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Abstract

Background: The micronutrient content in standard enteral mixtures should be closer to the dietary reference
values for a healthy population since standard enteral diets are formulated for subjects with no special nutritional
needs. This study compares the micronutrient content of the most common enteral nutrition (EN) formulas with
European dietary reference values (DRVs) for healthy population.

Findings: Sixty-two nutritionally complete enteral formulas were considered. The micronutrient content was calculated
by multiplying the value reported on the nutritional information panel of each formula by the daily dose
usually prescribed. The comparison between the micronutrient content of all enteral formulas evaluated and
the DRVs indicates that daily fluoride and vitamin K requirements were not covered, while an oversupply of many
other micronutrients was provided. Moreover, in some enteral formulas, at a dose of 2000 Kcal/day, zinc and vitamin
A content exceeded the tolerable upper limits and, for one diabetes-specific enteral formula, the chromium content
exceeded the relevant European standards in both 1500 and 2000 Kcal/day diets.

Conclusions: Most enteral formulas evaluated are generally suitable for patients on long-term total EN and formulas
with higher content of a specific micronutrient may be a useful tool for patients affected by specific clinical conditions,
at least for a period of time, then switching to standard enteral mixtures. The availability of nutritional enteral formulas,
well balanced also for micronutrient intake, will further improve individualized treatments, particularly for patients on

long-term total EN.

Keywords: Enteral nutrition, Micronutrients, Vitamins, Trace elements, Dietary reference values, Tolerable upper limit

Findings

Introduction

Micronutrients play a key role in human nutrition by
regulating several metabolic processes, and their ad-
equate intake has a major impact on public health [1].
As the consequences of deficit or excess of micronu-
trient intake are known, a set of criteria has been laid
down [2, 3] by an international board, defining the daily
dietary reference values to guarantee an adequate
healthy state and the daily tolerable upper levels to avoid
possible adverse/toxic effects. Clinical conditions due to
micronutrient deficiencies are not common in developed
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countries but inadequate micronutrient intake is often
observed in malnourished patients due to an insufficient
supply, malabsorption, increased losses or requirements
[4]. Patients with a functional gastrointestinal tract but
unable to take nutrients through the oral route receive
vitamins and trace elements from daily tube-feeding
formulas. In Europe, the micronutrient content in en-
teral formulas, as well as in foods for special medical
purposes, is regulated by the directive (1999/21/EC) of
25 March 1999 [5, 6] issued by European Commission
(EC). For each enteral formula, regardless of its specific
composition, micronutrient content should be satisfied
by supplying 1500 or 2000 Kcal/day [7].

A diet well-balanced in macro- and micronutrient
content is the basis for a good health state. Most enteral
nutrition (EN) formulas are designed also to meet the
increased micronutrient needs in patients with increased
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losses or requests (e.g. moderately catabolic patients).
For this reason, the micronutrient content in EN formu-
las is usually in excess for the needs of long term EN
patients metabolically stable and without organ damage.
This oversupply could be harmful in particular in pa-
tients on long-term EN. However, despite the wide-
spread use of EN, both in hospitals and at home, studies
on the micronutrient compositions in the enteral mix-
tures are lacking, thus an evaluation of the amount of vi-
tamins and trace elements in the currently available
products requires consideration. For these reasons, our
study aims to compares the micronutrient content of 62
commercially available formulas for EN with the dietary
reference values (DRVs) for the European [8] and Italian
[9] populations, with the daily tolerable upper limits
(UL) suggested by the European Food Safety Authority
(EFSA) [3] and LARN [9], and with the relevant
European standards [5, 6]. The agreement with the
micronutrient DRVs and UL suggested by the European
authorities [3, 8] and Italian LARN [9] is checked.

Methods

Sixty-two nutritionally complete formulas for EN, manu-
factured by five different companies were evaluated. The
micronutrient content was calculated by multiplying the
value reported on the nutritional information panels by
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the daily doses of 1500 and 2000 Kcal/day. The micronu-
trient content was evaluated as the average content of all
enteral formulas examined, by group (standard or disease-
specific formulas) and by single product.

Results

Setting DRVs at 100 % for each micronutrient and the
usually prescribed daily dose of enteral formulas at 1500
and 2000 kcal/day, the average range of vitamins and
trace elements contained in 62 enteral formulas com-
pared with the DRVs is shown in Fig. 1.

