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Abstract:
Recently, the number of people suffering from allergy to caw’s milk has increased. Lupine, a plant rich in protein, can be a 
good alternative product for non-dairy products production. We aimed to obtain a yogurt-like product based on lupine milk and 
evaluate its properties.
Lupine milk was obtained from lupine seeds, egg white protein powder, disaccharides, and starter cultures were added to the 
milk to obtain yogurt-like products: samples with maltose, samples with lactose, and samples without sugars. Physico-chemical 
and microbiological characteristics of the products were determined by the standard techniques. Sensory attributes were 
evaluated by trained panelists.
In the study, the effects of egg white protein powder and disaccharides on the activities of starter cultures and the properties of 
the yogurt-like products obtained were investigated. The relationship between the addition of sugar and the growth of starter 
cultures was found to be significant (P < 0.05). In terms of physico-chemical, rheological, and microbiological properties, 
the yogurt-like products obtained from lupine milk with disaccharides demonstrated good results, especially the sample with 
maltose. Sensory analysis revealed high sensory properties of the yogurt-like products.
Yogurt-like products from lupine milk can be used as an alternative to cow’s milk fermented products, but more detailed studies 
should be conducted on their formulations.
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INTRODUCTION
The increasing prevalence of protein allergenicity 

to cow’s milk has driven the food industry towards the 
design, supply, and production of new plant-based milk 
alternatives. Studies on the creating of formulations with 
sensory acceptability that are suitable for vegetarian 
diets have rapidly increased in recent years. In addition, 
fermented products made from plant-derived milk 
instead of fermented products from animals’ milk have 
become of interest [1].  

One of the plant-based alternatives to cow’s milk 
is lupine milk. Lupine (Lupinus albus L.) is a plant 
belonging to the Lupinus species of the Papilioneceae 
(Legumineceae; butterfly-flowered) family. Lupine 
is used as a soy alternative in such products as bread, 
biscuits, cakes, pasta, confectionery, and soy sauce. 
Besides, due to its antioxidant content, lupine is also 

used in high-quality vegetable oil, gluten-free flour, 
emulsifying agents, and alternative fermented pro- 
ducts [2, 3]. 

Today, lupine attracts attention as functional food 
because it is rich in protein, minerals, vitamins, oleic 
acid, fiber and other valuable components, as well as 
because its antioxidant capacity. Lupine seeds contain 
significant amounts of polyphenols, carotenoids, 
phytosterols, tocopherols, and alkaloids, as well 
as peptides with antioxidant, antimicrobial, anti-
carcinogenic, and anti-inflammatory activities [4]. 

Lupine milk is obtained from lupine grains. The 
protein value of lupine milk is 4.90 g/100 g, the fat 
content is 5.00 g/100 g, the total dry matter ratio 
is 11.20 g/100 g, and the pH is 6.30 [1, 2, 5]. Lupine 
milk characteristics make it suitable to produce dairy 
products such as set yogurt, probiotic yogurt, and  
cheese [6]. 
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In addition to the use of lupine milk itself, there are 
studies on the use of its components in the production of 
dairy products. For example, lupine proteins were used 
in ice-cream production and yielded ice cream with high 
sensory properties [7]. 

Some studies, have reported that fermented 
products can be produced from lupine milk, but since 
yogurt starter cultures cannot use carbohydrates in the 
composition of lupine milk, it is necessary to enrich this 
milk by adding disaccharides, increasing thereby the 
activity of starter cultures [6].

The growth of lactic acid bacteria in artificial 
environments (other than milk) is difficult, but they 
can easily grow in most plant-based media/substrates. 
Additionally, lactic acid bacteria have been found to 
rapidly increase acidity (decrease in pH) in plant-
derived environments to a point where other competitive 
organisms cannot thrive. 

Krunglevičiūtė et al. have reported that acidity 
(hence the growth of lactic acid bacteria) in a fermented 
product made using lupine milk depends on the lupine 
variety and amino acid levels [8]. However, it has 
been stated that lupine milk has a unique nutritional 
composition and may support the increase in the 
number and survival of lactic acid bacteria in fermented 
products.

Egg white protein powder is obtained as a result 
of drying the egg white protein by the traditional 
drying method. Pasteurized egg white protein powder 
is produced by drying egg white protein by the 

conventional spraying method [9]. In our research, egg 
white protein powder was used to increase dry matter 
level.

The aim of this study was to obtain a yogurt-like 
product based on lupine milk as an alternative to cow’s 
milk and evaluate its microbiological, physico-chemical, 
and sensory attributes. 

STUDY OBJECTS AND METHODS
Raw lupine (Lupinus albus L.), pasteurized egg 

white protein powder (Alfasol®), JOINTEC VB530 
lyophilized culture, lactose, and maltose were obtained 
from Ödemiş (Turkey-İzmir), Kimbiotek Chemical 
Substances Inc. (Istanbul-Turkey), CSL laboratory 
(Strade per Merlino, 3,26839, Italy), and Sigma-Aldrich, 
respectively.   

