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Abstract: Hazelnut beverage is a plant-based beverage produced from hazelnut cake as
a by-product obtained after cold press extraction. It has high nutritional value and a
significant percentage of consumers show interest in it due to its health benefits. In
this study, hazelnut beverage manufactured from by-products of hazelnut oil industry
was incorporated into functional yoghurt production. Five formulations (ratio of 1/0, 3/1,
2/1, 1/1, 0/1, v/v, cow milk/hazelnut beverage) of yoghurt-like products were prepared
to indicate the storage period of the samples and the analysis performed. For yoghurt
production, hazelnut beverage and cows’ milk were standardized to 14.5 g 100 g -1 with
skimmed milk powder. The use of hazelnut beverage in yoghurt production negatively
affected L. bulgaricus counts. Water holding capacity and viscosity values were improved
by using hazelnut beverage. Increasing hazelnut beverage concentration led to an
increase in the total phenolic compounds and antioxidant activity, malic acid levels and
also unsaturated fatty acids, especially oleic and linoleic acid. Using the ratio of 3/1
was found the best in view of appearance, flavor and overall acceptability. Based on the
structural, rheological and sensorial properties, this study could guide the dairy industry
to use hazelnut beverage obtained from hazelnut cake.

Key words: fruit crops, functional properties, hazelnut beverage, rheology, structure,
yoghurt.

INTRODUCTION

Yoghurt is a fermented dairy product, commonly made from cow’s milk by the proto-cooperative
action of two lactic acid bacteria of Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus
thermophilus (Isanga & Zhang 2009). Over the last decades, there has been an increasing demand
for dairy alternative products due to health problems associated with lactose intolerance, cholesterol
content and allergenic milk proteins (Santos et al. 2014). Consumption of functional foods is also
increasing due to consumers’ awareness of the importance of a healthy diet (Aboulfazli & Baba 2015).
Plant-based beverages have a good potential to fulfill these expectations and to act as a potential
source for functional compounds like antioxidants and dietary fiber (Luana et al. 2014). Recently, a
few studies about manufacturing yoghurt-like products by using soy beverage (Donkor et al. 2007),
corn beverage (Supavititpatana et al. 2008), peanut beverage (Isanga & Zhang 2009) and mango-soy
beverage (Kumar & Mishra 2004) have been reported. By-products from hazelnut oil processing are
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not generally used for human nutrition due to the treatment with chemicals in the extraction step. In
contrast, cold press extraction is the only oil production method without heat or solvent treatment.
It has a major advantage in minimizing the degradation of nutritive constituents. In a previous study,
hazelnut beverage was manufactured from by-product of cold pressing process. Microstructure and
rheological properties of hazelnut beverage are improved by applying high-pressure homogenization
and a drinkable vegetable beverage is characterized (Gul et al. 2017). Several works have been reported
about the manufacture of fermented beverage from hazelnut slurry (oil not removed) obtained
from hazelnut by grounding with water (Bernat et al. 2014, Ilyasoğlu et al. 2015, Maleki et al. 2015,
Ozturkoglu-Budak et al. 2016, Atalar 2019). In this study, the potential usage of hazelnut beverage
produced from cold-pressed hazelnut cake for yoghurt production was investigated in terms of its
physicochemical, microbiological, rheological and bioactive properties. It was also aimed to utilize
by-products of oil industry for human nutrition, thereby reducing industrial waste.

MATERIALS AND METHODS

Materials

Hazelnut kernels (skin removal) were obtained from Gursoy Hazelnut Production Factory (Ordu,
Turkey). The oil was removed from hazelnut kernels by using a headed cold press machine (Ekotok
1, Izmir, Turkey) and obtained cold press hazelnut cake (8.77% moisture, 45.62% protein, 23.89%
carbohydrate, 16.93% lipid, and 4.79% ash) was used as the main ingredient for hazelnut beverage
production. Cow’s milk was purchased from Pilot Dairy Plant of Ondokuz Mayis University and the milk
used for the yoghurt production had 6.7 pH, 12.36% total solid content, 3.58% fat and 3.81% protein
which were determined according to Bradley et al. (1992). Skimmed milk powder was purchased from
a dairy factory (Pinar Dairy Co., Izmir, Turkey). The yoghurt starter culture (YO-MIX 511 LYO 100 DCU)
was obtained from Danisco (Paris, France). All reagents and solvents (analytical grade or HPLC grade)
were purchased from Merck (Darmstadt, Germany). FAME mix, organic acid standards, ABTS and gallic
acid were obtained from Sigma-Aldrich (St. Louis, MO, USA).

Preparation of hazelnut beverage

Hazelnut beverage was prepared by a method reported earlier (Gul et al. 2018) with slight
modifications. Hazelnut cake was grounded using a blender (Waring laboratory blender, Conair
Corporation, Stamfold, CT, USA) for 10 min. Obtained hazelnut flour was mixed with distilled water at
a ratio of 1.25:10 (w/v) and homogenized using an Ultra-Turrax homogenizer (IKA-Werke GmbH & Co.
KG, Staufen, Germany) for 10 min at 10,000 rpm. High-pressure homogenization treatment was carried
out using a double stage high-pressure homogenizer (Panda PLUS 2000, GEA Niro Soavi, Parma, Italy)
operated at 100 MPa pressure. Hazelnut beverage passed only 1 time through the homogenizer. The
temperature of the samples after the homogenization process was measured as 38 ºC (±3 ºC). The
chemical composition of the produced hazelnut beverage was as follows: 6.48 pH, 12.41% total solids,
4.71% protein, 1.45% lipid, 3.03% carbohydrate and 0.62% ash.
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Yoghurt preparation

The total solid contents of hazelnut beverage and cow milk were standardized to 14.5 g 100 g-1

by adding skimmed milk powder and then mixed at a ratio of 1/0, 3/1, 2/1, 1/1 and 0/1 (v/v, cow
milk/hazelnut beverage) and coded as A, B, C, D and E respectively. Each mixture was homogenized
under pressure of 25 MPa at 65 ºC and then heated at 90 ºC for 10 min. The pasteurized milk was
rapidly cooled to 45 ºC in a water bath and then inoculated with 3 mL 100 mL-1 starter yoghurt culture
(Streptococcus thermophilus and Lactobacillus bulgaricus). Incubation was carried out at 43 ºC for 4-5
h until pH was 4.5. Samples were analyzed at the 1st, 7th, 14th, and 21st days of storage.

