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Nutritional evaluation of protein hydrolysate formulas in healthy
term infants: plasma amino acids, hematology, and trace

elements’3
Olle Hernell and Bo Lonnerdal

ABSTRACT

Background: Protein hydrolysate formulas are used for infants
with food allergy. Most studies of such formulas focus on their
effect on allergy and rarely evaluate their capacity to provide nor-
mal nutritional status.

Objective: We compared plasma aminograms, serum urea nitro-
gen, and trace element status in breastfed infants, infants fed
hydrolysate formulas, and infants fed milk formula.

Design: From 6 wk to 6 mo of age, infants were breastfed or fed
regular milk formula (RF), 1 of 2 casein-hydrolysate formulas
(CH-1 or CH-2), or whey-hydrolysate formula (WH). Anthropo-
metric measures were taken monthly, and blood samples were col-
lected at 6 wk and 6 mo. Plasma amino acids, serum urea nitro-
gen, hematologic indexes, plasma zinc, and plasma copper were
analyzed.

Results: There were no significant differences in hemoglobin,
serum transferrin receptor, copper, or zinc among groups. Serum
ferritin was significantly lower in infants fed the CH formulas than
in the other groups. Infants fed CH-2 had significantly higher
serum urea nitrogen than did all other groups. Plasma threonine,
valine, phenylalanine, methionine, and tryptophan were signifi-
cantly higher in the hydrolysate formula groups than in the breast-
fed group. Plasma tyrosine was significantly lower in infants fed
the CH formulas than in the breastfed group, whereas arginine was
significantly higher in the WH group than in all other groups.
Plasma proline was lower, whereas threonine and tryptophan were
higher, in the WH group than in the CH groups.

Conclusions: The iron status of infants fed CH formula was lower
than that of all other groups. The amounts of amino acids provided
by hydrolysate formulas appear excessive compared with regular
formula, which is reflected by high serum urea nitrogen (CH-2)
and high plasma amino acid concentrations. A reduced and more
balanced amino acid content of hydrolysate formulas may be ben-
eficial. Am J Clin Nutr 2003;78:296-301.
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INTRODUCTION

Hydrolysate formulas are frequently recommended for infants
with cow milk protein allergy. Recently, it has become increas-
ingly popular to use these formulas to treat infants with general,
nonspecific gastrointestinal problems and also as a prophylaxis

to avoid milk protein allergy when there is a history of allergy in
the family (1). The use of extensively or partially hydrolyzed
protein formula is estimated to have increased to 10-50% among
formula-fed infants in countries such as the United States and
France. Although some hydrolysate formulas can no doubt be
used effectively to treat infants with cow milk allergy, the inci-
dence of such allergy is low during infancy (2, 3). The efficacy
of extensively or partially hydrolyzed formulas in the prevention
of allergy in healthy infants is controversial (4), although sev-
eral studies have shown such an effect of at least extensively
hydrolyzed formulas in high-risk infants with a family history
of allergy (5-8).

It is evident that apparently healthy infants are fed protein
hydrolysate formulas, in many cases for long time periods. It is
particularly important that such formulas provide safe and ade-
quate amounts of all nutrients and not only be designed with their
capacity to treat or prevent allergy as a primary goal. Consider-
able efforts have been made to optimize the protein content of
regular infant formulas (9—11). With the use of the fasting plasma
amino acid concentrations of breastfed infants as the standard, it
has been found that high protein concentrations in formula result
in very high concentrations of some amino acids in plasma (9).
Such deviations may affect hormonal responses in the infant (12)
and possibly also alter the transport of some amino acids through
the blood-brain barrier (13). On the other hand, very low protein
concentrations in formula may result in plasma amino acid con-
centrations considerably lower than those of breastfed infants
(14). Although there is little evidence for harmful effects of
plasma amino acid concentrations that differ from those of breast-
fed infants, it has been considered prudent to attempt to keep
them as similar as possible (15). Few studies have evaluated the
amino acid pattern of infants fed hydrolysate formulas for
extended periods.
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TABLE 1
Composition of the study formulas
Casein-hydrolysate formulas Whey-hydrolysate Regular milk