Production of lupine milk. Lupine milk was 
extracted from seeds by the method illustrated in Fig. 1.

Production of non-dairy yogurt-like product. 
In the study, plant-based yogurt-like products were 
obtained by from lupine milk with functional 
properties, egg white protein powder, and disaccharides  
(lactose and maltose) with the following fermen- 
tation with Lactobacillus bulgaricus + Streptecoccus 
thermophiles (Table 1). 

Lupine milk was aliquoted into three equal 
batches to obtain three samples, namely milk without 
saccharides (control), milk with lactose (0.5%, w/v), and 
milk with maltose (0.5%, w/v). Lactose and maltose 
were added into the milk, the batches were pasteurized 
separately at 85°C for 20 min, and cooled to 50–55°C. 

Figure 1 Preparation of lupin milk from the seeds of Lupinus albus L.

Clean lupine seeds (1 kg)

Boiling 1:3 seeds/water (30 min)

Removing bitterness from the seeds

Heat treatment (20 min at 30°C)

Dehulling

Shredding (5 min)

Adding water (10 g/100 mL) so that the lupine dry matter is 10% and pH adjustment (6.5–7.0)

Homogenization

Cooling to room temperature

Storage at +4°C

Filtration
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After adding egg white protein powder (3%, w/v) to 
each batch, they were homogenized for 3–5 min with 
an Ultra Turrax Blender at 1200 rpm. Then, the samples 
were cooled to 42–43°C and the starter culture (3%, w/v) 
was added. Thus, we prepared three yogurt-like samples 
based on the lupine milk samples. The samples were 
incubated at 42–43°C and pH 4.60 for three days. On 
days 1, 7, 14, and 28 of storage at 4°C, we performed 
physico-chemical, rheological, microbiological, and 
sensory analyses. 

Physico-chemical analyses. Dry matter was 
determined by the gravimetric method. The ash 
content was determined using AOAC methods. The 
fat content was determined by Gerber’s method. pH 
value was detected using an SS-3 Zeromatic (Beckman 
Instruments Inc., California, USA) pH meter, and 
titration acidity (% lactic acid) was determined 
according to the alkali titration method. The protein 
value was determined by the Kjeldahl method according 
to AOAC in milk and yogurt-like product samples [10].  
Viscosity was determined with a digital visco- 
meter (V100003/FungiLabAlpha), and syneresis was 
determined as described by Kieserling et al. [11, 12].  
The texture properties were determined with a 
texture analyzer (HDPL2/CEL5/TA-XT Plus), and the 
carbohydrate content was determined with an Atago 
Polax×2L polarimeter (Japanese). 

Determination of fatty acid composition. Each 
homogenized sample was extracted according 
to the Gerber method to obtain oil as described 
in [14], fatty acid methyl esters were prepared 
according to AOCS and investigated using gas 
chromatography [15]. We used a Supelco SP-
2380 (Supelco Inc., Bellefonte, USA) fused a silica 
capillary column (60×0.25 mm i.d., 0.2 mm film 
thickness) and a Hewlett-Packard gas chromatographer 
(model 6890) with a flame ionizing detector. 
Injection volume: 1 μL; oven temperature: 4°C/min  
100°C to 220°C; injector and detector temperature: 
300°C; carrier gas: helium; and flow rate: 1 mL/min.  
Fatty acid methyl esters were detected in the lupine milk 
and yogurt-like samples on day 1 of storage.

Microbiological analysis. MRS-agar (Merck, 
Germany) was used to count L. bulgaricus. All 
the samples under study were subjected to anaero- 
bic incubation at 42°C for 3 days on MRS-agar.  
L. bulgaricus count was determined as CFU/g [16]. 
An M17 agar medium containing lactose was used for  
S. thermophiles counting. The incubation of the planted 
Petri dishes was carried out under aerobic conditions  

at 37°C for 72 h. The typical colonies formed at the end 
of the incubation were counted [17]. 

Sensory tests. Sensory analysis was performed by 
10 trained panelists on days 1, 7, 10, 14, and 21 according 
to Jovanović et al. [18].   

Statistics. The samples were examined in three 
repetitions and two replications. SPSS version  
15 (IBM SPSS Statistics) statistical analysis package 
program was used. The data considered significant 
according to the analysis of variance (ANOVA) was 
tested at the P < 0.05 level using the Duncan multiple 
comparison test.

RESULTS AND DISCUSSION
Physico-chemical properties. In the study, dry 

matter in lupine milk was determined as 10.02%, fat 
3.58%, protein 5.05%, carbohydrates 2.59 g/100 g, 
titration acidity (°SH) 0.131, pH value 6.38, ash 1.3%, 
and viscosity 3.52 cP (20°C). The physico-chemical 
properties of the yogurt-like samples based on lupine 
milk are given in Table 2.

