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ABSTRACT:

Fortification of fermented dairy products with ihgiole dietary fiber is an interesting way to
increase consumers’ fiber intake. The objectivetlns study was to evaluate the sensory
characteristics and consumer acceptance of lowfiagtveetened yoghurt, fortified at levels of
15 and 30 g/kg, with insoluble triticale, wheataat fibers. The addition of insoluble triticale dib
resulted in yellowish-brown color, grainy flavornda pronounced sandiness/grittiness of the
fortified yoghurts. The products were classifietbithe ‘very good’ quality category, despite the
lower quality scores given to the 30 g/kg fibertifited yoghurts, caused primarily by a gritty/sandy
texture and some bitterness. Three distinct conswsulegroups were revealed by the clustering
analysis, one of which showed a preference fortrilieale-yoghurts. Insoluble dietary fiber from
triticale showed promising potential to be useda dartifying ingredient in the production of fiber-

enriched fermented dairy products such as yoghurt.

Key words: descriptive analysis; preference mapping; meap dnalysis; quality rating



43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

1 INTRODUCTION

For the past 20 years, much attention has been tpadeveloping functional food and food
ingredients with increased health benefits and@etde sensory properties. Consumer demands in
this field are still rising, with special concerbaut the nutritional aspect of the food. In general
adding value to food products is a customer-oretrctEncept where a producer expects consumers
will perceive value-added foods as having moreiguébrunert, 2005). Food fortification, defined
as the addition of one or more essential nutri¢at® food for the purpose of preventing or
correcting a demonstrated deficiency of one or nmuteients in the population (Bonner, Warwick,

Barnardo, & Lobstein, 1999), is a way of enhanc¢hegnutritional value of food.

Milk is a rich source of nutritive compounds whichn be enriched and/or further modified, and
also fortified (Saxelin, Korpela, & Mayra-Makine@000). Fortification of dairy products with
dietary fiber is of increasing interest in creatfngctional foods with health benefits and imprayin
their initial functionality (AACC International, Z(8). Dietary fiber consists of remnants of plant
cells (hemicelluloses, cellulose, lignin, pectigeims and waxes), and is resistant to hydrolysis
(digestion) by human alimentary enzymes (Rodriguénénez, Fernandez-Bolafios, Guillén, &
Heredia, 2006). Based on their simulated intessodlibility, dietary fibers are either classifiesl a
insoluble or soluble (Rodriguez, et al., 2006). tBiwith a high dietary fiber content play a
significant role in the prevention of several dsesa Insoluble dietary fibers (IDF) increase stool
weight and decrease colonic transit time (Mullesdner, 1988). These characteristics lead to
prevention of colonic diverticulosis and constipati(Slavin, 2005). IDFs have an antioxidant
potential that comes from phenolics, and enhandainehealth benefits (Mazza & Kay, 2009). A
food can be considered a source of fiber and ldbatesuch where the product contains at least
1.5 g of fiber per 100 kcal (418.68 kJ), while puotdcontaining at least 3 g of fiber per 100 kcal

(418.68 kJ) can be classified as a high fiber ffld, 2006).



67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

IDF can be extracted from a great variety of ravwemals, such as fruits, vegetables, cereals, corn,
sugar beet, leguminous plants, etc. (Larrauri, 19B@ticale is a hybrid crop developed by crossing
wheat {riticum) and rye gecale), and its by-products, such as bran and strawy gfromise as a
source of valuable phenolics and dietary fibersfiture functional foods (Hosseinian & Mazza,
2009). Although triticale can be a suitable gramn the human diet, its application in the food
industry is still very limited when compared witther types of grain such as wheat and oats (Pefia,

2004).

Triticale is a good source of different phenolicsthwantioxidant activity, alkylresorcinols,
phytoestrogens, but also has vitamins, amino amdismicroelements (Raet al., 2016; Jonnala,
Irmak, MacRitchie, & Bean, 2010; Villegas, McDonald Gilles, 1970). The great potential of
triticale utilization lays in the dietary fiber cmmt (around 15 %), which is normally at an
intermediate level compared to its rye and wheaemga, but greater than in other cereals of
commercial importance, including wheat and oatskff@a 2011; Rakha, Aman, & Andersson,
2011). The usage of triticale in the bakery induss limited, due to the high alpha-amylase
activity, and weak rheological properties of thaiglo and low gluten content (Kreet al., 2016);

however, its great functional properties might ik esxploited in the dairy industry.

Besides nutritional enhancement, addition of IDFféomented dairy products such as yoghurt
affects the sensory properties of final productsitifermore, dairy products with a reduced fat
content, aimed at lowering the daily energy intakey lack the mouthfeel associated with higher
fat products (Kip, Meyer, & Jellema, 2006). Low-fadghurt, in terms of fat content, contains

between 0.5 % and 2 % milk fat and not less thah%.milk solids not fat (Tribby, 2009).

