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Binding of Iron and Zinc by Vegetable Fiber

Soo-Kyung Kye
Department of Food and Nutrition, Kyungmin Junior College, Euijungbu-city, Kyungkido 562-1, Korea

Abstract
Iron and zinc were bound by neutral detergent fiber (NDF) obtained from 15 kinds of vegetables being con-
sumed commonly in Korea. Binding capacity of Fe and Zn of NDF ranged from 37.8% to 85.5% and from 8.
1% to 25.5%, respectively showing higher binding capacity of Fe to NDF than of Zn. Both Fe and Zn bind-
ing capacity of NDF increased as pH increased and reached to a maximum at pH 7 in all vegetables. The
amount of mineral(Fe and Zn) bound to NDF increased as mineral concentration increased.
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Table 1. Experimental design of mineral bind-
ing capacity of insoluble dietary fiber(NDF) of
vegetables

NDF Fe Zn
Experimental design 15¢g 20mg 10 mg
Added amount in
10ml buffer solution 15 mg 20 ug 10 pg
#g /gNDF lg 1333 g 666 ug
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Z7e &% pH MYl pH 6, H-e9] Welel 37¢

oA} Ala= 1}, 15 mg NDFE screwcapped poly-
ethylene tube (14 ml capacity)ol @il pH 6 buf-
fer solutiong 10ml 713t & F712 (Fed 20 g,
Zn 10 pg)& 747t A7kt 37¢C shaking incu-

bator (21 oscillations per min)ol| A 90 ¥zt I e}bsh

F 10 £11F 750 gl A A4l el st oy A A
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Phthalate-sodium hydroxide buffer(0.01 M pH
5.0): 0.2 M potassium acid phthalate 50 ml¢} 0.2
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Table 2. Range of concentrations of minerals
added to fiber in 10 ml buffer solution

Neutral detergent fiber (mg) 15 15 15

Iron(ug) 10 20 30
Zinc(ug) 10 20 30
ket

Zn 9 o

1L HEAIR MR 971 He

15 719 daA gl &% NDF9 Fe 9 Zn
2998 29§ 27 Table 3% 2th. NDF 1g°]
Ag3 Fes] 2 433*980/@“‘*%’491@ 2-ojo] 7}
5o ERtem, shisel 4 He g JehiE
H(p<0.05) 2& FFo oARels AR 4% 59
ol Ao BA G Aol7t e % & AN LRF
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o thgo] FwAet B 239 foldleh FHRIA
=, Asp} gt i A ekt (0<0.05)

Table 3. Binding of Fe and Zn by neutral detergent fiber of raw vegetables

20 xg Fe /15 mg NDF

10 #g Zn /15 mg NDF

ug /g NDF % bound /g NDF % bound
Chives(¥-3) 653 60.0+0.8" 63.3 9.9+£0.2
Cabbage( 2mj =) 753 65.7+0.9 76.7 12.0+0.3
Red pepper(F&i13) 627 54.7+£0.7 65.3 10.2+0.3
Leaf lettuce(“4=x]) 960 83.7x£0.4 118.0 18.4+0.4
Water dropwort(v]u}e]) 933 81.4+0.2 99.3 15.5+0.1
Pepper leaf(11.53%) 953 83.1+1.0 100.7 15.7+0.2
Kwari pepper ( #}2] 313) 747 65.1+0.3 96.7 15.1+0.4
Green pepper (£115) 707 61.6+0.4 80.0 12.5+0.2
Welsh onion, small(d3}) 673 58.7x1.1 52.0 8.1+0.1
Radish(%) 773 67.4+0.3 150.0 23.4+£0.4
Radish leaf(F%) 680 59.3+0.5 102.0 16.0£0.3
Garlic(vlE) 433 37.8+£0.7 70.0 10.9+1.0
Welsh onion, large(th3t) 553 48.3+0.2 72.0 11.3+0.2
Edible burdock(-$<3) 980 85.5+0.7 163.3 25.5+0.6
Chinese cabbage(¥}3) 693 60.5+0.1 83.3 13.0+0.1