The acidity in the samples with lactose and maltose 
was higher than that in the samples without sugars 
during storage, which was associated with maltose and 
lactose added to the lupine milk. The acidity increase 
in the samples with maltose during storage was higher 
than that in the products with lactose. The relationship 
between the increase in acidity and the sugar addition/
type added to the samples was significant (P < 0.05). 

Bintsis has reported that lactic acid bacteria develop 
better especially in the presence of glucose and some 
other sugars (sucrose, maltose), which cause higher 
acidity increase [19]. Our research results were found 
to be compatible with the literature, and depending 
on the glucose ratio, the highest acidity increase was 
determined in the yogurt-like product with maltose. 
Additionally, the results regarding the increase in acidity 
were found to be compatible with studies by Ozcan et al.  
who stated that the viability of lactic acid bacteria 
in plant-based yogurt-like products increased, thus 
increasing the acidity of the product [20]. 

Dry matter in all the samples decreased by the end 
of storage. The highest decrease was determined in 
the samples without sugars, while the decrease in the 
samples with lactose and maltose was found to be close 
to each other. However, the dry matter decrease in the 
products with maltose was found to be lower than that 
in the samples with lactose. The relationship between 
the type of sugar used in the production of non-dairy 

Table 1. Experimental design

Lactobacillus bulgaricus + 
Streptecoccus thermophilus

Egg white protein powder Lactose Maltose

Lupine milk (control) 3% 3%
Lupine milk with lactose 3% 3% 0.5%
Lupine milk with maltose 3% 3% 0.5%
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yogurt-like products from lupine milk and dry matter 
was significant (P < 0.05). 

The fat content decreased in all the samples by the 
end of storage, but this decrease was not significant  
(P > 0.05). We revealed that during storage fat amounts 
in the samples with maltose and lactose were higher 
than in the samples without sugars. This situation is 
associated with a more pronounced syneresis in the 
yogurt-like products without sugars compared to the 
other samples. In this study, the relationship between the 
fat content and the type of sugar added to the samples 
and the amount of egg white protein powder was found 
to be significant (P < 0.05). 

Protein values decreased in all the samples during 
storage, and the highest protein hydrolysis had the 
samples with maltose, followed by the samples with 

lactose and the samples without sugars. Among the 
samples, protein hydrolysis is associated with egg 
white protein powder added to lupine milk to increase 
the protein content and dry matter in lupine milk. The 
relationship between the sugar type added to milk and 
the addition of egg white protein powder and protein 
hydrolysis was significant (P < 0.05). In the study, the 
relationship between the type of sugar added to lupine 
milk and viscosity and syneresis was found to be 
significant (P < 0.05). 

Al-Saedi et al. stated that yogurt-like products can be 
produced from lupine milk, with shortened fermentation 
time and the increased amount of the starter culture 
(especially probiotic microorganisms) [6]. In this respect, 
our research results are compatible with the literature. 

Table 2 Physicochemical properties in yogurt-like samples based on lupine milk (n = 3)

Storage, days Milk without sugars Milk with lactose Milk with maltose
Dry matter, % 1 12.82 ± 1.44aA 13.00 ± 1.14aB 13.00 ± 1.13aB

