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Absiract

Selenium contents of infanl {ormulas that were commercially available in Japan and Korea were delermined
by the method of atomic absorption specirometry with hydride generation. Tota]l means of selenium contents
were 45.2 ¥ 22,1 ne/e (n=34) in ail the Japancse formulas and 5837 189 ng/g (n=22) in all the Korean formulas.

Selenium contents of

milk-based formulas (54.7 £23.2 ng/g in Japan, n=20 and 64.8% 126 ng/g in Korea, n=18}

were significantly higher than ihosc of soy-hased formulas (36.8110.2 ng/g in Japancse brands, n=3 and 26.67F
16.2 ng/g in Korean ones, n-3) and special-use {omulas (30,1 L11.0 ng/g in Japanese brands, n=11 and 364 ng/g
in Korean one, n~[ ). Based on selenium data of these formulas Lthe selenium inlakes of infants have been estimated
io be about 6.6 1s/day in Japanese and 8.1 ug/day in Kercan by milk-based formula feeding.
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INTRODUCTION

Selentim has heon recognived as an exsential clement {or
human body: an esseniial componert of glulathions ner
oxidase (G VO 11L19), which 1s an antioxidant enyzyme
to protect colt
peroxide and hydrogen peroxide (1), The enzyme activity n

P membranes from oxidative damage by lipid

plasma as well as serum selenium concenlration 18 iowor
i newhorns thar in thelr mothers and other adulis {2.3).
There is & good correlation between plasma selenium content
and plasma GPx activity (4.5). Supplementation of sclenite
to ir‘.f’an" form"ki increases plasma selenium and activity of
GPx (6). Low sclenium intake of formula fed infants leads
to both ‘Lhe very low selenium concentrations and GPPx
activities in serum and whole blood during the first month
of Jife (31, A low selenium concentration in plasma at birth
and a further decrease in plasma scieniam during the first
moenth in infants are reported (7). Therelore, the selenium
concestration and GPx activity in plasma of infant can
depend on human mitk and/or formula miake.

Wo have reported the selentum content of colostrum and
transitional milk collecled from Japanese women 1o carly
lactation (8) and from Korean women during the course of
luctadion (9,10). In this work we
selenium content of &

have investigated the
nfant formulas commercially avatable
in Japan and Korea and we have estimated a daily dietary

selenium intake for infants fed on formulas.

MATERIAL AND METHODS

Samples
Infant formulas commercially available in Japan and

((vrrmpnndmg author

Kovea are classified into three groups: cow's milke-based
formula, sov -based formula and special-usc 1ormulas for
allergy, diarrhes and premature infants. The mitk based
formulas are divided furthermore into two groups: for infant
aged O o 5 moenaths or § e 12 months and for weaning
infamts aged more than 5 months. Theose formulas were
manufactured m 1981, 1995, 1863 and 1997, Formulas brand’s,
manfactured company’s name and a sample number are
listed in Table 1.

Cow's milk commercially available in japan, the same
brand of Yukijirushi Co. 1td, 58 samples, manufactured in
1989 10 1997 were also used for selenium analysis,

Selenium analysis

The selemum content of formula was determined by
atomic absorption spectrometry with hydride generation
(HG-AAS) with the detection lmit of 0.2 ng/mi of seleniurs,
after decomposition of the milk with a mixiure of nitric and
nerchloric acids and then reduction of all the selenium to
setenite by botling with hydrochloric acids, as desertbed by
the authors (11 14). TFairly good agreement of selenium
de ermination was obtained between the certified valve of

115001 Be/g and our data of 010310008 ug/e (RSD:
(’).‘ U0 from six determinations, applying to the standard
refercnce material NS (National Bureau of Standards,
USA)Y SEM- 1549 milk nowder. Precision of formula
selenium analysis can be considered 1o be faily good in
lrace ppb level apalvsis, since the relative standard
deviation (RSDY of our dula was calcuiated {o be 6.2%.

Statistical analysis
The selentum content of formulas was shown as a mean
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Table 1. Sample descriptions of Japanese and Korean formulas
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Sample no.

Brand name

Dairy products Co
manufactured

: Lid.

