ARASTIRMA MAKALESI

RESEARCH ARTICLE

Determination of physicochemical and sensory properties of beverages produced using
protein and prebiotic sources

Protein ve prebiyotik kaynaklar kullanilarak tretilen igeceklerin fizikokimyasal ve duyusal 6zelliklerinin

belirlenmesi

Emir Ayse OZER*”

, Neslihan GZBULDU'""', Beyza KARAYIGiT?

1Hatay Mustafa Kemal University, Faculty of Agriculture, Department of Food Engineering, Hatay, Tiirkiye.
2Kilis 7 Aralik University, Yusuf Serefodlu Faculty of Health Science, Department of Nutrition and Dietetics, Kilis, Tiirkiye.

ARTICLE INFO

ABSTRACT

Article history:
Recieved / Gelis: 24.01.2025
Accepted / Kabul: 01.05.2025

Keywords:

Functional beverages
Response surface method
Sensory evaluation
Optimisation

Anahtar Kelimeler:
Fonksiyonel icecekler
Tepki ylizey yontemi
Duyusal degerlendirme
Optimizasyon

“Corresponding author/Sorumlu yazar:
Emir Ayse OZER
ayseozer@mbku.edu.tr

Makale Uluslararasi  Creative =~ Commons
Attribution-Non ~ Commercial 4.0 Lisansi
kapsaminda yayinlanmaktadir. Bu, orijinal
makaleye uygun sekilde atif yapilmasi
sartiyla, eserin herhangi bir ortam veya
formatta kopyalanmasini ve dagitilmasini
saglar. Ancak, eserler ticari amaglar igin
kullanilamaz.

© Copyright 2022 by Mustafa Kemal
University. Available on-line at
https://dergipark.org.tr/tr/pub/mkutbd

This work is licensed under a Creative Commons
Attribution-Non Commercial 4.0 International
License.
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The aim of this study was to determine the physicochemical and sensory properties of
protein and prebiotic containing beverages that can be consumed by individuals from all
age groups. The study was designed by using the Response Surface Method, and chocolate
whey protein isolate (WPI), pea protein isolate (PPI) and inulin were used as independent
variables. The maximum and minimum ranges of these variables were determined as 5.0-
10.0 g/100 mL for WPI, 2.0-6.0 g/100 mL for PPl and 3.0-7.0 g/100 mL for inulin. As a result
of the experimental design, the optimum production conditions were determined as 9.66
g WPI, 2.00 g PPl and 5.00 g inulin. Under these production conditions, the optimum
physicochemical responses were determined as follows: the pH value was 7.02, the
titration acidity was 0.02, the water-soluble dry matter content was 15.38, the L* value
was 46.87, the a* value was 5.79, and the b* value was 8.54. Sensory responses were
determined as follows: the taste value was 6.16, the odour value was 6.71, the aftertaste
value was 6.50, and the overall acceptability value was 6.56. Under these conditions, the
desirability value of the optimised beverage was found to be 97%. With this study, a new
functional beverage formulation with high sensory acceptability was developed.

OZET

Bu calismanin amaci, her yas grubundan bireylerin tiiketebilecegi protein ve prebiyotik
iceren iceceklerin fizikokimyasal ve duyusal 6zelliklerinin belirlenmesidir. Calisma, Tepki
Yiizey Yontemi (TYY) kullanilarak tasarlanmis ve bagimsiz degisken olarak cikolatali peynir
alti suyu protein izolati (WPI), bezelye protein izolati (PPI) ve intlin kullaniimistir. Bu
degiskenlerin maksimum ve minimum araliklari WPI icin 5.0-10.0 g/100 mL, PPl i¢in 2.0-6.0
g/100 mL ve iniilin igin 3.0-7.0 g/100 mL olarak belirlenmistir. Deneysel tasarim sonucunda,
optimum (retim kosullari 9.66 g WPI, 2.00 g PPI ve 5.00 g iniilin olarak belirlenmistir. Bu
Gretim kosullarinda, optimum fizikokimyasal yanitlar su sekilde belirlenmistir: pH degeri
7.02, titrasyon asitligi 0.02, suda ¢6zlinlr kuru madde igerigi 15.38, L* degeri 46.87, a*
degeri 5.79 ve b* degeri 8.54. Duyusal yanitlar su sekilde belirlenmistir: tat degeri 6.16,
koku degeri 6.71, agizda kalan tat degeri 6.50 ve genel kabul edilebilirlik degeri 6.56. Bu
kosullar altinda optimize edilmis icecegin arzu edilebilirlik degerinin %97 oldugu tespit
edilmistir. Bu calisma ile, duyusal kabul edilebilirligi yiksek yeni bir fonksiyonel icecek
formilasyonu gelistirilmistir.
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INTRODUCTION

In recent years, the rapid increase in lifestyle-related diseases (especially diabetes, obesity, cancer and
cardiovascular diseases) and the rise in health care spending have significantly increased people's tendency towards
healthy lifestyles (Plasek et al., 2020; Gayathry & John, 2021; Topolska et al., 2021; Carvalho et al., 2023). Nowadays,
individuals consider food not only to meet their basic nutritional needs but also as an important tool in disease
prevention and management (Demirbag et al., 2023; Pérez-Marroquin et al., 2023). In this context, functional
products attract more attention of consumers and the variety of these products is rapidly increasing (Yilmaz Ersan
& Topcuoglu, 2019; Topolska et al., 2021; Oba & Yilmaz, 2022; Wanyonyi et al., 2025). Functional foods contain
various components such as protein, carbohydrate, fatty acids, dietary fibre, vitamins, minerals, bioactive
compounds, probiotics and prebiotics (Birch & Bonwick, 2019; Ciftci & Onciil, 2022; Obayomi et al., 2024). Especially
functional beverages are among the effective and suitable products for the incorporation of these ingredients into
formulations. In addition, it stands out as one of the most dynamic and preferred categories among functional foods
due to properties such as meeting the demands of consumers with different lifestyles, appealing to individuals from
all age groups, providing ease of transport and thirst-quenching (Gayathry & John, 2021; Pérez-Marroquin et al.,
2023; Ersus et al., 2024).

Proteins, which are a component of functional products, are vital components for the daily maintenance of
biological functions of cells, tissues and organs and are among the basic building blocks of a healthy diet (Munekata
et al,, 2021; Tjahyo et al., 2024). One of the most widely used protein sources in functional beverages is whey
proteins (Ahern et al., 2023). Although these proteins are a valuable by-product of the dairy industry, they pose a
significant environmental threat when not properly utilised (Quant et al., 2019; Saubenova et al., 2024). In addition
to being low cost and readily available, they have superior functional properties and high nutritional value due to
being rich in all essential amino acids (Saubenova et al., 2024).

