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Abstract

There is a need to develop low-sugar healthy products. The aim of this research was to evaluate the effect of maltitol and inulin
as sucrose replacement alongside resistant starch (RS) and green banana flour (GBF) on the texture and physical properties
of gluten-free doughs and biscuits formulated with buckwheat, sorghum and lentil flours. These properties are important to
predict the dough workability, how easy the biscuits could be mass-produced and determine consumers’ acceptability. Results
showed that partial and complete substitution of sucrose could be achieved and appropriate concentration of resistant starch
or green banana flour contributed to better dough and biscuit texture. RS content showed the biggest influence on dough
stickiness and biscuit hardness and could be used to correct the negative effect of sucrose replacement and to maximise both

the dough processability and biscuit acceptability.

Keywords Gluten-free - Sucrose replacement - Biscuit dough - Texture - Resistant starch - Maltitol

Introduction

Biscuits are convenient food with a long shelf life and largely
consumed by most of the population. Biscuits are mainly for-
mulated with flour, fats and sugar. Sugar could contribute up
to 30-40% of the total recipe [1] and sucrose is largely used
because of its important role on both dough workability,
structure and texture formation as well as the final product
quality [2, 3]. However, dietary-related diseases are on the
increase and it is well recognised that high sugar intake is
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associated with several health issues, such as obesity, type 2
diabetes and dental caries [4, 5]. The trend in the food indus-
try is to reformulate food products to substitute or reduce
sugar, salt and fat content while increasing its fibre content.
Although this is encouraged by several governments around
the world and sustained by the research community [6], it
remains a real challenge as substituting agents in the new
formulation should provide both technical and sensory prop-
erties match whilst allowing the final product to meet afford-
ability and regulation criteria. Sucrose replacers include
polyols, such as mannitol, sorbitol and maltitol and natural
sweetener agents, such as tagatose and inulin. The success
in sucrose substitution is dependent upon individual product
specification and different sweeteners will be appropriate in
differing amounts from one product to another [7]. Neverthe-
less, it has been demonstrated that intense sweeteners induce
a lower blood glucose rise when compared to glucose which
may offer the possibility to use the claim for maltitol under
conditions reported in European Regulation 432/2012 [8].
Maltitol is a preferred polyol for sucrose reduction in baked
products because of its close techno-functional properties to
that of sucrose, such as hygroscopicity, solubility, molecu-
lar weight, which result in a similar interaction with dough
ingredients [9]. However, it has been reported for cupcakes
that 100% sucrose replacement by maltitol yielded a product
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that lacked sweetness and moistness when compared to the
sample with 50% maltitol which was comparable to the con-
trol cake [7]. One of the strategies of successfully substitut-
ing or reducing sucrose is the use of different sweeteners or
intense sweeteners alongside with bulking agents, such as
polymeric sugars, hydrocolloids or dietary fibres [10], such
as inulin and resistant starch.

Inulin is a naturally occurring polysaccharide and sweet-
ener extracted from chicory generally used as a fat replacer
and dietary fibre as it can be hydrolysed only by inulinase
which is not part of the human digestive tract [11]. Sugar
replacement with at least 30% of non-digestible carbohy-
drates allows the use of the health claim related to a lower
impact on blood glucose as reported in European Regula-
tion 854/2016 [12]. On the other hand, resistant starch in a
formulation could present several health benefits including
control of fasting plasma triglyceride and cholesterol levels
as well as improvement of glycaemic control [13, 14]. EFSA
[15] expressed a positive opinion on the effect of RS on
human health; the replacement of at least 14% of digestible
starch with RS allows the use of the claim related to the
reduction of blood glucose after a meal [8]. Moreover, resist-
ant starch-rich ingredients have shown good potential for
the development of fibre-rich biscuits without significantly
affecting their characteristics [16]. Green banana is known
for its high content in RS [17] and its incorporation into
cookies resulted in an increase in slowly digestible starch
content [18]. GBF is also a promising functional gluten-
free ingredient [17—19]. To the best of our knowledge, little
is reported on the effects of sucrose substitution alongside
RS addition on gluten-free biscuit formulations. This work
harnesses potential synergy between sugar replacements and
for the first time investigates the effect of maltitol and inulin
as sucrose replacement alongside resistant starch and green
banana flour on the texture and physical properties of gluten-
free dough and biscuits formulated with pseudocereals and
legume flours mainly buckwheat, sorghum and lentil flours.
Pseudocereal, cereal and legume flours with low glycaemic
index reduce the glycaemic index of the subsequent products
[20-22]. Moreover, health-promoting compounds, such as
phenolic, flavonoid bioactive and fibres, naturally present
in these flours could enhance the health benefits of these
products. This work builds on previous biscuit formulations
with proven liking scores and aims at investigating the effect
of ingredients able to contribute to the reduction of the gly-
caemic index on textural properties of gluten-free doughs
and biscuits. In particular, the effect of sucrose replacement
with maltitol and inulin alongside the addition of RS was
studied. The project has potential benefits for wider society
given the positive correlation between high blood sugar and
the risk of developing diabetes and other chronic diseases,
such as cardiovascular diseases and certain types of cancers.

