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Abstract

Objective: In this study, it was aimed to determine
the differences in color characteristics of hazelnut
flours obtained from organic and conventional
hazelnuts, which play an important role in consumer
preferences.

Materials and Methods: Six commercially
important hazelnut cultivars (Cakildak, Fosa,
Mincane, Palaz, Sivri, Tombul) were selected. The
samples were collected from Western (Diizce),
Middle (Samsun, Ordu) and Eastern Black Sea
(Trabzon) regions. The hazelnuts which were
separated from their husks and dried in the sun were
unshelled by hand and turned into flour. L
(brightness), a (redness) and b (yellowness) values
of the samples were determined on the HunterLab
Color Flex EZ color measurement device, and then
the chroma value (C), hue angle (h°), total color
difference (AE) values were calculated. Statistical
tests were performed using SAS-JAMP v10.0
software. One-way ANOVA was used to determine
significant differences between levels, and LSD test
was used for comparisons of multiple means.

Results: According to the study results, L values of
organic nuts were higher than conventioanals (P
<0.05) and no difference was found between a, b,
chroma and hue values (P >0.05). Cultivars was
found to be effective on L and a (P <0.05), Tombul
was found to be brighter than other -cultivars,
Cakildak has the highest a value. It has been
determined that the total color difference (4E)
between the production methods is perceptible

Conclusion: According to these results, organic
hazelnut flours are thought will have a positive effect

on consumer preferences since they have a brighter
appearance.

Key words: Color, organic food, organic hazelnut,
sensory evaluation

Organik ve konvansiyonel findik unlarinin renk
ozelliklerinin belirlenmesi

0z

Amag: Bu calismada organik ve konvansiyonel
findiklardan elde edilen findik unlarinin, tiketici
tercihinde 6nemli rolii olan renk 6zellikleri agisindan
farklarmin tespiti amaglanmistir.

Materyal ve Yontem: Ticari olarak 6neme sahip 6
farkli cesit (Cakildak, Fosa, Mincane, Palaz, Sivri,
Tombul) segilmistir. Ornekler Bati (Diizce), Orta
(Samsun, Ordu) ve Dogu Karadeniz (Trabzon)
bolgelerinden toplanmistir. Zuruflarindan ayrilip
giineste kurutulan findiklar elle dis kabuklarindan
ayrilmis ve un haline getirilmistir. Orneklerin L
(parlaklik), a (kirmizilik) ve b (sarilik), degerleri
HunterLab Color Flex EZ renk dl¢ciim cihazinda tespit
edilmis, ardindan kroma degeri (C), hue acisi (h°),
toplam renk farki (AE) degerleri hesaplanmistir.
[statistiksel testler, SAS-JAMP v10.0 yazilimi
kullanilarak gergeklestirilmistir. Seviyeler arasindaki
anlaml farklarin belirlenmesi i¢in tek yonli ANOVA,
coklu ortalamalarin karsilastirmalari icin LSD testi
kullanilmistir.

Arastirma Bulgular:: Calisma sonuclarina gore
organik findiklarin L degerleri konvansiyonellerden
daha yiiksek ¢ikarken (P<0.05) a, b, chroma ve hue
degerlerinde farklilik tespit edilmemistir. Cesit
faktoriniin L ve a degerleri iizerinde etkili oldugu
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goriiliirken (P<0.05), Tombul diger cesitlerden daha
parlak bulunmus, en yiiksek a degerine Cakildak'in
sahip oldugu tespit edilmistir. Uretim yontemleri
arasindaki toplam renk farkinin (4E) algilanabilir
diizeyde oldugu tespit edilmistir.

Sonug: Bu sonuclara gore daha parlak bir gériiniime
sahip oldugu icin organik findik unlarinin tiiketici
tercihleri iizerinde olumlu bir etki yaratacag:
diistiniilmektedir.

