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ABSTRACT

Blackcurrant pomace is a by-product with bioactive compounds and dietary fibre, which can
be used as ingredient to elaborate bakery products. However, its high content of fibre results
in techno-functional problems affecting texture and sensory properties. We hypothesised that
the use of different chemical leavening agents can counteract the negative effects of pomace
addition improving the quality of the final product. Citric acid, sodium acid pyrophosphate,
and gluconas-lactone were used as leavening agents in combmaiith sodium bicarbonate
(encapsulated and free). A micro-baking simulation showed the expansion of the bubbles in
the batter. In the cakes, the structure, texture, colour and sensory profile were studied. Cakes
prepared with pyrophosphate (regardless bicarbonate type) and ghamione (plus free
bicarbonate) incorporated more air, which led to bigger gas cells and a softer instrumental
texture. These cakes were perceived as brittle and spongy. All the formulations were

acceptable according to an untrained sensory panel.

Keywords. Leavening agent; structure; by-product; flash profile; bakery products

1. INTRODUCTION

By-products from the food industry can have a high nutritional value. This is the case of the
by-products generated in the production of blackcurrant juice, composed of peel and seeds;
rich in polyphenols and dietary fibre (DF) (Borges et al., 2010; Patiev\dl., 2017). These
components have beneficial effects on health; polyphenols have a positive impact on cardio-
vascular health, reduce inflammation, and modify intestinal microbiota, among other effects;
these effects are because of their inner antioxidant capacity (Del Rio et al., 2013; Shahidi &
Ambigaipalan, 2015). DF is involved in disease prevention and health improvement, because
of its contribution to physiological attenuations, such as cholesterol and fat binding, reduction

of blood glucose levels, prevention of constipation, and facilitating good colonic health
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(Foschia et al., 2013). To appreciate these value-added ingredients, its incorporation in a food
matrix could be interesting (Foschia et al., 2013; Zhao, 2007). Fruit pomace has been
previously used in preparing bakery products like muffins and sponge cakes; Quiles et al.
(2018) used blackcurrant and Aronia pomace to replace flour, fat, and sugar in cakes. Sudha,
Baskaran, & Leelavathi (2007) and Masoodi, Sharma, & Chauhan (2002) incorporated apple
pomace in cakes, and Diez-Sanchez et al., 2019 incorporated blackcurrant pomace in muffins.
Finally, Walker, Tseng, Cavender, Ross, & Zhao (2014) studied the substitution of flour with
wine grape pomace in muffins, breads, and brownies. One of the major drawbacks arising
from these studies, on inclusion of ingredients high in fibre, come from detrimental effects on
the creation of a well-aerated structure (Lebesi & Tzia, 2011; Quiles et al., 2018). This lack of
aeration in cakes, which is determined by the amount of gas occluded, produced and retained
by the batter, produces a firm texture and a reduction in cake volume. As expected, such

deficiencies increase with higher levels of wheat flour substitution with fibre-rich ingredients.

In sponge cakes, the batter expansion during baking results from carbon dioxide release when
an acid (or an acidic salt) reacts with sodium bicarbonate in the presence of moisture and heat
to form a salt, water, and carbon dioxide (De Leyn, 2014; Narsimhan, 2014). This chemical
reaction influences the expansion of the initial bubbles incorporated during the mixing
process that function as nuclei for larger bubbles. Presence and good distribution of bubbles
in cakes favour good final product characteristics like colour, texture, and volume (Book &

Brill, 2015).

Sodium bicarbonate has been the most used leavening agent in general domestic baking,
which reacts with the lactic acid of other ingredients like sour milk (Bennion et al., 1997).
Now, there are chemical leavening agents with different characteristics that make them
suitable for application in different conditions (De Leyn, 2014). When free bicarbonate (B) is

used, the bubble formation in the first stages of baking results not only from the incorporated
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air due to the batter mixing but also from the O®leased by early leavening chemical
reaction (Germain & Aguilera, 2008) and the L£l@ss by diffusion through the batter
(Godefroidt et al., 2019). However, as the bicadiendissociates in water almost
immediately, the rate of carbon dioxide productiendetermined by the acid’s rate of
dissociation (Bellido et al., 2008). The use of apwulated bicarbonate (EB) avoids a rapid
release of gas, retarding the chemical reactioil U@ capsule’s external wall melts during
baking (Gibbs et al., 1999; Lakkis, 2016; Meine2§12). Hence, the type of acid and
bicarbonate form (encapsulated or not) used infdneulation would have considerable
influence in bubbles creation and growth. Dorko &nfeeld (1993) studied that bicarbonate
encapsulation resulted in lower initial €Qelease in muffins, changing their final
characteristics. Though different leavening agéatge been used over the years, there are no

recent studies comparing the effect of traditideal’ening agents with newer ones.

