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Abstract: The aim of this study was to analyse the effect ferrous gluconate and ferrous lactate on the rheological be-
haviour of dough from a high extraction rate. For fortification of wheat flour, we used iron ions in a divalent form in
amounts of 3, 4, and 5 mg/100 g. To record the rheological characteriscics of the fortified wheat flour dough, Farino-
graph, Amilograph, Falling Number, Rheofermentometer, and Thermo Haake Mars dynamic rheometer were applied.
The Farinograph did not show significant changes in the water absortion values in the samples with ferrous salts. As
for dough development time and dough stability, small amounts of ferrous additives increased and large amounts de-
creased those parameters. The effect was more significant in the samples with ions from gluconate form than from
lactate salt. The Amylograph recorded an increased peak viscosity with an increasing ferrous salt quantity. That was
the case for both ferrous salt forms. The increased was in a similar way for both types of ferrous salt forms used. The
total CO, volume production and the retention coefficient obtained with the help of the Rheofermentometer device
increased in the dough samples with 3 and 4 mg of iron/100 g. However, the addition of 5 mg of iron decreased those
indicarors. The decrease was more significant for iron ions from ferrous ferrous gluconate than from ferrous lactate.
The fundamental rheological properties of the dough were analysed by using a frequency sweep and oscillatory tem-
perature sweep test. Ferrous lactate and ferrous gluconate influenced both the fundamental and empirical rheological
properrties og the dough in similar way.
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INTRODUCTION

Iron is a vital element for the humans, hence iron
deficiency can seriously affect human’s health [1, 2].
60% of the world’s population was estimated to be defi-
cient in iron, while 33%, 30% and 15% are deficient in
zinc, iodine, and selenium, respectively. Such a status is
known as ‘hidden hunger’, due to diet that is poor in es-
sential micronutrients [3, 4]. Iron deficiency has reached
epidemic levels in numerous developing countries and
affects people of all ages worldwide [5, 6]. The func-
tional iron pool consists of such structural components
in heme proteins as hemoglobin, myoglobin, and cyto-
chromes [6, 7]. In addition, iron plays a part in nearly all

intake, a poor absorption of iron or both. Iron deficien-
cy exerts an adverse effect on mental and motor function,
work productivity, immunity, cognitive development,
and the quality of life in general [3, 5, 8, 9].

In 2012 WHO (World Health Organization) imple-
mented a plan on maternal, infant, and young child nutri-
tion to achieve a 50% reduction of anaemia by 2025 [10].
The food industry has initiated the use of iron into con-
sumer products such as bread, breakfast cereals, biscuits,
and energy bars. The food vehicles recommended to be
fortified with iron, apart from staple foods, seasonings
(i.e. table salt, soy sauce, fish sauce, broth, and curry
powder) have been assayed owing to their extensive use
in the various target populations [10]. The fortifying in-

redox reactions, and it is a vital component in several en-
zymes [3].

Iron aids the distribution of oxygen to the body, keeps
the immune system strong, and helps the body to produce
energy. Iron deficiency is caused by an insufficient iron

gredients should however be used in the recommended
amounts to prevent the risk of excessive consumption.
Blanco-Rojo, Vaquero, and Hurrell [10, 11] reported that
iron was the most difficult micronutrient to produce for-
tified foods. Many of the compounds used as iron forti-
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ficants caused unacceptable colour and flavour changes
in foods.

Cereal is the main source of food for humans, espe-
cially in developing countries where it takes half of the
calorie intake. The most appropriate iron compounds
recommended by the WHO to fortify cereals are fer-
rous sulfate, ferrous fumarate, ferric pyrophosphate, and
electrolytic iron [10, 12]. Most nutrients are present in
the outer layers of wheat and are lost during the milling
process. Wheat flour is the raw material in the manufac-
turing of many foods: bread and bakery products, con-
fectionery products, snacks, and biscuits. In Romania,
wheat flour has been the only food item widely used for
iron fortification at the national level [13]. An alternative
source of this element for the treatment of iron deficiency
can be iron fortified bread [3].

Besides flour, bread and other fortified products also
contain a number of various ingredients and food addi-
tives. Iron can interact with these, which can cause taste,
odour and colour changes, enchance the toxicity of ad-
ded food additives, or decrease the vitamin and miner-
al content in the products. The rheological properties of
fortified dough, among other parameters, change [14, 15]
during the technological process.