@ Springer

Materials and methods
Food ingredients and formulations

Shortbread biscuits were produced using buckwheat
flour (Molino Filippini, Italy), sorghum flour (Molino
Favero, Italy) and green lentil flour (Terre di Altamura
srl, Italy), GBF (Nubana RS65, International Agriculture
Group, USA), maltitol (Maltite P 200, Tereos, Belgium),
inulin (Fibruline® Instant, Cosucra, Belgium) and RS
(high amylose maize starch, HI-MAIZE® 260, Ingredion,
USA), sucrose (Silver Spoon Granulated Sugar, United
Kingdom), eggs (The Happy egg co, United Kingdom),
sunflower oil (ASDA, United Kingdom), salt (ASDA,
United Kingdom), sodium hydrogen carbonate (Bicarfood,
Solvay, Belgium), ammonium bicarbonate (ammonium
bicarbonate, Esseco, United Kingdom) and water.

The base formulation made of buckwheat, sorghum
and lentil flours in a ratio 0.5:0.3:0.2 and sucrose as a
sweetener was used as a baseline for the development of
new formulations using ingredients able to contribute
to the reduction of glycaemic index and caloric intake.
New formulations were characterized by a total or partial
replacement of sucrose with maltitol or inulin, and flour
substitution with RS or GBF. RS and GBF were added in
concentrations, such as to virtually obtain a similar RS
content, and to make it possible the use of the health claim
as reported in REG UE 432/2012 [8].

Three sets of formulations were made, ratios between
the flours and the sugars/replacers are presented in Table 1.

1. Nine formulations with RS as flour replacer at three
inclusion levels (RSO: 0%, RS1: 4.44% and RS2: 8.88%
of total dough weight) and maltitol as sucrose replacer
at three inclusion levels (S: 0%, SM: 9.50%, and M: 19%
of total dough weight);

2. Two formulations with green banana flour at two inclu-
sion levels (BF1: 6.99%, BF2: 13.66% of total dough
weight) and maltitol as sucrose replacer (50%)

3. Three formulations with inulin as sucrose replacer at
one level of substitution (SIN: 50%) and three RS levels
(RSO: 0%, RS1: 4.44% and RS2: 8.88% of total dough
weight).

The amount of all the ingredients except for flours,
starch, and sweeteners was the same for all the formu-
lations and the ratio between the three main flours was
always kept constant.

Flours represented 55.5% of the dough weight, sugar
19.0%, eggs 13.4%, oil 8.9%, water 2.3%, ammonium
bicarbonate 0.44%, sodium hydrogen carbonate 0.35%
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Table 1 Biscuit formulations, ratios between flour and sugars

Flour Sugar/sugar replacer

Sample Buckwheat Sorghum Lentil Resistant starch Green banana Sucrose Maltitol Inulin
S-RSO (control) 0.5 0.3 0.2 - - 1 - -
M-RSO 0.5 0.3 0.2 - - - -
SM-RSO 0.5 0.3 0.2 - - 0.5 0.5 -
S-RS1 0.46 0.28 0.18 0.08 - 1 - -
M-RS1 0.46 0.28 0.18 0.08 - - -
SM-RS1 0.46 0.28 0.18 0.08 - 0.5 0.5 -
S-RS2 0.42 0.25 0.17 0.16 - 1 - -
M-RS2 0.42 0.25 0.17 0.16 - - -
SM-RS2 0.42 0.25 0.17 0.16 - 0.5 0.5 -
SIN-RSO 0.5 0.3 0.2 0 - 0.5 - 0.5
SIN-RS1 0.46 0.28 0.18 0.08 - 0.5 - 0.5
SIN-RS2 0.42 0.25 0.17 0.16 - 0.5 - 0.5
SM-BF1 0.44 0.26 0.18 - 0.123 0.5 0.5 -
SM-BF2 0.38 0.23 0.15 - 0.246 0.5 0.5 -

Data reported refers to ratios between each flour and sugar/sweetener

and salt 0.11%. It was decided to add the same amount
of water in each formulation as long as it was possible to
work the dough.

