
Contents lists available at ScienceDirect

Food Chemistry

journal homepage: www.elsevier.com/locate/foodchem

Inulin enrichment of gluten free breads: Interaction between inulin and
yeast

Federico Morrealea,b, Yaiza Benavent-Gila, Cristina M. Rosella,⁎

a Institute of Agrochemistry and Food Technology (IATA-CSIC), C/Agustin Escardino, 7, 46980 Paterna, Spain
bDepartment of Food and Drug, Human Nutrition Unit, University of Parma, Viale delle Scienze 47/A, 43124 Parma, Italy

A R T I C L E I N F O

Keywords:
Inulin
Fructans
Gluten free
Bread
Yeast
Invertase activity

A B S T R A C T

Inulin can improve the nutritional quality of gluten free (GF) bread and have a prebiotic activity. However,
breadmaking might frustrate the enrichments efforts due to inulin loss. In this study we aimed at studying the
inulin enrichment of GF bread. Two different yeasts [having normal (Y1) or reduced (Y2) invertase activity]
were used to leaven the breads enriched with five marketed inulins, which differed for the degree of poly-
merization (DP) and the manufacturer. Inulin replaced 10% of the rice flour and had low, intermediate or high
DP, which ranged from 2 to 20; ≈20; ≥20, respectively. Fructan hydrolysis occurred during leavening of Y1-GF
breads, reaching losses up to 40% after baking, depending on the diverse DP of the inulin-forming fructans.
Inulin loss was less relevant in Y2-GF breads (up to 5% after baking) than Y1-GF breads. Crumb texture was not
negatively influenced by inulin presence, even if this was high (e.g., Y2-GF breads). Information collected within
this study may provide further insight to better optimize a GF bread formulation in view of inulin enrichment.

1. Introduction

Inulin-type fructans (ITFs) are plant-derived storage poly-
saccharides formed by multiple fructose units linked by β-(2–1) fruc-
tosyl-fructose linkages. These polysaccharides are mostly linear, al-
though a small number of branched units with β-(2–6) linkages may
exist. In terms of arrangement, the backbone of an ITF can count from 2
to approximately 60 fructose units; therefore they can be classified
according to the degree of polymerization (DP) (Drabińska, Rosell, &
Krupa-Kozak, 2017). The ITFs with an average DP lower than 10 units
are named fructo-oligo saccharides (FOS), while above 10 they are
named inulin (Drabińska et al., 2017). Interestingly, by applying se-
paration techniques it is possible obtaining ITFs ingredients containing
either a mixture of fructans with a specific DP or a certain share of
fructans with a desired DP. Accordingly, various inulin mixtures ran-
ging from 10 to 60 DP are currently marketed as food ingredients
(Roberfroid, 2007).

In recent years, soluble dietary fibers, such as ITFs, have become an
attractive ingredient to be incorporated into a variety of foods. Indeed,
as a natural component of several edible fruits and vegetables the ITFs
can be safely consumed by the general population (Coussement, 1999;
Morris & Morris, 2012). It is important to point out that introducing an

adequate amount of dietary fibers through the diet is nowadays con-
sidered a successful primary prevention strategy against the risk of
major non-communicable diseases (Stephen et al., 2017).

The β-configuration of ITFs makes them resistant to the hydrolytic
activity of the enzymes of the human upper digestive tract. Therefore,
being able to arrive partially or not digested to the large intestine, they
can be selectively fermented by the beneficial bacteria of the large in-
testine. This feature, makes ITFs to be classified as prebiotic dietary
fibers, although there is no a specific defined dose for applying a health
claim (Roberfroid, 2007).

