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A Study on the Contents of Inorganic Metals and the Safety in
Botanical Pills

Ock Kyoung Chun'
Seoul Metropolitan Research nstitute of Public Health and Environment

ABSTRACT - This study was conducted to determine the content of inorganic metals in botanical pills and assess

the safety of mineral balance in body. Inorganic metals (Fe, Ca, Zn, Na, Mg, K, Pb, Cd, Cr) were detected in 11

kinds, 51 samples by Atomic Absorption Spectrophotometer. The average concentration of inorganic metals in
botanical pills was in the order of K(7933.32 mg/kg)>Na(5848.58 mg/kg)>Ca(2441.60 mg/kg)>Mg(1595.34 mg/kg)>
Fe(353.14 mg/kg)>7Zn(22.49 mg/kg)>Cr(3.51 mg/kg)>Pb(0.24 mg/kgy>Cd(0.09 mg/kg). In samples, Morus and Laminaria
contained a great quantity of K and Na, Acanthopanacis cortex, Bucommia ulmoides, Pinus densiflora, Lycii fructus,

Allium sativum for. pekinense, and Platycode radix had much more amount of K than that of Na, in the mean time,

Artemisia capillaris, Carthamus tinctorius seed, and Rubi fructus had various kinds of plenty inorganic metals. The contents
of Pb in grouped samples by used parts, were in the order of radix(0.54 mg/kg)>cortex(0.36 mg/kg)>leaves (0.20 mg/
kg)>fructus(0.20 mg/kg)>seed(0.07 mg/kg), those of Cd were radix(0.16 mg/kg)>leaves(0.09 mg/kg)>fructus (0.07 mg/
kg)>seed(0.06 mg/kg)>cortex(0.03 mg/kg), those of Cr were radix(6.34 mg/kg)>cortex(4.25 mg/kg)>fructus (4.20 mg/
kg)>leaves(2.14 mg/kg)>seed(1.67 mg/kg). In the assessment of risk by the daily intake of botanical pills, the amount
of Zn, whose PTWI was 7,000 pg/kg b.w/week, covered 0.13~0.83%, that of Pb, whose PTWI was 25 pg/kg b.w/
week, coverd 0.24~1.94%, and that of Cd, whose PTWI was 7 pg/kg b.w/week, covered 0.32~2.08% of it.
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Table 1. Sample size of the experiment

Classification

by used part item No. of samples
Cortex Acanthopanacis cortex 5
Artemisia capillaris 5
Eucommia ulmoides 5
Leaves
Morus 5
Pinus densiflora 5
Seed Carthamus tinctorius seed )
Lycii fructus S
Fructu .
ructus Rubi fructus 3
Alli i for. peki
Radix ium satlm or. pekinense 3
Platycode radix 5
Algae Laminaria 5
Total 51

SEES

1) =AY 25

ZMA 45 E(Fe), oF9(Zn), ZH(Ca), PIZUlF
(Mg), HEEF(Na), ZF(K), B(Pb), 7I=&(Cd) R ZEF(Cr)
5 95 S4B

2) Ale

TE 1mgmld] 94538 5 EFHY(Wako Pure
Chemical Industry Ltd, Japan)& AME3I93, 0.5N HNO,
SAE Mgt A FEE Yo, g B4
Lanthanum chloride(LaCl, « 7H,0, Yakuri Pure Chemicals,
Japan) 1000 mg/l2 3]41&}9t}. Nitric acid, hydrochloric
acide Fll&E4% FAHE SFA LGS ARSI

