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INTRODUCTION

Hazelnut (Corylus avellana L.) is  a  shrub belonging to 
the  Fagales order from the  Betulaceae family and  Corylu-
ideae sub-family. By  monitoring the  regular development 
of  nuts in  the  last five years, the  global hazelnut-cultivated 
area greatly increased beyond 670,000 ha in 2017 [FAOSTAT, 
2020]. Also, the hazelnut cultivation has recently extended be-
yond the native areas, namely Europe and West Asia [Ascari 
et al., 2020]. 

Hazelnuts can be a valuable component of a human diet 
due to their special nutritional value [Pourfarzad & Mehr-
pour, 2017]. Hazelnut kernels are important sources of  to-
copherols and  water-soluble B-vitamins, as well as miner-
als [Capurso et al., 2018; Stuetz et al., 2017]. According to 
the daily microelement requirements, 100 g of hazelnut pro-
vide about 50% for Fe, 41% for Mo, 32% for Zn, 21% for 
Se, and 21% for Cr [Turan & Akccedil, 2011]. A hazelnut-
-rich diet can also easily improve a daily intake of Mn, Cu, 
and Co. The oil is  a major component of hazelnut kernels 
(50–73 g/100 g) [Garcia et al., 1994]. It contains mainly un-
saturated fatty acids, i.e., oleic and linoleic acids, while satu-
rated fatty acids (palmitic and  steric acids) constitute only 
~9% of  its total fatty acids [Taş & Gökmen, 2015]. Given 
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the unique fatty acid profile, hazelnut can protect low-density 
lipoproteins against oxidation and thus prevent the develop-
ment of  the  cardiovascular disease [Ros, 2010]. Hazelnut 
oil contains β-sitosterol, a natural plant sterol recognized to 
reduce cholesterol levels and defend against different types 
of  cancer such as breast, colon, and  prostate cancers [Ak-
cicek et  al., 2005]. The  protein content of  hazelnut kernel 
changes between 10 and 22 g/100 g [Taş & Gökmen, 2018]. 
Hazelnuts are a popular and important source of high-quali-
ty vegetable protein in vegetarian diets, where they rank high 
on the list of foods most frequently consumed, above meat 
substitutes. They have a high content of l-arginine. This ami-
no acid is the precursor of the endogenous vasodilator (nitric 
oxide), and  might help improve vascular reactivity [Huynh 
& Chin-Dusting, 2006]. Hazelnuts are also a  good source 
of dietary fiber (10.4 g/100 g) [Ros, 2010]. 

Nut butter is  one of  the  nut processing products that 
is obtained by milling the roasted kernels and mixing them 
with a small amount of sugar. It can be considered as a sub-
stitute for animal butter to be  used as a  breakfast food 
and  also in  different food products such as cookies, ice 
creams, and cakes [Dobhal et al., 2018]. Nowadays, the ha-
zelnut processing is of great importance due to the limited 
use of hazelnut in its raw form and the continuous increase 
in the number of hazelnut gardens. One of the possibilities 
for wider food use of hazelnuts is the production of hazel-
nut butter. In other words, butter can be a good new prod-
uct for consumers to increase the  consumption of  highly 
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nutritious hazelnuts. The  formulation of  hazelnut butter 
is the first step in commercializing this product. The intrin-
sic tendency of various phases to separate is an undesirable 
phenomenon in  food products such as chocolates and nut 
butters and spreads. It needs to be eliminated using different 
processing operations and proper additives [Ardakani et al., 
2009; Villarroel et al., 1993].

Emulsifiers are a  wide class of  additives that are em-
ployed in the food industry to improve the quality and pro-
long the shelf life of products [Pourfarzad et al., 2012, 2014, 
2019; Pourfarzad & Habibi-Najafi, 2012]. They allow two 
different phases to combine and form a semi-homogenous 
and stable mixture that can last for a long time. Moreover, 
the addition of an emulsifier increases product tolerance to 
high temperature. Thus, it seems crucial to evaluate the ef-
fect of  this type of additives on the hazelnut butter prop-
erties. The mono- and di-glycerides and  lecithin are com-
monly used as emulsifiers. They were recently successfully 
applied in chocolate spread emulsion and cheese analogue 
obtained from raw peanut [Eudier et al., 2020; Said et al., 
2019]. 

