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Effect of Infant Cereals on Zinc
and Copper Absorption During Weaning

Janet G. Bell, PhD; Carl L. Keen, PhD; Bo Lonnerdal, PhD

® Zinc and copper absorption from
tive infant cereal products mixed with
water, human milk, or cow's milk was
measured using an in vive absorption
medel (rat pup) involving gastric Intuba-

tion of extrinsically radiolabeled dists.

Whols-body copper 64 uptake, nine
hours after Intubation, ranged from 14%
to 31% of the dose glven for the different
cereal combinations. The resultant blo-
availabllity of copper from human
milk—cereal combinations (23% to 26%)
was significantly lower than that from
human mitk alone (38%). Whole-body
zinc 65 uptake, nine hours after Intuba-
tfon, ranged from 13% to 54% of the dose
given for the ditferent cereal combina-
tlons. These values were significantly
lower than the whole-body zine 65 up-
take from miik alone {61%). ZInc availa-
bility was lower (13% to 25%) from dry
cereal combinatlons that contained
phytic acid {oatmeal and high-protein
varieties) compared with the ready-to-
serve cereal-fruit combinations (24% to
54%). The highest zinc uptake (37% to
54%) was from rice-fruit combinations
that do not contain phytic acid. We est|-
mated the amounts of zinc and copper
that would be absorbed trom these ce-
real products and speculated on the po-
tentlal impact of these foods on the
weaning infant's: zinc and copper nu-
triture. Depending on the feeding prac-
tices employed during the weaning pe-
riod, it is apparent that infant cereals
may compromise utllization of zine and
copper from miik diets during weaning.
(AJDC 1987141 1128-1132)

While the importance of zine and

copper nutriture during early in-
faney is recognized,™ the impact of
weaning foods on zinec and copper
status in the older infant has not been
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adequately evaluated, However, die-
tary dependency on zinc and copper is
greater during the weaning period
since the liver stores of these essential
nutrients, which are accrued pre-
natally,® will be used in the first few
months of life to meet the needs of the
rapidly growing infant.

There has been recent speculation
that the weanling infant may be par-
ticularly vulnerable to zine deficiency.*
Krebs et al” and Walravens and col-
leagues® identified a population of
preschool children whose response to
dietary zinc' supplementation sug-
gested that the children’s failure to
thrive may have been due to a mild zine
deficiency. The growth percentiles of
these children typically began to
decline during the weaning period,
suggesting that this mild zine-defi-
ciency syndrome commenced at this
time. The fact that elinical manifesta-
tions of the recessively inherited disor-
der acrodermatitis enteropathica do
not appear in the breast-fed infant
until the time of weaning implies that
the zinc status of the older infant on a
weanling diet may not be as favorable
as that of the exelusively breast-fed
infant.?

The possibility that the weaniing
may also be vulnerable to suboptimal
capper status cannot be ruled out, One
dietary intake survey found copper to
be the limiting nutrient in infants dur-
ing the first year of life.” The fact that
the peak incidence of copper-defi-
ciency anemia is at 7 to 9 months of age
in malneurished children™* suggests
that the weanling diet may have a
greater impact on the infant’s copper
status than is presently appreciated.
Since copper concentrations in com-
mercial formulas are often lower than
recommended levels,* it is possible
that the formula-fed infant may be at
greater risk of entering the weaning
period of suboptimal copper status
than the breast-fed infant.

Cereal products, commoenly intro-

duced as the first weaning food, are
iron fortified to help meet the needs of
the weaning infant.” However, the lev-
els of zine and copper in these cereal
products can vary considerably.*®
While there has been some effort to
determine the bioavailability of iron
from these cereal products,®= very
little is known about zinc and eopper
bieavailability from infant cereal prod-
ucts alone or in combination with milk
or commercial formulas.