In recent years, increasing concerns about the sustainability and environmental impacts of protein sources and the
widespread adoption of a vegan diet have accelerated the search for alternative protein sources (Mantzourani et
al., 2020; Tan et al., 2021; Ahern et al., 2023; Thakur et al., 2023; Hidalgo-Fuentes et al., 2024). Plant proteins are
alternatives to animal proteins because they are cheap and sustainable sources (Lu et al., 2019). Plant-based diets
provide significant health benefits by reducing the risk of developing chronic diseases such as cardiovascular
diseases, diabetes, obesity and cancer (Lu et al., 2019; Sadler et al., 2024; Silva et al., 2024; Yuan et al., 2024). While
legumes stand out with their high protein and dietary fibre content, they offer important advantages in terms of
nutrition thanks to their low glycaemic index (Tan et al., 2021; King et al., 2024). Pea, one of the most widely
consumed legumes, is a healthy and safe protein source due to its easy accessibility, low cost, high nutritional value
and low allergenicity (Lu et al., 2019; Boukid et al., 2021). Thanks to these properties, pea proteins significantly
increase their potential for use in functional products (Lu et al., 2019; Ahern et al., 2023).

Prebiotics also have an important role in the formulation of functional products and stand out with their health-
promoting properties (Oba & Yilmaz, 2022; Demirbag et al., 2023). Prebiotics improve intestinal health by
preventing constipation, reduce cancer risk, and support the growth and activity of probiotic bacteria (Oba &
Yilmaz, 2022; Demirbag et al., 2023; Obayomi et al., 2024). Inulin is a water-soluble polysaccharide classified as
indigestible carbohydrates and has prebiotic properties because it reaches the colon without being digested in the
upper gastrointestinal tract and is fermented there. In addition, inulin has the potential to reduce the body's
inflammatory state, contribute to weight control, improve gut health, stabilise body weight, and show positive
effects on glucose and lipid metabolism (Oba & Yilmaz, 2022; Obayomi et al., 2024).

In line with this information, the aim of this study was to investigate the physicochemical and sensory properties of
functional beverages produced using protein sources (WPl and PPI) and prebiotics (inulin), which are considered as
health-promoting ingredients. In this study, the effects of different protein and inulin ratios on physicochemical
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parameters such as pH, titration acidity, brix, colour and sensory acceptability of beverages were analysed and it
was aimed to determine the optimal beverage formulation that can meet consumer expectations.

MATERIALS and METHODS

Raw materials and chemicals

Chocolate WPI (Hardline Nutrition, Turkiye), PPl (Myprotein Co, UK), inulin (Fibrelle, Tlrkiye), sunflower oil (Komili,
Tlrkiye) and guar gum (Alfasol, Turkiye) were used in beverage production. The chemicals used in the analyses
were of analytical grade purity and aqueous solutions were prepared using deionised water.

Experimental design and optimization

This study was designed using the Response Surface Method (RSM), which is an experimental design method.
Design Expert 7.0 software (Stat-Ease Inc., USA) was used for RSM. The beverages were designed and optimised by
using Central Composite Design (CCD) in RSM. The first step in this method was to determine the independent
variables that are thought to affect the dependent variables and their levels (Myers et al., 2016). For this purpose,
preliminary experiments were performed and a CCD with linear and quadratic models was used to examine the
combined effects of three independent variables (WPI (A), PPl (B) and inulin (C)). As a result of the preliminary trials,
the maximum and minimum amount ranges of the independent variables used in the study were determined to be
5.0-10.0 g/100 mL for the variable A, 2.0-6.0 g/100 mL for the variable B and 3.0-7.0 g/100 mL for the variable C.
The dependent variables were selected as physicochemical (pH, titratable acidity, water soluble dry matter, colour
values (L*, a* and b*)) and sensory (taste, odour, aftertaste and overall acceptability) characteristics.

The production of beverages according to CCD was carried out in 20 experiments (N = 2% + 2k + ng, N is the
number of experiments, k is the number of factors and n, is the number of replicates) in different combinations of
three variables and the production ranges are shown in Table 1.

Production of beverages

Firstly, water was added to the mixture of WPl and PPI in the amounts specified in the experimental design (Table
1) and heat treatment was applied (75°C/30 min). After the heat treatment, homogenisation process was applied
at 22000 rpm for 10 min. Then inulin (at the ratios determined in the experimental design), guar gum (0.05%) and
oil (1-3%) were added to the mixture and homogenised again at 22000 rpm for 5 min. Finally, the beverages were
pasteurised (85°C/10 min) and stored at +4°C for analyses.

Physicochemical analyses

The pH values of the beverages were measured by using a calibrated pH meter (WTW-Inolab pH meter, Oberbayern,
Germany) using standard buffer solutions (Ciftci & Onciil, 2022).

Titratable acidity (TA) was carried out according to the AOAC procedure and results were expressed as % lactic acid
(% LA) equivalent (AOAC, 2000).

Water soluble solids (°Brix) were measured at room temperature by using a digital refractometer (Milwaukee
MAS871, Rocky Mount, NC, USA) (Oba & Yilmaz, 2023).

The CIE L* (lightness), a* (redness/greenness) and b* (yellowness/blueness) colour values of the beverages were
measured using a calibrated colour meter (Hunter Lab MiniScan, Reston, Virginia, USA) with white and black plates
(Ersus et al., 2024).
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Table 1. Experimental design used in the production of beverages
Cizelge 1. icecek iiretiminde uygulanan deneysel tasarim

Independent variables Code -1 0 +1

WPI (g/100 mL) A 5.0 7.5 10.0

PPI (g/100 mL) B 2.0 4.0 6.0

Intlin (g/100 mL) C 3.0 5.0 7.0

Run A B C

1 7.5 4.0 3.0

2 7.5 4.0 5.0

3 7.5 4.0 5.0

4 10.0 4.0 5.0

5 7.5 4.0 5.0

6 5.0 6.0 7.0

7 5.0 6.0 3.0

8 5.0 2.0 7.0

9 10.0 2.0 3.0

10 7.5 4.0 5.0

11 7.5 4.0 5.0

12 10.0 2.0 7.0

13 7.5 4.0 5.0

14 5.0 2.0 3.0

15 7.5 6.0 5.0

16 10.0 6.0 3.0

17 5.0 4.0 5.0

18 7.5 2.0 5.0

19 10.0 6.0 7.0

20 7.5 4.0 7.0
Sensory evaluation

The sensory evaluation of the beverages was carried out by 10 trained panellists aged between 25 and 45 years,
consisting of faculty members and graduate students from the Faculty of Agriculture at Hatay Mustafa Kemal
University. Prior to the study, the panellists were given detailed information about the purpose, processes and
expected contributions of the study and their participation was completely voluntary. The evaluation process was
conducted in accordance with ethical principles.

The beverages were coded with three-digit numbers and filled into randomly arranged opaque plastic cups. The
beverages were evaluated in terms of four attributes (taste, odour, aftertaste and overall acceptability) using a
hedonic scale of 1-9 points. For all attributes, the scale was rated as ‘1 = did not like at all’, ‘5 = liked moderately’
and ‘9 = liked very much’ (Lawless & Heymann, 2010).