Milk-based

Japan infant formula powders

0 to 6-12 month 191-1 Meiii FK-P (0-12m} Meiji-Nyugvo
Jor-2 Yukijirushi Neo Le (0-12m) Yuldjirushi- Nyugo
Je1-3 Morinaga LK-P (0~12m) Murinaga-Nyuagyo
J9h-4 Soft card F&P-f ((-12m) Meiji-Nyvugya
Jo5-5 L-ai (0-9m) Yuldjirushi-Nyugo
Jo5-6 SMA S-268 (0-6m) Nihon Wyeth
JoT-7 [ohoemi {0-12m) Meiji-Nyugyo
Jo7-8 L-ai (0-8m) Morinaga-Nyugvo
6 month of more J97-9 SMA 5-26 Baby {0-9m) Nihon Wyeth
Jei-10 Meiji Step Hi (6 -12m) Meiji-Nyugyo
Jo1-11 Meorinaga Tirumiru (6-12m) Medji-Nyugvo
Je1-12 Yukijirushi Tuyoiko (6- 12m) Yukijirushi- Nyugo
J95-13 Step (9m- ) Meiji- Nvugyo
19514 Tirumiry Ayup (6m- ) Morinaga-Nyugyo
J85-15 Tuyoike (bm- ) Yukijirushi- Nyugo
J95-18 SMA Follow 6B (6m- ) Nihon Wyeth
J97-17 Step (Bm- ) Meiji-Nyugyo
J97-18 Tirumiry Ayumi (8m~ ) Morinaga- Nvugvo
Jer-19 Tuyoiko (9m- ) Yukijirushi-Nvugo
Jer-20 SMA New Follow (8m~- ) Nihon Wyeth
Soy~based Jos-215 Soyameal Metji-Nyugyo
J95-228 Bonlact-i Wakodo
JOT-238 Bonlact-i Wakodo
Special-use J85-24A (L} Epitoless 706A (protein hydrolysate) Metji-Nyvugyo
Allergy JO5-25A (L) MA-1 (protein hydrolysate) Morinaga-Nyugyo
J95-26A (1) Pepdiett {protein hydrolysate} Yukijirushi-Nyugo
J5T-27A (L) Epitoless 706A {protein hydrolysate) Meiji-Nyugyo
J97-28A (1) MA-1 (protein hydrolysate) Morinaga- Nyvugyo
J95-28A (1) Elememtal Formula 6057 (amino acid) Meiji -Nyugyo
Diarrhea Jo5-300 (1) Lactless {protein hydrolysate) Meidji-Nyugyo
J95-31D Akachan -E {protein hydrolysate) Morinaga-Nyugyo
J97-32D (L) Lactless (protein hydrolysate} Meidji-Nyugvo
Jo7-33D Akachan~E (protein hydrolysate] Morinaga-Nvugyo
Premature J95-34P Neo—milkk PM Yukipirushi-Nyugo
Korean infant formula powder
Milk-based
0 to 5-6 month K92-1 92 Low-heat } {0-6m)} Pasteur
K92~-2 Mamma Omega-1 (0-5m) Maeil
K933 Maeill Mamma 171 (0-5m) Maeil
K93-4 Imperiaj-1 (0~5m) Nam Yang
K33-5 Nam Yang Formula-1 (0-5m) Nam Yang
K93-8 Nam Yang Roval-1(0-5m) Nam Yang
K93-7 Maeil SF-1 ((~6m) Maeil
(3)5-8 more K92-§ 92 Low-heat 2 (6-12m) Pasteur
K92-9 Mamma Omega-2 (5-9m) Maeil
K93-10 Macil Mamma F-2 (5-9m) Maeii
K93-11 Imperial-2 (5-9m) Nam Yang
K93-12 Nam Yang Formula—2 (3-9m) Nam Yang
K93-13 Num Yang Royal-2 (3-9m} Nam Yang
K93-14 Weaning—1 (3-7m) Pasteur
K93-15 Weaning-2 (5-12m) Pasteur
K93-16 Weaning -3 (7-12m)} Pasteur
K93-17 Wenning-4 (8-12m) Pasteur
Ka3- 18 Weaning—3 (12m- ) Pasteur
Soy-based KA93-195 Macil SF-2 (soy) Mavil