Tables 1 and 2 report the DRVs, daily tolerable upper
limits (UL), the limits established by the European
Commission (EC Limit) and the average micronutrient
content of enteral formulas grouped as standard- and
disease specific at the daily doses of 1500 and 2000
Kcal/day, respectively. In assessing the average micronu-
trient content for the group of enteral formulas, at the
doses of 1500 and 2000 Kcal/day, we found that the
daily requirements for vitamin K and fluoride were not
covered whereas all other micronutrients exceeded
DRVs, regardless of the group of enteral formula consid-
ered. Moreover, the micronutrient content evaluated for
each single enteral formula showed, in some products, a
greater zinc and vitamin A content compared to the
daily tolerable upper intake levels.

100% DRVs
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Fig. 1 Mean percent of micronutrient content compared with DRVs. Bars (dark gray for 1500 Kcal/day and light gray for 2000 Kcal/day) indicate
the mean calculated content of micronutrients in the 63 enteral formulas, compared to DRVs (fixed to 100 % as vertical dotted line)
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Table 1 DRVs for men and women (m/f), daily tolerable upper limits (UL), limits established by the European Commission
(EC Limit) and micronutrient content (mean and range) in standard and disease-specific enteral formulas (calculated as daily
intake of 1500 Kcal/day)

Enteral formulas

Micronutrient DRVs uL EC Limit Standard Diabetes Malabsorbtion Hypercatabolism ~ Organ Failure
m/f Min-max ~ N=20 N=8 N=5 N=13 N=16

Mean (min-max) Mean (min-max) Mean (min-max) Mean (min-max)  Mean (min-max)
Trace element
Iron. mg 10/10 - 7.5-30.0 19.1 (11.8-24.0) 17.3 (8.8-24.0) 17.0 (13.5-24.0) 18.0 (7.5-28.8) 17.8 (13.3-24.0)
Zinc. mg 11/8 25 7.5-225 16.8 (11.8-19.5) 17.3 (13.4-20.0) 145 (11.3-18.0) 202 (12.0-39.2) 16.3 (12.0-19.0)
Copper. mg 0.9/09 5 0.9-7.5 23 (1.5-27) 20 (1.0-2.7) 1.6 (0.1-2.7) 2.2 (0.9-3.1) 2.1 (1.3-27)
lodine. mcg 150/150 600  98-525 188 (129-234) 178 (134-222) 190 (150-210) 184 (133-223) 178 (133-220)
Selenium. mcg 55/55 300  38-150 93 (62-110) 88 (66-113) 88 (75-99) 90 (54-144) 86 (63-110)
Manganese. mg 27/23 - 0.8-7.5 38 (1.8-57) 40 (2.2-53) 34 (23-50) 39 (27-57) 36 (1.8-5.3)
Chromium. mcg 30/20 - 19-225 111 (75-165) 161 (88-445) 80 (74-101) 95 (23-158) 106 (67-145)
Molybdenum. mcg 45/45 600  53-270 153 (61-225) 149 (122-167) 151 (113-178) 140 (54-238) 142 (67-194)
Fluoride. mg 4/3 7 0-3.0 1.7 (1.3-2.2) 14 (09-22) 15 (1.4-1.6) 1.8 (1.3-2.5) 1.6 (1.3-2.0)
Vitamin
Vitamin A. mcg 700/600 3000 525-2700 1677 (765-2850) 1610 (854-3028) 1289 (750-1785) 1539 (750-3185) 1759 (792-2920)
Vitamin D. mcg 15/15 100 7.5-375 15.0 (10.0-23.2) 14.7 (10.5-25.0) 125 (7.5-16.8) 13.1 (9.9-23.7) 16.6 (10.0-50.0)
Vitamin E. mcg 13/12 300 7.5-450 228 (16.1-345) 360 (122-111.7) 192 (10.5-286) 484 (123-2308) 34.7 (13.3-210.0)
Vitamin K. mcg 170/170 - 53-300 96 (75-129) 97 (61-150) 84 (68-99) 84 (54-115) 91 (67-115)
Vitamin C. mg 105/85 - 34-330 138 (86-165) 156 (56-278) 136 (68-210) 235 (62-646) 173 (67-840)
Vitamin B1. mg 1.2/1.1 - 0.9-75 24 (1.5-35) 2.2 (1.3-29) 2.1 (1.5-2.8) 2.1 (09-3.0) 24 (1.3-35)
Vitamin B2. mg 16/1.3 - 1.2-75 2.7 (21-4.2) 2.5(1.7-29) 2.1 (1.5-24) 25(1.7-39) 2.7 (1.7-4.2)
Vitamin B6. mg 1.7/1.5 25 1.2-7.5 28 (2.1-4.2) 2.7 (1.7-33) 24 (1.5-32) 25 (1.5-39) 30 (1.6-7.1)
Niacin. mg 18%/18°  10° 135-4507 259 (193-343)" 233 (14.6-300)° 27.1 (180-39.5)" 252 (16.0-289)° 253 (16.0-29.0)°
Folate. mcg 400/400 1000  150-750 407 (268-500) 414 (195-630) 364 (300-420) 476 (246-1950) 400 (270-500)
Vitamin B12. mcg 24/24 - 1.1-10.5 46 (3.1-7.1) 50 (4.3-75) 4.5 (3.0-7.9) 40 (23-59) 4.5 (2.7-7.1)
Pantothenic Acid. mg  5.0/50 - 23-225 94 (64-14.0) 89 (6.1-11.3) 8.0 (53-9.8) 85 (4.7-12.7) 86 (4.7-13.3)
Biotin. mcg 30/30 - 11-113 69 (54-75) 70 (60-87) 60 (53-75) 72 (50-104) 65 (50-75)