3) AlRe| x|

AE 3g BEE FH3td ones}t A7l F 450°Ce] 7]
2ollA 4H3)s} At st B FEE €2 AL
A 2~4miE 7iet] AR NN AxF v, FskE =
ZE 05N HNO,E &35l A7 & 25 mle 483}
ATH. AlE F9] 2 FqFe NE AFFE /1FEE e

sttt

2 B4 =71

Polarized Zeeman Atomic Absorption Spectrophotometry
(Hitachi Z-5700, Z-5300, Hita-chi Co., Japan)& AM8-3}q
@(Pb), F=E(Cd), ZE(Cr2 Graphite Furnace Atomiza-
tionH o2 BEM3¥ T, H(Fe), oFA(Zn), L5 (Ca), "k2dl%
Mg), HEHFNa), Z-F([K)2 Flame Atomization'Ho2 #
Ak £4202 Table 29} 23t

7t 479 24 33 NkE 4¥E dAlasih

#u # 0

2000 9gellA 2001 28T7EA] &AM dlE /% Wi
oA ol FA AEA A F 11F 5174 Ak 4
(Fe), ZF(Ca), °}4(Zn), YEENa), "k2HEFMg), ZEFXK)
Y FrEERY $S 24 A, Table 33 it

2B FAE LTz g u 4 A5 LA
o] IFE Fu=A TR 7] FE5F, 452, viER
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Table 2. Analytical conditions of AASHD

Ock Kyoung Chun

conditions of A.A.S.

Ttem . carrier/fuel gas oxidant gas pressure slit lamp current wavelength
analysis mode  flame type flow rate (kPa) (am) (mA) (nm)
Pb 2833
Cd  graphite furnace Ar 30 (mV/min) - 1.3 9 359.3
Cr ) 3 228.8
CFe 2.0(L/min) ) 160 0.2 15 248.3
Zn 2.2(L/min) 160 0.4 9 279.6
Ca . 2.4(L/min) 160 1.3 9 4227
Mg flame air-CH, 2.2(L/min) 160 13 9 285.2
Na 2.2(L/min) 160 0.4 12 330.3
K 2.4(L/min) 160 13 12 404.7

Table 3. Contents of inorganic metals in botanical pills

(mg/kg, wet base)

Concentration (Minimum~Maxium)

item
Fe Zn Ca Mg Na K
Acanthopanacis 310.43 13.92 444407 987.39 395.61 4697.48
cortex (264.87~355.98) (12.50~15.34) (3294.40~4793.73) (952.63~1022.14)  (289.29~401.94)  (3488.90~4906.06)
Artemisia 234.97 15.88 1235.15 885.27 3114.71 4226.67
capillaris (125.12~344.81) (10.61~18.14)  (958.73~1511.57) (539.28~1231.27) (2253.32~3976.10) (3590.40~4862.93)
Eucommia 364.63 15.41 3771.27 1277.91 388.04 3983.36
ulmoides (229.55~399.70) (11.44~16.37) (2455.27~4987.28) (987.95~1467.84)  (371.08~404.99)  (2894.95~5071.77)
Morus 323.74 10.22 2952.64 3014.21 27140.00 27470.56
(231.26~356.23)  (8.99~11.45) (1701.07~3204.21) (1837.11~4191.30) (20099.34~34180.67) (21732.33~43208.78)
Pinus 162.67 18.30 1056.51 750.69 144.62 2737.01
densiflora (103.90~221.44) (10.96~24.63)  (690.46~1722.57) (558.71~942.66)  (119.89~169.34)  (1452.97~3621.06)
Carthamus 160.13 21.23 1026.63 1350.15 3166.54 4291.80
tinctorius seed  (119.07~181.18) (11.22~29.83)  (774.43~1878.83) (923.15~1976.50) (2391.82~3941.27) (3908.77~4674.83)
Lycii fructus 364.63 1541 3771.27 1277.91 388.04 3983.36
(229.55~389.70) (10.44~19.67) (1455.20~5087.28) (836.98~1467.88)  (271.98~484.99)  (2894.95~4971.75)
Rubi fructus 851.17 13.19 2317.22 1635.30 762.76 3332.88
(528.63~973.71)  (6.49~19.89)  (1739.77~2894.66) (1179.21~2091.38) (497.53~1027.99)  (2273.65~3692.11)
Allium sativum 461.83 65.69 1702.23 1813.91 772.54 2703.21
for. pekinense ~ (298.79~624.86) (36.49~74.88) (1095.76~2708.69) (995.97~2531.85)  (581.09~963.98)  (1219.69~3986.72)
Platycode radix 405.30 4729 1476.07 698.57 609.34 1817.19
(281.66~528.94) (19.60~74.92) (1027.48~1824.65) (429.74~967.36)  (491.90~726.78)  (1095.94~2538.44)
Laminacia 245.03 10.88 3104.55 3857.42 27452.17 28023.00
(162.82~327.25) (8 10~17.66)  (1663.47~4545.63) (2176.23~4538.60) (20063.33~34841.00) (21410.67~39635.33)
Total © 31043 13.92 444407 987.39 395.61 469748
(103.90~973.71)  (6.49~74.92)  (690.46~5087.28) (429.74~4538.60) (119.89~34841.00) (1095.94~43208.78)
Al RE 75 483 2dsn2Y B3 JEFS & Wil Z8-0] n)eF2HI0] g TR, T A A oA
Fo AV A giake} AT ZHo, .:_Q%h A, A BRZEAEA F83 9L I, o)A Auolr 60
AA%, AFAZ Fo| oz Ao g ) 71 ®aAes pxo #osla tFd 2875 7
F7 91& A7) odole] WK HpHolw Fd7] olF sl Z=Ee S35 " T, A A4, vzt Az
o] JAoAIN Yehte A5 IFE BRI 4 5 59 93 v weby 52 A$- A 954,
220 B0l vkadFe HZ 42 HF9 FUIE A A% Ash, 9 X2 58 74E 52 S A9 eir)
U 4o $HHE F7) %é.“—OlDP”. e Yool FEIF= Ho| ¢tzlElo] 71 Wd] Uitk BEE FUMIZICH ®3
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Fig. 1. Contents of inorganic metals in botanical pills.
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Table 4. Estimation of the amount of inorganic metals by daily intake of botanical pills