For successful fortification programme, it is impo-
rtant that the combination of the fortificant and the food
item to be easily accepted by the comsumer [16, 17].
This requirement includes not only sensory properties of
the fortified food but also economic viability and effica-
cy (bioavailability) [17, 18]. The interactions between the
iron fortificant, the food vehicle and the consumer accep-
tance can be the subject of a further investigation and a
multidisciplinary approach [10].

Iron in other products of plant origin is non-heme,
and its disadvantage is to interact with substances in
foods that inhibit its absorption such as tannins, phytates,
and polyphenols. Therefore, iron has a low bioavailabi-
lity [19]. The most significant enhancer of iron bioavai-
lability is ascorbic acid, which both reduces and chelates
iron, rendering it soluble and availability for absorption
in the gut [6, 20].

Fortification of wheat flour with iron is technically
more difficult than that with other nutrients because iron
is a pro-oxidant and therefore promotes lipid oxidation.
Hence, the ideal iron compound for fortification of food
should be one that ensures high iron bioavailability and
does not affect the nutritional value or sensory proper-
ties of food [21-23]. Therefore, that waa the reason why
we chose ferrous lactate and ferrous gluconate as an iron
source. Theese froous salts ensure a high bioalvalabilty
[24, 25], so they are widely reccommened as iron source
for food products. In this paper we analysed an effect
of fortification of wheat flour from a high extraction rate
with iron ions in a divalent form from ferrous lactate and
ferrous gluconate in amounts of 3, 4 and 5 mg/100 g on
the rheological behaviour of the flour To our knowledge
no such complex study on empirical (mixing, pasting, and
fermentation) and fundamental rheological behaviour of
gough was made using this type of iron ions.

STUDY OBJECTS AND METHODS
The wheat flour used in this study was provided
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by S.C. Dizing S.R.L. (Brusturi. Neam, Romania).
The following characteristics of wheat flour were ana-
lysed according to Romanian or international stan-
dard methods: moisture (ICC 110/1)*, ash con-
tent (ICC 104/1)**  protein content (ICC 105/2)***,
gluten deformation index (SR 90:2007), wet gluten (ICC
106/1), and Falling Number (ICC 107/1)**** The an-
alytical characteristics for the wheat flour analysed
were the following: 1.25 g/100 g for ash content, 12.8%
for moisture, 14.3% for protein, 35% for wet gluten,
3 mm for gluten deformation index, and 262 s for Falling
Number. Ferrous gluconate (Fe(C H, 0.),-2H,0) and fer-
rous lactate (Fe (CH,CH(OH)COO),-2H,0) were provided
by Jost Chemical (Belgium). The ferrous salts were ad-
ded in suce a way to achieve the iron ion concentration in
wheat flour of 3 mg/100 g, 4 mg/100 g, and 5 mg/100 g.

The empirical rheological tests during mixing, pa-
sting, and fermentation processes of wheat flour dough
with and without iron ions addition were carried out
using Farinograph, Amilograph, Falling Number, and
Rheofermentometer devices.

Empirical rheological properties of the dough
during mixing were evaluated by using a Farinograph
device (Brabender, Duigsburg, Germany, 300 g capa-
city) according to ICC method 115/1*%**** We ana-
lysed water absorption (WA, %), dough stability
(ST, min), dough development time (DT, min), and de-
gree of softening (DS, min) at 10 min.

Viscometric rheological properties of the dough
were analysed with the help of a Falling Number device
(Perten Instruments AB, Sweden) and an Amylograph
device (Brabender OGH, Duisburg, Germany). ICC
method 107/1 was used to evaluate the a-amylase acti-
vity of the wheat flour through the Falling number values
(FN, s). Such parameters as gelatinization temperature
(Tg, °C), peak viscosity (PV__, BU), and temperature at
peak viscosity (T, °C) were determined according to
ICC method 126/1*****%*

Dough rheological properties during fermentation
were measured with a Chopin Rheofermentometer (Cho-
pin Rheo, type F3, Villeneuve- La- Garenne Cedex,
France). The parameteres were: maximum height of ga-
seous production (H’m, mm), total CO, volume produc-
tion (VT), volume of the gas retained in the dough at the
end of the test (VR), and retention coefficient (CR, %).

