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Abstract: Hazelnuts are nutrient nuts with complex matrices rich in unsaturated fatty and other
bioactive compounds such as high-quality vegetable protein, fiber, minerals, tocopherols,
phytosterols and phenolic compounds. One of the hazelnut processing methods is its conversion into
various products such as hazelnut butter. In this research, the use of different flavorings (cardamom,
vanilla, and cocoa) in the production of hazelnut butter was investigated. Indicators for comparison
and prioritization of flavorings include color, aroma, appearance, consistency, texture, spreadability
and overall acceptance. Prioritization of flavorings was done by two techniques of riddling and
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS). These procedures were
used under two approaches: The central index of median scores for 7 indicators and the inverse
dispersion index of the coefficient of variation for 7 indicators. The results of both approaches
showed that cacao was the first priority based on all seven indicators.
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1. Introduction

Hazelnut fruit is known as Corylus avellana L. and is from the family Corylacae. Hazelnut is a
shrub with about 2 meters height, which can reach up to 6 meters in suitable areas and easily form a
massive forest [1]. Hazelnut is an edible-industrial fruit, which the northern regions of Iran are
favorable area to grow so that in some areas people subsist on the production of hazelnuts. Turkey
with 71% of the area under cultivation of hazelnut and annual production of 660,000 tons of
hazelnuts is the largest producer of the hazelnut in the world, followed by lItaly, the United States,
Azerbaijan, Georgia, China, Iran, and Spain. Iran, with 21,000 hectares area under cultivation of
hazelnut, is the seventh producer of hazelnut [2]. However, due to the benefits of hazelnut and its
relatively high production in Iran, there are no suitable processing industries. Therefore, due to the
development of the processing of this product, has an important role in providing the foreign-
exchange gains. If the way to export hazelnuts is found and the production waste is also used, then
the fear of losing the current trend in the hazelnut market is less, despite rivals that are
technologically superior. In addition, such studies will open new ways to activate factories and food
industry professionals. Hazelnut has high nutritional value since it is rich in bioactive compounds. Its
oil is one of the healthiest and most useful vegetable oil. The amino acids found in hazelnut proteins
are mainly composed of essential amino acids. In addition, due to its high phosphorus, boosts the
brain functions and is rich in vitamins B and E, which are essential for maintaining brain health and
hematopoiesis [1]. Although hazelnuts are used in different parts of the world, its per capita
consumption is low. The average per capita consumption of hazelnuts in the world is 100 grams per
year [3]. One of the ways to increase per capita consumption is the processing of hazelnuts in a
various way, including the production of hazelnut butter. Hazelnut butter is one of the products of the
hazelnut processing industry. Hazelnut butter is a product similar to peanut butter, which constitutes
a large part of the food items consumed for breakfast in the Americas.

In several studies the sensorial methodologies were used to determine the influence of flavoring
agents on sensory aspects of final products. Nattress et al. [4] examined the effect of the hazelnut
paste on the sensory properties and the durability of bitter chocolate. Adding hazelnuts to bitter
chocolate formulations changed the sensory characteristics. Chocolate flavors including burnt, rotten,
hazelnut, green, and metallic, as well as texture characteristics including hardness, grain, consistency
and viscosity, were determined by descriptive analysis and showed that the addition of hazelnut
paste up to 10% caused a significant change in these characteristics. Haghani Haghighi et al. [5]
prepared various formulations of pistachio butter with various additives including lecithin,
antioxidant, sugar (or salt) and flavoring agents (cardamom and vanilla), and optimized the
formulation of production through sensory evaluation of the product. Villegas et al. showed that the
acceptability of milk and soymilk vanilla beverages is influenced by demographic characteristics,
consumer habits and individual preferences [6].