Dough and biscuit making procedure

Oil and sugar were first mixed with a planetary mixer
(KMX850RD, Kenwood, United Kingdom). Then, eggs,
water and ammonium bicarbonate were added and mixed
for another 3 min. Finally, flours, sodium carbonate and
salt were added and mixed at low speed for another 3 min.
The dough was wrapped in a plastic film and left to rest for
10 min. The dough was first sheeted with a wood rolling
pin, and then with an adjustable rolling pin at 6 mm height.
Biscuits were cut with a 4 cm diameter cutter and cooked for
11 min at 200 °C in a laboratory oven.

Geometric indexes and colour

The diameter (mm) and thickness (mm) of 5 biscuits prior
and after baking were measured using a digital caliper. The
diameter was measured in three different positions for each
sample and thickness was measured by stacking together
5 biscuits and dividing the height by 5. The spread ratio
was calculated by dividing the mean diameter by the mean
height.

Colour was measured using a Minolta Chroma meter
CR-300 with a D 65 illuminant, and expressed as colour L*
(lightness), a* (redness) and b* (yellowness) values using
CIELab parameters. Measurements were made on 5 biscuits
in three different positions of each biscuit upper surface.
The whiteness index values which mathematically combine

lightness and yellow—blue into a single term was calculated
according to Eq. 1 [23].

WI = 100 — \/(100—L*)2+a*2+b*2. (1)

Dough texture—hardness, toughness, stickiness
and cohesiveness

The textural properties of the dough were determined using
a texture analyser TA.XTplus100C (Stable Micro Systems,
United Kingdom) equipped with a 10 kg loading cell. Expo-
nent Software (Stable Micro Systems) was used to measure
and acquire data. Dough hardness, toughness and stickiness
were determined using a 2 mm cylindrical probe (P/2); cohe-
siveness was determined using a 25 mm cylindrical probe
(P/25). Dough samples were cut in round shapes of 4 cm
diameter and 6 mm height. The test was carried in compres-
sion mode with P/2 cylindrical probe, pre-test speed was
set at 2 mm/s, test speed at 3 mm/s and post-test speed was
10 mm/s. The probe penetrated to 60% of the dough height
and then returned to its original position [24]. The abso-
lute peak force (g) was taken as dough hardness, the area
under the curve was considered as toughness of the dough
(g*s) and the negative area was taken as dough stickiness
(g*s). Five dough discs were analysed for each formulation,
each disc was penetrated three times in 3 different positions
(centre and two equidistant points from the centre along the
same line).

The P/25 cylindrical probe was used to compress the
dough twice. Pre-test speed, test speed and post-test speed
were set at 1 mm/s and the compression distance was 3 mm.

@ Springer
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The ratio between the positive force area during the second
compression and the first compression was taken as cohe-
siveness value [25]. Five dough discs for each formulation
were tested.

Biscuit texture—hardness and fracturability

Biscuit hardness and fracturability were determined through
a compression test as reported in the application guide of
Exponent software. The P/2 cylindrical probe was used to
penetrate 2 mm in the centre of the biscuit. Pre-test speed
was set at 1 mm/s, test speed 0.5 mm/s and post-test speed
was 10 mm/s. The area under the curve was taken as hard-
ness (g X s) of the biscuits and the linear distance as fractur-
ability. Five biscuits for each formulation were analysed.

Statistical analysis

The data collected from all experiments were calculated
as mean =+ standard deviation. One-way or two-way Anal-
ysis of Variance (ANOVA), followed by Tukey’s test or
Games—Howell test, and Principal Component analysis were
achieved using XLSTAT (2020.1.3, Addinsoft, France).
Graphs were elaborated using R 3.6.0 (R Core Team); Affin-
ity Designer 1.8.3 (Serif, Europe) was used to adjust images
and graphs.

