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ABSTRACT: The aim of this study was to evaluate effects of organic sources of manganese (Mn) and
iron (Fe) and inulin in diets for laying hens on absorption of these minerals and their deposition in egg
and tissue. The study was conducted on 90 Lohmann Brown laying hens in the period from 46-52
weeks of age, assigned to 3 groups with 30 hens/group and 3 hens/cage. The hens from the control
group (C) received a diet based on corn, rice bran and soybean meal with 16% of crude protein, as
well as 60 mg Fe/kg and 71.9 mg Mn/kg of diet in form of inorganic salts. The formulation of the
experimental diets (E1 and E2) differed from C group diet by the replacement of inorganic Fe and Mn
salts by organometallic chelates of these elements, at a level of 25% lower than in the premix for
group C. As source of inulin, group E1 diet also included 0.5% of dry Jerusalem artichoke, while group
E2 diet included 0.5% of a product based on chicory root extract. At the end of the experiment, 6 hens
from each group were slaughtered and blood serum and liver samples were collected and assayed for
concentration of Fe and Mn. In the final week of the experiment, 18 eggs/group were collected for
determination of Fe and Mn concentration in egg yolk. Concentration of measured blood serum
parameters (haemoglobin, haematocrit, Fe and Mn) in experimental (E) groups were lower than in
group C, but no significant differences (P>0.05) were registered. Absorption coefficients of Mn had
higher values in E groups than in group C, with significant increase (P<0.05) registered in group E2.
Absorption coefficients of Fe had significantly lower (P<0.05) values for both E groups compared to C
group. A significant (P<0.05) increase of Mn concentration in liver was noticed in group E2. No
significant differences (P>0.05) between groups were observed for Mn and Fe concentration in egg
yolk.
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INTRODUCTION

Nowadays, livestock is generally fed highly
concentrated diets that are formulated to
provide an excess of nutrients to maximize
performance (Leeson et al., 2003). Tradi-
tionally, trace minerals are supplemented
in the form of inorganic salts, such as sul-
phates, oxides and carbonates, to provide
levels of minerals that prevent clinical de-

ficiencies and allow the bird to reach its
genetic growth potential (Bao et al., 2007).
These amounts may be 3-4 times higher
than animal requirement (Untea et al.,
2011). When trace minerals are fed in ex-
cess of animal requirements, more is ex-
creted as waste because of homeostatic
mechanisms that serve to regulate tissue
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concentration of minerals (Spears et al.,
1996).

Organic sources of minerals (organome-
tallic chelates) have been used in order to
enhance trace mineral bioavailability by
binding minerals to organic molecules, al-
lowing the formation of structures with uni-
gue characteristics (Liotta et al., 2009).
Also, the use of organic sources of mi-
nerals in premixes may be a solution to
solve the inadequate mineral intake or the
presence of antagonists in the diet, which
interfere with or unbalance mineral uptake
(Nollet L. et al., 2007). Organometallic
chelates may be added at a lower con-
centration in the diet than inorganic salts
of trace minerals, without causing any ne-
gative effect on production performance
and potentially reducing mineral excretion
(El-Husseiny, 2012).

Inulin is a natural carbohydrate which acts
within the digestive tract of monogastric
animals (Breves et al., 2001), favoring the
absorption of trace elements (Rumessen
et al.,, 1990; Lopez et al, 2000). Few
studies evaluated the effect of inulin as
supplement on absorption of trace ele-
ments in monogastric animals (Chen and
Chen, 2004; Yasuda et al., 2006). In ex-
periments on rats, higher copper absor-
ption in the presence of inulin in the diet
has been reported (Coudray et al., 2006).
Some authors reported that dietary inulin
increases relative biological availability of
dietary copper in weaned piglets, without
effects on zinc and manganese (Untea et
al., 2013). Inulin has been shown to in-
crease the absorption of several minerals
(calcium, magnesium, in some cases
phosphorus) and trace elements (copper,
iron, zinc), but the studies are relatively
scarce and contradictory results were
obtained in experiments on rats (Scholz—
Ahrens and Schrezenmeir, 2007).