In this view, it is worth noticing that latest studies on environmental
triggers of celiac disease have suggested a possible role of the ITFs- and
of other prebiotic fibers- in successfully modulate the intestinal mi-
crobiota composition and in turn the well-being of individuals with
celiac disease (Cenit, Codoñer-Franch, & Sanz, 2016; Sanz, 2015;
Wacklin et al., 2014). As a consequence, the enrichment of several
gluten free (GF) products, such as bread, with ITFs has been proposed as
a good strategy to nutritionally improve the baked GF products
(Capriles, dos Santos, & Arêas, 2016; Drabińska et al., 2017). Particu-
larly, it was proposed that by enriching GF bread with 6% of ITFs –
either FOS or inulin – it is possible to facilitate a prebiotic activity in the
human large intestine (Capriles & Arêas, 2013; Coussement, 1999).
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In addition, dietary fibers such as the ITFs may also lead to some
technological advantages in GF breadmaking, because of their hydro-
colloid properties. Particularly, previous studies have highlighted how
the inclusion of inulin may increase water retention and loaf volume
and reduce crumb hardness of the GF bread (Korus, Grzelak,
Achremowicz, & Sabat, 2006; Ziobro, Korus, Juszczak, & Witczak,
2013). However, some technical issues may occur from the nutritional
enrichment of GF doughs with dietary fibers. For instance, a high
concentration of ITFs (9% of inulin based on flour), such as that needed
to obtain a good nutritional enrichment and/or to facilitate the pre-
biotic activity, may results in reducing the crumb cohesiveness, the
springiness or other important texture parameters of a GF bread (Hager
et al., 2011; Korus et al., 2006). Further concerns regarding the en-
richment of GF bread may come from the observed discrepancies be-
tween the ITFs initially included (theoretical) and those found in the
final products. For instance, Capriles and Arêas (2013) have pointed out
that approximately one-third of the inulin was lost during the GF
breadmaking. Verspreet et al. (2013) have hypothesized that the en-
dogenous fructans of wheat flour can undergone hydrolysis due to the
enzymatic activity of yeast invertase. They based their assumption on
the known yeast ability to hydrolyze the available fructans to obtain
glucose and fructose for the metabolic processes (Nilsson, Öste, &
Jägerstad, 1987). Considering that enzymatic activity, authors pro-
posed to substitute the traditional baker’s yeast with another having
reduced invertase activity (Verspreet et al., 2013). Furthermore, other
possible causes of fructan hydrolysis in wheat-based bread are baking
conditions (heating and time) since Böhm, Kaiser, Trebstein, and Henle
(2005) observed a causal relationship between increasing fructan hy-
drolysis and intensive baking.

In the framework of deepening the present knowledge on causes of
inulin loss in GF bread, two GF bread formulation, differing only for the
type of yeast used (conventional and with reduced invertase activity),
were enriched with five different inulins, varying in the DPs. Those
inulins were selected to determine whether the inulin, according to the
average DP, has different susceptibility to the previously hypothesized
breadmaking critical phases (Böhm et al., 2005; Capriles & Arêas, 2013;
Verspreet et al., 2013). Moreover, to further characterize the techno-
logical effect of inulin enrichment in GF bread the textural parameters
of the loaves were evaluated.

2. Material and methods

2.1. Materials

Rice flour was purchased from Harinera La Meta S.A (Lleida, Spain).
Inulins were chosen among those marketed, considering their percen-
tage of oligo and polysaccharides and the DP. Characteristics of the
inulins provided by manufacturers are detailed below. Two inulins were
supplied from Beneo (Tienen, Belgium): Orafti® GR mix of oligo and
polysaccharides (90% inulin, 10% sugars-glucose, fructose, and su-
crose-, DP ranging from 2 to 20) and Orafti® HPX long-chain chicory
inulin (99.5% inulin, 0.5% sugars-glucose, fructose, and sucrose-,
DP≥ 20). Three inulins were provided from Cosucra (Groupe Warcoing
S.A., Pecq, Belgium): Fibrulose® F97 oligo-polysaccharides mix (95.6%
oligofructose, 4.4% sugars-glucose, fructose, and sucrose-, DP ranging
from 2 to 20); Fibruline® S30 inulin mix (93.1% high-solubility inulin
6.9% sugars-glucose, fructose, and sucrose-, DP≈ 20); Fibruline® XL
inulin mix (99.4% inulin, 0.6% sugars-glucose, fructose, and sucrose-,
DP≥ 20). Conventional baker’s yeast (Y1) was purchased from DHW
Europa (Deutsche Hefewerke GmbH, Germany), while the yeast with
low invertase activity (Y2) was provided by CGL (Lesaffre Group,
Valladolid, Spain). The hydroxypropylmethylcellulose (HPMC) (15,000
cP, 19–24% of methoxyl and 7–12% of hydroxypropoxyl) was gener-
ously donated by Dow Pharma & Food Solutions (La Plaine Saint Denis,
France) and used as structuring agent. The rest of ingredients were
acquired in the local market.

2.2. GF breads preparation

GF breads were prepared relying on a simple GF formulation
(Morreale, Garzón, & Rosell, 2018), based on rice flour, which consisted
of: 100% rice flour, 100% water, 3% compressed yeast, 2% sunflower
oil, 2% HPMC, 2% sugar and 1.5% salt. Inulin enriched GF breads were
prepared by replacing 10% of rice flour with the selected inulin
(Table 1). All GF breads were made using the different yeasts (Y1 or
Y2). Briefly, breadmaking process consisted of 1 kg of dough that was
prepared by mixing firstly the dry ingredients and then by adding a part
of the total water at 20 °C and the rest was added with the compressed
yeast previously dissolved. The mixture was kneaded for 8min in a
mixer (Robot Coupe RM8, Mataró, Barcelona, Spain). A pastry bag was
used to fill the metallic pans (width 9 cm×depth 6 cm×height 5 cm)
with 50 g of dough. Pans were leavened in a proofing chamber at 30 °C
for 50min and then baked in an electric oven (F106, FM Industrial,
Córdoba, Spain) at 185 °C, 80% of humidity for 20min. Breads were left
cooling down at room temperature until reaching 25 °C in the center of
the loaf before slicing them into 10-mm thickness. Two batches of 10
loaves/batch were carried out for each recipe and the average of the
results is presented.

