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The preference for plant-based foods has been increased in recent years. Animal milk alternatives, 

named as plant-based milk, are produced from different oilseeds, nuts and cereals by a series of 

processing steps. These plant-based milk have different advantages over animal milk such as being 

lactose and cholesterol-free and having a high content of phenolics, minerals and unsaturated fatty 

acids. On the contrary, they generally have a lower content of proteins and low sensorial 

acceptability. To overcome these disadvantages, an optimisation by mixture design was carried out 

to produce high-quality plant-based milk in terms of chemical, physical and sensorial properties. 

The results showed that dry matter (7.7-11.5 g/100 mL) and ash (0.11-0.46 g/100 mL) content of 

the samples increased using a combination of sunflower seeds and pumpkin seeds. Total phenolic 

content and DPPH radical scavenging activity of plant-based milk were governed by the ratio of 

sunflower seeds. Hazelnut ratio in the samples had a positive impact on protein content (0.17-1.85 

g/100 mL), whiteness index, serum stability and sensorial properties. The optimum formulation was 

determined as 66.3% hazelnut, 0% pumpkin seed and 33.7% sunflower seed. Verification studies 

showed a good agreement between theoretical and experimental responses. 
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Introduction 

In the last decade, the reasons for consumers to prefer 

food have changed due to increasing health awareness. 

Consumers have become more interested in products 

which offer additional health benefits. Moreover, different 

nutrition trends such as vegetarianism and veganism have 

become more popular among especially in developed 

countries (Rincon et al., 2020).  

The veganism is the ideology of avoiding the use of all 

goods produced from animals (Braunsberger and Flamm, 

2019). Forgrieve (2018) reported to the vegan percentage 

in the USA increased to 6% in 2017, while it was around 

1% in 2014. This trend enormously increased the vegan 

food market, and it was reported as $3.1 billion in 2017 

(Braunsberger and Flamm, 2019). Moreover, the market 

size is estimated to reach more than $24 billion by 2026 by 

Acumen Research and Consulting. Therefore, many food 

manufacturers develop and offer alternative foods such as 

plant-based milk, meat alternative and egg-like products 

for vegans. Plant-based milk is the fastest growing vegan 

foods and demand to cow’s milk decreased about 5% in 

2016 in USA. In addition, plant-based milk were reported 

to comprise about 9% of total milk sales (Braunsberger and 

Flamm, 2019). 

Plant-based milk for vegan nutrition is generally 

produced by homogenisation of various oilseeds, seeds, 

legumes and cereals in water (Rincon et al., 2020). For this 

purpose, hazelnut, peanut, almond, soy, rice, macadamia, 

oats and cashew are widely used. The production process 

mainly consists of soaking, grinding, separation, 

hydrolysis, blanching, thermal processing, 

homogenisation, and formulation stages (McClements et 

al., 2019). Plant-based milk is lactose and cholesterol-free, 

which is the main advantages over animal milk. They are 

also rich in minerals, phenolic substances, mono and 

polyunsaturated fatty acids (Sethi et al., 2016). However, 

they generally have a low content of protein, vitamin D and 

some minerals compared to animal milk (Chalupa-

Krebzdak et al., 2018; Rincon et al., 2020). Moreover, the 

sensorial acceptability of the plant-based milk is reported 

to be low in different studies (Mäkinen et al., 2015; Pineli 

et al., 2015; Rincon et al., 2020). Therefore, additional 

studies are needed to produce a plant-based milk with high 

chemical, physical and sensorial properties. 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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The nutritional properties of vegan milk depend on the 

raw material and the processing method. Plant-based milk 

is generally produced from single raw material and 

therefore have a lower content of protein, calcium and iron 

than animal milk. Indeed, Jeske et al. (2017) determined 

the physicochemical properties of commercial plant-based 

milk and reported the protein content of the samples as less 

than 0.5% except for soy-based milk. Moreover, the usage 

of a combination of raw materials is an alternative 

approach to limit the disadvantages of plant-based milk. 

There are only a few studies conducted to produce plant-

based milk using a combination of different raw materials 

(Sethi et al., 2016). In a study conducted by Deshpande et 

al. (2008), response surface methodology was employed to 

optimise chocolate flavoured plant-based milk produced 

using peanut and soy. The results of the study showed that 

the optimum formulation was determined to be closer to 

the maximum limit of soy. In another study, African yam 

bean and maise (70:30) blends were used in plant-based 

milk production with high protein content. Kundu et al. 