The optimisation of beverages and statistical evaluation

Design Expert 7.0 software was used for regression analysis, analysis of variance and optimisation of the
experimental design. Numerical optimisation was performed to determine the dependent and independent
variables of the beverages and the optimum values of these variables. The basis of the method was the desirability
function (Myers et al., 2016). In the optimisation, the maximum and minimum value ranges of the independent
variables specified in the experimental design were selected. The dependent variables were the minimum and
maximum ranges of pH, TA, Brix, colour (L*, a* and b*), taste, odour and aftertaste values, the maximum value of
overall acceptability.

490


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2025, 30(2): 487-502 Arastirma Makalesi / Research Article

The experimental data obtained as a result of the analyses were statistically tested at 95% confidence interval
(p<0.05) using SPSS programme (Version 22, IBM, USA). The significance of the differences between the mean
analysis results of the beverages with different formulations was evaluated by one-way ANOVA. Moreover, Duncan
multiple comparison test was used to determine the difference between the groups and the results were expressed
with statistical letters.

RESULTS and DISCUSSIONS

Physicochemical properties of beverages

The physicochemical properties of the beverages were analysed in terms of pH, TA, Brix and colour parameters (L*,
a* and b*). The obtained data are presented in Table 2 and 3D RSM model graphics are presented in Figure 1.
Protein beverages may have neutral pH values (Liu et al., 2021). It has also been reported that the water used in
the production of beverages can also affect the pH and acidity of beverages (Tireki, 2021). Besides water, positively
and negatively charged proteins can interact with the environment at values above or below the isoelectric point
and thus cause the pH value to change (Pérez-Ramirez et al., 2021). The pH values of beverages ranged from 6.90
to 7.14 (Table 2). While the effects of WPI and PPl amounts in the formulations on pH values were found to be
significant (p<0.01), the effect of changes in inulin amount was found to be insignificant (p>0.05). Increases in the
amount of WPI and PPl in the formulation decreased the pH value (Figure 1a). Increasing protein concentrations in
the beverage composition causes pH values to decrease from neutral to acidic values (Pérez-Ramirez et al., 2021).
Among the beverages in our study, the formulations with the lowest protein content (numbers 8 and 14) showed
the highest pH values.

The TA values of the beverages ranged from 0.01 to 0.03 (Table 2). While the effects of WPI and PPl amounts in the
formulations on pH values were found to be significant (p<0.01), the effect of changes in inulin amount was found
to be insignificant (p>0.05). Increases in the amount of WPI and PPI in the formulation increased the TA value
(Figure 1b).

The brix values of the beverages ranged from 13.00% to 20.08% (Table 2) and the effect of independent variables
was found to be significant (p<0.01). As the amount of independent variables increased, the brix values increased
(Figure 1c) and the highest effect was due to WPI. The brix values of the beverages were similar to the studies in
the literature (Oliveira et al., 2018; Vasquez-Orejarena et al., 2018; Gimhani & Liyanage, 2019; Garay et al., 2021).
The colour is one of the important quality parameters affecting the acceptability of a product (Aribah et al., 2020).
Chocolate beverages have their own natural colours and these colours are accepted by consumers (Ling et al.,
2021). The L* values of the beverages ranged between 44.81 and 63.12 (Table 2) and the effect of the independent
variables was found to be significant (p<0.01). While the L value increased with increasing PPl amount, the L value
decreased with increasing WPl amount (Figure 1d). Compared to beverages produced by Akin & Ozcan (2021) using
similar protein sources, L* values in our study showed lower results. It was found that this difference was due to
the use of chocolate WPI and the lowest L* values belonged to the formulations with the highest WPI (numbers 9
and 12). The results obtained in our study were similar to the colour values of cocoa beverages reported by Pérez-
Ramirez et al. (2021).

The a* values of the beverages ranged from 4.13 to 5.79 (Table 2) and the effect of WPI and PPl was found to be
significant (p<0.01). The effect of changes in the amount of inulin on a* value was found to be insignificant (p>0.05).
While the a* value increased with increasing WPI, the a* value decreased with increasing PPI (Figure 1e).

The b* values of the beverages ranged from 7.64 to 10.09 (Table 2). The effect of WPI and PPI was significant
(p<0.01). The effect of changes in the amount of inulin on b* values was found to be insignificant (p>0.05). The b*
value increased with increasing WPI and PPI (Figure 1f).
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Table 2. The physicochemical values of beverages: Experimental results and RSM predictions
Cizelge 2. iceceklerin fizikokimyasal dederleri: Deneysel sonuglar ve TYY tahminleri

pH TA Brix L* a* b*
Run Experimental RSM Experimental RSM Experimental RSM Experimental RSM Experimental RSM Experimental RSM
data prediction data prediction data prediction data prediction data prediction data prediction
1 7.02+0.01¢% 7.02 0.03+0.00" 0.02 13.08£0.11*  13.97  53.52#0.09°  53.58  5.18+0.028" 5.12 9.170.07" 9.05
2 7.01+0.01¢ 7.02 0.030.01 8N 0.02 14.16+0.09¢ 14.88  55.12+0.048"  55.06 5.41+0.87" 5.03 8.90+0.03# 9.06
3 7.01+0.01¢ 7.02 0.030.01' 0.02 14.08+0.11¢ 14.88 54.62+0.20f 55.06  5.14+0.03%" 5.03 9.46+0.02 9.06
4 6.99+0.01° 6.96 0.03%0.008" 0.03 17.04+0.09" 16.70 50.00+£0.03°  49.98 5.54+0.01%* 5.56 9.25+0.13" 9.32
5 7.01+0.00¢ 7.02 0.03+0.00" 0.02 15.12+0.11 14.88 55.21+0.05" 55.06 5.05+0.02°% 5.03 9.21+0.04" 9.06
6 7.04£0.01° 7.02 0.02+0.00%f 0.02 16.08+0.11" 15.76 62.38+0.04° 65.43 4.13+0.022 4.11 9.34+0.03' 9.55
7 7.03£0.01°¢ 7.02 0.02+0.00°® 0.02 13.08+0.11*  13.55 61.50+0.17" 62.46 4.35+0.01%° 4.30 9.75+0.04' 9.53
8 7.14£0.018 7.17 0.01%0.00° 0.02 13.00+0.00° 13.59  59.76x0.10™  57.82 4.54%0.01° 4.72 7.64+0.03? 8.06
9 7.05+0.01° 7.02 0.02+0.00° 0.02 14.00+0.11° 15.00  44.81+0.01*  44.70 5.71+0.01% 5.95 8.26+0.02° 8.56
10  7.01+0.01¢ 7.02 0.02+0.00% 0.02 15.08+0.11 14.88 54.98+0.038 55.06 5.01+0.02°f 5.03 9.17+0.07" 9.06
11  7.010.01¢ 7.02 0.02+0.00% 0.02 15.000.00 14.88 53.83+0.06° 55.06  4.88+0.02°%f 5.03 8.65+0.10° 9.06
12 7.010.01¢ 7.01 0.02+0.00% 0.02 17.480.11* 17.01 45.23+0.06° 47.67 5.79+0.02 5.77 8.44+0.04¢ 8.58
13 7.02£0.01% 7.02 0.02+0.00% 0.02 15.84+0.09¢ 14.88 55.57+0.06' 55.06  4.89+0.03¢%f 5.03 8.75+0.07° 9.06
14  7.14+0.018 7.13 0.02+0.00%° 0.02 15.08+0.11 14.00 54.47+0.22f 54.85  4.80+0.03% 4.90 7.75+0.08° 8.04
15  6.990.00° 6.97 0.02+0.00°f 0.03 17.04+0.09" 16.39 58.09+0.02" 58.86 4.68+0.03« 4.73 9.56+0.09* 9.80
16  6.90+0.01° 6.91 0.03+0.00' 0.03 17.12+0.11 16.53 53.5620.11¢  52.30 5.37+0.02" 5.35 10.09+0.03"  10.05
17  7.010.01 7.02 0.02+0.00%* 0.02 13.16+0.09° 13.50  63.12+0.05°  60.14  4.380.03% 4.51 8.87+0.03¢ 8.79
18  7.03+0.01°f 7.07 0.02+0.00%* 0.02 13.88+0.11° 14.53 50.09+0.11°  51.26 5.77+0.04% 5.38 9.15+0.04" 8.31
19  6.90+0.01° 6.91 0.03+0.00" 0.03 20.08+0.11' 21.16 56.84+0.40! 55.27  5.06+0.04° 5.17 9.92+0.21™ 10.07
20 7.01+0.01° 7.02 0.02+0.00fe" 0.02 16.96+0.09' 16.08 58.50+0.03' 56.55 4.97+0.02°% 4.94 9.78+0.04' 9.07