2.3. Quality assessment of the GF breads

Instrumental quality parameters were determined as previously
described Matos and Rosell (2013). Volume was determined by the
rapeseed displacement method on three loaves. Specific volume (cm3/
g) of the individual loaf was calculated by dividing the bread volume by
weight (Park et al., 2014). Moisture content (ICC no. 101/1, 1976),
crumb texture profile analysis (TPA) and crumb color were also de-
termined. TPA was performed using the TA.XT-Plus Texture Analyses
(Stable Micro Systems Ltd., Godalming, UK) equipped with a 5 kg load
cell and a 25-mm aluminum cylindrical probe. During the test, the
probe double compresses the center of the crumb (the crust was re-
moved) up to 50% strain (penetration of its original height) at a
crosshead speed of 1mm/s and 30 s gap between compressions, pro-
viding insight into how samples behave when chewed (Rosell, Santos,
Penella, & Haros, 2009). Quality parameters, such as hardness (g), co-
hesiveness, chewiness (g) resilience and springiness were recorded
using Texture expert software. Data acquired were the average value of
three replicates for each bread taking 3 breads from each batch of GF
bread recipe.

Crumb colors were measured using the CIE-L*a*b* uniform color
space by the means of a Minolta colorimeter (Chromameter CR-400/
410, Konica Minolta, Tokyo, Japan) after standardization with a white
calibration plate (L*=96.9, a*=−0.04, b*= 1.84). Color parameters
indicate: L* the lightness, a* the hue on a green (−) to red (+) axis and
b* the hue on a blue (−) to yellow (+) axis (Matos & Rosell, 2013).
Measurements were performed on three slices from each loaf, and three
loaves were taken from each batch.

Table 1
Inulins and yeasts used in this study.

Bread name Manufacturer code Inulin commercial
name

Yeast

Control None None Y1: normal invertase
activityLP I1a Orafti® GR

HP I1a Orafti® HPX
LP I2b Fibrulose® F97 Y2: reduced invertase

activityIP I2b Fibruline® S30
HP I2b Fibruline® XL

LP: low polymerization, DP ranges from 2 to 20; IP: intermediate polymeriza-
tion, DP≈ 20; HP: high polymerization ≥20. a,bNumbers stand for the inulin
manufacturer: (1) for Beneo; (2) for Cosucra.
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2.4. Analysis of total sugars and fructans content

GF doughs and breads were analyzed for total sugar and fructan
content by using the enzymatic–UV method (Mccleary, Murphy, &
Mugford, 2000) and the commercial Fructan HK Assay Kit (Megazyme,
Wicklow, Dublin, Ireland). Fructan extraction from the dough or the
bread matrix was performed in a 50-ml reaction tube, where 0.6 g of
sample were homogenized (Ultra-Turrax® T18, Staufen, Germany) with
24ml of hot (80 °C) Milli-Q purified water. Thereafter, the reaction tube
was placed in a shaking water bath at 80 °C for 15min. To cool down
the mixture 6ml of cold Milli-Q purified water were added. The re-
sulted turbid solution was centrifuged at 14,000 rpm for 10min (Avanti
J-J-26S XP, Beckman & Coulter Inc., USA); only the limpid supernatant
was collected and used for total sugars and fructans analysis. A mi-
croplate spectrophotometer (Epoch, Biotek, Izasa, Barcelona, Spain)
was used to read the absorbance and calculate the concentration of total
sugars and fructans according to the enzymatic kit manufacturer’s in-
structions.

2.5. Statistical analysis

Data collected from the two batches were compared to verify the
reproducibility of the whole breadmaking process and loaves analysis
performed in the two-distinguished span of time. Results showed no
significant difference between the two batches; therefore, data were
averaged.

Following this preliminary analysis, an analysis of variance
(ANOVA) was performed and expressed as a mean ± standard devia-
tion. Fisher’s least significant differences test was used for assessment of
significant differences among experimental mean values with 95%
confidence. Statistical computations and analyses, including correlation
matrix, were conducted using Statgraphics Centurion XV software (Bit-
stream, Cambridge, N). Principal component analysis (PCA) was also
performed to determine the number of principal quality parameters and
fructans contents that significantly (P < 0.05) affect the enrichment
with inulins.

3. Results and discussion

3.1. Variation of fructans along breadmaking of GF breads enriched with
inulin

The concentration of fructans and simple sugars was followed
during the breadmaking (Table 2).

