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Abstract Pectins are a type of soluble fiber present in
natural and processed foods. Evidence regarding the effect
of esterification degree of pectins on iron absorption in
humans is scarce. In the present study, the effect of pec-
tins with different degrees of esterification on non-heme
iron absorption in women was evaluated. A controlled
experimental study was conducted with block design, in-
volving 13 apparently healthy, adult women. Each subject
received 5 mg Fe (FeSO4) without pectin (control) or
accompanied by 5 g citrus pectin, two with a low degree
of esterification (27 and 36%), and one with a high degree
of esterification (67 to 73%), each on different days. Each
day, the 5 mg Fe doses were marked with radioactive 59Fe

or 55Fe. Radioactivity incorporated into erythrocytes was
determined in blood samples 14 days after the marked Fe
doses were consumed. On days 18 and 36 of study, 30
and 20 mL blood samples were obtained, respectively,
and blood sample radioactivity incorporated into erythro-
cytes was determined. Body iron status was determined
from blood taken on day 18. Whole body blood volume
was estimated for calculate iron bioavailability; it was
assumed that 80% of absorbed radioactivity was incorpo-
rated into the Hb. All women participants signed an in-
formed consent of participation at baseline. Iron bioavail-
ability (mean geometric ±1 SD) alone (control) was
18.2% (12.3–27.1%), iron + pectin27 was 17.2% (10.2–
29.2%), iron + pectin36 was 15.3% (9.5–24.6%), and iron
+ pectin67 was 19.5% (10.0–38.0%). No statistically sig-
nificant differences between iron bioavailability (repeated
measures ANOVA, p = 0.22) were observed. Pectin ester-
ification degree does not influence the bioavailability of
non-heme iron in women.
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Abbreviations
ANOVA Analysis of variance
cpm Counts per minute
ELISA Enzyme-linked immunosorbent assay
Fe Iron, chemical element
FeSO4 Ferrous sulfate
FeCl3 Iron chloride
55Fe Radioactive isotope
59Fe Radioactive isotope
GI tract Gastrointestinal tract
Hb Hemoglobin
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kBq Kilobecquerel, 103 Becquerel (Bq)
(unit of radioactivity)

MCV Mean corpuscular volume
RBC Red blood cell
Sat% Transferrin saturation
SF Serum ferritin
sTfR Serum transferrin receptor
TIBC Total iron binding capacity
ZPP Zinc protoporphyrin

Introduction

Micronutrient deficiency, also known as hidden hunger,
affects more than 2 billion people worldwide and, in
many cases, coexists with malnutrition and obesity.
Among micronutrient deficiencies, the most prevalent nu-
tritional deficiency in developing countries is iron defi-
ciency anemia [1]. A common cause of iron deficiency
anemia is the low bioavailability of non-heme iron [2].
Non-heme iron bioavailability is influenced by a number
of dietary factors that promote or inhibit its absorption
[3]. Dietary fiber has been identified as inhibitory to the
absorption of non-heme iron [4], and in some populations,
consumption could become a risk factor for inadequate
nutritional iron status. It remains unclear whether the in-
hibitory effect is universal for all types of fiber, or if only
certain types demonstrate this result [5].

Pectin is one of many compounds classified as a solu-
ble dietary fiber. Pectins are complex polysaccharides that
are part of plant cell walls and are found naturally in
fruits, vegetables, legumes, cereals, roots, and nuts [6,
7]. In the food industry, pectins of low and high degrees
of esterification are widely added into processed foods
[8]. At the medical and pharmacological level, pectins
have beneficial effects on gastrointestinal health [9–11],
cholesterol-lowering properties [12], and therapeutic ef-
fects on colon cancer [13], and are therefore frequently
used for these reasons [8].

Despite the health benefits attributed to pectins, it has been
described that they may impair the absorption of certain min-
erals, including iron [14]. In vitro studies show that this type
of fiber has the capacity to bind to iron [15, 16] and reduce its
availability [17]. In animal models, pectins have been shown
to decrease non-heme iron absorption, an effect dependent on
their esterification degree [18]. In apparently healthy women,
it has been observed that pectins do not modify the bioavail-
ability of iron in a significant manner [19, 20]; however, the
effect of esterification degree on iron bioavailability has not
been studied in this model. The objective of this study is to
determine the effect of citrus pectin esterification degree on
non-heme iron bioavailability in women.

Subjects and Methods

Subjects

Fourteen adult women, all apparently healthy, multiparous,
contraceptive users, aged between 32 and 46 years, participat-
ed. At baseline, it was confirmed that none of the volunteers
were pregnant by chorionic gonadotropin urine test (negative).
Non-lactating women who were planning a pregnancy in the
next 2 years or who had used an iron supplement in the pre-
vious 3 months were excluded.