7 12.25 ± 1.26aA 12.75 ± 1.06aB 12.85 ± 1.69aC

14  10.69 ± 1.33aA 11.36 ± 1.46aB 11.65 ± 1.47aC

28 10.44 ± 1.67aA 11.03 ± 1.57aB 11.26 ± 1.33aC

Viscosity, cP 1 899.00 ± 5.11aA 941.00 ± 8.21aB 1021.00 ± 9.25aC

7 1056.00 ± 8.23bA 1154.00 ± 8.36bB 1163.00 ± 8.73aC

14 1274.00 ± 9.63bA 1566.00 ± 9.45bB 1621.00 ± 8.91bC

28 1663.00 ± 9.74bA 1841.00 ± 9.98bB 2047.00 ± 9.95bC

Syneresis, g 1 9.52 ± 1.01aA 8.67 ± 1.06aB 8.55 ± 1.02aC

7 12.25 ± 2.06aA 11.36 ± 1.03AB 11.22 ± 1.11aC

14 13.49 ± 1.12aA 12.41 ± 1.07aB 12.10 ± 1.53aC

28 15.95 ± 2.07aA 14.65 ± 2.06aB 14.24 ± 2.54aC

pH 1 4.60 ± 1.22aA 4.58 ± 1.29aB 4.56 ± 1.11aC

7 4.57 ± 0.81aA 4.42 ± 1.06aB 4.39 ± 1.46bC

14 4.45 ± 0.63aA 4.29 ± 1.21aB 4.25 ± 1.89bC

28 4.41 ± 0.78bA 4.19 ± 1.63bB 4.16 ± 1.42bC

Acidity (%LA), °SH 1 0.912 ± 0.120aA 0.938 ± 0.100aB 0.944 ± 0.550aC

7 0.988 ± 0.220aA 1.045 ± 0.650aB 1.095 ± 0.630bC

14 1.039 ± 0.350bA 1.121 ± 0.750bB 1.133 ± 0.710bC

28 1.044 ± 0.630bA 1.128 ± 0.430bB 1.139 ± 0.390bC

Fat, % 1 3.55 ± 0.41aA 3.57 ± 0.66aB 3.57 ± 0.51aB

7 3.12 ± 0.96aA 3.36 ± 0.60aB 3.38 ± 0.62aB

14 2.75 ± 0.25aA 3.19 ± 0.82aB 3.22 ± 0.84aB

28 2.35 ± 0.57aA 2.88 ± 0.74aB 2.93 ± 0.78aB

Protein, %
1 5.03 ± 0.91aA 5.00 ± 0.82aA 4.98 ± 0.52aB

7 4.62 ± 0.93aA 4.45 ± 0.67aA 4.33 ± 0.87aB

14 4.22 ± 0.67bA 4.16 ± 0.88aA 4.02 ± 0.74aB

28 4.06 ± 0.76bA 3.86 ± 0.50bA 3.75 ± 0.46bB

Carbohydrates, % 1 2.57 ± 0.92 aA 3.51 ± 0.80 aB 3.48 ± 0.91 aB

7 2.54 ± 0.82 aA 2.85 ± 0.85 aB 2.44 ± 0.72 aC

14 2.12 ± 0.49 aA 1.57 ± 0.63 aB 1.25 ± 0.56 aC

28 1.95 ± 0.57 aA 0.92 ± 0.22 aB 0.84 ± 0.21 aC

 Ash, % 1 0.55 ± 0.09 aA 0.57 ± 0.09 aA 0.57 ± 0.03 aA

7 0.31 ± 0.08 aA 0.41 ± 0.07 aA 0.43 ± 0.07 aA

14 0.21 ± 0.08 aA 0.33 ± 0.09 aA 0.34 ± 0.06 aA

28 0.16 ± 0.07 aA 0.29 ± 0.02 aA 0.30 ± 0.02 aA

a,b,c different letters on the same column are statistically significant (P < 0.05)
A,B,C different letters on the same line are statistically significant (P < 0.05)
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In this study, the carbohydrate content decreased in 
all the samples during storage. The highest decrease 
was detected in the yogurt-like products with maltose, 
following by the samples with lactose. The relationship 
between the acidity increase and sugar addition/type 
and carbohydrate content was found to be significant  
(P < 0.05). 

The ash values of all the samples decreased during 
storage, with the highest decrease in the sample without 
sugars, while the values for the products with lactose 
and maltose did not differ significantly. There was no 
significant difference between the samples in terms of 
the ash level (P > 0.05).

Fatty acid composition. Saturated fatty acids, 
monounsaturated fatty acids, and polyunsaturated fatty 
acids in the yogurt-like products made from lupine 
milk were detected as 14.17, 52.3, and 9.86 g/100 g, 
respectively (Table 3).

Rheological properties. Syneresis and viscosity 
values are given in Table 2, and the texture characteristic 
are given in Table 4. Consistency values of the samples 
were found to be significant in terms of sugar type and 
storage time interaction (P < 0.05). During storage, 
the stability (hardness) of the curd increased and the 
effect of storage was significant (P < 0.05). Hardness, 
flexibility, gumminess, and chewiness increased, while 
stickiness decreased in all the samples. The hardness 
determined in the sample with maltose was higher than 
that in the other samples. This situation is associated 
with lower syneresis, higher viscosity increase, lower 
dry matter decrease compared to the other samples, and 
higher increase in acidity (decrease in pH value) during 
storage. The hardness of the samples with lactose was 
higher than that in the samples without sugars. The 
difference between the samples in terms of syneresis 

Table 3 Fatty acid composition in yogurt-like products based on lupine milk

Fatty acid, g/100 g Milk without sugars Milk with maltose Milk with lactose

Oleic Acid (C18:1) 49.00 ± 1.13 49.10 ± 1.05 49.10 ± 1.05
Linoleic Acid (C18:2) 23.41 ± 1.21 23.40 ± 1.07 23.40 ± 1.05
Palmitic Acid (C16:0) 7.33 ± 1.03 7.35 ± 1.13 7.34 ± 1.05
Gadoleic Acid (C20:1) 3.46 ± 1.12 3.47 ± 1.15 3.46 ± 1.05
Stearic Acid (C18:0) 1.62 ± 0.26 1.62 ± 0.04 1.62 ± 0.13
Arachidic Acid (C20:0) 2.85 ± 0.65 2.86 ± 0.70 2.85 ± 0.55
Miristic Acid (C14:0) 0.49 ± 0.01 0.48 ± 0.03 0.48 ± 0.06
Pentadecanoic Acid (C15:0) 0.21 ± 0.02 0.20 ± 0.01 0.21 ± 0.02
Lauric Acid (C12:0) 0.050 ± 0.001 0.050 ± 0.004 0.050 ± 0.003