A decrease in inulin concentration was observed after mixing
compared to the theoretical amount initially included (≈4.8 g/100 g
dough). This reduction was observed for all the 5 types of inulin and for
the two types of yeast (Y1 or Y2). The ANOVA analysis revealed that the
type of yeast significantly affected the simple sugars and fructans
content measured in the different stages of the breadmaking. The only
exception was the amount of fructans observed after mixing, which was
probably not affected by the low yeast activity of this stage. The inulin
manufacturer significantly influenced the amount of fructans after
proofing and the simple sugar content of the GF breads. In addition, the
amount of sugars and fructans measured in the various breadmaking
stages were also significantly influenced by the DP of the various in-
ulins.

After mixing, doughs containing inulins with high average DP (i.e.
HP) had a greater (P < 0.001) content of fructans than doughs con-
taining inulins with low or intermediate DP (i.e. LP, IP). GF doughs
containing LP or IP were high (P < 0.001) in simple sugars, particu-
larly when the formulation included the Y1. After proofing, fructans
content was higher (P < 0.001) when adding inulin of high DP (HP),
reaching the maximum value when combining the inulin supplier I2
leavened with Y2. At the same time, the simple sugars were higher
(P < 0.001) in GF doughs leavened with Y1. After baking, the content
of fructan in GF breads containing the Y2 remained higher than that in
GF bread containing Y1, and particularly when enriched with HP. The
opposite trend was observed with the sugar content in breads, except in
the case of inulin with higher DP, which exhibits similar values re-
gardless of the yeast used.

3.2. Quality parameters of the enriched GF breads

The influence of yeast type, inulin DP and manufacturer was eval-
uated on the technological properties of the fresh breads (Table 3). The
type of yeast significantly affected weight loss, specific volume and
crumb color of the GF breads. A significant effect of the manufacturer
was observed on specific volume and crumb brightness (L*).

Table 2
Concentration of simple sugars and fructans collected during the breadmaking process in g/100 g of dough or bread, expressed on wet basis, as affected by yeast type
(Y1, Y2), inulin supplier (I1, I2) and inulin degree of polymerization (LP, IP, HP).

Yeast Inulin DP Mixing Proofing Baking

Sugar Fructan Sugar Fructan Sugar Fructan

Y1 I1 LP 1.68 ± 0.09 ef 2.33 ± 0.14 bc 1.71 ± 0.07 d 2.34 ± 0.16c-e 1.99 ± 0.12 e 2.00 ± 0.09b
HP 1.04 ± 0.04 cd 3.14 ± 0.14 de 0.79 ± 0.04 bc 2.88 ± 0.11 fg 0.82 ± 0.04 a-c 3.55 ± 0.17 de

I2 LP 1.88 ± 0.06f 2.24 ± 0.16b 2.11 ± 0.09 e 1.95 ± 0.19b 2.98 ± 0.30 e 2.85 ± 0.35c
IP 1.57 ± 0.07 e 2.68 ± 0.11 bc 1.57 ± 0.07 d 2.07 ± 0.06 bc 2.04 ± 0.05f 2.25 ± 0.21b
HP 0.82 ± 0.04 ab 3.19 ± 0.25 de 0.83 ± 0.11c 2.83 ± 0.07 fg 0.75 ± 0.06 ab 3.69 ± 0.12 de

CTRL 1.19 ± 0.12 d 0.00 a 0.64 ± 0.22 a-c 0.00 a 1.09 ± 0.16 cd 0.00 a

Y2 I1 LP 1.04 ± 0.07b-d 2.61 ± 0.19 bc 0.77 ± 0.06 bc 2.63 ± 0.08 ef 0.89 ± 0.07 a-c 3.33 ± 0.06 d
HP 0.74 ± 0.03 a 3.40 ± 0.10 e 0.47 ± 0.05 a 3.44 ± 0.12 h 0.67 ± 0.06 ab 4.59 ± 0.14f

I2 LP 1.23 ± 0.17 d 2.45 ± 0.17 bc 0.61 ± 0.05 a-c 2.22 ± 0.20b-d 1.00 ± 0.04 bc 3.51 ± 0.11 de
IP 0.90 ± 0.05 a-c 2.72 ± 0.17c 0.59 ± 0.03 a-c 2.50 ± 0.08 de 1.38 ± 0.13 d 3.17 ± 0.20 cd
HP 0.77 ± 0.06 a 2.76 ± 0.17 cd 0.39 ± 0.04 a 3.08 ± 0.06 g 0.79 ± 0.07 a-c 3.80 ± 0.14 e

CTRL 0.77 ± 0.07 a 0.00 a 0.57 ± 0.03 ab 0.00 a 0.62 ± 0.10 a 0.00 a

P-value
Yeast < 0.001 0.504 < 0.001 <0.001 <0.001 <0.001
Manufacturer 0.455 0.082 0.531 < 0.001 0.029 0.822
DP <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

n.d. not detected; Values followed by different letters within a column denote significantly different levels (P < 0.05).
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Conversely, none of these parameters (i.e. moisture, weight loss, spe-
cific volume and crumb color) were changed by modifying the inulin
DP. These results may suggest that the type of yeast could exert the
main influence on the parameters studied.