Hazelnut butter formulation is the first step in the commercial production of this product. A
literature survey indicated that no work has been carried out on the effect of different flavoring
agents on the sensory characteristics of hazelnut butter. This product is flavorless and undesirable
without any flavoring agent. Thus, it is expected that a formulation containing these ingredients
will be more popular. Thus, the present study was designed: (a) To investigate the effect of
different flavoring agents on the sensory characteristics of hazelnut butter; (b) to check the
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validity of riddling and TOPSIS approaches to identify and prioritize the effects of flavoring agents
on the sensory properties.

2. Materials and methods
2.1. Materials

The hazelnut variety was Rasmi from Rudsar (Guilan, Iran) and was stored in a cool and dry
place. Other materials used in this study were purchased from reputable companies.

2.2. Methods
2.2.1.  Production of hazelnut butter

For this purpose, first the dry hazelnut was roasted at a temperature of 120 °C and the shell was
separated. Then using the roller mill, the hazelnuts were converted into a continuous paste. The other
formulation components including margarine (1%), sugar (10%), lecithin (0.5%), and flavorings
including cardamom (0.75%) or vanilla (0.25%) or cocoa (1.25%) were added to the mixture and
mixed until a completely smooth texture was obtained. The examined levels of flavorings are
optimized and determined by initial tests. After completing the production steps were filled in 200 g
containers and the samples were kept in the refrigerator until the tests were carried out.

2.2.2.  Sensory evaluation

The ten trained panelists of both genders and of ages from 25 to 60 evaluated hazelnut butter
samples. All assessors of the internal sensory panel have overtaken the basic flavor test, the odor test
and the colour vision test. They have been trained in sensory methods at several sessions and their
evaluation aptitude is routinely checked. The panel was particularly familiarized with the sensory
descriptors and the attribute intensities by using verbal meanings describing the ends of the intensity
scales of the features. Each sample contained 30 grams of hazelnut butter which were given to
panellists in plastic containers and at room temperature. Color, aroma, appearance, consistency,
texture, rubbing, and overall acceptance of samples was analyzed by a five-point scale. Scores 1 and
5 were respectively for samples with the minimum and maximum utility. Then the mean of the
scores was calculated for each sensory feature [5].

2.2.3.  Analysis of data

Data analysis and the effects of different flavorings on the sensory properties of hazelnut butter
samples were conducted as factorial in a completely randomized design. After analysis of variance,
Duncan’s multiple range test was used at 95% confidence level in order to analyze the significance
of the difference between the mean of the numbers (three replications for each experiment). Also, in
order to prioritize the flavoring, based on all seven indicators, two riddling (H-index) and TOPSIS
methods were used.
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In order to prioritize the flavoring in the riddling approach, a simple average of standardized
seven indices was used under two approaches of the central index of median scores for 7 indicators
and the inverse dispersion index of the coefficient of variation for 7 indicators:

k=1

sziPﬂiﬁl}n )

In the above relation, my; is the value of the k™ indicator for flavoring j, my is the mean of k™

indicator, S is the standard deviation of k™ indicator and n is the number of indices.

In TOPSIS approach, the matrix of option m and criterion n are evaluated. In this algorithm, it is
assumed that every indicator and criterion in the decision matrix has a uniform additive utility. In
other words, the higher values of the criteria indicate higher utility. One of the important advantages
of this method is simultaneous use of indicators and objective and subjective criteria. This approach
is based on the notion that the optimal choice of decision making should have the minimum distance
with the positive ideal solution (Ai*) or the solution that is most among the positive criteria, and least
among the negative criteria also have the maximum distance with the negative ideal solution (Ai") or
the solution that is most among the negative criteria and least among the positive criteria. In order to
prioritize the flavorings, using the TOPSIS approach, in the first step, the decision-making matrix D
with dimensions of O x I, is created using flavoring O and decision-making indicator 1.