Addition of IDF can influence the sensory charastas of yoghurt both positively and negatively.
As reported by Fernandez-Garcia and McGregor (19ddition of these fibers from different
sources (soy, rice, oat, corn, and sugar beetheaevel of 1.32 %, in general led to lower oveeral
flavor and texture scores — a grainy flavor andithygexture were intense in all samples except in

those made with oat fiber. Their subsequent rekesttowed that addition of 1.32 % insoluble oat
4
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fiber improved the body and texture of unsweetgnlath yoghurts but lowered overall scores for
body and texture in yoghurts sweetened with sucf(ésenandez-Garcia, McGregor, & Traylor,

1998).

Since global trends in food consumption and notmitare still focusing on lowering the energy
intake, there is an increased market demand fonybgvith reduced content of both fat and sugar,
while, at the same time, many consumers expecsehsory quality to be similar to the “original”
product (Johansen, Nees, @yaas, & Hersleth, 201d)siGering consumer acceptance of yoghurt
enriched with different types of dietary fiber, Haot et al. (2013) reported that acceptance was
significantly lower for reduced-sugar yoghurt wAtisible fiber than for reduced-sugar yoghurt with
inulin, that the interaction between the perceptibsweetness and flavor could be used to increase
the acceptability of fiber-enriched yogurt, andttimayoghurt with visible fiber, it was mainly the
size of incorporated fiber that should be consideneproduct optimization. Staffolo et al. (2004)
reported that the addition of 1.3 % insoluble digtiiber to supplement yogurts appears to be a

promising avenue for increased fiber intake, welatively high consumer acceptability.

Wheat and oat IDF are frequently used in the daidustry (Fernandez-Garcia, et al., 1998;
Staffolo, et al., 2004), while the application ofitale fiber is less common. There is a scaroity
scientific articles reporting fortification of dgirproducts with triticale insoluble dietary fiber

(IDFT), which has the technological potential toused as a fortifying ingredient.

The aim of this study was to investigate the sgnsmd affective aspects of utilizing IDFT in
yoghurt fortification. For that purpose, sensorgetteristics and consumer acceptance of low-fat
unsweetened yoghurt fortified with IDFT were evadthand compared with yoghurts fortified with

wheat and oat IDF.

2 MATERIALS AND METHODS

2.1 Dietary fibers
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IDF from three different cereal sources (triticaldieat, and oats) were used in the study (Table 1).
IDFT was obtained by innovative technology basedtlan autohydrolysis properties of triticale
(Dojnov, Vugi¢, Margett, & Vujéi¢, 2016). Triticale has been used previously forethanol
(Pejin, et al., 2009) and fungal amylase producf@ojnov, Grujt, Petevi¢, & Vujci¢, 2015), and

it has its ownn-amylases that can hydrolyze all starch presethiengrain. This characteristic has
also been used in insoluble dietary fiber productiechnology. IDF from wheat (IDFW)
(SANACEL® wheat 90) and oats (IDFO) (SANACELoat 90) were locally purchased as
commercial products manufactured by CFF GmbH & KG. (Gehren, Germany). Particle sizes
and proportions of different fractions were deteradi by sieving samples of IDF through standard

laboratory sieves (Table 1).

Chemical analysis of IDFT showed the presence latively small amounts of proteins (cca. 2.0
mg/g IDFT), starch (cca. 0.8 mg/g IDFT) and redgasigars (cca. 2.3 mg/g IDFT), indicating the
negligible calorific value of this fiber. No phyé&st were found. Elemental microanalysis showed
that IDFT was relatively rich in essential elemefdach as Na, K, Fe, Mn, Mg, Ca, Co) and
macrominerals (such as Ca = 6.4 mg/g IDFT, Mg =3d¢dg IDFT, K = 1.0 mg/g IDFT, approx.

values). Yoghurt enriched with IDFT showed enhanaatioxidant capacity, mainly due to the

significant presence of different phenolic fracgan IDFT (total phenolic content: bound phenolics

= 990ug/g IDFT, free phenolics = 5Qg/g IDFT, phenolics dissolved in the aqueous phka%é3

pg/g IDFT).
2.2 Yoghurt preparation and fortification

Low-fat unsweetened yoghurts were prepared usistepazed and homogenized milk containing
15 g/kg milk fat. IDFs were added at the levelsléfg and 30 g per 1 kg of milk (15 g/kg and
30 g/kg) before milk heat treatment. The controglyart was not fiber-fortified. Starter culture

(0.2 g/kg of Yoflex 812) (Chr. Hansen, Nieuwegeline Netherlands) was added. Fermentation
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was set at 43C until pH 4.6 was reached. Yoghurts were mixed esmled during 24 hours at 4-

7 °C and then analyzed.