(2018) produced a blended plant-based milk using soy and 

almond at different ratios. They determined the optimum 

formulation as 60% almond and 40% soy. In a recent study, 

Rincon et al. (2020) produced plant-based milk from 

chickpea and coconut at different ratios. They determined 

the optimum ratio of the raw materials as 70:30 according 

to chemical, physical and sensorial properties. 

In the present study, it is aimed to optimise a blended 

plant-based milk formulation produced using hazelnut, 

sunflower seed and pumpkin seed by mixture design. The 

mixture design was employed to achieve a formulation 

with good chemical and physical properties and sensorial 

acceptability. For this purpose, chemical (dry matter 

content, protein content, oil content, ash content, total 

phenolic content and DPPH radical scavenging activity), 

physical (whiteness index and serum stability) and 

sensorial (colour, appearance, taste, flavour, consistency 

and acceptability) properties of the samples produced at 

different formulation was characterised and statistically 

modelled. Then the optimum formulation was calculated 

and produced for verification studies.  

 

Material and Methods 

 

Material  

Hazelnut, sunflower seed and pumpkin seed were used 

as raw materials in plant-based milk production, and all 

raw materials were bought as dehulled from a local market 

(Konya, Turkey). These materials were chosen due to their 

availability, sensorial acceptability and cost. All chemicals 

used in the analyses were reagent grade and obtained from 

Sigma (Germany). 

 

Experimental Design and Plant-Based Milk Production 

A Simplex Centroid mixture design was used to 

determine the optimum formulation of plant-based milk. 

For this purpose, an experimental design was generated 

using Design Expert 10 (Stat-Ease, MN, USA), and all raw 

materials were tested in the range of 0% and 100%. As can 

be seen in Table 1, 14 formulations (with four replication) 

was produced. For this purpose, 200 g of raw materials, 

according to the experimental design, hydrated in 400 mL 

of distilled water at +4ºC for overnight. Then, the mixture 

was drained, 1000 mL distilled water was added on the nuts 

and blended using a blender (Arzum, Turkey) at 20000 rpm 

for 3 min. The blended mixture was filtered from a three-

layer of cheesecloth and bottled (Bernat et al., 2015). 

Finally, the plant-based milk was pasteurised at 85ºC for 

10 min. This conditions were decided according to the 

preliminary experiments. The milk was stored at +4ºC until 

analysis which was completed in a week. 

 

Table 1. Experimental design  

Run Sunflower seed (%) Pumpkin seed (%) Hazelnut (%) 

1 33.33 33.33 33.33 
2 0.00 50.00 50.00 
3 0.00 100.00 0.00 
4 16.67 16.67 66.67 
5 0.00 100.00 0.00 
6 50.00 0.00 50.00 
7 100.00 0.00 0.00 
8 100.00 0.00 0.00 
9 16.67 66.67 16.67 

10 66.67 16.67 16.67 
11 50.00 50.00 0.00 
12 50.00 50.00 0.00 
13 0.00 0.00 100.00 
14 0.00 0.00 100.00 

 

Analyses 

Chemical properties 

Dry matter, protein content, oil content and ash content 

of the plant-based milk were determined according to the 

AOAC methods. For the determination of the total 

phenolic content and DPPH radical scavenging activity of 

the plant-based milk, an ethanolic extract was prepared by 

the method performed by Lai et al. (2013) with slight 

modification. Briefly, dried plant-based milk (at 70ºC until 

constant weight) which was defatted using hexane 

extraction. 18 mL of aqueous ethanol (80%) was added 

onto 2 g of defatted sample and homogenised. Then, it was 

held in a water bath adjusted to 40ºC for 3 h and filtered 

from filter paper. The total phenolic content by Folin-

Cioceltau procedure and DPPH radical scavenging activity 

of the plant-based milk were determined according to Eyiz 

et al. (2020). 
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Physical properties 

For the determination of serum stability, 40 g of milk 

sample was transferred into a tube and centrifuged at 220 

g for 10 min at 4°C (Jeske et al., 2017). The stability was 

evaluated visually in the range of 1 (total separation) and 

10 (no separation) by a panel. 

Whiteness index of the plant-based milk was 

determined by the method performed by Jeske et al. (2018). 