S-RS1

S-RS0O

M-RS0 SM-RS0

SIN-RSO SIN-RS1 SIN-RS2 SM-BF1

M-RS1

Results and discussion
Geometric indexes and colour

All the developed formulations yielded biscuits with good
shape and aspect (Fig. 1). It is also apparent from Fig. 1
that the surface cracking pattern is more pronounced for
biscuits containing 100% maltitol. This characteristic is not
always unpleasant and often consumers enjoy this physical
appearance associated with homemade biscuits. However, it
is important that the cracks do not affect biscuit resistance
to mechanical stresses. Biscuits’ surface cracking has been
attributed to either sugar recrystallization on the cookie sur-
face during baking [10, 26] or to the degree of structural col-
lapse at the end of baking [27]. Table 2 shows that the spread
ratio of the sample formulated with only sucrose S-RSO is
not significantly different from that of the sample containing
only maltitol (M-RSO0). Based on this result, maltitol recrys-
tallization ducting the baking process could be suggested
as the predominant factor responsible for the observed sur-
face cracking. Indeed the solubility of maltitol in water is
relatively lower, 60% dry matter basis at 20 °C when com-
pared to sucrose, 67% [28] and at constant water content,
more maltitol would crystallize when water is evaporated
and transferred to other hygroscopic components of the for-
mulation. Incorporating inulin or starch into biscuit formu-
lations resulted in changes in geometric indexes (Table 2)
with higher thickness values for biscuits containing RS when
compared to control whereas those containing inulin were
significantly less thick, flatter and maintained better their
properties as it results in thinner crispy biscuits. Interest-
ingly, the addition of RS decreased the spread ratio whereas

SM-RS1 S-RS2

M-RS2

SM-RS2

— =

SM-BF2

Fig. 1 Top (1st row) and side view (2nd row) of formulated gluten-
free biscuits. Samples containing: S sucrose, M maltitol, SM maltitol
and sucrose (50:50), SIN maltitol and inulin (50:50), RSO no resist-

@ Springer

ant starch, RS 8% resistant starch replacing flours, RS2 16% resist-
ant starch replacing flours, BF1 12.3% green banana flour replacing
flours, BF2 24.6% green banana flour replacing flours.
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Table 2 Geometric indexes and colour of biscuits

Sample Diameter (cm) Thickness (cm) Spread ratio L* a* b* Whiteness index
S-RSO 4.40+0.13° 1.34+0.01¢ 3.28+0.05%  68.28+1.22° 2.29+0.28° 19.99 +0.92¢ 62.43 + 1.35%°
M-RS0 4.27+0.06 1.28+0.01¢ 3.35+0.02¢ 63.24+1.09° 3.65+0.46%  22.90+1.09% 56.53+1.28
SM-RS0 4.43+0.09® 1.39+0.01% 3.1940.02¢f 67.73+1.03° 3.05+0.57%  22.00+1.89%  60.80+1.91¢
S-RS1 4.53+0.09% 1.42+0.01% 3.16+£0.03°f 70.90 + 1.04* 2.38+0.62%¢  21.42+1.54  63.78+1.74°
M-RS1 4.47+0.07% 1.40+0.01° 3.18+£0.05°f 68.42+0.78" 2.93+0.47¢ 21.43+1.02¢ 61.72+1.11%
SM-RS1 4.43£0.09% 1.36+0.01° 3.26+0.04%"  70.53+1.03° 2.95+0.29¢ 21.30+1.34  63.51+£1.55°
S-RS2 4.52+0.12 1.42+0.01° 3.17+0.05% 70.58 +1.01* 2.74+0.49%  2206+1.50%"  63.1241.67*
M-RS2 4.41£0.05° 1.40+0.01° 3.14+0.02" 68.36+0.80° 2.81+£0.25¢ 21.65 +0.69° 61.55+0.99*
SM-RS2 4.54+0.14* 1.40+0.01° 3.23+0.04%"  70.3440.70° 2.54+0.40%  20.78+0.81% 63.69+0.93*
SIN-RSO  4.14+0.09° 0.97+0.01° 4.28 +0.05 62.35+1.16° 5.26+0.75% 23.87 +1.08* 55.10+ 1.458"
SIN-RS1 4.20+0.05% 0.95+0.01° 4.40+0.03* 64.67+1.19%  3.77+0.51° 22.71+1.35%¢  57.8241.60°
SIN-RS2  4.23+0.10% 1.14+0.01° 3.72+0.04° 64.57 +1.13¢ 4.96+0.78 25.80+1.27* 55.88+1.65¢
SM-GB1 4.44+0.11% 1.27+0.01° 3.50+0.06° 65.91+0.93¢ 3724046  22.2241.03% 59.13+1.35%
SM-GB2  4.36+0.14* 1.17+0.01¢ 3.74+0.07° 60.86 + 1.46 5.33+0.53° 24.92+1.14% 53.28+1.73"