Despite the low effect exerted by the inulin manufacturer and by the
inulin DP, a deep analysis, performed according to the type of yeast,
pointed out some significant differences. The inclusion of inulin in GF
breads leavened with Y1 significantly decreased the weight loss
(P < 0.05). Whereas, breads proofed with Y2 displayed a significantly
variation in the specific volume and crumb color depending on inulin
manufacturer. The a* parameter was also significantly altered by the
inulin DP, but only within breads fermented with Y2.

The presence of inulin in the GF doughs significantly increased
(P < 0.001) the crumb brightness (L*) of the GF breads leavened with
Y1, displaying a moderate positive correlation (r=0.6034, P < 0.05)
between the GF breads’ fructans content and the brightness (L*).
Therefore, the variation of L* was not particularly ascribable to a di-
verse inulin DP or manufacturer. Interestingly, for the GF breads lea-
vened with Y2 an increase of the L* value was not observed for all the
types of inulin. The effect on a* and b* was also dependent on the type
of yeast. In fact, the GF breads leavened with Y1 had higher
(P < 0.001) value of a* and b* than the GF breads leavened with Y2.

Texture parameters of GF breads are showed in Table 4. The type of

yeast used to leaven the GF doughs has significantly influenced the
bread crumb textural features. The inulin manufacturer significantly
affected only the crumb hardness, whereas no effect of the inulin DP
was observed. A deep analysis on the yeast contribution to textural
parameter variation allows to better address the significant difference
among the GF breads. Particularly, the GF breads leavened with the Y1
had higher hardness (P < 0.001) than that of the GF breads leavened
with the Y2. This difference was observed both for the unenriched
control and for the enriched breads. Regardless of the type of yeast, the
addition of inulins from manufacturer I1 reduced the crumb hardness of
GF breads compared to the unenriched control bread. While, inulins
from manufacturer I2 led to crumb hardness reduction of the enriched
GF breads compared to unenriched control bread, but only if the for-
mulation included low DP inulins and doughs were leavened with Y1.
Finally, a significant negative correlation was identified between vo-
lume expansion and the crumb hardness (r=−0.6674, P < 0.05). The
overall crumb cohesiveness was higher (P=0.01) in GF breads lea-
vened with Y2 compared to that of GF breads leavened with Y1. The
enriched GF breads leavened with Y1 had similar cohesiveness to the
control bread, except for the GF bread enriched with IP inulin that
showed higher cohesiveness values. GF breads leavened with Y2 and
enriched with inulin had lower cohesiveness values than control breads,
with the only exception of breads containing LP from manufacturer I1

Table 3
Quality loaves parameters of GF breads enriched with inulin, as affected by yeast type (Y1, Y2), inulin supplier (I1, I2) and inulin degree of polymerization (LP, IP,
HP).

Yeast Inulin DP Moisture (g/100 g) Weight loss (%) Specific volume (mL/g) L* a* b*

Y1 I1 LP 44.19 ± 0.97 22.85 ± 0.26 ab 2.39 ± 0.04 ab 65.48 ± 0.33 e −0.53 ± 0.04b–d 8.87 ± 0.10b
HP 40.36 ± 1.55 23.59 ± 0.31b 2.52 ± 0.03b–e 66.19 ± 0.45 e −0.41 ± 0.03 ef 9.11 ± 0.12b

I2 LP 41.94 ± 0.30 23.72 ± 0.26b 2.28 ± 0.07 a 66.08 ± 0.49 e −0.44 ± 0.05c–f 9.13 ± 0.10b
IP 40.75 ± 0.47 25.60 ± 0.27 cd 2.36 ± 0.10 a–c 65.97 ± 0.36 e −0.42 ± 0.04 d–f 8.90 ± 0.22b
HP 41.59 ± 1.04 23.40 ± 0.18 ab 2.42 ± 0.06 a–c 66.75 ± 0.31 e −0.51 ± 0.03b–e 8.92 ± 0.20b

CTRL 48.67 ± 5.27 22.45 ± 0.30 a 2.29 ± 0.08 a 63.29 ± 0.39 bc −0.36 ± 0.04f 9.03 ± 0.12b

Y2 I1 LP 41.19 ± 0.24 25.84 ± 0.39 de 2.69 ± 0.02f 65.21 ± 0.73 de −0.77 ± 0.03 a 7.69 ± 0.13 a
HP 38.90 ± 0.58 26.83 ± 0.53 e 2.61 ± 0.05 d–f 63.15 ± 0.61 bc −0.58 ± 0.04b 7.73 ± 0.10 a

