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Companson of Hair Iron, Zinc and Copper Concentrations of
Breast Fed and Formula Fed Infants
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ABSTRACT

The objectives of this study were to examine the growth pattern and hair trace -element
contents of healthy infants who wete fed breast milk(BF infant) and formula(FF infant) during
the first 6 months and its relationship to intake of trace elements. Bimonthly anthropometric
measurements were obtained on 32 infants through 6 months of age. Mean calculated ¢nergy,
iron, zinc and copper intake from breast milk at 2 months of age were 432.4kcal/d, 0. 19mg/d,
1.18mg/d and 0.22mg/d. The values obtained from formula were 543. 7kcal/d, 6. 68mg/d 2.
82mg/d and 0.33mg/d, rcspcctlvcly In spite of the 31gn1ﬁcantly lower intake of energy and
trace elements in BF infants than in FF infants, BF infants showed growth above the average .
Korean infant standard growth rate and showed no significant growth rate difference or hair
trace element content. Hair iron content in the BF infants at 6 mo. of age was positively
related to birth weight and iron intake at 2 mo. of age. In contrast, hair zinc and copper
content in the FF infants at 6 mo. of age as negatively related to height increment and weight
increment during 6 months, respectively. These results support the suggestion that BF infant's ,
higher iron, zinc and copper intake is attributed to the superior bioavailability of these trace
clements from breast milk. (Korean J Nutrition 31(4) : 756~766, 1998)
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Table 1. General characteristics of the subjects
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BF(n=9) FE(n=23) Total(n=32)
Maternal education yrs 13.2+0.4" 16.2+0.6 142422
Pregnancy wt gain(kg) 11.1+3.0 13.9+40 13.1%39
Gestational age(wk) 40.0+1.5 . 396+1.2 39.7+1.3
Maternal age 28.61+4.2 304136 299+3.8
Parity 1.3+0.5 1.2+0.5 1.2+0.5
Birth weight(kg) 36406 33405 33405
Male/Female(n) 6/3 10/13 16/16
1) Mean£SD n : Number of subjects, wt : weight
Table 2. Nutrient intakes at 2mo of age
Nutrients BF(n=9) FF(n=23) Totalin=132)
Energy (kcal/d) 4324 +217.0" 543.7+£92.5 512.4 £1443
(kcal/kg/d) 69.1 + 29.2* 95.8+13.1 88.3 + 221
Protein (g/d) 7.7 + 2.3% 13.6£2.2 120 =+ 35
(gkg.d) 12 + 03 24403 21 + 06
Fat (g/d) 250 £ 175 28.7+49 276 + 10.0
(g/kg/d) 40 + 25 5.0+0.7 48 + 15
Carbohydrate (g/d) 41.7 + 17.8* 57.8+£10.0 533 % 144
(mg/kg/d) 6.6 + 23+ 10.2+1.4 92 + 23 .
Iron {mg/d) 0.19%  0.271%** 6.68+1.11 485+ 3.11
(mg/kg/d) 003+ 0.03%* 1.18x0.16 085+ 0.54
Zine (mg/d) 1.18+ 1.18** 2.824+0.49 236t 1.04
(mg/kg/d) 0.18+ 0.16%** 0.50+0.08 0.40+ 0.18
Copper (mg/d) 022+ 0.11* 0.33+0.06 0.30%x 0.90
(mg/kg/d) 0.04+ 0.02** 0.06+0.01 0.05+ 0.02

1) Mean+SD BF : Breast fed group, FF : Formula fed group

* : Significantly different between groups by t-test(*p <0.05, **p<0.01, ***p<0.001)

dME 22 7.7g/d, 41.7g/d, 0.19mg/d, 0.22mg/d
2 1.18mg/d= FFz9] Ztzte) 4239 13.60/d, 57.
8¢/d. 6.68mg/d, 0.33mg/d, 2.82mg/dHT} SoH o
2 H5E B
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Table 3. Anthropometric measurement from birth to 6mo. of age

d g Felo §Fe 27} 4091, 147.7pg 2 11.61g
°2 FFZ9 42.0pg, 154.6pg 2 18.3ug3 frej &t 2}
o}& HolA] ¥kt

Month Witikg) Httcm) H.Ciem) C.Cem) A.Ckm) Tri{imm) Abd.(mm) Sub.mm) TST.(mm)
(nBng) 3.6+06" 51.0+2.0 34.7+2.1 339+26 11.0£1.0 6.1+14 42+13 50+1.1** 153+3.6*

Birth (niF23) 33+05 49.7+27 340+1.7 328+13 107+09 5.6+13 3.4%+06 4.1t0..7 13.0+24
(Jgtg'z) 33405 500425 342+19 331418 108+£09 57+1.3 3.6+09 44+09 137429