The Jerusalem artichoke (Helianthus tu-
berosus), plant with significant inulin con-
tent also known as the sunchoke, sunroot,
topinambur or earth apple, is considered
during other experimental trials on laying
hens as prebiotic and possible substitute
for antibiotic growth promoters (Poeik-
hampha and Bunchasak, 2010). Also, im-
provements of performances, feed utili-

zation and egg production were observed
when Jerusalem artichoke was included in
poultry diets (Yildiz et al., 2008). Chicory
(Cichorium intybus) root has a high con-
tent of fructooligosaccharides and inulin,
which can be used to manipulate the com-
position of microflora in the gut and en-
hance its integrity (Flickinger et al., 2003).

This study presents the results obtained in
an experiment conducted on laying hens,
where the objective was to evaluate the
effects of diet supplementation with amino
acid chelated minerals Fe and Mn and
inulin on absorption coefficients of these
minerals and their content in egg and tis-
sue.

MATERIAL AND METHODS

The present study was carried out at the
National Research and Development
Institute for Animal Biology and Nutrition,
Balotesti, Romania, and the chemical ana-
lyses were carried out at the institute’s
laboratories. The experiment was conduc-
ted on 90 Lohmann Brown laying hens in
the period from 46-52 weeks of age,
divided into 3 groups (C, E1 and E2) with
30 hens/group and 3 hens/cage. Diet for-
mulation considered the nutritional require-
ments of laying hens (NRC, 1994) and the
basic diet was identical for all groups. A
light regimen of 16 hours/day was applied
during the trial period. Food and water
were provided ad libitum. Two sources of
inulin were used: first was a product based
on a chicory root extract and the second
source originated from Jerusalem arti-
choke powder, a plant which contains mi-
nerals, vitamins, proteins, dietary fiber,
and inulin (Danilevi€s, 2006).

The hens from control group (C) received
a diet based on corn, rice bran and soy-
bean meal with 16% of crude protein, as
well as 60 mg Fe/kg and 71.9 mg Mn /kg
of diet in form of inorganic salts. The
formulations of the experimental diets (E1
and E2) differed from the control (C) group
diet by the replacement of the inorganic
salts of Fe (PRECHEZA, Czech Republic)
and Mn (ERACHEM COMILOG, Belgium)
by organometallic chelates of these ele-
ments (manganese chelate of glycine
hydrate - EcoTrace® Mn 20% and ferrous
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chelate of glycine hydrate - EcoTrace® Fe
20%, Biochem, Germany ), at a level of
25% lower than in the premix for group C.
Group E1 also included 0.5% of dry Jeru-
salem artichoke (S.C. Hofigal S.A., Ro-
mania), while group E2 included 0.5% of a
product based on a chicory root extract
(Frutafit®IQ, Sensus, Holland).

According to experimental protocol appro-
ved by the Ethical Committee of the Na-
tional Research-Development Institute for
Animal Nutrition and Biology, Balotesti,
Romania, two periods (five days each) of
mineral balance were performed in the
fourth and the sixth week as suggested by
Khan et al. (2003). During balance pe-
riods, the feed, unconsumed feed and
faeces samples were collected (10 sam-
ples/group/balance period) and prepared
for determination of Fe and Mn using
microwave digestion procedure described
by Untea et al. (2012) and applying flame
atomic  absorption  spectrophotometry
(FAAS). The used equipment was an ato-
mic absorption spectrometer Thermo
Electron — SOLAAR M6 Dual Zeeman
Comfort (Cambridge, UK), with deuterium
lamp for background correction and air-
acetylene flame. Absorption coefficients of
Mn and Fe were calculated based on their
determination in ingested and excreted
samples, supported by daily recordings of
feed consumption and excreta quantity.
Absorption coefficient (%) represents the
ratio: (absorbed mineral quantity / ingested
mineral quantity)*100, where the absorbed
quantity represents the difference between
the ingested amount and the excreted
amount. The data for mineral balance in
this study are presented as means of the

values obtained in the two balance pe-
riods.

In the final week of the experiment, 18
eggs per group were randomly collected
and 6 composite samples/group (3
eggs/sample) of egg yolk was prepared for
Fe and Mn concentration determination by
FAAS, according to the procedure of
Untea et al. (2012).

At the end of the experiment, blood
samples were collected from brachial vein
of 6 hens from each group to determine
haemoglobin (HGB) and haematocrit
(HCT) content. The analysis was con-
ducted using MINDRAY BC 2800 VET,
AUTO HEMATOLOGY ANALYZER (Gu-
angzhou, China). Also at the end of the
experiment, 6 hens from each group were
slaughtered according to the pro-visions of
the Law on animal protection and welfare
(Council Directive 93/119/CEE, 1993).
Blood serum and liver samples were
collected and prepared for determination
of Fe and Mn concentration by FAAS
using procedure described by Untea et al.
(2012).