The 15 g/kg and 30 g/kg fiber-fortified yoghurtdfified the conditions of being ‘a source of fiber’
(> 1.5 g of fiber per 418.68 kJ) and ‘high in fibér 3 g of fiber per 418.68 kJ), respectively (EU,

2006). All the yoghurts were labeled with randordi@i codes.
2.3 Sensory analysis

Descriptive analysis and quality grading were cated by a sensory panel that consisted of 10
staff members from the University of Belgrade —WHgcof Agriculture — who were experienced in

dairy product quality judging. The panel evaluaadidf the yoghurts in two replications.

Consumer acceptance tests were performed by 1@8rdgifrom the university. The students (18—

25 years old) were randomly selected and were chibfleey were regular yoghurt consumers.

The sensory tests were performed in the sensotipngelsboratory at the University of Belgrade.
Low sodium bottled water was used for palate clegndNo strict instructions were given to the

panelists whether to swallow or expectorate indigicsamples.
2.3.1 Descriptive sensory evaluation

Over a period of three weeks, two 2.5-hour traingggsions were performed using yoghurts
prepared in the laboratory with experimental cemdiacts and commercially available yoghurts
with cereals. Commercial productsX 5) were used to help in both the training ofglests and the
anchoring of minimum and maximum levels of indivadlisensory attributes. The list of 18 sensory
attributes with their definitions (Table 2) was geated during the training sessions. The selected
sensory attributes were scored with respect tg thinsities using 15 cm line scales within paper
ballots. The scales had verbal anchors at both €halsle 2) and the panelists were given free
choice in using them. All seven yoghurts were prnesito each panelist at the same time using the
Latin Square order 7 design. The panelists evalu#itte intensities of selected attributes by

comparing the yoghurts with each other.
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2.3.2° Sensory quality rating

Apart from the descriptive training, over a perimfotwo weeks, two 2-hour quality rating training
sessions were performed using the same productdit@grading was performed using a 5-level
quality scoring method as follows: excellent qua(fuality score > 4.5); very good quality (3.5 <
score< 4.5); good quality (2.5 < score3.5); poor/unsatisfactory quality (1.5 < scere.5); very
poor quality (0.5< score< 1.5); spoiled product/not for human nutrition<{Gnean score < 0.5).
Overall sensory quality was assessed by evaluatmmg initially selected characteristics:
appearance, odor (orthonasal olfaction), oral textund flavor. According to the individual impact
on overall quality, the selected characteristicsewassigned appropriate coefficients of importance
(CD): 3, 2, 9, and 6, respectively. The selectatssgy characteristics were rated using a category
scale with minimum O to maximum 5 score range. Eafctie five integer quality scores (1 to 5)
was divided into fourths, to obtain a category saalth 20 alternative responses. The assessors
rated the quality of the selected characteristicsubtracting an appropriate number of scale score-
points from the maximum value of 5 depending on deéect level, according to the internal
laboratory guidelines for yoghurt quality judgingtbmodified for yoghurt fortified with cereals. In
order to calculate the overall quality score foctepanelist, individual scores given to the selécte
sensory characteristics were first multiplied bg torresponding ClI, and then the sum of corrected
score-values was divided by the sum of CI. The woghwere presented to the panelists

monadically in random order.

2.3.3 Consumer testing

Fortified yoghurts were evaluated for liking of guluct as a whole’, ‘color’, and ‘flavor’ using the
9-point hedonic scale (1 = dislike extremely, Seitmer like nor dislike, 9 = like extremely), and
also, using 9-point just-about-right (JAR) scalks:(too little, 5 = JAR, 9 = too much), for intetysi
of ‘color’ (too white-JAR-too brown), ‘thickness’ {oo thin—JAR-too thick), ‘sandiness’ (JARteo
sandy), ‘grainy flavor’ (not enough—JAR-too0 much), ‘sweetness’ ot sweet enough—JAR-t00

sweet), ‘sourness’ ifot sour enough—JAR-too sour). The control yoghurt was assessed for both
8



193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

overall and flavor acceptance using the hedoniesead for intensity of thickness, sandiness, and

sourness using the JAR scale.
2.4 Statistical analysis
2.4.1 Descriptive data and PREFMAP