Chemical analysis

The pH of the samples was measured with a pHmeter (Eutech Cyberscan pH 2700, Ayer Rajah Crescent,
Singapore) by directly submerging the probe into the yoghurt samples. The AOAC methods (AOAC
1995) were used for proximate analyzes of yoghurt samples as moisture content, total fat content, and
protein content. A multiplication factor of 6.38 was used to convert nitrogen percentage into protein
percentage. The peroxide value was determined using a modified method of Ghorbanzade et al. (2017).
An amount of 1 g of extracted oil sample was dissolved in 25 mL of chloroform : acetic acid at 2/3 (v/v)
and 1 mL of saturated potassium iodide were added. Themixture was shaken for 1 min and then kept in
the dark for 6 min. After adding distilled water (75 mL) and starch solution (1 mL, 1%, w/v), the mixture
was titrated with sodium thiosulfate (0.01 N) until transparent. The peroxide values were expressed
as miliequivalent peroxide kg-1 sample.

Microbiological analysis

Yoghurt samples (10 g) were diluted in 90 mL of sterile sodium thiosulfate solution (0.2% w/v) and
homogenized for 3 min using a stomacher (Smasher, AES Chemunex, Bruz, France). Serial dilutions
were made using a Ringer solution (Merck, Darmstadt, Germany). The enumeration of S. thermophilus
was performed using M17 agar (Merck, Darmstadt, Germany), and the plates were incubated aerobically
at 37 ºC for 48 h. L. bulgaricus population were counted on MRS agar (Merck, Darmstadt, Germany)
adjusted to pH 5.2 with acetic acid under anaerobic incubation in an anaerobic jar at 45 ºC for 72 h.
Yeast and moulds were enumerated by using YGC agar (Merck, Darmstadt, Germany) at 25 ºC for 5 d.
The enumeration of microorganisms was performed in triplicate and cell concentration was expressed
as log CFU g-1 of yoghurt.

Water-holding capacity (WHC) analysis

The WHC of yoghurt samples was measured according to the method described by Isanga & Zhang
(2009) with slight modifications. Twenty grams of yoghurt were weighed into a 50 mL test tube
and centrifuged (Nüve-Bench Top Centrifuge, NF 1200R, Turkey) at 3,250 x g for 20 min at 4 ºC. The
percentage of WHC was defined as:

WHC = (1 –W1/W2)x100 (1)

where, W1 is the weight of whey after centrifugation, W2 is the weight of sample.
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Rheological analysis

Rheological analyses of yoghurt samples were measured by using Haake Mars III rheometer (Thermo
Scientific, Germany) with cone and plate geometry (35 mm diameter, 2º angle) and the gap between
cone and plate was set at 0.106 mm. Measurements were performed in the shear rate range of 1-100
s-1 at 20 ºC. The flow behaviors of the samples were described by Ostwald de Waele model (2) using
Rheowin Data Manager Software (version 4.20, Haake):

ηapp = Kγ(n-1) (2)

where, ηapp is apparent viscosity (Pa.s), γ the shear rate (s-1), K the consistency index (Pa.sn) and n the
flow behavior index (dimensionless). Each measurement was repeated three times for each sample.
The apparent viscosity values of yoghurt samples were evaluated at the specified shear rate of 50 s-1

indicates shear rate in mouth.

Color properties

The color properties (L*, lightness; a*, red-green; b*, yellow-blue) of yoghurt samples were measured
using a calorimeter (Minolta Chroma Meter, CR-400, Osaka, Japan). Color of the samples was
characterized as Whiteness Index (WI) by following equations (3):

WI = 100 –
√
(100 – L∗)2 + (a*)2 + (b*)2 (3)

Phenolic compounds and antioxidant activity

The extraction of phenolic compounds from yoghurt samples was carried out using amodifiedmethod
of Bertolino et al. (2015). Yoghurt sample (10 g) diluted with 2.5 mL of distilled water was centrifuged
(Nuve-Bench Top Centrifuge, NF 1200R, Turkey) at 8,000 x g for 30 min at 4 °C. Suspensions were
filtered with Whatman filter paper no. 1 and the filtrate was used for total phenolic content (TPC)
and 1,1-diphenyl-2-picrylhydrazil (DPPH) analysis. The TPC was determined according to Ilyasoğlu et
al. (2015), with somemodifications. Briefly, 0.5 mL of extract was mixed with 2.5 mL of Folin Ciocelteau’s
phenol reagent (0.2 N) and 2 mL of sodium carbonate. After the incubation of 2 h at room temperature,
the absorbance of the mixture was measured at 760 nm using a UV/VIS spectrophotometer (Thermo
Fisher, G10S UV-Vis, USA) against 1 mL of distilled water as blank. The TPC value was assessed based
on plots of a gallic acid calibration curve (linearity range: 5-100 mg L-1; R2 = 0.998) and results were
expressed as µg gallic acid equivalents (GAEs) per gram of sample. The DPPH radical scavenging activity
of the extracts was measured according to the method of Maleki et al. (2015), with some modifications.
Briefly, 0.1 mL of extract was added to 4.9 mL of a 6.1 x 10-5 M DPPH solution and vortexed for 0.5
min. After the incubation for 2 h in the dark at room temperature, the mixture was centrifuged at
3,000 x g for 10 min and then, the absorbance was recorded against methanol as control at 517 nm
by a spectrophotometer (Thermo Fisher, G10S UV-Vis, USA). The scavenging activity was calculated
according to the formula (4):

DPPH scavenging activity(%) = ((Ac – As)/Ac)x100 (4)

An Acad Bras Cienc (2022) 94(1) e20191172 4 | 21



OSMAN GUL et al. POTENTIAL USE OF HIGH PRESSURE HOMOGENIZED HAZELNUT BEVERAGE

where Ac is the absorbance of the control (methanol) and As is the absorbance of the sample. The
results were stated as µM Trolox equivalents (TE) per gram of sample. The calibration curve linearity
range was 5-100 mg L-1 (R2 = 0.999).