CH-1 CH-2 formula (WH) formula (RF)
Energy (kcal/L) 670 700 670 660
Protein (g/L) 19 19 16 13
Fat (g/L) 26 27 35 35
Carbohydrate (g/L) 91 95 73 74
Calcium (mg/L) 630 600 510 460
Iron (mg/L) 13 9 8 4
Zinc (mg/L) 4 4 4 4
Copper (mg/L) 0.6 0.5 0.5 0.4

Trace elements are essential for the normal growth and devel-
opment of infants (16). These nutrients are often bound to proteins
and then gradually released during digestion to be absorbed in the
small intestine. Many studies have explored the effect of various
protein sources on mineral and trace element absorption (17).
However, although it is known that amino acids and small peptides
can affect trace element absorption quite differently from intact
proteins, few studies have been conducted on the effect of feeding
hydrolysate formula on the trace element status of infants. In this
study, we investigated the effects of feeding 3 different hydrolysate
formulas on plasma amino acids, serum urea nitrogen, and the
iron, zinc, and copper status of infants from 6 wk to 6 mo of age.
The results are compared with those from infants exclusively
breastfed or fed regular cow milk formula.

SUBJECTS AND METHODS

Healthy term (=37 gestational weeks) infants with normal birth
weights (>2500 g) were recruited from 3 well-baby clinics in Umea,
Sweden. Home visits were made monthly by a research nurse. Infants
were either exclusively breastfed or fed infant formula from 6 + 2 wk
of age until the end of the study at 6 mo of age; they had primarily
been breastfed until the start of the study. The protocol for the study
was approved by the Ethics Committee on Research Involving Human
Subjects of the Faculty of Medicine and Odontology, Umea Univer-
sity, and informed consent was obtained from the infants’ parents.

Diets

The tested formulas included 2 casein-hydrolysate (CH) formulas
[Nutramigen (CH-1; Bristol-Meyers, Evansville, IN) and the exper-
imental product MA-1 (CH-2; Morinaga Milk Company, Japan)],
1 whey protein hydrolysate formula (WH; PeptidiTutteli; Valio,
Helsinki), and a powdered whey-predominant (60:40) regular milk-
based formula (RF; Baby-Semp 2, Semper AB, Stockholm). All pro-
tein hydrolysates were extensively hydrolyzed and in liquid form.
The powdered formula was diluted with tap water according to the
manufacturer’s instructions. No iron drops or solid foods were
allowed. However, limited quantities (15 g/d, or 1 tablespoon/d) of
fruit purées (without iron) were allowed at 4—6 mo of age. These
were provided by the investigators and chosen to minimize interfer-
ence with trace element status. Infants were randomly assigned to a
hydrolysate formula group by the nurse in a single-blind design
(samples were coded and analyses were performed by staff who were
blinded with regard to treatment group). Each group consisted of > 10
infants: CH-1, n = 15; CH-2, n = 10; WH, n=20; and RF, n = 10. A
group of exclusively breastfed infants was also included (n = 10).

The gross nutrient composition of the formulas is given in
Table 1. Because hydrolysate formulas contain no or very little

protein, the “protein” concentration of such products is best
expressed on an a-amino nitrogen basis. One of the hydrolysate
formulas contained 13 mg Fe/L as ferrous sulfate (CH-1), whereas
the other hydrolysates contained 9 (CH-2) and 8 (WH) mg Fe/L,
respectively. The powdered formula (RF) contained 4 mg Fe/L as
ferrous sulfate. The amino acid composition of the formulas is
shown in Table 2.