1) Mean + S. D.
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Table 4. Precipitation percentage of mineral
according to pH variation

(%)
pH 5 pH 6 pH 7
Fe 10+0.21Y 1440.20 14+0.19>
Zn 3+0.09 5%0.12 7+0.11°
1) Mean+S. D. )

* Means followed by same letter are not significantly
different at the level using Duncan’s multiple ran-
ge test
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Table 5. Effect of pH on Fe binding capacity of neutral detergent fiber of some vegetables

(% bound)
20 pg Fe /15 mg NDF
pH 5 pH 6 pH 7
Chinese cabbage 58.3+(0.3112 60.5+0.27%° 65.1£0.16°
Radish 62.3+0.57* 67.4+0.49° 70.5+0.21°¢
Welsh onion, large 43.240.19° 48.3+0.11° 53.7+0.61¢
Green pepper 56.7+0.11% 61.6+0.12°

66.2+0.31°

1) Mean+S.D.

* Means followed by same letter are not significantly different at the level using Duncan’s multiple range test.

Table 6. Effect of pH on Fe binding capacity of neutral detergent fiber of some vegetables

(% bound)
10 4g Zn /15 mg NDF
pH 5 pH 6 pH 7
Chinese cabbage 10.1 0,57 13.0+0.21° 14.1+0.39°
Radish 16.0+0.31* 23.4+0.27° 25.9+0.18°
Welsh onion, large 9.7+0.10° 11.3+0.09° 12.2+0.09°
Green pepper 9.1+0.21* 12.5+0.39° 13.0+0.27°

1) Mean+S.D.

* Means followed by same letter are not significantly different at the level using Duncan’s multiple range test.
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Table 7. Effect of Fe concentration on Fe binding capacity of neutral detergent fiber of vegetables

(./gNDF)
Lppm* Zppm* 3ppm*
Chives 207+ 8.1V 653+4.8 1,047 +3.9
Cabbage 233+ 1.4 660+9.2 1,180%5.1
Red pepper 187+ 6.0 627 +5.7 927£2.0
Leaf lettuce 380+11.1 960+£3.8 1,487 £5.2
Water dropwort 293+ 7.0 760+6.2 1,240+3.1
Pepper leaf 387+ 2.0 840+2.1 1,287 0.8
Kwari pepper 260+ 6.2 807+3.0 1,187+4.4
Green pepper 227+ 0.4 707+4.5 1,040£5.9
Welsh onion, small 160+ 4.0 673£2.9 1,013+4.5
Radish 200+ 6.2 667£5.0 973+8.0
Radish leaf 247+ 54 767+4.0 1,120+2.1
Garlic 113+ 5.1 433+3.6 680£2.0
Welsh onion, large 120+ 4.2 553+7.8 960£1.1
Edible burdock 400+ 6.6 947+5.9 1,400+1.9
Chinese cabbage 273+ 2.0 74023 1,007 3.2

1) Mean = S. D.

* 1, 2. 3ppm are Fe concentration in ml test buffer solution with 1.5mg NDF,
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Table 8. Effect of Zn concentration on Zn binding capacity of neutral detergent fiber of vegetables

(1g/gNDF).
1ppm* 2ppm* 3ppm*
Chives 63+£5.0" 133+2.9 203£2.0
Cabbage 82+1.0 223+1.3 363+3.3
Red pepper 65+1.5 141£0.5 217+8.8
Leaf lettuce 118+0.3 414+4.7 710+3.7
Water dropwort 84+3.7 244+0.9 4031+4.4
Pepper leaf 61+1.2 252+7.1 443+2.9
Kwari pepper 79+1.5 205+10.0 330x6.0
Green pepper 80+0.4 162+4.0 243+3.0
Welsh onion, small 52+0.2 121+5.2 190+1.1
Radish 77+1.0 120+0.8 163+1.5
Radish leaf 117+1.2 170£2.6 223+7.0
Garlic 70+1.4 83%4.3 97+2.3
Welsh onion, large 72+3.9 145+1.7 123+1.5
Edible burdock 183+5.0 377+3.7 570+4.1
Chinese cabbage 90+4.8 123£3.0 157£0.5

1) Mean + S. D.