Data were calculated as the meantstandard deviation of three measurements (MeanSD).
Different letters in the same column showed the difference between the means (p<0.05).
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Figure 1. 3D RSM model plots of physicochemical values of beverages
Sekil 1. iceceklerin fizikokimyasal degerlerinin 3D TYY model grafikleri

Sensory evaluation of beverages

Sensory evaluations are very important in determining the overall acceptability of products in product development
studies (Lawless & Heymann, 2010; Dogan et al., 2015). It has been reported that beverages should offer an
acceptable taste and appearance in addition to the basic ingredients in order to be accepted by consumers (Oltman
et al., 2015). The sensory evaluations of the beverages were evaluated according to a 1-9 point scale in terms of
taste, odour, aftertaste and overall acceptability. The obtained data are presented in Table 3 and 3D RSM model
graphics are presented in Figure 2.
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Figure 1. 3D RSM model plots of sensory evaluation of beverages
Sekil 2. iceceklerin duyusal degerlendirmelerinin 3D TYY model grafikleri

The taste scores of the beverages ranged from 4.80 to 6.60 (Table 3) and the effect of WPI and PPl was found to be
significant (p<0.01). The effect of changes in the amount of inulin on the taste values was found to be insignificant
(p>0.05). As the amount of WPI increased, the taste values of the beverages increased (Figure 2a). As the amount
of PPl increased from 2.0% to 4.0%, an increase in taste scores was observed. However, as the amount of PPI
increased from 4.0% to 6.0%, the taste scores decreased.

The odour scores of the beverages ranged between 5.10 and 7.10 (Table 3) and the effect of the amount of PPl was
found to be significant (p<0.01). The effect of changes in the amount of WPI and inulin on odour values was found
to be insignificant (p>0.05). The increase in the amount of PPl caused a decrease in odour scores (Figure 2b).

The aftertaste scores of the beverages ranged from 5.00 to 6.50 (Table 3). The increase in the amount of WPI had
a positive effect on aftertaste, while the increase in the amount of PPl had a negative effect (Figure 2c). While the
changes in the amounts of WPI and PPl were found to be significant (p<0.05), the effect of changes in the amount
of inulin on aftertaste values was found to be insignificant (p>0.05).
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Table 3. Sensory evaluation of beverages: Experimental results and RSM predictions
Cizelge3. iceceklerin duyusal dederlendirmesi: Deneysel sonuglar ve TYY tahminleri

Taste Odour Aftertaste Overall acceptability
Run Experimental RSM Experimental RSM Experimental RSM Experimental RSM
data prediction data prediction data prediction data prediction
1 6.20+1.32° 6.17 7.00+1.94% 6.56 6.40+1.35° 5.80 6.20+1.48° 5.96
2 6.20+1.81° 6.14 7.10+1.10¢ 6.33 6.50+1.43° 5.84 6.50+1.35? 5.95
3 6.40£2.01° 6.14 6.80+1.2320< 6.33 6.10+1.29? 5.84 6.50+1.58? 5.95
4 6.60+1.65° 6.47 7.00+1.25% 6.14 6.40+1.65° 6.21 6.60+0.97° 6.24
5 5.70£1.16° 6.14 6.90+1.20°« 6.33 6.10+1.10° 5.84 6.40+0.97° 5.95
6 5.20£2.15° 5.36 6.10+1.6620< 5.74 5.10+1.79? 5.17 5.30£1.70° 5.29
7 4.80+1.93? 4.79 6.20+1.693b< 6.20 5.00+1.94° 5.09 5.30+1.83? 5.31
8 5.60+2.80° 5.54 6.40+1.713b< 6.84 6.10+1.97° 5.85 6.00+2.31° 6.01
9 6.60+1.26° 6.50 6.70+1.833b< 6.92 6.40+1.07° 6.51 6.50+1.51° 6.61
10 5.80+2.15? 6.14 6.30+1.833b< 6.33 5.40+1.65° 5.84 5.40+1.582 5.95
11 6.00+2.31° 6.14 6.40+1.433b<d 6.33 6.10+1.20° 5.84 6.20+1.32° 5.95
12 5.90+1.91° 5.97 6.10+2.023b< 6.46 6.40+2.12° 6.59 6.50+2.01° 6.59
13 6.30+1.77° 6.14 5.50+1.84°3b< 6.33 5.10+2.08° 5.84 5.30+2.06° 5.95
14 5.40+2.07° 5.42 7.10+1.10¢ 7.30 5.10+1.66° 5.77 5.40+1.58? 6.03
15 5.80+1.69° 5.49 5.20%2.57%° 5.78 5.10+1.73? 5.50 5.20+1.81° 5.59
16 5.80+1.81° 5.92 5.10+1.37° 5.82 5.90+0.99° 5.83 5.80+1.14° 5.89
17 5.80+1.622 5.69 6.30+1.34°%b 6.52 5.80+1.81° 5.47 6.10+2.08? 5.66
18 5.80+1.69° 5.87 7.10+1.37¢ 6.88 6.20+1.93? 6.18 6.40+1.84° 6.31
19 5.80+1.69° 5.84 5.30+1.49%¢ 5.36 5.70+1.42° 5.91 5.60+1.582 5.87
20 6.40+1.17° 6.19 5.90+1.793b< 6.10 5.90+1.66° 5.88 5.70+1.57° 5.94