Study Design

This study was designed to determine the effect of esterifica-
tion degree of a dose of 5 g of citrus pectin on the bioavail-
ability of 5 mg of Fe (as FeSO4). It was reported that 5 mg of
iron is the amount contained in a meal [3]. We selected 5 g of
pectin given that it has been estimated that an averageWestern
diet provides 4 to 5 g of pectins per day [21].

Subjects were their own controls. Each subject received 5 mg
Fewithout pectin (control) and the same dose of Fe accompanied
by 5 g citrus pectin, two with a low degree of esterification and
one with a high degree of esterification, each on different days.
The subjects had to attend selected days having fasted for at least
8 h. Instructions were given to all participants to avoid eating or
drinking up to 3 h after consuming the compounds. A snack and
standard lunch were given.

The 5 mg Fe dose was marked with 37 kBq of 59Fe or
111 kBq of 55Fe (PerkinElmer, Inc., Boston, MA, USA).
Prior to ingestion, subjects fasted for 8 h. Each subject drank
50mL of a solution preparedwith 5mg of Fe (FeSO4), labeled
with the appropriate isotope. Immediately after drinking the
iron solution, each subject ingested citrus pectin in gelatine
capsules. Table 1 shows the compounds used by each day of
the study design. All pectins were manufactured by CP Kelco,
(Denmark). On day 1 of the study, Genupectin type LM104
ASwith 27% esterification and 20% amidation (pectin27) was
administered. On day 4, Genupectin type LM101 AS with
36% esterification and 14% amidation (pectin36) was
administered. On day 18, Fe was ingested without pectin
(control). On day 21, subjects received Genupectin type
LM105 with 67 to 73% esterification (pectin67). In order
to prevent the pectin dosage delivered on 1 day from
interfering with the effect on the bioavailability of Fe of
the next dose, 72 h were allotted between intakes, with
sufficient time for the pectin to be digested and metabolized
[22]. This pectin was chosen because it is used as an ingredient
in the food industry.

On days 18 and 36 of study, 30 and 20 mL blood samples
were obtained, respectively. Radioactivity incorporated into
erythrocytes was determined in blood samples obtained at days
18 and 36. Body iron status was determined from blood taken
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on day 18. The incorporation process of Fe isotopes into circu-
lating erythrocytes takes 8 days and remains constant until after
day 14 [23]. This corresponds to the elapsed time between the
intake of compounds and the sample collection. Duplicates of
blood samples and six identical samples from ingested solu-
tions were processed according to the technique of Eakins
and Brown [24]. Subsequently, the radioactivity was measured
in a liquid scintillation counter (Packard 1600TR system
TriCarb Scintillation Counter, Meriden CT). Samples were
counted a sufficient number of times to ensure an error count
smaller than 3%. Using each subject’s weight and height taken
at baseline, whole body blood volume was estimated (volemia)
[25]. To calculate iron bioavailability, the counts per minute per
milliliter of 55Fe or 59Fe of sample processed blood was multi-
plied by the volemia (total cpm circulating). Likewise, this re-
sult was divided by total cpm of 55Fe or 59Fe ingested (it was
calculated in counts per minute per gram of labeled solution
multiplied by grams of solution ingested). The total cpm circu-
lating was divided by total cpm ingested and multiplied by 100.
It was assumed that 80% of absorbed radioactivity was incor-
porated into the Hb, independent of body iron status [23]. To
calculate iron bioavailability, the following formula was used
(Eq. 1)

Fe bioavailability %ð Þ

¼ cpm=mL bloodð Þ � total blood volume mLð Þ
cpm=mL bloodð Þ � intake weight gð Þ � 100

0:8

Blood Samples

Hemoglobin (Hb) and mean corpuscular volume (MCV) were
determined by electronic cell count (CELL-DYN 3200,
Abbott Diagnostics, Abbott Park, IL, USA). Transferrin satu-
ration (Sat%) was calculated from serum Fe and total iron
binding capacity (TIBC) [26]. Zinc protoporphyrin (ZPP)
was determined in a hematofluorometer (ZP-M206D, AVIV
Biomedical Inc., Lakewood, NJ, USA). Serum ferritin (SF)
was determined by enzyme immunoassay (ELISA) [27], as
well as serum transferrin receptor (sTfR) (ELISA—Ramco

Laboratories Inc., Houston, TX, USA). Body iron content
was calculated using the following formula (Eq. 2)

Body Iron mg=kgð Þ ¼ −
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Positive values of body iron (mg/kg) were considered as
repletion of iron stores and negative values as iron deficient
tissues [19]. Subjects with Hb <120 g/L [28, 29] and two
altered iron state parameters were classified as having iron
deficiency anemia. Subjects with Hb >120 g/L and two or
more altered parameters were classified as having iron defi-
ciency without anemia. The volunteers with serum ferritin
<12 μg/L were classified as having iron depleted stores.
MCV <80 fL [27], Zpp >70 g/dL RBC [28], Sat <15% [28],
and SF <12 μg/L [28] were considered altered parameters.
Women with different nutritional iron status included in the
analysis because they are representative of the iron nutrition
observed in populations of women of fertile age.