The data were analyzed using the

StatView for MS Windows 5.0 software
(SAS Institute Inc., Cary, NC, USA).

RESULTS AND DISCUSSION

The results of haemoglobin (HGB), hae-
matocrit (HCT), Fe and Mn content in
blood serum are presented in Table 1.

No significant differences (P>0.05) bet-
ween groups concerning HGB and HCT
content were registered (Table 1). Same
was observed for Fe and Mn blood serum
values.

Tablel.
Results of blood serum analysis
HGB (g/dL) HCT (%) Fe (pg/dL) Mn (ng/mL)
C 7.83+1.22° 24.20+1.92% 405.29+41.84° 103.20+12.87°
El 8.05+0.55° 24.83+2.64° 394.90+25.42° 104.57+16.37°
E2 7.96+0.90° 23.60+1.52% 404.32+64.06° 97.80+8.84°

Results are expressed as a mean + SD

Means with the same superscript in the same column are not statistically different (P>0.05)

HGB - haemoglobin
HCT — haematocrit
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Table 2.
Balance parameters for manganese and iron

Balance parameters Control El E2
Ingested (g/hen/day) 22.90 +2.18° 15.97 + 2.74° 16.25 + 5.02°
Manganese Excreted (g/hen/day) 18.22 + 3.21° 12.30+ 3.02° 11.52 + 2.94°
Absorption coefficient (%)  20.43 + 3.03% 22.97 + 4.33% 29.10 +6.2°
Ingested (g/hen/day) 36.07 + 5.27% 28.71+6,41° 28.58 + 6.01"
Iron Excreted (g/hen/day) 26.62 + 6.07% 24.94 +£521° 25.09 £7.13%
Absorption coefficient (%)  26.22 + 4.82% 13.15 + 5.42" 12.22 + 6.02°

Results are expressed as a mean + SD

Means with the different superscript in the same row are statistically different (P<0.05)

Table 3.
Manganese and iron concentration in liver
Manganese Iron
Group
ppm ppm
C 7.40 + 0.55% 250.70 + 15.10°
El 7.75+0.51% 247.24 + 16.46°
E2 8.66 + 0.49" 240.65 + 11.12°

Results are expressed as a mean + SD

Means with the different superscript in the same column are statistically different (P<0.05)

Table 4.
Manganese and iron concentration in egg yolk
Manganese Iron
Group
ppm Ppm
C 2.12+0.22° 139.22 + 15.10%
El 1.99 + 0.23% 140.21 + 6.46°
E2 2.01+0.07% 141.63+11.12°

Results are expressed as a mean + SD

Means with the same superscript in the same column are not statistically different (P>0.05)

The results of mineral balance calculation
are presented in Table 2. A significantly
lower (P<0.05) quantity of ingested Fe and
its absorption coefficients was noticed in E
groups. It was not the case for Mn, where
the 25% reduction of its organic source in
the diets, did not produce a reduction of
absorption coefficients in E groups com-
pared to group C. Therefore, it can be
assumed that the manganese absorption
was influenced by inulin supplements
added into diets of experimental groups.
The obtained results sustain the reports in
the literature with regard to antagonistic
interactions between Fe and Mn (Creech,
2004).

Although the Mn concentration was lower
in experimental diets, the liver concen-
tration of Mn was significantly higher
(P<0.05) for E2 group than for group C.
These results confirm the observation
concerning the high value of Mn ab-
sorption coefficient for E2 group.

Iron-manganese antagonism was also no-
ticed at the level of the main mineral depo-

sition organ - the liver (Table 3), where Fe
concentration was lower for E groups com-
pared to group C, but this concentration
decrease was not statistically significant
(P>0.05).

Manganese and iron egg Yyolk concen-
trations, registered at the end of the expe-
riment, are presented in Table 4. There
were no significant differences (P>0.05)
concerning the content of Mn and Fe in
egg yolk. The obtained results are in the
range of values reported in the literature
for Fe and Mn concentration in egg yolk
(Skrivan, 2005; Orda, 2012).