Our hypothesis is that certain combinations of ézd@vg agents including encapsulated
sodium bicarbonate could improve aeration of highef bakery products. Thus, the aim of
the present study was to evaluate the effects fierdnt leavening agents and their
combinations, with encapsulated and free bicarl®yrat the improvement of the structural

and sensory characteristics of sponge cakes, m@path blackcurrant pomace.

2. MATERIALSAND METHODS

2.1 Cakeingredients

The ingredients used in the cake’s batter premaratiere: wheat flour (Harinas Segura S.L,
Torrente, Valencia, Spain; composition providedhmsy supplier: 13.5 - 15.5 g/100g moisture,
9 - 11 g/100g protein), white sugar (AB Azucardyérica S.L.U., Madrid, Spain), pasteurised
egg yolk and white (Ovocity, Llombay, Spain), skiesin milk powder (Corporacion

Alimentaria Pefiasanta, S.A., Siero, Asturias, Spaefined sunflower oil (Aceites del Sur-
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Coosur, S. A., Vilches, Spain), sodium bicarbor{&&00ii, Sodas y Gaseosas A. Martinez,
S. L., Cheste, Spain), micro-encapsulated bicatieo(@rupo Indukern, S. L., Barcelona,
Spain, melting point of the encapsulation providgdhe supplier: 69 - 73 °C), citric acid (E-
300, Sodas y Gaseosas A. Martinez, S. L., Cheptn)s sodium acid pyrophosphate (E-
450i, Chemische Fabrik Budenheim KG, Budenheimn@ay), glucona-lactone (E-575,

Emilio Pefia, S. A., Torrente, Spain), mineral wgtascual S. A. U., Aranda del Duero,
Spain), and salt (Sal Bueno S.L., Xirivella, SpaBlpckcurrant pomace was kindly supplied
by the Institute of Natural Materials Technologye€¢hnische Universitat Dresden, Germany).
It was prepared by drying the fresh pomace at 7GotC2 h and milling it in a ZM 100

ultracentrifuge mill (Retsch GmbH, Haan, Germany)14000 rpm using a 1 mm sieve

(Reil3ner et al., 2019).

2.2 Cake preparation

Six different formulations contained 100 g wheaufl 100 g sugar, 50 g reconstituted skim
milk, 27 g egg yolk, 54 g egg white, 5 g water, @lackcurrant pomace powder, 46 g
sunflower oil, and 1.5 g salt; different leavenamgents were added to each formulation (table
1). Encapsulated (EB) and free bicarbonate (B) wieezl in combination with three different
acidic ingredients: citric acid (CA), sodium acigrgphosphate (SAPP), and glucoso-
lactone (GDL). These leavening agents were chasetinéir different rates of carbon dioxide
production, which is a function of the solubility the acidic constituents. CA is a fast acting
acid, SAPP is a slow acting acid and GDL is a cwdus-releasing leavening agent by a two-
step reaction mechanism. The ratios of acid anarbanate were selected according to Brose,

Becker, & Bouchain (2001).

The batters were prepared using the “all in” miximgpcedure (Rodriguez-Garcia et al.,

2012), with some modifications. Egg white, egg yatkilk, and water were placed in a
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planetary mixer Kenwood KM800 Major Classic mix&efwood, Havant, UK), then the
solid ingredients were added to the bowl, with tileadded last. All the ingredients were
mixed for 30 s at 202 rpm, followed by 1 min at 2fén and 3 min at 320 rpm to achieve a
homogeneous batter. An oven (Electrolux, model E€BOB®OX, Stockholm, Sweden) was
preheated (20 min, 180 °C). The batter was placed20 cm diameter Pyrex baking pan and
baked in the preheated oven at 180 °C for 43 mizmke€ were kept covered at room
temperature for 24 h and then analysed. All théebmiand cakes were prepared in triplicate

on three different days.

2.3 Light microscopy and image analysis of the cake batters at different baking

temperatures

A microscopic examination during simulated micrddbg was carried out to record bubble
changes of batter as previously described (Rodzi@srcia et al., 2014) using a temperature-
controlled stage (Analysa-LTS350, Linkam, Surre¥X)Umounted under the lens of a light
microscope (Nikon ECLIPSE 80i, Nikon Co., Ltd., ok Japan). Images were captured and
stored every 10 s while three samples from eacterbatere examined. The images were

analysed using the software ImageJ (National itststof Health, Bethesda, MD).