Table 4 Texture changes in yogurt-like products based on lupine milk during storage

Indicator Storage, days Milk without sugars Milk with lactose Milk with maltose
Hardness, N 1 0.32 ± 0.01aA 0.33 ± 0.02aB 0.34 ± 0.05aC

7 0.36 ± 0.09aA 0.37 ± 0.07bB 0.40 ± 0.03bC

14 0.37 ± 0.01bA 0.40 ± 0.06bB 0.43 ± 0.08cC

28 0.38 ± 0.02cA 0.42 ± 0.01cB 0.48 ± 0.05cC

Adhesiveness 1 0.04 ± 0.02aA 0.05 ± 0.03aA 0.05 ± 0.01aA

7 0.03 ± 0.01aA 0.03 ± 0.01aA 0.04 ± 0.02aA

14 0.02 ± 0.01aA 0.03 ± 0.01aA 0.03 ± 0.01aA

28 0.01 ± 0.01aA 0.02 ± 0.01aA 0.02 ± 0.01aA

 Springiness, mm 1 4.00 ± 0.52aA 4.20 ± 0.94aB 4.63 ± 0.99aC

7 4.11 ± 0.83aA 4.29 ± 0.63aA 5.16 ± 0.66aB

14 4.36 ± 0.64aA 4.62 ± 0.80bB 5.55 ± 0.83bC

28 4.58 ± 0.84bA 4.81 ± 0.91bA 5.87 ± 0.80bB

Gumminess, g 1 41.05 ± 1.12aA 72.56 ± 1.27aB 79.47 ± 1.22aC

7 45.63 ± 1.23aA 78.56 ± 2.24aB 83.47 ± 2.88aC

14 49.22 ± 1.66aA 82.10 ± 1.96bB 85.33 ± 2.10bC

28 52.11 ± 1.35bA 85.45 ± 2.67cB 87.22 ± 2.66cC

Chewiness, mJ 1 0.14 ± 0.05aA 0.86 ± 0.11aA 0.92 ± 0.30aA

7 0.16 ± 0.04aA 1.12 ± 0.26aA 1.21 ± 0.14aA

14 0.21 ± 0.03aA 1.82 ± 0.49aA 1.88 ± 0.47aA

28 0.35 ± 0.13aA 2.02 ± 0.28aA 2.09 ± 0.66aA

a,b,c different letters on the same column are statistically significant (P < 0.05)
A,B,C different letters on the same line are statistically significant (P < 0.05)
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and the relationship between syneresis and sugar 
addition/type was significant (P < 0.05). 

During storage, syneresis and dry matter decrease in 
the yogurt-like products with maltose were lower than in 
the samples without sugars, while those in the samples 
with lactose were lower than in the samples without 
sugars. The relationship between increased acidity and 
syneresis was found to be significant (P < 0.05). 

The relationships between the viscosity, sugar ratio, 
egg white protein powder, and acidity increase in the 
samples under study were significant (P < 0.05). We 
revealed that the viscosity increased in all the samples 
during storage, with the highest increase in the product 
with maltose, while the lowest increase was in the 
samples without sugars. Egg white protein powder in the 
amount of 3% increased the viscosity of all the samples 
during storage. 

The highest acidity and viscosity increase was 
determined in the samples with maltose, followed by 
the samples with lactose and the samples without sugars. 
The acidity (4.56 pH) and viscosity (1021 cP) values 
determined in the product with maltose on day 1 of 
storage were higher than those in the other samples. In 
the following days of storage, the increase in acidity was 
higher than in the other samples (Table 2). Accordingly, 
hardness and viscosity also increased.

The texture properties of the samples showed 
similar changes during storage. We determined that the 
rheological properties determined in the samples with 
maltose and lactose during storage were similar to those 
for the product without sugars but more acceptable. It 
was observed that the yogurt-like products without 
sugars were similar to the yogurt gel but had a more 
watery (yogurt-like beverage) consistency compared to 
the other samples. During storage, the increase in acidity 
was lower, the syneresis was higher, and viscosity was 
lower in the samples without sugars. 

The rheological properties of curd in fermented milk 
products develop depending on the composition of milk, 
applied temperature, pH, soluble Ca++ ratio, and other 
factors (such as casein micelle size, various interactions, 
etc.). The increase in acidity decreases syneresis and 
increases protein hydrolysis, hardness, more soluble 
calcium, and in turn, viscosity [21]. 

In this study, we detected good physico-chemical 
and rheological properties of the fermented products 
produced with the addition of maltose and lactose. 
It was associated with high protein content and 
saccharide derivatives in the composition of lupine 
milk. Krunglevičiūtė et al. reported that the acidity of 
the fermented product made using lupine milk and the 
development of lactic acid bacteria are related to the 
lupine variety and amino acid level [8].   