To the best of our knowledge, a limited number of stud-
ies have addressed the  impact of  emulsifiers on the  quality 
and shelf life of hazelnut butter. Therefore, the present study 
aimed to investigate the effect of emulsifiers on the physico-
chemical and sensory properties of hazelnut butter. In the next 
step, the  correlation between different features of  hazelnut 
butter was evaluated using symmetric multivariate methods, 
such as correlation analysis and principal component analy-
sis (PCA), and asymmetric method like partial least squares 
regression (PLSR).

MATERIALS AND METHODS

Materials
Raw hazelnuts (without outer shell) were provided from 

Eshkevarat (Rudsar, Guilan, Iran). Mono- and di-glycerides 
(CREMODAN® Super Mono-diglyceride) and lecithin (cat-
alogue number 429415) were supplied from Danisco (Copen-
hagen, Denmark) and Merck (Darmstadt, Germany) Compa-
nies, respectively. All other chemicals, reagents, and solvents 
were of analytical grade.

Hazelnut butter production
The raw hazelnuts were roasted in a solar dome convec-

tion system (model 3855SCR, LG Company, Seul, South 
Korea) for 20 min at 150°C [Pourfarzad et al., 2016, 2018]. 
After cooling down, the  brown skin was manually peeled 
off using a  rough cloth, and  the  butter production was 
conducted by a nut butter mill made by Niri Organic Yazd 
(model N1, Yazd, Iran). Two batches were processed for 
each treatment and one batch contained 1 kg of hazelnuts. 
Then, 10 g/100 g of sugar was added to the prepared butter 
and kneaded to provide soft dough. In this step, the speci-
fied amounts of  mono- and  di-glyceride (0, 1, 2  g/100  g) 
and  lecithin (0, 1, 2  g/100  g) were added to the  hazelnut 
butter. The  treatment levels were chosen by  carrying out 
preliminary screening tests according to the  literature re-
ports and instrumental aspects.

Proximate composition analysis
The contents of moisture (926.12), ash (950.49), protein 

(955.04C), fat (922.06), total dietary fiber (978.10), and total 
sugars (984.22), as well as acidity (962.12) and peroxide value 
(965.33) were analyzed by the Association of Official Analyti-
cal Chemists (AOAC) methods [2005]. 

Texture analysis 
The penetration test was conducted on 200-gram sam-

ples of  butter to evaluate hardness and  adhesiveness. For 
this purpose, a  Brookfield texture analyzer (CT3, Middle-
boro, MA, United States) was employed, and  the  force 
required for the  penetration of  a  thick elliptical bar probe 
with a flat cross-section and diameter of 0.48 cm (velocity 
of 200 mm/min and penetration depth of 1 cm) was deter-
mined [Ardakani et al., 2009].

Sensory evaluation
Ten trained panelists of  both genders aged from 25  to 

60  evaluated the  hazelnut butter samples. All assessors 
of the internal sensory panel have undertaken the basic flavor 
test, odor test, and color vision test. They have been trained 
for sensory methods in several sessions and their evaluation 
aptitude has been routinely checked. The panel was particu-
larly familiarized with the score of attribute intensities using 
the verbal meanings describing the ends of the intensity scales 
of the characteristics. Each sample contained 30 g of hazelnut 
butter, which were given to panelists in plastic containers at 
room temperature. The  taste, flavor, texture, color, spread-
ability, and overall acceptance were assessed. Each parameter 
was scored in  a  5-point scaling range from 1 (lowest) to 5 
(highest) [Ardakani et al., 2009; Qaziyani et al., 2019]. 