Matrix D element represented by rj; which is known as j decision making index related to i
flavoring. In second stage, mentioned matrix elements descaled using Euclid norm and desclaed
matrix of N has been formed. The relation used to normalize the D-matrix entries is as follows [7]:

n; o (i=1..,0),(j=1..1) ()

= ” 1
(Z rijz) ?
i=1
In the third step, descaled weighted matrix is created using the following equation:
V=NxW,, 3

In the above equation, V is a descaled weighted matrix and W is a diagonal matrix of the
obtained weights for decision-making indicators and N is an unscaled matrix. It should be noted that
the weight of each decision-making indicators is calculated using Shanon entropy and multiplied in
each of the options (flavorings), to obtain the values of the unscaled matrix entries in definite
numbers. In the fourth step, the positive ideal (Ai*) and negative (Ai") is determined. In the following
relation, J1 =1, 2, ..., n for indicator j is positive and J2 = 1, 2, ..., n for indicator j is negative [8].

A ={(maxVv|j €J,),(minv,]|jed,)|i=12,..0}

A ={(minv,|jed,),(maxv,|jed,)|i=12..0} (4)
AT ={V,"V, .. V,}

A =V, V,,.V,}
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In the fifth step, the values of the distance of O™ flavoring with the ideal values are calculated
using the Euclidean approach:

N[

wo{ge
o { S0 |

(i=12,..,0)

()

Based on the computational values of di” and di* for each flavoring, in the last step the relative
closeness index Ci is calculated:

di_ 1 —
C, =m , (i=12..,0) (6)

Finally, the studied flavorings can be ranked based on the above index value. At all steps,
modelling and statistical analysis of the data were done using Minitab software (Minitab 15, Minitab
Inc., State College, PA, USA), SPSS23 (IBM SPSS Statistics 23) and TOPSIS Solver 2014.

3. Results

In order to evaluate the scores provided by 10 experts, descriptive statistics, the statistical
difference in mean and multiple comparisons of the three flavorings score are presented separately
for each indicator.

3.1. Color index

The results of the descriptive statistics of the color index showed that the flavorings of cocoa
and cardamom were allocated the highest and lowest scores, respectively (Table 1). The distribution
of the score for the color index in cacao was more than two other flavorings.

The results of the variance analysis table showed that there was a significant statistical
difference between the mean scores of three flavorings in the color index at 1% level (Table 2). In
order to investigate the differences in paired mean values, multiple comparisons were performed
using Tukey HSD test (Table 3). The results showed that there was a statistically significant
difference between the mean scores of cacao-cardamom, cacao-vanilla, and cardamom-vanilla in the
color index at 1% level.

Table 1. Evaluation of descriptive statistics of color index score in replications of tastes.

Tastes N Mean Std. Deviation ~ Minimum Maximum
Cocoa 9 4.86 0.07 4.81 4,95
Cardamom 9 2.32 0.05 2.25 2.36
Vanilla 9 4,04 0.03 3.99 4.07
Total 27 3.74 1.08 2.25 4.95
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Table 2. Statistical difference in the mean of the replications of tastes for color index.

Variation resource Sum of squares  d.f. Mean square  F Sig.
Between groups 30.29 2 15.15 5317.82 0.00
Within groups 0.07 24 0.003

Total 30.36 26

Table 3. Multiple comparisons (Tukey HSD test) of the replications of tastes for color in.

() Taste (J) Taste Mean difference (1-J) Std. Error Sig.
Cocoa Cardamom 2.54 0.02 0.00
Vanilla 0.81 0.02 0.00
Cardamom Cocoa —2.54 0.02 0.00
Vanilla -1.73 0.02 0.00
Vanilla Cocoa -0.81 0.02 0.00
Cardamom 1.73 0.02 0.00

3.2. Aroma index

The results of the descriptive statistics of the aroma index showed that the flavorings of cocoa
and vanilla were allocated the highest and lowest scores, respectively (Table 4). The distribution of
the score for the aroma indicator in cocoa was less than two other flavorings.

The results of the variance analysis table showed that there was a significant statistical
difference between the mean scores of three flavorings in the aroma index at 1% level (Table 5). In
order to investigate the differences in paired mean values, multiple comparisons were performed
using Tukey HSD test (Table 6). The results showed that there was a statistically significant
difference between the mean scores of cacao-cardamom and cacao-vanilla in the aroma index at 1%
level. There was no significant difference between the mean scores of cardamom-vanilla in the

aroma index.