2.4 Crumb cdlular structure

The baked product was cut into vertical slices & &m thickness and scanned using a
computer scanner (Epson Perfection 1250, Epson idaénc., Long Beach, CA). The

images were acquired with a resolution of 300 dpd avere analysed using the software
ImageJ (National Institutes of Health, Bethesdaryéad, USA). The image was cropped to
a 10 x 4 cm section, on which the analysis wasopadd. The image was split into colour
channels and the contrast was enhanced; the imagetiven binarised after a grayscale

threshold. The parameters calculated were airdeglbity (number of cells per field), air cell
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area (mrf), and total air cell area within the crumb (%). &darements were performed on

three different slices of each sample.
2.5 Instrumental texture

Texture profile analysis (TPA) was conducted uaangA-TX plus Texture Analyser (Stable
Micro Systems, Ltd., Godalming, UK) with the Tex@ugExponent Lite 32 software (version
6.1.4.0, Stable Micro Systems). TPA was performedubes (15x15x15 mm) taken from the
central crumb of each cake. The test speed was /s mith a strain of 40 % of the original
cube height and a 5 s interval between the two cessppn cycles; the trigger force was
0.049N. The double compression test was perform#dar35 mm diameter aluminium plate
(P/35). The parameters obtained from the curveg Wardness, chewiness, cohesiveness and

springiness. Eight cubes of each cake were measured
2.6 Colour measurements

The colour of the cake crumb was measured usinfgpranta meter CR-400 (Minolta Co.,
Ltd., Osaka, Japan). The results were expresseth@&IE L*a*b* system, with reference to
illuminant C and a visual angle of 2°. The paramsetgereL* (L* = 0 [black]; L* = 100
[white]), a* (—a* = greenness; & = redness)p* (-b* = blueness; Bb* = yellowness),C*
(chromaC+ = [(a? + b*®)¥¥), and ha* (hue hap* = arctan +/a*)]). For each cake, three

measurements were done.
2.7 Sensory analysis
2.7.1 Sensory cake characterisation

Cake sensory characterisation using consumers wraducted through a Flash Profile test.
This method, combines the free choice of the tdhascharacterise each of the samples, and

the ratings of these terms by the panellist (DaiSieffermann, 2002). Twenty-one
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untrained participants completed the test in twiteint sessions. In the first session, the six
samples (CA-B, CA-EB, SAPP-B, SAPP-EB, GDL-B, andlGEB) were presented in triads
and the participants created a list of attributesiéscribe the similarities and differences
between them. The participants were told to foqusi@scriptive parameters such as flavour,
texture, and appearance; and to avoid hedonic t€frasega & Tarancon, 2014). In the
second session each panellist ranked the cakesdatgdo her/his own list of attributes

created in the first session.

2.7.2 Sample liking

A consumer liking test of the six samples was catetliwith a total of 89 consumers aged 17
- 45 years. Each consumer received the six sanecplédsd with three-digit random numbers
monadically and randomly served at ambient tempegailhe test was done using a 9-point
hedonic scale (1 = “dislike extremely”; 9 = “likexteemely”) to score the liking of the

‘appearance’, ‘texture’, ‘taste’, and ‘overall lilg’ of the cakes.

2.8 Data analysis

A categorical multifactorial experimental desigrttwiwo factors: type of sodium bicarbonate
(B or EB) and type of leavening acid (CA, SAPP, &idL) was performed on the values for
texture, cellular structure, and colour parametésalysis of variance (ANOVA) was
performed on the data. The least significant diffiees (LSD) were calculated at the P < 0.05
significance level to compare the test means. Agpal component analysis (PCA) was also
performed to study the correlation between crumtuctire parameters and texture

parameters.

For the sensory analysis, a multi factorial analyMFA) was used for the Flash Profile data
to identify the samples and terms most closelytedldo the characteristics of each cake

formulation. A factorial map was generated to eatdithe general sensory positioning of the



189 samples according to the participants’ perceptibarrega et al.,, 2017). To facilitate the
190 interpretation of Flash Profile results, a hiemticluster analysis (HCA) was subsequently
191 performed. Beside this, the data obtained for comsuiking test were analysed using the
192  analysis of variance (ANOVA), and the least sigrfit differences (LSD) were calculated at

193  the P < 0.05 significance level.

194  All the statistical analysis was performed withteare XLSTAT version 2018.1 (Addinsoft

195 Espafia, Barcelona, Spain).
196 3. RESULTSAND DISCUSSION
197 3.1 Analysisof thecrumb structure

198 3.1.1 Light microscope and image analysis of the cake batters at different baking

199 temperatures

200 The images corresponding to the simulated microrggagrocess are shown in Fig. 1A. They
201 were taken at different temperatures to observevo&ution of the batter bubbles’ expansion.
202  The bubbles expand due to moisture evaporationG@dproduced by the reaction of the
203 leavening agent (Narsimhan, 2014). The images ddawere analysed to quantify the size
204  distribution of the bubbles for each formulatiorddterent temperatures during micro-baking

205  (Fig. 1B).