slow], AwHoze Fig 2014 BRo| Pl A,
BEAS, 0718 Fol olF FFo] BF A ekt
To el A% whselN 093 mgkg, A= A 28]
$o] 028 mgkg, ZEY AS mhsdo] 10.01 mgkgl 2
A8 vebet.

Table 5. Contents of heavy metals in botanical pills
(mg/kg, wet base)

Contents (Minimum~Maxium)

item

Pb cd Cr

Acanthopanacis  cor- 0.36 0.03 425
tex (0.16~0.45)  (0.01~0.05) (2.63~5.87)

Artemisia capillaris 0.14 0.10 1.04
(0.06~0.21)  (0.05~0.15) (0.37~1.72)

Eucommia ulmoides 0.10 0.04 4.02
(0.04~0.17)  (0.03~0.06) (2.88~5.17)

Morus 027 0.15 278
(0.12~037)  (0.09~0.21) (1.33~4.24)

Pinus densiflora 0.27 0.06 0.73
(0.13~0.45)  (0.03~0.15) (0.43~1.13)

Carthamus tinctorius 0.07 0.06 1.67
seed (0.02~0.16)  (0.01~0.09)  (1.05~2.49)

; 0.10 0.04 4.02
Lycii fructus (0.03~0.19)  (0.03~0.09) (2.88~4.87)

: 0.10 0.1 439
Rubi fructus (0.03~023) (0.04~0.17) (1.98~5.79)

Allium sativum 0.52 0.05 7.00
for. pekinense (0.11~0.93)  (0.01~0.08) (3.981~0.01)

. 0.55 0.17 5.68
Platycode radix (025~0.85) (0.05~0.28) (3.37~7.99)

Laminacia 0.10 0.12 3.04
(0.04~021)  (0.03~0.16) (1.13~4.94)
Total o024 009 351
(0.02~0.93)  (0.01~028) (0.371~0.01)

(mg/day, wet base)