In order to perform multivariate (MANOVA) and uniate (ANOVA) analysis of variance, raw
descriptive data for each variable for each assessce first standardized. One-way MANOVA
with ‘yoghurts’ as the main effect (fixed factorps/applied in order to test for the significance of
multivariate effect for yoghurt samples. To idepsknsory attributes that significantly discrimmat
among yoghurts, three-way analysis of variance (AM{Pwas applied to standardized data with
main effects of ‘yoghurts’, ‘assessors’ and ‘regtions’ and all two-way interactions (‘yoghurts’ =
fixed factor; ‘assessors’ and ‘replications’ = rand factors). Tukey's honestly significant
difference (Tukey’'s HSD) test was used to sepatfademean values for yoghurts. Six sensory
attributes that did not significantly discriminaaenong yoghurts were excluded from subsequent
statistical analysis (Table 2). The rest of theilaites were subjected to Generalized Procrustes
Analysis (GPA) and Principal Component Analysis ff©n the correlation matrix (corr-PCA).
GPA was applied to original (raw) data divided 2@ personal construct grids (10 assessors x 2
replications). The consensus data matrix (7 rowgiyas and 12 columns/attributes) that resulted
from GPA was subjected to PCA. Extracted principamponents were used as explanatory
variables (predictors) in further linear multiplegression analysis (the vector model) against the
overall acceptance (hedonic) data. This technigueeferred to as external preference mapping
(PREFMAP) (McEwan, 1996). The regression coeffitsemere segmented using K-means cluster

analysis.
2.4.2 Quality data

Sensory quality data were first analyzed separdigl@-way ANOVA that included ‘yoghurts’ as

fixed factor, and ‘assessors’ and ‘replications’rasdom factors. In the second iteration, original
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data for fortified yoghurts were subjected to 3-wWayyOVA that included ‘fiber origin’ and ‘fiber
content’ as fixed factors, and ‘assessors’ as damnfactor. Both ANOVA models included main

effects and all 2-way interactions. Tukey’'s HSX tgas used to separate the mean quality scores.

2.4.3 Consumer data

Raw hedonic acceptance data, grouped into cludtatgesulted from K-means cluster analysis of
consumer PCA-scores (PREFMAP), were analyzed bywane ANOVA in order to examine
differences between the clusters (within the expental yoghurts), and between the yoghurts

(within the clusters), separately.

Mean Drop analysis was performed by combining thB dlata with the overall hedonic data, as
described by Schraidt (2009), in order to assesgtitential impact of being off fropust-about-
right on the overall acceptability of the yoghurts. R&AR scores were grouped into three
categories as follows: 1, 2 and 3 = ‘below JAR’54and 6 = ‘at JAR’; 7, 8 and 9 = ‘above JAR’.
Then the mean overall hedonic rating was calculdedach category. Mean drops were calculated
by subtracting the mean liking of each non-JAR gaitg from the mean of the JAR category. The
JAR-categories overall hedonic means were comparedANOVA and Tukey's HSD test.
Minimum percentage skew for ‘Not Just Right’ (thetaff) was set at 20 % of the total consumer

panel.

2.4.4 Software

Data standardization, GPA and PCA were completadguldiogrid software version 2.4/2008
(Grice, 2002). The rest of the statistical analysese performed using SPSS Statistics 17.0. The

level of statistical significance was set at 0.05.

3 RESULTS AND DISCUSSION

3.1 Descriptive and acceptance testing (PREFMAP)

10
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Standardized descriptive data of 18 sensory ategowere initially subjected to MANOVA which
revealed a significant multivariate effect for ‘yagts’. Subsequent 3-way ANOVA showed that 6
out of 18 attributes (Table 2) did not significgndiscriminate among the yoghurts X 0.05).
Those six attributes were excluded from further ehsion reduction analysis. None of the 12
attributes left after removal of the 6 showed atigiaally significant difference between
replications. Also, the ‘yoghurt by panelist’ irdetions were not significant, indicating that the

panelists were scoring the yoghurts in the samerord

Raw descriptive data, derived from the 12 sensdtybates which discriminated among the
yoghurts, were subjected to GPA. The results yelaleeonsensus proportion of 0.94 (statistically
significant at the 0.05 level) which indicated sgaagreement among the individual measurements.
Individual isotropic scaling values (Grice & Assa2l)09) were relatively close to unity (they
ranged from 0.81 to 1.20), indicating that indivatidifferences in overall variability of the grids
were relatively small. The consensus data matrbtained by GPA, was further subjected to
corr-PCA. Only the first two extracted principalneponents (PC) had eigenvalues larger than 1
(9.9 and 1.3, respectively) and, therefore, acogrdo the Kaiser criterion (Stevens, 2009), were
retained for describing objects in the new 2-dinema PC-space. The two PCs explained 93.8 %
of the variance in the data matrix values. Theatated solution was left since it showed the best
arrangement of the loading values in comparisoh Warimax, Equamax and Quartimax rotations.
PCA on the covariance matrix (cov-PCA), which wasf@grmed simultaneously with corr-PCA,

resulted in PCA-plots highly similar to the plotstained by corr-PCA (data not shown).