Fundamental dough rheological properties were
analysed using a HAAKE MARS 40 rheometer. The
dough samples had the optimum dough consisten-
cy according to the water absortion values previosly

*Standard Method 110/1. Determination of the Moisture Content of
Cereals and Cereal Products (Practical method).

** Standard Method 104/1. Determination of Ash in Cereals and Cereal
Products.

*** Standard Method 105/2. Determination of Crude Protein in Cereals
and Cereal Products for Food and Feed.

*#***Standard Method 107/1. Determination of the ‘Falling Num-
ber’ according to Hagberg — Perten as a Measure of the Degree of Al-
pha-Amylase Activity in Grain and Flour.

#*xx* Standard Method 115/1. Method for using the Brabender Fari-
nograph.

#ckkkk Standard Method 126/1: Method for using the Brabender Amy-
lograph.
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established by the Farinograph device. Each sample
was placed between the rheometer plates. The excess
margins of the samples was removed and vaseline oil
was used to prevent drying of the dough samples. The
gap was setted to 2 mm, and a plate system with a di-
ameter of 40 mm was used. Before analysis, the dough
samples were left between plates for 10 min in order
to allow its relaxation and to eliminate the stress rsul-
ting from the mixing process. Frequency sweep tests
from 0.00 to 20 Hz were performed at 25°C for all
the dough samples. For the temperature sweep test,
the samples were heated from 20 to 100°C at a hea-
ting rate of 4°C per min at a fixed frequency of 1 Hz and
a strain of 0.001. During the frequency sweep tests and
during heating storage modulus (G’) and loss modulus
(G”) were analysed.

Statistical analysis of the triplicate results obtained
was done using the XLSTAT statistical package (free
trial version 2016, Addinsoft, Inc., Brooklyn, NY, USA),
at a significance level of p < 0.05.

RESULTS AND DISCUSSION

Table 1 demonstrates the empirical rheological prope-
rties of dough samples with or without iron ions during
mixing which were analysed by the Farinograph device.

As one can see in Table 1, water absortion values did
not signifcantly change in the samples with the iron ions.
A slightly decrease of these values were noticed in the
samples with large amounts of iron ions. This might be
due to the fact that salt ions are able to modify hydrogen
and hydrophobic interactions with the wheat flour com-
ponents and lead to protein-water interactions instead of
protein ones [26].

Increased amounts of iron ions addition decreased
the dough development time significantly (p < 0.001) for
both types of salts. An explanation of that was probably
gluten proteins interactions modified by iron salts. They
would possibly present more positive electric charge
which might favor a less interaction in a shorter mixing
time. Also, dough stability decreased more significqantly
at high levels of iron ions addition in the case of gluco-

Table 1. Effects of iron ions from the gluconate and lactate
salts on Farinograph rheological properties

Iron ions, WA, % DT, min ST, min DS, BU
mg per

100 g/salt

type

0 (control)  65.0+0.02 5.7+0.01 7.3+0.02 31+0.02
3/FG 654+0.01 62+0.02 82+0.02 28+0.01
4/FG 649+0.01 22+0.02 7.9+£0.02 25+0.01
5/FG 64.7+0.02 22+£0.01 7.7+0.03 24+0.03
3/FL 65.1+0.01 52+0.01 7.8+0.03 27+0.02
4/FL 65.0+£0.02 2.0+£0.02 7.4+0.02 24+0.03
5/FL 64.6+0.03 2.0+0.03 7.0+0.03 22+0.03

Note: 0 is the sample without iron ions; FG is ferrous gluconate;
FL is ferrous lactate; WA is water absorption; DT is dough develop-
ment time; ST is stability; DS is degree of softening at 10 min

nate salt than in the case of lactate one. This behaviour
may be atribuited to the anion salt type.

According to Codina et al. [27], the same le-
vel of iron ions addition contains lactate anion in a less
amount that the gluconate anion. This will lead to a
more compacted dough in the case of gluconate salt than
in the case of lactate one. It is well known fact that the
cation salt has a less effect on wheat flour components
of dough system than the anion salt. As Miller and Ho-
seney reported [28], anion from a salt added in wheat
flour might decrease electrostatic repulsion between glu-
ten proteins, allowing them to connect and thus forming
more stable dough. An increase in the dough stability with
the increase in the level of iron salts has also been repo-
rted by Akhtar et al. and Rebellato et al. [29, 30].