Assessing the availability of zine and
copper from these diets is difficult
because absorption measurements in
infants are limited to the indirect
method of a balance study, or to stable
isotope techniques. Both methods are
time intensive and costly. Adult hu-
mans and suckling animals have been
suggested as valid models for direct
measurements of absorption from ra-
diolabeled infant diets.®* We have re-
cently found excellent eorrelation for
zinc-absorption data obtained in
human adults, infant rhesus monkeys,
and suckling rat pups.®

The suckling rat pup model, which
we developed to study zine and copper
absorption from infant milks and com-
mercial formulas,** was applied to
assess the bioavailability of zine and
copper from five cereal products alone
and in combination with human or
cow’s milk,

MATERIALS AND METHODS
Animals and Diets

Virgin female Sprague-Dawley rats
weighing 190 to 200 g were purchased from
a commereial source, All animals were indi-
vidually housed in suspended stainless
steel cages in a temperature- and light-
controlled room (22°C, 12-hour light/dark
eycle) and were acclimated for a minimum
of seven days, during which they were fed a
complete semipurified diet. Details on the
composition of the diet have been published
previously.¥ Female rats were mated over-
night with male rats of the same strain who
had been fed a pelleted diet. A total of ten
litters were used.
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Dint Zing Coppar
Rice-fruit 1.3 0.19
Water 0.4 0.06
Human milk 1.8 0.15
Cow’s milk 29 014
Qats-truit 3.2 0.56
Water 1.1 0.18
Human milk 25 0.27
Cow's millc as 0.28
Rice 13.1 2.1
Water 1.1 018
Human milk 3o 0.28
Cow's milk 4.5 028
Qats 27.9 45
Water 23 0.38
Human milk 4.2 048
Cow's milk 57 0.48
High-protein 359 10.6
Water 3.0 0.88
Human milk 49 0.99
Cow's milk 6.4 098
Human milk 2.1 012
Cow's milk 3.7 011

Three varieties of dry precooked cerea]
{rice, oatmeal, and high-protein) and two
ready-to-serve cereal-fruit varieties (rice
with applesauce and bananas, oatmeal with
applesauce and hananas) were mixed with
deionized distilled water, pooled human
milk from healthy donors, or commereial
cow’s milk to represent a combined infant
diet of milk and cerea]. Combinations with
water were included to assess zing and
copper bicavailability from the infant foods
alone. Dilution ratios were 1:12 (wt/vol) for
dry flakes and liquid and 1;2 {wt/vol} for
ready-to-serve foods and liquid. Diluted
diets were equilibrated with zjne 65
(1pCi'mL) and copper 64 (10 wCimL) for at
least 12 hours before feeding. The dual-
labeling technique is posaibie sinee Ccopper
64 has a haif.life of 12.8 hours and zine 65
has a half-life of 244 days.

Intubation Studies

Fasting Sprague-Dawley rat pups (20
days old) were fed 0.5 mL of radiclabeled
human milk, cow’s milk, or a cereal combi-
nation directly into the stomach with an
8-erm animal feeding needle with a ball
diameter of 2.25 mm. Tp minimize variation
among litters, diets were assessed within
litters (three diets per litter). Nine hours
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Copper 64 Distribution,

% of Dose = SE

Diet Rats Small Intestine
Water
Oats-fruit 6 16208
Rice-fruit 5 58+13
Osatmeai <] S56+186
Rice B 8122
High-protein 5 85+39
Human milk 3 14520
Te.  Cats-fruit 8 4.0x09
Rice-fruit 6 40+05
Ostmeai 6 4.7+1.0
Rice 5 10.6+3.6
High-protein 4 8333
Cow's milk 8 6320
Oats-fruit 7 59+1.7
Rice-fruit 6 51=14
Oatmesi 6 A.7+0.3
Rice 6 75+25
High-protein 4 84+15