Sensorial properties 

The sensorial properties of the samples were analysed using 

a 9-point hedonic scale test. 20 mL of refrigerated samples 

coded with a three-digit code and presented under white light. 

The sensorial attributes of products, namely colour, appearance, 

taste, flavour, consistency and acceptability were evaluated by 

ten semi-trained panellists who are graduate students of 

Department of Food Engineering, Necmettin Erbakan 

University (Jeske et al., 2018). 

 

Statistical Analyses 

The optimum formulation was determined using the 

mixture design. All responses were analysed using linear, 

quadratic and cubic models, and the most suitable model 

was decided by p-value, lack of fit test and regression 

coefficient. Insignificant terms were reduced to increase 

the accuracy of the model. The optimum formulation was 

calculated using the desirability function (Tontul and 

Topuz, 2018). The optimum formulation was produced in 

three replicate, and the theoretical and experimental 

responses were compared according to the % error, which 

was calculated using Excel 2018 (Microsoft, USA). 

 

Results and discussion 

 

Chemical Properties 

The dry matter content of plant-based milk was 

determined in the range of 7.7-11.5 g/100 mL (Table 2), 

and the quadratic model was determined to be the suitable 

model (Table 3). While linear terms were found to be 

ineffective on dry matter content, sunflower seed and 

pumpkin seed interaction had a significant effect on dry 

matter content of plant-based milk. The lowest amount of 

dry matter was determined in 100% of either sunflower 

seed or pumpkin seed. However, their combined usage 

increased the dry matter content (Figure 1a). Brix of the 

peanut-based beverages was reported between 13.7 and 

15.8, which is higher than the present study (Gama et al., 

2019). In another study, dry matter content of hazelnut 

milk was determined as 17.6 g/100g (Naziri et al., 2017). 

On the contrary Bernat et al. (2015) reported much lower 

dry matter content in almond (6.6 g/100g) and hazelnut 

milk (5.3 g/100g). Therefore, it can be deduced that the dry 

matter content of the plant-based milk highly depends on 

the raw material concentration in the production process. 

The protein content of the samples modelled using a 

linear model and was ranged between 0.17 g/100 mL and 

1.85 g/100 mL (Table 2). As it can be seen in Figure 1b, 

increasing the hazelnut concentration in the formulation 

resulted in a higher content of proteins in plant-based milk. 

These could be related to the soluble protein content of the 

raw materials.  

 

 

 

Table 2. Chemical, physical and sensorial results according to the formulation 

Run 
Dry matter content 

(g/100 mL) 

Protein content 

(g/100 mL) 

Oil content 

(g/100 mL) 

Ash content 

(g/100 mL) 

Total phenolic content 

(mg GAE/L) 