Sensory evaluation. Sensory evaluation revealed 
good sensory properties of the yogurt-like products with 
maltose and lactose (Fig. 2.) During storage, the samples 
with the disaccharides got close scores in terms of 
structure and consistency. This situation was associated 
with the scantiness in syneresis and an increase in 

acidity, viscosity, and hardness during storage. The 
relationship between the increase of storage time and 
structure and consistency was found to be significant  
(P < 0.05). 

In the study, the samples with maltose and lactose 
were found to be close to yogurt with a prolonged 
storage time, which is a classical fermented product, 
in terms of structural properties. Additionally, the 
structure and consistency of these samples were 
more similar to the classical fermented product 
(yogurt) with no lupine flavor or with weak one during 
storage. The texture and consistency in the samples 
without sugars were found to be less viscous and the 
panelists concluded that they could be considered as 
yogurt. Apparently, the level of fat in the samples with 
disaccharides during storage also influenced the taste of 
the product.  

Microbiological analysis. Changes in L. bulgaricus 
and S. thermophilus amounts in the yogurt-like products 
obtained from lupine milk are given in Fig. 3. The 
samples with maltose and lactose demonstrated the 
increased growth and activity of starter cultures. 

In the production of non-dairy yogurt-like products 
from lupine milk, the relationship between the addition 
of sugar and the growth of starter cultures was found to 
be significant (P < 0.05). In the samples with maltose 
and lactose, syneresis decreased during storage which 
had a positive effect on the development of starter 
cultures.

In the products without sugars, the L. bulgaricus and 
S. thermophilus growth was weaker compared to those 
with sugars. However, this situation did not appear as a 
problem in the production of yogurt-like products in the 
study. On the contrary, it strengthened the opinion that 
the composition of lupine milk is a suitable raw material 
to produce non-dairy yogurt-like products. Different 
studies have reported that lupine proteins effectively 
maintain the viability of starter cultures in different 

Figure 2 Sensory properties of yogurt-like products based on 
lupine milk (1), lupine milk with maltose (2), and lupine milk 
with lactose (3)
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products based on lupine milk and can protect the starter 
cultures by wrapping them like a capsule [22].

Our research results were found to be compatible 
with studies that stated that starter cultures show 
better growth in the presence of some sugars (such 
as glucose and maltose) [19]. It has been reported 
that lupine milk contains carbohydrates at the level of  
2.83 g/100 g, including different types of carbohydrates 
(galactose and arabinose) [23, 24]. In this work, the 
maximum growth of L. bulgaricus and S. thermophi- 
lus (8 log10  CFU/mL) in the starter cultures on day 14 
in the samples with maltose was associated with the 
adaptation (prolongation of the lag+ phase) and growth 
phase of starter cultures in the presence of maltose. 

However, this effect could not be detected in the 
samples with lactose added. On the contrary, the 
development of starter cultures in the samples with 
lactose was particularly high (7–8 log10 CFU/mL) until 
day 7 of storage, and decreased to 6–7 log10 CFU/mL 
after day 14 of storage. 

L. bulgaricus levels in the products with maltose 
were found to be lower than those in the samples with 
lactose between days 1 and 7 of storage. However, at 
days 14 and 28 of storage, L. bulgaricus levels in the 
samples with maltose were found to be higher than those 
in the samples with lactose. S. thermophilus levels, on 
the other hand, were found to be lower in the yogurt-like 

product with maltose until day 7 of storage (including 
day 7) and higher after day 7 than those in the products 
with lactose. 

These results show that S. thermophilus was 
effective, also it is associated with an increased glucose 
concentration in the medium as a result of reaching a 
higher level of S. thermophilus than of L. bulgaricus. 
We determined relationships between the glucose 
ratio and bacterial growth, between the bacterial 
growth and acidity increase, and between acidity 
increase and hardness, viscosity, and syneresis. These 
results were found to be compatible with Bintsis [19].   
L. bulgaricus and S. thermophilus were determined in 
the samples without sugars during storage, as well as 
the slower growth of acidity on the same storage days 
was attributed to the increase in syneresis observed in 
those samples. With the increase in syneresis in the 
yogurt-like products, the symbiotic relationship between 
microorganisms was disrupted, pH development slowed 
down or stopped [25].  

Elsamani determined that the levels of Bifido- 
bacterium bifidum and Lactobacillus acidophilus 
were preserved and increased in probiotic ice creams 
produced from lupine milk on day 30 of storage [26]. 
The author associated it with the protection of the 
proteins found in high levels in the composition of 
lupine milk that wrap the probiotics like a capsule.