Biochemical and hematologic indexes

Serum urea nitrogen was measured with a commercial kit that
used urease (Sigma, St Louis). Proteins were separated from
plasma by sulfosalicylic acid precipitation (6%), and free amino
acids were analyzed in the supernatant fluid on a Beckman 6300
amino acid analyzer (Mountain View, CA). Hemoglobin was ana-
lyzed by the cyanomethemoglobin method, mean corpuscular vol-
ume by automated blood counter (SE 9000; Sysmex, Tillquist,
Sweden), serum iron and transferrin saturation by commercial kits
(Boehringer Mannheim, Indianapolis), serum ferritin by radioim-
munoassay (Diagnostic Products Corporation, San Diego), and

TABLE 2
Amino acid composition of breast milk and of the study formulas’
Breast milk  CH-1 CH-2 WH RF
umol/L

Arginine 2700 4368 4448 2644 2184
Histidine 1920 3677 3503 2129 2000
Isoleucine 4670 8702 8420 6031 6031
Leucine 9500 14809 13916 11145 9924
Lysine 6050 11164 11137 9315 7877
Methionine 1090 3960 3523 1812 1946
Cysteine 1780 2479 1901 2727 1653
Phenylalanine 2990 5515 5127 2727 3091
Tyrosine 2970 2320 2215 2376 2707
Threonine 4850 7815 6697 8908 6303
Tryptophan 994 1471 1716 980 931
Valine 6020 12222 11222 7436 7179
Alanine 5770 7640 7382 8427 6067
Aspartic acid 9320 11429 9835 12932 9248
Glutamic acid 15650 29932 21816 20816 17891
Glycine 4360 6133 4760 3733 3200
Proline 8850 18261 18461 5217 8783
Serine 5590 11238 8790 7143 6762
Taurine 574 320 240 400 360

'Data for breast milk are from reference 18. The study formulas
were analyzed by each manufacturer (acid hydrolysis, ion-exchange
chromatography). CH-1 and CH-2, casein-hydrolysate formula; WH,
whey-hydrolysate formula; RF, regular milk formula.
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TABLE 3
Weight and height of infants at birth and at 6 mo of age’
BF (n =10) CH-1 (n =15) CH-2 (n =10) WH (n = 20) RF (n =10)
Weight (g)
Birth 3623 £ 463 3574 £ 315 3571 £ 398 3501 + 856 3263 £393
6 mo 8004 = 1063 8190+ 1114 8126 * 863 7443 £ 1110 7733 £ 1175
Height (cm)
Birth 50.5+2.0 502+1.8 524+ 1.8 50.0+4.0 498+ 1.6
6 mo 68.0+£2.5 68.2+2.1 68.5+£23 67.0+£3.9 67.2+3.6

X + SD. BF, breastfed; CH-1 and CH-2, casein-hydrolysate formula; WH, whey-hydrolysate formula; RF, regular milk formula. There were no signifi-

cant differences among the groups by ANOVA.

serum transferrin receptor by enzyme-linked immunosorbent
assay (Ramco, Houston). Serum zinc and copper were determined
by atomic absorption spectrophotometry (19).

Statistical analysis

Statistical analyses were performed by using repeated-measures
analysis of variance (ANOVA) with control for baseline values of
the variables analyzed. Skewed variables, eg, serum ferritin, were
log transformed. When the ANOVA indicated significant group dif-
ferences (P < 0.05), multiple comparisons were performed on
adjusted means by using Tukey’s method to identify which groups
differed (P < 0.05). Values in the tables and figures are given as
means + SDs. Analyses were carried out with SAS for WINDOWS
(version 6.12; SAS Institute Inc, Cary, NC).

RESULTS

All formulas studied were well tolerated by the infants,
although some problems with constipation were noted in the CH-2
group and a tendency toward looser stools was noted in the WH
group. No significant differences in weight, length, or weight or
height gain were found between the groups when adjusted means
were used, but the study was not designed as a growth study and
did not have adequate statistical power to detect such differences
(Table 3).