Special-use
Diarrhea

K83 -208
K93-215

K33-22D

Nam Yang Hop Alleray (soy)
Nam Yang Hop Alleray (soy)

Nam Yang Hop Diarrhea

Nam Yang
Nam Yang

Nam Yang

CHO : Carbohvdrate
A ¢ Formula for mitk-allergy infant
U ¢ Formula for diarrhea infant

P @ Formula for premature infant (milk base formula)

R

: Soy base formula (milk -free)
. Lactose intolerance infant

. Japanese formulas

T Korean formulas
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of 3 or 4 determunations of the same sample. Daia are
expressed as means with thelr standard deviation. Statistical
analvsis way performed using ANOVA and Student’s 1
test, Differences were considered to be significant when
<005,

RESULTS AND DISCUSSION

Scieniuom conlent of cow’s milk

We have investigated the concentration of selentum in
Japanese commercial cow’s milk, Fig. 1 shows the lon
gitudinal change in selemum content of the same brand of
cow’s milk manufactured n 1989 1o 1997, There was little
change In the milk selenium content (185423 ngfy, n=mi
samples) for nine vears. In addition there was also little
change in the selerium content of 17 lots of different hrands
of cow s milk manulactured in different parts of Japan from
tlokkaido in the north to Miyazaki in the south of Japan,
regardless of the milk-fat content, resulting In an almost
constant value as an average of 182139 ngfg, nel7
samples, which was reported by the authors (8], These
similar results of 19.5 123 ng/g and 182139 ng/a seem to
depend on almost identical routine-feed at Japanese dairy farm.

Selenium content of formulas

Analviical results of selenium are fisted 1 Table 2 for
all the forrmla sampies with other nutrient amounts labelled.
Alots of nutrlents, that 1s, carbohvdrate, protein, fal and
ash in proximate composition, and Ca, P. Mg, Na, Cl and
K in macromineral, and Fe, Cu, Zn, Mn and { in micromineral
were labelled by brands but Se was not labelled. Table 3
summarizes an average selenium content of formulas clas
sified inlo three groups: cow’s milk based, soy -based and
spectal use formulas. All data between Japanese and Kore
an formulas arc not statistically different. But selenium
contents in milk-hased formulas (34.7 2232 ng/g, n=20 In
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Fig. 1. The logitudinal change in selenium content of same brand
af cow’s mitk commercially available W Japan (Yukijivushi 3.5).
Average selentum content of al! the 58 samples (Yukijirushi 3.9)
from 1989 to 1997 was to he 8.5 123 ng/e (n=hal,

*Daie of the next monih.

Japary, GLE T 126 ng/e, n=18 in Korea) were significantly
higther than in soy: based formulas (3687 102 ng/g, n=3 in
Japan: 26.616.2 ng/e, 1=3 in Korea) and special- use fomulas
{30.1 £ 11.0 ng/g in Japanesc brands, n=11 and 36.4 ng/z in
Korcan ore, n=1) (p<0.0%). The selenium contents between
the milk - based formulas for infants aged 0 to 5 months
or 01o 12 monihs (4907390 nfe, in Japan, n=9 3581121
ng/g, in Korea, n=7) and Tor weaning infants aged more
than 5 months (59.3:F26.1 ng/g, in Japan, n=1l 706295
ng/g, in Korea, n=11) were not statistically different. The
selenum contents between special-use and soy -based formu-
fas were not statistically different, cither,

The protein sources of these special-use formulas are
from prolein hydrolysate (Table 1), Accordingly this lower
selenium content (30.1 T 11.0 ng/g, n=11) may be due to the
ioss of selenium in the proteln hydrolysis treatment. The
lowest selenium condent (4.1 ng/g) s found in the formula
for millc-gllergy 193 254 (LY, which i clemental formula
composed of amino acids as nitrogen sources. Since highest
selenium content (161 and 162 ng/g) is found in two lots of
Japanese skim milk powder for culsine (8), from which the
milk-fat has been removed, amounts of intrinsic selenium
in infant formulas are probably associated with protein
ingredicnts such as casemn derived from milk or 1solated soy
protein,

it has been known that dictary sclenium is normally asso-
cluted with proteing: the greatest contribution of intrinsic
selenium comes from the protein ingredients, cg., whey,
casein, or isolated soy protein (15). The selenium and protein
content in breast milk are positively correlated, which may
he explained by the occurrence of seleno-aminc acids in
proteins (16). Most selenjum cccurs in tissues as seleno
amine acids in proteinsg, either in specific selenoproteins or
as a resull of unspecific Incorporation along with sulphur-
amino acids (17).