Data were calculated as the meantstandard deviation of 10 measurements (MeanSD).
Different letters in the same column showed the difference between the means (p<0.05).
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The overall acceptability of the beverages ranged from 5.20 to 6.60 (Table 3). While the effect of changes in WPI
and PPl were found to be significant (p<0.05), the changes in inulin were found to be insignificant (p>0.05). While
increases in WPI increased overall acceptability, increases in PPl decreased overall acceptability (Figure 2d).
Although the bean flavour of pea proteins limits its use in foods by affecting consumer acceptance (Trikusuma et
al., 2020), it is widely used in product development studies as a protein source due to its high nutritional content
(Bauerle & Kiihn, 2022). Similar to this information, an increase in the amount of WPl in beverages led to an increase
in the overall acceptability scores, while an increase in the amount of PPl led to a decrease in the overall
acceptability scores. The decrease in overall acceptability scores observed with increasing PPl content was found
to be compatible with the findings of Bauerle & Kiihn (2022).

In general, it was found that the independent variables affecting the sensory characteristics of the beverages were
WPI and PPI. The use of different flavours such as fruit or chocolate has been reported to enhance the sensory
profile of beverages (Singh et al., 2020; Garay et al., 2021). A study by Nam et al. (2017) demonstrated that the
chocolate flavour was the most preferred option in beverages containing vanilla, fruit, and chocolate-flavoured soy
and whey proteins. In conclusion, the incorporation of chocolate-flavoured ingredients has been demonstrated to
enhance the sensory acceptability of legume proteins in beverages formulated with protein and prebiotic
components.

Statistical evaluation of beverages analyses

In the context of the physicochemical and sensory analyses of the beverages, the results of the statistical analysis
of the independent variables obtained by the RSM and the equations derived from the coded factors are presented
in Table 4. In the equations derived from the coded factors obtained as a result of the regression analysis performed
with the RSM, the variables A, B, and C represents WPI, PPl and inulin, respectively.

A, one of the independent variables, was found to have a significant effect on pH, TA, brix, L*, a*, b*, taste,
aftertaste and overall acceptability values (p<0.01). The effect of B was found to be significant on pH, TA, brix, L*,
a*, b*, taste, odour, aftertaste and overall acceptability values (p<0.001). The effect of C was found to be significant
on brix and L* values (p<0.01).

In the model explaining the effect of the independent variables on the pH value, it was determined that the effect
of the variable A and B was found to be significant (p<0.01), while the effect of the variable C was found to be
insignificant (p>0.05). When the equations derived from the coded factors explaining the relationships between
the independent variables were analysed, it was found that all independent variables had a negative linear effect
on the pH value (Table 4). This showed that the pH value decreased with the increase of all three variables.

The effect of the variables A and B on the TA value was found to be significant (p<0.01), while the effect of the
variable C was found to be insignificant (p>0.05). When the equations derived from the coded factors explaining
the relationships between the independent variables were analysed, it was determined that independent the
variables A and B had a positive linear effect and the variable C had a negative linear effect (Table 4). This shows
that the TA value increases with the increase of independent variables A and B, while the TA value decreases with
the increase of variable C.

In the model explaining the effect of the independent variables on the brix value, it was determined that the effect
of all three variables was found to be significant (p<0.01). When the equation derived from the coded factors
explaining the relationships between the independent variables was analysed, it was seen that all three variables
had positive linear, two-way interaction terms (WPI-TEFE, WPI-Insulin, WPI-Insulin) and quadratic effects (Table 4).
It was determined that the brix values of the beverages increased with the increase of these variables and the
highest positive linear effect was caused by the WPI variable.

In the model explaining the effect of the independent variables on the L* value, it was determined that the effect
of all three variables on the L* value was found to be significant (p<0.01). When the equation derived from the
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coded factors explaining the relationships between the independent variables was analysed, it was determined that
variable A had a negative linear effect and variables B and C had a positive linear effect (Table 4).

In the analysis of the a* value, it was determined that the model was statistically significant (p<0.001). When the
equation derived from the coded factors explaining the relationships between the independent variables was
analysed, it was determined that the variable A had a positive linear effect and the variables B and C had a negative
linear effect (Table 4). This showed that the a* value increased as variable A increased and decreased as variables
B and C increased.

In the analysis of the b* value, it was determined that the model was statistically significant (p<0.001). The effect
of the variables A and B on the b* value was found to be significant (p<0.01), while the effect of the variable C was
found to be insignificant (p>0.05). When the equation derived from the coded factors explaining the relationships
between the independent variables was analysed, it was found that all three variables had a positive linear effect
and the b* values of the beverages increased with the increase of these variables (Table 4).

Table 4. Model summaries and analyses of variance (ANOVA) of dependent variables of beverages
Cizelge 4. iceceklerin bagimli dediskenlerinin model 6zetleri ve varyans analizleri (ANOVA)

Response Model R?2 Adj.R? SD Final equation in terms of coded factors
pH Linear 0.83 0.80 0.03 pH=7.02—-0.064—0.05B—0.01C
* %k k
TA Linear 0.64 0.57 0.01 TA=0.02+0.0034+ 0.004B — 0.001C
* %k k
Brix Quadratic  0.87 0.75 0.92 Brix =14.88+ 1.604+ 0.93B + 1.06C + 0.504A X B+ 0.614A x C
*x + 0.65B X C + 0.22A% — 0.58B? + 0.14C?
L* Linear 0.91 0.90 1.60 L*=55.06—-5.084+ 3.80B + 1.49C
k¥
a* Linear 0.88 0.85 0.18 a*=5.03+0.534—-0.30B —0.09C
k¥
b* Linear 0.73 0.68 0.38 b* =9.06+ 0.264+0.74B + 0.01C
k¥
Taste Quadratic  0.83 0.69 0.26 Taste =6.14+ 0.394 —0.19B + 0.01C + 0.01A X B —0.16A X C
** + 0.11B X C — 0.06A4% — 0.46B? + 0.04C?
Odour Linear 0.48 0.38 0.52 Odour = 6.33 —0.194 — 0.55B — 0.23C
*
Aftertaste Linear 049 039 041 Aftertaste=584+0.374—0.34B + 0.04C
*
Overall Linear 044 034 041 Overall Acceptability = 5.95 + 0.294 — 0.36B — 0.01C
acceptability *

***¥p<0.001, **p<0.01, *p<0.05; SD, standard deviation.

In the analysis of the taste value, it was determined that the quadratic model was significant (p<0.01). When the
equation derived from the coded factors explaining the relationships between the independent variables was
analysed, it was found that the variables A and C had a positive linear effect and the variable B had a negative linear
effect (Table 4). In addition, negative (WPI-Inulin) and positive (WPI-PPI and PPI-Inulin) two-way interaction terms,
positive and negative quadratic effects of this variables were found in the model (p<0.01). These results showed
that the variables had both a linear and a quadratic effect on taste values.