Sensorial 

appearance 

Whiteness 

index 

1 11.2±0.1 1.03±0.01 1.41±0.00 0.37±0.02 1871.1±1.5 4.9±2.2 74.0±0.1 

2 9.6±0.1 0.51±0.01 1.13±0.04 0.11±0.06 168.9±4.5 5.5±2.5 76.2±0.9 

3 9.3±0.0 0.34±0.01 1.18±0.06 0.34±0.02 423.2±9.0 5.2±1.9 75.0±0.1 

4 10.3±0.0 1.21±0.04 1.17±0.13 0.22±0.01 1238.1±57.2 6.6±2.1 79.1±0.1 

5 7.7±0.0 0.17±0.01 0.91±0.03 0.23±0.04 212.6±18.1 6.0±2.4 76.5±0.2 

6 10.4±0.0 0.99±0.01 1.12±0.11 0.23±0.00 1587.0±12.0 5.6±1.8 76.9±0.2 

7 8.3±0.0 0.99±0.01 1.08±0.05 0.25±0.00 3226.0±4.5 5.6±1.8 72.2±0.3 

8 8.2±0.1 0.84±0.01 0.95±0.07 0.25±0.00 2827.0±63.2 4.4±2.0 72.2±0.2 

9 8.8±0.2 0.27±0.01 0.74±0.20 0.30±0.02 649.8±16.5 5.1±2.4 76.8±0.4 

10 9.9±0.1 0.75±0.02 1.05±0.06 0.32±0.00 2144.0±0.0 5.0±1.9 72.8±0.4 

11 11.3±0.0 0.57±0.03 1.20±0.11 0.46±0.01 1684.5±9.0 4.6±1.6 72.8±0.3 

12 11.5±0.1 0.93±0.00 1.40±0.17 0.46±0.02 1537.7±45.1 4.4±2.2 71.8±0.1 

13 10.0±0.0 1.85±0.00 1.31±0.04 0.18±0.00 833.8±0.0 8.5±1.0 81.5±1.6 

14 10.1±0.0 1.66±0.16 1.35±0.23 0.19±0.02 1174.3±469.4 8.6±0.5 82.4±0.4 

Run 
Serum  

stability 

Sensorial  

colour 

Sensorial 

flavour 

Sensorial 

taste 

DPPH radical scavenging 

activity (mg TE/L) 

Sensorial 

consistency 

Sensorial 

acceptability 

1 3.5±0.7 6.0±1.5 5.3±2.4 5.1±2.4 1992.6±13.7 5.0±2.4 5.7±2.4 

2 9.0±0.0 5.5±2.2 6.1±2.4 5.6±2.4 81.3±6.8 5.7±2.2 5.4±2.3 

3 1.0±0.0 4.8±2.1 4.5±3.1 4.5±2.5 192.6±0.0 5.7±2.2 4.7±2.2 

4 7.5±0.7 6.4±2.1 6.3±1.8 5.7±1.9 986.1±123.2 6.3±2.4 6.5±2.0 

5 10.0±0.0 5.0±2.5 6.1±2.2 5.4±1.9 95.8±27.4 6.8±2.1 5.5±2.3 

6 6.5±0.7 7.0±2.2 6.5±2.2 6.2±2.6 2176.5±164.2 5.7±2.8 6.4±2.4 

7 1.5±0.7 6.4±1.6 6.1±2.0 5.3±2.1 5587.7±239.5 6.2±1.8 5.6±2.1 

8 1.0±0.0 5.5±2.3 6.1±2.1 5.0±2.3 4852.3±171.1 5.0±2.1 5.1±2.3 

9 10.0±0.0 4.8±2.1 5.6±2.2 5.5±1.9 739.4±6.8 6.8±1.8 5.5±2.0 

10 2.0±0.0 5.5±2.0 5.8±2.3 5.2±2.0 3560.3±232.7 4.6±2.1 5.3±2.5 

11 9.0±0.0 4.5±2.0 5.6±2.2 4.2±2.1 3095.8±177.9 4.2±2.5 4.5±2.0 

12 1.0±0.0 4.3±2.3 5.7±2.3 4.4±2.5 2428.1±54.7 4.6±2.7 5.1±2.6 

13 10.0±0.0 8.5±0.7 7.9±1.0 7.7±1.3 105.5±41.1 7.5±2.5 7.9±1.3 

14 9.5±0.7 8.5±0.7 7.8±0.9 8.6±0.5 105.5±13.7 7.4±2.0 7.7±1.5 
mean±std deviation 
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Table 3. ANOVA results for each response 

V 
Dry matter content Protein content Oil content Ash content 

Total phenolics 
content 

MS F Value MS F Value MS F Value MS F Value MS F Value 
Model 4.54 9.16** 1.28 24.48** 0.043 1.19ns 0.030 18.30** 5.20E+06 73.25** 
LM 0.68 1.37ns 1.28 24.48** 0.043 1.19ns 0.025 14.82** 5.20E+06 73.25** 
AB 12.26 24.73** - - - - 0.063 38.05** - - 
BC - - - - - - 0.009 5.59* - - 
LF 0.3008ns 0.1987ns 0.1557ns 0.5008ns 0.2572ns 
R2 0.7332 0.8165 0.1774 0.8905 0.9302 
Adj-R2 0.6531 0.7832 0.0279 0.6510 0.9175 

V 
DPPH radical scavenging 

activity 
Whiteness 

index 
Serum stability Sensorial colour Sensorial appearance 

MS F Value MS F Value MS F Value MS F Value MS F Value 
Model 2.21E+07 295.57** 68.04 43.45** 61.65 27.35** 5.66 55.05** 6.90 23.01** 
LM 2.21E+07 295.57** 68.04 43.45** 61.65 27.35** 10.07 97.90** 9.15 30.50** 
AB - - - - - - 1.22 11.82** 2.41 8.03* 
BC - - - - - - 1.29 12.52** - - 
LF 0.8808ns 0.0901ns 0.206ns 0.572ns 0.4462ns 
R2 0.9817 0.8876 0.8326 0.9607 0.8735 
Adj-R2 0.9784 0.8672 0.8021 0.9433 0.8355 