Table 4. Evaluation of descriptive statistics of aroma index score in replications of tastes.

Tastes N Mean Std. Deviation Minimum Maximum
Cocoa 9 3.99 0.03 3.95 4.02
Cardamom 9 3.51 0.23 3.22 3.75
Vanilla 9 3.49 0.23 3.19 3.69
Total 27 3.66 0.29 3.19 4.02

Table 5. Statistical difference in the mean of the replications of tastes for aroma index.

Variation resource Sum of squares d.f. Mean square F Sig.
Between groups 1.42 2 0.71 19.96 0.00
Within groups 0.86 24 0.04

Total 2.28 26

AIMS Agriculture and Food

Volume 3, Issue 3, 266-279.



272

Table 6. Multiple comparisons (Tukey HSD test) of the replications of tastes for aroma index.

() Taste (J) Taste Mean difference (1-J)  Std. Error Sig.
Cocoa Cardamom 0.48 0.09 0.000
Vanilla 0.49 0.09 0.000
Cardamom Cocoa —0.48 0.09 0.000
Vanilla 0.01 0.09 0.988
Vanilla Cocoa —-0.49 0.09 0.000
Cardamom —0.01 0.09 0.988

3.3. Appearance index

The results of the descriptive statistics of the appearance index showed that the flavorings of
cocoa and cardamom were allocated the highest and lowest scores, respectively (Table 7). The
distribution of the score for the appearance indicator in cocoa was less than two other flavorings.

The results of the variance analysis table showed that there was a significant statistical
difference between the mean scores of three flavorings in the appearance index at 1% level (Table 8).
In order to investigate the differences in paired mean values, multiple comparisons were performed
using Tukey HSD test (Table 9). The results showed that there was a statistically significant
difference between the mean scores of cacao-cardamom, cacao-vanilla and, cardamom-vanilla in the

appearance index at 1% level.

Table 7. Evaluation of descriptive statistics of appearance index score in replications of tastes.

Tastes N Mean Std. Deviation ~ Minimum Maximum
Cocoa 9 3.96 0.02 3.95 3.99
Cardamom 9 2.99 0.03 2.96 3.03
Vanilla 9 3.19 0.07 3.11 3.25
Total 27 3.39 0.43 2.96 3.99

Table 8. Statistical difference in the mean of the replications of tastes for appearance index.

Variation resource  Sum of squares  d.f. Mean square F Sig.
Between groups 4.67 2 2.33 124474 0.00
Within groups 0.04 24 0.002

Total 4.71 26

Table 9. Multiple comparisons (Tukey HSD test) of the replications of tastes for appearance index.

() Taste (J) Taste Mean difference (1-J) Std. Error  Sig.
Cocoa Cardamom 0.96 0.02 0.00
Vanilla 0.76 0.02 0.00
Cardamom Cocoa —0.96 0.02 0.00
Vanilla -0.2 0.02 0.00
Vanilla Cocoa —-0.76 0.02 0.00
Cardamom 0.2 0.02 0.00
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3.4. Consistency index

The results of the descriptive statistics of the consistency index showed that the flavorings of
cocoa and cardamom were allocated the highest and lowest scores, respectively (Table 10). The
distribution of the score for the consistency indicator in cardamom was less than two other flavorings.

The results of the variance analysis table showed that there was a significant statistical
difference between the mean scores of three flavorings in the consistency index at 1% level (Table 11).
In order to investigate the differences in paired mean values, multiple comparisons were performed
using Tukey HSD test (Table 12). The results showed that there was a statistically significant
difference between the mean scores of cacao-cardamom and, cardamom-vanilla in the consistency
index at 5% level.

Table 10. Evaluation of descriptive statistics of consistency index score in replications of tastes.