Serum urea nitrogen concentrations in infants fed CH-2 were
significantly higher than in all other groups (Table 4), whereas
infants fed CH-1 had significantly higher serum urea nitrogen val-
ues than did breastfed infants. Among the 3 hydrolysate formulas
studied, CH-1 and CH-2 had a higher protein concentration than
did WH and RF (Table 1).

The essential amino acids threonine (except for the CH-1 group),
valine, phenylalanine, methionine, and tryptophan and total branched-
chain amino acids were significantly higher in the hydrolysate formula
groups than in the breastfed group (Figure 1A). Compared with the
RF group, only tryptophan was higher in the hydrolysate formula
groups, although the difference was not significant for the CH-1 group.
Among the nonessential amino acids, only glycine was higher in the
hydrolysate formula groups than in the breastfed group, whereas no
significant difference was found compared with the RF group (Fig-
ure 1B). Tyrosine concentrations were significantly lower in infants
fed CH-1 and CH-2 than in infants fed WH or RF. However, concen-
trations of arginine were significantly higher in infants fed WH than in
breastfed infants and infants fed CH-1 and CH-2, and threonine was
significantly higher in the group fed WH than in all other groups. Con-
centrations of proline were higher in infants fed CH-2 than in all other
groups. Tryptophan concentrations were significantly higher in the
group fed WH than in infants fed CH-1, but the difference was not
significant for the group fed CH-2.

There were no significant differences in hemoglobin concen-
trations among the groups (Table 4). Serum ferritin concentra-
tions, however, were significantly lower (P < 0.05) in infants fed
CH-1 or CH-2 than in breastfed infants and infants fed WH or RF,
but there was no significant difference between infants fed WH or
RF. There were no significant differences in serum transferrin
receptor concentrations among groups and no significant differ-
ences in serum zinc and copper concentrations.

DISCUSSION

The hydrolysate formulas studied were well tolerated at a
young age and resulted in satisfactory growth of healthy, term

TABLE 4
Biochemical and hematologic indexes of study groups at 6 mo of age’

BF (n =10) CH-1 (n=15) CH-2 (n =10) WH (n = 20) RF (n =10)
Serum urea nitrogen (pmol/L) 11.2+2.28 18.0+2.7° 25.5+2.8° 16.7 + 3.7 16.0 +3.2%0
Hemoglobin (g/L) 114 £38 116 £8 116 £9 114 £10 115+8
Mean corpuscular volume 77.6£3.5 82.0+3.5 814120 82.1+3.5 784122
Serum iron (pmol/L) 99+64 8.6+35 104+ 1.6 10.4+3.8 13.7+3.8
Total-iron-binding capacity 47.6+£6.2 51.6£5.1 52.8£9.8 514+£79 48.5+9.1
Serum ferritin (pg/L) 59 +25° 35+ 16° 32+ 13° 67 +50* 46+ 18*
Serum transferrin receptor (mg/L) 73+ 1.6 63+24 53%+13 70+3.8 64+12
log Transferrin receptor/ferritin 2.1+£0.3 22+0.7 23+0.3 21104 23+0.3
Serum zinc (mg/L) 0.78 £0.18 0.76 £ 0.37 0.83 £0.10 0.89+£0.28 0.88 £ 0.09
Serum copper (mg/L) 1.15+0.29 0.89+£0.24 0.94 +£0.10 0.96 +0.28 1.01 +£0.17

¥ + SD. BF, breastfed; CH-1 and CH-2, casein-hydrolysate formula; WH, whey-hydrolysate formula; RF, regular milk formula. Means in a row with

different superscript letters are significantly different, P < 0.05 (ANOVA and Tukey’s test).
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FIGURE 1. Mean (£ SD) plasma essential (A) and nonessential (B) amino acid concentrations at 6 mo of age in infants fed breast milk (BF; n = 10),
regular milk formula (RF; n = 10), 1 of 2 casein-hydrolysate formulas [CH-1 (n = 15) or CH-2 (n = 10)], or whey-hydrolysate formula (WH; n = 20)
from 6 wk to 6 mo of age. GIx, sum of glutamine and glutamic acid; Asx, sum of asparagine and aspartic acid. The break in the axis denotes a change in
scale (from left y axis to right y axis). Columns with different letters are significantly different, P < 0.05 (ANOVA and Tukey’s test).