The degree of softening values at 10 min decreased
to a larger extent in the case of ferrous lactate than in the
case of ferrous gluconate, which indicated a more wea-
kening effect when lactate salt was incorporated in the
wheat flour dough.

The dough viscometric rheological properties on Fal-
ling Number and Amylograph values are shown in Fig. 1.
The value decreased with the increase in level of iron
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Fig. 1. Dough viscometric rheological parameters with different types and amounts of iron ions addition: (a) FN = falling number, s;
(b) T,= gelatinization temperature; (c) T = temperature at peak viscosity.
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salts, with no significant differences between the dough
samples with different types of iron ions incorporated
(Fig. 1a). These decreased values indicated an increase in
the wheat flour slurry viscosity, which could be correla-
ted to decreased a-amylase activity in the wheat flours
samples [31]. Falling number values increased up to
413 s and the mean values of the samples were slightly
higher than 330 s. This indicated that the flour with iron
ions additions showed a low o-amylase activity, which
agreed well with the results obtained in [32].

All the parameters in the experimental samples ana-
lysed by Amylograph presented higher or similar values
compared to the control sample (Fig. 1b and c¢). However,
no significant difference were noticed between the sam-
ples with different type of iron salt addition. These results
were somewhat predictable due to the fact that the Amy-
lograph device was also a viscometric method which
could be used to predict the a-amylase activity of wheat
flour [27, 33] which is highly connected with these pa-
rameters. A lower a-amylase activity in wheat flour led to
a lower starch hydrolysis and therefore to a lower amount
of simple sugars and dextrins [34], which in turn caused
an increase in all Amylograph parameters values [35].

Dough rheological properties during fermentation
was analysed by a Chopin Rheofermentometer (Table 2).
The maximum height of gaseous production were re-
corded by a Rheofermentometer pressure sensor, and the
total CO, volume production were determined by means
of a pneumatic circuit which measured an increase in the
pressure of the fermentation gases. The iron salts addi-
tion increased the total CO, volume production from the
dough system, which was probably due to the fact that
iron ions stimulated the growth of yeast cells and there-
fore the total amount of the CO, volume production.

However, the volume of the gas retained in the dough
at the end of the test (VR) and the retention coefficient
(CR) decreased with the increased level of iron ions ad-
dition. This increase was greater in for the samples with
ferrous lactate salt than for those with ferrous gluconate.
The cause of that might be weakening effect that iron
salts exerted on the wheat flour dough which was not ca-

Table 2. Effects of iron ions from the gluconate and lactate
salt on Rheofermentometer rheological properties

Iron ions Hm,mm VT, ml VR, ml CR, %
addition,

mg per

100 g/salt

type

0 (control) 30.8+0.02 1,400+0.2 1,074+0.2 76.7+0.2
3/FG 30.1+0.01 1,415+0.3 1,051+0.3 743+0.3
4/FG 32.0+£0.01 1,504+0.4 1,023+0.4 68.1+0.4
S/FG 30.6+0.02 1,354+0.2 860+£0.2 63.5+£0.2
3/FL 31.1+0.02 1,424+03 975+0.2 68.4+0.3
4/FL 30.6+0.01 1,450+0.2 989+0.1 68.3+0.2
5/FL 31.0+0.02 1,198+04 736+0.2 61.4+0.3

Note: 0 is the sample without iron ions; FG is ferrous gluconate; FL is
ferrous lactate; H’m is maximum height of gaseous production; VT is
total CO, volume production; VR is volume of the gas retained in the
dough at the end of the test; CR is retention coefficient (%)

pable to retain the gas formed. Similar results were alo
obtained by Codind et al. [26]. The maximum height of
gaseous production (H’m) varied with the increase in
level of iron ions addition. This was probably due to the
fact that iron ions additions in increased amounts ini-
tiated an increased gas production in the dough, but the
wheat flour dough was not capabale to retain it.

