslgon, a4 ¢
Wl ee 277t EaslgthLee & Cho 1991).
Bl B Hrb £R AA A Fo ¥ 2w, 2/
B, ¥ $F& Table 69 z|A|E Hle} ) B Q7 A7,
2ol Bt Ay} £8 43 A(ZE AFHF: 650.58 mg)T ¥
(Z A% 83278 mp)e] BA AF, vladled 739 +
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Table 6. Serum Ca, Ca/P ratio, Mg and Pb levels of the subjects

Kolr|ot RAEFEEH

(n=30)

Variables Pre-treatment  Post-treatment(2 weeks)  Post-treatment(4 weeks) Signiﬁcancez) Normal range3)
Calcium(mg/dL) 9.83+ 0.28" 9.80+ 0.42 9.85+ 0272 NS. 82~10.8
Ca/P ratio 233+ 0.19 2.54+ 0.11 245+ 029" NS. -
Magnesium(mg/dL) 2.12+ 0.29 2.18+ 0.16 2,19+ 0.14™ NS. 1.47~2.70
Lead(ug/dL) 8.51+ 0.28 7.83+ 0.22 7.72+ 0.16™ NS. <20

D MeantStandard deviation.

? Values with different superscripts within the column are significantly different at ¢=0.05 by Duncan's multiple range test.

NS : Not significant.
% Normal range by SMSI(Seoul Medical Science Institute).

T2 A4 Aol ER o, B B HUF FE gH o
2 oA Aole UeA E3ith o|FA ¥F ZEH
7] FE Aol FAAQ Aolrt vEhA] x| E}
A ToRRAY dolAle BHFNE Bk ol B A7
AH 717t 432 AgE UIJD A od & 7Hx) 2
& IF Tzl T8 A¥Fde g I e B3l
AFo g AR FE FFHA7] HELR Y=

LTS

ri

2 d7oE 48 a7 Al A 2 a9
A AR B3 oln) FEE B B B} FRE F
G et e ez 453 4ANA FRos A ¥
3 87 89 77129 $E9 UL, 2o AE 2 A2
Szl DA 9L FHHLA AAT B e haR

i A% 22384, Wt AFL 173.46 cmo[ o Eel
B A7 FRE 4530 AT 23 AF, BML, AA W,
WHR, &5 2% Fo folZQl zto|= gl3lch SiAL A
38} 2%l ¥ alkaline phosphatase 243, 83 osteocal-
cin, x DPD9| 73¢-= ¥4 ¢ 7t T2 H4F ) w2 +
olFQ1 Aol 7} it B BE HvF 75 A AH F F
A A3 Zol| gt CFP ratiod B3| By, A3 & 3,
Ad AH &L AG T, i) A v go] tha
AeE A, H A, AL JHE A A8 F &
oJHQl Apol7} gt ey B AEA dNdy F 2
F34 HEA e MAES AFH A B8 HH F 2 7
oHo g FTHp<0.05)=HAY. BH T DNA, ¢FN, FF
F&E 4 84 N £ A8 WA ARZ AMEHE AL
LHR, HTR ¥ CRF &= AH A% F o2l zpo|7t
At 28z A B A TR A AR o g Z
& vkl § S5 E5F FA Hed Ee, 43
713kl wE fojake ik

Bejs) MR 457 DA% T B BE W7} S

Az AR, A I3te] 432 AgE] 3,
£ A9 tiidztse] BT #8 Adeloin 33 &
AEC] HlE FA Ao FiHez Fkon, o wF
TUE, 84 AA FF, 8 7 5o BF FE FECI0M
wol Bk Ay} B3R HAY 9FE A A ¥ Ao
AtEEth aeu AF 2 AR didAkEel Sl Holevl
Aol o]9} 2o FUE LY Aol & B FES HFHIUA
Fd ol Fol vehd AF oAt o], HE Ast Y &
dfshedl =] Heleh JZ4En.

#Ate 2

£ dTe s971sdAE g Age 200435 5
7170874 (104003-02-1-HD110) 8] % AT A2 53
€ A7 ATl dRE A7H] Ao =Py
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