Oil separation
The oil was collected using a Pasteur pipette, moved to 

a 50-mL graduated cylinder, and its volume was determined. 
The oil separation rate was calculated as follows [Gills & Res-
urreccion, 2000a]: 

Oil separation (%) = (Volume of oil separated)/ 
(Volume of hazelnut butter before oil separation) × 100 (1)

Shelf life test
To determine the product shelf life, acidity, peroxide value,  

and  oil separation of  the  samples were evaluated during  
90-day storage at 25oC [AOAC, 2005; Ardakani et al., 2009].

Statistical analysis
The data on the physicochemical properties and sensory 

characteristics of hazelnut butter with and without emulsi-
fiers were statistically analyzed. To investigate the significant 
difference between the means, the Duncan’s multiple range 
test was carried out after the analysis of variance at the 95% 
confidence level. Each experiment was performed in six repli-
cations. The Pearson’s correlation analysis, PCA, and PLSR 
modeling were performed on the data sets. The data analy-
ses were taken using Minitab 15 (Minitab Inc., State Col-
lege, PA, USA).
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RESULTS AND DISCUSSION

Proximate composition of hazelnut butter
The  contents of  moisture, fat, protein, dietary fiber, total 

sugars, and ash of the control hazelnut butter (without emul-
sifiers) were as follows: 0.76±0.00, 59.09±0.21, 15.68±0.01, 
5.51±0.12, 15.88±0.23, and  2.21±0.06  g/100  g, respectively. 
A daily intake of 25 g of hazelnuts is recommended in a healthy 
diet [Stuetz et al., 2017], which nearly corresponds to the stan-
dard portion size of  1  oz (28.35  g) displayed by  the  United 
States Department of Agriculture [USDA, 2015]. Based on this 
recommendation, it can be concluded that hazelnut butter could 
provide 3%, 17%, 53%, and 22% of the daily dietary requirement 
for carbohydrates, proteins, fat, and dietary fiber, respectively. 

Texture analysis 
The results of instrumental texture analysis of hazelnut but-

ters are shown in Table 1. The addition of lecithin and mono- 
and  di-glycerides increased the  hardness of  the  butters, 
although no significant difference (p>0.05) was observed be-
tween hardness of the samples with different contents of emul-
sifiers (1 and 2 g/100 g). The higher hardness of butters with 
additives compared to the  control one can be  attributed to 
the  hydrophilicity of  lecithin and  mono- and  di-glycerides. 
They can strengthen the  network structure of  butter solids, 
which leads to the stabilization of oil in it [Totlani & Chinnan, 
2007]. The development of this network resulted in the greater 
energy required for the  probe penetration during the  texture 
analysis. Also, the interactions between emulsifiers and hazel-
nut biopolymers produce large internal frictions and, as a re-
sult, higher hardness [Izidoro et al., 2009]. 

Adhesiveness was determined as the  work required to 
pull the probe away from the sample in the penetration test. 
The values of this parameter for hazelnut butters ranged from 
1.18 to 1.25 N·s (Table 1). However, no significant differences 
(p>0.05) were found between adhesiveness of  the  control 
samples and  the  butters containing emulsifiers. The  level 
of both lecithin and mono- and di-glycerides added also did 
not significantly differentiate the adhesiveness of the butters.

Sensory evaluation
Table 2 shows the results of the sensory analysis of hazel-

nut butters. The taste, flavor, and color scores of the control 

sample were not significantly different from those contain-
ing various levels of  lecithin and  mono- and  di-glycerides 
(p>0.05). As one of the dominant features in consumers’ food 
preferences, the sensory texture plays a key role in product at-
tractiveness, purchasing decisions, and ultimate consumption 
[Pellegrino et al., 2020]. Adding lecithin to the hazelnut butter 
formulation increased the texture score of the samples from 
3.67 (control butter) to 4.36 (butter with 2 g/100 g addition 
level). In the case of adding the second emulsifier, although 
there was no significant difference between the texture scores 
of  the control sample and butter with mono- and di-glycer-
ides at level of 1 g/100 g (p>0.05), the sample with a higher 
content of mono- and di-glycerides (2 g/100 g) showed a sig-
nificantly higher texture score (p≤0.05). Spreadability is a par-
ticularly important characteristic of semi-solid food texture. 
It is a subjective term linked to the way a sample is uniformly 
distributed over a  surface [Gills & Resurreccion, 2000b]. 
In  our study, upon the  addition of  mono- and  di-glyceride 
to butter, its spreadability was assessed by panelists as sig-
nificantly better (p≤0.05) than that of  the  control sample, 
although no significant difference (p>0.05) was observed 
between the spreadability of products with different contents 
of mono- and di-glycerides (1 and 2 g/100 g). The sample con-
taining lecithin at 2 g/100 g showed higher spreadability than 
the control and butter with additive of 1 g/100 g. The trends 