infants, although this study was not designed to assess growth as
a major outcome. Isolauri et al (20) reported growth to be slower
in infants fed whey-hydrolysate formula than in infants fed an
amino acid—based formula; however, the infants in that study had
multiple allergies and their formula intake may have been subop-
timal because of a restricted diet. Infants with a family history of
atopic disease who were partially breastfed and partially fed
casein-hydrolysate formula from birth had lower body mass
indexes than did breastfed infants at 3 mo of age (21), but there
were no significant differences in anthropometric indexes. Healthy
term infants fed a formula based on a mixture of whey-hydrolysate

and casein-hydrolysate (60:40) for the first 2 mo of life were
shown to have weight and length gains similar to those of infants
fed regular milk formula (22). A study by Vandenplas et al (23)
showed normal weight and length gain in infants fed a whey-
hydrolysate formula from birth to 3 mo of age, although some-
what in contradiction, the infants’ mean daily intake of formula
was lower than that of infants fed a regular whey-predominant for-
mula. Rigo et al (24), however, showed that newborn infants fed
some hydrolysate formula (based on soy-collagen, whey-casein,
or whey) during the first month of life grew slower than did infants
fed regular formula, whereas the growth of infants fed other types
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(brands) of whey-hydrolysate formulas was similar to that of
infants fed regular formula. However, the formulas also differed in
fatty acid composition, which may have affected energy balance
and growth. In our study, the infants were not fed hydrolysate for-
mula for the first 6 wk of life, mainly because few infants in Swe-
den are fed formula from birth, but partially also because allergic
manifestations are rare at this early age. The consequences of
feeding hydrolysate formula may differ with postnatal age and
maturation.

The significantly higher serum urea nitrogen concentrations
observed in the present study in the groups fed CH-1 and CH-2
than in the breastfed infants were most likely due to the high
amino acid concentrations of these products. It was shown previ-
ously that infants fed formulas with high protein concentrations
have high serum urea nitrogen concentrations (25), which result
from hepatic catabolism of excess amino acids in plasma. A study
by Giovannini et al (21) also showed high serum urea nitrogen
concentrations in infants fed casein-hydrolysate formula. The rea-
son for the high amino acid concentrations of the casein-
hydrolysate formulas is not entirely clear, but it is possible that in
previous studies virtually all infants fed such products had severe
atopic disease and had already lost weight or gained less weight
and therefore were in need of catch-up growth. Another possibil-
ity is that some amino acids in the protein hydrolysates used were
low in concentration compared with breast milk; thus, a higher
hydrolysate concentration may have resulted in amino acid con-
centrations more similar to those in breast milk. It is interesting to
note that Vandenplas et al (23) found higher serum urea nitrogen
concentrations in infants fed a whey-hydrolysate formula than in
infants fed a whey-predominant formula, although the protein con-
tent of the formulas was similar. This raises the possibility that
amino acid utilization may be lower from hydrolysate formulas, as
was shown in adults fed an elemental diet (26). Different protein
utilization in infants fed hydrolysate formula was also suggested
in a study by Decsi et al (22), who found lower total serum pro-
tein concentrations in infants fed hydrolysate formula than in
those fed conventional infant formula.