V 
Sensorial taste 

Sensorial 
flavour 

Sensorial 
consistency 

Sensorial 
acceptability 

  

MS F Value MS F Value MS F Value MS F Value   
Model 7.76 22.20** 3.70 14.44** 3.36 4.69* 5.85 36.07**   
LM 7.76 22.20** 3.70 14.44** 3.36 4.69* 5.85 36.07**   
LF 0.2803ns 0.6942ns 0.1844ns 0.5295ns   
R2 0.8014 0.7241 0.4605 0.8677   
Adj-R2 0.7653 0.674 0.3624 0.8437   
V: Variable, LM: Linear mixture, LF: Lack of fit,  *P<0.05, P<0.01, ns: not significant, A: Sunflower seed, B: pumpkin seed, C: hazelnut 

 

Scholz-Ahrens et al. (2020) reported the protein content 

of various commercial plant-based milk as 0.3-1.6 g/100g. 

Besides, the protein content of various commercial plant-

based milk was reported in the range of 0.07 – 3.70 g/100g 

(Jeske et al., 2017). The results of the present study were 

consistent with the literature. However, the protein content 

of hazelnut was reported to be lower (0.4-0.6 g/100g) than 

the present study (1.7-1.8 g/100 mL). The difference 

between raw material concentration and production 

process (especially homogenisation step). Indeed, Gul et 

al. (2017) reported a significant increase in protein content 

of hazelnut milk with a rise in homogenisation pressure. 

The oil content of the plant-based milk samples 

determined in a narrow range (0.74-1.41 g/100 mL) and did 

not change significantly based on the formulation. 

Generally, plant based milk contains lower oil content than 

animal milk (~3 g/100mL). Indeed Jeske et al. (2017) 

reported the oil content of commercial plant based milks in 

the range of 0.84-4.40 g/100g. The difference between 

result could be related to the other ingredients used in the 

commercial products. All raw materials have a high 

content of oil, and therefore, oil content of the plant-based 

milk did not show a significant difference. Indeed, 

according to the Turkish National Food Composition 

Database (TURKOMP), oil content of sunflower seeds, 

pumpkin seeds, hazelnut were 52 g/100g, 50 g/100g and 60 

g/100g, respectively (Anonymous, 2020). Therefore, 

similar fat content was observed in plant-based milk. 

Ash content of samples was ranged in 0.11 g/100 mL 

and 0.46 g/100 mL (Table 2). In a previous study, the ash 

content of different commercial plant-based milk was 

reported as 0.1-1.0 g/100g (Jeske et al., 2017). The result 

of the present study was consistent with this data. A 

quadratic model was used to predict the ash content of the 

samples, and all terms except sunflower seed and hazelnut 

interaction showed a significant effect on the ash content 

(Table 3). The highest ash content was determined in plant-

based milk produced by sunflower seed and pumpkin seed 

mixtures, while the lowest ash content was observed in the 

milk produced by 100% of hazelnut (Figure 1c). In a study 

on ash content of different nuts sold in Korea, pumpkin 

seed had the highest (5.5%) content of ash which was 

followed by sunflower seed (3.3%). The ash content of 

pumpkin seed, sunflower seed and hazelnut according to 

TURKOMP is 3.58, 3.53 and 2.28, respectively. Therefore, 

hazelnut milk had the lowest ash content (Anonymous, 

2020). 

Only linear terms were found to be effective on the total 

phenolic content of the milk (Table 3), which was 

determined in the range of 168.9 and 3226.0 mg GAE/kg 

dm. Atalar et al. (2019) reported the total content of 

hazelnut milk in the range of 150.7-178.8 mg/kg, which is 

similar to the present study when evaluated on dry basis. 

Figure 1d shows that milk produced using a high ratio of 

sunflower seed had the highest content of total phenolics 

which was followed by those of hazelnut and pumpkin 

seed, respectively. In a previous study on roasted Turkish 

nuts, sunflower seeds similarly reported having the highest 

content of total phenolics with 1021.5 mg GAE/100 g 

which was much higher than those of hazelnut (138.5 mg 

GAE/100 g) and pumpkin seeds (37.2 mg GAE/100 g) 

(Aysun and Sayaslan, 2019). 