*1, 2. 3ppm are Fe concentration in m] test buffer solution with 1.5mg NDF.

A Z7hgol HHoz Uehdtia sigl
B e} vlas) 2w, Aol £/14 Aole]
A B4 Adel Agd Amsh $714 Ehol
whe} v et A o 4 itk
¥ A9ds, NDF: Ade) Agd 2E ol
Znnoh Feol tisl o & 188g 7h=
wom Algel Holdfol v Feol Z
F712 o] ola) A A WETHE AL

8
10w
w0
5
&

U
e @ o & ox

UK 5, Holdfel AR 2 ol AL 77
BRI Z7HE0) met Frkskelon Holdfel 7
o wet A@H el Apol7} At ols e Az v
Fol % w, ¥ Aol A8 Aol dhst F71de
FEN WM E T80 FRE SAAE 7
14 58 Aahst Holdfel Ago] AAA o
glome Al F71d o §EL mels % o)
A3} ojdel Qo] HE AESS Pulol T A
Ashe Anche 234 A5 Yk slo] g
cha yzech

2 <%

NDFe| R A2 37.8~85.5 % A oldAE
HE 8.1~255%2 RE AidlA ofdrr}t FEo
Agdch NDFo| 2718 (Hi, o) 48
pH7} Skl wet E71en pH 79014 Hh gt
el 2ith. NDFe] 438 7712 (2, o)l
ke 7714 ot FoHel met Svhlen sl
2 7S ALEF wet gk 2 H2EE

E‘] \:ﬂ-o

fijo rlo

o8

w}

2 g+ A8 A4l NDF7F HE 2 ojds) Agst
o Ao FR uiel Frid ZEE e zlol
7F Aohe RS Godth, @A BE §24] 9] o A
8= ol nied g 27 A v Ai
Soll Hla] w2 Fer Ueith =g H40 NDFE
oldxTt HET 3~4u) ¢t} go] AAFULEE E3
R ote] AFHo| B2 AMAES O HIAY BT
HE o & FAE nelsor & Aol g NDF9]
HE 2 ofdAzte] AFPHL o5 FU|HY F=E F
MNHEE Al Frlstd et 2 Agd AMS-E Ao
Aot #7149 wx vgE e el daidd



Vol. 8, No. 3(1995) o] &

o] dasA g1 ey FUige
o] 7714 o] &&S T3 2 W & gl A 4

ol st #71As) FEulg WA NE BRI ol
o Felo] St 4FE Buel o e Any
E a3 A5 4Ase o] miwsin 4zte
th 531 Mol 49 1 IS s el Aol
olsh 2o FRYEEM 2UHDZ B Frol 89
BRI Mrhel g Fashe ARe g

1. Schneeman, B. O. : Physical and chemical
properties, methods of analysis, and physio-
logical effects, Food Technol., 40(2), 104
(1986)

2. Vahouny, G. V. : Dietary fiber, lipid metab-
olism, and atherosclerosis, Federation Proc.,
41, 2801(1982)

3. Heaton, K. W., Haber, G. B. and Burroughs,
L. : How fiber may prevent obesity:pro-
motion of satiety and prevention of rebound
hypoglycemia, Am. J. Clin. Nutr., 31, S280
(1978)

4. Schneeman, B. O. : Soluble vs Insoluble Fib-
er- Different physiological responses, Food
Technol., 41(1),81(1987)

5. Kelsay, J. L. : A review of research on ef-
fects of fiber intake on man, Am. J. Clin.
Nutr., 31, 142(1978)

6. Prasad, A. S., Miale, A., Farid, Z., San-
dstead, H. H. and Darby, W. J. : Biochemi-

cal studies on dwarfism, hypogonadism and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