Item
Fe Zn Ca Mg Na K
Acanthopanacis cortex 2.15 0.10 30.80 6.84 2.74 32.55
Artemisia capillaris 1.63 0.11 8.56 6.13 21.58 29.29
Eucommia ulmoides 2.53 0.11 26.13 8.86 2.69 27.60
Morus 2.24 0.07 20.46 20.89 188.08 190.37
Pinus densiflora 1.13 0.13 7.32 5.20 1.00 18.97
Carthamus tinctorius seed 1.11 0.15 7.11 9.36 21.94 29.74
Lycii fructus 2.53 0.11 26.13 8.86 2.69 27.60
Rubi fructus 5.90 0.09 16.06 11.33 5.29 23.10
Allium sativum for. Pekinense 3.20 0.46 11.80 12.57 5.35 18.73
Platycode radix 2.81 0.33 10.23 4.84 422 12.59
Laminaria 1.70 0.08 21.51 26.73 190.24 19420
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Fig 2. Contents of heavy metals in botanical pills.
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Fig. 3. Contents of heavy metals in grouped botanical pills by
used parts.
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Table 6. Estimation of risk from the intake of inorganic metals by botanical pills (mg/kg b.w./week)
Zn Pb Cd

average intake maximum intake average intake maximum intake average intake maximum intake

(% of PTWI)" (% of PTWI) (% of PTWI) (% of PTWI) (% of PTWI) (% of PTWI)
Acanthopanacis cortex 0.0123 (0.18) 0.0135(0.19)  0.0003(1.26)  0.0004 (1.59)  0.0000 (0.32)  0.0000 (0.63)
Artemisia capillaris 0.0140 (0.20) 0.0160(0.23)  0.0001 (0.50)  0.0002 (0.74)  0.0001(1.23)  0.0001 (1.89)
Eucommia ulmoides 0.0136 (0.19) 0.0144 (0.21) ~ 0.0001 (0.37)  0.0001 (0.60)  0.0000 (0.54)  0.0001 (0.76)
Morus 0.0090 (0.13) 0.0101 (0.14)  0.0002 (0.97)  0.0003 (1.31)  0.0001(1.84)  0.0002 (2.65)
Pinus densiflora 0.0161 (0.23) 0.0217(0.31)  0.0002 (0.95)  0.0004 (1.59)  0.0000(0.70)  0.0001 (1.89)
Carthamus tinctorius seed 0.0187(027)  0.0263(0.38)  0.0001 (0.24)  0.0001 (0.56)  0.0001 (0.80)  0.0001 (1.13)
Lycii fructus 0.0136(0.19)  0.0173 (025  0.0001(0.37)  0.0002(0.67)  0.0000 (0.54)  0.0001 (1.13)
Rubi fructus 0.0116(0.17)  0.0175(0.25  0.0001(0.35)  0.0002(0.81)  0.0001 (1.32)  0.0001 (2.14)
Allium sativum for. Pekinense  0.0579 (0.83) 0.0660 (0.94)  0.0005(1.83)  0.0008(3.28)  0.0001 (1.86)  0.0001 (1.01)
Platycode radix 0.0417 (0.60) 0.0661 (0.94)  0.0005(1.94)  0.0007 (3.00)  0.0001 (2.08)  0.0002 (3.53)
Laminaria 0.0096 (0.14)  0.0156(0.22)  0.0001 (0.36)  0.0002 (0.74)  0.0001 (1.45)  0.0001 (2.02)

1) The values were arithmatically calculated from the average body weight of 55 kg for Korean population*®