The very high concentrations of some plasma amino acids found
in the infants fed the hydrolysate formulas are most likely explained
by the high protein concentration (ie, amino acid concentration) of
these formulas. The long-term physiologic consequences of these
high concentrations are difficult to evaluate. However, note that there
has been some concern about plasma tryptophan concentrations being
too low in infants fed formulas with lower-than-normal protein con-
centrations (27). Tryptophan is involved in neurotransmitter (sero-
tonin) metabolism, and differences in behavior between breastfed and
formula-fed infants, such as sleeping patterns, may be explained by
differences in circulating tryptophan (27, 28). A similar argument
may be raised about the high plasma tryptophan concentrations found
in our study. Furthermore, it has been suggested that the high con-
centrations of plasma branched-chain amino acids observed in infants
fed formula with a high protein content may affect insulin metabo-
lism and, consequently, carbohydrate metabolism, weight gain, and,
eventually and hypothetically, diabetes development (25, 29).
Although we have no evidence for such effects, it appears prudent to
adjust the concentrations of tryptophan and branched-chain amino
acids in hydrolysate formula so that plasma amino acid concentra-
tions become more similar to those of breastfed infants.

The higher concentrations of plasma tryptophan, threonine, and
arginine found in the infants fed the WH formula than in those fed
the CH formulas may reflect the somewhat higher proportions of

these amino acids in whey protein than in casein. Note that the
concentrations of these amino acids were higher in the CH for-
mulas (Table 2), but this was not reflected in the plasma amino
acid pattern (Figure 2). The high concentrations of proline in the
groups fed the CH formulas, however, may reflect both the higher
proportion of this amino acid in casein than in whey protein and
the much higher concentration in the CH formulas. However,
Hauser et al (30) studied infants fed whey-hydrolysate formula or
regular whey-predominant formula (at similar protein contents)
and observed that differences in amino acid composition between
the formulas did not explain the differences in plasma amino acid
patterns. It is not known whether the differences are due to dif-
ferent rates of absorption of amino acids or peptides or to varying
effects on amino acid metabolism. Considering these inherent dif-
ferences in amino acid composition between casein and whey pro-
tein and the response in plasma amino acids, it appears that a com-
bination of these 2 hydrolysates may result in a more physiologic
aminogram, ie, one that is more similar to that of breastfed infants.
This may be preferred over the addition of pure amino acids,
which often have an unpleasant taste.

Although we found no significant differences in hemoglobin con-
centrations among the groups, the lower serum ferritin concentrations
of the infants fed the CH formulas is of some concern, even if the con-
centrations did not indicate iron deficiency. We do not yet know the
cause of these lower ferritin values, but it is known that casein can
have a negative effect on iron absorption (31) and that this is due to
negatively charged casein phosphopeptides, which may impair iron
utilization. It is possible that small casein phosphopeptides formed
during the hydrolysis process have a negative influence on iron status.
It is therefore possible, but not yet proven, that iron absorption from
casein-hydrolysate formula is lower than from whey-hydrolysate for-
mula and that not even a high level of iron fortification (as in CH-1,
13 mg/L) could result in iron stores similar to those of the infants in
the other groups. Further studies are needed to clarify this issue.

We found no significant differences in plasma zinc and copper
between the formula groups or between the formula groups and the
breastfed group. In a previous study in infant rhesus monkeys, we
found no significant difference in zinc absorption between formulas
based on casein-hydrolysate or whey-hydrolysate (32), and zinc
absorption was similar to that from regular infant formula. Krebs et al
(33) also measured fractional zinc absorption from casein-hydrolysate
formula and found it to be higher than from regular formula, but other
differences in composition of the formulas existed. Although casein,
or casein phosphopeptides, can have a negative effect on zinc absorp-
tion (34) similar to that discussed above for iron, the free amino acids
and small peptides present in protein hydrolysate formulas are known
to have a positive effect on zinc absorption (35), which possibly com-
pensates for the slight negative effect exerted by the phosphopeptides.

In conclusion, these results show that the total amino acid concen-
tration of several hydrolysate formulas is unnecessarily high and that
pronounced differences exist in plasma amino acid concentrations
between breastfed infants and infants fed casein-hydrolysate formula or
whey-hydrolysate formula. It is possible that the use of combinations
of these protein hydrolysates, rather than the exclusive use of any one,
may decrease these differences. This would likely also decrease serum
urea nitrogen concentrations in infants fed such products and modulate
the potential negative effect of casein-hydrolysate on iron status. [
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