Figure 1 shows attribute-loadings and yoghurt&comstscores plots of the first two extracted
PCs. Both 15 g/kg and 30 g/kg triticale-yoghurtS-[@FT and 30-IDFT), on the far right side of

the scores plot, were characterized by yellowisiwior color, grainy odor and flavor, large non-
uniform grain particles, and also by highly pronoeh sandiness, especially 30-IDFT. Lactic acid
odor and yoghurt flavor in these yoghurts were raddiky the presence of grainy odor and flavor.

Pronounced sandiness was also a characteristidd gfk§ oat (30-IDFO) and 30 g/kg wheat

11



268 (30-IDFW) yoghurts. According to sandiness/gritaage the yoghurts were grouped in four
269 homogenous subsetsr € 0.05) without overlaps (ANOVA-data not shown)jthwincreasing
270 sandiness in the following order: (i) Control; (iip g/kg oat and wheat (15-IDFO and 15-IDFW);
271 (iii) 30-IDFO, 30-IDFW, and 15-IDFT; and (iv) 30-FBT. All three 30 g/kg fiber-fortified yoghurts
272 had a more pronounced mouth coating charactedstigpared with their 15 g/kg counterparts. All
273 of the oat and wheat yoghurts were characterizeaviiye color, small uniform grain-particles,
274  lactic acid odor and absence of grainy odor (TukeyfSD p > 0.05 for this last characteristic).
275  Considering grainy flavor, yoghurts were groupedhiree distinct homogenous subsets=(0.05).

276  Placed in the same homogenous subset, the wheabaangbghurts were significantly different
277  from the control (absence of grainy flavor), whil@FT yoghurts had the most grainy flavor
278 (p<0.05). Beside the control yoghurt, yoghurt flawgas more pronounced in 15-IDFO and
279  15-IDFW yoghurts compared with the rest, which vedso confirmed by 3-way ANOVA and
280 Tukey’'s HSD test < 0.05). Examining the influence of 1.32 % insdéubietary fiber (soy, rice,
281  oat, corn or sugar beet) on the sensory qualitywafetened plain yoghurt, Fernandez-Garcia and
282  McGregor (1997) found that the grainy flavor wagn#icantly more intense in all fiber-fortified
283  yoghurts, except those fortified with oat fiber,@snpared with controls. They also reported that
284  the overall texture quality was most affected Wyeftfortification and that the low scores were
285  primarily due to the grittiness effect. Again, yogts made with oat fiber had the lowest grittiness
286 intensity scores, as compared with the rest. Fele@Garcia et al. (1998) reported that adding
287 insoluble oat fiber (1.32 %) improved body and teatof unsweetened yoghurt, while the presence
288  of sucrose led to lower body and texture scores. Sdme authors also found that the effect of oat
289 fiber addition on body and texture of yoghurt degexh on the sweetening agent used and
290 concluded that fiber appears to affect body andutexless than if added to yogurts containing

291  fructose or those made with hydrolyzed milk thaadfled to yogurts containing sucrose.

292  After removal of six outliers, individual consumewrerall hedonic scores (94 in total) were

293  regressed against the two PCs. The PC1-PC2 plaheofstandardized regression coefficients

12
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showed three relatively distinct clouds of plottta. Regression coefficients were then clustered
using K-means clustering and averaged across tistecs (Figure 1b). Three clusters numbered
from 1 to 3, each witk 20 % of respondents (36 %, 26 %, and 38 %, reisedgt were identified

for consumer responses. Table 3 shows consumenitestores averaged across the three clusters.
The consumers within Cluster 1 (36 %) showed aepegice for the yoghurts with sensory
characteristics close to the sensory profile ofnploghurt, i.e. the yoghurts with a distinctive
yoghurt flavor and lactic acid odor, white coloow level of grainy flavor and low levels of
grittiness/sandiness and residual mouth coatingu(gi 1). The control, 15-IDFW and 15-IDFO
yoghurts fulfilled these criteria (mean hedonicresobetween 6.7 and 7.8; Table 3). Similar to
Cluster 1, the consumers in Cluster 3 (38 %) alsedl 15-IDFO and 15-IDFW yoghurts with a
distinctive yoghurt flavor and lactic acid odor, itehcolor, and low level of grainy flavor, but they
also found 30-IDFW and 30-IDFO yoghurts were acaelgt these, among other characteristics, are
characterized by pronounced sandiness. Mean accepsaores of these latter two yoghurts were
within the range of 6.0-7.4 for Cluster 3 (Table IB)contrast to cluster 1 and 3 consumers, those
within Cluster 2 (26 %) showed a preference for tiiitecale-yoghurts, both 15 g/kg and 30 g/kg
(mean hedonic scores between 7.0 and 7.5), whiale wkaracterized by sensory attributes
associated with commercial yoghurts with cerealshsas yellowish-brown color, grainy odor and

flavor, large nonuniform grain-particles, and gnigss to a certain extent.
3.2 Mean Drop analysis