I2 LP 40.50 ± 0.90 26.71 ± 0.40 e 2.46 ± 0.04 a–c 61.36 ± 0.66 a −0.57 ± 0.06b 7.96 ± 0.12 a
IP 42.44 ± 0.10 25.51 ± 0.33 cd 2.50 ± 0.05b–d 63.87 ± 0.53 cd −0.72 ± 0.05 a 7.97 ± 0.11 a
HP 40.12 ± 0.02 26.25 ± 0.54 de 2.56 ± 0.05c–f 62.93 ± 0.68 bc −0.57 ± 0.05 bc 8.03 ± 0.10 a

CTRL 41.34 ± 1.37 24.80 ± 0.41c 2.62 ± 0.03 ef 61.99 ± 0.73 ab −0.44 ± 0.06 d–f 8.01 ± 0.13 a

P-value
Yeast 0.097 < 0.001 <0.001 <0.001 <0.001 <0.001
Manufacturer 0.867 0.240 0.002 0.048 0.121 0.098
DP 0.077 0.222 0.190 0.358 0.078 0.725

Values followed by different letters within a column denote significantly different levels (P < 0.05).

Table 4
Crumb TPA of GF breads enriched with inulin, as affected by yeast type (Y1, Y2), inulin supplier (I1, I2) and inulin degree of polymerization (LP, IP, HP).

Yeast Inulin DP Hardness (g) Cohesiveness Chewiness (g) Resilience Springiness

Y1 I1 LP 224 ± 8c 0.761 ± 0.006 ab 277 ± 48 ab 0.376 ± 0.004 de 2.154 ± 0.43 ab
HP 236 ± 11c 0.758 ± 0.005 ab 483 ± 61c–e 0.374 ± 0.004 cd 3.171 ± 0.43 bc

I2 LP 227 ± 17c 0.754 ± 0.007 a 268 ± 38 a 0.370 ± 0.003b–d 1.980 ± 0.42 ab
IP 219 ± 14c 0.774 ± 0.005 bc 429 ± 68b–d 0.384 ± 0.002 ef 3.792 ± 0.50 cd
HP 267 ± 12 d 0.757 ± 0.003 a 292 ± 50 ab 0.374 ± 0.002 cd 2.160 ± 0.42 ab

CTRL 267 ± 10 d 0.748 ± 0.004 a 231 ± 28 a 0.366 ± 0.002 a–c 1.426 ± 0.26 a

Y2 I1 LP 145 ± 9 a 0.805 ± 0.007 e 617 ± 61 ef 0.376 ± 0.003 de 5.496 ± 0.42 e
HP 137 ± 7 a 0.762 ± 0.008 ab 417 ± 50 bc 0.363 ± 0.004 ab 4.045 ± 0.43 cd

I2 LP 167 ± 9 ab 0.755 ± 0.007 a 534 ± 55c–f 0.366 ± 0.004 a–c 4.483 ± 0.47 de
IP 165 ± 13 ab 0.755 ± 0.007 a 430 ± 63b–d 0.361 ± 0.003 a 3.797 ± 0.51 cd
HP 170 ± 10 ab 0.786 ± 0.005 cd 636 ± 51f 0.373 ± 0.002 cd 4.759 ± 0.42 de

CTRL 179 ± 10b 0.802 ± 0.009 de 566 ± 59 d–f 0.386 ± 0.004f 4.372 ± 0.53c–e

P-value
Yeast < 0.001 0.011 < 0.001 <0.001 <0.001
Manufacturer 0.008 0.087 0.774 0.481 0.268
DP 0.106 0.701 0.665 0.776 0.532

Values followed by different letters within a column denote significantly different levels (P < 0.05).
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and HP from manufacturer I2.
Leavening the GF doughs with Y2 resulted in higher (P < 0.001)

values of crumb chewiness and springiness compared those of doughs
leavened with Y1, but different effect was observed when breads were
enriched. The overall crumb resilience was significantly (P=0.001)
affected when the Y1 was used to leaven the GF doughs instead of the
Y2. In addition, in GF breads leavened with Y1, the inclusion of LP1 and
IP2 resulted in a bread crumb more resilient than that of the unenriched
control bread. Differently, in GF breads leavened with Y2, for all the
type of inulin the crumb resilience decreased compared to that of the
unenriched control bread. Finally, the crumb resilience was scarcely
influenced by the inulin DP.