Fig. 2 shows effects of the iron ions additions from
the two types of salts on the storage/elastic module G’
and the loss/viscous module values G”. All the experi-
mental dough samples, as expected, presented G’ > G”
at all frequency ranges, which indicated a solid elas-
tic-like behavior of wheat flour dough according to [36].
The G’ and G” values increased slightly with the in-
crease in frequency from 1 to 20 Hz. The dough samples
with 3 mg of iron ions addition showed a decrease in the
G’ and G”, which implied that the samples demonstrated
visco-elasticity characteristics to less extent than the con-
trol sample. However, high levels of iron ions increased
the G’ and G values compared to the control sample.
An explanation of this might be dehydration effect that
iron salts could exert on gluten network that might lead

106_

[LF

10
Frequency, Hz

@

Frequency, Hz
(b)

Fig. 2. Evaluation with frequency at 20°C of storage
modulus G’ values (represented by solid symbols)

and loss modulus G” (open symbols) for samples with
different amounts of iron ions addition: 0 mg/100 g (e),
3 mg/100 g (¥), 4 mg/100 g (A) and 5 mg/100 g (m)
from lactate salt (FL) (a) and gluconate salt (FG) (b)
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Fig. 4. Principal component analysis of dough sample characteristics (amounts of iron ions from gluconate (FG) and lactate salt (FL)
were 3, 4, and 5 mg/100 g) analyzed from the Farinograph and Rheofermentometer devices. WA = water absorption; DT = dough
development time; ST = stability; DS = degree of softening at 10 min; H’'m = maximum height of gaseous production; VT = total
CO, volume production; VR = volume of the gas retained in the dough at the end of the test; CR = retention coefficient, %.

to a more compacted dough with higher visco-elasticity
properties.

The influence of the iron ions addition on dynamic
moduli during heating is shown in Fig. 3. G’ and G” va-
lues were lower in the samples with the maximum amount
of iron ions (5 mg/100 g). It seemed that both ferrous
lactate and ferrous glucanate displayed a significant ef-
fect during dough heating. At the begining of heating the
moduli decreased for all the samples due to protein dena-
turation which seemed to increase with the increase in the
amount of iron ion addition. Thus, proteins lost their ca-
pacity to retain water, starch granules began to absorb the
water and to gelatinise as temperature increased. This fact
is obvious, since an increase in dough elasticity and vis-
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cosity is manifasted in the increase of the G’ and G~ after
the temperature exceeds 50°C.

The principal components analysis (PCA) of the wheat
flour dough rheological characteristics determined by the
Farinograph and Rheofermentometer is shown in Fig. 4.
The two plots represent 99.72% of the total variance. The
plot of PC1 vs. PC2 loadings shows a close association be-
tween the dough sample with 3 mg of iron ions from the
lactate salt addition and the volume of the gas retained in
the dough at the end of the test (VR). The dough samples
with 3 mg/100 g addition from gluconate salt is closed po-
sitioned to the retention coefficient (CR). This facts shows
that the samples with iron ions addition in the aount of
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3 mg/100 g presents a prositive effect on the dough rheo-
logical properties during the fermentation process.

The second PC axis show a close association between
the samples with 4 mg of the iron ions per 100 g of the
wheat flour, which indicate that both types of salts at
this amount have a similar effect on dough rheological
properties. However, both ferrous lactate and ferrous glu-
conate in an increased amounts show a different effect,
from a statistical point of view, on the dough rheologi-
cal properties, since they are differently positioned in the
PCA plot.

According to the dought rheological properties results
obtained with the help of Farinograph and Rheofermen-
tometer devices, good correlation may be observed be-
tween CR and DS, CR and DT, ST and VR, as well as
between VT and VR Rheofermentometer values.

CONCLUSION

The effect of iron ions from lactate and gluconate
salts in amounts of 3, 4, and 5 mg/100 g on wheat flour
dough empirical and fundamental rheological proper-
ties was analyzed. It seems that the 3 mg/100 g iron ions
addition did not affect adversely the dough rheologi-
cal properties since dough stability, dough development
time, and total CO, volume production increased. In ad-
dition, such dough rheological properties as the degree

of softening at 10 min, Amylopgrah paramter values,
volume of the gas retained in the dough at the end of the
test, retention coefficient, and dynamic rheological pro-
perties did not decrease significantly. The 4 mg/100 g the
iron ions addition weakened the dough rheological pro-
perties, namely decreased dough stability, the degree of
softening at 10 min, and the retention coefficient value.
Despite the increase of the total CO, volume production,
the wheat flour dough was not capable of retaining a high
amount of CO, released.

However, the 5 mg/100 g iron ions addition impaired
the dough rheological properties in the case of lactate
salt more significantly than in the case of gluconate salt.
According to the data obtained, ferrous gluconate in the
amount of up to 4 mg/100g was optimal to use in bread
making wheat flour to ensure good rheological properties
of dough.
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