Data are presented as mean + sd. Values with the same letter are not significantly different (p <0.05)

Samples containing: S sucrose, M maltitol, SM maltitol and sucrose (50:50), SIN maltitol and inulin (50:50), RSO no resistant starch, RS 8%
resistant starch replacing flours, RS2 16% resistant starch replacing flours, BFI 12.3% green banana flour replacing flours, BF2 24.6% green

banana flour replacing flours

GBF increased the spread ratio which could be attributed to
other components, such as proteins that could interact with
starch through hydrogen bonding, thereby reducing its water
absorption ability. It is generally recognised that the spread
ratio is affected by the competition of ingredients for the
available water and any ingredient with high water absorp-
tion during dough mixing would contribute to the reduction
of its value.

Table 2 also reports the L* a* b* and whiteness index val-
ues. Colour is one of the important attributes that determine
the acceptability of bakery products [29]. Samples contain-
ing sucrose and RS showed higher lightness values when
compared to biscuits containing maltitol and inulin which
in turn were darker than the counterparts containing both
sucrose and maltitol. Although colour could be affected by
that of the raw materials, colour formation during the baking
stage is mainly attributed to reducing sugars that react with
the amino acids present in the flour via Maillard reaction
or caramelisation. The results presented here are in agree-
ment with that of Ozboy-Ozbas et al. [30] who found that
RS addition increased product lightness. However, based on
the assumption that maltitol does not contribute to browning
reaction and that finished products containing polyols usu-
ally exhibit lighter colours [31], it may be hypothesised that
maltitol, in certain conditions, probably related to the formu-
lation composition and baking process, could be degraded
into its reducing sugar, glucose which then contributes to
the browning reaction. Indeed, sucrose is classified as non-
reducing sugar but contributes to browning reaction via its
heat-driven degradation products, glucose and fructose. A

similar explanation could be suggested for inulin-contain-
ing samples that were relatively darker. Biscuits produced
by Ostermann-Porcel et al. [32] were darker when sucrose
was partially replaced with inulin, whereas Krystyjan et al.
[33] and Lourencetti [34] found that the use of inulin as fat
replacer did not affect biscuit colour. Despite the lack of a
definite trend in the literature, thermal degradation of inulin
with formation of di-D-fructose anhydrides which are com-
pounds also produced during caramelisation, support our
hypothesis. a* values were lower for samples with sucrose
and resistant starch and were significantly affected by the
presence of inulin and green banana flour. b* values were
higher for samples containing maltitol. However, the white-
ness index of all the produced biscuits was close, ranging
from 55.10 to 63.78, and their visual aspect similar to that
of commercially available biscuits with light to relatively
dark golden colour.

Dough and biscuit texture
Maltitol and resistant starch effect

Biscuit dough is considered as a low-water content matrix of
starch, protein and lipid paste which embed gas bubbles of
different size and dimension [35]. Dough texture is relevant
for workability purposes, but the optimal dough character-
istics can be heterogeneous according to the biscuit manu-
facturing method. Biscuit texture plays an important role
in sensory acceptance. In addition, it is also relevant for
specific phases of the production process, such as biscuit

@ Springer
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handling on the production line, packaging and distribution,
during which biscuits have to resist mechanical stresses.
Table 3 depicts the texture analysis results of doughs and
biscuits produced by substituting sucrose with maltitol
in formulations containing three levels of RS. Data were
also analysed by grouping samples according to the sugar
and RS levels (Figs. 2 and 3). Both hardness, illustrated as
peak force indicates the ability of a material to resist plas-
tic deformation and toughness, related to the ability of a
material to absorb energy without fracture, were affected by

Table 3 Textural properties of doughs and biscuits

the changes in formulation. Maltitol significantly increased
doughs’ hardness and toughness, whereas doughs containing
resistant starch showed the opposite trend when compared
to samples without RS.

Looking at data by grouping samples according to sugar
level, doughs produced with 100% maltitol showed higher
hardness and toughness than the two other groups (Fig. 2).
These data are consistent with results from Zoulias et al.
[36], who found that biscuit doughs containing maltitol were
harder than dough made with sucrose or other sweeteners.