3.3. Multivariate analysis

The classification of the enriched GF breads was performed by
multivariate data analysis, to obtain more information on the variables
that mainly influence the samples similarities and differences.
Discrimination of samples was obtained by PCA using the sugar/fructan
contents and the quality and the textural parameters (Fig. 1). According
to the score plot, Dimension 1 and Dimension 2 explained the 70% of
the total data variance, describing the 48.5 and the 21.7% of the var-
iation on principal components 1 (Dimension 1) and 2 (Dimension 2),
respectively.

From the score plot, it is possible to observe that control GF breads
were grouped far from the enriched GF breads. The control bread
leaved with Y1 was in the positive part of the Dimension 1, whereas the
control bread leavened with Y2 was in the negative part of the
Dimension 2.

The enriched GF breads leavened with Y1 were grouped in the right
upper part of the score plot, whereas breads containing Y2 were in the
left upper part of the score plot. Therefore, breads leavened with Y1
were strongly discriminated by higher sugar content, harder crumbs
and more intense color parameters.

Conversely, the GF breads leavened with Y2 were grouped by the
fructans content and textural parameters, except the crumb hardness.
To obtain more information about the contribution of the inulin man-
ufacturer and of the DP, a multivariate data analysis was performed by
analyzing the individual yeast impact on the enriched samples (Fig. 2A,
2B). The results of the PCA for the GF breads leavened with Y1 are
showed in score plot (Fig. 2A). Accordingly, Dimension 1 and Dimen-
sion 2 explained the 70% of the total data variance, describing the 45.6
and the 25.6% of variance on principal components 1 (Dimension 1)

and 2 (Dimension 2), respectively. Discrimination among samples was
mainly related to inulins DP, with a minor contribution of the manu-
facturer. GF breads containing high DP inulins (HP) were closely re-
lated by the specific volume and fructans content, whereas inulins with
low and intermediate DP (LP and IP) were mainly grouped by the sugar
content during breadmaking. Control bread leavened with Y1 was
characterized by the high hardness and the high a* and b* values.

The PCA of the data collected from samples leavened with Y2
pointed out that the Dimension 1 and Dimension 2 described the 70% of
the total data variance (Fig. 2B). When leavened with Y2, distinctive
patterns were observed due to the inulin manufacturer or the inulins
DP. For instance, samples containing low DP inulins (Y2-I1-LP and Y2-
I2-LP) were opposite located along the Dimension 2, owing to higher
specific volume with I1. Furthermore, Y2-I1-HP was characterized by a
high content of fructans through all breadmaking stages and also high
weight loss. Again control bread fermented with Y2 gave harder crumbs
and higher a* and b*.

4. Discussion

Taking into account the importance of inulin enrichment of bakery
products, due to its prebiotic role, this study was conceived as a holistic
approach to study the enrichment of a GF bread recipe with different
types of inulin but also playing with different types of yeast.

Previous studies stated the discrepancies between the inulin amount
initially added in the bread formulation and their amount in the final
bread (Capriles & Arêas, 2013; Korus et al., 2006; Witczak, Ziobro,
Juszczak, & Korus, 2016). Notably, such an aspect may result in frus-
trating the enrichments efforts.

Nowadays, the information about the specific causes, and their
possible relationship, of inulin loss during breadmaking are scarce.
With these presumptions in mind, present results actually pointed out
the loss of the inulins contained in the GF breads during each stage of
the breadmaking process.

After proofing, the fructans content varied depending on the type of
yeast used and the inulins DP. In addition, a small influence of the in-
ulin manufacturer was observed. Accordingly, when GF doughs were
leavened with Y1, the inulin loss was negligible for LP from the man-
ufacturer I1. Whereas, it was about the 8%, 13%, 23%, 11% for the
inulin HP from I1 and the inulins LP, IP, and HP from manufacturer I2,
respectively, when calculated with respect to the amount after mixing
expressed on wet basis.

It is possible to hypothesize that due to the high amount of available

Fig. 1. Score and loading biplot Dimension 1 x Dimension 2 of samples and variables obtained by principal component analysis (PCA). Samples are labelled as in the
text.
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sugars contained in the enriched GF doughs during leavening, the en-
zymatic activity of the yeast invertase was negatively influenced, thus
resulting in a delayed hydrolysis of fructans (Verspreet et al., 2013). On
the other hand, the high solubility of the fructans of the IP inulin may
have favored the activity of the yeast invertase, thus explaining the
significant inulin loss observed in the GF dough leavened with Y1 and
enriched with IP from the I2 manufacturer.