Anahtar kelimeler: Duyusal degerlendirme, organik
findik, organik gida, renk

Introduction

Organic food is defined as the product of a farming
system which avoids the use of artificial elements
such as man-made chemical fertilisers, veterinary
drugs, pesticides, growth regulators, antibiotics, and
genetically modified organisms. (Araujo et al., 2014).
Consumer evaluation studies have shown that
consumers want to buy organic foods because they
think it is healthier, tastier and safer even though
they are more expensive (Yadav and Pathak, 2016;
Rana and Paul, 2017; Chekima et al., 2017; Hansen et
al, 2018; Asif et al, 2018). In parallel with the
increasing demand for organic food, organic food
production has also increased in recent years (Islam
et al. 2012; Krejcova et al,, 2016). Today, some 80
million euros of organic food is produced by 2.7
million producers on 57.8 million ha of land (FiBL
and IFOAM, 2018). As in organic foods, organic
hazelnut production is in an increasing trend. With
an increase close to 100%, organic hazelnut
production in Turkey in the last 10 years, reaching
nearly 17,500 tons in 2018 and this amount
accounted for 3.5% of total hazelnut production
(TOB, 2018).

Hazelnut (Corylus avellana L.) is the second most
common nut in the world after almonds in the
Betulaceae family (Ciemniewska-Zytkiewicz et al,
2015; Karaosmanoglu and Ustiin, 2019). The most
important producing region is Turkey's Black Sea
coast (40°-41° Latitudes and longitudes 37°-42°);
this region realizes 79% of world hazelnut
production and 70% of its exports; Turkey to Italy,
Spain, Portugal, France, Azerbaijan and the US are
followed (Karaosmanoglu and Ustiin. 2017; Turan,
2018). Although there are a total of 20 different
varieties of hazelnut production in Turkey 7 of them
(Tombul, Fosa, Mincane, Palaz, Karafindik, Sivri and

Cakildak) has commercial importance (Pelvan et al,,
2012; Balik et al,, 2016).

Hazelnut is very popular nut due to its unique taste
and texture. Moreover, it contains many compounds
that are important for human nutrition and health
such as fat and monounsaturated fatty acids (mainly
oleic acid), protein, carbohydrates, vitamins (mainly
a-tocopherol), minerals, dietary fibers, phytosterols
(mainly B-sterol) and antioxidant phenolics (Gunes
etal, 2010; Ghirardello et al., 2016).

One of the most important hazelnut products is
hazelnut flour. Hazelnut flour is a product obtained
by grinding the natural or roasted hazelnuts in
accordance with the technique. Hazelnut flour is
used in the food industry for the production of
pastry, bakery products, ice cream and dairy
products, confectionery and chocolate products, and
can also be added to breakfast cereals, bread, yogurt,
soup, salad and main dishes (Karaosmanoglu and
Ustiin, 2019).

For consumers, color is one of the most important
quality parameters in dried foods (Ozdemir and
Devres, 2000; Ozdemir et al., 2001). Supplying the
market with the best product available is always
critical (Kaya et al,, 2011; Turan and Karaosmanoglu,
2019). Therefore, knowing the color values of foods
is important in terms of affecting consumer
preferences. Conventional hazelnut and hazelnut
flours have been studied in many studies (Ozdemir
et al., 2001; Ozdemir et al., 2003; Simsek 2007;
Ercoskun, 2009; Evren, 2011; Donno et al, 2013).
however, no studies on organic hazelnuts have been
found in the literature. In this study, it is aimed to
eliminate this deficiency in the literature and to
determine the effect of production method and
cultivar factor on flour color. For his purpose, the
color characteristics of the hazelnut flours obtained
from 6 different hazelnut cultivars commercially
grown with organic and conventional methods were
investigated.

Materials and Methods
Sample collection

The hazelnuts produced in Trabzon, Ordu, Samsun
and Diizce according to certified organic and
conventional agricultural systems were purchased.
Hazelnut samples were selected from commercially
important cultivars in each region. The locations of
organic and conventional hazelnut samples
harvested shown in figure 1 Fosa, Sivri and Mincane
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varieties from Trabzon province; Tombul, Palaz and
Cakildak cultivars from Ordu and Samsun provinces;
and Fosa, Sivri and Tombul cultivars from Diizce
province. Each hazelnut variety from each province
was represented with three kg from three different
producers. Thus, for each province a total of 18
samples, 9 of which organic and 9 conventional, and
totally 72 different samples of which 36 organic and
36 conventional were collected. The collected
samples were stored of 20-25 C° in packages made of
kraft paper until they were analyzed. Before the
analysis, hazelnuts were broken with nutcracker, the
shells were separated by hand and turned into flour
in the blender.