Formulation Dough hardness (g) Dough toughness

Dough stickiness

Dough cohesive- Biscuit hardness Biscuit fracturability

(g*s) (g*s) ness (g*s)
S-RSO 44.81+1.43° 117.43 +4.48° —8.56+1.96" 2.87+0.36® 3972.12+447.91*  5454.06 +835.25%
M-RS0 62.16+0.76* 186.59 +8.05% —17.82+3.65° 0.50+0.51¢ 2970.57 +246.54*  1661.65+202.02¢
SM-RS0 37.52+2.37° 113.27+9.1¢ —6.53+£2.21% 1.36+1.32¢ 3403.49 +549.84%  5488.94 +299.46%
S-RS1 23.4+0.83¢ 66.58 +7.97° —8.06+2.79% 1.46+1.355 3090.3+999.63®  4963.28 +719.04*
M-RS1 42.31+4.88° 111.17 £13.58° —3.43+0.78* 3.06+0.10 2651.2+976.00° 2327.74+298.77%
SM-RS1 28.48+1.18¢ 89.4+5.77¢ —4.89+1.25%® 2.44+0.21%¢ 3242.4+752.99®  2763.45 +804.39>¢
S-RS2 15.23+0.95° 49.33+2.6° —5.64+1.08%° 1.57 +0.145 3118.22+524.28" 4180.38 +715.49%
M-RS2 45.32+4.69° 147.38 + 14.4° —6.2+3.38" 2.07 +0.09%¢ 2416.52+527.18° 2084.3 +277.34¢
SM-RS2 14.32+1.09° 46.06+6.9 —457+1.67° 2.37 +0.56%¢ 2548.81+153.4° 2863.64+219.12>

Data are presented as mean +sd. Values with the same letter are not significantly different (p <0.05)

Samples containing: S sucrose, M maltitol, SM maltitol and sucrose (50:50), RSO no resistant starch, RS 8% resistant starch replacing flours,

RS2 16% resistant starch replacing flours

1)
[

D
3
o
o
(=]
o
—o

o
=]

N
I=)

w
S

dough hardness (g)

dough toughness (g*s)

N
o

50 T

Q
o

w

4000 b

[N}

3000

2000 |

dough cohesiveness
biscuit hardness (g*s)

0 1000

Fig.2 Effect of sugar level on textural properties of doughs and bis-
cuits. Boxplots showing data grouped according to the sugar level,
median line and error bars (standard deviation) are reported. a dough
hardness, b dough toughness, ¢ dough stickiness, d dough cohesive-
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Similarly, low hardness has been reported for gluten-free
biscuit doughs enriched with RS [37]. RS has the ability to
bind water resulting in a more elastic dough [38]. Indeed,
RS-containing doughs were easier to handle and sheet as
they were less brittle and presented a continuous mass, indi-
cating a good workability property.

By and large, there was no significant difference between
samples in terms of stickiness except the base formulation
with only maltitol (M-RS0) which showed the highest sticki-
ness. Stickiness associated with dough could have strongly
negative effects on dough handling and could lead to costly
disruptions to production schedules and loss of product qual-
ities [39]. In particular, stickiness could represent a problem
when producing biscuits through wire-cut technology. The
stickiness was reduced with the addition of RS indicating
that RS could be used to control the stickiness of the for-
mulated doughs.

Cohesiveness results did not show a clear pattern. This
was probably due to a bigger internal variability between
replicates of some samples. However, it was apparent that
sugar at the investigated concentrations showed no effect on
cohesiveness whereas dough without RS was less cohesive
when compared to samples containing RS.

Biscuits showed comparable hardness values with the
exception of the base formulation with 100% maltitol and
zero RS (M-RS0), 8.88% SR (M-RS2) and dough formulated
with maltitol:sucrose (50:50) and 8.88% RS which showed
significant lower hardness when compared to the base
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formulation. Hence, although maltitol seemed to contribute
to the dough hardness, the resulting biscuits are softer when
compared to biscuits containing only sucrose. This could
probably be due to the formation of smaller crystals size
of maltitol during cooling which also gives a creamy tex-
ture to maltitol-containing biscuit [40]. The same trend was
reported with bread as its hardness decreased with increas-
ing percentages of maltitol [41]. On the Contrary, Laguna
et al. [9] reported similar resistance to the penetration of
biscuits containing maltitol and sucrose, suggesting that
maltitol can be used as a sucrose replacer without affecting
the texture of the product. The effect of maltitol depends on
other ingredients in the formulation, such as starch, which
could act as a synergist. For example, the substitution of
flours with RS dilutes the protein content of the formula-
tions, thereby reducing the hardness of the product [16, 42].