Figure 3 Number of microorganisms in yogurt-like products based on: lupine milk during storage (a), lupine milk with lactose 
during storage (b), and lupine milk with maltose during storage (c)

S. termophilus L. bulgaricus

9.00

M
ic

ro
or

ga
ni

sm
 c

ou
nt

, 
lo

g 10
  C

FU
/m

L 7.50
7.00
6.50
6.00
6.50

4.50
4.00

day 1 day 7 day 14 day 28

8.00
8.50

5.00

                                                   a                                                                                                             b

M
ic

ro
or

ga
ni

sm
 c

ou
nt

, 
lo

g 10
  C

FU
/m

L 7.50
7.00
6.50
6.00
6.50

4.50
4.00

day 1 day 7 day 14 day 28

S. termophilus L. bulgaricus

8.00
8.50
9.00

5.00

M
ic

ro
or

ga
ni

sm
 c

ou
nt

, 
lo

g 10
  C

FU
/m

L
7.00
6.50
6.00
5.50
5.00
4.50
4.00
3.50
3.00

1.00
1.50
2.00
2.50

day 1 day 7 day 14 day 28

S. termophilus L. bulgaricus

                                                                                                          c



384

Kavas N. Foods and Raw Materials. 2022;10(2):377–385

CONCLUSION
In our study, lupine milk was obtained from lupine 

with functional properties and egg white protein powder. 
Different concentrations of lactose and maltose were 
added to lupine milk to obtain a non-dairy yogurt-like 
product. 

The growth of Lactobacillus bulgaricus and Strep- 
tecoccus thermophiles was weaker in the disaccharide-
free products compared to the samples with maltose 
and lactose. The increase in acidity in the samples 
with disaccharides during storage (28 days) was higher 
than that in the samples without sugars, and this was 
associated with maltose and lactose added to lupine 
milk. 

It has been concluded that yogurt-like samples 
produced from lupine milk can be produced due to their 

similarity to fermented products (especially yogurt) 
of animal origin in terms of physico-chemical and 
rheological properties. However, with time, the samples 
with maltose and lactose were found to be closer to 
classical yogurt in terms of all properties. Sensory 
evaluation revealed that the smell and aroma of lupine 
were not pronounced. Thus, lupine yogurt-like products 
had high sensory properties. 

Consequently, yogurt-like products based on lupine 
milk can be used as an alternative to fermented products 
produced from cow’s milk, and more detailed studies 
should be conducted to formulate and optimize lupine 
fermented milk products. 

CONFLICT OF INTEREST 
The authors declare that there is no conflict of 

interest.

REFERENCES
1. Pontonio E, Rizzello CG. Milk alternatives and non-dairy fermented products: Trends and challenges. Foods. 

2021;10(2). https://doi.org/10.3390/foods10020222
2. Lopes M, Pierrepont C, Duarte CM, Filipe A, Medronho B, Sousa I. Legume beverages from chickpea and lupin, as 

new milk alternatives. Foods. 2020;9(10). https://doi.org/10.3390/foods9101458
3. Prusinski J. White lupin (Lupinus albus L.) – ntritional and health values in human nutrition – A review. Czech Journal 

of Food Science. 2017;35(2):95–105. https://doi.org/10.17221/114/2016-CJFS
4. Yorgancılar M, Başarı D, Atalay E, Tanur Erkoyuncu M. A functional food: Lupin. Journal of Bahri Dagdas Crop 

Research. 2020;9(1):89–101.
5. Vogelsang-O’Dwyer M, Sahin AW, Zannini E, Arendt EK. Physicochemical and nutritional properties of high protein 

emulsion-type lupin-based model milk alternatives: effect of protein source and homogenization pressure. Journal of 
the Science of Food and Agriculture. 2021;102(12):5086–5097. https://doi.org/10.1002/jsfa.11230

6. Al-Saedi N, Agarwal M, Islam S, Ren Y-L. Study on the correlation between the protein profile of lupin milk and its 
cheese production compared with cow’s milk. Molecules. 2021;26(8). https://doi.org/10.3390/molecules26082395

7. Asres AM, Woldemariam HW, Gemechu FG. Physicochemical and sensory properties of ice cream prepared using 
sweet lupin and soymilk as alternatives to cow milk. International Journal of Food Properties. 2022;25(1):278–287. 
https://doi.org/10.1080/10942912.2022.2032733

8. Krunglevičiūtė V, StarkutėV, Bartkienė E, Bartkevics V, Juodeikienė G, Vidmantien D, et al. Design of lupin 
seeds lactıc acıd fermentatıon – changes of dıgestıbılıty, amıno acıd profıle and antıoxıdant actıvıty. Veterinarija ir 
Zootechnika. 2016;73(95):47–53. 