Tastes N Mean Std. Deviation ~ Minimum Maximum
Cocoa 9 2.97 0.2 2.78 3.23
Cardamom 9 2.45 0.003 2.44 2.45
Vanilla 9 2.8 0.05 2.75 2.88
Total 27 2.74 0.25 2.44 3.23

Table 11. Statistical difference in the mean of the replications of tastes for consistency index.

Variation resource Sum of squares  df Mean square F Sig.
Between groups 1.26 2 0.63 42.47 0.00
Within groups 0.36 24 0.01

Total 1.61 26

Table 12. Multiple comparisons (Tukey HSD test) of the replications of tastes for consistency index.

(1) Taste (J) Taste Mean difference (I-J) Std. Error Sig.
Cocoa Cardamom 0.52 0.06 0.00
Vanilla 0.17 0.06 0.02
Cardamom Cocoa -0.52 0.06 0.00
Vanilla -0.35 0.06 0.00
Vanilla Cocoa -0.17 0.06 0.02
Cardamom 0.36 0.06 0.00

3.5. Texture index

The results of the descriptive statistics of the texture index showed that the flavorings of cocoa
and vanilla were allocated the highest and lowest scores, respectively (Table 13). The distribution of
the score for the texture indicator in cardamom was less than two other flavorings.

The results of the variance analysis table showed that there was a significant statistical
difference between the mean scores of three flavorings in the texture index at 1% level (Table 14). In
order to investigate the differences in paired mean values, multiple comparisons were performed
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using Tukey HSD test (Table 15). The results showed that there was a significant difference between
the mean scores of cacao-vanilla in the texture index at 5% level. There was no significant difference
between the mean scores of cacao-cardamom in the texture index.

Table 13. Evaluation of descriptive statistics of texture index score in replications of tastes.

Tastes N Mean Std. Deviation  Minimum Maximum
Cocoa 9 2.57 0.09 2.45 2.65
Cardamom 9 2.47 0.08 2.37 2.56
Vanilla 9 1.53 1.09 0.07 2.30
Total 27 2.19 0.78 0.07 2.65

Table 14. Statistical difference in the mean of the replications of tastes for texture index.

Variation resource  Sum of squares  d.f. Mean square  F Sig.
Between groups 5.92 2 2.96 7.32 0.003
Within groups 9.7 24 0.404

Total 15.63 26

Table 15. Multiple comparisons (Tukey HSD test) of the replications of tastes for texture index.

() Taste (J) Taste Mean difference (1-J) Std. Error Sig.
Cocoa Cardamom 0.097 0.29 0.94
Vanilla 1.04 0.29 0.006
Cardamom Cocoa -0.097 0.29 0.94
Vanilla 0.94 0.29 0.012
Vanilla Cocoa -1.04 0.29 0.006
Cardamom -0.94 0.29 0.012

3.6. Spreadability index

The results of the descriptive statistics of the Spreadability index showed that the flavorings of
cardamom and vanilla were allocated the highest and lowest scores, respectively (Table 16). The
distribution of the score for the Spreadability indicator in cocoa was less than two other flavorings.

The results of the variance analysis table showed that there was no significant difference

between the mean scores of three flavorings in the Spreadability index (Table 17).

Table 16. Evaluation of descriptive statistics of rubbibility index score in replications of tastes.

Tastes N Mean Std. Deviation Minimum Maximum
Cocoa 9 3.18 0.09 3.10 3.30
Cardamom 9 3.22 0.32 3.00 3.65
Vanilla 9 2.79 0.71 2.32 3.74
Total 27 3.07 0.48 2.32 3.74
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Table 17. Statistical difference in the mean of the replications of tastes for rubbibility index.

Variation resource  Sum of squares d.f. Mean square F Sig.
Between groups 0.98 2 0.49 241 0.11
Within groups 4.89 24 0.2

Total 5.87 26

3.7. Overall acceptance index

The results of the descriptive statistics of the overall acceptance index showed that the
flavorings of cocoa and cardamom were allocated the highest and lowest sensory scores, respectively
(Table 18). The distribution of the score for the overall acceptance indicator in cocoa was less than

two other flavorings.