Organic acid composition

To measure organic acid compositions, 5 g of each yoghurt samples was mixed with 25 mL of H2SO4
(0.01 N) followed by centrifuging (Sigma 3K30, Germany) at 7,000 g 4 ºC for 7 min. The clear supernatant
was removed and filtered with a nylon disc filter (Supelco Iso-DiscTM Filters, N-25-4 Nylon, 25 mm x 0.45
µm) and transferred into vials. Organic acids were determined by high-pressure liquid chromatography
(HPLC) (Agilent, 1260, Germany) system consisting of an autosampler, pump, temperature-controlled
column oven and UV detector. The analytical separation of acids was performed with Shim-pack 150
mm, 4.6 mm i.d ODS-3 column. As a mobile phase, 10 mM perchloric acid was used and analysis
conditions were arranged as 0.5 mL min-1 isocratic flow rate; 35 ºC oven temperature; 210 nm
wavelength; 20 µL sample injection volume. Individual organic acids were identified by comparing
elution times with standard solutions elution times and also the quantification of acids was performed
using calibration curves obtained from standard solutions (Gul et al. 2015).

Fatty acid composition

The fatty acid composition was determined using gas chromatography (GC) after the esterification of
cold extracted fat according to a study performed by Dervisoglu et al. (2013) with some modifications.
To perform fatty acid profile, yoghurt samples were initially cold extracted. Each yoghurt sample (50
g) was centrifuged at 4000 rpm for 15 min and then, supernatant was removed. Ten grams of kieselgel
powder and 100mL of ether were added to the precipitated part. After mixing step, the mix was filtered
through a filter paper. Purification of fat was conducted by using Rotary evaporator (Buchi Rotavapor,
R-200, Switzerland) at 80 mPa vacuum conditions. After the cold extraction, 0.4 mL of pure fat was
mixed with 4 mL of 2,2,4-trimetilpentan for 30 s and then stored at dark conditions for 6 min. Two
mL of KOH (2 N) was added and then neutralized with HCl (1 N). After the phase separation, the top
layer was taken and analyzed in GC (Shimadzu, Japan). Supelco DB 88 capillary column (60 m X 0.25
mm i.d., 0.25 µm) (J & W Scientific, Folson, CA, USA) and flame ionization detector (FID) were used to
perform analysis. The identification of fatty acid methyl esters was performed by using standard fatty
acid methyl esters reference mixture (Supelco 37 Component FAME Mixture, Bellefonte, PA, USA) and
fatty acids were expressed as a percentage weight of the amount of total fatty acids.

Sensory properties

Sensory evaluation was assessed by sixteen semi-trained panelists (7 males and 9 females, age range
23-50) including both staff and students of the Department of Food Engineering, Ondokuz Mayis
University throughout the storage period. The samples (20 g) were served at approximately 6-8 ºC in
transparent plastic cups coded with random three-digit numbers in a completely randomized order.
Sensory attributes of yoghurt samples were evaluated in terms of flavor, consistency, appearance, and
overall acceptability with maximum scores of 10, 5, 5 and 10, respectively. A structured ten or five-point
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hedonic scale ranging from “like extremely” to “dislike extremely” was used to numerically describe
the sensory properties.

Statistical analysis

All experiments were performed in three series and in duplicate. Results were expressed as mean
± standard deviation. The results were analyzed with one-way ANOVA to determine the significant
differences between yoghurt samples and storage days. The results were compared by Duncan
multiple range tests with a confidence interval set at 95%.

RESULTS AND DISCUSSION

Physicochemical properties

The physicochemical properties of yoghurt samples during 21 days of storage were shown in Table
I. The pH values of the yoghurt samples ranged from 4.49 to 4.61 on the first day of storage. After
the fermentation, pH value of sample E was lower than the other yoghurts and there was no
significant difference among the other yoghurt samples (P> 0.05). This result could be attributed to
the higher buffer capacity of cows’ milk. Sunny-Roberts et al. (2004) reported that the final pH of
fermented groundnut beverage was found within the acceptable ranges of 4-4.5 after 36 h incubation.
When compared to soy beverage and cow’s milk yoghurts, it was found that the drop in pH during
fermentation was faster in the soy beverage than in cow’s milk; however, the final pH of yoghurts was
found similar (Farnworth et al. 2007). During storage, the change in pH was found to be more stable
in sample E. This result might be related to the limited availability of lactose required for the growth
of microorganisms throughout storage. Bertolino et al. (2015) reported that the pH value of yoghurts
was not related to the added hazelnut skin and ranged from 4.46 to 4.52. The authors also indicated
that skin added yoghurts show a slight decrease in pH (0.19 and 0.28 units) during storage as in our
findings. The pH reduction of yoghurts has an important role in the prediction of the shelf life of
yoghurts. The addition of hazelnut beverage to yoghurt formula may become an important tool for
extending the shelf life. As shown in Table I, titration acidity values of yoghurt samples at the 1st day of
storage ranged from 0.76% to 0.88% (expressed as % lactic acid) and the highest titratable acidity was
found only in sample E (P<0.05), consistent with pH results. The highest fat content was determined
as 3.19% in sample A. Addition of hazelnut beverage reduced the fat contents of yoghurt samples
(P<0.05). The reduction in fat content could be considered as an advantage for the preservation of
yogurt quality since the development of rancidity may be retarded. The highest protein content (5.49%)
was achieved in sample E and the use of cow milk resulted in a decrease in the protein content of the
yoghurts (P<0.05). As shown in Table I, sample E had significantly higher peroxide values (2.23 meq
kg-1) than the other samples (P<0.05), while the peroxide value was not detected in samples A and B
after yoghurt production. The use of hazelnut beverage for yoghurt production caused an increase in
peroxide value (P<0.05). Similar results were found in previous studies which reported that peroxide
value of yoghurt increase with purple rice bran oil (Alfaro Sanabria 2012) and rice bran (Demirci et al.
2017). The peroxide value increased along with storage time. At the end of storage time, control sample
had the lowest peroxide value as 2.03 meq kg-1 while sample E had the highest peroxide value as 4.43
meq kg-1. One of the major concerns in food quality deterioration is lipid oxidation and off-flavor can
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be developed during the oxidative process (Tseng & Zhao 2013). Considering sensory evaluation, all
yoghurt samples could be consumed because panelists did not detect subjectively off-flavor in all
yoghurt samples during the storage period.