Biscuit fracturability was different for all sugar levels
whereas RS contributed to lowering the fracturability val-
ues, thus softer and less crispy biscuits which are generally
desired by consumers. More breakable samples also showed
higher hardness though the positive correlation between the
two variables was not significant (p > 0.05) (Fig. 6).

For all the parameters measured, except for biscuit hard-
ness, the interaction between sugar level and RS level was
significant. However, based on type III sum of squares, sugar
level was found to be the most influential parameter for
dough hardness, toughness and biscuit fracturability whereas
RS content showed the biggest influence on dough stickiness
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and biscuit hardness. Strong interaction between sugar and
RS was observed for dough cohesiveness.

Green banana flour (GBF) vs resistant starch (RS) effect

Two formulations were produced using GBF instead of RS,
in the view of adding value to the final biscuit by taking
advantage of the RS content of GBF but also of its other con-
stituents, such as antioxidants, minerals and vitamins. This
part of the study allowed exploring the differences between
properties of formulations containing RS and GBF, assum-
ing a similar content of RS in the final biscuit. Dough’s hard-
ness showed the following order: formulations without GBF
and RS > formulations with GBF > formulations with GBF
RS (Fig. 4). As expected, formulation containing the highest
level RS showed the lowest hardness. In this case, no sig-
nificant differences were detected between samples contain-
ing both GBF level and the lower RS content, whereas the
formulations containing the highest RS level were found to
be the least tough formulation. Stickiness values were com-
parable between all samples. Cohesiveness was marginally
affected by the use of GBF instead of RS.

Biscuit hardness showed a clear difference between sam-
ples containing RS and GBF. Both samples containing RS
were harder when compared to those containing GBF. GBF
also has other constituents that could contribute to softening
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Fig.4 Textural properties of doughs and biscuits containing green
banana flour and resistant starch. Data are reported as means + stand-
ard deviation. Different letters indicate significantly different samples
(»<0.05). a Dough hardness, b dough toughness, ¢ dough sticki-
ness, d dough cohesiveness, e biscuit hardness, f biscuit fracturabil-
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the texture of the biscuits when compared to RS only. How-
ever, it remains clear that the more RS employed, the less
hard is the biscuit. This consistent trend is different from
what reported in the literature. Indeed, small or no differ-
ences between rice gluten-free biscuits and biscuits with dif-
ferent types of RS were found [43], whereas replacing wheat
flour with two types of GBF yielded different results for
each type of flour [44]. As seen in Sect. 3.2.1, biscuit frac-
turability depended mostly on sugar level and formulations
with different amounts of RS showed similar fracturability
values. Nevertheless, samples with GBF showed relatively
lower fracturability value which in accordance with findings
by Adeola and Ohizua [45] for biscuits containing blends
of GBF, sweet potato and pigeon pea where fracturability
values decrease with increasing GBF content.

Inulin vs maltitol effect

Inulin is often employed in bakery products as a fat and
sugar replacer. In this study, the effect of inulin as sucrose
replacer was evaluated (50% sucrose replaced by 50% inu-
lin) and the obtained samples were compared with bis-
cuits in which sucrose had been replaced by maltitol. The
results are presented in Fig. 5. Doughs containing inulin
were significantly harder than doughs containing malti-
tol. This set of experiments confirmed that an increase
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green banana flour replacing flours, BF2 24.6% green banana flour
replacing flours, RSO no resistant starch, RSI 8% resistant starch
replacing flours, RS2 16% resistant starch replacing flours
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in RS level decreased hardness values. It was even evi-
dent during biscuit making that inulin-containing doughs
were stiffer than all other formulations and were more
difficult to handle. The dough showed the tendency to
split during the sheeting. A higher amount of water could
have helped to overcome this issue, but it was decided to
maintain constant the amount of water added to all the
formulations. Samples with inulin were also stickier than
samples without inulin, with the exception of the RS2
sample. Again, this confirmed the ability of RS to reduce
dough stickiness. Cohesiveness values were not signifi-
cantly affected by the use of inulin instead of maltitol.
Biscuits containing inulin were found to be harder when
compared to maltitol-containing biscuits. Similar results
have been reported in the literature [46]. Interestingly,
hardness values were significantly lower with the addition
of RS. Fracturability showed different behaviour. In fact,
samples with no RS, containing both inulin and maltitol,
showed similar values and all samples with RS were not
dissimilar. Inulin significantly affects biscuit and dough
properties, and if it is not dosed correctly, it would lead
to poor workability and hard texture.