N =number of formulas considered
“as niacin equivalents (NE); one mg NE equals 1 mg niacin or 60 mg tryptophan, an amino acid that the liver can convert into niacin
Pas nicotinic acid; the UL for nicotinic acid refers only to niacin from fortified food or that is in dietary supplements such as multivitamins

Figures 2 and 3 show, respectively, zinc and vitamin A
content by single enteral formula at the doses of 1500
and 2000 Kcal/day, compared to tolerable upper intake
levels. With regard to zinc content, three products at
1500 Kcal/day and seven at 2000 Kcal/day exceeded
daily tolerable upper level. In 13 products administered
at a dose of 2000 Kcal/day, Vitamin A content exceeded
the tolerable upper limit.

As far as EC Limit are concerned, one enteral for-
mula for diabetes contained a high amount of chro-
mium (Fig. 4 and Tables 1 and 2) whilst two enteral
formulas for patients with renal failure did not con-
tain chromium. Figure 4 shows that almost all prod-
ucts considered had a chromium content far above
DRVs.

Discussion

Since DRVs are based on estimates of the amount of
macro- and micronutrients required for healthy people,
the following remarks involve mostly patients on long-
term total EN in stable clinical conditions with no spe-
cial nutritional needs as patients on home EN without
organ failure, i.e. on exclusive lifelong enteral tube feed-
ing. Indeed, for patients on short-term EN, the deviation
from DRVs does not represent a primary concern and,
for critically ill patients, the appropriate amount of
micronutrients to supply is not well known and, pos-
sibly, not comparable with DRVs for healthy population.
In any case, the present study is not intended to discuss
the clinical effects of deficiency or excess of micronutri-
ents in enteral formulas, as this issue has already been
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Table 2 DRVs for men and women (m/f), daily tolerable upper limits (UL), limits established by the European Commission
(EC Limit) and micronutrient content (mean and range) in standard and disease-specific enteral formulas (calculated as daily

intake of 2000 Kcal/day)

Enteral formulas

Micronutrient DRVs uL EC Limit ~ Standard Diabetes Malabsorbtion Hypercatabolism  Organ Failure
m/f Min-max ~ N=20 N=8 N=5 N=13 N=16