In the analysis of the the odour value, it was determined that the model was significant (p<0.05). The effect of the
variables B on the odour value was found to be significant (p<0.01), while the effect of the variable A and C was
found to be insignificant (p>0.05). When the equations derived from the coded factors explaining the relationships
between the independent variables were analysed, it was determined that all three variables had a negative linear
effect (Table 4).
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In the analysis of the the aftertaste value, it was determined that the model was significant (p<0.05). The effect of
the variables A and B on the odour value was found to be significant (p<0.05), while the effect of the variable C was
found to be insignificant (p>0.05). When the equation derived from the coded factors explaining the relationships
between the independent variables was analysed, it was determined that variables A and C had a positive linear
effect and variable B had a negative linear effect (Table 4). This showed that the aftertaste value increased as
variables A and C increased and decreased as variable B increased.

In the analysis of the the overall acceptability value, it was determined that the model was significant (p<0.05). The
effect of the variables A and B on the overall acceptability value was found to be significant (p<0.05), while the
effect of the variable C was found to be insignificant (p>0.05). When the equation derived from the coded factors
explaining the relationships between the independent variables was analysed, it was determined that variables A
had a positive linear effect and variable B and C had a negative linear effect (Table 4).

Optimisation of beverages

In the optimisation of the beverages, the optimum production conditions were determined based on the value
ranges defined for the independent variables specified in the experimental design. The optimal conditions were
found to be 9.66 g/100 mL WPI, 2.00 g/100 mL PPI, and 5.00 g/100 mL inulin. Under these production conditions,
the pH value was 7.02, the TA value was 0.02, the brix value was 15.38, the L* value was 46.87, the a* value was
5.79, the b* value was 8.54, the taste value was 6.16, the odour value was 6.71, the aftertaste value was 6.50 and
the overall acceptability value was 6.56. It was determined that the desirability value of the optimised beverage
under these conditions was 97% (Figure 3).
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Figure 2. 3D RSM graph of the effect of independent variables on the desirability value
Sekil 3. Bagimsiz degiskenlerin arzu edilebilirlik degerine etkisinin 3D TYY grafigi
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Due to increasing consumer awareness in recent years, food and beverages are consumed not only to satisfy
hunger, but also for health protection and control. This trend increases consumer demand for products with
functional properties that offer immunological benefits. Due to the increasing interest in functional foods with
health-protective and healing properties, the functional beverage sector has also been growing day by day.
Functional beverages are widely consumed worldwide and constitute a rapidly growing sub-segment of the
functional food sector. In this study, the development of beverages containing protein and prebiotics offers a
remarkable innovation when evaluated in terms of functional food sector. The chocolate whey protein isolate and
pea protein isolate used in the formulation appeal to a wide consumer group for both animal and plant protein
sources. In addition, the prebiotic effect of inulin provides an important contribution to functional beverages with
its digestive health supporting properties. As a result of the evaluation of the physicochemical and sensory
properties of the beverages produced in the study, positive results were obtained in terms of consumer acceptance.
Moreover, the ingredients used in the formulation are widely available in the food industry, allowing the scale-up
of production, supporting its commercial viability. In this context, it is thought that this study will contribute to the
development of innovative products with high commercial potential in the field of functional beverages.

In future studies, it may be recommended to carry out more comprehensive research on processing and fortification
technologies in order to develop products rich in nutrient content and suitable for the taste of consumers. High-
pressure homogenisation, ultrasonic processes and non-thermal innovative technologies can potentially be used in
the development of new beverages with preserved and enriched nutrient content and reduced production costs.

ACKNOWLEDGEMENT
This study was financially supported by Hatay Mustafa Kemal University Scientific Research Projects Coordination
Office (20.M.041).

STATEMENT OF CONFLICT OF INTEREST
The authors declare no conflict of interest for this study.

AUTHOR’S CONTRIBUTIONS
The contribution of the authors is equal.

STATEMENT OF ETHICS CONSENT
Ethical approval is not applicable, because this article does not contain any studies with human or animal subjects.

REFERENCES

Ahern, N., Arendt, E.K., & Sahin, A.W. (2023). Protein soft drinks: A retail market analysis and selected product
characterization. Beverages, 9 (3), 73. https://doi.org/10.3390/beverages9030073

Akin, Z., & Ozcan, T. (2017). Functional properties of fermented milk produced with plant proteins. LWT - Food
Science and Technology, 86, 25-30. https://doi.org/10.1016/j.Ilwt.2017.07.025

AOAC. (2000). Official methods of analysis : Association of official analytical chemists (17th ed.). Washington, DC,
USA.

Aribah, S.A., Sanjaya, A.P., Muhammad, D.R.A., & Praseptiangga, D. (2020). Sensorial and physical properties of
chocolate beverage prepared using low fat cocoa powder. In AIP Conference Proceedings, 2219 (1), 070007.
https://doi.org/10.1063/5.0003435

Birch, C.S., & Bonwick, G.A. (2019). Ensuring the future of functional foods. International Journal of Food Science &
Technology, 54 (5),1467-1485. https://doi.org/10.1111/ijfs.14060

499


http://dergipark.gov.tr/mkutbd
https://doi.org/10.3390/beverages9030073
https://doi.org/10.1016/j.lwt.2017.07.025
https://doi.org/10.1063/5.0003435
https://doi.org/10.1111/ijfs.14060

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2025, 30(2): 487-502 Arastirma Makalesi / Research Article

Boukid, F., Rosell, C.M., & Castellari, M. (2021). Pea protein ingredients: A mainstream ingredient to (re)formulate
innovative foods and beverages. Trends in Food Science & Technology, 110, 729-742.
https://doi.org/10.1016/].tifs.2021.02.040

Bauerle, L., & Kihn, S. (2022). Development of a protein supplemented fruit smoothie using pea protein isolate as
a plant-based protein alternative. Future Foods, 5, 100145. https://doi.org/10.1016/j.fufo.2022.100145

Carvalho, F., Lahlou, R.A., Pires, P., Salgado, M., & Silva, L.R. (2023). Natural functional beverages as an approach to
manage diabetes. International  Journal of  Molecular  Sciences, 24 (23), 16977.
https://doi.org/10.3390/ijms242316977

Ciftci, M., & Onciil, N. (2022). Some microbiological properties of commercial probiotic drinks (in Turkish). Academic
Journal of Agriculture, 11 (1), 165-178. http://dx.doi.org/10.29278/azd.1002242

Demirbag, Z., Alan, S., & Oksliztepe, G. (2023). Functional foods and their importance in nutrition (in Turkish). Bozok
Veterinary Sciences, 4 (2), 54-60. https://doi.org/10.58833/bozokvetsci.1324245

Dogan, M., Aktar, T., Toker, O.S., & Tatlisu, N.B. (2015). Combination of the simple additive (SAW) approach and
mixture design to determine optimum cocoa combination of the hot chocolate beverage. International Journal
of Food Properties, 18 (8), 1677-1692. https://doi.org/10.1080/10942912.2014.917662

Ersus, S., Tekin, I., Visali, R., Allahverdiyeva, Z., Askerova, i., Hasanova, A., Kamalov, R., & Aliyeva, D. (2024).