Milner et al. (18) has reported that most selenium 1n human
milk is protein bound and at lcast nine selenoproteins are
detected in dialyzed milk samples by the molecular sicve
{Sephadex) chromatography and that glutathione peroxidase
accounted for 15~30% of selenium found in milk.

Comparison with human milk

The selenium concentrations of formulas for lactation are
caleulated to be 7.7 and 94 ng/ml for the Japanese and
Korean milk -based formulas, respectively, and 9.2 and 3.7
ng/ml for those sov based [ormulas, since infant formula
powder s generally used for dissolving with warm water
to be 14 to 15% solution. There are other data on infani
formulas; in the United States the selenium concentrations
were 5 1o 24 in two lols of different brands of mille based
formulas {15) and 7 to M ng/ml mn four lots of soy-based
formulas (13); study in Finland showed the selenium
concentrations of a locally produced milk -bagsed infant
formula 1o be as low as 3 1o Sng/ml (3). The selenium
content of nfant formulas varies as g resuli of differences
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Table 3. Selenium content (ng/g) of Japanese and Korean
formulas

Infant formula Japanese formulas Korean formulas
Milkk-based (average) 575232 (n=200 6487126 (n=18)"
0 to 5-12 month 4917190 (n=9)  BBR=IZL (n=7)
5 month or more (weaning) 5937261 (n=11 7067 85 (n=11)
Soy -based 37102 (=3 B6+162 (=3
Special-use (average) 301110 (n=11" 364 {n=1"
Allergy 2701122 (n=6) :
Diarrhea 313+ 83(n=4) 364 (n=1)
Premature 437 {n=1) -

Total mean B2FRE 73 SEITIRH(n=2D)

Mean==5D. All data between Japanese and Korean formulas are
not statistically different. “*The same letters in the column are
not significantly different at 5% level.

in the amounts of intrinsic seleniunm in the ingredients.

Selenium content of worldwide mature human milk has
been summarized as an overall mean of 18 ng/ml ranged
7 to 33 ng/ml with 99% of the 241 subjects from 17 states
in the United States (19): 10 ng/ml (&) and 18 ng/ml (§,15)
in Japan, 12 ng/ml in Korea (9,20} 13 ng/m!l in Greece (15}
17.6 to 31.0 ng/ml in Germany (21); 10 to 100 ng/ml for low
and high selenium area in China (22); 2.7 to 10.7 ng/ml in
Finland (1.8} 2.6 ng/ml for the Keshan disease area in China
(22); and 10 to 20 ng/ml as a general value (1),

In conclusion, selenium concentrations In Japanese and
Korean milk-based formulas are considered to be almost
equal to human milk selenium, whercas these soy based
formulas seem to be somewhatl lower than In human mature
milk but not in the level of 26 ng/ml for the Keshan discase
area.

Estimated selenium intake of infants

In this work the dietary selenium intake was calculated
to he 6.6 and 8.1 ug/day for Japanese and Korean infants
fed on milk-based formulas and to be 4.5 to 3.2 pg/day for
those infants fed on soy~based formulas, respectively, hased
on a formula milk consumption of a mean 850 ml per day
(23), Tt is indicated that the selenium intakes of Japanese
and Korean infants fed on these milk-based formula are
almost equal to 6,98 ~8.38 ug/day estimated from the infants
fed on human milk of our previcus data (9).

Recommendations of selenium requirements for infants
and children have been extrapolated from adult values on
the basis of body weight, resulting in i and 15 ug/day for
the first and second 6 months of infants by NR.C. in 1939
(24). Other recommended dietary allowance as reference
nutrient intake for 0 to 3 month infant and 4 to 6 month
infant in England is estimated to be 10 and 13 ug/day,
respectively (25).
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