CONCLUSIONS

Lowering the amount of organic sources of
manganese and iron in laying hens diets
by 25% led to lower absorption coefficients
of Fe. On the contrary, the presence of
inulin supplements, associated with Fe-Mn
antagonism, improved the absorption coef-
ficients of Mn. The decreased content of
Fe and Mn in diets for laying hens, in con-
junction with inulin supplementation, did
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not produce any adverse effects on Fe
and Mn concentration in egg yolk.

Further studies are required in order to
investigate interactions between minerals
such as Fe and Mn, as well as their ab-
sorption, metabolism and excretion, using
their organic and inorganic forms at diffe-
rent levels of inclusion rate in laying hens
diets supplemented with inulin sources.
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YTULIAJ OPFTAHOMETAJTHUX XEJIATA U UHYJNIUHA Y XPAHU 3A KOKE
HOCWUJBLE HA ANCOPNUMNOHE KOE®ULIMJEHTE MAHIAHA U TrBOXHA
U BUXOB CAOPXAJ Y JAJUMA U TKNBY
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CaxeTak: Linrs oBor nctpaxvsara 610 je ga ce ucnuta ytvuaj OpraHCKMx U3Bopa MaHraHa u
rsoxha, Kao M WHYNMMHA Yy XpaHM 3a KOKe HOCUIbE Ha ancopruujy OBUX erneMeHaTa W HUXOBO
JenoHoBawe Y jajuma u TkmBy. VicTpaxusame je cnpoBegeHo Ha 90 Lohmann Brown koka Hocurba y
nepvoay of 46-52 Hegerbe CTapocTu, Koje cy nogeroeHe y 3 rpyne ca 30 koka/rpynu n 3 koke/kaBeay.
Koke 13 koHTponHe rpyne (K) cy gobujane xpaHy 6asupaHy Ha KyKypy3y, MMPWHYaHUM MeKkutbama U
COjuHOj caummn, ca 16% cupoBux npotemHa u gogaTtkom 60 mr/kr ®e u 71,9 mr/kr Mn y obnuky
HeopraHckmx conu. Y xpaHu ekcnepumeHtanHux rpyna (E1 n E2), HeopraHcke conu Fe n Mn cy
3amMer-eHe opraHoMeTanHuMm xenatvMma OBWX efnieMeHaTa, U TO Tako Aa je huxoB cagpxaj bmo 25%
HWXWM HEro cagpaj HeoOpraHCKUxX CONMM OBWUX enemMeHaTta Yy npeMukcy KoHTpomnHe rpyne. Kao ussop
WHynuHa, y xpaHy rpyne E1 je popato 0,5% jepycanvmcke apTuyoke, OOK je xpaHa rpyne E2
cagpxaBana 0,5% npousBoga 6asvpaHor Ha ekCTpakTy KopeHa umkopuje. Ha kpajy ornega, 6 koka
Hocurba M3 CBake rpyne je XPTBOBAHO M Yy y3opuuMMa KpBHOr cepyma W jeTpe cy oppeheHe
KoHUeHTpauuje Fe n Mn. Takohe, Ha kpajy ornefa je ogpeheHa KoHueHTpauunja Fe n Mn y xymaHuy
jaja u3 cse Tpu rpyne. KoHueHTpauuje MepeHMXx napameTapa KpBHOr cepyma (XemorrnobwuH,
xemaTtokpuT, Fe n Mn) cy 6une Hmxe y ekcnepumeHTanHum (E) rpynama Hero y K rpynu, ann te
pasnuke HUcy bune ctatucTnyky 3HavajHe (P >0,05). AncopnumnoHn koeduumjeHTn MaHraHa cy ounm
Behu y E rpynama y ogHOCY Ha KOHTPOMHy rpyny, ca 3Ha4dajHum noeehawem (P<0,05) y rpynn E2.
Ancopnunonn koeduumjeHTn reoxha cy 6unu 3HadvajHo Hwxm (P <0,05) y E rpynama y ogHocy Ha
rpyny K. PeructpoBaHa je 3Ha4ajHo Beha koHueHTpauuja (P <0,05) Mn y y3opumma jetpe ms rpyne E2.
M3meny rpyna Huje ycTaHoBIbeHa 3Ha4vajHa pasnuka (P >0,05) koHueHTpaumje Fe u Mn y xxymaHuy
jaja.

Krby4yHe peuu: maHzaH, 280xhe, opecaHoMemarHu xenamu, UHYIUH, KOKe HocUurbe
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