Journal of Food Hygiene and Safety, Vol 16, No. 4



306 Ock Kyoung Chun

o, &, 7l=Bol tisly A $AE 19 Bd 6.93g
A3t el 107 218 A A wE F2
Zagrs ZAs8 2 A7 Table 63 Zokth o] Aol ¢
5P 73S £HPTWIR] 7,000 ugkg bwiweeksl oA
A FHEFE 71F0= S o 8T 0.13~0.83%
2 zAslgen Ao gaEel distds Hi 0.94%E Y
BRI, 74133 & FHPTWI| 25 pg/kg b.w/week?] F
o g e A 38F9] 024~1.94%, Ao THF
of thslede HiL 328%, FUAHASEFPTWIC! 7 ugke
bwiweekd FIEB-S Ha T A4 8T 032~

of

i rlo

2.08%, Ao ol thaldds AT 3.53%S A B8
oJsf) HEFos HHshs Ao FPE] o= A= kA
Fzfd) ¥3Ee ZAog AFEge, iR, 5 T Y
A 2ole] HHE S3lY FrHe WA FFE FE A
3 2 o A5H BA ] A A 771 F57
#3 S FAAHeZH AUl mineral balanced] B
S U F UL Ros FPHEE NI=A] AEH 9
g 9 g AEE A= sjord AoE AZEHULH 4
B4 BAE 235 ARRFE AF G9EE, 94T
A7} AAHo R Fs|ojor & ZoF AHEFHIH.

=20

2000 9204 2001 29 L7 HSAN HE 5 vigolA Bl 3 AR B4 F 11T 5171S AF s
A (Fe), Z47(Ca), 14 (Zn), HEFNa), "EiEMg), ZEK) 59 F71a34Rel %2 34T 25, Ao E v+
thokst 7] 48RS o et Ao 2 3RS Z4§(7933.32 mgkg) U EF(5848.58 mg/ke)> T E(2441.60
mg/kg)>PI1H|%(1595.34 mg/kg)>3 (353.14 mg/kg)>012 (2249 mgkg)dl &2 YelstEd o2 dwtEdl 754
EFo] A$ BFo| HE HH = o 2=l YEFY o] JUdoz o uiste @A Ag vla
darbE TS AR tare] 2ol $aEe] U ZEY 2 FUYS B FE A ¥ F AeH, E
co 24 QAo TFlo) SHoxalic acid)d) FTFeE T FHgol TEA Bl Wie st A TR F
e & F ek Eo F TS FFS 4FEs e 22U Morus)y? ThAIHEH(Laminaria)ye THES
ZE7 JEES ks Aoz JeRdy, 97193 (Acanthopanacis cortex), F35%H(Eucommia ulmoides), £%¢
(Pinus densiflora), 77)%F8H(Lycii fructus), “F=&H(Allium sativum for. pekinense), =2FAE(Platycode radix) 52
Zhgo] do] UEF g vl 953 B4 vehton, 97% 3 Artemisia capillaris)# 2314 $H(Carthamus
tinctorius seed), E-EA}EHRubi fructus) 5-& THIRH £7) FEF7 SR FhHEol dE AoE YesTh A Y
A 24 SRS o)e-H 290 wet 7 (cortex), U (leaves), H(seed), Brll(fructus), e (radix)E 2 ¥1wE A,
o] 73 ®2](0.54 mg/kg)>A A (0.36 mg/kg)>% (0.20 mgkg)>B v (0.20 mg/kg)>+ (0.07 mgkg)e] woIoH, 7H=E
3HEEe ¥2)(0.16 mg/kg)>$L(0.09 mg/kgy>E ¥l (0.07 mg/kg)>¥(0.06 mg/kg)>7 2 (0.03 mg/kg), & T 2634
mg/kg)>2 72 (4.25 mg/kg)>Z 7l (4.20 mg/kg)>A (2.14 mg/kg)>H (1.67 mg/kg)el 2 viebirh 197 4&4 84 4
o W 7 TEL A5 2 An, FAAASLZFPTWIRl 7,000 pgkg bw/week?] oFde 8832 0.13
~0.83%, 7HIH 3L PTWIP] 25 pg/kg bwiweeks] H2 31839 0.24~1.94%, F7HIFS&FPTWIO! 7 pg/
kg bwiweekel FHEE-L 3839 032-2.08%F ©lF #AS] BEoz ks Aos FAYH| o= A=
Zzue] TIHE Ao BHHJ oL (AR, TH T I AoHHE Fuld ZRET dA IS5 e AL
3 2 ) X9 A9 HFE A 77 F4579 AEE AUHE FAANDCEA Z 4] mineral balance®ll
gare nlE 4 9L Aoe EAsna wieA] AEAQ 8 2 GU ASS MAZ sjopd Aow AZHHIY.