(nB=Fg) 6.0+0.8 58.7+2.2 393+1.1 395+24 135+10 103x1.6 88+1.6 88+16 280%45

2 mo. (ng:23) 57405 575+19 39.1+1.1 38.6+15 134+08 105+1.0 85x14 9115 28.0+34
(,,Tgtg'z) 58+06 57.9+2.1 392+1.1 389+1.8 134+08 104+12 B86+1.4 9.0+1.5 280+36

(nE-f9) 75+10 637122 421+14 428+19 150+1.1 11.5+13 106+1.2 9915 319+3.6

4 mo. (n—‘F—F23) 73+08 633+2.2 414+1.1 420420 146+09 115x+09 100x14 98+15 314+3.1
2;‘0222) 73408 634122 416+1.2 422410 147+1.0 11509 102+14 98+£15 315432
(nB:Fg) 8.8+1.1* 68.1+2.2 43.6+1.2 448+1.6 155+1.2 338+1.6 11.1£09106+1.0 33.8x1.6

6 mo. (niF23) 8.1+08 67.7+2.1 43.1+1.1 435+1.8 149+08 12.1+1.0 103+1510.0+£1.4 323+33
(Jgtg'z) 8.3+09 ‘67‘8i2.1 433+1.1 439+18 150+10 121409 10.5+1.4102+1.3 327429

1) Mean+SD BF : Breast fed group, FF : Formula fed group, Wt : Weight, Ht : Height, H.C : Head circumference
C.C : Chest circumference, A.C : Arm circumference, Tri : Tricep skinfold thickness,
Abd : Abdominal skinfold thickness, Sub : Subscapular skinfold thickness, TST : Tota! skinfold thickness
* : Significantly different between groups by t-test(*p <0.05, **p<0.01)

Table 4. Trace element content of Hair at 6mo. of age

Nrtrient BF(n=9) FF(n=23) Totalin=32)
Mean+SD 409+421" 4201348 41.7£359
ronteghy Median 18.71 28.84 26.73
25th 15.00 13.49 13.49
75th 40.84 60.5 60.39
Mean+SD 1477996 154.6+136.1 152741253
Zinclugl) Median 94.63 13058 13035
25th 91.61 67.00 16.67
75th 144.09 174.97 168.87
Mean+SD M6+7.7 183+16.5 166+17.4
Median 11.28 9.43 9.43
Copper(ig/g) 25th 6.18 442 4.42
75th 15.94 23.41 224

1) Mean+SD n : Number of subjects

BF : Breast fed group, FF :

Not significant different between groups by t-test p<0.05

Formula fed group
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Table 5. Correlation coefficient among hair trace element content and maternal characteristics, dietary intake, growth of

infant
Group Hair Fe Hair Cu Hai‘rvlzn o
» BF 0.3757" 0.4539 -0.4801,
Pregnancy wt gain FF - 0.0266 -0.3431 0.0721
Total 0.0765 -0.1938 -0.0113
BF 0.5031 0.1840 "-0.3467
Gestational Age . FF 0.1761 0.4295* -0.3591
Total 0.2909 0.3660* -0.3483
BF -0.3758 0.2179 -0.1800
Maternal Age FF -0.0454 ~0.3309 -0.0040
Total -0.1706 -0.2023 -0.0382, ]
BF 0.7260* -0.2369 -0.3703
Birth weight "~ FF -0.1792 -0.0958 =0.2604
Total 0.1922 -0.1306 ©—0.2745
BF -0.0852 -0.2101 0.4597
Wit gain during 6mo. FF 0.0904 ~0.4794* 0.0324
Total . 0.0195 -0.4196 0.1269
BF -0.5655 0.0970 0.6299
Ht gain during 6mo. FF 0.3931 -0.4029 ~0.6071**
Total 0.1066 -0.3250 -0.3582
BF - 0.1299 0.0291 -0.0371
Energy intake at 2mo. FF -0.0592 -0.2727 -0.0687
Total i 0.0408 -0.0778 -0.0365
BF -0.0078 -0.3137 0.0645
Protein intake at 2mo. FF -0.0198 -0.2938 -0.0322
Total -0.0009 ~0.0514 0.0126
BF 0.0738 ~0.3547 0.2978
CHO intake at 2mo. FF -0.0643 -0.2700 -0.0747
Total 0.0056 -0.1197 0.0483
BF 0.1457 0.2382 -0.2014
Fat intake at 2mo. FF -0.0641 -0.2683 -0.0721
Total 0.0622 -0.0306 -0.0957
BF 0.9307* -0.4944 -0.2274
Fe intake at 2mo. FF 0.0567 - 0.3251 0.0293
Total 0.0447 0.0559 0.0289
BF -0.2073 -0.5894 0.1069
Zn intake at 2mo. FF -0.1181 -0.2168 -0.0834
Total -0.1010 —0.0490 0.0126
BF —-0.2401 -0.2304 -0.2059
Cu intake at 2mo. FF ~0.0506 -0.2976 -0.0731
Total -0.1082 ~-0.1135 -0.0753