The harvest started when half of the hazelnuts on
the branch were falled. The collected hazelnuts were
brought to the blend the same day and laid on the
concrete ground in 20-25 cm thickness. The
hazelnuts were separated from their husks using a
husker machine. Finally, it was dried on the concrete
floor in the sun for 4 days.

In all orchards, tiller were cut twice a year, older
branches are diluted by cutting, damaged and
diseased branches were pruned. Pruning residues
were collected and removed from the garden. Weed
cleaning was done with a weed engine two weeks
before the harvest in the gardens. Organic nut
samples were obtained from certified organic
orchards, in which liquid foliar fertilizer, micro
nutrients (boron, zinc, iron) and solid fertilizers
(compost, chicken and animal manure) were applied
for fertilizing, and spinosate, Bacillus thuringiensis,
powder and liquid sulfur were applied for
controlling pests, and conventional samples were
obtained from the orchards in the same region in
which chemical pesticides and fertilizers were used.
Except fertilization and pest control, there was no
difference in cultural practices such as pruning,
harvesting and storage in organic and conventional
gardens.

|D|‘.|zce | Iﬁ",s_:ﬂ IErdu Trabzunl

TURKEY

Figure 1. The locations of organic and conventional
hazelnut samples harvested.

Color measurement

According to the International Commission on
[llumination = (Commission Internationale de
I'Eclairage CIE), color is defined by L, a, b system.
According to the three-dimensional color spacing
system, the L value refers to the brightness of the
objects; low number (0-50) indicates dark and a high
number (51-100) indicates light; a scale refers to red
vs. green where a positive number indicates red and
a negative number indicates green; and b scale refers
to yellow vs. blue where a positive number indicates
yellow and a negative number indicates blue
(Ercoskun, 2009). L (brightness), a (redness) and b
(vellowness) values of hazelnut flour were
determined by HunterLab Color Flex EZ color
measuring device. Prior to measurement, the device
was calibrated to be X: 79.05, Y: 84.02, Z: 89.03.
Approximately 100 g hazelnut flour was put into the
optical cylinder and then measured at different
points and L, a and b values were determined. (Mexis
and Kontominas, 2009). According to the Munsell
color system, the chroma value (C), hue angle (h°),
total color difference (AE) (Kalkan et al., 2016) were
calculated with the following equations.

(1) € =(a)* + (b)?
(2) h° = arctan(b/a)

(3) AE = VAL? + Aa? + Ab? (AL = Leony — LOrg’
Aa = acopy — Aorg, Ab = beony — bOrg)

Statistical analysis

The experiments were performed in triplicates in a
completely randomized block design. Descriptive
statistics were obtained using the SPSS v22.0
software. Statistical tests were performed using the
SAS-JAMP v10.0 software, and one-way ANOVA was
conducted significat differences among level,
followed by the least significance (LSD) different test
was used for the multiple comparisons of means.
Results were considered to be significantly different
at P <0.05.

Results and Discussion

Color is the characteristic of human visual
perception composed of spectral distribution of light.
One of the most important features that play a role in
the choice of a food by the consumer is color. In
addition, many deterioration reactions in foods are
also characterized by color changes (Altug Onogur
and Elmaci, 2011).

L (brightness) values of hazelnuts grown by organic
and conventional methods are given in Table 1. It
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was observed that the cultivation method affected
the L value and the organic nuts (66.38) were
brighter than the conventionals (65.36) (P <0.05).
While the cultivar factor was found to be effective on
L values, the most brighter cultivar was determined
to be Tombul with 67.29, and the most darker
cultivar was determined to be Cakildak with 65.09 (P
<0.05). Similar to our results, Ozdemir et al. (2003)
found that the L values of hazelnut flour were 67.61
in Cakildak, 70.87 in Fosa, 68.35 in Palaz and 65.82
in Tombul. Ercoskun (2009) reported as 60.93 and
Akc¢in and Bostan (2019) reported as 66.89.
Brightness is a visual feature that positively affects
the purchasing preferences of consumers, because
the color observed on the surface of the food affects
the image of freshness and gives the allure (Altug
Onogur and Elmaci, 2011). For this reason, organic
hazelnuts are expected to positively affect
consumer’s buying preferences.