Table I. Physicochemical properties of yoghurt-like product produced with cow milk and hazelnut
beverage during storage at 4 °C.

Storage time (days)

Physicochemical Properties Samples (v/v)* 1 7 14 21

pH

A 4.61±0.02aA 4.38±0.04dB 4.35±0.01bB 4.29±0.06bB

B 4.56±0.05aA 4.33±0.01cdB 4.22±0.04cC 4.20±0.03cC

C 4.59±0.01aA 4.43±0.01bB 4.45±0.04aB 4.34±0.02abC

D 4.58±0.03aA 4.36±0.03cB 4.34±0.03bB 4.30±0.02bB

E 4.49±0.04bA 4.50±0.02aA 4.37±0.01bB 4.39±0.02aB

Titratable acidity (% lactic acid)

A 0.76±0.01aB 1.16±0.07aA 1.23±0.07aA 1.17±0.06bA

B 0.83±0.03aC 1.13±0.01aB 1.17±0.03aB 1.25±0.02aA

C 0.86±0.01aB 1.03±0.02bA 1.05±0.01bA 1.08±0.05cA

D 0.83±0.03bC 0.98±0.01bB 1.01±0.06bB 1.16±0.02bA

E 0.88±0.02eA 0.86±0.02cA 0.88±0.03cA 0.89±0.01dA

Fat (%)

A 3.19±0.03aA 3.23±0.18aA 3.27±0.15aA 3.23±0.1aA

B 2.98±0.1bA 3.05±0.06aA 3.03±0.06aA 3.06±0.09bA

C 2.78±0.23bA 2.83±0.11bA 2.83±0.06bA 2.87±0.08bA

D 2.38±0.05cA 2.42±0.03cA 2.44±0.07cA 2.4±0.05cA

E 1.4±0.1dB 1.53±0.05dAB 1.53±0.06dA 1.6±0.1dA

Protein (%)

A 4.67±0.05bcA 4.7±0.1cdA 4.76±0.05cA 4.66±0.07cA

B 4.59±0.15cA 4.57±0.08dA 4.48±0.04dA 4.45±0.07dA

C 4.76±0.11bA 4.81±0.12cA 4.55±0.08dB 4.59±0.05cdB

D 5.32±0.06aA 5.13±0.05bB 5.12±0.06bB 5.03±0.18bB

E 5.49±0.13aA 5.68±0.15aA 5.56±0.08aA 5.61±0.06aA

Peroxide (meq kg-1)

A ND** 0.84±0.08dB 1.45±0.06dB 2.03±0.13eA

B ND 1.17±0.06cC 2.05±0.05cB 2.52±0.12dA

C 1.09±0.06cD 1.83±0.12bC 2.31±0.13bB 2.83±0.06cA

D 1.34±0.09bD 1.99±0.09bC 2.64±0.11bB 3.36±0.09bA

E 2.23±0.11aC 2.26±0.13aC 3.48±0.12aB 4.43±0.14aA

a,b,c,d Means in the same column with different lowercase letters show significant differences between samples (P<0.05). A, B, C, D
Means in the same row with different uppercase letters show significant differences 636 between storage periods (P<0.05). *
The samples of A, B, C, D, and E indicate a ratio of 1/0, 3/1, 2/1, 1/1 and 0/1 (v/v, cow milk/hazelnut beverage), respectively.
**Not detected.
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Microbiological analysis

Viable counts of S. thermophilus and L. delbrueckii subsp. bulgaricus in yogurts produced using cow
and hazelnut beverage were shown in Fig. 1a and 1b, respectively. On the first day of cold storage, the
number of S. thermophilus in yoghurt samples ranged from 8.02 to 8.25 log cfu g-1 and there was no
significant difference in the cell counts between samples (P>0.05). At the end of the fermentation, the
number of S. thermophilus in all yoghurt samples was higher than the recommended level in Codex
Alimentarius (107 cfu g-1). The obtained results are consistent with the results of hazelnut skin added
yoghurts (8.38-8.67 log cfu g-1) (Bertolino et al. 2015) and yoghurts made with soy beverage (8.3 log cfu
g-1) (Farnworth et al. 2007), but higher than the findings of yoghurt-like product manufactured from
hazelnut slurry (Ilyasoğlu et al. 2015). During storage, S. thermophilus showed a continuous decrease
and at the end of storage, it was determined to be nearly 7 log cfu g-1 for all yoghurt samples. The
increase in the proportion of hazelnut beverage used in yoghurt production led to a rapid decrease
in the number of S. thermophilus . However, no significant difference was detected between the S.
thermophilus counts of the yoghurt samples at the end of storage (P>0.05). Bertolino et al. (2015)
reported 1 log reduction in S. thermophilus viability in hazelnut skin added yogurt samples during
storage. A slight decrease is also observed in nut fortified yoghurt samples after the 7th day of storage
(Ozturkoglu-Budak et al. 2016).

Figure 1. Growth of S. thermophilus (a) and L. delbrueckii subsp. bulgaricus (b) during storage of yoghurt-like
products produced with cow milk and hazelnut beverage during storage at 4 °C.