Liver+ Cecum and Colon Carcass
7415 721+34 72+186
13.5%1.00e 437110 109=258
M.7x1.0e4 591+48 10.9+08
12,81 804 55.0+56 9.2-07
13.5= 0.6 63.7+48 9.1x08
222+ 1.8 269+39 16.3+32
B.6=D.7ab 43.0x11.5 14.0+27
16.0+ 1.54» 560+22 10207
12.3 41,20 533246 126+1.7
11.7+0.82 50.5+5.1 11.0+24
12.4+1.ged 55.3+6.9 11114
152=2 1{d» 232+71 152+19
10.0=0.42= 46.0=10.0 144+28
14.6=1.7ee 52649 11506
15.4 0 gde 49.8=x44 144+19
13.0= 2504 55651 89.7+29
18,1 1.8 451+ 4.6 12710

“Values that do not share g common letter ara significantly different {P<.05).

was chosen as the absorption period to
allow for complete stomach emptying of the
slowly digested cereals. The animals were
killed at this time and radioactivity countg
inthe stomach, liver, small intestine (lumen
perfused with isotonic saline solution),
cecum (with contents), colon (with con-
tents), kidneys, and ¢arcass were obtained
using a gamma well scintillation counter,
The results are expressed as a percentage
of the dose received.

Diet Analysis

Samples of cereal diets 3 g} as pur
ehased, diluted cerea] combinations (3 mLj),
and milk (3 mL) were wet ashed with
concentrated nitrie acid (16N) and zine and
copper concentrations were meansured us-
ing flame atomic absorption spectropho-
tometry,®

Statistical Methods

Statistical analyses were performed on
liver and whole-body uptake of zine and
copper using an analysis of variance and
Dunean’s multiple range test.” No signifi-
cant differences were found among litters
80 data were pooled. All values are ex-
pressed as the mean~SEM, .

RESULTS
Diet Analysis

The levels of zine and copper in the
diets tested are shown in Table 1, Since
coneentrations of zine and copper are

not declared on product labels, we
compared our values with the values
reported in the literature®* and found
that they were similar,

Uptake of Copper 64

Nine hours after intubation, 50% of
the radioactivity was distributed
among the small intestine (perfused),
liver, cecum and colon (with contents),
and eviscerated carcass (Table 2), The
means of radioactivity levels (percent
of dose) present in the tissues of ani-
mals receiving cereal combinations
ranged from 4% to 11% in the small
intestine, 7% to 18% in the liver, 44% to
72% in the cecum and colon, and 7% to
14% in the carcass. The Imeans in ani-
mals receiving mijk ranged from 6% to
15% in the smali intestine, 15% to 229
in the liver, 23% to 27% in the cecum

_and colon, and 15% to 16% in the car-

£ass.

Liver and carcass values were
pooled to represant whale-bedy up-
take of copper. The percentage of the
dose left in the perfused smal] in-
testine was not included since previous
studies have shown that the majority
of this copper is exereted with time.=
The means of whole-body uptake from
cereal combinations ranged from 14%
to 31% of the dose compared with that
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Rice Oats High-Protein
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Fig 1.—Whole-hody copper 64 uptake in 20-day-old rats, nine hours after intubation, from
cereals combined with water {W). human milk (H), or cow’s milk (C). Cereal uptake values
with lower-case letters are significantly different {P<.05) from uptake values from human or
cow's milk alons (horizontzal lines). Four ¢

Zinc 65 Distribution, % of Dose = SEM
Diet Rats Small Intestine Liver* Cecum and Colon Carcass
Water .
Oats-fruit -] 7910 7.7+ 1.00¢ 68.0+39 8308
Rice-fruit 6 9.0+0.8 14,9+ 1 2de 44.0+99 12722
Oatmeal & 42+04 45+074 76125 4.4+08
Rice 6 4.9+0.7 55 +0.ge0 738=83 5.7+0.8
High-protein 5 5405 5.5+0.50 80.3+3.7 55+06
Human milk 5 18.0=1.5 21.7x1.49 17.8+4.4 215+0.8
Qats-fruit 6 8914 1.6 =0.65= B3+ 104 16.1+41
Rice-fruit [ 11,508 208+ 1449 33.9+39 13.5+1.9
Oatmeal & 6306 9.9+10 86640 7207
Rice s 80=+11 10.9+ 240+ 61.0+10.6 13.1+53
High-protsin 4 54+08 5.5x0.840 80.6+386 1.7+1.9
Cows milk 6 14.89+0.7 25.8+0.59 17.0x41 20113
Oats-fruit 7 105+16 15.6+ 1,991 35.3+81 147+1.4
Rice-fruit 6 128+17 237+ 1.49 A.7+2.4 17.0=08
Qatmeal 6 64x02 9.2=0.7+4 728222 a.z:edlsu'
Rica 6 85123 M8£2(ka 60.?:_ 77 11.2x28 -
High-protein 4 78x09 9.1 40704 701x25 B.O>0.7