Table 1. L values of organic and conventional
hazelnut flour

L
Cultivars Organic Conventioanal Cultivar
means
Cakildak 66.55:0.59  63.64+0.59 65'09]3*0-42
Fosa 66.03:0.59  65.59+0.59 65'81Bi0-42
Mincane 66.55:0.84  65.20£0.84 65'88;0-59
Palaz 66.38+0.59  65.39+0.59 65'88Bi0-42
Sivri 6534:0.59  65.18+0.59 65'26;0-42
Tombul 67431048  67.14+0.48 67'29;0-34
Agricultural 66.38+0.26 65.36+0.26
method mean a b

Values are expressed as mean * standart error. Tombul n=9;
Cakildak, Fosa, Sivri, Palaz n=6; Mincane n=3. Values in the
column with different capital letters are significantly different
(P<0.05). Values in the same row with lower-case letters are

significantly different (P<0.05).

a (red-greenness) values of hazelnuts grown in
organic and conventional methods are given in Table
2. When the table is examined, it is observed that the
production method did not affect the a values of the
samples (P >0.05) but the variety factor was effective
(P <0.05). The highest a value was found as 4.22 in
Cakildak and the lowest was 3.70 in Mincane. The
mean value of all organic hazelnut flour was 4.03 and
the conventionals were 4.07. In parallel with our
results, the a value of hazelnut flour obtained from
conventional hazelnuts was found as 4.63 by Evren

(2011); as 6.02, 4.39, 5.94 and 6.09, respectively in
Cakildak, Fosa, Palaz and Tombul by Ozdemir et al.
(2003) and Ercoskun (2009) found it quite low
(2.24).

Table 2. a values of organic and conventional
hazelnut flour

a

Cultivars Organic Conventioanal Cultivar

means
Cakildak 4.14£0.17 430£0.17 4'22::0-12
Fosa 4.0740.17 4.090.17 4'02;—;2-12
Mincane 3.71+0.24 3.70:024  3.70%0.17C
Palaz 4224017 4.17£0.17 4'19§B°~12
Sivri 4.18+0.17 423+0.17 4'21;"0-12
Tombul 3861004 394x014 0010
Agricultural 4034007 1074007

method mean

Values are expressed as mean #* standart error. Tombul n=9;
Cakildak, Fosa, Sivri, Palaz n=6; Mincane n=3. Values in the
column with different capital letters are significantly different
(P<0.05). Values in the same row with lower-case letters are
significantly different (P<0.05).

Table 3. b values of organic and conventional
hazelnut flour

b

Cultivars Organic Conventioanal Cultivar

means
Cakildak 17.30+£0.51 17.43+0.51 17.37+0.36
Fosa 18.65+0.51 17.90+0.51 18.28+0.36
Mincane 17.00+0.72 16.39+0.72 16.70+£0.51
Palaz 17.73+0.51 17.96+0.51 17.84+0.36
Sivri 16.84+0.51 17.97+0.51 17.40+0.36
Tombul 17.30+0.42 18.46+0.42 17.88+0.30
Agricultural 17.4740.22 17.680.22

method mean

Values are expressed as mean * standart error. Tombul n=9;
Cakildak, Fosa, Sivri, Palaz n=6; Mincane n=3. Values in the
column with different capital letters are significantly different
(P<0.05). Values in the same row with lower-case letters are
significantly different (P<0.05)

b (yellowness-blueness) values of hazelnuts grown
by organic and conventional methods are given in
Table 3. According to the results of the analysis, it
was determined that the production method and
variety factors did not affect the b values of hazelnut
flour (P >0.05). The mean value of all organic
hazelnut flours was 17.47 and the conventional ones
were 17.68. Ozdemir et al. (2003) stated that the b
values of hazelnut flour were 24.72 in Cakildak,
24.25 in Fosa, 24.43 in Palaz and 24.62 in Tombul.
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Ercoskun (2009) reported as 25.86, and Ak¢in and
Bostan (2019) reported as 23.25.