Production of functional apple juice enriched with aromatic plant extracts (in Turkish). Journal of Agriculture
Faculty of Ege University, 61 (1), 103-111. https://doi.org/10.20289/zfdergi.1433287

Garay, P.A,, Villalva, F.J., Paz, N.F., de Oliveira, E.G., Ibarguren, C., Alcocer, J.C., Curti, C.A., & Ramoén, A.N. (2021).
Formulation of a protein fortified drink based on goat milk whey for athletes. Small Ruminant Research, 201,
106418. https://doi.org/10.1016/j.smallrumres.2021.106418

Gayathry, K.S., & John, J.A. (2021). Functional beverages: Special focus on anti-diabetic potential. Journal of Food
Processing and Preservation, 45 (11), e15974. https://doi.org/10.1111/jfpp.15974

Gimhani, K.H.l., & Liyanage, A.L.C.J. (2019). Development and quality evaluation of ready to drink fruit flavoured

whey beverage. International Journal of Scientific and Research Publications, 9 (8), 779-783.
http://dx.doi.org/10.29322/1JSRP.9.08.2019.p92107

Hidalgo-Fuentes, B., de Jesus-José, E., Cabrera-Hidalgo, A.J., Sandoval-Castilla, O., Espinosa-Solares, T., Gonzalez-
Reza, R.M., Zambrano-Zaragoza, M.L., Liceaga, A.M., & Aguilar-Toal3, J.E. (2024). Plant-based fermented
beverages: Nutritional composition, sensory properties, and health benefits. Foods, 13 (6), 844.
https://doi.org/10.3390/foods13060844

King, J., Leong, S.Y., Alpos, M., Johnson, C., McLeod, S., Peng, M., Sutton, K., & Oey, I. (2024).Role of food processing
and incorporating legumes in food products to increase protein intake and enhance satiety. Trends in Food
Science & Technology, 147, 104466. https://doi.org/10.1016/].tifs.2024.104466

Lawless, H.T., & Heymann, H. (2010). Sensory evaluation of food: principles and practices (2nd ed.). Springer,

Springer New York, USA.

Ling, L., Loong, C., & Loke, W.M. (2021). Food additives in commercial cocoa beverage products and their effects
on total polyphenol contents, cellular antioxidant and anti-inflammatory activities. Current Research in Nutrition
and Food Science Journal, 9 (1), 20-30. https://dx.doi.org/10.12944/CRNFSJ.9.1.03

Liu, Y., Toro-Gipson, R.S.D., & Drake, M. (2021). Sensory properties and consumer acceptance of ready-to-drink
vanilla protein beverages. Journal of Sensory Studies, 36 (6), e12704. https://doi.org/10.1111/joss.12704

Lu, Z.X., He, J.F., Zhang, Y.C., & Bing, D.J. (2020). Composition, physicochemical properties of pea protein and its

application in functional foods. Critical Reviews in Food Science and Nutrition, 60 (15), 2593-2605.
https://doi.org/10.1080/10408398.2019.1651248

500


http://dergipark.gov.tr/mkutbd
https://doi.org/10.1016/j.tifs.2021.02.040
https://doi.org/10.1016/j.fufo.2022.100145
https://doi.org/10.3390/ijms242316977
http://dx.doi.org/10.29278/azd.1002242
https://doi.org/10.58833/bozokvetsci.1324245
https://doi.org/10.1080/10942912.2014.917662
https://doi.org/10.20289/zfdergi.1433287
https://doi.org/10.1016/j.smallrumres.2021.106418
https://doi.org/10.1111/jfpp.15974
http://dx.doi.org/10.29322/IJSRP.9.08.2019.p92107
https://doi.org/10.3390/foods13060844
https://doi.org/10.1016/j.tifs.2024.104466
https://dx.doi.org/10.12944/CRNFSJ.9.1.03
https://doi.org/10.1111/joss.12704
https://doi.org/10.1080/10408398.2019.1651248

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2025, 30(2): 487-502 Arastirma Makalesi / Research Article

Mantzourani, |., Terpou, A., Bekatorou, A., Mallouchos, A., Alexopoulos, A., Kimbaris, A., Bezirtzoglou, E., Koutinas,
A.A., & Plessas, S. (2020). Functional pomegranate beverage production by fermentation with a novel synbiotic
L. paracasei biocatalyst. Food Chemistry, 308, 125658. https://doi.org/10.1016/j.foodchem.2019.125658

Munekata, P.E.S., Pérez-Alvarez, J.A., Pateiro, M., Viuda-Matos, M., Fernandez-Lépez, J., & Lorenzo, J.M. (2021).
Satiety from healthier and functional foods. Trends in Food Science & Technology, 113, 397-410.
https://doi.org/10.1016/].tifs.2021.05.025

Myers, R.H., Montgomery, D.C., & Anderson-Cook, C.M. (2016). Response surface methodology: Process and
product optimization using designed experiments (4th ed.). John Wiley & Sons, Inc, USA. pp 825.

Nam, S.-H., Wagh, A., Martini, S., & Walsh, M.K. (2017). Sensory characterisation of a high-protein beverage.
International Journal of Dairy Technology, 70 (3), 432-438. https://doi.org/10.1111/1471-0307.12362

Oba, S., & Yilmaz, 0. (2022). Effects of different prebiotic agents on the color and sensory properties of chocolate
powder drinks (in Turkish). Harran Journal of Agricultural and Food Science, 26 (4), 501-518.
https://doi.org/10.29050/harranziraat.1100382

Oba, S., & Yilmaz, 0. (2023). Optimization of cocoa powder beverages in terms of physical properties of prebiotic
combination (in Turkish). Journal of Engineering Sciences and Design, 11 (3), 1054-1065.
https://doi.org/10.21923/jesd.1094259

Obayomi, 0.V., Olaniran, A.F., & Owa, S.0. (2024). Unveiling the role of functional foods with emphasis on prebiotics

and probiotics in human health: A review. Journal of Functional Foods, 119, 106337.
https://doi.org/10.1016/].jff.2024.106337
Oliveira, D.F., Granato, D., & Barana, A.C. (2018). Development and optimization of a mixed beverage made of whey

and water-soluble soybean extract flavored with chocolate using a simplex-centroid design. Food Science and
Technology, 38 (3), 413-420. https://doi.org/10.1590/1678-457X.07017

Oltman, A.E., Lopetcharat, K., Bastian, E., & Drake, M.A. (2015). Identifying key attributes for protein beverages.
Journal of Food Science, 80 (6), 1383-51390. https://doi.org/10.1111/1750-3841.12877