The results of the variance analysis table showed that there was a significant statistical
difference between the mean scores of three flavorings in the overall acceptance index at 1% level
(Table 19). In order to investigate the differences in paired mean values, multiple comparisons were
performed using Tukey HSD test (Table 20). The results showed that there was a significant
difference between the mean scores of cacao-vanilla and cocoa-cardamom in the overall acceptance
index at 1% level. There was a significant difference between the mean score of cardamom-vanilla in

the overall acceptance index at 5% level.

Table 18. Evaluation of descriptive statistics of overall acceptance index score in replications of tastes.

Tastes N Mean Std. Deviation  Minimum Maximum
Cocoa 9 4.25 0.098 4.13 4.36
Cardamom 9 3.32 0.28 3.00 3.66
Vanilla 9 3.67 0.29 3.39 4.05
Total 27 3.75 0.45 3.00 4.36

Table 19. Statistical difference in the mean of the replications of tastes for overall acceptance index.

Variation resource  Sum of squares  d.f. Mean square F Sig.
Between groups 3.950 2 1.975 33.855 0.000
Within groups 1.400 24 0.058

Total 5.350 26

Table 20. Multiple comparisons (Tukey HSD test) of the replications of tastes for overall

acceptance index.

() Taste (J) Taste Mean difference (I-J) Std. Error Sig.
Cocoa Cardamom 0.93 0.11 0.00
Vanilla 0.58 0.11 0.00
Cardamom Cocoa -0.93 0.11 0.00
Vanilla —0.35 0.11 0.015
Vanilla Cocoa —0.58 0.11 0.00
Cardamom 0.35 0.11 0.015
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3.8. Prioritization of flavorings based on seven indicators using a riddling approach (H index)

Each of the experts in the panel has stated scores for seven indicators, separately. In order to
consider a single score for each indicator and enter it in the prioritization (ranking) model in such
circumstances, two approaches can be used: 1) Statistical central tendency indices; 2) the inverse of the
statistical dispersion index. In this research, both approaches were used. Considering the favorable
characteristics of the median index compared to the mean, this statistic was used. Also, due to the fact that
the coefficient of variation (CV) index among the indexes of dispersion was without dimension (measure),
this statistic was used. The simultaneous use of these two types of statistics enables the comparison
of results and prioritization under these two approaches. The ranking results obtained from riddling
approach are presented in Table 21. The values in the table express the preference ranking of hazelnut
butter depending on the determined method. Based on the results, cacao has the highest priority.
According to central index of median, cardamom has the lowest priority. While, the third ranking is
relate to vanilla by calculation of inverse dispersion index of the coefficient of variation.

Table 21. Prioritization results based on Riddling approach under two approaches.

Dispersion index of the coefficient of variation inverse  Central index of median

Priority H index Taste Priority H index Taste

1 0.59 Cocoa 1 0.95 Cocoa

2 -0.12 Cardamom 3 —-0.56 Cardamom
3 —0.47 Vanilla 2 —0.39 Vanilla

3.9. Prioritization of flavorings based on seven indicators using TOPSIS approach

TOPSIS is one of the multi-criteria decision-making techniques. TOPSIS uses the attitude that the
chosen alternative must have the shortest distance from the ideal solution and furthest from the ideal
solution from a geometric viewpoint by using the Euclidean distance to resolve the relative proximity
of an alternative with the best possible solution [9]. TOPSIS has been extensively applied in the
literature because of its capability to deal with different assessment problems addressed to the ranking
of alternatives even in uncertain environments and/or in the presence of multiple decision makers [10].
The next prioritization of flavoring agents reported in Table 22 is performed using the proposed
TOPSIS method. Two approaches were used in order to prioritize the flavorings in this approach: The
central index of median scores and the inverse dispersion index of the coefficient of variation. Based
on the results of the two approaches, cacao and vanilla have the highest and lowest priorities.

Table 22. Prioritization results based on TOPSIS approach under two approaches.