The highest number (8.13 log cfu g-1) and the lowest number (7.18 log cfu g-1) of L. bulgaricuss
were found in A and E samples, respectively (P<0.05). The use of hazelnut beverage in yoghurt
production led to a decrease in the number of L. bulgaricus compared to the control (A) sample.
The low L. bulgaricus counts in the samples produced with hazelnut beverage could be attributed to
the inhibitory effect of antimicrobial and phenolic agents present in hazelnut (Oliveira et al. 2008).
Bertolino et al. (2015) found the number of L. bulgaricus as 7.73 log cfu g-1 in control and 7.64 log cfu
g-1 in hazelnut skin enriched yogurt. Ilyasoğlu et al. (2015) reported that the number ofL. bulgaricus
obtained in yoghurt samples is 2.36 to 6.55 log cfu g-1 which is lower than our findings. During storage,
the number of L. bulgaricus in samples A and C decreased continuously. In samples B and E, the
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number of L. bulgaricus increased until the 7th day of storage and then decreased the rest of the
storage. Generally, the number of L. bulgaricus counts (compared to day 1) was decreased at the
end of storage except for sample D. Bertolino et al. (2015) found that the number of L. bulgaricus
in yoghurt samples decreases less than 1 log throughout storage. Cell numbers of presumptive lactic
acid bacteria in vegetable yogurt-like beverages decrease nearly 1 cycle after 30 days of storage period
(Coda et al. 2012). Bernat et al. (2014) fermented hazelnut beverage with Lactobacillus rhamnosus GG
and S. thermophilus and reported that defined formulation allows high probiotic survivals (108 cfu
mL-1) throughout cold storage. No yeast-mold was detected throughout storage in any of the yoghurts
analyzed.

Water-holding capacity (WHC)

The WHC of the yoghurt samples was presented in Table II. It was observed that control (sample A)
showed the lowest value of WHC (P<0.05) and utilization of hazelnut beverage to yoghurt production
led to an increase in WHC values of yoghurt probably due to the different types of proteins in cow milk
and nut beverage. Interactions between proteins and water are very important for food systems due
to their effects on the flavor and texture properties of yoghurt samples. There are several important
factors influencing water holding capacity of foods. The amino acid composition of the proteins, the
structures of the proteins and the ratio of surface polarity/hydrophobicity of the proteins are the
major effects (Isanga & Zhang 2009). The highest WHC was determined in sample E, which had a
higher protein content (P<0.05), and this might be due to effective immobilization of the aqueous
phase by the nut protein in the yoghurt network, which thus significantly increased the WHC. Our
results agree with the previous reports on WHC increase in yoghurt supplemented with dried nut
(Ozturkoglu-Budak et al. 2016) and hazelnut slurry (Ilyasoğlu et al. 2015). The WHC of control sample
significantly increased during storage, but the highest WHC was observed at sample E at the end of
the storage period. The increase of hazelnut beverage concentration for yoghurt production led to an
increase in WHC values of yoghurt; however, there was no significant difference between samples B
and C (P>0.05). Ozturkoglu-Budak et al. (2016) reported that a slightly higher WHC observed in yoghurts
fortified with dried nut towards the end of storage might be explained by the enriched protein content
of fortified yogurts arising from nut composition.

Rheological analysis

The rheological properties of yoghurt samples during 21 days of storage were given in Table II. Ostwald
de Waele model was successfully fitted to describe the flow behavior of the yoghurt samples (except
sample E) with high R2 values, ranging between 0.974 and 0.998. We did not evaluate the flow curve of
sample E since the flow curve of this sample did not fit well to Ostwald de Waele model. All samples
(except sample E) had a shear thinning behavior with values of flow behavior index (n) ranging from
0.26 to 0.57, with lower values for hazelnut beverage fortified yogurts compared to the control sample,
suggesting a less viscous nature of the fortified product (Sah et al. 2016). Therefore, all yoghurts
exhibited a shear thinning behavior which could be due to the shear-induced breakdown of the gel
structure and the weakening of interactions within the yoghurt network structures. The consistency
index (K) value was observed to increase as the hazelnut beverage concentration increased throughout
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Table II.Water holding capacity (WHC) and rheological properties of yoghurt-like
product produced with cow milk and hazelnut beverage during storage at 4 °C.

Storage time (days)

Samples (v/v) 1 7 14 21

WHC

A 52.86±2.24dD 56.49±0.56dC 60.07±2.43cB 64.25±0.26cA

B 58.05±0.14cB 57.29±1.8cdB 62.91±0.86bcA 65.39±1.72cA

C 59.71±2.06cB 60.63±1.27bcB 60.25±1.73cB 64.85±1.89cA

D 65.8±0.72bB 62.82±2.25bB 64.61±1.43bB 69.16±0.73bA

E 72.33±1.66aA 71.28±0.46aA 72.93±1.29aA 74.21±1.67aA

ηapp(Pa.s)

A 0.18±0.02cC 0.38±0.06bA 0.33±0.03cAB 0.28±0.01dB

B 0.27±0.04bB 0.45±0.02bA 0.47±0.07bA 0.52±0.06cA

C 0.30±0.02bB 0.41±0.03bA 0.45±0.02bA 0.53±0.03cA

D 0.25±0.03bD 0.39±0.04bC 0.53±0.05bB 0.71±0.01bA

E 0.84±0.04aC 1.27±0.28aB 1.57±0.20aA 1.54±0.11aA

K (Pa.sn)