1) Correlation coefficient BF : Breast fed group, FF : Formula fed group, wt : weight
* . Significantly different between two variables(*p <0.05, **p <0.01)
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Table 6. Stepwise regression analysis for hair trace element content and infant-, maternal factors

Depe_ndent Group Independent variable Parémeter SE R? T-value P-value
variable estimates

Hair zinc - Ht increment during 6months ~35.66 8.27 0.5486 0.0003 0.0023*

Gestational age ~47.12 16.68 0.0105 0.0227*

Hair copper FF Wt increment during 6months -14.67 5.86 0.2298 0.0206  0.0224*

Ht : Height, wt : weight, SE : Standard error
* . Significantly different between two variables(*p <0.05)
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ceruloplasmin® 2 ¥-X3l=d], Ho FitsiA =M
°] ceruloplasmin®] & ¥ o,

ol Agt7ldl 8 JF Fado] He AFU 72
9] $%rt @Yod Hole] HIFHAAHQA ARy} Wy A
of, W1d 2 27 Folg 42T & U Zhe 0.
04mg/100mle] Fe1& &Rt ZAEHRE 0.1mg/
100mle] el & Hsta oeua®™ gGfolel A4
Wl me} Fele] AU AP = zfolrt & Ao
2 7Iggleyt, B AN e ERrYddet 0.
22mg/d(0.04mg/kg/d)e] TEl& HFHstA, ATIL
o7} 0.33mg/d(0.06mg/kg/d) el +EIE A3 3 Al
Hg fojFee e ¢ A= Ty
2] gole AJo] & Holx] Yt}

Mcdonald® E= 2940} 0.27mg/d(0.05mg/
kg/d)el Tl AFHdlY AFFddort HAF 0.
39mg/d(0.07mg/kg/d) Bt frejdoz Hlov F
aFT RS AL FARBKE YL Bnd v gich
=3 Murthy®= 283 9] Fel4d# 32 A2ue] +
g gtarate) Ao & R B

E£Y9] Frank"& 259 gote} Qg go} 2o &
Ao e v AF 9l 22} 88.312/100ml,
86.912/100mI2A F-eje Apo|7} glS-& Budot.
ol A% A g A3 Folo] A FEl9] F
T FE AA AR A xd &8-S Akt




ZA RG] FHE T YAjo|8-go AT F=
QA7) o} /7] Ee v EU S AAS vt Ut

QI7to| AA ofdAel AE2 Prasad’l 1961d. At
Al Aol AT FA Aol BEFT o|he] o™
oo Al A& wAsd 1 T, ofd& sk
A}, GlA o) AAE Be a9 BAd d5A
olmg E3] ofolo] A W ul¢ FaF JU
dolt}, walr] ojgdo] AEE AL ARAA, A&
g, d5asl gEshy §igso] 2dE 4 go®w,
£3], o} Aubyel] AslA 2R Fudeke] Fof
7} & F 3ol Bauso] B IAFAI T U,

u]29] Krebs®e EH9%ote] ¢ A4R9] ofd
" o] RS A$ 283 Aol 4 7)H ol
AF EEFo 2 GfololA 44Ade] 2 HEA
£ 7323 bl gl

B Aol ofd dA BRG Uo7t 1.18mg/
d(0.18mg/kg/d)& AFstd AFFFore] 2.82mg/
d(0.50mg/kg/d) Btt @A 3] @& HFE HAs=
A% 9 Fihy ofdd el 2% Ael7t gl
AZ=9] Salmenperi®¥E 1251g/kg/de] L o1
HHE 19 2ol Aol BEHFA A
dojux] 98¢ Hustoct.