206 Batters formulated with encapsulated bicarbonat®) (Below temperatures of 70 - 80 °C
207 showed a higher frequency of small bubble size$0(000 pr) in comparison with batters
208 formulated with free bicarbonate (B). The meltingmperature of the bicarbonate
209 encapsulation is 69 - 73 °C; from that temperaturé can be observed that there is a sudden
210 change in bubble size in formulations with EB, lgetihe frequency of big bubbles (>100,000

211 pnT) lower than B batters. At that time, the encapsdlaiearbonate is released thus allowing
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it to react easily with the acid. In addition, atmperatures ranging from 80 to 95 °C the
simultaneous occurrence of both starch gelatimsasind protein denaturation results in a
large increase in batter viscosity leading to tharix thermal setting (solid cake structure)
(Germain & Aguilera, 2008; Godefroidt et al., 20Mijlderjans et al., 2013). Therefore, at
the end of the baking process, the bubble sizellision is mainly affected by the leavening
agent rate of reaction and the matrix thermal rsgttiAs a result, when reaching 90 °C
formulations with EB have less time for the £f@lease due to the encapsulation; this fact
together with the viscosity increase lead to threnetion of smaller bubbles than formulations

with B.

Citric acid (CA) has a fast reaction with sodiumdsbonate, thus during batter preparation at
ambient temperature most of the £i© released (Brose et al., 2001). For batters matke
this acid, the images show that the bubbles hagenstant growth. In the initial stages,
thoughthe fast reaction with the sodium bicarbonate, ibbbles are small for the initial
release of C@ In addition, bubbles at higher temperatures ddhawe a large size compared
to the rest of the batters, even in batters witle foicarbonate. This behaviour can be seen in
the histograms corresponding to the cakes prepatbdCA (with both, free and encapsulated
bicarbonate) (Fig. 1B, CA-B and CA-EB). The loweeduency of big bubbles (>100,000
unt) at high temperatures could be due to its fastti@a from low temperatures, leading to a

smaller amount of CA or bicarbonate available atehd of the baking process.

In contrast to CA, sodium acid pyrophosphate (SABR)slow-acting acid readily soluble in
hot water; therefore it reacts with the bicarbonater than CA in the baking process (De
Leyn, 2014).In batters with sodium acid pyrophosphate (SAPR)hbbles grew when the
temperature increased due to the need of heatABIPSo0 react with bicarbonate (Fig. 1A).
The histograms corresponding to the batters prdpaith SAPP show a high frequency of

big bubbles at high temperatures (Fig. 1B, SAPm& SAPP-EB). In SAPP-EB sample, the

10
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bubble size distribution is broader and shows adganeous distribution of bubble sizes
which are smaller than is SAPP-B. This is becahseencapsulation of bicarbonate melts
near 70 °C, which together with the need for sdisdtion of the acid that occurs at

temperatures close to the batter thermal settingtla@ end of the baking process, led to the
reaction taking place at a higher temperaturegefoee, the release of G@& lower compared

to SAPP-B.

Gluconos-lactone (GDL) is an acidic agent that needs tordlydate into gluconic acid to
react with sodium bicarbonate to form £0n both reactions carbon dioxide is released
continuously being the reaction with bicarbonatecimtaster than the hydrolysation (Bellido
et al., 2008; Brose et al., 2001). Bubbles in th2lL. @8 sample at low temperatures show a
broader size distributionri,e. compared with the other formulations (Fig. 1B, GBLand
GDL-EB), the frequency of small bubbles (<10,0002uis lower but there is a higher
frequency of bigger bubbles (10,000-20,000%urfthis phenomenon is because at the first
stages there is a slow release of,@@m the hydrolysation of GDL into gluconic acuhich
has a faster reaction with the bicarbonate in tileény stage with the subsequent G€lease
(Bellido et al., 2008). Moreover, the sample GDL-B& smaller bubbles in the first baking

stages because the encapsulation of the base haied.
3.1.2 Céllular structure of the cake crumb

The images were analysed to quantify and compa entcrostructure of the crumb between
samples. Two factors were considered: type of &Cid, SAPP, and GDL) and type of

bicarbonate (encapsulated or free). Figure 2 shtbesiumerical data corresponding to the
image analysis of the crumb. The results are ptedamnly when there is a significant effect

or an interaction between factors (P > 0.05).
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Significant interactions (P < 0.05) between faciwese only found for cell density, thus both
the acid and the base had an influence on the nurobecells In Fig. 2A, results
corresponding to B-samples did not show signifiadifferences among them regardless the
type of acid used. In EB-samples, cakes with SA&Pahsignificantly lower cell density (P <
0.05) compared to CA and GDL samples. This wastduthe slow-acting effect of SAPP
explained earlier. In addition, there were no digant differences among samples with B or
EB with the same acid. Hence, despite the inteyadbetween both factors, there were only

slightly differences between samples that coulddwgigible.