Pérez-Marroquin, X.A., Estrada-Fernandez, A.G., Garcia-Ceja, A., Aguirre-Alvarez, G., & Ledn-Lépez, A. (2023). Agro-

food waste as an ingredient in functional beverage processing: sources, functionality, market and regulation.
Foods, 12 (8), 1583. https://doi.org/10.3390/foods12081583
Plasek, B., Lakner, Z., Kasza, G., & Temesi, A. (2019). Consumer evaluation of the role of functional food products in

disease prevention and the characteristics of target groups. Nutrients, 12 (1), 69.
https://doi.org/10.3390/nu12010069
Pérez-Ramirez, I.F., Carifio-Sarabia, A., Castano-Tostado, E., Vdzquez-Landaverde, P.A., Ramos-Gomez, M.,

Reynoso-Camacho, R., & Amaya-Llano, S.L. (2021). Chemical and sensorial characterization of Tejate, a Mexican
traditional maize-cocoa beverage, and improvement of its nutritional value by protein addition. Journal of Food
Science and Technology, 58 (9), 3548-3560. https://doi.org/10.1007/s13197-021-05073-w

Quant, A.J.B., Albis, A.R., & Perez, J.A. (2019). Effect of heat treatment on physical properties of whey protein

beverages (WPB). Scientific Study & Research Chemistry & Chemical Engineering, Biotechnology, Food Industry,
20, 209-218.

Sadler, I., Bauer, A., & Kassam, S. (2024). Dietary habits and self-reported health outcomes in a cross-sectional
survey of health-conscious adults eating a plant-based diet. Journal of Human Nutrition and Dietetics, 37 (4),
1061-1074. https://doi.org/10.1111/jhn.13321

Saubenova, M., Oleinikova, Y., Rapoport, A., Maksimovich, S., Yermekbay, Z., & Khamedova, E. (2024). Bioactive

peptides derived from whey proteins for health and functional beverages. Fermentation, 10 (7), 359.
https://doi.org/10.3390/fermentation10070359

Silva, J.D.C., Anghinoni, I.C.A.B., & Gomes, M.B. (2024). Plant-based food for the prevention of Type 2 diabetes:
Scoping review. Nutrients, 16 (11), 1671. https://doi.org/10.3390/nu16111671

501


http://dergipark.gov.tr/mkutbd
https://doi.org/10.1016/j.foodchem.2019.125658
https://doi.org/10.1016/j.tifs.2021.05.025
https://doi.org/10.1111/1471-0307.12362
https://doi.org/10.29050/harranziraat.1100382
https://doi.org/10.21923/jesd.1094259
https://doi.org/10.1016/j.jff.2024.106337
https://doi.org/10.1590/1678-457X.07017
https://doi.org/10.1111/1750-3841.12877
https://doi.org/10.3390/foods12081583
https://doi.org/10.3390/nu12010069
https://doi.org/10.1007/s13197-021-05073-w
https://doi.org/10.1111/jhn.13321
https://doi.org/10.3390/fermentation10070359
https://doi.org/10.3390/nu16111671

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2025, 30(2): 487-502 Arastirma Makalesi / Research Article

Singh, J., Prakash, S., Bhandari, B., & Bansal, N. (2020). Ultra-high temperature (UHT) stability of chocolate flavored
high protein beverages. Journal of Food Science, 85 (10), 3012-3019. https://doi.org/10.1111/1750-3841.15397

Tan, M., Nawaz, M.A., & Buckow, R. (2023). Functional and food application of plant proteins — a review. Food
Reviews International, 39 (5), 2428-2456. https://doi.org/10.1080/87559129.2021.1955918

Thakur, A., Pandey, P., Dalbhagat, C.G., & Mishra, H.N. (2022). Development of grain-based carbonated beverage
premix using maize (Zea mays), Bengal gram (Cicer arietinum), and finger millet (Eleusine coracana). Journal of
Food Science and Technology, 59 (4), 1637-1648. https://doi.org/10.1007/s13197-021-05175-5

Tireki, S. (2021). A review on packed non-alcoholic beverages: Ingredients, production, trends and future

opportunities for functional product development. Trends in Food Science & Technology, 112, 442-454.
https://doi.org/10.1016/].tifs.2021.03.058

Tjahyo, A.S., Wu, J.Y., Smith, G., Acuin, C., Maier, A.B., Sim, S.Y.J., Taneja, R., Haldar, S., & Henry, C.J. (2024). Shifting
trend of protein consumption in southeast asia: toward health, innovation, and sustainability. Current
Developments in Nutrition, 8 (10), 104443, https://doi.org/10.1016/j.cdnut.2024.104443

Topolska, K., Florkiewicz, A., & Filipiak-Florkiewicz, A. (2021). Functional food—consumer motivations and

expectations. International Journal of Environmental Research and Public Health, 18 (10), 5327.
https://doi.org/10.3390/ijerph18105327

Trikusuma, M., Paravisini, L., & Peterson, D.G. (2020). Identification of aroma compounds in pea protein UHT
beverages. Food Chemistry, 312, 126082. https://doi.org/10.1016/j.foodchem.2019.126082

Vasquez-Orejarena, E., Simons, C.T., Litchfield, J.H., & Alvarez, V.B. (2018). Functional properties of a high protein
beverage stabilized with oat-B-glucan. Journal of Food Science, 83 (5), 1360-1365. https://doi.org/10.1111/1750-
3841.14119

Wanyonyi, M., Kiluyi, J.W., & Okango, A.A. (2025). Optimization of a functional beverage formulation using a

constrained mixture design with multiple responses. Asian Journal of Probability and Statistics, 27 (1), 1-16.
https://doi.org/10.9734/ajpas/2025/v27i1699
Yilmaz Ersan, L., & Topguoglu, E. (2019). Microbiological and some physico-chemical properties of probiotic yogurt

enriched with almond milk (in Turkish). Journal of Agricultural Faculty of Bursa Uludag University, 33 (2), 321-
339.

Yuan, L., Jiang, Q.Q., Zhai, Y., Zhao, Z., Liu, Y., Hu, F., & Sun, J. (2024). Association between plant-based diet and risk
of chronic diseases and all-cause mortality in centenarians in China: A cohort study. Current Developments in
Nutrition, 8 (1), 102065. https://doi.org/10.1016/j.cdnut.2023.102065

502


http://dergipark.gov.tr/mkutbd
https://doi.org/10.1111/1750-3841.15397
https://doi.org/10.1080/87559129.2021.1955918
https://doi.org/10.1007/s13197-021-05175-5
https://doi.org/10.1016/j.tifs.2021.03.058
https://doi.org/10.1016/j.cdnut.2024.104443
https://doi.org/10.3390/ijerph18105327
https://doi.org/10.1016/j.foodchem.2019.126082
https://doi.org/10.1111/1750-3841.14119
https://doi.org/10.1111/1750-3841.14119
https://doi.org/10.9734/ajpas/2025/v27i1699
https://doi.org/10.1016/j.cdnut.2023.102065