A 2.04±0.18cB 2.22±0.38cAB 2.84±0.37cA 1.63±0.22cB

B 5.07±0.52abB 5.57±0.45bB 4.96±0.83bB 7.35±0.46bA

C 4.77±0.39bB 4.97±0.21bB 5.01±0.34bB 6.95±0.12bA

D 5.94±0.48aC 8.11±0.51aB 11.02±0.26aA 11.41±0.6aA

E ND** ND ND ND

n

A 0.40±0.04aB 0.51±0.04aA 0.49±0.03aAB 0.57±0.08aA

B 0.29±0.01bB 0.32±0.05bB 0.4±0.03bA 0.3±0.05bB

C 0.26±0.05bA 0.33±0.02bA 0.32±0.03cA 0.25±0.03bA

D 0.28±0.05bA 0.26±0.03bA 0.25±0.06cA 0.21±0.01cA

E ND ND ND ND

R2

A 0.998±0.01 0.973±0.01 0.996±0.01 0.975±0.01

B 0.998±0.01 0.983±0.01 0.994±0.01 0.974±0.03

C 0.998±0.01 0.982±0.01 0.993±0.01 0.994±0.01

D 0.993±0.01 0.997±0.01 0.988±0.01 0.983±0.01

E ND ND ND ND

a, b, c, d Means in the same column with different lowercase letters show significant differences between
samples (P<0.05). A, B, C, D Means in the same row with different uppercase letters show significant
differences between storage periods (P<0.05). ηapp: apparent viscosity at 50 s-1 shear rate; K : consistency
index; n: flow behavior index (dimensionless); R2 : determination coefficient of Eq. 2. * The samples of A,
B, C, D, and E indicate a ratio of 1/0, 3/1, 2/1, 1/1 and 0/1 (v/v, cow milk/hazelnut beverage), respectively.
** Not detected.
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the whole storage process. On the other hand, K values of yoghurt samples (except sample A)
significantly increased during fermentation period (P<0.05). This could be related to occurring of
flocculation in the hazelnut beverage fortified samples mainly due to a change in the pH and the
effect of the water on the macromolecules and particles (Bernat et al. 2014). As can be seen in Table
II, the viscosity values of the yoghurt samples varied considerably due to the proportion of milk types.
In general, the viscosity values of the yoghurt samples are related to the total solid content and the
higher total solid content leading to higher viscosity (Tamime & Robinson 1999). Although the total
solid contents of all yoghurt samples were almost similar, the lowest and the highest viscosity values
were found as 0.18 and 0.84 Pa.s for sample A and E, respectively. This may partly be explained by the
slightly higher protein contents in hazelnut beverage than those in cow’s milk. The viscosity values of
the yoghurts changed significantly during storage (P<0.05). Up to the 7thday of storage, an increase in
the viscosity values was observed for all samples and then the viscosity value of sample A decreased.
Nevertheless, the viscosity values of B, C, D and E samples increased during storage and this increase
was probably due to more water-binding properties of the proteins in the added hazelnut beverage.
Yaakob et al. (2012) reported that the protein present in coconut beverage formed more gel with the
increase of acidity resulting in high viscosity of yoghurt. Similar findings were also observed for peanut
beverage yoghurt (Isanga & Zhang 2009).

Color properties

The color values of the yogurts produced using hazelnut beverage and cow milk were given in Table
III. The L* values of yoghurt samples were measured between 82.64 and 92.07 at the initial of the
storage period and the addition of hazelnut beverage to yoghurt resulted in a significant decrease
in L* value (P<0.05). In contrast to our findings, Ilyasoğlu et al. (2015) reported that the total solids
content of the hazelnut slurry has no significant effect on the L* value of yoghurt-like product. Up to
the 14th day of storage, there was no statistical change in L* values of yoghurt samples (except for
the sample A), but L* values of all samples increased at 21stday days except sample D which had no
change during the storage period. All yoghurt samples had a negative a* value (except for sample E)
and the usage of hazelnut beverage in yoghurt production caused an increase in redness of yoghurt
samples (P<0.05). Similarly, the usage of hazelnut beverage led to an increase in the b* values of the
samples (P<0.05). Ilyasoğlu et al. (2015) found that total solids content of the hazelnut slurry has a
significant impact on the a* and b* values; enhances the a* and b* values, possibly due to the color
properties of the hazelnut slurry. While not much change was observed in a* and b*values of sample
A, they decreased in yoghurts containing hazelnut beverages during storage (P<0.05). The highest and
lowest WI values were determined in samples A and E, respectively (P<0.05). Similar to L* values,
the WI values decreased with the increase of hazelnut beverage concentration and increased during
cold storage. The visual properties of whole milk are important characteristics for food preferences
and the perception of milk whiteness has been demonstrated to have the most positive influence
on increasing consumer appeal (García-Pérez et al. 2005). Although the replacement of cow milk
with hazelnut beverage decreased the WI values of yoghurt samples compared to cow milk yoghurt,
samples B and C could be acceptable considering WI value of sample A.
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Table III. Color properties of yoghurt-like product produced with cow milk and hazelnut
beverage during storage at 4 °C.

Storage time (days)

Color Properties Samples* 1 7 14 21

L*value

A 92.07±0.16aC 92.20±0.02aBC 92.28±0.12aAB 92.43±0.09aA

B 89.86±0.06bB 89.85±0.27bB 89.86±0.21bB 90.60±0.18bA

C 88.98±0.04cB 89.10±0.04cB 89.14±0.06cAB 89.41±0.29cA

D 87.12±0.01dA 87.09±0.03dA 87.17±0.16dA 87.15±0.21dA

E 82.64±0.01eB 82.85±0.04eAB 82.89±0.24eAB 83.08±0.11eA

a*value

A -1.19±0.01eA -1.2±0.08eA -1.25±0.06eA -1.2±0.6eA

B -0.59±0.03dAB -0.52±0.05dA -0.67±0.1dB -0.92±0.01dC

C -0.24±0.02cA -0.28±0.01cAB -0.36±0.02cBC -0.4±0.09cC

D -0.13±0.01bA -0.09±0.02bA -0.17±0.03bA -0.19±0.09bA

E 0.48±0.01aA 0.44±0.02aAB 0.41±0.03aB 0.38±0.01aB

b* value

A 11.22±0.07dA 11.29±0.08cA 11.27±0.11cA 11.25±0.02cA

B 11.25±0.02dA 11.25±0.06cA 11.06±0.07cB 11.12±0.13cAB

C 11.74±0.01cA 11.68±0.05bA 11.63±0.03bA 11.48±0.14bB

D 11.96±0.03bA 11.75±0.04bB 11.72±0.07bB 11.55±0.06bC

E 12.68±0.05aA 12.32±0.03aB 12.23±0.04aC 12.24±0.04aC

WI

A 85.89±0.15bA 86.23±0.24aA 86.28±0.07aA 86.38±0.01aA

B 84.84±0.05cB 84.84±0.19bcB 85.09±0.09bB 85.41±0.21aB

C 84.39±0.02bC 84.45±0.05bC 84.59±0.06abC 84.81±0.3aC

D 82.42±0.03bD 82.68±0.01abD 82.82±0.24abD 82.57±0.19aD

E 78.49±0.03bE 78.87±0.05aE 78.96±0.27aE 79.11±0.11aE

a, b, c, d, e Means in the same column with different lowercase letters show significant differences between
samples (P<0.05). A, B, C, D, E Means in the same row with different uppercase letters show significant differences
between storage periods (P<0.05). L*: lightness; a*: red-green; b*: yellow-blue; WI: whiteness index. * The
samples of A, B, C, D, and E indicate a ratio of 1/0, 3/1, 2/1, 1/1 and 0/1 (v/v, cow milk/hazelnut beverage),
respectively.