*Values that do not share a comman letter are significantly different {P<.05).

of the milk, which ranged from 32% to
38% (Fig 1). When all five cereal] prod-
ucts were added to human milk, whole-
body uptake was significantly lower
than the uptake from human milk
alone (P<.05), Cereal (except the oat-
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fruit combination) added to cow's milk
did not significantly lower the whole-
body uptake of copper as compared
with the uptake from the milk alane.
In general, no difference in whole-
body uptake was found among any of

the cereal combinations with the ex-
ception of the oat-fruit-water combi-
nation, which was significantly lower
than half-cereal combinations tested,

Uptake of Zinc 65

Nine hours after intubation, most of
the radicactivity (>90%) was distrib-
uted among the small intestine (per-
fused), liver, careass, and cecum and
colon {with contents) (Table 3). The
mean levels of radioactivity (percent of
dose} present in these tissues from
animals receiving cereals ranged from
5% to 13% in the small intestine, 5% to
24% in the liver, 30% to 81% in the
cecum and colon, and 4% to 17% in the
carcass. The means from animals re-
ceiving milk ranged from 15% to 18% in
the small intestine, 22% to 26% in the
liver, 17% to 18% in the cecum and
colon, and 20% to 22% in the carcass,
Liver, carcass, and small intestine
values were pooled to represent the
whole-body uptake of zine, Uptake of
zine into the small intestine was in-
cluded, since in previous studies we
have found that the majority of this
zinc is transferred to the carcass with
time.” Whole-body uptake means
from cereals ranged from 13% to 54%,
compared with whole-body uptake
from milk, which was 61% (Fig 2}, An
inhibitory effect on zine hioavailability
from both human and cow’s milk was
found for all cereal products. This in-
hibitory effect varied among the cereal
products. In general, the zinc uptake
from dry cereal products was lower
than from the “wet-pack” cereal-fruit
combination,

COMMENT

The present study demonstrates
that the bioavailability of copper from
Infant cereal products mixed with wa-
ter is low compared with the bicavajl-
ability of copper from human and cOW's
milk. Diluting cereal with cow’s milk
impreved the availability of copper
from the cereal, Copper uptake from
human milk appears to be inhibited by
the infant cereals, This effect has also
been reported for iron bioavailability
in an-absorption study with human
infants that were given formulas with
cereal.™ In general, copper uptake was
similar from all cereal varieties,
despite the differences in cereal com-
position,

Infant Cereals—Bell et al
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Fig 2.-——Whole-body zinc 65 uptake in 20-day-old rats, nine hours after intubation, from
cereals combined with water (W}, human milk (H), or cow’s milk {C). All cereal uptake valuss
were significantly different (P<.05) from uptake values from human milk or cow's milk alone
{horizontal lines). In comparisons among cereals, values that do not share a common letter

Rice Qats High-Protein

Dist

are significantly different (2<.05). All values represent mean = SEM.

ble 4.—~Comparative Aspects of Zinc and Copper Absorption From infant Diets -
Isocalorle Distary Dietary

Quantlty {2352 kJ)} Copper Absorbed Zinc Abaarbed

Piat [560 keal] Content, mg Copper, mg Content, mg Zing, mg
Human rmilk 800 mL 0.16 0.06 1.66 1.01
Rice-fruit 717 g 0.14 0.03 093 034
OQatmeal-fruit 717 g 0.41 0.06 229 055

Rice* 1329 (BOg) 0.28 (0.20) 0.06 {0.05) 1.72 (222) 0.28 (0.73)

Qatmaal* 1599 (88 g) 0.72 (0.44) 0.16 (0.14) 4.44 (3.76) 0.59 (0.69)

High-protein* 158 g (88.¢) 169 (0.98) 0.38 (0.30) 571 {4.47) 084 (1.11)

*Recommanded dilution 1:4 with water or cow's milk.