Dispersion index of the coefficient of variation inverse  Central index of median

Coefficient of Coefficient of

Priority . Taste Priority . Taste
proximity proximity

1 0.64 Cocoa 1 0.99 Cocoa

2 0.36 Cardamom 2 0.69 Cardamom

3 0.06 Vanilla 3 0.01 Vanilla
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4. Discussion

Nut butters quality is comprised of several attributes such as color, aroma, appearance,
consistency, texture, rubbing, and overall acceptance. These attributes have been defined, and may
be evaluated as either sensory or instrumental measurements, or both of them. Sensory measurement
are generally more helpful in the development of novel products and determining product standards
while instrumental methods are higher in measuring quality on a routine basis [11]. A consumer
direction views the product through the sensory viewpoint of the customer at the points of buy and
consumption [12]. Consumers frequently purchase the first time based on appearance, but repeat
purchases are driven by supposed quality factors verified by flavor compounds and texture [13]. The
effect of various flavoring agents on the sensory characteristics of hazelnut butter was reviewed. It
was noted that there has been more attention paid in the literature to the effects of sensory analysis
on new product development. Since these flavoring agents are most likely to adversely affect sensory
characteristics, this focus and prioritization seems appropriate.

Samples containing cocoa and cardamom had the highest and lowest scores of color, appearance,
consistency and overall acceptance indices, respectively. Although the best aroma and texture indices
were related to cocoa samples but the least scores of these characteristics were observed in vanilla
samples. Also, evaluation of spreadability index showed that the flavorings of cardamom and vanilla
were allocated the highest and lowest scores, respectively. Explanation of the sensory results is very
difficult especially to determine which sample is best since there are several results, and each of
them is independent of the other. As stated above, the addition of cocoa improved the most sensory
aspects of samples except for spreadability index. But the choice between vanilla and cardamom is
relatively difficult. Since vanilla-flavored hazelnut butters were mostly appreciated considering the
color, appearance, consistency and overall acceptance indices, and the hazelnut butters including
cardamom were preferred according to scores of spreadability, aroma and texture indices. In order to
facilitate prioritization, using of multi-decision criteria techniques may be considered to obtain one
result which was obtained from seven different sensory scores. Prioritization schemes using riddling
and TOPSIS approaches tended to be relatively stable so that new value prioritizations were not
made for each food choice. The results of prioritization based on riddling methodology (H index)
showed that although the index level for different tastes varies in two approaches, the taste priorities
do not differ. Consequently, the convergence and stability of the results were confirmed under two
approaches in the riddling (H index) prioritization or ranking model. The same pattern of results can
be seen in the TOPSIS. Investigators have determined that cacao and vanilla have the highest and
lowest priorities, respectively.

5. Conclusions

The demand of consumers for health-promoting foods has grown in current years due to their
increased knowledge about the relation between diet and health. Nut butters are widely consumed by
people all over the world. However, formulation without flavoring agents alone is not sufficient for
the consumption of the product. The sensorial characteristics of the product are also critical factors
affecting the acceptance of the product by the consumer. In this respect, the sensorial characteristics
of butters with different flavorings were also determined. Multicriteria decision techniques (Riddling
and TOPSIS) were carried out to compare the samples in accordance with sensorial scores. Based on
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descriptive statistics, the incorporated hazelnut butter samples with cocoa almost had the most
sensorial scores. Riddling and TOPSIS approaches were effective for selecting the best flavoring
agent in the formulation of hazelnut butter. Overall, multiple comparisons provided better resolution
to investigate the effect of different flavoring on the sensory characteristics. Based on the results
obtained using central index of median and inverse dispersion index of the coefficient of variation,
the flavoring of cacao has the highest priority. In the end, we have validated riddling and TOPSIS
approaches as rapid methods to formulation on the basis of identification and prioritization of
sensory aspects. With this recognition, the proposed TOPSIS-based approach represents a structured
way to set priorities among flavoring agents. Overall, these methods could enable a wide range of
studies in the field of formulation of novel products by drastically decreasing analysis time compared
to other statistical methods.
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