TABLE 2. Sensory characteristics of hazelnut butters with different contents of emulsifiers. 

Overall 
acceptanceSpreadabilityColor TextureFlavorTasteAdditive level 

(g/100 g)Emulsifier

3.21±0.031b3.43±0.032b4.03±0.434a3.31±0.032c3.67±0.322a3.23±0.232a0

Lecithin 3.63±0.033a3.77±0.034ab4.01±0.656a3.81±0.201b3.73±0.544a3.63±0.427a1

4.03±0.042a3.97±0.012a4.01±0.646a4.36±0.203a3.87±0.004a3.67±0.432a2

3.53±0.009b3.33±0.101b4.13±0.322a3.67±0.009b3.60±0.444a3.37±0.433a0
Mono-  
and 
di-glycerides 

3.33±0.004b3.81±0.323a3.91±0.111a3.57±0.101b3.80±0.323a3.37±0.302a1

4.01±0.005a4.03±0.077a4.01±0.564a4.11±0.201a3.87±0.632a3.81±0.109a2

Each value is a mean ± standard deviation of three experimental replicates (n=6). Values in columns with different letters are significantly different 
(p≤0.05).

TABLE 1. Texture parameters of hazelnut butters with different contents 
of emulsifiers.

Emulsifier Additive level 
(g/100 g)

Hardness  
(N)

Adhesiveness 
(N·s)

Lecithin 

0 5.45±0.023b 1.15±0.082a

1 5.72±0.041a 1.21± 0.045a

2 5.81±0.078a 1.18±0.324a

Mono-  
and  
di-glycerides 

0 5.48±0.043b 1.21± 0.012a

1 5.72±0.067a 1.08±0.213a

2 5.75±0.055a 1.25±0.325a

Each value is a mean ± standard deviation of  three experimental rep-
licates (n=6). Values in  columns with different letters are significantly 
different (p≤0.05).
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of sensory texture and spreadability might be similar due to 
the effect of emulsifiers on the hardness [Ardakani et al., 2009; 
Saker Ardakani, 2007]. The addition of lecithin also improved 
the overall acceptance of the samples, although no significant 
difference (p>0.05) was observed between butters containing 
emulsifier at the  levels of  1  and  2  g/100  g. The  overall ac-
ceptance of  the  butter containing mono- and  di-glycerides 
at 2  g/100  g was significantly higher (p≤0.05) compared to 
the samples with lower additive contents (0 and 1 g/100 g). 
Also, no significant difference (p>0.05) was observed be-
tween the scores given to the control sample and butter with 
mono- and di-glyceride addition at 1 g/100 g.

Shelf life test
Acidity is one of the major parameters in the quality control 

of oils and edible fats. Its value may increase as a result of hy-
drolysis and  lipolysis. High acidity is an indicator of  the  low 
quality of oil. The oil storage can significantly change the acid-
ity [San Martín et al., 2020]. In our study, the effect of adding 
emulsifiers to hazelnut butters on their acidity was monitored 
over the 90-day storage period (Table 3). There were no sig-
nificant differences (p>0.05) between the  acidity of  different 
butters on the first day. Adding lecithin to butter significantly 
reduced acidity increase during storage. The  control butter 
had significantly higher acidity (p≤0.05) than the butters with 