The type of acid used significantly affected (P.85) the values for cell area and total cell
area (Fig. 2B and C), but the effect of bicarbongtee (free or encapsulated) was not
significant. In cakes with SAPP, the values foll eeta and total cell area were significantly
higher (P < 0.05) in comparison with CA and GDL.e$& results are consistent with those
obtained for bubble size distribution during midraking, wherea high frequency of big

bubbles was observed at high temperatures. The#steelease from SAPP, when the batter
viscosity has increased (temperatures near tchérental setting point), lead to bigger bubbles
due to a better retention of the £@to de matrix. On the contrary, the rapid gagasé of

CA could lead to an excessive loss of leaveningtigas forming smaller bubbles at the end

of the baking process (Penfield & Campbell, 1990)

The different macroscopic structures seen in thembr may be explained by the uneven
expansion of the bubbles during baking, as observéte micro-baking experiment (Fig. 1).
Therefore, the formulations that achieved a lowdrlie size at high temperatures (CA and
GDL), presented a greater number of smaller cglisng a lower percentage of total cell
area, which implies less air in the crumb. Sodiurid gpyrophosphate, regardless of the
bicarbonate used, produced cakes with a higher anodwir incorporated in the crumb, since

they presented a total cell area significantly brgi® < 0.05) than CA and GDL formulations.

12
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3.3 Instrumental caketexture

The instrumental texture results for hardness, aiesg, cohesiveness, and springiness are
shown in Fig. 3A - E. The results are only presgni¢ghen a significant effect or an

interaction between acid and base factors (P > @vege found.

A significant interaction (P < 0.05) between acidl dase for hardness values was detected
(Fig. 3A). Hardness values of B-cakes (prepareith Wee bicarbonate) were significantly
higher (P < 0.05) for cakes with CA, followed by GBnd SAPP (Fig. 3A). The same order
was observed for the hardness values in EB-cakepdped with encapsulated bicarbonate)
but significant difference (P > 0.05) was not foubetween CA and GDL samples. As
expected, these results are in line with the maoms crumb structure features already
analysed. SAPP samples had the highest total &l \aalues, which implies a more aerated
structure that offers less resistance to compresdibis relationship has been previously
observed in sponge cakes prepared with oil substitby inulin (Rodriguez-Garcia et al.,

2013). Chewiness presented a similar trend as hasdralues (Fig. 3B).

No significant interaction (P > 0.05) between aedd base factors were found for
cohesiveness and springiness parameters. Figurem@O® shows the means plots with the
least significant difference (LSD) intervals forhasiveness. Both the acids and bases had a
significant influence on the results. The use of @A GDL produced significantly (P < 0.05)
less cohesive cakes compared to those prepared SMEP. In addition, the use of EB
decreased cohesiveness values significantly (POS)Gn comparison with B. Rodriguez-
Garcia el al. (2013) described that higher coligsiv cakes was related to large air cells and
compact crumb structures. Therefore, when the eelsbigger (Fig. 2B), a more cohesive

final structure is created, i.e. big bubbles gilecp a more compact structure.
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Springiness values showed no significant interac{® > 0.05) between the type of acid and
base used (Fig. 3E). The type of bicarbonate wasfdahtor with higher influence on the
results, with EB-cakes having significantly loweiriaginess values (P < 0.05). Here, the
generation of C@is retarded until the encapsulation melted, wtiohld lead to a more
compact structure. Other authors (Rodriguez-Gantcéd, 2014) related the lower springiness
values to a decrease in the number of crumb cellsthe existence of a denser matrix.
Interestingly, while no differences were detectedtie crumb structure when different
bicarbonates were used, springiness values shdve¢dhie leavening agent reaction rate had

an impact on the height recovery of the crumb daferfirst compression.

As Dewaest et al (2018) described in their workyiacipal component analysis (PCA) was
carried out to understand the correlation betweamb structure and texture parameters. The
main conclusions obtained were that hardness amaviobss parameters were strongly
inversely correlated with bubble size. Thus, highalues of hardness and chewiness are
related to smaller bubble size. The springinesamater was not correlated with crumb cell
structure and on the contrary, cohesiveness weatinely correlated with the number of cells
and positively correlated with the cell size, beithge latter factor the one with higher

correlation.

3.4 Colour measur ements

Table 2 shows the colour parameters (L*, C*, apgl)Hor the crumb of the different cakes.
For crumb colour parameters, no interactions wetealed between factors. L* values did
not present significant differences (P > 0.05) lestwvsamples, and the values indicated that

all samples were dark.

C* values presented significant differences (P < Ob@veen formulations depending on the

acid used in the formulation, being significantiigher (P < 0.05) for SAPP, followed by
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GDL and CA. Higher values of C* indicate that thex rcolour is less saturated and more

vivid. The bicarbonate form used did not presefietences in C* values.