A progressive decrease of the fructans content was observed during
the baking stage. Böhm et al. (2005) observed an inulin loss up to 33%
or 45% in wheat-based breads when the baking temperature ranged
within 210–230 °C for a time span of 30–60min. Capriles and Arêas
(2013) observed similar inulin loss in GF breads when baking the
doughs at 180 °C for 50min. According to these observations, a certain
degree of inulin loss was expected, but the amount of inulin on the final
breads compared to the initial one was dependent on the polymeriza-
tion degree of the inulin and the manufacturer. Actually, in the final
breads if compared to the inulin amount observed after mixing, the
inulin loss (expressed on dry basis) was about 31%, 23% and 41% for
GF breads enriched with LP, HP from the manufacturer I1 and IP from
the manufacturer I2, respectively. In GF breads enriched with LP and
HP from the manufacturer I2 the inulin loss was limited to 7% and 13%,
respectively. The high inulin loss observed for the GF breads leavened
with Y1 has led to hypothesize that a certain hydrolytic activity of the
yeast invertase has taken place during the leavening phase, leading to
an increment of the inulin forming fructans with low DP. Consequently,

the diminution of the average inulin DP may have resulted in increasing
the vulnerability of the fructans to the baking temperature. Again, the
high inulin loss observed for the GF bread enriched with IP was likely
caused by its higher solubility, which in turns may depends on the
greater percentage of low DP of the inulin fructans compared to the
other inulins (Franck, 2002). With these observations in mind, it is
conceivable that, although the same average DP, inulins belonging to
diverse manufacturers may have the DP of the inulin forming fructans
differently distributed, which would explain the differences observed.
Unlike the GF formulations containing Y1, the fructan hydrolysis of
those containing Y2 during the breadmaking was less relevant, due to
the low invertase activity that characterize the Y2. For these resulting
GF breads the overall inulin loss remained below 5%, except for IP that
reached 10%.

From a technological point of view the inclusion of inulin may in-
fluence various rheological features of a GF dough (Juszczak et al.,
2012), owing to their hydrophilic nature. Inulin molecules have im-
portant hydrocolloid properties that can influence the consistency of a
GF dough by wrapping the dough components such as the starch
granules or the gas bubbles (Hager et al., 2011; Juszczak et al., 2012;
Korus et al., 2006), but also affected starch gelatinization and retro-
gradation (Luo et al., 2017). According to the diverse average DP, the
various marketed inulins may have different structuring properties
(Juszczak et al., 2012), and also interaction with proteins (Liu et al.,
2016). Nevertheless, the higher weight loss during baking observed in

Fig. 2. Plots of samples and variables for the first two dimensions using yeast Y1 (A) and yeast Y2 (B) for proofing. Percentages in parenthesis represent the variance
of each dimension. Samples are labelled as in the text.
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the present study, compared to controls, suggests that the added inulins
have limited ability to bind and retain water during the breadmaking
process. The competition for water between inulin and HPMC, struc-
turing agent used in the present study, presumably happen when the
water absorption occurred, i.e. during the mixing, but varied along the
other breadmaking stages due to the inulin chain hydrolysis, varying
their ability to retain water. The enrichment with inulin also affected
the specific volume of the GF breads, depending to a large extent on the
yeast used in the proofing. It could be envisaged that the combination
of HPMC and inulins with higher DP (HP) enhances the dough structure
leading to better specific volume. Interestingly, it is worth to observe
that Y2 had a major role in supporting such a volume expansion, re-
vealing better proofing activity of Y2 compared to Y1. The enriched GF
breads-primarily those leavened with Y2 but also with Y1-maintained
an overall good textural quality. In fact, the good volume expansion
resulted in the decrease of the crumb hardness, as previously observed
by Sabanis, Lebesi, and Tzia (2009) and Ziobro et al. (2013). Further-
more, other quality parameters of the GF bread crumb such as the co-
hesiveness and the springiness remained in line with the good values
observed for the rice based GF bread by Marco and Rosell (2008) and
Sabanis et al. (2009). Particularly, together the good cohesiveness and
springiness values of the enriched GF breads may have ensured some
crumb strength with reduced crumbliness, as it could be evinced from
the good overall chewiness and resilience.

5. Conclusion

Inulin enrichment has been recommended for improving the heal-
thiness of GF breads. However, in this practice, aspects like their degree
of polymerization and the other process ingredients have rarely con-
sidered. Present results indicate that ITFs might be dramatically af-
fected during the breadmaking process, depending on their DP; because
low DP inulins are partially degraded during the process, which affects
both the final fructan content in bread and the potential structuring
ability along breadmaking. Notably, such diminution is more pro-
nounced when yeast with normal invertase activity is used to leaven the
GF doughs. However, it is not immediately obvious that the average DP
claimed by manufacturers, or more specifically the particular share/
proportion of the DP of the inulin forming fructans, originally present
or resulting after leavening, may determine their hydrolytic suscept-
ibility.

Overall, the use of yeast with low invertase activity is advisable to
effectively enrich in inulin gluten free breads, but special attention
should be paid to the selection of inulin type owing its influence on the
bread technological properties. Finally, it is worth pointing out the
feasibility of a theoretical amount of inulin close to 10% to obtain over
3% of inulin content in the final loaves.
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