lecithin at each monitored storage time (30–90  days). Also, 
the level of the lecithin additive significantly affected the acid-
ity. Our notice is in line with previous studies, in which acidity 
of a similar product, i.e., pistachio butter, was determined dur-
ing storage [Haghani Haghighi et al., 2008]. Authors recom-
mend using lecithin as an emulsifier to improve the long-term 
storage stability of nut butter. The hazelnut batters containing 
mono- and di-glycerides at levels of 1 g/100 g and 2 g/100 g 
had the  lowest and  the  highest acidity, respectively, at each 
monitored storage time. In  other words, the  mono- and  di-
glycerides added at the level of 1 g/100 g decreased the acidity 
compared to the control butter, but a higher addition level re-
sulted in acidity increase. This can be attributed to the presence 
of fatty acids in the chemical structure of mono- and di-glycer-
ides. With the higher level of mono and di-glyceride addition, 
more products of fatty acid hydrolysis were generated, which 
led to an increase in product acidity [Mirtajeddini et al., 2016].

The oxidation is the main process of fat spoilage, giving 
rise to undesirable odor and  taste. One of  the  parameters 
commonly used to evaluate the  state of  oxidation of  fats 
and oils is  the peroxide value. The  changes in  the peroxide 
values during 90-day storage of  hazelnut butter are shown 
in Table 4. As expected, the peroxide values increased during 
storage. However, at each storage time for which the  mea-
surement was taken, the peroxide value of the control butter 

TABLE 3. Acidity (g oleic acid/100 g) of hazelnut butters with different contents of emulsifiers during storage. 

Storage time (day)
Additive level (g/100 g)Emulsifier

9060301 

0.59±0.005a0.56±0.003a0.48±0.005a0.28±0.003a0

Lecithin 0.55±0.003b0.53±0.005b0.42±0.006b0.28±0.003a1

0.47±0.021c0.42±0.001c0.41±0.004c0.28±0.004a2

0.59±0.002b0.54±0.018b0.46±0.002b0.28±0.003a0
Mono-  
and 
di-glycerides 

0.45±0.001c0.37±0.022c0.38±0.003c0.28±0.002a1

0.63±0.011a0.60±0.005a0.47±0.002a0.28±0.004a2

Each value is a mean ± standard deviation of three experimental replicates (n=6). Values in columns with different letters are significantly different 
(p≤0.05).

TABLE 4. Peroxide value (meq/kg) of hazelnut butters with different contents of emulsifiers during storage. 

Storage time (day)
Additive level (g/100 g)Emulsifier

9060301

0.19±0.014a0.16±0.002a0.09±0.004a0.08±0.003a0

Lecithin 0.19±0.014a0.16±0.003a0.09±0.004a0.08±0.002a1

0.19±0.024a0.16±0.004a0.09±0.006a0.08±0.001a2

0.19±0.016a0.16±0.015a0.09±0.006a0.08±0.002a0
Mono-  
and 
di-glycerides

0.19±0.006a0.16±0.024a0.09±0.006a0.08±0.001a1

0.19±0.004a0.16±0.017a0.09±0.006a0.08±0.001a2

Each value is a mean ± standard deviation of three experimental replicates (n=6). Values in columns with different letters are significantly different 
(p≤0.05).
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did not differ significantly (p>0.05) from the peroxide values 
of the butters containing lecithin and mono- and di-glycerides 
at both levels.

Oil separation can be  used as an indicator of  product 
structure preservation during storage [Deng et  al., 2020]. 
The oil separation of hazelnut butters with and without emul-
sifiers during the storage is shown in Table 5. There was no 
oil separated in any of the samples on the first day of storage 
experiment. Oil separation increases with storage, but this in-
crease was significantly lower in hazelnut butters with emulsi-
fiers than in  the  control. The  level of  additive also affected 
the oil separation. Oil separation in butters with both emulsi-
fiers added at the level of 1 g/100 g was significantly higher 
than that reported for the samples containing 2 g/100 g at each 
storage time (30, 60, or 90 days). This behavior was probably 
exhibited by the increased intermolecular interactions. The oil 
was detected as a non-emulsified (free) fluid in the voids be-
tween solid particles [Ereifej et al., 2005]. The oil separation 
is the result of the hazelnut matrix compression. Emulsifiers 
can immobilize the  free oil and  prevent its migration [Tot-
lani & Chinnan, 2007]. The mechanism for avoiding the oil 
separation seems to be associated with the increased viscosity 
of the oil phase via hardness increase [Ereifej et al., 2005].