EDE8 4. REBFEREANE. AR, 2000,
5. TR, w9, SAd, 248, F70), £, 038,
1. 2227 ah=le] FUYRA. SFFUTI)X] 29(4), 371-380 238 &, B &, 282 ok 534 T dig @

(1996).

2. HEgh, AE: @GR eS| A 8(4), 351-358
(1993).

3. olAE, ol&w, 8|, olmF: =S AT AE HIEL
8219903 th) AAgel HA3} A=2lE AL EE A
15(2), 68-78 (2000).

AU EEA. 26, 193-198 (1994).

6. AT, ZE7], ©)7%-, AF3: gAY 2 ISR B
U & Fo| 4 I AR FAASATS, T,
221234 (1993).

7. A%, $39: 34 799 7L, EG H 7o IS F
F AEUE AN ATA SR, 12, 131-144 (1984).

Journal of Food Hygiene and Safety, Vol. 16, No. 4



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

CAAE, AEe, AAR, A7), B0, B, A9 F

A Study on the Contents of Inorganic Metals and the Safety in Botanical Pills

B2

_"
5o 93 B g BB Sk Al #d
A, FYIAATAE, 2, 203-211 (1980).

LA, R, BB AEA SRR AE A

F 2 EYF 2 U BY A7, FIBAAP
A1, 20(2), 55-63 (1994).

. Flame Atomization Analysis Guide for Polarized Zeeman

Atomic Absorption Spectrometry. Hitachi, Ltd. 1st ed. Japan.
(1997).

Graphite Furnace Atomization Analysis Guide for Polarized
Zeeman Atomic Absorption Spectrometry. Hitachi, Ltd. Ist
ed. Japan. (1997).

Patricia, A.X., Dorice, M.C.: Nutrition in Perspective, Prentice-
Hall, Inc., 258-259 (1987).

Kenneth, T.S.: Trace mineral in Foods. Marcel Dekker, Inc., 2-
3 (1988).

Meneely, G. R., Battarbee, H. D.: High sodium-fow potassium
environment and hypertension. Am. J. Cardiol. 38, 768-785
(1976).

Pickering G.: Dietary sodium and human hypertension.
Cardiovasc. Rev. Rep. 1, 13-17 (1980).

Nutrition and blood pressure control. Current status of dietary
factors and hypertension. Ann. Intern. Med. 98(part2) : 697-
890 (1983).

Mark C. Houston: Sodium and hypertension. Arch Intern Med.
146, 179-185 (1986).

Hunt JC.: Sodium Intake and hypertension: A case for
concern. Ann. Intern. Med. 98, 724-728 (1983).

Holden RA, Ostfeld AM, Freeman et al.: Dietary salt intake
and blood pressure. JAMA 250, 365-369 (1983).

Melvin J. Fregly: Sodium and hypertension. Arch. Intern.
Med. 146, 179-185 (1986).

Meneely, G. R., Battarbee, H. D.: Sodium and potassium.
Nutr. Rev. 34, 225-35 (1976).

aiej A, 017]19: &= &) sodium3} potassium A1 FH %
2 oAbl A5 A7 G TR 18(3), 201-208 (1985).
Heaney RP, Recker RR, Saville PD.: Calcium balance and
calcium requirements in middle-aged women. Am. J. Clin.
Nutr. 30, 1603-1611 (1977).

Usd: FrEFe] AE. ITIFAIA 262), 213-219
(1993).