Phenolic compounds and antioxidant activity

The bioactive properties of yoghurts produced from a blend of cow and hazelnut beverage during
storage were given in Table IV. In the yoghurt samples, total phenolic content (TPC) was determined
between 94.48 and 264.8 GAE μg g-1 on the first day of storage. As expected, the TPC value in yogurt
produced with hazelnut beverage was higher than the others (P<0.05) and the use of hazelnut
beverage in yoghurt production led to an increase in the TPC of samples (P<0.05). This increase is in
accordance with the results obtained by Ilyasoğlu et al. (2015) for yoghurt-like product manufactured
from hazelnut slurry and Bertolino et al. (2015) for yoghurt fortified different hazelnut skins. Hazelnut
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is generally recognized as a good source of several required food nutrients, including many kinds
of polyphenols with the main types being tocopherols, especially α- and γ-tocopherols, gallic acid,
p-hydroxybenzoic acid, epicatechin, sinapic acid, and quercetin (Ozturkoglu-Budak et al. 2016). During
storage, TPC tended to increase in yoghurt samples (P<0.05). The increase in TPC throughout storage is
also observed for kefir-fermented soy beverages and hazelnut skin added yoghurt samples (Bertolino
et al. 2015, da Silva Fernandes et al. 2017). Acidic pH of yoghurt samples is also an advantage
that could induce the hydrolysis of some phenolic compounds bonded to other food components
(da Silva Fernandes et al. 2017). As shown in Table IV, the lowest and highest antioxidant capacity
of yoghurt samples was found as 3.22 μM Trolox g-1 and 15.37 μM Trolox g-1 in samples A and E,
respectively (P<0.05). Antioxidant capacity increased with the addition of hazelnut beverage (P<0.05)
that is compatible with TPC values of yoghurt samples. McCue & Shetty (2005) reported that increased
antioxidant activities during soy beverage yogurt production using kefir cultures may be due to
mobilization of phenolic contents. Luana et al. (2014) reported that the yoghurt samples enriched
with oatmeal had higher levels of antioxidant capacity than control samples. The antioxidant activity
of yoghurt samples except samples B and C increased until the 7thday of storage and then showed
a downward trend for all samples. Tea supplemented yoghurt samples showed a similar tendency as
our findings during the storage period (Najgebauer-Lejko et al. 2011). The antioxidant capacity of grape
seed extract fortified yoghurt also decreased throughout storage and the degradation of polyphenols
and decrement of yoghurts antioxidant activities followed first-order kinetic (Chouchouli et al. 2013).

Table IV. Bioactive properties of yoghurt-like product produced with cow milk and hazelnut
beverage during storage at 4 °C.

Storage time (days)

Bioactive Properties Samples 1 7 14 21

TPC (GAE μg -1)

A 94.48±1.5eB 96.82±1.51eB 101.96±1.3eA 102±1.3eA

B 130.51±3.2dB 133±4.06dB 141.49±2.52dA 144.21±1.22dA

C 144.09±1.31cBC 143.59±2.68cC 148.62±0.99cA 148.29±1.71cA

D 161.56±0.52bB 168.05±0.6bA 168.57±0.15bA 169.51±0.96bA

E 264.8±1.44aB 271.08±1.43aA 268.16±2.01aA 257.18±1.51aC

DPPH (μM Trolox g-1)

A 3.22±0.36eB 4.35±0.42eA 2.96±0.6eBC 2.35±0.17eC

B 6.99±0.33dA 6.13±0.28dB 5.52±0.49dBC 4.98±0.29dC

C 7.75±0.09cA 7.68±0.33cA 6.45±0.13cB 6.61±0.18cB

D 8.75±0.24bB 9.43±0.62bA 8.56±0.27bBC 7.91±0.09bC

E 15.37±0.28aA 15.42±0.4aA 13.23±0.41aB 12.94±0.82aB

a, b, c, d, e Means in the same column with different lowercase letters show significant 667 differences between
samples (P<0.05). A, B, C Means in the same row with different uppercase letters show significant differences 669
between storage periods (P<0.05). TPC: total phenolic content; GAE: gallic acid equivalent; DPPH: 1,1-diphenyl-2-671
picrylhydrazil. * The samples of A, B, C, D, and E indicate a ratio of 1/0, 3/1, 2/1, 1/1 and 0/1 (v/v, cow milk/hazelnut
beverage), respectively.
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Organic acid profile

The organic acid content of yoghurts produced using cowmilk and hazelnut beverage and the variation
throughout storage was given in Fig. 2. The highest lactic acid (10.31 mg g-1) after fermentation was
detected in sample A (Fig. 2a). The lactic acid production decreased in an inverse proportion with
the increase of the added hazelnut beverage concentration. The lowest lactic acid was determined
in sample E (6.84 mg g-1; P<0.05). Bertolino et al. (2015) reported that the addition of hazelnuts in
yoghurt production results in lower lactic acid levels and decreases acid production. Lactic acid levels
in yogurt increased during storage, with a minimal increase in sample E (P <0.05). The amounts of
acetic acid in the yoghurt samples on the first day were determined as 0.09-0.13 mg g-1 and there was
no statistically significant difference between the samples (P>0.05; Fig. 2b). However, yoghurt produced
by adding hazelnut beverage had higher acetic acid content. An increase in the acetic acid content of
the samples during storage was observed. The maximum increase was observed in sample A, while
the minimum change was determined in sample E. At the end of fermentation, the citric acid level
was found between 0.63 and 2.07 mg g-1in yoghurt samples and the highest and the lowest value
belongs to the sample of A and E, respectively (Fig. 2c). The decrease in the amount of citric acid
was determined depending on the concentration of hazelnut beverage added to yoghurt (P<0.05).
The content of citric acid did not change during storage and this was probably related to the yoghurt
culture which did not use citrate (Bertolino et al. 2015, Adhikari et al. 2002). As can be seen in Fig.
2d, malic acid was not detected in the yogurts produced only with cow’s milk (found below the limit)
but it was found between 0.11-0.64 mg g-1 in the yogurts with hazelnut beverage. The increase in the
amount of malic acid in yogurts was related to the ratio of hazelnut beverage and the highest value
was found in sample E. Similar results were obtained in yoghurt samples with hazelnut skin (Bertolino
et al. 2015). Succinic acid values determined in yoghurt samples ranged from 0.41 to 0.76 mg g-1 (Fig.
2e). The highest succinic acid content was detected in sample B, while the lowest in sample E. During
storage, the succinic acid contents of the samples were not significantly changed (P>0.05).