The results of Mean Drop analysis are shown onhthe triticale-yoghurts (Figure 2). A point in
the plot that shows a large (statistically sigrfitf mean drop and a large percentage (above the
cutoff point) is a cause for concern and suggdss the product be modified in the appropriate
direction (Lawless & Heymann, 2010). Figure 2 f&IDFT yoghurt shows that there were three
large consumer groups R0 %) with significant mean drops, one of which fiee product was ‘not
sweet enough’ (33 %), one that the product hasd@ strong grainy flavor’ (37 %), and one who

felt the product was ‘too sandy’ (60 %). Similaris-IDFT, consumers felt 30-IDFT yoghurt was
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‘too thick” (31 %), ‘too sandy’ (68 %), and with*#o strong grainy flavor’ (52 %). Both 15 g/kg
and 30 g/kg wheat-yoghurts were also rated assweet enough’. All of the experimental yoghurts
were prepared without sugar added, and it was éagheloat the products could be perceived by the
consumers as ‘not sweet enough’ since the mosteotdmmercial fermented dairy products with
cereals/fibers contain sugar or other sweetenatscansumers are accustomed to the sweet taste of
such products. On the other hand, 30-IDFT and Jcvere not perceived as ‘not sweet enough’.
Both yoghurts, especially the triticale one, weharacterized by a ‘grainy flavor’ (Figure 1), and
both of them were perceived by consumers as preduth a ‘too strong grainy flavor’ (52 % and
36 % of respondents, respectively), so it couldha¢ these flavor notes masked the lack of a sweet
taste. These results are in accordance with firsdofgHoppert et al. (2013), who concluded from
acceptance data, and from results obtained byuteapout-right rating, that adapting the flavoring
concentration might be an appropriate tool to nasgkar reduction, i.e. that elevating flavor might
be helpful to increase the general acceptancedoicesl-sugar products. In the current study, all of
the evaluated fiber-fortified yoghurts were assésa® ‘too sandy’. This was expected, since the
cereal fiber products used for preparation of tbghyrts are all insoluble in water. Performing
consumer acceptance testing of yoghurt fortifiedhwaassion fruit fiber, Espirito-Santo et al.
(2013) found that, even though the particle sizébwrs was less than 17um, the products were
scored as having a sandy mouthfeel, which washkestmot only to the amount or size of fiber
particles in yoghurts but also to the shape ofrip@hich had edges like stones and were capable of
sensitizing the mouth more than if they had haghescal and smooth shape. Hoppert et al. (2013)
reported that when fiber-enrichment through cerealdesired, special emphasis should be placed
on the size of the particles that are incorporatethe product, and that in yoghurt with visible
fiber, the size of incorporated fiber is the maactbr that should be considered in product

optimization.

3.3 Sensory quality testing
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Three-way ANOVA applied on overall quality scoré®wed that only the ‘fiber content’ as a main
effect was statistically significanp & 0.05), influencing, in general, higher qualitgoees in the
case of 15 g/kg fiber-fortified yoghurts. Similaesults were obtained for individual evaluated
sensory attributes. ‘Fiber origin’ effect was sigrant only forappearance (mean quality scores for
the triticale-yoghurts were slightly lower as comgzhto the wheat and oat yoghurts). This was
mostly due to mosaic-like surface appearance of tthieale-yoghurts, with bright and dark
yellowish-brown color shades deriving from tritiediber particles, which were relatively large in
size, planar in shape (in the form of very smadkdéls with sharp edges), and brown in color,
compared to the wheat and oat fiber extracts whiehe white in color and in the form of fine

powder. The ‘Replication’ effect and all two-wayaractions were not statistically significant.

The results of sensory quality judging are showiTable 4. Mean overall quality scores were all
> 3.5, i.e. within the ranges of ‘very good’ andcellent’ quality (only the control was excellent).
Despite that, 30 g/kg fiber-fortified yoghurts ha@nificantly lower p < 0.05) overall quality
scores (3.6-3.8) compared with 15 g/kg fiber-featif yoghurts (4.2-4.4), all of which were
classified in the ‘very good’ quality category. Theore-lowering factors in the case of 30 g/kg
fiber-fortified yoghurts were primarily gritty/sapdexture, bitter taste (to some degree), as veell a
the mosaic-like surface appearance found in ttgigaoghurts. Grainy flavor, which was more
intensive in the triticale-yoghurts compared witioge fortified with wheat or oat fiber, was
described as a flavor which is pleasant and tyfoalcereal-rich yoghurt. Also, the yellowish-
brown color of the yoghurt matrix in the triticayjeghurts was described as typical for these kinds
of dairy products. Bitterness influenced the flagorlity scores of 30 g/kg fiber-fortified yoghurts
(3.2-3.6), which were scored at significantly lowevels ¢ < 0.05) compared with their 15 g/kg
counterparts (4.0-4.3). Texture was the sensompaté most negatively affected by the presence of
the insoluble fiber extracts used in the study. Wodue to perceived grittiness/sandiness, the
texture quality scores of 30 g/kg fiber-fortifiedoghurts (3.4-3.6) were significantly lower
(p < 0.05) than those of the 15 g/kg fiber yoghutd4.3).
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4. CONCLUSION