DPPH radical scavenging activity of plant-based milk 

was ranged in 81.3-5587.7 mg TE/kg dm. Very high 

regression coefficients were calculated for the linear 

model. The highest DPPH radical scavenging activity was 

determined in the plant-based milk sample produced using 

100% of sunflower seed (Figure 1e). 
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Figure 1. Contour plots of (a) dry matter content, (b) protein content, (c) ash content, (d) total phenolic content, (e) 

DPPH radical scavenging activity, (f) whiteness index, (g) serum stability, (h) sensorial colour, (i) sensorial appearance, 

(j) sensorial taste, (k) sensorial flavour and (l) sensorial acceptability of plant milks according to formulation 
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Table 4. Theoretical and experimental results obtained using optimum formulation 

Parameters Theoretical response Experimental response* % Error 

Dry matter content (g/100 mL) 9.8 10.1±0.1 3.1 

Protein content (g/100 mL) 1.35 1.34±0.4 1.0 

Ash content (g/100 mL) 0.21 0.21±0.01 0.6 

Total phenolic content (mg GAE/L) 1610.8 1618.8±40.5 0.5 

DPPH radical scavenging activity (mg TE/L) 1775.7 1694.5±70.7 4.6 

Whiteness index 78.1 79.3±0.1 1.6 

Serum stability 6.6 6.5±0.7 1.5 

Sensorial colour 7.5 7.6±0.1 0.8 

Sensorial appearance 7.0 7.6±0.2 8.2 

Sensorial taste 6.7 7.5±0.2 12.4 

Sensorial flavour 6.9 7.8±0.2 12.8 

Sensorial acceptability 6.7 7.8±0.4 15.9 

Desirability 0.538 

* mean±std deviation of 3 replicates 

 

 

In contrast, pumpkin seed and hazelnut milk had 

similar DPPH radical scavenging activity. Similar results 

were also reported for antioxidant activity of roasted nuts 

determined by TEAC and FRAP (Aysun and Sayaslan, 

2019). A clear correlation between total phenolic content 

and antioxidant activity was observed in the present study. 

This phenomenon was expected since plant phenolics 

generally have high antioxidant capacity (Dai and 

Mumper, 2010). As stated above higher phenolic content 

of sunflower seeds provided higher antioxidant activity in 

the final milks. 

 

Physical Properties 

Plant-based milk samples produced using different 

sunflower, hazelnut and pumpkinseed ratios had higher 

whiteness index than 71.8 (Table 2). Jeske et al. (2017) 

reported the whiteness index of commercial almond (Alpro 

and Provamel), soya (Alpro), and quinoa (EcoMil) milk as 

higher than 71.3. On the contrary thy reported hazelnut 

milk (Alpro) as 56.3. Indeed, much higher whiteness index 

(>80) was reported by Bernat et al. (2015).  The differences 

of whiteness index results could be related to the removing 

of hazelnut skin and other ingredients. A linear model was 

predicted whiteness index of plant-based milk with 

insignificant lack of fit and high regression coefficients 

(Table 3). As expected, increasing the hazelnut 

concentration resulted in higher whiteness index due to the 

natural colour of raw material (Figure 1f). On the other 

hand, sunflower seed concentration negatively affected the 

whiteness index by decreasing the L* value of the plant-

based milk. 

Serum stability is one of the most critical parameters of 

plant-based milk that affects the marketability of the 

product. As it can be seen in Table 2, it changed between 

no serum separation and total serum separation. A linear 

model was determined to be used to predict serum stability 

of the plant-based milk. The contour plot showed that while 

hazelnut and pumpkin seed provided high serum stability, 

increasing the ratio of sunflower seed in formulation 

decreased the serum stability (Figure 1g). Therefore, the 

formulation had an essential effect on the serum stability 

of plant-based milk. Rincon et al. (2020) produced plant-

based milk using different ratios of chickpea and coconut 

and determined physical stability. They determined that 

increasing the proportion of coconut in the milk sample 

was increased physical stability. These results of the 

present study suggested that extracted proteins from 

hazelnut and pumpkin seed acted as stabilisation agent 

during plant-based milk production. On the other hand, 

sunflower seed seems to lack of interfacial agent, therefore, 

exposed to total serum separation. Another reason for the 

low stability of the sunflower seed milk could be related to 

denser and larger particles in this sample (Cruz et al., 2007; 

Jeske et al., 2017).  