Mean (min-max)  Mean (min-max)  Mean (min-max)  Mean (min-max)  Mean (min-max)
Trace element
Iron. mg 10/10 - 10.0-400 254 (15.7-32.0) 230 (11.7-32.0) 226 (18.0-32.0) 24.0 (10.0-384) 237 (17.7-32.0)
Zinc. mg 11/8 25 10-30 224 (15.7-26.0) 23.0(17.9-26.7) 19.3 (15.0-24.0) 27.0 (16.0-52.3) 21.7 (16.0-25.3)
Copper. mg 09/09 5 12-100 3.0 (20-3.6) 26 (1.3-36) 2.1 (02-36) 30(1.2-42) 28 (1.7-36)
lodine. mcg 150/150 600  130-700 250 (171-312) 237 (179-296) 253 (200-280) 245 (177-297) 237 (177-293)
Selenium. mcg 55/55 300  50-200 124 (82-147) 117 (88-150) 117 (100-132) 120 (73-192) 115 (84-147)
Manganese. mg 27/23 - 1.0-100 5.1 (23-76) 53(29-7.0) 4.5 (3.0-6.6) 52 (3.6-7.6) 48 (2.3-7.1)
Chromium. mcg 30/20 - 25-300 148 (100-220) 215 (117-593) 106 (99-134) 127 (30-210) 141 (89-193)
Molybdenum. mcg 45/45 600  70-360 205 (81-300) 198 (163-222) 201 (150-237) 187 (73-317) 190 (89-258)
Fluoride. mg 4/3 7 0-4 23 (1.7-3.0) 1.8 (1.1-29) 20 (1.8-2.1) 24 (1.7-34) 2.1 (1.7-27)
Vitamin
Vitamin A. mcg 700/600 3000 700-3600 2236 (1020-3800) 2146 (1138-4038) 1718 (1000-2380) 2051 (1000-4246) 2346 (1056-3893)
Vitamin D. mcg 15/15 100 10.0-500 20.1 (13.3-30.9) 19.6 (14.0-333) 16.7 (10.0-22.4) 175(132-316)  22.1 (13.3-66.7)
Vitamin E. mcg 13/12 300 10.0-600 305 (21.4-46.0) 480 (16.2-1489) 256 (14.0-38.2) 64.5 (164-307.7) 463 (17.7-280.0)
Vitamin K. mcg 170/170 - 70-400 128 (100-171) 129 (81-200) 112 (90-132) 112 (72-154) 122 (89-153)
Vitamin C. mg 105/85 - 45-440 184 (114-220) 208 (75-371) 181 (90-280) 314 (82-861) 231 (89-1120)
Vitamin B1. mg 1.2/1.1 - 1.2-100 3.2 (2.0-47) 29 (1.8-3.9) 2.7 (2.0-37) 28 (1.2-4.1) 32 (1.7-47)
Vitamin B2. mg 16/13 - 1.6-100 36 (29-56) 33 (23-39) 2.7 (20-32) 34 (22-53) 36 (23-56)
Vitamin B6. mg 1715 25 16-100 3.7 (29-56) 36 (23-43) 32 (20-42) 34 (20-52) 4.1 (21-94)
Niacin. mg 18%/18%  10°  180-60.0° 345 (257-457) 310 (195-400)7°  36.1 (240-526)° 336 (213-386)° 337 (21.3-387)°
Folate. mcg 400/400 1000 200-1000 543 (357-667) 552 (260-840) 485 (400-560) 635 (328-2600) 534 (360-667)
Vitamin B12. mcg 24/24 - 14-140 6.1 (41-94) 6.7 (5.7-10.0) 5.9 (4.0-10.5) 53 (3.0-79 5.9 (3.6-94)
Pantothenic Acid. mg 5.0/50 - 3.0-300 125 (86-186) 11.9 (8.1-15.0) 106 (7.0-13.0) 114 (6.3-16.9) 115 (6.3-17.8)
Biotin. mcg 30/30 - 15-150 92 (71-100) 93 (80-115) 80 (71-100) 95 (67-139) 87 (67-100)

N = number of formulas considered

“as niacin equivalents (NE); one mg NE equals 1 mg niacin or 60 mg tryptophan, an amino acid that the liver can convert into niacin
Pas nicotinic acid; the UL for nicotinic acid refers only to niacin from fortified food or that is in dietary supplements such as multivitamins

widely covered by various international scientific organi-
zations and extensive reviews [2, 3, 8].