Chroma and h° values of hazelnuts grown by organic
and conventional methods are given respectively in
Table 4 and Table 5. It was determined that the
effect of production and variety factor on C and h°
values was statistically insignificant (P>0.05). In
addition, our results were found to be compatible
with Ercisli et al. (2011) and Cetin et al. (2020).

Table 4. Chroma values of organic and conventional
hazelnut flour

our study results, the AE value between organic and
conventional hazelnuts was found as 1.11 (Figure 2).
According to these results, although organic
hazelnuts are not very obvious, it can be said that
there is a color difference from conventional
hazelnuts. In addition, as can be seen in Figure 2,
while the most obvious difference is determined in
Cakildak cultivar (2.91), it is not detected in Fosa
(0.86).

@

Cultivars Organic Conventioanal Cultivar

means
Cakildak 17.79+0.65 17.96+1.11 17.88+0.47
Fosa 19.09+0.71 18.37+£0.12 18.73+0.50
Mincane 17.40£0.37 16.81+£0.73 17.11+0.24
Palaz 18.23+1.47 18.43+0.72 18.33+£0.11
Sivri 17.35+0.02 18.46+0.38 17.91+0.36
Tombul 17.72+0.65 18.87+0.83 18.30+£0.71
Agricultural 1y gq, 79 18.15£0.51

method mean

Table 5. hue angle values of organic and

conventional hazelnut flour

hO
Cultivars Organic Conventioanal Cultivar
means

Cakildak 76.54+0.48 76.14+0.94 76.34+0.54
Fosa 77.67+0.65 77.14+0.94 77.41+0.27
Mincane 77.66+1.00 77.29+0.96 77.48+0.11
Palaz 76.64+0.99 76.93+0.61 76.79+0.37
Sivri 76.12+0.26 76.61+0.34 76.37+0.05
Tombul 77.42+0.73 77.92+0.95 77.67+0.51
Agricultural 77.00+0.33 77.00+0.61

method mean

Values are expressed as mean * standart error. Tombul n=9;
Cakildak, Fosa, Sivri, Palaz n=6; Mincane n=3. Values in the
column with different capital letters are significantly different
(P<0.05). Values in the same row with lower-case letters are
significantly different (P<0.05).

Color difference can be defined as the numerical
comparison of a sample’s color to the standard. It
indicates the differences in absolute color
coordinates and is referred to as Delta (4). These
formulas calculate the difference between two colors
to identify inconsistencies and help people to
understand the color more effectively. AE value of 1
and above indicates that there is a perceptible
difference between the samples (Ozcan, 2008). In

Values are expressed as mean #* standart error. Tombul n=9;
Cakildak, Fosa, Sivri, Palaz n=6; Mincane n=3. Values in the
column with different capital letters are significantly different
(P<0.05). Values in the same row with lower-case letters are
significantly different (P<0.05).

The colors of hazelnuts can be affected by variety
and measurement method, as well as fertilizers,
maturity, climate and regional conditions (Simsek,
2007). It is thought that the difference between the
varieties is caused by the differences in the
composition elements, particle size and formal
structures (Simsek, 2004). The factor affecting the L
values of organic and conventional hazelnut flours is
thought to be caused by the difference in fertilizer
since all other conditions are the same.

AE 2

HE 0 ER

Cakildak Fosa Mincane

1_ I
: o .

Cultivar

Palaz Sivri Tombul Agricutural

Method Mean

Figure 2. AE values of hazelnuts grown by organic and conventional methods
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Conclusions

This study is the first study to examine the color
characteristics of organic hazelnut flour. In addition,
the hazelnut flours obtained from conventional
hazelnuts collected from the same locations were
examined and compared. According to the results of
the study, it was observed that the production
method affected the L value but did not affect the
values of a, b, C and h. L values of organic hazelnuts
were found to be higher than conventional ones, so
organic hazelnuts were found to be more bright. It
has been determined that the cultivar factor affects L
and a values but it has no effect on b, C and h value. It
was determined that Tombul was more bright than
the other cultivars. Among the production methods,
AFE value was determined above the detectable value.
According to these results, it is thought that organic
hazelnut flours will create a positive perception on
the consumer as it has a brighter appearance.
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