Zine uptake was lowest from cereal-
water combinations., This low =zine
availability from infant cereals is con-
sistent with the reported lower zinc
concentrations in the femurs of wean-
ling rats fed infant cereals compared
with controls fed purified diets con-
taining zinc sulfate.* Mixing the cere-
als with milk diluents improved zinc
availability from the cereals, but the
overall effect was significantly lower
zine uptake from the composite diet of
milk and cereal than from milk alone.
Zine absorption appears to be influ-
enced by cereal composition, as indi-
eated by the varied effect of different
cereal products on zine uptake. Zine
uptake was lowest from the dry oat-
meal and high-protein (containing say,

AJDC—Vol 141, Oct 1987

oatmeal, and wheat flour) cereals.
Both of these cereals contain phytic
acid, a phosphate-rich compound ¢ino-
sitol hexaphosphate) known to inhibit
zine absorption through the formation
of inseluble complexes with zinc and
caleium in the gastrointestinal tract.®
The presence of fruit in rice and oat-
meal combinations improved the zine
availability from these eereals. This
beneficial effect of fruit may be due to
the organic acids (citrie acid, ascorbic
gcid) present in these products, which
may enhance zine absorption by im-
proving the solubility of zinc in these
cereal products. This is supported by
Lyon’s® solubility studies of zine in
breakfast cereals using in vitro acidifi-
cation and neutralization techniques,

Lyon reported that the addition of
citric acid during neutralization of an
acid extract of cereal considerably
augmented zine solubility, Since
human and cow’s milk both contain
citric acid,*® this may account for the
observed differences in the bioavail-
ability of zine from milk-cereal combi-
nations vs water-cereal combinations.
Differences in fiber cantent may also
play a role in the availability of zine

- from different cereal products. An in-

hibitory effect of fiber on zinc absorp-
tion has been reported.™

Sinee the levels of zine and copper
vary among the cereal produets (Table
1), the absolute amounts of zine and
copper absorbed from these diets will
differ. For a comparison, we calenlated
the absolute amounts of these ele-
ments that would be absorbed on an
isocaloric basis (Table 4), To equal the
calories from a daily human milk feed-
ing would require 717 g of the wet-pack
cereals (five or six jars) and 130 to
160 g of the dry cereal (three cups after
dilution). After multiplying the con-
centrations of zinc and copper present
in these large quantities of cereal, it is
apparent that some of the cereals are
unable te deliver as mueh zine and
copper as is human milk even if it
would be feasible to feed an infant this
amount. This low utilization of zine and
copper indicates that even though
some of the concentrations of these
elements in cereals may appear to be
much higher than concentrations in
human or cow’s milk (Table 1), they
may be inadequate as a supplement in
the diet in terms of a source of zine and
copper for the infant.

More importantly, the overall effect
of eereals on the utilization of zine and
copper from milk diets may potentially
compromise the infant's daily intake.

" Montalte and Benson® reported that

the daily energy intake of 7- to 8-
month-old infants surveyed in the 1976
to 1980 National Health Nutrition Ex-
amination Survey II was 11% from ce-
reals; daily energy intake from cow’s
and human milk was 7% and 82%,
respectively. Using these data and the
whole-body zine and copper uptake
values from the fiaresent study, the
estimated ampunts absorbed from a
weaning diet'were 0.75 to 1.31 mg/d for
zine and 0,034 to 0.051 mg/d for copper.