Our study confirmed that, at the calorie intake of a
normal diet, micronutrients supplied in EN mixtures
were often above the DRVs for healthy population [8, 9]
but since the micronutrient content of most of the for-
mulas evaluated is below the UL and within the range of
the relevant European standards, it appears suitable for
patients on long-term total EN. However, for some
enteral mixtures, at a dose of 2000 Kcal/day, zinc and
vitamin A exceeded the tolerable upper limits. As far as
we know, there are no studies reporting on possible
adverse effects of excessive zinc or vitamin A dosages in
standard enteral formulas for patients on long-term total
enteral nutrition. However, it would be more appropriate
to keep the zinc and vitamin A content of standard

enteral formulas at least within the limit set by the
European Commission. Fluoride and vitamin K content
in the evaluated enteral formulas was about 50 % lower
than suggested by DRVs for healthy populations. Perhaps
the fluoride and vitamin K content in enteral formulas is
intentionally kept lower than DRVs, since it is believed
that the daily intake of these micronutrients may also
come from other sources, for example water and tooth-
paste for fluoride and the synthesis of menaquinones by
intestinal microflora for vitamin K. When indicated and
especially in the long term, supplementation could be
prescribed.

Our data show that Manganese (Mn) content in en-
teral formulas is two folds greater than dietary reference
values for healthy people, but still within the limits set
by the European Commission. Mn toxicity is widely
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J

documented by the pathological absorption through
inhalation and in several patients on long-term total par-
enteral nutrition. However, we found only one report in
a patient fed enterally and with high tea consumption
with potentially toxic high Mn plasma levels. On the
other hand, Mn intestinal absorption is very low and
finely regulated, therefore avoiding high Mn plasma
levels also after a Mn rich diet. For these reasons, in our
opinion the Mn content in all evaluated enteral-feeding
formulas does not represent a concern.

Moreover, the upper limits indicated by the relevant
European standards for both trace elements and vita-
mins were always observed except for chromium, which
was above the upper EC Limit in one formula for dia-
betic patients. Since long-term excessive intake of micro-
nutrients could be unsafe, and the daily tolerable upper
limits for chromium is not known [3, 9], it is suggested
to revise the chromium content at least in the enteral
nutrition formulas administered for periods that exceed
the limit established by European Commission.
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As to the difference between the micronutrient con-
tent in enteral formulas and DRVs, several causes are
possible. First, due to the heterogeneity of mixtures for
EN and the wide variability in daily individual caloric/
nutrient requirements, the EC directive provides the
rules for vitamins and minerals allowed as relative pro-
portions per 100 kcal: as a consequence, the daily
amount of micronutrient received is related to the dose

administered [5]. Secondly, in most cases and excluding
fluoride and vitamin K, the low limit of range set by the
EC is close to DRVs whilst the high limit is close to UL
values and since manufacturers tend to keep the micro-
nutrient content in the middle of EC range, as conse-
quence the micronutrient content results generally
higher than DRVs. Moreover, several disease-specific en-
teral formulas with a micronutrient adapted formulation
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are available for specific needs or clinical conditions, i.e.,
zinc-enriched enteral formulas for patients affected by
burns and wound healing, formulas enriched with vita-
min A to enhance immune function in cystic fibrosis,
formulas with a high chromium content for diabetic
patients, etc. Furthermore, for patients exclusively on
EN and at high risk or with overt micronutrient deficit
due to increased requirements or losses, micronutrient

supplementation by enteral formulas above DRVs may be
appropriate at least for a limited time, until switching to
standard enteral mixtures. In any case, the 1999/21/EC
directive [5] states that the limits set for some micronutri-
ents may be exceeded in case of EN formulas for specific
medical purposes and for limited periods of time and, in
addition, the product labels must contain a clear warning
that their use is indicated to satisfy increased nutritional
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requirements and that it could be unsafe for people
not suffering from specific disease, disorder or medical
condition.

Most patients on long term EN are in stable clinical
conditions and without relevant metabolic diseases,
therefore micronutrient requirements appear to be very
close to those expected for the general population. Then,
the micronutrient content in standard enteral formulas
should be as close as possible to the DRVs for healthy
populations because, as specified in the guidelines on
foods for special medical purposes [10], standard diets
are designed for subjects who, given their particular con-
dition, cannot meet nutritional needs through ordinary
food consumption and have no particular nutritional
requirements.

In conclusion, most enteral formulas are generally
suitable for patients on long-term total enteral feeding
and formulas with higher content of a specific micronu-
trient may be a useful tool for patients affected by
specific medical condition or on short-term enteral nu-
trition. The availability of nutritional enteral formulas,
well balanced also for micronutrient intake, will further
improve individualized treatment, particularly for patients
on long-term total EN.
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