Fatty acid profile

The change in the fatty acid profiles of yoghurt samples produced using cow’s milk and hazelnut
beverage during storage was given in Table V. As it can be seen from the table, the fatty acids
that are dominant in yoghurt samples produced using cow milk were myristic, palmitic, stearic and
oleic acid. However, in yoghurt samples produced using only hazelnut beverage, dominant fatty
acids were palmitic, oleic and linoleic. As expected, the increase in the ratio of hazelnut beverage
used in yoghurt production also changed the fatty acid profile. Particularly, saturated fatty acids
such as myristic, palmitic and stearic decreased and unsaturated fatty acids such as oleic and
linoleic increased depending on the ratio of hazelnut beverage. In accordance with the previous
studies (Ozturkoglu-Budak et al. 2016, Amaral et al. 2005) and the sample E in this study, hazelnut
was identified as a significant source of monounsaturated fatty acids with higher contents of oleic
acids-the main group of fatty acids- and also polyunsaturated fatty acids with higher linoleic acid.
Palmitic acid, the most abundant fatty acid of cow’s milk ranged from 28.17% to 28.43% in control
sample during storage. Oleic acid was the highest in the yogurts produced using hazelnut beverage and
showed a decrease from 74.77% to 70.44% in sample E during storage. Oleic acid is also dominant fatty
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Figure 2. Organic acid profiles of yoghurt-like product produced with cow milk and hazelnut beverage during
storage at 4 °C. (a) lactic acid, (b) acetic acid, (c) citric acid, (d) malic acid, (e) sücsinic acid.
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Figure 3. Sensory evaluation of yoghurt-like products produced with cow milk and hazelnut beverage during
storage at 4 °C. (a) Taste-aroma, (b) structure-texture, (c) appearance-color, (d) overall acceptability.

acid in yoghurt-like product manufactured from hazelnut slurry as 84-85 g 100 g-1 sample (Ilyasoğlu et
al. 2015). The replacement of saturated fatty acids with unsaturated fatty acids like oleic and linoleic
acids leads to increased high-density lipoprotein cholesterol and decreased low-density lipoprotein
cholesterol, triacylglycerol, lipid oxidation, and low-density lipoprotein susceptibility to oxidation
(Yu-Poth et al. 2000). During storage, ratios of oleic, linoleic and linolenic of unsaturated fatty acids
reduced in all samples, but palmitoleic acid ratio did not change much, except for sample E., lauric,
myristic, pentadecanoic and palmitic acid ratios increased in yoghurt samples, except for sample E.

Sensory properties

The sensory ratings of individual products during the storage period were shown in Fig. 3. The addition
of hazelnut beverage reduced the taste-aroma values of yoghurt samples (Fig. 3a). Yoghurt, specially
produced from only hazelnut beverage, was not liked by the panelists in terms of taste-aroma.
Panelists pointed out that sample E had a taste that was far from the characteristic taste of yogurt.
However, the yoghurt sample produced with a mixture of cow and hazelnut beverage (3/1, v/v) got a
high score on both 1 and 21 days of storage. The taste-aroma scores of samples D and E decreased
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during storage (P<0.05) and no significant change was detected in the other samples (P>0.05). The
structure-texture scores of the yoghurt samples determined by the panelists are given in Fig. 3b. The
highest score was given to the yogurts produced from only cow’s milk while the lowest score was given
to the samples with only hazelnut beverage. The addition of hazelnut beverage in yoghurt production
decreased the structure-texture scores of all samples (P<0.05). The reason for this is probably the
phase separation occurrence before the yoghurt gel is formed in the fermentation stage. However,
the structure-texture results of sample B were similar to the control sample (P>0.05). At the end of
the storage period, the B sample was more appreciated than the control sample in terms of structure.
The appearance-color scores of the yoghurt samples are shown in Fig. 3c. The highest score was
obtained for sample A and the lowest score for sample E. Instrumental color analysis revealed that
the hazelnut beverage color was darker than that of the cow’s and therefore, the increase in hazelnut
beverage concentration used in yoghurt production caused a darker color. The overall acceptability
scores of yoghurt samples were given in Fig. 3d. The use of hazelnut beverage in yoghurt production led
to a decrease in the overall acceptability score of the product. Panelists pointed out that the yoghurts
produced with hazelnut beverage had a dense gel structure that does not reflect the characteristic
yogurt body. Therefore, it can be concluded that the yogurt produced from only hazelnut beverage
was not acceptable. However, the mixture of cow milk and hazelnut beverage at a ratio of 3/1 (v/v)
resulted in a product with higher overall acceptability than the control sample.

CONCLUSION

This study demonstrated that hazelnut beverage can be utilized as an alternative source of
antioxidants and unsaturated fatty acids to fortify yogurt. Yogurt fortified with hazelnut beverage
provides higher viscosity and lower syneresis compared to cow’s milk yoghurt. Yoghurt with hazelnut
beverage had lower acidity values throughout storage, which is of great significance to expand
shelf life. Microorganism counts of all yoghurt samples were found higher than recommended
levels in Codex Alimentarius (107 cfu g-1) during storage. Antioxidant capacity and total phenolic
compounds increased with the addition of hazelnut beverage concentration. Yoghurts with hazelnut
beverage can be considered to have more health-promoting properties than cow’s milk yoghurt in
terms of bioactive properties. Sensory evaluation revealed that the increase in hazelnut beverage
concentration decreased the sensory scores. However, in terms of physicochemical and overall sensory
acceptability results, the ratio of 3 to 1 (cow milk/hazelnut beverage, v/v) is recommended for the best
yoghurt production.
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