Statistics

A sample size of nine subjects was estimated with PRIMER
software version 3.02, using the BPower and sample size
ANOVA^ option. This calculation took into account an alpha
of 0.05, a power of 80%, a residual standard deviation of three,
a number of treatment groups of four, and a minimum detect-
able difference of 5%. The number of volunteers was in-
creased to 14, taking into consideration a potential 40% loss
of participants that might occur throughout the study due to
intake rejection or the presence of diarrhea and/or vomiting,
resulting in significant losses of administered compounds.

Statistical analyses were performed in GraphPad Prism soft-
ware v6.01 (GraphPad Software, Inc., La Jolla, CA, USA).
Variables not normally distributed were converted to natural log-
arithms for statistical tests and reconverted to their original units

Table 1 Compound used by each
day of the study design Day 1 (55Fe)

111 kBq
Day 4 (59Fe)
37 kBq

Day 18 (59Fe)
111 kBq

Day 21 (55Fe)
37 kBq

Day 36

5 mg Fe (FeSO4) 5 mg Fe (FeSO4) 5 mg Fe (FeSO4) 5 mg Fe (FeSO4)

+ 5 pectin27 + 5 g pectin36 + 5 g pectin67

Blood samples Blood
samples

On days 18 and 36, blood samples with volumes of 30 and 20 mL, respectively, were taken from each subject

pectin27 citrus pectin with 27% esterification, 20% amidation, pectin36 citrus pectin with 36% esterification, 14%
amidation, pectin67 citrus pectin with 67 to 73% esterification
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to be reported as geometric means with ranges (−1 standard
deviation (SD), +1 SD). ANOVA for repeated measures was
used to analyze the effect of treatments on iron bioavailability,
and the post-hoc Dunnett’s test was applied. The bioavailability
rate (iron bioavailability by treatment / bioavailability of iron

control) for each treatment was calculated and compared. Avalue
of p < 0.05 was considered as statistically significant.

Results

Subject Characterization

Thirteen women completed the study, while one volunteer
decided not to continue. The participants were aged between
32 and 46 years. Table 2 shows the subjects’ characteristics.
None of the volunteers presented iron deficiency anemia;
however, two had iron deficiencywithout anemia and one iron
depleted stores.

Effect of Pectin Esterification Degree on Non-heme Iron
Bioavailability

Table 3 shows the individual values of iron bioavailability.
The geometric mean (range ± 1 SD) of the iron bioavailability
control (FeSO4) was 18.2% (12.3–27.1%); the bioavailability
of pectins with low esterification degree (pectin27 and pec-
tin36) decreased iron bioavailability by 5 and 16%, respec-
tively. In contrast, treatment with pectins of high esterification

Table 2 Subject characteristics

Characteristic Value

Age (years)a 38 ± 4.3

BMI (kg/m2)a 27.0 ± 1.9

Hb (g/L)a 151 ± 5

MCV (fL)a 87 ± 3

Zpp (μg/dL RBC)a 72 ± 13

Transferrin saturation (%)a 28 ± 12

Serum ferritin (μg/L)a 32 ± 14

sTfR (mg/L)b 6.2 (5.6–7.3)

Body Iron (mg/kg)a 3.9 ± 2.1

BMI body mass index, MCV mean corpuscular volume, Zpp zinc proto-
porphyrin, Sat transferrin saturation, FS serum ferritin, sTfR soluble trans-
ferrin receptor
a Values are means ± standard deviations
b Values are median and interquartile range

Table 3 Effect of pectin
esterification degree on non-heme
iron bioavailability in women

Subject Non-heme Fe bioavailability (%) Bioavailability ratio

Day 1 Day 4 Day 18 Day 21 Pectin27/
control

Pectin36/
control

Pectin67/
control55FeSO4 +

pectin27

59FeSO4

+pectin36

59FeSO4

(control)