AfEo) A3 A+ 237
anemia, Arch. Internal Med., 111, 407(1963)
. Eastwood, M. A. and Kay, R. M. : An hy-

pothesis for the action of fiber among the
gastrointestinal tract, Am. J. Clin. Nutr., 32,
364(1979)

L wR2 L FuE gae] 9 dSTHEFA,

50(1984)

. Lee, K. and Garcia-Lopez, J. S. : Iron, zinc,

copper and magnesium binding by cooked
pinto bean neutral and acid detergent fiber,
J. Food Sci., 50, 651(1985)

427, ol8% ¢ Holu) HR4sh ZnBk 7ol
A4 AW ZathAlel B)4) & A, SRt

3] 7], 22(6), 539-546(1989)

Van Soest, P. J. and Wine, R. H. : Use of
detergents in the analysis of fibrous feed IV,
Determination of plant cell-wall constituen-
ts, JLA.O.A.C., 50(1), 50(1967)

Roberson, J. B. and Van Soest, P. J. : Diet-
ary fiber estimation in concentrated feedstuf-
fs, J. Animal Sci., 45(Supp. 1), 254(1977)
Mcqueen, R. E. and Nicholson, J. W. G. :
Modification of the neutral detergent fiber
procedure for cereals and vegetables by us-
ing a-amylase, J.A.0.A.C., 62(3), 676(1979)
Roger Fernandez, M. D. and Phillips, S. F. :
Component of fiber bind iron in vitro, Am. J.
Clin. Nutr., 35, 100(1982)

BAARS R @ 29 g A HIA, p. 69(1988)
SRl FEAY ¢ FEle] kAT (53 NA
), EAY, A18(1989)

Reinhold, J. G., Garcia-Lopez, J. S. and Gar-
zon, P. : Binding of iron by fiber of wheat
and maize, Am. J. Clin. Nutr., 34, 1384(1981)
Camire, A. L. and Clydesdale, F. M. : Ef-
fect of pH and heat treatment on the bind-
ing of calcium, magnesium, zinc and iron to
wheat bran and fraction of dietary fiber, J.
Food Sci., 46, 548(1981)

ol 4, s 4k : Dietary fiber7} 8 # o] &%



238

20.

21.

22.

23.

24.

A

5 Aol Al G, S FE A, 18(2),
115(1985)

Kelsay, J. L. and Prather, E. S. : Mineral
balances of human subjects consuming spin-
ach in a low-fiber diet and in a diet contain-
ing fruits and vegetables, Am. J. Clin. Nutr.,
38, 12(1983)

Kelsay, J. L., Clark, W, H., Herbst, B. J.
and Prather, E. S. : Response of human sub-
jects to three levels of fiber intake from
fruits and vegetables, Fed. Proc., 38, 767
(1979¢)

Harper, H. A. : Review of physiological
chemistry, 15th ed. , Lange Publishing Co.,
Los Altos, CA. p. 231(1975)

Sturkie, P. D. : “Avian physiology,” 2nd ed.,
Cornell Univ. Press, Ithaca, NY., p. 301
(1965)

Thompson, S. A. and Weber, C. W. : Influ-
ence of pH on the binding of copper, zinc
and iron in six fiber sources, J. Food Sci., 44,
752(1979)

r

o

25.

26.

27.

28.

29.

30.

Ismail-Beigi, F., Faraji, B., and Reinhold, J.

G. : Binding of zinc and iron to wheat bran

their components, Am. J. Clin. Nutr., 30,
1721(1977)

o3|z}, WA, HE 4 Fnujo} win| o] Ao
of @& o, =2 EnsrEA], 20(4), 576

(1988)

SA49  gToh @Rl B, A L ol s
o] olgsts EAAT, A S hetel upAle}

H=7(1989)

Berner, L. A. and Hood, L. F. : Iron binding
by sodium alginate, J. Food Sci., 48, 755
(1983)

Lehninger, A. L. : Principle of Biochemis-
try, Worth Publishers, Inc. New York., p.
296(1982)

A, 13 @ e mAREAFH FEe

B HEl, g Fste)A), 15(4) (1982)

(1995 9¥ 49 ++1)