GDL samples had a hue angle valugthsignificantly closer to reddish tones (P < 0.@%an
the crumb from cakes CA and SAPP. Considering tbarlbonate type, the formulations for

each acid made with EB had greater reddish hue aedgo cakes with B.

3.5 Sensory analysis

3.5.1 Flash profile

All the terms generated by the participants arevshio Table 3. A total of 38 different terms
were collected (13 of texture, 6 of appearancegfifavour, and 1 of odour). The participants
gave high importance to the attributes of textanege texture-related terms had 66 mentions,

followed by flavour (n = 42), appearance (n = 28)d odour (n = 2).

Figure 4A shows a two-dimensional Multi Factoriahalysis (MFA) plot of the sample

configuration. The two first factors of the plotpain 62.76 % of the experimental data’s
variability. The first factor explains 37.94 % diet variability; it separates the samples with
CA and SAPP-B (positive values of the X-axis) frtdm rest although the latter one is placed
towards the zero value of this axis. The secontbfg@7.82 % of the variability) separates
principally the sample GDL-EB (very positive valugisY-axis) from sample SAPP-B (very

negative values of Y-axis); also, in negative valoé Y-axis are placed the samples SAPP-

EB and GDL-B.

The sensory terms used to describe the sampleshanen in Figure 4B. Many of the
attributes were spread all over the map, espediatige corresponding to aspect and flavour
such as berry flavour, and dark, indicating thagytrare not distinctive for any cake.
Conversely, texture attributes do make the diffeeenThus, as described by Lassoued et al.

(2008), a Hieratical Cluster Analysis (HCA) wasread out in order to more easily identify
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the attributes that describe each sample. The H&A&aled three cluster groups of sensory
attributes (Figure 4B). The attributes that are mEerentiating between groups are for
Cluster 1: dry, greyish and sweet (samples CA-B @A€EB); for Cluster 2: brittle, spongy,
brownish/reddish and sweet (samples SAPP-B, SAPRuitB GDL-B); and for Cluster 3:
hard, compact, gummy, greyish, oily and rancid @enGDL-B). These characteristics of
texture perceived by the panellists could be rdlate the values obtained from the
instrumental texture analysis (TPA) and cellulaucure analysis of the crumb. SAPP-B and
SAPP-EB from Cluster 2 described above as spondybaitle cakes, were characterized as
softer cakes with higher cohesiveness values aggebicell area compared with cakes in
Cluster 1 (CA-B and CA-EB) which were characterizes dry cakes. On one hand the
attributes that principally defined the second usonfirm the differences in texture and
related air cell distribution of the cakes percdibg the panellists, and on the other highlight
the importance of the different colours as a dmsgrant factor between samples. Thus, the
flash profile could be considered as a complemgntaralysis for texture and colour

characterisation.

3.5.2 Consumer liking testing

The scores for liking of ‘appearance’, ‘texturaaste’, and ‘overall liking’ of the different

formulations are shown in Table 4.

The statistical analysis showed that the mean sdioeliking of cake appearance only had
significant difference (P < 0.05) between formwas SAPP-EB and GDL-B. Regarding the
texture liking, the consumers did not score sigaifit different mean values (P > 0.05)
between any of the tasted samples. The cakes maitle SAPP were the rated the
significantly more liked (P < 0.05) in terms of teswhile the cake GDL-EB obtained the

lowest score. Taste liking results are related whih flash profile results, as GDL-EB cakes
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were characterised as oily and rancid, that coalddnsidered as negative attributes. Finally,
the cakes CA-B, SAPP-B, and SAPP-EB had an ovigady mean values significantly (P <
0.05) higher than the rest of formulations, whiakuld be attributed to a softer, spongy

texture.

4. CONCLUSION

The strategy of changing and combining leavenirenegwith different rates of Gelease
produced modifications in the size distributiontloé bubbles into the batter, giving place to
differences in cake crumb structures that were etated to texture parameters. These
differences were perceived by consumers, which \abte to identify attributes describing
each sample. Cakes prepared with pyrophosphatear@legs bicarbonate type) were
described as brittle, spongy and sweet, and olitaingh scores in global acceptability.
Therefore, pyrophosphate could be considered a®a gption in bakery to facilitate the use
of functional high-fibre ingredients, such as bggucts of the fruit and vegetable industry.
We believe these practices surely would contritiategreater sustainability in the food

industry.
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Figure captions

Figure 1. (A) LM images (4x) of bubble expansion in the six batters at different
temperatures during micro-baking. (B) Bubble size distribution histograms on the six
batters at the different temperatures during micro-baking. CA: citric acid; SAPP:
sodium acid pyrophosphate; GDL: glucono-6-lactone; B: free bicarbonate; EB:
encapsul ated bicarbonate.