A8, 3] g 3ol Y UES, ZF A R
ool v I, STIFHIA 30(1), 32-34 (1997).
Poportzer MM.: Disorders of calcium, phosphorus, vitamin D
and parathyroid hormone activity. In : Schvie RW ed. Renal
and electro-activity disorders. Little Brown. Boston (1976).
Jacobs, A.: The mechanism of iron absorption. Clinics in
Haematology. 2, 325-337 (1973).

Robert, J. C. and Maria, C. L.. Present Knowledge in
Nutrition. 7th ed., Washington D.C., 293-319 (1990).

29.

30.

31

32.

33.

34.
35.

36.

37.

38.
39.

40.

41.

42.

43,

44,

45.

46.

307

Castenmiller JM, Mensink RP, et al.: The effect of dietary
sodium on urinary calcium and potassium excretion in
normotensive men with different calcium intakes. Am. J. Clin.
Nutr. 41, 52-60 (1985).

Judith R. Tumnlund, Leslie Wada, Janet C. King, William R.
Keys, and Lorra L. Acord: Copper absorption in young men
fed adequate and low zinc diet. Biological Trace Element
Research 17, 31-41 (1988).

Spencer, H.: Mineral and mineral interactions in human
beings. J. Am. Diet Assoc. 86, 864-867 (1986).

Greger JL, Baligar P, Abemathy RP, Bennett OA, Peterson T.:
Calcium, magnesium, phosphorus, copper, and manganese balance
in adolescent females. Am. J. Clin. Nufr. 31, 117-121 (1979).
Wise MB, Ordoveza AL.: Influence of variations in dietary
calcium: phosphorus ratio on performance and blood consti-
tuents of calves. J. Nutr. 79, 79-88 (1963).

FA}: FojEdhe] U DEAL M-S, 16-24 (1996).
Kim, S.H., Kim, N.J., Choi, J.S. and Park, J.C.: Determination
of flavonoid by HPLC and biological activities from the leaves
of Cudrania tricuspidata Bureau. J. Korean Soc. Food Sci.
Nutr. 22, 68-72 (1993).

Cha, J.Y., Kim, H.J., and Cho, Y.S.: Effect of water-soluble
extract from leaves of Morus alba and Cudrania tricuspidata
on the lipid peroxidation in tissues of rats. J. Korean Soc. Food
Sci. Nutr. 22, 68-72 (1993).

Cha, J.Y., Kim, H.J., Jun, B.S. and Cho, Y.S.: Effect of water
extract of leaves from Morus alba and Cudrania tricuspidata
on the lipid concentration of serum and liver in rats. Agric.
Chem. Biotechnol. 43, 303-308 (2000).

TEARARL. FEAY ML (1999).

Costantino, L., Albasini, A., Rasteli, G. and Benvenuti, S.:
Activity of pholyphenolic crude extracts as scarvengers of
superoxide radicals and inhibitors of xanthine oxidase. Planta
MAD., 58(4), 342-345 (1992). ’
Halliwell, B. and Gutteridge, JM.C.: In free radicals in bio-
logy and medicine. Oxford. Clarevden Press (1989).
g et =l SFTE. AP (1995).
Sakurai H. Sugita M. Tsuchiya K.: Biological response and
subjective symptoms in low level lead exposure. Arch Environ
Health : WHO. 29, 157-163.

Maurice E. Shills and Vernon R. Young: Modern nutrition in
health and disease. 7th ed. Lea & Febiger (1988).
UNEP/FAO/WHO : Assessment of dietary intakes of chemical
contaminants (1992).

Young-Taik Kwon, Jung Ah Lee and Su-Rae Lee: Estimation
on the dietary intake of toxic metals by total diet study in
Korea. J. Food Sci. Biotechnol. 10(4), 414-417 (2001).
Lee, S.R.: Information on the average body weight of Korean.
Food Science & Industry(KoSFoST) 32, 65-66 (1999).

Journal of Food Hygiene and Safety, Vol 16, No. 4