Infant Cereals—Belletal 1131

e Y



1
P

The calculated bioavailability is based
on whole-body uptakes from cereal-
milk combinations {low end of range)
and individual foods (high end of
range). The hypothetical absorption
by a 7-kg, T-month-old infant would
only be 15% to 26% of the recom-
mended daily allowance of zine (5 mg/d;
1980)* and 43% to 64% of the recom-
mended daily allowance of copper (0.56
mg/d; 1980)." Whether these lower in-
takes are suboptimal for the infant’s
healith remains to be assessed. _
For copper, it is apparent that low
intakes may not necessarily preeipi-
tate a compromised status. Salmen-
perd et al® reported that 6-month-old
infants who received prolonged, ex-
clusive breast-feeding had serum cop-
per and ceruleplasmin levels compara-
ble with adult levels, despite the low

1. Underwood EJ: Trace Elements in Human
and Animal Nutrition. Orlando, Fla, Academic
Press Inc, 1977, pp 13-108, 190-242,

2, Shaw JCL: Trace elements in the fetug and
young infant: I. Zine. AJDC 1979;133:1260-1268,

3. SBhaw JCL: Trace elements in the fetns and
young infant: I1. Copper, manganese, selenium,
and chromium. AJDC 1980:134:78-81.

4. Hurley LS: Developmental Nutrition.
Englewood Cliffs, NJ, Prentice-Hall Interna-
tional Ine, 1979, pp 183-239,

5. Widdowson EM, Chan H, Harrison GE,
et al: Aecumulation of Cu, Zn, Mn, Cr and Co in
the human liver before birth. Hiof Neonate
1972;20:360-267.

6. Hambidge KM: Zine deficiency in the wean-
ling: How important? Acta Paediatr Seand Suppl
1986,328:52-58.

7. Krebs NF, Hambidge KM, Walravens PA:
Increased food intake of young children receiving
a zinc supplement. AJDC 1984;138:270-273,

8. Walravens PA, Krebs NF, Hambidge KM:
Linear growth of low ineome preschool children
recefving a zine supplement. Am J Clin Nutr
1983,388:195-201.

9. Hambidge KM, Walravens PA, Neldner
KH: The role of zinc in the pathogenesis and
treatment of acredermatitis enteropathica, in
Brewer GJ, Prasad A3 {eds): Current Aspects of
Zine in Health and Disease. New York, Alan R
Liss Ine, 1977, pp 329-342.

10. Sorenson AW, Butrum RR: Zine and cop-
per in infant diets, J Am Diet Assoe 1983;83:
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11. Naveh Y, Hazani A, Berant M: Copper
deficieney with cow’s milk diet. Pediatrics
1981;68:397-400.

12. Bturgeon P, Brubaker C: Copper defi-
ciency in infants: A syndrome characterized by
hypocupremis, iron deficiency gnemia, and hypo-
protelnemia. AJEC 1956;92:242 264,

13. Graham CG, Cordano A: Copper depletion
and deficiency in the malmourished infant. Jakns
Hopkins Med J 1869;124:189-150.

4. Lonnerdal B, Keen CL, Ohtake M, et al:
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mulas. AFDC 1983:137:433-437,

15. Femon SI, Filer LJ, Anderson TA, et al;
Recommendations for feeding normal infants.
Pediatrics 1979;83:52-59.
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intakes from human milk (16% to 25%
of the estimated safe and adequate
dietary intake established by the Food
and Nutrition Board in 1980).% Yet,
actual copper absorption by the wean-
ling fed breast milk and cereal may be
even lower than intakes by exclusively
breast-fed infants because of the low
availability of copper from this com-
posite diet.

For zine, preliminary data from a
zine supplementation study of weaning
infants® indicate a possible marginal
zine deficiency in this population,
which may be explained in part by our
finding that infant cereals lower zinc
uptake from milk diets. The few cages
deseribed in the literature®* of zinc
deficiency in infants consuming human
milk suggest that the amount of zinc in
mature milk may not be adequate for
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