Relationship between physicochemical properties 
and sensory characteristics of hazelnut butter

Correlation analysis
The  results of  Person’s correlations between texture pa-

rameters, quality properties at 30–90-day storage, and  sen-
sory scores of hazelnut butter are shown in Table 6. The cor-
relation coefficients (r) of  significant correlations ranged 
from -0.487  to 1. Within the  texture parameters, the  hard-
ness highly correlated with sensory characteristic scores 
and oil separation at 30–90-day storage. The harder samples 
strongly corresponded to those with higher sensory scores 
of spreadability and texture. As indicated earlier, emulsifiers 
affect the sensory texture and spreadability due to a change 
in  hardness. Also, the  samples with high hardness showed 
lower oil separation during the storage. This may be due to 
the oil immobilization effect of emulsifiers [Totlani & Chin-
nan, 2007], leading to the increased hardness. Adhesiveness 

was highly positively correlated with acidity at 30–90-day 
storage. Within the sensory characteristics, the overall accep-
tance, spreadability, and flavor scores showed significant cor-
relations with many other properties. The overall acceptance 
was highly positively correlated with taste and texture. Con-
sidering the  significant relationships between sensory char-
acteristics and shelf life properties, color and acidity showed 
positive correlations. Also, the higher the spreadability score, 
the lower the oil separation. Among the shelf life properties, 
acidity on the 30th day of storage was significantly correlated 
with oil separation during the storage. The results show that 
the  sensory and  texture analysis can potentially be  used to 
estimate different properties of hazelnut butter. The findings 
deserve special attention and may have significant potential 
for optimizing and  improving the  product quality, shelf life 
properties, and sensory characteristics as well as for reducing 
the time and costs by minimizing the experiments.

Principal component analysis 
Sometimes, too many variables are involved in  calcula-

tions, and  the  principal component analysis (PCA) helps 
reducing them to a  smaller group. PCA is  a  factor model 
in  which the  factors are based on the  total variance, allow-
ing for bargaining the fewest number of variables that clarify 
the  variance [Tipping & Bishop, 1999]. The  data of  instru-
mental texture analysis, sensory analysis and quality of stor-
age experiment of  hazelnut butter were subjected to PCA 
(Figure  1). The  multivariate treatment of  the  data obtained 
from the samples enabled reducing the variables to two prin-
cipal components, which together explained 79.6% of the total 
variability. The  first component (PC1) accounted for 53.7% 
and  the  second component (PC2) for 25.9%. According to 
the PCA biplot, hardness, adhesiveness, and sensory charac-
teristics such as overall acceptance, spreadability, texture, fla-
vor, and taste, were negatively correlated to PC1, whereas oth-
er hazelnut butter properties were positively correlated to PC1. 
Hardness, acidity of the fresh butter (1 day of storage experi-
ment), and oil separation during the storage were negatively 
correlated to PC2, while other butter characteristics and prop-
erties were positively correlated to PC2. As clearly revealed 
in  the  PCA biplot (Figure  1), the  butters with the  best sen-
sory scores of overall acceptance, taste, and texture were those 

TABLE 5. Oil separation (mL) in hazelnut butters with different contents of emulsifiers during storage. 