 

Sensorial Properties 

Sensorial properties of the plant-based milk were 

evaluated according to colour, appearance, taste, flavour, 

consistency and general acceptability. All sensorial 

properties, except consistency, were significantly changed 

according to the formulation (Table 3). Although the linear 

model was found to be significant at p<0.05 level for 

sensorial consistency, the regression coefficients were low. 

While colour values were modelled using the quadratic 

model, other sensorial responses were predicted using a 

linear model.  

All sensorial properties showed a similar pattern 

according to the formulation (Figure 1h-l). Indeed, 

increasing hazelnut concentration in plant-based milk 

formulation provided the highest sensorial scoring (>7). 

This finding could be related to the higher whiteness and 

mild taste of the plant-based milk obtained at 100% 

hazelnut since the consumers are expected the milk as 

white as possible. Previous studies on sensorial evaluation 

showed that overall likeness of plant-based milk is 

generally too low. Mäkinen et al. (2015) reported the 

overall ratings of plant-based milk produced from soy, oat, 

quinoa and rice were smaller than five which corresponds 

“neither like or dislike”. Similar results were also reported 

for quinoa milk as 4.4 (Pineli et al., 2015). The produced 

milk in the present study had higher sensorial ratings 

compared to the literature. Pumpkin seed (100%) had the 

lowest sensorial scoring in colour, flavour and 

acceptability. It is believed the increasing greenness of the 

plant-based milk due to chlorophyll content of pumpkin 

seed caused the decrease of the sensorial properties in 

pumpkin seed rich milk. Moreover, plant-based milk 

produced using high ratio of sunflower seed had to lowest 

sensorial appearance scoring probably because of the 

partial serum separation during sensorial panel. In a 

previous study on plant-based milk production using 

coconut and chickpea at different ratios, sensorial 
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properties were determined based on overall, colour, odour 

and taste. All properties showed similar patterns according 

to the formulation as determined in the present study. The 

most acceptable formulation was determined as 50% of 

chickpea and 50% of coconut (Rincon et al., 2020).  

 

Optimisation and Verification 

The optimum formulation was calculated using 12 

responses that can be modelled statistically. The 

formulation that maximises all responses were evaluated as 

the optimum formulation. The calculations according to 

the desirability function yielded that the formulation that 

maximises all responses simultaneously was 66.3% 

hazelnut, 0% pumpkin seed and 33.7% sunflower seed. 

Using this formulation, three replicated plant-based milk 

was produced, and experimental responses were obtained 

(Table 4). Verification studies showed high similarity (% 

error <5) in dry matter content, protein content, ash 

content, total phenolic content, DPPH radical scavenging 

activity, whiteness index, serum stability and sensorial 

colour values. However, the error percent was higher in 

other sensorial parameters than colour. The fact that the 

plant-based milk produced with the optimum formulation 

scores high in terms of all sensorial values than theoretical 

responses in the sensory panel shows that the study has 

achieved its purpose. 

 

Conclusion 
 
Plant-based milk formulation was optimised using 

mixture design for the first time in the present study. While 
ash content, sensorial colour and sensorial appearance of 
the plant-based milk can be predicted by the quadratic 
model, other responses that can be statistically modelled 
was affected by the linear terms. The protein content of the 
plant-based milk was governed by the hazelnut ratio in the 
formulation. The oil content of the sample did not show 
significant variation based on the formulation, probably 
because of the similar oil content of the raw materials. 
Whiteness index and serum stability of the plant milk 
produced only using hazelnut was determined to be higher 
among the tested samples. This phenomenon could be 
related to the colour of the raw material and extracted 
proteins that have interfacial properties. All sensorial 
properties showed a similar pattern and increasing hazelnut 
concentration in the plant-based milk formulation provided 
the highest sensorial scorings. The optimum formulation 
was determined as 66.3% hazelnut, 0% pumpkin seed and 
33.7% sunflower seed according to desirability function. 
Verification studies showed high accordance in theoretical 
and experimental values of chemical and physical 
properties. However, higher sensorial scorings were 
determined in experimental studies. Overall, plant-based 
milk that has good chemical, physical and sensorial 
properties was developed in the present study.  
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