Figure 2. Mean values for cell structure with LSD intervals. (A) Interaction between the
acid agent and bicarbonate (free bicarbonate in red and encapsulated bicarbonate in
blue) for cell density. (B) Mean values for cell area; effect of acid agent. (C) Mean
values for total cell area; effect of acid agent acid used. CA: citric acid; SAPP: sodium
acid pyrophosphate; GDL: glucono-3-lactone; B: free bicarbonate; EB: encapsulated
bicarbonate.

Figure 3. Mean vaue of instrumental texture parameters of the six cakes with LSD
intervals. (A, B) Interaction effect between the acid and bicarbonate form for hardness
and chewiness, respectively (free bicarbonate in red and encapsulated bicarbonate in
blue). (C, D) Mean vaues for cohesiveness; effect of the acid agent and bicarbonate
form, respectively. (E) Mean values for springiness; effect of the bicarbonate form. CA:
citric acid; SAPP: sodium acid pyrophosphate; GDL: glucono-o-lactone; B: free
bicarbonate; EB: encapsulated bicarbonate.

Figure 4. (A) Representation of the six cakes formulations aong the first two
dimension of the Multi Factorial Analysis (MFA). (B) Representation of the terms from
the flash profiling data with the Clusters defined by HCA represented with doted lines.
CA: citric acid; SAPP: sodium acid pyrophosphate; GDL: glucono-6-lactone; B: free
bicarbonate; EB: encapsulated bicarbonate.



TABLES

Table 1. Amount of leavening agents in the six cake forrioie.

Ingredient Sample

(in % flour basis) CA-B CA-EB SAPP-B SAPP-EB GDL-B GDL-EB
Free sodium bicarbonate (B) 4 - 4 - 4 -
Encapsulated sodium ) 4 ) 4 ) 4
bicarbonate (EB)

Citric acid (CA) 3 3 - - - -
Sodium acid pyrophosphate

(SAPP) 5.6 5.6

Gluconos-lactone (GDL) - - - - 9 9




Table 2.

formulation. CA: citric acid; SAPP: sodium acid pphosphate; GDL: glucon®-

lactone; B: free bicarbonate; EB: encapsulatedrbaraate.

Mean values of sponge cake colour parameters @*,and hy*), by

Sample L* C* h* .,
CRUMB
CA-B 25.3F+2.43 8.46+0.64  60.19+2.29
CA-EB 26.48+0.97 8.8%°+0.18  55.86+2.02
SAPP-B 2523+3.88  11.79+2.44 57.51+0.82
SAPP-EB 254F+1.24  11.78+0.95 56.85+1.78
GDL-B 27.87+0.50 10.28+0.69  50.48+1.60
GDL-EB 26.99+ 1.87 9.98+052  46.01+2.23

Values for colour parameters are mean + standarditien of (n = 9) determinations.
Means in the same row without a common letter ayeificantly different (P < 0.05)

according to the LSD multiple range test.



Table 3. List of the terms generated in the first sessioime Flash Profile.

Texture Global appearance Taste Odour
Dark (n=9) Sweet (n=11)

Greyish (n=8) Acid (n=7)

Spongy (n=15)* Intense odog2)

Compact (n=11)

Brittle (n=7) Brownish (n=7) Berry taste (n=4)
Grainy (n=7) Reddish (n=7) Oily (n=3)
Dry (n=5) Alveoli size Bitter (n=2)
Juicy (n=5) Intense colour Fruity (n=2)
Hard (n=4) Salty (n=2)
Gummy (n=3) Cake
Soft (n=3) Carrot
Sticky (n=3) Intense taste
Chewable Mint
Pasty Neutral
Rough No identified
Rancid
Strange
Spicy
Sweetened
Tasty
TOTAL:66 TOTAL:33 TOTAL:42 TOTAL:2

*In brackets appears the frequency of mention ef tdtrms named in more than one

occasion.



Table 4. Consumer acceptance test results. CA: citric ;a84PP: sodium acid

pyrophosphate; GDL: gluconidactone; B: free bicarbonate; EB: encapsulated

bicarbonate.

Sample Appearance  Texture Taste ac?eg'?;l?i:ity
CA-B 5.6% 5.8 6.0 6.3¢
CA-EB 5.9 6.0° 5.6 5.7°
SAPP-B 6.2 6.3 6.3 6.3¢
SAPP-EB 6.0° 6.0° 6.3 6.4
GDL-B 5.4 5.7 5.6 5.6
GDL-EB 6.0°° 5.9 4.9 5.1

Means in the same row without a common letter ayeificantly different (P < 0.05)

according to the LSD multiple range test.