Airke] Macdonald $¥= o] A el o
2 Fle] ol 7] 5o Hlwdn, i Yol
A AR olde] AF7L QTG Fotall MKt folF
o2 YUgkgor BHoddole] Fihl oldTEe I
4257 g8 Budch dEe RRdgert? B
2 oldgFHdx EF8ln old &9 Fvkek Uiy
olele] B A7) YASS Bag A FHAA B
o A& ofe] o}d HFHAlole vlFgdre F4gol F
7hed W ol WalA <l ol fecal excretion®] 7+
&3 71903k Rog YAEr. & Thd FRE
olgle] g A o] &&°] J&E FEY F o
k. olA7A BRUlolA olle] o] FE EFE 84
7} 843 EA 1 A= o, B ozt A
gehe A EAEZA (LMW tigt 4771 HasEn 9]
o},

% Ho|gFFe] & Z7ite ol T £
A s vlgske AL Aol itk A=y
FUo| M 3~54 2olE tldeR § T 513
FLHATARGTREEE © 33.4pg/g, BT oldEE
65.16pg/g, BT TBl¥E 19.73ug/g)7} HZ Heost
Sons*¥o] o8] HuHUS ¥, dole] F gy
&9 PFATE A7 4Ho]B2, Canada®l Me-
donald® |79} vws| BSkeh ofdel Ae & AT
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o] mgoiofole] Fubewsl 94.63u/s(3AR R
At mgdakole] 156pg/g(ZR BT o) st
T, 2 A7 AFdgore] el old FEE 130.
6pg/g(ZR) o2 At FdUote] 134ng/8(59)
T fALEIATH FElo] Fuhy FEe B Ay v
fg ol 11.281g/g(FUF) 22 At =4 Fot
9 1lpe/g(ZAaT wi$ sAketg o, Qg gol
9 #9E B AT A7 943ug/g(Frh o st
Aol 13.1pg/g(FAFH BTk Tha st} ‘
o9} o] AojolAe] AE FE] g ojde] M}
ZHALollAN frelHeE BokgdE B,
2godokole] Fuh) o] wadokiel ¥wst AF
Jorolel §olQl Hfo]E Holx] Fe He ke 37t

A= AT £S5 Qi

AR, BHoAM olE nlFgdie A3z uE
(ratio)oll 3 Er g WA o] &-go| Y& Aoz A
ZHew | B8, Jopdutr)el wdaly Bk viEkd i
A ¥4l (redistribution) 7t delvke Aoz AztE 1,
ARz A% e7hdEteleis A77)2to] vl 4
ANA R Qg HoldH ol e FHE FEsdl
v B 5 UL AN B 4 9l = 2oid
geka) olo}l wAl9] gQ1E7e] AU E B A
I BHggolTold T ARFT A AF
2 fgge] HE HHTol B %o ARBAE R
ok, dggdgolTlX e ol Qo] Ty HE
ko] odl ARAHE Holx| e Ho= Hol Bf
o} AR vlEggre] AU olg-&o Ao
E oA gk Az B 4 gl :

AR ZAF ol T Felexst A1
& oko] Aol AA AL, 53] AdFPYole] A
o|E9] AL o A Yebgth Widdowson™5-&
glo} 22 Te)§sk Z 80%7}eko] Al Fukld &
Aol Ao}, B9hA] Aol A FZ A& 15~1Tmg
o] 77t FRIAVSE AAIF vt okl Fhi)
o gjole] o 2HHE Fele A4S} AT
F2lo) o opitefol] gk npA 4= glomz ZAlolo}
n] ol Al T 2R HsAel AAE ¢ Y. ¢
gl M E l4ole] T2]dH S MenkesHol B
1wk e, ' .

T3, AFGgolral gt Fihy old € FeElex
o} ezt A5 g NS S0 AREAE
Hol A & d4yd & gout ZATRE AFA
H ol BFE AFse dolen ol viFgda
o] AWEIIL TOE 4= 93, F o] 2 A el= A
&S Z AT FE T F ITh
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2ojol|lxje] o}t Fejol HFBR= A alle]
gole] Fuhl viFPgs ko) v S v
Ackar A& 4= giot

v]=9] Hambidge®™ & A1oP7153H 44 o2&
dHEE Yo s T ofddEe A3 A9 F
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¢ oleg tde 3 JAFNNP PR F
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5L F Y5 oo S uls AT viejFiete
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# oA FT A E&EFo] Al o] MY
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FArg el #3 A7 U3 AP 3 o
U, Fulold e gote] vlEdie] JPde] A7 1
B]3le] n|FYaMF o) B A8t RESEE o}
o] HHA o] o3P vjFgdL 8T7HFL o}z &3}
A AXE 3 A £ FHeldt. wer, 2ve 9
o5 Yoz Ased mE wEglie gy
&) A7 3 s]ojof & B eXo] A&t

% U AE

£ a7 SATTEH AT iR BT o}
329l il 7] JFTF LAl w2t ZHF Lok,
QTBYolr ez TR Bt ZAERIAY <l
U] g GF AHTE, LT Aol BF 670Y
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1) A% 270939 oiz) o dgae] HHFe B
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o] Aol & HQl Jdhe Aot
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o] JIFFLoIETt AR EUd RS Astn
T e ofd AAPEE FHEE Fr @ Aol
g Ho|A] sty AF ol =5 e BEE
| olde] 44E Bt
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