55FeSO4 +
pectin67

1 7.3 14.2 11.9 22.1 0.61 1.20 1.85

2 18.3 11.9 19.8 12.8 0.92 0.60 0.65

3 15.6 10.5 16.6 12.6 0.94 0.63 0.76

4 29.5 27.8 21.5 21.0 1.37 1.29 0.98

5 18.6 13.8 15.3 9.9 1.22 0.90 0.65

6 20.5 14.6 9.0 5.9 2.28 1.62 0.66

7 25.1 14.9 31.4 24.2 0.80 0.48 0.77

8 10.9 14.8 28.2 24.4 0.39 0.53 0.87

9 45.0 41.7 26.2 49.2 1.72 1.59 1.88

10 9.6 7.0 13.4 17.3 0.72 0.52 1.29

11 13.5 18.1 19.4 26.4 0.70 0.93 1.36

12 10.5 9.0 11.9 13.1 0.88 0.76 1.10

13 30.4 23.7 29.8 76.8 1.02 0.80 2.58

Geometric
meansa

17.2 15.3 18.2 19.5 0.95 0.84 1.07

−1 SD 10.2 9.5 12.3 10.0 0.60 0.55 0.68

+1 SD 29.2 24.6 27.1 38.0 1.50 1.28 1.69

ANOVA for repeated measures p = N.S.

pectin27 citrus pectin with 27% esterification, 20% amidation, pectin36 citrus pectin with 36% esterification, 14%
amidation, pectin67 citrus pectin with 67 to 73% esterification
a Values are geometric means ± standard deviations (SD)
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degree (pectin67) increased iron bioavailability by 7%; how-
ever, these differences were not statistically significant (re-
peated measures ANOVA F = 1.59 p = 0.22) (Table 3).

Discussion

This study investigated the effect of 5 g of citrus pectins with
low and high esterification degree on the bioavailability of
5 mg iron (FeSO4) in apparently healthy, adult, premenopaus-
al women, in a fasted state. No significant effect on the bio-
availability of 5 mg non-heme Fe with citrus pectins of low or
high esterification degree was found. Five grams of pectin was
used since this amount has been estimated to be about the
amount provided by western diets in 1 day [21]. Five milli-
grams of non-heme Fe was used as it has been calculated as
the amount provided by the average lunch or dinner in devel-
oping countries [3]. In a study on patients with idiopathic
hemochromatosis, Monnier et al. [16] observed an inhibitory
effect on the absorption of 1 mg Fe when offered with a dose
of 9 g/m2 pectin. These results cannot be extrapolated to
healthy subjects as idiopathic hemochromatosis is a disease
characterized by having high intestinal absorption of iron.
Furthermore, although Monnier offered compounds in the
fasting state, pectin was prepared with ice, which itself can
affect the digestive processes of the (gastrointestinal tract) GI
tract. Subsequently, Cook et al. [30] did not observe a signif-
icant inhibitory effect on the bioavailability of 2.7 mg Fe (as
FeCl3), when ingested together with 5 g citrus pectin in the
form of wheat flour muffins in apparently healthy women.
Jaramillo et al. [20] was not able to find a significant inhibitory
effect on the bioavailability Fe using 250mg citrus pectin (55–
70% esterification) and 5 mg Fe (FeSO4). Our results show
that doses of 5 g citrus pectin have no significant effect on the
bioavailability of 5 mg non-heme Fe in women, apparently
healthy, in the fasted state.

Commercially available pectins are classified according to
the percentage of methylated carboxyl groups (methyl-esteri-
fied or esterified): low methoxyl pectins (<50%) and high
methoxyl pectins (>50%) [8]. In an animal model, it has been
suggested that the effect of pectin on the bioavailability of Fe
depends on its esterification degree. In healthy rats consuming
a diet including citrus pectin with a high esterification degree
and lowmolecular weight, non-heme Fe absorption was great-
er than that of rats fed with a diet containing citrus pectin with
a low degree of esterification and high molecular weight [18].
Studies made by Monnier et al. [16] and Cook et al. [30] do
not specify the methylation degree of the pectins used.
Jaramillo et al. [20] did not observe a significant decrease in
the bioavailability of non-heme Fe using high methoxyl citrus
pectin (55–70%). This study, like the aforementioned works,
did not determine the molecular weight of the pectins used.
Amidation has been described as an important characteristic

for low methoxyl pectins to bind to calcium and gelify,
protecting them from coagulation [31]; however, no interac-
tion with iron has been described. In the present study, two
low methoxyl pectins with different degrees of amidation
were used and no significant differences in the bioavailability
of iron were observed between them. Under these experimen-
tal conditions, it was observed that the degree of amidation in
low-methoxy pectin has no effect on non-heme iron bioavail-
ability; however, more studies are necessary to fully elucidate
the interactions between these molecules.
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