9. Sze WK, Huda N, Dewi M, Hashim H. Physicochemical properties of egg white powder from eggs of different types 
of bird. International Journal on Advanced Science, Engineering and Information Technology. 2018;8(2):384–398. 
https://doi.org/10.18517/ijaseit.8.2.4087

10. Official Methods of Analysis of AOAC International, 21st Edition. AOAC International; 2019. 
11. Mårtensson O, Andersson C, Andersson K, Öste R, Holst O. Formulation of an oat-based fermented product and 

its comparison with yoghurt. Journal of the Science of Food and Agriculture. 2001;81(14):1314–1321. https://doi.
org/10.1002/jsfa.947

12. Kieserling K, Vu TM, Drusch S, Schalow S. Impact of pectin-rich orange fibre on gel characteristics and sensory 
properties in lactic acid fermented yoghurt. Food Hydrocolloids. 2019;94:152–163. https://doi.org/10.1016/ 
j.foodhyd.2019.02.051

13. Kavas N. Functional probiotic yoghurt production with royal jelly fortification and determination of some properties. 
International Journal of Gastronomy and Food Science. 2022;28. https://doi.org/10.1016/j.ijgfs.2022.100519

14. Kavas N, Kavas G. Production of yogurt-like product from almond milk enriched with egg white protein powder 
and different disaccharides. Journal of Agriculture Faculty of Ege University. 2022;59(2):335–346. https://doi.
org/10.20289/zfdergi.1000476

15. Official Methods and Recommended Practices of the AOCS. Champaign: AOCS Press; 2009. 



385

Kavas N. Foods and Raw Materials. 2022;10(2):377–385

16. Wang Y, Song KY, Kim Y. Effects of thermally treated mulberry leaves on the quality, properties, and antioxidant 
activities of yogurt. Journal of Food Processing and preservation. 2022;46(1). https://doi.org/10.1111/jfpp.16139

17. Silva LF, Sunakozawa TN, Amaral DM, Casella T, Nogueira MCL, De Dea Lindner J, et al. Safety and technological 
application of autochthonous Streptococcus thermophilus cultures in the buffalo Mozzarella cheese. Food Microbiology. 
2020;87. https://doi.org/10.1016/j.fm.2019.103383

18. Jovanović M, Petrović M, Miočinović J, Zlatanović S, Petronijević JL, Mitić-Ćulafić D, et al. Bioactivity and 
sensory properties of probiotic yogurt fortified with apple pomace flour. Foods. 2021;9(6). https://doi.org/10.3390/
foods9060763

19. Bintsis T. Lactic acid bacteria as starter cultures: An update in their metabolism and genetics. AIMS Microbiology. 
2018;4(4):665–684. https://doi.org/10.3934/microbiol.2018.4.665

20. Ozcan Ö, Ozcan T, Yilmaz-Ersan L, Akpinar-Bayizit A, Delikanli B. The use of prebiotics of plant origin in functional 
milk products. Food Science and Technology. 2016;4(2):15–22. https://doi.org/10.13189/fst.2016.040201

21. Matela KS, Pillai MK, Thamae T. Evaluation of pH, titratable acidity, syneresis and sensory profiles of some yoghurt 
samples from the kingdom of Lesotho. Food Research. 2019;3(6):693–697. 

22. Canon F, Mariadassou M, Maillard M-B, Falentin H, Parayre S, Madec M-N, et al.  Function-driven design of lactic 
acid bacteria co-cultures to produce new fermented food associating milk and lupin. Frontiers in Microbiology. 
2020;11. https://doi.org/10.3389/fmicb.2020.584163

23. Martinez-Villaluenga C, Sirtori E, Vidal-Valverde C, Duranti M. Effect of oligosaccharides removing procedure 
on the protein profiles of lupin seeds. European Food Research and Technology. 2006;223(5):691–696. https://doi.
org/10.1007/s00217-006-0254-8

24. Tangyu M, Muller J, Bolten CJ, Wittmann C.  Fermentation of plant-based milk alternatives for improved flavour and 
nutritional value. Applied Microbiology and Biotechnology. 2019;103(23–24):9263–9275. https://doi.org/10.1007/
s00253-019-10175-9

25. Jrad Z, Oussaief O, Zaidi S, Khorchani T, El-Hatmi H. Co-fermentation process strongly affect the nutritional, texture, 
syneresis, fatty acids and aromatic compounds of dromedary UF-yogurt. Journal of Food Science and Technology. 
2021;58(5):1727–1739. https://doi.org/10.1007/s13197-020-04682-1

26. Elsamani MO, Habbani SS, Babiker EE, Mohamed Ahmed IA. Biochemical, microbial and sensory evaluation of white 
soft cheese made from cow and lupin milk. LWT. 2014;59(1):553–559. https://doi.org/10.1016/j.lwt.2014.04.027

27. Khrundin DV, Ponomarev VYa, Yunusov ESh. Fermented oat milk as a base for lactose-free sauce. Foods and Raw 
Materials. 2022;10(1):155–162. https://doi.org/10.21603/2308-4057-2022-1-155-162

ORCID IDs
Nazan Kavas https://orcid.org/0000-0002-3141-4973

https://orcid.org/0000-0002-3141-4973