(1}

»
e
% a a
£ i
= a
k7]
c ! 5
I 3 -5
I @ =
I b
-0 b
LN 9 Q N 9 N 1
& \q‘% \@% V\Q\% <& ® & & &
& B B o 6@ %\v\ A\ N ¥
a
f
a
6000
. I
%
L 4000 b
2 b b
S b
bc = I I
c 3 1
I I L2 B 2000
Qo
I
0 N A 9
QO N 42 &) N v o
B I A A N N A
EPE U = s N of N Y

ness, f biscuit fracturability. Samples containing: SIN sucrose and
inulin (50:50), SM sucrose and maltitol (50:50), RSO no resistant
starch, RS 8% resistant starch replacing flours, RS2 16% resistant
starch replacing flours

Principal component analysis and correlations

Principal component analysis (Fig. 6) was made including
textural, spread ratio and colour data for all the formula-
tions. The first two components explained 78.59% of the
variance. The first component explains 61.39% of the vari-
ance and it was mainly influenced by dough hardness and
toughness, biscuit hardness, diameter and spread ratio. For-
mulations containing sucrose and both sucrose and maltitol
can be grouped whereas formulation containing only malti-
tol showed some dissimilarities with control formulations.
Formulations containing inulin were very different from all
the other formulations. It emerged from the score plot and
the correlation matrix (not shown) that dough textural prop-
erties are related between each other with some of them also
having a strong effect on biscuit texture. Dough hardness
was positively related to toughness, (r=0.995, p <0.05), and
spread ratio (r=0.660, p < 0.05) and negatively correlated
with dough stickiness (r=— 0.740, p <0.05). Stickiness
showed a positive correlation with cohesiveness (r=0.629,
p <0.05). Dough texture is related to biscuit texture. Indeed,
biscuit hardness was positively related to dough hardness
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Fig.6 Principal Component Analysis, score (a) and loading plot
(b) of formulated biscuits. Samples containing: S sucrose, M malti-
tol, SM maltitol and sucrose (50:50), SIN maltitol and inulin (50:50),

(r=0.789, p<0.05) and toughness (r=0.822, p <0.05).
Biscuit hardness was also positively related to spread ratio
(r=0.660, p <0.05). Biscuit fracturability was not related
to any other texture parameter. However, a slight positive
correlation (even if not significant) with biscuit hardness
(r=0.511, p>0.05) was observed.

Conclusion

Demand for healthier bakery products is very common
and product reformulation is on the agenda. The aim of
this study was to evaluate the effect of sucrose substitu-
tion with maltitol and inulin alongside resistant starch or
green banana flour on the physical and texture properties
of gluten-free dough and biscuits with the ultimate goal
to develop low glycaemic index gluten-free products. It is
relevant to know the effect of these ingredients on dough
and biscuit texture which is central to workability, mass
production and sensory properties. All the doughs showed
good processability, but doughs containing inulin were
relatively difficult to process. However, the use of lower
inulin concentration alongside RS could help to achieve
better workability. It was possible to obtain doughs and
biscuits with complete or partial replacement of sucrose by
maltitol with appropriate level RS. Based on type III sum
of squares, sugar level was found to be the most influential
parameter for dough hardness, toughness and biscuit frac-
turability whereas RS content showed the biggest influence
on dough stickiness and biscuit hardness. Maltitol con-
tributed to the increase in dough hardness but decreased
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RSO0 no resistant starch, RS1 8% resistant starch replacing flours, RS2
16% resistant starch replacing flours, BFI 12.3% green banana flour
replacing flours, BF2 24.6% green banana flour replacing flours

biscuit hardness and fracturability which was partially
attributed to the smaller crystal size formation upon cool-
ing when compared to sucrose. RS addition had a soften-
ing effect on dough and biscuit texture and it contributed
to decreasing dough stickiness, an important parameter to
be controlled for optimal production as sticky dough could
cause costly disruptions to production and loss of product
qualities and time. The contribution of RS to lowering
biscuits’ fracturability value is to be monitored as lower
values of biscuit fracturability could mean a reduction of
biscuit crispiness, which, although generally desirable,
could be detrimental if the fracturability is too low.

The complete replacement of sucrose in combination with
the use of resistant starch or banana flour alongside pseudo-
cereal and legume flour offers an avenue for healthier glu-
ten-free biscuits with potential lower glycaemic index and
reduced caloric content. In vitro estimation of glycaemic
index and in vivo study are the natural continuity of this
work.
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