IDF from triticale showed promising potential to bged as a fortifying ingredient in production of
fiber-enriched yoghurt, according to the resultshef sensory evaluation conducted. The yellowish-
brown color, grainy odor and flavor, and highly poonced sandiness/grittiness of triticale-fiber
fortified yoghurt did not result in poor quality@es. Therefore, the resulting yoghurt, a new type
of functional food, could be a suitable choice lmose wishing to consume the high-fiber product
as a meal in itself. Since the product was notsseskas ‘not sweet enough’ by the consumers, it
also showed potential to be part of low sugar gasdree diets. By introducing a completely new
source of IDF in a frequently consumed product sashyoghurt, the currently inadequate daily

intake of this type of dietary fiber could be inesed without affecting eating habits significantly.
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TABLES

Table 1. Technical specifications for the insoluble dietAbgrs (IDF) used in the study.

Characteristics

Triticale-IDF (IDFY)

Wheat-IDF (IDFWj

Oat-IDF (IDFO¥

Appearance light brown fibrous white fibrous powder cream-white fibrous
powder powder
Odor and taste neutral neutral neutral
Roughage content (%) 100 >96.0 >96.0
Water binding capacity 4.7 ca.4.7 ca. 6.0
(g water /g)
Oil absorption (g oil /g) 2.0 ca. 2.6 ca. 3.0
Bulk density (g/l) - >200 <280
Particle size (mm) Proportion (g/100 g)
IDFT? IDFW? IDFO’
> 0.40 0.68+0.02 0.00 0.00
0.25-0.40 5.67+0.15 19.00£0.85 18.80+0.79
0.16 — 0.25 23.73+0.96 45.60+1.75 46.00+1.43
0.12-0.16 20.96+0.78 17.34+0.66 17.07+0.74
0.09-0.12 43.50+1.65 2.53+0.05 2.73+0.07
0.05-0.09 5.50+0.15 13.82+0.42 13.90+0.33
<0.05 0.00 1.68+0.03 1.50+0.06

L IDFT were obtained in the framework of this restar
2 Manufacturing specifications (SANACElwheat 90 and SANACELoat 90, CFF GmbH & Co. KG, D-98708

Gehren, Germany).

% Values are the arithmetic mean + standard erronegsurement\ = 3).



Table 2. Definitions of the attributes used in descriptreasory analysis of yoghurts fortified with

insoluble dietary fibers.

Attribute

Definition

APPEARANCE
Color description
Color evenness

Viscosity (visual) *

Grain-particles size
(visual)
Uniformity of grain-
particles

ODOUR
Overall odor intensity*

Lactic acid odor

Grainy odor
FLAVOR

Overall flavor*

Yoghurt flavor

Grainy flavor

Sourness*

Bitterness

Sweetnhess*

TEXTURE

Viscosity (oral) *

Grittiness/Sandiness
Grain-particles size (oral)

RESIDUAL

Mouth coating

The color of the sample fraimite to brown.

The evenness of distribution ofrqolmeven —even).
The viscosity of the samplehé'speed at which a sample flows down the
glass-wall thin - thick).

The relative size of the particles originating froereals gmall —large).

Degree of uniformity of the particles originatingin cerealsr{onuniform -

uniform).

The intensity of overallgoluct odor fone - intensive).
The intensity of odor associatéith wour milk, i.e. lactic acidnpne -
intensive).

The intensity of odor associated wiheals (one - intensive).

The intensity of overall producaflor (1one - intensive).
The intensity plain yoghurt flavarohe - intensive).
The intensity of flavor associatedwierealsrione - intensive).
The taste stimulated by acitmé - intensive).
The taste stimulated by substancesasighinine or caffeineéne -
intensive).

The taste stimulated by sugaosd - intensive).

Internal rate of flow across e or force used to draw sample from spoon
between lipsthin - thick).
The amount of abrasive (sapidggs in the masadhe —very many).

The relative size af garticles originating from cereakr@ll —large).

The amount of film/particles left e mouth surfacesigne —much).

* Excluded from further dimension reduction anadysi



Table 3. Consumer ratings for yoghurts fortified with insoler dietary fibers on a 9-point hedonic

scale.