Storage time (day)
Additive level (g/100 g)Emulsifier

9060301

8.42±0.021a6.74±0.054a5.79±0.211a0±0.001a0

Lecithin 3.85±0.033b3.08±0.031b2.65±0.344b0±0.001a1

3.07±0.054c2.46±0.022c2.11±0.223c0±0.001a2

8.46±0.021a6.77±0.043a5.82±0.213a0±0.001a0
Mono-  
and 
di-glycerides 

3.56±0.021b2.85±0.233b2.45±0.321b0±0.001a1

2.35±0.087c1.88±0.322c1.62±0.175c0±0.001a2

Each value is a mean ± standard deviation of three experimental replicate experiments (n=6). Values in columns with different letters are significantly 
different (p≤0.05).
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containing mono- and  di-glyceride at the  level of  2  g/100  g 
and lecithin at the level of 1 g/100 g. The results of PCA con-
firm our previous consideration that the addition of  lecithin 
resulted in a decrease in oil separation during the storage, but 
increased spreadability, flavor, and hardness, and that the low-
est acidity during storage was observed for the sample contain-
ing mono- and di-glycerides at the level of 1 g/100 g.

Partial least squares regression
PLSR is  a  technique that diminishes the  predictors to 

a smaller series of uncorrelated components and makes least 
squares regression on the components rather than the origi-
nal data. For instance, PLSR is  often used to establish re-
lationships between instrumental and  sensory descriptive 
data. Based on this technique, the process-checking strategies 
primarily measure the unrealized variable models to explain 
the error recognition indices later. Today, such strategies have 
extraordinary potentials for industrial applications [Godoy 

et  al., 2014; Martens & Martens, 2001]. Thus, the  predic-
tion of  sensory characteristics by  instrumental dimensions 
is of supreme importance in the food industry, as it provides 
much information about the  appropriateness and  quality 
of the final product. Several researchers have afforded to cor-
relate various chemical and  rheological properties describ-
ing the quality and shelf life of different food products with 
sensory characteristics [Hejri-Zarifi et al., 2013; Pourfarzad 
et  al., 2012; Qaziyani et  al., 2019]. Determining the  quality 
profile by  instrumental dimensions has the  benefits of  high 
convenience, reproducibility, and  directness compared to 
the evaluation of sensory components [Sabanis et al., 2009]. 
Thus, the  instrumental properties with the  most significant 
interrelationships with other properties were used as the pre-
dictors. In  our study, the  instrumental texture parameters 
(hardness and adhesiveness), acidity and oil separation dur-
ing storage were used to predict sensory scores of hazelnut 
butters. The output regression equations are given in Table 7. 

FIGURE 1. Biplot of principal component analysis of hazelnut butters containing lecithin and mono and di-glycerides and without emulsifiers. Vari-
ables are sensory characteristics (taste, flavor, texture, color, spreadability, and overall acceptance), texture parameters (hardness and adhesiveness), 
and quality properties (acidity and oil separation on day 1, 30, 60, and 90 of storage).
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The  high coefficients of  multiple determination (94.73%– 
–99.97%) provide evidence for the  applicability of  PLSR 
model within the ranges of the variables involved. 

CONCLUSIONS

Generally, the  results of  the  present research showed 
that the hazelnut butter could be a good food product to in-
crease the consumption of nutritious hazelnuts. The lecithin 
and mono- and di-glycerides as emulsifiers had no negative 
effect on the  sensory characteristics and  texture parameters 
of hazelnut butter. Both emulsifiers improved hazelnut but-
ter stability. By  optimizing the  physicochemical proper-
ties and  sensory characteristics of  hazelnut butter, the  best 
qualitative, sensory, and  shelf life properties were observed 
in  the  samples containing lecithin at the  level of  2  g/100  g 
and mono- and di-glycerides at the level of 1 g/100 g. More-
over, the  sensory characteristics was significantly positively 
correlated with hardness and  negatively with oil separation 
during storage. These findings were confirmed by  PCA re-
sults. Combining the sensory scores and data of instrumental 
measurements in the PLSR analysis provided a valuable in-
sight for predicting the effect of physicochemical properties 
on the  sensory characteristics of hazelnut butters. In  future 
study, the  effect of  other factors such as hazelnut roasting, 
content of antioxidants and sweeteners on the hazelnut butter 
quality, stability, and marketing can be considered.
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