A)

30°C

40°C

50°C

60°C

70°C

80°C

90°C

B)

100
80
60
40
20

100
80
60
40
20

Bubble frequency (%)

CA-B CA-EB SAPP-B SAPP-EB

CA-B SAPP-B

100 100
80 80

60 60

Srsr230°C 40 - < 30°C 40

""'r fi.- ?f "I- :p" 60°C 20 /7 l‘i”‘ 60°C 20
——————— - - - - - - - . - - - - OUC

0 10000 20000

100000 0 10000 20000 100000

CA-EB SAPP-EB

0 10000 20000 100000 0 10000 20000 100000

m90°C m80°C m70°C 60°C m50°C m40°C m30°C

Bubble area (um?)

0 10000

GDL-B

GDL-EB

GDL-B

_.-'J rp" “r rﬁr- .-':

== 30°C
£ | 60°C
—————————————————— OOC
0 10000 20000 100000

GDL-EB

o R 30°C
- 'ﬁ:'r- J}.r —.r::rngoeoc(;OC

20000 100000



1000

! I !

T T T
o o o
o o o
(o)) [ee] N~

/(zwoy;BqWNU
[192) Ausuap (190

600

GDL

SAPP

CA

Acid

o o
(90] N AN — —l
(%) eOIE |[90 [R101L

o
“ ” “
n Te} — To] Te}
- N ™~ o
— o

(zww) ease 8D

GDL

SAPP

CA

SAPP GDL

CA

Acid

Acid



©
—

N ® ¢
— o o
(N) ssauimayo

25 +

2 1
15 +

1+
0.5 +

Q

(N) ssaupleH

GDL

SAPP

CA

SAPP GDL

CA

Acid

Acid

0.6

| |

T T
10 10
n o
o

SSaUaAISayo)d

0.45

0.6

1 l

T T
10 10
- o
o

SSBUaAISaY0D

0.45

EB

SAPP GDL

CA

Base

Acid

EB

0.88

!
T
<
@
o
ssaulbund

|

T
©
@
o

|

T
N
@
o

S

®
o

Base



F2 (24,82 %)

A)
Objects (axis F1 and F2: 62,76 %)
L]
GDL-EB
CA-EB
° CA-B
[ ]
GDL-B
[ ]
. i
SAPP-EB
SAPP-B
-10 -8 -6 -4 -2 0 2 4 6 8

F1 (37,94 %)

10

B)

Flash Profile (axis F1 and F2: 62,76 %)

—————

1 -~
7
/ Reddish
® Oily
® Sweet
0.75
R ~
Grginy Reddish \ ~ N C.ompact
4 °, Ssvc’viit\ N o |Reddish Spongy e Dark’\ y
/ Dry } Stick Compact o\fard
AN p
05 ® Qily N ° 1 Compact . @
=/ Reddish Gummy s ® NeuNal 8 rrity ® Greyish
I'd Gummy - & Greyish\ Compact  Greyist/
Cil Compact o Grainy
Dark } osticky ® Sweet ™ o \\ ® Compact ° Comp;c{ Grainy
025’ Brittle Browmsht ° Bit.terD ~ N o — 0= Compgac?” Pasty
| ° eeCompact N[ ¢ Treyish — L= ~
Berry taste \ Intense oddwr L]
o || Sweetened ® Spongy 4 Sweet N
X \ / B ish
o . ° I'OWI'WIS
~ || Grainy _ \ / Chewable ® . @
Qg ® Brownish ‘ ‘ R ‘ Greyish &
< 1 % ' } t [ 7 T ® Juil ! Juic
o JuicyCake Acid Gr&iyy uey Spongy .Ja\r
o~ Dry Berry taste @ x
w oiWGEt Britte ¢ Spongy ® Sticky park o D2
° : I Greyish
-0.25 Reddish ® ® Acid + Rough
® |Intense tastd ® Grainy ° )
Berry taste . Intense colour ®g @ 1| Greyish
- Brownish Bitter ¢ Blitltle Sweet Dry e /| Dark
; Soft Berry taste  © ® DY park Greyish
Brittle ° !t
e Brownish Intense odour | Britte ° o Dark ° Sweet
05 Spongy @ Spongy T® )pongy ° Grair:y Sponsy Carrot, Reddish
° 'Spongy o oweet 1 © Compact ° Browhish
\Brgwnéili"tﬂe. Spongy Acid / sdeet Spicy /
Brittle °
0.75 N ® soft @ o Juicy * o Spongy /
. Alveoli size Spongy  j Fruly 7 7
2 S Reddish  spondf = - 1
o
~Acid
-1
-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1
F1 (37,94 %)



HIGHLIGHTS
» Blackcurrant pomace can be used as ingredient to elaborate spongy bakery

products

»  Sodium acid pyrophosphate and glucono-6-lactone are suggested as aternative
to citric acid

«  Sodium acid pyrophosphate counteracts del eterious effect of pomace in cake
texture

« Citric acid cakes were described as compact, consistent, dry, and hard
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