Yoghurt type$ Hedonic score  ConsumersN = 94)

(MeanzSd) Cluster 1 (36 %) Cluster 2 (26 %) Cluster 3 (38 %)
15-IDFT Overall 5.1+2.72/¢ 7.5+1.8/° 3.9+2.5*/
Color 5.1+2.3 7.1£2.7° 4.9+2.F
Flavor 5.3+2.5 7.4£2.0° 41227
30-IDFT Overall 5.242.22/¢ 7.0+2.P/%8 3.8+2.6*/
Color 5.6+2.4 7.242.3 4.0+2.5
Flavor 5.442.5 7.2¢1.8 4242 5
15-IDFW Overall 7.5+1.6%" 5.5+2.3 PV 7.4+1.5"P
Color 7.8+1.4 7.142.7 7.8+1.4
Flavor 7.4+1.8 6.1+2.3 7.0£2. 2
30-IDFW Overall 4.4+2 5/ 4.3£2 2N 6.4+2.1°'P
Color 7.0+1.9 6.6+1.9 7.442.3
Flavor 5.1+2.6 4.8+1.9 6.9+2.2
15-IDFO Overall 6.7+1.6*°" 6.1+2.12/%8 7.5¢1.9'°
Color 7.5¢1.3" 6.8+1.8 7.9+1.6
Flavor 7.0£1.6" 6.3£2.0° 7.5¢1.8
30-IDFO Overall 4.142 271 5.8+1.9 /%Ry 6.3+2.2°'°
Color 6.3+2.0 6.6+1.9*" 7.4+1.7
Flavor 45+2.1 5.5+2.1% 6.0£2.1°
Control Overall 7.9+1.22/° 6.4+2.2°/%F 7.2+¢1.5°°
Flavor 7.6+1.2" 6.8+2.07 7.7£1.8

! Abbreviations: 15 = 15 g IDF/kg yoghurt; 30 = 300f/kg yoghurt; IDF = insoluble dietary fiber, Ttriticale,
W = wheat, O = oats.
2 values marked with the same Roman letter withinghme row are not statistically differeat< 0.05). Values

marked with the same Greek letter within the saatensn (overall acceptance only) are not stat. dhffié (@ = 0.05).



Table 4. Sensory quality scores for yoghurts fortified wirtsoluble dietary fibers.

Yoghurt types Overall quality Appearance  Odof Flavor Texturé
15-IDFT 4.3+0.6 4.4+0.5" 4.5+0.5" 4.3+0.7" 4.3+0.8
30-IDFT 3.7x0.7 4.0+1.C° 4.3+0.4 3.620.9°¢ 3.6x1.0°
15-IDFW 4.4+0.6 4.7+0.8° 4.7+0.4" 4.3+0.8" 4.1+0.8
30-IDFW 3.820.7 4.7+0.6™ 4.4+0.8" 3.620.8°° 3.4+1.1°
15-IDFO 4.2+0.8 4.620.8 4.5+0.9" 4.0+1.12 4.2+0.7
30-IDFO 3.620.8 4.7+0.5>¢ 4.3+0.9 3.2+1.1¢ 3.520.8
Control 4.8+0.4 4.9+0.3 4.8+0.3 4.8+0.% 4.6+0.9

! Abbreviations: 15 = 15 g IDF/kg yoghurt; 30 = 300f/kg yoghurt; IDF = insoluble dietary fiber, Ttriticale,
W = wheat, O = oats.
2 values are the arithmetic mean + standard devighio= 20 = 10 assessors x 2 replications). Values ethwkith the

same letter within the same column are not stesiltyi different @ = 0.05).
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Figure 1. Attribute-loadings (A) and yoghurt& consumer-scores (B) plots of the first two principal

components extracted by applying Principal Component Analysis (unrotated solution) on consensus
data matrix obtained by applying Generalized Procrustes Analysis on descriptive data (10 assessors

x 2 replications) of yoghurts fortified with insoluble dietary fibers (triticale, wheat, or oats).

Consumers (N =94) are grouped in three clusters. Abbreviations for yoghurt types. 15=15¢g
IDF/kg yoghurt; 30 = 30 g IDF/kg yoghurt; IDF = insoluble dietary fiber, T = triticale, W = wheat,

O = oats.
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Figure 2. Mean Drop analysis for yoghurts fortified with triticale insoluble dietary fiber (IDFT)
(N =94 respondents in total ).
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HIGHLIGHTS

* Insolubletriticale dietary fiber enriches dairy products, including yoghurt

» Fortification of yoghurt with triticale fiber is afiber intake solution

» Fiber-enriched dairy products contribute to low sugar or sugar free diets

» Preference mapping showed that these yoghurts are acceptable to consumers

» Triticale has the technological potential to be used as afortifying ingredient



